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1 Xapartnplotnkd Tuoctpatog

Apxikda 9a rmeptypdyoupe 1o oUoTtnpa oto oroio tpédape ta rnepdpata pag:

To ocuotnpa pag eixe 1o Aettoupyko Linux/Debian Lenny kat o ene§epyaotnig tou
frav évag Intel Core Duo T2300 ota 1,66GHz. Eixape pia iepapyeia pvnung 6vo
emEdmV pe 1o mpwto emninedo va arnotedeite ano SU0 KPUPEG PV HES, 1 Pia ya
data (L1 D-Cache) kat n aAAn yua inst. (L1 D-Cache) kat o1 6Uo twv 32KBytes
Kadl pe ta akolouBa yapakinplotuka: 8 way set-associative, 64-byte line size.
H xupla pvipn (L2 Cache) pag eixe péyebog 2048KBytes kat akpiBwg ta ida
XAPAKINPIOTIKA PE TG KPpUPES. ‘Oocov apopd To AOY10HIKO OTO 01010 eKTEAETTNKAV
1a poypappata pag frav np Matlab 7.6.0(R2008a). Na onpeindei ot n avapopa
gywve oe MTEX.

2 Ilapayovtonoinon QR pe Householder rat eAayt-
ota teTpaynva

2.1 Kodikag IIapayovronoiong QR

10 onpeio auto pag {NtdnKe va KATACKEUACOUHE KATAAANAL OUVAPTN O TIOU vd
napayovronotel kata QR pe Householder kat eAdyiota tetpaywva Xp1o1oIot-
ovtag toug aAyopidpoug rou pdbape amno 1o pabnpa. Zuykekpipdava o Kodikag
Bag Sa mpénet va ermotpéPet 0T0 KAT® TPIYOVIKO TN A tou A ot xpelddetat aro
10 81avuopa Householder kat oto ave tpty@viko turua tou A o R.

O xO81Kag Mou cuvtdape yia autd 1o epdTnpa sivat o akéAoubog!:

V'Ooeg ouvaptrioeig ev eival yveotég ano ) Matlab pmopeite va Tig Bpeite oto nmapdptpa.



Program 1 QR.m

function A = QR (A)

% QR is a function that QR-factorize with Householder a matrix A and
% returns its factorization.

% find the size of the A matrix

size_A = size(R);

m is the mumber of rows of A matrix

= size_A (1, 1);

is the number of columns of A matrix

size_A(1, 2);

oo 3 oo
s

o3

for 3 = 1: n

u(j : m) = REFL( A(J : m, J) );
A(j :m, jJ : n) = REFLROW(A(J : m, J : n), u(j : m)’);
if 3 <m
A(J+1 :m J) =u(j+1:m’;
end

end

2.2 EAayiotonoinon tou ||[AX — B||g

Zto onpeio auto pag {Ntbnke va KAtaOKeEUAoOUpe KATAAAnAo adyopibpo 1ou
800éviog tou A € R™™ (Sewpoupe O6TL m = n, S) va ermotpedet ) Avon X € RME
rou ehaytorotei o || AX — B ||¢ (voppa Frobenius).

O kOd1Kag Mou cuvtdfape yia autd 1o ep@Tnua sivat o akédoubog?:

2'0oeg ouvaptnoelg dev eivatl yveootég and ) Matlab pnmopeite va 1ig Bpeite oto mapdptnua.



Program 2 askisi_1_2.m

function X = askisi_1_2 (A, b)

askisi_1_2 is a function that takes as arguments the matrixes A and b and
returns the solution of the problem that minimize the |[AxX - b|| (F)
(Forbenius norm)

oo oo

o\

% find the size of the A matrix

size_A = size (A);

m is the mumber of rows of A matrix

= size_A(1, 1);

is the number of columns of A matrix
size_A(1l, 2);

5 oo 3 o
=]

% find the size of the b matrix

size_b = size(b);

s is the number of columns of b matrix
= size_b (1, 2);

o

]

o

QR factorization of matrix A
= QR(A);

