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QuestionsQuestions
What are the What are the eigenvalueseigenvalues and and 
eigenvectors?eigenvectors?
How to compute How to compute eigenvalueseigenvalues and and 
eigenvectors?eigenvectors?
What is a quadratic form?What is a quadratic form?
How to express the statistical How to express the statistical 
distance as a quadratic form?distance as a quadratic form?
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QuestionsQuestions
How to simplify a quadratic form?How to simplify a quadratic form?
What is an orthogonal matrix?What is an orthogonal matrix?
How to How to diagonalizediagonalize a square matrix?a square matrix?
What is the spectral decomposition?What is the spectral decomposition?
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Quadratic FormQuadratic Form
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General Statistical DistanceGeneral Statistical Distance
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Statistical Distance under Rotated Statistical Distance under Rotated 
Coordinate SystemCoordinate System
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Coordinate TransformationCoordinate Transformation
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Quadratic Form in Transformed Quadratic Form in Transformed 
Coordinate SystemsCoordinate Systems
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DiagonalizedDiagonalized Quadratic FormQuadratic Form
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Orthogonal MatrixOrthogonal Matrix
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Spectral DecompositionSpectral Decomposition
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QuestionQuestion
What is a positive definite matrix?What is a positive definite matrix?
Why to learn the concept of positive Why to learn the concept of positive 
definite matrix?definite matrix?
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QuestionQuestion
How to find the squareHow to find the square--root of a root of a 
symmetric square matrix?symmetric square matrix?
Why to learn the squareWhy to learn the square--root matrix?root matrix?
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Inverse and SquareInverse and Square--Root MatrixRoot Matrix
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QuestionQuestion
What is a random vector?What is a random vector?
What is a random matrix?What is a random matrix?
How to find the expectation of a How to find the expectation of a 
random matrix?random matrix?

2828



8

2929

Random Vectors and Random Vectors and 
Random MatricesRandom Matrices

Random vectorRandom vector
–– Vector whose elements are random Vector whose elements are random 

variablesvariables

Random matrixRandom matrix
–– Matrix whose elements are random Matrix whose elements are random 

variablesvariables
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Expected Value of a Expected Value of a 
Random MatrixRandom Matrix
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QuestionsQuestions
What is the population?What is the population?
How to compute population mean How to compute population mean 
vectors  and population covariance vectors  and population covariance 
matrices?matrices?
What is the statistical independence?What is the statistical independence?
If cov(x1, x2) = 0, will x1 and x2 be If cov(x1, x2) = 0, will x1 and x2 be 
statistical independent?statistical independent?
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QuestionsQuestions
How to compute the population How to compute the population 
correlation coefficient matrix?correlation coefficient matrix?
How to partition the covariance How to partition the covariance 
matrix?matrix?
How to compute population mean How to compute population mean 
vector and covariance matrix of a vector and covariance matrix of a 
linear combination of random linear combination of random 
vectors?vectors?
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QuestionsQuestions
What are the sample mean vectors What are the sample mean vectors 
and the sample covariance matrices?and the sample covariance matrices?
How to partition a sample mean How to partition a sample mean 
vector and a sample covariance vector and a sample covariance 
matrix?matrix?
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Population Mean VectorsPopulation Mean Vectors
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CovarianceCovariance
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Joint Probability Density FunctionJoint Probability Density Function
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Marginal Probability Density Marginal Probability Density 
FunctionFunction
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Marginal Means and CovarianceMarginal Means and Covariance
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Population VariancePopulation Variance--Covariance Covariance 
MatricesMatrices
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Population Correlation CoefficientsPopulation Correlation Coefficients
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Standard Deviation MatrixStandard Deviation Matrix
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Correlation Matrix from Correlation Matrix from 
Covariance MatrixCovariance Matrix
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Partitioning Covariance MatrixPartitioning Covariance Matrix
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Partitioning Covariance MatrixPartitioning Covariance Matrix
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Linear Combinations of Linear Combinations of 
Random VariablesRandom Variables
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Example of Linear Combinations of Example of Linear Combinations of 
Random VariablesRandom Variables
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Linear Combinations of Linear Combinations of 
Random VariablesRandom Variables
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Sample Mean Vector and Sample Mean Vector and 
Covariance MatrixCovariance Matrix
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Partitioning Sample Mean VectorPartitioning Sample Mean Vector
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Partitioning Sample Partitioning Sample 
Covariance MatrixCovariance Matrix
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QuestionsQuestions
What is the CauchyWhat is the Cauchy--Schwarz Schwarz 
inequality?inequality?
How to prove the CauchyHow to prove the Cauchy--Schwarz Schwarz 
inequality?inequality?
What is the extended CauchyWhat is the extended Cauchy--
Schwarz inequality?  Schwarz inequality?  
How to prove the extended CauchyHow to prove the extended Cauchy--
Schwarz inequality? Schwarz inequality? 
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QuestionsQuestions
What is the maximization lemma?What is the maximization lemma?
How to maximize a quadratic form How to maximize a quadratic form 
for points on the unit sphere?for points on the unit sphere?
What is the What is the RayleighRayleigh’’ss quotient?quotient?
How to maximize and minimize the How to maximize and minimize the 
RayleighRayleigh’’ss quotient?quotient?
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CauchyCauchy--Schwarz InequalitySchwarz Inequality
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Extended CauchyExtended Cauchy--Schwarz Schwarz 
InequalityInequality
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Maximization LemmaMaximization Lemma
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Maximization of Quadratic Forms Maximization of Quadratic Forms 
for Points on the Unit Spherefor Points on the Unit Sphere
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Maximization of Quadratic Forms Maximization of Quadratic Forms 
for Points on the Unit Spherefor Points on the Unit Sphere
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Maximization of Quadratic Forms Maximization of Quadratic Forms 
for Points on the Unit Spherefor Points on the Unit Sphere
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Maximization of Quadratic Forms Maximization of Quadratic Forms 
for Points on the Unit Spherefor Points on the Unit Sphere
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RayleighRayleigh’’ss QuotientQuotient
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RayleighRayleigh’’ss Quotient in Quotient in 
Polar CoordinatesPolar Coordinates
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Square Root of Square Root of RayleighRayleigh’’ss QuotientQuotient
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