[Ipoypappatiopog
OUCTNUATWYV UNIX/POSIX

MYY502



BEATLOTOTIOLNOELC UE OTOXO TLC EMULOOOELC

% T€ OPKETEC TEPLMTWOELC OV apKel va ptiaéoupe Eva
npoypappa mou SouAeVeL HOVO ocwoTtd aAAAG BEAou e va
SouAeUeL Kal 600 To Suvatov o arodotika / ypriyopa.

+* Mo va ylvel auto amattouvtol MOAAEC Kol SLAPOPETIKEC
BeAtiotomnotnoeic (optimization) Tou MPoypPAUUATOC LG WOTE
0 KWOLKAC pac va eival amodoTIKOTEPOC

** Y& MOAAEC TIEPUTTWOELC, 0 HETADPAOTNC Elval o B€on va
KQVEL TIC BEATLOTOTIOLNOELC QAUTEC UTOUATA, UOVOC TOU, XWPLG
val aAAAEOU LLE TLITOTE OTO MPOYPOALLA LOC — OLPKEL VOL TOU TO
TGOV LLE.

» OLouyxpovol HeETadPAOTEC elval Tapa TTOAU LKOvVOoL 08 aUTA TN
SdouAeLa.
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¢ MN.x. o GCC:
» Kotd tn petddpaon evoc mpoypaLaTOC UITOPOULE VA TOU SWOOULE
oplopata tumou “-0”: -01, -02, -03 (-00 eival to default)
» 2€ TIOA\EC TIEPUTTWOELC EXOULE EVIUTIWOLOKA OTTOTEAETHATA (TapOoTL
apyel Alyo mapamnavw yla tn petadpoon LEYAAWY TIPOYPOAUATWYV)

» Na BUUOUOOTE OTL O£ LEPLKEC TIEPLITTWOELG OL AAAOLYEC TTOU YivovTal
oToVv KwOLKa eivo TTOAU SpaOTLKEC KOl LOWC O€ AKPOALEC TTEPUTTWOELC Ol
BeAtiotomnolnoelg va aAAalouv Aiyo tn oupmneplipopd Tou
npoypappatog (kat vo SuokoAevetal to debugging) — B€AeL mpoooxn.

» TLonualvel To kaBes oplopa (MOco HAANOV ITWCE TO KAVEL AUTO TTOU
Kavet), 6ev pa amaoXoAel o€ auto To Hadnua

¢ EKTOC amo auto (A LaAAov, o€ cUVOUOOLO LLE AUTO),
evOLODEPOUOOTE KOl VIO TTOOYPAUUNTIOTIKEG TEXVIKEC LOC KOLL
KOAUTITOUV KOl TIEPUTTWOELC TTOU OEV UTITOPEL KAVEVOLC
HeTAdPAOTAC VA TILAOEL.
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Meplkec otolxelwodelc BeAtiotomolnoelc |

*** Arntopuyn mePLTTWV UTTOAOYLOMWYV LECA o€ loops

for (1 =0; i < N; i++) { a = X+3*y*z;
s[i] = (x+3*y*z)*s[i]; for (i = 0; 1 < N; i++) {
} s[i] = a*s[i];
}

** Ol HETADPAOTEC OO LOVOL TOUC, AVOKOAUTITOUV OPKETEC
ekPppaoelc (OxL OAec) ou dev e€aptwvtal oo TNV enovainyn
Tou Bpoxou (loop-invariant) kaL KAVOUV TO TIALPATIAVW
autopata

» Koo elvatl va pnv touc epmotevopaote 100%
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Meplkec otolyelwodelc BeAtiotomnolnoelg Il

*** Melwon mepLttwyv KANOEWV OE CUVOPTHOELG

void capitalize(char *s) {
int 1i;

for (i = 0; i < strlen(s); i++)
s[i] = toupper(s[i]);

¢ Mo pnkog 1 MiB
» 25.5 sec

(2to dektop pou)
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void capitalize(char *s) {
int i, len = strlen(s);

for (1 = 0; 1 < len; i++)
s[i] = toupper(s[i]);

s M pnkoc 1 MiB
» 0.01 sec
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MetapAnteg “register” |

“* Mia petapAntn otnv C unopei va dnAwbel wg “register”,
LY.
register int x;
register float y;

¢ O xopaktnplopog “register” dnAwvel otov petadpaotr) OTL
N LETABANTA AUTH XPNOLUOTIOLELTOL TIOAU CUXVA KOl KOAO
elval va pnv tnv tomoBetr oL Kamou otnv pvnun (apyn) aAla
o€ Evav Katoywpntn ueoo otnv CPU.

