[MlapannenbHble apXUTEKTYpPbIl Ha
OCHOBe 00LLen pa3genseMon
NamMATN: OCOOEHHOCTMU
opraHusauuu, npumMmepsl
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OCHOBHbIe KrnacCbl COBPEMEHHbIX
napansenbHbIX KOMNbLIOTEPOB.

Pasnunyalot agBa BaXKHbIX TUMNa MHOToripoueccOpHbIX CUCTEM —MyNnbTUNpPoOLEeCCOpPbI NN

CUCTEMbI C 00LLEN pa3gensiemMon NamMmsTbio 1 MySIbTUKOMNbIOTEPbI NN CUCTEMbI C
pacrnpenesieHHoON NamMATbIO.
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[anee ansa MynstMnpoueCccopoB YUUTBIBAETCA COCOD MOCTPOEHNS ODLLIEN NAMSTH.
Bo3amMoXHbIN noaxos, - ucnons3oBaHve eauHON (LleHTpannu3oBaHHOW ) 00LLEeN NaMATN.
Takon nogxon obecneynBaeT 0 AHOPOAHbLIN AOCTYN K NAMATW (uniform memory access or UMA)W
CNY>XUT OCHOBOW A1 MOCTPOEHMUA BEKTOPHbIX CYNEPKOMIMbIOTEPOB (parallel vector processor,
PUVP) N CUMMETPUYHbIX MYITLTUMPOLIECCOPOB (symmetric multiprocessor or SMP). Cpeaun

npw OB MepBOW rpynnbl CynepkoMnbloTep Cray 790, KO BTOPOU rpynne OTHOCATCA IBM
eServer p690, ze E15K, HP Superdome, SGI Origin 300 1 AP.




OnucaHue apXUTEKTypbl.
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OBLIAA ODHUIHYECKAS TTAMATDL

SMPapPXUTEKTYpPa (symmetric multiprocessing) - CAMMETPUYHAA MHOrONpoLIeCCoOpHas apxXuUTekTypa.
[ TaBHOW OCOBEHHOCTBLIO CUCTEM C aPXUTEKTYPOU SMP ABNAETCA Hanmume obLuen pusnyeckon
namsaTn, pasgendaemon BcemMm rnpoLieccopamm, npmMyem rno OTHOLLIEHMIO K 3TOM NaMATU BCe

BpOLl,eCCOgbI ABJ1AOTCA PAaBHO3HAYHbIMU U BbINMOJTHAKOT WOEHTUYHbIE g)ngKLU/II/I:
epCe 1poLeCChl BbINMOJIHAKOTCA B OAHOM U TOM Ke MNPOCTPaHCTBE PUINHECKON U

*Bi9a MHCLIE BERBIMKET BbINOMHATL MOOYI0 HUTL B
FHEBEMBpoLieccop moxeT obpabaTtbiBaTh NtoOoe BHELLHee npepbiBaHne. Kaxabii npoueccop
obpabatbiBaeT Te BHyTPEHHME NpepbIBaHNS, KOTOPbIE BO3HNKAIOT B XO4€ BbIMOMHEHNS TEKYLLIErO
fleg06A RPPABOCOP MOXET MHULMANM3NPOBaTh ornepaunio
BBOOA-BbIBOAA.
Takas B3anmMo3aMeHAeMOCTb O3Ha4aeT, YTo NboM NpoLeccop NOTEeHLMAaNbHO MOXET BbINOMNHATb
noby0 OXMAALLYI0 BbINOMTHEHMS ONepaumio




[MamaTb pasgeneHa Ha 6noku, YTobbl CHU3NTb KONMYECTBO KOHAITMKTOB NP
OOQHOBPEMEHHOM 0OpaLLEHNN K MAMSTU HECKOSbKMX NpoLeccopoB. [JocTyn K namaTn naet
Mo WunHe (B8 6onee AeLueBbix 1-4-X MPOLECCOPHbIX CUCTEMAX ) UNN Yepe3 KOMMYTaTop.

