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EMNETHMONIKOY YITOAOTTEMOZX 1

AIAAEEH 14, 11/12/09
E. TAAAOIIOYAOE

Tpnpa Mny. H/Y kat TTAnpogopikrg
IMav/yo IMatpov

Zxeuka pe v napayovroroinon LU kat tn AUon péowm autng

e X1a mapanave dev AdBapie kabBoAou unoyn tov adyopidpo smiduong.

o Ipota tpéxape tov urd pedétn adyoplOpo Kat petd, HEow Tou Gy, egetdlape av rtav miowm
euotabr|g.

e I6avikd, 9¢doupe va eipaote BéBatot yia v euotddetd evog adyopibpou mpv tov tpéfou-
pe!

e MrtopoUpe va 1o Kavoupe auto yua v LU;

ZNPaviKo :
e T'a va pidniooupe yua v LU mpénet va npoodiopicoupe mmotdov alyopiOpo evvooue,
e ... Ta aroteAéopata e§aptoviat anod ) peébodo odrynong!

A%iel va onpewdet:

1. Tevikd mpémel va avapepoaote O€ TTIAPAYOVIOITOiNOor TTOU UTIAPXEL UTIO TOV 0p0 OTL TO
BNTPwo eival avuotpéyipo

2. ... dpa eival anapaiinto va undpyel Kanoia popdrn odrnynong.

3. Zuv npdadn, o aAyopibpog rmou xpnotpornoteitatl reptoodtepo eivatr LU pe pepikn odnyn-
on.

4. ... O aAyopiBpog eivat oxebov navia miowm suotadng,

5. eKt0g arno opiopévoug «rtaboloyikougr cuvbuaopoug [A, b).

6. ... onwg n gf pp.

Osmpnua rnapayoviornoinong Av A avuotpéyipo tote undpxouv punipeoa upetabeong P, Ps,
KAT® TPyoviKO L pe m povada o dayovio kat avuotpéypo U wote PPAP, = LU. H
Iapayoviornoinon eivat epikir) Kat povo pe éva ano w P, P (ta L, U eaptoviat ano v
ermAoyn) 1ou Kavouye yia ta ;).
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GEPP: (Gaussian elimination with partial pivoting) EruAéyoupe P, = [ kat tov k£ tapayovia
tou P wote oto Brjpa k va @épvet 1o péyioto os anolutn tpr) otoixeio oug 9éoeig (k@ n, k).

GECP: (Gaussian elimination with complete pivoting) ErmAéyoupe toug napdyovieg tov P
kat P; oote oto BApa k£ va @épvouv 10 PEYIOTO Ot ATOAUTH TIUr otolxeio otg déoelg

(k:n,k:n).

Rook pivoting: [Ipoopatn péBodog 0d61ynong mou ermruyyavetl eploplopévo opdipa pe pt-
KpOTEPO KOOoToG ard v GECP.

[Tog oupnepipépetat 1 eriduon pe Sidorntaon LU; (ouvoruika) 'Eote o1l €ytvav ot petabéoeig

kat A = LU. Mrnopei va &sixtet (B1BAio) 6t ta unodoyiopéva f/, U eivatl 1.6.
A+ E=LU

ortou

1B < %l LI01, NEN < yllLIINO
Avvovtag Ly = b éxoupe (L + AL)j = b 6mnou |AL| < v,|L| ka1 1o 1810 yia 1o U. Emiong
b = (L+AL)(U+ AU)i
‘Apa
b = (LU + LAU + ALU + ALAU)&

= (A+E+LAU + ALU + ALAU)#
AA

Enopéveg to urtodoyiopévo x kavorotei 1o b = (A + AA)Z 6nou

AA = E+ LAU +ALU + ALAU.