>

find the U matrix and the R matrix

— e

Q,R,U]l = find_Q R U(A);
for 1 = 1: s
temp = b(:,1);
for 3 = 1: n
temp(j : m, 1) = REFLROW( temp(j : m, 1), U(j : m,J) );
end
X(:,1) = R(1 : n, 1 : n) \ temp(l : n, 1);
end
end

2.3 Kodikag napaywyrg Tou aviiotpodou anoteAEopatog g
IIapayovtonoiong QR

Zto onpeio autd pag {NtbnkKe va KATAOKEUACOUNE TOV ‘avtiotpodpo’ aAyoptOpo
IOU va EMMITUYXAVEL TO aviiBeto amotédeopa amd autd Tou alyopibpou otnv e-
votnta 2.1. AnAadn, 6008éviog tou anotedéopatog g QR g evotntag 2.11 pe t
dlavuopata Householder kat 1o R anoBnkeupéva onwg mptv, va urtoAoyidel kat
VA €IMOTPEPEL TO avtiotolo pntpwo A.

['a tov urodoyilopo tou QR = Hi{HsHs...H, R = A xpnowornojoae v RE-
FLROW u1dg kat artattei Atyotepeg rpdieig.

O kOd1Kag Mou cuvtdfape yia autd 10 ep@Tnua sivat o akédoubog®:

3'0o0eg ouvaptnoeg dev eival yveootég and ) Matlab propeite va 1ig Bpeite oto mapdptnua.



Program 3 reversed_QR.m

function B = reversed_QR(A)
% reversed_QR is the "reversed" function of QR. It takes the QR-factorized
A matrix and returns it without being QR factorized processed.

o

% find the size of the A matrix
size_A = size(R);
m is the mumber of rows of A matrix

o

m = size_A(l, 1);
% n is the number of columns of A matrix
n = size_A(1l, 2);
% the R matrix is the up-triangular part of A
R = A;
% we zero the down-triangular part of R (== A) matrix
for i = 1: m

for j =1: n

if i > 3
R(i, J) = 0;
end

end
end
% find the A matrix without the QR factorization process, by using the
% reflrow for the multiplications in order to make less multiplies.
B = REFLROW(R, [ zeros(n-1,1) ; 1 ; A(n+l:m,n) 1 );
for i = n-1 : -1 : 1

u = [ zeros(i-1, 1) ; 1 ; A(i+l:m, i) 1;

B = REFLROW (B, u);
end
end

2.4 IIsipapatiry Awadiraocia

Katd v nepapatkr Swadikaocia pag nmibnke va smdéSoupe 4 punrpoa (ya
ta omoia n > 20) xkat va enaAnBsuooupie oV KAOe kKOOIKA 1€ TNV MAPAKAT®
dradikaoia:

1. yiamv QR: |A — QR||F
2. yia mu reversed_QR: ||A — A||r (6mou A eivat 1o unodoyiopévo A)

3. ywa ta ovorjuata: enainBevoviag v tpn wu ||B — AX||F oote va eivat
niepirou idwa pe v upr wu ||B — A(A\ B)||r

Ta 4 pnrpwa rou ermAégape eivat ta akédouba:



e Al = rand(25, 20): To puntpoo auto to ermAéape yuati €ivat n oplaxkn
nepitwor, KabBag sivatl TToAU PIKPO O OXEOT PE AUTA MOU AVAEVETE vd XP1)-
owportoinfouv Kat mepévoue ta opaApata mou da AdaBouv va gival apa
TTOAU P1KPA.

e A2 =rand(100, 75): AvtiBeta auto eival €va oXETIKA PEYAAO PNTPXOO TIOU O
OUYKP10T] HE TA ATOTEAE0PATA ATTO TO TIPONYOUHEVO UNTP®O Sa PITopECoUNE
VA KATAVOI)COUHE TNV OUNITEPIPOPA TV aAyopibumv pag os ox€on pe v
dlakupavon tou peyéboug.

e A3 = toeplitz([ 1; rand(99, 1)], [ 1, rand(1, 74) ]): To toeplitz to injpape Aoy®
TOU OTL €ivat €éva aro ta rmo ouvnolopéva PNnTpwa os TI0AAEG EPAPHOYES KAl
9a 9éAape va pedetooupie ylia autod 1o AGyo 1 oupnepipopd tou. Kat yla
va 1o ouyKpivoupe pe ta dAAa ermde§ae va €xel 1o 1610 péyebog pe o A2.

