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‘Adeleg Xpnong

e To napdv eknaideutikd UNKO undkeiral oe adeleg xpnong Creative
Commons.

e [1a eknaideutikd UAIKS, Onwg €IKOVEG, Mou unokeiral oe AANOU TUMoU
dadelag xprnong, N Adeia xprnong avaQEPETal PNTWG.

@00
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Xpnuaroddétnon

e To napdv eknaideutikd UAIKO éxel avanTuxBei ota nAdiocia Tou
eknaideutikoU €pyou Tou didAaockovTa.

e To épyo «Avoiktd Akadnuaikd MaBripara oro Mavenoripio
Narp@v» éxel xpnuUaTodoTHoe! JAVOo TN avadiaudPPwWon Tou
eKnaldeuTIKoU UNIKOU.

e To €pyo uhonoleital oto NAaicio Tou EnixelpnoiakoU MpoypduuaTog
«Eknaideuon kai Aia Biou MdBnon» kal cuyxpnuarodoreital and 1y
Eupwnaikny ‘Evwon (Eupwnaikd Koivwvikd Taueio) kal and eBvikoug
nopouG.

ENIXEIPHIIAKO MPOTPAMMA

L EKMAIAEYEH KAl AIA BIOY MAGHEH 2 EXNA

: : £rEVOYN GTNV UoLVWwVid. TNE YVIOT: 2007'2013
* ok = T

YNOYPTEIO NAIAEIAL & BPHEKEYMATON, NOAITIEMOY & ABAHTIEMOY  EvPanaiko KOINANIKO TAMEID

Evpwnaiki Evwon EIAIKH YNHPEXIIA AIAXEIPIZHZ

Eopumolis Kowuns Taptlo s, 1 ouyxenuaToBéTon Trc EXAGGaG Kar T Evpumalicic Evwong
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Ykonog Evémnrag

©epeNwdn NPORAAUATA TNG APIBUNTIKAG YPAUUIKNG AAYERPAG.

e Hiepapxia BLAS.

e [M\okadonoinon kal BACIKEG MNPAEEIC GTO UMOAOYICTIKO UOVTENO IEPAPXIKNAG
MVAUNG.

Yneptaxug noAanAaciacuog Strassen kal NapaAayeEG.
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° Néa kal uneveuuion

9 MoANANAQCIACNOG INTPWO-JIAvVUCUA
e MOANANAQCIACUOG YEVIKWV UNTRWWYV

Q ©¢épuara anoBrkeuong Kal MpoonéAaong

© 1aBLAS
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Table 1
The increase of the computational complexity of an air pollution model in the period 1980-2014 (due to the refinement of the grids and to the involvernent
of more chemical species in the mathematical description of the underlying processes).

Ma. Dimensicnality of the model Number of grid-points Number of chemical species Number of equaticns
1 2-D 32« 32 2 2048
2 2-D 32 x 32 35 35840
3 3-D 32 32 10 35 358400
4 2-D 96 x 96 35 322560
5 3-D 96 = 96 x 10 35 3225600
B 2-D 480 : 480 35 B064 000
7 3-D 480 x 480 x 10 35 S0 640 000
B 2-D 480 2 480 56 12902 400
9 3D 480 = 480 x 10 56 139024000

10 2-D 480 x 480 169 38937600

1 3D 480 x 480 x 10 169 3E9 376000

And dpBpo Tou A. Jaffe (Harvard),

( )

Computers suffer from two fundamental limitations. Although the fastest computers can
execute millions of operations in one second, they are always too slow. This may seem
like a paradox, but the heart of the matter is: the bigger and better computers become,
the larger are the problems scientists and engineers want to solve.
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http://www.sciencedirect.com/science/article/pii/S0898122114002478
http://epubs.siam.org/doi/abs/10.1137/1026103
http://epubs.siam.org/doi/abs/10.1137/1026103

Yneveuuion Kal npdypauua dIAAeEENS

@ XTnv nponyoupevn JIGAeEN yIAnoape via TG NpdEelg BLAS kal e€etdoape
OPICHEVECG and AUTEG:
BLAS-1 DOT, _AXPY
BLAS-2 GER
AuTS éyive OTa MAQICIA TOU UMNOAOYICTIKOU JOVTEAOU UAG,.

