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Initial Remarks on Analyzing

Acousmatic Music from the

Perspective of Multi-agents

by Kıvanç Tatar

Agency and Agents

The notion of agency can be traced

back to the age of Enl ightenment

within the philosophical discussions

of whether instrumental rational ity or

moral norm-based action is the truest

expression of human freedom [Emir-

bayer & Mische 1 998] . The terminol-

ogy of agency and agents appeared

later across discipl ines such as Social

Sciences, Cognitive Sciences, Applied

Sciences, Computer Science. Although

there is no consensus on the defini-

tion of agency in Social Sciences and

Philosophy, an agent is a wel l-defined

term in Computer Sciences, specifical-

ly in the fields of Artificial Intel l igence

and Multi-agent Systems. In their

book on Artificial Intel l igence (AI),

Russel l and Norvig [201 0] define an

agent as “anything that can be viewed

as perceiving its environment through

sensors and acting upon that environ-

ment through actuators.”

An agent perceives its environment

using sensors while a percept is the

sensory data input at any given time.

A percept sequence is a histogram of

Turkle, S. Evocative Objects: Things we

ThinkWith , MIT Press 2007.
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what an agent perceives for a period,

and an action is a set of actuators. An

agent is a function that associates a

percept sequence to an action

[Wooldridge 2009] , in a perception-

action dual ity.

Agents situate in an environment

where they perceive the stimuli and

carry out actions within the environ-

ment in response to the stimuli. The

notion of perception-action has also

been brought up in the l iterature of

acousmatic music. Horacio Vaggione

[2001 ] proposed the action-percep-

tion relationship in the acousmatic

composition process, concentrating

on the agency of composers and their

relationship with the composition. In

Vaggione’s perspective, the composer

is the agent that acts in the sonic en-

vironment by adding, removing, or

altering the sonic objects.

Musical Agents

Artistic contexts often involve inter-

activity between agents; hence, agent-

based approaches for artistic appl ica-

tions greatly benefit from establ ishing

a typology of agent behaviors. My

doctoral studies focused on audio-

based musical agents using unsuper-

vised machine learning. The idea

behind these studies was to come up

with an agent-based framework where

the learning util ized a set of audio

recordings so that the musical

aesthetics of the agent could be con-

veniently changed by using different

sets of audio recordings. The first step

towards developing this flexible musi-

cal agent framework, was to to pro-

pose a typology ofmusical agents

emerging from the current l iterature.

To do so, Phil ippe Pasquier and I [201 8]

surveyed seventy-eight agent-based

systems for music to discover a typol-

ogy ofmusical agents, which imple-

ment the technologies of Machine

Learning, AI , and Multiagent systems

(MAS) for musical appl ications. The

resulting typology categorizes musi-

cal agents though the dimensions of:

agent architectures, musical tasks, en-

vironment types, number of agents,

number of agent roles, communica-

tion types, corpus types, input/output

types, and human interaction

modal ity.

Our typology identifies six levels of

musical agent behaviors:

1 ) Reactivity: Agents respond to the

changes in the environment in a

timely fashion.

2) Proactivity: Agents can perceive

their environment and plan future

actions.



1 3

array2019 agency

3) Interactivity: Agent can interact

with other agents (human, artificial ,

or biological ) .

4) Adaptabil ity: Agents learn from

their environment to improve

competence or efficiency.

5) Versatil ity: Agents are domain-

inde-pendent.

6) Vol ition and framing: Agents can

explain why they choose certain

actions when asked by other agents.

Temporality

In comparison to the agency of the

composer within the sonic environ-

ment of a composition, we can ana-

lyze temporal sonic events in the com-

position using the theory of agents.

Temporal ity is a fundamental aspect

of both acousmatic music composi-

tions and the perception-action dual-

ity of agents. The temporal ity within

fixed-media works of acousmatic

music al lows us to apply agent theory

to the analysis of acousmatic compo-

sitions. We can decompose a com-

position to its sonic events, and ap-

proach sonic gestures as agent

behaviors.

