First Name: Manfred 

Last Name: Mayr

Date: 5.12.02

Homework number: 1

Homework Title: 1.18

Problem description:

a.) How many normalized machine numbers are there in a single-precision IEEE floating point system?

b.) How many additional machine numbers are gained if subnormals are allowed?

Results: 

a.) How many normalized machine numbers are there in a single-precision IEEE floating point system?

combinatorial solution

· positive normalized floating-point numbers
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· negative normalized floating-point numbers
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· 0    00…00   00…00    for the representation of zero

[image: image5.wmf]1

Þ


So all normalized floating-point numbers are: 
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All other numbers are special values or denormalized floating-point numbers.

 solution according lecture notes
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explanation:

i. 2 because there are 2 choice for sign

ii. 
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 choices for the leading digit of the mantissa

iii. 
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 possible values for the exponent

iv. 
[image: image16.wmf]1

-

p

ß

 possible values for the mantissa

v. +1 because we need a value for the representation of zero (see more below)

ad b.) How many additional machine numbers are gained if subnormals are allowed?

combinatorial solution

· positive denormalized floating-point numbers
0    00…00   00…01
                  :
0    00…00   11…11       
[image: image17.wmf]1

2

23

-

Þ


· negative denormalized floating-point numbers
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Number of denormalized floating-point numbers:

· 
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Discussion and Comments:

IEEE floating point numbers have three basic components the sign, the exponent and the mantissa. The mantissa is composed of the fraction and the implicit leading digit. The exponent base (2) is implicit and need not be stored.

The number of bits from a single-precision IEEE floating point system for each field are shown (bit range are in square brackets):

· Sign 1 [31]

· Exponent: 8  [30-23]

· Fraction: 23 [22-00]

Denormalized

If the exponent is all 0s, but the fraction is non-zero (else it would be interpreted as zero), then the value is a denormalized number, which does not have an assumed leading 1 before the binary point. Thus, this represents a number (-1)s x 0.f x 2-126, where s is the sign bit and f is the fraction. 

2 values for the representation of zero

· +0
0    00…00   00…00     


· -0
1    00…00   00…00     

Zero is not representable in the straight format, due to the assumption of a leading 1 (we’d need to specify a true zero mantissa to yield a value of zero). Zero is a special value denoted with an exponent field of zero and a fraction field of zero.
Note that –0 and +0 are distinct values, though the both are equal. 
The intent of -0 is to provide a mechanism for recognizing that a number is zero to machine precision is, in fact, a very tiny negative number.

Note:
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