** AUO ONUAVTIKEC TAPATNPNOELC:

1. O petadpaotic dev eivat utoxpewuevoc vo to osBaotei (bnAadn
LUrtopel va To ayvonoel)

2. Aev propoUpe va tapoupe tn dtevBbuvon piog petaPAntng
register (to &x 6ev SouAelel)
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MetapAnteg “register” Il

** OLoUyxpoVoL PETADPOOTEC KAVOUV £EQLPETIKA Slaxelplon Twv
Katoxwpntwv tn¢ CPU petd amod avaAuon Tou TTPOoYPALLUOATOC
loc Ko armodoaci{ouv povoL TouC we Kal tov Ba
arobnkeutouv ot dtadopec petaPAntec. Etol

» Xxebov mavta Koltouv va ayvorjcouv to “register”

» Av dev to ayvoroouv, Karmoleg PopeC 0dNyoULOOTE O XELPOTEPEC
eTLOOOELC ATIO QLUTEC TTOU BOa elyaLe av ETapve OAEC TIC amodAoELC O
HeTadppaotnC LOVOC ToU

» Emopévwce, KaAo gilval va pnv T ToOAUXPNOLLOTIOLOUE OF
TIPOYPAULOTO YEVIKOU OKOTIOU TTAPA LLOVO O€ €EELOIKEUUEVEC
TIEPLITTWOELC KOl O TIEPUTTWOELG TIOU O PETadpaoTAC OEV EXEL TNV

LKAVOTNTA VA KAVEL TTOAAEC BEATLOTOTIOLAOELG (TT.X. O€ EVOWUATWHEVA
ouoTnpaTa).
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MNpoypaupatifovtag Ue yvwon TNG LEpApXLag UVNING

s Ol evtoA£c kat ta dedopEva evoc mpoypappatoc Bplokovral
amoBnKeLVUEVA OTNV UVNUN, OTIWCE YVWPL{OUE.
*** Opwc, edw Kal TTOAAQ XpOvLA, N LVAUN TOU UTtoAoyLoTH Oev
QTTOTEAELTOL LOVO ATTO €VAL « KOUUATLY.
*** Yrtapyxel oAokAnpn Lepoapxia amno StoadopETKEC UVAEC, TTOPOTL O
enetepyaotnc Bewpel OTL LAAEL LOVO HE TNV «KUPLAL VAN »:
» H Baown (kupla) pvnun, yvwotn duotuxwe kot we «n RAM tou
OUCTNHOTOCY
» Hkpudn pvaun npwtou erunedou (L1 cache)
» Hkpudn pvun devtepou emunédou (L2 cache)
» H kpudn pvAun tpitou emunedou (L3 cache)
% OAec autec amoteAoUV pall TN «UvVRALN» TOU CUCTHUOTOC OTIOU
armoBnkevovtol eVtoAeg Kal dedopeva.
» Otav pio petaBAntn anobnkeveTal 0Tn LVHAN, TIOU OKPLBWC TTAEL

» Mrmopw va EKPETAAAEUTW KATIWC TNV LEPOPXLO QUTH yLaL QUENUEVEC
eMLOO0ELC;
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2uvoin TNG LEPapPXLOG UVNHNG

s Eneepyaotnc: TaxuTaToC
s Mvnun: apyn (ko paAtota n dStadopd taxutnTac aveaveratl)
¢ Baown Avon: kpouen uviun (cache)

EM

MoAv YtnplletaL oto yeyovog otL
ypnyopen, oL epapuoyEg dLabEtouv
! TLOAU XWPLKN KAl XPOVIKN
EN
cache / akpLBn, tortikotnta (locality)
[ | TLOAU HLLKPN

* Emwkowvwvia pe eme€epyootn: AE€elg
* Emkowvwvia pe pvaun: blocks Aééewv
» TOMOBETOUVTOL OTLC YPOLHMEG

NG cache (cache lines)
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Yuunepldpopa oe avayvwoelg (read)

¢ Read hit : n Aé€n umapyxel N6n oe pla ypappn tne cache
» H Intolpevn A&€n Eexwpllel amo tnv ypapun tng cache kat
napoadidetal otov enetepyaotn.
** Read miss : n A&€n Sev umapyel o Kapio ypapun tne cache

» To umAok nou meptAapBavel tn {ntoupuevn A&€n mpookouilleTal armo tn
VAN, TotoBeteital o pila ypapupn tng cache kat n Aéén napadidetal
OTOoV €TEEEPYAOTN

