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EMNNETHMONIKOY YITOAOTTEMOZX 1

AIAAEEH 19, 9/01/10
E. TAAAOTIOYAOE

Tpnpa Mny. H/Y kat TTAnpogopikrg
IMav/ypo Iatpov

Fpappiko poBAnpa edayiotav tetpayovav (Kegp. 6)

arg mingegn ||Az — bl|o

. aro €6 KAt TEPa UTIOVOEiTal 1) €UKAEISE1a voppua.

Osopnpa 1. Av 10 A sivar mtanpoug taéng:
rank(A) = min(m, n)

10te N Avon givar povadikn. [
Auokolia: Av to A 8ev eival mAfpoug tadng, 10 = Sev eival povadiko = xpeladetal ermIAéov
Yewpia ou va Ponbrjoet otnv ermAoyr) ToU «KAAUTEPOU», TT.X. E€KEIVOU HE TNV €Adx1otn voppa
]l

Ti xkavelr n MATLAB;
21n ogdida help g MATLAB :

MATLAB Functions: Arithmetic Operators + - *  &#92; B

avagpetal oxeukd pe v rpasn A\b:

If Ais not square, then Householder reflections are used to compute an orthogonal-triangular
factorization. A*P = Q*R where P is a permutation, Q is orthogonal and R is upper triangular
(see qr). The least squares solution X is computed with X = P*(R\(Q’*B)) If A is sparse, then
MATLAB computes a least squares solution using the sparse qr factorization of A.

_ Baowkég p€bodot yia poBAnpata tou tunou mnou ermdvet n LAPACK:

P£0080g RavoVIRAV e§100M0E@V TayUtepn), Xpnotpornoieitat otav £(A) pikpd

napayovronoinon @R 1o ocuvnOiopévn pébodog, otoiilet mepinou dumddaoia ng mponyou-
pevng

. ol mapayovieg (), R xpnowionolouvial kat o€ AAAeg epappoyES
SVD yprjowun av to poBAnpa €xetl moAu peyddo deiktn kataotaong aAdd Kootidel reploodtepo

. ot mapayovteg U, V| 3 xpnotpomnotlouviatl Kat o AdAAeg epappoyEg
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1008Uvapo ypappiko cuotnpa

M£6080g kavovikav e€lomoeav (normal equations) - TIPOAIPETIKO Av 1o A' A eivat 6o, 9a
HIopouoape va XP1o1oITo)0OUHE TOV MAPAKAT® aAyopilOpo:

Medobog kavovikav 1000V

G=AA (* UTIOAOY10116G Y1IVOREVOU aglomoldviag ouppetpia nim+ ¥)
R = chol(G) (* mapayovronoinon Cholesky, R ave tptyevikog rapdyoviag n’/3+ *)
r=R\ (R'\b) (*eniduon pe Ipry@vikoug iapayovieg 2n2-+*)

Kéotog: n?m + in® + O(n?) npdgeis a.x.v.
Baowkd epyaleia

KAVOVIKOMO1101] KAVOVIKEG ESLIOMOELG, NIIKAVOVIKEG ESIONO0ELG
opOoywvionoinon

e TIapayovrornoinon QR

e Stadikaocia Gram-Schmidt
SVD
opOoydvieg npoBoAig
OTO1XE1WMOE1G pETACYpATIONOL

e Givens

e Householder

[Mapatnpnoeig yia v eriduon p€oem Kavovikav e§lowoeav Me Bdon ta kpur)pla tou EY:

e taxeia pEBodog
e ... aAAd pmopel va evieivel urtapxovid aplduntika mpoBArpata

Baoikr) napatipnor): Ipdkettat yua emniduon tou cuotipatog Br = b érou B := AT A. 'Opog
0 8eikTng KatAoTaong Tou MPOBANIATOG «ETHAUCT] KAVOVIKGV e§1000emw» Ko(B) = k3(A).
Natii A=USVT = ATA=VIX"SVT onote

