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CbabpXkaHue

+ [lapanenHu npoLecwu

+ [MapanenHu anropuTMum — NPUHLINMN,
NpoeKkTupaHe, MeTpuka

+ Cpegun u e3numn 3a napanenHun nporpamu

+ CMHXPOHM3aUmMs Ha NapanenHnuTe NpoLecu
+ banaHcupaHe Ha naparnenHata obpaboTka
+ ETanoHHM napanenHu anroputMu



-

[locnenoBaTenHM U NapanenHy nporpamMu

nporpamarta ce CbCTOM OT NPOLLECU, KOUTO MoraT Aa 6baaT N3NbIHABAHM
nocneaoBaTenHo U KOHKYPEHTHO
npu N3NbIHEHWE Ha nNporpama B cpeda 3a nocsiedoeamesiHomo

rnpoepamMupaHe

-
-

-

nporpamaTa ce CbCTOM OT €ANH NpoLEec

pe3ynTaTbT OT U3MbIIHEHNETO N C eQHaKBWN AAHHW € BUHArM €4AuH U Cblly

N3MbIHEHNETO Ha BCSIKA MHCTPYKLNS € NocneaoBaTepHO U HE3aBUCKMMO OT U3MbIHEHUETO
HO APYrY UHCTPYKLUK

NPU N3NbJIHEHNE Ha MNMPOorpamMnTe B cpedu ¢ Mysimurnpo2pamMmupaHe

-
-

w

nporpamMmarta ce CbCToun OT €AUNH Mnpouec

yrnpasJieHNEeTO ce npegaBa rnocregoBartesiHo Mexay pas3rimdHn npouecu

mMexay oTaesiHnTe npouecu coliecrsyBa 3aBNCUMOCT MO BpeMeE Ha N3NbJIHEHNE, HO
pe3ysitTata OT N3NbJIHEHNETO UM CE 3ala3Ba

NpUn N3NbJIHEHNE Ha MNMpPorpamMnTe B cpedu 3a napasiesiHo rnpoapamupaHe

-+

-

nporpamaTa ce CbCTOM OT MHOXECTBO NapanenHu npouecu
TS BKMOYBA OCBEH yNpaBnsiBall, KOA U AaHHW, CbLUO Y MHCTPYKLMU 38 CUHXPOHM3aLINS U
oOMeH Mexay npoLecuTe, KOUTO CbCTaBnsaBaT HeHUSA nnaHupall, npouec (scheduler)
pe3ynTaTbT OT U3MbMHEHMETO Ha NapanenHaTa nporpaMa MoXe [a 3aBucK oT paboTaTa Ha
nnaHupaLlLmnsa npowec



[lapanenHun npouecu

+ MnpouecuTe, U3NbIIHABALLWM NporpamaTa B cpeauTe 3a
naparnenHa obpaboTtka, moraT ga 6baaT anTepHaTUBHO:

+ pennukun, U3NbrHABaLlM egHakBy noanporpamMmy Bbpxy
pa3nnyHu gaHHu — moaen SPMD (Single Program Multiple
Data). N.B.: paznukaTa ot SIMD e, 4e B TO31 cny4yau
CUHXPOHU3aUuATa ce N3BbLPLLUBA HA HMBO noanporpama
(cermeHT),aH €H aH UBOU HCTPYKUUASPMDA TO B ¢
obcnyxBaHe ce u3nbrHaea Ha MIMD komnoTpu

+ pas3nuyHun nognporpamu — moaen MPMD (Multiple
Program Multiple Data); npn To3u nogxon oTAenNHUTE
NnoanporpoMun-npoLecK ce nopaxgar KaTto AbLEepHU Ha
eaVvH [rnaBeH] npouec



[‘pad Ha npouecuTe
([precedence | dependency] graph)

3aBMCUMOCTTA MO AaHHM U yrnpaBneHune ce nscrieasa [vpes
rpadou] Ha pasnnyHM HMBa — ONOK, n3pas, NPOMEHSINBA

* KOMnunatopute oOMKHOBEHO nacrneapar rpada Ha
3aBMCUMOCTNE Ha HUBO M3pa3 U NPOMEHNBA — NPUMEP 3a

cepusta uspasm (wr. 2.5):

S1: A=B + C

S2: B=A+ E

S3: A=A+ B

— n3pasunTte ce nobpassasBar KaTo Bb3nu B rpada Ha 3aBUCMMOCTUTE, a

Obrute ca 3aBUCUMOCTUTE KaTO HAa4yanoTo Ha Abra € NnpoMeHnnBea
(@aprymMeHT nnu CTOMHOCT) Ha n3pas, a Kpan — cbluaTa NnpomMeHnnea ot
cnegBall n3pas — OCBEH Korato Ha4yarnoTo U Kpas Ha Abrarta ca
aprymeHTu (OT AACHaTa cTpaHa) Ha nspasurte



TunoBe 3aBUCMMOCTU B rpada Ha npouecuTe

+ 3dBNACMOCT MO AadHHWA (dCltG f|OW): pes3ynTtarta OT u3pas e apryMeHT Ha cnegBsaly

n3pas (NpeHapexaaHeTo Ha U3pasnTe UM NnapanenHoTo UM U3MbIHEHME NPOMEHS pe3ynTaTa Ha
crnepallms n3pas — BX. ynpakHeHue 1.3a npumepa oT T. 5. U Apyr1 npumepu) — Tasu 3aBUCMMOCT €
HenpeogonMma

+ dHTU3aBUNUCUMOCT (anti-dependency): apryMeHTa Ha nspas e pe3ynraT OT cnefBall

n3pas (NnpeHapexaaHeTo Ha u3pasuTte Unm napanenHoTo UM U3NbITHEHNE NPOMEHS pe3ynTaTa Ha
aHanu3anpaHns napas) — Ta3n 3aBUCMMOCT MOXe Aa Obe NnpeoaonsaHa Ypes pennukupaHe Ha
NMPOMEHNNBUTE

