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This course will give an overview of standard mathematical
frameworks in the machine learning theory. The lectures will begin
with historical models of Gold and Solomoff, then continue through
the basics of computational learning theory, then from prediction
with expert advice to stochastic gradient descent to modern neural
network architectures. The course plan can be adapted to fit the
scientific interests of the students.

1. Inductive inference

2. Solomonoff's Induction, Bayesian mixtures of probability

measures.

3. Halving algorithm, perceptron.

4. PAC learning, concentration inequalities, uniform

convergence for finite classes.

5. Uniform convergence for infinite classes, VC dimension, the

fundamental theorem of statistical learning.

6. Weak and strong learning, AdaBoost algorithm.

7. Online learning, Littlestone dimension, Standard Optimal

Algorithm (SOA).

8. Prediction with expert advice, Exponential Weights

Algorithm.

9. Stochastic Gradient Descent.

10. Neural Networks, the universal approximation theorem.

11. Limitations of the transformer architecture.

12. The Weisfeiler-Leman test and the expressiveness of graph

neural networks.

Wiedza:

Student ma wiedze na temat problematyki matematycznych

podstaw uczenia maszynowego.

Umiejetnosci:
Student potrafi udowodni¢ wybrane twierdzenia matematyczne
na metod uczenia maszynowego.

Kompetencje:
Student rozumie znaczenie teoretycznych wynikéw dotyczgcych



uczenia maszynowego i potrafi zidentyfikowac ich btedne

interpretacje.
PREREQUISITES Elementary mathematical education on the university level, esp.
WYMAGANIA probability theory. Additionally, some programming experience
or equivalently, a course in mathematical logic.
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