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Abstract

In this article, we explore generative models in order
to build a market generator. The underlying idea is to
simulate artificial multi-dimensional financial time
series, whose statistical properties are the same as those
observed in the financial markets. In particular, these
synthetic data must preserve the first four statistical
moments (mean, standard deviation, skewness and
kurtosis), the stochastic dependence between the
different dimensions (copula structure) and across time
(autocorrelation function). The first part of the article
reviews the more relevant generative models, which are
restricted Boltzmann machines, generative adversarial
networks, and convolutional Wasserstein models.
The second part of the article is dedicated to financial
applications by considering the simulation of multi-
dimensional times series and estimating the probability
distribution of backtest statistics. The final objective is to
develop a framework for improving the risk management
of quantitative investment strategies.

Keywords: Machine learning, generative approach,
discriminative approach, restricted Boltzmann machine,
generative adversarial network, Wasserstein distance,
market generator, quantitative asset management,
backtesting, trading strategy.

JEL classification: C53, Gl1






About the authors

Edmond Lezmi

Edmond Lezmi joined Amundi in 2002. He is currently
Head of Multi-Asset Quantitative Research. Prior to
that, he was Head of Quantitative Research at Amundi
Alternative Investments (2008-2012), a derivatives and
fund structurer at Amundi IS (2005-2008), and Head
of Market Risk (2002-2005). Before joining Amundi, he
was Head of Market Risk at Natixis, and an exotic FX
derivatives quantitative developer at Société Générale.
He started his working career with Thales in 1987 as a
research engineer in signal processing. He holds an MSc in
Stochastic processes from the University of Orsay.

Jules Roche

Jules Rochejoined Amundiin July 2019 in the Quantitative
Research department as an intern. He worked on financial
applications of generative models such as GAN and
Boltzmann Machines. He is currently a graduate student
at Ecole Nationale des Ponts et Chaussées (ENPC) in Paris
where he studied applied mathematics and computer
science. He will be joining the Master of Finance at MIT
in September 2020.

Thierry Roncalli

Thierry Roncalli joined Amundi as Head of Quantitative
Research in November 2016. Prior to that, he was Head of
Research and Development at Lyxor Asset Management
(2009- 2016), Head of Investment Products and Strategies
at SGAM AI, Société Générale (2005-2009), and Head
of Risk Analytics at the Operational Research Group
of Crédit Agricole SA (2004-2005). From 2001 to 2003,
he was also Member of the Industry Technical Working
Group on Operational Risk (ITWGOR). Thierry began
his professional career at Crédit Lyonnais in 1999 as a
financial engineer. Before that, Thierry was a researcher
at the University of Bordeaux and then a Research
Fellow at the Financial Econometrics Research Centre of
Cass Business School. During his five years of academic
career, he also served as a consultant on option pricing
models for different banks.




Since February 2017, he is Member of the Scientific Advisory
Board of AMF, the French Securities & Financial Markets
Regulator, while he was Member of the Group of Economic
Advisers (GEA), ESMA’s Committee for Economic and
Market Analysis (CEMA), European Securities and Market
Analysis from 2014 to 2018. Thierry is also Adjunct Professor
of Economics at the University of Evry, Department of
Economics. He holds a PhD in Economics from the University
of Bordeaux, France. He is the author of humerous academic
articles in scientific reviews and has published several
books on risk and asset management. His last two books
are “Introduction to Risk Parity and Budgeting” published
in 2013 by Chapman & Hall and translated in Chinese in
2016 by China Financial Publishing House (410 pages), and
“Handbook of Financial Risk Management” published in
2020 by Chapman & Hall (1142 pages).

Jiali Xu

Jiali XU joined Amundi in 2018 as a quantitative research
analyst within the Multi-Asset Quantitative Research team.
Prior to that, he was a quantitative analyst in the Risk
Analytics and Solutions team at Société Générale between
2014 and 2018. He is graduated from Ecole des Ponts ParisTech
and he also holds a master degree in Financial Mathematics
from the University of Paris-Est Marne-la-Vallée.






































































































































https://www.ssrn.com/abstract=3384948
https://www.ssrn.com/abstract=3384948





















































































Chief Editors
Pascal BLANQUE

Chief Investment Officer

Philippe ITHURBIDE

Senior Economic Advisor



Amundi Working Paper

July 2020

ASSET MANAGEMENT

DISCLAIMER

In the European Union, this document is only for the attention of “Professional” investors as defined in Directive 2004,/39/
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the MIFID or in each local regulation, or in Switzerland to investors who do not comply with the definition of “qualified
investors” as defined in the applicable legislation and regulation. This document is not intended for citizens or residents of
the United States of America or to any «U.S. Person», as this term is defined in SEC Regulation S under the U.S. Securities
Act of 1933.

This document neither constitutes an offer to buy nor a solicitation to sell a product, and shall not be considered as an
unlawful solicitation or an investment advice.

Amundi accepts no liability whatsoever, whether direct or indirect, that may arise from the use of information contained in
this material. Amundi can in no way be held responsible for any decision or investment made on the basis of information
contained in this material. The information contained in this document is disclosed to you on a confidential basis and
shall not be copied, reproduced, modified, translated or distributed without the prior written approval of Amundi, to any
third person or entity in any country or jurisdiction which would subject Amundi or any of “the Funds”, to any registration
requirements within these jurisdictions or where it might be considered as unlawful. Accordingly, this material is for
distribution solely in jurisdictions where permitted and to persons who may receive it without breaching applicable legal
or regulatory requirements.

The information contained in this document is deemed accurate as at the date of publication set out on the first page of
this document. Data, opinions and estimates may be changed without notice.

You have the right to receive information about the personal information we hold on you. You can obtain a copy of the
information we hold on you by sending an email to info@amundi.com. If you are concerned that any of the information
we hold on you is incorrect, please contact us at info@amundi.com

Document issued by Amundi, “société par actions simplifiée”- SAS with a capital of €1,086,262,605 - Portfolio manager
regulated by the AMF under number GP0O4000036 - Head office: 90 boulevard Pasteur - 75015 Paris - France - 437 574
452 RCS Paris - www.amundi.com
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