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Matrix and Vector:



Matrix Multiplication:

General Case:



Matrix Multiplication:

Special Cases:
Vector-Vector Products

Matrix-Vector Products

Given two vectors 𝑥, 𝑦 ∈ ℝ𝑛, the inner product or dot
product of the vectors is 𝑥𝑇𝑦 =  𝑖=1

𝑛 𝑥𝑖𝑦𝑖

Given vector 𝑥 ∈ ℝ𝑛, matrix 𝐴 ∈ ℝ𝑚×𝑛，then the 
product is the linear combination of matrix column 
vectors:

𝐴𝑥 = [𝑎1, 𝑎2⋯ , 𝑎𝑛]𝑥 = 

𝑖=1

𝑛

𝑎𝑖𝑥𝑖



Matrix Multiplication:

Properties:



Special types of Matrices:



Linear Independence and Rank:



Linear Independence and Rank:



Operations and Properties:

Trace:

The trace of a square matrix 𝐴 ∈ ℝ𝑛×𝑛, denoted tr(A), is the 
sum of diagonal elements in the matrix:

𝑡𝑟(𝐴) = 

𝑖=1

𝑛

𝑎𝑖𝑖



Operations and Properties:

Properties: (𝐴, 𝐵 ∈ ℝ𝑛×𝑛)

)𝑡𝑟(𝐴) = 𝑡𝑟(𝐴𝑇

)𝑡𝑟(𝐴 + 𝐵) = 𝑡𝑟(𝐴) + 𝑡𝑟(𝐵

𝑡𝑟 𝛼𝐴 = 𝛼 ⋅ 𝑡𝑟 𝐴 for 𝛼 ∈ ℝ

For 𝐴, 𝐵, 𝐶 such that 𝐴𝐵𝐶 is square, 𝑡𝑟(𝐴𝐵𝐶) =



Operations and Properties:

Matrix Inverse:

Properties: (𝐴, 𝐵 𝑖𝑛𝑣𝑒𝑟𝑡𝑖𝑏𝑙𝑒)



Range and Nullspace of a Matrix:



Quadratic Forms:



Definite and Semidefinite Matrice:



Eigenvalues and Eigenvectors



Eigenvalues and Eigenvectors



Matrix Eigendecomposition



Thank You

For more…