+ 3aBucumMocT no naxon (data output) - pesynrature or gea uspasa ce sanucsar B

efHa 1 cblla NpomMeHnmBa (NpeHapexaaHe Unu napanenHo U3nbiHeHNe NPOMEHS CTOMHOCTTA Ha
Ta3n NPOMEeHNMBa)— Ta3n 3aBUCMMOCT MOXe Aa Obae NnpeoaonsaHa Ypes pennmkupaHe Ha
MPOMEHNMBUTE

* 3aBmcumMocT no Bxo (data input): gea nspasa umar 06wy aprymeHT - Tasu

3aBMCMMOCT HSIMaA 3Ha4YeHne Npu CbBPEMEHHUTE NporpamMmHun cuctemu (nopaan cpeacrearta 3a
KOHKYPEHTEH OOCTbIM)

¥ 3aBUCMMOCT no ynpasneHue (data control): ycrosHo nsntnHenve Ha napas,

KbETO YCITIOBMETO € pe3ynTart OT npeaxoneH n3pas (no CcbLecTBO TOBa € pa3HOBUOHOCT Ha
3aBUCMMOCTTA Mo JaHHW)

+ 3d NO-BUCOK Maparnerin3bM Ha Koda Cce OTCTpaHABAT
dHTN3aBUCUMOCTUTE N 3aBNCUMOCTINTE 1O N3X04



[lpyMep 3a OTCTpaHABaHe Ha 3aBUCUMOCTU

U3X00eH KOO

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

endfor

KOO ¢ HamasieHa 3asucumocm
for 1 =1, n, 1

x = A[i] + B[i]

Y[i] = 2 * x

xx = C[i] * D[i]

P = xx + 15
endfor



Moaenu obLia namer

¥ B rapanenHuTe cucteMu goCcTbnbT A0 obwata nameT n pecypcu 3a B/ e
KOHKYPEHTEH 1 ce basnpa Ha cxemuTte 3a PRAM (Parallel Random Access
Machine) — aBTOHOMHU MPoOLIECOPU C KOHKYPEHTEH AOCTHMN A0 00wWwa nameT
(kosiTo BKIto4uBa u B/ kanHann)

+ B Mmogena PRAM ce npenaraTt 4 cxemu 3a OTCTpaHABaHe Ha KOHAJTUKTEH

KOHKYPEHTEH [0CTBM A0 0oOLLOTO aapecHO NPOCTPAHCTBO:

+ EREW (Exclusive Read, Exclusive Write) — pe3epBupaHe Ha KOHKYPEHTHUA OOCTbN Aa
fafeH agpec 3a gsata Tuna onepauunm

+ CREW (Concurrent Read, Exclusive Write) — HAKOMKO npouecopa MoraT ga yetaTta
eHOBPEMHHO JafeH agapec, HO onepauunTe 3a 3annuc ca MOHOMOJTHU

+ ERCW (Exclusive Read, Concurrent Write) — gonyckaT ce HAKONKO eqHOBPEMEHHN
onepawnmn Ha 3anmc HO MOHOMOJTHO YeTeHe

+ CRCW (Concurrent Read, Concurrent Write) — KOHKypeHTHUTE onepauun ca 6e3
orpaHuyeHune

+ **EW cxemunTe CbOTBETCTBAT HA U3NUCKBAHUATA 3a KOHCUCTEHTHOCT
(cbrnacyBaHOCT U AETEPMUHUCTUYHOCT) Ha AaHHUTE N ce npuniaraT KaTo
YHUBEPCANnHW Npu noBe4veTo rnapanenHu anropntmu;

+ KOHKYPEeHTHUTe onepauum 3a 3anuc npn *CW cxemnte nmaTt orpaHnYeHo
NPUNOXXEHNE NPUN HAKOW KrnacoBe napanenHn anroputMmmsa obpaboTka Ha
rpadou n Yncnosa obpaboTka, MPu KOUTO NOCTUraT NO-BUCOKO
bbp3ogencTBme OT CXEMUTE C pe3epBupaH 3anunc



Moaen c o6MeH Ha CboOLEeHUS

* Npu oOMeH Ha CbOOLLEHNS BCSIKa JBOMKA NPOLIECcU €
CBbp3aHa C KOMYHUKaLWOHEH KaHarl, NnpeAcTaBeH C TOYHO
egHa NPOMEHNMBa — nocriegoBaTeNIHNTE CbODLLEHNSA Ca

CTONHOCTUTE Ha Ta3u NPOMEHIJINBA;

+ [OePUHMpaHO € CbCTOAHWE Ha KaHara — Hanp. YeTeHe Ha
NpoMeHNMBaTa-KkaHarsn ce Aonycka camMo Korato CbCTOAHUETO MY He €
npaseH (pecn. Npu 3annc — aa He e NbJ1en);

+ ACUHXPOHHUAT U CUHXPOHHUAT KaHan ca C edHaKbB PEeXUM Ha OOCTbI
HO aCUHXPOHHUAT MMa KanauuTeT = pa3mMmepa Ha bydepa (>1)
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[lapanenHu anropmTtmum

+ [lapanenHunTte anropuTMm ca MEXONHHOTO 3BEHO BbB Bepurata Ha
napanenHarta obpaboTka (Mexay usdncnnTenHus npodrem n napanenHara
cucrtema) —

+ apxuTeKkTypa

+ cucrtema/cpega

* nporpama

+ anroputbm
n3vymcrinTerneH r|p06neM

¥ I'IA e abcTpakTHO (dhopmarnHo nnn HedoopmarHo) NnpeacrtaBsHe Ha
n3yncnuTeneH npobrnem kato Habop oT NpoLecu 3a eaHOBPEMEHHO
n3nbiHeHWE (B criyyas rnpouec € 4acT oT Npodbriema, KOATO Ce U3NbIHABA OT
eAnH npouecop)

+ OCHOBHUTE XapaktepucTtmkun Ha A (KouTo oTcbCTBAT NMPU MNOCs. anropnTMmm)

Ca
+ Bpon npouecu n norndyeckata UM opraHmsauns (Hanp. master-siave)
+ pasnpegeneHue Ha gaHHuTe (AekomMno3numst + Bb3MOXHOCTW 3a pasnpeneneHa
anokauus)
+ TOYKM HA CUHXPOHU3aUMA (ONTUMU3UPAHE)
+ MoAen Ha mexaynpouecHust obmeH (0CHOBHO obua naMmeT — 0OMEH Ha CbObLLEHUS)