@ IV npoondBeia va peiooupe Oy O1av éxoupe neplopiopévn KM,
eidape o1 yia v GER, eival anapaitnro va kdvoupe nhokadonoinon.

@ INnuepa etetdloupe TNy nepinmwon g BLAS-2 npdEng MV. I cuvéxeia Ba
NapoucIAcoUUE TNV NPAEN Nou NPOCPEPE! TIG NEPICOOTEPEG duVATOTNTEG
BeAtiwong NG enidoong yia To UNOAOYICTIKO ovTéNo. Autd Ba yivel ndN ue
nAokadonoion Kal KatGAANAN opyAvwon TwV EMUEPOUS UMOAOYICHMOV.
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Mnrpwo X didvucua: MV R GAXPY

c+c+Ab,cc R A R"™ pec RBX!

c«c+a'BceRX™ gecR®*! Bec R®X™

EEetdloupe TV NpwTn Nepintwon.
@ MV =AXxplus y yI' autd Kail N €VAAAKTIKI) opoAoyia GAXPY.
o Q =2mn3, Prin = NNz + 2N + na,

-1 4 1, 1
°’umin_2_|_2n]—{_ns'
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YAonoinon

Mopory DOT/ ik/ K. YPAUUEG: Ta OToIXeia Tou y unoAoyilovral and 1o
€0WTEPIKO YIVOUEVO TWV YOAUMWY ToU A UE TO X,

n3

ni — T/i‘l’aj:lsz 77i+zaik€k7 = ]7'°'7n'|-
k=1

Mop®r sAXPY/ ki / k. OTAAEC Ta oToIXeia Tou y unoAoyilovtal and Tov YOAPUIKO
ouvOUAOUS TWV CTNAWY Tou A:

n3
vyt ad.
k=1
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Kwdikag 1: MV kard yoauuEG

1 for i=l:nl
2 for k = 1:n3
3 y(i) = y(i) + A(i,k)*x(k);
4 end
5 end
Kwdikag 2: MV kard otAeg
1 for k=1:n3
2 for 1 = 1:nl
3 y(i) = y(i) + A(i,k)*x(k);
4 end
5 end

Euotpdrniog FaMénoulog ©  (TMHYT, M. Marpwv)
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Kwdikag 3: MV kard yoauuEG

1 LOAD (y,A, x);

2 for i=1:nl

3 for k = 1:n3

a y(i) = y(i) + A(i,k)*x(k);
5 end

6 end

7 STORE (y)

o &= (Dmin = 2n + mn3 + ns.

e Anareftal IC = O(nmn3)
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YAonoInoeIg

Kwdikag 4: MV kard yoauueES

for i=1:nl
LOAD (y (1))
for k = 1:n3
LOAD (A (i,k),x(k))
y(i) = y(i) + A(i,k)*x(k);
end
STORE (y (1))

® N o o A w N =

end

° b= Z”l](2 + Z]ni] 2) =2m + 2nn3
e Anareital K = O(1)
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YMoroinon av K = O(ns)

Kwdikag 5: MV kard yoauuEG

1 LOAD (x)

2 for i=1:nl

3 LOAD (y (1))

4 for k = 1:n3

5 LOAD (A (i,k))

6 y(i) = y(i) + A(i,k)*x(k);
7 end

8 STORE (y (1))

9

end

o = n3+2f’;](2—|—2}'i1 1) = n3 + 2m + mng = ®ryiy
e Anareital K = O(n3)

@ Yroroinon _AXPY av K = O(ny)

@ YBpidikr) uhoroinon yia K = O(min(ny, n3))

Euotpdrniog FraMéroulog ©  (TMHYT, M. Marpwv) 17 Oxtwppiou 2014 12/ 41



Fevikr) uhoroinon

‘ECTW N3 = mgzks kal
A=A, ALl Xx =[x 5 Xk
Aidonaon oe unoyivoueva:
y =y +Aixg + Axxo + -+ - A X

Av K = O(m3) 161€ K&Be pepikd MV/GAXPY yiveral pe BEATIOTo
®(J) =2 + mms + m3 dpa

o = Zka:CD(J)

= 2mks + nin3 + n3.
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EvaAAaKTIK) uhoroinon

‘EoTw Ny = myky kai

y=W vk, A=A Al

Aidonaon:
yi=y+Ax, I=1:k

Av IC = O(my) 161€ K&iBe pepikd MV/GAXPY yiveral ue BEATIOTO
®(J) = 2my + mynz + n3 dpa

o = icp(J)

= 2m + mnsz + kins.
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YUMNEPACHUA

@ H enoyn etaprdrai and 1 oxéon ny, N3 ue K.

