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Problem description:
Question 1.20 What is the IEEE single precision binary floating point representation of decimal fraction 0.1?

A: with chopping 

B: with rounding to nearest

Problem solution:

Step 1:

· calculate binary representation of 0.1(10) :

· 0.1 * 2 = 0.2  + 0

· 0.2 * 2 = 0.4  + 0   <

· 0.4 * 2 = 0.8  + 0   <

this < are looped

· 0.8 * 2 = 0.6  + 1   <

· 0.6 * 2 = 0.2  + 1   < 

· ….. 

· Algorithm explanation: 

· This algorithm works for all decimal numbers x where  |x| < 1.

· a: We multipy the decimal value with 2.

· b: As a result we get either a value greater than 1 which we split up in the form 0.??? + 1 or we get a value smaller than 1 and get 0.??? +0. 

· c:With the part of computed value smaller than 1 we go on with a. 

· After some steps we stop the algorithm and start to read the binary number from first equation to last one in this way:

0.(value 0 or 1 from 1 equation)(value 0 or 1 from 2 equation)…(value 0 or 1 from n equation) 

This is the binary representation

As result we get 0.000 1100 1100 1100 1100 1100 1100 1100 1100 1100 1100…

Or:

 0.1(10) = 0*2^0 + 0*2^(-1)+0*2^(-2) +0*2^(-3)+1*2^(-4)+1*2^(-5)+0*2^(-6)+...

The IEEE SP representation is:

0   100 1100 1100 1100 1100 1100 | 1   01111011

One bit for sign (in our case 0), 23 bit for mantissa (leading 1 can be omitted, bit after | is used for the rounding) and 8 bit for signed exponent (in our case -4). 

The exponent (-4) is represented as e^(z-127) (where z has to be 123 and the binary representation is 01111011)

Step 2: 

· calculate IEEE single precision with chopping:

· chopping means that you just cut off the bits behind 24 bit of mantissa.

· 0 100 1100 1100 1100 1100 1100  01111011

Step 3 : 

· calculate IEEE single precision with rounding to nearest

· rounding to nearest means that you round the number which you can not represent without an error to the next number you can represent so in our example: mantissa is 100 1100 1100 1100 1100 1100 | 1100 1100  we look at the bit behind | wich we can not represent and round the number 100….1100 | 1100 to 100 … 1101.

· 0 100 1100 1100 1100 1100 1101  01111011

Results:

· A: The IEEE SP representation of  decimal number 0.1, with chopping is:

     0 100 1100 1100 1100 1100 1100  01111011
· B The IEEE SP representation of decimal number 0.1,  with rounding to nearest is:

0 100 1100 1100 1100 1100 1101  01111011
