1. BBeaeHune B napanniensHble BblHUCAEHUA

MoTuMBbI Napanaenmsma

e [lapannenbHOCTb  NOBLIWAET  IPOU3BOOUMENbHOCMbL  cucmembsl  Un3-3a  bonee
3$PEKTMBHOIO PacxoAoBaHMA CUCTEMHbIX pecypcoB. Hanpumep, BO Bpemsa OXUAAHUSA
NOABNEHUA OAHHbIX NO CETWU, BbIYMCAUTENIbHAA CUCTEMA MOMKET MCMONb30BaTbCA ANA
peLIeHMA NOKabHbIX 3a4au.

e [lapannenbHOCTb MOBbLIWAET 0M3bIBYUBOCMb MPUAOHEHUA. ECnu OAMH NOTOK 3aHAT
PacY4eTOM W/IX BbIMONHEHNEM KaKMX-TO 3anpoCcoB, TO APYroi NOTOK MOKET pearmposaTtb
Ha AencTBMA NoNb3oBaTeNs.

e [lapannenbHocTb obsiezyaem pPeanu3ayuilo  MHOTUX  MNPUIOKEHUH. MHOXKeCTBO
NPUIOXEHUN TUNA «KJAWEHT-CepBep», «NpoussBoauTenb-noTpebutens» obnagatot
BHYTPEHHMM napannennsmom. locnesoBaTtenbHas peanunsauma TaKUX NPUNONKEHUN
bonee TpyaoemKa, 4Yem onucaHue OGYHKUMOHANbHOCTU KaXK4oro Yy4yacTHMKa Mo
OTAENbHOCTW.

KﬂaCCMd)VIKa UnA BbIYNCNUTENIbHbLIX CUCTEM

OaHoi 13 Hambonee pPacnpPOCTPAHEHHbIX KaaccMdUKaLMA BbIMUCAUTENbHbLIX CUCTEM
aBnsetca Knaccuodukauma OanHHA. YeTbipe Knacca BbIYMCAUTENbHBIX CUCTEM BbIAENAIOTCA B
COOTBETCTBME C ABYMA U3MEPEHUAMMU — XapPaKTEPUCTUKAMM CUCTEM: NOTOK KOMaHA, KoTopble
[aHHAA apXuTeKTypa CNocobHa BbINONHUTL B e€AUHULY BPeMeHM (OAMHOYHBbIN WU
MHOKECTBEHHbII) U NOTOK AaHHbIX, KOTOpble MOTyT 6biTb 06paboTaHbl B €ANHULY BPEMEHMU
(0 AMHOYHbBIN NN MHOMKECTBEHHbIN).

e SISD (Single Instruction, Single Data) — cuctembl, B KOTOPbIX CyL,ECTByeT OAMHOYHbIN
NOTOK KOMaHA U OAMHOYHbIA MOTOK AAHHbIX. B Kaxabll MOMEHT BpemMeHu npoueccop
06pabaTbiBaeT OAMHOYHbLIA MOTOK KOMAHA Hafh OAMHOYHbIM MOTOKOM JAaHHbIX. K
OaHHOMY TUMNY CUCTEM OTHOCATCA Noc/efoBaTe/lbHble MepCoOHasibHble KOMMbTepbl €
OAHOALEPHBIMU NPOLLECCOPaAMMU.

e SIMD (Single Instruction, Multiple Data) — cuctembl C 0OAMHOYHBLIM NOTOKOM KOMaHA, U C
MHOXeCTBEHHbIM MOTOKOM AaHHbIX; NOA06HbIM KNacc COCTaBAAOT MHOTONPOLECCOPHbIe
CUCTEMDI, B KOTOPbIX B Ka*KAbIi MOMEHT BPEMEHM MOXKET BbINONIHATLCA OAHA WU Ta Xe
KOMaHAa g 06paboTKM HECKONBKUX MHPOPMALMOHHbBIX 31eMeHTOB. TaKasa apxXUTEKTypa
NO3BONAET BbINONHATL OAHY apuPMeTUYECKYyl0 onepauuio Hag d1emMeHTaMu BeKTopa.
CoBpemeHHble KOMMbIOTEePbl PeanunsyoT HEKoTopble KoMaHAbl Tuna SIMD (BeKkTopHbie
KOMaHAbl), no3BonAowme 0bpabaTbiBaTb HECKONIbKO 3/1IEMEHTOB AAHHbIX 33 OAWNH TaKT.

