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EniAuon YPApPIKOV CUCTNHATKV

ATA.1 Mag bivetat A € R™", kat b € R". @gAovue va
vunofoyioovue x € R" 1é1010 wote Ax = b.

[Tapatnproeig: To yevikdtepo mpdBAnua sivat n eUpeon tou arg mingegn ||b — Azx|| mou

ETUTPETIEL 1 Bla)eip1lon 1N TEIPAYOVIKGOV 1 KAl 11 opaA®v ripoBAnpdatev. H sukAeideia
VOopHa avtiotolxei oto mpoBAnpa eAaxiot®v tetpayoveyv (keg. 6).



OewpnTIKEG PEOOSOL

@cwpnpa 1 (Kavéovag tou Cramer). 'Eotw A € R"" xa1 b € R". Ta otoyeia &;
(1 < 75 < n) v dtavvouatog x € R" mou Avvouv 10 ovotnua Ax = b ucavomolovv g

OXEODEIQ:
det(A(z|b
& = ( (’)),izl,...,n.
det(A)
omou A(i|b) elvai 1o unTE®O TOU MEOKUTIEL aAv avTikataotrioouue v i otin tou A ue 1o
b. [

Mn mpaktikog YWnAn rmoAumlokotnta Kat un egaocpaiiopévo opdipa.

YrievOupion : Xt ouviputuiky misioyneia tov neputtoosov AEN 9¢loupe va urtoAoyi-

OOUME TO aviiotpodo (akopa Kat av 1o YypAddoUleE 1] TO «avapEpouper ).

Tati (1); Auto Tou evbladépet sivatl va unodoyicoupe 10 Q = A'B U = CA™!' 7
vevirotepa C AL B yia 6edopéva B, C, 6mou B éxel n ypappés kat 1o C' €xel n otAeg.
Tati (2); 'Onwg av 9édoupe va unodoyicoupe to F/a yia Babuetoug, kGvoupe Siaipeon
kat AEN uniodoyi¢oupe mpota 7 == 1/« xkat petd 0.

T'ati (3); To A~! ouvnBrg dev £xet kamowa 161k Sopry. I1.X. av to A tpdlaydvio (dpa
anoBrkeuon o ~ 3n 9éoetg), 10 A~! UKV (dpa arobrkeuon os & n’ 9éoelg).

T'ati (4); O unodoyiouog tou A~ otowkidet Alyo meploodtepo amd 1o va Avcoupe éva



YPAPHIKO cuoTtnud.

I'a X =A'B, av B € R™ apket va Avooupe AX = B, 6nA. va Avcoupe k
YPAUMIKA ouoTrpata HMe 10 1010 UnIp®o OUVIEAEOT®V OToTe Ja APKECEL Pid J1OVO
rapayovionoinon, r.x. LU.

TrMaY =CA' ,avC e R™" ¢xoupe YA =C = A'Y " = 7, enopéveg Auvoupe g
rpog Y| ta m ypappikd ouotipata pe 1o 610 pntpmo ouviedeotodv, AT, ondte maAt
apkel pia povo mapayovionoinon.

ra Z = CA'B, Sa pnopovoape va unodoyioupe Z = C(A™'B) = CX 1 Z =
(A=TCT)B =Y B. H osipd urtodoytopav mou slayiorornotel 1ig mpdgeig e€aptdrat
ano tig ox£oelg Petagyu v m, k, n.



IToAuntAokotnta tou ATA.1
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['a to avtiotpopo xperadopaote :
1. To A},
2. 1a A A xat Ay AL
3.10 5= (Ay — A21A1_11A12)_1,
4. ta —S7Y (A ALY, (At AR)S™L
5. katto A 4+ (A A) ST (A A
ZUVOAKA
e 2 aVTIOTPOPEG PNTPOKV PeyEBoug n/2, rat
e 6 TTIOAAATTAQCIAOPOUG PNTPO®V peyeboug n/2,
e 2 1Po0BEsELS PNTPO®V peyéboug n/2, SnA.

Eropéveg | Tiny(n) = 2Ty (n/2) + 6Tyun(n/2) + 2Tapp(n/2) | kat énetat ot
Ocmpnpa 2. Av 10 unpwo A eivar avtiotpeyiuo, umtopovuse va umojoyioovus 10 avti-
0T00PO ToU e Atydtepeg amd 5.64n8 7 apdunticéc moaceig. [
SYMIIEPAZMA : Av &tabétoupe évav uneptaxu (2 = O(n*™) yia u < 1), aAyopiOpo
ITOAAATTAQO1A0P0U UNTPW®V, UITOPOULE VA TOV XPIN OO0 COUE APE0d KAl vd KATd-
OKEUAOOUHE aAyop1Opo avtiotpodng pe 181a acUPIMTIOTIKY TTOAUTTAOKOTTA !




