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Unavoidable Errors in Unavoidable Errors in 
ComputingComputing

• Hardware problems:
Example:  PentiumTM Chip  

Documentation is critical for any code that is not 
going to be used and immediately discarded.  
Documentation takes the form of comment 
statements that describe the input and output 
parameters of a function as well as the steps 
performed in the analysis.



Unavoidable Errors in Unavoidable Errors in 
ComputingComputing

• Some software bugs are caused by deterministic 
errors in the execution of the problem.

Example:
Problems in the built-in functions  such as sine or 

cosine and a series of operational commands.



Matlab Numerical ProblemsMatlab Numerical Problems

example
>format long e
>2.6 + 0.2

ans = 2.800000000000e+000
>ans + 0.2

ans = 3.000000000000e+000ans = 3.000000000000e+000
>ans + 0.2

ans = 3.200000000001e+000
^

Note The program has changed the value of ‘ans’



Matlab Numerical ProblemsMatlab Numerical Problems

Example
Same method but different results.

>format long e
>2.6 + 0.6

ans = 3.200000000000e+000ans = 3.200000000000e+000
>ans + 0.6

ans = 3.800000000000e+000
>ans + 0.6

ans = 4.400000000000e+000
>ans + 0.6

ans = 5



Unavoidable Errors in Unavoidable Errors in 
ComputingComputing

• Numerical Errors are based on the 
mathematics of the problem.

– Round-off Errors– Round-off Errors

– Truncation Errors



Numerical ErrorsNumerical Errors

Example:

> x = tan(pi/6)> x = tan(pi/6)
> y = sin(pi/6)/cos(pi/6)

where,

> x - y = 1.1102e-16               ????????
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“According to my calculation, 
you should float now ...  I think ...” “It’s an inexact science.”
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Roundoff errors

• Precision of representation of numbers is finite
- errors accumulate

• a real number x can be represented as
fl (x) = x·(1+ε) :  floating point computer representation 

|fl(x)-x|   = εx absolute error (often also ∆x)
|fl(x)-x|/x = ε relative error

Example: Logistic Map
xi+1=r * xi * (1-xi)

x0= 0.7 ;  r=4

single and double precision
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What can we solve
• Suppose we want to evaluate f(x) with perfect algorithm
• we have FP number x+∆x with error ∆x

∆f(x)  =  f(x+∆x)-f(x)  ≈ f’(x) ∆x (if f differentiable)

relative error:
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Definition: condition number 

• γ >>1  : problem ill-conditioned

• γ small: problem well-conditioned
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well- and ill-conditioned methods

• Let’s try a simple calculation: 
99-70*sqrt(2) (≈0.00505)

• suppose we have 1.4 as approximation for √2

• We have 2 mathematically equivalent methods:
f1: 99-70*√2 f1(1.4) = 11 1

f2: 1/(99+70*√2) f2(1.4) ≈ 0.0051

Condition numbers: 
f1(x)= 99-70 x γ1(√2) ≈ 20000
f1(x)= 1/(99+70 x) γ2(√2) ≈ 0.5



what happened?

f1: 99-70*√2 
f2: 1/(99+70*√2)

• Condition number of subtraction, addition:

f(x)=x-a γ−= |-x/(x-a)| ill-conditioned for x-a≈0f(x)=x-a γ−= |-x/(x-a)|
f(x)=x+a γ+= |x/(x+a)|    ill-conditioned for x+a≈0

• Condition number for multiplication, division:

f(x)=ax γ= |xa/(ax)|   =1
f(x)=1/x γ= |xx-2/(x-1)| =1 well-

conditioned
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