

    
      
          
            
  
torchsynth documentation


The fastest synth in the universe.

[image: _images/logo-with-caption.jpg]



torchsynth is based upon traditional modular synthesis written in
pytorch. It is GPU-optional and differentiable.

Most synthesizers are fast in terms of latency. torchsynth is fast
in terms of throughput. It synthesizes audio 16200x faster than
realtime (714MHz) on a single GPU. This is of particular interest
to audio ML researchers seeking large training corpora.

Additionally, all synthesized audio is returned with the underlying
latent parameters used for generating the corresponding audio. This
is useful for multi-modal training regimes.

If you’d like to hear torchsynth, check out
synth1K1 [https://github.com/torchsynth/synth1K1], a dataset of
1024 4-second sounds rendered from the Voice
synthesizer, or listen to the following SoundCloud embed:
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Installation

pip3 install torchsynth





Note that torchsynth requires PyTorch version 1.8 or greater.
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Which way to synth1B1-312-6?

In this simple example, we use Voice to generate the 312th batch
of synth1B1. This batch comprises audio, parameters, and whether
the instances are training examples.  We then select sample 6 from
the audio batch, and save it to a WAV file.

You will need to pip install torchaudio in order to save the WAV
file. Alternately, you could modify the code slightly and use
SoundFile [https://pypi.org/project/SoundFile/].

import torch
import torchaudio
from torchsynth.synth import Voice

voice = Voice()
# Run on the GPU if it's available
if torch.cuda.is_available():
    voice = voice.to("cuda")

# Generate batch 312
# All audio batches are [128, 176400], i.e. 128 4-second sounds at 44100Hz
# Each sound is a monophonic 1D tensor.
# Param batches are [128, 72], which are the 72 latent Voice
# parameters that generated each sound.
# The training tensor is a [128] bool, indicating whether
# instances are designated as train or test, for reproducibility.
synth1B1_312_audio, synth1B1_312_params, synth1B1_312_is_train = voice(312)

# Select synth1B1-312-6
synth1B1_312_6 = synth1B1_312_audio[6]

# We add one channel at the beginning, for torchaudio
torchaudio.save("synth1B1-312-6.wav", synth1B1_312_6.unsqueeze(0).cpu(), voice.sample_rate)
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Detailed Walkthrough

examples/examples.ipynb [https://github.com/torchsynth/torchsynth/blob/main/examples/examples.ipynb]
(and corresponding
examples/examples.py [https://github.com/torchsynth/torchsynth/blob/main/examples/examples.py])
contains a detailed walkthrough of the code.

You can also try it in Colab. [image: Open inColab] [https://colab.research.google.com/github/torchsynth/torchsynth/blob/main/examples/examples.ipynb]
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Batch Processing

To take advantage of the parallel processing power of a GPU, all
modules render audio in batches. Larger batches enable higher
throughput on GPUs. The default batch size is 128, which requires
\(\approx\)2.3GB of GPU memory, and is 16200x faster than realtime on a V100.
(GPU memory consumption is approximately \(\approxeq\) 1216 + 8.19
\(\cdot\) batch_size MB, including the torchsynth model.)


[image: gpu-speed-profiles][image: gpu-mem-profiles]




ADSR Batches

An example of a batch of 4 of randomly generated ADSR envelopes is shown below:


[image: ADSR]
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Multi-GPU Support

Multiple GPUs are supported. More documentation forthcoming.
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Synth Modules

The design of torchsynth is inspired by hardware modular synthesizers
which contain individual units. Each module has a specific function
and parameters, and they can be connected together in various
configurations to construct a synthesizer. There are three types
of modules in torchsynth: audio modules, control modules, and
parameter modules. Audio modules operate at audio sampling rate
(default 44.1kHz) and output audio Signal.
Examples include voltage-controlled oscillators
(VCO)
and voltage-controlled amplifiers
(VCAs).  Control modules output control
signals that are used modulate the parameters of another module.
For speed, these modules operate at a reduced control rate (default
441Hz). Examples of control modules include
ADSR envelope generators and low frequency
oscillators (LFOs).  Finally, parameter
modules simply output parameters. Examples of these include a
MonophonicKeyboard module that has no
input, and outputs the note midi f0 value and duration.




Synth Architectures

The default configuration in torchsynth is the
Voice, which is the architecture used
in synth1B1. The Voice architecture
comprises the following modules: a
MonophonicKeyboard, two
LFO, six ADSR
envelopes (each LFO module includes two
dedicated ADSR: one for rate modulation
and another for amplitude modulation), one
SineVCO, one
SquareSawVCO, one
Noise generator,
VCA, a
ModulationMixer and an
AudioMixer. Modulation signals generated
from control modules (ADSR and
LFO) are upsampled to the audio sample
rate before being passed to audio rate modules.

The figure below shows the configuration and
routing of the modules composing Voice.

[image: ../_images/Voice-diagram.svg]
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Example of how to build new synths

In this example we’ll create a new synthesizer using modules
(SynthModule). Synths in torchsynth are
created using the approach modular synthesis that involves connecting
individual modules. We’ll create a simple single oscillator synth
with an attack-decay-sustain-release (ADSR)
envelope controlling the amplitude.  More complicated architectures
can be created using the same ideas.

You can also view this example in Colab. [image: Open inColab] [https://colab.research.google.com/github/torchsynth/torchsynth/blob/main/examples/simplesynth.ipynb]


Creating the SimpleSynth class

All synths in torchsynth derive from
AbstractSynth, which provides helpful
functionality for managing children
SynthModules and their
ModuleParameters.

There are two steps involved in creating a class that derives from
AbstractSynth:


	The __init__ method instantiates the
SynthModules that will be used.


	The output() method
defines how individual SynthModules
are connected: Which modules’ output is the input to other
modules, and the final output.


	forward wraps output,
ensuring reproducibility if desired.





Defining the modules

Here we create our SimpleSynth class that derives from
AbstractSynth. Override the __init__
method and include an optional parameter for
SynthConfig.
SynthConfig holds the global configuration
information for the synth and its modules, including the batch size,
sample rate, buffer rate, etc.

To register modules for use within SimpleSynth, we pass them in
as a list to the class method
add_synth_modules(). This
list contains tuples with the name that we want to have for the
module in the synth as well as the SynthModule.
Each module passed in this list will be instantiated using the same
SynthConfig object and added as a class
attribute with the name defined by the first item in the tuple.

from typing import Optional
import torch
from torchsynth.synth import AbstractSynth
from torchsynth.config import SynthConfig
from torchsynth.module import (
    ADSR,
    ControlRateUpsample,
    MonophonicKeyboard,
    SquareSawVCO,
    VCA,
)

class SimpleSynth(AbstractSynth):

    def __init__(self, synthconfig: Optional[SynthConfig] = None):
    
        # Call the constructor in the parent AbstractSynth class
        super().__init__(synthconfig=synthconfig)
        
        # Add all the modules that we'll use for this synth
        self.add_synth_modules(
            [
                ("keyboard", MonophonicKeyboard),
                ("adsr", ADSR),
                ("upsample", ControlRateUpsample),
                ("vco", SquareSawVCO),
                ("vca", VCA),
            ]
        ) 








Connecting Modules

Now that we have registered the modules that we are going to use.
We define how they all are connected together in the overridden
output() method.

    def output(self) -> torch.Tensor:
         # Keyboard is parameter module, it returns parameter
        # values for the midi_f0 note value and the duration
        # that note is held for.
        midi_f0, note_on_duration = self.keyboard()

        # The amplitude envelope is generated based on note duration
        envelope = self.adsr(note_on_duration)

        # The envelope that we get from ADSR is at the control rate,
        # which is by default 100x less than the sample rate. This
        # reduced control rate is used for performance reasons.
        # We need to upsample the envelope prior to use with the VCO output.
        envelope = self.upsample(envelope)

        # Generate SquareSaw output at frequency for the midi note
        out = self.vco(midi_f0)

        # Apply the amplitude envelope to the oscillator output
        out = self.vca(out, envelope)

        return out










Playing our SimpleSynth

That’s out simple synth! Let’s test it out now.

