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1. High Dimensional Probability: An Introduction with Applications in Data
Science, by R. Vershynin, 2019.

2. High-Dimensional Statistics: A Non-Asymptotic Viewpoint, by M. J. Wainwright
2019.
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High Dimensional Statistics, Lecture notes by P. Rigollet and J-C. Hutter, 2017.
Information-theoretic Methods for High-dimensional Statistics, Lecture notes by
Y. Wu (Yale), 2019.

Probability in High Dimension, Lecture notes by R. van Handel (Princeton), 2016.
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Probability in high dimension : 193383 9990 oV

English syllabus: Numerous scientific fields have recently expanded their

capabilities thanks to extensive data collection. The high-dimensional probability
methodology enables an understanding of the fundamental limits of extracting
information from such data. The course will present its elements, and demonstrate its
applicability in statistical inference and learning problems.

Topics:

Introduction to probability in high dimension and non-asymptotic statistics.
SubGaussian random variables and Hoeffding's inequality. SubExponential
random variables and Bernstein's inequality. Bernstein's conditions. Orlicz
spaces. Applications in estimation and classification problems.

Maximal inequalities. Nets, covering and packing numbers. Applications in
unconstrained linear regression and under sparsity assumptions.
Concentration of matrix norms. Concentration of sums of independent
matrices, and matrix Bernstein’s inequality. Davis-Kahan inequality.
Applications in matrix estimation, matrix denoising, community detection, and
principal component analysis (PCA).

Minimax lower bounds. Basic and tensorization properties of information
divergences. Le-Cam’s two point method and multiple-hypotheses Fano’s
method.

Gaussian random processes, and Slepain’s comparison inequality. Sudakov-
Fernique comparison and Sudakov minorization.

Decoupling and symmetrization. Dudley’s chaining integral and uniform laws
of large numbers. Connections between covering numbers and Vapnik-
Chervonenkis dimension — the lemmas of Sauer-Shelah and Dudley.
Generalization bounds in statistical learning.



Learning Outcomes: The students will be able to formulate, generalize and refine
mathematical models for data-science scenarions, high-dimensional statistics, and
statistical learning. They will be able to utilize tools from high-dimensional probability
to analyze them, and contribute to the forefront of research in these topics. The students
will be acquainted with the unique characataristics of random structers in high

dimension.