+ PasNYHUTE KOHKPETHU PELLEHUA HA TOPHUTE XapaKTEPUCTUKN nopaxaaT usan
knac ot A, 6asnpaHn Ha egnH nocnegoBaTerieH anropuTbm

3. MNapanenHa OMU/CY * UC/CN  * 10
O6Fa6OTKa PUTApx/PCA
e ey | I iy | el e || el MU Eu



da3n Ha npoeKTnpaHeTo Ha lA

+ npoekTtupaHeTo Ha 1A mnHaBa npes3 cnegHuTe pasu (4.3 ):

+ paspgensiHe (partitioning) — Aekomno3nuusa Ha npobnema:

+ No gaHHu (rmasHo SPMD) unn

+ No pyHKuum (rmasHo MPMD) -

+ pasgensiHeTo ce U3BbPLUBA C Oorfes Ha cneundukata Ha npobrnema; uenta e ga ce
aedonHMpaT MHOXECTBO NoA3adaHuns; rpaHynapHoCcTTa npu Tasm pasa He oTyuTa
0COBEHOCTUTE Ha apXUTEKTypaTa, KOATO Le ce u3nonsea 3a obpaboTka —
pe3ynTtaTbT OT (pa3aTa e AePUHULNA Ha OTAENHUTE 3aJaHund

+ KOMYHuKaumm (M 3aBncmumocT) (communication) — doopmynupa
NHPOPMALMOHHNTE NN KOHTPOSTHUTE 3aBUCUMOCTU MeXAY
OTAENHNTE NoA3afdaHust; KOMyHUKauumMTe ce NpeacTaBsaT KaTo KaHanm
(CbC CbOTBETHUTE CBONCTBA — HaMp. KanauuTeT, NOcoKa) w
CcbobLeHMS (T.€. JaHHU N KOMaHWN), KOUTO ce npeadasar o Te3un
KaHanu (Hanp. popmart, pasmep, TUM); apxutekTyparta 3a obpaboTka ce
UrHopupa n Ha Tasm dgasa, Ho cneunduumMpaHeTo Ha KaHanuTe nomara
Oa ce oueHU anroputTbma No KOMyHMKaLMOHHA CNOXKHOCT



¢da3n Ha npoeKTHupaHeTo Ha A

+ (dopmupaHe (agglomeration) — crieq oLeHKa Ha U3dncnuTenHaTa u
KOMYHUKaLMOHHAaTa CNOXHOCT Ha (bopMynmpaHuTe nogsagaHust u
npunexawmTte MM KOMyHUKaumn, Te ce rpynupat B 3aaHus, Npu KOeTo ce
OTUYUTAT XapaKTEPUCTUKNTE HA apXUTEKTypaTa Ha 0bpaboTka — OCHOBHO
6pon npouecopu/Bb3NN U KOMYHUKALIMOHEH MOAEN — U B pe3ynTarT ce

nocTura oNnTuMmM3npaHe rno cnegHnTe XxapakTepucTuKu

¥ rpaHynapHocT n banaHcupaHocT (C oueka Ha n3yncnmTenHaTa CrnoXHOCT Ha
OoTAEenHuTe 3agaHuns)

¥ €BeHTyalnHo penfuknpaHe Ha JaHHU 1 noa3agaHus

¥ ONTUMU3NPAHE Ha KOMYHMKaLUunUTe (C oLeKka Ha KOMYHMKaLMOHHAaTa CIOXHOCT
Ha OoTOEeNnHUTE 3a4aHuns)

¥ eBeHTyarnHo 3anasBaHe Ha NMHENHOCT (CKkanupyemacr)

+ TEXHOJIOMMYHO onTUMU3npaHe (Hanp. HamansaBaHe Ha pa3xoauTe 3a KogupaHe
Ha 3aJaHuUATA)



... da3n Ha npoeKkTupaHeTo Ha lA

+ pasnpegensHe (mapping) — HeE3aab/MKUTENHA pa3sa
(oTcbcTBa Npu NpoekTnpaHe Ha A 3a cuctemu ¢ AMHaAMUYHO
nnaHupane — ooukH. Ml ¢ POC), koaTo ce cbCToU B
pasnpenensHe Ha dopmMmpaHuTe 3agaHna (MnNu eBeHTyarnHo
rpynu ot 3agaHus) no obpaboTBallmMTe Bb3NKM Ha cuctemara
CbC KOAMpaHe Ha CbOTBETHOTO pelueHune. N.B.: 06nMKHOBEHO
ce 13Mnon3Ba crneuymaneH e3nk 3a cneymdukauma Ha
3apeXxgaHeTo U eBEeHTYyanHo 3a HacTPoKa Ha
KOMYHUKALUMOHHMUTE KaHanu Hanp. B CUCTEMU C KOMYTUPYEMU
KaHarnu, Taka 4e oT anroputbMa ce U3nckea ga cneunduumpa
N KOMYHUKaUMoHUA rpad Ha cuctemarta 3a obpaboTtka 5.1



METPMI{a U aHaJin3 Ha Npon3BoamUTEJ/IHOCTa

+ CJTOXXHOCTTA Ha nocrnegoBaTenHuTe anropntmun (6pon
ornepaumnmn) ce oLeHsiBa KaTo PyHKLUMA caMo Ha pa3mMmepa Ha
npobnemHaTta obnacT 1 cnegoBaTesiIHO MOXe [1a Ce OLEHU
abCTpaKTHO OT apxutekTypaTta; npu A Ta e pyHKUMS Ha
apxuTektypaTa u Ha cpegaTa 3a naparnenHa obpaboTka
(ocobeHOo npu AMHAMUYHO NIaHUPAaHE)

