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C++code 5.2.3.21: Polynomial evaluation

1 |class PolyEval {

2 private:

3 // evaluation point and various internal data describing the

polynomials

public:
// Idle Constructor
PolyEval () ;
// Add another data point and update, internal information 2
void addPoint(t,y); —>  add Adake point (153,}/& ) e K
// Evaluation of current interpolating polynomial at x
Eigen:: VectorXd operator () (const Eigen::VectorXd &x) const;
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|C - (1]' € R: [l()N()(tj) +[11N1(t]) + - -I-IIHN,,(tj) = y], ] =0,..., n. (52324)
& triangular linear system C++-code 5.2.3.34: Divided differences evaluation by modified Horner scheme
Lg F r N (f ) N (f ) N (t ) Tr 4 - - y . 2 |// Evaluation of a polynomial in Newton form, that is, represented |
. 0\ t0 1LH0 n\t0 0 0 through the
_— . N()(f]) N](fl) N”(t]) aj Y1 |// \éector of its basis expansion coefficients with respect to the Newtonl
= asis
. 5 : : s+ |// (5.2.3.28). /
s | Eigen:: VectorXd evalNewtonForm(const Eigen:: VectorXd &t, &— 17
NO(tn) Nl(fn) . Nn(tn) Ay Yn = const Eigen::VectorXd &a, < DM/S' @(ID (o@FﬁS‘
ﬁ 7 const Eigen::VectorXd &x) { & 6/(7,/ )D-L(g‘
8 const unsigned int n = a.size() — 1;
1 0 Tt 0 - - - - 9 const Eigen::VectorXd ones = VectorXd ::Ones(x.size());
M . : ap Yo 10 Eigen::VectorXd p{a[n] * ones};
m%(fm 1 (tl_to) ' ' aj Y1 1" for (int j =n—1; j >= 0; —j) {
LS!: : : 0 . = : . (5.2.3.25) 12 p=(x— t[j] * ones).cwiseProduct(p) + a[j] * ones;
L~ n—1 ' ) e }
]_ t‘ _t‘ . t‘ _t‘ ayn yn 14 return P 4/\ — ( >
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The Newton basis polynomial N;(t) has degree j and leading coefficient 1

> aj is the leading coefficient of the interpolating polynomial py ;.
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Rewmember + Atlan - Neville  wennion
Prk(x) =y (‘constant polynomial”), k=0,..., n,
(X) . (x - tk)Pk+1,£(x) N (x o tZ)Pk,Z—l (x)
Pl e\X) = t — b (5.2.3.9)
X — f[‘

= Prr1,0(x) + 5 (Prs1,0(x) = pre-1(x)), 0<k<{l<n,
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Yl ot S &;J yifu-- ikl D on (5.2.3.28)
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> ylto h] Y by (%)
fi | ylt] > ylto, b, b2

= ylh, b > ylto, by, t2, 3], (5.2.3.30)
b2 | ylt2 >yl ta ]

(> Yli2, 13
i3] Ylts — (0 p[ﬂ&? L Yy —>= dg/

C++ code 5.2.3.31: In-situ computation of divided differences

ylil = (ylil = yli = 1) /7 (t[j] — t[n — 1 — 1]);

2 |// IN: t = node set (mutually different)

s |// yv = nodal values

4 |// OUT: y = coefficients of polynomial in Newton basis

s [void divdiff (const VectorXd &t, VectorXd &y) ({

6 const int n = y.size() — 1;

7 // Follow scheme (5.2.3.30), recursion (5.2.3.27) . 2)
s | for (int I = 1; 1 <n;: ++1) /> (057["&(}/7

9 for (int j =n—1; | <n; ++j)
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void PolyEval :: addPoint (double td, double yd) {

4 t.push_back (td) ; [
5 y.push_back (yd) ; (ﬁé% = O Fi
M@ﬂ I m&”’% mﬁ%_g 6 int n = t.size(); (> )
7| for (int j = 0; j <n— 1; j++)
6{“3(%“5{01"/%0” éOw Gin-n . yln— 11 = ((yIn— 11 = y[iD / (t[n— 11 = t[i])); —> Uy
r\____‘_/‘\______,_———ﬁ - }
1 0 o 0 - 7 - 7 11 | double PolyEval ::operator () (double x) const {
1 ¢ ¢ - : ap Yo 12 double s = y.back();
( 1 — 0) ' - a1 yl 13 for (int i =y.size() — 2; i >= 0; —i)
! . 0 . — _ . (5.2.3.25) 14 s =s x (x— t[i]) + y[il;
. . 15 return s;
n—1 16 |}
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