
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)
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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
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Logistic Regression—Detailed Overview

N
o.

Penguin Activity Penguin Activity Description How Penguin felt ( Target )

1 X1 Eating squids Happy

2 X2 Eating small Fishes Happy

3 X3 Hit by other Penguin Sad

4 X4 Eating Crabs Sad
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logit hypothesis/activation/sigmoid
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h✓(x) =
1

1 + e�✓T ·x

Logistic function

Used when the output is categorical;

Classification;


Bounded output;

……
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Logistic Regression

{(x(i)
j , y(i)), ✓j}; j = 1, 2, · · · , N ; i = 1, 2, · · · ,M ;N < M
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y(i) = 0 or 1

Discrete/binary  
Output

Fermi-Dirac distribution
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e(ϵi−μ)/kBT − 1 Bose-Einstein distribution
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Several important properties of logistic function

Logistic Regression
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Perceptron Neural network

Γ



Logistic Regression — it is very logical !

Hours 0.50 0.75 1.00 1.25 1.50 1.75 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50 4.00 4.25 4.50 4.75 5.00 5.50

Pass 0 0 0 0 0 0 1 0 1 0 1 0 1 0 1 1 1 1 1 1

A group of students spends between 0 and 6 hours studying for an exam. How does the 
number of hours spent affect the probability of the student passing the exam? 
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=
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1 + e�(�4.0777+1.5046·Hours)
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h✓(x) = 0.5 happens at x = 2.71

Decision boundary

https://en.wikipedia.org/wiki/Logistic_regression
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Model in learning

Likelihood function

Cost function

Optimization procedure

Logistic Regression — it is very logical !

J(θ) = −
1
M

ln(L(θ)) = −
1
M

M

∑
i=1

[y(i) ln(hθ(x(i)) + (1 − y(i))ln(1 − hθ(x(i)))]



Logistic Regression — it is very logical !
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Logistic Regression — it is very logical !

Gradient descent



Logistic Regression — it is very logical !


