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BBepeHue

CtpeMuTenbHOE pa3BUTHE HAYKH W NMPOHUKHOBEHHME UYEIOBEUYECKON MBICIH
BO BCE HOBbIE€ 00JaCTH BMECTE C PEIIEHUEM IIOCTABIEHHBIX Mpexzae MnpolieM
MOCTOSTHHO TOPOKJAET MOTOK BOMPOCOB U CTaBUT HOBbIE, KaK IMpaBWio Ooisee
CIIOXHBIE, 3a/1auyi. Bo BpeMeHa mepBhIX KOMIBIOTEPOB Ka3aJl0Ch, YTO YBEIMUYECHUE
ux ObicTpoaeiicTBus B 100 pa3 mo3BoUT peruTh OOIBIIMHCTBO MPOoOIeM, OTHAKO
ruradIonHas MPOU3BOJUTEIHLHOCTh COBpEMEHHBIX cynepOBM ceronus siBusercs
SIBHO HEJIOCTATOYHOM JJI1 MHOTUX YYEHBIX.

DIIEKTPO ¥ TUAPOAUHAMUKA,

CeMCMOpa3BeIKa U

IIPOTHO3 MOTO/IbI,

MOJICTMPOBaHUE XUMHUYECKUX COCIMHCHUH,

MCCIIEIOBAHNUE BUPTYAJIbHOU PEaIbHOCTHU - BOT JAJIEKO HE MOJIHBIN CIIUCOK
obJacTeit HayKu, UCCIIEIOBATEIN KOTOPBIX UCIIOJIB3YIOT KaXIYIO
BO3MOKHOCTh YCKOPHUTH BBITIOJIHEHUE CBOUX MTPOTPAMM.

Hanbonee mnepcrnekTUBHBIM W JUHAMUYHBIM HaIpPaBJICHUEM YBEIUUYCHUS
CKOPOCTH pELICHUs NPUKIAIHBIX 3a4a4 AGAAemcs WUpoKoe 6HeopeHue uoeil
napannenusma ¢ pabomy eviuuciumenvHulx cucmem. K HacTosieMy BpeMEHU
CIIPOCKTHUPOBAHBI U  OMPOOOBAHBl  COTHU  PA3IMYHBIX  KOMIIBIOTEPOB,
WCHOJIB3YIOIIMX B CBOEHM APXHUTEKTYpEe TOT WJIM HWHOW BHJ MApAJUICIBHON
0o0paboTKM JaHHBIX. B Hay4yHOU nuTepaType M TEXHUYECKON TOKyMEHTAIIUU



MOXHO HaWTh 0oJiee JecATKa Pa3TMYHbIX HA3BAaHWUN, XaPAKTEPHUIYIONIUX JIUIIh
oOmre TPUHOUIB  (YHKIIMOHUPOBAHHUS TapalUIeIbHBIX MAIIWH: BEKTOPHO-
KOHBEHEpPHBIC, MAaCCUBHO-TIAPAJIICIbHBIC, KOMITBIOTEPHI C IMUPOKAM KOMaHIHBIM
CIIOBOM,  CHCTOJIMYECKHE  MAaCCUBBI, THIIEPKYOBI,  CIICHIPOIECCOPHl |
MYJIBTHIIPOIIECCOPBI, HepapXWyecKhue W KIacTepHbIe KOMITbIOTephl, dataflow,
matpuuHbie OBM u mHorme npyrue. Ecnm ke K TOMOOHBIM Ha3BaHWSM Jis
MIOJTHOTHI ONTMCAaHUS JTOOABUTH €II¢ M JaHHBIC O TaKWX BaXKHBIX MMapaMeTpax, Kak,
HAlpuUMeEp, OpraHU3aIusl TaMSATH, TOTMOJOTHUSA CBSI3U MEXAY IMPOIECCOpPaMH,
CUHXPOHHOCTh PabOTBl OTACIBHBIX YCTPOWCTB WM CIOCOO MCIOJHEHUS
apu(pMeTHYECKUX OIEepalui, TO YUCIO PATUYHBIX APXUMEKMYP CMaHem U 808ce
He0O03pUMBIM.

[TonbITKH CHUCTEMATU3UPOBATH BCE MHOKECTBO APXUTEKTYP HAYAIUCh MOCIE
onyOJIMKOBAHUSI M.DnaurHOM MIEPBOTO BapHaHTa KJIacCU(UKALIUU
BBIUHUCIIMTEIBHBIX CUCTEM B KOHIIE 60-X rOJJ0OB M HEMPEPHIBHO MPOJIOKAKOTCS MO
ceil JeHb. SICHO, YTO HABECTH MOPSJAOK B XA0CE OYEHb BAXKHO IS JIYULIErO
MOHMMAaHMST MCCIIEAYEeMOU TpeaMeTHOM 00JIacTH, OJHAKO HAaXOXKJIECHUE yIAa4HOU
KJIacCU(UKAIIMA MOXKET UMETh IEJbIA PsAJT CYIIIECTBEHHBIX CIEACTBUM.

B camom nene, BcrioMHMM OTKpbITBIH B 1869 romy JI.M.MenneneeBbiM
NEepUOANYECKUM 3aK0H. BrINKcaB Ha KapTOYKax Ha3BaHUSI XUMUUECKUX AJIEMEHTOB
M yKa3aB MX BAXKHEHIIME CBOMCTBA, OH CyYMEJI HAWTH TAaKOE PACIOJIOKEHHUE, MPU
KOTOPOM 4YETKO TPOCIEKMBAIACh 3aKOHOMEPHOCTh B M3MEHEHUU CBOICTB
3JIEMEHTOB, PACIOI0KEHHBIX B KaXK/IOM CTOJIOIE U B KaXA0U cTpoke. Tenepn, 3Has
II0JIOJKEHHE KaKoro-anbo »jeMeHTa B TaONHIlE, OH MOT ¢ OOJBIION CTENEHBIO
TOYHOCTH  OINKCHIBAaTH €ro CBOWCTBA, HE TMPOBOJI C HUM HHUKAKHUX
HETMOCPEJICTBEHHBIX  AKCIEPUMEHTOB. JIpyrum, moucTthHe (HaHTACTUUECKUM
CJIEICTBHEM, SIBUJIOCH TO, YTO JIAHHBIM 3aKOH Cpa3y yKa3al Ha HECKOJBKO "OebIX
naTeH" B TaOJuIle W TMO3BOJWI MpeJcKa3aTh cymectBoBanue (!) u cBoiictBa (!!)
HEU3BECTHBIX JI0 TeX mop oaneMmeHToB. B 1875 romy dpaHiy3ckuii ydeHbIH
Bbyabonpan, u3ydas CreKTpbl MHHEPAJIOB, OTKPBUI MIPeICcKa3aHHbIi MeHaeneeBbiM
raJiyIui ¥ BIEpBBIE MOJIPOOHO OMUCAN €ro cBoiicTBa. B cBoro ouepens MeHenees,
HUKOTI/Ia TIPEXJie HE BUJICBIINNA JAHHOTO XMMUYECKOTO 3JIEMEHTa, HE TOJILKO CMOT
yKa3aTh Ha OMIMOKY B ONPEICICHUH TUIOTHOCTH, HO M BBIYMCIIHII €€ TPABUIHHOE
3HAYECHUE.

CymiectByromiasi kjiaccu(ukanus pacTUTEIIBHOIO W KUBOTHOTO MHUPA, B
OTJIMYHME OT MEPUOIUYECKOT0 3aKOHA, HOCUT CKOpee onucaTenbHblil Xxapakrep. C ee
MOMOIIIbI0 HAMHOTO CJIOKHEE TMPEeJCKa3bIBaTh CYIIECTBOBAaHHME HOBOTO BHU/IA,
OJIHAKO 3HAHHWE TOTO, YTO HCCIAEAYEMbIH DK3EMIUIIP MNPUHAIICKHUT TAKOMY-TO
poay/ceMeicTBY/OTpsiAy/KiIaccy MO3BOJSET ONMpaBAaHHO MPEANOJIOKUTh HaTUYHE
y HETO BIIOJIHE OIPEIEIICHHBIX CBOWCTB.

