SOLUTION of (5-4.a):

Key to efficiency is the sorting of the data point according to their first coordinates (the nodes). This paves
the way for using binary search for locating the relevant node interval for the evaluation.

C++11-code 5.4.1:

Linearinterpolant:: Linearinterpolant(const Eigen::VectorXd &t,
const Eigen::VectorXd &y) {
assert(t.size() == y.size() && "Input sizes must match");
assert(t.size() > 1 &k "Must specify at least two nodes");
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// TODO: (5-4.a) Implement the constructor of the class. t and y may

not be
8 // sorted.

9 // START

11 // helper lambda to transform two Eigen::VectorXd into one
12 // std::vector<std::pair<double, double»

13 auto VecToVecPair = [](const double &t_i, const double &y_i) —> pair {

14 return std::make_pair(t_i, y_i);

15 };

16

17 // perform transformation towards std::vector<std::pair<double,
double»

18 i_points.resize(t.size());

19 std ::transform(t.data(), t.data() + t.size(), y.data(), i_points.begin(),
20 VecToVecPair) ;

22 // This 1is needed in std::sort
23 auto Ordering = [](const pair &, const pair &Q) —> bool {
24 return P.first < Q. first;

25 b

26 // Sort the array

27 std ::sort(i_points.begin(), i_points.end(), Ordering);
28 // END

L4
We leave the binary search to the standard library function std: : lower_bound.

C++11-code 5.4.2:

double Linearlnterpolant ::operator () (double x) {
double | x = 0.;
// TODO: (5-4.a) Implement an efficient evaluation operator.
// START

// Lambda for comparison of pair type,

// we want to compare only the

// first element of the pair, i.e. {;

10 auto Compare = [](const pair &P, double V) —> bool { return P.first < V; };
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12 // Find the place i (as iterator), wehre t; >= X, notice that i_points
13 // *must+ be sorted (this is needed in std::lower_bound)
14 // IMPORTANT: "lower_bound" performs a binary search
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}

// on the data, provided the data has a random access lterator

// http://www.cplusplus.com/reference/iterator/RandomAccessIterator/
// this 1s crucial here, since evaluation operators must be fast

// this allows to reduce the complexity,

// from linear complexity to a logarithmic

auto it = std::lower_bound(i_points.begin(), i_points.end(), x, Compare) ;

// Bound checks, if i=0 and ty! =x (we are before the first node)
// or if x >1t, (we are after the last node).

// In such cases return 0 (xit and *(it-1) would be undefined in such
cases)
if ((it == i_points.begin() && it->first != x) || it == i_points.end())
return 0;

// Actually compute the interpolated value, dist_ratio

// contains the distance from t;_ 1 to x (as a ratio)

double dist_ratio = (x - (it = 1)->first) / (it->first - (it - 1)->first);
I_x = (it — 1)->second = (1 - dist_ratio) + it->second « dist_ratio;

// END

return |_x;

Get it on @ GitLab (linearinterpolant.hpp).
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