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Lecture Objectives

• To introduce

- What is Support Vector Machine (SVM)?

- How does the SVM works?

- Advantages and Disadvantages



• Naïve Bayes Classifier  *    

• Support Vector Machines *

• Neural Networks (Deep Learning)

• Decision Tree based Methods

• Rule-based Methods

• K-Nearest Neighbors *
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Classification Techniques or Methods



• SVM is a set of supervised learning methods used for 
classification, regression and outliers detection 

• It is known for its kernel trick to handle nonlinear input 
spaces

• It is used in a variety of applications

▫ Face detection

▫ Intrusion detection

▫ Classification of emails

▫ News articles and web pages

▫ Classification of genes

▫ Handwriting recognition
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What is Support Vector Machine (SVM)? 



• Linear function

f(x) is can be written as wTx 
w =  𝑏,𝑤1,…,𝑤𝑑

x =  1,𝑥1,…,𝑥𝑑

• Linear model is a model that using a linear function

• It is a simple model but it works pretty as well

• Search for a good model = find the (𝑏,𝑤1,…,𝑤𝑑 ) that 
matches the problem you want to solve
▫ (𝑏,𝑤1,…,𝑤𝑑 ) are called model parameters
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Linear Model
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Linear Model (uses linear function as model)

• Classification

▫ The analysis target is divided into two groups 

• Choose a linear function so that the two groups can be 
distinguished depending on whether f(x) is positive or 
not

𝑓(𝒙) ≥ 0 or 𝑓(𝒙) ≤ 0
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Linear Model (uses linear function as model)

• Classification

▫ Spam mail/regular mail (x is a vectorization of 
information obtained from mail)

How would you classify 
this data?



denotes 𝑓(𝒙) ≥ 0 

denotes 𝑓(𝒙) ≤ 0

How would you 
classify this data?

b + w x <0

b + w x >0

Find a linear hyperplane (decision 
boundary) that will separate the data

SVM Linear Model (uses linear function as model)



denotes 𝑓(𝒙) ≥ 0 

denotes 𝑓(𝒙) ≤ 0

One Possible Solution

SVM Linear Model (uses linear function as model)



Another possible solution

denotes 𝑓(𝒙) ≥ 0 

denotes 𝑓(𝒙) ≤ 0

SVM Linear Model (uses linear function as model)



denotes 𝑓(𝒙) ≥ 0 

denotes 𝑓(𝒙) ≤ 0

Other possible solutions

Which is the 
best?????

SVM Linear Model (uses linear function as model)



Misclassified
to positive class

denotes 𝑓(𝒙) ≥ 0 

denotes 𝑓(𝒙) ≤ 0

How would 
you define 

better?

SVM Linear Model (uses linear function as model)



Find hyperplane 
maximizes the 

margin

Define the 
margin of a 

linear classifier

denotes 𝑓(𝒙) ≥ 0 

denotes 𝑓(𝒙) ≤ 0

Solution: Define the Margin

Margin => width of the boundary that could 
be increased before hitting a data point



The maximum 
margin linear 
classifier is the 
linear classifier 
with the maximum 
margin.

This is the 
simplest kind of 
SVM (Called an 
LSVM)

Linear SVM

Support Vectors

Solution: Maximum Margin

denotes 𝑓(𝒙) ≥ 0 

denotes 𝑓(𝒙) ≤ 0



Find Margin Width

By calculating,

b + w . x+ = +1 

b + w . x- = -1 

w . (x+-x-) = 2 
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Linear SVM Mathematically

If all training data are correctly classify, 

if yi = +1

if yi = -1

for all i

Maximize the Margin

same as minimize
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If the problem is not linearly separable?

 If the training set is noisy or 

not linearly separable, the 

solutions are, 

denotes +1

denotes -1

OVERFITTING!

Use slack variable 
ξi

Use very powerful 
kernels

to avoid 
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If the problem is not linearly separable?

yi (wTxi + b) ≥ 1

Subject to:

yi (wTxi + b) ≥ 1- ξi

Control 
overfitting

Slack variable



Nonlinear SVM

• If decision boundary is not linear?



Nonlinear SVM

• Solution: Transform data into higher dimensional space



The “Kernel Trick”
 The linear classifier relies on dot product between vectors 

K(xi,xj)=xi
Txj

 If every data point is mapped into high-dimensional space via 
some transformation 

Φ:  x → φ(x), 

the dot product becomes:

K(xi,xj)= φ(xi) Tφ(xj)

 A kernel function is some function that corresponds to an 
inner product in some expanded feature space.



Examples of Kernel Functions

 Linear: K(xi,xj)= xi 
Txj

 Polynomial of power p: K(xi,xj)= (1+ xi 
Txj)

p

 Gaussian (radial-basis function network):

 Sigmoid: K(xi,xj)= tanh(β0xi 
Txj + β1)
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Advantages of Support Vector Machine

• SVM classifiers offer good accuracy and perform faster 
prediction compared to other algorithms

• They also use less memory 

• SVM works well with a clear margin of separation and 
with high dimensional space



Disadvantages of Support Vector Machine

• SVM is not suitable for large datasets because of its high 
training time

▫ A relatively small number of mislabeled examples can 
dramatically decrease the performance

• It works poorly with overlapping classes

• It is sensitive to the type of kernel used



Practical: Python Coding Environment

• Anaconda

https://www.anaconda.com/distribution/#linux

• Google Colaboratory

https://colab.research.google.com

 Requrie G-mail Account



Cancer Classification using SVM

• Required dataset

UCI Machine Learning Library or scikit-learn library



Cancer Classification using SVM

• Required dataset

UCI Machine Learning Library or scikit-learn library

• Loading Data



Cancer Classification using SVM

• Exploring Data

• Check the data size



Cancer Classification using SVM

• Check top 5 records of the feature set



Cancer Classification using SVM

• Check the records of the target set (0: malignant, 1:benign)



Cancer Classification using SVM

• Splitting Data

• Generating Model



Cancer Classification using SVM

• Evaluating the Model

The classification rate is 96.49%, it is considered as very good accuracy.

Therefore, SVM classifier model can predict the breast cancer of patients according 
to the evaluation result. 
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• Pang-Ning Tan, Michael Steinbach, Vipin
Kumar:Introduction to Data Mining, Addison-Wesley

• https://towardsdatascience.com/breast-cancer-
classification-using-support-vector-machine-svm-
a510907d4878
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• Supervised Learning: Simple Regression

Next Week Lecture

Thank You


