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QOutline

e Background
e Problem statement and motivation
e Formulation: The linear system and its conditioning
e Polynomial bases
e Monomial
e Lagrange
e Newton
e Uniqueness of polynomial interpolant
e Divided differences
e Divided difference tables and the Newton basis interpolant
e Divided difference connection to derivatives
e Osculating interpolation: interpolating derivatives
e Error analysis for polynomial interpolation

e Reducing the error using the Chebyshev points as abscissae
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Interpolation Motivation

the {4}, are called the data/values

e Wantto=find a function p&e)which-ean be used to estimate

e Why? We often get discrete data from/sensors gr computation,/but

we Wan'r ation ds|if the’ fupction were not discretely sampled

e If posgiblerp(x) Should |be’inexpensive towevaluate\for a given/z
possible; D p g

CPSC 303 Notes 2 lan M. Mitchell — UBC Computer Science 3/ 53



Lagrange Basis Conditioning

The Lagrange basis functions L;(z) are clearly distinct. With abscissae
x; =i/5 for i =0,1,...,5 the Lagrange basis function L;(x) are shown
below.

First 6 Lagrange Basis Functions with Equally Spaced Abscissae
T T T T T T T
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Basic Polynomial Interpolation Summary

e We want to interpolate data {(z;,y;)}"_, using basis function set
{0;(z) ?:0

e Interpolant is pn(z) = 37 ¢;¢;(x)

e Interpolation conditions p,(x;) = y; lead to square linear system
AC =1, where Ai5 = ¢j (xz)

e Solve linear system for coefficients c;

e Interpolating polynomial is unique, but choice of basis set affects
cost of construction and evaluation, accuracy, and difficulty of
changing or adding data

basis construction evaluation bonus
set cost cost feature
monomial | (1/3)n3 + O(n?) n simple
Lagrange n? + O(n) 3n c; = Yj
Newton n? + O(n) n adaptive n
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