e MISD (Multiple Instructions, Single Data) — cuctembl, B KOTOPbIX CyLlecTByeT
MHOXEeCTBEHHbI NOTOK KOMaHA N OAMHOYHbIM MOTOK AaHHBbIX; K A@HHOMY KN1accy OTHOCAT
CUCTO/INYECKME BbIMUCAUTE/IbHbIE CUCTEMbI U KOHBEMEPHbIE CUCTEMDI;



e MIMD (Multiple Instructions, Multiple Data) — cuctembl ¢ MHOXECTBEHHbIM NOTOKOM
KOMaH4, M MHOMECTBEHHbIX MOTOKOM [OaHHbIX; K JAAHHOMY Kjiaccy OTHOCUTCA
60NbLIMHCTBO NAapaNieNbHbIX BbIYUCAUTENbHBIX CUCTEM.

Knaccuoukauma ©amMHHa OTHOCKMT NOYTU BCE MapaiesibHble BbIMUCAUTENbHbIE CUCTEMDbI
K ogHOMy Knaccy — MIMD. [ns BblAeneHUA pasHbiX TUMOB MapasiebHbiX BblYUCAUTENbHbIX
cUCTeM NpUMeHAeTcs Knaccudukauma [PKOHCOHA, B KOTOPOW AanbHelwee pasgeneHue
MHOFOMNPOLLECCOPHbIX CUCTEM OCHOBBLIBAETCA Ha WCMNoAb3yembix crnocobax opraHu3aumm
onepaTUBHOM NAMATU B 3TUX cUCTeMaXx. [laHHbI Noaxo4 NO3BONSAET Pa3/IMYaTh [1Ba BaXKHbIX TUNA
MHOrOMNPOLLECCOPHbIX cucTem: multiprocessors (MybTUNPOLLECCOPHbIE AWM CUCTEMbBI C 0bLLEel
pasgensemoirt namaTbio) w  multicomputers (MynbTUKOMNbIOTEPBI WAM  CUCTEMbI  C
pacnpeaeneHHon NaMATbio).
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Knaccudumrauma [I’KOHCOHOM OCHOBaHa Ha CTpykType namatu (global - rnobanbHas nam
distributed - pacnpegeneHHana) u MexaHU3IME KOMMYHMKAUWN U CUHXPOHM3aumm (shared
variables - pasgensemble nepemMeHHble WAM mMmessage passing - nepegava CoobLEHWNI).
Cucrembl GMSV (global-memory-shared-variables) yacTto Ha3bIBaKOTCA TaKxe
My/bTURPOL,eCCOPamMM C pasgensemon namatoto (shared-memory multiprocessors). Cuctemol
DMMP (distributed-memory-message-passing) Takxe Ha3blBaeMble MY/IbTUKOMMbIOTEPAMU C
pacnpegeneHHol namaTtbto (distributed-memory multicomputers).

ApPXMTEKTypa 0AHOMNPOLECCOPHOMN MaLUMHbI

CoBpemMeHHasa OAHOMPOLLECCOPHAA MaLIMHA COCTOMT M3 HECKOJIbKUX KOMMOHEHTOB:
LLeHTPaIbHOro NPoL,EeCcCopHOro ycTpolicTea (LMNY), nepsrMYHOM NamATK, OLAHOrO MU HECKONbKMX
YPOBHEM K3W-namaATu (Kaw), BTOPUYHOM (AMCKOBOM) namATM WM Habopa nepudepumnHbIX



YCTPOWCTB (aucnnei, KnasmaTypa, Mblwb, mogem, CD, npuHTep u T.4.). OCHOBHbIMM
KOMMOHEHTaMM 1A BbINOAHEHMA nporpamm asnatoTca UMY, Kaw v namatsb.

Mpoueccop BbIbMPaAET MHCTPYKLMN M3 NAMATH,

aekoampyer ux W BbinoaHAeT. OH  coaepXuT OnepatvBHas

ynpasnawowee  yctponctso (YY), apudmeTuko- namaTtb

nornyeckoe yctporicteo (AJ1Y) u  peructpbl.  YY

BblpabaTtbiBaeT CUrHabl, ynpasastolme OehCTBUAMM Ko ypoBHs 2

ANY, cuctemoit NamaTM U BHELWHMMMU YCTPOMCTBAMM.

