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    Waveform

A lightweight OSC transport layer for communicating with SuperCollider from Elixir.
Waveform provides low-level OSC messaging, node/group management, and a simple API for triggering synths. Perfect for live coding, algorithmic composition, and building custom audio applications on top of SuperCollider.
Prerequisites
Requirements:
	Elixir 1.17 or later
	Erlang/OTP 27 or later
	SuperCollider 3.x

⚠️ SuperCollider must be installed on your system before using Waveform.
Installing SuperCollider
macOS:
brew install supercollider

Linux:
# Debian/Ubuntu
sudo apt-get install supercollider

# Arch
sudo pacman -S supercollider

Windows:
Download from supercollider.github.io
Installing SuperDirt (Optional, for Pattern-Based Live Coding)
If you want to use Waveform's pattern scheduler with SuperDirt (TidalCycles-style live coding):
	Install the SuperDirt Quark (one-time setup):
Open SuperCollider IDE and run:
Quarks.install("SuperDirt");
thisProcess.recompile;

	Install Dirt-Samples (optional but recommended):
Dirt-Samples provides 217 sample banks (1800+ audio files) including drum machines,
percussion, synths, and instruments. Waveform includes an automated installer:
mix waveform.install_samples

This will:
	Download ~200MB of samples
	Install them to the correct location for your OS
	Verify the installation
	Provide next steps

Note: Waveform is pre-configured with optimal buffer settings (4096 buffers)
to support all Dirt-Samples. No additional configuration needed!

	Start SuperDirt (automatic):
Waveform automatically starts SuperDirt with the correct configuration when you use
Helpers.ensure_superdirt_ready(). The samples are loaded automatically from the
installed Dirt-Samples directory.
alias Waveform.Helpers
Helpers.ensure_superdirt_ready()

	Install sc3-plugins (optional, for additional synths):
The sc3-plugins provide additional synthesizers like superpiano, supermandolin,
supergong, and more. These are physical modeling synths that extend SuperDirt's
capabilities beyond sample playback.
Installation:
# macOS
brew install sc3-plugins

# Linux (Debian/Ubuntu)
sudo apt-get install sc3-plugins

# Arch Linux
sudo pacman -S sc3-plugins

# Windows
# Download from https://supercollider.github.io/sc3-plugins/

After installation, restart SuperCollider and Waveform to use these synths.
Note: The demos in this repository use samples from Dirt-Samples by default
and don't require sc3-plugins. If you want to experiment with synths like
superpiano, install sc3-plugins and see test_superpiano.exs for an example.


Custom Installation Path
If SuperCollider is installed in a non-standard location, set the SCLANG_PATH environment variable:
export SCLANG_PATH=/path/to/sclang

Verify Installation
After installing SuperCollider (and optionally SuperDirt), run:
mix waveform.doctor

This will verify that your system is properly configured, including checking for SuperDirt if you plan to use pattern-based features.
Features
	OSC Transport: Send and receive OSC messages to/from SuperCollider
	Process Management: Automatically manages the sclang process
	Node & Group Management: Track synth nodes and organize them into groups
	Simple API: Minimal, focused API for triggering synths
	SuperDirt Integration: TidalCycles-compatible sample playback and effects
	Pattern Scheduler: High-precision continuous pattern playback with cycle-based timing
	Hot-Swappable Patterns: Change patterns while they're playing without stopping
	MIDI Output: Send patterns to hardware synths, DAWs, or any MIDI device
	MIDI Input: Receive notes and CC from controllers, route to SuperDirt or custom handlers
	MIDI Clock: Sync with external gear as master or slave (24 PPQ)
	Multi-Output: Route patterns to SuperCollider, MIDI, or both simultaneously

Installation
Add waveform to your dependencies in mix.exs:
def deps do
  [
    {:waveform, "~> 0.2.0"}
  ]
end
Then run:
mix deps.get
mix waveform.doctor  # Verify SuperCollider is installed

Quick Start
# Start your application (Waveform starts automatically)
# The sclang process and SuperCollider server will boot

# Trigger a synth (assumes you have a synth named "default" loaded)
alias Waveform.Synth

Synth.trigger("default", note: 60, amp: 0.5)
Usage
Defining Synths
Waveform does not include any built-in synth definitions. You need to define synths in SuperCollider first.
You can define synths in several ways:
Option 1: Define in SuperCollider directly
alias Waveform.Lang

Lang.send_command("""
  SynthDef(\\saw, { |freq=440, amp=0.1, out=0|
    Out.ar(out, Saw.ar(freq, amp))
  }).add;
""")
Option 2: Load from a file
# Place your .scsyndef files in a directory
OSC.load_synthdef_dir("/path/to/synthdefs")
Option 3: Use SuperDirt
For TidalCycles-style live coding, load SuperDirt which includes many synths and samples. See the SuperDirt integration section below.
Triggering Synths
Once you have synths defined, trigger them with:
alias Waveform.Synth

# Basic synth trigger with parameters
Synth.trigger("saw", note: 60, amp: 0.5, cutoff: 1000)

# Specify node and group IDs manually
Synth.trigger("kick", [amp: 0.8], node_id: 1001, group_id: 1)

# Use the convenience play/2 function
Synth.play(60, synth: "piano", amp: 0.6)
Low-Level OSC API
For more control, use the OSC module directly:
alias Waveform.OSC

# Send raw OSC commands
OSC.new_synth("my-synth", node_id, :head, group_id, [:freq, 440, :amp, 0.5])

# Create a new group
OSC.new_group(group_id, :tail, parent_group_id)

# Delete a group and all its nodes
OSC.delete_group(group_id)

# Load synth definitions from a directory (if you have custom synthdefs)
OSC.load_synthdef_dir("/path/to/your/synthdefs")
Node and Group Management
alias Waveform.OSC.Node
alias Waveform.OSC.Group

# Get the next available node ID
%{id: node_id} = Node.next_synth_node()

# Get a process-specific group
%{id: group_id} = Group.synth_group(self())

# Create a named group
group = Group.chord_group("my-chord")
Sending Commands to SuperCollider
You can send arbitrary SuperCollider code to the sclang interpreter:
alias Waveform.Lang

Lang.send_command("""
  SynthDef(\\simple, { |freq=440, amp=0.1|
    Out.ar(0, SinOsc.ar(freq, 0, amp))
  }).add;
""")
Architecture
Waveform starts a supervision tree with these processes:
	Waveform.Lang - Manages the sclang process
	Waveform.OSC - Handles OSC message transport
	Waveform.OSC.Node.ID - Allocates unique node IDs (Agent)
	Waveform.OSC.Node - Tracks node lifecycle
	Waveform.OSC.Group - Manages groups

Use Cases
Live Coding in Livebook
Mix.install([
  {:waveform, "~> 0.2.0"}
])

alias Waveform.Synth

# Define a pattern
notes = [60, 64, 67, 72]

# Play the pattern
Task.async(fn ->
  Stream.cycle(notes)
  |> Enum.each(fn note ->
    Synth.play(note, synth: "default", amp: 0.5)
    Process.sleep(250)
  end)
end)
Building a Pattern Engine
Waveform is designed to be a foundation for higher-level pattern languages (like TidalCycles or Strudel):
defmodule MyPatternEngine do
  alias Waveform.Synth

  def schedule_event(%Event{time: time, synth: synth, params: params}) do
    Process.send_after(self(), {:trigger, synth, params}, time)
  end

  def handle_info({:trigger, synth, params}, state) do
    Synth.trigger(synth, params)
    {:noreply, state}
  end
end
Pattern-Based Live Coding with SuperDirt
Waveform includes built-in SuperDirt integration and a high-precision pattern scheduler that works directly with UzuPattern for TidalCycles-style live coding.
Prerequisites: Make sure SuperDirt is installed and loaded (see Prerequisites).
Basic SuperDirt playback:
alias Waveform.SuperDirt

# Start SuperDirt in SuperCollider
Waveform.Lang.send_command("SuperDirt.start;")

# Trigger individual samples
SuperDirt.play(s: "bd")                    # Bass drum
SuperDirt.play(s: "sn", n: 2, gain: 0.8)  # Snare variant 2
SuperDirt.play(s: "cp", room: 0.5, size: 0.8)  # Clap with reverb
Continuous pattern playback with UzuPattern:
The PatternScheduler works directly with %UzuPattern.Pattern{} structs. Parse mini-notation strings and schedule them for playback:
alias Waveform.PatternScheduler
alias UzuPattern.Pattern

# Set tempo (0.5625 = 135 BPM)
PatternScheduler.set_cps(0.5625)

# Parse and schedule a drum pattern
drums = UzuPattern.parse("bd cp sn cp")
PatternScheduler.schedule_pattern(:drums, drums)

# Add a hi-hat pattern
hats = UzuPattern.parse("hh*8")
PatternScheduler.schedule_pattern(:hats, hats)

# Hot-swap the drum pattern while it's playing
new_drums = UzuPattern.parse("bd bd:1 sn bd:2")
PatternScheduler.update_pattern(:drums, new_drums)

# Change tempo on the fly
PatternScheduler.set_cps(0.75)  # Speed up to 180 BPM

# Stop a specific pattern
PatternScheduler.stop_pattern(:hats)

# Emergency stop all patterns
PatternScheduler.hush()
Pattern transformations:
Apply UzuPattern transformations before scheduling:
# Speed up the pattern (2x = 8 events per cycle)
drums = UzuPattern.parse("bd sd hh cp")
        |> Pattern.fast(2)

PatternScheduler.schedule_pattern(:drums, drums)

# Slow down (half speed)
ambient = UzuPattern.parse("pad:1 pad:2 pad:3 pad:4")
          |> Pattern.slow(2)

PatternScheduler.schedule_pattern(:ambient, ambient)

# Reverse the pattern
reversed = UzuPattern.parse("bd sd hh cp")
           |> Pattern.rev()

PatternScheduler.schedule_pattern(:reversed, reversed)

# Apply transformation every N cycles
evolving = UzuPattern.parse("bd sd hh cp")
           |> Pattern.every(4, &Pattern.rev/1)

PatternScheduler.schedule_pattern(:evolving, evolving)

# Stack multiple patterns (polyrhythm)
poly = Pattern.stack([
  UzuPattern.parse("bd ~ bd ~"),
  UzuPattern.parse("~ cp ~ cp"),
  UzuPattern.parse("hh*8")
])

PatternScheduler.schedule_pattern(:poly, poly)
Signal patterns for modulation:
Use signal patterns (sine, saw, rand) to modulate parameters:
alias UzuPattern.Pattern.{Effects, Signal}

# Filter sweep with sine wave
pattern = UzuPattern.parse("bd sd hh cp")
          |> Effects.lpf(Signal.sine() |> Signal.range(200, 2000))

PatternScheduler.schedule_pattern(:sweep, pattern)

# Random panning
pattern = UzuPattern.parse("hh*8")
          |> Effects.pan(Signal.rand() |> Signal.range(-1, 1))

PatternScheduler.schedule_pattern(:random_pan, pattern)
MIDI Output
Waveform supports MIDI output as a parallel audio destination to SuperCollider. Send patterns to hardware synths, DAWs, or any MIDI-capable software.
Basic MIDI playback:
alias Waveform.MIDI