[TogoOHyt0 Kiaccu(pUKAUIO XOTEIOCh Obl HAWTU W JJI apXUTEKTYp
NapajuIeTbHBIX BBIYUCIUTENBHBIX cUCTeM. OCHOBHOM BOIIPOC - YTO 3aJIOKUTH B



OCHOBY KHaCCI/I(i)I/IKaL[I/II/I, MOXCT pC€IIaTbCA IMO-pasHOMY, B 3aBUCHUMOCTH OT TOIO,
I KOO JdaHHasd KJIaCCI/I(bI/IKaHI/I}I CO3JacTCd MW Ha PCHICHHUC KaKoM 3aJa4uu
HarpaBJICHA. TaK, qaCTO UCIIOJIB3YEMOC ACIICHUC KOMIIBOTCPOB HA

nepcoHagbHbie DBM,

pabouune cTaHIuu, MUHU--OBM,
OoJbllive yHUBEpCcaibHbie DBM,
MuHUCytiep--OBM u
cynep--OBM,

ITIO3BOJIACT, OBITH MOXKCT, IPUMCPHO HNPUKUHYTb CTOMMOCTH KOMITIBKOTCPA.

OpHako oHa HE MPUOIMKAET MOJIB30BATENS K MOHUMAHUIO TOTO, YTO OT HETO
noTpedyercss JJid HamMCaHWs NpOrpaMmbl, padoTalolmuid Ha  Mpejaelne
MPOU3BOAUTENILHOCTH TapajljIeIbHOTO KOMIIbIOTEpa, T.€. TOr0, Pajd Yero OH U
pelIMiCs €ro HUCMoyib3oBaTh. Kak 3TO HU CTpaHHO, HO OT OOWJIMS pa3HbIX
napajuieIbHbIX KOMIIBIOTEPOB CTPAAAET, MPEX/IE BCEr0, KOHEUHbIN MOJIb30BaTEelb,
JUISL KOTOPOTO, BpoAe Obl, OHM U CO3/aBAINCh: OH BBIHYXKJEH KaXIbld pa3
noAoupare Haumbosiee SPGEKTUBHBIM aIrOPUTM, OH MCIHBITBIBAET Ha cede
"mpenecTu" MapayIeNIbHOTO MPOTrPAMMUPOBAHMS U OTJAAKH, PEIIaeT MpOoOJIeMbl
NEPEHOCUMOCTH U 3aT€M BCE IMOBTOPSETCS 3aHOBO.

XoTenoch Obl, YTOOBI TaKask KidccupuKayus nomMo2na emy pazoopamucs ¢
mem, Ymo npedcmasisem cooou Kaxcoas apxumekmypd, KaK OHU 83AUMOCEA3AHbL
MednHcoy coOotl, Ymo OH 00JIHCEH YUUMbIBAmMb 0J151 HANUCAHUS OeUCMBUMENbHO
9hheKmuBHbIX NPOSPAMM UL JHce HA KAKOU KIACC apXUMeKmyp emy ciiedyem
OpUeHmMuUpo8amuvcs 0Jisl peuletust mpebdyemozo Kiacca 3a0ay.

OpxHOBpeMEHHO yayHasi Kiaccudukarys Moria Obl OJCKa3aTh BOZMOYKHbBIE
MyTH COBEPIICHCTBOBAHMS KOMITBIOTEPOB U B 3TOM CMBICII€ OHA JJOJKHA OBITH
JIOCTATOYHO COAepKaTENbHOM. TpyAHO pacCUnTBHIBATh HA HAX0XKICHUE
HETPUBHAIBHBIX "OeNbIX MATEH", HAapPUMeEp, B KJIacCU(UKAIMH 110 CTOUMOCTH,
OJIHAKO Pa3MBIIIEHUS O BOBMOXHON CUCTEMATHUKE C TOUKH 3pEHUS IIPOCTOTHI U
TEXHOJIOTMYHOCTH MPOrPaMMHUPOBAHUS MOTYT OKa3aThCsl YPE3BbIUAMHO
MIOJIE3HBIMH JJIS1 OTIPEEIICHN S HAIIPABJICHUI ITOMCKA HOBBIX APXUTEKTYP.

PaccmoTpum Haubos1ee U3BECTHBIE HA CETOIHS KJIacCu(puKanum.



Knaccudukauma dnmHHa

[To-BunuMomy, camoii paHHel U Hanbosiee U3BECTHOM SIBIISIETCS
KJ1accu(uKanums apXUuTeKTyp BEIYUCIUTEIbHBIX CUCTEM, ITpeasiokeHHas B 1966
roay M.®aunnom. Kinaccudukaiys 6a3upyercsi Ha HOHSITUU ROMOKA, TIO]]
KOTOPBIM TOHUMAETCS MOCJAeA0BATEILHOCTb 3J1eMEHTOB, KOMAH/I WJIHN IaHHBIX,
oOpadaTrbiBaemMas npoueccopoM. Ha ocHOBE unciia MOTOKOB KOMaH/1 U TOTOKOB
JNaHHBIX DIMHH BBIIESET YEThIPE Kilacca apXUTEKTYp:

SISD,MISD,SIMD,MIMD.
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SISD (single instruction stream / single data stream) -
OJIMHOYHBIHM MOTOK KOMaH[ M OJIMHOYHBIN MOTOK AaHHBIX. K
3TOMY KJIacCy OTHOCSITCSI, IPEXK/IE BCET0, KIIaCCUYECKUE
MoCIieI0BaTEIbHBIC MAIIUHEI, UM HHAYE, MAITMHBI ()OH-
HEeWMaHOBCKOTO THNa, Hanpumep, PDP-11 wum VAX 11/780.
B Takux MammHax ecTh TOJIBKO OJMH MOTOK KOMaH]I, BCE
KOMaH/Ibl 00pabaThIBAOTCS TTOCIIEIOBATEIBHO IPYT 32
JPYroM U KakJasi KOMaHa HHUIMHAPYET OJIHY OTEepaIHio ¢
OJIHMM MOTOKOM JaHHbIX. He nMmeer 3HaueHus TOT QaxT, 4To
JUISL yBEJIMUEHUS] CKOPOCTH 00pabOTKM KOMaH] M CKOPOCTH
BBIMIOJTHEHUS apu(METHUECKUX ONepaluii MOKET
NpUMEHATHCS KOHBeepHast 00padoTka - kak MamuHa CDC
6600 co ckansapHbIMH (PYHKIIMOHATBLHBIMH YCTPOUCTBAMH,
tak 1 CDC 7600 c kOHBelHEepHBIMHU NIONAJAIOT B ATOT KJjacc.
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SIMD (single instruction stream / multiple data stream) -
OJIMHOYHBIN MTOTOK KOMaH]T U MHO>KECTBEHHBI MOTOK
TaHHBIX. B apxutekTypax mogoOHOTo poaa coxpaHsercs
OJIMH MOTOK KOMaH/1, BKIIFOUAIOIIHI, B OTJIUYHE OT
MPEbIIYILIEro KJacca, BEKTOPHbIE KOMaHIbl. JTO MO3BOJISIET
BBITIOJHATH OJIHY apu(PMETHUECKYIO OMEPAIHIO Cpasy HaJl
MHOTHMMHU JaHHBIMH - 3JIeMeHTaMH BekTopa. Criocob
BBITIOJIHEHHS] BEKTOPHBIX OIEpalliii HE OTOBAPUBAETCH,
MOATOMY 00pabOTKa 3JIEMEHTOB BEKTOPA MOXKET
POM3BOAUTCS MO0 mporeccopHoit MaTpureit, kak B ILLIAC
IV, mu6o ¢ moMoIpIo0 KOHBEHEPa, KaK, HAPUMED, B MAIIIMHE
CRAY-1.

