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 Lesson Notes
We have seen how characters are represented 
by bit patterns and numbers are represented 
using the binary numbering system, but so far 
we have looked at whole numbers, or integers, 
only.  A real number can have a fractional part, for 
example 1,54.
In scientific, or exponential notation, all numbers 
are written as a value greater than or equal to 0 
but less than 10 and multiplied by some power of 
10.  For example, 0,0075 is written as 
7,5 X 10-3 and 149 503 000 is written as 1,49503 
X 108.  We call the first part of each number in 
scientific notation the mantissa, and the power of 
10 that it is raised to, the exponent.
The computer uses floating-point representation, 
something very similar to scientific notation, for 
real numbers, except that the numbers are in 
the binary numbering system, not decimal.  So, 
for example, the binary number 1011,11012 
would be written as 1,01111012 X 23.  Here the 
mantissa is 1,01111012 and the exponent is 3.

For a real number, a computer word is divided 
up into two main parts, one part to store the 
mantissa and one part to store the exponent, 
plus one bit for the sign (the “plus” or the “minus”) 
of the number.  For example, in a 32-bit word, 
one bit is used for the sign of the number (0 for 
a positive and 1 for a negative number), 8 bits 
for the exponent and 23 bits for the mantissa.  
Using a 32-bit word like this we can represent 
exponents from –45 to +38.  If you need a 
number that is larger than this, you need more 
bits in which to store it.  The number of decimal 
digits that can be stored for the mantissa is called 
the number of significant digits.  This means that 
the accuracy or precision of real numbers in the 
computer is limited by the number of bits that are 
used.
When a calculation is done and the answer is too 
large to fit into the computer word being used, 
we say that an overflow error has occurred.  
When the answer is too small to be represented, 
we say that an underflow error has occurred.  
Rounding errors occur when there are not 
enough significant digits in the computer word 
to represent a value exactly.  The value will be 
close, but not exactly correct.

Floating-point representation; Overflow, Underflow and 
Round�ng Errors
In the lessons so far, we have been looking at whole numbers, or integers, only.  This lesson looks 
at the representation of real, or floating-point, numbers in the computer.  Whether the number is an 
integer or a real, there is a limited number of bits which can be used to represent it.  This leads to 
overflow, underflow and rounding errors.

 Lesson Outcomes
By the end of this lesson you should be able to:
• Explain the difference between the 

representation of integers and real numbers.
• Explain the concepts of overflow and 

underflow
• Explain what rounding errors are
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The video and web-based lessons are designed 

to achieve the following Learning Outcome as 
stated in the National Curriculum Statement.

LO 4: Programm�ng and Software Development
• Understand that simple data comes in 

different forms and that data typing is 
important.
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Lesson Notes cont�nued...
Much more complex circuits are needed for 
fl oating-point calculations than for integer 
calculations.  That means integer arithmetic is 
faster.  Overfl ow errors can occur with fl oating-
point and with integer arithmetic, but underfl ow 
and rounding errors occur only with fl oating-point 
arithmetic, not with integer arithmetic.
When developing spreadsheet or database 
applications or programming new applications, it 
is important that you choose the type 
(text, integer or real) of data carefully.
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 Task
1. Decide for each of the following quantities 

whether you should use characters (text), 
integers or real numbers in the computer:

 Your address
 Your age (in years only)
 Your weight (in kilograms, accurate to 2   
 decimal places)
 Your telephone number
 The number of days in a week
 Today’s temperature (accurate to one   
 decimal place)
2. Give an example of a calculation that would 
 result in overflow in a 32-bit word.
3. Give an example of a number in scientific 
 notation that cannot be represented   
 accurately with only 2 digits in the mantissa.