, , , , . AA
H niow suotaBela e§aptatat amno to péyebog tou w

TMa va gpagoupe o AA

[AA] < |E|+|L|AU| + |AL||U| + |AL||AU|
< 37| L|[U] + O(u?)
[AAL < 3wl
e 'Exoupe mion suotddsia dtav ”ﬁﬁ” ~ O(u).
o Av R X
3l LINUI = O(u) [ Al
T0TE

1a4]
— — ~ 0O(u
Ay oW
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H riow suotdBeia kabopidetatl amné to péyebog tou |||L|||[||T]||

TMapatnproetg oxetxd pe mv || L]|||[|U]]] Xeopis 08rynon: O napdyoviag propei va eivat roAs

peydlog yati ev €xoupe TpOro va @pagoupe T1oug 0poug ToU L (QupnBeite: xwpig 0drynon
propel va poKUPouv oAU pikpd ototxela ot drayovio 1 diaipeon pe ta oroia Ja €xel oav
anotéAeopa oAU peydAa otolxeia oto L xAm. Torte, EKTOG ATIO £181KEG Tepirtwoelg Hev Sa
€xoupe trio® guotdbera.

[Tapatr)pnorn : Av Xprolporio|00UHE PEPLKT) 1) TANPT) 08 ynon, o apdyoviag || ]i! || 6ev propet
va yivet oAU peyddog yiati 1o péyioto ototxeto kabe omang eivat 1.
Me obnjynorn) rou e§aopadilet ot [A;;| < 1: Av xpnowporoujooupe peptkr) odrynon 1 minpn

wre |\;;j| < 1 kat av xpnoponomooupe tg véppeg 1,00 tote ||| L] = O(n).
Emopévag apkel va e§etacoupe 1o péyebog tov otoixeiov tou U.
MrtopoUie va XP1 0100 )COUHE TOV TTAapAyovia

max; ; |7 |
max; ; ||
g £vdelln tou peyéboug tou

[Mapatpnon : Apou oe kaBe Pripa vrodoyiloupe 10

k—1)

(
ol — k1) _ Yk (k—1)
iy T g (k—1) "kj
R
ano ) pePIKY 0dnynon
a(k 1)
|a k— 1)| <1
Kk
ETTOPEVOG
(k) (k g (k—1)
k k—1
o] < ol 42 |
kk

k—1)
oy ™ + ey ™)

Enayoyikd! dsiyveratl ot
max [7;;] < 27! max |ay;]
Z).] Z7‘7
e Me pepikr) 0drjynon o napayoviag eivat «ppaypévog» aAdd to @paypa propest va sivat
oAU peyddo.

e AUCTUX®G UTTAPXOUV UNTP®OA Yid Tad OMoid T0 ave @paypa eivatl epikro.

'Kavoupe v amlomnoinon va 8eifoutie to gppdaypa yia tov axpilr U avtl yia tov U.
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e Av xpnotporotrjooupe GEPP ouvndwg 1oxuet 6t kat ta otoixeia tou U ntapapévouv pikpd.

Tuvtedeotrg au&nong otnv odriynon Opiletatl wg p = max{ao’al’ a1} groy ay = max; ; oz(k)]

etvat ta otoixeia pe péyiot anddut wpr) oug Séoeg (k+ 1 : n k+1:n)twou LyPy - L1P1A
IMapadeypa 1.

Xwpic obnynon:

1 0
Ly =
—10000 1

1
10000 1
0 —9999 |

LA =

AnAadn ag = 1, oy = 9999 xar p = 9999.

Me pepukn odnynon
01 1
Ly = .
10 ~ 10000

onote g = 1, vy = 0.9999 katp = 1. O
[MpoBAnpatkr LU Adyw peyddou p,

P = LiPA =

1 1
0 9999

10000

10 0 1
-1 1 0 1
A= -1 -1 1 1
-1 -1 -1 1
Me pepikr) 0dnynon ,OMO =8
1001
01 0 2
U= 00114
00 0 8
Me mAr)pn odrynon pHO = 2.
110 0
021 O
U= 00 =21
000 =2
MO _ 9n— 1
‘Otav 1o pNntp®o eivat €xet TV napandave popen p,) — = 2