+ OCHOBeH pakTop npu A e cteneHTa Ha napanennsbm P —
MaKCcumManHua bpon onepauun, KOUTO MoraT ga ce U3MNbIHAT
napsinenHo npu obpaboTkaTa Ha anropnTbma — TOBa €
apXUTEKTypHOHe3aBUCMMa BENMYNHA; NPU pasMep Ha
npobnema W He noseye ot P(W) npouecopa moraT ge ce
nons3saT ePEKTUBHO; CbLLECTBEHO € CbOTHOLLUEHUETO MEXayY
napanenHuTe u nocnegoBaTtenHUTe cermeHT Ha A



3akoH Ha Amdahl (1967):

+ MPU HanNn4ymne Ha ABe MHTEH3NBHOCTU (TEMMOBE) Ha
obpaboTka Ha gageH nopbnem — BUCOKO-NapanenHa R, u
HUCKO-napanesnHa R, Kouto ca B cboTHoweHue f:(1-f) no
O6pon Ha reHepupaHu pesyntatu (MeXauHHN U KpanHn) —
obLlaTta MHTEH3MBHOCT Ha 0bpaboTka e

R(f) = [f/R, + 1-f)/R ]

+ cnepoBatenHo f > 1 R(f) > Ro,vnpn f— 0 R(f) — R,
+ N.B.: makap 4ye e dpopmynupaH 3a TemnoBe Ha 0b6paboTKa,
3aKoHa € B cuia 1 ce npunara 3a arpermpaHa cTerneH Ha

napanenmama Ha 3agaHueTo



YckopeHue n epekTMBHOCT

+ Tpu oLeHKa unm namepsaHe Ha yckopeHueTo (S, = T,/T,) ce npuema, 4e
BCUYKM NpoLuecopun B ABaTa ciiydasa ca C MaeHTU4YHa Npomn3BOAUTENHOCT;
nopaaun Hannyime Ha KOMyHMKaLMUOHHU U CUHXPOHM3ALUNOHHN 3aKbCHEHUA

1< Sp <p

+ aHoOManuu:

+ cynepsiuHeUHo S, > p MOXe [la ce Habnioaasa npu

+ HeonTumaneH nocrnegoBaTterneH anroputbm Unu

+ 0CcoDeHu XapakKTepuUCTukn Ha r|p06ne|v|a, KOUTO U3ABABAT HNCBbK KanauyunteT Ha
N3roJsi3BaHUA Xapayep: Harp. npun roJidM pasmep Ha gaHHUTe (HaLI,BVILuaBaLLI,
KanaumteTta Ha O|_|) € Bb3MOXXHO 3HA4YNTEJTHO 3aKbCHEHME Ha MnocriegoBaTtesiHaTa
obpaboTka Ha npobrnema nopaan 6aBHU onepauumn ¢ BbHLIHATa NamMeT, oKaTo npu
naparnerHa 06pa60T|<a C pas3fendHeTo Ha AaHHUTE MeXAY Bb3J1nTe TO3U I'IpO6J'IeM
oTnaaa (OI'ITI/IMVI3I/IpaHe Ha nocriegosaTtesiHnAa anropmnTtTbmM B TO3U cnyqal}i He e

Bb3MOXXHO KOraTo 3a AaHHUTE HE BaXXM NPUHLNMNA Ha NTOKANHOCT — Hanp. Npu MHOro
npobnemu ot Al)

¥ HEeMOHMOHHO S,, > S, 3a p2 > pl — 4eCTO cpeLlaHa aHoManus
+ e(EKTUBHOCTTA, KOATO € HopManusnpaHo yckoperue (E, = S,/p = T,/(pT,) <
100%), XapakTepuaunpa 4yacTtra oT o0LLOTO BpeMe 3a napanesriHa obpaboTka,
Npes3 KOATO NPOLECOPHNUTE ENEMEHTU Ce N3MNOoN3BaT



[IprMep 3a oLleHKa Ha YCKOPEHMETO U
e(PEeKTUBHOCTTA

w

XMNEPKYH6 OT p NpoLecopa U34YMcaaBa CyMaTa Ha N YUCAa;
BPEMETO 3a JI0OKa/IHa onepaumsa cbbmpaHe Ha ABe YMcna U
BPEMETO 3a NpeJlaBaHe pe3y/Tata Ha CbCceleH npouecop € 1

[MA: yncnata ce cymmpar JIOKaJIHO 3a BpeMe n/p cnep KoeTto
JIOKaNHMTE (MbpBOHA4YaJIHO p Ha 6pOM) NapuMaIHM CYMU Ce
npeaasaTt Ha cbcep (1) u cymupart (1) 3a 2lbp (4.5.1)

5, =n/[n/p + 2lbp] = np/[n + 2plbp]; E, =n/[n + 2plbp]
NoJly4YeHUTE 3aBMCMMOCTHU (4.5.2 ) NnoKa3BaT 06MYAUHMAT
edeKT nNpu no-rosiamMara 4vact ot 1A Ha HamasiasBaHe Ha

edeKTUBHOCTTa C HapacTBaHe Ha p (Npu PUKCHMpaH pasmep
Ha Npo6JiemMa n) - edeKT oT 3aKoHa Ha Amdahl



LleHa 1 KoedPULUMEHT Ha 1N3Non3BaHe

+ LleHa (cost) npu obpaboTkaTa Ha A ¢ p npouecopa 3a Tp
eanHnum speme (N.B. eanHmnua Bpeme e BpeMeTo 3a
N3NbIHEHNe Ha eaHa eneMeHTapHa onepauung) e

Cp = PT)p

+ T.e.Cp e Kputepuu 3a 6pos onepauun, Konto dbuxa mornu aa
ce n3BbpLIaT 3a BpeMeTo Ha obpaboTka Ha cboTBETHUSA 1A

+ KoeduumneHT Ha nanosnssaHe (utilization) npn obpaboTkata Ha
[1A, cbeTosiw, ce ot Op Ha Bbpoun onepaLlun ¢ p npoLecopa €

