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Outline

› What is PCA?
› Steps for performing PCA
› Conclusion
› Discussion



05/21/08  | 3

What is PCA?

› A statistical method for exploring and making sense 
of datasets

› It is used to ‘summarize’ the data (not to ‘cluster’ 
data)

› Only used for linear data
› Its goal is to reduce the dimensionality of the original 

data set
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The steps to carry out PCA on a dataset

› Step 1: Get some data
› Step 2: Normalize/Adjust the data (Subtract the 

mean)
› Step 3: Calculate the covariance matrix
› Step 4: Calculate the eigenvectors and eigenvalues of 

the covariance matrix
› Step 5: Choosing components and forming a feature 

vector
› Step 6: Deriving the new dataset
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Step 1: Get some data

0.901.10

1.601.50

1.101.00

1.602.00

2.702.30

3.003.10

2.201.90

2.902.20

0.700.50

2.402.50

YX
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Step 2: Normalize/Adjust the data (Subtract the 
mean)

0.000.001.911.81

0.000.0019.1018.10

-1.01-0.710.901.10

-0.31-0.311.601.50

-0.81-0.811.101.00

-0.310.191.602.00

0.790.492.702.30

1.091.293.003.10

0.290.092.201.90

0.990.392.902.20

-1.21-1.310.700.50

0.490.692.402.50

Yi-YmXi-XmYX
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Step 3: Calculate the covariance matrix

› Covariance is
• How two variables change with respect to each 

other (so 2 dimensions)
• (Variance operate only on 1 dimension)
• We have 2 dimensional data so we need to 

calculate cov (X,Y)
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Step 3.1 (a): How to calculate cov (X,Y)

› Variance

› Covariance
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Step 3.1 (b): How to calculate cov (X,Y)

0.620.720.000.620.001.911.81

5.546.450.005.550.0019.1018.10

0.721.02-1.010.50-0.710.901.10

0.100.10-0.310.10-0.311.601.50

0.660.66-0.810.66-0.811.101.00

-0.060.10-0.310.040.191.602.00

0.390.620.790.240.492.702.30

1.411.191.091.661.293.003.10

0.030.080.290.010.092.201.90

0.390.980.990.150.392.902.20

1.591.46-1.211.72-1.310.700.50

0.340.240.490.480.692.402.50

(Xi-Xm)(Yi-Ym)(Yi-Ym)(Yi-Ym)Yi-Ym(Xi-Xm)(Xi-Xm)Xi-XmYX
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Step 3.2 (a): How to find the covariance matrix
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Step 3.2 (b): How to find the covariance matrix

0.620.720.000.620.001.911.81

5.546.450.005.550.0019.1018.10

0.721.02-1.010.50-0.710.901.10

0.100.10-0.310.10-0.311.601.50

0.660.66-0.810.66-0.811.101.00

-0.060.10-0.310.040.191.602.00

0.390.620.790.240.492.702.30

1.411.191.091.661.293.003.10

0.030.080.290.010.092.201.90

0.390.980.990.150.392.902.20

1.591.46-1.211.72-1.310.700.50

0.340.240.490.480.692.402.50

(Xi-Xm)(Yi-Ym)(Yi-Ym)(Yi-Ym)Yi-Ym(Xi-Xm)(Xi-Xm)Xi-XmYX
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Step 3.2 (c): How to find the covariance matrix
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Step 4: Calculate the eigenvectors and eigenvalues 
of the covariance matrix
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Step 4.1 (a): Examples of eigenvectors and 
eigenvalues
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Step 4.1 (b): How to compute the eigenvectors and 
eigenvalues
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Step 4.1.1 : What is a determinant of a matrix?

› For 2 by 2,

› For 3 by 3,
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Step 4.2 : Finally the eigenvectors and the 
eigenvalues for our example
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Step 5: Choosing components and forming a 
feature vector
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Step 6: Deriving the new dataset
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Step 6.1 (a): Deriving the new dataset
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Step 6.1 (b): Deriving the new dataset
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Conclusion (1)

› So PCA gives new variables (dimensions) that are 
linear combination of the original ones

› The new variables are derived in decreasing order of 
importance

› How many PCs to keep?
• Enough to keep a cumulative variance explained by 

the PCs
• (Kaiser Criterion- keep PCs>1)
• (Scree plot)
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Conclusion (2)

› PCA is basically useful for finding new, more 
informative, uncorrelated features

› PCA reduces dimensionality by rejecting low variance 
features
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