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CbabpxaHue

+ [MapanenHun npouecu

+ MapanenHu anropuTMm — NPUHLMNK,
NpoekTMpaHe, MeTpuka

+ Cpeau 1 e3vum 3a napanesnH nporpamm

+ CYHXpOHM3auna Ha napanenHuTe npouecu
+ ETanoHHu napanenHn anroputmm

+ banaHcunpaHe Ha napanenHaTa obpaboTtka

3. NapanenHa OMU/CY * UC/CU/KH * 2
o6paboTka PUTApx/PCA/CIMO

MocnenoBaTenHU 1 NapanenHy nporpamm

+ MnporpamaTta ce CbCTOM OT npouecu, KoMTo morat ga ObaaT U3NbrHABaHM
nocnenoBaTtesiHO UMM KOHKYPEHTHO
+ MpU n3nNbiHeHne Ha nporpama B cpeda 3a nocredogamesiHOMO

npozpamMupaHe
+ nporpamarta ce CbCTOM OT euH npoLec
+ pesynTaTbT OT U3MbIHEHUETO i C €AHAKBY AAHHU € BUHArM eAWH U Cbly
+ U3MbMHEHUETO Ha BCSIKA MHCTPYKLMS € NocnefoBaTePHO U HE3aBUCUMO OT U3MbIHEHUETO
HO ApYyrn MHCTPYKLUK
+ Npu n3nbJiHEeHne Ha nporpamMmnuTe B cpedu C MynmurnpozpamMupaHe
+ nporpamarta ce CbCToM OT eAuH NpoLec
+ ynpaBrieHWeTo ce npefaBa NnocnefoBaTeNHO MeXAy pasinyHu npouecu
+ MexXay OTAENHUTE NPOLIECH ChLUECTBYBA 3aBUCKHMOCT MO BPEME Ha UMbIHEHWE, HO
pesyrnTtaTa OoT U3NbIIHEHUETO UM Ce 3ana3sa
+ MNpU M3NbIHEHVE Ha NporpamnTe B cpedu 3a napasiesiHo npoapamupaHe
+ nporpamara ce CbCTOM OT MHOXECTBO NaparnenHu npolecu
+ TS BKIIOYBA OCBEH YNpaBnsBaLl Kof v AaHHW, CbLLO U MHCTPYKLWK 33 CUHXPOHU3aLMS 1
obMeH Mexay npoLecuTe, KOUTO CbCTaBNsIBaT HENHUS NnaHupaly npouec (scheduler)
+ pesynTaTbT OT U3MbIHEHUETO Ha NapanenHaTa nporpama Moxe Aa 3aBucy oT paboTtarta Ha

nnaHupaLwus npouec
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o6paboTka PUTApx/PCA

[MapanenHu npouecu

+ npoLlecuTe, N3NbNHABaLLM NporpamaTa B cpeanTe 3a
napanenHa obpaboTka, moraT 4a 6baaT anTepHaTUBHO:

+ PennuKkn, N3NbrHaBaLLM eaHakBM NOANPOrpamMmmn BbpXy
pasnuyHy gaHHm — mogen SPMD (Single Program Multiple
Data). N.B.: pasnukaTa oT SIMD e, 4e B TO31 cny4an
CUHXPOHU3aLUMATa ce U3BbpLLBa Ha HMBO noanporpamMa
(cermMeHT), a He Ha HMBO MHCTPYKUKUA 1 3aToBa SPMD
obcnyxBaHe ce n3nbrHaea Ha MIMD komnoTpuy

+ pasnun4yHu nognporpamun — mogen MPMD (Multiple
Program Multiple Data); npu T031 nogxon oTaenHuTe
nognporpoMu-npoLecu ce nopaxaar Kato AbLUepHN Ha
eauH [rnaeeH] npouec
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pac Ha npouecuTte
([precedence | dependency] graph)

+ 3aBMCMMOCTTa NO AaHHU K ynpaBlieHne ce nacneasa [qpes
rpacu] Ha pasnuyHn HUBa — BNoK, n3pas, NPOMEHNMBa
+ KomMnunatopuTe 0GUKHOBEHO U3cneaBart rpadga Ha
3aBNCUMOCTNE Ha HUBO 1U3pas3 1 NpoMeHInnBa — npumMep 3a
cepusaTa uspasu (wur. 2.5):
Sl: A=B + C
S2: B=A + E
S3: A=A+ B
— n3pasnTe ce n3obpasssaT kaTo Bb3NM B rpada Ha 3aBUCUMOCTUTE, a
AbrUTE ca 3aBUCMMOCTUTE KaTo HavyanoTo Ha Abra e NpoMeHnuBa
(aprymMeHT unu CTOMHOCT) Ha 13pas, a Kpan — cbLyata NpoMeHnmBea ot
cnepBall 13pa3 — OCBEH KOraTo HavarnoTo U Kpasi Ha gbrata ca
aprymeHTu (OT gcHaTa cTpaHa) Ha u3pasute
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Tunose 3aBUCMMOCTU B rpada Ha npouecute

+ 3aBUCUMOCT NO AaHHU (thO f|OW): pesynTaTa OT U3pa3 e apryMeHT Ha crefBall
13pa3 (NpeHapexaaHeTo Ha U3pasnTe UM NapanenHoTo UM U3MbIHEeHNe NPOMeHs peaynTaTa Ha
CrepBalLMa U3pas — BX. yrpaxHeHue 13a npyumMepa oT T. 5. U APYIY NpUMepu) — Taau 3aBUCMOCT &
HenpeogonMMa

+ aHTN3aBUCUMOCT (anti-dependency): aprymeHTa Ha u3paa e peaynTar oT criefjsaly
13pa3 (MpeHapekaaHeTo Ha U3pasuTe N NapanenHoTo UM U3MbIHEHUe MPOMEeHs pesynTaTta Ha
aHanuanpaHus 13pas) — Tasu 3aBMCHMOCT Moxe Aa 6bae NPeodonsHa Ypes pennmukmpaHe Ha
npoMeHnnBnTe