ZTg MEPUTIOOEIS AUTEG UTIAPXEL MPOoBAnpa (yia peydalo n). Aoxipdaoape autd 10 PNIPwo
(ouvapton gf pp arno 1o toolbox tou N. Higham) kat mfjpape ta §Ag:
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) rpp = 1.8558e+016
) condest(a) = 1200
l,u,p,q,rcp] =geCP(a); rcp=1

)) n=64; a=gf pp(n); x=ones(n, 1); b=axx;
)) norm(x-a\b) ans = 3.1623

)) norn(b-a*x(a\b)) ans = 177. 4458
)) [1,u, rpp]=gePP(a);

)) cond(a) =

1. 0775e+005

)

)

[

Enibpaon tou ocuviedeotry O ouviedeotng spgavidetatl oty avdaluon peom Tou peyeboug tou

I |U ||| otnv avdAuon g miow euotdBeiag g LU mou 116n napouciacaype.
A%iel va onpewdei 6t ano vepig, o Wilkinson eixe dratunwoet 10 mapakdtm ouvapég Arote-
Asopa.
Osopnpa 1 (Wilkinson). 'Eoww A € R™™" xat ou vrnofoyifoupe tm Avon T xpnopuonodvtag
GEPP. Tote

(A+ DA =b, [|AA]e < 3729020 All

O
To dve @PAYHA Yld TO OUVIEAEOTH] aUdnong tng mArpoug o8rynong ivat moAu pikpotepo :

pnl’IO < V/n2131/241/3 ... pl/(n—1)
< \npttrtotas = O(n'*™))

Ia pntpoa pe e181kr) Sopr)? ot ouviedeotr|g au&nong pnMO, pnl’IO, JrIopet va @pa-

XTOUV TTOAU KaAutepd.

YrievOBupion kat avdAuor): [og ripokurtouv ot tapayovieg P, L, U oy PA = LU

e I'vopiloupe nog av to A unakouel oe oplopéveg «OKANPEG OUVONKEG, TOTE PITOPOUNE e
TOIXEWOELG petacknuatiopoug Gauss va 10 PETATPEYOUNE O AVR TPLYOVIKO :

Ly - LiA=U=A=L"--L U

ortou

L; :]—ujejT :>Lj_1 :]—l—ujejT
e Mropoupe va pebodevooupe kat v PA = LU avaloyaa addda 9éAet Aiyn mipoooxr) (€xet

evBlapépov). @a 1o dovje yia éva mapaderypa A € R¥X4

2@a doune apyodtepa.
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e Ouunbeite: Mnipmo aviaddayng HNIp®o Imou €Xel IPoABel and 10 TAUTOTIKO HE Hid
avtaAdayr 6Uo otnAov (1 ypappov) tou.

e Av P gival pntpoo aviaddayng e P = P = P!

e Ta ywopeva pnpoev avtaddayrg sivat pnrpoa petabeong (0nwg o P omv PA = LU).

Xpron 10V pNIpeev petabeong MmopoUpe va avarmnapaotriOOUHE TIG AVIAAAAyES YPAPP®V 1

OKOTIO TV IIPOOKO0T) Peyadou otoixeiou ot 9éon kk 10U PnTpoou A=) pe moAAarnAaoctaopo
He untpwo petabeong, €otw Fy.
Mepikn 0dnynon Zto Brjpa k Stadéyoupe yia 08nyo 1o PEY10To, O ATTOAUTH TIT), OTOIXEI0 ard

ug Séoeig (k : n, k)AIOU AF=1) Ay 10 ototxeio autd sivar oty ypappn k> k tote petabétoupe
TGS ypappég k xat k.
Enopéveg
Ly aPoa-- LiPA=T,
orou P, eivat 1o pntpwo petdbeong rmou aviaAAdoet v ypappr k pe thy ypappn mou meptéxet

10 péyioto otoiyeio anod ug Séoeg (k + 1 : n) ing k othAng tou pntpwou Ly 1Py --- L1 P A.
Mopon PA = LU Tlapddetypa yia n = 4: Ao 1g 1810)1eg 1oV PNTpeev aviaAAayng

