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AI & Machine Learning in Physics

Teaching Materials:
 

Slides /  Reading materials
Python notebooks 
Assignments

Assessment Methods and Weighting

• Assignments   30%

• Presentation    20%

• Project report  20%

• Exam.              30%
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0. Introduction

1. Regression
  1.1 Multivariate Linear Regression (curve fitting)
  1.2 Regularization (Lagrange multiplier)
  1.3 Logistic Regression (Fermi-Dirac distribution)
  1.4 Support Vector Machine (high-school geometry)

2. Dimensionality Reduction/feature extraction
  2.1 Principal Component Analysis (order parameters)
  2.2 Recommender Systems
  2.3 Clustering (phase transition)

Content 



3. Neural Networks
  3.1 Biological neural networks
  3.2 Mathematical representation
  3.3 Factoring biological ingredient
  3.4 Feed-forward neural networks
  3.5 Learning algorithm
  3.6  Universal Approximation Theorem

Content 



Multivariate Linear Regression

• Ethem Alpaydin, Introduction to Machine Learning, Third Edition, MIT Press 2014

Chap. 4. Parametric Methods
4.6 Regression
4.7 Bias/Variance Dilemma

Chap. 5. Multivariate Methods
5.1 Multivariate data
5.8 Multivariate Regression

• Linear algebra books:

Gilbert Strang, Linear Algebra and its Applications, 1988
David Harville, Matrix Algebra from a Statistician’s Perspective, 1997, Springer

• Most important
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Multivariate Linear Regression
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Likehood function

Multivariate Linear Regression
Basic assumption: examples are independent and identically distributed (i.i.d.).
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Convex optimisation

There exist global minimum, our goal is to find it.



Multivariate Linear Regression

Feature Scaling： x(i)
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Ensure all the features       lie in the same range
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Structure of
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Multivariate Linear Regression
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Symmetric and positive semi-definite
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Positive semi-definite

Multivariate Linear Regression

Normal Equation

O((N + 1)3)
<latexit sha1_base64="6aovS09QLbCZU+ZO7VttR78eWqQ=">AAAB83icbVBNS8NAEJ3Ur1o/WvXoZbEILUJJWkGPRS+etIL9gDaWzXbTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPMizpS27W8rs7a+sbmV3c7t7O7t5wsHhy0VxpLQJgl5KDseVpQzQZuaaU47kaQ48Dhte+Prmd9+olKxUDzoSUTdAA8F8xnB2ki9u1Lp9swpPya1ablfKNoVew60SpyUFCFFo1/46g1CEgdUaMKxUl3HjrSbYKkZ4XSa68WKRpiM8ZB2DRU4oMpN5jdP0alRBsgPpSmh0Vz9PZHgQKlJ4JnOAOuRWvZm4n9eN9b+pZswEcWaCrJY5Mcc6RDNAkADJinRfGIIJpKZWxEZYYmJNjHlTAjO8surpFWtOLVK9f68WL9K48jCMZxACRy4gDrcQAOaQCCCZ3iFNyu2Xqx362PRmrHSmSP4A+vzB5qEkBo=</latexit>

b = XTYQ =
1
M

XT X



Multivariate Linear Regression

Gradient descent method
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