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Elcayoylra

[Mapakdie eptypadovial td XapaKINPloTiKA TOU UITOAOY10TIKOU OUCTIIIATOG TO OIT0i0 XPIO110IIoW)0allE yia
v UAOIOIN oY g £PYACTPLAKIG AOKNonNg. 'a Tov uroAoyio1io tov XapaKploTKOV XP1otHoro|0nkay
6Uo0 e161ka poypappata, 1o CPU-Z kat to PC Wizard.

(@

(if)

(iii)

Ence§epyaotig: Intel(R) Core(TM) i5-2500 CPU @ 3.30GHz
O ev Adyw enedepyaotr|g S1abEtel Téooeptg UpPrveg Kat 1 ouyvotnta Asttoupyiag tou eivar 3.30GHz.

Kpugpn Mvijpn: H kpugr] tou pvhun, peyéboug 6MB, aroteAeital arnd tpia emineda, L1, L2, L3, pe
10 MPAOTO £IIEdO va X®piletal oe KPUPI PVHHL EVIOADV KAl KpUpr| pviun 6edopévav. ZUyKeKpIEva :

L1 Data Cache: 32 KBytes, 8-way set associative, 64-byte line size
L1 Instruction Cache: 32 KBytes, 8-way set associative, 64-byte line size
L2 Cache: 256 KBytes, 8-way set associative, 64-byte line size
L3 Cache: 6 MBytes, 12-way set associative, 64-byte line size

Eib80g tng MOALTIKNG £yypad1|g otV Kpudn pvipn: Write-Back.
Ag1toupy1lko cuotnpa tou unodoyloty: Windows 7 Professional Service Pack 1 (64-bit).
IMa v vdornoinorn g Aoknong xpnowponoidnke n ékdoon 8.01 (R2013a) tng MATLAB.

H Swaxptrtdtnta tou xpovopetpnty tic/toc, 6ndadr) mocog xpovog pecodabet petadu tou tic kat tou toc
av 8¢ S1e€ayBei kavévag unodoyiondg, extipdrat ota 8.2935¢ — 08 sec., dnA. 8.2935 x 1078 sec. Ma v
eKTipNon g 81aKkPIIOTTAg TOU XPOVoPETPN T ouvtdiapie Tov akoAoubo KOS1ka, 0 oroiog Kat ekteAet
TG evioAég 30 @opég.

~
% warm up
tiep
toc;
% Preallocation
t = zeros(30,1);
for i = 1:30

tilep

t (i) = toc;
end
time = sum(t) ./30

J

(iv) To arotédeopa tng cuvdptnong bench yia ) dwaonaon pnrpoev LU eivat: 0.0470 sec.



(®

Xpovopttpnon LuvaptoEwV

H ouvdaptnon lu unodoyidet tv napayovronoinorn LU evég untpoou. H napayovrornoinon LU avaluet
£€va PNTPKOO 0 YIVOHUEVO £VOG KAT® TPIYRVIKOU UNTP®OU £ITl €va Ave Tptyeviko. To yivopevo prmopei va
nieptAapBavet erurmAéov Kat éva unrpwo diatagng. H mapayovioroinon L x U éxel wg mpolUndbeon va
pnv undpxetl kapia evaddayn ypappev kabong n analoigpr] Gauss avayet 1o A oe U. Av 1oxUel aut 1)
PoUnoBeon, TOTE TO0 KA TPY@VIKO UNTP®Oo L pe moAdardaotactés [;; (kat l; = 1) avaxtd to U and
10 A. To untpwo 61dtagng (netabeong) P xpnowporoteital oote va anopsuxBouv pndevika otig Séoeig
v 0dnyov. H xprorn tou £xet og npoundbeon o A va givat avuorpeyipog. Suvenog, ta P, L, U eivat
avuotpépipa. To P &ie§ayet ek tov mpotépav tig evadlayég ypappwov. H deutepn napayovioroinon
sivamin PxA=L=xU.

H ouvaptnon gr uvniodoyidet v apayovrornoinon QR (Orthogonal-triangular decomposition). H na-
payovroroinon QR (Opboywvioroinon Gram-Schmidt) avaduet éva pnipoo oe éva opBoydvio Pntpwo
Q kat éva dve TIPyeViKO untpoo R. Xpnotponoteitat ouxva yia va AUoet 10 ypappiko npoBAnpa tov
sdayiotev tetpayovav. Ilpolnobson os autr) v napayovioroinon sivat 1o A va é€xel ave§dpinieg
otmAeg. Autég Bpiokovial opBoywvioronpéveg oo Q péow tng Sadikaciag Gram-Schmidt. Av 1o A
givat terpayoviko, e Q@ = Q7.

