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Abstract—Development of artificial intelligence has enabled
automation of diverse complicated tasks, such as planning,
scheduling, and natural language processing. As one of the com-
plicated tasks, music composition involves various aspects, e.g.,
melody, rhythm, harmonization, phrasing, and forms. Evolution-
ary composition systems ordinarily formulate music composition
as an optimization problem and adopt evolutionary algorithms
to deal with it. This study focuses on evolutionary composition
on a special genre—Bossa Nova. The proposed system uses
integer-coded genetic algorithm to generate the melody, followed
by a postprocess for arranging suitable accompaniment. In
particular, the genetic algorithm features evaluation rules derived
from music theory for consonant melodies. The postprocess
creates a treble part and a bass part which together form the
chord accompaniment on the basis of Bossa Nova harmony and
rhythmic patterns. This study conducts experiments for quality
verification of the generated music. Experimental results show
that the proposed rules are able to guide genetic algorithm for
composing harmonious melodies, and the accompaniments from
postprocess blend well with the generated melodies. By and
large, the integration of generated melodies and accompaniments
presents satisfactory Bossa Nova music.

Index Terms—Evolutionary computation, music composition,
genetic algorithm, Bossa Nova.

I. INTRODUCTION

Bossa Nova is a Brazilian genre which features the fusion

of harmony from jazz and rhythm patterns from samba. The

melodic and harmonic parts of Bossa Nova music can be

sung by vocalists or performed on piano, guitar, saxophone

while the percussion parts can be performed on drum sets

or traditional samba instruments. Since general Bossa Nova

music sounds soothing and relaxing, it is broadly played in fine

restaurants, stores, cafés, and banquet venues as background

music. Background music is a type of musical works which

are composed to create an ambience for affecting humans in

emotions or behaviors. Instead of taking the strong focal point,

background music tends to be ignorable and undistracting

from its listeners. Depending on the intention of composers,

background music can be relaxing, soothing, exciting, concen-

trating, encouraging, and so on.

Evolutionary music composition, especially composing mu-

sic by genetic algorithm (GA), has been studied for decades

and reported with encouraging results [1, 2, 3, 4]. For music

composition, evolutionary algorithms (EAs) require designs of

several basic components: solution representation, reproduc-

tive operator, and fitness function. Most of GA-based compo-

sition systems adopt solution representations and reproductive

operators based on integer-coded GA, whereas their designs

of fitness function vary a lot. The fitness evaluation methods

can be roughly categorized into three types: interaction-based,

rule-based, and learning-based evaluation. Interaction-based

EAs obtain the fitness values of candidates directly from the

feedback of human evaluators. Rule-based EAs codify musical

knowledge into rules and then compute the fitness values by

estimating the compliance level of candidates to the rules.

Learning-based EAs use a model pre-trained on existing music

corpuses as the fitness function. The computational time and

cost are two major factors to be considered for the design

of composition systems. Interaction-based and learning-based

systems are found less suitable for this matter because the

former is generally time-consuming and the latter requires

open musical corpuses, which are usually unavailable for some

genres, e.g., Bossa Nova.

This study proposes an evolutionary system to compose

Bossa Nova music. The proposed system adopts rule-based

evaluation, in which a set of evaluation rules are carefully

compiled considering music theory and composition conven-

tion. The system consists of two parts: evolutionary melody

generation and accompanying process. The first part utilizes

GA for composition of monophonic melody with reference to

the chord progression given by users and the evaluation rules.

With the proposed rules, on which the objective of the EA

depends, the GA searches for fixed-length melodies that are

smooth, pleasant, and harmonic with less drama or tension.

After the melody is generated, the postprocess arranges the

accompaniment for the melody by fitting the pre-collected

samba rhythmic patterns into the chord progression. Instead

of working alone, this system allows users to interact with

the composition system through assigning preferred chord

progressions and accompaniment patterns.

The remainder of this paper is organized as follows: Sec-

tion II reviews the related studies. Section III elaborates the

design of the proposed system in detail. Section IV presents

the experimental setting and results. Finally, concluding re-
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marks are given in Section V.