MISD (multiple instruction stream / single data stream) -
MHO>KECTBEHHBIN MOTOK KOMaH/ U OAMHOYHBIN MOTOK
JnaHHbIX. Orpeenenye noapa3yMeBaeT Haluune B
APXHUTEKTypE MHOTHX MPOIIECCOPOB, 00pabaTHIBAIOIINX OUH
Y TOT K€ MOTOK JAaHHbIX. OnHako HU DIuHH, HU ApyTHE
CHEIHANIMCTHI B 00JIaCTH apXUTEKTYPbl KOMIILIOTEPOB 10
HEKOTOPOTO BPEMEHHU HE MOTJIN MPECTaBUTh YOS TUTEIbHBII
MIPUMEP peajJbHO CYNIECTBYIONIEH BBIUYMCIUTEIBHON
CHUCTEMBI, IOCTPOEHHOW HAa TAHHOM IIpUHLHMNE. P



HCCIIeIOBATENICH OTHOCIT KOHBEHEPHBIC MAIIIMHBI K JJAHHOMY
KJIACCy, OJTHAKO 3TO HE HAIIUIO OKOHYATEILHOTO MPU3HAHUS B
Hay49HOM COOOIIIECTBE.

[TosiBuBIIMECS MHOTOSIIEPHBIE KOMITBIOTEPHI MOKHO OTHECTH
K JTAaHHOMY KJIaccy.

VY MIMD (multiple instruction stream / multiple data stream) -
MHOYECTBEHHBIN TTOTOK KOMaH/I 1 MHO)>KECTBEHHBIH ITOTOK
JAaHHBIX. OTOT KJ1acc npeanojaract, 4To B BBEIYHCIUTEIBHON
CHUCTEME €CTh HECKOJIbKO YCTPONCTB 00paOOTKHA KOMAaH/I,

mnAa | 00BCTMHCHHBIX B €IMHBINA KOMILJICKC U PA0OTAIOIINX KAKI0E
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CO CBOMM ITOTOKOM KOMaHI U JaHHBIX.

Urak, uro xe co0oil mpeacrapnseT kaxapiil knacc? B SISD, kak yxe
TOBOPUJIOCH, BXOST OJTHOIPOIIECCOPHBIE MOCIIEI0BATEIbHBIE KOMITBIOTEPHI TUIIA
VAX 11/780. OgHako MHOTUMH KPUTUKAMU TTOAMEUYEHO, UTO B ATOT KJIACC MOYKHO
BKJIIOYWTH U BEKTOPHO-KOHBEHEPHBIC MAIIMHBI, €CJIM PACCMATPUBATh BEKTOP KakK
OJIHO HEJIEJIUMOE JIAaHHOE JIJIsl COOTBETCTBYIONIEH KOMaH Ibl. B TakoM ciydae B 3TOT
KJIacc nomnaayT u Takue cucteMsl, kak CRAY-1, CYBER 205, mamunsl cemeiicTBa
FACOM VP u mHormue apyrue.

beccniopabsimu npeacraButensamu kiaacca SIMD cunrtaroTcss MaTpuiibl
nporieccopos: ILLIAC IV, ICL DAP, Goodyear Aerospace MPP, Connection
Machine 1 u 1.11. B Takux cuctemax eMHOE YIPaBJISOIIEe YCTPOUCTBO
KOHTPOJIUPYET MHOKECTBO MPOIECCOPHBIX 31eMeHTOB. Kaxablil mpoLiecCOpHbIN
AJIEMEHT MOJIY4YaeT OT YCTPOMUCTBA YIPABICHUS B KaXKIbli (PUKCUPOBAHHBIM
MOMEHT BPEMEHHU OJMHAKOBYIO KOMaHAY U BBITIOJHAET €€ HaJl CBOUMU
JIOKAJTBHBIMH JTAHHBIMU. {7151 KITACCHYECKUX TIPOIIECCOPHBIX MATPUIl HUKAKUX
BOIIPOCOB HE BO3HUKAET, OJTHAKO B ATOT K€ KJIACC MOKHO BKJIFOUUTHh U BEKTOPHO-
KOHBelHepHble MaluHbl, HanpuMep, CRAY-1. B aTom citydae KaxIbIil 3J1€MEHT
BEKTOpa HAJ0 pacCMaTPUBATh KaK 0mOenbHblll d1eMeHn HOMOKA OAHHBIX.

Knacc MIMD upe3BpiuaiiHO MIMPOK, TOCKOJIBKY BKJIIOYAET B CEO0s
BCEBO3MOJKHBIE MYJIbTUTIPOIIeCCOpHBIE cucTeMbl: Cm*, C.mmp, CRAY Y-MP,
Denelcor HEP,BBN Bultterfly, Intel Paragon, CRAY T3D u MHoTHE npyTHE.
HNHTepecHO To, 4TO ecliu KOHBEHEepHYy0 00paboTKy paccMaTpuBaTh Kak
BBITIOJTHEHHE MHOKECTBA KOMaH/1 (Onepaluid CTyIeHe KOHBeepa) He Hall
OJIMHOYHBIM BEKTOPHBIM MTOTOKOM JAaHHBIX, & HaJI MHOKECTBEHHBIM CKaJISIPHBIM
IIOTOKOM, TO BCE PACCMOTPEHHBIE BBILIE BEKTOPHO-KOHBENEPHBIE KOMITBIOTEPHI
MO>KHO PacrloIOKHUTh U B TAHHOM KJIacce.

[IpennoxenHas cxema KiacCU(PpUKALMK BIUIOTh A0 HACTOSIIIETO BPEMEHU
ABJISIETCSA CAMOW MPUMMEHSAEMOM NPU HAYAJIbHON XapaKTEePUCTUKE TOT0 HJIH



HHOI'0 KOMIIbIOTEPA. ECiu rOBOPUTCS, UTO KOMIIBIOTEP NPUHAJIEKUT KIACCY
SIMD unu MIMD, 10 cpa3zy CTaHOBHUTCSI TOHSATHBIM 0a30BBIM MPUHITUIT €TI0
paboThI, U B HEKOTOPBIX CIIydasX 3TOTO OBIBAET TOCTATOYHO.

OnHaKo BUIIHBI U SIBHBIE HEJJOCTATKU. B 4acTHOCTH, HEKOTOPBIE
3aCITy’)KABAIOIIe BHUMAHUS apXUTEKTyphl, Harpumep dataflow u BekTopHO-
KOHBeliepHble MAaIIMHbI, YeTKO HE BIIMCBHIBAIOTCS B IAHHYIO KJIACCH(HUKAIIHIO.
Jpyroi HeIOCTATOK - 3TO Ype3MEPHAas 3alI0JIHEHHOCTH Kitacca MIMD.
HeoOxoaumo cpenctBo, Ooiee n30MpaTeabHO CUCTEMATU3UPYIOIIEE apXUTEKTYPHI,
KOTOpbIe 110 DIMHHY MOMAJAI0T B OJIUH KJIaCC, HO COBEPIICHHO Pa3IMYHbI 110
YHCITY IPOLIECCOPOB, IPUPOJIE U TOMIOJIOTUH CBSI3U MEX1Y HUMH, 110 CIIOCO0Y
OpTaHU3aINH MAMSITH U, KOHEYHO K€, 10 TEXHOJIOTUU IPOTPAMMHUPOBAHUSL.