L3P3L2P2L1P1A = U

Ls(P3LoPs)(PsPyL1 PyPs) PsP,PL A = U
P

Z~}31~}2E1PA = U

Enopéveg

Eniong

PsLoPy = P3(I — uged)Ps
I — (Pyuy)el Py

= I — (P3uy)(Pley)”
I — (P3uy)(Psey)”

aAAd 1o Pj elvatl 1o pntpeoo aviadAayng rmou ermdpd Povo ot YPAppeEg J > 3, apa Pies = e
dpa P3L2P3 =1- P3U2€g.
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Opoiwg

P3P2L1P2P3 = PgPQ(I—Ule{)ngg
= I — (P3P2u1)(P3P261)T
= I - PngulelT

Arnotédeopa Av Xp1O1IOTIO)00UHE PEPTKT) 081jynor) yia tnv rapayovtoroinon tou A téte PA =
LU é6riouv P = P, _1--- P} xat L elvatl KAT® Tp1yeviko pe povada otn Staywvio kat

L '=1L, 1
6rou Ly = Ly_1 = I — up_1el_| xat
L= Py Pop1 LyPryy -+ Pay

ETTOPEVRG

Lk:[—(Pn—l"'Pkﬂuk)e;}F

/

-~

Uk

To diavuopa Uy eivat g popPpng

{Lk: 07 ’O,*’*’...*

apa

IapatnPOUE IS
L' = (Poi+ Pt LgPigr - Poy) ™!

= Poy Poi L Pey -+ Py

= Poi Pl +upel) Prsr - Pos
Emiong

L= (I+aef)(I +asey) - (I +p16;,_,)

10 oroio etvat K&t tpyevikd! T1.X. 1o (I + Gl ) (I + tgel)) eivar ico pe

L =1+ e +digel + 1y el tiged

~—~—
0

H otAn k£ meptéxel amo ) 61ayovio Kat KAT® TOUG OUVIEAEOTEG TTOU UIMOAOYIoApE yila Ttnv
analoidr] TV oToXel®V TG OTNANG.
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‘AAdo1 TpoTTot va BeATIOO0UNE TNV aptOunTiky oupnepipopd KApdkmon/1cootabpion® (scaling/equilik
Kataokeuadoupe Stayovia P, Py dote dote PLAP, Py 'x = Pib va éxet KaAUtepeg 1810TNTeg 0G

1pog 10 opdApa ertiduong a6  Axr = b . k(PLAP,y) < k(A).

EnavaAnmukn exkAémtuvon (=iterative improvement/refinement): H 16éa mpogpxetat ano wmyv
epappoyn Newton oto f(x) = Az — b= 0.

e H 16éa ogpeidetar otov Wilkinson kat urnelogpxetatl (Kat PETAPPIECPEVT]) O€ TIAPUITIOAAEG
EPAPPOVES.

e Av AUvape A~ lry, akpBog, tote 29 9a frav n akpBrig Avon!
e Ia tayxunta, mpénet va KaAvoupe Xprorn tng rnapayovroroinong LU yua tov A.

e XuvnOBwg: Emdntoupe tov unodoyiopo tou Prijpatog (4) pe uyndotepn akpiBela amod to
Zo.

e Mepikd Brjpata propel va sempépouv peyddn Bedtioon otnv akpibela.

e IIpoogpata mpotddnke yla xpron oe cvompata onwg Cell, GPU wg €€rg: Na tpéfouv
e101ka ta Prypata (1, 5) oe OAU ypriyopn povr akpiBela kat ta urodoira oe SUrAr).

e Kate® amod oplopéveg ouvOnkeg Propetl va €xoupe ePrnpog opAaipa @Paypévo @paypevo
(mepirnou) and pikpd oddarnddoio v us; eite and x(A)ug,.