AnAadr), akopa kat av o alyoptBpog erniAduong tou ouotpatog eivat o euotadng, To ePIpog
opdApa propel va eivat avaloyo pe 1o etpdy@vo tou Seiktrn Kataotaong tou A.

ka(B) = (
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Hapadeiypa 1. Av ky(A) = 1e8 ot Avon tou ovotruatog Ax = b unopet va acovuer repl 1a
8 yneia (ta woad mg Sine arxpi6eiag IEEE) svo ot Avon tou AT Ax = ATb 9a 1a ydoouus
oda! O
Av o beikng kataotaong tou A givat oyetuca peydaiog, t0te Kaio glvat va artoPeUyoUuuEe T XN
T0UG

[Tapayovrtoroinon ) R xat vrapén OK Baong

Ocopnpa 2. 'Eotw A € R™*™ xaim > n. Tote unapyet untowo Q@ € R™ ™ ue opdokavovikeg
(OK) omieg kat ave totyouviko unao R € R™™ oote A = QR.

e Avm = n 1012 10 () glvar povadiaio-

o av A avuorpgyiuo 1 gxet yoauuka avefaptnieg otieg 10te 10 R umopei va emiiexdel ot
wote va gxet Yetuca oroyeia oty Srayovo. Tote ta (), R ewar povaduxd.

[
[Ipoooxr): Ar = Q(Rx) ernopévag

Ot ot)Aeg tou () eivat OK Baon tou Range(A) = span{ay, ..., a, }-
H napandve rapayovrornoinorn ermotpédet () € R™*™ R € R™™,

e H mapanave napayoviornoinon moAAEG popég arokaldeital «oikovopiky didonaon QR»
kat ot MATLAB uroAoyidetat pe tv evtodr) gr(A,0)

Av m > n, 9a priopouocaye va enekteivoupe tig OK otideg tou () pe m — n aropd otfAeg, £0Te
G wote (@, G] va givat OK Baon yua to R™.

Eniduvon ATA.2 pe QR
"Eoww ot yveopiloupe v oikovouikr) didortaon A = QR

JAz —b] = Q7 Az~ Q"
= ||Rz -

Tote Avon tou ATA.2 eivat
av m > n: n Avon z wou Rz = QTb, epoocov R avuotpéyjio.
avm <n: R =Ry, Ry érou R; € R™, onote erudéyoupe Ryry = by a1 = [1;0].

[Tpoooy1 : Kat ot Huo nmapandve MEPUTIVOELS arattovv anod o R 1 1o 171 va eivat avuotpéyia.
Auto Sev 10xUet Tavia otnv arr apayovioroinon QR, .. av

rank(A) < min(m,n)
Fevikd av 1oxvel n mapandve cUuvOnKn, T0Te €X0UE

npoBAnpa eAdaxiotwv tetpayovev eAAetrtoug taéng (rank deficient)
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Tote n Auvon dev etvat povadikr).
Fevikd xperadetatn:

niapayovroroinon QR pe oérjynon otiAng: AE = QR

Kavovikég e€omoeig kat QR Av yvapidoupe 6t A = QR e Ar = b = Rr = Qb rat
propoupe va doxkipdooupe va Aucoupe ®G rpog . Oa doupe oe Alyo 1ig pebodoug 1o

avaAutikda.
Avti yU autd 9a propouocape va XPnotHoIo)COUHE TV TIAPAYOVIOoinon g eEng:
M£6060g nuikavovikev (seminormal) e§l1000ewv:

ATA=R'R=2=(R"R)'Ab

orou to R mpogpxetat amno v napayovroroinon ¢ R. Tlapatnpriote 6t dev xprotpornoteitat
10 Q).