Hamnuue “myctoro” kiacca (MISD) Ha MOMeHT popMupoBaHus KiacCUpUKaUU
0Ka3aJ10Ch YPE3BbIYAHO MOJE3HBIM ISl pa3pabO0TKU MPUHIIUIINATBHO HOBBIX
KOHIEMNIINI B TEOPUU U MPAKTUKE MOCTPOCHUSI BBIYMCIUTEIBHBIX CUCTEM, A
MMEHHO MHOTOSIIEPHBIX IIPOIIECCOPOB, KOTOPHIE MOSBUINCH yKe B Havase 21 Beka.

Jonmosinenust Banra u bpurrca k kiaaccupukanuu OanHHa

OcraBnsis 4eThIpe paHee BBEACHHBIX 0a30BbIX Kiacca (SISD, SIMD, MISD,
MIMD), aBTOpBI BHECIH CIAEAYIONTNE N3MEHCHHUS.

Knacc SISD pa3buBaercs Ha ABa mojakiacca:

e APXUTEKTYPhI C €AUHCTBEHHBIM ()YHKIIMOHAIbHBIM YCTPOUCTBOM,
Hanpumep, PDP-11;

¢ APXUTEKTYphI, UMEIOIIUE B CBOEM COCTaBE HECKOIBKO (PYHKIIMOHAIBHBIX
ycrpoiict - CDC 6600, CRAY-1, FPS AP-120B, CDC Cyber 205, FACOM
VP-200.

B xnacc SIMD rtaxxe BBoauTCs aBa IOAKIIACCA:

e APXUTEKTYPHI C MOCIOBHO-TIOCIIEA0BATEIbHON 00pabOoTKOI HHPOpMAITIH -
ILLIAC IV, PEPE, BSP;

e APXUTEKTYPHI C pa3psIHO-TIOCTIe0BaTENbHOM 00pabdoTkoii - STARAN, ICL
DAP.

B xnacce MIMD aBtopsl paznuuaroT

¢ BBIYUCIUTEILHBIE CHCTEMBI CO CIIA00M CBSI3BI0 MEXY MPOIECCOPaMU, K
KOTOPBIM OHH OTHOCSIT BCE CHCTEMBI C pacIpeACIICHHON MaMsThIO,
Hanpumep, Cosmic Cube,



e ¥ BBIYHCIIMTEIIBHBIC CHCTEMBI C CHIILHOM CBS3bIO (CHCTEMBI C 00IICH

MaMsIThIO), KyJla MOIAaIal0T Takue KOMITbIoTephl, kak C.mmp, BBN
Butterfly, CRAY Y-MP, Denelcor HEP.



OCHOBHbI€e Knaccbl COBpPEeMEeHHbIX NaparnesibHbiX
KOMNbHOTEPOB

Knaccupunmpyss coBpeMeHHbIE KOMIIBIOTEPBI, KOTOPbIE MPAKTUYECKH BCE
oTHOcsATCA K kinaccy MIMD Gynem OCHOBBIBaThCS Ha aHAJIM3€ HCIOJIb3YEMbIX B
cUcTeMax croco0ax OpraHu3aluu orepaTuBHOW mamsatu. Ha puc.l mpuBeneHa
knaccudukanus knacca MIMD, koTopast pakTruyecku MOBTOPSET KIACCU(PUKALIUIO
P.XoxHu, HO B 6071€€ COBPEMEHHOM H3JI0KECHHH.

JIaHHBIH TIOXO/1 MO3BOJISICT Pa3invaTh ABa BAKHBIX THIIA MHOTOMPOIECCOPHBIX
cuctem - multiprocessors (myrsmunpoueccopvt wnu cucteMbl ¢ OOIIEH
pasenseMoii maMsAThI0) U multicomputers (yyrsmurxomnsromepst Wi CUCTEMBI C
pacnpeeaeHHON MaMsThIO).
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Puc. 1. CTpykTypa knacca CoBpeMeHHbIX BbIYUCIIUTESNBbHbBIX CUCTEM

JIJisi MyJAbTHIIPOLECCOPOB YUUTHIBAETCS CIIOCOO MOCTPOESHUS OOIIEH MaMsTH.
Bo3MoXHBIN MOAXOM - HCHOJIb30BaHWE €AWHON (IIEHTpaIu30BaHHOM) OOIIeH
namsaTH. Tako# moaxoj 00ecrmeuynBacT 00HOpoOubilti docmyn K namsmu (Uniform
memory access or UMA) u ciy)XuT OCHOBOM JJIsi TIOCTPOEHUSI BEKMOPHbLIX
cynepkomnviomepos (parallel vector processor, PVP) wu cuMMeTprYHBIX
myavmunpoyeccopos (Symmetric multiprocessor or SMP). Cpenn mnpumepoB
nepBoil rpynnsl cynepkommbiorep Cray T90, ko BTOpoii rpynne otHocarcs IBM
eServer p690, Sun Fire E15K, HP Superdome, SGI Origin 300 u ap.

OO6mui 1ocTyn K JIaHHBIM MOXET OBITh oOecredueH W Tpu  (HU3NUYECKH
pacnpeneneHHON naMsaTy (IIPU STOM, €CTECTBEHHO, ITTUTEIHHOCTD JIOCTYTA y>Ke HE
OyZeT OIMHAKOBOW JIJISi BCEX AJIEMEHTOB MaMsiTH). Tako¥ MoaXo/ UMEHYETCSl Kak
HeoOHopoouslll docmyn k namsmu (non-uniform memory access or NUMA).
Cpenu cucTeM ¢ TAKUM THUIIOM MaMSITH BBIICTISIOT:

o Cucrembl, B KOTOPBIX MAJSi NPEACTABICHUS NAaHHBIX HCIOJIb3YETCs
TOJBKO JIOKAJIbHAsi KAII MaMsTh HMMEIONIMXCS MpoieccopoB (cache-only
memory architecture or COMA); nmpuMmepamMu TaKuX CHCTEM SIBISIOTCS,
Hanpumep, KSR-1 u DDM;



o Cucremsl, B KOTOPBIX o0ecrieunBaeTCst OJHO3HAYHOCTH
(koeepenmnocmu) NOKANBHBIX KOIII MaMATH Pa3HbIX IpoieccopoB (cache-
coherent NUMA or CC-NUMA); cpeau cuctem npannoro tuma SGl
Origin2000, Sun HPC 10000, IBM/Sequent NUMA-Q 2000;

o Cucremsbl, B KOTOPBIX OO€creUMBaeTCsl OOLIUI TOCTYN K JIOKAJIBbHOMN
naMsTH Pa3HbIX MPOLECCOPOB 0€3 MOAAECpPKKM Ha amnmapaTHOM YpOBHE
korepenTHoctu Karma (non-cache coherent NUMA or NCC-NUMA); «
JAaHHOMY THITy OTHOCHUTCS, Hanpumep, cuctema Cray T3E.

MyJabTHKOMIBIOTEPBLI (CHCTEMBI C pAaCHpPEEICHHOW TaMATHIO) YyKe He
o0ecreunBarOT OOIMI JOCTYN KO BCEH UMEIomelcs B cucremax mamsatu (NO-
remote memory access or NORMA). JlaHHbIiI MOAXON HCHOJB3YETCS MpPH
MIOCTPOCHUH JIBYX BaXXHBIX THUIIOB MHOTOIPOIECCOPHBIX BHIYMCIUTEIBHBIX CHCTEM
- maccusHno-napannensuvix cucmem (massively parallel processor or MPP) u
knacmepos (clusters). Cpemu mpencraBuTeneid mepBoro Tuma cucrem - |IBM
RS/6000 SP2, Intel PARAGON/ASCI Red, TpancnbroTepHbie cucTeMbl Parsytec u
Ip.; TpUMepaMHu KJIacTepoB sBIstOTCA, Hampumep, cuctembl AC3 Velocity u
NCSA/NT Supercluster.

