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Composite Quadrature
] 1

1
High-order polynomial interpolation requires a high degree of smoothness

of the function.
Idea: Stitch together multiple lower-order quadrature rules to alleviate

smoothness requirement. el (o'-;"7
e.qg. trapezoidal 5
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Error in Composite Quadrature

What can we say about the error in the case of composite quadrature?




Composite Quadrature: Notes

Observation: Composite quadrature loses an order compared to
non-composite.

Idea: If we can estimate errors on each subinterval, we can shrink (e.g. by
splitting in half) only those contributing the most to the error.
(adaptivity, — hw)



Taking Derivatives Numerically g/, - mx/ il
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Den‘o: Taking Derivatives with Vandermonde Matrices
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Finite Differences
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More Finite Difference Rules

Similarly: - %

F(x)

X
(Centered differences)

Can also take higher order derivatives:

F1(x) = f(x+h)—21;7(2x)+ f (x==h)  OWR)

Can find these by trying to match Taylor terms.

Alternative: Use linear algebra with interpolate-then-differentiate to find
FD formulas.

Demo: Finite Differences vs Noise

Demo: Floating point vs Finite Differences
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Richardson Extrapolation

If we have two estimates of something, can we get a third that's more
accurate? Suppose we have an approximation F = F(/) + O(h”) and we
know F(h1) and F(hy).
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Richardson Extrapolation: Observations, Romberg Integration

Important observation: Never needed to know a.

Idea: Can repeat this for even higher accuracy.

order accurate

Carrying out this process for quadrature is called Romberg integration.
Demo: Richardson with Finite Differences




In-Class Activity: Differentiation and Quadrature

In-class activity: {Differentiation and Quadrature




Outline

Initial Value Problems for ODEs
Existence, Uniqueness, Conditioning
Numerical Methods (1)

Accuracy and Stability
Stiffness
Numerical Methods (I1)



