N

HAL

open science

Few hints towards more sustainable Al

Marc Duranton

» To cite this version:

Marc Duranton. Few hints towards more sustainable Al
Automation & Test in Europe Conference & Exhibition, Feb 2021, Grenoble, France.

10.23919/DATE51398.2021.9474129 . cea-04553139

HAL Id: cea-04553139
https://cea.hal.science/cea-04553139

Submitted on 19 Apr 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

DATE 2021 - IEEE 2021 Design,
pp.25,


https://cea.hal.science/cea-04553139
https://hal.archives-ouvertes.fr

Few hints towards more sustainable Al

Marc Duranton
Université Paris-Saclay, CEA, List,
F-91120, Palaiseau, France
marc.duranton@cea.fr

Abstract— Artificial Intelligence (Al) is now everywhere and
its domains of application grow every day. But its demand in
data and in computing power is also growing at an exponential
rate, faster than used to be the “Moore’s law”. The largest
structures, like GPT-3, have impressive results but also trigger
questions about the resources required for their learning phase,
in the order of magnitude of hundreds of MWh. Once the
learning done, the use of Deep Learning solutions (the
“inference” phase) is far less energy demanding, but the systems
are often duplicated in quantities (e.g. for consumer
applications) and reused multiple times, so the cumulative
energy consumption is also important. It is therefore of
paramount importance to improve the efficiency of Al solutions
in all their lifetime. This can only be achieved by combining
efforts on several domains: on the algorithmic side, on the
codesign application/algorithm/hardware, on the hardware
architecture and on the (silicon) technology for example. The
aim of this short tutorial is to raise awareness on the energy
consumption of Al and to show different tracks to improve this
problem, from distributed and federated learning, to
optimization of Neural Networks and their data representation
(e.g. using “Spikes” for information coding), to architectures
specialized for Al loads, including systems where memory and
computation are near, and systems using emerging memories or
3D stacking.

Keywords—Artificial Intelligence, sustainability,
Learning, Low power, Optimization, Codesign.
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I. INTRODUCTION

Artificial intelligence is omnipresent and is often marketed
as an easy way to exploit big data and large computer
infrastructure to solve business processes, with the promise of
finding optimizations to open up even unknown market
potential. Al, and more specifically Deep Learning (DL), was
first a necessity for the major technology companies in the
USA-GAFA- and in China -BATX: for example, to check if
the millions of pictures uploaded everyday are “correct” (a
typical Facebook deep learning use case) or for their virtual
assistants. However, their increasing performance is done
during the learning phase at the expense of more and more
computing power (especially in the field of NLP). According
to D. Amodei et al., “since 2012, the amount of compute used
in the largest Al training runs has been increasing
exponentially with a 3.4-month doubling time "[1]. This raised
concerns about the energy required (and the access to such a
computing power), as high as 656,347 kWh for a transformer
network with 213M parameters with neural architecture
search [2,3], and the latest GTP-3, from Open-Al, is using 175
billion parameters [4]... On the consumer side, if DL inference
is used in IoT devices or terminals such as smartphones or
smart speakers (more that 87M in USA in 2020 according to
VoiceBot[5]), their multiplicity will also have an important
impact in term of energy. A major challenge is therefore to
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reduce energy consumption of Artificial Intelligence, and
more particularly of Deep Learning.

II. HOw TO REDUCE ENERGY OF DEEP LEARNING?

This will be the main topic of this short tutorial, which will
put the emphasis on an holistic approach, from better
algorithms [6], efficient accelerators such as [7] embedded in
systems using what technologies such as FDSOI can bring in
term of energy reduction[8]. Energy used by DL can also be
reduced by simplifying the topology of the Neural Network,
and using less bits (quantization) for operations. This can be
achieved by tools[9], helping the designer to take the best
options. Like in all electronic systems, energy can be greatly
minimized by reducing the cost of moving data, and
computing in or near memory is very suitable for DL
architectures. Furthermore, sparse coding of information, like
using “spikes” instead of “bits”, can lead to even further
increase of efficiency of DL accelerators[10]. Sometimes, a
physical phenomenon can be used to replace a digital
computation, if its law follows a similar kind of equation than
the computation. Since DL uses quite simple equations (sum
of products in inference, minimizing an “energy” or a gradient
descent in the learning phase), several materials express
properties than can be used in “analog” realization of DL,
either electronically[10] or optically.
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