H ouvdptnon svd urodoyidel pia onpavilky Iapayoviornoinon evog mpaypatikou 1 pryadikou pn-
Tpwou, v Avdluon Idiadouonv Tinwev (Singular Value Decomposition). ‘Eva pntpoo propet va ava-
AuBel G TO YIVOHEVO TPV PNIPWV - £vOG 0pBoydVIoU PUntpnou U, evog H1aydviou pntpoou S Kat Tou
avaotpoou evog opboyaviou pntpmou V. Ot mpwteg r otfjAeg twv U kat V' aroteAovv opBoKavovikeg
Baoeig tov O(A) xat C(AT) pne A * v; = s; * u; Kat 161adovoa Tun s; > 0. Ot tedevtaieg othheg tov U
Kat V' anotedov opBokavovikeg BAOELS TV NNOEVOX®OPOV TV AT kat A.

H ouvapmon det unodoyidel v opidouoa evog terpaymvikou puntpoou. H opilouoa evog tetpayevi-
KOU UNTP®OOU gival évag povo apldpog mou, opeg, MApEXEl ONPAVIIKEG TTANPOPOopieg OTav o mivakag
aroteAeital Ao toUg OUVIEAEOTEG £VOG OUOTHHATOS YPAPMIK®V §1000E®V, 1) OTAV AVIIOTOXEL 08 €va
YPAPHIKO PETACXNHATIONO €VOG §1aVUOPATIKOU XOPOU. XNV MPOT MEPINteorn To ouotnua £Xel po-
vadikr) Avon akpiBaig otav 1 opidouoa eival pn pndevikr), eve otav n opidouoa eivar pndév eite dev
UTIAPX0UV AUOELG £lte UMTAPXOUV TOAAEG. Tt Seutepr) Mepimtwor, yia tg i61eg ouvonkeg, onuaivetl ot
yld TOV pPETacXnpatiopo opidetat n aviiotpodr mpdagn.

H ouvdptnon rank nap€xetl pia eKtipnon tou apifpou 1oV YPapPiKA avesdptniov YPappoy 1 otniov
evog puntpoou. To aAnBwvo péyebog evog nntpoou A Sivetat and v téén tou, 6ndadr) 1o mAnbog tev
odnywv. Autog eival o apiBpdg r ou ermotpéPetal anod t) ouvdptnon rank. ‘Etot, yia va extedeotet
n evioAn r = rank(A), o urtodoyiotrig andd katapetpd toug 0dnyous. ‘Eva punpoo A éxetl mAnpn tadn
YPAPH®V £av KABE ypappr) €xet évav odnyo, dndadn dev unapxouv Pndevikég ypappeg O0to avaypevav
YPAPH®OV KATMAK®OTNS Hopdng untpeo R. 'Eva pntpwo A éxet mAnpn taén otndov edv kabe otAn £xet
évav odnyo, dniadr) dev unapxouv eAeuBepeg petaBAnteg.

* O mnyég tov mapanave minpogopiov ntav n Wikipedia, to documentation g Matlab kai o Si6io
“Ewayayn ot Ipauukn ‘Aiys6pa” twou Gilbert Strang.



(ii) Ta wyaia unrpoa A € R™ ™ kat b € R™*1, énou n = 2.[7 : 10], petprioape 1o xpévo extédeong yia
) ouvapton lu(A) kat v rpddn Asb.

(@) Xpnowonowvtag tig ouvaptroeg tic, toc extedéoape kaBe mpadn povo pia eopd. Mapabétoupe
TOV KOO1KA MoV extedéotnke (apxeio ex2a.m):

% Preallocation
time = zeros(4,2);
k = 0;

% for-loop for matrices with size 2.7[7:10]
for n = 7:1:10

variable k is used in order to access matrix time

oo

k =k + 1;
A = rand(2."n);
b = rand(2.°n,1);

% These executions are not considered
tilep

toc;

[L,U] = lu(a);

y = AxDb;

% counting lu (X)

tileg

[L,U] = lu(p);

time (k,1) = toc;

