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EMNETHMONIKOY YITOAOTTEMOZX 1

30 ZET ATA®ANEIQN 09-16/10

H. TZITAPIAAY & E. TAAAOTIOYAOZ
Tpnpa Mny. H/Y kat TTAnpogopikrg
ITav/yo IMatpov

Baowkég npagetg ypappikng aAyeBpag
Eowz,y e R", a e R .

sDOT o « o + 2"y «wopikpuvor ( = reduction),

sAXPY y «— y + ax «aptddar.

sDOT sAXPY
fortr=1:n fori=1:n

o=0+&*n; ni=1n+axg
end end

AvdAuon DOT

o Q0 =2n, i, = 2n + 2.
e Av 10 pepkO ABpolopa MAPAPEVEL 08 KATAXDPNTE HEXPL TO TEAOG TOU BpoXou

wte O = P, (L= [min

e8dddag ¢ =3n+ O(1).

L4 M:Mmmzl—i_%

AvdAduon: sAXPY

.Q:2n

Dpin = 3In + 1.

e To ®,,;, ermtuyxavetal, epocov 10 v TIAPAMPEIVEL OE KATAX®PNTH Katd T Sidpkrela tou
UTTOAOY1010U.

L4 #:Mmin:%—f_%-

To ovoua mpogpyetat arnod ug Aégelg a x plus'y.
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YAorowoetg oe LOAD-STORE

DOT sAXPY
LOAD z, y LOAD z, y, «
fortr=1:n fortr=1:n
o=0+&*n; n = +ax*§
end end
STORE o STORE y

Ermtuyxavetat 1o @i, e kpugn pvhpn O(n).

YAoroinon pe xkpuor) pvrun O(1)

DOT sAXPY
LOAD o LOAD «
forir=1:n fori=1:n
o=0+&*n; n = n; +ax§;
end STORE 7,
STORE o end

Kootog DOT: @ = 2n + 2 xat 2 = 2n pe O(1) 9éoe1g kataxepnt@V Kat APECN§ PVAING.
Kootog sAXPY: & = 3n + 1 ka1 2 = 2n pe O(1) 9éoeig kataxwpntodv Kat Apeong pviung.
[MPOXOXH Erutuyyxavetat ¢ = &, pe xkpuon pvrnpn O(1) ...!

Kowa xapaxktnpiotikda DOT, sAXPY

o IIpdageig Sravuopatewv kat Babpwimv.

e E181kn nepimmon tou ATA.O

e Oriou n; =n; =1, n, > 1y, j ke {l,23}.

o 0 =0(n) = Dy Tpappikr OAUMAOK. Ypappikég otnv Kupiapxn Siaotaon
e /imin = O(1): Mn anodotikr) udonoinon oe 1Epapy Ky Pvun

Xapaxtnpioviatl g

’Baomég Pagelg ypappikng aiyeBpag lou erurédou: BLAS-1

Av AdBoupe oav Paocikn 6idotaocn to 1, TO KOOTOG €ival Ypappiko - Aépe OTL ot
npagelg auteg eivat 1ov emmedou.

[Mapadetypa vdomnoinong sAXPY
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subroutine daxpy(n,da,dx,incx,dy,incy)
c constant times a vector plus a vector. ¢ uses unrolled
loops for increments equal to one. c jack dongarra, linpack,
3/11/78. ¢ modified 12/3/93, array(1l) declarations change dto
array( *)
double precision dx( +),dy( *),da
integer i,incx,incy,ix,iy,m,mp1,n

c
if(n.le.O)return
if (da .eq. 0.0d0) return
if(incx.eq.1.and.incy.eq.1)go to 20
c code for unequal increments or equal increments not equal
to 1
ix =1
iy =1
if(incx.1t.0)ix = (-n+1) *incx + 1
if(incy.lt.0)iy = (-n+1) *incy + 1
do 10 i = 1,n
dy(iy) = dy(iy) + da * dx(ix)
iX = ix + incx
iy = iy + incy
10 continue
return
c code for both increments equal to 1 c clean-up

loop 20 m = mod(n,4)
ift m .eq. 0 ) go to 40

do 30 i = 1,m
dy(i) = dy(i) + da * dx(i)
30 continue

if( n .It. 4 ) return
40 mpl =m+ 1
do 50 i = mpl,n4
dy(i) = dy(i) + da * dX(i)

dy(i + 1) = dy(i + 1) + da »dx(i + 1)
dy(i + 2) = dy(i + 2) + da *dx(i + 2)
dy(i + 3) = dy(i + 3) + da »dx(i + 3)
50 continue
return
end

Avavéwon 1ng taéng: ny,ne > 1,n3 = 1 (cuxva ... ovopdletat GER av kat ) pia tou ovopatog
sivat arAd to R!Y)

C—C+ab", CeR"™ qcR™ becR™,
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e ()= 27?,1712

o Oy =2n1n9 + 1y + no

N
forj=1:n,
fori=1:n
Yij = Vij + Qi * 5
end
end

YAoroinon BéAtiotou Dy,
LOAD a, b, C
forj=1:ny

fori=1:n4
Yij = Vij + i * 5

end
end
STORE

anattel £ = O(ny X ng)

Yloroinon pe K = O(1))
forj=1:n9
LOAD f,
fort=1:m
LOAD Yig, O
Yij = Yij + Qi % 5
STORE 7;;
end
end

o &= 27;(1 + 2?211 3) = ng + 3niny
e KAtd NNy — Ny peyaiutepo ou P, pe K = O(1).

e Mei®oape 1o XwPo, aushoape to XpOvo.

[Mapatiipnon: AAyopidpog 1 yia K = O(ny).
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LOAD a
forj=1:ny
LOAD f3;
fori=1:n,
Yij = Yij + Qi * 5
end
end

o &= ny + Zyil(l + ZZL_ll 2) =ny +n9g + 2711’)12

e Erutuyyavetat @, pe K = O(ny)

Evaldaxkuka: AAyopiOpog 2 yia K = O(ns)

LOAD b
fore=1:m

LOAD q;

forj=1:n9

Yij = Yij + Qi * 5

end

end

o D=my+ Y (143002 2) =ny + 1y + 2mimy

e Erutuyyavetat @i, pe K = O(ny).

e [6¢a yla «uBp1d1kd» aAyopiOpo rou Aettoupyet avadoya pe 1o pEyebog tov 1y, no:

Yloroinon pe K = O(min(ny, ns))
Av K = O(nq) tote
ermAgyoupe tov AAyopiBpo 1
aAAo1wg
ermAéyoupe tov AAyopibpo 2

Tt kavoupe av K < O(min(nq,ns));

Tevikog tepayiopog — «Oppaboroinorny Tepayiloupe to C oe tprpata peyeboug my X my 0rou
n; = m;k; xat avtioroxa ta a, b:
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Cry = VI —-1)my+1:I%m;, (J—l)m2+1:Jm27I =1:k,J=1:k,
ar = QI-1)ymi+1:Imys
by = 5(J—1)m2+1:Jm2,
CH 01714;2 C’11 Cl,kz aq
. o . . T
T Y T B R I
Ck’l,l Ckth Ckl,l Ckl,kg A,

To 1eAk6 anotédeopa amnoteleitatl amno 6Aa ta

C[J:C[J-i—a[b;, I=1:k,J=1:k

for J =1:k
for /] =1:Kk
(* Ydoroinon g Cry = Cry + arb) #
end
end

ZuvBéoape NV avavémon PNIPOOU PeYEBOUS 717 X Ty A0 AVAVEDOEIS PNTPOOV
Hey€boug my X Mg, 6mou n; = m;k;.

