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Miles per Gallon Prediction
https:// archive.ics.uci.edu/ml/datasets/auto+mpg

https://archive.ics.uci.edu/ml/datasets/auto+mpg
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120
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problem
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Cancer prediction
MalignantNon-malignant
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Cancer prediction
MalignantNon-malignant

Non-malignant
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Supervised learning problems

ὢÝset of objects, ὤÝset of ŕĠĭĲĶĤıĲŖ ßıĤĲįĮĭĲĤĲà for each object

There is implicit dependency •that maps object from ὢto response from ὤ

Input:

ὼȟὼȟȣὼ ṒὢÝtraining samples from dataset ὢ

ᾀ •ὼȟὭ ρȟȣȟάare known response for the sample, ᾀȟᾀȟȣȟᾀ Ṓὤ

Output:

We have to find function Ḋὢᴼὤ(decision function) that 

approximates unknown dependency •for every ὼɴ ὢ
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ĉĤĲĢıĨġĨĭĦ ĮġĩĤĢĳ ĶĨĳħ ŕĥĤĠĳĴıĤ ĵĤĢĳĮıŖ
Definition of Ὦ-th feature: ὪḊὢᴼὈȟὮ ρȟȣȟὲ

Types of features:
Å Ὀ πȟρ Ýbinary feature

Å Ὀ is finite set Ýnominal (categorical) feature

Å Ὀ is finite set and Ὀ is ordered Ýordinal feature

Å ὈḳᴙÝcontinuous feature

Features vector for the object x:    Ὢὼ ὪὼȟὪὼȟȣȟὪὼ

Ὂὼȟȣȟὼ
Ὢὼ
ể

Ὢὼ

Ὢὼ Ễ Ὢ ὼ
ể Ệ ể

Ὢὼ Ễ Ὢ ὼ

Data Set
(features data)
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Types of supervised learning problems

Classification problems:
Å ὤ πȟρ or ὤ ρȟρ Ýbinary classification
Å ὤ ρȟςȟȣȟὅ Ýmulticlass classification
Å ὤ πȟρ Ýmultilabel classification

Regression problems :
Å ὤḳᴙor ὤḳᴙ Ýcontinuous variable prediction 

Ranking problems (learning to rank):
Å ὤis finite and ordered set
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Classification problem 
example (Fisher, 1936)

Number of samples ά ρυπ

Classes ὤ πȟρȟς

Number of features, ὲ τ

iris-setosa

iris-versicolor

iris-verginica

sepal length    sepal width 

petal length    petal width
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What is learning algorithm?

Learning algorithm

ὓ

ὼȟᾀ ȟȣȟὼȟᾀ

Data and 
responses


Decision 
function

Learning algorithm always has two stages

Training
build decision function

Inference
apply decision function 

for new data
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Training and inference stages

Training stage:

Ὢὼ Ễ Ὢὼ
ể Ệ ể

Ὢὼ Ễ Ὢὼ
ᴼ
ᾀ
ể
ᾀ


Decision 
function

ὓ

Inference stage:

Ὢὼ Ễ Ὢὼ
ể Ệ ể

Ὢὼ Ễ Ὢὼ


ὼ
ể

ὼ
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How to find decision function?

Model of decision function :

ᶰὃ Ὣὼȟύ Ḋύᶰὡ ȟ

where ὫḊὢ ὡᴼὤand ὡ is the set of parameters
For the fixed ύᶻwe get concrete decision function ὼ Ὣὼȟύᶻ

Example (regression problem, linear model):

Ὣὼȟύ ύὪὼ

where ύ ύȟȣȟύ ȟ7ḳᴙ
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Quality of decision function

ὒȟὼ is loss function for the decision function ᶰὃat the sample ὼɴ ὢ

Loss function for classification problems:

Å ὒȟὼ
πȟὼ ᾀὼȟ
ρȟὼ ᾀὼ

Loss functions for regression problems:

Å ὒȟὼ ὼ ᾀὼ

Å ὒȟὼ ὼ ᾀὼ

Empirical risk:

ὗȟὢ ὒȟὼ ȟ ὢ ά
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From learning to optimization

ὗȟὢ ὒȟὼ ᴼ ÍÉÎɴ

Empirical risk minimization (ERM) principle:

ὗȟὢ ὒὫὼȟύȟὼ ὗύȟὢ ᴼ ÍÉÎɴ

Example (linear regression, least squares):

ὗύ Ὣὼȟύ ᾀὼ ᾀὼ ύὪὼ
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Example: Linear Regression

Ὣὼȟύ ύὪὼ

ὗύ ᾀὼ Ὣὼȟύ ᴼ ÍÉÎɴᴙ

Linear model:

Method of lest squares:

One dimensional case:

Ὣὼȟύ ύ ύὼ

Ὢὼ ρȟὪ ὼ ὼ

ὼ

ᾀὼ

Ὠὗύ

Ὠύ
π ᵼ ὗύᶻ ÍÉÎ

ᴙɴ
ὗύ

Ὂ
Ὢὼ Ễ Ὢ ὼ
ể Ệ ể

Ὢὼ Ễ Ὢ ὼ
ȟ ὊὊύᶻ Ὂᾀ
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Example: Curve Fitting
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Example: Curve Fitting
Ὣὼȟύ ύὪὼ ύὪὼ ύὪὼ ύὪὼ ύ ύὼ ύὼ ύὼModel:

Features:

Ὢὼ ρ

Ὢὼ ὼ

Ὢὼ ὼ

Ὢὼ ὼ
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Example: Curve Fitting
Ὣὼȟύ ύ ύὼ ύ ÓÉÎὼModel:

Features:

Ὢὼ ρ

Ὢὼ ὼ

Ὢὼ ÓÉÎὼ
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Overfitting example

Example:    ᾀὼ ψὼ φȢτὼ ςȢυ ὔπȟπȢτȟὼɴ πȟρ

Features vector: Ὢὼ ρȟὼȟὼȟὼȟȣȟὼ

Samples:    ὼͯ Ὗπȟρ

ὗύ
ρ

ά
ύ ύὼ ύὼ Ễ ύ ὼ ᾀὼ ᴼ ÍÉÎɴᴙ

Training linear model with method of lest squares:

Model:  Ὣὼȟύ ύ ύὼ ύὼ ύὼ Ễ ύ ὼ
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Overfitting example ᾀὼ ψὼ φȢτὼ ςȢυ ὔπȟπȢτ
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Overfitting example ᾀὼ ψὼ φȢτὼ ςȢυ ὔπȟπȢτ
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Overfitting example

ὲ σ
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Overfitting example

ὲ ρπ
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Overfitting example

ὲ ρυ



28

Overfitting example

ὲ ςπ