If we instantiate SimpleSynth without passing in a
SynthConfig object then it will create
one with the default options. We don’t need to render a full batch
size for this example, so let’s use the smallest batch size that
will support reproducible output. All the parameters in a synth are
randomly assigned values, with reproducible mode on, we pass a
batch_id value into our synth when calling it. The same sounds will
always be returned for the same batch_id.

from torchsynth.config import BASE_REPRODUCIBLE_BATCH_SIZE

# Create SynthConfig with smallest reproducible batch size.
# Reproducible mode is on by default.
synthconfig = SynthConfig(batch_size=BASE_REPRODUCIBLE_BATCH_SIZE)
synth = SimpleSynth(synthconfig)

# If you have access to a GPU.
if torch.cuda.is_available():
    synth.to("cuda")





Now, let’s make some sounds! We just call synth with a batch_id.

audio = synth(0)





Here are the results of the first 32 sounds concatenated together.
Each sound is four seconds long and was generated by randomly
sampling the parameters of SimpleSynth.
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Overview

We use deterministic random number generation to ensure replicability,
even of noise oscillators. Nonetheless, there are small numeric
differences between the CPU and GPU. The mean-average-error between
audio samples generated on CPU and GPU are < 1e-2.




Defaults

Reproducibility is currently guaranteed when batch_size is multiple
of 32 and you use the default SynthConfig
settings: sample_rate=44100, control_rate=441.




Train vs Test

If a train/test split is desired, 10% of the samples are marked as
test. Because researchers with larger GPUs seek higher-throughput
with batchsize 1024, \(9 \cdot 1024\) samples are designated as train,
the next 1024 samples as test, etc.

All AbstractSynth
forward() methods return three
batched tensors: audio, latent parameters, and an is_train boolean
vector.
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Overview

synth1B1 is a corpus consisting of one million hours of audio: one
billion 4-second synthesized sounds. The corpus is multi-modal:
Each sound includes its corresponding synthesis parameters.

synth1B1 is generated on the fly by torchsynth 1.x, using the
Voice synth with its default settings.




Experimental Control

Researchers can denote subsamples of this corpus as synth1M1,
synth10M1, etc., which would refer to the first 1 million and 10
million samples of Synth1B1 respectively.

Besides having a batch_size that is a multiple of 32, if you
change any of the defaults in SynthConfig,
please call that in your work, and use a variant of the name synth1B1.

One tenth of the examples are designated as the test set. See
Reproducibility > Train vs. Test
for more information.

The nomenclature “synth1B1-312-6” denotes batch 312 (assuming
batch size of 128) and sound 6 within that batch.




Semantic Versioning

We use a slightly different convention than traditional Semantic
Versioning [https://semver.org/].

Given a version number MAJOR.MINOR.PATCH, we increment the:


	MAJOR version when the default output of Voice changes.


	MINOR version when we make incompatible API changes, but the
default output of Voice remains reproducible.


	PATCH version when we make backwards compatible bug fixes and
improvements.




For example, any torchsynth 1.x release can generate synth1B1.

When torchsynth 2.x is released, it will generate synth1B2.  Any
pre-release (e.g. 2.0.0-pre1) is not guaranteed to generate
synth1B2 until 2.0.0 is released.
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Initial developer setup

git clone https://github.com/torchsynth/torchsynth
cd torchsynth
pip3 install -e ".[dev]"





Make sure you have pre-commit hooks installed:

pre-commit install





This helps us avoid checking dirty jupyter notebook cells into the
repo.




Examples

In Python or Jupyter Notebook (if you want to see pretty plots),
run examples/examples.py.


Python 3.9 on OSX

Unfortunately, Python 3.9 on OSX Big Sur won’t work, because
librosa repends upon numba which isn’t packaged for 3.9 yet. In
which case you’ll have to create a Python 3.7 conda environment.
(You might also need to downgrade LLVM to 10 or 9.):

conda install -c conda-forge ipython librosa matplotlib numpy matplotlib scipy jupytext
conda install -c anaconda ipykernel
python -m ipykernel install --user --name=envname





and change the kernel to envname.






Tests

Unit testing is performed using pytest.

To run tests, run pytest from the project root:

TORCHSYNTH_DEBUG=True pytest





To run tests with a coverage report:

pytest --cov=./torchsynth





Examples also serves as an integration test:

python examples/examples.py











            

          

      

      

    

  

  
    
    
    torchsynth.config
    

    

    
 
  

    
      
          
            
  
torchsynth.config

Global configuration for AbstractSynth and its
component SynthModule.


	
torchsynth.config.BASE_REPRODUCIBLE_BATCH_SIZE = 32

	Smallest batch size divisor that is supported for any reproducible output
This is because Noise: creates deterministic
noise batches in advance, for speed.






	
torchsynth.config.DEFAULT_BATCH_SIZE = 128

	This batch size is a nice trade-off between speed and memory consumption. On
a typical GPU this consumes ~2.3GB of memory for the default Voice.
Learn more about batch processing.






	
torchsynth.config.N_BATCHSIZE_FOR_TRAIN_TEST_REPRODUCIBILITY = 1024

	If a train/test split is desired, 10% of the samples are marked
as test. Because researchers with larger GPUs seek higher-throughput
with batchsize 1024, $9 cdot 1024$ samples are designated as train,
the next 1024 samples as test, etc.






	
class torchsynth.config.SynthConfig(batch_size=128, sample_rate=44100, buffer_size_seconds=4.0, control_rate=441, reproducible=True, no_grad=True, debug=False, eps=1e-06)

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Any SynthModule and
AbstractSynth might use these global
configuration values. Every SynthModule
in the same AbstractSynth should
have the save SynthConfig.


	Parameters

	
	batch_size (int [https://docs.python.org/3/library/functions.html#int]) – Scalar that indicates how many parameter settings
there are, i.e. how many different sounds to generate.


	sample_rate (Optional [https://docs.python.org/3/library/typing.html#typing.Optional][int [https://docs.python.org/3/library/functions.html#int]]) – Scalar sample rate for audio generation.


	buffer_size – Duration of the output in seconds.


	control_rate (Optional [https://docs.python.org/3/library/typing.html#typing.Optional][int [https://docs.python.org/3/library/functions.html#int]]) – Scalar sample rate for control signal generation.
reproducible: Reproducible results, with a
small performance impact.


	no_grad (bool [https://docs.python.org/3/library/functions.html#bool]) – Disables gradient computations.


	debug (bool [https://docs.python.org/3/library/functions.html#bool]) – Run slow assertion tests. (Default: False, unless
environment variable TORCHSYNTH_DEBUG exists.)


	eps (float [https://docs.python.org/3/library/functions.html#float]) – Epsilon to avoid log underrun and divide by zero.









	
to(device)

	For speed, we’ve noticed that it is only helpful to have
sample and control rates on device, and as a float.










	
torchsynth.config.check_for_reproducibility()

	This method is called automatically if your
SynthConfig specifies
reproducibility=True.

Reproducible results are important to torchsynth and synth1B1,
so we are testing to make sure that the expected random results
are produced by torch.rand when seeded. This raises an error
indicating if reproducibility is not guaranteed.

Running torch.rand on CPU and GPU give different results, so
all seeded randomization where reproducibility is important
occurs on the CPU and then is transferred over to the GPU, if
one is being used.
See https://discuss.pytorch.org/t/deterministic-prng-across-cpu-cuda/116275

torchcsprng allowed for determinism between the CPU and GPU, however
profiling indicated that torch.rand on CPU was more efficient.
See https://github.com/pytorch/csprng/issues/126
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torchsynth.module


SynthModule


	
class torchsynth.module.SynthModule(synthconfig, device=None, **kwargs)

	Bases: torch.nn.modules.module.Module

A base class for synthesis modules. A SynthModule
optionally takes input from other SynthModule instances.
The SynthModule uses its (optional) input and its
set of ModuleParameter to generate
output. All ModuleParameter of
the SynthModule are assumed to be
batch_size-length 1-D
tensors.

