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About Synthesizer V Studio

Vocal Synthesizer (lyrics + MIDI -> vocals)
A lot of features

Phonemes

Automations

Note properties
Voice-specific parameters

o O O O

Users have vastly different habits/workflows.
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Scripting Example

User story

“As a music teacher, I'd like to fill in lyrics with solfege (e.g. do re mi) using a shortcut, so that | can demonstrate
music theory and composition skills without worrying about the lyrics.”
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Scripting Example

Raised the question to ChatGPT

“Please write a script (JavaScript, ES5) for Synthesizer V that helps me fill in lyrics for the selected notes based on
solfege (e.g. do for C4, re for D4, mi for E4). Here's the scripting manual:
https://resource.dreamtonics.com/scripting/index.html”

It took me two prompts to get this feature up and running.

View full conversation here (or scan the QR code)
https://chatgpt.com/share/69025¢c7{-d844-8002-8774-232068e9864e



https://resource.dreamtonics.com/scripting/index.html
https://chatgpt.com/share/69025c7f-d844-8002-8774-232068e9864e

Scripting Example

editor = SV.getMainEditor();
selection = editor.getSelection();

notes = selection.getSelectedNotes();

for ( n =0; n < notes.length; n++) {
note = notes[n];
midi = note.getPitch();
pc = pitchToPC(midi);
rel = (pc - tonicPC + 12) % 12;

syl = pcToSolfege(rel, preferFlats, diatonicOnly);

note.setLyrics(syl);
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How to expose data from the host as
script objects?

How to call host functions
(getter/setters) from the script?

How to transfer returned values back
into the script environment?
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Design Requirements

Supports Lua and JavaScript (Duktape)

Able to achieve all kinds of data modification a user can do to the project
Compatible with the undo/redo system

Some degree of GUI customization capability (dialog and messagebox)
Intuitive to script programmers (power users)

Minimal maintenance required when adding new members to the project class



Prerequisite: Model-View Separation
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View (Piano Roll)

Model
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Adding Script Engines to the Architecture

e Scripts can modify the Model
e Scripts can get callbacks from the Model
e Scripts can't interact with the View

. Script
EREEaers
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Adding Script Engines to the Architecture

We don’'t want to rewrite the entire scripting interface for

each script engine.
e Worap all objects and functions in juce::var before /( ) ) \
DuktapeScriptEngine

getting data into/out of script engines.
N

-
[ View H Model }7 LuaScriptEngine
-
4

ScriptObjectFactory }
\* %
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Getting Data into the Script Engine

i LuaScriptEngine::pushVar(lua_Statex state, const var& src) {

At e s s e et e R juce:var is very much compatible with the

lua_pushnil(L: state);

} el : :

e e dynamically typed Lua/Duktape objects.
lua_pushinteger(L: state, n: (int64)src);

} else .

if(src. isBool()) { e Integers, bools, floats, strings, arrays...
lua_pushboolean(L: state, b: (bool)src);

} else

if(src.isDouble()) {
lua_pushnumber(L: state, n: (double)src);

} else
if(src.isString()) {
String jStr = src.toString(); What’s tr|cky
lua_pushlstring(L: state, s: jStr.toRawUTF8(), len: jStr.getNumBytesAsUTF8());
} else
if(src.isArray()) { . 3
Array<var>x array = src.getArray(); ® HOW tO Wrap funCtIOnS.
lua_createtable(L: state, narr: array -> size(), nrec: 0); .
e e How towrap host objects (e.g. Note)?
pushVar(state, src: array —> getReference(index: i));
lua_rawseti(L: state, idx: -2, n:i + 1);
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Wrapping Host Functions for the Script Engine

Both Lua and Duktape provide a way to expose native functions to the script.

e Duktape deals with this directly with duk_push_c_function(state, function pointer, num
args)
e Luahasasimilar feature based on lua_newuserdatauv.

It's not hard to implement script bindings like this:

var group = sv_get_group(track, 1);
var note = sv_get_note(group, 5);

sv_set_note_lyrics(note, “hello”);
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Wrapping Host Functions for the Script Engine

Easier to implement Easier to use

var group = track.getGroup(1);
var note = group.getNote(5);

var group = sv_get_group(track, 1);
var note = sv_get_note(group, 5);

note.setlLyrics(“hello”);

sv_set_note_lyrics(note, “hello”);

However, our functions (e.g. getNote) are wrapped inside juce::var and the function pointer isn’t fixed.

We bind the functions when an object is created by the factory; use the same function pointer but add
the juce::var containing the actual native function as a property of the function object.
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Wrapping Host Objects: Lifecycle Management

(Owned by the host)
Unmanaged objects should be marked invalid

safely after deletion.

var firstNote = group.getNote(0);
group.removeNote(0);

firstNote.setLyrics(“hello”);

(Garbage-collected)
Managed objects should turn into unmanaged
objects once added to a native object.

var newNote = SV.create(“Note”);
group.addNote(newNote) ;

newNote = null;




Wrapping Host Objects: Lifecycle Management

Wrap all classes in the Model before passing them into the script engine’s GC system.
To utilize this wrapper, the target object (e.g. Note) has to inherit PartiallyManagedObject.

