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m Introduction
Romberg integration is based on the trapezoidal rule, where we use two estimates of an integral to compute a value that is
more accurate than the previous estimates. This is called Richardson's extrapolation. Thus,

I =1(h) + E(h)

h=(b-a)/n

where | is the exact value of the integral, 1(h) is the approximate integral using the trapezoidal rule with n segments, and
E(h) is the truncation error. A general form of Romberg integration is:

[ = A ygper — e
ik = U=

where the index j is the order of the estimate integral, and k is the level of integration. [click here for textbook notes] [click
here for power point presentation].

| Inputs

The following simulation will illustrate Romberg integration. This section is the only section where the user may interacts
with the program. The user may enter any function f(x) and the lower and upper limit for the function. By entering this
data, the program will calculate the exact value of the integral, followed by the results using the trapezoidal rule with n =1,
2, 4, 8 segments, and the Romberg integration for each segments.

Integrand f[x] =0
= F[X_ ] :=300.0%xx/ (1.0 + EXp[X]);

Lower and upper limit of the integral, a and b respectively.

me= a=0.0;
b=10.0;
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in@4:= curve = Plot[Ff[Xx], {X, a, b}, PlotLabel - "Entered function on given interval',
TextStyle » {FontSize » 11}];
General::spelll
Off
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m 1 Segment

mer= N=1;
hli=(b-a)/n
ouf7l= 10.

The integral of the function f(x) from a to b using the trapezoidal rule with one segment will be equal to:
In[8]:= |1,1 =hlx (F[a] + F[b]) /2
ougl= 0.680968

NOTE: In the index 1,1, the first number "1" means we are integrating with n=1 segment, and the second number "1" is
the first iteration, using the original trapezoidal rule, which corresponds to O(h2).

m 2 Segment

mEE= N=2;
h2=(b-a)/n

ouf10]= 5.

The integral of the function f(x) from a to b using the trapezoidal rule with two segments will be equal to:
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in11= Dp,1 =h2« (F[a] + 2« F[a+h2] + F[b]) /2
ouf11= 50.5369

NOTE: In the index of | the number "2" means we are integrating with n=2 segments, and the second number "1" is the
first iteration, using the original trapezoidal rule, which corresponds to O(h2).

n[2l= Jj =1;
k=2;
li,0= (4" (k-1) * lj.1,k-1 - U k-1) 7 (4™ (k-1) -1)

outf14l= 67 .1555
NOTE: In the index of | the number "1" corresponds to the first result of the second iteration, and the second number "2"
(2nd iteration) corresponds to O(h4).
The approximate error is:

infs}= Ea2 = 11,2 -111
oui15]= 66.4745

The absolute relative approximate error is
infz6]= ea2 = Abs[Ea2/ 11,2] » 100
outf16]= 98.986

m 4 Segment
n[7= N =4;
hd=(b-a)/n
ous]= 2.5

The integral of the function f(x) from a to b using the trapezoidal rule with four segments will be equal to:
9= summ = F[a+h4] + F[a+2xh4] + F[a+ 3 xh4];
I3,1 =h4x* (F[a] + 2+«summ + F[b]) /2
outzo= 170.612

NOTE: In the index of | the first number "3" corresponds to n=4 segments, and the second number "1" is the first iteration
using the original trapezoidal rule, which corresponds to O(h2).

nR1= J = 2;
k = 2;
I22= (4" (k-1) * lj.1,k-1 - bV k-1) 7 (AN (k-1) -1)

ousl= 210.637

NOTE: In the index of | the number "2" corresponds to the second result of the second iteration, and the second number
"2" (2nd iteration) corresponds to O(h4).
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Inp4l= J =1;
k =3;
l1,3= (4™ (k-1) * lj.1 k-1 - k1) 7/ (AN (k-1) -1)

outz6]= 220.202

NOTE: In the index of | the number "1" corresponds to the first result of the second iteration, and the second number "3"
(3rd iteration) corresponds to O(h6).

The approximate error is:

7= Ea4 = |1,3 - |1,2
ou27}=  153.047

The absolute relative approximate error is

in2gl:= ead = Abs[Ea4d / 11, 3] » 100
out28]= 69.5028

m 8 Segment

In29]= N = 8;
h8=(b-a)/n

ou3o= 1.25

The integral of the function f(x) from a to b using the trapezoidal rule with eight segments will be equal to:

inE1:= summ = F[a+h8] + F[a+2xh8] + F[a+3xh8] +
fl[a+4xh8] + F[a+5%xh8] + f[a+6%xh8] + f[a+ 7 *xh8];
I4,1=h8x (F[a] + 2*summ + F[b]) /2

out32l= 227 .044

NOTE: In the index of | the first number "4" corresponds to n=8 segments, and the second number "1" is the first iteration
using the original trapezoidal rule, which corresponds to O(h2).

In@3= J = 3;

k = 2;
Iz o= (4" (k-1) % ljo1 k-1 - D k1) 7/ (AN (k-1) -1)

ouss]= 245.855

NOTE: In the index of | the number "3" corresponds to the third result of the second iteration, and the second number "2
(2nd iteration) corresponds to O(h4).

In@6l= J =2
k=3
I23= (4™ (k-1) * lj.1,k-1 - U k-1) 7 (AN (k-1) -1)

out3sl= 248.203
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NOTE: In the index of | the number "3" corresponds to the third result of the second iteration, and the second number "2"
(2nd iteration) corresponds to O(h4).

nBo= J =1;
k=4;
li,a= (4" (k-1) * b, k-1 - k1) 7 (AN (k-1) -1)

outd1]= 248.647
NOTE: In the index of | the number "1" corresponds to the first result of the second iteration, and the second number "4"
(4th iteration) corresponds to O(h8).
The approximate error is:
in@421= Ea8 =11,4-113
out[a2]= 28.445
The absolute relative approximate error is

in43;= ea8 = Abs[Ea8/ 11,4] » 100
outg3l= 11.4399