All SynthModule objects should be atomic, i.e., they
should not contain other SynthModule objects. This
design choice is in the spirit of modular synthesis.


	Parameters

	
	synthconfig (SynthConfig) – An object containing synthesis settings that are shared
across all modules, typically specified by
Voice, or some other, possibly custom
AbstractSynth subclass.


	device (Optional [https://docs.python.org/3/library/typing.html#typing.Optional][device]) – An object representing the device on which the torch tensors
are to be allocated (as per PyTorch, broadly).









	
add_parameters(parameters)

	Adds parameters to the SynthModule parameter dictionary. Used
by the class constructor.


	Parameters

	parameters (List [https://docs.python.org/3/library/typing.html#typing.List][ModuleParameter]) – List of parameters to register with this module.










	
property batch_size

	Size of the batch to be generated.


	Return type

	Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
property buffer_size

	Size of the module output in samples.


	Return type

	Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
property eps

	A very small value used to avoid computational errors.


	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
forward(*args, **kwargs)

	Wrapper for output that ensures a buffer_size
length output.


	Return type

	Signal










	
get_parameter(parameter_id)

	Retrieves a single ModuleParameter, as
specified by its parameter Id.


	Parameters

	parameter_id (str [https://docs.python.org/3/library/stdtypes.html#str]) – Id of the parameter to retrieve.



	Return type

	ModuleParameter










	
get_parameter_0to1(parameter_id)

	Retrieves a specified parameter value in the normalized range [0,1].


	Parameters

	parameter_id (str [https://docs.python.org/3/library/stdtypes.html#str]) – Id of the parameter to retrieve.



	Return type

	Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
property nyquist

	Convenience property for the highest frequency that can be
represented at sample_rate (as per Shannon-Nyquist).






	
output(*args, **kwargs)

	Performs the main action of SynthModule. Each child class
should override this method.


	Return type

	Signal










	
p(parameter_id)

	Convenience method for retrieving a parameter value. Returns
the value in parameter-specific, non-normalized range.


	Parameters

	parameter_id (str [https://docs.python.org/3/library/stdtypes.html#str]) – Id of the parameter to retrieve.



	Return type

	Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
property sample_rate

	Sample rate frequency in Hz.


	Return type

	Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
seconds_to_samples(seconds)

	Convenience function to calculate the number of samples corresponding to
given a time value and sample_rate. Returns a possibly
fractional value.


	Parameters

	seconds (Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – Time value in seconds.



	Return type

	Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
set_parameter(parameter_id, value)

	Updates a parameter value in a parameter-specific non-normalized range.


	Parameters

	
	parameter_id (str [https://docs.python.org/3/library/stdtypes.html#str]) – Id of the parameter to update.


	value (Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – Value to assign to the parameter.













	
set_parameter_0to1(parameter_id, value)

	Update a parameter value in a normalized range [0,1].


	Parameters

	
	parameter_id (str [https://docs.python.org/3/library/stdtypes.html#str]) – Id of the parameter to update.


	value (Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – Value to assign to the parameter.













	
to(device=None, **kwargs)

	This function overrides the to() call in
torch.nn.Module [https://pytorch.org/docs/stable/generated/torch.nn.Module.html#torch.nn.Module]. It ensures that the related values
ModuleParameterRange and
ModuleParameter, as well as
synthconfig are also transferred to the correct
device.


	Parameters

	device (Optional [https://docs.python.org/3/library/typing.html#typing.Optional][device]) – device to send this module to










	
to_buffer_size(signal)

	Fixes the length of a signal to the default buffer size of this module,
as specified by buffer_size. Longer signals are
truncated to length; shorter signals are zero-padded.


	Parameters

	signal (Signal) – A signal to pad or truncate.



	Return type

	Signal
















Audio Rate Modules

These modules operate at full audio sampling rate.


AudioMixer


	
class torchsynth.module.AudioMixer(synthconfig, n_input, curves=None, names=None, **kwargs)

	Bases: torchsynth.module.SynthModule

Sums together N audio signals and applies range-normalization if the
resulting signal is outside of [-1, 1].


	
output(*signals)

	Returns a mixed signal from an array of input signals.


	Return type

	Signal
















ControlRateUpsample


	
class torchsynth.module.ControlRateUpsample(synthconfig, device=None, **kwargs)

	Bases: torchsynth.module.SynthModule

Upsample control signals to the global sampling rate

Uses linear interpolation to resample an input control signal to the
audio buffer size set in synthconfig.


	
output(signal)

	Performs the main action of SynthModule. Each child class
should override this method.


	Return type

	Signal
















Noise


	
class torchsynth.module.Noise(synthconfig, seed, **kwargs)

	Bases: torchsynth.module.SynthModule

Generates white noise that is the same length as the buffer.

For performance noise is pre-computed. In order to maintain
reproducibility noise must be computed on the CPU and then transferred
to the GPU, if a GPU is being used. We pre-compute
BASE_REPRODUCIBLE_BATCH_SIZE
samples of noise and then repeat those for larger batch sizes.

To keep things fast we only support multiples of
BASE_REPRODUCIBLE_BATCH_SIZE
when reproducibility mode is enabled. For example, if you batch size
is 4 times BASE_REPRODUCIBLE_BATCH_SIZE, then
you get the same noise signals repeated 4 times.

Note: If you have multiple Noise modules in the same
AbstractSynth, make sure you instantiate
each Noise with a unique seed.


	Parameters

	
	synthconfig (SynthConfig) – See SynthModule


	seed (int [https://docs.python.org/3/library/functions.html#int]) – random number generator seed for white noise









	
output()

	Performs the main action of SynthModule. Each child class
should override this method.


	Return type

	Signal
















SineVCO


	
class torchsynth.module.SineVCO(synthconfig, device=None, **kwargs)

	Bases: torchsynth.module.VCO

Simple VCO that generates a pitched sinusoid.


	
oscillator(argument, midi_f0)

	A cosine oscillator. …Good ol’ cosine.


	Parameters

	
	argument (Signal) – The phase of the oscillator at each time sample.


	midi_f0 (Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – Fundamental frequency in midi (ignored in this VCO).






	Return type

	Signal
















SquareSawVCO


	
class torchsynth.module.SquareSawVCO(synthconfig, device=None, **kwargs)

	Bases: torchsynth.module.VCO

An oscillator that can take on either a square or a sawtooth waveshape, and
can sweep continuously between them, as determined by the
shape parameter. A shape value of 0
makes a square wave; a shape of 1 makes a saw wave.

With apologies to Lazzarini and Timoney (2010).
“New perspectives on distortion synthesis for virtual analog oscillators.” [https://doi.org/10.1162/comj.2010.34.1.28]
Computer Music Journal 34, no. 1: 28-40.


	Module Parameters

	
	
tuning

	tuning adjustment for VCO in midi.

(Min: -24.0, Max: 24.0, Curve: 1, Symmetric: False)






	
mod_depth

	depth of the pitch modulation in semitones.

(Min: -96.0, Max: 96.0, Curve: 0.2, Symmetric: True)






	
initial_phase

	Initial phase for this oscillator.

(Min: -3.1415927410125732, Max: 3.1415927410125732, Curve: 1, Symmetric: False)






	
shape

	Waveshape - square to saw [0,1].

(Min: 0.0, Max: 1.0, Curve: 1, Symmetric: False)










	
oscillator(argument, midi_f0)

	Generates output square/saw audio given a phase argument.


	Parameters

	
	argument (Signal) – The phase of the oscillator at each time sample.


	midi_f0 (Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – Fundamental frequency in midi.






	Return type

	Signal










	
partials_constant(midi_f0)

	Calculates a value to determine the number of overtones in the resulting
square / saw wave, in order to keep aliasing at an acceptable level.
Higher fundamental frequencies require fewer partials for a rich sound;
lower-frequency sounds can safely have more partials without causing
audible aliasing.


