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Classification problem
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Linear classifiers
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Two Category
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Example
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Linear classifier: Two Category
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Linear boundary: geometry
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Non-linear decision boundary
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Cost Function for linear classification



10

?

101010
Sharif University

of TechnologyLinear classifiers 10

SSE cost function for classification
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Correct predictions that 

are penalized by SSE

[Bishop]
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SSE cost function for classification
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Training error incurred in classifying training

samples
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SSE cost function for classification
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Perceptron algorithm
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Perceptron criterion
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[Duda, Hart, and Stork, 2002]

# of misclassifications

as a cost function

Perceptron’s

cost function

There may be many solutions in these cost functions
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Cost function
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Batch Perceptron
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Fixed-Increment single sample Perceptron
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Stochastic gradient descent for Perceptron
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Example
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[Bishop]
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Perceptron: Example
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? For data sets that are not linearly separable, the single-sample perceptron
learning algorithm will never converge

[Duda, Hart & Stork, 2002]

2424242424
Sharif University

of TechnologyLinear classifiers 24

Convergence of Perceptron
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Pocket algorithm
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Multi-class classification



2727272727
Sharif University

of TechnologyRegression: Probabilistic perspective 27

Feed back

? https://forms.gle/vKRbyVVsWRKcZuqr8

https://forms.gle/vKRbyVVsWRKcZuqr8
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Multi-class classification
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Converting multi-class problem to a set of 

two-class problems
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One-vs-all (one-vs-rest)

Class 1:

Class 2:

Class 3:

Multi-class classification
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One-vs-one

Class 1:

Class 2:

Class 3:
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Multi-class classification
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one versus 

rest

one versus 

one

[Duda, Hart & Stork, 2002]

Converting the multi-class problem to a set of two-class problems can lead to

regions in which the classification is undefined
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Multi-class classification: ambiguity
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Multi-class classification
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Discriminant Functions
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Discriminant functions



36

?

363636363636
Sharif University

of TechnologyLinear classifiers 36

Discriminant Functions: Two-Category
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Multi-class classification: linear 
machine



38

?

383838383838
Sharif University

of TechnologyLinear classifiers 38

Multi-class classification: linear 
machine
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[Duda, Hart & Stork, 2002]
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Multi-class classification: linear machine
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Perceptron: multi-class
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Linear Discriminant Analysis (LDA)



? What is a good criterion?

? Separating different classes in the projected space
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Good Projection for Classification



? What is a good criterion?

? Separating different classes in the projected space
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Good Projection for Classification



? What is a good criterion?

? Separating different classes in the projected space
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Good Projection for Classification
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? Between-class distance

? Squared distance between the centroids of different classes
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Good Projection for Classification
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LDA Problem
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Measure of Separation in the Projected 
Direction
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[Bishop]
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Measure of Separation in the Projected Direction
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? Between-class distance

? Squared distance between the centroids/means of different classes

? Within-class distance

? Accumulated squared distance of an instance to the centroid/ mean of its class
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Good Projection for Classification
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LDA Criteria
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LDA Criteria
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LDA Criteria
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Between-class 

scatter matrix

Within-class 

scatter matrix
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LDA Criteria
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LDA Derivation
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LDA Derivation
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LDA Algorithm
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Multi-class classification: target coding 
scheme



SSE cost function for multi-class
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Resources
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Low performance of the SSE cost function for the classification

problem

[Bishop]
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SSE for multi-class: example
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Think about multi-class perceptron, LDA
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Exercise
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Multi-class LDA 
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Multi-Class LDA: Objective Function 
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Multi-class LDA (MDA) 
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determinant
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Multi-class LDA: Objective function 
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Objective Function: Trace Ratio
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Objective Function: Trace Ratio
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Objective Function: Trace Ratio vs. 
Ratio Trace
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Multi-class LDA: Other objective function
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� If classes are non-linearly separable they may have

large overlap when projected to any line

� LDA implicitly assumes Gaussian distribution of

samples of each class
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LDA Criterion Limitation
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Issues in LDA
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Summery
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? Face recognition

? Belhumeour et al., PAMI’97

? Image retrieval

? Swets and Weng, PAMI’96

? Gene expression data analysis

? Dudoit et al., JASA’02; Ye et al., TCBB’04

? Protein expression data analysis

? Lilien et al., Comp. Bio.’03

? Text mining

? Park et al., SIMAX’03; Ye et al., PAMI’04

? Medical image analysis

? Dundar, SDM’05
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Applications



73

? C. Bishop, “Pattern Recognition and Machine Learning”,

Chapter 4.1.

? Course CE-717, Dr. M.Soleymani
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Resources


