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Abstract
This paper introduces Coypu, a library and a dialect designed for on-the-fly music programming within the Pharo
environment. Its syntax facilitates the creation of rhythmic patterns and incorporates stochastic techniques that
employ randomness in composition, while providing an intuitive interface for manipulating scale and chords.

The main goal of Coypu is to provide an accessible and intuitive environment for live coding music: easy to
install and to learn, yet powerful and inspiring. It is designed for newcomers and users with little programming
experience.

Coypu aims to introduce people to both the world of live coding and Smalltalk in an engaging and approachable
way. At the same time, Pharo’s ease of defining new classes and methods, combined with its powerful collections
API and version control tools, allows musicians to tailor the system to their needs.
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1. Introduction

Live coding is a practice where the act of writing code becomes part of a live performance, often with the
screen projected for a live audience [1]. It typically involves the real-time, improvisatory composition of
computer-generated audiovisual material, especially music and visuals. Originating in the early 2000s,
live coding has developed into a vibrant artistic and technological movement, framing code as a central
expressive medium.

In this paper, we discuss the design and implementation of Coypu, a library and a dialect 1 designed
for on-the-fly music programming within the Pharo environment [2]. We offer an overview of the core
syntax and semantics, as well as implementation details. Additionally, we discuss its applications in
musical performances and workshops, with a focus on user feedback and experience.

The development of Coypu originated from the author’s intention to use Smalltalk for live coding
performances. These performances were initially streamed online2 during the COVID-19 pandemic
using a tool developed for Symbolic Sound’s Kyma system [3]. Kyma is recognised for its state-of-
the-art3 synthesis engine and extensive sound design library. Although Kyma incorporates Smalltalk
internally, it restricts users from defining custom classes and methods, thereby limiting the ability to
develop novel programming paradigms for real-time musical programming. Furthermore, Kyma is
proprietary software and depends on an external Audio Processor Unit for operation.
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Pharo was chosen primarily for its extensive documentation, learning resources and its open source-
ness, which were considered crucial for fostering the spread of the language within the community. Prior
to Coypu, no other frameworks existed for programming music on-the-fly in any Smalltalk environment
to the best of our knowledge.

In traditional musical terms, Coypu can be understood as a real-time editable score for multiple
instruments. Coypu works as a client that composes live scores executable by OSC-compatible audio
generators, MIDI software, external hardware, or directly within Pharo using Phausto [4, 5]. The
separation between a score, which describes musical events over time, and an orchestra, which defines
the synthesis algorithms or instruments, can be traced back to the MUSIC-N family of computer music
languages, developed by Max Mathews at Bell Labs in the late 1950s [6].

Coypu is influenced primarily by TidalCycles [7] and Mercury [8]. TidalCycles is a widely adopted
language for live coding music performances, while Mercury is a more recent platform that runs in the
browser and emphasises ease of use and educational accessibility. As Coypu users initially focus on
writing music creatively and quickly, with little emphasis on building or maintaining software, certain
conventions or best practices in Pharo may have been disregarded.

The rest of the paper continues as follows: Section 2 describes the Performance class and why it
is at the core of Coypu; Section 3 presents the performers and explains how they communicate with
the audio servers; Section 4 shows Coypu, a Pharo dialect for music on-the-fly; Section 5 describes the
limitations and the future work; Section 6 talks about how Coypu has been used in the last three years;
and finally Section 7 concludes this paper.

2. The Performance and the Sequencers

At the core of Coypu is the Performance class. It is implemented as a singleton. The use of singletons is
often criticised in the literature [9, 10] due to concerns regarding global state management, testability,
and tight coupling. However, after careful consideration of these issues, we maintain our decision to
prioritise the principle of economy within our dialect (see Section 4) and to favor the simplicity gained
by allowing sequencers to be inserted into a single performance without requiring new instances.

Listing 1 shows an example. The code assigns the unique instance of Performance to a variable and
sets the performer to an object that understands OpenSoundControl (OSC)4messages. A rumba rhythm
is assigned to a key in the Performance. The Performer interfaces with the conga instrument defined in
the audio client, and the Performance is played for 16 bars.

p := Performance uniqueInstance.
p performer: PerformerLocal new.
#rumba asRhythm to: #conga.
p playFor: 16 bars.

