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THE CHEBFUN PROJECT

Google chebfun
or

http://www.maths.ox.ac.uk/chebfun/



BASIC IDEA

The feel of symbolic with the speed of numerics

Smells symbolic, tastes numeric

Automatic computation with functions and operators instead of
numbers

MATLAB ANALOGY
e diff for derivatives ;
e sum for definite integrals;
e « forward mode operators;
e \ for solving ODEs.




BAsIC TOOLS

Piecewise polynomial representation of functions*

INTERPOLATION AT CHEBYSHEV NODES

Chebyshev polynomials: 7,,(x) = cos(n arccos(x))
extreme points: x; = cos(jm/n), j=0,1,...,n
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TEOREMA 1: NEAR-BEST APPROX. [EHLICH E ZELLER, 1966]

If = pall < (2 + (2/m) logn)llf — py |-




THE CONSTRUCTION OF A CHEBFUN OBJECT

Obtain function values at Chebyshev nodes

4

Fast Fourier transform

4

Obtain coefficients of the Chebyshev expansion

Pn = Z )\ka(X)
k=0

The degree of the polynomial is then determined by the magnitude of
the coefficients.



OTHER BASIC TOOLS

e barycentric interpolation formula
e colleague matrix for zero finding:

1
p=aolo+aiT) + axTr + azTz — §T4

1 ag a; a aj
[I.J. Good 1961]
e spectral methods
e automatic differentiation
@ mappings



Non-smooth functions and Edge detection



THE LOGISITC MAP

Xer1 = (1l —xi), x €[0,1], re€]0,4]




THE LOGISITC MAP (NUMBER OF ITERATIONS TO CONVERGE

X1 = rxp(l —xx), xx €[0,1], re€]0,4]

Zo
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UNBOUNDED DOMAINS [—00, 0], [—00, b] AND [a, o0

REPRESENT fo g
Examples:

y€[-1,1], x:y/(l_y2)7 x € [—00, 0]

h(y) =f(x) = f(y/(1 =)




UNBOUNDED DOMAINS [—00, 0], [—00, b] AND [a, o0

REPRESENT fo g
Examples:

y€[-1,1], x=y/(1—y2), x € [—00, 0]

h(y) =f(x) =f(y/(1 = y%))

MAIN DIFFICULTIES
e scaling (e.g. exp(—0.01x?) and exp(—100x?))

e Integrals: 1 )
& 1
| rwas= [ no) gy
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