OpBoymvia ipoBoAr| og UTIOX®PO

Oplopdg 1. 'Eotw undywpog U biaotaong n kat faon tou {uy, ..., u, }. Tote av 9goovue U =
(U1, ..., U], TO UNTPGO OPdoyDUVIag mPoBoir¢ el tou U givar

P,=UU'D)'UT

0
ZUvdeorn pe T Kavovikeg e§l10woelg @upnBeite 6t n Avon tou ATA.2 aro 11§ KAVOVIKEG 6100
oe1g eivat

r=(ATA)TIATY
To x mou eAayiotoroet to ||Az — bl|2 edayiotorolel kat v andotaon ||y — b||2 érou o y €<

ay, ..., a, > AVIKEL OTO XOPO IOV rapdyetat and ug otAeg 1ou A, dnA.

min ||[Azx — b||y = min lly — bl
x yespan<at,...,an >

Amno 1 Sewpia g I'pappikng AdyesBpag, 1o y eivat 1o diavuopa IMOU MPOKUITIEL ATO TNV
opBoymvia rpoBoAr| tou b oto span < ay, ..., G, >. ZUPEOVA HE TA MIAPATIAV® :

y=AATATTATD
Kal ETTIOPEVRG
T = (ATA)’lATb,

aKP18wG OMwG IPOBALTIEL KAl 1] AUOT) PE TIS KAVOVIKEG £§1000e1G !
Zroixe1ndn Eppttiava puntpoa/Avakiaoteg/Metaoxnuatiopoi Householder 'Etot opidoviat ta
pnpea

2
H=F 2/utu) =1 — *,
(u,u;2/uu) u*uuu

Ioxuet ot

1 Av ta ototxeia sivatl mpaypatika, 1o * 10oduvapsel pe 10 avdotpodo T .
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e H=1—- P, — P, 6rniou P, o teAeotrig opBO. 11poBoAr|§ oTO .
e H* = H xat H*H = H?* = 1.

Hzx T

0 Xw)
Feopetpikn epunveia:

H epappoyn tou H otov = £€xel oav anotédeopda v avakAdaorn T0U T ©§ I[IPOG TOV UTTOX®OPO

({u)*.

[Mog ermAéyoupe 10 u; Feoperpikn epunveia otig 26

e Eivai epgavég otg 2 daotdoeig:

e Ta va éxoupe Hr = ||z]|e; apkei va «avakdaoted» 10 = ©g rpog ) 61X0t6110 petagy tov
S1avuopdtey €; Kat tou .

e Eivai mpogpavég ot n dixotopog sivat u = x + ||x||e;

[6101nTeg KAl UTIOAOY1010G AVAKAACTROV
O1 avarAaotég

e Eivai oupperpikd kat opboywvia pnrpoa.
e Avavemoelg 1ng 1déng 10U TAUTOTIKOU PNTPWOU.
e Xpnotporolouvial yia va pndevicoupe ermdeypéva dadoyikd otorxeia diavuopatog.

AoBévtog x € R"™ éxoupe

UUT UTZ'

I'a va pndevicoupe 0Aa ektdg Tou lou otoiyeiou tou z,

Hz € (e1) = x € (eq,u)

dpa u = T + ae;. Yodoyidovtag ta u 'z, u ' u €xoupe meog
T T
r'r+ a u'w
Hr=(1-2 r —2a0—e;.
( xTx+ 208 + a2) wu

®ttoviag o = ||z ||z
u=2x =t |z|e1 = Hr = F||z||261
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<u>

u=|zlles +x

Hu = —||z||ex

0 lz]lex

YMAornoinon:

e To mpoonpo srmAéyetal €101 ®OTe va anopevyetal mbavo npoBAnpa Karaopopikng ana-
Aowpng:
u =z + sign(&)||z[2€:1.

e 10 H(u) eivat ave§aptnto mg KAIAK®OoNg Tou u:

2 2
H=1T-—w =1————— I
wTu (cu) T () (aw)(eu)
To u Aéyetar 6iavvoua Householder. Kabog H(u) = H(ou), PIIopoUupe va KAvoViKOTIOol-
nooupe oote u(l) = 1.

e O mapaxkdie alyopiOpog otoyidet TREFL _ 3, q.x.u.

apb

function u = REFL (z)
ermotpégetl o 61avuopa Householder u
o avarkdaotg H(u) va avakdd ta otoiyeia tou z.
n = length(z); u = norm(z,2);u = x
if ©t#0
5 = 2(1) + sign(z(1)
w(2:n)=u(2:n)/p
end
u(1) = 1 (kavovikoroinon)
end

A)Xyop1Opika 9épata kat vdornoinon
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e Ot avarAaotég eivatl otoxelndn pnipoa
e ... OTIAVIA TA KATAOKEUALOULE ....

