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Sustainable Deep Learning for Time-series: Reservoir Computing
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de documents scientifiques de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Description of the tutorial

Reservoir Computing (RC) is a paradigm for designing recurrent neural models for sequential data processing, distinctly featured by efficient training algorithms. The approach is rooted in the analysis of the dynamical components of the neural architecture under the perspective of dynamical systems theory, and proposes to use fixed (possibly randomized) connections under asymptotic stability conditions. The resulting reservoir dynamics provide a rich encoding of the external input signals, enabling to reduce the learning problem to a simple regression performed by a linear model. The approach stands out in the context of Machine Learning and Deep Learning research for its distinctive and striking advantage in terms of computational efficiency, ensuring fast and sustainable training algorithms for time-series AI applications. Apart from the undoubted computational advantage, RC is appealing for a number of reasons, including its neurobiological plausibility, its amenability to implementations in unconventional neuromorphic hardware (e.g., in photonics), and the fact that it leads to clean mathematical analysis of the architectural biases of recurrent models. Intriguingly, RC gives a refreshed perspective over diverse topics in Deep Learning research, including learning beyond Backpropagation, stable neural architectures, the lottery ticket hypothesis, tiny ML, and neural architecture search. The tutorial will offer a comprehensive view of the field, from basics to the most recent advances on the machine learning side, the starting and current trends of RC in Computational Neuroscience, the recent developments in neuromorphic hardware, and will survey current libraries of RC with a detailed introduction to ReservoirPy with Python Notebooks available online. This tutorial is targeted to both researchers and practitioners that are interested in setting up fastly-trained recurrent neural networks for structured data. It will open their mind to a computing paradigm different from the most well-known ones, which offers state-of-the-art performances on several applications. Such a paradigm should be considered as its own and to implement mixtures of approaches in order to tackle seriously the environmental challenges. It is also recognized in neuroscience as an important principle to interpret and model brain computations. Basic concepts on Machine Learning and Deep Neural Networks are suggested prerequisites.

Relevance to the ECML community

This tutorial will provide an intriguing and broad overview on the emerging topic of efficiently trainable neural networks architectures, ranging from the enabling mathematical theory and the available software libraries, to computational neuroscience evidences and neuromorphic implementations in unconventional physical substrates. In this sense, the diverse backgrounds of the presenters, along with the designed format for the tutorial (featuring relatively short presentations), will be key factors in providing a stimulating and effective introduction to the subject. The focus on energy expenditure, environmental and economic impact related to the development of deep learning algorithms is becoming increasingly important in the European and global landscape. We thereby believe that the issues addressed in this tutorial are extremely relevant to the ECML community.

Outline of the tutorial

This tutorial is structured in chapters, according to the following organization. Note that a 30 minutes break is expected between Chapters 3 and 4. 

6: Software libraries and applications

  (40 minutes) Python frameworks for Reservoir Computing; hyperparameter exploration; building complex architectures; example applications (e.g., sound classification with implicit segmentation) and tricks of the trade. Short hands-on lab demonstration (ReservoirPy): Implementing Echo State Networks in Python for time-series classification.

	• Chapter 1: Introduction (10 minutes)
	Preliminaries on Deep Learning for sequential data and Recurrent Neural Networks
	(RNNs); green AI and the problem of designing sustainable Deep Learning
	algorithms.
	• Chapter 2: Basics (30 minutes)
	Randomization in Deep Neural Networks; Echo State Networks, Liquid State
	Machines, and deep architectures; quality of dynamics and network topologies;
	training algorithms; Reservoir Computing for graphs.
	• Chapter 3: Mathematical foundations (40 minutes)
	Recurrent Neural Networks as input-driven dynamical systems. Stability of recurrent
	neural networks; Memory-nonlinearity trade-off; Edge-of-chaos dynamics.
	• Chapter 4: Computational Neuroscience of Reservoir Computing (40 minutes)
	Recent advances in Reservoir Computing in Neuroscience; Paradigm shift in the last
	decade from brain data analysis towards the RC paradigm of "decoding" complex
	non-linear computations.
	• Chapter 5: Neuromorphic Hardware implementations (40 minutes)
	Principles of neural networks in unconventional and neuromorphic hardware;
	Physical substrates for neuromorphic reservoirs: photonics, memristors, spintronics,
	and mechanical systems.

• Chapter
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Technical equipment

The tutorial requires standard conference equipment, including a video projector, microphones, and usb-c or hdmi cables for slides presentation.