ITPOXOXH

[Ma va eivatl ePp1Krog 0 mapartdve UIeptaxus aAyop1Opog da mpernet va eival avuotpe-
Yipa Ta UmopnIp@d Iou XPNO1UoIIoloue | autdv Tov TPOIT KAatd T O1dpKela Ing
avadpouKkng eriAvong:

I.X. OT0 MP®TOo Prjpa napanave, ta A katr S = Ay — A21A1_11A12.

H avuotpeyipomta tou A dev eaopalilel v avuotpeyipota 1oV napandve !

I'a napadetypa, o pntpwo [0, 1; 1, 1] eivar avuotpéyipo addd dev ikavortotei v ma-
panave ouvonkn kabwg oy 1 = 0.

'Evag 1pdrog va aro@puyoupe 10 mapdrndave mpoBAnpa sivatr avti yua o Axr = b va
ermAvooupe 1o 1oduvapo ovotnpa A' Az = A'b. Av 1o A eivat avtiotpéypipo, tote 10
AT A givat kat autd aviioTpé1pio Kat propovpe va anodeifoupe ot 6Aa ta urountpoa
rou epgavidovial otnv avadpour] Kat Xpetadovial avilotpodr) eival avtiotpEPiud.

[Twg to 6eixvoupe (ITPOAIPETIKO); Avo okéAn otnv arode§n: deixvoupe Ott:

1. to puntpmo A’ A eival cuppetpiko 9etikd optopiévo (2O0).

2. ta pnpwa a) A;; kat B) S mou mpogpyoviat and éva TOO0 pntpoo A cuppeva pie
TV IAPAyoVvIOoIIoinon Katd oppaboug

e I 0 A Ap
“\agat 1) o0 s



Tepax1opo stvatl eriong ZOO0.

e Zxetikd pe 10 (1): Avaw # 0 téte ' A" Az = (Az) " (Az) > 0 ano tov op1opo 10U
E0MTEPIKOU YIVOUEVOU.

e Lxetkd pe 10 (20): 'Eotw out x = [x1; O]T

ortou 1o peyebog tou 7 eival id1o pe tov
apBpo ypappov/otmdev tou Ap . Tote 0 < 2! Az = x Aj 1.

T

o Txetkd pe 1o (26): 'Eote x = |[r1; 23] ', 101

0 < x' Az = xlTAlel + xirAl’QxQ + x;—AQ’lfUl -+ x;Ag,gxg
—1 T —1 T —1
< (21 + ApjAr2x0) Ava(zy + AL jA12T0) + 1y (A — Aot AT 1A 2) o

yla ortotadrrote ermAoyn 1oV 1, o aprel x # 0. Enoupéveg, av Stadédoupe 1, oo
€101 WOote 1 + AI%ALQ[EQ = 0 tote

T -1 T
Ty (AQ’Q — A271A171A1,2)$2 = Xy SSUQ > ()

K1 IIPOKUITIEL OT1 T0 .S evog ZOO pntpwou eriong eivat ZOO.



Ei8n pnrpowv

AlyeBpireg 1610TNTEG :

o A yeviko

o A= A%, 6rou A* oupBoliletl 1o «ouuyég avaotpopor tou A (av A € R™" mpopavwg

Al = A*,
o« AA"=A"A
o Va #£0,2"Ax > 0.
o ATA=1

Aopr)

e TIPIYWVIKL)], Tpdlaynvia, Hessenberg
o ouppetpkoA = AT, epptiave A = A*

e A Toeplitz, Hankel, Vandermonde, circulant



Qg 1pog ap1Bp. pUNdevik®v Kat artobnKeuon

e ITUKVO
e APA10
nowkylia apalov IPOnL anodnKevong

[Tapatnpnoeig

Tupnieon : [1oosg pageig xpetaloviat yia va ekteAeoBbei o moAAandaoctaopog Ab;
anotefleopuankomta — yenon minpogopiag

IIapadewypa 1. Emgpénovv tayvtepeg uedodoug drayeipiong: FFT, circulant, Toeplitz
]
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OepeA1ddng teXVIKN eniAuong: MEOodol napayovronoinong