% counting A#*b

Eilep

y = AxDb;

time (k,2) = toc;
end
time
T = [128 256 512 1024];
figure
$plot (T, time(:,1), " go-’,”linewidth’,1, "markersize’,10)
semilogy (T,time(:,1),"go-","linewidth’,1, 'markersize’, 10);
hold on
Splot (T, time(:,2), rx-",’1linewidth’,1, 'markersize’,10)
semilogy (T,time(:,2), " rx-",’linewidth’,1, 'markersize’, 10);
legend(’1u(A)’,’Axb’,’Location’,’NorthWest’)

xlabel ("Matrix Dimensions’)
ylabel (' Time (sec)’)
title(’2.1ii.a’)

grid on

print (gcf, ’'-djpeg’, ’'ex2iia.jpg’)
hold off

N\

IMpoékuwav ot akoAoubot xpovot:

MéyeOog/IIpagn | lu(A) A*b
128 0.0005 | 0.0000
256 0.0015 | 0.0000
512 0.0036 | 0.0004
1024 0.0185 | 0.0016

IMivaxkag 1: Single execution



(B) Xpnowormolmviag tig ouvaptroelg tic, toc, exktedéoape KaOe mpdadn apretég opég. ‘Ocov apopd
OTOV TPOTITO HIE TOV OIT010 £Y1VAV 01 PETPLOELS, IIPOTINAOANE OE MIPATELS TTOU EKTEAOUVIAL O GUVIOHO
XPOVIKO Srdotnpa va KAvoupe MOAAEG eMAVAANYEIS QOTE VA IEPIOPIOOUNE TO OXETIKO OPAApa,
EV® 0g TIPASELS TIOU OAOKATNP®OVOVIAL O PEYAAUTEPO XPOVO 0 aplOpodg TV EMAvaAnPemv va ivat
Hikpotepog. ITapabétoupe tov KWd1Ka 1o ektedéotnke (apxeio ex2b.m):

( I
% Preallocation

timel = zeros(4,1);

time2 = zeros(4,1);

k = 0;

o

% for-loop for matrices with size 2.7[7:10]
for n = 7:1:10

oo

variable k is used in order to access matrix time
=k + 1;

o~

A = rand(2."n);
b rand(2.°n,1);

o

% These executions are not considered
tideg

toc;

[L,U] = 1lu(d);

y = Axb;

% counting the execution time of lu(X)
elapsed = 0;
for i = 1:1:20

o

% counting lu (X)

tieg

[L,U] = lu(d);

elapsed = elapsed + toc;
end
timel (k) = elapsed/20;

o

% counting the execution time of Ax*b
elapsed = 0;
for i = 1:1:30
% counting A#*b
tilep
y = AxDb;
elapsed = elapsed + toc;
end
time2 (k) = elapsed/30;
end

timel
time2

T = [128 256 512 1024];

figure

semilogy (T,timel,'go-",’ linewidth’, 1, "markersize’, 10);
Splot (T, timel, "go-’,’linewidth’,1, "markersize’,10);
hold on

semilogy (T,time2,’ rx-",’ linewidth’,1, "markersize’, 10);
Splot (T, time2, ’rx-",’1linewidth’,1, "markersize’,10);
legend(’1u(A)’,’Axb’,’Location’,’NorthWest’)

xlabel ("Matrix Dimensions’)

ylabel (' Time (sec)’)

title('2.1ii.b")

grid on

print (gcf, ’'-djpeg’, 'ex2iib.jpg’)

hold off

N\




[Ipoékuywav ot akoAoubot xpovor:

MéyeOog/IIpagn | lu(A) A*b
128 0.0004 | 0.0000
256 0.0007 | 0.0000
512 0.0038 | 0.0000
1024 0.0179 | 0.0004

[MTivakag 2: Multiple execution

(y) Xpnowonowwviag ) ouvaptnorn timeit tng MATLAB. ITapaBétoutie tov KOSIKA TOU EKTEAECTNKE
(apxeio ex2c.m):

-
% Preallocation

ime = zeros(4,2);
0;

~ ot

o

% for—-loop for matrices with size 2.7[7:10]
for n = 7:1:10

oo

variable k is used in order to access matrix time

k =k + 1;
A = rand(2."n);
b = rand(2.°n,1);

oo

counting lu (X)
flu = @() lu(d);
time(k,1) = timeit (flu, 2);