AJ1Y BbINONHAET apudMeTUyecKme U NorMyeckue
WMHCTPYKUMK, onpeaensemble Habopom WHCTPYKLUIM Kaw yposHs 1

npoueccopa. B peructpax XpaHATCA WHCTPYKLUM,

AJaHHblE N COCTOAHUE MaALUUNHbI (BK.HPOHaﬂ CYHETYUK LI,eHTpaanoe

KOMaHA). NnpoL,eccopHoe
YyCTPOMCTBO

MynbTUKOMNbIOTEPLI C pacnpeaeneHHoM NamATbIO

B My/nbTMKOMNbIOTEPAX C pacnpeseieHHON NaMATbIO CYLLECTBYHOT COeAMHUTENIbHasA CeTb, HO
Kaxapl npoueccop MmeeT coBCTBEHHYL namsaTb. CoeguHUTeNbHas ceTb MOALEpPKMBaET
nepefayy coobuweHnin. MynbTUKOMMbIOTEPLI  (MHOrONPOLECcCopHble cUcTeMbl C
pacnpefeneHHo namsaTblo) He obecneumBatloT O6WMI [OCTYN KO BCEW WMmetowenca B
cuctemax  namatu. KaxKabli npoLeccop CUCTEMbl MOMKET  MCMOJIb30BaTb  TOJIbKO  CBOHO
NOKANbHYO NamMATb, B TO BpemsA KaK A1s [0CTyna K AaHHbIM, pacnonaraembiX Ha gpyrux
npoueccopax, HeobxoAMMO MCNo/b30BaTb MHTepdENchl nepeaayn cooblueHuin (Hanpumep,
ctaHZapT MPI). [aHHbIM nogxopd WCNONb3yeTCcA MNpu MNOCTPOEHUM [BYX BaXKHbIX TWUMOB
MHOFOMNPOLLECCOPHbIX BbIYUCAUTENBHBIX CUCTEM - MAaCCUMBHO-MApannenbHbix cuctem (massively
parallel processor or MPP) 1 knactepos (clusters).



CoeaunHuTenbHas
ceTb
OnepatnBHaa namaATb OnepatneHaa namaTb
Kaw-namaTb Kaw-namsatb
uny oy
Mynemukomneomep (MHOromalmMHHas cuctema) - MyAbTUNpoOLEccop c

pacnpeaeneHHON NamaATbIo, B KOTOPOM MPOLLECCOPbI M CETb PACNON0XKeHbI Gpu3nyeckm 61m3sKo (B
OA4HOM nomelleHuK). TaKkKe HasbiBalOT TECHO CBA3AHHOM MalMHHOM. OHa OAHOBPEMEHHO
MCMONb3YeTCA OOAHMM WAW  HEeBONbLWMM  YUCNOM NPUIONKEHUN; KaKOoe MNPUIONKEHMe
3aZleMCTBYET BblAeNeHHbIN Habop npoueccopos. CoeguHUTENbHAA CETb C 60bLLONM NPOMYCKHOM
CNOCOBHOCTBIO MPEeAOCTaBAAET BbICOKOCKOPOCTHOM MNyTb CBA3M MEXAy npoueccapamu.

Cemeesas cucmema — 3TO MHOrOMAalUMHHAA CUCTEMA C pPacnpefeneHHOr MNamATbio,
CBA3aHbl C MOMOLLbIO JI0OKaNbHOW CeTU UM rnobanbHol cetu Internet (cnabo cBA3aHHble
MY/NbTUKOMMNbIOTEPLI). 346€Cb NpoLEeccopbl B3aMMOAEMCTBYIOT TaKXe C MOMOLLbI0 nepenayu
CO06LEHNI, HO BpEMA UX A0CTAaBKM BONbLIE, YeM B MHOTOMALLMHHbIX CUCTEMAX, U B CETU BoNbLue
KOHPANKTOB. C ApYyroii CTOPOHbI, CEeTeBasi CUCTEMA CTPOUTCA Ha OCHOBE OBbIYHbIX paboumx
CTaHUMI U ceTel, Torda Kak B MHOFOMALWWMHHOM CUCTEME YacTO eCTb Crneunanvm3nmpoBaHHble
KOMMOHEHTbI, 0COBEHHO Y CBA3YIOLWEN CETH.