II. RELATED WORK

Researchers in artificial intelligence have been studying on

designing intelligent systems for musical tasks. Automatic

music generation and composition are popular research topics

in computational intelligence. Among the studies of automatic

music composition, evolutionary composition has a signifi-

cant influence and is still growing nowadays. Evolutionary

composition systems differ mainly on their designs of fitness

evaluation, i.e., quality estimation of candidate music. In the

early years, interactive genetic algorithm (IGA) in which

fitness is evaluated by human is a rather popular option for

music composition tasks. Humans can truthfully deliver their

aesthetics of music to GA. However, a considerable amount

of evaluation requests can easily fatigue humans and disable

human evaluators from staying sensitive and concentrated.

To overcome human fatigue, research on automatic fitness

evaluation pervades across various types of music composition

tasks. Most of automatic fitness evaluation methods can be

classified into two groups: rule-based evaluation and learning-

based evaluation. Development of rule-based systems usually

involves advanced knowledge of music and composition. The

evaluation rules are crafted according to composition conven-

tions, music theory, composer’s experience, and sometimes

personal preferences. Although rule-based systems can effec-

tively guide evolutionary algorithms to produce decent musical

works, the barrier of requiring musical knowledge prevents

other researchers from taking part in extensive research. On the

other hand, learning-based systems attempt to model implicit

patterns from existing musical corpuses and use the obtained

model as fitness function in GA. The major challenge of

building a learning-based system is collecting a large enough

corpus that allows learning algorithms to extract knowledge

of interest. The high cost of collecting and compiling data

limits the generality and applicability of learning-based fitness

evaluation for composing different styles of music.

Many evolutionary composition systems have been pro-

posed for genre-specific music, such as four-part harmony,

jazz, Chinese music, fusion of genres. McIntyre [1] proposes

several musical rules as scoring mechanism for evaluating

candidate four-part harmony. Donnelly and Sheppard [5]

also propose a set of evaluation rules examining melodic,

harmonic, and rhythmic quality for four-part harmonization

task. Papadopoulos and Wiggins [6] present a number of

weighted rules considering patterns of adjacent notes, suspen-

sions of neighboring chords, stressed beats, rhythmic factors;

the weighted evaluation rules enable evolutionary algorithm to

generate jazz melodies. Biles uses the GenJam [2], an inter-

active genetic algorithm, which generates jazz improvisation

and further allows real-time interaction to its user. Liu [7]

combines pentatonic scales and Chinese music theory which

facilitates the rule-based evolutionary system for composing

Chinese music. Finally, Liu and Ting [8] also show that the

rule-based evolutionary system is capable of fusing different

genres. Although Bossa Nova can be found in some other
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Figure 1: An example mapping between phenotype and

genotype.

musical tasks, e.g., genre classification problem [9, 10], to

the best of our knowledge, only one related case study

[11] presents handcrafted fitness functions based on statistical

metrics of a small Bossa Nova corpus. Accordingly, research

of automatic composition for Bossa Nova is still immature.

III. METHODOLOGY

The proposed system consists of two major parts, i.e.,

evolutionary melody generation and accompanying process.

The first part formulates melody generation as a combinatorial

optimization problem. To solve this problem, the present study

adopts integer-coded GA. In addition, we propose using the

rule-based fitness function to evaluate the quality of candidate

melody generated by GA. The second part focuses on arrange-

ment of appropriate accompaniment derived from common

samba rhythmic patterns, for the melody obtained from GA.

The following subsections elaborate the details of the GA,

design of fitness evaluation, and accompanying process.

A. Genetic Algorithm

As one of the nature-inspired algorithms, GA follows Dar-

winian theory and mimics evolution of a species. Genetic

algorithm manipulates a population of candidate solutions and

searches for a solution that is fittest to the fitness function. In

this study, we adopt a common representation that encodes a

monophonic melody with an integer string. The chromosome

length is defined by the desired length of output melody. Each

integer value in a solution represents either a pitch value,

ranging [0, 127], which conforms musical instrument digital

interface (MIDI) format, or a tenuto, coded as −1, which

extends previous pitch. Due to the shared quality of slow

flow in background music, the time period of each integer

value is set as long as a quaver, a.k.a. eighth note. Figure 1

illustrates the mapping between genotype and phenotype in

representation.

