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by Umut Şimşekli

Lecture 6
Projectors

Wednesday, March 13, 13



§A.k.a ‘idempotent’
§Can be orthogonal or non-orthogonal (oblique)

Definition
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Properties

§What if v≠Pv? Where does the shine come from?
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§What if v is in range(P) ?
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Properties

§ Draw the line from v to Pv 
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Complementary Projectors
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Complementary Projectors
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§Eigen decomposition example: What are the 
coefficients given a particular basis?
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Orthogonal Projectors
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Algebraic Definition of Orthogonal Projectors
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Proof Cont.
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=>
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Projection with an Orthonormal Basis
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§One rank:
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Projection with Arbitrary Basis
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Lecture 7
QR Factorization
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Reduced QR Factorization
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§Find a matrix Q such that:
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Reduced QR Factorization
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Full QR Factorization
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Gram-Schmidt Orthogonalization

§From Lecture 2 we know:
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§Rewrite

Wednesday, March 13, 13



Gram-Schmidt Orthogonalization
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Existence
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Uniqueness
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Vectors -> Continuous Functions

§Inner product of two functions:
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§QR Decomposition

Legendre Polynomials
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Solution of Ax = b by QR
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Lecture 8
Gram-Schimidt 

Orthogonalization
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Gram-Schmidt Projections
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§Recall the orthogonalization method
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Modified Gram-Schmidt Algorithm

§Standard GS Algorithm
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§Modified GS Algorithm

§Numerically more stable
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Modified Gram-Schmidt Algorithm
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Gram-Schmidt as Triangular Orthogonalization

§First step:
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§Then:
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Lecture 9
MATLAB
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Modified vs Standard Gram-Schmidt

§Numerical stability
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Another numerical stability example

§By hand (5 digit precision)
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§MATLAB
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