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Adelec Xpnong

* To mapov eKMOULOEUTIKO UALKO UTTOKELTOL OE OOELEG
xpnong Creative Commons.

e o eKTIALOEUTLKO UALKO, OTIWC ELKOVEC, TTOU UTTOKELTOLL

o€ aAAou tumou adeLlac xpnong, N adsLlo xpnonge
avadpEPETAL PNTWC.
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Xpnuatodotnon

e To mopoOVv eKMALOEVTLKO UALKO €XeL avarmtuxBel ota mAaiola
TOU ekTaldeUTIKOU €pyou Tou dtdbaokovtal.

* To €pyo «Avoikta Wnoroka Madnpata oto Maveniotipo
Avtikng Makedovioc» £xeL xpNUATOOOTACEL LOVO TN
avadlapopPwaon Tou eKMALOEUTLKOU UALKOU.

* To €pyo uAormoleital oto mAaiolo Tou Emyelpnolokou
Mpoypappatoc «Eknaidevon kat At Biov MaBnon» kait
ovyxpnuatodoteital amno tnv Evpwnaikn Evwon
(EvpwTmaiko Kowwwviko Tapelo) ko amo €Bvikou ¢ opouc.

Evpwmnaikn ‘Evwon
Evpwniaixé Kowwvixé Tapeio
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> KOToc¢ tnc¢ Evotntac

* H katovonon Twv PACLKWY OPXLTEKTOVLKWVY
Stapolpalopevng HvnUNG mapaAANAwWyY cuCTNUATWV.
* H mapovuoiaon nopadeypatwyv mapaAlnlomnoinonc.
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Opyavwaon pvAung os
KQTOVELNUEVOL CUCTHLLOTOL

*  N\OYLKA KOTOVEUNMEVN MVAMN: KAOE pvpn €XeL SLKLA TNC
SlevBuvon Ko Uropel vol MTPooTIEAACTEL LOVO ATTO TOUG
ETEEEPYOOTEC OTOUC OTIOLOUC AVNKEL (aV KATTOLOC EEWTEPLKOC
eTEEEPYOOTNAC ATIALTEL KATL ATIO TN MVNN, TIPETEL VOL TO
{NTAOCEL ATIO TOV TOTILKO EMEEEPYAOTN).

* Kowoyxpnotn katavepunpévn pvaun (Distributed Shared
Memory): OAec oL PV LLEC Elval YWPLKA KOTAVEUNUEVEC, QAL
amoteAoOUV €va eviaio xwpo dlevBuvoewv. Etol, Evag
QTIOLOLKPUGEVOC ETTEEEPYOOTNC, UITOPEL va ypAYEL AUECA OF
Lo vnpn mou Bploketal otnv TOTKA Hvnun evog aAAou
emetepyaotn).
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Koatnyoplomoinon twv

CUOTNUATWY LOLPalOUEVNC LVNUNG

* Uniform Memory Access (UMA) — Opowopopdn
NPOONMEAAON UVAUNC.

 NonUniform Memory Access (NUMA) — Mn
opolopopdn npoonEAAcn UVAUNC.

e Cache-Only Memory Architecture (COMA).
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H apXLTEKTOVLKN LVALNC
Uniform Memory Access (UMA)

VD
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Uniform Memory Access (UMA) —
Opolopopdn npooneAaon pvnunc (1/2)

e H Kkown uvAun gival mpooBaoctpn amo OAoUC TOUC EMEEEPYAOTEC
LEOW €VOC SLKTUOU SLacUVOEDNC UE TOV LBLO TPOTO TTOU EVOLC KoL
LLOVO ETEEEPYAOTN G EXEL TPOCPOCN GTNV LUVAUN.

* To biktuo biktuo dlacuvdeonc pmopet va eivat: anAog diavAog,

noAAanAog diavAog, Stactavpwong (single bus, multiple buses,
crossbar).

» Kabe emetepyaotnc €XEL ion gukawpia yia eyypadn/avayvwon
oTnN MVAMN KBwc Kal ton taxvutnto mpooBaonc.