CnenyeT OTMETUTh Ype3BbIYAHO OBICTPOE paA3BUTHE KJAACTEPHOI0 THIA
MHOTOIPOLIECCOPHBIX BHIYMCIUTENBHBIX CUCTEM

Kak yxe oTMedanoch, OCHOBHBIM IapaMeTpoM  KiaccupuKauu
napauieNIbHbIX ~ KOMITBIOTEPOB  sIBIsieTcs  Haimuuue obOmed  (SMP)  wm
pacnpenenennoir mnamaru (MPP). Heuro cpemnee wmexny SMP u MPP
npenctaBisitor  coboir  NUMA-apxutektypsl, rie naMatb  (U3HUECKU
pacrmpeziesieHa, HO JIOTHYecKH oOmenoctynHa. KiacrepHble cUCTEMBbl SIBISIOTCA
Ooonee nemeBsiM BapuantomM MPP. Ilpu mnogaepxke komana oOpaOOTKu
BEKTOPHBIX JaHHBIX TOBOPST O BEKTOPHO-KOHBEHEPHBIX MpoIleccopax, KOTOpPhIE, B
CBOIO ouepesib MOTyT o0benuHsATbcs B PVP-cuctemsl ¢ ncnons3oBanueMm o01en
WIN pacrpeesieHHON MaMsTH.

Bce Oonpuiyio mnonyiaspHOCTh MNPUOOpETAlOT HAEHM KOMOWHUPOBAHUS
Pa3IUYHBIX apXUTEKTYP B OJTHOM CHCTEME U MOCTPOEHUS HEOAHOPOIHBIX CHCTEM.

[Tpu opraHm3anmsx pacmupefeieHHBIX BBIYUCICHUN B TJIOOATBHBIX CETAX
(MuTepHer) TOBOPAT O MeETa-KOMIBIOTEPAX, KOTOphIE, CTPOrO TOBOpS, HE
MPEACTABIIAIOT COOO0M MapaieIbHbIX APXUTEKTYP.

Kpatko paccmMoTpuM 6a30BbI€ XapaKTEPUCTUKH ONPEICIICHHBIX BBIIIE
KJIACCOB COBPEMEHHBIX apXUTEKTYp. (botee nodpobno cm. npezeHmayuu O0OK1A008
nO COOMBEMCMEYIOUWUM MEMAM)

ba3oBble XapaKTepUCTUKn OCHOBHbIX KilaCCOB COBPEeMEeHHbIX
KOMNbHOTEPOB

MaccuBHO-IapasLieJdbHbIe cucTeMbl (MPP)
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Apxumexmypa: Cucrema COCTOUT U3 OJJHOPOJIHBIX 86IYUCTUMENbHBIX Y3108,
BKJTFOUYAIOIIUX
e OJIMH WJIM HECKOJBKO IIEHTPAbHBIX TporieccopoB (00brqH0 RISC),
¢ JIOKAJbHYIO MaMSTh (MIPSIMON JOCTYM K MaMSITH JPYTHX y3JI0B HEBO3MOKEH),
e KOMMYHHKAIIMOHHBIH MTPOLIECCOP WIIM CETEBOU agamnTep
e MHOTJIA - XKeCTKHue AUCKU (kak B SP) u/unu npyrue ycrpoiictsa B/B

K cucreme moryt ObITh 1OOaBIEHBI CIIEHUATIbHBIE Y3JIbl BBOJA-BBIBOAA U
YOPaBISIOMIME Y3JIBl. Y3Jbl CBS3aHBl 4YE€pPE3 HEKOTOPYI0 KOMMYHUKALMOHHYIO
cpeny (BBICOKOCKOPOCTHAs CETh, KOMMYTATOP H T.II.)

ITpumepor: 1IBM RS/6000 SP2, Intel PARAGON/ASCI Red, SGI/CRAY
T3E, Hitachi SR8000, TpancnstorepHbie cuctemsl Parsytec u ap.

Macwmaéupyemocms: O0111ee YUCIO MPOLIECCOPOB B PEANbHBIX CUCTEMAX
nocturaet HeckoJbkux Thicsid (ASCI Red, Blue Mountain).

Onepayuonnasa cucmema: CyliecTBYIOT JIBA OCHOBHBIX BApUAHTA!

1. Tlonnonennas OC paboTaeT TOJAbKO Ha ympasisitonieil mamune (front-end), Ha
KOKJIOM y3Jlie paboTaeT cuibHO ype3aHHbI Bapuant OC, oOecreuuBaromiue
TOJIBKO PabOTy pacroioKEHHONM B HEM BETBU MAapajuIeNIbHOTO MPHUIIOKEHUS.
[Tpumep: Cray T3E.

2. Ha xaxgom y3ne paboraer mnomuorieHHas UNIX-momo6uas OC (BapuaHT,
Onm3kui K KiactepHomy noaxony). ITpumep: IBM RS/6000 SP + OC AIX,
yCTaHaBJIMBAE€Masi OT/ICJIbHO HA KaXJIO0M Y3JI€.

Mooenv npozpammuposanusn. llporpaMmupoBaHuE B paMKax MOJEIH
nepenauu coodomennii ( MP1, PVM, BSPIib)

PacnpenenieHHOCTh MaMsITH O3HA4Yae€T, YTO KaXIbld MPOLECCOpP HMMEET
HEMOCPEACTBEHHBIM JOCTYN TOJIBKO K CBOEH JIOKaJbHOW MaMATH, a JOCTYIl K
JAHHBIM, pACTOJOXKEHHBIM B TAMSATH JAPYTUX MPOIECCOPOB, BBHIMOIHSAETCA
JPYTUMU CIIOCOOAMHU.

YroOsl nepeciiath HHGPOPMAIIMIO OT MPOLECCOpPa K MPOLECCOPY, HEOOXOAUM
MEXaHU3M Iepeayn COOOIIEHUI IO CETH, CBSI3bIBAIOIIECH BBIYMCINUTEIbHBIE Y3JIbL.
Jns abcTparupoBaHus OT noApoOHOCTEN (YyHKIMOHUPOBAHUS
KOMMYHUKAIIMOHHOW amnmapatypbl U MPOrpaMMHUPOBAHUS HA BBICOKOM YPOBHE,
UCIIOJIB3YIOTCSl OMOIMOTEKH Tiepeaaun coobimienuit. HecmoTpst Ha cyiecTBeHHbIE
pa3Iuyuus CpeICcTB MEKIPOLIECCOPHOTO B3aUMOAECHCTBUS B Pa3HbIX CUCTEMAX IO
CKOPOCTHBIM IapaMeTpaM U MO CIOoco0y ammapaTHON peau3aiuu, OMOInoTeKU
oOMeHa COOOIIEHUSMHU BBIMOJIHSAIOT MPUOIU3UTENBHO OJTHU U T€ K€ (PYHKIIUU.