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

noTeHUManHuTe onepauunm npm obpadboTka Ha CbOTBETHUSA
A



TeMn n N3NNWBK

+ TeMnbT Ha 0bpaboTKa (execution rate) e apXNTEKTYPHO3aBUCUM NapaMeTbp U

ce npencTtaBa C HAKOJKO CcKanwu:
+ MIPS (yHunpouecopwu, MIT)
+ MFLOPS (SIMD, yncnosa obpaboTka)
+ MOPS (SIMD)
+ LIPS [# logic inferences p.s.] (Al npunoxeHus)
# OCBEH NO apXUTEKTYPEH KPUTEPUIA, N3DOPBT Ha ckana 3asucu u ot Tuna lNA,
KOUTO ce obpaboTBar

+ n3nuwbK (redundancy) npn obpaboTkaTa Ha A, cbeTosw, ce oT Op Ha Bpoun
onepauun npu obpaboTka ¢ p npouecopa e
R,=0JO>1
(keaeto O, e bpost onepaumnn Npy obpaboTka Ha YHUKOMMIOTHLP) T.e. R, e
KpUTEPUIN 3a CBPBbXTOBApa, KOUTO ce Nnopakga oT napanenaHaTta obpaboTka
Ha anropuTbMa; p U n (pa3mepa Ha Nnpobrnema) ca aprymeHTV Ha R, HO — B

3aBMcUMOCT OT knaca 1A — yyacTsaT C pasnnyHa TeXecT



LleHa 1 KoedPULUMEHT Ha 1N3Non3BaHe

+ LleHa (cost) npu obpaboTkaTa Ha A ¢ p npouecopa 3a Tp
eanHnum speme (N.B. eanHmnua Bpeme e BpeMeTo 3a
N3NbIHEHNe Ha eaHa eneMeHTapHa onepauung) e

Cp = PT)p

+ T.e.Cp e Kputepuu 3a 6pos onepauun, Konto dbuxa mornu aa
ce n3BbpLIaT 3a BpeMeTo Ha obpaboTka Ha cboTBETHUSA 1A

+ KoeduumneHT Ha nanosnssaHe (utilization) npn obpaboTkata Ha
[1A, cbeTosiw, ce ot Op Ha Bbpoun onepaLlun ¢ p npoLecopa €

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

noTeHUManHuTe onepauunm npm obpadboTka Ha CbOTBETHUSA
A



ANropuTMMYHA CNOXXHOCT

+ KOpEeKTHOCTTa Ha aageH A e apxuTekTypHOHe3aBUCcmMma, Ho
HeroBata e(PEeKTUBHOCT 3aBUCU OT U3NbITHUTENHATA
nnatgopma, nopaan KOeTo e LefiecbobpasHO CMNOXHOCTTa My
Oa ce oueHdaBa U KaTto PYHKUMSA Ha pa3npenenaHeTo (mapping)

+ MO NPUHUMN anroputMmnyHaTta crioXXHocT O oueHsBa BpeMeBUTE
N NPOCTPAHCTBEHU XapaKTeEPUCTUKN Ha obpaboTka — BpemeBaTa
CITOXHOCT T € ce 3afaBa B bpon efieMeHTapHu onepaymmn u
KOMYHUKauum (OT KOUTO ce nony4yaBa BPeEMETO 3a 0bpaboTka B
OafeHa apxXutektypa), a NpocTpaHCcTBeHaTa crnoXXHocT M B
bpon anoumpaHu peructpu n knetkm namer (T.e. O = O(T, M));
OLEHKTa ce JaBa OOMKHOBEHO KaTo AOS1Ha U ropHa rpaHuua Ha
TE€3M BEJTMYMNHN UM C NPUOIIMKEHNE — aCUMIMTOTUYHA CITOXXHOCT



[lapanenHo nporpaMmupaHe B pasnpenesieHu
cUcTeMu

* Npwunara mogenute
+ pasnpepgeneHa obwa namet (DSM)
¥ KNtoYarnku cemagopm, MOHUTOPK, bapmnepu
+ 0OMeH Ha cbobueHnsa (Message Passing Systems)
* NPUNOXXHO-OPUEHTUPAH MEXONHEH CNOU —
+ MPI n PVM - npoueaypeH moaen
+RMI 1 Corba — obekTeH moaen
* nepapxnvHm (master-slave, client-service - Jin) UH e
nepapxunium mogenu (P2P - Jxta)



KOHBEHLUMOHaNeH nceBaoko 3a napanesHu
aNropuTMun

+ NceBOokoabT (KAaKTo 1 e3uumTe 3a NnporpaMmmupaHe) e NpunoXXmnm 3a
ornpeaerieHn KrnacoBe apxXuTekTypu — oOMKHOBEHO Ce B3MMa KaTo
npeanocTaBka Han-pasnpocTtpaHeHnss PRAM mogen 3a naparneneH OoCTbI
0o obuwa namet (npomeHnmseu) — CREW

+ [OeKnapauus Ha npouenypu n yHKUUM e paslinpeHa Cbe 3anmc Ha moaena
3a napanenHa obpaboTka n bpost anounpaHn NpoLLecopu:

Procedure: <name> ({list of parameters})
Model : <model name> with p = f(nh) 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>



En0|< FORALL

TO3M BNOK ce npunara 3a UMUTauua Ha napanesiHo U3NbJTHEHUE HA BIIOXEHUS B HETO
cermeHT (Habop n3pasmn) — aCUHXPOHHO (He3aBncuUMo — Harnp. B8 MIMD) nnu
CUHXPOHHO (Hanp. B SIMD)

CUHTAaKCUC:

FORALL identifier: RangeType IN {PARALLEL | SYNC}
Statement_1

Statement_K

END
identifier e ynpaBnsBalla npoMeHnuBa, AeuHNpaHa B rpaHMUMTE Ha Onoka; no
eVH NpoLEeC ce Ccb3aaBa 3a BCsika HEMHA CTOMHOCT (MHOXECTBOTO CTOMHOCTM TpsibBa aa
e KpaWHo); B cb3gadeHuTe npouecu identifier wuma pasnuyHm cTonHocTH
RangeType e TMNbT Ha ynpaBnsiBallata NPOMEHNNBA, YNSATO MOLLIHOCT OCBEH TOBA
3apaBa un 6pos naparnenHu npouecu
N3NbNHEHMETO Ha Bnoka 3aBbpLUBa Crieq U3NbIHEHNE Ha BCEKU OT NpouUecuTe
PARALLEL unu SYNC 3agaBa Tuna napnenHa obpaboTka — CbOTB. aCUHXPOHEH U
CUHXPOHEH (acnHxpoHHaTa obpaboTka o3Ha4aBa, Ye YacT OT npouecuTe MmoraT Aa ce
nnaHupar crneg U3nbSIHEHWETO Ha APYrUTE — Hanp. Korato 6poAT UM e no-ronam ot 6pos
npouecopun)