 SMP systems (Symmetric Multiprocessor systems): Eretdn n
npocfoon otn VAN ELVOL LOOPPOTINUEVN.
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Uniform Memory Access (UMA) —
Oupolopopdn npoomneAaon pvnunc (2/2)

 H UMA opyavwon Mvniung
glval armo TLC TtLo
dnuodlAeic ota
cuoTHuaTA
6LaUOLPATOUEVNG UVIHNG. (] (] ]

e Epmopika nopadeiypata [

I
nopadeiypata: Sun Starfire 0oo c
Servers, HP V series, ) ® @ QJ»)
Compaq AlphaServer GS.

VD
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Eva tumiko cvotnua SMP

CPU 0] |CPU 1] |CPU 2| (CPU3

.3 Cache I l

Memory 10O

SMP System

 KabBuotepnon L1,L2,L3,memory.

8% 7o) ] ] ’
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Yuotnuato UMA pe
ovuvdeaon amAou StovAou (1/2)

Private memory — Shared
Shared memory I"nel‘liory'
CPU CPU M CPU CPU M CPU CPU M
1 [N | | |

Cache

Bus

() (b) (c)

 Three bus-based multiprocessors. (a) Without caching. (b)
With caching. (c) With caching and private memories.

« UMA : Uniform access to the entire memory, same access
times for all CPU’s.

G
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>uotnuota UMA pe
ouvdeon amAou StawwAou (2/2)

* Each CPU has to wait for the bus to be idle to read or write to the memory.

* For 2 or 3 computers, bus contention is manageable (a).
e Anuloupyeital mpoBAnuHa cuvaywviopoU otn pvhpn adou 6Aot ot
ETEEEPYOOTEC XPNOLUOTIOLOUV LA KOLVA MVAMN.

e Forlarger number of CPU’s, a cache is added to the CPU. Since reads can
be satisfied by cache contents, there will be less traffic on the bus (b).
EmAUEL eV PHEPEL TO TTPOPANULA TOU CUVOYWVLOUOU.

* Writing has to be managed!
* Some systems have private and shared memories (c).

* Mostly private memory is used. Shared memory is for shared variables
between CPUs.

* Needs carefull programming!
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Yuotnuota UMA

* Hyxpnon kpudnc LvNUNG avilpeTwrilel to npoBAnua
TOU avtaywviopoU Tng Lvnpng, aAAd SnULoupyEL eva
aAAo mpoBAnua.

* To mpOoPAnpa mou dnULoupyELTOL ELVOL TNG
ocuvadeLac pvnung (emionc ovopaletol GUVERELQ
KpuPpNG LVAUNG), Kol epdavileTol OTaV KATIOLOG
emeepyaotng ypadel o€ po BEon pvnung, n onolia
Bploketoal otn Kpudpn pvnpn alouv eneéepyaotn. O
aAAog enteéepyaotnc Ba £xeL AoLmov akupa
dedopeval.
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Mot AUon oto npofAnua
TNG CUVETTELOG KPUPNG UVANG

e Texvikn write-through.

* MOALC Karolog emeepyaotnC YypaPeL, YiveTal
broadcast tn¢ TiuN¢ otov koo dtadpopo.

 OMAoL ol eTe€epyaoTEC ALKOUV TOV KOLVO SLadpopo.

* AV KATTOLOC KPOTAEL QAVTILYpaPO TOTE EVNUEPWVEL
avaAoya tnv avtiotowyn O€on.
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UMA pe ntoAAamnAa apBpwpota

Mo AUon oTov avTaywvilopo TS LvANG Elvatl n xpnon
TTOAAQTTAWYV TUNUATWV N ApOpWHATWY UVAUNCG.

e Amnouteiton Siktuo dtaocuvdECNC IOV VAl ETILTPETTIEL
Toutoxpovn pooBaon oe SLadpopeTIKEC LOVADEC UVAUNCG.

