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2 Note: Possible minor mismatch of video and tablet notes!

[Corrections and updates can be incorporated into tablet notes only]

Algorithm: Normal equation method to solve full-rank least squares problem Ax = b

© Compute regular matrix C := AT A € R"™".
@® Compute right hand side vector ¢ := A b.
® Solve s.p.d. (— Def. 1.1.2.6) linear system of equations: Cx =c¢ — §2.8.0.13

Definition 1.1.2.6. Symmetric positive definite (s.p.d.) matrices —,

M € K"*", n € N, is symmetric (Hermitian) positive definite (s.p.d.), if
M=M"T and Vxe K" xMx>0 & x#0.

If x"Mx > O forallx € K* > M positive semi-definite.
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C++ code 3.2.0.1: Solving a linear least squares problem via normal equations

2 |//! Solving the overdetermined linear system of equations — - /\/3 Cé &/

s |//! Ax=Db by solving normal equations (3.1.2.2) |’”)< 3"’? Or ({ : L& (00/’) &)m

4 |//! The least squares solution is returned by value

5 | VectorXd normeqgsolve(const MatrixXd &A,const VectorXd &b) {

6 if (b.size() != A.rows()) throw runtime_error("Dimension mismatch") ; 1 1 -

7 // Use Cholesky factorization for s.p.d. system matrix, § 2.8.0.13 A=1ls 0 - ATA - 149 1

8 VectorXd x = (A.transpose()=*A).lIt () .solve(A.transpose()*b); - g - 1 1 _|_52
9 return x; S R 0 o :
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C++-code 3.2.0.5:

int main() {
MatrixXd A(3,2);
// Inquire about machine precision — Ex. 1.5.3.12
double eps = std::numeric_limits <double >::epsilon () ;
// « initialization of matrix — § 1.2.1.3
A << 1, 1, sqrt(eps), 0, 0, sqrt(eps);
// Output rank of ATA
std ::cout << "Rank of A: " << A.fullPivLu ().rank() << std::endl
10 << "Rank of AATA: "
11 << (A.transpose() = A).fullPivLu () .rank() << std::endl;

12 return 0;
& [ATAHXI=! AT ] b|. Output:

i Rank of A: 2
€ R . Rank of AATxA: 1
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