+ 3aBucuMocT no n3axopn (data output) - pesynrarure ot asa uspasa ce sanucear s
e[Ha 1 Cblua NPOMeHnMBa (MpeHapexaaHe Ui NapanenHo U3MbIHeHNe NPOMEHs CTOMHOCTTa Ha
Ta3n NPOMeHNNBa)- Tasu 3aBMCUMOCT MOXe fa 6bie NPeoAoNsHa Ypes pennmkmpaHe Ha
npoMeHnnBnTe

+ 3aBucMmMOCT no Bxoa (data input): asa uspasa umar 06wy aprymeHT - Tasm
33BUCMMOCT HAIMa 3HauYeHIe NPy CbBPEMEHHNTE NPOrpamMHI cucTeMm (Mopaan CpeacTeaTa 3a
KOHKYpeHTeH A0CTbN)

+ 3aBucuMocCT no ynpasneHue (data control): ycnoero nsnbnmenme Ha napas,
KbAETO YCMOBMETO € peaynTaT OT NPeaxofeH 13pas (Mo CbLUECTBO TOBa € PA3HOBMAHOCT Ha
3aBMCMMOCTTa MO AaHHW)

+ 3a NOo-BMCOK Napanenmn3bM Ha Koda ce OTCTpaHABaT

aHTN3aBNCUMOCTUTE N 3aBUCUMOCTUTE MO U3Xo4
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MpuMep 3a OTCTPaHsIBaHE Ha 3aBUCUMOCTU

U3X00EH KOO

fori =1, n, 1
x = A[i] + B[i]
Y[i] = 2 * x
x = C[i] * D[i]
P=x+ 15

endfor

KOO ¢ HaManeHa 3a8UcUMoCm

for i =1, n, 1
x = A[i] + B[i]
Y[i] = 2 * x
xx = C[i] * D[i]
P =xx + 15
endfor
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Moagenu obuwa namer

B NapanenHuTe cUCTeMM AOCTbMBLT A0 obLiaTa nameT 1 pecypcu 3a B/ e
KOHKYPEHTeH U ce 6a3mpa Ha cxemuTe 3a PRAM (Parallel Random Access
Machine) — aBTOHOMHM NPOLLECOPY C KOHKYPEHTEH AOCTBN A0 06Lwa namet
(kosiTo BkNtouBa v B/W kaHann)
B mogena PRAM ce npenarat 4 CXemu 3a OTCTpaHsABaHE Ha KOHMMMKTEH
KOHKYPEHTEH AOCTBMN A0 06LL0TO aapecHO NPOCTPaHCTBO:
+ EREW (Exclusive Read, Exclusive Write) — pesepBupaHe Ha KOHKYPeHTHUS JoCTbN Aa
[afeH agpec 3a ABaTa Tuna onepauuu
+ CREW (Concurrent Read, Exclusive Write) — HAKOMKo npoLiecopa moraTt a yetarta
eHOBPEMHHO AaAeH aapec, HO onepauunTe 3a 3anvuc ca MOHOMOIHU
+ ERCW (Exclusive Read, Concurrent Write) — gonyckaTt ce HAKONKO e4HOBPEMEHHMU
onepauuu Ha 3anuc HO MOHOMOMHO YeTeHe
+ CRCW (Concurrent Read, Concurrent Write) — KOHKypeHTHUTE onepauwum ca 6e3
orpaHunyeHne
*EW cxemuTe CbOTBETCTBAT Ha M3NCKBAHNATA 38 KOHCUCTEHTHOCT
(C'bFJ'IacyBaHOCT n ,El,eTepMVIHVICTI/ILIHOCT) Ha JaHHWUTE U ce nNpunaraT KaTto
YHMBEpcarnHu npu noBe4yeTo napanesiHn anroputMmu;
KOHKYPEHTHUTE onepauuu 3a 3anuc npu *CW cxemnte umaT orpaHn4yeHo
npunoxexHme nNpun HAKOW Knacose napanenHu anroputMmmsa 06pa60TKa Ha
rpacu 1 uncnosa o6paboTka, Npy KOUTO NOCTUFAT NO-BMUCOKO

6'bp30,D,el7ICTBI/Ie OT CXeMUTe C pesepBupaH 3anmc
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Mogen c o6MeH Ha CbobLWEeHUA

+ npu obmMeH Ha cbobLLEeHNS BCSAKa ABOMKA NpoLecu e
CBbp3aHa C KOMyHUKaLMOHEH KaHan, npeacTaBeH C TOYHO
e[Ha NpoMeHnMBa — nocnefoBaTenHuTe cbobLeHns ca
CTOMHOCTUTE Ha Ta3n NPOMEHNNBA;

+ }J,ed)l/lHVIpaHO € CbCTOAHME Ha KaHana — Hanp. YeTeHe Ha
npomMeHnneaTa-KaHasn ce gonycka camo Korato CbCTOAHUETO MY He €
npaseH (pecn. Npu 3anuc — 4a He € MbIeH);

+ ACUHXPOHHUAT N CUHXPOHHUAT KaHan Cca C €4HaKbB PeXM Ha OOCTbN
HO aCMHXPOHHUAT UMa KanauuTeT = paamepa Ha bydepa (>1)
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MapanenHu anroputmu

+ [MapanenHuTe anropMTMmn ca MEXANHHOTO 3BEHO BLB BepuraTta Ha
napanenHaTa obpaboTka (Mexay n3uncnuTenHns npobnem n napanenHata
cucrtema) -

+ apxuTekTypa

+ cuctemalcpena

+ nporpama

+ anroputbm

+ n34ucnuteneH np06neM

+ [1A e abcTpakTHO (dopmanHo unu HedopmarnHo) npeacTaBsHe Ha
n3yncnuTeneH npobnem kato Habop OT Npouecy 3a e4HOBPEMEHHO
M3nbrHeHwe (B cnyyas npouec e YacT oT Npobnema, KOSTo ce U3NbiHABa OT
e/IVH npoLiecop)

+ OCHOBHWTE XapakTepucTukmn Ha MNA (KoMTo OTCBhCTBAT NPW NOCH. anropuTMu)
ca

+ ©pol npouecu 1 norvyeckaTa UM opraHusauus (Hanp. master-slave)