Moa knacmepom O6bIMHO NOHMMAETCA MHOXECTBO OTAENbHbIX KOMMbHOTEPOB,
06beMHEHHbIX B CeTb, /18 KOTOPbIX MPM MOMOLUM CNeumanbHbIX annapaTHO-MPOrpamMHbIX
cpeacts  obecneumBaeTcA  BO3MOMKHOCTb YHUPUUMPOBAHHOIO  YNPABAEHWUA, HALEMKHOrO
OYHKUMOHUPOBAHNA U 3GPEKTUBHOTO MCNONb30BaHUA. Knactepbl moryT 6biTb 06pa3oBaHbl
Ha 6a3e y)e CyLWeCcTBYWOLWMNX Yy NoTpedbuTene OoTAeNbHbIX KOMMbIOTEpPOB, AMbBO ke
CKOHCTPYMPOBaHbl W3 TUMOBbIX KOMMbIOTEPHbIX 31E€MEHTOB, 4YTO O06blMHO He Tpebyet
3HAUUTENbHbIX (UMHAHCOBbIX 3aTpaT. [lpMMEHeHMe KNacTepOB MOXKET TAKXKe B HEKOTOPOW
CTENEHW CHU3UTb Npobiembl, CBA3AHHble C pPa3paboTKOlM napanNenbHbiX anropuTtMoB U
NpPOrpamm, MNOCKONbKY MNOBbILEHNE BbIYNCAUTENBHON MOLLHOCTU OTAENbHbLIX MPOLECCOPOB
NO3BOJIAET CTPOUTb KNACTEPbI U3 CPABHUTENbHO HEDO/IbLLIOTO KONNYeCcTBa (HECKONIbKO A,ECATKOB)
oTaenbHbIx KomnbtoTepoB (lowly parallel processing). 3To npuBoAUT K Tomy, YTOo ANA
NapannenbHOro BbIMNOJIHEHUA B AZIFOPUTMaxX PELUEHUA BbIYUCUTENBHBIX 33434 AOCTAaTOYHO
BbIAENATb TONbKO KPYMHble HE3aBMCMMbIe 4acTU pacyeToB (coarse granularity), yto, B cBOMO
ouyepesb, CHUXKAET CNOXKHOCTb MOCTPOEHMA Napan/ie/ibHbIX METOAOB BbIMMCIEHUM U YMEHbLUAET
NOTOKM NepeAaBaeMblX AaHHbIX MeXAy KOMMbloTepamu Knactepa. Bmecte ¢ atum cnegyet



OTMETUTb, YTO OpraHu3auMa B3aUMOAENCTBMA BbIYUCAUTE/NbHbLIX Y3/10B KaacTepa npu
MoOMoOLUN nepedaum CcoobLWEeHUn O0OblMHO NPUBOAUT K  3HAUYUTE/IbHbIM  BPEMEHHbIM
3a4€eprKKam, 4YTO HaKAaAbliBaeT AOMOJIHUTE/IbHbIE OrpaHUYeHUss Ha TUN pa3pabaTbiBaemblx
napasn/ie/ibHblX anropUTMOB U NPOTrPamm.

MynbTUNPOLLECCOP C pa3AenaeMon NamATbIO

B mynbTMnNpoueccope M B MHOrOAAEPHOM CUCTEME WCMONHUTENIbHbIE YCTPOMCTBA
(npoueccopbl U AApa NPOLECCOPOB) MMEKT AOCTYN K pasAensieMoit onepaTMBHOM MamATH.
Mpoueccopbl COBMECTHO MCMONb3YHOT ONepPaTUBHY NaMATb.

