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It is a purpose to generate music using genetic algorithms which is one of the algorithmic
composition methods.

In this research, the program was developed using Python on Visual Studio Code.
Mido was used to generate MIDI files. There are several libraries that can make midi files in
Python, but I chose Mido because it can easily handle many midi messages.

In conclude, we could make music, but it wasn't very good. There are mainly two causes, the
first is a lack of evaluation functions. Second, there were so many random elements that we
couldn't incorporate music theory much.

Key words: Algorithmic composition, Genetic algorithms, Evaluation function.
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track.append(Message( 'note on',note=60, channel = 0, velocity=127, time=0))

track.append(Message('note off',note=60, channel = 0, time=480)
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import numpy as np
import random
import copy

import mido

import os

import datetime

from mido import Message, MidiFile, MidiTrack, MetaMessage

gene_length = 16
individual_length = 1000
generation = 10

mutate_rate = 0.1

measure_length =

mid = [[MidiFile(type=1) for i range(individual_length)]

for g range(generation + 1)]

track = [[MidiTrack() for i range(individual_length)]

for g range(generation + 1)]
acc = [[MidiTrack() for i range(individual_length)]
for g range(generation + 1)]
drums = [[MidiTrack() for i range(individual_length)]

for g range(generation + 1)]

for g range(generation + 1):
for i range(individual_length):
mid[g][i].tracks.append(track[g][i])
track[g][i].append(MetaMessage('set_tempo', tempo=mido.bpm2tempo(120)))
track[g][i].append(

Message( 'program_change', program=12, channel=0, time=0))

mid[g][i].tracks.append(acc[g][i])

acc[g][i].append(MetaMessage('set_tempo', tempo=mido.bpm2tempo(120)))




acc[g][i].append(

Message( 'program_change', program=0, channel=1, time=0))

mid[g][i].tracks.append(drums[g][i])

drums[g][i].append(MetaMessage( 'set_tempo', tempo=mido.bpm2tempo(120)))

for g in range(generation + 1):
if not os.path.exists('gene' + str(g) + "'

os.makedirs('gene’ + str(g) + ')

if not os.path.exists('output'):

os.makedirs(‘output"')

[60, 64, 67]
Dm = [62, 65, 69]
Em = [64, 67, 71]
F = [65, 69, 72]
G = [67, 71, 74]

Am = [69, 72, 76]
[C, Em, Am]
dominant = [G]

sub_dominant = [F, Dm]

code_list = []

for m in range(int(measure_length / 4)):

code_list.append(random.choice(tonic))
code_list.append(random.choice(sub_dominant))
code_list.append(random.choice(dominant))

code_list.append(random.choice(tonic))

tone_list = [60, 62, 64, 65, 67, 69, 71, 72]

def note_func():

return np.random.choice([0@, 1], p=[0.3, 0.7])




tone func(tonelist):

return random.choice(tonelist)

make_midi(population, g):
for i range(individual_length):
t_start = 0
t_end = 120
for j range(measure_length):
k =0
while k < gene_length:
if population[i][j * 16 + k][@0] == 1:
while k < gene_length - 1 population[i][]j * 16 +
k][1] == population[i][]

*

t_end += 120

k += 1

track[g][i].append(

Message(
‘note on',
note=population[i][j * 16 + k][1],
channel=0,
velocity=127,
time=t_start))
track[g][i].append(
Message(
'note_off',
note=population[i][j * 16 + k][1],
channel=0,
time=t_end))
t_start
t_end = 120

else:




t_start += 120

k += 1

make_sub(g):
for i range(individual_length):
for j range(measure_length):
acc[g][i].append(
Message(
'note on',
note=code_list[j][@],
velocity=100,
channel=1,
time=0))
acc[g][i].append(
Message(
‘note on',
note=code_list[j][1],
velocity=100,
channel=1,
time=0))
acc[g][i].append(
Message(
‘note on',
note=code_list[j][2],
velocity=100,
channel=1,

time=0))

acc[g][i].append(
Message(
‘note_off', note=code_list[j][@], channel=1, time=1920))
acc[g][i].append(
Message( 'note_off', note=code_list[j][1], channel=1, time=0))

acc[g][i].append(

Message( 'note_off', note=code_list[j][2], channel=1, time=0))

for m range(gene_length):

ifm% 2 ==




drums[g][i].append(
Message(
‘note_on', note=42, channel=9, velocity=80,

time=0))

ifm==4o0orm-==12:
drums[g][i].append(
Message(
‘note_on', note=40, channel=9, velocity=80,

time=0))

if m% 8 == 0:
drums[g][i].append(
Message(
‘note_on', note=36, channel=9, velocity=80,

time=0))

