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ITopdderypo

Trodéroupe éttav 0 < z € F téte 0 tetpaywvod pila utokoyiletar pe \7_ = z(1+4)
émou 6] < w.
‘Eotw z,y € F xa 2° + y? € G. Na unchoyicoupe 1o ogéhue yio To 2 =

T

+!I

1Ipdén o€ a.k.v. TrodoyoOér anotéleoua

t—flzxz)  2°(1+6)

ta e flly*y)  y*(1+39)

ts (—ﬁ(tl +t2) (t1+t2)(1+63)

bty — (VT VIl +6)
(
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Yap 2.4.1308 - [2004Root.dvi]

[) Fe vew Toos wndow Hep B =R

Z(&88FT4lLer00sTT[EEHMNOR
-

Me BoBoyixr avTixatdoToon éyouye:
= Z(1+65)
t3
T

= ———(1+0;
ZEarst

= (144
Vit + t2)(1+ 03)(1 + 64)

= = (1+6)
V(1 +6) + g1+ 62))(1+ 85)(1 + 64)

omou Yvopiloupe Yia x8e d; 6Tt eivar gparyuévo oe amdbhuty Tt ex Twv dvew and To u.

H ékppaon gival yev VOEIKTIKA TOU TTWG ETMOPOUV GTO TEAIKO ATTOTEAEOHA TA
o@AaApaTa TTou yivovtal o€ KABe Bripa ...

\é€1 0TI av akoAouBrjooupe TNV apxr akpiBolg oTpoyyUAeuong, oTo TEAOG Ba UTTOAOYiIcO
10 t; wg amotéAeapa. O1 TIHEG Twv J; Bev eival yVwoTéG aAG yvwpiGoupe OT1 kaBéva

010110}

[p1001010
01t
10101010

UUE

I6a cival ppaypévo oe atmrdAutn TR atrd 1o u.

... GAAG Ba TN BEAQUE TTIO KATATOTTIOTIKA 600V a@OP& OTO TEAIKO OQAAUQ

[ [(no source specials found) [444,421pt[Page: 75 (75th of 269)
To KaAUTEPO TTOU PTTOPOUPE VO KAVOUUE €ival va £EETACOUNE TTO0O HAKPUA UTTOPET va
eival 1o t; o116 T0 Z, dNA. va Ppdgoupe To |ty-z| ) TO [t4-Z|/|z]|

fmou EUTTEPIEXEI N TTPOCEYYION. -

Eptrpog o@dAua

oTd TEAIKA aTTOTEAEéOPATA TTOU €ival 600 IO KOVTd YivVETAl OTO
eAAXI10TO Avw @pdyua. ZTnVv KaAUTEPN TTEPITTTWON B
utroAoyiocoupe To EAGXIOTO AVW PPAYHO TOU OQAAMATOG.

To mpdBinua poviehomoeiton we padnuotind cuvdptnon:
[ X =Y
H onewdvion ond 1o ototyelo elod80u 610 UTOAOYIOUEVA ATOTEREGUATY LOVTEAOTIOE TON
forog : FNX = FNY

Av culiéZouue

® 1o dedouéva oe Bidvuopa v € X

o 1o VewpnTind anmoteréopora ot didvuoua f(z) € Y

o 1o SeBoyuéva ¢ ax.u. oe dldvuoua xF € N X

® 0 LTOAOYIoUEVY amoTeéouoTo. o didvuoua f(z*) € FNY

MavemoTrApio Matpwv
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Eptrpog o@daAua Jsetor
03500