Movobidotatog tepaxiopog oG rmpog ny Av, yla napadetypa, srudégoupe my = O(K) kat tepa-
xiooupe 1o b oe ko Tpfjpata:

for J=1: ko
LOAD b,
C;”] = C;J—i—a:bj
end

Kabe C. ; = C. ; + ab} vloroteitatl pe 1o BEAtTioTo apOpo petapopnv,
(I)(J) =n1+me + 2n1m2

Y UVOAKA
ko

b = Z@(J) = nlk’g + ng + 2711712

J=1
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Kdat

Enopéveg pe tov maparndve TEPAX1opo Ol Mmapdrndve O0pol eAayilotorolouvial AapBavoviag
moy = K:

'EvalAaktikd : MmopoUpie va TelaXi00UHE TO @ KAl va OUVOEoOUE NE0® BEATIOT®V UAOITOIOERDV
ms Cr. = Cr, +ab'.
Zuunepaopata

e O Tepaylopog rou odnyel otnv KaAutepr vAoroinon kabopiletal aro 1o peyebog ng
KPUPNS PVIINGS KAl T®V KATAX®PNTOV

e 1) eAAX10TOTIOIN 0T £Y1VE £§€TALOVTIAG TNV UAOITOINOT] TIOU ETMITUYXAVEL TO [lmin V1A TO PIKPO-
TEPO TIPOBANA,

e 1 audnorn g arodoong oPpeidetal o UAOITIOIOE1S TIOU TIAPOUCIAOUV AUSNIEVI] XPOVIKY)
TOTUKOTITA.

e cietddoupe Kat vdoror)oelg rou Baocidovial oe avaotpopn) TV BPoXmv.

Mntpwo X diavuopa: MV

c—c+ Ab,c € R"*1 A ¢ Rm*™s | ¢ R™*!

c—c+a' B,ceR> g e R%¥ B e Rw*™
2t ouveéxela e6etaloulie TNV MPQOTH MEPITOOoN.
e MV=Azxplusy,
o () =2n1n3, P = ninsg + 2ny + ns,

o fmin =5+ 50+ 5

2n1q ns "’

YAoroinon
Mop¢n DOT/ ij/ K. ypPappég: ta otoikeia tou y urodoyidoviat and 10 E0RTEPIKO YIVOIEVO

TV ypappov tou A pe 1o x,

n3
i — i+ a; x =1+ Zoéikfk, i=1,..,n.
k=1
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Mopo¢1n sAXPY/ ji / K. otfjAeg 1a OTO1XEla TOU Yy UrtoAoyioviatl and 1ov ypappiko ouvdua-

opo TV otnA®v tou A:

n3
y—y+ Za;,kfk-
k=1

fori=1:ny
forj=1:n3
mi=ni + iy * &
end
end

Mopgn DOT / ij/ . yoauuss

Mopgn sAXPY / ji/ k. otiieg

forj=1:n3
fori=1:ny
N = 1M + Qyj * &
end
end

YAorooeig

LOAD A, x,y

fori=1:n
forj=1:ng

ni =i + au; % &

end

end

STORE y

o & = (I)min = 2711 + ning + ns.

e Anaueitat £ = O(ning)

YAorotroeig
forte=1:m
LOAD 7;
for j=1:n3
LOAD Qs gj
m =+ aij *§;
end
STORE 1)
end

o &= Z?:ll(Q + Zyil 2) - 2”1 -+ 2711713

e Arnauteitat £ = O(1)

YAdoroinon av K = O(ng3)
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LOAD =z
fore=1:m
LOAD n;
for j=1:n3
LOAD Qi
ni =i + auj x5
end
STORE 1)
end

e & = ns + 27:11(2 + Z;lil 1) = N3 + 2n1 + nins = CI)min
e Anatteitat £ = O(ng)
e YAorwoinon sAXPY av K = O(n;)

e YBp181kr} vdoroinon yia K = O(min(ng, n3))

lCevikr) vdomoinon
'Eotw n3 = msks kat

A= [Al’... 7Ak3]’x: [xl;"' ;l'krg]
Awdotaon og uroytvopeva :
y=y+ Aix; + Agwg + - - - Ap, g,

Av I = O(m3) tdte kaBe pepiko MV yiverat pe Béduioto O(J) = 2ny + nymg + ms dpa

k3
o o= > o)
J=1

= 27”&1]6’3 + ninsg + ns.

EvaAAaxTtikr) vdoroinon
Eoww n; = mik; xat

Y=l iU, A=[A - Ay

Adotmaon) :
yr=yr+ Az, I=1:k

Av I = O(m;) téte kaOe peprd MV yiverat pe Bédtioto P(J) = 2my + myng + n3 apa

k1
o o= ) B(J)

= 2711 +ning + klng.

Yuunepaopa
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e H ermdoyr) eaptdatat ano ) oxéon ny, n3 pe K.

e Avny = n3 = n ot tpég eivar n? + 2n + kyn kar n? + 2ksn +n
Ta 6ebopévo K kat epooov ny = nz = n 10XVl 0T k1 = k3 EMOPEVOS O TEPAXIONOG
P0G TNV N3 ATTAITEL AlyOTEPEG PETAPOPES.

‘Exoupe

2711713

ny
+ ning + ng, 2ny + ning + —ngs)
ms my

27’1,1713 ny
+ ning + ng, 2ny + ning + —ns)

K K

[Mapatpnon H kalutepn vldoroinon e§aptatat and ) oxéorn v daotdoenv pe 10 K kat n
ermdoyr) artattet va e§etacoupe 1o P ya tig TG IOV SEKTOV.

