

















































































ex find yscosx fix
Forthis case fy six 8x Hence

I 1 KI 1
ksxtgkds.xtanxi.IE

lxlltanx1 fEl kl 1
take Xu LI for exampleWesee

thatfG ishighlysensitivetoperturbetiusin x

CONDITION NUMBER OF MATRIXVECTOR

MULTIPLICATION

Take X 455g i.e ysdx
A

efmxnk.g.jpllNxtsx
AxllllxHHdxH118 11

issue isniYIxn
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If A issquare nonsingular

IHI HA'll
11BHI

i k x HAHHA'll

2 111
Axl1 4111 I

If BEGM use

k L HAHHATH

Thing Let AEGmmbenonsingular Axsb

Theproblem ofcomputingb gwen has
conditionnumber

k HAH 4 SHAINA'll

withrespectto perturbourbabies in X

Theproblemof finding x givenb



k Hall 47 SHAHMi'll

CONDITIONNUMBEROF
AMATRIX

Is b I 11All 11A'll

if he issmall n 1 well continued
if k is verylarge ill conditioned

k cube as

SpeeH 112 then

HAIL G

HA Il s

KID s I
Gm

it measures theellipticityofthe
hyperellipse

Whathappenswhen A At8A

Howdo we estimate thesensitivity



of octaves to errors in A

let's fix b
BtsA Cxt87 s b

Axt8Dx t ASext8ASX s b
SDX t BSx t 8DSx 0

toosmall remove

8Dx ASx

8x A 18A x

Bound Sx
118 115HA'll 118All11 11

want s
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Txt
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i k CD captures sensitivity to
errors in A



FLOATINGPOINTNUMBERS
Lecture 13 Finite PrecisionComputing

FinitePrecisionMachine doubleprecisionbinarymachine

heaxpositicnumber 1.79 10308
him positivenumber 223 10308

resolution largestgap 2 52222.10 16

representation binary odd hex decimaletc
theIEEEstandardis binary memoryrepresentation

FloatingPointRepresentation meansposition
of decimalforbiwaypoint hives Istared

separately The gaps
betweenthe numbers

will scale inproportion to size of teenumbers

filk isthe floatingportrepresentatii
of thenumber

Representation assistsof4 fields

B base

f c

Sign indicator



t.fdgtpd.si ftp pe

tO.didz dtpeTlerwrmehzedrepresentationindecimel

Normalized is 0 Therwruelezed

nofather representativinbmaryist

Osdisp I i 9b it

eEE4U

e Normalized representation

100 in p O 0.1103

Hexadecimal

f 16 Osdists

disO1,2 9 A B C D GF

23A D 16 2.16213.161110.160113.16

51214811070.8125 570.8125

Binary B 2 Osdist

ex 1101.001172 10.11010011
24

1.23 1.240.241 240.2 0.2 2 1 271.24

13.1875



ex convert to binary

0.9oz z

X2

4gsfa az z 9

subtract 1 frm bus

4g Is O.az 72
K2

2g sfaz.dz 92 0

2

4g
Cap ay z

a I

etc
0.1010 z

IEEE 754 1985Standard
B t h U wordlength

HP Half 2 il 14 15 16

SP Sigle 2 24 126 127 32

DP double 2 S3 1022 1023 64

QP quad 2 113 16383 16384 128



Example SP 32bit

sign exponent normalizedmatisse
8bits 23 bitsbit

fretentnisan
implied l

24 bitmantissa

UFL underflow ph
OFL overflow potty p

t

In binay Xs CDsg 2h
SIO positive 5 1 negative

g 1 f
Implies.to Normch7edbmarynotatien

m e U

wise 217 for 32 bit
8 bitbiased

Range Ose 11111111 281 255

thenumber0 isreserved for 10
I 255 4 4 11 InnforNAN

m e 127 MEC126,127

Thesmallestpositive 2 1211.2 10 38

8



Thelargestpositive 2 2.23 2127 3.41038

Theleastsignificant bit 2
23

Eps Ptt rounding

Machuepsilon
Epssp f2 232

24 6.10 8

Epspp 2 53 IO 16

The resultsfrom using rounding approximate

scheme


