Ho w to represen t real n um b ers

Up to no w w e ha v e talk ed only ab out in tegers.

Programming languages (and real life) use real n um b ers.

Real n um b ers represen ted in the decimal scien ti�c notation tak e the

form of a fraction m ultiplied b y 10 to some p o w er.

(e.g., �134:567 � 10

3

; 987:654 � 10

�23

)

In general w e let only one single digit to the left of the decimal p oin t

(e.g., �0:134567 � 10

6

; 9:87654 � 10

�21

)

A n um b er is normalize d if the leading digit is not zero. (e.g.,

�0:134567 � 10

6

is NOT normalized, 9:87654 � 10

�21

is).

Ho w are real n um b ers represen ted inside the computer?

Use a represen tation akin to scien ti�c notation:

sig n � mantissa � base exponent

There ha v e b een man y v ariations on the c hoice of represen tation

of the man tissa, the c hoice of the base, and represen tation of the

exp onen t.

Arithmetic supp orting this represen tation of real n um b ers is called

o ating p oint.

Floating-p oin t represen tation: IEEE Standard

Basic c hoices:

� A single precision n um b er m ust �t in to one w ord (4 b ytes; 32

bits)

� A double precision n um b er m ust �t in to t w o w ords

� The base for the exp onen t is 2

� There should b e (appro ximately) as man y p ositiv e and negativ e

exp onen ts

Additional criteria

� The man tissa will b e represen ted in sign and magnitude form

� Num b ers will b e normalize d

MIPS Floating-p oin t represen tation

Single precision

A n um b er is represen ted as:

(�1) s

� F � 2

E

In single precision the represen tation is:

s exponent mantissa 31 2322 0 s bit 31 sign bit (0 positive, 1 negative) exponent 8 bits (positive and negative exponents) mantissa 23 bits: a fraction with implied binary point at left of bit 22.

0 is represented as all zeros.

Note that ving the sign bit as most t bit es it easier

to test for 0, p e and e.

MIPS Floating-p oin t represen tation

Single precision

The exp t is biase d. All p ositiv e exp ts are larger (in binary)

than e exp ts. ving the exp t b efore the tissa

es it easier for sorting.

us exp t 0 will b e: 01111111 (a 0 ed y 7 1’s)

us exp t 1 will b e: 10000000 ( \biased 0" + 1)

us exp t -1 will b e: 01111110 ( \biased 0" - 1)

The largest p e exp t will b e 11111111 (2

2

7

�1

(ab out 10

38

)

The smallest e exp t will b e 00000000 (�2

2

7

)

Since the b ers must b e normalized and are ted in binary ,

there will ys b e an implicit 1 at the left of the binary p t (no

need to store it!)

us a oating p t b er has the v alue:

(�1) s

� (1 + mantissa) � 2 exponent�127

4

MIPS Floating-p oin t represen tation

Double precision

s exponent mantissa 31 0

20 19 mantissa continued 31 0 s bit 31 sign bit (0 positive, 1 negative)

0 is represented as all zeros.

exponent 11bits (positive and negative exponents) mantissa 52 bits: a fraction with implied binary point at left of bit 19

Note that e can still e over ow (the exp t cannot han-

dle sup er-big b ers) and under ow (the exp t cannot handle

sup er-small b ers)

5

Floating-p oin t arithmetic

Addition-subtraction

Not as simple as teger addition.

F our step pro cess (can b e pip elined!)

1. Compare exp ts. Find the \di�erence".

2. Shift the tissa of the smallest exp t (di�erence) bits to

the t b er the implied 1)

3. Add the (shifted) tissas (again, b er the implied 1).

This is a sign and magnitude addition.

4. Normalize the result (also p ossibly round it, if need b e)

6

Floating-p oin t arithmetic

Multiplication

Conceptually easier.

1. Add exp ts (careful; subtract one \bias")

2. Multiply tissas

3. Normalize and round

4. Get the correct sign

7