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…and get creative!





Audio Technology

    - what does it actually do?

    - how does it operate?

    - what processes are taking place?

    - what are the inputs and outputs?

    - how do we interact with systems or tools?

    - how can modules be combined to create larger systems?
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Kurt Hornik, “Approximation capabilities of multilayer feedforward networks”, Neural Networks, Volume 4, Issue 2, 1991, Pages 251-257
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Loss functions

- Depends on the task and the type and shape of the data
- Determines what we want to optimize for
- Controls the optimization process

- Classification
- Cross-Entropy loss
- Activation: Softmax ( + argmax)

- Regression
- L1, L2 loss



Activation function

- ReLU
- Sigmoid



Optimization

- SGD
- Adam



Output layer

Input layer

Hidden layers
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Pablo Ruiz, “Understanding and visualizing ResNets”,  https://towardsdatascience.com/understanding-and-visualizing-resnets-442284831be8



Convolution





Aaron van den Oord, et al. “WaveNet: A Generative Model for Raw Audio”, https://arxiv.org/abs/1609.03499
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Auto-Encoder

Encoder

Decoder

Latent Space



Variational Auto-Encoder (VAE)

Encoder

Decoder

Latent Space



Generative Adversarial Network (GAN)





U-net

Olaf Ronneberger, et al., “U-Net: Convolutional Networks for Biomedical Image Segmentation”, https://arxiv.org/abs/1505.04597



Frequency-Domain models

• Spectrograms or raw transform-domain data (stft)
• Other transforms

• 2D-CNNs
• Phase-coherence



Other Types of Networks

• Transformers
• Stable Diffusion







Create!









$$$

• Azure
• AWS
• Google Cloud

$

• Lambda Labs
• Paperspace

? $

      Local computer

• Gets you started quickly
• Supports all workflows
• Ease of use
• Good for light to moderate training
• Not efficient for large-scale training



Data



• Make your own!
• Research datasets
• Use other data in the public domain
• Synthetic data

• Synthesis
• Acoustic simulations
• Sequencing/layering of sounds
• Output from other models

• Buy it / License it  $$$

• Use any material for own research and learning

• Be creative!
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• Make your own!
• Research datasets
• Use other data in the public domain
• Synthetic data

• Synthesis
• Acoustic simulations
• Sequencing/layering of sounds
• Output from other models

• Buy it / License it  $$$

• Use any material for own research and learning

• Be creative!

Data acquisition

Observe rules, regulations and licensing terms!

Be mindful of ethical considerations!
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Hardware CUDA / NvidiaCPU MPS / AppleROCm / AMD ARM ai

Low-level ATenBLAS/cuBLAS cuDNNEigen

LibTorch  (C++ API)

PyTorch  (Python framework and API)

Additional frameworks on top of PyTorch

Your application code

Other languages

Application code







PyTorch:
- Fastai
- PyTorch Lightning

Other:
- Keras
- scikit-learn

High-Level Frameworks



https://fast.ai

fast.ai



Netron

https://netron.app/



Tensorboard



Learning and Inspiration







Antoine Caillon, et al., IRCAM, “RAVE: A variational autoencoder for fast and high-quality neural audio synthesis”, 















Inference vs. Training



Deployment – use of trained models

Saving and converting a trained model

Inference runtimes
    - ONNX
    - RT Neural
    - TF Lite



Get started…!
• Regular Computer (CPU)  +  Cloud  or  Computer with GPU (Laptop/Desktop)  or  Mac with  M3 / M4

• VS Code

• Python plugins

• Python

• Miniconda

• Check out other projects

• First use research datasets to learn

• Make you own data!  - or collaborate with someone…

• Write your own training code or use a high-level framework (Fastai, Lightning)

• Create!



https://open.spotify.com/album/0r02xBsC2yJxStKxhvFd5m?si=c3BW5We5R7eJcQk30Ie8-g

Cyano
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