e A4 = vand(100,rand(75, 1)): To pntpwo vandermonde 1o cupmeptAdBape
oTlg HPETproelg pag Kabwg arotedel pia apketa 18waitepn mepintoon pn-
TPOOU TIPAYHA TTOU TO KAVEL APKETA evOlAPEPOV OTr) PEALTN TG OCUPTIEPIPO-
pag tou. Ta vandermonde pnipwa £xouv oAU peyado deikin Katdotaong
Pe arotédeopa ot pagelg otig OToieg XPNOIHOMOolEiTal va apdayetl peydaia
opdApata. Tig draotdoelg Kat autoy TOU PNTP®OU Tig ermAg§ape yia tov 1610
aKp18wg AOY0 OTI®G KAl IApArtdve.

ZUVOITTIKA Ta artoteAéoata rou AaBape @aivovtat otov rivaka 1.

IA—QR|[p | [[A=Allp | abs(||B—AX|p—|B—A(A\ B)||r)
Al | 5.5958¢-15 | 6.8362¢-15 4.4409¢-16
A2 | 5.5491e-14 | 5.7246¢-14 5.3291e-15
A3 | 4.6193e-14 | 4.0260e-14 1.7764e-15
A4 | 1.8773e-14 | 2.0028e-14 4.4786e+05

[Tivakag 1: Arnotedéopata meipapatog

A6 ta nmapandave eUKola Propoupe va Soupe ot 600 audavetatl 1o péyebog
TV 8100TA0E®V TOU PNTP®OU TO00 augdvovial Kat ta §1agpopa opAaApata rmov oup-
Baivouv mpdypa avapevopevo AOY® TOU OTL aUgAavetdl Katl 1 rmoAurdokotnta. E-
TioNg PITopoue va Soulie 0Tt ta opAApata otav XProllonolovule unipoa toeplitz
oxedov Sekardaoialoviat, adAd ouveyiouv va mapapévouy urepBoAKA PIKPA HE
anotédeopa va pnv evoxAoupaote (puolkd auto nadel BéBata kat podo kat aro
NV avoxr mou mpérnet va deifoupe, av kat n ta€n tou opddpatog etvat 1014 -
KPOTePN amo ta dedopéva TV MVAKV pag). LXetKa pe 1o vandermonde pnipoo



apAtnPOUE 0Tt Ta opdApata yia v QRkat tnv reversed_QR rnapapévouv rmoAu
Hikpd addd yia v EAayiotonoinon tou ||AX — B||p eivat moAu ynAd (6neg eina-
He aAdoote kal mapandave : Ta vandermonde prtpoa £€X0Uv TTOAU Peyddo Seikn
KAtdotaong pPe arnotéleopa ot mpagelg otTlg OIoieg XPNOoHomoleital va mapdyet
peydda opdApata - yla ta omoia pag sevnpépwoe kat n Matlab pe apketa War-
nings). TéAog va rmoupe OTL aro T NMAPAndve KataAnape oto 6t 0 aAyopiOpog
QR kat o reversed_QR mou gpudSape, avefaptnta and 1o €160 TOU PNTPWOU TTOU
T0Ug dwooupe oav eicodo mapayouv opBda arotedéopatd, eve 0 aAyoplOpog mou
puagape ya v edayiotonoinon wu [|[AX — B||f eivat owotdg pévo yua pnpea
pe pkpo deiktn kataotaong. Avtifeta yla autd pe peydlo Seiktn kataotaong
MAPAYEL AmoteAéopatd Pe tepaotia opaipard.

O KO81IKAG MOV XPNOHOIo|ONKe yia ta aparndve @aiveral mapakato?:

Program 4 askisil_script.m
% Al martix

Al = rand(25, 20);

[al,bl,cl] = prove (Al)

% A2 martix
A2 = rand(100, 75);
[a2,b2,c2] = prove (A2)

% A3 martix
A3 = toeplitz ([ 1; rand(99, 1) 1, [ 1, rand(l, 74) 1);
[a3,b3,c3] = prove (A3)

% A4 martix
A4 = vand (100, rand (75, 1));
[a4,b4,c4] = prove (A4)

3 INIapaptnpa

Z10 mapdptnpa napabEtoupie TI§ OUVAPTIOELS TIOU XPNOIHIoU)0NKaAv mapandave
ano aAAeg oUVAPTHOEIS KAl 0 KOOIKAG TOUG SEV paivotav.

