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Abstract 

A fundamental task for Multi-Agent Systems (MAS) is learning. Deep Neural Networks (DNNs) 

have proven to cope perfectly with all learning paradigms, i.e. supervised, unsupervised, and 

reinforcement learning. Nevertheless, traditional deep learning approaches make use of cloud 

computing facilities and do not scale well to autonomous agents with low computational resources. 

Even in the cloud they suffer from computational and memory limitations and cannot be used to 

model properly large physical worlds for agents which assume networks with billion of neurons. 

These issues were addressed in the last few years by the emerging topics of scalable and efficient 

deep learning. The tutorial covers these topics focusing on theoretical advancements, practical 

applications, and hands-on experience, in two parts: 

Part I - Scalable Deep Learning: from pruning to evolution. The first part of the tutorial focuses on 

theory. We first revise how many agents make use of deep neural networks nowadays. We then 

introduce the basic concepts of neural networks and we draw a parallel between artificial and 

biological neural networks from a functional and topological perspective. We continue by 

introducing the first papers on efficient neural networks coming from early '90s which make use 

either of sparsity enforcing penalties or weights pruning of fully connected networks based on 

various saliency criterion. Afterwards, we review some of the recent works which start from fully 

connected networks and make use of prune-retrain cycles to compress deep neural networks and to 

make them more efficient in the inference phase. We then discuss an alternative approach, i.e. 

NeuroEvolution of Augmenting Topologies (NEAT) and its follow-ups, to grow efficient deep 

neural networks using evolutionary computing. Further on, we introduce the topic of Scalable Deep 

Learning (SDL) which builds on efficient deep learning and put together all of the above. Herein, 

we discuss how DNNs are trained using the new proposed Sparse Evolutionary Training (SET) 

algorithm. SET-DNNs start from random sparse networks and use an evolutionary process to adapt 

their sparse connectivity to the data while learning. SET-DNNs offer benefits in both phases, 

training and inference, having quadratically lower memory-footprints and much faster running time 

then their fully connected counterparts. These make them the perfect match for autonomous agents 

or for the modeling of large physical environments which need millions (or perhaps billions) of 

neurons. Up to now, everything is discussed in the context of supervised and unsupervised learning. 

We conclude the first part of this tutorial by introducing deep reinforcement learning and by paving 

the ground for scalable deep reinforcement learning. We describe some very recent progresses in 

the field of deep reinforcement learning that could be used to foster the performances of 
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reinforcement learning agents when confronted with environments that can exhibit sudden changes 

in their dynamics, as it is often the case with energy systems. 

Part II - Scalable Deep Learning: agents in smart grids. The second part of the tutorial focuses on 

practical applications. Distributed generation, demand response, distributed storage, and electric 

vehicles are bringing new challenges to the power and energy sector. The tutorial addresses the 

current and envisioned solutions for the management of these distributed energy resources in the 

context of smart grids. Artificial intelligence based approaches bring important new possibilities 

enabling efficient individual and aggregated energy management. Such approaches can provide 

different players aiming to accomplish individual and common goals in the frame of a market-

driven environment with advanced decision-support and automated solutions. The first presentation 

in the afternoon session is concluded with the description of MARTINE (Multi-Agent based Real-

Time INfrastruture for Energy), a platform to support real-time energy management and simulation 

of buildings and smart grids. The platform will be used as the basis to present different data-driven 

and cognitive approaches to support efficient energy management in buildings and smart grids. 

Overall, in the multi-agents settings we analyze the opportunity of using different types of strategies 

(e.g centralized versus decentralized, cooperative versus noncooperation, and so on). Through the 

end, we will argue that reinforcement learning paradigm can be very powerful to solve many 

decision-making problems in the energy sector, as for example investment problems, the design of 

bidding strategies for playing with the intraday electricity market or problems related to the control 

of microgrids. The last presentation define the resource allocation problems as a sequential 

stochastic decision-making process in multi-agent learning, that considers scalable and efficient 

deep reinforcement learning agents. We investigate how multiple learning agents interact and 

influence each other in the smart grid context, what kind of global system dynamics arise, and how 

desired electrical behaviour can be obtained by modifying the learning algorithms used. The settings 

considered, range from one-on-one interactions (e.g. games) to small groups (e.g. multi-agent 

coordination) and large communities (e.g. interactions in social networks). 

After the tutorial, the participants shall have: a basic understanding of scalable deep neural networks 

for MAS learning, of MAS in the smart grid context; basic hands-on experience to use these 

concepts in various practical applications; and some good thoughts for future research directions. 
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