+ pasnpejeneHve Ha AaHHUTe (,EleKOMI'IO:iI/ILII/Iﬂ + Bb3MOXXHOCTU 3a pasnpeneneHa
anokauus)

# TOYKM Ha CUHXPOHM3aLus (ONTUMU3NPAHE)

+ Mopen Ha MexaynpoLecHusi obMeH (OCHOBHO obLua nameT — 06MeH Ha CboBLLEHNS)

+ PasfiMyHMUTE KOHKPETHU peLleHns Ha ropHUTE XapaKkTepuUCTUKX nopaxaart uan
knac ot MNA, 6asupaHu Ha eguH nocrnegoBaTeneH anropuTbM
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das3u Ha NpoeKTUpaHeTo Ha MNMA

+ npoekTnpaHeTo Ha 1A MnHaBa npes cnegHuTe dasn (4.3 ):

+ pasgensiHe (partitioning) — gekomMno3numst Ha npobnema:

+ Mo gaHHu (rmaBHo SPMD) vnnu

+ no dyHKuMM (rnasHo MPMD) —

+ pasfensiHeTo ce W3BBLPLUBA C Orfes Ha cneundumkaTta Ha npobnema; uenTa e aa ce
AedrHMpaT MHOXECTBO NoA3ajaHust; rpaHynapHocTTa npu Tasu dasa He oTuuTa
0COBEHOCTUTE Ha apXMTEKTypaTa, KOSTO Lle ce U3nonaea 3a obpaboTka —
pe3ynTaTbT OT hasata e AepUHMLMA Ha OTAENHUTE 3aAaHNs

+ KOMYHMKauum (M 3aBUCMMOCT) (communication) — hopmynupa
WHAOPMALMOHHUTE UM KOHTPOSHWUTE 3aBUCUMOCTUN MEXAY
OTAenHWTe noA3afaHnsi; KOMyHUKaLMUTE ce NpeacTaBaT KaTo kaHanm
(CbC CbOTBETHUTE CBOWCTBA — Hamp. kanawuuTeT, N0CoKa) 1
CcboOLLEHMs (T.e. AaHHU 1 KOMaHAM), KOUTO ce Npeaasart Mo Tesun
KaHanu (Hanp. oopmart, pa3mep, TUM); apxuTekTypaTa 3a obpaboTka ce
UrHopupa v Ha Tasu gasa, Ho cneumduuMpaHeTo Ha KaHanuTe nomara
[a ce OLeHV anroputbMa No KOMyHVKaLMOHHA CIOXHOCT
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... hasn Ha npoeKTHpaHeTo Ha MNMA

+ (opmupaHe (agglomeration) — crief oueHKa Ha u3umcnuTenHaTa u
KOMYHMKaLMOHHATa CIOXHOCT Ha (hopMynupaHnTe nog3agaHus n
npunexaiimTe UM KOMyH/KaLum, Te ce rpynupat B 3agaHus, Npy KoeTo ce
oTYMTaT XapaKTEPUCTUKNTE Ha apxmTekTypaTta Ha o6paboTka — OCHOBHO
6poi npoLecopu/Bb3NN U KOMYHUKaLIMOHEH MOAEN — U B pe3ynTar ce
noctura onTUMM3NpPaHe No CreaHNTe XapakTepUCTUKM

+ rpaHynapHocT n 6anaHcupaHocT (C oueka Ha U3uncnuTenHaTa CroXHOCT Ha
oTAenHuTe 3agaHus)
+ €BeHTyanHo pennukupaHe Ha AaHHU 1 no43aaaHnsa

onTUMMU3npaHe Ha KOMyHUKauumTe (C oLeKa Ha KOMyHUKauMOHHaTa CINOXXHOCT

Ha OTAENHUTE 3a4aHus)

¥ eBeHTyarnHo 3ana3BaHe Ha NIMHENHOCT (CKanupyemacT)

+ TEXHOMOrM4HO ONTUMU3MpaHe (Hanp. HamansBaHe Ha pa3xoauTe 3a kognpaHe
Ha 3agaHunaTa)

*
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... asn Ha npoeKTHpaHeTo Ha MNMA

+ pasnpegensHe (mapping) — He3agbImkMTENHa dasa
(oTcbeTBa Npu npoekTupaxe Ha lMA 3a cuctemm ¢ gUHaMUYHO
nnaHnpaHe — obukH. MIN ¢ POC), kosiTo ce cbCToU B
pasnpegensiHe Ha oopMupaHnTe 3agaHust (Mnm eBeHTyarnHo
rpynu ot 3agaHus) no obpaboTealymnTe Bb3NM Ha cuctemarta
CbC KoaMpaHe Ha CbOTBETHOTO peLueHune. N.B.: 061ukHoBeEHO
Ce 13rnon3Bea cneuunarneH esuk 3a cneundgukaums Ha
3apexgaHeTo 1 eBeHTyarHoO 3a HacTpokKa Ha
KOMYHUKaLMOHHUTE KaHarmnm Hanp. B CUCTEMMU C KOMYTUPYEMHU
KaHanu, Taka 4ye oT anropMTbma ce M3nckea Aa crneuudpuumpa
N KOMYHMKaLMOHUS rpad Ha cuctemara 3a obpaboTka 5.1
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MeTpuKa 1 aHanM3 Ha NPOU3BOAUTENIHOCTA

+ CMNOXHOCTTA Ha nocnegoBaTtenHuTe anroputmn (bpon
onepalmm) ce oueHsiBa kKaTo PyHKLMSA camo Ha pa3mMepa Ha
npobnemHaTta obnact u cnegoBaTenHO MOXe [ia Ce OLeHU
abcTpakTHO OT apxutektypaTta; npu MNA T8 e PyHKUUS Ha
apxuTekTypaTta 1 Ha cpefarta 3a napanenHa obpaboTtka
(ocobeHo Npu AMHAMWYHO NNaHUpaHe)

