CS 357: Numerical Methods

Interpolation Error
Piecewise Polynomial Interpolation
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Review: Quadraftic Interpolation


























































































































































Demo: Interpolation with
Vandermonde Matrices
O Things to nofice:
The points that we choose to interpolate at are called nodes

O In this example the interpolation is quadratic
But the coefficients are found by solving a linear system

O Derivative of the interpolant exhibits more error than interpolant



Demo: Interpolation Error |

O Assume the function f being interpolated in smooth
...It has many derivatives...

O The length h of the interpolation interval is “sufficiently small”
O Then we have: ! Abery slan’ of Acgree N

A
ormprel 700~ f(0] < ch™

—
KCc’h‘s\'o_d:\’

Error depends on the inferval h (the “step-size”)












































































































Interpolation Error

>
Errar (W) T Ch
O Suppose we have /\
A quadratic interpolant

An error E
An interval length h

O What happens if | use h/2 instead of h2

Crror (_»\12\ ~ C Cl\/'))
= /8 QI’\






































































































Demo: Interpolation Error |I

If a method has an error bound of

( E < Ch?P
)

Itis colled\pfh order convergent,

So polynomial interpolation with a polynomial of degree
nis (n+1)th order convergent.

Why does a shorter interval seem to decrease errore







Interpolation Parameters

O What can we choose when interpolatinge
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Choosing Nodes for Interpolation

O Demo: Choice of interpolation nodes

O Best if nodes cluster fowards the ends of the interval

O On [-1,1] the Chebyshev nodes perform

(k= COS(%T[) for k=1,..., n)


































































Piecewise Polynomial Interpolation
Example -
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Cubic Splines

O A spline is a piecewise polynomial of degree k that is
continuously differentiable k-1 times
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O 15t and 29 derivatives must match at interior points
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Cubic Splines: Parameters and
Constraints

©f Q—% c‘;‘g——-c———@ n=4

3
O Suppose there are n knots (including endpoints)

O How many parameterse
| (Yl-\> | r\"bl
O How many equations from interpolation constrainte
2 (=D
O How many equations from 15" derivative match? )
Llr\’Q N-"2- Q,A: Ql‘(«\-') < Cg (‘L) se C: (1, -Cgﬂ\fo
O How many from second derivative matche
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Cubic Splines: Parameters and

Constraints

O 2 free parameters...you could
Specify first derivative at t; and t, endpoints

Setsecond derivative to 0 at at f; and f,, endpoints
——. R " \r_\_/
O This is a natural spline

Seft first and second derivatives equal atf t; and 1,
O Periodic






Natwral ewbBic splers  on :;Mlq. Qo\w\!s
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