@ Av Ny = n3 = nolTpég eival N + 2n + kynkai N? + 2ksn + n

Ma dedouévo K kai epdoov ni = n3 = n 1oxUel 81 ky = ks ernouévwe
O TEUAXIOUOC MPOG TNV N3 anairel AlyoTepec UETAPOPEC.

‘Exoupe
2n1n3 m
® = min( + mn3 + N3, 2m + mn3 + —n3)
ms m
2n1n3 m

= min(

+ mns + n3,2m + mnz + Kns)

Mapampnon H kaAUtepn ulonoinon efaptdral and T oxeon Twv dIacTACEWY e
10 K ka1 n enihoyry anarrei va egetdooupe 10 P yia 1 TpéG Twv SEKTWV.
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Koivd xapaktnpiotkd MV, GER

n,m > 1,n = 1viai,j,k € {1,2,3}
Q = O(r?), Prin = O(M?). fimin = O(1)

MoAUNAOKATNTEG TETPAYWVIKEG OTNV Kupiapxn didctacn

Mn anodorTikr) UAOMOINCN G IEPAPXIKA VAN

KaAdtepo pimin and mig DOT, _AXPY.

Baoikég npdteig ypoauuIkAg dAyeBpag 2ou eninédou
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MNapartnPEnoeIg

O tepaxioudg oe NAokadeg (Mokadornoinon - blocking) eival kKAeidi yia Tnv
OuyYPAQ@r) arnodoTiKoU KWAIKA YIA IEPAPXIKT) JVAUN. J

@ H ouvnBiouéveg otparnyikég Aaupavouv undyn Kal NapapETPONoIoUVTal
Bdcel Twv Népwv Kal eIBIKOTEPA €V YVWOE! TWV XAPAKTNPICTIKWY TNG
KOUPNC MVAUNG (cache aware)'. 0o nepicodrepec MAnPopopies yia
TOUG NOPOUG

@ Na v ev Aoyw oTpatnyikn, o KAAUTEPOG TEUaxIoudS ekapraral and 1o
MEYEBOG TNG KPUPNG MVAMNG KAl TV KATAXWPENTWV.

@ H ulonoinon nou eniAéEaue Baailetal oe BEATIOTN uAonoinon Suoiou aAd
MIKOOTEPOU MPOBAAUATOG e BIacTACEIG Nou eninétape BAoel Tou
MEYEBOUG TNG KPUPNG PVAUNG.

@ [a va diaAréEoupe TNV KaAUTEPN UAOMoINoN Npénel va eEetdooupe Kal
€VANMOKTIKEG EUPWAEUCEIC TWV BPOXwV !

1
Eival puciohoyiké va avapévoupe o 600 KaAUTEPN EVNUEPWON UNAPXE! YIA Ta XAPAKTNPIOTIKA TwV NOPWY ToU CUCTANATOG,
TG00 Mo BEATIOTO KWBIKA Pnopoupe va ypdwoupe. Yrndpxouv peBodoloyieg nou npoonaBouy va MAnaidoouv BENTIOTN enidoon ev
ayvoia Mg KPUPNG MVAKNG Kal Twv My népwv (cache oblivious, resource oblivious).
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MOANAMAQCIACNOC YEVIKWV INTEPWWY (MUKVWV + adOunTwv)

‘C: C+AB, CG Rer}z,AE Rn1><n37B€ Rnang“

Kwdikag 6: Pseudo-MATLAB BLAS-3 block with L/S

function [C] = mulmm(C,A,B)
LOAD (C,A,B)
for ?=1:n?
for ?=1:nv?
for ?=1:n?
C(i,3) = C(i,3)+A(1i,k)*B(k,J);

end
end

0O ® N o o A ® N —

end
STORE (C)

S

[K,Q,Pmn] = [O(ning + nng + nans), 2mnans, 2mng + (M + np)ns]
1 1 1

= fpn = — +— +—.
Hirin n3+2n1 2n,
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Nari yag evolapepeEl;

MOAEG ePAPPOYEC MEPIEXOUV (UEPIKES POPEC OE
AavBavouoca pop@n) npdteig tunou BLAS-3
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Nari yag evolapepeEl;

Matrix - Matrix multiplication on PIl @ 8661Hz, 512 Kb cache, VWindows 2000
on T T T T
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Narti yag evolapépel;

Technical Articles and Newsletters Matrix multiplication

Overview  Search Technical Aricles  Newsletiers v Cleve's Comer Collection  Sign Up.