* Aodpalwc OAa Ta TUNpaTa SNULOUPYOUV ULOL KOV MVAUN
TTOU OAOL OL ETIEEEPYAOTEC £XOUV LOLO XpOVO IPocPaonG oe
kKaBe dtevBuvon.

 Mrmopel va epdavVIOTEL CUVWOTLOMOC OV arattouvTal
TMOAANQITAEC TAUTOXPOVEC MPOOPACELC OTO LOLO TUN A

HVAKNG.
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Texvikn NG un
dLadoyikne 6tevBuvolodbotnong

e Mo TEXVIKN €TAVON €lval va PNV €ival CUVEXOUEVEC OL
SdLevBulvoeLg pvnuncg os kABe TUAMAL.

Movada Movada Movada
MvAung #1 MvAung #2 MvAung #3

AlevBuvon 0
AevBuvon 3
AevBuvon 6
AievBuvon 9

AevBuvon 1
AevBuvon 4
AievBuvon 7
AevBuvon 10

AwevBuvon 2
AevBuvon 5
AevBuvon 8
AtevBuvon 11

e EtoL av oL eneéepyaoTteC (NTACOULV TLIC SLEVBUVOELC UVUNG
0,1,2,3,4,5 10te 6€ Ba MOPOUCLOOTEL CUVWOTIOLLOC.
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2uotnuato UMA pe
ouvdeon SlawvAo Staotavpwonc (1/2)

Memories
2l (=12 =1181 1] 121 |1= Crosspoint
el I A B Al I e B Bl B Rl I el I A switch is open
| 000 I b b } JE—— - .l,r// —C}\(
A / |'I ‘\d I'|
| 001 I X \ 7 |
J b \\ /
011 b (b)
@ Crosspoint
z | 100 I b B switch is closed
(&) T
[G01 -4 P vd ﬁ \'*?/
T S
110 b b— /
/ |
111 L—O——B—B—O—B—D—D 1
Clos.ed Or ©
crosspoint pen
switch crosspoint
switch
(a)

a)
b)

An 8 X 8 crossbar switch.
An open crosspoint. (c) A closed crosspoint.
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Yuotnuato UMA pe
ouvdeon SlawvAo Staotavpwonc (2/2)

e Use of a single bus limits (even with caches) the
number of CPUs to about 16 or 32 CPUs.

* A crossbar switch connecting n CPUs to k memories
may solve this problem.

* A crosspoint is a small electronic switch.

* Contention for memory is still possible if k < n.
Partitioning the memory into n units may reduce the
contention.

\(/ 1 MavemmaoTtiuio AuTikng Makedoviag



Yuotnuato UMA pe
ouvdeon dlakormntn (switch) (1/2)

A — —X @ @—mm--7————
5 v Module | Address | Opcode Value J'

(a) (b)

(a) A 2 X 2 switch with two input lines, A and B, and two
output lines, X and Y. (b) A message format.

— Module: memory unit.

— Address: an address within a module.

— Opcode: Read or Write.

— Value: value to be written.
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Yuotnuato UMA pe
ouvdeon dlakormtn (switch) (2/2)

3 Stages

CPUs ' . ‘ Memories
000 1A 2A 3A 000
001 b b R iy
010 — Toto

1B oB 3B
011 T~ 011
100 b ___——1 100

1C 2C 3C

_-_-__-__-_-'-'--_

101 101
110 a - 110
1D 2D 3D
111 = = 111

An omega switching network.

G
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H apxttektovikn pvnunc NUMA

VD
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Katnyoptlomotnosic NUMA

 Simple NUMA cache coherence is not kept by the
hardware (CM*,Cenju, T3D, RWC-1, Earth simulator).

* CC (Cache Coherent)-NUMA providing coherent
cache. (DASH, Alewife, Origin, SynfinityNUMA,
NUMA-Q).

e COMA (Cache Only Memory Architecture): No home
memory (DDM,KSR-1).
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H apXLITEKTOVLKN LVAUNC
Simple NUMA

G
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Non Uniform Memory Access (NUMA)
—Mn opolopopdn npooTmeEAACN UVANG

o KabBe enetepyaotnc €xeL apeon & tayvtatn npocfacn o€ Eva
TUAKOL TNG KOWNG UVAUNG.

