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Math.375 Math.375 
I I -- A A beastiarybeastiary of errorsof errors

Vageli Coutsias

Introduction Introduction 

– 1 + 1 = 0 or “machine epsilon”?

– » eps    = 2.220446049250313e-016

How does matlab produce its numbers?

l Where we learn about number formats, 
truncation errors and roundoff
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Matlab Matlab real number formatsreal number formats

format long %(default for π )
pi = 3.14159265358979
format short
» pi = 3.1416
» format short e
» pi = 3.1416e+000
» format long e
» pi =3.141592653589793e+000

FloatingFloating--point numberspoint numbers

SYSTEM Base Precision L(ow Exp) U(pperExp)
IEEE SP 2 24 -126 127 
IEEE DP 2 53 -1022 1023 
Cray 2 48 -16383 16384 
HP Calc 10 12 -499 499 
IBM mainfr 16 6 -64 63 
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Floating point numbers

LUFLlevelUnderflow β==:_

The machine precision is the smallest nuber ε such that:
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lOverflow does not only cause programs to crash! 
Arianne V’s short maiden flight on 7/4/96 was due to a floating exception.
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FLOAT FLOAT àà INTEGERINTEGER

l During the conversion of a 64-bit floating-
point number to a 16-bit signed integer

l Caused by the float being outside the range 
representable by such integers

l The programming philosophy employed 
did not guard against software errors-a 
fatal assumption!

Types of errors in numerical Types of errors in numerical 
computationcomputation
l Roundoff errors

Pi = 3.14159 
Pi = 3.1415926535897932384626

l Truncation errors
Cos x = 1 – x^2/2
Cos x = 1 – x^2/2 + x^4/4!

Errors usually accumulate randomly 
(random walk)

But they can also be systematic, and the reasons
may be subtle!
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Recurrence relationsRecurrence relations
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Instability is inescapable;
But one can learn to ride it!
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Due to limitations in computer Due to limitations in computer 
arithmetic, need to practice arithmetic, need to practice 
“defensive coding”.  “defensive coding”.  
l Mathematicsànumerics + implementation
l The sequence of computations carried out 

for the solution of a mathematical problem 
can be so complex as to require a 
mathematical analysis of its own 
correctness.

l How can we determine efficiency?

T
e

VocabularyVocabulary

l Consistency – correctness - …
l Convergence (rate)
l Efficiency (operation counts)
l Numerical Stability (error amplification)
l Accuracy (relative vs. absolute error)
l Roundoff vs. Truncation
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The first monster:The first monster:

T(x) = e^x * log(1+e^-1)
For x>30 a dramatic deviation from the 

theoretical value 1 is found.
For x>36.7 the plotted value drops 

(incorrectly) to zero
Here:
x = linspace(0,40,1000);
y = exp(x).*log(1+exp(-x));
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p l o t  o f  f 1 = l o g ( 1 + e -1 )  w i t h  f 2  =  e x *f1 
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Pet Monster IPet Monster I )21ln(2)( xxxT −+=
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SummarySummary

l Roundoff and other errors
l Multiple plots
l Formats and floating point numbers
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