[ [1poueccopbl B SMP }

[ 3arpy3ouHbI NpoLeccop 1 [ [prKnagHble NPoLEeccopbl 1
@5%) AP)

Kakoin npoLieccop UrpaeT porib 3arpy3o4HOoro, onpeaenseTcsa annapaTtHbIMU cpeacTBamm
NN COBMECTHO annapaTtypon 1 B10S. 3To caenaHo Ans yaoodcTBa N UMEET 3HaYeHue
TONbKO BO BPEMS MHULMANM3aLmn U BbIKITIOYEHUSA. BSP-NPOLECCop OTBeYaeT 3a
NHULManm3aumo cuctemsl 1 3a 3arpysky OC. AP-npoLeccop akTuBU3npyeTcs nocrne

3arpy3skm OC.




CMMMeTpPUYHOCTb

CUMMETPUYHOCTb MMEET ABa Ba)KHbIX acnekTa: CAMMETPUYHOCTb
namsaTu 1 BBoAa-BbiBoAa. [MaMsaTb CUMMETPUYHA, ecnu BCe NPOLIECCOPbI
COBMECTHO UCMOMb3YyHT 0bLLiee NpoCTPaHCTBO NaMATU U UMEIOT B 3TOM
NPOCTPaHCTBE AOCTYM C OOAHUMU N TEMW XKe aapecamu.
CUMMETPUYHOCTb NaMATU NpeanonaraeT, YTo Bce NpoLeccopbl MoryT
UCMNOSHATb eAnHCTBEHHY0 konuo OC. B Takom cny4yae nobble
CYLLIECTBYIOLLIME CUCTEMBI U NPUKNaAHbIE NporpaMmbl OyayT paboTtaTb
OJVHAaKOBO, HE3aBUCMMO OT YMCna YCTaHOBMNEHHbIX B CUCTEME
npoLeccopoB. TpeboBaHMe CUMMETPUYHOCTM BBOAA-BbIBOAA
BbIMOJTHAETCS, ECIIM BCE MNPOLECCOopbl UMEKT BO3MOXHOCTb A0CTYyna K
OAHMM M TEM XXe NogcucTemMam BBOAA-BbIBOAA (BKMoYas NOPThI U
KOHTPOMNMepbl NpepbIBaHUA ), Tpu4eM Nobom NpoLeccop MOXeT
NoNyYnTb NPepbiBaHMe OT NOOro NCToYHNKa. HekoTtopble
MHOIOMNPOLIECCOPHbIE CUCTEMBbI, UMEIOLLIE CUMMETPUYHBIN A0CTYN K
ATW, B TO XK€ BPeMS ABMSATCH aCUMMETPUYHBIMU MO OTHOLLEHMIO K
npepbl CTPOWCTB BBOJA-BblBOAA, MOCKOMNbKY BblAEMNAT OAMH
npoLieccop Ans KM npepbiBaHnn. CUMMETPUYHOCTb BBOAA-
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[ Peannsauuu SM(P]

[ CunbHOCBA3aHHa4 } [ CnabocBa3aHHas }

CunbHoOCBsAI3aHHaA peanuiauus basnpyeTca Ha Cxeme, CornacHO KOTOPOM MpoLEeCCOopsI
COBMECTHO MUCMONb3YIOT AaHHbIE N3 Nyra 00LLNX PpecypcoB, Npexae BCero, 3 obuen
namaTn. CnabocBA3aHHbIe CUCTEMbI UCMOMb3YIOT MEXaHNU3M 0OMeHa coobLLEeHNAMN
MeXAay npoueccamm ansi COBMECTHOIO NCMNOSIb30BaHNSA PECYPCOB, Koraa 3To Heobxoanmo.
B HekoTopbIX cnabocBsi3aHHbIX CUCTEMAX KaXKabIW MPOLIECCOP MOXKET AaXe UMETb CBOU
CODCTBEHHbLIN KOHTPOSINEP ANCKA U Apyrne NoacUCTEMbI.

