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Composite Trapezoidal rule for approximating the integral of a
function f(z) on an interval [a,b] using m subintervals is

m—1
fla)+ 10) +2 Y )| - PR e,
j=1

/abf(:zr)da:zg

where a < ¢ < band h = (b—a)/m and z; = a + jh for each
j=01,...,m.
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Finding approximation for my = 1,mo =2,mg =4,...,m, = 2""!

for n € N. The corresponding step size hifor each my is then given
by hr = (b —a)/my = (b— a)/2F~ 1. The trapezoidal rule then
becomes

[From-t

where & € [a, b].
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Here we'll use the notation Ry ; to denote the portion used for the
trapezoidal approximation. In other words,

hl b—a

Rig = 2lf(a) + F0)) = 252 1F(0) + £ )
Roy = "21f(a) + F(6) + 2 (a+ ho)]
1b—a

b—a
=8 f(a)+f(b)+2f<a+ B )]
= %[Rm + h1f(a+ h2)],

Rs = %{Rz,l + ha[f(a + h3) + f(a + 3h3)]}.
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This leads to the Trapezoidal rule in the general form

k—2
1 2
Rk71 = B Rk_171 + hp_1 Z f(a + (2] — 1)hk) fork=2,3,...,n.
=1

This method converges very slowly on its own. A technique called
Richardson's Extrapolation is applied to speed convergence.
Essentially, this performs a method of averaging previously
calculated entries to obtain the next entry in the table. This is given
in general form

Ryj1— Rg-1j1

Rk,j = R/c,j—l -+ U1 _1
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This method will give us the following entries of R in a tabular
format. The number of rows is determined by the value that we

desire.

Rs3
Ry3 Rya
Rn 3 Rn,4 L Rn,n
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Algorithm

Algorithm 1: Romberg Integration

Function romberg(f,a,b,n):
h+b—a;
Ry« [f(a) + f(b)] - h/2;
for k < 2 to n do
2k72
Ri_11+h Y fla+(2j—1)-h/2)|;

1

Rkl — =
’ 2 <
J=1

for j <+ 2 to k do
Ryj—1— Rp—15-1,

Ry j < Rgj—1+ pEES ;

end

h < h/2;

end

return [Ry1, Ro o, R33,..., Ryal;

end *
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