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Deliverables 

World of Linear Classifiers 

SVM Learning 

Kernel-Based SVM 
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Linear Classifiers 

Linear classifiers 

One of the simplest classifiers  

Linear decision boundary  

Applicable to linearly separable tasks 
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Perceptron 
One of the most popular linear classifiers 

Perceptron learning 

Given a training set containing a  number of examples with labels 
Iteratively update weights of linear equation until convergence 

Sensitive to initialisation and example input orders during learning 
Could generate decision boundaries of different generalisation 
capabilities 
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  Motivation and Concept  

Perceptron learning 

 
denotes +1 

denotes -1 

Q: How would you 
classify this data 
set with the 
perceptron? 
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  Motivation and Concept  

• Perceptron learning 
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Perceptron learning 

 

denotes +1 

denotes -1 Q: How would you 
classify this data 
set? 

A: Using perceptron 
learning rule to learn 
weights w, b 

Q: With different 
initial values of w, b 
and example orders 
what happens? 

0 bxw

13-06-2012 18:19:31 7 copyright @ gdeepak.com 



  Motivation and Concept  

Perceptron learning 

 Q: How would you 
classify this data 
set? 

A: Using perceptron 
learning rule to learn 
weights w, b 

Q: With different 
initial values of w, b 
and example orders 
what happens? 

A: Leading to many 
decision boundaries 
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  Motivation and Concept  

Perceptron learning 

 

Q: How would you 
classify this data 
set? 

A: Using perceptron 
learning rule to learn 
weights w, b 

Q: With different 
initial values of w, b 
and example orders 
what happens? 

A: Leading to many 
decision boundaries 

Q: Which decision 
boundary is the best 
for generalisation?  
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  Motivation and Concept  

Margin of linear classifier 

 

Definition: 

The margin of a 
linear classifier as 
the width that the 
boundary could 
be increased by 
before hitting a 
data point. 

denotes +1 

denotes -1 
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  Motivation and Concept  

Maximum margin 

 

denotes +1 

denotes -1 The maximum margin is  
the one with the widest  
width to a data point. 
The maximum  margin  
linear classifier is linear  
Support Vector Machines. 

margin 

0 bxw
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  Motivation and Concept  

Support Vectors 

 

Support Vectors are  
those data points  
that the margin  
pushes up against 

denotes +1 

denotes -1 

Support Vectors 

margin 
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  Motivation and Concept  

SVM: Best solution in terms of generalization 

 

 Intuitively this feels safest; if 

we’ve made a small error in 

    the location of the boundary,  

    this gives us least chance of  

    causing a misclassification. 

 The model is immune to  

   removal of any non-support- 

   vector data points. 

 There’s some theory (VC  

   dimension) that is related to  

   the proposition to guarantee 

the best generalization. 

 Empirically it works very well. 

denotes +1 

denotes -1 

Support Vectors 

margin 
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A Little History of SVMs 

SVMs introduced in COLT-92 by Boser, Guyon, Vapnik. 
Greatly developed ever since. 

Initially popularized in the NIPS community, now an 
important and active field of all Machine Learning research. 

Special issues of Machine Learning Journal, and Journal of 
Machine Learning Research. 

Kernel Machines: large class of learning algorithms, SVMs a 
particular instance. 

13-06-2012 18:19:31 14 copyright @ gdeepak.com 



  SVM Learning  

Objectives: finding appropriate weights w and bias b  to 

minimize training errors (similar to Perceptron) 

maximize the margin for the best generalization 

What is the relationship between weights and margin? 

with knowledge of analytic geometry, we obtain 
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SVM Learning 

Learning via optimisation  

 

   

16 

Given a set of linearly separable  

training examples,  

D = {(x1, y1), (x2, y2), …, (xN, yN)} 

Learning is to solve the following  

constrained minimization problem,  
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  SVM Learning  

Support vectors:  

property (its signature) 

 

Learning rule is no longer that simple like perceptron! 

need to search the space of w’s and b’s to find the widest margin that 

matches all the data points or support vectors 

How? Using a Quadratic Programming (QP) algorithm! 

17 
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QP Algorithms 

There exist QP algorithms for finding such 
constrained quadratic optima much more 
efficiently and reliably than gradient ascent 
used in Perceptron. 

(But they are very fiddly…you probably don’t 
want to know details but can use them as if 
they are blackboxes) 
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  SVM Learning  
Quadratic programming 

      Find 
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 Kernel SVM 

Datasets that are linearly separable work out great 

 

 

But what are we going to do if the dataset is just too hard?  

 

 

How about mapping data to a two-dimensional space  
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 Kernel SVM 

General idea    

    the original input space can always be mapped to some higher-
dimensional feature space with an appropriate function              
so that the training set is linearly separable: 

Φ:  x → Φ(x) 

 x → Φ(x) 
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 Kernel SVM 

Kernel Functions  

– A kernel function is some function that corresponds to a 

vector dot product                                 in the new feature 

space 

– Linear kernel: 

– Polynomial kernel of order p: 

 

– Radial Basis Function (RBF) kernel: 
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Kernel SVM 
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Kernel SVM  

• Example: SVM with polynomial kernel of order 5 
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Conventional Learning Methods 

Naïve Bayes classifier 

Rocchio algorithm 

K-nearest Neighbours 

Decision tree classifier 
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Comparative Results 

Precision/recall break-even point on Ohsumed dataset 
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Comparative Results 

Precision/recall break-even point on Reuters dataset 
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Why SVMs? 

High dimensional input space 

Few irrelevant features 

Sparse document vectors 

Text categorization problems are linearly separable 
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Disadvantages of SVM 

Perhaps the biggest limitation of the support vector 
approach lies in choice of the kernel. 

A second limitation is speed and size, both in training 
and testing. 

Discrete data presents another problem. 

Although SVMs have good generalization performance, 
they can be abysmally slow in test phase. 
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Facts 

Theoretical and empirical evidence that SVMs are 
well suited for text categorization 

Consistent improvement in accuracy over other 
methods 

Kernel “trick”: extending linear SVM to non-linear 
SVM 

SVM can be extended to multi-category 
classification 
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Questions, Comments and Suggestions 
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Question 1 

• Name Four Different Kernels for SVM. 
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Question 2 

_____________ linear classifier is linear Support Vector 
Machines 
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Question 3 

__________ is theory related to the proposition to guarantee 

the best generalization 
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