MATLAB Incorporates LAPACK

By Cleve Moler, Mathiorks Exeotiontme 11

MATLAB started its ife in the late 1970s as an interactive calculator built on top of LINPACK and EISPACK, which were.
then state-of-the-art Fortran subroutine libraries for matrix computation. The mathematical core for all versions of
MATLAB, up to version 5.3, has used translations to C of about a dozen of the Fortran subroutines from LINPACK and
EISPACK.

LAPACK is the modem replacement for LINPACK and EISPACK. Itis a large, multi-author, Fortran library for numerical !
linear algebra. A new version was released in July and is available from NETLIB (www.netiib org/lapack). LAPACK was
originally intended for use on supercomputers and other high-end machines. It uses block algorithms, which operate on

several columns of a matrix at a time. On machines with high-speed cache memory, these block operations can provide Speodup
a significant speed advantage. LAPACK also provides a more extensive set of capabilities than its predecessors do. Gousslan elimination
The speed of all these packages is closely related to the speed of the Basic Linear Algebra Subroutines, or BLAS
EISPACK did not use any BLAS. LINPACK used Level 1 BLAS, which operate on only one or two vectors, or columns of
amatrix, at a time. Until now, MATLAB has used carefully coded C and assembly language versions of these Level 1
BLAS. LAPACK's block algorithms also make use of Level 2 and Level 3 BLAS, which operate on larger portions of
entire matrices. The NETLIB distribution of LAPACK includes Reference BLAS written in Fortran. But the authors
intended that various hardware and operating system manufacturers provide highly optimized, machine-specific,
versions of the BLAS for their systems.

Exeaution time

Megaflops

Anpootedtnke to 2000 oto Newsletter tng Mathworks,
http://www.mathworks.com/company/newsletters/articles/matlab-incorporates-lapack.html

Speedup
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MPOXOXH

Av 1a n; efval foa pge n 161€ N eAdXIOTN TIUNA
—o(})
Hmin = n
eival oAU uikpdTepn and TG TIMEG MOU CUVAVINOAPE WG Twpal

O NOAANAACIAoUSS INTPWWVY PaiveTal va MPooPEpEl TNV duvAlEl ueyalUtepn
TOMIKOTNTA METAEU TV AAYOPIBHWY MOU CUVAVINOAUE WS Twpa! (BuunBeite ta
Mflop/s). To epwinua eival «Nwe PNoPoUE VA ToV UANOMOINGOULE YIA VA TOV
aflonoIcouluE ;»
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MOANANAQCIACHOG MNTPWWV

Kwdikag 7: MATLAB BLAS-3

1 LOAD (C,A,B)

2 for ?=1:n?

3 for ?=1:n?

4 for ?=1:nv?

5 C(i,3) = C(i,3)+A(i,k)*B(k,]J);
6 end

7 end

s end

9 STORE (C)

Maparpnon: Yadpxouv 6 (= 3!) SiapopeTikég duvarég Suvardmnreg
ENPWAEUONG. LUUBOANIZoVTAl CUVABWG KE TNV TPINAETA TwV DEIKTWV YPAUUEVN UE
N celpd nou yivetal N edpwAeuon: | delktodortel TG YPAUUES Twv C, A, j TIG
omAeg Twv C, A kal k TIg OTAAEG Tou A Kal YPAUUEG Tou B.
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Epunveia eppwielocewy ( )

oceipd eowtepIkdg Heoaiog 1Pdno¢

Bpdxou Ppdxoc Bpdxog npoonéaonc

ik DOT MV/GAXPY Bdcel DOT A K. OTA., BK. ypauu.
jik DOT MV/GAXPY Bdoel DOT Bk. OTA., AK. YOQUU.
ikj _AXPY MV/GAXPY Bdoel GAXPY  BK. YPAUUES

jKi _AXPY MV /GAXPY Bdoel GAXPY  AK. OTAAEG

kij _AXPY GER B K. YPQUUES

kji _AXPY GER A K. OTAAEG
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IXNUATIKA avanapdotacn