BbiGop TOmoyOrMM MamIMHBI  4acTO OMpEAENsieT Crnocod pelieHus
NPUKIAIHOM 3anauu. Hano 3aMeTutb, 4TO ONTHUMU3ALUS AITOPUTMOB IS
napajuIeIbHBIX ApPXUTEKTYp CYIIECTBEHHO OTJIMYACTCS OT TOW ke paldoThl Jis
NOCJIEOBATENbHBIX cUcTEM. ECiM mepexol ¢ OAHOro CKaJsIpHOIO MpoIeccopa Ha
JIpyroi MpakTHYECKW HUKOTJa HE TpeOyeT mepecMoTpa alropuTMa, TO alrOpUTM,
UJCATBHO MPUCTIOCOOTICHHBIN ISl OTHOM MapalljieIbHOM apXUTEKTYphl, HA IPYron
MalMHe (C TE€M € YHMCIOM IPOIECCOPOB TOTO K€ THUMNA) MOXKET padoTaTh
HEIPUEMJIEMO MEIJIEHHO. /[ OLIEHKM NpPOW3BOAMUTEIBHOCTH PACIPEEICHHON
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CHUCTEMBI, KPOME TOIIOJIOTHHU CBSI3ed, HEOOXOAMMO 3HATh CKOPOCTh BBIMOJHEHUS
apu(MeTHYeCKuX oOIepanuii, BpeMs HMHULMAIN3AIMN KaHalla CBSI3U M BpeMs
nepenayn  eAMHHUIBI oO0beMa wuH(opManuu. Eciu TOMONOTHS CHUCTEMBl HE
TpUBHAIbHA, TO B COCTaB ONCPAlMOHHOW CHCTEMBl WM T[aKeTa Tepeaaqn
COOOIIEHUH TPHUXOAUTCS BKIIOYATh MPOIEAYPHl MapIIPyTHU3alUUA COOOIICHUIA,
paboTaronye Ha KaXIOM Y3JIe W OOECHEYMBAIOIINE TEPEChUIKY TPAH3UTHBIX
cooOmieHnii. OHU TaK)Ke BBI3BIBAIOT 3aCPXKKY MPHU Mepeaade HHHOPMAITIH MEXITY
y3JaMU, HE UMEIONTUMU TIPSIMOTO KaHaja CBSI3H

Takum 00pa3om, MPUMEHEHUE JEHIEBBIX MPOIIECCOPOB TO3BOJIIET CleIaTh
OTHOCUTENFHO Heaoporoil cymepkommbioTep. [llupokomy pacnpocTpaHeHUIo
MOMOOHBIX APXUTEKTYp NPEMSATCTBYET B OCHOBHOM OTCYTCTBHE 3(P(hEKTHBHBIX
napaieIbHBIX IPOTPAMM, MMOTHOCTHIO UCTIOJIB3YIOIINX WX BO3MOKHOCTH.

CuMMeTPpUYHBIE MYJILTHIPOHECCOPHBIE cucTeMbl (SMP)

Apxumekmypa. (CuctemMa COCTOMT M3  HECKOJbKUX  OJHOPOJHBIX
IIPOIIECCOPOB M MaccuBa 00mIel maMaTu (OOBIYHO M3 HECKOJBKHX HE3aBHUCUMBIX
6110k0B). Bee mporiieccopsl UMEIOT TOCTYM K JIF000H TOUYKE MaMsITH C OJMHAKOBOM
cKkopocThio. [Ipoiieccopsl MOIKITIOUEHBI K TaMSATH JTUOO ¢ TIOMOIIIBIO0 OOIIEH TITMHBI
(6azoBbie 2-4 mporeccopubie SMP-cepBepa), nmb0 ¢ MOMOIIBIO crossbar-
kommyTtatopa (HP 9000). AnmapatHo noaaep:KuBaeTcsi KOTePEHTHOCTh KAIIEH.

ITpumepwr: HP 9000 V-class, N-class; SMP-cepBepa u pabourie cTaHIIUU Ha
6a3e mporeccopoB Intel (IBM, HP, Compaq, Dell, ALR, Unisys, DG, Fujitsu u
Jp.).

Macwmaoéupyemocms: Hanuuue o0med naMaTd CUIBHO YHPOUIAET
B3aMMOJICUCTBUE TPOILIECCOPOB MEXKIY COOOW, OJHAKO HAKJIAIBIBACT CHUIIHHBIC
OTpaHUYECHUS HA UX YHCIIO - He OoJiee 32 B peasibHbIX cucTteMax. Iyt mocTpoeHus
MaciTabupyemsix cucteMm Ha 6aze SMP ucnonb3ytorcs kinactepasie i NUMA -
aApPXUTEKTYPBHI.

Onepauuonnan cucmema. Bcs cuctema paboTaeT IMoj yHpaBJICHHEM
equaoir OC (06srun0 UNIX-nono6HoM, HO mns Intel-mutardopm nmoanepskuBaeTcs
Windows NT). OC aBromaruuecku (B mporecce paboThl) pacrpeaeiser
nporieccel/HuTu 1o mnponeccopaMm (scheduling), Ho WHOrIa BO3MOXHA W sIBHAs
TIPUBSIZKA.

Mooenv npozpammuposanusn. llporpaMMupoBaHHE B MOJEIA 001Iel
mamaru. (POSIX threads, OpenMP). [ns SMP-cucreM CyIIeCTBYIOT
CpaBHUTENHHO (D PEKTUBHBIC CPEACTBA ABTOMATHYECKOTO pacrapaieTMBaHuU,.

SMP - omo o00un Komnvlomep ¢ HECKONLKUMU DPABHONPAGHHIMU
npoyeccopami, Ho ¢ 0OHOU NAMAMbIO, NOOCUCMeMOU 8600a/8b1600a u 0oHot OC.
Kaxxnpriit mporieccop uMeeT IOCTYN KO BCEH MamsiTH, MOXET BBIMOIHATH JIIOOYIO
OTepaluio BBOJAA/BBIBOJIA, NPEpHIBATh JAPYTrU€ IMPOLECCOPhl W T.I., HO 3TO
IPE/ICTaBIICHUE CIPABEAJIUBO TOJIBKO Ha YPOBHE MporpaMmMHoro obecrneuenus. Ha
caMoM ke fieie B SMP nMeercs HECKOJIBKO YCTPOUCTB MaMSITH.
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Kaxxnp1ii mpoueccop MMeeT MO KpalHeld Mepe OJHY COOCTBEHHYIO K3II-
naMATh, YTO HEOOXOAUMO JMJIS JIOCTHXKEHHS XOpOIIeld MPOU3BOIUTEIBHOCTH,
MOCKOJIbKY OCHOBHAsi MaMsTh pabOTaeT CIUIIKOM MEMJICHHO MO CPaBHEHHUIO CO
CKOPOCTBIO TPOIECCOPOB (M 3TO COOTHOIICHUE BCE OOJBINE YXY/IIAETCS), a KOIII
paboTaeTr co CKOPOCTHIO MPOIECCOpa, HO JOPOT, U MO3TOMY YCTPOMCTBA K3II-
naMaTd oOJaJal0T OTHOCHUTENIBHO HEOONBIIONW €eMKOCThI0. M3-3a 3TOro B KAII
MoMeIaeTcsl JIMIIb OlepaTuBHAs HWHQOpMaIUs, OCTaJbHOE K& XpPaHUTCS B
OCHOBHOM mamsaTH. OTcioga BO3HUKAET MpoljemMa KOrepeHTHOCTH KiIIeH -
MOJYyYEHHE TMPOLECCOPOM 3HAYEHHUS, HAXOJSUIErocss B KAII-MAMATh JPYroro
npoleccopa. ITO pellaeTcss Opu TMOMOIIM OTHPAaBKU HIMPOKOBEIIATEIBHOIO
3ampoca BCEM YCTPOMCTBaM K3MI-MaMsTH, OCHOBHOM MaMATH U JaXe MOJCUCTEME
BBO/Ia/BBIBOJIa, €CITM OHA PabOTaeT C OCHOBHOW MaMSTHIO HAMpPSMYIO, C IEJIbIO
MOJIYYCHHS aKTyaIbHOM MH(OpMAITUK.

HNmeerca emmie OOHO CIENCTBHUE, CBI3aHHOE C TMapauieau3MoM. HesBHO
npousBoauMas anmnaparypod SMP nepechuika JaHHBIX MEXAY KIIIAMU SIBIISIETCA
HauOosiee OBICTPHIM M CaMbIM JICIICBBIM CPEACTBOM KOMMYHHUKAIlMU B JIIOOOH
napajuieIbHOM apXuTeKkType oOmiero HasHaueHus. [loaTtoMy mipu Hamuyuu
OOJIBIIIOTO YKCia KOPOTKUX TPaH3aKIMi (CBOMCTBEHHBIX, HAPUMEDP, OAHKOBCKUM
MPUJIOKEHUSIM), KOTJa MNPUXOJUTCS YacTO CHHXPOHU30BATh JOCTYN K OOHIUM
JaHHBIM, apxuTekrypa SMP sBisercs HaumydmuM BbIOOpOM; Jro0as npyras
apXUTEKTypa paboTaeT XyxKe.

