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1  UNLABELED DATA

2D feature space
PC1

Observed data
PRINCIPAL COMPONENT

Objective

Maximize total variance

Labels

Not used

Result

PC1 follows the long direction of the 
cloud

Projection onto one dimension

PCA summarizes the overall geometry before any classes are known.

PCA follows the direction of maximum variance
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2  REVEAL THE CLASSES

2D feature space
PC1

Class 1 Class 2
PRINCIPAL COMPONENT

Same direction

Coloring the points does not change 
PC1

1D projection

Red and blue occupy the same range

Why

Maximum variance is not the same as 
class separation

Projection onto one dimension

overlap

PCA ignores labels, so the two classes overlap after projection.

PCA projection mixes the red and blue classes
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3  USE THE CLASS LABELS

2D feature space

FDA

Class 1 Class 2
FISHER DISCRIMINANT

Objective

Maximize distance between class 
means

Control

Minimize spread within each class

1D projection

Red and blue form distinct groups

Projection onto one dimension

clear gap

FDA uses class labels to choose the direction that best separates them.

FDA projection cleanly separates the two classes

141



Classification Ali Ghodsi

Fisher’s Linear Discriminant Analysis (Two class
problem)
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Fisher’s Linear Discriminant Analysis

144



Classification Ali Ghodsi

Fisher’s Linear Discriminant Analysis
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Fisher’s Linear Discriminant Analysis
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Fisher’s Linear Discriminant Analysis
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Fisher’s Linear Discriminant Analysis
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Fisher’s Linear Discriminant Analysis
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Fisher’s Linear Discriminant Analysis (A simpler
solution)
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Fisher Discriminant Analysis For Multiple 
Classes
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Fisher Discriminant Analysis For Multiple 
Classes
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Fisher Discriminant Analysis For Multiple 
Classes
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Fisher Discriminant Analysis For Multiple 
Classes
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