+ ocHoBeH chakTtop npu A e cTeneHTa Ha napanenusbm P —
MakcMManHus 6pow onepawmu, KOUTO MoraT 4a Ce U3MbITHAT
nsipsnenHo npu obpaboTkaTta Ha anropuTbMa — TOBa €
apXMTEKTYpHOHe3aBuCHMa BENNYMHA; NpU pa3mMep Ha
npobnema W He noBe4ye oT P(W) npouecopa morar ge ce
nonseaT eheKTUBHO; CbLUECTBEHO € CbOTHOLLEHNETO MEXAY
napanenHuTe 1 nocrnegosaTenHuTe cermMeHTn Ha MNMA
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3akoH Ha Amdahl (1967):

+ MpU HanNnyne Ha ABe MHTEH3UBHOCTM (TEMMNOBE) Ha
obpaboTka Ha gageH nopbnem — BUcoko-napanenHa R, n
HUCKO-napanenHa R, Kouto ca B cboTHowweHue f:(1-f) no
OpoWi Ha reHeprpaHu pe3ynTaTti (MEeXONHHWU U KpanHK) —
obLLaTa MHTEH3MBHOCT Ha 06paboTka e

R(f) = [f/Ry + 1-f)/R]"

+ cneposatenHo f — 1 R(f) > Rymnpu f — 0 R(f) > R,
+ N.B.: makap 4ye e chopmynupaH 3a TemnoBe Ha obpaboTka,
3aKoHa e B cura 1 ce npunara 3a arpervpaHa cTeneH Ha

napanenvuama Ha 3agaHueTo
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YckopeHue n eqoeKTMBHOCT

+ Npy oueHka unu n3mepsaHe Ha yckopenueTo (S, = T,/T,) ce npuema, ye
BCWYKM NpOLIecopu B ABaTa cryyas ca C WAeHTUYHa NpOoM3BOANTENHOCT;
nopaam Hanm4me Ha KOMyHUKaLMOHHW M CUHXPOHU3ALIMOHHY 3aKbCHEHMS

1<S,<p

+ aHomanuu:

+ cynepnuHelHo S, > p MOXe Aa ce Habsoaasa npu
+ HeonTUMarneH nocrnegoBartenieH anropuTbm Unu
+ ocobeHun XapaKTepucTuku Ha npo6nema, KOUTO n3aBABaT HUCHK KanauuteT Ha
N3non3BaHua xapayep: Hanp. Npu ronam pasmep Ha aHHuTe (HagsuLLaBaly,
KanayuteTa Ha O|-|) € Bb3MOXXHO 3HAa4YUTENHO 3aKbCHEHUE Ha nocrnegoBaTenHaTta
06p660TKa Ha np06nema nopaau 6aBHK onepauun ¢ BbHLWHaTa namMeT, oKaTo npu
napanesnHa obpaboTka ¢ pasaensaHeTo Ha AaHHUTE Mex/ay Bb3nuTe To3u npobnem
oTnaga (onTmmmsmpaHe Ha nocrefoBaTtesnHnua anropuTom B TO3U cnyqaﬁ He e
BBH3MOXHO KOraTo 3a AaHHUTE He BaXXM NpUHLMNA Ha NTOKanHOCT — Hanp. Npu MHOro
npo6nemu ot Al)
+ HEeMOHMOHHO S, > sz 3a p2>pl — 4ecTo cpellaHa aHomanusa

+ €EKTUBHOCTTA, KOATO € HOpManuampaHo yckopenwe (E, = S,/p = T,/(pT,) <
100%), XapakTepuanpa vyacTra oT obL0TO Bpeme 3a napanenHa obpabotka,
npes KOATO NPOLIECOPHUTE eNIEMEHTH ce n3nonssat
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MprMep 3a oueHKa Ha YCKOPEHMUETO U
edeKTMBHOCTTa

+ XMNEepKy6 OT p npouecopa U34MCciIaBa cyMaTa Ha N YMChaa;
BPEMETO 3a JIoKaJiHa onepauus CbbmpaHe Ha ABe 4mcia m
BPEMETO 3a NpejaBaHe pe3yaTata Ha cbcezeH npouecop e 1

+ MA: yncnaTa ce cymmpart JIoKaJIHO 3a BpeMe n/p cnep Koeto
JIOKasHMTe (MbpBOHAYa/IHO p Ha 6poM) NapumanHM CyMu ce
npegasat Ha cbceg (1) u cymumpar (1) 3a 2lbp (4.5.1)

+ S,=n/[n/p + 2lbp] = np/[n + 2plbp]; E, = n/[n+ 2plbp]

+ MOJlyYeHUTE 3aBMCMMOCTM (4.5.2 ) NoKasBaT 06UYAMHUAT
edeKT npu no-ronamara 4acTt ot A Ha HamansaBaHe Ha

edeKTUBHOCTTa C HapacTBaHe Ha p (Npy MUKCUpaH pasmep
Ha npo6aema n) - edeKT oT 3akoHa Ha Amdahl
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LleHa n koeuuMeHT Ha M3non3BaHe

+ LeHa (cost) npu ob6paboTkaTa Ha A ¢ p npouecopa 3a Tp
eouHuum Bpeme (N.B. eanHuLa Bpeme e BpeMeTo 3a
U3NbMHEHVEe Ha efHa eNneMeHTapHa onepauus) e

C,=pT,

+ T.e. Cp e kpuTepuii 3a 6post onepawmm, Kouto bruxa mornu aa
ce u3BbpLuaT 3a BpeMeTo Ha 06paboTka Ha cboTBETHUS A

+ KoeduuMeHT Ha nanonseaHe (utilization) npn obpaboTkaTa Ha
IMA, cbeTosiw ce ot Op Ha Gpow onepauum ¢ p npoLecopa e

U, = 0,/C, =0,/ (pT,)
+ T.e. Up e OTHOLLEHNETO Ha AENCTBUTENHUTE KbM

noTeHunanHuTe onepauumn npn o6paboTka Ha CbOTBETHMUSA
MnA
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TeMn n n3nMWbK

+ TemnbT Ha 0bpaboTka (execution rate) e apXUTEKTYPHO3aBUCMM NapameTbp U1
Ce NPeACTaBst C HSKOMKO CKanu:

