Lecture 09: Floating Points

{CPEC223: Intro. to Computer System Engineering)

Goals for Floating Point

* Support 2 wide range of valuas

— Buoth the very small (00000003841 and the very lage
(6,022 x 10,

* Ee=p a: prmch pracision as poszible

* Feop encoding that is somewhat compatible with too’s
cotmplement

— E.g., 0 in Fleating point i 0 @ tae's complament

— Can compare fovo floating point auswhers in the samo = =
comiparing two istegers

Scientific Notation (e.g., Base 10)
* Momalizad scientffic notation (aka stpdard foem or
sxponsvial Rotaion):
- Nommalized = No loading (s
- 61 is 6.10 x 107, 0.00GO6L is 6.10 x109

* 1 x B, E where = exponent, { 15 a positive of Begatne
infeger, # iz a real mumber = 1.0, < 10

what About Real Numbers in Base 27

* rx X, whers [ 13 3 posiive Of DEgative Inbeger, #iz a
real mumber > 1.0 <2

* Computers version of normalized scientific notation
called Flogtrs Poorr notation

Translating To and From Scientific
MNotation

* Considar the mumber 2.12 x 10¢

* To convert to ordinary mumber, shift the decimal to the
right by 4.
— Bl 51200

* For negative exponents, shift decimal to the lefi
— 811 x 10 = 0000812

* Can reverse this procesz to 2o from ordinary number to
scientific notation
- sl =3812x 10¥

Floating Point Encoding
® Us2 nommalized. Baze 2 scientific notation:
+lxxx . x _*27 Ve
® Sphit a 32 bat word into 5 felds:

3130 23 22
%| Exponent Significand
I bit 8 bits 23 bits
*5 sants Sisn (1 iz nesative, { positive)
ent represants v's
* Significand reprazents x's
* Feprezent numbers a2 mmall az

~2.0x 10r% to as largpe a3z 2.0 x 108




The Exponent Field
* Definitely want 2 sigmed exporsnt.

* Tlse two's comapliment?
—ﬁﬂqﬂ:lnpmﬂhuhﬂq]ﬂ]]ﬂ{ﬂ.hgmmhchﬁh

— Can rass imtugar comsperison bardware if exponants rmgn from
Q0000000 for smallast o 11111111 for largest

* Tse biasad two"s compliment. Instead of -118 throush 127
being 10CHGMED through 01111111, define -127 threugh
123 to be QOO0 throngh 11111111

= 1 =125 = 10000000
- 1IT=1I4=-11111110

Floating Point Encoding

3130 2312 0
5| Exqponent Significand |
| bit 8 bits 23 bits

(-1) = (1 . Significand) x 2{5F=ne=-127)

* Mota the implicit 1 in fromt of the Sisnificand.

Example: Converting Decimal to FP
-2.340625 x 10"

Damommaalize: -25. 40625

Coanvert integar past:

- V=16+({T=4+(3=2+(1)}) = 10111,
Coavert fractinmal part:

-  A0615= 23 +( .13615=.123+(.031153))=.0110],
Pt pats togethor 2md normalizg:

- 1G011.01001 = 1.01 0001100 x 28
Coavart sxponeat 127+ 4 = 10000011,

FOD0 Q000 D10 DOLT O 100 (e0O0 GO0D GO0

Mo, questions? It is your turn!

® Wikat i & sinploprocion soprocnsaban af 3476257
1. Femt camvest the sumber to Binasys 347625 — 10304100 1,104,

1, Mermalkr: ghe number by shifting the bimary peesd sasl these a2 magle
1 a the kfe

f0e0d0d L. 00 =3 — 10104 10di1dd + 20

3. The bits #e the right af the binart paint cempriss the Sractianal Beld £

4. The oumbcr af imes pea skaficd procs Bie cxpancat. The bcdd © should
ceabain: cxpancst— 117,

3. Sagn baf: Dif peaitenc, 1 i acgadéne.

O 10d0ddid 494000 14 0l Daliied. .0
1 e )

Example: Converting Binary FP to Decimal
Of 0000 OO0 EO 0 ROk OhOed OOl o § O Qud | O

® Sign: 0 => positive
* Exponent
— 0110 1000, = 104,
— Bias admetmest 14 - 117 =-13
® Significand:
1+ 1xd-H [ig34 -+ 104 % x4 5 1154

=1L R H ST T TP 4 M B 1 4T
= 1.0+ 0.666113

= Reprasants: 1666115, *2-3@~ 1. 056+ 10

Your turn, again!

Lot & find the decimal valng of the following TFFE mumhar.
QII1LLOD 110CC00C0000C0000000

First comvert sach indroidual Beld to decimal

— The sigm hits is 1.

— Tha & Beld comtzims G11L1200 =124,

— Tha significemd is 0.11000... =0.73,,

Than just phug thess decimal valnaes of =, ¢ and £ o omr

formmmls
(1-25) * (1 +§ =27
* This givesms (1-2) * (1 +0.75) * 23987 = 0] 75 %2 =

-0.21875. =




Floating-point representation

— We can represent flosting-point mambsrs with three
binary fialds- a siem bit 2, an exponent field & and a

fraction field f.
Ll = | i ]
— The IEEE 754 =standard defmes several different
precizions.

—Single precizion number: inchode an 8-bit exponent
field and a 25-bit fraction, for a total of 32 bitz.

—Doubls precizion nurbers have an 11-bit exponent
field and a 52-bit fraction, for a total of 64 bit=.

MIPS Floating Point Instructions

* ( has single precision {float) 2nd doubls |, precision
(double) types
* MIPA instroctions: s for sinsls, 4 for double
— F1 Pr Additiom wingla procizion® add s
FL Pr. Addstion Fredision: add d
— FL Pr. Sobtractinn singla precisiom w25
FL Pr. Bubtraction douhle precisics: sub.d
— FL Py Mubirlication singls nreciion: nail s
Iy hhhphmﬁiﬂ.imm mal ol
— FL Pt Dixide single precision: div.s
FL Elit'jﬂ::ﬂ-:-&-l.q]nci.:im:u;ir..i

MIPS Floating Point Instructions

* C has smele precizion (float) and doubls precizion
(double} types

* MIPS mstraction: for comparizon- = for single, .d for
double

® Since rarshy mix integers and Flosting Point, LIPS haz
zaparate registers for floatine-point operations: S,
sfl, ..., 551

® Meed data tranefor, companizon and branch mstructions
for thezs new registears

Question

11000 MLWWM

What is the decimal equivalent iy
of the floating pt # above?

-3.T8

-7

-7.9

-1

B L B3 -
=130 = 2~7

0o pm im b L b

Answer

What is the decimal equivalent of:
1L 1000 0001
S Exponent Significand

(-1)5 = (1 + Significand) x 2{E=pon==t-127)
(1) (1 +.111) 20123127

-1 x {1111 x 208

-111.1 1: =1.7E
2: =-3.E
-1.5 3: =3 _7E
- |
fg: -7.E )|
E: -15
7: =7 +« 2+12%
g: =125 + 'B~q

Last question

Order the following (single pracision) floatng point msmbars In
incraasing valug from | to 4. whaere | Is the smalest numbsr (La.
the most magative] and 4 Is the larpast mumbsr [La., the mast
positiva).
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