] ﬁ i‘:‘ E
ifk jik
* I . L ¥ S
X

Kij ki

&

: : HJJ E‘:
ikj ki
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Mapddelyua: NOAANAACIACHOGS UNTPWWV HME euPwAeuon ik

Kwdikag 8: MATLAB BLAS-3

1 for i=1:nl

2 for j=1:n2

3 s = 0;

4 for k=1:n3

5 s = s+A(i,k)*B(k,]);
6 end

7 C(i,3)=s;

8 end

9 end

YUotaon: Aokiudote va evBécete LOAD, STORE kal eEeTdoTe 1a NpoKUNTovia

,C, q)min-

@ Y10 JMOVTENO HAG (KOl OE CUCTAHATA UE IEPAPXIKN MVAUN) EMAEYOUUE

UAonoliNceIg Nou €xouv yia BAcn NOANANACCIACUOUG
UNouNTEWwWV/MAOKAdwV.

@ OdnyouuacTte €101 e aAyopiBuUoUC e TPINAG eUPWAEUUEVO BpdXO HOVO
MouU N ECWTEPIKN EKPPAcN eival kal auth MNPdEn avavéwong UNouNTewou.
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MOANANAQCIACHOG UNTPWWV CE MAOKADEG

Kwdikag 9: MATLAB BLAS-3: blocked MM with IKJ outer
1 % !TeX encoding = IS0-8859-7

2 % "egel 'hdh g’ inei argikopo’ ihsh

3 for I=1:k1

4 for K=1:k3

5 LOAD (A ((I-1)*ml+1:I+ml, (K-1)*m3+1:K+m3))

6 for J=1:k2

7 LOAD(C((I-1)*ml+1:I+ml, (J-1)+*m2+1:J*m2), ...

8 B((K-1)*m3+1:K+m3, (J-1)*m2+1:J*m2))

9 C((I-1)*ml+1l:I»ml, (J-1)+*m2+1:J*m2) =

10 C((I-1)*ml+1l:Ixml, (J-1)*m2+1:J*m2) +...

n A((I-1)*ml+1:I+ml, (K=1)+m3+1:K+m3)*...
12 B((K-1)*m3+1:K+*m3, (J-1)*m2+1:J*m2)
13 STORE (C((I-1)*ml+1:I+ml, (J-1)*m2+1:Jxm2))

14 end

15 end

16 end
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@ Ta my, my, mz eNEAEYNCAV ETOI WOTE O «IKPOG» MOAANAACIACUSOG
uNTEWWV (MM) Z < Z + XY énou Z € RM>M2 X ¢ RM*Ms 'y ¢ RMsxm2
va ekTeAeital ye BEANTIOTO apIBud HETAPOPWV
¢min = 2mymy + myms + moms.

1 2
& = mnz + mmns(— + —),
m ms3

® Av 3 =m = my = ms Ba enizéyape 3 Tétoio worte 3532 < K.
@ Ynu.: MNpoocekTtikétepn avdiuon (Oxi edw) deixvel i 1o K unopei va
pelwBei ce myms + ms.
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MepPIKEG OMTIKOMOINCEIG (hors-d’oeuvre)

Matrix - Matrix multiplication on PIl @ 8661Hz, 512 Kb cache, VWindows 2000
on T T T T
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AnoBrikeuon NIiVAKWV, MPOCNEAACN UVAUNG KAl TOMIKOTNTA

Inuavtikd Béua: H anoBrikeuon noAudidctatwy dedouévwy otn (YPAUUIKN)
MUVAUN O€ Ox€on e Tov Tpdno npoonélaong ota dedouéva and o Npdypauua
Kal TNV TonikdTNTA.

@ YuvnBwg n NpoonéAacn oTa oToixeia MivAakwy yivetal ye otabepd Brua
(stride)

@ H pvrun eival povodidorarn enopévws N ouvrRBng anoBrkeuon
1-didorarwv Mivakwy eival anin.

@ ... Ol acToxieg unopouv va JelwBouv av N Npocnélacn yiveral ue priua
MIKOOTEPO TOU UEYEBOUG TOU «MAQICIOU KPUPNG UVAUNG» cache line.
@ Na noAudidoraroug nivakeg, To Béua eival Mo NepinAokKo.