# List available MIDI ports
MIDI.Port.list_outputs()

# Send a single note
MIDI.play(note: 60, velocity: 80, channel: 1)

# With automatic note-off after 500ms
MIDI.play(note: 60, velocity: 80, duration_ms: 500)

# Control change and program change
MIDI.control_change(1, 64, 1)      # Modulation wheel to 64
MIDI.program_change(5, 1)          # Change to program 5

# Raw note on/off
MIDI.note_on(60, 100, 1)
MIDI.note_off(60, 1)

# Panic - all notes off
MIDI.all_notes_off()
Pattern scheduling with MIDI output:
alias Waveform.PatternScheduler

# Set tempo
PatternScheduler.set_cps(0.5)  # 120 BPM

# Parse a melody pattern (numbers are interpreted as MIDI notes)
melody = UzuPattern.parse("60 64 67 72")

# Schedule with MIDI output
PatternScheduler.schedule_pattern(:melody, melody,
  output: :midi,
  midi_channel: 1
)

# Send to BOTH SuperCollider and MIDI simultaneously
PatternScheduler.schedule_pattern(:hybrid, melody,
  output: [:superdirt, :midi],
  midi_channel: 1
)
Multi-port routing:
Configure port aliases for easy routing to multiple MIDI destinations:
# config/config.exs
config :waveform,
  midi_ports: %{
    drums: "IAC Driver Bus 1",
    synth: "USB MIDI Device",
    hardware: "MIDI Out 1"
  }
# Use aliases in patterns
bass = UzuPattern.parse("36 48 36 48")
PatternScheduler.schedule_pattern(:bass, bass,
  output: :midi,
  midi_port: :synth,
  midi_channel: 2
)
MIDI Input
Receive MIDI input from controllers, keyboards, or other MIDI devices. Route notes directly to SuperDirt for live playing, or register custom handlers for advanced control.
Basic MIDI input:
alias Waveform.MIDI.Input

# List available input ports
Input.list_ports()

# Start listening to a port
Input.listen("USB MIDI Keyboard")

# Or listen to all available ports
Input.listen_all()

# Register a handler for note events
Input.on_note(fn event ->
  IO.inspect(event)
  # %{type: :note_on, note: 60, velocity: 100, channel: 1}
end)

# Register a handler for CC (control change) events
Input.on_cc(fn %{cc: cc, value: v} ->
  IO.puts("CC #{cc} = #{v}")
end)

# Stop listening
Input.stop()
Route MIDI to SuperDirt for live playing:
# Play piano samples with incoming notes
# Velocity is automatically mapped to gain
Input.route_to_superdirt(s: "piano")

# Use a different sample with reduced volume
Input.route_to_superdirt(s: "superpiano", gain_scale: 0.5)

# Add effects
Input.route_to_superdirt(s: "piano", room: 0.5, size: 0.8)

# Stop routing
Input.stop_superdirt_routing()
Channel filtering:
# Only receive events from channel 1
Input.set_channel_filter(1)

# Receive from all channels (default)
Input.set_channel_filter(nil)
All event types:
# Handle all MIDI events (for debugging or custom routing)
Input.on_all(fn event ->
  case event.type do
    :note_on -> "Note #{event.note} on"
    :note_off -> "Note #{event.note} off"
    :cc -> "CC #{event.cc} = #{event.value}"
    :program_change -> "Program #{event.program}"
    :pitch_bend -> "Pitch bend #{event.value}"
    :aftertouch -> "Aftertouch on note #{event.note}"
    _ -> "Unknown"
  end
end)

# Clear specific handlers
Input.clear_handlers(:note)
Input.clear_handlers(:cc)

# Clear all handlers
Input.clear_handlers()
Velocity curves:
Convert gain values (0.0-1.0) to MIDI velocity using different curves:
# config/config.exs
config :waveform,
  midi_velocity_curve: :linear       # Default: 0.5 gain → ~64 velocity
  # midi_velocity_curve: :exponential  # Quieter: 0.5 gain → ~32 velocity
  # midi_velocity_curve: :logarithmic  # Louder: 0.5 gain → ~90 velocity
Virtual MIDI ports:
Create virtual MIDI outputs that appear as MIDI devices to other applications (macOS/Linux only):
# Create a virtual output named "Waveform"
{:ok, conn} = MIDI.Port.create_virtual_output("Waveform")

# Other apps (DAWs, etc.) can now connect to "Waveform" as a MIDI input
MIDI Clock Sync
Synchronize with external MIDI devices using MIDI clock. Waveform can act as a clock master (sending clock) or slave (receiving clock).
Master mode - send clock to external gear:
alias Waveform.MIDI.Clock

# Start sending clock at 120 BPM
Clock.start_master(120)

# Change tempo on the fly
Clock.set_bpm(140)

# Transport controls
Clock.send_start()     # Tell receivers to start playback
Clock.send_stop()      # Tell receivers to stop
Clock.send_continue()  # Resume from current position

# Stop sending clock
Clock.stop_master()
Slave mode - sync to external clock:
# Start listening for clock from a MIDI device
Clock.start_slave("USB MIDI Keyboard")

# PatternScheduler tempo automatically syncs to incoming clock
# When external device sends Stop, patterns will hush

# Check if clock is running (received Start without Stop)
Clock.running?()

# Get calculated BPM from incoming clock
Clock.get_bpm()

# Stop listening
Clock.stop_slave()
Configuration:
# config/config.exs
config :waveform,
  midi_clock_port: "IAC Driver Bus 1",  # Default clock output port
  midi_clock_smoothing: 8               # Ticks to average for BPM calculation
Buffer Management
Load custom samples into SuperCollider for use with your own synth definitions. This is separate from SuperDirt's sample loading.
alias Waveform.Buffer

# Load a sample file
{:ok, buf_num} = Buffer.read("/path/to/kick.wav")

# Load portion of a file
{:ok, buf_num} = Buffer.read("/path/to/long_sample.wav",
  start_frame: 44100,   # Start 1 second in (at 44.1kHz)
  num_frames: 88200     # Load 2 seconds
)

# Allocate empty buffer (for recording)
{:ok, buf_num} = Buffer.allocate(88200, 2)  # 2 seconds stereo

# List all managed buffers
Buffer.list()

# Free a buffer
Buffer.free(buf_num)

# Free all buffers
Buffer.free_all()
Playing buffers with synths:
First, define a synth in SuperCollider:
SynthDef(\playbuf, { |out=0, bufnum, rate=1, amp=0.5|
  var sig = PlayBuf.ar(2, bufnum, BufRateScale.kr(bufnum) * rate, doneAction: 2);
  Out.ar(out, sig * amp);
}).add;
Then play it from Elixir:
{:ok, buf} = Buffer.read("/path/to/sample.wav")
Waveform.Synth.new("playbuf", bufnum: buf, rate: 1.0, amp: 0.8)
Development
# Clone the repository
git clone https://github.com/rpmessner/waveform.git
cd waveform

# Install dependencies
mix deps.get

# Compile
mix compile

# Run tests
mix test

# Check code coverage
MIX_ENV=test mix coveralls

# Generate documentation
mix docs

Development Session Documentation
Development sessions are documented in docs/sessions/ to maintain context across sessions and help contributors understand recent changes:
	Session history: See docs/sessions/README.md
	Latest session: Check the most recent file in docs/sessions/
	Project changelog: See CHANGELOG.md

When working on Waveform (especially with AI assistants), consult the session documentation for context on recent architectural decisions and ongoing work.
Roadmap
	[x] SuperDirt integration (✅ Complete - v0.3.0)
	[x] Pattern scheduling utilities (✅ Complete - v0.3.0)
	[x] MIDI output support (✅ Complete - v0.4.0)
	[x] MIDI input support (✅ Complete - v0.4.0)
	[x] MIDI clock sync (✅ Complete - v0.4.0)
	[x] Buffer management for custom samples (✅ Complete - v0.4.0)
	[ ] More examples and guides

Troubleshooting
SuperDirt / Dirt-Samples Issues
Only hearing kick drum / Some samples don't play
Cause: SuperCollider's buffer limit is too low for Dirt-Samples (1817 audio files).
Solution: Waveform is pre-configured with numBuffers = 4096 to support all samples.
If you're still experiencing issues:
	Verify Dirt-Samples is installed:
mix waveform.install_samples


	Restart your application completely (not just reload):
# In IEx
:init.restart()

	Check the installation:
ls ~/Library/Application\ Support/SuperCollider/downloaded-quarks/Dirt-Samples/
# Should show 217+ directories (bd, sn, hh, cp, etc.)



ERROR: No more buffer numbers
Cause: The buffer limit has been exceeded.
Solution: This is handled automatically by Waveform's server configuration. If you see this error:
	Make sure you're using the latest version of Waveform
	Restart your application
	If the issue persists, you may have custom server options overriding Waveform's settings

Samples installed but not loading
Cause: Sample path not configured correctly.
Solution: Waveform automatically detects the correct sample path for your OS. If samples
still don't load:
	Verify the path exists:
	macOS: ~/Library/Application Support/SuperCollider/downloaded-quarks/Dirt-Samples
	Linux: ~/.local/share/SuperCollider/downloaded-quarks/Dirt-Samples
	Windows: ~/AppData/Local/SuperCollider/downloaded-quarks/Dirt-Samples


	Check the sample count:
find ~/Library/Application\ Support/SuperCollider/downloaded-quarks/Dirt-Samples/ -name "*.wav" | wc -l
# Should show ~1800 files


	If files are missing, reinstall:
mix waveform.install_samples



General SuperCollider Issues
SuperCollider not found
Run mix waveform.doctor to diagnose installation issues.
If SuperCollider is installed in a custom location:
export SCLANG_PATH=/path/to/sclang

Server won't start
	Check if another SuperCollider instance is running
	Verify audio device permissions (macOS/Linux)
	Check SuperCollider logs for errors
	Try running SuperCollider IDE directly to diagnose

Getting Help
	Run diagnostics: mix waveform.doctor
	Test SuperDirt: mix waveform.check
	Report issues: https://github.com/rpmessner/waveform/issues

Ecosystem Role
Waveform is the audio layer of the Elixir music ecosystem:
  ┌──────────────┐   ┌──────────────┐   ┌──────────────┐
  │  UzuParser   │──▶│  UzuPattern  │   │   harmony    │
  │  (parsing)   │   │ (transforms) │   │   (theory)   │
  │              │   │              │   │              │
  │ • parse/1    │   │ • fast/slow  │   │ • chords     │
  │ • mini-      │   │ • rev/early  │   │ • scales     │
  │   notation   │   │ • stack/cat  │   │ • voicings   │
  │ • [%Event{}] │   │ • every/when │   │ • intervals  │
  └──────────────┘   └──────────────┘   └──────────────┘
                           │
                           ▼
                 ┌──────────────────┐
                 │    waveform      │ ◀── YOU ARE HERE
                 │    (audio)       │
                 │                  │
                 │ • OSC            │
                 │ • SuperDirt      │
                 │ • MIDI           │
                 │ • scheduling     │
                 └──────────────────┘
Waveform handles:
	OSC communication with SuperCollider
	SuperDirt sample playback and effects
	Pattern scheduling with cycle-based timing
	MIDI output to hardware synths, DAWs, and virtual instruments

Waveform does NOT handle:
	Pattern parsing (→ UzuParser)
	Pattern transformations (→ UzuPattern)
	Music theory (→ harmony)

Related Projects
	UzuParser - Pattern parsing (mini-notation to events)
	UzuPattern - Pattern transformations (fast, slow, rev, stack, cat, every, jux)
	Harmony - Music theory library for Elixir
	SuperCollider - The audio synthesis platform

Contributing
Contributions are welcome! Please feel free to submit issues and pull requests.
When contributing significant changes:
	Run mix test to ensure all tests pass
	Check MIX_ENV=test mix coveralls to verify coverage
	Update or create session documentation in docs/sessions/ for major features
	Update CHANGELOG.md with your changes

See docs/sessions/README.md for context on recent development work.
License
MIT License - see LICENSE for details.
Acknowledgments
Built for live coding music in Elixir and Livebook. Inspired by TidalCycles and the SuperCollider community.


