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Prerequisites.
e Basics of C++
e Classes and methods in C++
e Templates in C++
Dependencies. None

Duration: minutes
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C++ code 1.2.1.2: Vector type and their use in EIGEN = GITLAB

{
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#include <Eigen/Dense >

template <typename Scalar>
void eigenTypeDemo(unsigned int dim)

// General dynamic (variable size) matrices

using dynMat_t = Eigen:: Matrix<Scalar ,Eigen::Dynamic, Eigen : : Dynamic>;

// Dynamic (variable size) column vectors

using dynColVec_t = Eigen::Matrix<Scalar ,Eigen::Dynamic,1>; —> Cpé(/h’?f) Wpé)/
// Dynamic (variable size) row vectors

using dynRowVec_ t = Eigen::Matrix<Scalar,1,Eigen::Dynamic>; _ > 220 {/Zﬁ]
using index_t = typename dynMat_t::Index;

using entry_t = typename dynMat t::Scalar;

// Declare vectors of size ’dim’; not yet initialized
dynColVec_t colvec (dim);

dynRowVec_t rowvec(dim) ; /
// Initialisation through component access /4
for(index_t i=0; i< colvec.size(); ++i) colvec[i] = (Scalar)i;
for(index_t i=0; i< rowvec.size(); ++i) rowvec[i] = (Scalar)1/(i+1);
colvec[0] = (Scalar)3.14; rowvec[dim—1] = (Scalar)2.718;

// Form tensor product, a matrix, see Section 102(/{1%(.
dynMat_t vecprod = colvecsrowvec; —> MNANX Pl(?

const int nrows = vecprod.rows () ;
const int ncols = vecprod.cols () ;
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C++ code 1.2.1.6: Demonstration code for access to matrix blocks in EIGEN = GITLAB

NPES

template <typename MatType>

void blockAccess (Eigen:: MatrixBase <MatType> &M)

{
using index_t = typename Eigen::MatrixBase <MatType>::Index;
using entry_t = typename Eigen::MatrixBase <MatType>:: Scalar;
const index_t nrows(M.rows()); // No. of rows
const index_t ncols(M.cols()); // No. of columns
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10 cout << "Matrix M= " << endl << M << endl; // Print matrix

11 // Block size half the size of the matrix

12 index_t p = nrows/2,q = ncols/2;

13 // Output submatrix with left upper entry at position (ii)

14 for(index_t i=0; i < min(p,q); i++)

15 cout << "Block (" << i << ', " << i << ', << p << ', << qQ /
" << ") =" i< M.block(i,i,p,q) << endl; —> 5/9%( N

17 // l-value access: modify sub-matrix by adding a constant

18 M. block(1,1,p,q) += Eigen::MatrixBase <MatType >:: Constant(p,q,1.0) ; s WM/( Al
19 cout << "M = " << endl << M << endl;

20 // r-value access: extract sub-matrix

21 MatrixXd B = M.block(1,1,p,q);
2 cout << "Isolated modified block =

<< endl << B << endl;

23 // Special sub-matrices

24 cout << p << " top rows of m= " << M.topRows(p) << endl; OM
25 cout << p << " bottom rows of m = " << M.bottomRows(p) << endl; g;)é

2% cout << q << " left cols of m =" << M.leftCols(q) << endl;

27 cout << q << " right cols of m= " << M.rightCols(p) << endl; afcag\g' a
28 // r-value access to upper triangular part

29 const MatrixXd T = M.template triangularView <Upper>(); //
30 cout << "Upper triangular part = " << endl << T << endl;

31 // l-value access to upper triangular part
a2 M.template triangularView <Lower>() *= —1.5; //
3 cout << "Matrix M= " << endl << M << endl;
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0 0 Outline a C++ function
\ ) \ / \ / template <typename Matrix>
. . . . void replaceWithId(Eigen::DenseBase<Matrix> &M);
diagonal matrix upper triangular lower triangular

that checks whether the matrix is an n x n-matrix with even n € IN and then replaces its upper right
n/2 x n/2-block with an identity matrix. Do not use any C++ loops.

—  Kevw w Wﬁon@ 7.211Y
B

Given an Eigen::VectorXd object v (<+ v € IR"), sketch a C++ code snippet that replaces it with a vector
v defined by

(v), fori=1,

V) 1=
( )l {(V)l_] fori=2,...,}1.

Do not use C++ loops. Can you see a problem?
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Given a matrix M € IR™" stored in an Eigen::MatrixXd object M write down a C++ code snippef;that
initializes another variable Mext of type Eigen::MatrixXd corresponding to

~ M 0
M:= loT 1

} = Rm+1,n+1

using EIGEN’s << matrix construction operator B EIGEN documentation.
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Learn about the methods he=c () and t 211 () from the EIGEN documentation and express them by
means of the » 1 ock () method applied to the same variable.
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