Chapter 3 Interpolation and
Polynomial Approximation

Function Interpolation by Polynomial or
Piecewise Polynomial

Lagrange interpolating polynomial :
If x¢,X,...,x, are (n+1) distinct numbers and £ is a function
whose values are given at these numbers, then there exists a unique
polynomial P of degree at most » with the property that
f(xp)=P(xy) foreach k£ =0,1,...,n.
This polynomial is give by

P(X) = f(xo )Ln,O (X) oot f(xn )Ln,n (X) = Z f(xk )Ln,k (X),
k=0

where
L, (x)= (x = x)(x = x)) - (x = xp_)(x = X 4q) (X —X,)
n, (xp =x0)(xp =x7) (g = x4 )X = Xp11) (X —X,)
n - .
= M,foreach k=0,1,...,n.
iZO(xk - X;
i#k

Natural and clamped cubic splines
Given a function f defined on [a,b], and a set of numbers, called nodes,
a=xy,<xy <---<x, =b,acubic spline interpolant, S, for f'is a

function that satisfies the following conditions:

a. § is a cubic polynomial, denoted S j»on the subinterval

[xj,% 41 ], where



— _ _ 2 _ 3
Si=a;+bj(x—x;)tc;(x—x;)" +d;(x—x;),
j=0,1,...,n—1;

b. S(x;)=f(x;), U=0l...,n;

o

: Sj+l(xj+l):Sj(xj+l)9 Dj:()ala---an_z;
& S5 (x0) =S50 an)s B =0,L,.n=2;
S;'-H(xjﬂ):S}'-(xjﬂ), Dj=0,1,...,n—2;

o

f.  One of the following set of boundary conditions is satisfied:
(i) S"(xg) =8"(x,,) =0  (free or nature boundary ) ;

(i) $'(xg) = f'(x0) and S'(x,) = f(x,) (clamped
boundary ) .
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