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Qutline

Implementing midpoint rule and trapezoid rule for integration




Midpoint rule
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How to choose h ?
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The algorithm (1/2)

Algorithm 11.29. Suppose the function f, the interval [a, b], the length ny of
the intitial partition, a positive tolerance e < 1, and the maximum number of
iterations M are given. The following algorithm will compute a sequence of
approximations to [, f [(x)dx by the midpoint rule, until the estimated rela-
tive error is smaller than e, or the maximum number of computed approxi-
mations reach M. The final approximation is stored in I.

n:=ng; h:=(0B-aln;
I[:=0; x:=a+h/2;
fork:=1,2,...,n

I'=1I+ f(x);
xi=x+h;

j=1;

Ii=h=+I;

abserr:=|1|;

while j < Mand abserr =€ = |I|
j=j+1;

Ip:=1I;




The algorithm (2/2)

n:=2n; h:=(b-a)ln;
I:=0; x=a+h/2;
fork:=1,2,....n
I'=T+ f(x);
x:=x+h;
I'=h=I;
abserr:=|1-1Ip|;




Notations
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Qur function
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function integrate(f, a, b, n, epsilon, M)

end




The initial length of interval h
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function integrate(f, a, b, n, epsilon, M)

h = (b-a)/n

end




Integration loop
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function integrate(f, a, b, n, epsilon, M)

h

(b-a)/n

0 # initial area is =zero

a + h/2 # x is midpoint of 1st interval
i=1:n

I =1+ f(x) # summing all sub-areas

x = x + h # change x to next midpoint




Integration loop

o A relative error (@umnasAUsEanainUATIYSTUaulu)

function integrate(f, a, b, n, epsilon, M)

for i=1:n

I =1+ £(x) # summing all sub-areas
x = x + h # change x to next midpoint
end
I =1 *x h # because h is common factor
error = abs(I - 0) # relative error




Halving the interval

function integrate(f, a, b, n, epsilon, M)

j = 1 # keep track of allowed loops

while j < M && error < epsilon * abs(I)
n = 2 * n # increase number of intervals
h = (b-a)/n # h is roughly halved

Itmp = I # store previous area value

end

end




Calculate integral based on new interval

function integrate(f, a, b, n, epsilon, M)
while

x = a + h/2

for j=1:n # same loop as above
I =1+ f(x)
x =x +h
end
end




Updating error

function integrate(f, a, b, n, epsilon, M)

while
for j=1:n # same loop as above
end
I =1I=xh

error = abs(I - Itmp)
end

return I

end




Testing your function

f(x) = sin(x)

println(integrate(f,0,1,1,1e-8,10000))

0.4597257553496738




Labwork

o Implement trapezoid rule (Wasuusaasussvinvadtén midpoint rule)

@ But which lines 7?7




Homework

@ Implement Simpson’s rule for numerical integration.

@ Instruction will be uploaded shortly.