+ MIPS (ynunpouecopw, MIT)

+ MFLOPS (SIMD, unicnoea obpaboTka)
MOPS (SIMD)
+ LIPS [# logic inferences p.s.] (Al npunoxeHuns)
+ OCBEH M0 apXUTEKTYpEeH KpUTepuin, M30opbT Ha ckana 3aBucy 1 ot Tuna lNA,

kouTto ce obpaboTeat
+ unanuwbk (redundancy) npu obpaboTkaTta Ha MA, cbeTosw, ce oT Op Ha 6poi
onepauuu npu obpaboTka ¢ p npoLiecopa e
R,=0J0>1

(xvaeto O, e 6posi onepauwmu npu o6paboTka Ha yHUKOMMIOTHLP) T.e. R, e
KpUTEepu1I 3a CBPbXTOBapa, KONTO ce nopaxaa OT napanenaHarta obpaboTka
Ha anroputbma; p u n (pasmepa Ha npobnema) ca aprymeHT1 Ha R, HO — B

3aBMCMMOCT OT knaca lNA — yyacTBar ¢ pasnuyHa TexecT

&
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LleHa n koeuuMeHT Ha M3Mnon3BaHe

+ LeHa (cost) npu ob6paboTkaTta Ha A ¢ p npouecopa 3a Tp
eouHuum Bpeme (N.B. eavHuLa Bpeme e BpeMeTo 3a
U3NbHEHVEe Ha eJHa eNneMeHTapHa onepauus) e

C,=pT,

+ T.e. Cp e KpuTepuin 3a 6pos onepaunm, KOUTo buxa Mornm ga
ce u3BbpLuaT 3a BpeMeTo Ha 06paboTka Ha cboTBETHUS A

+ KoeduUMeHT Ha nanonseaHe (utilization) npn obpaboTkaTa Ha
IMA, cbcTosiw ce ot Op Ha Bpow onepauum ¢ p npoLecopa e

U, = 0,/C, =0,/ (pT,)
+ T.e. Up e OTHOLLEHNETO Ha AENCTBUTENHUTE KbM

noTeHunanHuTe onepauumn npn o6paboTka Ha CbOTBETHMSA
MnA
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ANropMTMMYHA CNOXHOCT

+ KOpPEKTHOCTTa Ha AafeH NA e apxuteKkTypHOHe3aBncrMa, Ho
HeroBaTa e(peKTMBHOCT 3aBUCU OT U3MbIHUTENHATA
nnardopma, Nopaam KOeTo e LenecbobpasHo CNOXHOCTTa My
[a ce oueHsiBa 1 kaTo YHKUNS Ha pa3npegensHeTo (mapping)

¥ MO NPUHUMN anropuTMuYHaTa cnoxHoct O oLeHsiIBa BpemMeBuTe
N MPOCTPAHCTBEHN XapaKTepUCTUKN Ha 06paboTka — BpemeBaTa
cnoxHocT T e ce 3agaBa B Opowi enleMeHTapHM onepauum u
KOMYHMKaLmmn (OT KOMTO ce nony4yaBa BpeMeTo 3a obpaboTka B
JafeHa apxuTekTypa), a NpocTpaHCcTBeHaTa CroXHoCT M B
Opon anoumpanu pernctpu u kneTtkm namer (t.e. O = O(T, M));
OLEHKTa ce flaBa OOMKHOBEHO KaTo [IONIHA U ropHa rpaHuua Ha
Te31 BENMUYMHN UNN C NPUBNNKEHNE — aCUMMTOTUYHA CIIOXHOCT
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MapanenHo nporpamMmpaHe B pasnpeaeneHu
CUCTEMM

+ npunara mogenute
+ pasnpegeneHa obwwa namet (DSM)
+KIKoYanku cemadgopu, MoHMTOpK, 6apuepu
+ 006MeH Ha cbobLeHnst (Message Passing Systems)
+MPUMOXHO-OPNEHTUPAH MEXANHEH CNOWN —
+MPI 1 PUM - npouenypeH moaen
+#RMI n Corba — 06ekTeH moaen
+MepapxmyHu (master-slave, client-service - Jini) n He-
nepapxmynn mogenu (P2P - Jxta)
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KoHBEHUMOHaNeH nceBaokoa 3a napanenHu
anropuTMu

+ NceBaokoaAbT (KaKTO nes3nunTe 3a nporpaMMpaHe) e NPUNoXxum 3a
onpeaerneHu KnacoBe apxXMTekTypu — 0BUKHOBEHO ce B3vMa KaTo
npegnocTaBka Han-pasnpoctpaHeHus PRAM mogen 3a napaneneH 4ocTbn
po obwa namet (npomeHnuen) — CREW

+ [eKnapauuda Ha npouenypu u beHKLlVIVI € paswnpeHa CbC 3annc Ha mogena
3a napanenHa obpaboTka 1 6pos anoumpaHy NpoLecopu:

Procedure: <name> ({list of parameters})
Model: <model name> with p = f(n) processors
Input: <input variables>

Output: <output variables>

Declare: <[global and] local variables>

Function: <name> ({list of parameters})
Model: <model name> with p = f(n) processors
Input: <input variables>

Output: <output variables>
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-

Bnok FORALL

TO31 GNOK ce npunara 3a UMMTaUMs Ha NapanenHo U3NbIIHEHUE Ha BNOXEHUS B HErO
cermeHT (Habop nM3pasmu) — aCMHXPOHHO (He3aBncMmo — Hanp. B MIMD) unu
CUMHXPOHHO (Hanp. B SIMD)
CUHTaKCUC:
FORALL identifier: RangeType IN {PARALLEL | SYNC}
Statement_1

