EE 486 Winter ´ 02 - ´ 03

M J Flynn 1

ComputerArchitecture & ArithmeticGroup 1 Stanford University

EE 486 : lecture 2 , the float ing point

numbers

M. J. Flynn

ComputerArchitecture & ArithmeticGroup 2 Stanford University

FPN: basic idea

¯ m e M, machinenumbers; r e R, result

numbers; R includes all M

¯ A FPN is +/ - 0 . M x b +/ - e

¯ 1 2 3 4 5 6

¯ 6 attributes definea FPN

ComputerArchitecture & ArithmeticGroup 3 Stanford University

FPN: basic terms

¯ m e M, machinenumbers; r e R, result

numbers (R includes M and more)

¯ Express ed as six implicit or explicit

parameters:

˘ Sign ofthe number (explicit: usually S+M)

˘ Radix point (implicit :fraction or significand)

˘ Mantissa or significand(explicit;length implicit)

˘ Radix (implicit)

˘ Exponent and sign (usually excess coded)

ComputerArchitecture & ArithmeticGroup 4 Stanford University

FPN, more onthe terms

¯ Exponent is usually represented in form of

characteristic (or an excess code)

¯ Characteristic = exp + bias;where the bias is

^ usually ~ ½ b n , n is the number ofexp digits (bits)

¯ Why excess code?

˘ Simplifies compares

˘ Representation of zero is all zeros(sameas integers)

˘ Zero has minimum absolute exponent

ComputerArchitecture & ArithmeticGroup 5 Stanford University

FPN, more onterms

¯ Sign of thenumber: s f is usuallyin S + M

wherea ( ˘ 0) is not allowed

¯ Radix: only2 or 16 are is use, b = 2

provides greater repres entational capa city,

b =16 makes shiftingeasier andfaster.

¯ Radixpoint: 0.1 or 1.0 with b =2; either

immediatelybefore or a fter theMSD of the

fraction.

¯ Mantissa, fraction, significand s ynonyms

ComputerArchitecture & ArithmeticGroup 6 Stanford University

More FPN concepts

¯ Maximum representable number, max

max = b emax M max

= b emax (1 ˘ b - m ), m is mantissa

bits

¯ Minimum representable (non 0) number,

min = b emin M min ¯ Range is [min, max]

¯ Precision is b - m same as ulp (unit in the last place)

¯ Gap is b exp x ( ulp ).

EE 486 Winter ´ 02 - ´ 03

M J Flynn 2

ComputerArchitecture & ArithmeticGroup 7 Stanford University

Normalized nos., over/under flows and hidden ^ 1~

¯ Normalized no. has non 0 msd ;

unnormalized in anything else;

denormalized is unnormal with min exp

¯ Overflow: result > ma x � then either set � flag or set result to infinity representation.

¯ Underflow: min > result > 0..Then either set