® = min(

= min(

Kowd xapaxtnpiotika MV, rank-1

e E10kn) nepimtwon tou ATA.O
e n;,n; > 1,n,=1vwai,jke{l,23}
e 0 =0(n?), Ppin = O(N?), pmin = O(1)

[TOAUTTIAOKOTNTEG TETPAYWDVIKEG OTNV IMPATAPXIKY diraotaon

Mn anodotikr) UAomoinon og 1EpapX1Ky] PV

KaAutepo fimin and tig BLAS-1

Baowkég mpdagetg ypappikng adyeBpag 2ou ermrédou: BLAS-2

[ToAAammAaolaopog PNTPEO®V

C=C+AB, CeR™ ™ AecR"™™ BeR"™"™.
o ():= 2711712713, (I)min = 2n1n2 —+ nins3 + nans,

L ,urnin:n%o’_'_L—i_L

2n1 2nso ”

Av 1a n; elvat ioa pe n 10te fyin = O(%) TTOU UITOPEL va €ivatl TIOAU MIKPOTEPO TV TIHROV

TTOU OUVAVT|OAIE OTIG ITPONYOUHEVESG TTPASELS.

Auvatomta yla arnodotikotepeg vdororjoelg and BLAS-1, 2

e TToAurmdoxkotnta: ApOunNUKAG KUBK) - MetakiviioemV TETpayOVIKD.



OFE. TAAAOIIOYAOZ, 2008-09 11

Baowr) ipdn ypappikng diyeBpag 3ou srurnédou: BLAS-3

YAortoinon
LOAD C, B, A
fort=1:n
fork =1:ns
forj=1:n9
Yij = Yij + ik Br;j
end
end
end
STORE(C
K = O(ning + ngns + ning) xat & = dy,.

e Ta ny,ng, ng wote K = O(nyng + ning + nang) 10 Py, etvatl epikro.

e AAMo10dg Tepayidoupe ouppopda os «opprabougy.

YAomoinon
fortr=1:n
fork =1:ns
LOAD «;;,

foryj =1:n9
LOAD 7, Bk,
Yij = Yij + QikOkj
STORE 7,
end
end
end
K =0(1) kat & = 3nynong + nins.
Zxnpa Bpoxev yia MM

for 7 =1:n-
for?=1:n,
for?=1:n,
Yij = Vij T QirBr;
end
end
end
Ia v vldormoinon mpEmnetl va avilkataotjooupe ta oupBoda ? pe toug Seikteg Kat aplBpoug
(1,1),(4,2), (k,3). O mwprvag tou Bpoxou eivar avefdptrog ard tov 1péro diatagng tev
delktv.
Av ¥prnotporoirjooupe tov TprAd eppoisupévo Bpoxo exoupe 6 = 3! ekdoyég tou moAdarda-
olaopou.



CE. TAAAOITIOYAOZ, 2008-09 12
oclpa E0WTEPLROG PEOCALOG TpOMnog
Bpoxou PBpoxosg Bpoxog npoonédaong
17k DOT dlavuopa X pnrpwo A k. otd., B k. ypapp.
jik DOT pneoo X Siavuopa B k. othd., A k. ypapp.
kg SAXPY MV k. ypappég B k. ypappég
jki sAXPY MV K. otfjAeg A k. ot)leg
kij SAXPY eCRTEPIKO YIVOPEVO B K. ypappeg
kji sAXPY eCRTEPIKO yvopevo A k. otrleg

IMa kabe 61atan v BPoOX®V, IMTPOKUIITEL O TTIOAAATTAACIACHOS UNTPW®V G oUVOEoN

arod Stapopetikeg rpagelg twv BLAS-1 kat BLAS-2.

[Mapadetypa Ag 6oupe 11 evvooupe OTOV MPONYOUHEVO Tiivaka, otav Afpe, yia rapadetypa ot

kji  sAXPY

eCOTEPIKO yIvopevo B k. otrleg

Kat apxnv, xpnoworoiovpe to yeyovog ott C' = C' + AB propei va ypatel og e§ng:

Ia napadsiypa,

_ Y11
V21
_ Y11
Y21

n3
C + Z a:,kbk,:
k=1

(..

. (C + a:,lbl,:) + a:,2b272) T

Y12 a1 511 + ai2f
+
Y22 a1 011 + (a1

z;z) + (Z;) (511 512) +

) + - a:,ngbng,:

1112 + 1229
9131 + 2322

(02) (0 0

dnAadn, propovpe va ypawoupe 1o MM wg n3 dtadoyikeg avavewoelg 1ng taéng tou C. Autég
01 51060X1KEG AvaveE®MOELg TIEPIEXOVTIAL 08 KAOe ermavAAnyrn) 10U e§®IEPIKOU BPOXO0U.

O edwtep1kdg beiking enavaAnyng eivat 1o k£ rou diatpéxet ) Sidotaon ng.
O peoaiog 6eiking eival 1o j ou SlaTPEXEL TO No.
[MTola mpdagn exktedeital evidg tou peoaiou Bpoxou; H vldoroinon kabe

yivetat og e€ng: Apou

[C:,la "'7cs,n2]

C = O + a;,kbk,;

rank-1

[C:,la ceey C:,nz] + a:,kbk,:
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10te 11 j otjAn tou C' avavedvetal wg egngG:

\C:,j - C:,j + a’:,kﬁk,j;

~~
sAXPY

ITpoo£gte 6Tt Xprjotponolovjie 1o oUpBoAo [ j @S To j ototxeio tou dravuopatog by, .. Apa péoa
oto peoaio deiktn exteAeital SAXPY.
TéAog, péoa otov e0nTEPIKO Ppodxo, pe deiktn ¢ mou dratpéxet anod 1 wg ny, exkteAdeitar n (FMA

1)

Yij = Vij + ik Oxj

[Mapatnpnoeig

e Ot moAAardaoctacpoi €xouv 6dot oa Baon mpddelg BLAS-1, BLAS2 mou €xouv, Omnwg
etdape, pikpn torukoTnIaA.

e Y& OUOTNHATA HE lEPAPYXIKT] PV, SOKIPIACOUNE VEVIKEUOELS TOV TIAPATIAVE® ATIO TIOAAA-
MAao1a0P0Ug UTIORNTPOGMV.

[ToAAarmAaotlaopog pnpoev péowm Siodidotatng oppabornoinong
Eoww 6tt ot A, B, C éxouv tepayiotei oe «oppabougy:

C[J e Rm1Xm37AIK E lexmg’BKJ E lexmg

for/ =1:Fk
for K =1:k3
for J =1: ks
Cry=Cry+ Ak Bgy
end
end
end
Avagopég:

e BA. o010 B1BAio mapddetypa (artd Golub, Van Loan) mou ouykpivel povodidaotaty kat
b6161aotatn oppabortoinon.

e BA. g avagopég Ueberhuber kat Daydé xkat Duff.

