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Data Representation: Fractions 

                                     most numbers we deal with aren’t integers! 
We need to represent fractions because ______________________________________________ 

 
_____________________________________________________________________________________ 

          limitations 
There are ________________________________________ to integer representation: 

    Precision                    exactness which we can specify a number 
1 - _________________________ ➔ ____________________________________________________ 

 
    _________________________________________________________________________________ 

    Range                        magnitude of the number is limited by the # of bits 
2 - _________________________ ➔ ____________________________________________________ 

    E.g. 32 bits range is +/- 2 billion 
    _________________________________________________________________________________ 

We will discuss two fractional representations: 

    fixed point                                floating point 
1 - _____________________________________,  2 - _____________________________________ 

Fixed Point 

Location of binary point is fixed. 
_____________________________________________________________________________________ 

Fixed Point ➭ Decimal 

Convert the following 4 + 4 fixed point binary number to decimal: 11001100 
 

1 1 0 0 . 1 1 0 0 

• 23 +  • 22 + • 21 + • 20 +  • 2-1 + • 22 + • 2-3 + • 2-4 

     +      +      +      +       +      +      +  

8 4 0 0  .5 .25   

     +      +      +      +       +      +      +  

= 12.75         
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Convert the following 3 + 5 fixed point binary number to decimal: 10100100 
 

1 0 1 . 0 0 1 0 0 

• 22 + • 21 + • 20 +  • 2-1 + • 2-2 + • 2-3 + • 2-4 + • 2-5 

     +      +      +       +      +      +      +  

4 0 1 0 0 0 .125   

     +      +      +            +      +      +      +  

= 5.125         

 

Decimal ➭ Fractional Binary / Fixed Point 

Convert the following decimal number to 4 + 4 binary fixed point: 6.625 

6 =     .625 =    

0 • 23 1 • 22 1 • 21 0 • 20  1 • 2-1 • 22  1 • 2-3 • 2-4 
     +      +      +      +       +      +      +  
0 1 1 0 . 1 0 1  
     +      +      +      +       +      +      +  
= 0101.1010 => 01011010 
 

After binary point: 
                                   0     1     1     0   .   1     0     1     0 
                                 _____ _____ _____ _____ . _____ _____ _____ _____  
                _____________________________________________|     |     |     | 
               |                                                   |     |     | 
0.625 x 2 =    1   .   25 
                                                                   |     |     | 
   ____________________|                                           |     |     | 
  |             ___________________________________________________|     |     | 
  |            |                                                         |     | 
0.25  x 2 =    0   .   5 
                                                                         |     | 
   ____________________|                                                 |     | 
  |             _________________________________________________________|     | 
  |            |   
0.5   x 2 =    1   .   0 
                                                                               | 
   ____________________|                                                       | 
  |             _______________________________________________________________| 
  |            |   
0.0   x 2 =    0   .   0 
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Convert the decimal number 5.2 to fractional binary: 
                                                 ___________________ 
                             1     0     1   .   0     0     1     1     0     0 
                           _____ _____ _____ . _____ _____ _____ _____ _____ _____  
                _________________________________|     |     |     |     |     | 
               |                                       |     |     |     |     | 
0.2   x 2 =    0   .   4 
                                                       |     |     |     |     | 
   ____________________|                               |     |     |     |     | 
  |             _______________________________________|     |     |     |     | 
  |            |                                             |     |     |     | 
0.4   x 2 =    0   .   8 
                                                             |     |     |     | 
                                                             |     |     |     | 
   ____________________|                                     |     |     |     | 
  |             _____________________________________________|     |     |     | 
  |            |                                                   |     |     | 
0.8   x 2 =    1   .   6 
                                                                   |     |     | 
   ____________________|                                           |     |     | 
  |             ___________________________________________________|     |     | 
  |            |                                                         |     | 
0.6   x 2 =    1   .   2 
                                                                         |     | 
   ____________________|                                                 |     | 
  |             _________________________________________________________|     | 
  |            |                                                               | 
0.2   x 2 =    0   .   4 
                                                                               | 
   ____________________|                                                       | 
  |             _______________________________________________________________| 
  |            |                                                                 
0.4   x 2 =    0   .   8 
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Floating Point 

3 Fields 

1 8 bits 23 bits 

                                

s exponent mantissa 

3 Special Cases 

    Zero                         all zeros in exponent 
1 - _________________________ ➔ ____________________________________________________ 

                                 All zeros in mantissa 
                              ➔ ____________________________________________________ 

- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 
   +/- infinity                  all 1’s in exponent 
2 - _________________________ ➔ ____________________________________________________ 

                                 all zeros in mantissa 
                              ➔ ____________________________________________________ 

 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 
     NaN                         all 1’s in exponent 
2 - _________________________ ➔ ____________________________________________________ 

e.g. sqrt of negative number     anything but all zeros in mantissa 
                              ➔ ____________________________________________________ 

3- __________________________________________________________________________________ 

- 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
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