216X0G MO €ival va UTTOAOYiCOUUE AV PPAYHA YIO TO OQAAHO OTO TEAIKG
ATTOTEAEGUATA TTOU €ival 0G0 TTO KOVTA YiVETOI OTO EAAXIOTO Avw QPAYHA. TNV
KaAUTePN TrEPITTTWON Ba UTTOAOVioouue TO EAGXIOTO VW EPAYHO TOU CPAAPATOG.
To npdBAnua uovieAonoleital WG PaBnuarkr cuvapnon:
fiX—>Y
H aneikdvion and ta oroixeia eicédou oTa UNoAoyIouéva a-

rnoteAéopara poviehornoleiral

fprog : FNX = FNY

Av CUNéEEoUUE
e 1a dedopéva oe diavuopa & € X
® Ta BewpnTikd anoteréopara oe didvuopa f(z) € Y
e 1a dedopéva wg ak.u. oe didvuocpa ¥ € FN X

e 10 UnoAoyiopéva anoteAéopara oe didvuoua f(xz*) €

FNy

MavemoTrApio Marpwv

7

BéNoupe va exTiunooupe (Avw eedayua) yia

Y ) Mferog(@®) — F(@)]
[ forog(@™) — f(2)[| 1 @l

Arokalouvial anéAuTo (1) oxenkd) eunpdg opaaua Tou u-
nohoyiopou Mg f oto x pe mv fprog
To o@dApa Ba e§aprdrtal amd (OTTWG Ba TTEPIMEVAME)
TO podnuaTiké TPoRAnua (ouvdptnon f)

TO OUCTNHA O.K.U.
Ta Sedopéva £10650u (z Kal ™)

1 I MH I n MavemoTrApio Matpwv
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k091035
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TNV uAoTroinon yia Tov utroAoyiopd («alyopiBpog>» f,..0)
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Eptrpog o@daAua

Av dev yvwpiloupe ek TwV TTPOTEPWYV Ta dedopéva g10680u Ba TTpéTrel va diep
avw @pdyua yia 6Ao 1o xwpo X N yépog Tou:

Fevikérepa: ©ENoUE VA EKTIUACOUNE TO EAAXIOTO Avw PPAY-
Ha yia OAeg TG duvarég Tpég Tou = € X Twv

4 Il forog(=*) — f(@)I|
£ (@l

Ta eAdxiora dvw PEAyuaTa anokaAoUvial andAuto (1) OXeT-

K0) epnpdg o@AApa oTov urohoyiopd NG f ue v fprog.

| forog (™) — f ()|

v npdEn, unoAoyi{oupE eXTIUACEIG TOU EAAXIOTOU Avw PPAY-
parog, dnA. apkoupacTe va ppdgoupe oo yiveral KaAUTepa

1O eunPOG OPAAUQ.

MPOLOXH: lNa 1o oxeTkd OPANUA N LUEYIoTOMNOINCN NEEnNEl va

E£UVIOOUNE TO

viver uné mv npoundBeon o || f(z)]| 7 O.

Eptrp6g avaAuon c@AaApaTog

141,

Y s
Witgbss

417153
#7130703
1747004509
134003105

7

403 20
05037100590
/150109105039 01010

ol

1 10
g 510040

H diadikaoia TTou akoAouBnoape yia va gpdaiouue
TO EUTTPOG CPAApa AéyeTal EUTTPOG avaAuon

o@AAPATOG

TPOOTTAONOTE VA TNV EQAPUOOCETE OE ATTAEG

mpdageig, m.X. _axpy, _dot
Meprypageral arAd aAAd epappuddeTal
TO XEPI»

"Exouv yivel TToAAég TTpoOoTTdBEIEG VO

«autopaToTroINnOEi»

Oev €xel Bpedei «vIKNTAG»

OUOKOAQ « g

@

y

7

i
MavemoTrApio MNatpv 8
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o Trobétouue éu To mpdypoupa Tou extekeltor xar o mopdyel o f(x) anotekeita and
uto oepd amé otolyeldtelg apriuntinée tedie.