% counting Axb

f = Q@() Axb;

time (k,2) = timeit (f, 1);
end
time
T = [128 256 512 1024];
figure
semilogy (T,time(:,1),"’go-',’linewidth’, 1, 'markersize’,10);
$plot (T, time(:,1),”go-',’linewidth’,1, "markersize’,10);
hold on
semilogy (T,time(:,2)," rx-","linewidth’,1, 'markersize’, 10);
$plot (T, time(:,2), " rx—',”linewidth’,1, "markersize’,10);
legend(’1u(A)’,"Axb’, " Location’,’NorthWest’)

xlabel ("Matrix Dimensions’)
ylabel (' Time (sec)’)
title(’2.ii.c’)

grid on

print (gcf, ’'-djpeg’, ’'ex2iic.jpg’)
hold off

- J

[Ipoékuywav ot akoAoubot xpovor:

MéyeOog/IIpagn | lu(A) A*b
128 0.0002 | 0.0000
256 0.0007 | 0.0000
512 0.0036 | 0.0000
1024 0.0178 | 0.0004

ITivakag 3: Using timeit



Time (sec)

Time (sec)

(iii) [Mapaxkdt® OMUKOMOI0UE TA AMOTEAECNATA HAG Yid TG S14POopeg TIPASELS 08 KOV YPAPIKT) ITAPACTACT)
yla kabévav anod toug napandave ponous. Ilapabétoupe dUo ypapikeég avanapaotdoelg yia v Kabe
MEePIMTI®Or), TO00 0g A} 600 KAl oe AoyaplOpiky avarapdotacrn otov aiova tewv y (eKteddviag tov

K®61ka e semilog avti yia plot) yia peyadutepn eukpivela:

Exteddviag kaBe ripadn povo pia opd mpoékuyav ot akoAoubeg ypadikeg rapaotdoeg:
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Zxnpa 2: Multiple execution

Matrix Dimensions



Xpnowornowwviag 1) ouvaptnor timeit mpoékupav o1 akoAoubeg YpaPiKeg APACTACELG
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Ixfpa 3: Using timeit

[Mapatnpoupe Ot 1) iPdagn Axb xpetdletat 1o Atyotepo Xpovo oe KAOe PETpnor) rou KAVOUHE, EV® 1) CUVAPTNON
Iu(A) onpavukd peyadutepo. Emiong, nmapatnpoujpe mog v val PEV UTIAPXEL aUdnor tou Xpovou Tdoo otr
ouvaptnon lu(A) éco kat oty rpagn Axb kabog audavetat 1o péyebog Tou n, 0 PUBPOG avEnong Tou XpPovou
oV lu eivat moAv peyadutepog. Ermiong, dfla 0xoAlaopou sival Kat ta arnoteAéopata TV PETPTOE®V TTOU
naipvoupe kat @aivoviatl kat ota figures. 'Onwg yvepidoupe, n mpwotrn petpnon yua pia mpddn dev eivai
@epeyyva Kat pia @opa dev apkei. ‘Etol, Aowtdv, pmnopel va dikaodoynBet 1o "AdBog” tov Xpovev otnv
PO epinoorn. Me 10 8eUTePO TPOTIO PETPH oV (eKTEA@VIag KABe TpAdn meploootepeg POPES) OX1 LOVO
perpradetat 1o "Adabog”, aAdd mapatnpoupe meG ol Xpovol oxedov Tauti{ovial Pe autoug NG EKTEAEONG HE
v timeit. Enopéveg, odnyoupaote oto cuprniépaocpa nog KAvape KaAr emAoyr aplbfpou enavainyemv
1600 y1a ) ouvaptnor lu(A) 6co kat yia v ripadn Axb, yeyovog rou pag odrjynoe og P€00UG XPOVOUG OIS
Toug avapévape kat dewpnuikd. Tédog, ) peyadutepn akpiBela otoug XpOvoug eKTEAEONS TNV Iaipvoupe
otnv vdoroinorn pe v timeit.



3 A§wodoynon Evéoyevav Zuvaptoswv

(@) Xpovouetprioape tn ouvaptnon mldivide xpnowomnowdviag ) ouvaptnon timeit.
K®O1KA TTOU eKTEAEOTNKE KAl Y1d TOUG TPELS TUTIOUG PINTPO®V (apXeio ex3.m):

IMapabstoupe tOV

eallocation
zeros (4,3);

% Pr
ime =
= 0;

~

% for-loop for matrices with size 2.7°[7:10]

for n = 7:1:10

do

variable k is used in order to access matrix time
=k + 1;

~

rand (2.
= rand (2.