Zx0Ala: EmavaAnmuikn eKAEtuvor (rmaAatd teXVIKN IouU TAAl TIPOCEAKUEL)

e 10 £MMKeVIPO TOU evB1aPEpoviog Adym NG véag yevidg enefepyaoctov? (Cell, GPUSs)

e 'Evag rruprvag STI Cell BE (ouvepyaoia Sony, Toshiba, IBM, Sony) £xet péytotn emnidoon
25 Gflop/s yta povn akpiBeia adda 1.8 Gflop/s yia 6umAn

e X10X0G va ouvbudooupe v emnidoon wwv 32-bits pe v akpiBela tov 64wv ot Avon
YPAHMIK®V CUCTNHAT®V.

e H Sewpia avdduong opdApatog deiyvel g KATL TETO10 £ival EPIKTO, KATW ATIO OPIOHEVES
OUVONKeG.

1. (s) x9= A~'b /* apojhke’uontai oi par’agontec L, U

2 k=1

3 repeat

4 T = b— Ax k—1

5.(s) 2, = A 'r, /* grhsimopoio’untai oi par’agontec L, U
6 Ty = Tp—1 + 2k

7 k=k+1

8 until convergence

“‘www. net | i b. org/ | apack/ | awnspdf /| awn175. pdf
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LYXTAXH: Aeite kat v gpyaoia (Buttari, et al.) mou avaptOnke péowm nuepoAoyiou.
[Mapadetypa

Xpnoworooupe A = single(gfpp(20)), tuxaio x xat b = Azx. @ftoupe 0 UMOAOYIOPEVO
7= A"1b, xat

Armotedéopata Xopig Kal Pe eKAEMTUVON :
0 Bp. erA. ||z — Z|| = 3.3462¢ — 03

1 Bnp. exA. ||z — W = 3.4757¢ — 07
2 Bnp. exA. ||z — 7P| = 9.2238¢ — 11

3 Bnp. exA. ||z — 3@ = 1.3467¢ — 15

e Kate® amod oplopéveg ouvOnKeg Propetl va €Xoupe ePrpog opAaipa @paypévo @Paypevo
(mepirnou) and pikpd oAAarnddoio v us; eite and K(A)ug,.

[TAPATHPOYME H exAérmtuvon audnoe tnv akpiBela - ot Sewpia, n PBedtioon avadeikvietat
Pé€ow g pelwong Tou mio® oPpaApatog.

[TpoBAnpata g odrynong

e H 0dnynon propei va emeépet ermudéov averubupnta Koot (ouykpioelg, petapopéss, ...)

e [T10 onpavik «mapdrAeupn anmAsia» 0Tl oUvNO®G Kataotpepel tn Soprn ToU PNIP®OoU,
I.X. XAavovtal oUppeTpia, Iplyovikotnta, tpidlayoviotntd, KA.

e Ia napddetyna, propet A = AT adAd av P eivat jn tetpiapévo pntpodo petadeong (SnA.
P # I)twte PA# (PA)T.

II6te popoUpEe va anogpuUyoupe tnv odnynon;

IMa oplopéveg Katnyopieg PNIp®®V PITOPOUHE va AroguUyoupe Ty 0dnynor). a) r.x. emneidr) to
dlaywvio otoyeio oupBaivel kat eivat 1o peyloto g otAng, 1 B) yatl xopig va xpnotponotr)-
ooupe 06rynor, o ouviedeot|g augnong eivat pikpog (r.x. 1 1 2).

SUppETPIRAG 9eTIKA oplopéva (E@0): undpyet apayovioroinon A = LLT (Cholesky). TTPO-
YZOXH: To L &ev eixel kat avaykn 1 otn diaywvio.

Avuotnpad Slayovia kupiapyxa: urnapyet rnapayovroroinon A = LU av woxvel avotnpn AK
ava othAn, dnA. fay;l > Y70 eyl 5 =1, .

