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1 Overview



Left Riemann Sum

xk = a + k
b − a

n

a b

Ln =
n−1

∑
k=0

f(xk)Δ(x)



Right Riemann Sum
xk = a + k

b − a
n

a b

Rn =
n

∑
k=1

f(xk)Δ(x)



Trapezoid Rule
xk = a + k

b − a
n

Tn =
Ln + Rn
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a b



Midpoint Rule

x xk k+1y k

f(yk) Mn =
n

∑
k=1

f(yk)Δ(x)



Simpson Method

x xk k+1y k

f(x )+  4f(y )+  f(x    )k k k+1[ ]1
6

n

∑
k=1

Δ(x)



Example

For the Parabola,

the result is correct.

a bc

[f(a)+4f(c)+f(b)]/6 = Area



Monte Carlo

  ∑ f(x  )k

a bxk
x k uniformly distributed in [a,b]

k=1

n
Δ(x)



Numerics Pioneers

SimpsonKepler Riemann



Origin

Thomas Simpson 

(1710-1761)

Johannes Kepler 

(1571-1630)



Part 2

Error bounds



Ln and Rn error bound
| f′￼(x) | ≤ M

a b

assume:
Then the error in
each slice is bound 

by          (Δx)2M/2
The total error is
bound by 


M(b − a)2

2n



Tn error bound
| f′￼′￼(x) | ≤ M(2)assume:

The total error is
bound by 


M(2)(b − a)3

12n2a b



Simpson error bound
| f (4)(x) | ≤ M(4)

assume:

The total error is
bound by 


M(4)(b − a)5

180(2n)4a b



Experiment



Part 4

Work sheet problems



THE END


