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Harnesses artificial life to evolve original music

Composer scores advance in high-tech tunes

By R. Colin Johnson

PARIS — Just as IBM’s Deep Blue
showed the world a computer can
play chess as well as a human
master, Eduardo Reck Miranda,
a researcher for the Sony Com-
puter Science Laboratory here,
aims to demonstrate a computer
program able to compose origi-
nal music. So far, neural net-
works have succeeded in imitat-
ing distinct musical styles, but
truly original compositions have
remained elusive. Miranda is
tackling that problem with an or-
chestra of virtual musicians—
agents—who interact to compose
truly original music.

“From the viewpoint ofacom-
poser, I can hardly say that our
agents are composing music at
this stage,” Miranda acknowl-
edged. Instead, he said, “The
breakthrough in this work is the
action of collective machine
learning for generative music
systems.” Rather than modeling
specific musical styles or compo-
sitional processes, the new ap-
proach is a first step toward col-
lective music-making with vir-
tual musicians, each of which
learns how to compose and play
individually.

The Brazilian-born Miranda
composes chamber and electro-
acoustic pieces, compositions
that have won prizes in the
Americas, Asia and Europe. To-
day, at Sony, he specializes in ar-
tificial intelligence in music. In
his latest book, Composing Mu-
sicwith Computers (Focal Press),
Miranda summarizes his Al re-
search, which began with cellu-
lar automata and evolved into an
“adaptive games” strategy based
on artificial-life models.

“Perhaps one of the greatest
achievements of artificial intelli-
gence today lies in the construc-
tion of machines that can com-
pose music of incredibly high
quality,” he said.

But AI’s achievement is re-
stricted to mimicking the style of
existing composers, either with
aset of Alrules, or by learning a
composer’s style with a neural
network. In other words, com-
puters can compose a new Bach
cantata, but theywill never com-

pose anything novel, because
their algorithms merely encap-
sulate a particular style of music.

For a computer to create truly
novel compositions, Miranda has
turned to artificial life (AL) mod-
els—the new fodder for what he
calls evolutionary musicology.
The computer becomes endowed
with an adaptive set of music-
composition tools and processes.
Under the control of an artificial
life model the set displays
“emergent” behaviors—that is,
truly novel compositions. Mi-
randahas explored this approach
with cellular automata, genetic
algorithm-like processes he sum-
marized as “adaptive games.”

He began his investigation
with musical pieces composed
using cellular automata, and cre-
ated two computer programs to
assist in the process—a software
synthesizer called ChaoSynth
and a generator of musical pas-
sages called Camus.

Cellular automata are orga-
nized as a set of identical “cells”
in a two-dimensional grid. Each
has a set of rules to follow, but
can only communicate with its
nearest neighbors. The overall
strategyis to begin with a simple
set of rules affecting only local
changes, but to evolve an overall
organization that exhibits the
emergence of new high-level
structures—in this case, music.

The process beginswith aran-
dom distribution of cell states,
then evolves a pattern through
repeated application of each
cell’s rule set in each time peri-
od. After an epoch of time peri-
ods, a pattern spontaneously
emerges that is plain to see with
the eye, as in the Game of Life,
but is translated into a sound-
scape by Miranda’s ChaoSynth.

ChaoSynth uses a granular
synthesis method to translate
the two-dimensional “Game of
Life” pattern into a signal that
can drive a speaker. By accumu-
lating a sequence of short sound
“grains”—typically 10 to 100 mi-
croseconds in length—many dif-
ferent cells can contribute to the
final sound sample. Granular
synthesis is often used to permit
the pitch and duration of a sound

to be adjusted independently,
but the pitch and amplitude of
Miranda’s sound grains were set
by the rules being executed by
each cell at any given time.
“ChaoSynthis a successful sys-
tem because it can synthesize a
large amount of unusual sounds
that are not normally found in

stead of noise. For instance, he
decided imitation would be the
primary directive of his agents,
because among animal life, imi-
tation is counted as the first steps
toward “intelligence.”