E€aipetikd onuaviikin KAtnyopia IEXVIKOV €rmiAuong tov Bacikov mpoBAnpdtev tng
UTTIOAOY10TIKNG VPAUUIKIG AAyeBpag (kepdAala 5, 6, 7 Kat aAAou) YPAPUIK®OV OUOT)-
PAtev aAAd Katl AAA®V ITPOBANUAT®V AUTHG NS Katnyopiag Asystat

matrix decomposition
otnv ortoia Y9a avapepopaote ©g

d61doraon 1] MAPAYOVIOIIOiNoT PNTP®OU

e O1 MEP100OTEPES TEXVIKEG TTAPAYOVIOIOINONG avartuxOnkav ave§dptnta n yia aro
NV AAAn

e 1 0UVOECT) TOUG KA1 EVOTTONHEVT TTApOouUoiact) toug opeidetatl otov Alston Househol-
der (1904-1993)

e OAOKANPWOUIEVH «€YKUKAOTIA101KI» TIpooeyyion oto BiBAio tou G.W. Stewart Matrix
Decompositions (2002).
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H kevipikr) 18éa eivat, 600éviog tou A € R"*", va nipoortabrjcoupe va urodoyicoupe
ratadAndoug riapayovieg C, D, E, 1éto10ug oote

A=CDEF 1 yevirotepa A~ CDE

orou ot rtapayovieg C, D, E eivatl «armdouotepo aAdd eprieptExouv 0,1l xpetddetal ya

10 A.

[Tola mapayovtornoinorn ermAEyoulE ;

Fevikd kpupla:

e 10 TIPOBANUa uro Auvon (rt.x. ATA.2, ATA.3, K.A1.)

e TA AAYEBPIKA XAPAKINPIOTIKA TOU UNTPWOU (CUPHETIPIKO OP1OHEVO, CUHPHETPIKO 1)-
Hloplopévo, ...)

e Ta OOMIKA XAPAKINPIOTIKA TOU UNIPpou (peyebog, mukvotnta, €161kt popdn (rt.x.
Toeplitz), .... )

e 10 Y/Z (oe1paiko, mapdAAnAo, ...)

e 0t PeydAa rpoBAnpata avalntoupe O1KOVOUIKEG TIPOOEYY10TIKEG TIAPAYOVIOTIOOE1G
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ITAcovextpata g pedodoloyiag napayovionoinong’

p—d

. 'Eva €160g rmapayovtornoinong propet va epappootel oe IMoAAQV e10®v ripoBAnpata.

2. Mia napayovioroinon |ropel va snavaypnotpornonfet otav 10 Pntpmo mapapeével
10 1610.

3. H pebododoyia nmapayovromnoinong evorolei moAAoug alyopiOpoug rmou ouyva uro-
Aoyidouv 1o 1610 avtikeipevo

4. AteukoAuvetal 1 availuon opdApartog a.K.u.
5. TToAA£G TIAPAYOVIOITONOE1S TIPOOPEPOUV 1] HUVATOTNTA OTKOVOUIKLG AVAVERDONG.

6. Ermkevipovopevol oe Alyeg mapayovionor)oelg rmou artoteAouv Koo IapOvVOUAOTr)
MTOAAWV 161KOTEPOV MTPOBANPIATOV, H1EUKOAUVETAL ] OPYAV®ON KAl oxedilaon onpav-
TIKWV B1BA100NKOV.

ATIOQEUYOU}IE VA UTIOAOYIOOU}IE TO YIVOHEVO, TIPOTIOUHE TOUG MAPAYOVIEG 12

1An6 Stewart’00
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«AvapilOpnteg» KAl VEEG EPAPHROYEG

o of Anomaly Detection in Grashs (pdf)

my new book: Understanding Complex Datasets: Data Minir
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Mep1lKEG ONPRAVTIKEG §100MACELG/IAPAYOVIONO|OELS HNTPORDV
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LU, PLU, LDU

LL",LDL' Cholesky

QR,QRP riapayovroroinon QR
VAVT, VAV™!  @aopaukn

VTV’ riapayovtornoinon Schur
Usv’ SVD

QM TTOA1KT)

CD,C,D >0 unapvnukn (NMF)

e Agite TOV «RATAAOYO TTapayoviornooe@v» oto B16Aio tou Strang (Exd. IIII), g. 693-
695.

e EvSiagpépovia (kat KArola 10topikd) ototxeia oto dpOpo’ tou Stewart (avadépetat
oug «The BIG SIX» mapayovrtonoiroetg) The Decompositional Approach to Matrix
Computation, IEEE CS&E Magazine, 2000.