In the beginning of the GA, a population of candidates are

sampled randomly from a biased distribution, where tenuto has

higher sampling probability than pitches. The degree of bias

can be customized by the user for different density of notes

in resultant compositions. In the context of composing back-

ground music, sparse phrases are preferred than dense ones. As

tenuto has higher chance to be sampled, long notes accordingly

have higher chances to be sampled. After initialization, the

random candidates are evaluated by the fitness function. Then,

the GA proceeds to iterate the evolution cycle, including parent



Table I: Proposed evaluation rules.

No. Rule description

1 Consecutive non-chord notes.

2 A hop bigger than perfect 5th.

3 A hop of dissonance (augmented 4th or minor 7th).
4 A hop of non-scale step.
5 Multiple repetition of monotone.
6 The first note of a phrase is non-chord note.
7 The last note of a phrase is not chord root note.
8 The last note of a phrase is shorter than length of half bar.

Algorithm 1 Pseudocode for rule 1

Input: An integer vector x = (x1, ..., xL) and chord note sets

C1, ..., CL

1: count ← 0
2: match ← false

3: for i ← 1 to L do
4: if xi /∈ Ci then
5: if match = true then
6: count ← count+ 1
7: else
8: match ← true

9: end if
10: else
11: match ← false

12: end if
13: end for
14: return count

Algorithm 2 Pseudocode for rule 2

Input: An integer vector x = (x1, ..., xL)
1: count ← 0
2: for i ← 2 to L do
3: if |xi − xi−1| > 7 then � interval of perfect 5th

4: count ← count+ 1
5: end if
6: end for
7: return count

selection, crossover, mutation, fitness evaluation, and survival

selection, until the termination condition is met.

In order to provide selection pressure for efficient evolution,

we take 2-tournament selection as parent selection strategy

and (μ + λ) selection as survival selection method for the

GA. The 2-tournament selection chooses a candidate as parent

from the one with higher fitness value between two randomly

sampled candidates. The (μ + λ) selection compares current

population and offspring jointly, and filters the better half as

the population for the next generation.

On reproduction side, traditional 2-point crossover and

random resetting mutation are used in our system. The 2-point
crossover exchanges the subsequences of paired parents to

produce two children with parental information partially fused.

For each child, random resetting mutation probabilistically sets

a value of the candidate to a random value to bring slight

Algorithm 3 Pseudocode for rule 3

Input: An integer vector x = (x1, ..., xL)
1: count ← 0
2: for i ← 2 to L do
3: if |xi − xi−1| = 6 then � interval of augmented 4th

4: count ← count+ 1
5: else if |xi − xi−1| = 10 then � interval of minor 7th

6: count ← count+ 1
7: end if
8: end for
9: return count

Algorithm 4 Pseudocode for rule 4

Input: An integer vector x = (x1, ..., xL)
1: count ← 0
2: for i ← 2 to L do
3: if |xi − xi−1| > 2 then
4: count ← count+ 1
5: end if
6: end for
7: return count

Algorithm 5 Pseudocode for rule 5

Input: An integer vector x = (x1, ..., xL)
1: count ← 0
2: repeat ← 0
3: for i ← 2 to L do
4: if xi = xi−1 then
5: repeat ← repeat+ 1
6: if repeat ≥ 4 then
7: count ← count+ 1
8: end if
9: else

10: repeat ← 0
11: end if
12: end for
13: return count

change to the candidate.

B. Fitness Evaluation

The proposed rule-based evaluation function serves as the

core of evolutionary melody generation. This evaluation func-

tion is the quality metric which takes a candidate solution as

input and yields a corresponding fitness value. For composing

melody, we design eight rules derived from music theory.

Table I gives the conceptual definitions of the proposed rules.