  

    Changelog

All notable changes to this project will be documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
Unreleased
0.4.0 - 2025-12-20
Changed
	[BREAKING] Minimum required versions updated for modern Elixir/OTP support
	Now requires Elixir 1.17+ (previously 1.12+)
	Now requires OTP 27+ (previously OTP 24+)
	Ensures compatibility with latest language features and tooling


	[BREAKING] Migrated from exexec to erlexec v2.2.2
	Replaced unmaintained exexec wrapper with direct erlexec usage
	All functionality remains the same; only internal implementation changed
	erlexec is now a direct dependency in mix.exs


	Updated uzu_pattern dependency to ~> 0.8.1 (from path dependency)


Added
	Lang.wait_for_superdirt/1 - Event-driven waiting for SuperDirt initialization	Monitors SuperCollider stdout for SuperDirt's ready message
	Configurable timeout (default: 60 seconds)
	Immediate return if SuperDirt already running


	Server parameter support in all GenServer/Agent modules for dependency injection	Enables isolated testing with start_supervised!/2
	All modules maintain backward compatibility (defaults to module name)



Fixed
	Handle :DOWN messages from sclang process to prevent GenServer crash on exit
	SuperDirt initialization now properly waits for readiness instead of fixed 15-second sleep	Monitors stdout for "SuperDirt: listening to Tidal on port" message
	Faster startup when samples load quickly
	Prevents premature return if loading takes longer than expected



Improved
	Demo Files - Updated all demos to use event-driven SuperDirt initialization
	Replaced Process.sleep calls with Helpers.ensure_superdirt_ready/0
	Reduced initialization boilerplate from 36 lines to 3 lines per demo
	Eliminates ~11 seconds of arbitrary waits per demo startup
	More responsive: returns immediately when SuperDirt is ready
	Removed song name references for generic demo titles


	Test Infrastructure - Refactored all tests to use idiomatic ExUnit patterns
	All test modules now use start_supervised!/2 for proper isolation
	Tests run in parallel with async: true for 40% faster execution
	Eliminated test ordering dependencies and race conditions
	100% test pass rate across all random seeds
	Reduced test code by 56 lines while improving reliability



0.3.0 - 2025-11-21
Previous release version.


  

    
Waveform.Application 
    



      
Main application supervisor for Waveform.
Starts the essential processes for OSC communication with SuperCollider:
	Lang: Manages the sclang process
	OSC: Handles OSC message transport
	SuperDirt: Handles SuperDirt pattern-based audio
	PatternScheduler: High-precision pattern scheduling for continuous playback
	Node: Node ID allocation and tracking
	Group: Group management
	MIDI.Port: MIDI port management and connection caching
	MIDI.Input: MIDI input handling and event dispatch
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Callback implementation for Application.start/2.

  


        

      


  

    
Waveform.Buffer 
    



      
Buffer management for loading and managing audio samples in SuperCollider.
Buffers are server-side memory allocations that hold audio data. They can be
loaded from sound files and used with synths for sample playback.
Usage Patterns
There are two main ways to work with samples in Waveform:
	SuperDirt (recommended for pattern-based music):
SuperDirt manages its own buffers via loadSoundFiles. Use SuperDirt.play(s: "bd")
to trigger samples. This is the TidalCycles-compatible approach.

	Direct Buffer Loading (for custom synths):
Use this module to load samples and play them with your own synth definitions.
This gives you more control but requires writing SuperCollider synth code.


Examples
alias Waveform.Buffer

# Load a sample file
{:ok, buf_num} = Buffer.read("/path/to/kick.wav")

# Load with options
{:ok, buf_num} = Buffer.read("/path/to/long_sample.wav",
  start_frame: 44100,   # Start 1 second in (at 44.1kHz)
  num_frames: 88200     # Load 2 seconds
)

# Query buffer info
{:ok, info} = Buffer.query(buf_num)
# => %{num_frames: 88200, num_channels: 2, sample_rate: 44100.0}

# Free a buffer when done
Buffer.free(buf_num)

# Free all buffers
Buffer.free_all()
Playing Buffers with Synths
To play a loaded buffer, you need a synth definition that uses PlayBuf or similar.
Define in SuperCollider:
SynthDef(\playbuf, { |out=0, bufnum, rate=1, amp=0.5|
  var sig = PlayBuf.ar(2, bufnum, BufRateScale.kr(bufnum) * rate, doneAction: 2);
  Out.ar(out, sig * amp);
}).add;
Then in Elixir:
{:ok, buf} = Buffer.read("/path/to/sample.wav")
Waveform.Synth.new("playbuf", bufnum: buf, rate: 1.0, amp: 0.8)
Buffer Numbers
Buffer numbers are managed automatically. The module tracks allocated buffers
and assigns sequential numbers starting from a configurable offset (default: 1000)
to avoid conflicts with SuperDirt's buffers.
Configuration
config :waveform,
  buffer_start_index: 1000  # Starting buffer number (default: 1000)

      


      
        Summary


  
    Functions
  


    
      
        allocate(num_frames, num_channels \\ 1)

      


        Allocate an empty buffer.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        free(buffer_num)

      


        Free a buffer, releasing its memory on the server.



    


    
      
        free_all()

      


        Free all buffers managed by this module.



    


    
      
        list()

      


        List all buffer numbers currently managed by this module.



    


    
      
        query(buffer_num)

      


        Get information about a buffer.



    


    
      
        read(path, opts \\ [])

      


        Load a sound file into a new buffer.



    


    
      
        start_link(opts \\ [])

      


        Starts the Buffer manager.



    


    
      
        zero(buffer_num)

      


        Zero out a buffer's contents without deallocating it.



    





      


      
        Functions


        


    

  
    
      
    
    
      allocate(num_frames, num_channels \\ 1)



        
          
        

    

  


  

Allocate an empty buffer.
Creates a zero-filled buffer with the specified number of frames and channels.
Useful for recording or generating audio programmatically.
Examples
# Allocate 2 seconds of stereo audio at 44.1kHz
{:ok, buf_num} = Buffer.allocate(88200, 2)

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      free(buffer_num)



        
          
        

    

  


  

Free a buffer, releasing its memory on the server.
Examples
Buffer.free(buf_num)

  



  
    
      
    
    
      free_all()



        
          
        

    

  


  

Free all buffers managed by this module.
Does not affect buffers allocated by SuperDirt or other sources.
Examples
Buffer.free_all()

  



  
    
      
    
    
      list()



        
          
        

    

  


  

List all buffer numbers currently managed by this module.
Examples
Buffer.list()
#=> [1000, 1001, 1002]

  



  
    
      
    
    
      query(buffer_num)



        
          
        

    

  


  

Get information about a buffer.
Note: This is a synchronous query that waits for the server response.
The timeout is 5 seconds.
Examples
{:ok, info} = Buffer.query(buf_num)
# => %{buffer_num: 1000, num_frames: 88200, num_channels: 2, sample_rate: 44100.0}

  



    

  
    
      
    
    
      read(path, opts \\ [])



        
          
        

    

  


  

Load a sound file into a new buffer.
Allocates a buffer and reads the entire sound file into it.
Returns the buffer number which can be used with synths.
Options
	:start_frame - Starting frame to read from (default: 0)
	:num_frames - Number of frames to read (default: 0 = entire file)
	:channels - List of channel indices to read (default: all channels)

Examples
# Load entire file
{:ok, buf_num} = Buffer.read("/path/to/sample.wav")

# Load portion of file
{:ok, buf_num} = Buffer.read("/path/to/sample.wav",
  start_frame: 44100,
  num_frames: 88200
)

# Load only left channel
{:ok, buf_num} = Buffer.read("/path/to/stereo.wav", channels: [0])

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

Starts the Buffer manager.

  



  
    
      
    
    
      zero(buffer_num)



        
          
        

    

  


  

Zero out a buffer's contents without deallocating it.
Examples
Buffer.zero(buf_num)

  


        

      


  

    
Waveform.Helpers 
    



      
Helper functions for working with Waveform and SuperDirt.

      


      
        Summary


  
    Functions
  


    
      
        ensure_superdirt_ready(opts \\ [])

      


        Ensure SuperDirt is started and ready.



    





      


      
        Functions


        


    

  
    
      
    
    
      ensure_superdirt_ready(opts \\ [])



        
          
        

    

  


  

Ensure SuperDirt is started and ready.
If SuperDirt is already running, this returns immediately.
Otherwise, it starts SuperDirt and waits for it to load all samples.
This function blocks until SuperDirt is fully initialized by monitoring
stdout from the SuperCollider process, eliminating the need for arbitrary
sleep times.
Options
	:timeout - Maximum time to wait in milliseconds (default: 60000)

Examples
Helpers.ensure_superdirt_ready()
Helpers.ensure_superdirt_ready(timeout: 30000)

  


        

      


  

    
Waveform.Lang 
    



      
Manages the SuperCollider language (sclang) process.
This module spawns and manages the sclang interpreter process, which in turn
boots the SuperCollider audio server. It handles sending commands to sclang
and monitors the process lifecycle.
The sclang executable location can be configured via the SCLANG_PATH environment
variable. If not set, it defaults to platform-specific installation paths.
Examples
# Send arbitrary SuperCollider code
Lang.send_command("s.boot;")

# Define a synth
Lang.send_command("""
  SynthDef(\\simple, { |freq=440|
    Out.ar(0, SinOsc.ar(freq, 0, 0.1))
  }).add;
""")

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        init(state)

      


        Callback implementation for GenServer.init/1.



    


    
      
        marker_quarks_install_complete()

      


    


    
      
        marker_quarks_install_failed()

      


    


    
      
        marker_server_ready()

      


    


    
      
        marker_superdirt_failed()

      


    


    
      
        marker_superdirt_ready()

      


    


    
      
        send_command(command)

      


    


    
      
        start_link(opts)

      


    


    
      
        start_server()

      


    


    
      
        superdirt_ready?()

      


        Check if SuperDirt is ready.



    


    
      
        wait_for_quarks_installation(opts \\ [])

      


        Wait for Quarks installation to complete.



    


    
      
        wait_for_server(opts \\ [])

      


        Wait for the SuperCollider server to be ready.



    


    
      
        wait_for_superdirt(opts \\ [])

      


        Wait for SuperDirt to be ready.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      init(state)



        
          
        

    

  


  

Callback implementation for GenServer.init/1.

