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Definition 2.5.1 (Sparse matrix). A € K"", m,n € N, is sparse, if

nnz(A) :=#{(i,j) € {1,...,m} x{1,...,n}:a; #0} K mn .
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- A triplet object can be initialized as demonstrated in the following example:
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Example 2.5.1:

unsigned int row_idx = 2;
4;

unsigned int col_idx

double value = 2.5;

Eigen:: Triplet <double> triplet (row_idx, col_idx, value);

std :: cout << (7 << triplet.row() << ’,’ << triplet.col()
<< 7,7 << triplet.value() << ’)’ << std::endl;

#include<Eigen/Sparse>
1 Eigen::SparseMatrix<int, Eigen::ColMajor> Asp(rows,cols); // CCS format
1~ Eigen:: SparseMatrix<double, Eigen::RowMajor> Bsp(rows,cols); // CRS format
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~unsigned int rows, cols, nr;

SparseMatrix<double , RowMajor> mat(rows, cols);
- mat. reserve (RowVectorXi :: Constant(eemtsb, nr)) ;
—// do many (incremental) initializations

Cfor () |

mat.insert(i,j) = value_ij;

- mat.coeffRef(i,j) += increment_ij;

)

mat. makeCompressed () ;
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std :: vector<Eigen :: Triplet<double> > triplets;

~ triplets.reserve(nnz);
N T heR= Tk Ve ct

_ Eigen :: SparseMatrix<double, Eigen ::RowMajor> spMat(rows, cols);
~ spMat.setFromTriplets(triplets.begin() ,triplets.end());

or triplets
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_ Definition 3.1.1 (Least squares solution). For given A € K™”", b € K" the
— vector x € R" is a least squares solution of the linear system of equations Ax = b,
— if and only if

~ X € argmin ||Ay — b||, , which is equivalent to ||Ax — b||, = inf ||Ay —b||, .
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Theorem 3.1.2 (Obtaining least squares solutions by solving normal equations)

The vector x € R" is a least squares solution (see definition 3.1.1) of the linear system

of equations Ax = b, A € R™", b € R", if and only if it solves the normal

equations

ATAx=A"b. (1)
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C(il).‘?llary 3.1.1 (Uniqueness of least squares solutions). If m > n and
keun(A) = {0}, then the linear system of equations Ax =b, A € R™", b € R™,

has a unique least squares solution (see definition 3.1.1)
x=(ATA)1ATD,

that can be obtained by solving the normal equations (3.6).
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~ Definition 3.1.2 (Generalized solution of a linear system of equations). The . +
— generalized solution x* € R" of a linear system of equations Ax = b, A € R™", A C Ax =b)=O
b € R™, is defined as A CA?% n éiiz,;l’) = D
- t._ . . =
B x' = argmin{||x||,: x €1sq(A,b)} . (1)
N A (Ax ~b) =C
o N
l
X, ¢ Ksg (A L)
Tloorewe - For AecR™% lloe(Q"” Hee oo olizeo! -
4 [l = x| = wen A=Y,
goM'ou o Ax= b a5 wigue . < <

l

= X & N (AT




(s

(/({M'aiuwﬁ/n : @ ')(44\; K; 6&_0&)]— = Z(v+ _X; C—J\CA)l \/ i ! ! —
N = Y. Y,
@ AT/“rL/qur’ _x;):O = xT—xT e \NA'A)= ! <
/ t Z ~ ! |
L)C(A/)
" D% c.oun O\QIAJQM.S &u@‘ @ VQCADF “ S-'E-
x = x v J
1 2
\/u — XFJI-
J
Formela éfvf\ caueralizedl o —
d N AAXT = A b
K G‘X(A) - T AT
V A A \/3— = \/ A—‘ o)
Iooﬂﬂ Ev«..o( o |00_§ﬂ‘3 il/'ir"'l‘/k-:ﬁ CRH Dép J(A)i (PQQLU‘C'QDQ Vo QRIUO“‘%\D“S)

l(_‘l dlvl/t. \)(,\(‘A)l

¥ weaus: W  seard éfgr o soledion. do  Hg

ord wole xT i fewy Lewis noprol  eguadion  iu AT
X_|_~ g VvV, + < g v /bec,o«u/& OF(AA: d{(ﬂrTﬂf\ 1y Hoao_ Dercy.  of
g1 Ju 'k - &
(K ///\ \/U-Ou.thAA\l/?UWYb ) .




TAT _vTAT I
VA'AVy=V'A'b (3.1.36) Theorem 3.1.5 (Formula for generalized solution)

i I - Given A € R™", b € R™, the generalized solution x" of the linear system of equations
- i ' - |  Ax=Dbis given by
\'al AT A \% !y] = | x =V(VTATAV)"L(VTATD),
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