OnepatunsHasn
namaATb
Kaw-namaTtb Kaw-namaTtb
LleHTpanbHOe LleHTpanbHoe
npoueccopHoe npoueccopHoe
YCTPOMCTBO YCTPOMCTBO

Y Kaxg,0ro npoueccopa ecTb cOb6CTBEHHbIV K3LW. Ecam ABa npoLeccopa CCbiNatoTca Ha pasHble
061acTM NamATU, UX COLEPKUMOE MOXKHO 6e30MacHO MOMECTUTb B K3 KaXKAOTo M3 HUX.
Mpobnema BO3HUKAET, KOr4a ABa nNpoueccopa obpaLatoTca K ogHom obaactm namatn. Ecnm 06a
NpoLLeccopa TONbKO CYMUTLIBAKOT AAHHbIE, B K3LW KA)KAOFO M3 HUX MOMKHO NMOMECTUTb KOMMUIO
AaHHbIX. HO ecnM oAuH M3 NpoueccopoB 3anucbiBaeT B NamATb, BO3HWKaeT npobnema
COM/TaCOBAHHOCTM K3LlA: B K3W-NAamMATM APYroro npoueccopa Tenepb COAEPKATCA HEeBEpHble
AaHHble. Heobxoaumo nmbo 06HOBUTL K3 Apyroro npoueccopa, MM6o NpM3HaTb COAEPKUMOE
Kalwa HeaencTeuTenbHbiM. ObecneyeHne o4HO3HAYHOCTU K3LWEM peann3yeTca Ha annapaTHOM
YPOBHE — A/1A 3TOrO NOC/NE WU3MEHEHWA 3HayeHuA oblieli NepemMeHHON BCce KOMWKU 3TOM
NepemMeHHOM B K3LWaAX OTMEYAlOTCA KaK HeAeWcTBUTENIbHbIE M MOCAeaylowuin  Aoctyn K
nepemeHHoln noTtpebyetr o0b6A3aTeNbHOro obpalleHns K OCHOBHOM MamsaTU. HeobxoammocTb
obecneyeHMsAs KOrepeHTHOCTU MPUBOAMUT K HEKOTOPOMY CHUMKEHMUIO CKOPOCTU BbIMUCAEHUA U
3aTpyAHAET CO3[aHUE CUCTEM C A0CTAaTOYHO HONbLUMM KOIMYECTBOM NPOLLECCOPOB.

Hanunuune obwmx AaHHbIX NPU BbINOJHEHWUW NApPaNNeNbHbIX BbIMUCAEHUA MPUBOAUT K
HEeobX0AMMOCTN CUHXPOHU3AUUM B3aMMOAENCTBMA OAHOBPEMEHHO BbIMO/NHAEMbIX MOTOKOB
KoMmaHg,. Tak, Hanpumep, ecin U3MeHeHue 06X AaHHbIX TpebyeT AnA CBOero BbiNONHEHUA
HEeKOTOpPOW Nocnea0BaTENbHOCTU AENCTBUIA, TO HEOOX0AMMO 06ecneunTb B3aMMOUCK/IOYEHNE

C Tem, 4YTobbl 3T M3MEHeHMA B 060N MOMEHT BPEMEHM MOT BbIMOJIHATL TO/IbKO OAMH



KOMaHAHbIM MNOTOK. 33a4ayuM B3aMMOMUCKIOYEHUA W CUHXPOHU3ALMWU OTHOCATCA K YUCAY
KNaccuyecknx npobnem, U uX paccCMOTpeHMe npu pas3paboTke napannesibHbix NPOrpamm
ABNAETCA O4HUM M3 OCHOBHbIX BOMPOCOB Napa/i/Ie/IbHOro NporpamMmmMmnpoBaHms.

PeXXnmbl BbINONHEHNA HE3aBUCMMbIX YaCcTeN NnporpamMmmsl

Mpu paccmoTpeHWyn npobiembl OpraHU3auMM NapannenbHbiX BblMUCAEHUIN cneayeT

pa3nnyaTtb cnegyrouime BoO3MOXKHbIe peXXrMbl BbINOZIHEHNA HE3aBUCUMbIX YyacTen Nporpammbi:

1) Pexcum paszdeneHus spemeHU (MH0203a0a4YHbIl pexcum)
Pexum pasgeneHus BpeMeHu NpeanosaraeT, 4To YMCAo noa3asay (MpoLeccos Uiv NOTOKOB