[lpnMep 3a 610K FORALL

+ 8 npoueca 3a acuMHXpoOHHa MnapanenHa obpaboTka Ha

doyHKUMSA C apryMmeHT — HOMepa Ha npoueca
FORALL x:[1..8] IN PARALLEL
y = some_function(x);
END
* Bepcus
FORALL xeX IN PARALLEL do y = some_function(x);



N3pa3 do IN PARALLEL

+# TO3M KU3pas ce npurnara Kkato AMpeKkTuBa B pasnmnyHm 6nokose — Hanp. Npu
napanerHa BeKTopHa obpaboTka
+ CUHTaKcuc:
for <m3pa3 BBbpXYy MHAEKCUTe Ha macuB> do IN PARALLEL
Statement_1
Statement_2

Statement_K
end IN PARALLEL

+ NpPUMEpP: 3a BCEKN eNIEMEHT Ha MacuBuUTe ce doopmMmmpa OoTAENEH npoLec
for 1 = 1 to n do IN PARALLEL
read(A[1], B[1])
if (A[1] > B[1])
then write(A[1])
else write(B[1])
endif
end IN PARALLEL




CUHXPOHU3ALUMOHHU KOHBEHLUN, ceMmadopu

w

CUHXPOHU3aAUNOHHNTE CXEMN busar

+ KOHTPOJT Ha JOCTbM — ceMadopun N MOHUTOPU
+ KOHTPOJ 3a NocreaoBaTenHocT — bapuepu

NpoMeHn1Ba OT TUN ceMadop ce acoLuumpa ¢ BCeku aapec 3a

o0LL OOCTBN M BbPXY Hes ce N3BbpLUBAT ornepaunmnTe
+# YCTaHOBSIBAHE Ha CbCTOSIHMETO (aKTUBHO UK NacmMBHO) (wait)
+ OnokunpaHe Ha npouec (wait)
+ Bb3CTaHoOBsIBaHe OT 6rokupaHe (signal)

walt(S) e 3asBKa 3a 4OCTbMN A0 KPpUTUYHATA 30HA, KOSTO Ce
NnoTBbLPXAaBa ako S>0 (U S ce AeKkpemMeHTupa); B NpoTuBaH
criy4dau npodueca briokmpa un ns34yakea

signal (S) ocBoboxgaBa KpUTUYHaTa 30HA, MHKPEMEHTMPA
S 1 Bb3CTaHOBABA Yakal, npouec



CUHXpOHM3MPaLL, NCeBAOKO CbC ceMadop

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

P1l: wait(Sl)
{critical section 2}
signhal{S1}



CUHXpPOHU3aLUSA C MOHUTOPU

+ MOHUTOPUTE Cca pasLlmMpeHmne Ha cemadopuTte, KOETO ce
CbCTOW KaKTO OT gaHHUTE 3a KOHTPOJ Ha AOCTbNa — condition
variable, Taka 1 oT npouegypute - signal 1 wait

+ Npu gedpunHmnpaHe Ha condition variable ce cb3gaBa 1 onallka
Ha UOEHTUMPUKATOPUTE HA YaKaLlM npoLiecu, KouTo ce
Bb3CTaHOBABAT M NMosiydaBaT AOCTHLN A0 KpUTUYHATA 30Ha C
onepauuata signal

Monitor Resource_alloc e
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



CnHXpOHM3auns ¢ bapmepu

+ C bapumepuTte ce ocblLLECcTBABA KOHTPOS 3a
nocnegoBaTENHOCT — HaMNp. 3a 3ana3BaHe Ha 3aBUCUMOCTTA
No JaHHW

+ Dapueparta cblLo ce CbCToM OT Dydoep 3a roToBM U34aKBaLLMK
npowecu n bopsay

+ NCceBaoKod C n3nonssaHe Ha bapuepa:

llceedoko0 6e3 cuHXpOHU3ayus llceedokod ¢ bapuepHa CUHXPOHU3aUUS
For 1 = 1 to N do IN PARALLEL For I = 1 to N do IN PARALLEL
{ {
S1: A[1] = func_a(A[l]) S1: A[1] = func_a(A[lD)
] _ - S2: B[1] = func_a(B[I1])
S2: B[1] = func_a(B[I1]) BARRIER(2)

S3: C[1] = func_c(A[I], B[ID) S3: C[1] = func_c(A[1]. B[I])
} } )



3aa4n Ha 6anaHcMpaHeTo Ha usuucnutenHus Toeap (Load
Balancing — LB, Resource Management, Resource/Job
Scheduling)

+ MUHMMU3MpPAHE BPEMETO 3a pellaBaHe Ha gaaeH npodnem npu
naparnenHa obpaboTka Ype3 n3paBHsiBaHE HA JTIOKANHOTO
HaToBapBaHe Ha 0bpaboTBaLLUTE Bb3NK

+ Lenta moxe ga 6bae He NbNHO U3paBHABAHE a HEOOMYCKaHe
Ha Bb3es1 B NPECTON AoKaTo Tpae napanenHara obpaboTka

* BT p 1 amponopunHanHo HaToBapBaHE Ha pecypcu ¢ pasnuyHa
COOCTBEHOCT U aMUHUCTPaLUS

¥ N3TOYHUUM Ha ancbanaHc
+ HeperynapHocT Ha npobema npu napanenmsbMm rNo AaHHU
+ HeeTEPMUHUCTUYHWN anropnuTtmm 3a obpaboTka, Hanp. Npn HEU3BECTEH
6poun ntTepauum 3a goCTUraHe Ao peLleHneTo — TbpceHe B rpadu 1 ap.
+ HEBB3MOXHO UIMN HEKOMMNETEHTHO AEKOMIMO3npaHe — Nnpu rnaparesimn3obm
Nno AaHHWU Ui NO ynpaBJieHne