	Parameters

	midi_f0 – Fundamental frequency in midi.
















FmVCO


	
class torchsynth.module.FmVCO(synthconfig, device=None, **kwargs)

	Bases: torchsynth.module.VCO

Frequency modulation VCO. Takes a modulation signal as instantaneous
frequency (in Hz) rather than as a midi value.

Typical modulation is calculated in pitch-space (midi). For FM to work,
we have to change the order of calculations. Here the modulation depth is
re-interpreted as the “modulation index” which is tied to the fundamental of
the oscillator being modulated:


\(I = \Delta f / f_m\)




where \(I\) is the modulation index, \(\Delta f\) is the frequency
deviation imparted by the modulation, and \(f_m\) is the modulation
frequency, both in Hz.


	
make_control_as_frequency(midi_f0, mod_signal)

	Creates a time-varying control signal in instantaneous frequency (Hz).


	Parameters

	
	midi_f0 (Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – Fundamental frequency in midi.


	mod_signal – FM modulation signal (interpreted as modulation index).






	Return type

	Signal










	
oscillator(argument, midi_f0)

	A cosine oscillator. …Good ol’ cosine.


	Parameters

	
	argument (Signal) – The phase of the oscillator at each time sample.


	midi_f0 (Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – Fundamental frequency in midi (ignored in this VCO).






	Return type

	Signal










	
output(midi_f0, mod_signal)

	
	Parameters

	
	midi_f0 (Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – note value in midi


	mod_signal (Signal) – audio rate frequency modulation signal






	Return type

	Signal
















VCA


	
class torchsynth.module.VCA(synthconfig, device=None, **kwargs)

	Bases: torchsynth.module.SynthModule

Voltage controlled amplifier.

The VCA shapes the amplitude of an audio input signal over time, as
determined by a control signal. To shape control-rate signals, use
torchsynth.module.ControlRateVCA.


	
output(audio_in, control_in)

	
	Parameters

	
	audio – Audio input to shape with the VCA.


	amp_control – Time-varying amplitude modulation signal.






	Return type

	Signal
















VCO


	
class torchsynth.module.VCO(synthconfig, device=None, **kwargs)

	Bases: torchsynth.module.SynthModule

Base class for voltage controlled oscillators.

Think of this as a VCO on a modular synthesizer. It has a base pitch
(specified here as a midi value), and a pitch modulation depth. Its call
accepts a modulation signal between [-1, 1]. An array of 0’s returns a
stationary audio signal at its base pitch.


	Parameters

	
	synthconfig (SynthConfig) – An object containing synthesis settings that are shared
across all modules, typically specified by
Voice, or some other, possibly custom
AbstractSynth subclass.


	phase – Initial oscillator phase.






	Module Parameters

	
	
tuning

	tuning adjustment for VCO in midi.

(Min: -24.0, Max: 24.0, Curve: 1, Symmetric: False)






	
mod_depth

	depth of the pitch modulation in semitones.

(Min: -96.0, Max: 96.0, Curve: 0.2, Symmetric: True)






	
initial_phase

	Initial phase for this oscillator.

(Min: -3.1415927410125732, Max: 3.1415927410125732, Curve: 1, Symmetric: False)










	
make_argument(freq)

	Generates the phase argument to feed an oscillating function to
generate an audio signal.


	Parameters

	freq (Signal) – Time-varying instantaneous frequency in Hz.



	Return type

	Signal










	
make_control_as_frequency(midi_f0, mod_signal=None)

	Generates a time-varying control signal in frequency (Hz) from a midi
fundamental pitch and pitch-modulation signal.


	Parameters

	
	midi_f0 (Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – Fundamental pitch value in midi.


	mod_signal (Optional [https://docs.python.org/3/library/typing.html#typing.Optional][Signal]) – Pitch modulation signal in midi.






	Return type

	Signal










	
oscillator(argument, midi_f0)

	This function accepts a phase argument and generates output audio. It is
implemented by the child class.


	Parameters

	
	argument (Signal) – The phase of the oscillator at each time sample.


	midi_f0 (Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – Fundamental frequency in midi.






	Return type

	Signal










	
output(midi_f0, mod_signal=None)

	Generates audio signal from modulation signal.


	Parameters

	
	midi_f0 (Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – Fundamental of note in midi note value (0-127).


	mod_signal (Optional [https://docs.python.org/3/library/typing.html#typing.Optional][Signal]) – Modulation signal to apply to the pitch.






	Return type

	Signal


















Control Rate Modules

Control rate modules produce signals that are used to modulate parameters of
other modules. For performance these modules run at a reduced sampling rate.


ControlRateModule


	
class torchsynth.module.ControlRateModule(synthconfig, device=None, **kwargs)

	Bases: torchsynth.module.SynthModule

An abstract base class for non-audio modules that adapts the functions of
SynthModule to run at control_rate.


	
property control_buffer_size

	Size of the module output in samples.


	Return type

	Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
property control_rate

	Control rate frequency in Hz.


	Return type

	Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
output(*args, **kwargs)

	Performs the main action of ControlRateModule. Each child
class should override this method.


	Return type

	Signal










	
seconds_to_samples(seconds)

	Convenience function to calculate the number of samples corresponding to
given a time value and control_rate. Returns a possibly
fractional value.


	Parameters

	seconds (Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – Time value in seconds.



	Return type

	Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
to_buffer_size(signal)

	Fixes the length of a signal to the control buffer size of this module,
as specified by control_buffer_size. Longer
signals are truncated to length; shorter signals are zero-padded.


	Parameters

	signal (Signal) – A signal to pad or truncate.



	Return type

	Signal
















ADSR


	
class torchsynth.module.ADSR(synthconfig, device=None, **kwargs)

	Bases: torchsynth.module.ControlRateModule

Envelope class for building a control-rate ADSR signal.


	Parameters

	
	synthconfig (SynthConfig) – An object containing synthesis settings that are shared
across all modules, typically specified by
Voice, or some other, possibly custom
AbstractSynth subclass.


	device (Optional [https://docs.python.org/3/library/typing.html#typing.Optional][device]) – An object representing the device on which the torch tensors
are allocated (as per PyTorch, broadly).






	Module Parameters

	ADSR Parameters


	
attack

	attack time (sec).

(Min: 0.0, Max: 2.0, Curve: 0.5, Symmetric: False)






	
decay

	decay time (sec).

(Min: 0.0, Max: 2.0, Curve: 0.5, Symmetric: False)






	
sustain

	sustain amplitude 0-1. The only part of ADSR that (confusingly, by convention) is not a time value..

(Min: 0.0, Max: 1.0, Curve: 1, Symmetric: False)






	
release

	release time (sec).

(Min: 0.0, Max: 5.0, Curve: 0.5, Symmetric: False)






	
alpha

	envelope curve. 1 is linear, >1 is exponential..

(Min: 0.1, Max: 6.0, Curve: 1, Symmetric: False)










	
make_attack(attack_time)

	Builds the attack portion of the envelope.


	Parameters

	attack_time – Length of the attack in seconds.



	Return type

	Signal










	
make_decay(attack_time, decay_time)

	Creates the decay portion of the envelope.


	Parameters

	
	attack_time – Length of the attack in seconds.


	decay_time – Length of the decay time in seconds.






	Return type

	Signal










	
make_release(note_on_duration)

	Creates the release portion of the envelope.


	Parameters

	note_on_duration – Duration of midi note in seconds (release starts
when the midi note is released).



	Return type

	Signal










	
output(note_on_duration)

	Generate an ADSR envelope.

By default, this envelope reacts as if it was triggered with midi, for
example playing a keyboard. Each midi event has a beginning and end:
note-on, when you press the key down; and note-off, when you release the
key. note_on_duration is the amount of time that the key is depressed.

During the note-on, the envelope moves through the attack and decay
sections of the envelope. This leads to musically-intuitive, but
programatically-counterintuitive behaviour:

Example

Assume attack is .5 seconds, and decay is .5 seconds. If a note is
held for .75 seconds, the envelope won’t pass through the entire
attack-and-decay (specifically, it will execute the entire attack,
and only .25 seconds of the decay).

