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® forward substitution, solve Lz = b, #elementary operations 517 H"l))
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C++11 code 2.5.11: Wasteful approach!

// Setting: N>1,
// large matrix A € K""
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for(int j = 0; j < N; ++j){
x = A.lu() .solve(b);
b = some_function (x);

computational effort O(Nn?)
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C++11 code 2.5.12: Smart approach!
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// Setting: N>1,

// large matrix A € K""

auto A_lu_dec = A.lu(); 0(}73)

for(int j = 0; j < N; ++j){ 1
x = A_lu_dec.solve(b); O(nl
b = some_function (x) ;

computational effort O(n> + Nn?)
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Never contemplate implementing a general solver for linear systems of equations!

If possible, use algorithms from numerical libraries!

(— Exp. 2.3.7)
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C++11 code 2.6.9: Dense Gaussian elimination applied to arrow system

2 |VectorXd arrowsys_slow (const VectorXd &d, const VectorXd &c, const
VectorXd &b, const double alpha, const VectorXd &y){
int n = d.size();
MatrixXd A(n + 1,n + 1); A.setZero();
A.diagonal () .head(n) = d; s . *
A.col(n).head(n) = c; Mihalize amed mdﬁ?x
A.row(n).head(n) = b;
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C++11 code 2.6.10: Solving an arrow system according to (2.6.8)
. [VectorXd arrowsys_fast(const VectorXd &d, const VectorXd &c, const
VectorXd &b, const double alpha, const VectorXd &y){
3 int n = d.size();
.|  Vectorxd z = c.array() / d.array(); // z=D"c Oln)
5 VectorXd w = y.head(n).array() / d.array(); // w=D"Y (n
6 double xi = (y(n) — b. oi(w)) / (alpha — b.doi(z)) 0(;?])
7 VectorXd x(n+1);
8 X << W — Xi%*z, Xi; Ofn)
9 return x;
10 }
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C++11 code 2.6.24: Solving a rank-1 modified LSE

// Solving rank-1 updated LSE based on
template <class LUDec>

2.6.23)

VectorXd smw(const LUDec &lu, const MaftrixXd &u, const VectorXd &v,

const VectorXd &b) {

VectorXd z = lu.solve(b); // é

VectorXd w = lu.solve(u); //

double alpha = 1.0 + v.dot(w);

if (std::abs(alpha) < std::numeric_limits<double>::epsilon())
throw std::runtime_error("A nearly singular");

else return (z — w x v.dot(z) / alpha);
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Notion 2.7.1.

A € K"™" m,n € N, is sparse, if
»n

nnz(A) = #{(i,j) € {1,..., m}x{1,..., npa; #0p < mn.

Example: " rzno makix cétbgmd/ mahix
- A

0
bondec!  mahrx 0
0
0 A
2.1 S\wa% mahx Sbragg Formats
Gl <q. memoty nnz(A )

cost ( matix = vecky ) ~ nnz(A)

COO [ tiplet  Bmatt
List of  trplel (L',él, (A )e'g)

Exampﬂz :

—>



@ struct TripletMatrix {

col indlk| =7,

size t m,n; // Number of rows and columns vallk] = a;; < {row:ptr{i]]gli<row_ptr[i—|— 1, 1<k < nnz(A).

vector<size t> I; // row indices

vector<size t> J; // column indices val Bij

vector<scalar t> a; // values associated with index pairs T

}; col_ind d |
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C++-code 2.7.7: Matrix x vector product y+—= Ax in triplet format 7/ = A £ty :P
i |void multTripIMatvec (const TripletMatrix &A,
2 const vector<scalar_t> &x, (10 0 0 0 =2 0] val-vector:
s vector<scalar_t> &y) 3900 0 3 [10[-2]3[9[3]7]8]7[3..9[13[4]2]-1]
+| for (size_t 1=0; I<A.a.size(); l++) { A= 9787 00 L_inddray: | ’ Thekex
sl YIALI[I]] += Aa[1]#x[AJ[1]]; 3087 5 0f [1]5 |2/6,|2/|’8/[4|1"'5|6|2|5|6|[ﬁamﬁ]
s |} 0 809 9 13 row_gt r-aifay;
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vector<scalar_t> val sizennz(A) := #{(i,j) € {1,...,n}", a;; # 0} | #include <7igen/Sparse>
vector<size_t> col_ind size nnz(A) Eigen::SparseMatrix<int, Eigen::ColMajor> Asp(rows,cols); // C&S
vector<size_t> row_ptr sizen+1& row_ptr[n+1] =nnz(A) +1 format
(sentinel value) Eigen::SparseMatrix<double, FEigen::RowMajor> Bsp(rows,cols); // CRS

format
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std::vector <Eigen::Triplet <double > > triplets;
// .. fill the std::vector triplets ..

Figen: :SparseMatrix<double, Eigen::RowMajor> spMat (rows, cols);

spMat .setFromTriplets (triplets.begin(), triplets.end());
spMat .makeCompressed() ;
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C++11-code 2.7.21: Accessing entries of a sparse matrix: potentially inefficient!

1 lunsigned int rows, cols,max_no_nnz_per_row ;

SparseMatrix<double, RowMajor> mat(rows,cols);
mat.reserve (RowVectorXi :: Constant (cols ,max_no_nnz_per_row) ) ;
// do many (incremental) initializations
for () {
mat.insert(i,j) = value_ij;
mat.coeffRef(i,j) += increment_ij;
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When solving linear systems of equations directly dedicated sparse elimination solvers from
numerical libraries have to be used!

System matrices are passed to these algorithms in sparse storage formats (— 2.7.1) to convey
information about zero entries.
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