Listing 1: Perfomance class usage example

The Performance acts primarily as a MIDI arranger [11]. It stores tracks filled with events that are
triggered by different instruments, which are rendered by the audio server (referred as Sequencers in
Coypu terminology). The Performance also stores information about the frequency at which these
events are triggered and is associated with a Performer subclass, responsible for generating the events
for the audio server. The Performance can be played for a specified number of steps5 (typically defined
by sending the bars message with an integer value), stopped, and its playback frequency can be adjusted
in real-time. Additionally, the Sequencers within the Performance can be muted, soloed, or unsoloed as
needed. The playFor: delegates the execution to the Performer subclasses [12]. When a Performance
is played for a number of steps, the selected Performer advances the Performance’s playhead by
incrementing its instance variable, transportStep. This advancement is driven by forking a Pharo process
at Processor timingPriority -1 ensuring the highest possible timing precision. A Performance
4wright97
5In Coypu a step is a sixteenth of a bar.



stores key-value pairs where all values must be Sequencer instances. The key for each Sequencer is
stored within the Sequencer itself as seqKey, enabling the object to retrieve its key when needed. This
seqKey plays a specialized role when either PerformerSuperDirt or PerformerPhausto is assigned to the
Performance, as it selects the external instrument associated with the Sequencer (see Section 3).

A Sequencer instance stores the data that is read by a Performer and dispatched to the appropriate
audio server. Conceptually, a Sequencer corresponds to what is commonly referred to as a track [6]
in a Digital Audio Workstation (DAW) [13]. However, we chose the term Sequencer because its
data structures are not constrained to uniform lengths; this flexibility allows for the composition of
polyrhythmic patterns, which are often difficult to express using traditional loop-based approaches in
DAWs.

A Sequencer always includes a core set of attributes: gates6, note, duration and gate time7, and note
index8. Additionally, it may hold an array of extra parameters used to control sonic features such as
amplitude (level), stereo positioning (panning), and timbre, depending on the nature of the associated
instrument or sound source. A Sequencer can also optionally define a MIDI channel, enabling it to be
played through a PerformanceMIDI object using a MIDI sender. For integration with the SuperDirt
audio engine, the Sequencer includes a message template that determines how events are constructed
and dispatched. The methods and techniques for creating Sequencer instances will be described in
detail in Section 4.
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Figure 1: A Performance contains many Sequencers of different lengths. A Sequencer holds data for gates,
notes, and durations, including the OSC messages to communicate with the server.

A Performance stores musical data in the form of Sequencers, as shown in Figure 1. In musical terms,
a Sequencer can be thought of as an augmented pentagram, encompassing not only notes, rests, and
durations but also information about timbres, effects, and articulations. Sequencers store values and
data that the audio server uses to control the execution of synthesisers and samplers. These include
MIDI note numbers, durations, velocities, and optional synthesis parameters, as well as specialised OSC
messages and bundles.

6A gate represents the on/off state of each step in a sequencer, determining whether a musical event is triggered or not.
7The Duration and gateTime parameters control for how long the note is sustained.
8The noteIndex parameter serves as an index that selects which instrument or audio sample to trigger at that step position.



3. The Performers

The performers enable the selection of the audio server that will render the augmented score9 contained
in the Performance’s sequencers10. A Performer queries the musical data stored within a Performance
and communicates with the audio server, triggering note events and adjusting parameter values in
real-time. An event is a control structured message that the performer sends to an audio server.
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Figure 2: The 5 Performer subclasses send events contained in the Performance’s Sequencers to a different
audio server. This audio server is, in turn, responsible to generate sound.

An event contains information about the pitch, the velocity, the duration and additional parameters
that the audio server will process to produce the sound.

The Performer class provides a common initialization routine and defines a template for the playFor:
method. The responsibility for implementing the playEventAt:in: hook is delegated to its subclasses,
thereby applying the Template Method design pattern [12].