If this is confusing, don’t worry about it. ADSR’s do a lot of work
behind the scenes to make the playing experience feel natural.


	Parameters

	note_on_duration (Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – Duration of note on event in seconds.



	Return type

	Signal










	
ramp(duration, start=None, inverse=False)

	Makes a ramp of a given duration in seconds.

The construction of this matrix is rather cryptic. Essentially, this
method works by tilting and clipping ramps between 0 and 1, then
applying a scaling factor alpha.


	Parameters

	
	duration (Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – Length of the ramp in seconds.


	start (Optional [https://docs.python.org/3/library/typing.html#typing.Optional][Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]]) – Initial delay of ramp in seconds.


	inverse (Optional [https://docs.python.org/3/library/typing.html#typing.Optional][bool [https://docs.python.org/3/library/functions.html#bool]]) – Toggle to flip the ramp from ascending to descending.






	Return type

	Signal
















ControlRateVCA


	
class torchsynth.module.ControlRateVCA(synthconfig, device=None, **kwargs)

	Bases: torchsynth.module.ControlRateModule

Voltage controlled amplifier.

The VCA shapes the amplitude of a control input signal over time, as
determined by another control signal. To shape audio-rate signals, use
torchsynth.module.VCA.


	
output(audio_in, control_in)

	
	Parameters

	
	control – Control signal input to shape with the VCA.


	amp_control – Time-varying amplitude modulation signal.






	Return type

	Signal
















LFO


	
class torchsynth.module.LFO(synthconfig, exponent=tensor(2.7183), **kwargs)

	Bases: torchsynth.module.ControlRateModule

Low Frequency Oscillator.

The LFO shape can be any mixture of sine, triangle, saw, reverse saw, and
square waves. Contributions of each base-shape are determined by the
lfo_types values, which are between 0 and 1.


	Parameters

	
	synthconfig (SynthConfig) – See SynthConfig.


	exponent (Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A non-negative value that determines the discrimination of the
soft-max selector for LFO shapes. Higher values will tend to favour
one LFO shape over all others. Lower values will result in a more
even blend of LFO shapes.






	Module Parameters

	
	
frequency

	Frequency in Hz of oscillation.

(Min: 0.0, Max: 20.0, Curve: 0.25, Symmetric: False)






	
mod_depth

	LFO rate modulation in Hz.

(Min: -10.0, Max: 20.0, Curve: 0.5, Symmetric: True)






	
initial_phase

	Initial phase of LFO.

(Min: -3.1415927410125732, Max: 3.1415927410125732, Curve: 1, Symmetric: False)










	
make_control(mod_signal=None)

	Applies the LFO-rate modulation signal to the LFO base frequency.


	Parameters

	mod_signal (Optional [https://docs.python.org/3/library/typing.html#typing.Optional][Signal]) – Modulation signal in Hz. Positive values increase the
LFO base rate; negative values decrease it.



	Return type

	Signal










	
make_lfo_shapes(argument)

	Generates five separate signals for each LFO shape and returns them as a
tuple, to be mixed by torchsynth.module.LFO.output().


	Parameters

	argument (Signal) – Time-varying phase to generate LFO signals.



	Return type

	Tuple [https://docs.python.org/3/library/typing.html#typing.Tuple][Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor], Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor], Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor], Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor], Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]]










	
output(mod_signal=None)

	Generates low frequency oscillator control signal.


	Parameters

	mod_signal (Optional [https://docs.python.org/3/library/typing.html#typing.Optional][Signal]) – LFO rate modulation signal in Hz. To modulate the
depth of the LFO, use torchsynth.module.ControlRateVCA.



	Return type

	Signal
















ModulationMixer


	
class torchsynth.module.ModulationMixer(synthconfig, n_input, n_output, curves=None, input_names=None, output_names=None, **kwargs)

	Bases: torchsynth.module.SynthModule

A modulation matrix that combines \(N\) input modulation signals to make
\(M\) output modulation signals. Each output is a linear combination of
all in input signals, as determined by an \(N  imes M\) mixing matrix.


	Parameters

	
	synthconfig (SynthConfig) – See SynthConfig.


	n_input (int [https://docs.python.org/3/library/functions.html#int]) – Number of input signals to module mix.


	n_output (int [https://docs.python.org/3/library/functions.html#int]) – Number of output signals to generate.


	curves (Optional [https://docs.python.org/3/library/typing.html#typing.Optional][List [https://docs.python.org/3/library/typing.html#typing.List][float [https://docs.python.org/3/library/functions.html#float]]]) – A positive value that determines the contribution of each
input signal to the other signals. A low value discourages
over-mixing.









	
forward(*signals)

	Performs mixture of modulation signals.


	Return type

	Tuple [https://docs.python.org/3/library/typing.html#typing.Tuple][Signal]


















Parameter Modules

Parameter modules simply output values.


CrossfadeKnob


	
class torchsynth.module.CrossfadeKnob(synthconfig, device=None, **kwargs)

	Bases: torchsynth.module.SynthModule

Crossfade knob parameter with no signal generation


	Module Parameters

	
	
ratio

	crossfade knob.

(Min: 0.0, Max: 1.0, Curve: 1, Symmetric: False)
















HardModeSelector


	
class torchsynth.module.HardModeSelector(synthconfig, n_modes, **kwargs)

	Bases: torchsynth.module.SynthModule

A hard mode selector.
NOTE: This is non-differentiable.


	
forward()

	Wrapper for output that ensures a buffer_size
length output.


	Return type

	Tuple [https://docs.python.org/3/library/typing.html#typing.Tuple][Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor], Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]]
















MonophonicKeyboard


	
class torchsynth.module.MonophonicKeyboard(synthconfig, device=None, **kwargs)

	Bases: torchsynth.module.SynthModule

A keyboard controller module. Mimics a mono-synth keyboard and contains
parameters that output a midi_f0 and note duration.


	Module Parameters

	
	
midi_f0

	pitch value in ‘midi’ (69 = 440Hz).

(Min: 0.0, Max: 127.0, Curve: 1.0, Symmetric: False)






	
duration

	note-on button, in seconds.

(Min: 0.01, Max: 4.0, Curve: 0.5, Symmetric: False)










	
forward()

	Wrapper for output that ensures a buffer_size
length output.


	Return type

	Tuple [https://docs.python.org/3/library/typing.html#typing.Tuple][Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor], Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]]
















SoftModeSelector


	
class torchsynth.module.SoftModeSelector(synthconfig, n_modes, exponent=tensor(2.7183), **kwargs)

	Bases: torchsynth.module.SynthModule

A soft mode selector.
If there are n different modes, return a probability distribution over them.

TODO: Would be nice to sample in a way that maximizes
KL-divergence from uniform: https://github.com/torchsynth/torchsynth/issues/165


	
forward()

	Normalize all mode weights so they sum to 1.0


	Return type

	Tuple [https://docs.python.org/3/library/typing.html#typing.Tuple][Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor], Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]]
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torchsynth.parameter


ModuleParameter


	
class torchsynth.parameter.ModuleParameter(value: Optional[torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]] = None, parameter_name: str [https://docs.python.org/3/library/stdtypes.html#str] = '', parameter_range: Optional[torchsynth.parameter.ModuleParameterRange] = None, data: Optional[torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]] = None, requires_grad: bool [https://docs.python.org/3/library/functions.html#bool] = True, frozen: Optional[bool [https://docs.python.org/3/library/functions.html#bool]] = False)

	Bases: torch.nn.parameter.Parameter [https://pytorch.org/docs/stable/generated/torch.nn.parameter.Parameter.html#torch.nn.parameter.Parameter]

ModuleParameter class that inherits from pytorch Parameter

TODO: Rethink value vs data here
see https://github.com/torchsynth/torchsynth/issues/101

TODO: parameter_range shouldn’t be optional
see https://github.com/torchsynth/torchsynth/issues/340


	Parameters

	
	value – initial value of this parameter in the human-readable range.


	parameter_name – A name for this parameter


	parameter_range – A ModuleParameterRange
object that supports conversion between human-readable range and
machine-readable [0,1] range.


	data – directly add data to this parameter in machine-readable range.


	requires_grad – whether or not a gradient is required for this parameter


	frozen – freeze parameter value and prevent updating









	
from_0to1()

	Get the value of this parameter in the human-readable range.

