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Let the data be              on which                              , actions are possible. Each action       depend on the 

classification of     to one of     classes                            . A loss function lambda                 , (or,       ) is 

defined to measure the effectiveness of each action      , given the knowledge that     was drawn from class 

.

Bayes Classifier: General Definition

Let us define the Conditional Risk of performing       given     as                                                          .

We wish to define a Decision Rule            which minimizes the overall Risk defined as,
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The Bayes Classifier follows the Bayes Decision Rule: To minimize    , select             as the action      

for which                 is minimized.

The resulting risk       is called the Bayes Risk.
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the expected value of      is                                                , and

Gaussian Distributions

Univariate Gaussian Density:

The distribution is completely specific by the parameters     and     , where 

the expected squared deviation of      from      is                                                                .      
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Gaussian Distributions

Multivariate Gaussian Density:

Here                                             is symmetric and positive semi-definite.

*Image Source: Duda Hart Stork - Pattern Classification



Gaussian Distributions

Multivariate Gaussian Density:

Here                                             is symmetric and positive semi-definite.

Loci of points of constant density:
*Image Source: Duda Hart Stork - Pattern Classification



Gaussian Distributions

Multivariate Gaussian Density:

Here                                             is symmetric and positive semi-definite.

Mahalanobis Distance:

x1

x2

Euclidean distance:

Mahalanobis distance:
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Binary Classification with Gaussian class-conditional densities

Case (1):

The discriminant function reduces to:

Expanding the norm:

Equivalently, this can be written as,

where,

, and,
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Expanding                                             , we get 

Binary Classification with Gaussian class-conditional densities

Case (2):

is reduced to

If all priors are equal, . Therefore assign     to the class to which the

Mahalanobis distance is minimum.

The decision boundary between two classes:
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Bayes Decision Rule to attain the Bayes Risk       : 

Discriminative vs. Generative Models

Estimate posterior probabilities Estimate (i) class-conditional densities and 

(ii) prior probabilities

Discriminative Methods:

• Logistic Regression

• k-Nearest Neighbours

• Multi-Layered Perceptrons

• Support Vector Machines

• Random Forests

• …

Generative Methods:
• Naive Bayes Classifier
• Hidden Markov Models
• Variational Autoencoders
• Generative Adversarial Networks
• …