*  YnAapxeL €vag Koo xwpog tevBuvong pvnung (shared address
space).

* O xpovo¢ npacfacng oc kABe ApOpwpa pvUNG e§opTaTOL ATTO
TNV amootacon Tou KAabe eneéepyaotn amo avto ==> Mn
Opolopopdn nMPooTEAACN LVANG.

* To 6iktuo Sdlaocuvdeonc umopel va elvat: LepapyLkot dtavlot,
devdpa, (hierarchical buses, tree).

* H anodoon e€aptatal amo TNV «TOTKOTNTA TwWV SEOOUEVWV Y --
data locality 6nA yLo To av oL aLtnoELC Ao TOUC ETEEEPYAOTEG YLa
dedopeva adpopolV TOTIKEC 1) OXL BECELS UvAUNG.
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Non Uniform Memory Access (1/2)

* Providing shared memory whose access latency and
bandwidth are different by the address.

e Usually, its own memory module is easy to be accessed, but
ones with other PUs are not.

e All shared memory modules are mapped into a unique
logical address space, thus the program for UMA machines
works without modification.

* Also called a machine with Distributed Shared Memory
<A machine with Centralized Shared memory (UMA).
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Non Uniform Memory Access (2/2)

* A PU can access memory with other PUs/Clusters, but the cache
coherence is not kept.

* Simple hardware.
e Software cache support functions are sometimes provided.

e Suitable for connecting a lot of PUs: Supercomputers: Cenju,
T3D, Earth simulator, IBM BlueGene, Roadrunner.

 Why recent top supercomputers take the simple NUMA
structure;
— Easy programming for wide variety of applications.

— Powerful interconnection network.
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NUMA kot SMP

* HNUMA £xeL oxeblaotel yla va EEMEPAOCEL T OpLAL
KALLAKWONC TTou umtapyouv ota SMP (UMA).

* Aodolwc amatteitol Stacuvdeon uPnAng TaxvTnTOC.
e Katn apyttektovikn NUMA kot n UMA €xouv Kowvo
XwWpPo dLevBuVoEWV PvnUNG.

% ] MavemoTipio AuTikng Makedoviag



OpLOpOG TNG TOTIKIG PVAKNG

* TL ovOUA{OUUE TOTILKN UVAUN;

— H pvnun mov Bpioketat otov 1dto SlauAo pE Tov
emeepyaotn Mou ekteAel pa dtepyaotia. Kabe
LV N Ttou 6&V AVNKEL O€ QUTH TNV Katnyopia
OVOMA(ETOL OTTOMOKPUOUEVN UVALLN.
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Mn opolopopdn MPOCTEAQCN UVALNC

e Characteristics of NUMA machines:

— There is a single address space visible to all CPUs
(onpavtiko otolxeio: Kowvoc xwpoc dtevBuvoewv).

— Access to remote memory is via LOAD and STORE
instructions.

— Access to remote memory is slower than access to
local memory.
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H apyttektovikn pvnunc ccNUMA

VD
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Apyttektoviknn ccNUMA (1/2)

e 2xeOOV OAOL OL UTTOAOYLOTEC £XOUV MLA TOTILKN cache
£KTOC QIO TNV TOTILKN VNN YL VOl EKLETAAAEUTOUV
TNV TOTILKOTNTA TNG avaipopac.

e ATOUTELTOL EVOC LNXOWVLOMOC YL TN CUVETELQ LV LNC.

* H eykataotoon plac cache amattel el61kO e€omMALOUO
TPOKELMEVOU va dltatnpnBOei n ocuvadeLla TG LvNUNG.

* Etol dnuuoupyouvtal ot urtoAoyrotec NUMA pe
ouvadela kpuPpnc nvnunc (Cache Coherant NUMA).
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Apyttektoviknn ccNUMA (2/2)

* [la va dlatnpnBel n ouvadela xpnoLpomnoLeiton dia-
ENMELEPYAOTLKN EMLKOLVWVLA AVOUECO OTOUC EAEYKTEC
KPUPNG HVAHNG.