Hanbonee uenecoobpasHo UCnonb3oBaTb CUMMETPUYHYHO CUITbHOCBA3aHHYO MOAESTb.
Torga OC obecnevnBaeT MOLLHYIO NOAAEPXKKY CUMMETPUYHOMU MHOrONPOLECCOPHOM
00paboTku, Tak kKak nrnaHnpoBLmK B aape OC pyHKUMOHMPYET HA YPOBHE HUTU, MOITOMY
CEpPBEP MOXET HasHa4YnUTb ABE HNTWU OAHOIOo NpoLecca pasnuyHbIM Npoueccopam. ITo
0COOEHHO NOSIE3HO ANs NPUKagHbIX nporpamMmm 6as gaHHbIX, rae 3anpockl MOryT ObIThb
paclensieHbl Ha HUTKU 1 pacnpeaerieHbl Mexay npoLueccopamu, YTo BEAET K
3Ha4YUTENBbHOMY YBENTMYEHMIO NPON3BOAUTENBHOCTM.




[lpopuTeTHbLIE NpepbiBaHUA

UToObI NofiHee BOCNonb30BaTbCA NPEUMYLLECTBAMU SMP
npu opraHn3aunum MHOro3aga4yHoCTH, BbIMOSTHEHNE HUTEN
npoLiecca KOHTPONMPYETCH C NOMOLLIbIO NPUOPUTETHbIX
npepbiBaHU. [TpMopuUTETHOE NPEpPbIBAHME NO3BONSET
ornepaLluoHHOW CUCTEME NoadeEPKNBATbL KOHTPOMb HA
nporpammamu, Kakyro nporpammy 1 Korga 3anyckarb, Tak
4YTO COMBLUMECS NMPOrpaMmmbl HE MOTYyT NOPaboTUTL
CUCTEMY U BbI3BaTb Npobnemebl. [1py NPpMOPUTETHBLIX
NpepbIBaHUAX - MOCTOSAHHbIW, 3aHMMatoLne
MUKPOCEKYHAbI 3aryCK U OCTaHOBKA HECKOJTbKNX
nporpamm - Kak TornbKO BO30OHOBIMAETCS BbINONMHEHNE
HUTKU, OC MOXET Ha3Ha4YnTb €€ ApPYromMy npoLeccopy.




MacwTtabnpyemMocTb.

MacLutabnpyemMocCTb O4EHb HU3Kas.

[ns gocTwkeHns MacliTadbupyemMocTn BaXKHO
MCMNONb30BaTb aCUHXPOHHLIE onepauunn. ['Npu
aCUHXPOHHOM BBOAE /BbIBOAE NpoLieccy He Haao
OXXnaaTb 3aBEPLUEHUA YTEHUSA NN 3anUCK, NpeXae
4yeM OH NMPUCTYNUT K BbIMOSIHEHUIO OPYrov 3a4auun.
Kaxkgbln npoLecc co3gaeTcs ¢ UCNoSfib30BaHMEM
eOUHCTBEHHOWN HUTW, KOTOpad BbICTYNaeT
OTAENbHbIM 65TOKOM NPY BbINOSTHEHUU
npoLeccopomM KoMaHa nporpammel. ['porpammel
MOTYT 3anycKkaTb HOBbIEe HUTU NO Mepe
notpedbHocTn, u OC HasHa4YaeT U KOHTPOSINPYET X
CTNS BbICOKOYPOBHEBOU NPUKNaaHOW
CUCTEMBI.