“n);
“n,1);

o >
|

do

for random matrices
f = @() mldivide (A, b);
time (k,1) = timeit (f,1);

% for lower triangular matrices
L = tril(d);

f = @() mldivide (L, b);

time (k,2) = timeit (f,1);

% for psychologically lower triangular matrices
P = L(:,randperm(end)) ;

f = @() mldivide (P,b);

time (k,3) = timeit (f,1);

end
time

T = [128 256 512
figure

semilogy (T,time(:,1), " go-’,"linewidth’, 1, 'markersize’,10);

hold on

semilogy (T,time(:,2), " rx-',"linewidth’, 1, 'markersize’,10);

hold on

semilogy (T,time (:,3), "bx-’,’linewidth’, 1, 'markersize’,10);
legend (’Random’, ’'Lower’, ’Psychologically lower’, ’'Location’,
xlabel ("Matrix Dimensions’)

ylabel (' Time (sec)’)

title (’3a’)

grid on
print (gcf,
hold off

10247;

"-djpeg’, ’'ex3a.jpg’)

"NorthWest’)

IIpoéxkuywav ot akéAoubot xpodvot:

MéyeBog/Mntpwo | random | lower | psych. lower
128 0.0004 | 0.0000 0.0001
256 0.0012 | 0.0001 0.0003
512 0.0053 | 0.0002 0.0010
1024 0.0249 | 0.0009 0.0043

ITivaxkag 4: Xpovopétpnon g mldivide

() ITapouoiaon v anotedeopdtaVv o Pia KOWwr) Ypap1KL) ITapdotact) XP1olponoloviag AoyaptOpikn kKAtpa-

Ka otov dfova teVv y yia peyalutepn) uKpivela:
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xnpa 4: Kowo ypdonua yia xpovikeg petprioeig tng mldivide

Ao ) XPOVOPETPNON MAPATNPOUHE OTL Td KAT® TPLYGOVIKA PNTIPOA EIMMTUYXAVOUV TOUG KAAUTEPOUS
XPOVOUG, YEYOVOG Tou pag deixvel Ott i1 Hour) 1oV PNIpeeV railel poAo oto XpOvo eKTEAEONg Tpade-
@V TOU Ta Xpnotporolovv. Eropéveg, eival Aoyiko ta KATe TPy®VIKA PNTpod va £ITUYyXAvouv ToUg
KAAUTEPOUG XPOVOUG, HETA va £PXOVIAl Ta WPUXOAOYIKA KATK IPYGOVIKA HNTp®a KAl t€Aog ta tuxaia,
KaBmg ta mp®Ta £€X0UV o auotnpn dopr aro ta deutepa Kal 100 aplOpo Pndevikwv otoxeinv Kat ta
b6eutepa £Xouv peyadutepo apldpo pndevikwv otoixeiov anod ta Ipita.

Extedéoape ug ipddeig [ - A, A - A, 6mou I € R™™ ™ gival 1o tautotiké puntpoo kat A € R™*™ wyxaio
unteoo (apyeio ex3d.m):

% Preallocation
ime = zeros(4,2);

o

% for-loop for matrices with size 2.7°[7:10]
for n = 7:1:10

o

variable k is used in order to access matrix time

k =k + 1;

A = rand(2."n);

b = rand(2.°n,1);
I = eye(2.%n);

f = Q() IxA;
time (k,1) = timeit (£, 1);

f = Q@() AxA;

time (k,2) = timeit (£, 1);
end
time
T = [128 256 512 1024];
figure
plot (T, time(:,1),’go-",’linewidth’, 1, "markersize’, 10);
hold on

plot (T, time(:,2),’rx-",’linewidth’, 1, "markersize’,10);




legend (’IA’, ’"AA', ’'Location’, ’NorthWest’)

xlabel (Matrix Dimensions’)

ylabel (' Time (sec)’)

title (’3d’)

grid on

print (gcf, ’-djpeg’, ’'ex3d.jpg’)

hold off

IIpoéxkuywav o1 akéAoubot xpodvot:

Méye0og/IIpagn IA AA

128 0.0001 | 0.0001
256 0.0005 | 0.0005
512 0.0046 | 0.0044
1024 0.0302 | 0.0298

MMivaxkag 5: Xpovot extédeong yia g npadeig [ - A, A- A

[Tapouociaon 1@V AroTeAEOPATOV O Pia KO YPAPIKL) [TapAaotaot)
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Zxnpa 5: Tpdepnpa xpovikev petprioeav yia tg npageig [ - A, A - A