o Kdde npdn napdye éve véo anotéheoun mou eoptdtor and ta debouéva eioddou 1 xon
amé Tig Tuéc mou Eyouy A unohoytoVe, Ty, av & = (&,...,En) xa
ar = fil€r, - €n), 02 = falar, &1y o EN)s o 52 = fal@noas o 01,60, 6N,
émov fro--ro fi = f wa wde filajq, - ,a,x) ovuotoyel otnv extéheon og
oToLyerddouc Tpdine ue dedouéva éva 1 blo and ta oglouata
{%—17' 1,6, 6N}

o Egboov dung exteholue TI¢ avnTépn TpEelc ae ax.u., To anotéhecun oe xdde BAua Ho
elvor BlopopeTind amd autd Tou Vo TEGVOUE oV YPNOWOTOLOUCHUE TIC XOLVES TRULES TOU
R, ondre to unohoyiotéy anotéheoua 2 eivor TPOCEYYION TOU 2 Kot TO G UTaXOVEL
ToV xavOveL UETEB00NE TToU TEpLYpAaUE ToEam Ay

o Enouéveg urnopolue vo nogmohoulfioouue v eZéhiln tou ogdluutog ond v Briue
Tpog Priuc pe TNy spapuoyt Twv f;.

H uédobog anoxshelton npog Tol eunpoc avdhuar opdhuoroc.

Tpovixy nopathenon

‘Eote 6t @ eiva nodhanhooaoude 1 doipean. Tote
&y =z Oy) =(zOy)(1+9),
ENOUEVES TO UMOTEAEOUA TNG OTOLYELMOOUS TRUENS OE oX. . o) uetof twy x,y € F

.. elvou oo ue, xon emouéverg uropel vo Bempniel ot eivor To wpPBéc amotéheoua g
oroyerddouc tpdine (oto R ) ® petedl tov & =z, § = y(1 + ).

1 ootGua
elvan 8o pe to omotéheopo e wepifolc tpding uetall wy & = x(1468),§ =y
1 wetodl tov & =2v/1+4,§ = yv'1 + 0, xAt.

Avtictotya oty npdalean Do elyoue:
zdy =(z+y)(1408) =z(1+8) +y(1+9)

%ot To Umohoytopévo anotéheoua eivar (8o ue Ty optBh ddpoton T v Seboutvmy & = x(1+4)
wou § =y(1+40).
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levikeuon

PNOLHOTOLOVTAC TNV TUPATAVG 0pOAOYIa var 6oUuE Tt Vo
Bei&oupe oTt

TO UTONOYLOUEVO ATOTENEGUA fiyrog (2) Elvor T0 0MOTEREGUN TV UTOAOYIOUOY
e opriunTed dneeng oxplBelag mou amoutodvTon Yo TV f udvov mou To

Bedopéva lo6b0u Umopel Vo elvat Alyo StopopeTixd.
Anhadr oy UTEEYOLY BEBOUEVA X pyrog TETOLOL (DOTE
1. 10 || prog — || vt ebvon (oyetind) pupd

2. va 1oy 0et aEBOC forog () = f(@prog)

No 8olue g autéd Bondd otny extiunon Tou eunpds GEIMIUTOS:
prl'()g(?”) —f@)l = Hf(rpmg) = f(2)]|

= 1) exTiunon Tou eunpEds GPIAUNTOC UTopEl var Yivel SIEpELVHVTIC TGO
petoBdhheton 1 T f(x) av aAAGEOVUE TO & OE Tpyrog-
Ennpedlouv 1o mapoxdte: \
) HoBnuartikf Bewpia diaTapaywv
o H ondotaon ||prg — 2| h
(perturbation theory)

o H cvaolnoio tne f o yetaforéc peyédoug O(||Zprog — ||)-

MavemoTrApio Marpwv

1 90l
Mevikeuon Y
Vit

(]
02 1031
530032 0207

Xpnoiuonoidviag v napandvw opoAoyia va douue 1 89

aBnuarikn Bswpia diaTapaxwv
lyivétav av unopoucape va deioupue om nadnu n P pax

(perturbation theory)

i ) , Na doupe nwg autd BonBda oty exTiunomn Tou epnpog OPAan-
T0 unoAoyiopévo anotéheopa fprog(z) eival To