. ta drayelpdpacte XPNotHonoldviag tyv 181K Toug Hopdn (mapopola pe ta pnipoa
Gauss)

o . HA=A— F-u(ATu)",

e To pnipoio ) ouvrBwg dev Kataokeudadetal mapd povov av xpelopaote v opboyovia
Baon ...

e aAAd amoBnkevoupe ta (kavovikoroinpéva) dravuopata Householder oto kdte 1ptyoviko
pépog tou A.

e ka1 otav xpetadetat va rmoAdandactdocoupe pe 1o () 1o Kavoupe «£urvar pe ta davuopata
hj
e O oxnuatiopog tou AH 11 HA anartei 1 MXV, kat pia avavémor tagng 1.

TREFL. (COL/ROW)

apb = 4mn npdgeig a.xK.u.

e Mepiko koOOTOG:

[Mapayovroroinon Q) R: pébodog Householder

I ®toupe AO) = A.
HTauak=1..,n(n=navm>n,n=n—1avm =n):

1. Kataokeur] 6iaviopatog Householder, 1y, t€1010U dote o avakAaotng va pundevidet
k—1
ta unodtlayevia ototxeia g oing k A. To uy, = [0,...,0,1,%...,%] .

2. AR = AF) _ ﬁuk(ugA(k_l))

IMapatnpnoeig 1.

e H minpogopia yia ta kavovikomomueva Siavuopuata iy UTopEl va arodnKeUTEl 0T0 KAT®
TOYOUIKO TUNUa tou A.

e 210 mapanave 10 () € R™*™ dev umoAoyiletar aueoa aiia didetal UEo® TV TAPAYyOVTOU
T0U avakAaotov.

[ p11 p12 - Pin
1
775 ) P22 . P2n
(1)
Up; .
pn,n
: 1) ‘ (2) - 77{3%1
| TIim” TIm” . 77rrrLL i
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e Av 10 UNTP®O gival tetpaywuiko (i = n) xpnoyonowovviat uovo n — 1 avaxiaoteg.
o Q="Tgo9= 2n%(m — n/3) npaeg a.x.v.

o Av ypetaletal 10 (), moémel va mtoAAanAactdoupe Toug avakiaoteg. Auto emipépet Tepimou
2n2(m — n/3) emmAdov mpageig, dpa 1o kootog SimAaocialetar.

O
[Mapadetypa (otiypioturno)
0 x‘x‘x z
A(z):HQHlA: 0 O‘x‘x T
0 0‘*‘9& x
0 0‘*‘1’ x
0 0‘*‘x x

Sladéyoupe tov us Gote va pndeviotovv ta otoixeia tou A?) onpewpéva og «o. TeAkd
HnHlA — R,
Kat ereldn ot avaxkAaotég H; eivat opBoymviolt CUPHETPIKOL,

A = H{H>..H,R
— OR

émou ) € R™™ opBoydvio (QTQ = I) kat 10 R € R™™dva 1p1yoviko.

OpBoyoviol petacynpatiopol Kat opaipata aku

@drperne va €EETACOUPE TA XAPAKINPIOTIKA O€ AKU OA®V TV aKOAOUBev mpdéemv: a) Yro-
Aoylopog Savuopatog Householder, ) Egpappoyn avakAdaoty oe Sidvuopa KAl o Pnipao,
y) mapayovtonoinon QR, kat emiduon cuotnpatog pe QR. Tlepropidopaote ota mo onpaviika
anoteAéopara:

e 'Eotw avardaotéc HE. -+ HE HE ... HE xat onueiovoune o¢ H T avanapaoctdost
1> I k> 1> ) k
toug oe aku. Emiong éotw HY = HF - HE wan HE = HE - HE. Téte

(A FHEARE. .. () = HY(A+ B)HE,
orou || E||2 = k|| A]|20(u).