[Mapatnpoupe g 01 XPOVol eKTEAEONG eival TTOAU Kovid. Emopévag n 181kt popdr tou pnrpoou I dev
énaige podo. Ilapatpoupe auty) ) Stadopd PeTady OV CUNEPATPRATOV TV epeInudtev () kat (5)
ere1dr) oto (y) Xxpnowporolovpe £topr) ouvdaptnon tou MATLAB, eve oto (6) ektedoupe ardd v nipdadn.
Ot étopeg ouvaptrioelg tou MATLAB 1odAég @opég eival o ypryopeg aro g ariég npagelg, kabog
EPIEPIEXOUV BeATIOTONONPEVO KOSIKA TTOU eKPETAAAEUETAl TV 1IS1ATEPOTTA KATIOI®OV PUNTPDORDV.
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4 XZUykplon YAomouoewv

(1) Tpérta 9a yivouv ot ripagerg otnv mapévleon, dnA. (I — uv?), yia g oroieg xpetagdnaote :
n? mpageig yia tov moAAamaciacpd kat n? yua myv adaipeon, dpa 2n?.

H npd&n (I — uwv?) mapdyet pnrpdo n x n, dpa 9a yivouv p — 1 moAdamdaciacpoi pntpoev n X n.
ZUVENIOG, 0 MTOAAATAACIA0PNOS UNTPW®V XPEladetal yia 1o €va ototxeio n modAamdaociaopoug kat o — 1
npooBécels, dpa yia ta n? otoixeia xpetadovat n? (2n—1). Autég o1 pagetg 9a yivouv p — 1 gopég, dpa
xpewadovrat n?(2n — 1)(p — 1) npagetg.

Enopévag, 9empnukd 1o anattoupevo mAf0og rpd§emv Kivntg urtod1actodng eivat:

2n2+n?(2n—1)(p—1) = 2n%+(2n® —n?)(p—1) = 2n?+2pn3 —2n3 —pn? +n? = (2p—2)n3+ (3 —p)n?
(2) Av 9¢doupe va UIoAoyicoule 16VO Hia OTHAnN TOU mivaka, tote xpelalopaocte 1§ 2n? mpdgelg Tou u-

nodoytopou (I — uv®) xar o ouvéxela xpelagdpacte g mpddelg pnTpGo eri Sidvuopa. Andadm,

n nohlAardactacpoug, n — 1 npooBioeig ertt n otoikeia, dpa (2n — 1)n. Ty ouvéxela 9a £xoupe p

rioAAaridaciaciiovg iavuopa et pntpao dpa p * n(2n — 1) npdges.

Enopévag, o apfdg tov mpalemv pe oelpd amné 8e€d rpog ta apiotepd 9a givat: 2n? + pn(2n — 1)

O Ad6yog 1ou pelmvetatl o aplfpdg tev mpademv eivatl Ot avii va ektedoupe TOAAAMAACIAoRO PITPOOU
HE UNIPoo eKteAoUpe roAAaniaciacpd PnIpaoou pe diavuoud.
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(3) YMomowjoape ) ouvaptnorn pe ovopa my_func (apxeio my_func.m):

function [ output_args ] = my_func(varargin)

if length(varargin) < 3
disp ('Few arguments!’);
elseif length(varargin) ==

p = varargin{l};
u = varargin{2};
v = varargin{3};
n = length (u);

if n == length(v)

I = eye(n);
A (I-uxtranspose (v)) "p
else

disp (’Wrong vectors dimensions!’);
end
elseif length(varargin) ==
p = varargin{l};

u = varargin{2};
v = varargin{3};
col = varargin{4};
n = length (u);
if n == length(v)
I = eye(n);
e = I(:,col);
A = I-uxtranspose(Vv);
b = Axe;
if p >= 2
for i = 2:p,
b = Axb;
end
b
else
b
end
else
disp (’Wrong vectors dimensions!’);
end
else
disp (' Too many arguments!’);
end
end
N\
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(4) YAormouoape ) ouvdptnon pe ovoua test (apxeio test.m). Qg opiopata ng test xpnowponouwjoape 1g
tpég p = 3 kat col = 1. H ujr) tou p 1ou Xprotpono)oape eival apKetd Pikpn Oote va pnv kabuotepei
UTtePBOAIKA 1) EKTEAEOT) OTO OUOTNPA 04G KAl APKETA PEYAADN @WOte va gival Xpovopetprown n dapopda
v 6U0 nepuTtOoe®v 41, 4ii.