Shttp://portal.acm.org/citation.cfm?id=615766 xat ouvéeopo ané 1o HMEPOAOTIO
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IIapayovtonoioelg Kat XPOELg TOUG

A = LU o6rnou L, U xrate Kat ave TPpIyOVIKA avtiotota.

A = QR o6mou (), R 0pboycmvio Kal ave TPIyOVIKO Avtiotolxd.

A = QAQ ! émou A Saydvio.

[apadeiypata ‘Eote Ar = b tdte Q 1AQQ 'z = Q7 'b emopévag Ay = b. Enopéveg

£vag TPOITog £rTAuong ival va kavoupue ta e&ng Pripata:

1. Yrodoyiopog v (), A. Znu. auto yivetatl povo pia gopd aveEaptnta aro tov apopuo
TOV CUOTNPATOV TToU evdexopnévag rpcret va Aubouv. Kootog Cy.

2. Yriodoyiopdg tou b := Q'b, xéotog C).

3. YtoAoy1lopog tou T = A1, KOOTOG 7. ap. TIPASELS.

4. Yriodoylopog tou © = QQx, kootog Cf.

Epboov 10 KOoTog NG ermMAUong Pe KAAoIK6 Tporo (.. Gauss) sivat O(n?), 9édoupe
Co+ C1 + Cy + O(n) < O(n?)

'Eote 6t ta (), A eival n16n yveootd (Gpa Cy = 0. Tote 10 avetépw oxvet av C, Cy =

O(n?))
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Ta§ivopnon KO6otoug yla TNV eniAucn KOWW®OV CUCTNRATOV

X®pig va rmoupe tinota yla t1oug alyopifpoug eriduong aAdda uvrtob<tovrag ot dev Xpn-
olporoloue urnieptaxeieg pebodoug turnou Strassen, 10xUel 1 MAPAKAT® Tadlvopnon:

EiS0g pntpoou Q EiS0g¢ pntpoou Q
Slayovio O(n) S16aymvio O(n)
pnteeo {ovng evpoug S =p+q  O(npq) TPy OVIKO O(n?)
opBoywvio O(n?) Hessenberg O(n?)
z®0 an® + O(n?) YEVIKO 2n® + O(n?)
Hn apvntika NP-rAn)png

e O aparndve rivakag dev eivatl AN png
e OHUO ONPAVTIKEG KATNYOPiES TTOU €ival arnouoeg eivat

{ yevika apaid pnipoa (sparse matrices),

{ mukvd dounpuéva punipwa (dense structured matrices).

e ['la 11§ Katnyopieg autég untapxouv £161keG 1€B0HO1 TTou aglorolouy ta e181KaA Xapa-
KTNP1OTIKA.

e [Ipocoxr): Ot duo autég tedeutaieg katnyopieg epgavidovial Kat auteég ouxva otig
epappoyeg (SupnBeite ta Aoyla tou Turing oto ACE Report.
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LU otn MATLAB 5.3

[L,U = LU(X) stores a upper triangular
matrix in U and a "psychol ogically | ower
triangular matrix", i.e. a product

of lower triangular and pernutation
matrices, in L, so that X = L*U.

[L,U P] = LU X) returns |ower triangular
matri x L, upper triangular matrix U, and
pernmutation matrix P so that PxX = LxU.
By itself, LU(X) returns the output from
LI NPACK' S ZGEFA routi ne.
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LU ot MATLAB 6

[L,U = LU(X) stores an upper triangul ar
matrix in U and a "psychol ogically | ower
triangular matrix" (i.e. a product

of lower triangular and pernutation
matrices) in L, so that X = LxU. X can
be rectangul ar.

[L,U P] = LU X) returns |ower triangular
matrix L, upper triangular matrix U, and
permutation matrix P so that P*X = LxU.
LU X), wth one output argunent, returns
t he out put from LAPACK S DGETRF or ZGETRF
routi ne.
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LINPACK benchmark (Jack Dongarra)

EntiAuon cuotnudateov n = 100, 1000. Asite oto

http://ww. netlib.org/benchmark/top500. ht n

The benchmark used in the LINPACK Benchmark is to solve a dense system of
linear equations. For the TOP500, we used that version of the benchmark that
allows the user to scale the size of the problem and to optimize the software in
order to achieve the best performance for a given machine. This performance
does not reflect the overall performance of a given system, as no single number
ever can. It does, however, reflect the performance of a dedicated system for
solving a dense system of linear equations. Since the problem is very regular,
the performance achieved is quite high, and the performance numbers give a
good correction of peak performance.
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