“Life is everywhere animated
with mutual interests between
individuals who interact with

Cellular automata in musical composition starts with a random cell pattern, left,
and evolves into the more-articulated form, right, using a specific set of rules.

the real acoustic world, but
which nonetheless sound pleas-
ing to the ear,” said Miranda.

The ChaoSynth “sound-
scapes,” often accompanied by
Miranda on the piano, have won
awards for being “musical” de-
spite the unearthly sound of their
individual parts. While pleasing
to the ear when they are blended
in composition, those everyday
sounds fit no known category
when isolated.

Musical evolution

Miranda concluded, after years
of research building generative
music systems with cellular au-
tomata, thatheneeded to extend
his theory to account for the so-
cial formation of music and its
cultural evolution. Accordingly,
current musical research focuses
on interacting communities of
distributed agents, each with
motor, auditory and cognitive
skills. The goal is to evolve a
repertoire of melodic patternsin
the memories of the agents, by
virtue of spontaneous creation,
adaptation and reinforcement.
So far, the results have not
been as “musical” as his cellular
automata compositions, butheis
being patient because the moti-
vation for his current work is
broader. Miranda has had to con-
jure the innate capabilities that
make music sound like musicin-

one another to express reciproc-
ity of intentions and for coordi-
natingtasks,” Mirandasaid. “Up
to now, I considered this work
more at a theoretical level, as an
investigation into the origins of
music, rather than as a practical
method to actually compose mu-
sic. Onlynow have I'started com-
posing using the sounds created
by adaptive agents.”

To begin, Miranda equipped
his agents with avoice synthesiz-
er, hearing apparatus, memory
device and an “enacting script”
that the system follows to com-
municate with other agents. The
agents compute the parameters
of their synthesizer—principally
pitch and duration-and play
them to each other. The agent’s
memory stores its “song” reper-
toire and can extract the pitch of
songs it hears to compare them
with its own repertoire.

Avariety of statistical, thresh-
old and reinforcement parame-
ters enables the agents to adapt
their behaviors toward the goal
of imitation. For instance, just
because an agent “hears” asong
by tracking its pitch, it can-
not exactlyimitate the sounds it
hears because itis saddled with
its own motor-skill limitations.
Infact, each agent’s motor skills
also adapt, so that over time
agents become more skillful
at imitating songs similar to

ones already in its repertoire.

To embody this behavior,
agents have many different
“memories.” A perceptual rep-
resentation memory, for in-
stance, holds the pitch informa-
tion it “hears” while a separate
motor-map memory describes
the skillfulness of its synthesis
abilities. Ironically, despite be-
ing able to imitate what they have
already learned, they are never-
theless driven to crave novelty.

In practice, the agents pair off
sothatone can “listen” while the
other is “playing” one of the
songs fromitsrepertoire. The lis-
tening agent then compares the
song it perceives with those al-
readyinits memory and plays the
closest match back to the origi-
nalagent. Then therolesreverse,
with the agent that originally
played the first song, comparing
its perception of the songit gotin
returnwith the original it played.
If it is a close match, then the
originating agent will playitback
again unaltered, and the imitat-
ing agent will reinforce its learn-
ing ofthe song. However, if a dif-
ferent song is a closer match,
then the original agent will re-
main silent, and the imitating
agent will discard that associa-
tion rather than reinforce it.

Agents keep track of the
“popularity” of each of their
songs by tracking how many oth-
er agents have successfully imi-
tated them. Songs rejected by
one imitator but accepted by
many other imitators are left
alone. But songs that are repeat-
edly “rejected” by imitators are
eventually deleted and replaced
with a new song that is a permu-
tation of the rejected song.

For Miranda, the novelty here
is that his adaptive games can
learn to actively compose music,
not just passively generalize
existing musical knowledge. If
borne out, this hypothesis will
lead to realistic musical cultures
that can be evolved by furnishing
virtual musicians with what
he calls “the proper cognitive
and physical abilities, combined
with appropriate interaction dy-
namics and adequate environ-
mental conditions.”
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