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Definition: Error

Correct Value: x
Represented Value: x‘

Absolute Error

Relative Error
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Fixed Point Representation

( )2

2

1

1

1

1
222222 2

2
1

1
0

0
2

2
1

1
n

n
n

n
n

nx −
−

−
−

−
−

−
−

−
− +++++++±= αααααα KK

0=iα 1=iα

21 nnn +=

1001 010010

n1 n2

or

122 −−=Δ nx

x

n

x

122 −−

=ε



Ingenieurbüro Dr. Cichon
Numerical Precision Analysis, Gordon Cichon

29.03.20125

Floating Point Representation
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Error Propagation of Primitive Operations

Addition Multiplication

Fixed Point

Floating Point
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Effects

Cancelation: 1.01 - 1.00 = 0.01

ε=10-3 ε=10-3 ε=10-1

Expected error after N operations:

εε ⋅= NN )(
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Forward Error Analysis

Idea: What happens to the result if an intermediate
value changes a little?

x φ(1) φ(N) y…
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Example

Calculation of a2-b2

η1 := a * a
η2 := b * b
y := η1 – η2

η1 := 1.51 * 1.51 = 2,28
η2 := 1.50 * 1.50 = 2,25
y := 2,28-2,25 = 3,00 ·10-2

Calculation of (a+b)(a-b)

η1 := a + b
η2 := a – b
y := η1 * η2

η1 := 1,51 + 1,50 = 3,01
η2 := 1,51 – 1,50 = 0,01
y := 3,01 * 0,01 = 3,01 ·10-2

a = 1.51, b = 1.50, precision: 3 digits
exact: 3,01 ·10-2
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Error Analysis

Calculation of a2-b2 Calculation of (a+b)(a-b)
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Summary & Further Reading

Number Representation in Fixed Point
and Floating Point
Error Propagation Rules
Forward Error Analysis
Application Example

Josef Stoer: „Numerische Mathematik 1“, Springer, 
Berlin, 1971 (In German)