QAMOTEAECHA TWV UMOAOYICUWY KE apIBunTIKr) Anel-
NG akpiBeiag nou anarrodvral yia my f uévov nou [ forog(z) — f()|| = ||f(zprog) — f()]|
Ta dedopuéva eicodou unopei va eival Aiyo diagpo-

luarog:

PETKA.
=> N EKTNON Tou eunPOg OPANJIATOG Wropei va
yivel iepeuvviag ndéco petapdMerar nmiun f (z)
IAnAadr) av undpxouv dedouéva Tprog TETOIa WOTE av aMAEOUE TO T O€ Tprog-
1. 10 ||Zprog — || va eivar (oxeTkd) pikpd Ennpedlouv Ta napakdrw:
2. va ioxbel akpiBds fprog(z) = f(zprog) e H andoraon ||zprog — ||

e HeuaioBnoia g f oe petaBorég peyédoug O (|| zprog

z).

MavemoTrApio Matpwv
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Mia «xovdpIkiR>» avaAuon fnaitise

Ji3¥%03003309%0

Av Bewprjooupe 61 n cuvdpmon f pnopei va avanapacra-
Bei apketd agiéniora and Toug ypappikoug 6poug NG CeIpAg

Taylor

f(@prog) — f(z) ~ f'(x)(wprog — =)
€Enouévwg
17 Gorog) — @I IS,

@l S @l
ILf' ()| ) llzprog — ||
= (Hf(w)H ol ) e

(2) «BeikTng kKar@oTaong» Tng f aTo X
egapraral pévov aéd (f, x)

(1) epTTPOG OXETIKO TQAAUQ
NG f 010 X UTTOAOYIOPEVN PE f

(3) e€aptaTai amo (f

prog %)
prog

Av yvwpifoupe TINEG 1) OQIKTA AV QPAYUATA YIa TOUG Opoug Oegid,
MTTOPOUNE VO @PAEOUNE TO EUTTPOG OXETIKO OQAAual
EMMPOZ S®AAMA < (AEIKTHZ KATAZTAZHE MPBA) x (NIZQ SPAAMA AAFOPIOMOY)

MavemoTrApio Marpwv

Kotdotaor (conditioning)

o H uehétn e evanoinaiog Twv amoTeheodiny )¢ Tpog dlatupdielc

TV oTolyElwY eloddou, xol HdVo w¢ TPog auUTéC.

Kazdoweon (vdoroinons) akyopiBuou: H pekétn g enibpoong tng wprduntuac tenepucuévng
wpiPerag oty Vhortolnan tou dhyoplduou (Uéow evie Tpoy pduplatoc).
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Acgixtng xatdotacns ahyopidpou xu nticw opdipe

Opiopde 2. O deikng kardotaons (tng vAoroinons) wu akyopitou/mpoypipjpatos opile-
w1 w§ n eddywotn tps, cond(fiuwyg), yia iy otola

12 = Zowel < (g .

[l

To Lazmmsll o hetrar ouywéd iow opid
2 v @A oto .
O beikTng cond(fpmg) Sefyver w0 Tiow owdApae ya 6o to tedio opopot s f.

‘Evag aAyopiBuog fpmg yla Tov UTTOAOYIoHOG evog TTpoRARuaTog f
ovouddeTal Tricw euoTaBG av 1I0XU0UV 0l CUVBAKEG TTOU €idapE,
ONnA. va UTTAPXOUV BEBOUEVT Xp o TETOIO WOTE
* X Xprog || VO EIVAL «lIKPO>

fprog (x) = f(Xprog)