Tuurnepdopata ‘Oda ta Brjpata g Avong péon ()R pe Householder sivat riow suotadn) :

1. H epappoyn avakdaotov Householder eivat riow suotaBrig untoAoylopog, EmMopEveg auto
10XUEL Kal yia Vv avayeyr tou A o ave tpiyoviko R.
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2. ... untevBupidoupe Ot 1] €MAUOT TPIY®VIKOU CUCTHATOG £ival Iiow euotadng.

QR ka1 LU Zuykpion emidvong Ar = b péow LU oe oxéon pe QR:

LU: PA=LU = 2 =U"'(L7'). @R: A= QR =z = R™(Q"D).

ZUyKpivouple yla TeTpayaVvikd mpoBAnpata rmou propet va Avoet kat n LU.

Mntpwo M¢6Bobdog [Tiow opdApa Ko €UIPOG opdAApa
rand(40,40) MATLAB 2.0563¢-016 1.1636e+004 2.1566¢-013
LU pep.o. 2.1504e-016 1.1636e+004 3.9386¢-013
LU pemo. 1.7061e-016 1.1636e+004 4.0071e-013
QR 2.4437¢-016  1.1636e+004 5.6660e-013
gfpp(40) MATLAB 1.2194e-007 1.7810e+001 1.7551e-006
LU pep.o.  2.2572e-007 1.7810e+001 4.2668¢-006
LU pe mo. 6.9208¢-017 1.7810e+001 1.2790¢-015
QR 1.6951e-016 1.7810e+001 3.3777¢-015
hilb(20) MATLAB 1.0110e-017 1.8458e+018 2.2835e+001
LU pep.o. 8.6654e-018 1.8458e+018 1.4933e+001
LU pemo. 9.9313:-018 1.8458:+018 9.5113e+001
QR 2.4162e-017 1.8458e+018 1.5966¢+001

EmniAuon AT'A.2 pe avakAaotég Householder

Brjpa 1. Mapayovtoroinon A = QR. Ta otoixeia tou A £xouv avukataotabei pe ta oroixeia

v Q xat R.
Brjpa 2.

for j=1:n
(* Epappoyr) tou utt. apiBp. j avaxkdaotr). *)

u(g) = Lu(g+1:m)=A(G+1:m,j)

b(j : m) = REFL.ROW(b(j : m),u(j : m))

end

Brjpa 3. Eniduon R(1:n,1:n)x = b(1 : n) pe miow avuxkatdaotaon.

Q = 2n%(m — n/3) + O(mn + n?) npdgeig a.x.u.
H QR ot MATLAB

QR

Orthogonal-triangular decomposition.

[Q,R] = QR(A), where A is m-by-n, produces an m-by-n upper triangular
matrix R and an m-by-m unitary matrix Q so that A = Q *R.

[Q,R] = QR(A,0) produces the "economy size" decomposition.
If m>n, only the first n columns of Q and the first n rows of R are
computed. If m<=n, this is the same as [Q,R] = QR(A).

If A is full;
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[Q,R,E] = QR(A) produces unitary Q, upper triangular R and a
permutation matrix E so that A *E = *R. The column permutation E is
chosen so that ABS(DIAG(R)) is decreasing.

X = QR(A) and X = QR(A,0) return the output of LAPACK’s * GEQRF routine
TRIU(X) is the upper triangular factor R.

Zinv LAPACK Ilep1opiddpacte oTig MEPUTIOOELS TIOU 0 A gival muKrvog Kat MAAPRG arnobnkeu-
pévog, kat dev £xel 18taitepn dopr).

LAPACK:

Ta QR: Otav o A eivalr aidrjpoug tadewg» xpnotporoteitat n poutiva _GEQRF mou
uroAoyiet oppaboronpévn QR.