Listing 2 shows the implementation of the method playFor:, which is a template method. It sets the
performance tempo and iteratively processes sequencer events. It delegates the actual event handling
to the hook method playEventAt:in:, to be implemented by subclasses.

Performer >> playFor: aNumberOfSteps
"Set the performance tempo, where performance freq is the speed factor."
self performance bpm: 60 / (performance freq * 4).
self performance transportStep: 0.
self performance activeProcess: ([

aNumberOfSteps timesRepeat: [
(Delay forSeconds: performance freq) wait.

"Scan through the sequencers and trigger events"
[
self performance valuesDo: [ :seq |

(seq gates wrap: performance transportStep) = 1 ifTrue: [
self playEventAt: seq noteIndex in: seq.

"Increment note index after playing the event"

9The sequencers contain much more information than traditional musical scores, as they can contain synthesis parameters
and instrument configurations managed by the audio engine or server.

10A Performance has a single performer slot, which holds one instance of a Performer subclass at a time.



seq noteIndex: seq noteIndex + 1 ] ] ] forkAt:
Processor timingPriority - 2.

"Increment the transport step after scanning sequencers"
self performance incrementTransportStep ] ] forkAt:
Processor timingPriority - 1)

Listing 2: playFor: template method

We will provide a detailed discussion of the implementation of the Performer subclasses in the
following subsections, outlining their similarities and exploring their differences in relation to the
various audio servers with which they communicate.

3.1. PerformerLocal and PerformerSuperDirt

The PerformerLocal and PerformerSuperDirt classes dispatch events to an external application com-
patible with the OSC protocol via a UDP socket. The OSC protocol is designed for communication
among computers, sound synthesizers, and other multimedia devices11, optimized for contemporary
networking technologies[14]. Coypu is not an audio synthesizer; it does not generate sound by itself.
Instead, it sends events to an external audio synthesizer to be interpreted as sound. Several audio
synthesis environments support OSC communication and hence can be used with Coypu. These include
SuperCollider [15], Pure Data [16], Max/MSP [17], ChucK [18], CSound [19], as well as multimedia
platforms such as TouchDesigner, Processing [20], and OpenFrameworks 12.

The primary distinction between these two is that while PerformerLocal defines a syntax to which
the external application must conform, PerformerSuperDirt is specifically designed to comply with
the syntax of the SuperDirt audio engine used within the SuperCollider environment. To be playable
with Coypu, instruments implemented in the audio server must include at least two parameters named
according to the pattern <Prefix>Gate and <Prefix>Note. Any additional parameters controlling the
instrument should adhere to the same naming convention, formatted as <Prefix><ParameterName>.

Coypu relies on the OSC package to construct packets (i.e. messages) and transmit them over the
User Datagram Protocol (UDP). The OSC package for Pharo was originally developed and license under
MIT by Markus Gaelli and then Simon Holland for Squeak.

The following method implementation illustrates how PerformerSuperDirt constructs an OSC bundle
following SuperDirt specifications and sends it to SCSynth.

PerformerSuperDirt playEventAt: anIndex in: aSequencer
"sends a message to SuperDirt with all the desired OSC arguments and values"

| message dur stepDuration |
stepDuration := Performance uniqueInstance freq asFloat.
message := OrderedCollection new.
message add: ’/dirt/play’.
dur := aSequencer durations asDirtArray wrap: anIndex.

message
add: ’delta’;
add: (stepDuration * dur) asFloat. "delta should change"

aSequencer dirtMessage keysAndValuesDo: [ :key :value |
message

add: key;
add: (value asDirtArray wrap: anIndex) ].

(OSCBundle for: { (OSCMessage for: message) })

11Developed in the late 1990s by Adrian Freed and Matt Wright at the Center for New Music and Audio Technologies (CNMAT),
University of California, Berkeley, OSC is now widely adopted for both local- and wide-area networked media applications.

12https://openframeworks.cc/about/



sendToAddressString: ’127.0.0.1’
port: 57120.

