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Some logistics 

• Please make your decision ASAP if you want to 
drop 

• Creating team for your project. 

• Two TA: Wendi Ren and Hua Jiang.  

• Please be nice to our TA team. 

• Office hours will be started from next week.  

• A schedule is posted on the website. 

 

 

 



Outline 

• Linear Algebra Basics 

• Norms 

• Multiplications 

• Matrix Inversion 

• Trace and Determinant 

• Eigen Values and Eigen Vectors 

• Singular Value Decomposition 

• Matrix Calculus 



Why Linear Algebra? 



Linear Algebra Basics 
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Norms 



Norms 
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Vector Norm Examples 



Special Matrices 
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Multiplications 



Multiplications 



Inner Product Properties 
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Inner Product Properties 
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Linear Independence and Matrix Rank 



Matrix Rank: Examples 

What are the ranks for the following matrices? 



Matrix Inverse 
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Matrix Trace 



Matrix Determinant 



Properties of Matrix Determinant 
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Eigenvalues and Eigenvectors 



Computing Eigenvalues and 
Eigenvectors 



Eigenvalue Example 

Slide credit: Shubham Kumbhar 



Matrix Eigen Decomposition 
columns 



Outline 

• Linear Algebra Basics 

• Norms 

• Multiplications 

• Matrix Inversion 

• Trace and Determinant 

• Eigen Values and Eigen Vectors 

• Singular Value Decomposition 



Singular Value Decomposition 

𝑋𝑛×𝑑 
n: instances 
d: dimensions 
X is a centered matrix 

𝑋 = 𝑈Σ𝑉𝑇 

𝑈𝑛×𝑛  → 𝑢𝑛𝑖𝑡𝑎𝑟𝑦 𝑚𝑎𝑡𝑟𝑖𝑥 →  𝑈 × 𝑈𝑇 = 𝐼 

Σ𝑛×𝑑  → 𝑑𝑖𝑎𝑔𝑜𝑛𝑎𝑙 𝑚𝑎𝑡𝑟𝑖𝑥  

V𝑑×𝑑  → 𝑢𝑛𝑖𝑡𝑎𝑟𝑦 𝑚𝑎𝑡𝑟𝑖𝑥 → 𝑉 × 𝑉𝑇 = 𝐼 
 

𝑋 =  

𝑢1×1 ⋯ 𝑢1×𝑛

⋮ ⋱ ⋮
𝑢𝑛×1 ⋯ 𝑢𝑛×𝑛

×
Σ1×1 ⋯ 0

⋮ ⋱ ⋮
0 ⋯ Σn×𝑑

×

𝑣1×1 ⋯ 𝑣1×𝑑

⋮ ⋱ ⋮
𝑣𝑑×1 ⋯ 𝑣𝑑×𝑑

 



 



𝐴𝑑×𝑑 = 
𝑋𝑇𝑋

𝑛
 

𝑋 = 𝑈Σ𝑉𝑇 

𝐶 =  
𝑋𝑇𝑋

𝑛
 

𝐶 =
𝑉Σ𝑇𝑈𝑇𝑈Σ𝑉𝑇

𝑛
=

𝑉Σ2𝑉𝑇

𝑛
 

Covariance matrix: 



𝐴 =
𝑉Σ2𝑉𝑇

𝑛
= 𝑉

Σ2

𝑛
𝑉𝑇 

𝑉 is the right singular vectors (Principal directions) 

𝜆𝑖 =
𝜎𝑖

2

𝑛
  The eigenvalues of covariance matrix 

According to Eigen-decomposition definition 𝐴𝑉 = Λ𝑉  

𝐴𝑉 = 𝑉
Σ2

𝑛
𝑉𝑇𝑉 = 𝑉

Σ2

𝑛
 



Geometric Meaning of SVD 

Image Credit: Kevin Binz 



Summary 

• Linear Algebra Basics 

• Norms 

• Multiplications 

• Matrix Inversion 

• Trace and Determinant 

• Eigen Values and Eigen Vectors 

• Singular Value Decomposition 