¢ O () avarntapaotaivetat cav yivopevo Otolelwdov avaridaotov Kat dev oxnuarti-
{etat apeoa.

e H poutiva _ORGQR (_ORMQR) ulormoiouv toAAamAactacpyo aro 1a aplotepd
(6e€1a) tou Q 1 Q" pe pnTPwo A.

I'a to AT'A.2:
pe QR n LQ _GELS
pe Anpn opBoywvia mapayovionoinon _GELSU
pe diaomnaon SVD _GELSS

Yug _GELSU, _GELSS 6gv amnatteitat mAfpng taén amno tov A.

KAaowkog adyopiOpog Gram-Schmidt

Feopetpikn nieprypadr): 'Eote ot €xoupe 116n kataoksudoesl opbokavovikr BdAon g1, -+ , Qk_1
yla ug otnAeg aq, ..., ax—1 KAl ott 9¢doupe va umnodoyiocoupe to OK Sidvuopa g mou eivat
0pBOYWVI0 @G TIPOG Td 1, ..., k—1. AV adaipéooupe amo 10 ai v opb. 1PoBoAr Tou eri ta
q1, --, Qx—1 TPOKUITTEL S1dvuopa rapdAAnAo oto {NToupevo qi. Av

_ 449
4 ¢
=1

P

oupBoAidet Tov tedeotr) (opBoymviag) mpoBoArg erti tou g; Tote

g, = ap— Piay — Prag —--- — Py
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Madoxkd, epooov pj; = ||¢;||2 €xoune

Q1 = G1/P11;
@ = (I—Pi)as/pa

qr = (I_Pkfl_"'_Pz_Pl)ak/pkk

dn = (I_Pl__Pn—l)an/pnn

Ex kataokeung ta dtavuopata ¢ eivat petagy toug opOoKavovikda.
Znpewwote 6t 6ev 9édoupe va urnodoyicoupe toug tedectég [ — P addd povov v epappoyn)

To0Ug ot Hravuopa
DOT

=
(I =Pr=2—q(q)
———

SAXPY
Amo autd TIPOKUTITEL 0 KAAO1KOG aAyop1Bpog Gram-Schmidt:

function|(), R] = CGS(A)
pu = llai]l @@ = a1/pna
fork=1:n

fori=1:k—1

Pik = qZ-T Qg
end
k—1
Q= Ak — Y iy Pikdi
pre = [laxll2

qr = Qk/ Pkk
end

[Mapatnpnoeig

e KOOTOG ngg = 2mn?* + O(mn).

e Kdabe Brijpa vdoroteitat pe npddeig DOT kat sAXPY.
e e kAOe Pripa tou §wtepkou Bpoxou o CGS unodoyiletl Babpwtoug pji (1 < j < k) dote

k
CLkZZijQk, 1<k<n,

j=1
&nAadn) v «okovopikty napayovrornoinon A = Q1 Ry érou Q1 = [q, .., ¢,] xa1

P11 --- Pin

R, = 0

0 cor Pan
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e H GS urodoyilet opBokavovikr] Bdor povo yia 1o xwpo otnAov tou A. To () tng mAfjpoug
@R (r.x. aro Householder) riepiéxet OK Baon yia 6do to R™, &nAadr to xOpo otnAov
Kat 1o opboywvio cuprnAnpepd tou (dnA. tov aptlotepd pndevoxwpo, BA. Strang.

e H GS otoiyidet nepinou 2mn? xkat urnodoyidet 10 Q; kat 1o R. H Householder xootidet
niepinou 4mn?.

e Av 8ev xpewadetat 1o 1610 1o )1 (r.X. ota glayiota terpdyewva), n QR pe Householder
etvat taxuteprn.

e H GS aroxtd neptoodtepo evdiapépov otav to A eivat modu apato.
Ap1Bunuxda npoBAfjpata mg kKAaoikng GS O aAdyodpiBpog xpnotponotet tov tedeotyy (I — Py) ertd

U a1, petd unodoyilel tov P, Baoildpevog oto anotédeopa g epappoyng wou (I — Pp)ay,
petd vrodoyilet to (I — P; — Py)as K.0.k. 'Onag eidape autég ot mipdgetlg £€xouv Kivduvoug.

e To ¢, propel va pnv eivat opOoyavio oto ¢.
e To g3 dev Sa eivat ma opBoywvio ota s, g1, KATL.