Tem He MeHee, apXUTEKTYPbI C pa3AeiseMon 001Iel MaMAThi0 HE CUUTAIOTCS
MEPCIEKTUBHBIMH. OcHoBHast pUYrHa JIOBOJIBHO MpocCTa. Poct
MIPOU3BOIUTENILHOCTH B MapaJuICIbHBIX CUCTEMaX 00eCIeYBASTCSl HapalliBaHUEM
yyciaa MNpPOLECCOPOB, YTO MPUBOJUT K TOMY, YTO Y3KUM MECTOM CTaHOBUTCS
JOCTYTI K MaMsITU. Y BEJIMYEHUE JIOKAJTbHOM KAII-MaMSTH HE CIIOCOOHO MOJHOCTHIO
pemmTh nIpodiemMy: 3aa4a NoAAepKaHusl COTIIACOBAHHOTO COCTOSIHUSA HECKOJIBKUX
OAHKOB K3LI-MIAMSTH CTOJIb ke TpyAHa. Kak npaBuiio, Ha oCHOBE OOLIEi amMsTH He
CO3/Ial0T CHUCTEM C YHCIOM TMpoleccopoB Oonee 32, mpu HEOOXOAMMOCTH
o0benunsasg ux B knacrepasie i NUMA-apXuTeKTyphi.

CucreMsbl ¢ HeOTHOPOTHBLIM 10cTYNOM K maMaATH (NUMA)

Apxumexkmypa:. Cucrema COCTOMT W3 OJIHOPOJHBIX 0a30BbIX MOAYJEH
(m1at), coCTOAMX U3 HEOOJBILIOTO YUCIa MPOLECCOPOB U OJ0Ka naMatu. Moayinu
00bEIMHEHBI C TOMOUIBI0 BBICOKOCKOPOCTHOTO KommyTtaropa. [lomnepxuBaercs
€AUHOE aJIpECHOE MPOCTPAHCTBO, aNMNapaTHO NOAJNEPKUBACTCA JOCTYIl K
YIAAJEHHOW NaMsATH, T.€. K MamMATH JApyrux Moxayneu. Ilpm stom npocrynm k
JIOKAJTHHOM MaMsITH B HECKOJIBKO pa3 ObICTpee, YeM K yIaJICHHOM.

B ciyuae, eciin anmapaTHO MOJJIEPKUBACTCSI KOTEPEHTHOCTD K3IIEN BO BCEU
cucreMe (0OBIYHO 3TO TaK), ToBOpsAT 00 apxurekrype cC-NUMA (cache-coherent
NUMA)

Ipumepwr: HP 9000 V-class B SCA-kondwurypanusax, SGI Origin2000, Sun
HPC 10000, IBM/Sequent NUMA-Q 2000, SNI RM600 u ap.
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Macwimaoupyemocmo: MacmrabupyemMocTh NUMA-cuctem
OTpaHUYMBAETCS  OOBEMOM  QJIPECHOTO  MPOCTPAHCTBA,  BO3MOXKHOCTSIMU
anmnaparypbl  HOAJEPKKH  KOTEPEHTHOCTH  KAWEH U BO3MOXKHOCTSIMU
ONEpPAlMOHHON CUCTEMBI IO YMpaBICHUIO OOJBIIMM YKCIOM mpoueccopoB. Ha
HACTOSIIIMA MOMEHT, MaKCHMMaJbHOE 4uciio mnpoieccopoB B NUMA-cucremax
coctasiset 256 (Origin2000).

Onepauyuonnan cucmema: OOBIYHO BCS cUcCTeMa paboTaer oA
ynpasiennem eauHoil OC, xak B SMP. Ho BO3MOXHBI Takke BapUaHThI
JTUHAMUYECKOro '"mopapasiesieHus" CHUCTeMbl, KOrJa OTIeJbHbIEe 'pa3uenbl”
cucteMbl paboTtaroT non ymnpasienneMm pasabix OC (mampumep, Windows NT u
UNIX 8 NUMA-Q 2000).

Mooenv npozpammuposanus. Anaiornaio SMP.

[To cytu cBoeit NUMA mpeacrasmisieT coboii 6ombinyro SMP, pa3ouryio Ha
Habop 6oJee Menkux U npocTeix SMP. Annapartypa no3BoJisieT paboTaTh O BCEMU
OTACJIbHBIMU YCTPOMCTBAMM OCHOBHOW NaMATH COCTaBHBIX YacCT€ CHUCTEMBI
(Ha3bIBa€MbIX OOBIYHO y3J1aMH) KaK C €IMHOW TMTAaHTCKOM MaMsITh0. DTOT MOJIXO/]
MOPOXKIAET PAN CIAEACTBUN. BO-MEPBBIX, B CHCTEME HMEETCS OJHO AIPECHOE
MPOCTPAHCTBO, PACIPOCTPaHsIEMOE Ha BCE Y3Jibl. PeallbHBbIM (HE BUPTYaJIbHBIN)
aapec 0 mms KaxJIoro mporeccopa B JiI0OOM y3ie cooTBercTByeT azapecy O B
yacTHOM mamaAtH y3na 0; peanbHbI agpec | s Bcell MalMHBI - 3TO aapec | B
y3ne 0 u T.71., ToKa He Oy/IeT UCTIOIb30BaHa BCS maMsATh y3ia 0. 3aTeM mpouCXOauT
nepexos K maMatu y3na 1, 3arem y3na 2 v T.4. (s peanuzanuu 3TOro €IMHOro
agpecHoro mnpoctpaHcTBa Kaxabli y3enm NUMA  Bkiouaer chelHalibHYHO
armmaparypy (Dir), koropas pemaer mpoOJeMy KOTEPEHTHOCTH  KJIIEH,
obecrieurBasi MOTyYeHUE aKTyaIbHON HH(POPMAIMH OT APYTHX y3JI0B.

[ToHSATHO, YTO ATOT MPOIECC UTUTCS HECKOIBKO MAOJBINE, YeM €Cd Obl
TpeOyeMoe 3HaueHHE HAXOJMWJIOCh B YAaCTHOM MamsTH TOro ke ysna. Orcrona u
IIPOUCXOJUT CIIOBOCOYETAHUE "HEOOHOPOJIHBIN NOCTYN K mamsATu'. B oTimune ot
SMP, BpeMs BBIOOpKM 3HAay€HUs 3aBUCUT OT ajapeca U OT TOro, OT Kakoro
mpoleccopa  HMCXOAUT 3ampoc  (eciau, KOHEYHO, TpeOyeMoe 3HayeHue He
COJICP)KUTCS B KDIIIE).

[ToaTOMY KIIIOUYEBBIM BOMNPOCOM SIBIISIETCA CTENEHb ' HEOAHOPOJHOCTH"
NUMA. Hamnpumep, ecnu nans B3STHS 3HAUEHUS] U3 JAPYTroro ysia Tpedyercs
Tosibko Ha 10% OombIiee Bpemsi, TO 3TO HUKOTO HE 3a/eBacT. B aToM ciydae Bce
OyIyT OTHOCUTKCS K cucteMe kak kK SMP, u pazpaborannsie myist SMP nmporpamMmebt
OyZyT BBITIOHITHLCS JOCTATOYHO XOPOIIIO.