The rules focus on detection of unpleasant melodic patterns

with considering given chord progression. In other words, the

evaluation function discourages GA from accepting candidates

with exciting and tense patterns.

To evaluate a melody, each of the eight rules is tested

respectively on the target melody. The number of times that a

melody matches the rules implies its discordant level. Hence,



Algorithm 6 Pseudocode for rule 6

Input: An integer vector x = (x1, ..., xL) , chord note sets

C1, ..., CL, and phrase length Lphrase

1: count ← 0
2: i ← 1
3: while i ≤ L do
4: j ← i
5: while xj < 0 do
6: j ← j + 1
7: end while
8: if j ≥ (i+ Lphrase) or xj /∈ Cj then
9: count ← count+ 1

10: end if
11: i ← i+ Lphrase

12: end while
13: return count

Algorithm 7 Pseudocode for rule 7

Input: An integer vector x = (x1, ..., xL) , chord roots sets

Croot
1 , ..., Croot

L , and phrase length Lphrase

1: count ← 0
2: i ← Lphrase

3: while i > 0 do
4: j ← i
5: while xj < 0 do
6: j ← j − 1
7: end while
8: if j ≤ (i− Lphrase) or xj /∈ Croot

j then
9: count ← count+ 1

10: end if
11: i ← i+ Lphrase

12: end while
13: return count

the fitness value is defined as the arithmetic negation of this

number for maximization of fitness.

The related parameters are determined as follows: Let X
be the population in genetic algorithm. The population X
consists of chromosomes in which each chromosome x is a

piece of melody represented by an integer vector, i.e., xi ∈ Z

(i = 1, .., L), where L is the length of chromosome. Nonneg-

ative value of xi indicates a pitch to be played at the certain

moment, while −1 stands for tenuto. A chromosome x can be

segmented into nphrase phrases, where nphrase = �L/Lphrase�,
and Lphrase is a user-defined parameter indicating the length of

phrase in terms of bars. The length of a bar Lbar is determined

by the length of atomic note and time signature. The evaluation

process requires chord progression C1, ..., CL as a part of

input. A chord note set Ci consists of the MIDI numbers of

all chord notes in the ith moment. Algorithms 1–8 present the

exact matching procedure of the proposed rules.

Algorithm 8 Pseudocode for rule 8

Input: An integer vector x = (x1, ..., xL) , phrase length

Lphrase, and bar length Lbar

1: count ← 0
2: i ← Lphrase

3: while i > 0 do
4: j ← i
5: while xj < 0 do
6: j ← j − 1
7: end while
8: if (i− j) < (Lbar / 2) then
9: count ← count+ 1

10: end if
11: i ← i+ Lphrase

12: end while
13: return count

(a) An example of Bossa Nova pattern.

(b) Another example of Bossa Nova pattern.

Figure 2: Examples of Bossa Nova rhythmic patterns.

C. Accompaniment

The accompanying process takes over the generated melody

from GA and accompanies the melody by arranging chords

into samba rhythm and bass patterns. Most of Bossa Nova

music features the possession of a bass accompaniment which

plays only the root and the fifth tones of current chord, a

rhythmic pattern of samba, and a chord accompaniment of

jazz harmony. To build up a chord in Bossa Nova style, the

bass part switches between the root tone and the fifth tone of

the chord while the treble part completes the remainder of the

chord. This procedure is performed on each chord of the given

chord progression to obtain the constituents of treble and bass.

Then, the chords are fitted into Bossa Nova or samba rhythmic

patterns forming the final accompaniment of a melody. Various

conventional Bossa Nova and samba rhythmic patterns are

publicly available. Figure 2 shows two patterns for examples.

Given a single chord progression, repetition of the GA

can produce several different melodies. Since the chord pro-

gression remains unchanged, the accompaniment process is

required only once for those melodies.



Table II: Parameter setting for GA.

