FJood'irlj poivt re,Pro,serd'cd-ion: X : real number

Note Titl
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d,+o0, 0 s dis P-1
P: base (or rodin)
coly oy, c-o oy, Siau'-ﬁicmot [or mardissa)
szgfh ot Siﬁhi%'ccmc(, . precision
€ : enponent : M < e <M

B : 4, 16, 10



Sigd#icav& ob‘aifs . dirst nonzero 00‘751' and oll

Succeeo?,ing cbgi‘hs.
Exomples = 1.7320 Pive signi#ica»d' oligits
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Cance laktion : P(x)= 17 COSA

Note

Title

A= 1.9 X140 >, CosA = 0.9999 9999 99
rounced +o 10 sijy\)%'cayd'

cUﬂi'l‘S .
1-Cosx = 0.0000 0000 01
1- CosA '10_10 = 0.6944 ...
AL le44x1071° worong

0 < F)< L. . 4—Cosx: 1
< sigrificart oligit
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Small Pivets

Consider —| . 002 1.231 2.4731 | |24 3704
well- —511.196 3.16¢5 4.543 A, | = |€.904
conditioned

1.4325 4.271 2.142 A, 7.888

exnact golution: l}] Small pivet : .002




Pivets

Small
002
well- —511.196
conditioned
1.425
m = _J.Jl;
21 0-009

Ri" Wb1 ‘21 p]
3.165-m,, (1.231

1231
8.1¢5

4.971
598.0

2. 471 _1 A4
2.543 Ay
2.142 A,

m

31

31

-

(3.204
€.904

7.888

L

= 1.435 _ 33%.5

R4

0.002%



3.1¢5 - (59%8.0) (1.231) = 3.165 - 736.1=-732.9

TThe Jlast two ob'ai‘hr of 2.1¢85 are Jovst.

Lnformotion Noss : Swamf)ing




At te epd of e First 5-}@,,9:

.002 1.231 2.4321
598.0 |- 334.9 - 1435. %
+3%2.5|-903.6 - 1820

The Fwo 7ows of A are almost ,,,O,J'he,afly_
lependlent - mulkiples of [1.231, 2.471]
oo A) ~ Bu4oo




~

. 002 1.231 2.471

598.0 |- %34.9 - 143%5.

A
F3F.5-903.¢6 - 1820
Seconol St coom = ___‘_7_0_3—6—- = 1.233
* 52 - 732.9
-1880 — (1.233) (-14 %) = —1820.+1819.=-1.000

Severe Cancellation




AZ:_b

— Ux =}

y, = 3.7o04 ,

Yy = 6-904 - (59%8.0) (3.704) = 6.904 - 2215.
Swah’\fsihg = —2208

Jg =

7. 882 — (33 %2.5)(2.7204) - (4

.233) (~2208)

#.88%2 — 23732. +2722.,

- 2724 +272%
severe Canceldlction =

= —2.000




Sod uhon

[ 4.000
~1.01%

2.000

Exact
solution:




Smalk pivol = Jarge multipliers

Very Jdarge multiples of pivotal yow get subiacted
From other rows qur-\'oing

resd:ﬂng Submatna : 4 conelitionedd

1 C()hd)ﬁoﬂjn; => Canceld ation



Consider

well -

-

condlitioned

”

Small. Pivots
. 002 1.231
1.19¢ 3.1¢5
1-435 H4.2%1

2.471 |

2.543

2.142

-

Mu\U‘I'pl\y o first ezwaﬁon by 1000

[3.704
€.904

+.888




|
Consicler

2.000 1237, 2471, IREY 3. 704,
1.19¢6 3.1¢5 2.543 A, | = |6-904
L‘I-‘r-?.S 4.271 2.142 Aq 7.888

Oobtained fHom (1) b(y mw;'pjy e Pirst equadion
b(y 1000 .

Tha pivet 2.000 Is hnot small.

My, = 1.99¢ _ .5980 , Mg, = ."Z__L_-zoi - .737s
2.000 :
3.1¢5 — (-5980) (41234.) = 3.165 —F36.1 = — 332.9

Same resuwlF as before




- 2.000 1231, 2471, IREY 3. 704,
1.19¢€ 3.165 2.543 A, | = [€6-904
L?-QJ.S 4.271 2.142 Aq 7.888
m = 1.19¢ - m = 1475 = . 7375
21 2005 - .5980 39 o

3.1¢5 — (-5980) (1231.) = 3.165 —936.1 = — 332.9

Same resddt as bebore




Atter HBirst step:

Note Title

| 12/9/2010

5980 | -3234.9 - 1435. :
7375 | -9038.6 -18%0
B

Eardier -
. 0032 1.231 2.4371 Loder Compudation:
598.0 | - 234.9 - 14965. z same .,
737.5[-903.6 -1820

Some S oﬂu:‘ioi




Earlier system . smodl pivet ., Jarge multiplier

o022 1231 2471 | [y (3.204
1.196  3.1¢5 2543 | | A, | = |¢-904
1-425 4.271 2.142 Ay 7.888




New System: First row Jarg‘b

rés.ooo 1231. Q4. | |2 (2704.
1.196  3.1¢5  2.543 \(a, | =|€. 904

1-425 4.9F1 2.142 Lpto 7.888
N

T conclifroned @ rows 4 columps are ouwrof
scaley .

bt

Conclition number > NGl
I Cil



doss of accuracy :b)Caiashoch Cance Y odion |

3molua1, accumulotion of small errors .
P
dwes  noOt Ivaffem in /Jfac'HCQ,

I# no carcellationg oOCCar in an alaori‘#'m,
thern ke yeswt will be accurate .

A
/
ditkcudtr To Ver}‘%t.




Forworol or olirect approach : Finel av bounot oy
Cach intermeclate result

USchld rot poss'iblb since Pr eack adoliton [sublackon,
ohe has T prove —4hot : no Ceotashophic cancetloFion



Backw ard Error Anaiysis

Exact eqwation : Az = b

2 computed  sodudion .

We Py o Find  mahin SR  suck thet
(A+3A) A= b

Use perturbation ‘I‘Le,ory_ to  findd  on  estimate

_ 3 LSRN
for uocl AN o kca) REES
A 4 — R(A)Y WIRI

A




A?(.:b | LU?L:b
(A+JH)§=b
We show thot

NSAN = 8ne LI MU

GEPP : NSAl, < 3 9 n°e AN,  Partial pivating
g = mox | Wil < .zn-1
maox laf‘;l
7 -r.lag n
GECP g < »n 2 e g CD,wf-f.d@ PiVoﬁhg

Cholusky : 1dAle < 3 n°¢ | Al



Twhorial 4

Let A= [aij] be an nxn matrix . Debine

IAN oy = Mman [Bij]
')51"/5)1
Does tHe oeoﬂowiny fzofe/'ly. A»Jol?
IABN, o < WAL, o BN




)
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So duhon : I ﬁllma” = Max ]a,-J ] .

1 jsh
”A”MO\)O > o, A = O =) ”A"?WRX = 0
u/‘HIMMl -~ 0 =) a,-\}-_—_ o ,1<si,jsnh =) A=0
x A= [«xaij], Dot Al o= h;)?x | aij]
= |«] Il A"an

A+ B = [+ bil}'], LA+ BN, = 7}»‘:9;« ]a;‘)rbi\)‘]

< Mmoax [Qij] + Max | bij] = LAyt 11Bl,,.,

~






