
Notes on Machine Imprecision: 
 
Volumes have been written on the subject of intrinsic computational machine error. 
Indeed, the study of computer precision virtually occupies its own branch of numerical 
analysis. Most anyone whom has used a calculator understands the existence of machine 
bounds to the handling of excessively large or small numbers. However, it still comes as a 
surprise to lay-people when they are apprised of the difficulties computers have with 
accuracy in the handling of floating point arithmetic. So assuagingly ‘magical’ is the opaque, 
‘black-box’ like precision of machine computation. 
 
As a primer, the paper; What Every Computer Scientist Should Know About Floating-Point 
Arithmetic, by David Goldberg presents a fairly exhaustive exploration of the subject and is 
available on the internet here; 
http://docs.oracle.com/cd/E19957-01/806-3568/ncg_goldberg.html 
& here; 
https://ece.uwaterloo.ca/~dwharder/NumericalAnalysis/02Numerics/Double/paper.pdf 
 
Major issues of computational imprecision are roughly summarized as arising from: 
 
*Limits to real number resolution relating to the ‘granularity’ of particular numerical 
architectures used in hardware. 
*Adequacy of precision & range in numerical representations with resulting rounding 
(quantisation) error in ‘units of last place’. 
*Error induced during mathematical operations, particularly addition & subtraction involving 
numbers of differing precision. 
*Iterative amplification of accumulated error. 
 
Amelioration of these issues is a subject of singular focus for computer engineering. 
 
With regards to rounding error, The Institute of Electrical and Electronics Engineers (IEEE) 
states in their ANSI/IEEE Standard 754-1985 (&2008) for Binary Floating-Point Arithmetic;  
“One convenient measure of its size is called a unit in the last place, abbreviated ulp. The 
least significant bit of the fraction of a floating-point number in its standard representation 
is its last place. The value represented by this bit (e.g., the absolute difference between the 
two numbers whose representations are identical except for this bit) is a unit in the last 
place of that number. If the computed result is obtained by rounding the true result to the 
nearest representable number, then clearly the roundoff error is no larger than half a unit in 
the last place of the computed result.” 
 
To further muddy the waters, another confounding issue related to accuracy is the relative 
error conditioning of any given mathematical function. 
http://en.wikipedia.org/wiki/Condition_number 
 
A corollary to the problem of function conditioning, is the effect of fractional exponential 
magnitude upon function accuracy. For example, for any given floating point range of 
precision, then         for        incurs a loss of precision an order of magnitude 
greater than when       , as the most significant digit only right-shifts by one decimal 
place when             . 
That is to say, round-off error in the first example will be of greater significance, relative to 
the magnitude of   than is the case in the latter instance. 
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*NB: It must also be stated that round-off error will accumulate at greater multiples of u.l.p 
if operations occur at the limit of pre-defined integer precision. Rounding will not be as 
accurate if there is no extra precision available for calculation beyond the u.l.p. 