TODO ModuleParameterRange should not be optional
see https://github.com/torchsynth/torchsynth/issues/340
If no parameter range was specified, then the original parameter is returned.


	Return type

	Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
static is_parameter_frozen(parameter)

	Check whether a ModuleParameter is frozen. Asserts
that parameter is an instance of ModuleParameter,
and returns a bool indicating whether it is frozen.


	Parameters

	parameter (ModuleParameter) – parameter to check










	
to_0to1(new_value)

	Set the value of this parameter using an input that is
in the human-readable range. Raises a runtime error if
this parameter has been frozen.


	Parameters

	new_value (Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – new value to update this parameter with
















ModuleParameterRange


	
class torchsynth.parameter.ModuleParameterRange(minimum, maximum, curve=1, symmetric=False, name=None, description=None)

	Bases: object [https://docs.python.org/3/library/functions.html#object]

ModuleParameterRange class is a structure for keeping track of
the specific range that a parameter might take on. Also handles
functionality for converting between machine-readable range [0, 1] and a
human-readable range [minimum, maximum].


	Parameters

	
	minimum (float [https://docs.python.org/3/library/functions.html#float]) – minimum value in human-readable range


	maximum (float [https://docs.python.org/3/library/functions.html#float]) – maximum value in human-readable range


	curve (float [https://docs.python.org/3/library/functions.html#float]) – strictly positive shape of the curve
values less than 1 place more emphasis on smaller
values and values greater than 1 place more emphasis on
larger values. 1 is linear.


	symmetric (bool [https://docs.python.org/3/library/functions.html#bool]) – whether or not the parameter range is symmetric,
allows for curves around a center point. When this is True,
a curve value of one is linear, greater than one emphasizes
the minimum and maximum, and less than one emphasizes values
closer to \((maximum - minimum)/2\).


	name (Optional [https://docs.python.org/3/library/typing.html#typing.Optional][str [https://docs.python.org/3/library/stdtypes.html#str]]) – name of this parameter


	description (Optional [https://docs.python.org/3/library/typing.html#typing.Optional][str [https://docs.python.org/3/library/stdtypes.html#str]]) – optional description of this parameter









	
from_0to1(normalized)

	Set value of this parameter using a normalized value in the range [0,1]


	Parameters

	normalized (Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – value within machine-readable range [0, 1] to convert to
human-readable range [minimum, maximum].



	Return type

	Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
to_0to1(value)

	Convert from human-readable range [minimum, maximum] to machine-range [0, 1].


	Parameters

	value (Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – value within the range defined by minimum and maximum



	Return type

	Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]
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torchsynth.signal


	
class torchsynth.signal.Signal

	Bases: torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]

A convenience type for batched signals, either audio signals
or control signals. A signal is 2D Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]:
batch x num_samples.

Note: To cast a tensor as a signal:
torch.zeros(batch_size, N).as_subclass(Signal)


	
property batch_size

	




	
property num_samples
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torchsynth.synth

SynthModule wired together form a modular synthesizer.
Voice is our default synthesizer, and is used to
generate synth1B1.

We base off pytorch-lightning LightningModule [https://pytorch-lightning.readthedocs.io/en/stable/api/pytorch_lightning.core.lightning.html#pytorch_lightning.core.lightning.LightningModule]
because it makes multi-GPU [https://pytorch-lightning.readthedocs.io/en/latest/advanced/multi_gpu.html]
inference easy. Nonetheless, you can treat each synth as a native
torch Module [https://pytorch.org/docs/stable/generated/torch.nn.Module.html#torch.nn.Module].


	
class torchsynth.synth.AbstractSynth(synthconfig=None, *args, **kwargs)

	Bases: pytorch_lightning.core.lightning.LightningModule [https://pytorch-lightning.readthedocs.io/en/stable/api/pytorch_lightning.core.lightning.html#pytorch_lightning.core.lightning.LightningModule]

Base class for synthesizers that combine one or more
SynthModule to create a full synth
architecture.


	Parameters

	synthconfig (Optional [https://docs.python.org/3/library/typing.html#typing.Optional][SynthConfig]) – Global configuration for this synth and all its
component SynthModule. If none
is provided, we use our defaults.






	
add_synth_modules(modules)

	Add a set of named children SynthModule
to this synth.
Registers them with the torch Module [https://pytorch.org/docs/stable/generated/torch.nn.Module.html#torch.nn.Module] so that
all parameters are recognized.


	Parameters

	modules (List [https://docs.python.org/3/library/typing.html#typing.List][Tuple [https://docs.python.org/3/library/typing.html#typing.Tuple][str [https://docs.python.org/3/library/stdtypes.html#str], SynthModule, Optional [https://docs.python.org/3/library/typing.html#typing.Optional][Dict [https://docs.python.org/3/library/typing.html#typing.Dict][str [https://docs.python.org/3/library/stdtypes.html#str], Any [https://docs.python.org/3/library/typing.html#typing.Any]]]]]) – A list of SynthModule
classes with their names and any parameters to pass to
their constructor.










	
property batch_size

	
	Return type

	Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
property buffer_size

	
	Return type

	Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
property buffer_size_seconds

	
	Return type

	Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
forward(batch_idx=None, *args, **kwargs)

	Wrapper around output, which optionally randomizes the
synth ModuleParameter values
in a deterministic way, and optionally disables gradient
computations. This all depends on
synthconfig.


	Parameters

	batch_idx (Optional [https://docs.python.org/3/library/typing.html#typing.Optional][int [https://docs.python.org/3/library/functions.html#int]]) – If provided, we generate this batch, in a
deterministic random way, according to
batch_size.
If None (default), we just use the current
module parameter settings.



	Return type

	Tuple [https://docs.python.org/3/library/typing.html#typing.Tuple][Signal, Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor], Optional [https://docs.python.org/3/library/typing.html#typing.Optional][Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]]]



	Returns

	audio, parameters, is_train as a Tuple.

(batch_size x buffer_size audio tensor,

batch_size x n_parameters [0, 1] parameters tensor,

batch_size Boolean tensor of is this example train [or test],
None if batch_idx is None)












	
freeze_parameters(params)

	Freeze a set of parameters by passing in a tuple of the module and param name.






	
get_parameters(include_frozen=False)

	Returns a dictionary of
ModuleParameterRange for this synth,
keyed on a tuple of the SynthModule name
and the parameter name.


	Parameters

	include_frozen (bool [https://docs.python.org/3/library/functions.html#bool]) – If some parameter is frozen, return it anyway.



	Return type

	Dict [https://docs.python.org/3/library/typing.html#typing.Dict][Tuple [https://docs.python.org/3/library/typing.html#typing.Tuple][str [https://docs.python.org/3/library/stdtypes.html#str], str [https://docs.python.org/3/library/stdtypes.html#str]], ModuleParameter]










	
property hyperparameters

	Returns a dictionary of curve and symmetry hyperparameter values keyed
on a tuple of the module name, parameter name, and hyperparameter name


	Return type

	Dict [https://docs.python.org/3/library/typing.html#typing.Dict][Tuple [https://docs.python.org/3/library/typing.html#typing.Tuple][str [https://docs.python.org/3/library/stdtypes.html#str], str [https://docs.python.org/3/library/stdtypes.html#str], str [https://docs.python.org/3/library/stdtypes.html#str]], Any [https://docs.python.org/3/library/typing.html#typing.Any]]










	
load_hyperparameters(nebula)

	Load hyperparameters from a JSON file


	Parameters

	nebula (str [https://docs.python.org/3/library/stdtypes.html#str]) – nebula to load. This can either be the name of a nebula that is
included in torchsynth, or the filename of a nebula json file to load.