Parameter Value

Representation Integer (ranging 2 octaves)
Chromosome length 128 (16 bars)
Population size 500
Generation 1000
Parent selection 2-tournament
Survivor selection μ+ λ
Crossover 2-point
Crossover rate 1.0
Mutation Random resetting
Mutation rate 1/128
Phrase length Lphrase 2 bars
Bar length Lbar 8

IV. EXPERIMENTAL RESULTS

This study conducts experiments to examine the effective-

ness and efficiency of the proposed system. The composition

system consists of two stages which are GA for melody

generation and accompanying process. The GA part is found

much more time-consuming comparing to accompanying pro-

cess. Accompanying process can be accomplished almost

instantaneously, whereas the GA typically requires about 10

minutes. The specification of testing platform is a personal

computer equipped with i7-8700 CPU, 16 GB RAM, and

Windows 10. The whole composition system is programmed

in Python and run with Python 3.7.3.

Chord progression plays an important role for the rule-

based fitness function of GA. As Bossa Nova being the target

genre of composition, the common jazz chord progressions

including, but not limited to, II–V–I and I–VI–II–V are used

in the experiments. The rest of parameters for GA are summa-

rized in Table II. The resultant compositions are synthesized

to audio format by Logic Pro X. Nonetheless, audio wave

synthesis is also possible by other digital audio workstation

(DAW) software. Some sample audio files of the results can

be listened via https://soundcloud.com/user-722647244/sets/

evolutionary-composition-for-bossa-nova.

Regarding the convergence of GA, Fig. 3 presents the mean

best fitness value over 30 independent runs. The course of

increasing fitness value shows that GA is capable of improving

melodies with regarding the evaluation rules. As the evolution

goes on, the melodies become more and more harmonious

with the chord progression and retain gradually less discordant

components. An actual example of initial melody and evolved

melody are presented in Fig. 4, where the initial melody is

drawn from random and thus, does not consider consonant

relationship between pitch and chord, arrangement of adjacent

notes, and phrasing of melody. The initial melody receives

poor fitness value according to the proposed fitness evaluation.

On the other hand, the evolved melody maintains harmonious

concordance with the chords and also arranges neighbor tones

and passing tones as connection between chord notes. In

addition, the structure of the evolved melody is well formed

in phrases every two bars.

The postprocess organizes the bass line and rhythmic chord

accompaniment for the melody obtained from GA. Figure 5

-300

-250

-200

-150

-100

-50

 0

 200  400  600  800  1000

M
ea

n 
B

es
t F

itn
es

s

#Generations

stderr
best-so-far

Figure 3: Convergence of mean best fitness against number

of generations for the GA over 30 runs.

(a) An example of initial melody.

(b) An example of evolved melody.

Figure 4: Comparison of initial melody (top) and evolved

melody (bottom).

shows a sample composition associated with the melody gen-

erated by GA and the accompaniment finalized by proposed

process. The bass and treble lines form a classic Bossa Nova

rhythm, which stresses the 1st, 4th, 7th, 11th, and 14th beats

in every two bars. Figure 6 presents another composition

obtained from the system. The compositions in Figs. 5 and

6 use II–V–I and I–VI–II–V chord progressions, respectively.



Figure 5: An example result using II–V–I chord progression.

Both results show that GA can search melodies for different

chord progressions. Moreover, the different accompaniment

patterns also produce different atmospheric colors for the

resultant music.

V. CONCLUSIONS

The study presents a two-stage composition system that

integrates GA and accompanying process for composing Bossa

Nova music. Experimental results show that the proposed rule-

based fitness function can effectively assist GA in generating

harmonious melody over jazz chord progressions, while the ac-

companying process brings Bossa Nova into the compositions.

In terms of computational cost, the GA is the computationally

most expensive part, but the proposed composition system

shows acceptable time efficiency in music generation on

personal computer. The design further allows users to interact

with the system by providing their favored chord progressions

or accompanying rhythms.

The results demonstrate the practicability of the proposed

evolutionary composition for Bossa Nova. Some potential

improvements found from the experiments give the directions

for future study. First, the system has no guarantee of per-

formability on real instruments. Second, time efficiency of the

system can be further increased for real-time application.
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