
2. Principal Component Analysis

• Visualizing multivariate data
• Geometric interpretation of PCA
• Mathematical interpretation
• Example(s)
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Principal Component Analysis
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Visualizing Multivariate Data
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Visualizing Multivariate Data
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Geometric Interpretation
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Geometric Interpretation
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Geometric Interpretation

• In many cases, the swarm of points has a specific shape in some direction.
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Geometric Interpretation
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Geometric Interpretation
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Geometric Interpretation
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Geometric Interpretation
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Geometric Interpretation
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Geometric Interpretation
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Geometric Interpretation

• In summary,
• PCA finds a few orthogonal axes of greatest variance in 
data.
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Geometric Interpretation

• New latent variables are linear combinations of the 
original variables.
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Mathematical Derivation
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Mathematical Derivation

• From linear algebra (or engineering mathematics),
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Mathematical Derivation
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Predicted value for each observations

• :projected version of 
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Predicted value for each observations
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Square Prediction Error
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Square Prediction Error
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Square Prediction Error
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Column Residual
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Column Residual
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Whole Matrix Residual
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More about direction vectors
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※ Statistically, loading vectors are eigenvectors of XTX.
Then how about eigenvalues?
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Preprocessing
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Remember 
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More on preprocessing Data
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How is PCA calculated?
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How is PCA calculated?
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More details next.



How many components?
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Called scree plot



Review of PCA

• What is score?
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Review of PCA

• Score plot – low dimensional summary of samples
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Review of PCA

• What is loading?
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X1 X2 X3Coefficients in the linear combination



Use of PCA

• Improved Process Understanding

유준, Copyright © 65



Use of PCA

• Troubleshooting Process Problem
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Use of PCA
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• Multivariate Stastiscal Process Control (MSPC)



In the next lecture

• Tutorials
• NIPALS algorithm
• A bit more on PCA
• Assignment #1
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