TODO add nebula list in docs
See https://github.com/torchsynth/torchsynth/issues/324


	Return type

	None [https://docs.python.org/3/library/constants.html#None]










	
on_post_move_to_device()

	LightningModule trigger after this Synth has been moved to a different device.
Use this to update children SynthModules device settings


	Return type

	None [https://docs.python.org/3/library/constants.html#None]










	
output(*args, **kwargs)

	Each AbstractSynth should override this.


	Return type

	Signal










	
randomize(seed=None)

	Randomize all parameters






	
property sample_rate

	
	Return type

	Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
save_hyperparameters(filename, indent=True)

	Save hyperparameters to a JSON file


	Return type

	None [https://docs.python.org/3/library/constants.html#None]










	
set_hyperparameter(hyperparameter, value)

	Set a hyperparameter. Pass in the module name, parameter name, and
hyperparameter to set, and the value to set it to.






	
set_parameters(params, freeze=False)

	Set various ModuleParameter for this synth.


	Parameters

	
	params (Dict [https://docs.python.org/3/library/typing.html#typing.Dict][Tuple [https://docs.python.org/3/library/typing.html#typing.Tuple][str [https://docs.python.org/3/library/stdtypes.html#str], str [https://docs.python.org/3/library/stdtypes.html#str]], Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]]) – Module and parameter strings, with the corresponding value.


	freeze (Optional [https://docs.python.org/3/library/typing.html#typing.Optional][bool [https://docs.python.org/3/library/functions.html#bool]]) – Optionally, freeze these parameters to prevent further updates.













	
test_step(batch, batch_idx)

	This is boilerplate required by pytorch-lightning
LightningTrainer
when calling test.






	
training: bool [https://docs.python.org/3/library/functions.html#bool]

	




	
unfreeze_all_parameters()

	Unfreeze all parameters in this synth.










	
class torchsynth.synth.Voice(synthconfig=None, nebula='default', *args, **kwargs)

	Bases: torchsynth.synth.AbstractSynth

The default configuration in torchsynth is the Voice, which is
the architecture used in synth1B1. The Voice architecture
comprises the following modules: a
MonophonicKeyboard, two
LFO, six ADSR
envelopes (each LFO module includes
two dedicated ADSR: one for rate
modulation and another for amplitude modulation), one
SineVCO, one
SquareSawVCO, one
Noise generator,
VCA, a
ModulationMixer and an
AudioMixer. Modulation signals
generated from control modules (ADSR
and LFO) are upsampled to the audio
sample rate before being passed to audio rate modules.

You can find a diagram of Voice in Synth Architectures documentation.


	
output()

	Each AbstractSynth should override this.


	Return type

	Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
precision: int [https://docs.python.org/3/library/functions.html#int]

	




	
training: bool [https://docs.python.org/3/library/functions.html#bool]

	




	
use_amp: bool [https://docs.python.org/3/library/functions.html#bool]
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torchsynth.util

Utility functions for torch DSP related things


	
torchsynth.util.fix_length(signal, length)

	Pad or truncate Signal to specified length.


	Return type

	Signal










	
torchsynth.util.midi_to_hz(midi)

	Convert from midi (linear pitch) to frequency in Hz.


	Parameters

	midi (Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – Linear pitch on the MIDI scale.



	Return type

	Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]



	Returns

	Frequency in Hz.










	
torchsynth.util.normalize(signal)

	Normalize every individual signal in batch.


	Return type

	Signal










	
torchsynth.util.normalize_if_clipping(signal)

	Only normalize invidiaul signals in batch that have samples
less than -1.0 or greater than 1.0


	Return type

	Signal
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Git LFS Changelog


2.13.3 (26 Mar 2021)

This release fixes two bugs that caused git lfs prune to hang, updates some
dependencies to versions which lack a security issue (which did not affect Git
LFS), and adds support for ARM64 builds on macOS.


Bugs


	lfs: don’t invoke diff drivers when pruning repositories #4407 (@bk2204)


	Parse stash log entries parsimonously in prune command #4449 (@chrisd8088)







Misc


	Darwin ARM64 support #4437 (@bk2204)


	vendor,go.{mod,sum}: update x/net and dependencies #4398 (@chrisd8088)









2.13.2 (13 Jan 2021)

This release introduces a security fix for Windows systems, which has been
assigned CVE-2021-21237.

On Windows, if Git LFS operates on a malicious repository with a git.bat or
git.exe file in the current directory, that program is executed, permitting the
attacker to execute arbitrary code.  This security problem does not affect Unix
systems.  This is the same issue as CVE-2020-27955, but the fix for that issue
was incomplete and certain options can still cause the problem to occur.

This occurs because on Windows, Go includes (and prefers) the current directory
when the name of a command run does not contain a directory separator.  This has
been solved by always using PATH to pre-resolve paths before handing them to Go.

We would like to extend a special thanks to the following open-source
contributors:


	@Ry0taK for reporting this to us responsibly





Bugs


	Use subprocess for invoking all commands (@bk2204)









2.13.1 (11 Dec 2020)

This release fixes a bug in our build tooling that prevents our release process
from working properly.  This release is otherwise identical to 2.13.0.


Misc


	Makefile: don’t fail the second time macOS builds are built #4341 (@bk2204)









2.13.0 (10 Dec 2020)

This release introduces several new features, such as the --above option to
git lfs migrate import and support for socks5h proxies.  In addition, many
bugs have been fixed and several miscellaneous fixes have been included.

Unless someone steps up to fix and maintain NTLM support, this will be the last
Git LFS release to support NTLM.  See #4247 for more details.  Note that Git LFS
supports Kerberos as well, which is far more secure and may be a viable
replacement in many situations.

We would like to extend a special thanks to the following open-source
contributors:


	@EliRibble for adding support for the --above option to git lfs migrate import


	@andrewshadura for adding support for the GIT_LFS_SKIP_PUSH environment variable


	@sinbad for fixing problems with retaining objects used by stashes


	@tklauser for cleaning up our use of error constants in the code





Features


	Add –above parameter to ‘migrate import’. #4276 (@EliRibble)


	Add GIT_LFS_SKIP_PUSH to allow skipping the pre-push hook #4202 (@andrewshadura)


	lfshttp: add support for socks5h proxies #4259 (@bk2204)


	Add manual pages to release assets #4230 (@bk2204)


	Honor GIT_WORK_TREE #4269 (@bk2204)







Bugs


	Make git lfs migrate import handle missing extensions #4318 (@bk2204)


	fs: don’t panic when using a too-short object ID to push #4307 (@bk2204)


	Fix pattern matching for .gitattributes #4301 (@bk2204)


	config: map missing port to default for HTTP key lookups #4282 (@bk2204)


	tools: use IoctlFileClone from golang.org/x/sys/unix [http://golang.org/x/sys/unix] #4261 (@tklauser)


	tools/util_darwin.go: Remove use of direct syscalls #4251 (@stanhu)


	tools: always force a UTF-8 locale for cygpath #4231 (@bk2204)


	prune: fix deleting objects referred to by stashes #4209 (@sinbad)







Misc


	migrate import: warn about refs on case insensitive file systems #4332 (@larsxschneider)


	Drop obsolete OS support #4328 (@bk2204)


	tools: use ERROR_SHARING_VIOLATION const from golang.org/x/sys/windows [http://golang.org/x/sys/windows] #4291 (@tklauser)


	pull: gracefully handle merge conflicts #4289 (@bk2204)


	script/upload: avoid using Ruby’s URI.escape #4266 (@bk2204)


	add documentation of security bug report process #4244 (@chrisd8088)









2.12.1 (4 Nov 2020)

This release introduces a security fix for Windows systems, which has been
assigned CVE-2020-27955.

On Windows, if Git LFS operates on a malicious repository with a git.bat or
git.exe file in the current directory, that program is executed, permitting the
attacker to execute arbitrary code.  This security problem does not affect Unix
systems.

This occurs because on Windows, Go includes (and prefers) the current directory
when the name of a command run does not contain a directory separator.  This has
been solved by always using PATH to pre-resolve paths before handing them to Go.