I f we approach the sonic gestures in

the environment of an acousmatic

composition as actions of a set of

agent behaviors, how do we group

sonic gestures as actions of a single

agent? The relationship between

consciousness, wil l , and action within

the notion of agency has been previ-

ously approached by psychologist

Daniel Wegner [2003] :

"When a thought appears in con-

sciousness just before an action

(priority), is consistent with the action

(consistency) and is not accompanied

by conspicuous alternative causes of

the action (exclusivity), we experience

conscious wil l and ascribe authorship

to ourselves for the action." Wegner

here summarizes the “mental

apparent causation” theory in Social

Psychology. This relationship be-

tween the thought and action of

signifies self-agency with an implica-

tion of a body, because thoughts and

actions occur within the body of an

agent. In the case of acousmatic

music, the disembodiment of sonic

actions breaks the connection

between the body and the action of

an agent, which makes it difficult to

correlate sonic actions to non-observ-

able bodies of agents within a compo-

sition. Although the correlation be-

tween the body and the sonic action

is missing, the sonority and sound

similarity sti l l function to perceptual ly

group sonic gestures and appear as if

they are actions of an unknown agent.
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interactions with its environment. In

acousmatic music, the visual embodi-

ment aspects of the sonic actions are

missing, and so in most cases the

causal ity of a sonic event is not direct-

ly observable, which in turn obscures

the agent behind the actions.

Situation

Agents exist in the environment

where they carry out actions. Thus,

the properties of sonic environments

of acousmatic musical agents can be

examined in relation with the technol-

ogy and acoustical spaces they exist

within. In some cases, the acousmatic

composer creates a real-world sonic

environment and spatial izes sounds in

real-world locations using a multi-

channel speaker setup. For example,

in the twelfth concert at the ICMC

201 9, Natasha Barret’s “Dusk Gait”

spatial ized sonic gestures in the real-

world sonic environment using a ring

of 1 6 speakers. In other cases, com-

posers util ize psychoacoustics to

create a virtual sonic environment.

For example, using virtual reverber-

ation and binaural spatial ization tech-

niques, composers can imitate a vir-

tual room that is different from the

room of the l istener. The balance of

the absence and presence of sound

Thus, the agency of the l istener de-

cides the level of perceived similarity

in the grouping ofmultiple gestures

into actions of a single agent.

Incorporating the agent l iterature to

the analysis of acousmatic music, we

can analyze fixed-media artworks as if

they are occurring in real-time. This

approach is similar to the way we

experience animations in Computer-

Generated Imagery (CGI), which l ike

music compositions, are also often

temporal works of pre-rendered fixed-

media. When the audience views a

sequence of actions in CGI animation,

a character may appear to have a

sense of agency, l ike a character in a

movie. The observer views the char-

acter’s actions in real-time, and per-

ceives the occurrence as if the deci-

sion-making is also happening in real-

time, even though the artist has pre-

pared the actions in advance. While

the preparation and fixed-media as-

pects of CGI animations and acous-

matic music are similar, the percep-

tion of causal ity in acousmatic music

differs from CGI in terms of the em-

bodied representation of actions. We

visual ly observe the body of a charac-

ter in animations, and perceive a sense

of causal ity between action and effect,

and may infer a sense of agency and

temperament based on the character’s
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constitutes to a perception of a virtual

space, which covered in depth by

Barry Truax in the book of Acoustic

Ecology [2001 ] .

Agents with agents: towards an

analytical framework

Using our typology of agent behav-

iors such as reactivity, proactivity,

interactivity, adaptabil ity, coordina-

tion, and communication drawn from

the l iterature on multi-agent theory

[Weiss 201 3, Wooldridge 2009, Tatar &

Pasquier 201 8] , an analytical frame-

work could be developed to provide

insights on behavioral qual ities of

sonic actions within acousmatic com-

positions.

For example, looking at the agency

of the l istener in grouping sonic ges-

tures to form a perceptual connection

between a non-observable agent

body and its sonic actions, we can re-

cal l that the process of grouping

sound gestures is related to the princi-

ple of sound similarity. I t should then

be possible to apply computational

approaches to identify perceptual

agents through studying the similarity

between sonic materials.

Our previous work on preset gener-

ation using OP-1 synthesizer by Teen-

age Engineering [Tatar, Macret &

Pasquier 201 6] , is an example of one

approach to the analysis of sound

similarity. In this work, we developed

a Multi-objective Genetic Algorithm

to find an OP-1 preset that matches a

given target sound, by calculating the

sound similarity based on the Eucl id-

ian distance of envelope, spectrum,

and spectral envelope from the target

sound. This three-dimensional ap-

proach al lowed us to work with a non-

deterministic synthesizer such as the

OP-1 . A similar approach could be

used to algorithmical ly cluster sound

gestures in an acousmatic compo-

sition, and computational ly identify

the potential perceptual connections

between sonic actions and non-

observable agent bodies.

The correlation of sound gestures

and sonic agents could then form the

basis of new kinds of analytical frame-

works, agent behaviors as outl ined

above, could be automatical ly iden-

tified and used to understand the

complex relationships between sound

gestures and action-perception l ink-

age in temporal multi-agent intera-

ctions.
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