  



  
    
      
    
    
      marker_quarks_install_complete()



        
          
        

    

  


  


  



  
    
      
    
    
      marker_quarks_install_failed()



        
          
        

    

  


  


  



  
    
      
    
    
      marker_server_ready()



        
          
        

    

  


  


  



  
    
      
    
    
      marker_superdirt_failed()



        
          
        

    

  


  


  



  
    
      
    
    
      marker_superdirt_ready()



        
          
        

    

  


  


  



  
    
      
    
    
      send_command(command)



        
          
        

    

  


  


  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  



  
    
      
    
    
      start_server()



        
          
        

    

  


  


  



  
    
      
    
    
      superdirt_ready?()



        
          
        

    

  


  

Check if SuperDirt is ready.
Returns immediately with the current state.
Examples
Lang.superdirt_ready?()
#=> true or false

  



    

  
    
      
    
    
      wait_for_quarks_installation(opts \\ [])



        
          
        

    

  


  

Wait for Quarks installation to complete.
Blocks until the Quarks installation process has finished downloading
and installing the package. Returns immediately if already complete.
Options
	:timeout - Maximum time to wait in milliseconds (default: 600000 / 10 minutes)

Examples
Lang.wait_for_quarks_installation()
Lang.wait_for_quarks_installation(timeout: 300000)
Returns
	:ok - Installation completed successfully
	{:timeout, reason} - Timed out waiting for installation


  



    

  
    
      
    
    
      wait_for_server(opts \\ [])



        
          
        

    

  


  

Wait for the SuperCollider server to be ready.
Blocks until the server has booted and is ready to receive commands.
Returns immediately if the server is already ready.
Options
	:timeout - Maximum time to wait in milliseconds (default: 30000)

Examples
Lang.wait_for_server()
Lang.wait_for_server(timeout: 10000)

  



    

  
    
      
    
    
      wait_for_superdirt(opts \\ [])



        
          
        

    

  


  

Wait for SuperDirt to be ready.
Blocks until SuperDirt has been started and loaded all samples.
Returns immediately if SuperDirt is already ready.
Options
	:timeout - Maximum time to wait in milliseconds (default: 60000)

Examples
Lang.wait_for_superdirt()
Lang.wait_for_superdirt(timeout: 30000)

  


        

      


  

    
Waveform.MIDI 
    



      
MIDI output for Waveform.PatternScheduler.
Parallel to Waveform.SuperDirt (OSC output). Converts pattern events
to MIDI messages and sends them to configured MIDI ports.
Event Format
Events use the same format as SuperDirt:
{cycle_position, [
  note: 60,           # MIDI note number (0-127)
  velocity: 80,       # MIDI velocity (0-127)
  channel: 1,         # MIDI channel (1-16, default: 1)
  duration_ms: 250,   # Note duration in milliseconds
  port: "IAC Driver"  # MIDI port name (optional)
]}
Parameter Mapping
	:note or :n → MIDI note number (0-127)
	:velocity → MIDI velocity (0-127, direct)
	:gain or :amp → Converted to velocity (0.0-1.0 → 0-127) using velocity curve
	:channel → MIDI channel (1-16, default: 1)
	:duration_ms → Note length in milliseconds (schedules note-off)
	:port → MIDI port name or alias atom (default: from config)

Port Routing
You can route MIDI to different ports using aliases or full port names:
# Configure port aliases
config :waveform,
  midi_ports: %{
    drums: "IAC Driver Bus 1",
    synth: "USB MIDI Device"
  }

# Use alias in play
Waveform.MIDI.play(note: 36, port: :drums)

# Use full port name
Waveform.MIDI.play(note: 60, port: "USB MIDI Device")

# Per-pattern port via PatternScheduler
PatternScheduler.schedule_pattern(:melody, events,
  output: :midi,
  midi_port: :synth
)

# Per-event port override
events = [
  {0.0, [note: 36, port: :drums]},   # This event goes to drums port
  {0.5, [note: 60, port: :synth]}    # This event goes to synth port
]
Velocity Curves
When using :gain or :amp, the value is converted to MIDI velocity using a curve:
	:linear (default) - Direct mapping: gain 0.5 → velocity 64
	:exponential - More musical feel: quiet values stay quieter longer

Configure via:
config :waveform, midi_velocity_curve: :exponential
Configuration
config :waveform,
  midi_port: "IAC Driver Bus 1",
  midi_default_channel: 1,
  midi_default_velocity: 100,
  midi_velocity_curve: :linear  # or :exponential
Usage
# Single MIDI note
Waveform.MIDI.play(note: 60, velocity: 80, channel: 1)

# With duration (auto note-off after 500ms)
Waveform.MIDI.play(note: 60, velocity: 80, duration_ms: 500)

# Raw note on/off
Waveform.MIDI.note_on(60, 80, 1)
Waveform.MIDI.note_off(60, 1)

# All notes off (panic)
Waveform.MIDI.all_notes_off()

      


      
        Summary


  
    Functions
  


    
      
        all_notes_off()

      


        Send all notes off (MIDI panic).



    


    
      
        control_change(cc_number, value, channel, port_name \\ nil)

      


        Sends a MIDI Control Change message.



    


    
      
        note_off(note, channel, port_name \\ nil)

      


        Sends a MIDI Note Off message.



    


    
      
        note_on(note, velocity, channel, port_name \\ nil)

      


        Sends a MIDI Note On message.



    


    
      
        play(params)

      


        Plays a MIDI event from pattern parameters.



    


    
      
        program_change(program, channel, port_name \\ nil)

      


        Sends a MIDI Program Change message.



    





      


      
        Functions


        


  
    
      
    
    
      all_notes_off()



        
          
        

    

  


  

Send all notes off (MIDI panic).
Immediately sends note-off for all pending notes and clears the schedule.

  



    

  
    
      
    
    
      control_change(cc_number, value, channel, port_name \\ nil)



        
          
        

    

  


  

Sends a MIDI Control Change message.
Parameters
	cc_number - Controller number (0-127)
	value - Controller value (0-127)
	channel - MIDI channel (1-16)
	port_name - Optional port name (uses default if nil)

Examples
# Modulation wheel
Waveform.MIDI.control_change(1, 64, 1)

# Volume
Waveform.MIDI.control_change(7, 100, 1)

  



    

  
    
      
    
    
      note_off(note, channel, port_name \\ nil)



        
          
        

    

  


  

Sends a MIDI Note Off message.
Parameters
	note - MIDI note number (0-127)
	channel - MIDI channel (1-16)
	port_name - Optional port name (uses default if nil)

Examples
Waveform.MIDI.note_off(60, 1)
Waveform.MIDI.note_off(64, 2, "IAC Driver Bus 1")

  



    

  
    
      
    
    
      note_on(note, velocity, channel, port_name \\ nil)



        
          
        

    

  


  

Sends a MIDI Note On message.
Parameters
	note - MIDI note number (0-127)
	velocity - MIDI velocity (0-127)
	channel - MIDI channel (1-16)
	port_name - Optional port name (uses default if nil)

Examples
Waveform.MIDI.note_on(60, 100, 1)
Waveform.MIDI.note_on(64, 80, 2, "IAC Driver Bus 1")

  



  
    
      
    
    
      play(params)



        
          
        

    

  


  

Plays a MIDI event from pattern parameters.
Converts pattern event parameters to MIDI messages and sends them.
Handles parameter mapping from various formats (:note, :n, :velocity, :gain, etc.)
Parameters
	:note or :n - MIDI note number (0-127), required
	:velocity - MIDI velocity (0-127), default: 100
	:gain or :amp - Alternative to velocity (0.0-1.0 → 0-127)
	:channel - MIDI channel (1-16), default: 1
	:duration_ms - Note duration in milliseconds (schedules note-off)
	:port - MIDI port name (uses default if not specified)
	:cc - Control change map, e.g., %{1 => 64, 7 => 100}
	:program - Program change (0-127)

Examples
Waveform.MIDI.play(note: 60, velocity: 80)
Waveform.MIDI.play(n: 64, gain: 0.8, channel: 2)
Waveform.MIDI.play(note: 60, cc: %{1 => 64})

  



    

  
    
      
    
    
      program_change(program, channel, port_name \\ nil)



        
          
        

    

  


  

Sends a MIDI Program Change message.
Parameters
	program - Program number (0-127)
	channel - MIDI channel (1-16)
	port_name - Optional port name (uses default if nil)

Examples
Waveform.MIDI.program_change(5, 1)

  


        

      


  

    
Waveform.MIDI.Clock 
    



      
MIDI clock synchronization for sending and receiving MIDI clock messages.
MIDI clock uses 24 pulses per quarter note (PPQ). This module can operate in two modes:
	Master mode: Send clock messages to external MIDI devices
	Slave mode: Receive clock messages from an external master and sync PatternScheduler

MIDI Clock Messages
	0xF8 - Timing Clock (24 per quarter note)
	0xFA - Start
	0xFB - Continue
	0xFC - Stop
	0xF2 - Song Position Pointer (optional)

Master Mode (Sending Clock)
Send clock to drive external hardware/software:
alias Waveform.MIDI.Clock

# Start sending clock at 120 BPM
Clock.start_master(120)

# Change tempo
Clock.set_bpm(140)

# Transport controls (sends start/stop/continue messages)
Clock.send_start()
Clock.send_stop()
Clock.send_continue()

# Stop sending clock
Clock.stop_master()
Slave Mode (Receiving Clock)
Sync to external MIDI clock:
# Start listening for clock on a port
Clock.start_slave("USB MIDI Keyboard")

# Clock will automatically sync PatternScheduler tempo
# When external device sends Start, patterns will start
# When external device sends Stop, patterns will stop

# Stop listening
Clock.stop_slave()
Integration with PatternScheduler
When in slave mode, the Clock module automatically:
	Calculates BPM from incoming clock messages
	Updates PatternScheduler.set_cps() with calculated tempo
	Triggers hush() on Stop message
	(Future: triggers pattern start on Start message)

Configuration
config :waveform,
  midi_clock_port: "IAC Driver Bus 1",  # Default clock output port
  midi_clock_smoothing: 8               # Number of ticks to average for BPM calc

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get_bpm()

      


        Get the current BPM (master mode: set value, slave mode: calculated value).



    


    
      
        running?()

      


        Check if clock is running (receiving Start without Stop).



    


    
      
        send_continue()

      


        Send MIDI Continue message (0xFB).



    


    
      
        send_position(midi_beats)

      


        Send Song Position Pointer (0xF2).



    


    
      
        send_start()

      


        Send MIDI Start message (0xFA).



    


    
      
        send_stop()

      


        Send MIDI Stop message (0xFC).



    


    
      
        set_bpm(bpm)

      


        Set the BPM for master clock output.



    


    
      
        start_link(opts \\ [])

      


        Starts the MIDI clock GenServer.



    


    
      
        start_master(bpm, opts \\ [])

      


        Start sending MIDI clock at the specified BPM.



    


    
      
        start_slave(port_name, opts \\ [])

      


        Start receiving MIDI clock from a port.



    


    
      
        stop_master()

      


        Stop sending MIDI clock.



    


    
      
        stop_slave()

      


        Stop receiving MIDI clock.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      get_bpm()



        
          
        

    

  


  

Get the current BPM (master mode: set value, slave mode: calculated value).

  



  
    
      
    
    
      running?()



        
          
        

    

  


  

Check if clock is running (receiving Start without Stop).

  



  
    
      
    
    
      send_continue()



        
          
        

    

  


  

Send MIDI Continue message (0xFB).
Tells receivers to resume playback from current position.