SMP-NPUNOXEeHUs

Ha ceTeBbIX SMP-cepBepax, C KOTOPbLIMU
OHOBPEMEHHO paboTaloT MHOXECTBO NONb30BaTENEN,
MO>XHO U HY>KHO peanu3oBaTtb napannenbHoe
BbIMOSIHEHME 3a4a4. B cpene onepaunoHHbIX CUCTEM
CO cpeacTBaMn SMPBCE CTaHOAAPTHbLIE NPUNOXKEHUS]
0ObI4YHO BbINOMHAOTCA 6€3 Npobnem, oaHAaKO, YTOOLI
pearnbHO MCMNoNbL30BaTh NPENMYLLECTBA
MHOronpoL,eccopHon obpaboTkn
MacLUTabnpyemMoCcTun, caMu MPUIIoXKeHNs Takxe
OOIMKHbI NoaaepXuBaTtb SMPU Y4NTbIBATb apPXUTEKTYPY
6asoBoun OC. [Noka Taknx NPpUNoXeHNM HEMHOIO, HO
4YnCro ux ObICTPO pacTeT. CuntaeTcsd, YTo SMP-
CUCTEMbI ONMTUMarbHO NOAXOAAT ANA 3a4a4 C
MHTEHCUBHbIM MCMNOMNb30BaHMEM MPOoLeccopa, rae
BaXXHOE 3Ha4YEHNE MMEET Manoe BpeMs OTKNUKa Ans
atend. K nogobHbiM 3agavyam MOXKHO OTHECTH

basbl ga O KOnmneKkTUBHOIo Nosib3oBaHUA.



JlocTOUHCTBA:

’[1pocToTa 1 yHMBepcanbHOCTb A1si NPporpaMMmnpoBaHns. ApxXuTekTypa SMPHe
HaknagblBaeT OrpaHMYEeHN Ha MOAErNb NPOrpaMMMPOBaHNS, UCNOSb3YEMYIO NPU
CO34aHUKN NPUNOXEHUS: 0ObIYHO NCMONbL3YETCA MOAESb NapannenbHbIX BETBEN, KOraa
BCe npoLeccopbl paboTatoT abCcositoTHO HE3aBMUCUMO APYr OT Apyra - O4HAKO, MOXHO
peann3oBaTtb U MOAENN, NCMOSb3YIOLLME MEXNPOLIECCOPHLIN 0OMEH. icnonb3oBaHne
oOLLen NnaMATK yBENNYMBAET CKOPOCTb TaKOro 0bMeHa, nonb3oBaTesb Takke MMeET
OOCTYN cpasy KO Bcemy 0b6bemy namaTu. [Ans SMP-CUCTeM CyLLEeCTBYHOT CPaBHUTENBHO

3bbekTnBHbBIE CpeACTBaA aBTOMATUYECKOIO pacnapanienmBaHus.
/[lerkoctb B aKcnyatauuun. Takme cuctemMbl Mano OTNM4atTCa OT OAHOMNPOLIECCOPHBIX.

OBbLIYHO, HET HMKaKOM HAOOOHOCTU B CrieymarbHbIX HaBblkax 00Cny>XMBaHUA.

’OTHOCUTESBHO HeBbICOKas LeHa. OcobeHHO rnpu opraHu3aumm gocTyna K namMsaTn Yepes
obLwyto wuHy. B aTom crnyyae pasHuua B CTOMMOCTU NO CPaBHEHUIO C O4HOMPOLIECCOPHOM
MaLUnHOM ByaeT NuLb 3a CHET LeHbl A0MOSTHUTESbHbIX MPOLIECCOPOB (0OLIYHO CEPUMHDIX),
a TaKKe 3a CHET CxeMbl noaaepXxku korepeHtHocTu KOlllen (kotopyto MOXXHO caenartb
OYeHb NPOCTOMN ).