* YMApPXEL APKETA LELWHEVN atodoon av TtoAAaTtAoL
emetepyaoteC mpooma®ouv va tpoomeAdcouV TNV oL
EpLOXN HvNUNG oxedov tnv dLa otyun.

* Ta Aewtoupylkad cuotnpata mou urtootnpilovv NUMA
npoomaBbouv va eEAaXLOTOTIOL)OOUV QLUTEC TLC
TEPLTTWOELC.

e Xpnotlpomolovuvtal EL6LKA TPWTOKOAAQ cuvadeLag
LV LNG YLOL VO LELWVETOL N ETILKOLVWVLIOL 0TO EAAXLOTO.

% ] MavemoTipio AuTikng Makedoviag



NUMA/ouotouyio urtoAoyLotwyv

* H NUMA prmopel va YapaKtnpLloTtel we eva e160¢
ocuoTtolyilac uTtoAoylotwyV LE TtoAL oxupn (evén.

* H NUMA pmopetl va uAomolnBei e€oAokAnpou oe
software ) oe hardware.

* AocdaAwc n vAomoilnon HUE AOYLOULKO TIPOKAAEL Tapa
oAU peyaAn kaBuotepnon.
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H Xxpnon tng dLaoLpalopeVnG UVNNG
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2eAlbomoinon

Awapolpadopevne pvnunc (1/3)

Globally shared virtual memory consisting of 16 pages

o112 |13|4]|5]6

7

8

9 |10 ] 11

12

13 ] 14

S

012115 1 3|6 411711 13|15
9 8|10 12| |14
CPUO CPU 1 CPU2 CPU 3

~— Memory

(@)

(a) Pages of the address space distributed among four machines.

Network

When a CPU references an address that is not local, a trap occurs, and

the DSM software fetches the page containing the address and restarts

the faulting instruction.

o,
%
7
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>eAlbomoinon
Atapolpadopevne pvnunc (2/3)

0 2 5 1 3 6 4 71111 13[ |15
91|10 8 12] |14
CPU O CPU 1 CPU 2 CPU 3
- (b)
(b) Situation after CPU 0 references

page 10 and the page is moved there.

/*
%
o )
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2eAlbomoinon
Awapopadousvne uvnunc (3/3)

0112]]5 1 31|86 4 (17|11 13| |15
91(10 8| (10 12| |14
CPUDO CPU 1 CPU 2 CPU 3

(c)
(c) Situation if page 10 is read only and replication is used.

/*
%
o )
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Cache - Only Memory
Architecture (COMA)

* Y€ QUTN TNV KATNyopla N Kowvn pvAun etvat n kpudn
(cache).

* KabBe emetepyaotnc €xeL Apeon pooBoon o€ eva
TUN A TNG KOLWVAC LVALNG TTLO apyn TtpocBaon oTLg
QTTOLLAKPUOUEVEC KPUPEC UV LLEC.

* Yriapyxel pa emntAeov cache pvnpun (D) mou cupBalet
TNV QTOMOKPUCHEVN TIPOCBaon oTLC KpUdEC.

* YIApPXEL EVOC KOLVOC XwPOoC uvNunc (cache shared
address).
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>towxela MapaAAnAou
[MpoypopaTIOHOU

VD
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EUpeon mapaAAnAtag

e Ye mponyoupevn SLAAEEN EyLVE KATAVONTO OTL TIPETIEL
va BpeBel N va dnuoupynBel n mapaAAnAia oe pLa
epapuoyn MPOKELMEVOU VO UTTOPEL VOl EKTEAEOTEL
QTOTEAEOUATIKA O€ eva tapAaAAnAo cuoTnua.

* Nwc Ppioketatl Opwc N mapaAAnAlo;
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[Mou pmopet va BpeBel
__nnapalinlia o€ pla ebapuoyn;

Av gioTe CoIKEIWMEVOI HE TNV £QApHOYH, Ba TTpETTel va
Yvwpeilete yIa 10 TTOU UTTOPOUV Va BpeBouv
AveZAPTNTOI UTTOAOYICHOI:

o EpmAékeTal peydAo ouvolo dedopévwv?

