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Figure 1: Concept rendering (not a photograph) of Sound Swarm in an illustrative environment.

Abstract
Sound Swarm is an embodied, multi-agent system that functions
as a self-organizing mesh synthesizer, generating soundscapes
through distributed sensing and environmentally mediated in-
teraction. As these systems scale, traditional musical concepts—
individual voice assignment, score-based synchronization, and
deterministic event mapping—break down because the acoustic
environment introduces propagation delay, masking, reflections,
and spatial heterogeneity. We argue that composing for such sys-
tems requires a shift from event-specification to condition-setting:
designing interaction rules, constraints, spatial arrangements,
and time-scales under which sonic organization can emerge. This
paper details a three-tier architecture—Perception, Behavior, and
Expression—that decouples real-time audio synthesis from low-
rate “colony cognition.” We introduce a graph-based method
for collective spatial sense-making: pairwise RF/acoustic mea-
surements populate a relational tensor which is interpreted by
a lightweight neural relational model to infer topology in situ.
The framework is grounded in a biological taxonomy of coor-
dination behaviors: honeybee-inspired role election for hierar-
chy, ant-inspired stigmergy for environmental coupling, and tree
frog models for rhythmic coordination. By treating the swarm
as a synthetic ecology, we demonstrate how emergent musical
form arises from the triadic interaction between user-defined
conditions, the physical environment, and agent-level biological
heuristics.
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CCS Concepts
• Applied computing → Sound and music computing;
• Computing methodologies → Multi-agent systems; •
Human-centered computing→ Interactive systems and tools.
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1 Introduction
Emergent phenomena—where coherent global structure arises
from simple local interaction rules—have long served as a concep-
tual bridge between biology, computation, and music. From the
cellular automaton known as the Game of Life [10] to Reynolds’
flocking model [21], such systems demonstrate how complex
organization can arise without centralized control. In computer
music, these ideas informed swarm-based approaches, most no-
tably in the work of Blackwell and colleagues, who showed that
musical structure can emerge through decentralized agent inter-
action rather than explicit compositional specification [3, 4].

In biological systems, self-organization arises not from global
representations but from local sensing, indirect environmental
interaction, and adaptive response thresholds. The concept of
stigmergy, originally introduced by Grassé [12], describes how
modifications to a shared environment can guide collective behav-
ior without explicit communication.Work on cognitive stigmergy
further emphasizes that collective structure can emerge under
partial and noisy information, where the medium itself functions
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