Zuppetpira AK: unapyet iapayovroroinon A = LU av 1oxUet avotnpr) AK.
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Mntpoa pe edkn dour) (Kep. 7.1)

E161kr) 6opr: Tevikd, evvooupe, Pnipoa TOU UIMOPOUHE VA «TIEPIYPAWPOUHE PE AyOTEPQ» ATIO
n? otoixeia. I'a va eipaocte mo cageig xpetadetar e&edikevon. Iapadeiypata: Zupperpikd
Oeukd opiopéva, Toeplitz, Hankel, Vandermonde, Cauchy, punipowa xapnAng ta§ng, apaia
HnTpea, .. pnpoa {ovng, dayovia katd oppaboug, tpidlayovia katda oppadoug, ...
[Mapatpnon: H draxeipion pntpoev pe e1d61kr doprn sivat onpaviikr), ylati:

1. mPoKUITOUV MOAU CUXVA APeoa 1) EPpeoa ot EPAPHOYES,

2. mpoopépovtal yla oxedlaopo peboddav draxeiplong toug pe Atyotepo KOOTOG arto td YEVIKA
pnpea

3. moAAol alyopiBpot (.. eupeong WBoTPaV, 161adoUcOV TIHEV) avaydayouv Mpeid To
UNTP®O OF TETO1a PoPP1).

4. ... bette Y. v avapopa lawn92.ps tng LAPACK
My Docunent s\Downl oad\L\LAPACKJava\l awn92. ps

[Mapadetypata (sevtog UAng!)

e AAyop1Op01 «d1axeiplong IPIYOVIKOV PNTPOQV e O(n2) npagetg a.k.u. (BA. keg. b)
e Adydp18pot Saxeipiong Hessenberg pntpoev pe O(n?) npddeigs a.x.vu.
e AlyopiBpot Suayeipiong tpidaywviev pntpoev pe O(n) npdelg a.k.u.

e AAyopiBpot Siaxeipiong pntpoev {ovng (banded matrices) pe O(nb) nmpageig a.x.u. orou
10 b e€aptdtat aro 1o «cupog g {HVNS».

Mntpoa {ovng

Oplopodg 1. 'Eotw 1epayovikdg mivakag pe otoyeia o, kKat £0te Ot p, ¢ elval aképaiol TETotot
wotea;; =0avj>1+qni>j+p.

To avtiotoiyo unpwo arokaieital unPwo {Oung ue eUpog avw (OUNg q, eUpog p KAt (OUng Kat
ouvoko evpog p + q + 1. Oa 1o oupbodifouue ouxva wg A(p|q).

Av p = q (T.)x. T0 UNTP@O &£lval OUUUETOIKO), TOTE flEue Kat OTL TO UNTPWO EXEL NUIEUPOS (=
semibandwidth) p. |
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[Mapadetypata

e Avp =g =1 — tpdlaywvio: ta pn pundevika otorxeia tou Bpiokoviat oty Siaydvio, otnv
unepd1aymvio Katl otV urnodiaywvio.

e Avp=1,¢q=0 (avt. p=10,¢g = 1) — ratww (ave) did1aywmvio.

e Ta tpryovika kat ta Hessenberg pntpoa £xouv popdr) {dvng dve 1 KAte g daywviou:
.X. p = 1 yia dve Hessenberg kat p = 0 ylia dve Iplyoviko.

Av A gival pnrpoo {ovng ave eUPoug ¢ Kal KAT® £UPOUS P, 0 HEYIOTOG aplOpog un pundevikov
OTOIXEIOV TOU PUNTPKOOU £ivat

plp+1) +qlg+1)
2

nnz :=n+ (p+q)n —

EMOPEVOG V1A P, ¢ K n 0 apldpog pun pndevikwv otoiyeiov sivat O(n) kat 1o pntpoo
X®pd os p + g + 1 povodiraotatoug mivakeg (otrAeg) PrKoug n.

iGXl'Jal ouel A(plg)e; =0avi>j+pnavy>i+q.
@copnpa 2. 'Eote untooa {ovng A(pi|q1), B(p2|g2) € R™". Tote

1. To unowo C' = A(p1|q1) = B(p2|q2) éxet péyroro ave evpog max(qi, q2) kKat péyloto Kdtw
evpog max(py, pa)-

2. To pnipao C' = A(p1|q1) B(p2|ge) éxet uéyoto ave evpog min(q; + qo,n) Kai péyloto Kaiw
evpog min(p; + po, n).

O

[Mapatnproeig Ta pntpea yia ta oroia nnz = O(n) Aédyoviat apatd kat £Xouv roAAd onuavika
XAPAKTNP1OTIKA.
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e Mr1topouUv va arnobnKeUToUV Og PUIKPOTEPO XWPO

e Ot rpddelg pe autd PIopouV va ypaptouv P TPOro 1mou AapBdavel unidyn tou 1] YVOOTT)
unbevikr Sour TV UNTPOGV.