(domain decomposition)

* YTrdpyouv TUHATA KWOIKA TTOU PTTOPOUV Vd EKTEAECTOUV O¢
OIAQOPETIK TEIPA? (task decomposition)

* Eival o utroAoyIopocg Eéva ouvolo otadiwy TTou dev aAANAETTIOpOUY
EKTOC ATTO THV XPHON THS £€0D0U TOU £VOC WG 10000V YIA THV
EMOHEVN? (pipeline decomposition)

Mia 1o etionun HEB0dOC TNS avaKAAUWNCS Tou TTapAaAAnAIGHoU

XPNCIMOTTOIEl YpaPrHaTa £€dpTNONS.
I
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T elvall Eva ypadnuo e€opTtNOEWV;

* Mpadnpa = (koppot, BeAn).
* [La kaBe kouPo:

 Exkywpnon petaBAntnc (ektoc amo tic HeTaBANTEC TOU
delktn).

 JtaBepa.
XepLOMOC N Aettoupyla KANnonc.

Ta BEAn deilxvouv tn Xpnon Twv HETaBANTWVY Kol TwV
otabepwv:

Aeboueva porc.
‘EAey)0C ponc.

* Ta ypadpnuota HaC EMITPEMOUV TNV OMTLK AVANOPACTOON
TV £éapTNoewV, KaBodnywvtac poc oTic anoPaoceLc

a5 TIOPAAANAOTIOLNGNG.
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Napadeypa ypadou eéaptnonc 1

for (i = 0; i < 3; i++)
ali] = bl[i] / 2.0;

% MavemoTAuio AuTikng Makedoviag
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EUkoAa palvetal OTL UmopEL va
rniapaAAnAornionBet pe domain decomposition

e For(i=0;i<3;i++) Elval duvatov pe
« a[i]=Dbli] / 2.0; Domain decomposition

% MavemoTAuio AuTikng Makedoviag
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Napadeypa ypadou eéaptnonc 2

for(i=1;i<4;i++)
ali] = a[i—1] * bli];

% MavemoTAuio AuTikng Makedoviag
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Ae pnopel va yivel mapaAAnAormnoinon
e domain decomposition

for (i=1;i<4;i++)
ali] = a[i —1] * b[i]; No domain decomposition

% MavemoTAuio AuTikng Makedoviag
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Napadeypa ypadou e€aptnonc 3

a="f(x,y, z);

b = g(w, x);
t=a+b;
c = h(z);

s=t/c; E

% MavemoTAuio AuTikng Makedoviag
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MrtopetL va yLVEL
nopaiAnAonoilnon peow tasks

a="f(x,y, z);
b = g(w, x);
t=a+b; n
¢ = h(z);

s=t/c;

Task Decomposition

@

e 3 TTUPNVEC.
Ounwg, anatteitol GUYXPOVIGUOC.
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Napadewypa ypadou eéaptnonc 4

for (i=0; i<3; i++)
ali] = a[i] / 2.0;

Mnopei va xpnoiwponoinBeit domain decomposition.

AV OuWC EXOUUE Aiyo SLadpopeTLKO KWLKAL.

% MavemoTAuio AuTikng Makedoviag

86



Napadeypa ypadou eéaptnonc 5

for (i=0;i<3;i++){
ali] =ali] / 2.0;
if (a[i] < 1.0) break;

* H ektéAeon ouvexiletal otnv EMOPEVN ernavaAnyn, Lovo otav dev LoXVEL N
ouvOnkn.