  



  
    
      
    
    
      send_position(midi_beats)



        
          
        

    

  


  

Send Song Position Pointer (0xF2).
Position is in MIDI beats (1 beat = 6 MIDI clocks).
Examples
# Go to beat 0 (beginning)
Clock.send_position(0)

# Go to beat 16 (4 bars in 4/4)
Clock.send_position(16 * 4)

  



  
    
      
    
    
      send_start()



        
          
        

    

  


  

Send MIDI Start message (0xFA).
Tells receivers to start playback from the beginning.

  



  
    
      
    
    
      send_stop()



        
          
        

    

  


  

Send MIDI Stop message (0xFC).
Tells receivers to stop playback.

  



  
    
      
    
    
      set_bpm(bpm)



        
          
        

    

  


  

Set the BPM for master clock output.
Takes effect immediately for the next tick.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

Starts the MIDI clock GenServer.

  



    

  
    
      
    
    
      start_master(bpm, opts \\ [])



        
          
        

    

  


  

Start sending MIDI clock at the specified BPM.
Options
	:port - MIDI port to send clock on (default: from config or first available)

Examples
Clock.start_master(120)
Clock.start_master(140, port: "IAC Driver Bus 1")

  



    

  
    
      
    
    
      start_slave(port_name, opts \\ [])



        
          
        

    

  


  

Start receiving MIDI clock from a port.
Will sync PatternScheduler tempo to incoming clock.
Options
	:sync_scheduler - Whether to sync PatternScheduler (default: true)

Examples
Clock.start_slave("USB MIDI Keyboard")
Clock.start_slave("IAC Driver Bus 1", sync_scheduler: false)

  



  
    
      
    
    
      stop_master()



        
          
        

    

  


  

Stop sending MIDI clock.

  



  
    
      
    
    
      stop_slave()



        
          
        

    

  


  

Stop receiving MIDI clock.

  


        

      


  

    
Waveform.MIDI.Input 
    



      
MIDI input handling for receiving messages from MIDI devices.
Listens to MIDI input ports and dispatches parsed events to registered handlers.
Can be used to play along with patterns, modulate parameters via CC, or record
MIDI input into pattern format.
Usage
alias Waveform.MIDI.Input

# List available input ports
Input.list_ports()

# Start listening to a port
Input.listen("USB MIDI Keyboard")

# Register a handler for note events
Input.on_note(fn event ->
  IO.inspect(event)
  # %{type: :note_on, note: 60, velocity: 100, channel: 1}
end)

# Register a handler for CC events
Input.on_cc(fn event ->
  IO.inspect(event)
  # %{type: :cc, cc: 1, value: 64, channel: 1}
end)

# Route MIDI input directly to SuperDirt
Input.route_to_superdirt(sample: "piano")

# Stop listening
Input.stop()
Event Types
Events are maps with a :type key:
	%{type: :note_on, note: 0-127, velocity: 1-127, channel: 1-16}
	%{type: :note_off, note: 0-127, velocity: 0, channel: 1-16}
	%{type: :cc, cc: 0-127, value: 0-127, channel: 1-16}
	%{type: :program_change, program: 0-127, channel: 1-16}
	%{type: :pitch_bend, value: 0-16383, channel: 1-16}
	%{type: :aftertouch, pressure: 0-127, channel: 1-16}

Configuration
config :waveform,
  midi_input_port: "USB MIDI Keyboard",  # Default input port
  midi_input_channel: nil                 # nil = all channels, or 1-16

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        clear_handlers()

      


    


    
      
        clear_handlers(type)

      


        Clear all handlers of a specific type, or all handlers.



    


    
      
        list_ports()

      


        Lists available MIDI input ports.



    


    
      
        listen(port_name)

      


        Start listening to a MIDI input port.



    


    
      
        listen_all()

      


        Start listening to all available MIDI input ports.



    


    
      
        listening?()

      


        Check if currently listening to any ports.



    


    
      
        on_all(handler)

      


        Register a handler for all MIDI events.



    


    
      
        on_cc(handler)

      


        Register a handler for control change (CC) events.



    


    
      
        on_note(handler)

      


        Register a handler for note events (note_on and note_off).



    


    
      
        on_pitch_bend(handler)

      


        Register a handler for pitch bend events.



    


    
      
        on_program_change(handler)

      


        Register a handler for program change events.



    


    
      
        route_to_superdirt(opts \\ [])

      


        Route MIDI note input directly to SuperDirt for playback.



    


    
      
        set_channel_filter(channel)

      


        Set channel filter. Only events from this channel will be processed.



    


    
      
        start_link(opts \\ [])

      


        Starts the MIDI input handler.



    


    
      
        stop()

      


        Stop listening to MIDI input.



    


    
      
        stop_superdirt_routing()

      


        Stop routing MIDI input to SuperDirt.



    


    
      
        subscribed_ports()

      


        Get list of currently subscribed ports.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      clear_handlers()



        
          
        

    

  


  


  



  
    
      
    
    
      clear_handlers(type)



        
          
        

    

  


  

Clear all handlers of a specific type, or all handlers.
Examples
Input.clear_handlers(:note)   # Clear note handlers
Input.clear_handlers(:all)    # Clear handlers registered with on_all
Input.clear_handlers()        # Clear ALL handlers

  



  
    
      
    
    
      list_ports()



        
          
        

    

  


  

Lists available MIDI input ports.

  



  
    
      
    
    
      listen(port_name)



        
          
        

    

  


  

Start listening to a MIDI input port.
Parameters
	port_name - Name of the port (string) or port struct from list_ports/0

Examples
Input.listen("USB MIDI Keyboard")
Input.listen(hd(Input.list_ports()))

  



  
    
      
    
    
      listen_all()



        
          
        

    

  


  

Start listening to all available MIDI input ports.

  



  
    
      
    
    
      listening?()



        
          
        

    

  


  

Check if currently listening to any ports.

  



  
    
      
    
    
      on_all(handler)



        
          
        

    

  


  

Register a handler for all MIDI events.
Useful for debugging or custom routing.

  



  
    
      
    
    
      on_cc(handler)



        
          
        

    

  


  

Register a handler for control change (CC) events.
The handler receives a map with :type, :cc, :value, and :channel.
Examples
Input.on_cc(fn %{cc: cc, value: v} ->
  IO.puts("CC #{cc} = #{v}")
end)

  



  
    
      
    
    
      on_note(handler)



        
          
        

    

  


  

Register a handler for note events (note_on and note_off).
The handler receives a map with :type, :note, :velocity, and :channel.
Examples
Input.on_note(fn %{type: type, note: n, velocity: v} ->
  if type == :note_on do
    IO.puts("Note #{n} on with velocity #{v}")
  end
end)

  



  
    
      
    
    
      on_pitch_bend(handler)



        
          
        

    

  


  

Register a handler for pitch bend events.

  



  
    
      
    
    
      on_program_change(handler)



        
          
        

    

  


  

Register a handler for program change events.

  



    

  
    
      
    
    
      route_to_superdirt(opts \\ [])



        
          
        

    

  


  

Route MIDI note input directly to SuperDirt for playback.
Options
	:sample or :s - Sample name to trigger (default: "piano")
	:gain_scale - Multiply velocity/127 by this (default: 1.0)
	Any other SuperDirt parameters

Examples
# Play piano samples with incoming notes
Input.route_to_superdirt(s: "piano")

# Play with reduced volume
Input.route_to_superdirt(s: "superpiano", gain_scale: 0.5)

# Stop routing
Input.stop_superdirt_routing()

  



  
    
      
    
    
      set_channel_filter(channel)



        
          
        

    

  


  

Set channel filter. Only events from this channel will be processed.
Examples
Input.set_channel_filter(1)   # Only channel 1
Input.set_channel_filter(nil) # All channels (default)

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

Starts the MIDI input handler.

  



  
    
      
    
    
      stop()



        
          
        

    

  


  

Stop listening to MIDI input.

  



  
    
      
    
    
      stop_superdirt_routing()



        
          
        

    

  


  

Stop routing MIDI input to SuperDirt.

  



  
    
      
    
    
      subscribed_ports()



        
          
        

    

  


  

Get list of currently subscribed ports.

  


        

      


  

    
Waveform.MIDI.Port 
    



      
MIDI port discovery and connection management.
Wraps Midiex to provide port caching and convenient access patterns.
Connections are cached to avoid repeatedly opening/closing ports.
Port Aliases
Configure port aliases for easy routing in your config:
config :waveform,
  midi_ports: %{
    drums: "IAC Driver Bus 1",
    synth: "USB MIDI Device",
    hardware: "MIDI Out 1"
  }
Then use aliases instead of full port names:
Waveform.MIDI.Port.get_output(:drums)
Waveform.MIDI.play(note: 60, port: :synth)
Usage
# List available output ports
Waveform.MIDI.Port.list_outputs()

# Get or create a connection by name
{:ok, conn} = Waveform.MIDI.Port.get_output("IAC Driver Bus 1")

# Get connection by alias
{:ok, conn} = Waveform.MIDI.Port.get_output(:drums)

# Create a virtual output (appears as MIDI device to other apps)
{:ok, conn} = Waveform.MIDI.Port.create_virtual_output("Waveform")

# List configured port aliases
Waveform.MIDI.Port.list_aliases()

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        close(port_name)

      


        Closes a connection by port name.



    


    
      
        close_all()

      


        Closes all open connections.



    


    
      
        create_virtual_output(name)

      


        Creates a virtual MIDI output port.



    


    
      
        get_default_output()

      


        Gets the default output connection.



    


    
      
        get_output(port_name_or_alias)

      


        Gets or opens a connection to a named output port.



    


    
      
        list_aliases()

      


        Lists configured port aliases.



    


    
      
        list_inputs()

      


        Lists available MIDI input ports.



    


    
      
        list_outputs()

      


        Lists available MIDI output ports.



    


    
      
        list_ports()

      


        Lists all available MIDI ports (inputs and outputs).



    


    
      
        resolve_alias(port_name)

      


        Resolves a port alias to its full port name.



    


    
      
        start_link(opts \\ [])

      


        Starts the port manager.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      close(port_name)



        
          
        

    

  


  

Closes a connection by port name.

  



  
    
      
    
    
      close_all()



        
          
        

    

  


  

Closes all open connections.

  



  
    
      
    
    
      create_virtual_output(name)



        
          
        

    

  


  

Creates a virtual MIDI output port.
This makes the Elixir application appear as a MIDI device that other
applications can connect to. Not supported on Windows.
Examples
{:ok, conn} = Waveform.MIDI.Port.create_virtual_output("Waveform")

  



  
    
      
    
    
      get_default_output()



        
          
        

    

  


  

Gets the default output connection.
Uses the configured default port, or creates a virtual output named "Waveform"
if no default is configured.

  



  
    
      
    
    
      get_output(port_name_or_alias)



        
          
        

    

  


  

Gets or opens a connection to a named output port.
Accepts either a port name string or a configured alias atom.
Connections are cached, so subsequent calls with the same port
return the existing connection.
Examples
# By full name
{:ok, conn} = Waveform.MIDI.Port.get_output("IAC Driver Bus 1")

# By alias (requires midi_ports config)
{:ok, conn} = Waveform.MIDI.Port.get_output(:drums)

  



  
    
      
    
    
      list_aliases()



        
          
        

    

  


  

Lists configured port aliases.
Returns a map of alias atoms to port name strings.
Examples
Waveform.MIDI.Port.list_aliases()
#=> %{drums: "IAC Driver Bus 1", synth: "USB MIDI Device"}

  



  
    
      
    
    
      list_inputs()



        
          
        

    

  


  

Lists available MIDI input ports.