[MToAAamAaolaopog PNTpeev PEo® di1o61dotatng oppadortoinong
Eotww 6t1 o1 A, B, C éxouv tepaxiotei oe «oppabougy:

CIJ c lexmg,A]K c Rm1><m3’BKJ c lexmg
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for/] =1:Fk
for K =1: ks
for J =1: ko
Cr;=Cry+AigBgy
end
end
end
Avagpopég:

e BA. oto BBAio mapaderypa (aro Golub, Van Loan) mou ocuykpivel povodidotatn kat
6161aotatn oppaboroinon.

e BA. 11ig avagpopég Ueberhuber kat Daydé kat Duff.

[ToAAarmAaotlaopog pnpoev péowm Siodidotatng oppabornoinong

[T6te /Tov kavoupe LOAD;

... pE PE100!
for [ =1:k
for K =1: ks
LOAD A;x
for J =1: ks
LOAD C};, Bk
Cry=Cry+AixBgy
STORE C};
end
end
end

Oppabortoinon Av ermAégoupie g 6100TACEIS OOTE

K= O(mlmg + mims + mzmg)
N E0WTEPKT) PAdn vdoroteitatl pe BEAtioto apOpo petapopnv

(I)([, J, K) = 2m1m2 + mims -+ moms.

Y UVOAKA
k:1 k‘3 k'2
® = Z Z(mlmg + Z(lemg + mams))
=1 K=1 J=1

2
= nins -+ nanng(E + E)
1 3
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e H eropevn vldoroinon ermdéyel 10 «xapakiplouko» péyebog oppabou (blocksize) NB
Wwote
3NB? ~ K

e AUTO EMITUYXAVETAL PE E101KO apxeio «mpopetridar ...

e ... TIOU TEPIEXEL TIIVAKA M€ TIPEG TTOU de®pouvial «KAAES Y1d TA ONPAVIIKOTEPA UTIOAOY1-
OTIKA ouotrata.

Avagpopd Alaboan Katl NAEKTPOVIKA PEO® NG 10T0oeAidag tng KeTPIKAG P1BA100N KNG :

DaydeDuff99 M.J. Daydé and lain S. Duff, “The RISC BLAS: A Blocked Implementation
of Level 3 BLAS for RISC Processors”, ACM Transactions on Mathematical Software
(TOMS), 25(3):316:349, 1999.

[Mapdadetypa vdonoinong (Dayde, Duff)

SUBROUTINE DGEMM (TRANSA,TRANSB,M, N, K, ALPHA, A, LDA, B, LDB,
$ BETA, C, LDC )

* .. Array Arguments ..
DOUBLE PRECISION A( LDA, = ), B( LDB, = ), C( LDC, = )

*  DGEMM performs one of the matrix-matrix operations

* C := alpha *op( A ) *op( B ) + beta =*C,

* where op( X ) is one of

* op( X ) =X or op( X ) = Xt,

*

* alpha and beta are scalars, and A, B and C are matrices, with op (A)

* an m by k matrix, op( B ) a k by n matrix and C an m by n matrix.
* Form C := alpha *A*B + beta *C.
DO 70, L = 1, K, NB
LB = MIN( K-L + 1, NB)

DO 60, | = 1, M, NB
IB=MN(M-1+1, NB)

DO 621l =11+ 1B-1
DO 61 LL =L, L+ LB -1
AA(LL-L+1,11-1+1)=ALPHA = A(ll,LL)
61 CONTINUE 62 CONTINUE

DO 50, J = 1, N, NB
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JB=MN(N-J+1 NB)

*

Performs matrix-matrix multiplications

IF ( ( MOD(IB,2).EQ.0 ) .AND. ( MOD(JB,2).EQ.0 ) ) THEN
CALL DGEMML2X2_NN( IB, JB, LB, AA, NB,

$ B(L J) LDB, C(1I, J), LDC)
ELSE
CALL DGEMML_NN( IB, JB, LB, AA, NB,
$ B(L J) LDB, C(I J), LDC)
END IF
*
50 CONTINUE
60 CONTINUE
70 CONTINUE
[Tapatwnpnoeig

e ZinVv npaypatukotnta dev xpetddetat téoo peydio

e H sontepkr] mpddn eivat pua oelpd arto MV yia tv BéAtiotn vloroinon t®v oroiov
9éAoupe povo XoOpo yla pia otnin ou B, dnA. mg.

Emniong xpesialdépaote xopo yia to Ajk.

AnA. ermdéyoupe mymy + mg < K

H npdagn C «+— C + AB pe r = ng < ny, ny €ival avavéwon taéng-r.

Ta BLAS

Basic Linear Algebra Subprograms (BLAS) is a de facto Application Program-
ming Interface standard for publishing libraries to perform basic linear algebra
operations such as vector and matrix multiplication. '

e ITpwtn dnpooisuon 1o 1979, xpnowomnow)Onkav yia tn ouvOeorn tov B18A100nkov LINPA-
CK, EISPACK. Znpepa xpnowporotouvtat otnv LAPACK.

e Xprnowporolouvtal ektevéotata otov EY kat og uroAoyiopoug uyndaov ermdooewmv.

o E181kég B1BA1001keg ou vAorolouv ta BLAS €xouv avarntuxbei oe epeuvnuika kat Bio-
HNXavika epyaotrpid.

Mep1kéG UAOTTO)OE1G

1 http://en.wikipedia.org/wiki/Basic_Linear_Algebra_Subprograms
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refblas YAomoinon avagopag tng Netlib oe ekdoxég C, Fortran.

ATLAS Autopubpidopevo Aoylopiko I'pappikng AdyeBpag, avolktog kodikag arnd BLAS API
oe C, Fortran.

CUDA SDK Ilapéxet Aettoupyikotnta BLAS oe C oe kapteg ypapikov GeForce 8 Series.
Intel MKL Acttoupyikotnta BLAS yia ouotfjpata Pentium, Itanium.

GSL BLAS otnv GNU Scientific Library.

Goto BLAS Y\orowjoeig BLAS tou Kazushige Goto.

ESSL YAorowoeig BLAS oty IBM’s Engineering and Scientific Subroutine Library ywa to
PowerPC.

Katnyoptomnoinon

BLAS-1: 'Otav povo pia ano tg daotdoeig n; etvat peyadutepn g povadag, dnA. mpaelg
Tou tinou dwavuopa/diavuopa. IIx. 10 eowtepkd ywopevo DOT (ng > 1), kat ot
npdageilg sAXPY (ny > 1 1 ng > 1.) O apiBpog npdgenv kat petapopov tote eivar O(n)
KAl EMOPEVRS [imin = O(1). dpa €xoupe pikpr) torukomta. Xpnotponofnke ya my
Kataokeur] tov B8AtoOnkeov LINPACK, EISPACK (~ 1975).