Listing 3: The playEventAt: in: method constructs the OSC message that is sent to SuperCollider to play
SuperDirt instruments

3.2. PerformerMIDI

The PerformerMIDI is designed to dispatch events either to external MIDI13 instruments or to local
software applications and audio plugins via a virtual MIDI bus. To use the PerformerMIDI, first the
PortMIDI library has to be downloaded. Then a MIDISender has to be created and opened with a device.
When a MIDISender is opened on a device, it is automatically assigned to the corresponding slot in the
PerformerMIDI class.

mout := MIDISender new.
mout openWithDevice: 5.

p := Performance uniqueInstance.
p performer: PerformerMIDI new.

Listing 4: A new MIDISender object must be opened with a valid MIDI device to be used in a
PerformerMIDI

3.3. PerformerPhausto

The PerformerPhausto component is designed to interface directly with the Phausto library and API [5]
to generate sound using instruments and effects implemented within Phausto. Together, Performer-
Phausto and Phausto form an integrated live coding framework for music, developed entirely within
the Pharo ecosystem. This architecture effectively dissolves the traditional separation between the
score and the orchestra. To use PerformerPhausto, a valid DSP must be assigned to the Performance;
otherwise, an exception will be raised when the Performance starts. The events in the Sequencer are
dispatched to the assigned DSP by the means of FFI calls that change the values of the parameters in
the DSP assigned to the Performance. Instruments in a DSP implemented to be played with Coypu
must adhere to the Coypu requirements as specified for the PerformerLocal.

4. A New Pharo Dialect for Programming Music On-the-Fly

The design of the Coypu API is guided by three core linguistic principles:

• Iconicity: The structure of the code should mirror the structure of the resulting
music, establishing a resemblance between the form of the code and the meaning
it produces. This concept14 is rooted in the linguistic notion of form-meaning
similarity.

• Economy: Inspired by the principle of least effort [24], the API aims to minimize
user input, promoting concise and efficient code that reduces the cognitive and
physical demands of live coding.

13Musical Instrument Digital Interface is a technical standard that describes a communication protocol, digital interface,
and electrical connectors used to connect a wide variety of electronic musical instruments, computers, and related audio
equipment.(https://midi.org/midi-1-0)

14According to Haiman [21] and other typologists, such as Comrie [22], Hopper and Traugott [23], humans have a natural
tendency to create linguistic signs that bear a resemblance to their meaning.

https://midi.org/midi-1-0


• Semantic equivalence: The same musical intent can be expressed in multiple
syntactic forms, giving users the flexibility to choose between more economical
expressions and those that prioritize clarity or iconic mapping. This implies that
multiple expressions can be semantically equivalent [25].

For instance, many methods have been restructured or implemented in alternative forms to reduce
the amount of typing required to modify values stored in arrays. Additionally, several multi-argument
messages have been introduced to minimize the use of parentheses and cascading messages. Coypu
implements various strategies for populating its sequencers with musical data, which will be described
in the following subsections. If notes, durations and gateTimes are not defined at the instance creation
the Sequencer will initialize with default values: a note value of 6015, a duration equal to the minimum
step interval, and a gate value of 0.8, reflecting the behaviour of classic hardware sequencers.

Coypu can easily generate rhythmic patterns from global musical traditions by accepting an integer
and a unary message specifying the rhythm name. Supported rhythms include culturally significant
structures, such as Afro-Cuban clave, Middle Eastern folk meters, and other traditional percussion
sequences. This educational content provides newcomers and sound artists with a deeper understanding
of global musical traditions and highlights the shared roots of dance rhythms across cultures. Each
method, accessible by inspecting Rhythm list, includes detailed ethnomusicological comments on the
rhythm’s geographical, historical, and social origins.

In the following subsections we illustrate different strategies to create Sequencers.

4.1. Creating Sequencers from Arrays

Sequencers can be created by sending the message asSeq to an array of 1s and 0s, where 1 indicates a
trigger (i.e., an event is emitted) and 0 represents a rest. This is the simplest way to create a Sequencer.
While it is verbose and prone to errors, it remains powerful when used to store rhythms derived from
Time Unit Box notation [26], as demonstrated in the implementation of the cumbiaClave method.