> MeyaAn kaQuotépnon

¢ Hit ratio = # mpoomneAdoswv nov Atav hit / cuvoAiko #
TIPOOTIEAACEWV
» MNooootd 70 — 95% moAU cuyVva, aKOMO KOL LLE ULKPEC cache
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[evikevon o€ toAAamAad emntimeda (Lepapyio caches)

¢ M pelwon Tou Kootoucg aotoxiac (miss)

% 2-3 entineda ano avéoavopevou peyEBouc Kat PeLOULEVOU

kootouc / taxutntac caches:

EN

A
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L1 cache ~ 16 — 64 KB, 1-4 cycles
L2 cache ~ 256 KB — 8 MB, 6-15 cycles
L3 cache ~ 4 —32 MB, 30-50 cycles

~ Gbytes, 100+ cycles
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* Antapaitntn pac Kot eE0LKOVOREL TTOAU XpOvo
» oAU ypnyopoTtepPN Ao TNV KUPLOL VAN
» MOoAU HKPOTEPN ATIO TNV KUPLOL VAN

** OtL 6edopevo ypnotpomownost n diepyaoia pog (dnAadn o
eMEEEPYAOTNC),
» To dpEpvel kal To PUAAEL

» (DEPVEL KOL TA YELTOVIKA TOU Sedopeva (PEpveL Eva OAOKANPO UITAOK
Hvrpng)

s Ebooov to mpoypappa ExeL tortkotnta (dnAadn
XPNOLULOTIOLEL OXETIKA Alyal KAl YELTOVIKO SESOUEVA YLa APKETH
wpa), EXOUUE TTOAU peyaAn BeAtiwon otnv TaxuTNTA
npoomneAaong Twv 6eSOUEVWV.
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Nwc va kataotpeete TNV cache

s Tuylvetal edw;

for (i = 0; i < 10000; i++)
for (j = ©; j < 10000; j++)
a[i][3] = 2*b[i][]];

Xpovoc ektéAeonc oto (rnoaAlo) dopntod pou:

1.2 sec

Au&nuévn tomikétTnTa (MPOoTEAQON
YELTOVLKWVY OTOLYELWV TO £Vl HETA TO AAAO
AOYW TNG MPOCTIEAQONG KATH YPOUUEC)
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for (j = 0; j < 10000; j++)
for (i = 0; 1 < 10000; i++)
a[i][j] = 2*b[i][]];

Xpovoc ektEAeonc oto (raAo) dopntod pou:

14 sec

Kakn tormkotnta Adyw TN IPOoTEAACNC

kata otrAeg. Oépvovtag to b[0][0], épxetat
oAokAnpn ypappn pe ta b[0][1], b[0][2], ...,

b[0][7] (ko iowg ko mapamndavw).

Ouwg otnv enopevn emavaAnyn tou i,

B€Aoupe to b[1][0]! Emopévwe €depe TN

VPO AOKOTIA, TIPETEL VAL PEPEL VEQ YPAUUA

... N omola emniong eival axpnotn yla tn

OUVEXELA K.O.K. 13
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Odnyiec yla tpoypappata cache-friendly

** JTOYXEVOTE KUPLWC oTa loops IOV TPWVE TOV TIEPLOCOTEPO
XPOVO €KTEAEONC

** Au€nOoTE TNV TOTILKOTNTA ClyOUPEVUOVTAC OTL OTOV TILO CUXVA
XPNOLHLOTIOLOULEVO ECWTEPLKO Bpoxo dev dnuilouvpyouvTol
noAAa cache misses.

% Asite Kol TI¢ emopevec Stadavelec ©

[ 14
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s OLoUyxpovol emeéepyaoTeC £xouv cache pe ypappec 32, 64 1 128
bytes. MNpeémnel va yvwpilovpe to pEyeBoc 0Tav BEATIOTOTMOLOULE TLC
eTLOOOELC.

s Mo mopadeypa, ac Bswprioovpe OtL €xoupe cache pe ypapuun
neyeBouc LINESIZE = 32 bytes kal 6€Aoupe va SnULOUPYRCOUUE
gvav Ttivaka aro TIC mapakatw SOUEC:

struct data {
int a,b,c,d; /* 4 bytes each */
float z,y; /* 4 bytes each */
}

% Av KOlL OL LETADPOOTEC LUITOPEL VO KAVOUV KATIOLEC TPOTIOTIOLNOELC
oToV XWPo tNC Sounc, Aoylka to pEyeboc tou struct eiva 24 bytes.
AUTO ONUOLVEL OTL TLLAVEL % piog ypaAC cache.