ogHoro npouecca) 6onblie, YemM YNCAO UCMONHUTENbHBIX YCTPOWUCTB. JaHHbIN peXxum asnsertca
nceeaonapanienbHbiM, KOrAa akTMBHbIM (MCNONHAEMbIM) MOMET BbiTb 0AHA eAMHCTBEHHanA
noasajava, a BCe OCTa/lbHble MPOoLEecchl (MOTOKKU) HAaXOAATCA B COCTOAHUM OXMOAHMA CBOEW
oyepeaM Ha WMCMNONb30BaHME MPOLLECCOPa; WMCMONb30BaHME PeXMma pasfefieHUs BPeMeHM
MOKET MoBbICUTb 3 PEKTUBHOCTb OPraHM3auMKM BbIYUCNEHUI (Hanpumep, €CcAn OAWUH U3
NPOLLECCOB HE MOMKET BbIMOMIHATLCA M3-32 OXKMAAHWUA BBOAMMbBIX AAHHbIX, NPOLECCOP MOXKET
6bITb 334€1CTBOBAH A5 BbINOJIHEHMA APYrOro, rOTOBOro K UCMOJIHEHMIO NPOLLECcca), Kpome Toro
B A3QHHOM peXume nNposABAATCA MHOrMe 3GQPeKTbl  MnapannenbHblX  BblYUCIEHUN
(He0bx04MMOCTb B3aMMOUCKNOYEHMA U CUHXPOHW3ALMM NPOLLECCOB U Ap.).

MHOronoTo4YHOCTb NPUNOMNKEHUI B OMEPALMOHHBIX CUCTEMAX C pPa3feNeHNnem BpeMeHU
NPUMEHseTCA farKe B OA4HOMNPOLECCOPHbIX cuctemax. Hanpumep, B Windows-npunoxeHunax
MHOTOMOTOYHOCTb MOBbILAET OT3bIBYUMBOCTb MPUNONKEHMUA — €CAN OCHOBHOW MNOTOK 3aHAT
BbIMO/IHEHMEM KaKMX-TO PacyeToOB WM 3aMpoCOoB, APYrol NOTOK MO3BO/AET pearmpoBaTb Ha
AeNCTBUA nosib3oBaTend. MHOronoToYHOCTb ynpowaeT pa3paboTky npuaoxkeHusa. Kaxabin
NMOTOK MOXET MJIaHMPOBATbCA U BbINOMHATLCA He3aBUCMMO. Hanpumep, Korga nonb3oBaTesb
HaXXMMaeT KHOMKY MbIWKN MepPCOHaNbHOro KOMMblOTEPA, MNOCbINAETCA CUrHan npoueccy,
yNpaBAAoWEMY OKHOM, B KOTOPOM B Ai@aHHbI MOMEHT HaXOAMUTCA KYpCop MbllK. TOT Npouecc
(NOTOK) MOXKET BbIMONHATLCA U OTBEYATb Ha LLENYOK MbiN. MPUNOKEHMA B APYTMX OKHAX MOTYT
NPOAO/IXKaTb NPU 3TOM CBOE BbINOJHEHNE B POHOBOM pEXKUME.

2) PacnpedesneHHble 8bl4UCAeHUSA
KOMMNOHEeHTbI BbINOIHAKTCA HAa MaLUMHaX, CBA3AHHbIX TOKA/IbHOW UK rNob6anbHOM CeTbHO.

Mo aton npuynHe npoLeccol B3aMMOAeﬁCTByl0T, obmeHMBanCh COO6|J.I|eHVIﬂN\M.

Takue cucTembl NUWYTCA ANa pacrnpedeneHus obpabomku (Kak B ¢dannoBbix cepBepax),
obecneyeHuna docmyna K yoaneHHbIM OaHHbIM (Kak B 6a3ax gaHHbix n B Web), uHmezpayuu u
ynpasneHua OGHHbIMU, PacnpeaeNeHHbIMM N0 CBOEN CYTU (KaK B NMPOMBILINEHHbIX CUCTEMAX),
AW osbiWeHUA HadexHocmu (Kak B OTKA30yCTOMYMBBIX cuctemax). MHorme pacnpeseneHHble
CUCTEMbI OPraHW30BaHbl KaK CUCTEMbl TUNA KAMeHT-cepsep. Hanpumep, ¢aiinosbii cepsep
npeaoctasnaeT ¢aknbl AaHHbIX A8 MNPOLLECCOB, BbINOJHAEMbIX Ha KAMEHTCKUX MalLMHaXx.
KomnoHeHTbl pacnpeaeneHHbIX CUCTEM YacTO CaMM ABASKOTCA MHOTOMOTOYHbIMM.

3) CuHXpOHHbIe napassenbHoie 8bI4UCAEHUS.