s N
function [ output_args ] = test(p, col)
n=2."[8:11];
for i = l:length(n)

u = rand(n(i),1);
v rand(n(i),1);

%time using col
f = @() my_func(p,u,v,col);
tcol (i) = timeit (f);

$Mflop/s using col
ml(i) = (2*n (i) "2 + p*n(i)*(2+*n(i)-1))/(tcol(i)*10"6);

oo

time without col
f = @() my_func(p,u,v);
t(i) = timeit (f);

$Mflop/s without col
m2 (i) = (2xn(i) "2 + (2*n(i)-1)*n (i) 2% (p-1))/(t(i)*10"6);
end

tcol
t

ml
m2

figure(1l);

$plot (n,tcol,’rx-",n,t,"bo-",’1linewidth’,1, "markersize’, 10) ;
semilogy (n,tcol,’rx-",n,t, 'bo-’,’linewidth’, 1, 'markersize’,10);
legend (’'using col’, ’"without col’, ’Location’, ’NorthWest’)
xlabel ("Matrix Dimensions’)

ylabel (' Time (sec)’)

title (’Execution Time of my_func’)

grid on

print (gcf, ’'-djpeg’, ’ex4da.jpg’)

hold off

figure (2);

plot(n,ml,’rx-",n,m2, " bo-',"linewidth’,1, ’markersize’, 10);

legend (’using col’, ’without col’, ’'Location’, ’'NorthWest’)

xlabel ("Matrix Dimensions’)

ylabel ('Mflop/s’)

title ('Mflop/s’)

grid on

print (gcf, ’'-djpeg’, ’"ex4db.jpg’)

hold off

- J
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[Ipoékuyav ot akoAoubot xpovot:
Méye0og/IIpagn tcol t m1 (Mflops/s) | m2 (Mflops/s)
256 0.0120 | 0.2073 43.4673 0.3238 x 103
512 0.0158 | 0.7950 132.4905 0.6753 x 103
1024 0.0274 | 3.1693 306.1367 1.3552 x 10°
2048 0.0663 | 12.4623 506.3486 2.7571 x 103

ITivakag 6: Metpnioeig pe Kat X®pig to oplopa col

(a) ITapouoiaon 1@V XPOVOUEIPIOE@V O Pid KOWI] YPAPIKI) IIAPACTACT], XP1OTHOIIOIMVIAS AOYaplONIKY)
KAlpaka otov d§ova y yia peyalutepn gukpivela:

Execution Time of mydnc

—>— using col "
—O— without col |
10' |k 2 e
g )
o 10
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10"
X
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102 x— L i 1
200 400 600 800 1000 1200 1400 1600 1800 2000 2200

Matrix Dimensions

Zxhpa 6: Kowod ypdopnpa yia Xpovikeg UETPHoelg

(B) ITapouoiaon twv Mflop/s oe pia kowr) ypagikn apdotaon:
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Zxhpa 7: Kowod ypaenua yua Mflop/s
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Extedoviag 1o test.m maipvoupe tig mapandve ypapikeég apaotdoelg, Orou mapatnpoUe ta e§1gG:

e [Tpopavwg 1 Sevtepn mepimimor), Orou 6e XPNOIOIIOI0UHE T0 0plopda col, xpetadetal rmeploooTePo
XPOVO Yla va eKTeAeOTel O OXEOT) PE TV MPWT MEPIMTROT (Xpnotponowmviag to oplopa col), apou
g€xoupe peyalutepo 6yko 6edopévev (Siavuopa vs. rmivakag) kat yia tov 6o Adyo €xoupe kat
TEPLOCOTEPES TPASELS TO HeutepodAertto.

e 'Ouwg, 600 PeyaAutepo eival 1o PNIP®o, TG00 o1 mpdaielg ava deutepddertto augdvoviat! Autd
oupBavel ylati 1a pPntpoa £€XoUv KaAUTepr TOMKOTNTA O 0XE0T e Ta diaviopata Ki €101 PElwvoviatl
01 petadopEG 000 Peyadmvel 10 PEyeBog toug.
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