+** EToL, T.Y. EVW TO otolxelo 0 evoc mivaka oo tetola struct medtel
o€ Mo ypappn, to otolxeio 1 nédtel oe AYO ypappeg (8 bytes armo
NV pio kot 16 bytes amo tnv emopevn)

» Apa n poomEAaon Tou otolxelov 1 amattet mpookopion AYO ypappwy,
evw 1o 0 B€AeL povo pial!
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*** AUon: padding («yéulopa») pe axpnota bytes wote va mavw
XWPO ToU elvall akEparLo toAAamAdctlo tou LINESIZE:
struct data {
int a,b,c,d;
float x,y;
char pad[8]; /* Axpnoto, yla va ¢tdow 32 bytes */

¢ KaBe otouyelo evoc mivaka armo tetola structs maveL ywpo
akplBwc 0oo kot 1 ypauun tng cache.
» Emopévwce apkel va tpookoplotel 1 povo ypopun yia kabe otolxeio!

@ «[MAnpwun» o€ Ywpo yLo. vo. KEpSIOOUUE ToYUTNTO

Parallel Processing Group
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¢ Tol UITAOK aTto TNV KUPLOL VAN TTAVE O€ YPAUUEC TLC cache.

¢ OK, to padding, aAAa nw¢ e€aodaiilw otttomalloc() mou
Ba kavw yla Tov riivaka pe ta structs Ba Eekwvasl AKPIBOQZ
otnVv apxn vog UmAok (dnAadn Ba Eekva amo akEpalLo
rntoAAamAdoLo tou LINESIZE)?

¢ MN.x. av to malloc() emiotpePetL tn Beon 320107

» Tote Kaveva otolxeio tou mivaka v Oa MEPTEL oTNV aPXN HLOC
ypapung!!

¢ A\Uon: alignment (otoixlon) SteuBuvoswv og aképata
noA\armAdotla tou LINESIZE.

» Elte autopota pUe elOLKEC EVTOAEC TOU petadpaoth (Un LETODEPOLUN
C)

» Elte pe o XEPL, TtOpvoVTaC Alyo mapamavw Xwpo
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«Xelpomointo» alighment

** Eotw otL BéAw va deopeVow xwpo S bytes. Mwg pumopw va E€pw av nmalloc()
Ba pou ernotpeP el StevBuvon n omoia eivat moAAarmAdotlo tou LINESIZE?
s Emeldn dev pumopw va to yvwpillw auto, n Ea sival n e€nc:
a) Zntaw Alyo mapamdvw Xwpo, cuykekptpeva (LINESIZE-1) mapamndavw bytes.

b) Amo avtd mou pou 660nkav xpnolpomoww ta S bytes akplBwce, Eekivwvtac
OUWC Ao TN B€on nou olyoupa ival moAAamAdoto tou LINESIZE

» [A€opevon napanavw UVAUNG:
whole = malloc(S + LINESIZE - 1);

» YnoBetovrag (pog ko cupPatvet mavra otnv npaén) otL to LINESIZE sival pila
Sduvapn tou 2 (32, 64, 128 bytes), n StevBuvon mou eivat moAAaAACLO TOU
LINESIZE eival n:

alignedstart = (whole + LINESIZE - 1) & ~(LINESIZE - 1);
KOLL QLUTH TIPETIEL VAL XPNOLUOTIOL oW WE apxn Twv S bytes.

(Mati;;; )
BonOsta: av to LINESIZE eivat 2%, ta moAAarmAdota tou Eyouv mavto unbeVIKa ot
npwta/beé0tepa k bits Touc

Parallel Processing Group
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Epwtnon

s TLovumnepldopad Ba £XEL TO TMAPOKATW TIPOYPALLUOL;
» Tuylvetal otnv ektéAeon ¢ sumarray () otav avéavelto stride; Otav
auéavelto size;
» 2e 1L Ba xpnotpeve; Mmopw vo KOTaAAPw KATL oo Toug XpOVouc;

#define MAX (1 << 22) /* Up to 4 Mbytes */
int array[MAX];

for (size = MAX; size >= 0; size--) {
for (stride = 1; stride <= MAXSTRIDE; stride++) {
sumarray(size, stride);

}
}

void sumarray(int size, int stride) {
int i, sum = ©;
for (1 = 0; 1 < size; 1 += stride)
sum += array[i];
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