e Av tedé00UpE MPAgelg Petady apaldV PNIPO®V, T0 ArOTEAeoRd PItopet va pnv eivat apato.
IL.x av A(1]1) € R™" t61e 10 A" ! éxet dve kal kKATe eUPOG n.

I[MPOZOXH - 1) To avtiotpodo apatou punipwou dev eivat apato!

[TPOXOXH - 2) Av PA = LU, ot napayovieg L, U propei va éxouv meptocotepa pn pndevikd
arod tov A.

‘Eotw 10 tp1dlaywvio pnipmo

A=toeplitz([2 -1 zeros(1,8)])

spy(A) spy(inv(A))
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Téte nz =28 nz = 100
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€vag akopa Aoyog va pnyv avulotpepoupe !!

Ermiong opong:

A =
1. 0952 0. 9650 0.4745 0. 0026 0. 3095
0.3971 1. 0000 0 0 0
0. 3861 0 1. 0000 0 0
0. 2550 0 0 1. 0000 0
0.9670 0 0 0 1. 0000

>> [L, U =lu(A
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L =
1. 0000 0
0. 3626 -0. 7630
0. 3525 0. 3993
0. 2328 0. 2637
0. 8829 1. 0000
U=
1. 0952 0. 9650
0 - 0. 8520
0 0
0 0
0 0
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KAl £XOUHE MaPAYOVIEG HE TIOAU TePloooTepa 1 pndevikd otorxeia aro to A. IMpooéte: E6a,

He pa andn avadidatadn 1oV ypappov Kat otnAQV, ITPOKUITIOUV TTOAU IT10 «apdloi» apdyovieg:

>> B=A([2:5,1],[2:5,1])

B =
1. 0000 0
0 1. 0000
0 0
0 0
0. 9650 0. 4745
>> [L, U =lu(B)
L =
1. 0000 0
0 1. 0000
0 0
0 0
0. 9650 0.4745
U=
1. 0000 0
0 1. 0000
0 0
0 0
0 0

ZHMANTIKO ®EMA

. 0000

. 0026

1. 0000
0. 3095

1. 000

O OOOoO

o

oNeoNoNeNe

. 000

. 3971
. 3861
. 2550
. 9670
. 0952

oNeoNoNoNe

. 3971
. 3861
. 2550
. 9670
. 2288

IMa tuxov pntpwo pe moAAd pndevikd, nag va avadlata§oulie ta OTo1XEld TOU OOTE Ot ITapPAyov-
1eg L, U va eivat «apketd apatoi.
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ETIIZTHMONIKOZ YIIOA. II (+ ypagoBewpia)
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Aopikda xapakinplotkd rnapayovroroinong PA = LU untpwou {ovng

@copnpa 3. 'Eoto A € R™" avuooéypo kar A = A(plq) kat ou yonowonowitar araiowpn
Gauss ue uepikn o0dnynon yia tov vroioylouo g napayovionoinone PA = LU. Tote 10 dvw
otyeuo untpowo U gxel nuievpog p + q Kat 10 KAt 1otye@uiko untpeo L éxet kata péytoto p + 1
un unbevika otoiyeia ava otiin. [
[Mapadeypa : EmBeBainote ta mapandave PAsnoviag oe peyebuvor) yla KAmnoio N 1o

A=di ag(rand(n, 1)) +di ag(rand(n-1,1),-1)+di ag(rand(n-1,1),1);
[L,U P]=lu(A); subplot(l,3,1);spy(A;
subplot (1, 3,2); spy(L);subplot(1,3,3);spy(U;

Zinv napakamw ewkova, n = 20:
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nz =58 nz =39 nz=51



