
Classification 
• Finding a separating surface 

• Input-output mapping based on training data 

 

– Linear  

– Linear-in the parameter, but non-linear  

– Nonlinear 
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Linear classification 
• Loss function (squared error)  

• Cross entropy 

• (empirical) risk functional 

– LS case  
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The role of regularization... 

Analytic solution 
Iterativ solution 



Linear binary classification 

• Finding an optimal projection direction 



LDA optimal projection direction 

 

LDA as a dimension reduction method 



LDA - KDA 
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LDA optimal parameter vector 
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Linear classification 

• Probabilistic (generative model) 

– ML solution 

– Bayes solution  prior  posterior 

Logistic regression 



Logistic regression 
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Separating surface for Gaussian 
distribution 

linear    quadratic 



Nonlinear classification 

• Basis function approach 

• Support vector machines 

• Neural networks 

– Classical MLP 

– Deep network 



• Many different application fields (e.g. Medical diagnostic) 
Decision rule based on measurements: 
– Likelihood function Conditional density function of the measurements 

– Two-class classification 

– Input space: space of measurement (observation) data 

– Decision rule: separation of the measurement (observation) space 
Single-dimenzional case comparing to a threshold value 

– Bayes only on the likelihood functions 

Decision theory  
(Probabilistic classification) 
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ML decision 

1( | )p x C

2( | )p x C

p(xC1) 

 
p(xC2) 
 



• Bayes decision (based on the posteriors) 

 

 

 

• Bayes rule  

Bayes decision 
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The validation of a decision 
• The probability of the incorrect decisions 
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Statistical decision 
Bayesian cost   

 

 

 

 
Using ...  
 
 
 
 

Decision areas: to minimize the average cost 
 

1 1

2 2

11 1 1 12 2 2

21 1 1 22 2 2

( )  ( )

      ( )  ( )

R R

R R

K P p x C dx K P p x C dx

K P p x C dx K P p x C dx

  

 

 

 

R

1 1

21 1 22 2 12 22 2 2 21 11 1 1 ( ) ( ) ( ) ( )
R R

K P C P K K P p x C dx K K P p x C dx      R

 
1

1 12 22 2 2 21 11 1 1arg min ( ) ( ) ( ) ( )
R

R K K P p x C K K P p x C dx   

1 12 22 2

2 21 11 1

( ) ( )

( ) ( )

p x C K K P

p x C K K P

 

 

2

12 22 2 2 21 11 1 1

1

( ) ( ) ( ) ( )

C

K K P p x C K K P p x C

C


 


= 



• Likelihood ratio test 

Statisztikai döntés 
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C1 

C2 

= Bayes decision   =  
𝑃(𝐶2 

𝑃(𝐶1 
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C1 

C2 

= 
A Bayes decision using cost values 
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• Possible outcomes (medical diagnosis) 

Validation of a binary classification 

                  reality 

decision 

healthy sick 

healthy True negative (TN) False negativ (FN) 
(missed) 

sick False positive (FP) 
(False alarm) 

True positive (TP) 

Sensitivity = 
𝑇𝑃

 𝑇𝑃+𝐹𝑁
  

 

Specificity = 
𝑇𝑁

 𝑇𝑁+𝐹𝑃
 

ROC (Receiver Operating Characteristic) 

PF  ; PM   False alarm, Missed 
PF 

1-PM 

AUC 



 


