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This course is intended to confront M.sc. and Ph.D. students in economics, finance, and related fields
with recent tools developed in applied mathematics, machine learning, computational science, and the
computational economics literature to solve and estimate state-of-the-art models.

The lectures will be centered around sparse grids, adaptive sparse grids, two types of machine learning
methods (Gaussian Processes and Deep Neural Networks), and will be showcased in the context of
application in climate change economics, macroeconomics, and finance.

The lectures will be interactive, in a workshop-like style, that is, a mix of theory and actively playing
with code examples (delivered in Python and deployed on a cloud computing infrastructure).

Outline:

There will be four lectures that will cover the following topics:

* Lecture 1 -- Monday 14/11: Sparse Grids, Adaptive Sparse Grids, High-dimensional model
reduction, and high-performance computing Python libraries (if time permits).
Lecture 2 -- Thursday 17/11: Gaussian Processes, Bayesian active learning, and active subspace
methods for solving dynamic stochastic models.
Lecture 3 -- Monday 21/11: Deep Learning basics.
Lecture 4 -- Thursday 24/11: Deep Equilibrium Nets, Deep structural estimation, and some
applications to climate economics and finance.

Pre-requisites:

Graduate-level mathematics (see, e.g., ' "Mathematics for Machine Learning". The book is
freely downloadable here: https://mml-book.github.io)

Solid coding skills in Python (see, e.g., https://python-programming.quantecon.org/intro.html,
Sections 1 - 7)



https://mml-book.github.io
https://python-programming.quantecon.org/intro.html

Some working knowledge of recursive methods (see e.g., Stokey et al., Recursive Methods in
Economic Dynamics).

Evaluation:

Participants who take the course for credits are expected to propose a small project where they apply
some of the methods learned to an application (e.g., apply deep learning to a data set, solve a dynamic
model, etc.).

The deliverable that will be graded is a short write-up (4-6 pages maximum), the data set (if any), and
the code on which the presented results in the report were based.

The participants will have four weeks' time after the course is finished to complete the task.

Some related literature:

Sparse grids in general: Bungartz and Griebel [2004]

Sparse grids in economics: Brumm and Scheidegger [2017], Brumm et al. [2021]
High-dimensional model representation: Yang et al. [2012]

High-dimensional dynamic stochastic model representation: Eftekhari and Scheidegger [2020]
Gaussian processes in general: Rasmussen [2004]

Gaussian processes in economics and Finance: Scheidegger and Bilionis [2019], Renner and
Scheidegger [2018]

Active subspaces: Constantine [2015]

Active subspaces in economics: Scheidegger and Bilionis [2019], Kubler and Scheidegger
[2018]

Deep learning in general: Goodfellow et al. [2016]

Deep equilibrium nets: Azinovic et al. [2022]

Deep structural estimation: Chen et al. [2021]
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Ces cours sont proposés aux étudiants de 3¢me année de UENSAE, de UENSAI, ouverts aux étudiants de M2 ou inscrits en theése. Une
inscription préalable est demandée impérativement pour tous les étudiants de [’ENSAE, de [’ENSAI, ou extérieurs, a Lyza RACON :
lyza.racon@ensae.fr ou par téléphone au 0170266926 afin de pouvoir étre admis dans les locaux de 'ENSAE et pouvoir étre joints en

cas de nécessité par les organisateurs du cours.
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