drums[g][i].append(

Message( 'note_off', channel=9, note=42, time=120))
drums[g][i].append(

Message( 'note_off', channel=9, note=40, time=0))
drums[g][i].append(

Message( 'note_off', channel=9, note=36, time=0))

def get_population():
population = [[[@ for k in range(2)]

for j in range(gene_length * measure_length)]

for i in range(individual_length)]

for i in range(individual_length):
for j in range(measure_length):
for k in range(gene_length):
population[i][j * 16 + k][@] = note_func()
if population[i][j * 16 + k][@0] == 1:

population[i][j * 16 + k][1] = tone_func(tone_list)

make_midi(population, ©)

return population




fitness(pop):

score = [100 for i range(individual_length)]
for i range(individual_length):

rests = 0

con_rests

con_notes

rests_long

interval_w

interval_n

rests_16 =

note_16 =

note_8 0

note_4 = 0

note_long

dot_notes

for j range(gene_length * measure_length):
if pop[i][J][e] == e:
rests += 1
if pop[i][J - 1][@] == o:
con_rests += 1
else:
if con_rests > 3:
rests_long += 1
con_rests =1
if j < 62 and pop[i][j - 1][@] == 1 and pop[i][] + 1][6] == 1:

rests_16 += 1

if pop[i][j][e] == 1:
if pop[i][J - 1][e] pop[i][J][1] == pop[i][] - 1][1]:
con_notes += 1
else:
if con_notes ==
note_ 8 += 1
elif con_notes ==
note_4 += 1

elif con_notes > 4:




note_long += 1
if con_notes == con_notes == con_notes == 12:
dot_notes += 1

con_notes = 1

if § < 63:
if pop[i][]J + 1][e] == 1 pop[i][j][e] == 1:
if abs(pop[i][]j + 1][@] - pop[i][j][e]) >= 4:
interval w += 1
if abs(pop[i][]j + 1][@] - pop[i][j][e]) <= 2:

interval n += 1

if j < 62:
if pop[i][j][e] == 1 pop[i][] -
1][1] != pop[i][]][1] pop[i][3J
+
17011 = p
op[i][j][1]:
note_16 += 1

if rests > 20:

score[i] -= rests

if dot_notes > 8:

score[i] -= 2 * dot_notes
score[i] -= (
4 * rests_long + interval_w + note_long + rests_16 + 4 * note_16)

score[i] += note_8 + 2 * note_4 + interval_n

return score

softmax(score):

c = np.max(score)

exp_a = np.exp(score - c)

sum_exp_a = np.sum(exp_a)
y = exp_a / sum_exp_a

return y




evaluate(s):

elite = []
elite.append(s.index(max(s)))
s[s.index(max(s))] = ©

pro = softmax(s)

e = np.random.choice(

range(individual_length), size=1, replace=

elite.append(e[0@])

return elite

mutate(parent):
r o=
child = copy.deepcopy(parent)
child[r][@] = ~child[r][@]
if child[r][0] == 1:

child[r][1] = tone_func(tone_list)

return child

two_point_crossover(parentl, parent2):

rl = random.randint(®@, gene_length - 1)
r2
child = copy.deepcopy(parentl)
child[rl:r2] = parent2[ril:r2]

return child

main():
population = get_population()
score = fitness(population)
print('Generation:0")

print('Max:' + str(max(score)) + ' NO.'

print('Min:"' + str(min(score)) + ' NO.'

p = population

for g range(generation):

random.randint(rl, gene_length - 1)

random.randint(1, gene_length * measure_length - 1)

+ str(score.index(max(score))))

+ str(score.index(min(score))))




elite num = evaluate(score)

elites = [[[@ for k range(2)]
for j range(gene_length * measure_length)]
for i range(2)]

elites[@] = p[elite_num[0]]

elites[1] plelite_num[1]]

p = copy.deepcopy(elites)

while len(p) < individual_length:

if random.random() < mutate_rate:
m = random.randint(®, len(elites) - 1)
child = mutate(elites[m])

else:
ml = random.randint(@, len(elites) - 1)
m2 = random.randint(@, len(elites) - 1)
child = two_point_crossover(elites[ml], elites[m2])

p.append(child)

score = fitness(p)

print('Generation:' + str(g + 1))

print('Max:' + str(max(score)) + ' NO.' + str(score.index(max(score))))

print('Min:"' + str(min(score)) + ' NO.' + str(score.index(min(score))))

make_midi(p, g + 1)

time = datetime.datetime.now()
y = time.year

mo = time.month

d = time.day

h = time.hour

mi = time.minute

s = time.second

make_sub(g + 1)

mid[g + 1][score.index(




max(score))].save('output¥¥' + str(y) + '_

+ str(mo) + ' " + str(d) +

_ '+ str(h) + ' " + str(mi) + ' ' + str(s) + '.mid")