Ia napadetypa

1 1 1
6 00
A=
0 6 0
00 6
Eote® J T€1010 Oote
fi(1+6%) =1.
I1.x. oto Toshiba 320CDT (Intel Pentium) ¢otw § = 7.4506e — 009. Tote
1 0 0
sy
Qry =
v
0 2 0
[0 0 %]

Tlapatnpovpe Meg ¢y g3 = 0.5, emopévag ot otrhieg tou @ dev eivar OK. MdaAiota éxoupe

|1 — QEGSQCGSHF ~ 0.7071

Agidet va onpewdet 6T av kat ot otAeg 10U (Qcgs dev eivat OK, 1oxvet ot

14— QbgsReasll = 0.
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EvalAaktikr vdoroinon Ieog priopovpe va anoduyoupe rpageig tou twirou [ — Py — Py — ..
Zto poto Pripa dev yiveral, adAd aro ekel KAl mépa €XOUNPE v 1810TnTa :

q,;rqj:O(:)PkPj:O

‘Apa 10¥XUOUV OXEOEIS TOU TUITOU
I-P—P=1-PR)I-PP)
O véog adyopiBpog uroAoyidet pe ) ospa

g1 = 01/0117
@ = (I — Praz/p

@ = (I —=PFPe) (I —=P)I = Pr)ar/prr

qn = (I_Pnfl)"'([_Pl)an/pnn

Téte 10 Mapanave ivatl pabnpatikd TauToo o JE TO PUNXaviopo tng KAaoikng Gram-Schmidt.

Tporornoinpévog aiyopiOpog Gram-Schmidt
function [Q), R] = MGS(A)
QRQ=A
fork=1:n

Pkk = ||Qk||2
QW = qk/Prk
forj=k+1:n
Prj = 4 45
4; = 495 — Pkjidk
end
end

e Ap1BunTIkO KoOOoTOG 1610 e Vv KAaowkn GS.

Ta eowteP1KA yivopeva Xp1OHIOTIO0UY 1S €V HEPEL OPOOKAVOVIKOTTOUIEVES OTHAEG.

H 11£6060g umodoyilet ¢; mou eivat moAu mo opboywvia peta§y Toug amod auvtd Ing
rAaowkrg GS.

Ta otoxeia p;; vmoAoyidovrat ava ypappn.

e H MGS oto niponyoupevo apadsiypa:

I — Quas@masllF ~ 6 x 107,
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e Amodeikvustat ot yia v MGS kat QR pe Householder 1oxuouv

11 — Qpas@Masllz &~ uky(A)
I — QuQull2

Q

u

Yx06A10: Mropoupe va BeAtiwooupe akOpa Ieploootepo v opboywvidtnta tou () mou 1po-
Kurttet andé mv MGS enavadapBdavoviag ) dtadikaocia oto 610 10 Qygs (otv mpadn auvto
evoopatovetat ot dtadikaoia). Kavoupe dndadrn «enavopboywvionoinorn». Mmopet va derxtet
Ot 10 Véo () propet va givat oAy mo opboywvio! 2.7531e+003

Iapadewypa 2.

A = rand(100), ro(A) = 2.71e03

IA-QRl>  I1-Q"Qls
Householder | 1.4024e — 014 2.0119e — 015
CGS 4.2237e — 015  4.9100e — 012
MGS 3.3213e — 015  5.1946e — 014
MGS+MGS 3.5175e — 015 3.5175e — 015

A = hilb(10), ka(A) = 1.61€013
[A-QR[l2 I -Q'Ql2

Householder | 8.1619¢ — 016 8.4938e — 016
CGS 8.9079% — 017 2.6042
MGS 6.9567e — 017 1.4336e — 004
MGS+MGS 6.9567e — 017 5.9498e — 016