4.2. Random generators and random walkers for for notes and triggers

Coypu offers different methods to create Sequencers with random16 triggers or with random notes.

rand1 := 16 randomTrigs.
rand2 := 32 randomTrigsWithProbability: 65.

Listing 5: Two sequencers with random triggers: the first uses a uniform distribution, while the second
generates triggers with a biased probability of 65%..

Listing 5 demonstrates the generation of rhythmic trigger patterns using two methods. The first
line creates a sequence of 16 randomly generated triggers, representing on/off events. The second
line produces a longer sequence of 32 triggers, where each trigger is activated with a 65% probability,
allowing for controlled randomness in the rhythmic structure.

4.3. Euclidean rhythms and HexBeats

Euclidean rhythms are a class of rhythmic patterns that distribute a number of onsets (or beats) as
evenly as possible across a given number of time steps (or pulses). The concept was introduced in a
musical context by Godfried Toussaint [27], who also demonstrated that Euclidean rhythms underlie a
wide range of traditional rhythms from around the world. By sending the message euclidean to an
array of two integers, a Sequencer is created using a Euclidean rhythm generated through our Pharo
implementation of the Bresenham algorithm [28]. The first element of the array specifies the number
of triggers (onsets), while the second element specifies the total number of pulses.

15MIDI note number 60 corresponds to middle C
16We use the term “random” to refer to pseudo-random generation.



Hexadecimal notation has a long history in computer music, where it is used as a concise and
structured way to represent values within a power-of-two range. In rhythm programming, each
hexadecimal digit corresponds to four sixteenth-note subdivisions, equivalent to one beat in common
time. The binary form of each digit encodes a pattern of rhythmic events, where a 1 indicates a trigger
(onset) and a 0 represents a rest. For example, the digit F (binary 1111) results in four consecutive
onsets, while 5 (binary 0101) produces an alternating pattern of onsets and rests. This notation offers a
readable and expressive method for defining rhythmic sequences with minimal syntax. Sending the
message hexBeat to a string composed of hexadecimal digits creates a hexBeat, a rhythmic onset pattern
encoded in hexadecimal form.

4.4. A string notation system with rules based on the basics of TidalCycles’mini
notation

Sequencers can be created using a string notation system inspired by TidalCycles’ mini-notation.

| notes dirtNotes |
notes := ’0/4 , 7 , 4/2 , 9 , 11 , 9 , 7 , 4 , 7 , 9 , 5 , 7*2 , ~’.
dirtNotes := notes asDirtNotes.
dirtNotes to: #superpiano.
’~ , 2 * 3 , ’ ~ ’ , 5 , 4 / 3’ asDirtIndex to: #timbale

Listing 6: Simple example to create melodies and sound patterns with Coypu string notation

The string content must follow a specific syntax. Entries are separated by commas, with each entry
representing either a rhythmic or melodic event. Numeric values correspond to notes (when the
asDirtNotes message is sent) or to indexes (when asDirtIndex is used in a multisampler instrument).
These numeric values implicitly generate rhythmic triggers. Rests are indicated by the tilde symbol (˜)
or a hyphen (-), both denoting the absence of a trigger at that step. Two operators are used to modify
the temporal behavior of events: The asterisk (*) operator indicates repetition of a note across multiple
consecutive steps. The slash (/)operator extends the duration of a note across a specified number of
steps.

5. Limitations and Future Work

We consider Coypu to still be in its beta phase. In order to proceed toward a stable release, several
current limitations need to be addressed:

• The lack of flexibility in choosing between the available linear notation and cyclical
structures17 (as seen in Tidal Cycles, yet to be implemented).

• The inability to select different timing resolutions and internal rhythmic subdivi-
sions.

• The jitter in the advancement Performance playhead 18.

The first limitation may be addressed by implementing an alternative playMode that employs a
different strategy for parsing the triggers stored within a Sequencer, while constraining the Sequencer
length to a single bar. To enable the selection of various timing resolutions and rhythmic subdivisions,
we propose the development of a new scheduling system inspired by Tone.js19. This system would
17Linear notation follows a sequential, approach in which musical events are programmed to occur at specific moments along

a timeline (e.g., "play note 60 at step 1, then 63 at step 9”). In contrast, cyclical structures, define events by their position
within a recurring loop (e.g., "play 60 and 63 alternating every half-cycle").

