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Figure 1: Main user interface for OTIAC with additional subwindows showing setup, SOM clusters, and Factor Oracle.

Abstract
OTIAC —“O totaro int’a chitarra” (the octopus in the guitar),
from Neapolitan folklore— explores co-improvisation between a
guitarist playing on a feedback-augmented guitar, an electronics
performer, and an artificial musical agent. The system combines
online machine learning with algorithmic sequence generation:
a Self-Organizing Map clusters live feedback-based audio in real-
time, creating a learned symbolic vocabulary that feeds a Factor
Oracle automaton. The oracle then generates and re-injects sonic
material into the guitar’s body via transducer, creating a self-
referential feedback ecosystem where all the agents shape the
emerging performance.

This paper presents an open-source SuperCollider implemen-
tation integrating real-time feature extraction, unsupervised clus-
tering (SOM), and context-aware sequence generation (Factor
Oracle) within a unified performance system, and reports on
preliminary observations from practice-led research with per-
formers. These include the emergence of asymmetric awareness
between performers with and without visual access to system
state, early performance strategies for balancingmanual interven-
tion with autonomous behavior, and empirical insights into the
performative and collaborative dimensions of human–AI musical
interaction.
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1 Introduction
Music Generation Systems are able to compose music using
computational means [11]. They can be constituted of one or
several Musical Agents, i.e. artificial agents capable of creating
music, individually or in collaboration with other agents [51].
The development of musical agents has motivated decades of
research, from early seminal works by Cope and Lewis to recent
approaches using machine learning [22] and corpus-based con-
catenative synthesis [40, 47]. However, such systems typically
rely on pre-existing corpora, necessitating the construction of a
priori knowledge about the musical material they are expected
to listen to and co-improvise with. Consequently, they are not
inherently suited to operate with unpredictable sonic material
such as Larsen tones or feedback-based music.

In this paper, we introduce OTIAC, a musical agent designed
for a feedback-augmented classical guitar. OTIAC’s architecture
combines Self-Organizing Maps with Factor Oracle automaton.
Unlike corpus-based systems that work offline on pre-recorded
material, OTIAC operates exclusively online, learning and gener-
ating from live feedback-based guitar performance. The research
pursues a dual objective: to present the system’s implementation,
and to document the development and integration of feedback
augmentation within the instrument itself.

Therefore our implementation is distinctive in three ways: (1)
it provides a novel open-source Factor Oracle implementation for
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SuperCollider,1 enabling tight integration with real-time audio
processing; (2) it does not rely on any pre-existing corpora, con-
structing all knowledge from the current feedback session; and
(3) it is speci�cally tailored for feedback-augmented instruments,
where continuous, spectrally-rich timbres replace discrete note
events.

The musical agent is then evaluated through practice-led re-
search with professional performers in a real-world performance
scenario: OTIAC ��O totaro int'a chitarra� (the octopus in the
guitar)� a feedback-based guitar performance conceived for the
H[t] Duo.

The system's source code and documentation are available
online.2 A recording of a rehearsal session with the performers
is available as Supplementary Material.

2 Related work
2.1 Music Generation Systems
Several frameworks have been proposed for categorizing music
generation systems and musical agents. Herremans et al. [27] pro-
vide a taxonomy distinguishing between systems based on their
input requirements, generation methodology, and interaction par-
adigm. Tatar and Pasquier [51] o�er a typology of musical agents
oriented toward Musical Metacreation, distinguishing agents by
their degree of autonomy, learning capabilities, and interaction
modes. Jung [28] proposes a design framework for Intelligent
Music Performance Systems emphasizing the balance between
system intelligence and performer agency.

In this work we use a musical agent based on Self-Organizing
Maps (SOMs) and Factor Oracle (FO) automaton.

SOMs are unsupervised neural networks that cluster and vi-
sualize high-dimensional data into a 2D map while preserving
topological relationships as faithfully as possible (i.e., similar data
points stay close on the map) [29]. SOMs are computationally
e�cient and are built as a grid of nodes: each node representing
a possible category in the input space. It has been proposed that
SOMs can be e�ective in implementing the memory properties of
creative processes [7,25]. In the music domain, however, only few
cases have been found of musical agents employing SOMs: Smith
and Deal [48] adopted SOMs to model the short term memory
of a music agent; Martins and Miranda [34] employed a SARD-
NET (a variation of SOMs with an addition of temporality) for
rhythm generation; Tatar and Pasquier proposed MASOM [50], a
machine improvisation architecture for live performance which
combines SOMs with Variable Markov Models; and Thelle and
Pasquier presented Spire Muse [52], which builds upon MASOM
architecture.