Statement_K

END
identifier e ynpasnsBawa npomeHnvea, feduHpaHa B rpaHuumMTe Ha 651oka; no
©[IMH NpoLiec ce Cb3aaBa 3a BCsika HeWHa CTOMHOCT (MHOXECTBOTO CTOMHOCTM TpsibBa Aa
€ KpaiiHo); B cb3gaaeHuTe npouecy identifier wma pasnuuHm CTOMHOCTM
RangeType e TUNbLT Ha ynpaensiBaliata NpOMEHIIBA, YUATO MOLLHOCT OCBEH TOBa
3apaBa v 6posi naparnenHu npouecu
M3MbIIHEHWETO Ha 6roka 3aBbpLUBA Cried U3MbIIHEHWE Ha BCEKU OT npolecuTe
PARALLEL unu SYNC 3agaBa Tuna napnenHa obpaboTka — CbOTB. aCUHXPOHEH U
CUHXPOHEH (acuHXpoHHaTa 06paboTka o3HavaBa, Ye YacT OT NpoLecuTe MoraT Aa ce
nnaHupar crneg u3mbIHEHWETO Ha APYrUTE — Hanp. korato 6posAT UM e No-ronsm ot Gpost
npouecopw)
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MNMpumep 3a 610K FORALL

+ 8 mporeca 3a acCHHXpOHHA MapajeiHa o0paboTka Ha (QYHKIHSA C
apryMeHT — HoMepa Ha Ipolieca
FORALL x:[1..8] IN PARALLEL
y = some_function(x);
END
* Bepcus
FORALL XeX IN PARALLEL do y = some_function(x);
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N3pa3 do IN PARALLEL

+ TO3M M3pas ce npurnara KaTo AMpeKTMBa B pasnunyHu 6rokoBe — Hanp. npu
napanenHa BekTopHa obpaboTka
+ CUHTaKCcuc:
for <u3pas BbPXY MHAEKCUTe Ha MacuB> do IN PARALLEL
Statement_1
Statement_2

Statement_K
end IN PARALLEL
+ MpuMep: 3a BCEKU ENIEMEHT Ha MacuBUTe ce hopmMmpa OTAENEH NpoLec
for i =1 to n do IN PARALLEL
read(A[i], B[i])
if (A[i] > B[i])
then write(A[i])
else write(B[i])
endif
end IN PARALLEL
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CUHXPOHU3ALIMOHHN KOHBEHLIMKM, ceMadopu

+ CUHXPOHU3AaUNOHHUTE CXeMun ouBat
+ KOHTPOI Ha AOCTbM — ceMadopy ¥ MOHUTOPU
+ KOHTpON 3a nocrenoBaTesiHocT — Gapuepu

+ MPOMEHNMBA OT TMN ceMadhop Ce acoummpa ¢ BCekM aapec 3a

00U, 4OCTBN M BbPXY Hesl Ce U3BBbPLUBAT onepauunte
+ YCTaHOBSIBaHe Ha CbCTOSIHMETO (AaKTMBHO MW NacuBHO) (Wai t)
+ GrnokupaHe Ha npouec (wait)
+ Bb3cTaHoBsiBaHe oT 6nokupaHe (signal)

+ wait(S) e 3asBka 3a 4OCTBMN A0 KpUTUYHATA 30HA, KOSATO ce
noTBbPXKAaBa ako S>0 (M S ce AeKpeMeHTMpa); B NPOTUBaH
cnyqa|7| npoueca 6n0|<|/|pa N n34akBa

+ signal(S) oceoGoxaaBa KpuTUYHATaA 30HA, MHKPEMEHTHpPA
S 1 Bb3CTaHOBSABA Yakaly, npoLec
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CUHXPOHU3MpaLL, NCEBAOKOA CbC ceMadop

P1: wait(S1)
{critical section 1}
signal{S1}

P1: wait(S1)
{critical section 2}
signal{S1}
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CUHXPOHU3ALIMS C MOHUTOPU

+# MOHUTOPUTE Ca pasluMpeHne Ha cemadopuTe, KOeTo ce
CbCTOW KaKTO OT JAaHHUTE 3a KOHTPOI Ha JocTbna — condition
variable, Taka 1 oT npouenypuTe - signal 1 wait

+ Npun gedmHupaHe Ha condition variable ce cb3gaBa v onaluka
Ha naeHTUMMKaToOpUTE Ha YakalLy NpoLecu, KOUTo ce
Bb3CTaHOBSABAT M Nofy4yasaT 4OCTbMN A0 KpUTUYHAaTa 30Ha C
ornepauusaTa signal

Monitor Resource_alloc v
var Resource_in_use: Boolean; Procedure Release_resource

Resource_is_free: Condition; begin
Procedure Get_resource Resource_in_use = false
begin signal(Resource_is_free)
is (Resource_is_free) then end
wait(Resource_is_free) end Monitor
Resource_in_use = true
end
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CUHXpOHU3aLMs ¢ Gapvepu

+ ¢ BapvepuTe ce OCbLLECTBSIBa KOHTPOI 3a
nocrnegoBaTenHOCT — Hamnp. 3a 3anasBaHe Ha 3aBUCKMMOCTTa
no AaHHM

+ Dapwueparta cbLLo ce cbeTom OT Bydhep 3a roToBU M34akBaLLM
npowecu n bopsay

¥ NceBAoOKOA C U3nonssaHe Ha Gapuepa:

IIce60ok00 6e3 cunxponuzayus IIceg0oko00 c bapuepna cunxponuzayus
For I = 1 to N do IN PARALLEL For 1 = 1 to N do IN PARALLEL
{ {
S1: A[I] = func_a(A[1]) S1: A[l] = func_a(ALIT)
s2: B[I] = func_a(B[I]) S2: B[I] = func_a(B[I])
) _ — BARRIER(2)
S3: C[1] = func_c(A[l], BLID s3: ¢[1] = func_c(A[I1, BLIT
} }
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3agauun Ha banaHCMpaHETO Ha u3umcnuTenHus ToBap (Load
Balancing — LB, Resource Management, Resource/Job
Scheduling)

+ MMHUMU3MPaHe BPeMEeTO 3a pellaBaHe Ha AafeH npobnem npu
napanenHa obpaboTka Ype3 n3paBHsiBaHE Ha NIOKarIHOTO
HaToBapBaHe Ha obpaboTBaluTe Bb3NK

+ LenTa moxe Aa 6bae He MbIHO U3paBHsIBaHe a HeoMnyCckaHe
Ha Bb3er B NPEeCTol JoKaTo Tpae napanenHarta obpaboTka

+ B rpug — nponopLlmHanHo HaToBapBaHe Ha pecypcu ¢ pasnuyHa
COBGCTBEHOCT U agMUHMUCTPALMS

¥ M3TOYHUUM Ha gucbanaHc

+ HeperynapHoCT Ha npo6ema npn napanenn3bm no gaHHU

+ HeleTEPMUHUCTUYHM anroputMu 3a o6paboTka, Hanp. Npu HEN3BECTEH
Opow Tepauun 3a JocTUraHe Ao peLleHneTo — TbpceHe B rpadu v ap.