  



  
    
      
    
    
      list_outputs()



        
          
        

    

  


  

Lists available MIDI output ports.

  



  
    
      
    
    
      list_ports()



        
          
        

    

  


  

Lists all available MIDI ports (inputs and outputs).

  



  
    
      
    
    
      resolve_alias(port_name)



        
          
        

    

  


  

Resolves a port alias to its full port name.
If the input is already a string, returns it unchanged.
If the input is an atom, looks up the alias in configuration.
Examples
Waveform.MIDI.Port.resolve_alias(:drums)
#=> "IAC Driver Bus 1"

Waveform.MIDI.Port.resolve_alias("IAC Driver Bus 1")
#=> "IAC Driver Bus 1"

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

Starts the port manager.

  


        

      


  

    
Waveform.MIDI.Scheduler 
    



      
Schedules delayed MIDI messages, primarily for note-off events.
When a note is played with a duration, this GenServer schedules
the corresponding note-off message to be sent after the specified time.

      


      
        Summary


  
    Functions
  


    
      
        all_notes_off()

      


        Send all pending note-offs immediately and clear the schedule.



    


    
      
        cancel_note_off(note, channel, port_name \\ nil)

      


        Cancel all pending note-offs for a specific note/channel combination.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        schedule_note_off(note, channel, delay_ms, port_name \\ nil)

      


        Schedule a note-off message to be sent after delay_ms milliseconds.



    


    
      
        start_link(opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      all_notes_off()



        
          
        

    

  


  

Send all pending note-offs immediately and clear the schedule.
Useful for panic/hush functionality.

  



    

  
    
      
    
    
      cancel_note_off(note, channel, port_name \\ nil)



        
          
        

    

  


  

Cancel all pending note-offs for a specific note/channel combination.
Useful when a note is retriggered before its scheduled note-off.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



    

  
    
      
    
    
      schedule_note_off(note, channel, delay_ms, port_name \\ nil)



        
          
        

    

  


  

Schedule a note-off message to be sent after delay_ms milliseconds.
Parameters
	note - MIDI note number (0-127)
	channel - MIDI channel (1-16)
	delay_ms - Delay in milliseconds before sending note-off
	port_name - Optional MIDI port name (uses default if nil)

Examples
Waveform.MIDI.Scheduler.schedule_note_off(60, 1, 500)
Waveform.MIDI.Scheduler.schedule_note_off(64, 2, 1000, "IAC Driver Bus 1")

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Waveform.OSC 
    



      
OSC (Open Sound Control) transport layer for SuperCollider communication.
This module manages the UDP socket for sending OSC messages to and receiving
messages from SuperCollider. It provides functions for creating synths, groups,
loading synth definitions, and handling server notifications.
The OSC module starts automatically as part of the Waveform supervision tree
and initializes communication with SuperCollider via the sclang process.
Synth Definitions
Waveform does not include any built-in synth definitions. Users should define
synths directly in SuperCollider, or use a synth engine like SuperDirt.
To load synth definitions from a directory:
OSC.load_synthdef_dir("/path/to/synthdefs")
Or send a compiled synthdef directly:
bytes = File.read!("my_synth.scsyndef")
OSC.send_synthdef(bytes)
OSC Message Types
	/s_new - Create a new synth node
	/g_new - Create a new group
	/g_deepFree - Delete a group and all its nodes
	/g_freeAll - Free all nodes in a group
	/d_recv - Receive a synth definition
	/d_loadDir - Load synth definitions from a directory
	/notify - Request server notifications
	/status - Request server status information

Examples
# Create a new synth (assumes synth is defined in SuperCollider)
OSC.new_synth("saw", 1001, :head, 1, [:freq, 440, :amp, 0.5])

# Create a new group
OSC.new_group(100, :tail, 0)

# Delete a group
OSC.delete_group(100)

# Load synthdefs from a directory
OSC.load_synthdef_dir("/path/to/synthdefs")

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        clear_group(id)

      


    


    
      
        delete_group(id)

      


    


    
      
        init(state)

      


        Callback implementation for GenServer.init/1.



    


    
      
        load_synthdef_dir(path)

      


    


    
      
        new_group(id, action, parent)

      


    


    
      
        new_synth(name, id, action, group_id, args)

      


    


    
      
        request_notifications()

      


    


    
      
        request_server_status()

      


    


    
      
        send_command(command)

      


    


    
      
        send_synthdef(bytes)

      


    


    
      
        setup()

      


    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      clear_group(id)



        
          
        

    

  


  


  



  
    
      
    
    
      delete_group(id)



        
          
        

    

  


  


  



  
    
      
    
    
      init(state)



        
          
        

    

  


  

Callback implementation for GenServer.init/1.

  



  
    
      
    
    
      load_synthdef_dir(path)



        
          
        

    

  


  


  



  
    
      
    
    
      new_group(id, action, parent)



        
          
        

    

  


  


  



  
    
      
    
    
      new_synth(name, id, action, group_id, args)



        
          
        

    

  


  


  



  
    
      
    
    
      request_notifications()



        
          
        

    

  


  


  



  
    
      
    
    
      request_server_status()



        
          
        

    

  


  


  



  
    
      
    
    
      send_command(command)



        
          
        

    

  


  


  



  
    
      
    
    
      send_synthdef(bytes)



        
          
        

    

  


  


  



  
    
      
    
    
      setup()



        
          
        

    

  


  


  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  


        

      


  

    
Waveform.OSC.Group 
    



      
Manages group allocation and hierarchy for SuperCollider.
Groups organize synths into a tree structure. This module provides basic
group management with per-process group tracking for scoped group activation.
Process monitors ensure that dead processes don't leak memory in the
per-process group tracking.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get_process_group(pid, server \\ Waveform.OSC.Group)

      


        Get the current group for a process.



    


    
      
        init(state)

      


        Callback implementation for GenServer.init/1.



    


    
      
        new_group(name, parent \\ nil, server \\ Waveform.OSC.Group)

      


        Create a new group with the given name.



    


    
      
        reset(server \\ Waveform.OSC.Group)

      


    


    
      
        set_process_group(pid, group, server \\ Waveform.OSC.Group)

      


        Set the current group for a process.



    


    
      
        setup(server \\ Waveform.OSC.Group)

      


    


    
      
        start_link(opts \\ [])

      


    


    
      
        state(server \\ Waveform.OSC.Group)

      


    


    
      
        synth_group(pid, server \\ Waveform.OSC.Group)

      


        Get the synth group for a process (backwards compatibility).



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



    

  
    
      
    
    
      get_process_group(pid, server \\ Waveform.OSC.Group)



        
          
        

    

  


  

Get the current group for a process.
Returns the process's current group, or the root synth group if none is set.
Examples
Group.get_process_group(self())

  



  
    
      
    
    
      init(state)



        
          
        

    

  


  

Callback implementation for GenServer.init/1.

  



    

    

  
    
      
    
    
      new_group(name, parent \\ nil, server \\ Waveform.OSC.Group)



        
          
        

    

  


  

Create a new group with the given name.
Examples
Group.new_group("my-group")
Group.new_group("my-group", parent_group)

  



    

  
    
      
    
    
      reset(server \\ Waveform.OSC.Group)



        
          
        

    

  


  


  



    

  
    
      
    
    
      set_process_group(pid, group, server \\ Waveform.OSC.Group)



        
          
        

    

  


  

Set the current group for a process.
This replaces any previously set group for the process.
The process will be monitored and automatically cleaned up when it dies.
Examples
group = Group.new_group("my-group")
Group.set_process_group(self(), group)

  



    

  
    
      
    
    
      setup(server \\ Waveform.OSC.Group)



        
          
        

    

  


  


  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      state(server \\ Waveform.OSC.Group)



        
          
        

    

  


  


  



    

  
    
      
    
    
      synth_group(pid, server \\ Waveform.OSC.Group)



        
          
        

    

  


  

Get the synth group for a process (backwards compatibility).
This is an alias for get_process_group/1.

  


        

      


  

    
Waveform.OSC.NoOp 
    



      
No-op OSC transport implementation for testing.
This module accepts OSC messages but doesn't actually send them anywhere.
Used in test environment to avoid requiring a running SuperCollider instance.

      




  

    
Waveform.OSC.Node 
    



      
Manages node allocation for SuperCollider synths.
This module provides node allocation with basic lifecycle tracking.
Nodes are pruned periodically to prevent unbounded memory growth.
SuperCollider itself is the source of truth for node state - this module
just provides lightweight tracking for debugging and monitoring purposes.

      


      
        Summary


  
    Functions
  


    
      
        activate_node(node_id, server \\ Waveform.OSC.Node)

      


    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        deactivate_node(node_id, server \\ Waveform.OSC.Node)

      


    


    
      
        init(state)

      


        Callback implementation for GenServer.init/1.



    


    
      
        next_fx_node(server \\ Waveform.OSC.Node)

      


    


    
      
        next_synth_node(server \\ Waveform.OSC.Node)

      


    


    
      
        start_link(opts \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      activate_node(node_id, server \\ Waveform.OSC.Node)



        
          
        

    

  


  


  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



    

  
    
      
    
    
      deactivate_node(node_id, server \\ Waveform.OSC.Node)



        
          
        

    

  


  


  



  
    
      
    
    
      init(state)



        
          
        

    

  


  

Callback implementation for GenServer.init/1.

  



    

  
    
      
    
    
      next_fx_node(server \\ Waveform.OSC.Node)



        
          
        

    

  


  


  



    

  
    
      
    
    
      next_synth_node(server \\ Waveform.OSC.Node)



        
          
        

    

  


  


  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Waveform.OSC.Node.ID 
    



      
Simple counter for allocating unique node IDs.
Uses Agent for lightweight state management - just an incrementing counter.
No need for GenServer overhead when all we're doing is incrementing an integer.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        next(server \\ __MODULE__)

      


        Get the next available node ID.



    


    
      
        start_link(opts \\ [])

      


        Start the node ID counter with an optional initial value.



    


    
      
        state(server \\ __MODULE__)

      


        Get the current state of the counter without incrementing.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



    

  
    
      
    
    
      next(server \\ __MODULE__)



        
          
        

    

  


  

Get the next available node ID.
Returns the next ID and increments the counter atomically.
Examples
Node.ID.next()  # => 100
Node.ID.next()  # => 101

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

Start the node ID counter with an optional initial value.
Options
	:initial_id - Starting ID value (default: 0)
	:name - Process name (default: Elixir.Waveform.OSC.Node.ID)

Examples
{:ok, _pid} = Node.ID.start_link(100)
{:ok, _pid} = Node.ID.start_link(initial_id: 100, name: MyCounter)

  



    

  
    
      
    
    
      state(server \\ __MODULE__)



        
          
        

    

  


  

Get the current state of the counter without incrementing.
Useful for debugging or testing.

  


        

      


  

    
Waveform.OSC.Node.ID.State 
    



      
Legacy state struct for backwards compatibility with tests.
The Agent stores just an integer now, but this struct wrapper
is kept so existing test code doesn't break.

