
DATAMINING2
Support Vector Machine
Riccardo Guidotti

a.a.2025/2026

Slides edited from Tan, Steinbach, Kumar, Introduction to Data Mining 
Contains slides integrated with StatQuest

























































































































Wecan



Wecan



Wecan



Wecan



Wecan



Wecan



Wecan



Wecan



Wecan

Ideallywe shouldminimizethe numberof 
misclassificationand the numberof observationwithin

the marginto avoidoverfitting
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From One to Two Dimensions



Maximum Margin Hyperplanes

ÅFind a linear hyperplane (decision 
boundary) that separates the data.



Maximum Margin Hyperplanes

ÅOne possible solution.
B
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Maximum Margin Hyperplanes

ÅAnother possible solution.

B
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Maximum Margin Hyperplanes

ÅOther possible solutions.
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Maximum Margin Hyperplanes

Å[ŜǘΩǎ ŦƻŎǳǎ ƻƴ .1 and B2.

ÅWhich one is better?

ÅHow do you define better?
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Maximum Margin Hyperplanes

ÅThe best solution is the hyperplane 
that maximizesthe margin.

ÅThus, B1 is better than B2.
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Linear SVM: Separable Case

ÅA linear SVM is a classifier that searches 
for a hyperplane with the largest margin 
(a.k.a. maximal margin classifier).

Åw and b have to be learned.

ÅGiven w and b the classifiers work as
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support vectors



Linear SVM: Separable Case

ÅWhat is the distance expression for a 
point x to a line wx+b= 0 (the decision 
boundary)?
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Linear SVM: Separable Case

ÅThe distance between 
B1 and b11 isρȾύ

ÅThe distance between 
b11 and b12, i.e., the 
margin is

ÅIn order to maximize 
the margin we need to 
minimize ύ
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Learning a Linear SVM

ÅLearning the SVM model is equivalent to 
determining w and b.

ÅHow to find w and b?

ÅObjective is to maximize the margin. 

ÅWhich is equivalent to minimize

ÅSubject to to the following constraints

ÅThis is a constrained optimization 
problem that can be solved using the 
Lagrangemultiplier method.

ÅIntroduce Lagrange multiplier ‗(or ɻ)
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Constrained Optimization Problem
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Lagrange multiplier methodisa technique 
for findinga maximum or minimum of a 
functionFsubjectto a constraint.
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a6=1.4

A Geometrical Interpretation

Class 1

Class 2

a1=0.8

a2=0

a3=0

a4=0

a5=0

a7=0

a8=0.6

a9=0

a10=0

Implies that only support vectors matter; 
other training examples are ignorable. 



Example of Linear SVM

x1 x2 y l
0.3858 0.4687 1 65.5261

0.4871 0.611 -1 65.5261

0.9218 0.4103 -1 0

0.7382 0.8936 -1 0

0.1763 0.0579 1 0

0.4057 0.3529 1 0

0.9355 0.8132 -1 0

0.2146 0.0099 1 0

Support vectors

‗ ɻ



Linear SVM: Non-separable Case 

ÅWhat if the problem is not 
linearly separable?

ÅWe must allow for errors in our 
solution.



Slack Variables

ÅThe inequality constraints must be 
relaxed to accommodate the 
nonlinearly separable data.

ÅThis is done introducing slack 
variables ‚(xi) into the constrains of 
the optimization problem.

Å‚provides an estimate of the error of 
the decision boundary on the 
misclassified training examples.
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Learning a Non-separable Linear SVM

ÅObjective is to minimize

ÅSubject to to the constraints

Åwhere Cand k are user-specified 
parameters representing the 
penalty of misclassifying the 
training instances

ÅLagrangianmultipliers are 
constrained to π ‗ ὅ.
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Non-linear SVM
































































































































































