18Our experimental tests measured an average jitter of 1 milliseconds. This was determined by recording a downbeat rhythm
at 120 beats per minute, performed by the Phausto Performer, and analyzing the timing deviations in an audio editing
software.

19Tone.js is a JavaScript framework built on the Web Audio API, designed for creating interactive musical applications directly
in the browser (https://tonejs.github.io/)

https://https://tonejs.github.io/


manage the scheduling of events stored in Sequencers and drive the advancement of the Performance
playhead. We expect this redesigned scheduling mechanism to significantly reduce jitter. However,
if the performance improvement proves insufficient, it may be necessary to fine-tune Pharo’s execu-
tion environment—particularly to lower the overhead caused by garbage collection and to minimize
interruptions at yield points.

The difficulty of writing efficient tests for audio applications is well recognized20 and complexity
increases when testing frameworks for programming music on-the-fly, which involves both event
dispatching and audio synthesis. A stable release also requires the development of robust testing tools
for critical components such as dispatching OSC and MIDI messages, triggering Phausto events, and
accurately measuring audio timing. This can be achieved by recording the audio buffer, using external
software, or through a custom solution implemented in C and accessed via Foreign Function Interface
(FFI). It is a significant challange and it demands considerable time and investigaction to build the
necessary tools to enable precise testing and measurement.

Figure 3: Time jitter measurement at 120 bpm with Audacity audio editing software

6. Use cases

Although technically still in its beta phase, Coypu has already been in steady use by the authors for
close to three years across a range of settings—from Algoraves to music tech conferences—both as a
live performance tool and as an educational platform for teaching live music programming. One of
the authors performed with it live at the International Live Coding Conference 2024, hosted at System
in Shanghai. It has been presented to diverse groups of users, ranging from expert live coders at the
ICLC Satellite event in Düsseldorf in May 2023 to children and teenagers aged 9 to 16 at the Festival
della Robotica di Pisa in May 2025. During these workshops, we focused on collecting user feedback.
Participants with little or no prior coding experience appreciated Coypu’s ease of use, particularly
when used in combination with TurboPhausto21 . In contrast, experienced programmers preferred
Pharo’s development tools, such as the Class Browser, Debugger, and Iceberg, along with its support
for liveness and reflection. Several suggestions for future enhancements emerged during workshops
and demonstrations. Among them is a plan to create a customised Playground using Bloc, a low-level
UI infrastructure and framework for Pharo, aimed at offering intuitive graphical controls for both the
Performance and the Performer. Another feature being explored would let users design their own
interactive widgets through Toplo, enabling real-time control over Sequencer parameters in live coding
scenarios.

20For a detailed discussion on this topic, see Ryan Avery’s presentation at the Audio Developer Conference (ADC) 2017:
Test-driven development for audio plugins.

21TurboPhausto is a collection of synthesisers and effects implemented in Phausto, modelled after the SuperDirt audio engine
for SuperCollider, which is the default audio server for TidalCycles.

https://www.youtube.com/watch?v=aLOlRSu6p00&t=1490s


7. Conclusion

This paper presents Coypu, a library and dialect for live coding music with Pharo. The goal is to
transform Pharo into a comprehensive IDE for live coding music, taking advantage of its syntax, tools,
and reflectivity. The dialect’s design principles of iconicity, economy, and semantic equivalence guide
its approach to making musical programming easy to understand for both users and audience. We
introduce its architecture built around the Performance-Sequencer paradigm, combined with multiple
Performers. Our dialect’s integration of diverse musical traditions, alongside modern computational
techniques, creates a rich palette for creative expression. Three years of practical deployment across
venues ranging from Algoraves to educational workshops have shown promising evidence of Coypu’s
dual role as both a performance tool and pedagogical platform. Coypu serves as a bridge between
artistic and technological communities, introducing musicians and sound artists to Smalltalk. Current
limitations around timing precision and cyclical structures remain areas for future development, along
with the need to further spread the language within the live coding community.
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