+ HEBBb3MOXHO U HEKOMMETEHTHO AeKoMNno3npaHe — Npu napanenn3bm

no gaHHW nUnn nNo ynpaeneHune
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CTaTU4HO HanaHcupaHe

+ pasnpefensaHeTo Ha 3afjaHudaTa rno Bb3nu 1 anouupaHeTo Ha
pecypcu ce n3pbpLuBa (M € M3BECTHO) Npeau Aa ctaptupa
napanenHaTa o6paboTka — nnaHupaHe, KOMNIIEMeHTUPaHe
(mapping, matchmaking, scheduling)

+ NoAxoam 3a cTaTuyHo GanaHcupaHe

+ RR - unknnyHo anouupaHe Ha 3agaHuAaTa no 06pa60TBau.w| npouecu

+ CTOXaCTWU4YHO pasnpenendaHe

+ PEKYPCVBHO pasgensiHe — Npu anroputMuTe 3a rpadgm — brucekuusi
(paspensiHe Ha npo6nema Ha noanpobrnemu c ovYakBaHa efHakBa
CMNOXHOCT Ha 06paboTka 1 ¢ reHepupaHe Ha MUHUManeH
CUHXPOHM3aUNOHEH U KOMYHUKaUWOHEH CprXTOBap)

+ reHeTu4yHn u MoHTe Kapno anropuTMum — CBbp3aHu ca C reHepumpaHe Ha
BBb3MOXHU BapnaHTU Ha AeKOMMNOo3nLUnATa U OLleHABaHETO UM, TakKa 4Ye Aa
ce n3bepe onTUManHus
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HepactaTbumM Ha cTaTMYHOTO banaHcMpaHe

+ npobnemHa npefBapuTeniHa oLeHka Ha CroXHOCTTa Ha noanpobnemure,
nonyyYeHn Npu 4eKOMNo3numsiTa

+ He MOXe Ja oT4yeTe TeKyLOoTO CbCTOSHNE Ha pecypcuTe no BpeMe Ha
obpaboTkaTa — OHOBOTO HaTOBapBaHe Ha pecypcuTe (NpoLEeCopHN
LMK, NameT, KOMYHUKALMOHHW KaHanu) KakTo u peanHute
CUHXPOHM3aLMOHHN U KOMYHWKaLIMOHHN 3aKbCHEHWS — OrpaHNyYeHo
NPUNOXEHNe a3 CUHXPOHHWU anropuTMm

+ PN HE[ETEPMUHUCTUYHM anropMTMuy 3a obpaboTka, Hamp. npu
HeunsBecTeH 6poW nTepauumn 3a JOCTUraHe [0 PELLEHNETO — TbPCeHe B
rpadw n ap. — CTaTU4HO peLleHne Ha 3aJavara 3a ToBapeH banHc e
HEeBB3MOXHO OCBEH Ype3 npunaraHe Ha no-uHa rpaHynapHoCT 1
OTKpuBaHe Ha kpamn (distributed termination detection)
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JIMHaMnyHo 6anaHcupaHe

+ pasnpegensiHeTo Ha 3ajaHusATa No Bb3nu 1 anouupaHeTo Ha
pecypcu ce U3BbpLUBa NO BpeMe Ha naparnenHaTta obpaboTka
N € 3BeCTHO efiBa crnepj NpUKoYBaHeTo 1

+ LeHTpanuanpaH noaxod — master-slave 06paboTka;
OeKoMno3nunsTa, pasnpegensHeTo Ha 3agaHusTa u
pecypcuTe, OTKpUBAHETO Ha Kpal Uiy antepHaTUBHO
WHTErpMpaHeTo Ha pe3ynTaTta ca pyHKLMUM Ha enH master
npotec

+ pasnpegeneH nogxon — 4EKOMMNO3ULIMSA Ha yNpaBnsaBaLLus
npouec B iepapxusl OT ynpaensiBaLy NpoLecu unu
accouuvpaHe Ha ynpasnsiBalumTe YHKLUN C BCEKM OT
obpaboTBalLMTE NpoLecK
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LieHTpanu3npaHo aAnHaMn4HoO 6anaHcuMpaHe

rnmaBHMS npolec yHKUMOHMpPa KaTo nyn oT 3agaHus (work pool) n nonyyasa
3as1BKM 32 HOBO 3aJaHune OT roTOBUTE U3MbITHUTENHM NPoLEeCy;
M3MBbIHUTENHUTE NpoLeck ca obrMkHOBEHO pennukn (moaen SPMD)

nynbT OT 3a/jaHNs ce npunara Npy MaTpPUYHUTE U3YUCIIEHUS, NPU
anroputmuTe “pasgensin u Bnagen”

HeperynsapHUTe N AUMHaMM4YHUTE TOBapM CbLLO ca noaxoasawm 3a work pool
obpaboTka — B MocrneaHus criyqan reHepupaHuTe oT obpaboTkaTa HOBU
3aflaHnsa ce NpMCbeaMHsABaT B OMnalukaTa Ha nyna 3aefHo C TeKyLus
pesynTaT OT U3NbIHUTENHUS npoLec — ¢ur. 5.5.