BLAS-2: 'Otav akpiBog duo arod tg diaotdoelg ivat peyalutepeg g povadag, SnA. mpagetg
TOU TUTIOU pntpeio/Sidvuopa. AaBaivoviag tig duo autég draotdoelg 10eg Pe 1 £XOUNE MIOG
0 ap1Bog TRV IMPASEMV KAl TOV PETAPOPQOV eivat O(nQ), dpa £XoUpEe KAAUTEPT) TOITIKOTNTA
XWPOU Kat Xpovou arto v BLAS-1. IIpotdBnke yla AroOtedeOpatiKy ernegepyaoia oe
dlavuopatikoug HY (péoa tou 1980).

BLAS-3: 'Otavn; > 1yia j = 1,2,3, énd. mpdgeig tou tirnouv pntpeio/pntpeio, onote éxoupe
KAt augnpévn tormkotnta 1.X. av n; = ng = Ng = N 10T €XOUNE O(n2) HETadopEg
yia O(n?) mpagets. Tpotabnke ota téAn tou 1980 yia v KaAutepn Xprjon napdAAniev
HY xat HY pe epapxikr) pvhun. XpnowponoinOnke yua v kataokevr) g LAPACK
(= 1987—).

Eow C «+— C + AB ya éva pévo péyebog n:

Ipagn | (ny,n2,n3) Dpin Hmin
DOT (1,1,n) 2n+2 | 141
SAXPY | (n,1,1) | 3n+1 |2+
(I,n,1)
Rank-1 | (n,n,1) [2n+2n| 1+
MV (n,1,n) n*+3n | 14+ 52
(1,n,n)
MM (n,n,n) 4n? 2
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[Mapawpnoeig yia ta BLAS

e Ta BLAS napéyouv (Application Programming Interfaces (API)) pie ouykekpipeveg mpo-
Staypa@ég Kat 0X1 UAOTION0E1G = PETadPepotpotnTa

e Yjlomoinon enagictal otoug oxedlaotég AoylopikoU /UAkoU = uynAr) eriboon
e O1 ovopaoieg eivatl tunornotnpéveg Kat avadeikvuouv 1o €16og tng rpding.

Tt yivetat onpepa (2000-); Yynldotepn emidoon Kat eMEKTACELS :

e ATLAS yia autopatn ouvbeon BLAS.

e BLAS 1oAU uynArg eniboong péon 18ewv tou K. Goto mou otoxevuouv otn peiwon tou
mAr)0oug tov TLB (Translation Look-aside Buffer) misses.

e Emnextdoeig:

{ denagn pe nowkAia yAwooov (.. Java).

{ mpageig yia apaieg 6opég (apatd pnrpoa)

{ npdieig mpooavatoAiopéveg o TIAPAAAnNAd CUCTHHATA PE KATAVEUNEVT] PUVIHD)
{ enéktaon o€ meP1000GTEPEG TIPASELG TIOU XapaKnpidovial UTIOAOY10TIKOL TTUPTVES

{ apOunukn exktetapévng akpiBelag, aplOPNTIKY draotpATOV

«Ermyeipnon» ATLAS. (Dongarra et. al. 1998-)

Automatically Tuned Linear Algebra Software

SANS: Self-adaptive numerical software.

e AOYIOHIKO Y1d TNV AUTOPATH MAPAY®YL) Kal BEATIOTONOINon aplOpnTukou AOY1IoUKoU yid
EMESEPYAOTEG HE 1EPAPXIKT] UVAT KAl aplOpnukég povadeg pe pipelining.

e E181kotepn épgaon otig BLAS o ouvBetn nipasn, DGEMM

e Kasparov evavtiov tou Deep Blue

Yridpyxet tporog va netuxoupe tayxutepo MM;

‘Ocot tpérot oudntioape: 2n — n? a.x.u. — O(n?)

lvetat tinota kKaAutepo;

U
Oswpia adyopibuev — «Yrieptaxeigy pébodot

4
O(n?), [ =2.%xx?
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( A A ) _ ( Bi1 DBis ) ( Cii Cho )
Ag Ago Byy By Co1 Oy
_ ( B11C1 + B12Cy B11Cha + B12Cy )
By1Ch1 + B2Co1 Ba1Cha 4 ByaCoo

n

T(n) = 8T(5) +4(3)’

\)

e 8 «xX» kat 4 «t», Kavéva ywouevo dev enavadlapBavetat

I6¢a TToAAarmAaotaopog pyadikev

(a+ib)(c+ id) = (ac — bd) + i(bc + ad)
@aivetat va ototyidet 2(+) kat 4(*) opwg av ypayoupe
p = (a+0b)c=ac+bc

(c—d)a =ac—da
= (a—b)d=ad—bd

ETTOPEVRG
(a+ib)(c+id) = (¢ +7)+i(p —q)

otoiyidel 5(+) xkat 3(*)
Xpnoeg Av ta a, b, ¢, d givat pnrpoa:

e TO KOOTOG TTOAAAITAQGIACHOU MIPAYHATIKOV UNTPOeV peyeédoug n eivat 2n® — n?, 1o kéotog

npdéoBeong eivat n? emopéveg: TO KOOTOG MOAAATIAACIACHOU HIyadiKOV UNTPO®V O
PAgelg MPAYHATIKOV eivat:

8n® — 2n?
EV® HE TO TPUK

6n> + 2n?

OIoTE, IT.X. AKOPA KAl yld €va «iKPOooKoruko» punpoo n = 10, 7800 eved pe 10 1puk
6200.
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e IS1aitepa XpHiO1H0 OE MIEPUTIWOOELG TTOU TIPETTEL va uTtodoyicoupe eravelnppéva XY (1), XY (2), ...
orou X, Y (k) €e C"" xar X = A+iB, Y(k) = C(k) +iD(k), o Y (k) eivat ouvapon
ToU k ylati tote priopoue va snavaypnotporotjcoupe ta A + B, A — B.

T k&voupe ; KaBopiotikn 1 oupBoAr) tou Volker Strassen @Berkeley (1969) - Me v epyaoia
Gaussian Elimination is not Optimal, Numerische Mathematik
Avadpopika urtodoyidovrat ta unopnEOA

Py = (Bia — B2)(Co1 + Co)
Py = (By1 + Ba)(Ch1 + Cy)
Py = (By1 — Bo1)(Chi + Cho)
Py = (B11 + Bi2)Cs
P5 = By11(Cia — Cx)
Ps = By (Cy — C1y)
P; = (Ba1 + By)Ciy

o0te

Ay =P + P, — P, + Fy
Ap =P, + Ps
Ay = Bs+ P,

8nA. 7 ‘X’ unpoev kat 18 4+’ puntpoev peyéboug n/2.
YroAoyiopog rmoAurndoxkotntag Emopéveg 1o KOotog os mpdgelg a.K.U. 1KAVOITOlEl Ty rmapakda-
0 avadpopn:

T(n) = 77(3) +18(3)*
H Avon g sivar:
T(n) = O(n'e7) = O(n*").