@ [Mpwra npénel va E€poule NwS anoBnkeUeTal o Mivakag.
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ANoBAKEUON YEVIKWY MUKVWV UNTRWWV

YTV napouca culATnon evilapepdUacTe yia Ta MUKVA yevika unrpwd: AnAadn,
dev undpxel Kauia a priori yvwon oe oxéon e 1N doun Toug nou Ba unopouce
va ekeidikeuoel Tov TpdMno anoBrnkeuong.

Ti evwooUue; Na napddelyua, av yvwpilaue ot 1o untpwo eival diaywvio, 8a
pnopoUcaue va anoBnkeUcoupe poévov TN dIaywvio we €va ovodIAcTaTto
nivaka. Av yvwpilaue Ot To uNTpwo €ival CUPUETPIKS, Ba yrnopoUcape va
anoBnkeucoupe PoOvov Ta JICA GToIXeid, K.AM.
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Tpdrnol anoBnRKeUoNC YEVIKWV MNTRWWYV

AV TO m X n UNTPWO anoBnkeuTtei oe Sopr Sedopevwy Mou eival m X n Nivakag Kal To
MPWTO OTOIXEIO ToU Mivaka Bpiokeral otn uvAun otn dievBuvon by + 1, diakpivoupe 2
TPOMOUG AnNeEKOVIONG TWV CTOIXEIWV ToU Mivaka oTn uvAuUn (Mpocoxr): @ewpoupe OTi Kal
OTIG 2 NEPIMTWOEIG, Ol THEG TwV i, j apxiouv and 1 kal oxi 0).

AIdTagn kard ypaupég (row major order): (C, Pascal, Java). To oroixeio otn 8éon (i7 j)
Tou nivaka aneikoviletal ot dievBuvon by + (i — 1)n + j NG PvAUNG.
AnA. Ta ortoixeia kKdBe ypauung Bpiokovral ce diadoxikég dieuBuvoelg,
EVW Ol YPAUMEG anoBnkeuovral e TN oeipd nou Bpickovral OTov Mivaka.

Aidratn kard omAeg (column major order): (Fortran, MATLAB, Octave). To oroixeio otn
8éon (i, j) Tou mivaka aneikoviZetal om dievBuvon by + (j — 1)m + i.
AnA. ta ortoixeia kdBe oTANG PBpiokovral oe dladoxikeEg dleuBuvoelg,
EVW Ol OTNAEG anoBnkeuovTal e TN oelpd nou Bpickovtal oTov mivaka.

Aeite edw, 1o dpBpo g Wikipedia kai e5w OXETIKA e TNV anobrikeuon
mvdkwv ot MATLAB.
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http://webster.cs.ucr.edu/AoA/Windows/HTML/Arraysa2.html
http://en.wikipedia.org/wiki/Row-major_order
http://www.mathworks.com/help/techdoc/matlab_external/f21585.html

oauuIkry OeiktoddTNoN

R2011b Documentation — MATLAB

View documentation for other releases Learn more about MATLAS
Linear Indexing

You can refer to the elements of a MATLAB matrix with a single subscript, A (k) . MATLAB stores matrices and arrays not in the shape that they appear when displayed in the MATLAB Commanc
Window, but as a single column of elements. This single column is composed of all of the columns from the matrix, each appended to the last.

So, matrix &

A=[2609;428;351]

A=
2 [ 9
1 2 ]
3 H i1

is actually stored in memory as the sequence
2, 4,3 6 2,

9, 8,1

The element at row 3, column 2 of matrix & (value = 5) can also be identified as element 6 in the actual storage sequence. To access this element, you have a choice of using the standard
A(3,2) syntax, or you can use A(€), which is referred to as finear indexing.