PartiallyManagedObjectWrapper : ReferenceCountedObject {

std: :shared_ptr<PartiallyManagedObject: :OwnershipTracker> referenceCounter;

std: :weak_ptr<PartiallyManagedObject: :OwnershipTracker> livenessTracker;

PartiallyManagedObjectWrapper(PartiallyManagedObject*

~PartiallyManagedObjectWrapper() ;
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e When native code deletes the PMO, the wrapper’s liveness counter decrements,
disabling the free in the destructor.

e When the wrapper gets garbage-collected, PMO gets deleted if the counters tell that it's
unmanaged.

PartiallyManagedObjectWrapper : ReferenceCountedObject {

std: :shared_ptr<PartiallyManagedObject: :OwnershipTracker> referenceCounter;

std: :weak_ptr<PartiallyManagedObject: :OwnershipTracker> livenessTracker;

PartiallyManagedObjectWrapper(PartiallyManagedObject*

~PartiallyManagedObjectWrapper() ;
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Handling Async Callbacks

For example, when we want to pop a message box or input dialog.
First consider the async case, where we want the host to call a script callback:

SV.showMessageBoxAsync("Hello", "Click OK to add a track",

() A
SV.getProject().addTrack(SV.create("Track")); Hello

} Click OK to add a track

Ik
// By this point, the script will finish execution.

// The callback is to be executed some time later.

b DREAMTONICS
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Handling Async Callbacks

showMessageBoxAsync(AlertWindow: :NoIcon, title, description,
"O0K", , ModalCallbackFunction::create(
[ : : I( ) A
pushVar (callbackObj) ;
pushVar (this0Obj) ;
pushVar (result) ;
duk_pcall(state, 2);

To be refactored into a virtual
method of ScriptObjectFactory
so we don't have to bind every thing
in the data model with every script
backend (Lua/Duktape).

duk_pop(state);
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Handling Sync Dialogs

Async dialogs are easy to implement on the host side, but not user-friendly on the script side.
For script developers who aren’t familiar with the concept of async calls:

SV.showMessageBox("Hello", "Click OK to add a track");

// Here the script will pause execution
// Wait for the user to click OK...
// The script should resume execution

SV.getProject().addTrack(SV.create("Track"));

However, it is bad practice to have modal dialogs that interrupt the message queue. If you're
making a plugin, it could freeze the DAW'’s GUI.



Handling Sync Dialogs (Lua)

It would be ideal if we can temporarily jump out of the script engine, and resume the operation
later.

SV:showMessageBox("Hello", "Click OK to add a track")

-- Here the script will pause execution

] Let the script engine return early, go back to native code, resume the message loop.
| Resume script execution and pick up from where it was stopped...

-- The script should resume execution

SV:getProject() :addTrack(SV:create("Track"))
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Handling Sync Dialogs (Lua)

Very fortunately Lua provides exactly the kind of API to support this.

SV:showMessageBox("Hello", "Click OK to add a track")

-- Here the script will pause execution

[1lua_yield(state, 0);
| lua_resume(state, nullptr, 1, & numReturned);

-- The script should resume execution

SV:getProject() :addTrack(SV:create("Track"))
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Handling Sync Dialogs (Duktape)

Unfortunately Duktape doesn’t offer the same kind of API.
This almost worked, until users told us that it crashes when Kontakt is loaded in the same DAW:

SV.showMessageBox("Hello", "Click OK to add a track");

// Here the script will pause execution

1 Use an external coroutine library (libco) to force the program out of the Duktape engine.
| Resume the Duktape engine from where it was stopped...

// The script should resume execution

SV.getProject().addTrack(SV.create("Track"));
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Handling Sync Dialogs (Duktape)

What Duktape offers instead is a small DuktapeScriptEngine::main() {
coroutine library (Duk tape . Thread) inside el R

. . var __host_thread__;
the script environment.
SV.showMessageBox = function(title, message) {

Think inside the box! (literally) SV.showMessageBoxAsync(title, message, function() {

Duktape.Thread. resume(

1)
Duktape.Thread.yield();

host_thread__, "");

Worap the entire script in another
preloaded script which starts a coroutine
inside Duktape.

s

__host_thread__ = new Duktape.Thread(main);

Duktape.Thread.resume(__host_thread__);

)"
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Other topics

We have implemented an object-oriented programming interface, GC-compatible lifecycle management,
adapters for wrapping awaitable async calls as sync calls.

Given these building blocks, we've developed even more scripting capabilities:

e Access to not just the data model but also the view model (selection state, playback state, ...)

e Define custom Ul widgets (sliders, textboxes, buttons, comboboxes, ...) in a side panel and link
script variables with the Ul widget states.

e Error handling: host catching script errors, script catching host errors.