CraTn4Ho 6anaHcupaHe

+ pasnpegensaHeTo Ha 3agaHudaTa No Bb3nu 1 anoumpaHeTo Ha
pecypcu ce n3BbpLuBa (U € U3BECTHO) Npean Aa ctapTupa
napanenHarta obpaboTtka — nrnaHnpaHe, KOMMNIeMeEHTUPAHE
(mapping, matchmaking, scheduling)

* rogxoam 3a ctaTu4yHo banaHcupaHe

+ RR - UMKNM4YHO anouupaHe Ha 3agaHusaTa no obpaboTeallm npouecu

+ CTOXaCTU4YHO pasnpenensHe

+ DPEKYPCUBHO pasfensHe — npu anropmtMuTe 3a rpadom — ducekums
(pasgensiHe Ha npobnema Ha noanpobriemu ¢ oMakBaHa egHakBa
CITOXXHOCT Ha 0bpaboTka 1 ¢ reHepupaHe Ha MUHUMAarEH
CUHXPOHU3ALUNOHEH U KOMYHUKALIMOHEH CBPBXTOBAP)

+ reHeTn4Hu n MoHTe Kapno anropntmm — cBbp3aHu ca ¢ reHepupaHe Ha
Bb3MOXXHW BapUaHTN HA AEKOMMNO3NLMATA U OLEHSIBAHETO UM, Taka 4e aa
ce n3bepe onTMMmanHus



Hepgactatbuu Ha CTaTUYHOTO HaniaHCcMpaHe

+ npobrnemMHa npeaBapuTeSiHa OUEHKa Ha CIOXHOCTTa Ha nognpobnemuTe,
nony4vyeHn npmn gekomMmnosnumnsaTa

¥ He MOXe fa OT4yeTe TEKYLWOTO CbCTOSHNE Ha PecypcuTe No BpeME Ha
obpaboTkaTta — POHOBOTO HAaTOBapBaHE Ha pecypcuTe (MpPoLecopHU
LMKITN, NaMeT, KOMYHUKALUUOHHWM KaHanu) Kakto n peanHuTe
CUHXPOHN3ALUMOHHN U KOMYHUKALMOHHN 3aKbCHEHNSA — OrPaHNYEHO
NPUNOXEHNE a3 CUHXPOHHU anropuTMu

+ TPV HEQETEPMUHUCTUYHU anropuTtMmn 3a odbpaboTka, Hanp. Npu
Hen3BecTeH bpon ntepaunm 3a 4OCTUraHe A0 PELUEHNETO — TbPCEHE B
rpadpu n gp. — CTaTUYHO peLleHne Ha 3agadaTta 3a ToBapeH banHc e
HEBBH3MOXXHO OCBEH Ype3 npuraraHe Ha rno-guHa rpaHynapHoCT U
oTKpuBaHe Ha Kpau (distributed termination detection)



[nHaMn4yHo 6anaHcupaHe

+ pasnpenenaHeTo Ha 3agaHusaTa no Bb3nu 1 anoumupaHeTo Ha
pecypcu ce n3BbpLUBa Mo BpeME Ha rnapanesnHara obpaboTka
N € U3BECTHO eABa crieq NpuKI4YBaHETO U

+ LleHTpanu3npaH noaxoa — master-slave 06paboTKa;
OEKOMMNO3NLUUATA, pasnpeaensiHeTo Ha 3aaHunsaTa u
pecypcuTte, OTKPMBAHETO Ha Kpan Unu antepHaTUBHO
MHTErpmpaHeTo Ha pesynTtaTta ca PyHKLUUM Ha egnH master
npowec

+ pasnpegeneH noaxoq — AeKOMMno3nuns Ha ynpasnsBallms
NpoLIEC B Nepapxua OT ynpasrdBaLlm npouecu nim
accoummpaHe Ha ynpasnsBalmTe yHKLUN C BCEKU OT
obpaboTBalLUuTE NPOLECK



LleHTpanu3npaHo AMHaMM4yHO banaHcupaHe

rnmaBHUA npouec PyHKUMOHUpPa KaTo nyn oT 3agaHua (work pool) 1 nonyyasa
3as1BKM 3a HOBO 3aaHue OT roToBUTE NU3NBbITHUTENHU NPOoLECH;
N3MNbITHUTENHUTE NMpouecn ca 0OUKHOBEHO pennukn (mogen SPMD)

NyNbT OT 3a4aHNA ce npunara Nnpm MmaTpUYyHUTE N3YNCHIEHUSA, NPU
anroputMmute “pasgenan n snagen”

HeperynapHmTe n gMHaAMUYHUTE TOBapU CbLLO ca NoaxoasALun 3a work pool
obpaboTka — B nocnegHus cny4vam reHepmpaHute ot obpaboTkaTta HOBM
3agaHunga ce NpMcbeanHABAT B OoMnallkaTta Ha nyfia 3aeHo C TeKyLMS
pes3ynTaT OT U3NBJIHUTESTHUA Npouec — wur. 5.5.

OCHOBHO NPEANMCTBO Ha LieHTpanm3mpaHoTo AnHaMn4yHo banaHcmpaHe e
NEeCHOTO yCTaHOBABaHE Ha U3NbJIHEHME Ha YCNOBUETO 3a Kpaun — nNpu npaseH
nyn v npekpateHa paboTa Ha U3NBbINHUTENTHUTE NPOLIECK; NPU HSIKOW
anropuTMu 3a TbpCeHe YCrNoBUETO 3a Kpaun ce OTKpuBa OT HAKOU OT
N3NbNHUTENHUTE NMPOLLECU N Ce NpedaBa KbM rmaBHUS NpoLuec 3aeHo C
pesynrara

HeOoCTaTbK € Bb3MOXHOCTTa 3a Bb3HMKBAHE Ha TACHO MACTO M HUCKaTa
NMUHENHOCT



PasnpeneneHo AMHaMnU4yHa 6anaHcupaHe

+ MPsSK noagxo e pasnpenensHe Ha PYHKUNUTE Ha
ynpasnsisalwus NpoLec no nogabpxxaHe Ha AUHAMUYHUS My
OT 3aaHNA Ha NepapxXnYeH CIriov HO yrpaBrsiBally NpoLecu
— our. 5.6.