@csdpnpa 1 (Strassen). O moAdamAaciacuds SU0 TEPAYOUIKOY TWAKOV peyédoue n = 2F
umopet va yiver pe ©(n*) apdunuxéc moageig. O

Zyxeukd pe mv eridvon g avadpopng Amno ) Sewpia: Mabnpa Adyopibpev 1 Atakpitov Ma-
Onpatkeov
Me Matlab/Maple: Xpnoipornowwvtag to Symbolic Toolbox kat e161kotepa:

e Tn ouvdptnon rsolve  yia v eniduon avadpopmv

o ®ftoupe wg Strs (| n) 1o KOoTOG TIOAAATAaCcIacpoU e t pébodo yia pnrpoa peyéboug
n

e ... Kal @g apyikn ouvlnkn Strs ( 2) = 12 Bdon tou 6u 16te 0 nMoAAarAaclacpog
yivetatl pe tov KAaoiko 1poro (kootog 12 mpagerg).



OFE. TAAAOIIOYAOZ, 2008-09 21

> maple(rsolve’,’{Stras(n)=7 * Stras(n/2)+18  *(n/2)"2,Stras(2)=12}",'Stras(n)’)
> 12/7 *n(log(7)/log(2))+n"(log(7)/1og(2)) *(-21/2 = (4/7)"(log(n)/log(2)+1)+24/7)
6nAadn:

36 21 4
T(n) — 7nlog27 o nlog27 (3(?)1053;2 n+1)

[Mapatnpnoeig [apatnpnote ot ta mflop/s ng strassen  eivat moAu xapndotepa. Aegv
MIPETTEL VA PAG EMATO0EL APOU AVIIKATAOTHOAPE TTOAAATTAQO1A0P0US PNTPO®V (TTOU eKkteAoUvVTAl
artotedeopatika pe BLAS-3) pe ipooBéoeig pnrponv. O Higham ypnowpornotet 1o 8 og peyebog
PNTPO®V KAT® ard 1o oroio 1 rpddn rmoAdaniactacpou yivetal pe KAaoiko adyopiOpo avii pe
Strassen avagépovtag ot auto eivat 1o BéAtioto (Sewpntuiko) peyebog. Mmopeite va epguvrioete
AUTOV TOV 10XUPLOHNO”

YAornoinon Xpnotportolouie tov moAAarndactacpo Strassen

e OTAV TA UNTIP®A £ival TIOAU PEYAAO ...

e ... Yla HEPIKA PHpata ...

... H€XP1 N 6140Ta0n TOV UTTIOPNTPO®OV vd YiVEL ApKETA PIKPT)

e OTE va oupdEpouv adyopiOpot BLAS-3.

MrniopouUpe va urtodoyicoupe 10 Sewpnuiko peyebog 1y yia To oroio sAayiotornoleitatl 1o mAn0og
eV PAgenVv a.K.U. Péom Strassen Kat KAaowkou adyopidpou.
[og epappodetat o aAyopidpog av 281 < n < 2%,

e Ameubsiag epguteuon os pntpoa dtaoctaong 2F, omou k = [n]:
A— A = [Aa 02’“771,71; 0n,2’“7n7 02’“771,21“771]

e (elte) HBradoyikn spgutevon oe punrpoa pe {uyn diaotaorn.

Eivat o aAyop10pog mpaktikog;

e AUOKOMAO va petappacdel n XapnAotepn MOAUTIAOKOTNTA O€ TIPAYHATIKA TAXUTEPO AAYO-
p1Opo

e To ¢pmpooBev opdadpa propet va eivatl peyadutepo amnod tov Kowvo rnoAdarndactacpo (BA.
ONPEWOELG)

e AVOlKTo TipoBAnua néoo kovtd oto n? pmopoupe va @Bdcoupe. Ot Coppersmith xat
Winograd éyouv @8doet to O(n?376),

e O1epAITEP® PEINOELS TRV ITPATE®V (PeTd aro toug Strassen, Winograd) o6nyouv oe 1oAu
PeydAn otabepd KAl pn mMPAxKtikoug aiyopifpoug.
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[Mapadetypa vdonoinong sAXPY

subroutine daxpy(n,da,dx,incx,dy,incy)

c constant times a vector plus a vector.

c uses unrolled

loops for increments equal to one.

c jack dongarra, linpack,

3/11/78.

c modified 12/3/93, array(l) declarations changed to array( *)

double precision dx( *),dy( *),da
integer i,incx,incy,ix,ly,m,mp1,n

c
if(n.le.O)return
if (da .eq. 0.0d0) return
if(incx.eq.1.and.incy.eq.1)go to 20
c code for unequal increments or equal increments not equal
to 1
ix = 1
y =1
if(incx.1t.0)ix = (-n+1) *incx + 1
if(incy.lt.0)iy = (-n+1) *incy + 1
do 10 i = 1,n
dy(iy) = dy(iy) + da * dx(ix)
iX = ix + incx
iy = iy + incy
10 continue
return
c code for both increments equal to 1 ¢ clean-up

loop 20 m = mod(n,4)
ift m .eq. 0 ) go to 40

do 30 i = 1,m
dy(i) = dy(i) + da * dx(i)
30 continue

if( n .It. 4 ) return
40 mpl = m + 1
do 50 i = mpl,n4
dy(i) = dy(i) + da * dx(i)

dy(i + 1) = dy(i + 1) + da  =dx(i + 1)
dy(i + 2) = dy(i + 2) + da  =dx(i + 2)
dy(i + 3) = dy(i + 3) + da  =dx(i + 3)
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50 continue
return
end

Texvikég

e 'EAeyxog debopévav yla tetpippéveg nepurttwoetg (o = 0)

o Eebimlopa Bpoxou

Hedimdopa Dongarra et al, 1976
Afyopduog. [Ady 1] (otw 0 = n mod 2)
DOi=1,n
x(i) = a *x(i) + y()
ENDDO
Aflyopidpog. [Ady 2]
DOi=1,n, 2
x(i) = a *x(i) + y()

x(i+1) a *x(i+1) + y(i+1)
ENDDO
Afyopduog. [Ary 1o] (ot 0 = n mod 4)
sum = 0.
DO i =1, n
sum = sum + Xx(i)
ENDDO
Afyopduog. [AAy 20]
sum = 0.