We would like to extend a special thanks to the following open-source
contributors:


	@dawidgolunski for reporting this to us responsibly





Bugs


	subprocess: avoid using relative program names (@bk2204)









2.12.0 (1 Sep 2020)

This release introduces several new features, such as support for the SHA-256
repositories coming in a future version of Git, restored support for Go 1.11,
the ability to read the contents of .lfsconfig from the repository, signed and
notarized binaries on macOS, and pre-built 32-bit ARM binaries on Linux.  In
addition, several bugs have been fixed and miscellaneous fixes included.

Note that macOS releases are now shipped as zip files, not tarballs, since it is
not possible to notarize tarballs.  macOS releases are now also built on macOS,
so git lfs dedup should now function.

We would like to extend a special thanks to the following open-source
contributors:


	@saracen for adding support for ARM binaries


	@mversluys for improving locking support


	@cccfeng for updating our documentation to make it more readable


	@bluekeyes for improving performance and tracing


	@gertcuykens for adding missing parts of our documentation





Features


	config: optionally read .lfsconfig from the repository #4200 (@bk2204)


	Support SHA-256 repositories #4186 (@bk2204)


	allow Go 1.11 builds by using WaitStatus.ExitStatus() #4183 (@chrisd8088)


	add –worktree option to install and uninstall commands #4159 (@chrisd8088)


	Sign and notarize binaries on macOS #4143 (@bk2204)


	Makefile: add linux arm build and release targets #4126 (@saracen)


	Allow locking and unlocking non-existent files #3992 (@mversluys)







Bugs


	docs/api/locking: add an explicit  #4208 (@cccfeng)
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Git LFS [https://git-lfs.github.com] is a command line extension and
specification for managing large files with Git.

The client is written in Go, with pre-compiled binaries available for Mac,
Windows, Linux, and FreeBSD. Check out the website [http://git-lfs.github.com]
for an overview of features.


Getting Started


Downloading

You can install the Git LFS client in several different ways, depending on your
setup and preferences.


	Linux users. Debian and RPM packages are available from
PackageCloud [https://packagecloud.io/github/git-lfs/install].


	macOS users. Homebrew [https://brew.sh] bottles are distributed, and can
be installed via brew install git-lfs.


	Windows users. Git LFS is included in the distribution of
Git for Windows [https://gitforwindows.org/]. Alternatively, you can
install a recent version of Git LFS from the Chocolatey [https://chocolatey.org/] package manager.


	Binary packages. In addition, binary packages [https://github.com/git-lfs/git-lfs/releases] are
available for Linux, macOS, Windows, and FreeBSD.


	Building from source. This repository [https://github.com/git-lfs/git-lfs.git] can also be
built from source using the latest version of Go [https://golang.org], and the
available instructions in our
Wiki [https://github.com/git-lfs/git-lfs/wiki/Installation#source].







Installing


From binary

The binary packages [https://github.com/git-lfs/git-lfs/releases] include a script which will:


	Install Git LFS binaries onto the system $PATH


	Run git lfs install to
perform required global configuration changes.




$ ./install.sh








From source


	Place the git-lfs binary on your system’s executable $PATH or equivalent.


	Git LFS requires global configuration changes once per-machine. This can be done by
running:




$ git lfs install








Verifying releases

Releases are signed with the OpenPGP key of one of the core team members.  To
get these keys, you can run the following command, which will print them to
standard output:

$ curl -L https://api.github.com/repos/git-lfs/git-lfs/tarball/core-gpg-keys | tar -Ozxf -





Once you have the keys, you can download the sha256sums.asc file and verify
the file you want like so:

$ gpg -d sha256sums.asc | grep git-lfs-linux-amd64-v2.10.0.tar.gz | shasum -a 256 -c












Example Usage

To begin using Git LFS within a Git repository that is not already configured
for Git LFS, you can indicate which files you would like Git LFS to manage.
This can be done by running the following from within a Git repository:

$ git lfs track "*.psd"





(Where *.psd is the pattern of filenames that you wish to track. You can read
more about this pattern syntax
here [https://git-scm.com/docs/gitattributes]).


Note: the quotation marks surrounding the pattern are important to
prevent the glob pattern from being expanded by the shell.




After any invocation of git-lfs-track(1) or git-lfs-untrack(1), you must
commit changes to your .gitattributes file. This can be done by running:

$ git add .gitattributes
$ git commit -m "track *.psd files using Git LFS"





You can now interact with your Git repository as usual, and Git LFS will take
care of managing your large files. For example, changing a file named my.psd
(tracked above via *.psd):

$ git add my.psd
$ git commit -m "add psd"






Tip: if you have large files already in your repository’s history, git lfs track will not track them retroactively. To migrate existing large files
in your history to use Git LFS, use git lfs migrate. For example:

$ git lfs migrate import --include="*.psd" --everything





For more information, read git-lfs-migrate(1) [https://github.com/git-lfs/git-lfs/blob/master/docs/man/git-lfs-migrate.1.ronn].




You can confirm that Git LFS is managing your PSD file:

$ git lfs ls-files
3c2f7aedfb * my.psd





Once you’ve made your commits, push your files to the Git remote:

$ git push origin master
Uploading LFS objects: 100% (1/1), 810 B, 1.2 KB/s
# ...
To https://github.com/git-lfs/git-lfs-test
   67fcf6a..47b2002  master -> master





Note: Git LFS requires at least Git 1.8.2 on Linux or 1.8.5 on macOS.




Limitations

Git LFS maintains a list of currently known limitations, which you can find and
edit here [https://github.com/git-lfs/git-lfs/wiki/Limitations].




Need Help?

You can get help on specific commands directly:

$ git lfs help <subcommand>





The official documentation [https://pytorch-lightning.readthedocs.io/en/stable/index.html#docs] has command references and specifications for
the tool.  There’s also a FAQ [https://github.com/git-lfs/git-lfs/wiki/FAQ] on
the wiki which answers some common questions.

You can always open an issue [https://github.com/git-lfs/git-lfs/issues], and
one of the Core Team members will respond to you. Please be sure to include:


	The output of git lfs env, which displays helpful information about your
Git repository useful in debugging.


	Any failed commands re-run with GIT_TRACE=1 in the environment, which
displays additional information pertaining to why a command crashed.







Contributing

See CONTRIBUTING.md for info on working on Git LFS and
sending patches. Related projects are listed on the Implementations wiki
page [https://github.com/git-lfs/git-lfs/wiki/Implementations].

See also SECURITY.md for info on how to submit reports
of security vulnerabilities.




Core Team

These are the humans that form the Git LFS core team, which runs the project.

In alphabetical order:



	@bk2204 [https://github.com/bk2204]

	@chrisd8088 [https://github.com/chrisd8088]

	@larsxschneider [https://github.com/larsxschneider]





	[image: ] [https://github.com/bk2204]

	[image: ] [https://github.com/chrisd8088]

	[image: ] [https://github.com/larsxschneider]



	PGP 0223B187 [https://keyserver.ubuntu.com/pks/lookup?op=get&search=0x88ace9b29196305ba9947552f1ba225c0223b187]

	PGP 088335A9 [https://keyserver.ubuntu.com/pks/lookup?op=get&search=0x09b4bf756670b76d63515717506c7945088335a9]

	PGP A5795889 [https://keyserver.ubuntu.com/pks/lookup?op=get&search=0xaa3b3450295830d2de6db90caba67be5a5795889]







Alumni

These are the humans that have in the past formed the Git LFS core team, or
have otherwise contributed a significant amount to the project. Git LFS would
not be possible without them.

In alphabetical order:



	@andyneff [https://github.com/andyneff]

	@PastelMobileSuit [https://github.com/PastelMobileSuit]

	@rubyist [https://github.com/rubyist]

	@sinbad [https://github.com/sinbad]

	@technoweenie [https://github.com/technoweenie]

	@ttaylorr [https://github.com/ttaylorr]
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