*  Yrmapxouv cuvOnKeg N eE0PTNOELG EAEYXOU OTOV KWOLKA.

e Ag pnopoUuE va TpaBREOUHE KATAKOPUDEC YPAUMEC.
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EUkoAn/AvokoAn mapaAAnAormnoinon

EukoAotepn AUon NMapaAAnAomnoinong Mo AVokoAn R} Akopa kat AdUvatn

AUon NapaAAnAonoinong

MeyaAUtepa cUvoAa debopévwy Muwpotepa oUvola SedopEvwv
MUKVEC UNTPEC APOALEC UNTPEC
Altotpwvtac To dtaotnua LETAEL Twv Aloipwvtac Tov XpOvo HETAED TwV
TIUPAVWV TIUPAVWV

Neo e
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H peBodoloyia napaAAnlomnoinonc

* Meletn mpoPAnpatoc, akoAouBLoKkoO POYPOUUD, N
TUN MO KWOLKAL.

* AvalntnoTte EVKOLPLEC yLa TtapaAANALoLO.

e XpPNOLUOTIOLNOTE VIMOTA VL0 VO EKPPACETE TOV
rnopaAAnALouo.

 To vt ELVOLL THAMOTO TWV SLEPYACLWV...
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Domain Decomposition pe vipato

FC) i :

§Thread 1

F(C)

.................
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Task decomposition pe vipota
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Pipeline kat vapata

Thread O Thread 1 Thread 2
Data ) g ()
set 4 Data Data
set7 \ set 2
[Input
Data sets Shared Memory
. 6. s
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Ta vipota £€XOUV LOLWTLKEC
KOlL KOLVOXPNOTEC METABANTEC

Thread

Private Shared Private
Variables Variables Variables

Thread

% MavemoTAuio AuTikng Makedoviag 101



MNapadeypa domain
decomposition pe vauota (1/2)

e AkoAouBLakoc Kwotkac:
int a[1000], i;
for (i = 0; i < 1000; i++) ali] = fooli);
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MNapadeypa domain
decomposition pe vauaza (2/2)

e AkoAouBiakoc Kwoikac:

int a[1000], i;

for (i = 0; i < 1000; i++) a[i] = fooli);
* NAua O:

for(i = 0; i < 500; i++) a[i] = fooli);

 NAuoa 1:

for(i = 0; i < 1000; i++) a[i] = fool(i);

* To a[ ] npémel va eivat kowvoxpnotn petaBAntn.
* Toinpenel va eivat Lblwtikn petaBAntn.
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MNapadelypa task
decomposition pe vuato (1/2)

int e;
maln () {
int X[lo]l jr k, m; j = f(x,k); m = g(X/

int £ (int *x, 1nt k)

int a; a = e * x[k] * x[k]; return a;

}
int g(int *x,int k)

{

int a; k =%k - 1; a = e /x[k]; return a;

% ] MavemoTipio AuTikng Makedoviag



Napadewypa task
decomposition pe vauata (2/2)

int e;
main () {
int x[10], j, k, m; j = f(x, k); m = g(x, k)....
}
int f (int *x, int k) Nrpa 0
{
int a; a =¢e * x[k] * x[k]; return a;
}
int g (int *x, int k) NAua 1
{
int a; k=k—-1; a=e / x[k]; return a;
}

Ta e, X[ ] mpEneL va eiva Kowwoxpnoteg petaBAntec.
Ta k, a mpéneL va eivol LOLWTIKEG LeTaPANTEC.
EvéeXoMEVwC, TO e UmopEi va eiva Kau static (kaAutepn amodoaon).

G
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Yuvon: IOLWTIKEC
KOLL KOWVOXPNOTEC LETABANTEG

* Kowoyxpnotec petaBAntec:

— JTOTIKEC pETOBANTEC.
— MetapAntéc cwpou.
— [leplexopeva TOU XPOVOU €KTEAEONC TNC OTOLBAC KATA TN OTLYUNA TNG
KAnong.
* |SLWTIKEC METABANTEG:
— MetapAntéc deiktn Bpoyovu.

— XpOVoC eKTEAEONC TWV AELTOUPYLWVY TNG oTolBaC Tou emKaAeitoL armo
TO VAuQL.

e Xpnolpomoln0nke vALkO amo “Intro to

Parallel Programming” tn¢ Intel.
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Teloc Evotntag
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