DOi=1,n, 4
sum = sum + x(i) + x(i+1) + x(i+2) + x(i+3)
ENDDO

Xapaxkinplotika [TAsovektpata

e peiwon enavadnyenv (ta§idiov) kat oxetkou overhead

e QU&NON TOMKOTNTAG: IT.X. AV 0 HEtadPpaoctng oc KaBe ertavainyn LOAD/STORE otoixeia
OI®G TO & KAl To SUM OToug IPonyoupevoug ady.

e augnon rnapaAiAnAiopou
[TpoBAnpata Aev givat xprjopog otav

e Jel®OT TOTUKOTNTAG AV O KOPHOG Yivel TIOAU PeydaAog
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e av 0 ap1Bpog enmavaAnPemyv eivatl Pikpog

e Kiviuvotl opaApatog otov PetacXnuatiopo

Apxkoroinon .. yia &ebimopa tou ady. 1g pe Babognb = 4:
Afyopduog. [AAy 30]
nrem = MOD(n,nb)
DO i = 1, nrem
sum = sum + Xx(i)
ENDDO
nl = nrem + 1
DO i =nl, n, nb
sum = sum + x(i) + x(i+1) + x(i+2) + x(i+3)
ENDDO

N=19, m=4 mod(n,m)=3

123

Aro to SAXPY

20 m = mod(n,4)
ift m .eq. 0 ) go to 40

do 30 i = 1,m
dy(@i) = dy(i) + da * dx(i)
30 continue

if( n .It. 4 ) return
40 mpl = m + 1
do 50 i = mpl,n4
dy(i) = dy(i) + da * dx(i)

dy(i + 1) = dy(i + 1) + da *dx(i + 1)

dy(i + 2) = dy(i + 2) + da *dx(i + 2)

dy(i + 3) = dy(i + 3) + da *dx(i + 3)
50 continue

Zuvinén Bpoxev (Loop fusion)
Aflyopidpog. [Ady 1]
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DOi=1,n

x(i) = a *x(i) + y()

ENDDO
DOi=1,n
z(i) = y(i)/2
ENDDO
Aflyopouog. [Ady 2]
DO i =1, n

x(i) = a *x(@i) + y()

z(i) = y(i)2
ENDDO

Xapaxmplotkd Av n oUvinin eivat €ykupn):

25

e Av 01 BpOxol Xprnotonolouy ta idta otoixeia pewdverat o aplOpog petadopov (avinon

TOTUKOTNTAG)

e H torukointa peigveratl av o Koppog PEYAA®oel TIOAU £i1e Xprotponolovvial moAAd da-

(POPETIKA OTOIXEIA

Anaiteital mpoooxn wote anoPeuxdouv opaiuata opeilousva otig e§aptnoeig uetasv

dedoucvv.

O1 nmapardtm alyopiBpot 616ouv dlaPopeTikEG AAVINOES:

Ajlyopdpog. [Ady 1]
DO i =1, n

z()) = a *x(i) + y()

ENDDO
DO i =1, n
x(i+1) = y(i)/2
ENDDO
Ajlyopdpog. [Ady 2]
DO i =1, n

z(i) = a =x(i) + y()

x(i+1)
ENDDO
AMAA T yivetal pe ta

Aflyopuog. [Ady 1]
DO i =1, n

y(i)/2

z()) = a *x(i) + y()

ENDDO
DO i =1, n
w(i) = z(F(0)
ENDDO
Ajlyopdpog. [Ady 2]
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DO i =1 n
z() = a =x(i) + y()
w(i) = z(F(i)
ENDDO

‘Otav o1 deikteg elvatl kat autot (aképateg) ouvaptroelg (.X. éppeon 61eubuvolodo-
Tnon) ol petacxnpatiopoti yivoviat 8uokoldot

Evbiagpépov IMwg petaoyxnpatidoviat ot evioAég turou APL, MATLAB, Fortran 90, C++;
z(1:n) = a =*x(1:n) + y(1l:n)
x(1:n) = y(1:n)/2
for k=1:n
for j=1:n
fori=1:n
c(i,k) = c(i,k) + a(i,j)*b(.k)
end

[Mapddetypa

end
end
KAdopa nipdewv/ petagopég oto Ppoxoi=2/3
for k=1:2:n
for j=1:2:n
fori=1:n
c(i,k) = c(i,k) + a(i,j)*b(,k)
end
fori=1:n
c(i,k) = c(i,k) + a(i,j+1)*b(j+1,k)
end

end
for j=1:2:n
fori=1:n
c(i,k+1) = c(i,k+1) + a(i,j)*b(.k)
end
fori=1:n
c(i,k+1) = c(i,k+1) + a(i,j+1)*b(j+1,k)
end

[Mapddetypa

end
end
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for k=1:2:n
for j=1:2:n
{LOAD b(j,k), b(j+1,k), b(j+1,k+1)}
fori=1:n
{LOAD c(i,k), c(i,k+1), a(i,j), a(i,j+1)}
c(i,k) = c(i,k) + a(i,j)*b(j.k) + a(i,j+1)*b(j+1.k)
c(i,k+1) = c(i,k) + ali,j)*b(j.k) + a(i,j+1)*b(j+1,k+1)
{STORE c(i.k), c(i,k+1) }
end
end
end

KAdopa npa&env/ petapopég oto Ppoxo i = 8/6

Unswitching
Afyopduog. [AAy 1]
DOi=1,n
IF (jladd.EQ.1) THEN
x() = a *x() + y(i)
ELSE
x(i) = a *x(i) + y()
ENDIF
ENDDO

Aflyopuog. [Ady 2]
IF (iadd.EQ.1) THEN
DO i =1, n
x(@)) = a =*x(@i) + y(i)
ENDDO
ELSE
DO i =1, n
x(@)) = a *x(i) - y()
ENDDO
ENDIF

[Tpoostaipiotiky) 1610tta

(a+®+c?<rkw+@

Aflyopidpog. [Ady 1]

sum = 0.

DO i =1, n
s = s + x(i)

ENDDO

Aflyopduog. [Ary 2]

27
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suml 0.
sum?2 0.
DOi=1,n, 2
suml = suml + x(i)
sum2 = sum2 + x(i+1)
ENDDO
sum = suml + sum?2

BeAtiotonou)oeig
T

KAaoO1KO1 HETACYXNPATIONOL: XT0 £MMNESO TOV EVIOA®V

HPC petaoXnpatiopoi: Ito erminedo tov PpoxXmv Kat uyniotepda.
Narti;

e Epeuva Kuck et al (1970'g) — peyaAutepo P€POG TOU Xpovou ot ripoypappa EY avale-
VETAL O€ EKTEAEOT] PPOXDV.

e Xridvia Bpiokovial EVIOAEG TIOU TEPIEXOUV IMTOAU PEYAAO aplOpno mpdienv.