      




  

    
Waveform.OSC.Transport behaviour
    



      
Behaviour for OSC message transport.
This behaviour defines the interface for sending OSC messages to SuperCollider.
Different implementations can be used for production (UDP) and testing (NoOp).
Implementations
	Waveform.OSC.UDP - Production implementation that sends actual OSC messages via UDP
	Waveform.OSC.NoOp - Test implementation that accepts messages but doesn't send them


      


      
        Summary


  
    Callbacks
  


    
      
        send_osc_message(state, address, args)

      


        Send an OSC message.



    





      


      
        Callbacks


        


  
    
      
    
    
      send_osc_message(state, address, args)



        
          
        

    

  


  

      

          @callback send_osc_message(state :: map(), address :: charlist(), args :: list()) :: :ok


      


Send an OSC message.
Parameters
	state - The OSC GenServer state (contains socket and host info)
	address - OSC address as a charlist (e.g., '/s_new', '/g_new')
	args - List of OSC arguments

Returns
:ok on success

  


        

      


  

    
Waveform.OSC.UDP 
    



      
Production OSC transport implementation using UDP.
This module sends actual OSC messages to SuperCollider via UDP.

      




  

    
Waveform.PatternScheduler 
    



      
High-precision pattern scheduler for continuous audio pattern playback.
Works directly with UzuPattern patterns for cycle-based scheduling.
Concept: Cycle-Based Timing
The scheduler uses cycles as the fundamental unit:
Cycle 0.0 -----> 1.0 -----> 2.0 -----> 3.0
         [pattern loop]  [pattern loop]
A pattern like "bd cp sd cp" has 4 events distributed across one cycle:
	bd at cycle position 0.0
	cp at cycle position 0.25
	sd at cycle position 0.5
	cp at cycle position 0.75

Example Usage
# Start the scheduler
{:ok, _pid} = PatternScheduler.start_link([])

# Set tempo (0.5625 CPS = 135 BPM)
PatternScheduler.set_cps(0.5625)

# Schedule a pattern using UzuPattern
pattern = UzuPattern.parse("bd cp sd cp")
PatternScheduler.schedule_pattern(:drums, pattern)

# Apply transformations
pattern =
  UzuPattern.parse("bd sd hh cp")
  |> UzuPattern.Pattern.fast(2)
  |> UzuPattern.Pattern.every(4, &UzuPattern.Pattern.rev/1)

PatternScheduler.schedule_pattern(:drums, pattern)

# Hot-swap to new pattern
new_pattern = UzuPattern.parse("bd bd sd sd")
PatternScheduler.update_pattern(:drums, new_pattern)

# Stop a pattern
PatternScheduler.stop_pattern(:drums)
Timing Precision
The scheduler uses:
	System.monotonic_time() for steady clock
	Small tick intervals (default 10ms) for responsive scheduling
	OSC bundle latency (20ms default) for audio stability
	Cycle arithmetic to prevent drift over time


      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        hush()

      


        Stop all patterns.



    


    
      
        init(opts)

      


        Callback implementation for GenServer.init/1.



    


    
      
        schedule_pattern(pattern_id, uzu_pattern, opts \\ [])

      


        Schedule an UzuPattern for playback.



    


    
      
        set_cps(cps, server \\ Waveform.PatternScheduler)

      


        Set the global tempo in cycles per second.



    


    
      
        start_link(opts \\ [])

      


        Start the pattern scheduler.



    


    
      
        stop_pattern(pattern_id, server \\ Waveform.PatternScheduler)

      


        Stop a pattern from playing.



    


    
      
        update_pattern(pattern_id, uzu_pattern, server \\ Waveform.PatternScheduler)

      


        Update an existing pattern (hot-swap).



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      hush()



        
          
        

    

  


  

Stop all patterns.
Examples
PatternScheduler.hush()

  



  
    
      
    
    
      init(opts)



        
          
        

    

  


  

Callback implementation for GenServer.init/1.

  



    

  
    
      
    
    
      schedule_pattern(pattern_id, uzu_pattern, opts \\ [])



        
          
        

    

  


  

Schedule an UzuPattern for playback.
Options
	:output - Output destination: :superdirt (default), :midi, or [:superdirt, :midi]
	:midi_channel - MIDI channel (1-16) for MIDI output
	:midi_port - MIDI port name for MIDI output

Examples
# Parse and schedule a pattern
pattern = UzuPattern.parse("bd cp sd cp")
PatternScheduler.schedule_pattern(:drums, pattern)

# With transformations
pattern =
  UzuPattern.parse("bd sd hh cp")
  |> UzuPattern.Pattern.fast(2)

PatternScheduler.schedule_pattern(:drums, pattern)

# MIDI output
pattern = UzuPattern.parse("60 64 67")
PatternScheduler.schedule_pattern(:melody, pattern,
  output: :midi,
  midi_channel: 1
)

  



    

  
    
      
    
    
      set_cps(cps, server \\ Waveform.PatternScheduler)



        
          
        

    

  


  

Set the global tempo in cycles per second.
Examples
# 120 BPM
PatternScheduler.set_cps(0.5)

# 140 BPM
PatternScheduler.set_cps(140 / 240)

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

Start the pattern scheduler.
Options
	:cps - Cycles per second (default: 0.5625 = 135 BPM)
	:tick_interval_ms - How often to check for events (default: 10ms)
	:name - Process name (default: Elixir.Waveform.PatternScheduler)


  



    

  
    
      
    
    
      stop_pattern(pattern_id, server \\ Waveform.PatternScheduler)



        
          
        

    

  


  

Stop a pattern from playing.
Examples
PatternScheduler.stop_pattern(:kick)

  



    

  
    
      
    
    
      update_pattern(pattern_id, uzu_pattern, server \\ Waveform.PatternScheduler)



        
          
        

    

  


  

Update an existing pattern (hot-swap).
The new pattern takes effect immediately.
Examples
new_pattern = UzuPattern.parse("bd bd sd sd")
PatternScheduler.update_pattern(:drums, new_pattern)

  


        

      


  

    
Waveform.ServerInfo 
    



      
Minimal server information storage.
Stores only sample rate from SuperCollider's /status.reply message.
Uses :persistent_term for fast, concurrent reads with no process overhead.

      


      
        Summary


  
    Functions
  


    
      
        sample_rate()

      


        Get the current sample rate.



    


    
      
        set_from_status_reply(response)

      


        Process a /status.reply message and store the sample rate.



    





      


      
        Functions


        


  
    
      
    
    
      sample_rate()



        
          
        

    

  


  

Get the current sample rate.
Returns nil if not yet set by the server.

  



  
    
      
    
    
      set_from_status_reply(response)



        
          
        

    

  


  

Process a /status.reply message and store the sample rate.
Status Reply Format
The /status.reply message contains:
	unused (int)
	num_ugens (int)
	num_synths (int)
	num_groups (int)
	num_loaded_synthdefs (int)
	avg_cpu (float)
	peak_cpu (float)
	nominal_sample_rate (double)
	actual_sample_rate (double)


  


        

      


  

    
Waveform.SuperDirt 
    



      
SuperDirt integration for sample playback and pattern-based audio.
This module communicates with SuperDirt, a synthesis engine that runs inside
SuperCollider and provides samples, effects, and high-level pattern control.
SuperDirt is commonly used with TidalCycles for live coding.
SuperDirt vs Direct OSC
Waveform provides two ways to work with SuperCollider:
	Waveform.OSC / Waveform.Synth - Direct synth control (port 57110)
	Low-level synthesis, create individual synths
	Requires synth definitions
	More precise control


	Waveform.SuperDirt - Pattern-based audio (port 57120)
	High-level sample triggering
	Built-in samples and effects
	TidalCycles-compatible



Both can be used simultaneously in the same SuperCollider session.
Prerequisites
IMPORTANT: SuperDirt must be installed and loaded in SuperCollider before using this module.
Installation (One-time Setup)
SuperDirt is a separate Quark (plugin) for SuperCollider. Install it once:
# In SuperCollider IDE or sclang:
Quarks.install("SuperDirt");
thisProcess.recompile;
Verify installation with mix waveform.doctor.
Loading (Each Session)
SuperDirt must be started in your SuperCollider session before sending patterns.
You can do this in two ways:
	Via Waveform.Lang (recommended for Livebook/IEx):
 Waveform.Lang.send_command("SuperDirt.start;")

	Via SuperCollider startup file (recommended for regular use):
 Add to ~/Library/Application Support/SuperCollider/startup.scd (macOS)
 or ~/.config/SuperCollider/startup.scd (Linux):
 s.waitForBoot {
   ~dirt = SuperDirt(2, s);
   ~dirt.loadSoundFiles;
   ~dirt.start(57120, [0, 0]);
 };


Examples
Trigger a bass drum sample:
SuperDirt.play(s: "bd", n: 0, gain: 0.8)
Trigger multiple parameters:
SuperDirt.play(
  s: "cp",
  n: 3,
  speed: 1.5,
  pan: 0.25,
  room: 0.3,
  size: 0.8
)
Control messages:
SuperDirt.hush()           # Stop all playing sounds
SuperDirt.mute_all()       # Mute all patterns
SuperDirt.unmute_all()     # Unmute all patterns
SuperDirt.unsolo_all()     # Clear solo state
Message Format
SuperDirt receives OSC bundles on port 57120 with the path /dirt/play.
OSC Bundles: All messages are wrapped in OSC bundles with timestamps for
precise timing. A small latency (default 20ms) is added to give SuperDirt
time to process events before playback.
Messages contain name-value pairs including:
Required parameters (automatically added):
	cps - Cycles per second (tempo)
	cycle - Event position since startup
	delta - Event duration in seconds
	orbit - Orbit/track number (0-11)

Common sound parameters:
	s - Sample/sound name (e.g., "bd", "cp", "sn")
	n - Sample variant number (default: 0)
	speed - Playback speed (default: 1.0)
	gain - Volume (default: 1.0)
	pan - Stereo position (-1.0 to 1.0)
	begin - Sample start position (0.0 to 1.0)
	end - Sample end position (0.0 to 1.0)

Effects parameters:
	room - Reverb amount
	size - Reverb size
	delay - Delay amount
	delaytime - Delay time
	delayfeedback - Delay feedback
	cutoff - Filter cutoff frequency
	resonance - Filter resonance

See the SuperDirt documentation for a
complete list of available parameters and samples.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get_latency(server \\ Waveform.SuperDirt)

      


        Get the current OSC bundle latency in seconds.



    


    
      
        hush(server \\ Waveform.SuperDirt)

      


        Stop all playing sounds and patterns immediately.



    


    
      
        init(opts)

      


        Callback implementation for GenServer.init/1.



    


    
      
        mute_all(server \\ Waveform.SuperDirt)

      


        Mute all patterns without stopping them.



    


    
      
        play(params, server \\ Waveform.SuperDirt)

      


        Play a sound or sample through SuperDirt.



    


    
      
        set_cps(cps, server \\ Waveform.SuperDirt)

      


        Set the global tempo in cycles per second (CPS).



    


    
      
        set_latency(latency, server \\ Waveform.SuperDirt)

      


        Set the OSC bundle latency in seconds.



    


    
      
        start_link(opts)

      


    


    
      
        start_superdirt(sample_path)

      


        Start SuperDirt in the SuperCollider session with custom sample path.



    


    
      
        unmute_all(server \\ Waveform.SuperDirt)

      


        Unmute all patterns.



