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Numerical Integration

Trapezoidal/Simpson’s rule

Degree of accuracy or precision

Composite Numerical Integration

Composite Trapezoidal/Simpson’s rule

Round-Off Error Stability

Romberg Integration

Extrapolation

Adaptive Simpson

Gaussian Quadrature
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Trapezoidal rule

Using linear Lagrange polynomial 𝑃(𝑥) to 
approximate the given function 𝑓(𝑥)

𝑃(𝑥) interpolates 𝑓 𝑥0 , 𝑓(𝑥1)

Numerical Integration
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Simpson’s rule

Using quadratic Lagrange polynomial 𝑃(𝑥) to 
approximate the given function 𝑓(𝑥)

𝑃(𝑥) interpolates 𝑓 𝑥0 , 𝑓(𝑥1), 𝑓 𝑥2
where 𝑥1 =

𝑥0+𝑥2
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Numerical Integration
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Composite Trapezoidal rule

Using Trapezoidal rule on the meshed domain.

Composite Numerical Integration
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Composite Simpson’s rule

Using Simpson’s rule on the meshed domain.

Composite Numerical Integration
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Extrapolation

Using extrapolation to achieve higher accuracy

Luckily, the remainder series of the 
Trapezoidal/Simpson’s rule are even power series.
-> accuracy increases twice faster than normal case

Romberg Integration
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Recursive Simpson’s rule

Using the formula 

If the integral is less than the given tol, then stop. If 
not, then apply above formula to each half-interval

Adaptive Quadrature Method
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Legendre polynomial

Legendre polynomial 𝑃𝑛(𝑥) is a monic polynomial 

s.t. 1−
1
𝑃𝑛 𝑥 𝑝 𝑥 = 0 for ∀𝑝 𝑥 ∈ 𝑃𝑛−1[𝑥]

Gaussian Quadrature
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Gaussian Quadrature

Gaussian Quadrature
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