A Factor Oracle (FO) is a �nite state automaton introduced
by Allauzen et al. [1] and later applied to music generation [5].
A key advantage of FO is its lightweight nature and linear-time
and linear-space learning complexity, allowing for adaptive ap-
plications such as live musical improvisation. FO has become a
well-known technique extensively adopted in designing musi-
cal agents, such as OMax [3], Anticipatory Model [13], Audio
Oracle [17], PyOracle,3 Variable Markov Oracles [2,57], and Prob-
abilistic Factor Oracle [18]; and including also the extensions of
the OMax family, like ImproteK [37,38] (which introduces the sce-
nario/memory generation model), Dicy2 [39], and Somax2 [4, 8].

1https://supercollider.github.io/
2https://github.com/claudiopanariello/otiac or https://www.algomus.fr/code/
3https://pypi.org/project/PyOracle/

2.2 Feedback-Based Music
Feedback has a long and deep presence in the music domain. A
rich body of literature has documented the emergence of various
approaches throughout history, from the experiments in their
respective �elds by Roland Kayn and Jimi Hendrix in the 1960s, to
the more recent advances in Complex Adaptive Systems (CASes)
[45, 46, 55]. Works by Alvin Lucier (I Am Sitting in a Room,
1969), Eliane Radigue (Opus 17, 1970), David Tudor (Microphone,
1973), Nicolas Collins (Pea Soup, 1974) [12], and more recently Di
Scipio (Audible Ecosystemics series, 2002-2005) [15], San�lippo
(Order from Noise, 2016-2019) [43], and utrumque duo (Elblaus
and Eckel; Rundgång, 2020; St. Elisabeth Song Cycle, 2021) [19],4

just to name a few, are key examples of how feedback-based
music systems of di�erent complexity have posed compelling
technological challenges, while exploring questions of musical
aesthetics and musical forms.

Feedback-based music systems have informed diverse appli-
cations of feedback in musical performance. One such applica-
tion can be found in feedback-augmented instruments, which
are a sub-category of augmented instruments that uses audio
feedback to enrich the acoustic instrument's timbre. These in-
struments generally employ an actuator and a microphone (or
any means that can transduce acoustic vibrations to an elec-
trical signal), which are coupled through the resonant body of
the instrument and connected in a feedback loop that includes
analogue and/or digital signal processing [21]. In recent years,
feedback-augmented string instruments have attracted consid-
erable attention [33], as exempli�ed by Halldór Úlfarsson's hall-
dorophone [54] and related family of feedback string instruments
(see e.g. [14, 20, 31, 35, 41], or the work by Johannes Burström5).

Despite the proliferation of feedback string instruments, the
classical guitar has received comparatively less attention in aca-
demic literature on feedback augmentation. Most documented
guitar augmentation focuses on steel-string instruments (such
as Harriman's Feedback Lap Steel [26]), on the electric guitar
(like [32] or, outside of academic contexts, Christian Blandhoel's
Feedbackers6 [6]), or on customized tabletop string instruments
(like Visi's Sophtar [56]). On the other hand, there are examples
of classical guitar augmentation without taking into account the
role of acoustic feedback as sound source (see e.g. [30, 36]).

As of yet, to the knowledge of the authors, there are no ex-
amples of feedback-augmented classical guitars in the academic
literature.

3 OTIAC: System Architecture
We now present the ideas behind the hardware design, the de-
sign of the generation system, and the design of the interface
presented to the performers.

3.1 Hardware design
The hardware design was conceived with the aim of achieving a
deliberately minimal augmentation, requiring readily available
materials and enabling easy replication by other performers. The
augmentation is, in fact, stripped-down: a contact microphone is
placed on the guitar's headstock, and a transducer is mounted
on the top plate.

The classical guitar presents an interesting case for feedback
augmentation due to its distinctive acoustic properties. The lower

4https://www.utrumque.com/
5https://johannesburstrom.se/works/solo/
6https://www.ijin.no/feedbacker.htm
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