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Linear Models (We Learnt  So Far)

• Linear Regression

• Logistic Regression

• Perceptron Algorithm
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3 Key Concepts in Machine Learning

• Hypothesis

– Math models with (unknown) parameters (or structures)

• Learning (to estimate the parameters)

– Maximum Likelihood Estimation (MLE), MAP, Bayesian 

Estimation

– Cost Function Optimization

• Decision

– Bayes decision rule

– Direct prediction function
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Model Hypothesis

• Logistic Regression

• Linear Regression

• Perceptron Algorithm
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ℎ𝜃 𝑥 = 𝜃𝑇𝑥

ℎ𝜃 𝑥 = ൝
1 𝑖𝑓 𝜃𝑇𝑥 ≥ 0

0 𝑖𝑓 𝜃𝑇𝑥 < 0

ℎ𝜃 𝑥 = 𝛿 𝜃𝑇𝑥 =
1

1 + 𝑒−𝜃
𝑇𝑥

𝑃 𝑦 = 0 𝑥; 𝜃 = 1 − ℎ𝜃 𝑥𝑃 𝑦 = 1 𝑥; 𝜃 = ℎ𝜃 𝑥



Learning Criteria (Cost Functions)

• Linear Regression

Maximum Likelihood 

Least Mean Square
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𝐽𝑙 𝜃 =
1

2
෍

𝑖=1

𝑚

ℎ𝜃 𝑥(𝑖) − 𝑦(𝑖)
2



Learning Criteria (Cost Functions)

• Perceptron Algorithm

Perceptron Criterion
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𝐽𝑝 𝜃 = ෍

𝑥(𝑖) ∈𝑀0

𝜃𝑇𝑥(𝑖) − ෍

𝑥(𝑗) ∈𝑀1

𝜃𝑇𝑥(𝑗)

=෍

𝑖=1

𝑚

1 − 𝑦(𝑖) ℎ𝜃 𝑥(𝑖) − 𝑦(𝑖) 1 − ℎ𝜃 𝑥(𝑖) 𝜃𝑇𝑥(𝑖)

=෍

𝑖=1

𝑚

ℎ𝜃 𝑥(𝑖) − 𝑦(𝑖) 𝜃𝑇𝑥(𝑖)



Learning Criteria (Cost Functions)

• Logistic Regression

Maximum Likelihood 

Minimum Cross Entropy Error
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𝐽𝑐 𝜃 =෍

𝑖=1

𝑚

𝑦(𝑖)𝑙𝑜𝑔ℎ𝜃 𝑥(𝑖) + 1 − 𝑦(𝑖) 𝑙𝑜𝑔 1 − ℎ𝜃 𝑥(𝑖)



Gradient Descent Optimization

• Linear Regression
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𝜕

𝜕𝜃
𝐽𝑙 𝜃 =

1

2

𝜕

𝜕𝜃
෍

𝑖=1

𝑚

ℎ𝜃 𝑥(𝑖) − 𝑦(𝑖)
2

=෍

𝑖=1

𝑚

ℎ𝜃 𝑥 𝑖 − 𝑦 𝑖 𝑥(𝑖)

𝜃 ≔ 𝜃 − 𝛼
𝜕

𝜕𝜃
𝐽𝑙 𝜃 = 𝜃 − 𝛼෍

𝑖=1

𝑚

ℎ𝜃 𝑥 𝑖 − 𝑦 𝑖 𝑥(𝑖)



(Stochastic) Gradient Descent Optimization

• Perceptron Algorithm
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𝜕

𝜕𝜃
𝐽𝑝 𝜃 =෍

𝑖=1

𝑚

ℎ𝜃 𝑥 𝑖 − 𝑦 𝑖 𝑥(𝑖)

𝜔 := 𝜔 + 𝛼 𝑦 − ℎ𝜃 𝑥 𝑥

= ቐ
𝜔 + 𝛼𝑥 𝑖𝑓 𝑦 = 1 𝑎𝑛𝑑 ℎ𝜃 𝑥 = 0

𝜔 − 𝛼𝑥 𝑖𝑓 𝑦 = 0 𝑎𝑛𝑑 ℎ𝜃 𝑥 = 1
𝜔 𝑜𝑡ℎ𝑒𝑟𝑠



Gradient Descent Optimization

• Logistic Regression
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𝜕𝐽𝑐 𝜃

𝜕𝜃
=෍

𝑖=1

𝑚

𝑦 𝑖
1

ℎ𝜃 𝑥 𝑖
− 1 − 𝑦 𝑖

1

1 − ℎ𝜃 𝑥 𝑖

𝜕

𝜕𝜃
ℎ𝜃 𝑥 𝑖

= ෍

𝑖=1

𝑚

𝑦 𝑖
1

ℎ𝜃 𝑥 𝑖
− 1 − 𝑦 𝑖

1

1 − ℎ𝜃 𝑥 𝑖
ℎ𝜃 𝑥 𝑖 1 − ℎ𝜃 𝑥 𝑖

𝜕

𝜕𝜃
𝜃𝑇𝑥(𝑖)

=෍

𝑖=1

𝑚

𝑦 𝑖 1 − ℎ𝜃 𝑥 𝑖 − 1 − 𝑦 𝑖 ℎ𝜃 𝑥 𝑖 𝑥(𝑖)

=෍

𝑖=1

𝑚

𝑦 − ℎ𝜃 𝑥 𝑖 𝑥(𝑖)

𝜃:= 𝜃 + 𝛼෍

𝑖=1

𝑚

𝑦 𝑖 − ℎ𝜃 𝑥 𝑖 𝑥(𝑖)



Any Questions?
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