CONTENTS

Chapter 1: Mathematical Foundations for Artificial Intelligence
1.1 Role of Mathematics in Artificial Intelligence and Machine Learning
1.2 Sets, Relations and Functions
1.3 Mathematical Formulation of Machine-Learning Problems
1.4 Mathematical Notation Used in Al
1.5 Applications of Mathematical Modeling in Al

Chapter 2: Linear Algebra for AI and Machine Learning
2.1 Linear Independence, Basis and Dimension
2.2 Matrix Decomposition

2.3 Singular Value Decomposition

Chapter 3: Optimization Techniques for Machine Learning
3.1 Newton and Quasi-Newton Methods
3.2.Adam and Adaptive Optimization
3.3. Optimization in Deep Learning

Chapter 4: Information Theory and Mathematical Learning Theory
4.1 Fundamentals of Information Theory
4.2 Empirical and Expected Risk
4.3 Generalization and Model Complexity
4.4 Information Theory Applications in Artificial Intelligence

Chapter 5: Numerical Methods and Computational Mathematics
5.1 Numerical Computation for Artificial Intelligence
5.2. Numerical Solutions of Linear Systems
5.3 Numerical Optimization

5.4 Computational Mathematics for Machine Learning

Chapter 6: Mathematical Foundations of Deep Learning
6.1 Neural Networks as Mathematical Functions
6.2.Gradient-Based Learning
6.3. Regularization in Deep Learning
6.4 Mathematical Foundations of CNNs
6.5 Mathematical Foundations of Attention and Transformers

vii

1-36

37-61

62-104

105-147

148-181

182-229



Chapter 7: Advanced Mathematical Topics for Al 230-277
7.1 Multivariate Gaussian distribution
7.2 Information Theory
7.3 Dimensionality Reduction
7.4 Manifolds and Representation Learning

viii