OCHOBHO NPeaMMCTBO Ha LeHTpan3npaHoTo AuHamMmmnyHo 6anaHcupaHe e
NECHOTO YCTaHOBSIBaHE Ha U3MbITHEHME HA YCNOBUETO 3a Kpau — Npuy NpaseH
nyn v npekpaTeHa paboTa Ha U3MbIHUTENHUTE NPOLIECU; NPU HAKON
anropuTMu 3a TbpCeHe YCNOBMETO 3a Kpal Ce OTKpUBA OT HSKOW OT
M3MbIHUTENHUTE NPOLECU U Ce NpefaBa KbM rMaBHUS NPOLEC 3aeHO C

pe3ynrtaTta
HeaoCTaTbK € Bb3MOXHOCTTA 3a Bb3HUKBAHE Ha TACHO MACTO U HUCKaTa
NMHEWHOCT
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Pa3npeneneHo AMHaMUM4YHa 6anaHcmMpaHe

+ MpsiKk nogxop e pasnpegensHe Ha PYHKUUUTE Ha
ynpasnsBaLusa npoLec rno nogobpxkaHe Ha ANHAMUYHUS MyI
OT 3aflaHus Ha iepapxXu4eH Cnow Ho ynpasnsaBaLLy npouecu
- dowr. 5.6.

+ ONTMMM3aLUMsATa B FOPHUSA Cryyai e npeaMMHo B u3bopa Ha
Gpoli ynpaBnsiBaLLy NpoLecu oT BTOPYU HNBO UINN €BEHTYarHO
n30o0p Ha 6posi ynpaBnsBally H1Ba

+ MPU HAKOW anropuTMu ce NpakTUKyBa pa3BUToO NepapxXmyHo
ObpPBO — 0OMKHOBEHO ABOUYHOP Tbil KATO pasaensHeTo Ha
[noa-Inpobnema Ha ABe 04akBaHO paBHO YacTu € NO-JIeCHO
3a anropMMmpaHe 1 3a npunaraHe Ha pekypcus
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P2P guHamnyHo 6anaHcMpaHe

+ To e hopma Ha NO-MbIIHO NpuaraHe Ha pasnpeaeneHoTo
AvHamnyHo 6anaHcupaHe. [pemaxsa ce pasgeneHneTo Ha
ynpasnsBaLly U U3MbIIHUTENHW NMPOLIECU KaTo BCEKMU NpoLec
n3BbPLUBA U ABETE DYHKLMK

+ (bopmarsHo 1 ONPOCTEHO LANOTO 3aaHne Moxe fa obae
npegafeHo 3a U3MbIHEHUE B €4MH NPoLUec/Bb3en, crel KOeTo ce
M3BBbPLUBA HeroBaTa A4EeKOMNO3nLMS 1 nocnesaly 6anaHcmpaly,
TpaHcdep Ha reHeprpaHvTe NoA3aAaHnsa Mexy Bb3nuTte

+ B TO3V Cry4yaii AekoMno3uuusaTa e xenatenHo ga 6vae nnm
TpvBManHa (MPMMepPHO NpY MaTPUYHN U3YNCIEHUST) UMK MBK Aa
61bae onpocTeHa (NpumepHo bucekumsa Ha npobrnema 6e3
NbpBOHAYarneH aHanu3 Kofko ca NoTeHumanHuTe obpaboTeaLum
NpoLLecK, KakBo € TAXHOTO TEKYLLO HaToBapBaHe 1 Kakea e

onTMManHaTa rpaHynapHocT)
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MNapameTpu Ha P2P anHamMnyHOTO BanaHcupaHe

+ nogob6HW BanaHcupalum cxemu ce HapuyaT AMdY3NoHHU, TbI KaTo
peanusupaT 6anaHcMpaHeTo Ypes TpaHcdep Ha Noa-3adaHns KbM
“cbceHW” Bb3NW; penaumsta 3a CbCeACTBO B Cryyasl MOXe Aa U3xoxaa
OT KOHKpPETHa TOMOSOMsi Ha U3NbIHUTENHAaTa NnaTopma, HO MoXe Aa
bAe M NoAYNHEHA HA Pa3NNYHK CTOXACTUYHW NPUHLMNKW — HaMp. Ha
cnyyaeH nsbop ot onpegeneH 6poii (oNTMMM3aLUMoHeH napameTbp!)
“cbceamn”

+ B TOPHUS CNy4al kKaTo CPEACTBO 3a MNoBMLLIABaHE Ha NIMHEWHOCTTa Ha
nropuTbMa ce U3dsAreaT CXeMM KoraTo BCUYKM Bb3Mu ca “cbceHn”;
BMECTO ToBa ce hopmupaT BUPTyasiHU TONOMOTMYHN CTPYKTYPU — NNHKS,
nNpbCTEH, Xunepkyb n ap. (OBUKH. HerlepapXMYHKU) TOMONOrNK; KoraTo
BareHTHOCTTa Ha npoLecuTe e no-rofnsima ot 1, MoXe Aa ce npwurnara
LMKIMYHO MNK CryyYariHo ThCeHe Ha “cbeen” 3a banaHcupaly TpaHcdep

+ [pyr BaxeH napameTbp Ha P2P 6anaHcupaHe e nHuumatusata (Unm
MOMEHTa 3a aKTUBMpaHe Ha nokanHaTta 6anaHcupalla npoueaypa):

+ NHUUMaTMBa Ha JOHOpa
+ NHUUMaTMBa Ha NpUeMHUKa
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Cucrtemun 3a AMHAMUYHO 6anchmpaHe
# MHGOPMaUMOHHA, NOKaLMOHHA U TpaHcdepHa cTpaTernd

+ DYHKUMK
pyHKY RABCTEPH, MYy ATHRABLCTSPHO

+ rpac K €2c MABNMpaKe
+ pasnpegenexue

+ CUHXPOHHO BanaHcupaHe — co-scheduling
+ Koala (http://www.omii.ac.uk/repository/project.jhtml?pid=122, &
http://www.cs.vu.nl/~kielmann/asci-a14/slides/koala/koala.pdf)
+ acuHXpoHHO GanaHcupaHe — htc (High troughput computing),
volunteer computing
+ Condor/Condor-G (http://www.cs.wisc.edu/condor/), Boinc
(http://boinc.berkeley.edu/)
+ BanaHcupart ce HUCKOTPUOPUTETHUTE MPOLLECH Ha OMOPTIOHUCTUYHUTE
notpebutenn —BbB hoHoB pexum (background priority)
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