If you supply more subscripts, MATLAS calculates an index into the storage column based on the dimensions you assigned to the array. For example, assume a two-dimensional array like &
has size [d1 d2], where dl is the number of rows in the array and d2 is the number of columns. If you supply two subscripts (1, J) representing row-celumn indices, the offset is
(-1 *dL+ i

Given the expression (3,2}, MATLAB calculates the offset into A's storage column as (2-1) * 3 + 3, or 6. Counting down six elements in the column accesses the value 5.
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MpoonéeAaon SIadOXIKWV CTOIXEIWV

Ano T péEBodo anoBrnKkeuong eEapTATal N OXETIKY) BEoN TwV OTOIXEIWV Tou Mivaka
oTn JVAUN. ZuvnBwg, N andctacn oTig JIeuBUVOEIG TWV OTOIXEIWV Ta oroia
{nrouvral eival oTaBepr) Kal KAAeiTal Briud 1 dIaokeNouoc npooBacnc (access
stride).

Epwtnon: MNa nivaka peyéBoug m X n, noidg eival o diackeNioudg yia Tnv
npdopacn dIAdOXIKWVY OTOIXEIWV KATA JNKOG KABE OTAANG 1 YOOUMUNG;
Av n dletBuvon Tou oroixeiou ot 8éan (i, j) Tou nivaka eival M kai n Jiaragn eivar:

K. YPaQuPEG a) 1dTe To oToixeio ot Béon (i + 1, ) eival o dievBuvon M + n.
B) 1o oroixeio om B8éon (i,j + 1) eival om dievBuvon M + 1.
K. OmAeg @) 1é1€ To oToIXeio ot Béon (i + 1, /) eival o dievBuvon M + 1.
B) 1o oroixeio om 8éon (i,j + 1) eival om dievBuvon M + m.
EmBupuntd: n npoonéAaon oTn Jvrdn va yiveral ue PIKpd dIacKENIOUO WOoTe va
undpxel TonikdTNTA Kal va aglonoloUvTal Ta OTOIXEIa Mou Npookoui{ovral evidg
MIag cache line.
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Mapddelyua npoonéhaoncg otn MATLAB

Y1 MATLAB n anoBrkeuaon vivetal Kard OTNAEG.

Kwdikag 10: MV kard ypauuég = BIacKeENIOHOG Ny.

1 for i=1:nl
2 for k = 1:n3
3 y(i) =y (1) + A(i,k)*x(k);
4 end
5 end
Kwdikag 11: MV kard othAeg = dIackeNouog 1.
1 for k=1:n3
2 for i = 1:nl
3 y(i) =y (1) + A(i,k)*x(k);
4 end
5 end

Euotpdrniog FraMéroulog ©  (TMHYT, M. Marpwv) 17 Oxtwppiou 2014 33/41


http://www.mathworks.com/help/techdoc/matlab_external/f21585.html

BLAS: Basic Linear Algebra Subprograms

Ano mn Wikipedia:

Basic Linear Algebra Subprograms (BLAS) is a de facto application
programming interface standard for publishing libraries to perform basic linear
algebra operations such as vector and matrix multiplication. They were first
published in 1979, and are used to build larger packages such as LAPACK.
Heavily used in high-performmance computing, highly optimized implementations
of the BLAS interface have been developed by hardware vendors ...

Tpia enineda: Ev cuvropia BLAS-1, BLAS-2, BLAS-3. Tevikd, avagépovral ce
npd&Eelg JeETAtU aAYEBPIKWY AVTIKEIUEVWV (UNTPWWV, dIavuoudTwy) ora onoia
unopei va ugictavial 3 dlactacelg cuvoAikA (o1 BaBuwroi dev AapBdavovral
unéyn)

@ BLAS-1: 1 didor. > 1, dnA. npdieig petatu diavuoudrwy (nx. DOT, _AXPY).

@ BLAS-2: 2 diaot. > 1, dnA. npdteig yetatU untpwwy, Siavuoudrwy (M.x.

MV, avavéwon 1adgng-1)..
@ BLAS-3: 3 diaor. > 1, dnA. npdEeig petafu untpwwy (n.x. MM).
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BLAS: Basic Linear Algebra Subprograms

@ API yia Baoikég npdEeic 1ng AlA. MeplypdgovTal n ovoparoloyia, o Todnog
KAoNG Kal ol NpdEeig, Oxi SUwS N uAoroinon.

@ Xuvonmikr napouciaon http://www.netlib.org/lapack/lug/node 145.htmi

@ Kwdikeg avapopdg http://netlib.org/blas/

@ Xpnoudtnra Ano 1o eyxelpidio Tng LAPACK: The LAPACK strategy for
combining efficiency with portability is fo construct the software as much
as possible out of calls fo the BLAS; the BLAS are used as building blocks.
The efficiency of LAPACK software depends on the efficient
implementation of the BLAS being provided by computer vendors (or
others) for their machines. Thus the BLAS form a low-level interface
between LAPACK software and different machine architectures.