+0oeg ouvaptrioeig Sev sivat yveotég anoé ) Matlab pnopeite va tig Bpeite oto apdptpa.



Program 5 REFL.m

function u = REFL (x)
REFL is a function that takes the
Householder Vector

oo o

% n is the size of x vector

n = length (x);

% m is the norm2 of vector x a.k.a.
m = norm(x, 2);

u = x;

o

if the Euclidean length of vector
ifm =0

b = x(1) + sign( x(1) ) * m;
u(2 n) = u(2 n) / b;
end
u(l) = 1;
end

X arguent - vector and returns

the Euclidean length

X isn’t zero

the

Program 6 REFLROW.m

function B = REFLROW (A,
% REFLROW function:

u)
A <- H x A

b=-2/ (u % u);
w =Db x A" *x u;
B=A+u=x*w;
end




Program 7 find_Q R U.m

function [Q, R, U] = find_Q R_U(A)
find_Q_R_U is a function that takes as an argument that QR-factorized A
matrix and returns the R, Q and U matrixes.

oo oo

find the size of the A matrix
ize A = size(A);
m is the mumber of rows of A matrix

o

[0}

o

m = size_A(1l, 1);
% n is the number of columns of A matrix
n = size_A(1l, 2);
% the R matrix is the up-triangular part of A
R = A;
% we zero the down-triangular part of R (== A) matrix
for i = 1: m

for j =1: n

if i > 3
R(i, j) = 0;
end

end
end
% the U matrix is the down-triangular part of A with ones in its diagonal
U=A-R + eye(m, n);
% I is a matrix with ones
I = eye(m, m);
% in this part we find the Q matrix by processing the U matrix
OQ=1-2%7U(:, 1) %= U(:z, 1)" / (U(z, 1)’ %= U(:, 1));
for 1 = 2: n

H=1-2x%0U(:, 1) » U(:, 1)" / (U(:, 1)’ = U(:, 1))

Q =0Q  H;
end
end




Program 8 vand.m from Matrix Computation Toolbox

function V = vand(m, p)

$VAND Vandermonde matrix.
V = VAND (P), where P is a vector, produces the (primal)
Vandermonde matrix based on the points P, i.e. V(i,J) = P(3j) " (i-1).

VAND (M, P) 1is a rectangular version of VAND (P) with M rows.
Special case: If P is a scalar then P equally spaced points on [0,1]
are used.

o0 o0 o° A0 o o

Reference:

N. J. Higham, Accuracy and Stability of Numerical Algorithms,
Second edition, Society for Industrial and Applied Mathematics,
Philadelphia, PA, 2002; chap. 22.

o0 o oo oe

if nargin == 1, p = m; end
n = length(p);

% Handle scalar p.
if n == 1

n=p;

p = linspace(0,1,n);
end

if nargin == 1, m = n; end

p=p()."; % Ensure p 1s a row vector.
V = ones(m,n);
for i=2:m
V(i,:) = p.*xV(i-1,:);
end

Program 9 prove.m

function [prf_QR, prf_reversed_QR, prf_askisi_1_2] = prove (A)
$function that is used to prove the rightness of the algorithms QR,
$reversed_QR and askisi_1_2

% proving the QR function
A_qgr = QR(A);

[Q,R,U] = find_QO R_U(A_qr);
prf_OR = norm(A - QxR, ’"fro’);

% proving the reversed_OR function
A_computed = reversed_QR(A_Qgr);
prf_reversed_QR = norm(A - A_computed, ’'fro’);

% proving the askisi_1_2 function

% find the size of the A matrix
size_A = size(A);

oe
2

is the mumber of rows of A matrix

m = size_A(l, 1);

B = rand(m);

X = askisi_1_2(A,B);

prf_askisi_1_2 = abs(norm(B - AxX, ’'fro’) - norm(B — A « (A \ B), 'fro’));
end