+ ONTUMM3AUMATA B FOPHUA Criydan € npeanmHo B n3dbopa Ha
6pon ynpaBnsiBaLln npouecun oT BTOPM HUBO NN EBEHTYASTHO
n3dop Ha bpos ynpasnsiBalln HMBa

¥ PN HSKOM anropuTMu Ce NpakTUKyBa pa3BnTo NepapXmUYHO
ObPBO — OOMKHOBEHO ABOUYHOP Tb KaTo pasgensaHeTo Ha
[noa-]npobnema Ha ABe o4akBaHO paBHO YacTu € NO-11eCHO
3a anropyMMmupaHe 1 3a npunaraHe Ha peKkypcus



P2P anHaMn4yHo 6anaHcupaHe

+ TOed O0pMa H-aBIvo NnpunaraHe Ha pasnpeneneHoTo
OnHaMn4yHo banaHcupaHe. [pemaxBa ce pa3fgeneHmeTo Ha
ynpasnsBally U U3MbIHUTESTHU NPOLIECU KaTO BCEKU NPOLIEC
N3BbLPLLBA N OBETE PYHKLUNN

+ dopmarnHo 1 ornpocTeHO UANOTO 3agaHne Moxe ga obae
npenageHo 3a N3nbiHEHME B eAWH npouec/Bb3ern, cre KOeTo ce
N3BbPLLUBA HEroBaTa AEKOMMNO3nLUKUA K nocriesall banaHcupaly
TpaHcdep Ha reHepupaHuTe nogsagaHusa Mexy Bb3nuTte

¥ B TO3W Crydan OeKkoMrno3nunsiTa e xxenaTtesnHo ga obae nnu
TpuBManHa (MPMMePHO NpPU MaTPUYHN U3YUCTIEHUS) UM MbK Oa
b6bae onpocteHa (NpUMepPHO bucekuunsa Ha npobnema 6e3
NMbPBOHAYasieH aHarnm3 Komnko ca NnoTeHuuanHuTe obpaboTBallm
NpOLIECU, KAKBO € TAXHOTO TEKYLLO HaTOBapBaHE U KakBa e
onTMmManHaTta rpaHynapHoOCT)



[MlapameTpu Ha P2P auHamMnyHoTo 6anaHcupaHe

+ noaobHu banaHcupalm cxeMmu ce HapudaTt Andpy3nMoHHU, T KaTo
peanuanpart banaHcupaHeTo 4Ype3 TpaHcdep Ha noa-3agaHns KbM
“cbceaHn” Bb3NK; penaunsTta 3a CbCeACTBO B Criydasd MOXe ga n3xoxaa
OT KOHKpETHa TONOoJSIorMa Ha u3nbiHUTENHaTa nnaTtgpopma, HoO MoXe aa
bAe U NoAYMHEHA Ha Pa3fINYHMN CTOXACTUYHM NPUHLNMIN — Harp. Ha
criyyaeH nsbop ot onpeaernieH opon (oNnTMMmn3aumMoHeH napameTbp!)
“cbcegn”

+ B rOpHUA Criyyaun KaTo cpeaCcTBO 3a noBuLLIaBaHe Ha JIMHEMHOCTTA Ha
nroputbMa ce n3barsaTt cXxeMm Korato BCUYKM Bb3Nu ca “cbcegHun”;
BMECTO TOBa ce popmMupaT BUPTYyarHM TOMOSIOrMYHU CTPYKTYPU — NTUHKS,
NPBbCTEH, XMNepKyd n ap. (0bMKH. HenepapxmyHmM) TONONOrnu; KoraTo
BaneHTHOCTTa Ha npouecuTe e no-ronsma ot 1, MoXe Aa ce npunara
LIMKITMYHO UIN CITy4anHO TbCeHe Ha “cbeep)” 3a banaHcupall TpaHcdep

+ [OpYyr BaXXeH napameTbp Ha P2P 6anaHcupaHe e numymatmeara (Mnu

MOMEHTa 3a aKTMBMpPaHe Ha nokanHata 6anaHcupalla npoueaypa):
+ NHNUMATMBA Ha OHOpPa
+ NHULUMATUBA Ha NPpNeMHUKa



CucreMn 3a gMHaMMU4HO 6anaHcnpaHe

+ MHOpMaLMOHHA, NoKaLWoHHa U TpaHcdepHa cTpaTernd
+ PYHKLUMN
+ rpad
+ pasnpegeneHue
* CUHXPOHHO barnaHcupaHe — co-scheduling
+ Koala (http://www.omii.ac.uk/repository/project.jntml?pid=122, &
http://www.cs.vu.nl/~kielmann/asci-a14/slides/koala/koala.pdf)
+* aCMHXPOHHO BanaHcupaHe — htc (High troughput computing),

volunteer computing
+ Condor/Condor-G (http://www.cs.wisc.edu/condor/), Boinc
(http://boinc.berkeley.edu/)
+ DanaHcupaT ce HUCKONPUOPUTETHUTE NPOoLLeCU Ha OMOPTIOHUCTUYHUTE
notpedbutenn —BbLB poHOoB pexum (background priority)

RABCTEPHO, MYATURIBLCTEPHO
U €2¢€



http://www.omii.ac.uk/repository/project.jhtml?pid=122
http://www.omii.ac.uk/repository/project.jhtml?pid=122
http://www.cs.wisc.edu/condor/
http://www.cs.wisc.edu/condor/condorg/
http://boinc.berkeley.edu/

ETanoHHM napanenHn anroputMu

+ ACUHXPOHHM anroputmMmun — Mandelbrot set

+ JNOKaIHO-CUHXPOHHK anroputmMmun — Wator simulation, odd-even
sort

+ rModariHO-CUHXPOHHU anropnTMn — n-body simulation, Ray
tracing
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