H texvoloyia opeidetl tnv avartudn g ot HeAET) TOU AOYIOHIKOU TOV UTIEPUITOAOYIOTOV.
IMog;

e Me 10 X€p1 (OuoTnuaAtiKonoinon, KOHIKOII0iNon)
e Hutautopata
e Autdpata
ZKOTTIJOTNTA
e peiwon tou loop overhead
e [eAtioon tng Tormkointag / €i6oug avapopnv

e auinon rnapadAniiag

Metaoxnpatiopoti (kupiwg otoug Bpoxoug) kat avadopnorn Kodika

EedinAwna (loop unrolling)
Zuvinin Bpoxwv loop fusion
unswitching

MPOCETALPLOTIKOL HETACYXNNATIONOL
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evaldlayn Bpoxwv
oppaBonoinon
npo¢poptror (software) prefetching

software pipelining

ITpogpodptwon

[Mapatpnon : £ta ouyXpova CUCTHHATA ETITPETETAL I TAUTOX POV EKTEAECT] EVIOADV PNETAPOPAS
Kadl aplOunukeg.

Etvat epikto va {ntooupe v petagopd otoixeiwv mmou da eivar xpriowa oe ueAdoviikn
apOpnuky eneéepyaoia.

M£0o® TOU PETAPPAOTH]: [IE IIPOEIESEPYAOIA KAl E10AYRDYT] EVIOADV

Méow &1V pag evrtod®v: Kaloupe ta otoixeia Eykaipa

Av 1a otoyeia ypeiadoviat otov kKUkAo T’ kat xpetadovial 7 KUKAOL 10 TIOAU yia va @optebouv
Ta otoXela amnod ) Pvhun, 1 €VioAr) petadopdg otnv Kpugr pvhpn &idstat otov 1’ — 7.
dIpopoptwory ouviotatat kat otr] MATLAB .

[Mapadetypa: DEC Visual Fortran Eninieda BeAtiotonojoenmv 10U petappaotn :

> /optimize:1 Local (minimal) optimizations occur within the source program unit and
include recognition of common subexpressions and the expansion of multiplication
and division.

> /optimize:2 Global optimizations include such optimizations as data-flow analysis,
code motion, strength reduction, split-lifetime analysis, and instruction scheduling.

> /optimize:3 Additional global optimizations improve speed at the cost of extra code
size. These optimizations include loop unrolling, code replication to eliminate branches,
and padding certain power-of-two array sizes for more efficient cache use.

> loptimize:4 Automatic inlining applies interprocedure analysis and inline expansion
of small procedures, usually by using heuristics that limit extra code size.

> /optimize:5 Loop transformation and software pipelining include a group of loop tran-
sformation optimizations and, on Alpha systems, also include the software pipelining
optimization. The loop transformation optimizations apply to array references within
loops and can apply to multiple nested loops. Loop transformation optimizations can
improve the performance of the memory system.

Embdoeig tg daxpy
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lib YAoroinon péom KArong ot poutiva mou rnepiexetat otr BBA00nkn BLAS yia to cuotnpa
pag.

ref Yloroinon péom tou «kmdika avapopdg» BLAS mou nmapouotdotnKe 1mo nave.
hnd AmAr) vAoroinon «pJe 1o XEpw.

Zyotnpa @opnto IBM T20 pe Intel Pentium III ota 700 MHz.

Agrtoupytrko Windows 2000

IF'Awooa/petappaoctng Fortran 77 pe Digital Fortran tng Compagq.

To ovotnpa nieprdapBavet B1BA1001Kn pe t1g uropoutiveg BLAS. Ot exdoyég ref kat lib peta-
@paotnkav pe ta 4 ernineda PeATotonoinong mou neplypadPptKayv napandive.

DAXPY se Pentium Ill @ 700 MHz
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e H xalAuUtepn eniboon emruyxAaverdl pe 1oV KOd1Ka mou mepléxetal ot PBAlo0nKn tou
OUOTHATOG.

e 'a kdBe eminedo PeAtiotonoinong, ot €rmdO0elg NG UAOIOINONG ITOU AVIIOTOIXEL OTOV
KOO1KA avadopdg eival KaAutepeg aro 11§ ermdoOoelg ToU ardou KOOKA.

e H eniSoorn tou Kdd1KaA TTOU AvIloTo1Xel OtV ArtAr] UAoToinon Xopig kKappia BeAtiotomnoin-
on ano tov petappaotr) (hand0) eivat mept t1g 5 Popég unodeeotepn anod tov KOSIKA TTOU
avtiotoixel otov ROdka B18A100rkng (1ib3).

Evdlagpépouoeg apatnprjoetg (arod to 1975!) Ano v epyaocia towv Beresford Parlett xkat Y.
Wang pe titdo The Influence of the Compiler on the Cost of Mathematical Software - in
Particular on the Cost of Triangular Factorization:

Ano tn Zuvoyn (Abstract) : ... it is almost impossible to compare to sensible implemen-
tations of a numerical algorithm in Fortran or in Algol and assert that one of them
will lead to a more efficient program in machine language. Thus is so because the way
the computer makes use of registers in the arithmetic unit has a strong influence on
running time. Further, the writer of a subprogram to be used by other people is faced
with the fact that his program will be used in a variety of compilers and computers.

Ano ta Zupnepaocpata We are not implying that programs ought to be written in assembly
language code in order to avoid inept use of registers. We are not castigating Fortran
compilers for producing imperfect code. We are not blaming anyone nor complaining
that this state of affairs is deplorable and should be rectified. The facts that we have
assembled do indicate that nasty problems which beset those who try to disseminate
high class numerical programs. Isn’t this dissemination one of the aims of the
numerical analysis community? Some proliferation of programs is inevitable because
of the special forms (such as positive definite matrices, banded matrices) of which
advantage can be taken. To check this proliferation our purveyor® feels obliged to
choose one high level (Fortran) implementation for each case. What are his efforts
worth if the user comes back to say that the new program seems to be fully accurate
as his 10 year old program but 30 percent slower (or 50 percent slower, or 10
percent slower)? Of course there are two qualities more important than efficiency,
namely, recognition of failure and adequate accuracy. Moreover there are important
classes of computation were the scientific calculations are insignificant compared to
the other parts. Nevertheless there are a great many installations which use Fortran
libraries and where certain subroutines are called repeatedly by other subroutines.
We conclude that the writeups of these subroutines should indicate the difference
made by using an optimizing compiler or the standard one. Also helpful would be time
estimates not based solely on counts of arithmetic operations. What turns out to be
crucial is the way in which the Fortran program influences the compiler’s exploitation
of the operand registers.

2purveyor = IIpopn@eutrg.



OFE. TAAAOIIOYAOZ, 2008-09

32