Euotpdrniog FaMénoulog ©  (TMHYT, M. Marpwv) 17 Oxtwppiou 2014 35/41


http://www.netlib.org/lapack/lug/node65.html

MATLAB kai BLAS

Ano g cehideg g Mathworks.
INew Vendor BLAS Used for Linear Algebra in MATLAB

[MATLAB uses Basic Linear Algebra Subprograms (BLAS) for its vector inner product, matrix-vector product, matrix-matrix produet, and triangular selvers in \. MATLAB also uses BLAS
it= core numerical linear algebra routines from Linear Algebra Package (LAPACK), which are used in functions like chol, 1u, qr, and within the linear system solver \.

jon some platforms, MATLAB continues to use ATLAS BLAS.
Starting in Release 14, MATLAB 7.0 uses vendor BLAS from the vecLib library on the Mac.

tarting in Release 14 with Service Pack 1, MATLAB 7.0.1 uses vendor BLAS from

The Intel Math Kernel Library (MKL) Version 7.0 on Intel chips running both Windows and Linux. See the MATLAB 7.0 Release Notes fo

how to use the multi-threaded capabilities of MKL.

ACML) Version 2.0 library on AMD chips, native 64 bit application]
Overriding the Default BLAS Library on Sun/Solaris Systems

MATLAE uses the Basic Linear Algebra Subroutines (BLAS) libraries to speed up matrix multiplication and LAPACK-based functions like eig, svd, and \ (mldivide). At start-up, MATLAB selects
the BLAS library to use.

For Release 14 with Service Pack 1, MATLAS still uses the ATLAS BLAS libraries on the Sun Microsystems Solaris Operating System. However, you can switch the BLAS library that MATLAB
uses to the Sun Performance Library (Sunperf) BLAS, provided by Sun Microsystems.

Aeite To dpBpo tou Cleve Moler.
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http://www.mathworks.com/help/techdoc/rn/f14-998197.html
http://www.mathworks.com/company/newsletters/news_notes/clevescorner/winter2000.cleve.html

MATLAB kai BLAS

4m =) #- | « Release Notes + Version7 (R14) MATLAB Software b Mathematics, MATLAB Version 7 (R14) + Overriding the Default BLAS Library on Intel/Windows Systems
The incomplete gamma function, gammaine, now accepts the input argument tail, using the syntax

¥ = gammainc (X, 3, tail)

a1l specifies the tail of the incomplete gamma function when X is nan-negative. The choices are for tai1 are *1cwez" (the default) and *uppex". The upper incomplete
gamma function s defined as

1 - gammainc(x,a)

Overriding the Default BLAS Library on Intel/Windows Systems

Note Intel has used aggressive optimization to compile MKL. This optimization causes NaNs to be treated as zeros in some situations. Calculations that do not
involve Nalis are done correctly. In some calculations that do invalve NaNis, the Nals will not propagate.

MATLAB uses the Basic Linear Algebra Subroutines (BLAS) libraries to speed up matrix multiplication and LAPACK-based functions like eig, svd, and \ (midivide). At
start-up. MATLAB selects the BLAS library to use.

For R14, MATLAB still uses the ATLAS BLAS libraries, however, on Windows systems running on Intel processars, you can switch the BLAS library that MATLAB uses to the
Math Kemel Library (MKL) BLAS, provided by Intel.

If you want to take advantage of the potential performance enhancements provided by the Intel BLAS, you can set the value of the environment variable BLAS_VERSION to the
name of the MKL library, mic1 .11, MATLAB uses the BLAS specified by this environment variable, if it exists.

To set the BLAS _VERSION envirenment variable, follow this procedure:

Click the Start button, go to the Settings menu, and select Control Panel

On the Control Panel menu, select System.

Inthe System Properties dialog box, click the Advanced tab.

On the Advanced panel, click the Environment Variables button

In the Environment Variables dialog box, click the New button in the User variables section.

In the New User Variable dialog box. enter the name of the variable as BLAS_VERSTON and set the value of the variable to the name of the MKL library: mi1.d11

oo R
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