Opnako B TekymeM nokojgeHun NUMA-cuctem il COEQUHEHUS Y3JI0B
UCIIOJIB3YETCSI CETh. DTO MO3BOJISET BKIIOYATh B CUCTEMY OOJIBIIIEE YUCIO Y3JIOB,
7m0 64 y370B ¢ OOIIMM YHUCIOM TpoIeccopoB 128 B HEKOTOpHIX cucTeMax. B
pesyabrare, coBpeMeHHble NUMA-cucTemMbl HE BblAepKuBaroT npaswia 10% -
ayudme obpasusl 3ameieHue 200-300% u gaxe 6onee. Ilpu Takoil pasHuliie B
CKOPOCTH JIOCTyTa K MaMsITH JyIsl oOecrieueHus A0JKHON d(PPEeKTUBHOCTU ClienyeT
1M03a00TUTHCS O TIPABUJIBHOM PACIOJOXKEHUU TpeOyeMbIX JaHHBIX. YTOOBI 3TOr0
JOOUTBCS, MOXKHO COOTBETCTBYIOIIUM O0pa3zoM MOJIU(PUIIMPOBATH OMEPAIMOHHYIO
cuctemy (4 3TO clenaiu MOCTaBIIUKU cucTteM B apxutektype NUMA). Hanpumep,
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Takas OIEpalMOHHAs CHCTEMa MpH 3alpoce M3 NporpaMMmbl OJOKa MaMsATH
BBIICJISIET MaMSTh B y3Ji€, B KOTOPOM BBIMOJHSAETCA 3Ta MPOrpaMMa, Tak 4To KOTia
IPOLIECCOpP HIIET COOTBETCTBYIOLIME JIaHHbIE, TO HAXOAMT HUX B CBOEM
COOCTBEHHOM  y37€. AHJIOIMYHBIM 00pa3oM JOJKHBI OBITh  M3MEHEHBI
noacucteMsl (Bkiodas CYBJI), ocyiiecTrisitonine COOCTBEHHOE TIJIaHUPOBAHKE U
pacnpenenenue namsatd (uto u cuaenanu Oracle n Informix). Kak ytepxkmaer
komnanus Silicon Graphics, Takue H3MEHEHUS TO3BOJAIOT 3PHEKTUBHO
BBIMOJHATh B cucTeMax ¢ apxutekrypoii NUMA mnpunoxenus, pa3pabOTaHHbIC
111 SMP, 6e3 moTpeOHOCTH N3MEHEHUS KOJ1a.

IHapajieanHble BeKTOPHBIE cucTeMbl (PVP)

Apxumekmypa: OcCHOBHbIM mpu3HakoM PVP-cuctem siBisieTcss Hanmuuue
CHEIHAIbHBIX BEKTOPHO-KOHBEHEPHBIX MPOIECCOPOB, B KOTOPBIX MPEAYCMOTPEHBI
KOMaH/Ibl OJTHOTUITHON 00pabOTKM BEKTOPOB HE3aBUCHUMBIX JAHHBIX, 3((HEKTUBHO
BBITIOJIHSIOUINECS Ha KOHBEHEPHBIX (DYHKIIMOHAIBHBIX YCTPOMCTBAX.

Kak mpaBuno, Heckoapko Takux mpoueccopoB (1-16) paGorarot
OTHOBPEMEHHO Haj o0mied mamareio (aHamormyHo SMP) B pamkax
MHOTONPOIIECCOPHBIX KOHurypaunii. Heckoabko Takux y3J10B MOTYT OBITh
00bEIMHEHBI C TOMOIIIbI0 KOMMyTaTopa (aHanoruuno MPP).

ITpumepwvr: NEC SX-4/SX-5, nvuHUS BEKTOPHO-KOHBEHEPHBIX KOMITBIOTEPOB
CRAY: ot CRAY-1, CRAY J90/T90, CRAY SV1, cepus Fujitsu VPP u ap.

Mooenv  npozpammupoeanun.  DPGDHEKTUBHOE  MPOTrpaMMHUPOBAHUE
MOJIpa3yMeBaeT  BEKTOPU3ALMIO  [UKIOB (A7 JOCTHOXKEHHS  pa3yMHOU
IPOU3BOJAMTENILHOCTH OJHOTO TIpolLieccopa) M UX pacnapajuienuBaHue (ass
OJIHOBPEMEHHOM 3arpy3Ku HECKOJIBKUX MPOLIECCOPOB OJHUM MPUITIOKEHUEM).

KiaacrepHbie cHCTEMbBI

Apxumexkmypa. Habop pabouux cranuuii (unu gaxe I1K) obmiero nazHaueHus,
UCIIONB3YyeTCsl B KayecTBE JEIIEBOrO BapHaHTa MAaCCHBHO-TIAPaUIEIbHOTO
KoMmnbioTepa. s CBSI3U Y3JI0B UCHOJNB3YeTCSl OJHA M3 CTAHJAPTHBIX CETEBBIX
texHonoruit (Fast/Gigabit Ethernet, Myrinet u nip.) Ha 0a3e MKUHHON apXUTEKTYPHI
WIH KOMMYTAaTopa.

[Ipu oObequMHEHHH B KJACTEP KOMIIBIOTEPOB Pa3HON MOIIHOCTU WJIH pPa3HOU
apXUTEKTYPhL, TOBOPST O reTePOreHHbIX (HEOTHOPOAHBIX) KJIacTepax.

VY3npl  KJactepa MOTYT OJHOBPEMEHHO HCIOJB30BAaThCS B KayecTBe
M0JIb30BATENIbCKUX pabOUMX CTaHUUU. B ciydae, koraa 3To He HY>KHO, y3J1bl MOTYT
OBITH CYILIECTBEHHO 00JIETYeHbI U/WUU YCTAHOBJIEHBI B CTOMKY.

Ipumepwr: NT-xnactrep B NCSA, Beowulf-knactepsi, kinactepsl MI'Y u
CIIoI'Y u np.

Onepayuonnan cucmema. VICTIONB3YIOTCS CTaHIAPTHBIE I paboOuynx
crannuii OC, yamie Bcero, cBoOOJHO pacmhpocTpanseMbie - Linux/FreeBSD,
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BMECT€ CO  CHEIUAJIBHBIMH  CPEJACTBAMH  TOJJCPXKKHA  IMapaLICITLHOTO
IPOrpaMMUPOBAHUS M PACIIPEACIICHUS HATPY3KH.

Mopaean nporpamMupoBanmusi: [IporpaMmmupoBanme, Kak paBuiio, B paMKax
MOJICJIH Iepeaauu cooOmeHuit (yaie Bcero - MPI).

H31araemMbId HUXKe MaTepHaJ CM. B Ay/IUTOPHLIX JICKIIUAX.

OpraHusaumusa cxem kommyTtauum B MBC c obLien namaTbio

e Tumnosas apxurexktypa MBC ¢ o01eii mamMaTbio
e Oco0eHHOCTH OpraHU3alMy CPENICTB KOMMYTAIHH. [IprmMepsbr
e Opranuzanus cpeIcTB KOMMYyTaIiu B apxutekrype “Butterfly”

OpraHunsaumusa cxem kommyTtaumm B MBC ¢ pacnpepeneHHoun
namMmsaTbIO

e TumoBas apxuTeKTypa

e ApXHTEKTYpa CO CBSI3SIMU Yepe3 OOIIYIO IHUHY

e ApPXHTEKTYpa CO CBSI3IMHU Yepe3 HECKOIbKO IIUH

e ApXHUTEKTYpa CO CBSI3IMHU Yepe3 MHOTOCTYIIEHYAThIN MepeKtouaTellb
e CTpyKTypa THIa TUIEPKYO

ApXuTeKkTypa CUCTEeM CO CMEeLUeHHOU opraHu3auuen namMaTu

[IpuMep THIIOBOM apXUTEKTYpPbI
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