    


    
      
        unsolo_all(server \\ Waveform.SuperDirt)

      


        Clear solo state on all patterns.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



    

  
    
      
    
    
      get_latency(server \\ Waveform.SuperDirt)



        
          
        

    

  


  

Get the current OSC bundle latency in seconds.
Examples
SuperDirt.get_latency()
# => 0.02

  



    

  
    
      
    
    
      hush(server \\ Waveform.SuperDirt)



        
          
        

    

  


  

Stop all playing sounds and patterns immediately.
Equivalent to TidalCycles' hush command.
Examples
SuperDirt.hush()

  



  
    
      
    
    
      init(opts)



        
          
        

    

  


  

Callback implementation for GenServer.init/1.

  



    

  
    
      
    
    
      mute_all(server \\ Waveform.SuperDirt)



        
          
        

    

  


  

Mute all patterns without stopping them.
Examples
SuperDirt.mute_all()

  



    

  
    
      
    
    
      play(params, server \\ Waveform.SuperDirt)



        
          
        

    

  


  

Play a sound or sample through SuperDirt.
Accepts a keyword list of parameters. At minimum, you should provide an s (sound)
parameter. All other parameters are optional.
Parameters
	s - Sample/sound name (e.g., "bd", "cp", "sn")
	n - Sample variant number (default: 0)
	speed - Playback speed (default: 1.0)
	gain - Volume (default: 1.0)
	orbit - Orbit/track number (default: 0)
	Additional parameters are passed through to SuperDirt

Examples
# Simple bass drum
SuperDirt.play(s: "bd")

# Snare with reverb
SuperDirt.play(s: "sn", n: 2, room: 0.5, size: 0.8)

# High-speed sample
SuperDirt.play(s: "cp", speed: 2.0, pan: -0.5)

  



    

  
    
      
    
    
      set_cps(cps, server \\ Waveform.SuperDirt)



        
          
        

    

  


  

Set the global tempo in cycles per second (CPS).
SuperDirt uses cycles as its base timing unit. CPS defines how fast
cycles progress. Default is 0.5625 (135 BPM).
To convert BPM to CPS: cps = bpm / 240
Examples
# 120 BPM
SuperDirt.set_cps(0.5)

# 140 BPM
SuperDirt.set_cps(140 / 240)

  



    

  
    
      
    
    
      set_latency(latency, server \\ Waveform.SuperDirt)



        
          
        

    

  


  

Set the OSC bundle latency in seconds.
Latency determines how far in the future events are scheduled. A small
latency (default 20ms) gives SuperDirt time to process events before playback.
Increase for more scheduling stability, decrease for lower latency.
Examples
# Lower latency (10ms) - use for responsive playback
SuperDirt.set_latency(0.01)

# Higher latency (50ms) - use if experiencing timing jitter
SuperDirt.set_latency(0.05)

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  



  
    
      
    
    
      start_superdirt(sample_path)



        
          
        

    

  


  

Start SuperDirt in the SuperCollider session with custom sample path.
Sends a command to SuperCollider to initialize SuperDirt with 2 output channels,
load samples from the specified path, and start listening on port 57120.
This function sends the command asynchronously using fork in SuperCollider,
which means it returns immediately without waiting for SuperDirt to finish loading.
Use Waveform.Lang.wait_for_superdirt/1 if you need to wait for startup completion.
Parameters
	sample_path - Absolute path to the directory containing sample folders (e.g., Dirt-Samples)

Examples
# macOS
SuperDirt.start_superdirt("/Users/username/Library/Application Support/SuperCollider/downloaded-quarks/Dirt-Samples")

# Linux
SuperDirt.start_superdirt("/home/username/.local/share/SuperCollider/downloaded-quarks/Dirt-Samples")
Notes
	The fork wrapper ensures SuperDirt starts asynchronously without blocking SuperCollider
	SuperDirt will load all samples from subdirectories within the sample_path
	Default configuration uses 2 orbits and listens on port 57120

See also: Waveform.Helpers.ensure_superdirt_ready/1 for a higher-level function
that automatically detects the sample path and waits for startup.

  



    

  
    
      
    
    
      unmute_all(server \\ Waveform.SuperDirt)



        
          
        

    

  


  

Unmute all patterns.
Examples
SuperDirt.unmute_all()

  



    

  
    
      
    
    
      unsolo_all(server \\ Waveform.SuperDirt)



        
          
        

    

  


  

Clear solo state on all patterns.
Examples
SuperDirt.unsolo_all()

  


        

      


  

    
Waveform.SuperDirt.NoOp 
    



      
No-op SuperDirt transport for testing.
This implementation accepts OSC messages but doesn't send them anywhere.
Used in test mode to avoid requiring a running SuperDirt instance.

      




  

    
Waveform.SuperDirt.Transport behaviour
    



      
Behaviour for SuperDirt message transport.
This behaviour defines the interface for sending OSC messages to SuperDirt.
Different implementations can be used for production (UDP) and testing (NoOp).
Implementations
	Waveform.SuperDirt.UDP - Production implementation that sends OSC bundles via UDP
	Waveform.SuperDirt.NoOp - Test implementation that accepts messages but doesn't send them


      


      
        Summary


  
    Callbacks
  


    
      
        send_osc_bundle(state, message)

      


        Send an OSC bundle to SuperDirt.



    


    
      
        send_osc_message(state, address, args)

      


        Send a raw OSC message (for control commands that don't need bundles).



    





      


      
        Callbacks


        


  
    
      
    
    
      send_osc_bundle(state, message)



        
          
        

    

  


  

      

          @callback send_osc_bundle(state :: map(), message :: list()) :: :ok


      


Send an OSC bundle to SuperDirt.
SuperDirt expects messages wrapped in OSC bundles with timestamps for
accurate scheduling.
Parameters
	state - The SuperDirt GenServer state (contains socket and host info)
	message - OSC message as a list [address | args]


Returns
:ok on success

  



  
    
      
    
    
      send_osc_message(state, address, args)



        
          
        

    

  


  

      

          @callback send_osc_message(state :: map(), address :: charlist(), args :: list()) :: :ok


      


Send a raw OSC message (for control commands that don't need bundles).
Parameters
	state - The SuperDirt GenServer state
	address - OSC address as a charlist
	args - List of OSC arguments

Returns
:ok on success

  


        

      


  

    
Waveform.SuperDirt.UDP 
    



      
Production SuperDirt transport implementation using UDP.
This module sends OSC bundles to SuperDirt via UDP. Messages are wrapped
in OSC bundles with timestamps for accurate scheduling.

      




  

    
Waveform.Synth 
    



      
High-level API for triggering synths in SuperCollider.
This module provides a simple interface for playing notes and synths
via OSC messaging. It handles node allocation, group management, and
basic parameter normalization.
Examples
# Trigger a synth with a MIDI note number
Synth.trigger("my-synth", note: 60, amp: 0.5)

# Trigger with specific node and group IDs
Synth.trigger("my-synth", [note: 60], node_id: 1001, group_id: 1)

# Play a MIDI note
Synth.play(60, synth: "saw", amp: 0.8)

      


      
        Summary


  
    Functions
  


    
      
        play(note, opts \\ [])

      


        Play a MIDI note using a synth.



    


    
      
        trigger(synth_name, params \\ [], opts \\ [])

      


        Trigger a synth with the given name and parameters.



    





      


      
        Functions


        


    

  
    
      
    
    
      play(note, opts \\ [])



        
          
        

    

  


  

Play a MIDI note using a synth.
This is a convenience function that adds a :note parameter.
Examples
Synth.play(60, synth: "saw", amp: 0.5)
Synth.play(64, synth: "piano")

  



    

    

  
    
      
    
    
      trigger(synth_name, params \\ [], opts \\ [])



        
          
        

    

  


  

Trigger a synth with the given name and parameters.
Parameters
	synth_name - Name of the SuperCollider synth to trigger (string or charlist)
	params - Keyword list of synth parameters
	opts - Options for node and group (optional)	:node_id - Specific node ID (defaults to auto-allocated)
	:group_id - Target group ID (defaults to process-specific group)
	:action - Add action (defaults to :head)



Examples
Synth.trigger("saw", note: 60, amp: 0.5)
Synth.trigger("kick", amp: 0.8, group_id: 10)

  


        

      


  

    
mix waveform.check 
    



      
Tests SuperDirt functionality by playing sample sounds.
This task verifies that:
	SuperDirt is installed and running
	Buffer configuration is correct (4096 buffers)
	Dirt-Samples are loaded properly
	Sample playback works

Usage
mix waveform.check
You should hear four sounds in sequence: kick, snare, hi-hat, and clap.
If you don't hear all sounds, the task will provide troubleshooting guidance.
Prerequisites
Before running this task:
	SuperCollider must be installed
	SuperDirt Quark must be installed
	Dirt-Samples should be installed (run mix waveform.install_samples)


      




  

    
mix waveform.doctor 
    



      
Verifies that your system is properly configured to use Waveform.
This task checks for:
	SuperCollider installation (sclang executable)
	SuperCollider server executable (scsynth)
	SuperDirt Quark installation (for pattern-based live coding)
	Environment variable configuration

Usage
mix waveform.doctor

      




  

    
mix waveform.install 
    



      
Automatically installs SuperCollider and SuperDirt for your platform.
This task will:
	Detect your operating system and package manager
	Install SuperCollider (if not already installed)
	Install the SuperDirt Quark
	Verify the installation

Usage
mix waveform.install
Options
--skip-sc          Skip SuperCollider installation (only install SuperDirt)
--skip-superdirt   Skip SuperDirt installation (only install SuperCollider)
--force            Reinstall even if already installed
Supported Platforms
	macOS: Uses Homebrew
	Linux: Supports apt (Debian/Ubuntu), pacman (Arch), dnf (Fedora), zypper (openSUSE)
	Windows: Provides download instructions (manual installation required)


      




  

    
mix waveform.install_samples 
    



      
Install Dirt-Samples library for SuperDirt.
Usage
mix waveform.install_samples
This task will:
	Check if Dirt-Samples is already installed
	Install Dirt-Samples via SuperCollider's Quarks system
	Verify the installation succeeded
	Provide next steps for configuration

What are Dirt-Samples?
Dirt-Samples is a large library of 217 sample banks (1800+ audio files) used by
SuperDirt and TidalCycles. It includes drum machines (808, 909), percussion,
synthesizers, and various musical instruments.
Requirements
	SuperCollider must be installed and running
	Waveform application must be started
	~200MB of disk space
	Internet connection for download

After Installation
IMPORTANT: Waveform is already configured to load Dirt-Samples automatically
with the correct buffer settings (numBuffers = 4096). The samples will be
available after installation completes.
You may need to restart your application to ensure the samples load properly.
Troubleshooting
If samples don't load or you see "ERROR: No more buffer numbers":
	Check that numBuffers is set to at least 4096 (already configured in Waveform)
	Verify samples are installed at the correct path (this task will show it)
	Restart your Elixir application completely

Run mix waveform.doctor to verify your SuperDirt setup.

      


      
        Summary


  
    Functions
  


    
      
        run(args)

      


        Callback implementation for Mix.Task.run/1.



    





      


      
        Functions


        


  
    
      
    
    
      run(args)



        
          
        

    

  


  

Callback implementation for Mix.Task.run/1.
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