Klaowr) Dewpio xatdotaong - 6€iKTr]§ KGTdO'TGOT]g 'ITpOB)\r’]}JGTOQ

Optopde 3 (Rice’ 66). Eotw ypaupuol vopuiopérott yespor X, Y mov Suadévow vippa
Kt éotw ny anedvion f o Q C X = Y, énou Q elvar avowtd ywpio. Eotw ™ otalepd
rei g Tyt = f(x*). YroOérouue du ta x*,y* bev eba1 ta unbevicd otorcein wr X,Y.
O aoUuTTOTIKGS 0 xEeTIkGS Belktng katdotaong s arewdvions f ot ©* wg 1pos MKpés
aMayés tou x* opiletar ws

H!(TW’E):I(T*)N
cond(f;z*) :=lim sup +
T[T

390 =6

TPOOOXH org VOPUES

egdoov o dpio urdpyer

Epeig «ammAotroifoape» wg

L")

/ 7@ il

IpPogoxI oTNV TAPAywyo

mmmmm orahuougvor.
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AgikTng KATAOTAONG

e MNa gia ouvapTnon, gival évag apiBuog mou
avadeikvuegl TNV aAAayi TTou u@ioTaTal n
ouvaptnon av aAAdgouv Aiyo ol TIpEG e10650uU

* AAAayn otnv TR <= O€iKTNG KATAOTAONG
mpoBARuaTog * aAAayn oTnv TIPA €1I06080U

MavemoTrApio Marpwv

110101010

Ilpog ta micw avéhuon

Moyhdc: "Eote ot éyouue anodetZet T UTEPYEL Tproy <XOVIG> OTO T ©GTE AV TO omOTERECUN
nou unoAoyloTmee ye TEdEers 0., ElVol Zyrog = fprog(d) TOTE Zpog = f(Fprog)- TéTE

llzoros = 2l = [ foroal) = @)l = lF (2ipro) = f(2]]]-

18éa Avti va extiuficouue arevlefog 1o Tpog To eunpde o@dhue, extotue T Blopopd

I1f @prog) = f(@)I]-

A 10 ||Tprog — || glvor pixpd, Téte To TpdPhnua avdyetor oo podnuomxd (xen Gyt apriunTins)
npdBinua ¢ sunolnoiac Tou f ot wxpés Borapdiac (= perturbations) twv otoysev
20650y,

<Piape 1o opdpa tpos ta Tiows> ka1 o avaydyaue oe ogdAua Tov ogeiletar ota
oTotetr ewddov. And exel kat épa Gev vndpyet Adyog va efetdloupe o opdApa Tou
ogeiletar atis evduipeoes npiers!
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Iotopuxd oydha

o H nopandve 18éa ever to whedl g mpog w miow avddvens opdApatos (= backward
error analysis).

® Oeuehiedng teyvins mou ogeihetar xupleg otov Bpetawwd peldnuotixd James Hardy W-
ilkinson (1919-86).

o Ioparhioreg 1déec mpotddmeay xor ond toug Wallace Givens (1954), von Neumann xou
Goldstine(1947), xar Turing (1948).

Tlopdderypo

‘Boww f(a1,29,23) = (@1 4 39) + 23 dnov tax; € F. Tére
Sorog(w1,m2,33) = (21 + 22)(1 +61) + 23)(1+ &)
dipot
Sorog(1,22,3) = 1 (1 + 01 )(1 + 62) + x2(1 + 01)(1 + &) + 23(1 + &)

brou |4 <w v j=1,2.
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Enopéwwe
Jowog(21,02,23) = f(Z1,%2,%3)

6mou

= 2 (1+8)(1+ &)

= 2914+ &)(1+d)

= a3(1+ &)
Enouévoc |&; — xj| = |2;(0) + 2 + 018)| i j = 1,2 xau |3 — x3] = |2:302|.
dipat

|25 — x4 Sulx;l,j=1,2

<
<

[£5 — 23| < ulasl.

Enopéwwe
[ forog(@i1, @2, w3) — flan, @a,8)| = |f(Z1,82, 8s) — fl@r, 22, 23)]
6mon
3 — =]
[
O adyépifuog vrodoyiopot elvet <tpog e tiow evota B>

< pju,pr=p2=3,p3 =1
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