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else cout <<"They are not equal”;
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double a = 1.0;
double b = a/9.0;

if (fabs(a-b*9.0)<numeric limits<double>::epsilon) ¢.a : a+b = /9.-/(94_+ 4-404)_/,40_/<
cout << "They are equal"; N v ) -
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Definition 1.5.15. Machine numbers/floating point numbers — [?, Sect. 2.1] / \

| Given & basis B € IN\ {1}, 3 97'40—94 /@M—M@,@l&

i exponent range {emin, - - -, €max }» €min, €max € Z, €min < €max;
JQO}W/ & ! doutdt

1 number m € IN of digits (for mantissa),

. . : buary 22 : paph
| the corresponding set of mac’rﬁnumb&/ b _— 7 7Y
— buenb4g okt OZPC/M—' uaolf.
M:={d-BE:d=i-B"i=B"1,...,B"—1,E € {emin,- - -, Cmax} } L M/IZJP.' cvaclanlo . !
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C++11 code 1.5.21: Querying characteristics of double numbers =* GITLAB

. |#include <limits >
| I I S W s |#include <iostream>
X = + O | | | . ) | . :_P; Rr—’ + |#include <iomanip>
= > aﬁﬁfﬁ&ﬁf%r%f ;
‘ r_\(- . ( s |using namespace std;
hSV\ / wA ‘osg‘ 7
| s [int main () {
. : 9 cout << std::numeric_limits <double >::is_iec559 << endl
‘ Y o EO) 10 << std::defaultfloat << numeric_limits <double >::min() << endl
F\"S'i— @([4?«10' - " << std::hexfloat << numeric_limits <double >::min() << endl
! 12 << std::defaultfloat << numeric_limits <double >::max() << endl
13 << std :: hexfloat << numeric_limits <double >::max() << endl;
14
}

true
2.22507e—308
0010000000000000
1.79769e+308
7fefffffffffffff

Output:
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C++11 code 1.5.23: Demonstration of roundoff errors = GITLAB

o v e e o o

#include <iostream>

o Bemin_1
- b 000G OOOOS O & & & & & O 0o o ] ] ® ® o C ®
— spacing Bfmin =™ spacing Bemin—"+1 spacing Bémin—"+2

— ap partly filled with non-normalized numbers

int main () {
std::cout.precision(15);
double a = 4.0/3.0, b = a—1, ¢ = 3xb, e = 1—C;
std::cout << e << std::endl;
a=1012.0/113.0; b = a—9; ¢ = 113«xb; e = 5+cC;
std::cout << e << std::endl;
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—— 9 a = 83810206.0/6789.0; b = a—12345; ¢ = 6789xb; e = c—1;

10 std::cout << e << std::endl;

i1 2.22044604925031e—16
6.75015598972095e—14

N

Output:
s —1.60798663273454e—09
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Definition 1.5.24. Absolute and relative error — [?, Sect. 1.2]

Definition 1.5.27. Correct rounding

Correct rounding (“rounding up”) is given by the function

| d R — M
| x = maxargming_,,|x —X].

Let x € K be an approximation of x € K. Then its absolute error is given by

€abs -— |x - ﬂ ’

and its relative error is defined as

|x — %]

erel = |x|
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Assumption 1.5.32. “Axiom” of roundoff analysis

There is a small positive number EPS, the machine precision, such that for the elementary arithmetic
operations » € {+, —,-, / } and “hard-wired” functions™ f € {exp, sin, cos, log, ...} holds

xFy = (xxy)(1+8) , F(x)=f(x)(1+5) VxyeM,

with |§| < EPS.
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C++11-code 1.5.34: Finding out EPS in C++ =* GITLAB

L. Corpude  bocdkword ecroc

#include <iostream>

#include <limits > // get various properties of arithmetic types
int main() {

std::cout. precision(15);

std::cout << std::numeric_limits <double>::epsilon() << std::endl;

&?{)ose_ qu;la (solve '!lgr x)

~ o I

}

Output:

] Cﬂ!&‘mdﬁ< X y (Qﬁzc. Q&g X, )

1 2.22044604925031e—16
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C++11 code 1.2.14: Initializing special matrices in EIGEN

© @ ~ o w = w n —

#include <Eigen/Dense >

// Just allocate space for matrix, no initialisation
Eigen :: MatrixXd A(rows,cols);

// Zero matrix. Similar to matlab command zeros(rows, cols);
Eigen ::MatrixXd B = MatrixXd::Zero(rows, cols);

// Ones matrix. Similar to matlab command Ones(rows, cols);
Eigen :: MatrixXd C = MatrixXd::Ones(rows, cols);

// Matrix with all entries same as value.
Eigen::MatrixXd D = MatrixXd:: Constant(rows, cols, value);
// Random matrix, entries uniformly distributed in m,”
Eigen :: MatrixXXd E = MatrixXd ::Random(rows, cols);

// (Generalized) identity matrix, 1 on main diagonal

Eigen ::MatrixXd | = MatrixXd::ldentity (rows,cols);
std::cout << "size of A = (" << A.rows() << ’',’ << A.cols() <<’
std::endl;
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Column major (Fortran, MATLAB, EIGEN):

A_arr
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C++11 code 1.2.22: Single index access of matrix entries in EIGEN =* GITLAB

void storageOrder(int nrows=6,int ncols=7)
{
cout << "Different matrix storage layouts in Eigen" << endl;
// Template parameter ColMajor selects column major data layout
Matrix <double , Dynamic, Dynamic, ColMajor> mcm(nrows, ncols) ;
// Template parameter RowMajor selects row major data layout
Matrix<double ,Dynamic, Dynamic, RowMajor> mm(nrows, ncols) ;

©w @ ~ =] w RS w n

// Direct initialization; lazy option: use int as index type
10 for (int I=1,i= 0; i< nrows; i++)
" for (int j= 0; j< ncols; j++,|++)
12 mem(i,j) = mm(i,j) = |;
13
14 cout << "Matrix mrm " << endl << mrm << endl;

15 cout << "mem linear "
16 for (int 1=0;1 < mom.size(); l++) cout << mem(1) << ', ’;
17 cout << endl;

19 cout << "mrm linear = ";
20 for (int 1=0;1 < mm.size(); l++) cout << mm(Il) << ',
21 cout << endl;

2 |}

Different matrix storage layouts in Eigen

Matrix mm =
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Definition 1.4.1. Computational effort -

The computational effort required by a numerical code amounts to the number of elementary oper-
ations (additions,subtractions,multiplications,divisions,square roots) executed in a run.

“Computational effort / runtime”
B T A A - S A The computational effort involved in a run of a numerical code is only loosely related |
— B ctoomio acay A0 * to overall execution time on modern computers. —
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Definition 1.4.4. (Asymptotic) complexity

The asymptotic complexity of an algorithm characterises the worst-case dependence of its
computational effort on one or more problem size parameter(s) when these tend to co.
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