11UentsCS61C - Machine StrucLecture 9 - Floating Point, Part ISeptember 27, 2000David Patters

21Uents¡Floating Point Numbers¡Motivation: Decimal Scientific Notation¥¡Floating Point Representation insidecomputer (bi¥¡Decimal to Floating Point conversion, andvice v¡Big Idea: Type is not associated with data¡MIPS floating point instructions, registers

31UentsReview of Numbe¡Computers are made to deal with¡What can we represent in N bits?¥Unsigned integer0¥)

41UentsOther Numbers¡What about other numbers?¥ge numbers? 10 x 10)¥)010 x 10)¥)¥ ¥p¡All represented in scientific notati

51UentsScientific Notation Review6.02 x radix (bas decimal at¡¡¥¥10-10

61UentsScientific Notation for Binary Num x radix (bas binary � t¡Computer arithmetic that supports itcalled floating poi, because itrepresents numbers where binary pointis not fixed, as it is for intege¥

71UentsFloating Point Representation (1/2)¡Normal format: 1¡Multiple of Word Size (32 bi0S

¡ represents represents represents x¡Represent numbers as small as2.0 x 1 to as large as 2.0 x 10

81UentsFloating Point Representation (2/2)¡What if result too large? (> 2.0x10 )¥

¥represented ¡What if result too small? (>0, < 2.0¥

¥represented ¡How to reduce chances of overflow or

91UentsDouble Precision Fl. Pt. Repre¡Next Multiple of Word Size (64 ¡

Double Precis (vs.

Single Prec)¥¥Represent number¥ary advantage er accuracy0S

)101UentsIEEE 754 Floating Point Standard (1/4)¡Single Precision, DP similar¡Sign bit:1 means 0 means ¡¥zed numbers¥¥¡Note: 0 has no leading 1, so rest value 0 just for number 0

111UentsIEEE 754 Floating Point Standard (2/4)¡Kahan wanted FP numbers to be useven if no FP hardware; e.g., sort recordswith FP numbers using integer compares¡Could break FP number into 3 compare signs, then compare exthen compare signific¡Wanted it to be faster, single compare if, especially if positive num¡Then want orde¥¥#¥gger #

121UentsIEEE 754 Floating Point Standard (3/4)¡Negative ¥01111 1111

00000 0001

2¥!¡Instead, pick notation 0000 0001 is , and 1111 1111 is most p¥00111 1110

01000 0000 2

131UentsIEEE 754 Floating Point Standard (4/4)¡Called

Biased Nota, where bias number subtract to get real number¥IEEE 754 uses ¥¥¡Summary (single precisi0S

¡ x (1 + Significand) x 2¥hexponent bias

141Uents¡Need to catchup with Homework¡Reading assignment: Reading 4.8

151Uents See N.Y.Times,May and Watce RobotMow the GrasWhat�s this stuff good for? Mow Lawn?¡Robot lawn mower: �Robomow RL-500�¡Surround lawn, trees with perimeter wire¡Sense tall grass to spin blades faster:up to 5800 RPM¡71 lbs. Slowif sensesobject, sif bumps¡

161Uentsg the (1/2)¡Method 1 (Frac¥ => 340¥22/100010/8=> 112/100¥Advantage: lunderstand the

171Uentsg the (2/2)¡Method 2 (Place Values):¥¥0)¥(1x2(0x2(0x2)¥ionextends beyond t¥Advantage: good finging FP numbers

181Uents

Example: Converting Binary FP to Decimal¡Sign: 0 => p¡¥0110 1000¥¡¥+ 0x2=1+2-1+2-2200110 1000

¡Represents: ~ 1.9(about 2/

191UentsContinuing Example: Binary to ???¡0100 0011 0100 00100100 0011 0100 001020100 0011 0100 00104UCB¡¡+ 21n

1UentsBig Idea: Type not associated with Data¡¥1.9860? �4UCB�??¡ioncesses operand det¥as numbers¡.0100 0011 0100 0010

211UentsConverting Decimal to FP (1/¡Simple Case: If denominator is ant of 2 (2, 4, 8, 16, etc.), thenit�s eas¡Show MIPS representation of -0.75¥¥¥¥127)¥127)10111 1110

1UentsConverting Decimal to FP (2/¡Not So Simple Case: If denominator isnot an exponent of 2.¥¥easy.¥neverending

1UentsConverting Decimal to FP (3/¡Fact: All rational numbers have arepeating pattern when written out in.¡Fact: This still applies in bi¡To finish :¥ing¥¥Exponent and

1UentsHairy Example ¡How to represent 1/3 in MIPS?¡+0.0009765625 0101� 00101�

1UentsHairy Example ¡Sign: 0¡Exponent = -2 + 127 = 1252¡d = 0101000111 1101

0101 0101 0101 010

1Uentson for +/- Infini¡In FP, divide by zero should produ+/- infinity, not overflow.¡¥¥¡IEEE 754 represents +/- infi¥xponent reserved ¥

1Uentson for 0¡Represent 0?¥¥zeroes too¥¥¥¡Why two zeroe¥¥

1UentsSpecial ¡What have we defined so far? (Single Precis0000

0y¡Professor Kahan had clever ideas;�Waste not, want not�¥about Exp=0,255 &

1UentsFP Addition¡Much more difficult than with in¡Can�t just add signific¡How do we do it?¥atch exponents¥ng one¥Keep the same exponent¥changing exponent)¡Note: If signs differ, just perform asubtract in

1UentsFP Subtraction¡Similar to ad¡How do we do it?¥atch exponents¥¥Keep the same exponent¥changing exponent)

311UentsFP Addition/Subtra¡Problems in g FP add/su¥,¡Question: How do we integrate thisinto the integer arithmetic unit?¡Answer: We don�t!

1UentsMIPS Floating Point Architecture (1/4)¡Separate floating point ¥¥¡These instructions are far moreated than their integercounterparts, so they can take

1UentsMIPS Floating Point Architecture (2/4)¡¥¥¥¥o

1UentsMIPS Floating Point Architecture (3/4)¡1990 Solution: Make a separate chip that handles only FP.¡Coprocessor 1: FP chip¥¥¥1ord coprocessor ¥on,DP FP number:/1

1UentsMIPS Floating Point Architecture (4/4)¡1990 Computer actually containsmultiple separate c¥Processor: handl¥Coprocessor 1: handles FP and onl¥more coproces¥Today, cheap c¡Instructions to move data betweenmain processor and c¡Appendix pages A-70 to A-74 containmany, many more FP op

1UentsThings to ¡Floating Point numbers values that we want to us¡IEEE 754 Floating Point Standard is mostwidely accepted attempt to standinterpretation of such numbers ($1T)¡New MIPS registers(), instruct.:¥� 2x10s¥d¡Type is not associated with data, bitshave no meaning unless given in con