OOCTATKW:

’[noxas MaCLLITa6I/IpyeMOCTb Ba)KHbI1 HEOCTATOK SMP-CUCTEMbI HE
NO3BOMSIET CUMNTATb UX r|0-HaCTo;|u_\emy nepcnekTMBHbIMU. [NprUYnHBI NOXON
MacLUTabupyemMoCTn COCTOSAT B TOM, YTO B AaHHbIM MOMEHT LLUKHA COCOOHa
obpabaTbiBaTh TOSIbKO OAHY TpaH3aKUWIo, BCNeACcTBME YEro BOZHUKAKOT
npobrnemsbl paspeLleHnsa KOHPANKTOB NpyY 0AHOBPEMEHHOM ObpaLleHnn
HECKOJSTbKMX MPOLECCOPOB K OAHUM N TEM Xe obnactam obLen pusnveckomn
namaTu. BeluncnntenbHble arieMeHTbl HAYUHAKT Apyr Apyry mewarts. Koraga
NPOU3OUAET TAKON KOHMITUKT, 3aBUCUT OT CKOPOCTU CBA3N K OT KONn4ecTBa
BbIMMCNUTESNBbHbIX 3fIEMEHTOB. B HacTosiLwee BpeMa KOHPNKTbI MOTyT
NPOUCXOANTL NMPU HANNU4YNK 8-24-X npoueccopos. Kpome Toro, cuctemMHasa LUnHa
MMEET OrpaHNYEHHYI0 (XOTb N BbICOKYHO ) MPOMYCKHYI0 crnocobHocTs (T1C)u
OrpaHM4YeHHOe YMCIIOo CIIOTOB. Bce 3TO C 04eBUOHOCTLIO MPEnATCTBYET
YBENMYEHUIO NPOU3BOAUTESIBHOCTU NPU YBENUYEHNU YMUCna NPOLECCOPOB U
Yyucna nogknvyaemMbix nonb3oBarenen. B peanbHbIX cUcTeMax MOXHO
ncnosb3oBaTtb He bornee 32 npoueccopos. [1ns NOCTPOEHUSs MacLLTabnpyemMblx
cucTem Ha base SMPNCNOSb3YITCA KNnacTepHble NN NUMA-apXUTEKTYPHbI.




NToru:

ApxuTekTypa

Cucrtema coCTOUT N3 HECKONbKNUX OAHOPOAHbIX NPOLIECCOPOB U
maccusa obLien namsaTu (O6bIYHO N3 HECKOSTbKNX HE3aBUCUMBbIX
6nokoB). Bce npoueccopbl MMeroT A0CTYN K NtoOoM ToUKe NaMsATh C
OOMHAaKOBOW CKOPOCTLIO. [1poueccopbl NogKNKOYEHbI K nIaMAaTn nnbo ¢
MOMOLLIbIO 06LLen LWNHLI (Ga3oBble 2-4 POLECCopHble SMP-cepBepa)
NNBO C NOMOLLBIO crossbar-KOMMYyTaToOpa (HP 9000).

[Tpmepbl

HP 9000 V-class, N-class; SMP-cepBepa n paboyme cTaHUMM Ha Base
npoLeccopoB Intel (IBM, HP, Compagq, Dell, ALR, Unisys, DG, Fujitsu N Jp. )

MacwTtabnpyemocTtb

Hann4yne obLien namaTn CMnNbLHO ynpoLllaeT B3anMogencTene
npoLeccopoB Mexay cobon, ogHaKo HaknagbiBaeT CUSbHbIE
orpaHM4YeHns Ha UX YUCno - He bonee 32 B pearbHbIX cuctemax. Ang
NOCTPOEHNS MacTabupyembix cucteM Ha b6ase SMPUNCNONb3YHTCA
KInacTepHble NN NUMA-apXUTEKTYPBI.

OnepaunoHHas
cuctema

Moaenb

FMINAIrNAMNARMNAIANNADALIIAO

Bcsa cuctema paboraet nog ynpasneHnem eanHon OC ©0bl4HO
UNIX-N0go6bHOW, HO ANs Intel-NNaTtdOpM NoAAEPKNBAETCA Windows
NT). OC aBTOMaTMYeCKU (B npoLiecce paboTbl)pacnpenenser
npoLieccbl/HUTK NO NpoLeccopam (scheduling) HO NHOrAA BO3MOXHa U
sIBHasi NpMBA3Ka.

orpaMmmupoBaHue B Mogenu obuen namaTn. (POSLX threads,
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