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e An intensive introduction to machine learning (3 hours) 1886.5100

o Deep learning and advanced topics (3 hours) 1886.5101

e Seminar in Al and Data Science (2 hours) 1886.5102

Presentations by Al/DS scientists from the different departments on campus/industry/
students presentations.
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1: An intensive introduction to machine learning 1886.5100
Weeks 1-5: A unified theoretical framework:

2 weeks: the statistical learning approach: decision theory, parametric vs local learning,
curse of dimensionality, error decompositions (bias-variance), demonstration on nearest
neighbors and linear regression, optimism and model selection

2 weeks: the PAC learning approach: ERM, Generalization bounds, VC dimension,
Rademacher complexity

1 week: Summarizing the model selection problem.

Weeks 6-13: methods

0.5 weeks: quick introduction to convex optimization and duality, to be used for the rest of
the course

1 week: statistical vs algorithmic/optimization view: logistic regression and linear SVM
(likelihood vs optimization, unified view as loss-based learning, similarity in results)

1 week: regularization approaches: ridge/lasso, statistical properties, algorithms as time
allows

1.5 weeks: Trees, Random Forest, Boosting.

1 week: Neural Networks. Deep Neural Networks: Introduction, Examples, Basic
Experimenting



1 week: the generic view of embedding based learning: embedding in high dimension,
regularization, computational tricks: boosting (trees, “L1”, coordinate descent) and kernel
machines (RKHS, “L2”, representer)

2 weeks: intro to unsupervised learning: PCA, factor analysis, clustering: k-means,
GMM=>EM, beyond linear: t-SNE, Auto Encoders, metric learning, random projections (if
time permits)

2: Deep learning and advanced topics 1886.5101

Weeks 1-6: deep learning - deep dive

1.
2.
3.

4.

Fundamentals: backpropagation, SGD, computation, expressivity=>universality
Optimization / regularization: SGD=>L2, momentum, dropout

Architectures (2 weeks): CNN, RNN, transformers, algorithmic implications: back-
propagation through time

Diffusion and generative modeling (2 weeks)

Weeks 7-13: Selected topics. Suggested examples:
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Reinforcement learning

Statistics of Big Data: high dimensional modeling

Multiple testing and selective inference

Causality

Big data in science: genomics, particle physics, brain imaging
Modeling graphs and networks

Explainability / fairness / privacy

Information Theory approach