MNx uenb — BbICTPO pellaTb AaHHYO 3a4a4yy UM 33 TO XKe Bpems pelwmnTb bonbluyto 3a4a4y.
MpUMepPbl CUHXPOHHbIX BbIYUCNEHWIA:

® Hay4yHble BbIMMCNEHUA, KOTOPbIE MOAENUPYIOT U MMUTUPYIOT Takue ABNEHUA, KakK
rnobanbHbIM KAMMAT, 3BONKOLMA COJIHEYHOM CUCTEMbI UM pe3ynbTaT AencTBus
HOBOrO NEKApPCTBa;

e rpaduKa n obpaboTKa nsobparkeHuni, BKaoYas cosaaHune cneuddPeKkToB B KMHO;

® KpynHble KOMOMHATOPHblE WAM  ONTUMM3AUMOHHbIE  33aJayu, Hanpumep,
NJIAaHMPOBAHWE aBMANEPESIETOB UM SKOHOMUYECKOE MOAENIMPOBAHME.

Mporpammbl pelleHusa Takux 3agay TpebyoT 3PpPEeKTUBHOro MCMNoJ/Ib30BaHMA AOCTYMHbIX
BbIYMCNUTENIbHbIX PECYypPCOB CUCTEMbl. YMCNo noasafad AOKHO OblTb ONTUMM3MPOBAHO C
YY4ETOM YMCNA UCNONHUTENBHbIX YCTPOMCTB B CUCTEME (NpoL,eccopos, AAep NPOLLECCOPOB).

YpOBHM Napannennsama B MHOTOAAEPHbIX apXUTEKTYpaX

Mapannenusm Ha yposHe komaHO (Instruction Level Parallelism, ILP) no3sonser npoueccopy
BbIMNO/IHATb HECKO/IbKO KOMaHJ, 32 OA4MH TaKT. 3aBUCMMOCTU MEXAY KOMaHAaMW OrpaHNYMBaloT
KONIMYECTBO A0CTYMHbIX ANA BbINONHEHUA KOMaHA, CHUXKana 06bem napannefibHbiX BbIMUCAEHUN.
TexHonorua ILP no3BonsieT npoueccopy nepeynopanodmTb KOMaHAabl ONTUMAbHbIM 06pa3om ¢
LLe/IbI0 UCK/IIOYUTb OCTAHOBKM BbIYUC/IUTENIHOTO KOHBEMEPa M YBENIMUYNTb KONIMYECTBO KOMAHA,
BbIMO/HAEMbIX MNPOLLECCOPOM 3a OAMH TaKT. COBpPEMEHHbIe MPOLEeccopbl NOAAEPKUBAIOT
onpeaeneHHbln Habop KomaHZA, KOTOpPble MOTYT BbINOJIHATLCA NAapPaNNeNbHO.

Mapannenusm Ha yposHe nomokoe npouyecca. NMOTOKM NO3BONAIOT BblAENUTb HE3aBUCUMblE
NMOTOKM UCNOJIHEHMA KOMaHA, B pamMKax o4Horo npouecca. NoToku noaaep KMBatoTca Ha ypoBHe
onepauuoHHoli cuctembl. OnepayMoHHas cucTema pacnpeaenser NoToKM NPoLeccoB no aapam
npoueccopa ¢ y4eTom npruoputeTos. C NOMOLLIO NOTOKOB NPUIOMNKEHME MOMXKET MAKCUMabHO
3a/1e/iCcTBOBATb CBOOOAHbIE BbIYUCAUTENbHbIE PECYPChI.

ﬂapa/menu3/v: Ha yposeHe npunomeHuU. OAHOBpeMeHHOG BbIMNO/IHEHNE HECKOJ/IbKUX Nporpamm
ocyuwecTBnAaAeTca BO BCEX ONEPALUOHHBIX CUCTEMAX, NOoOLEePHUBAOWUX PEXUM pasaeneHunA
BpeEMEHM. Jarke Ha op,Honpou,eccopHoﬁ cncrteme HesasucMmble nporpammbl BbIMONTHAKOTCA
OAHOBPEMEHHO. I'IapanneanOCTb AOCTUraeTCA 3a CYET BblaeneHume KaXaomy npuaoxKeHuto
KBaHTa NPOL,ECCOPHOIro BpeMEHM.

AHanus apHeKTMBHOCTM NapanneNibHblX BbIYUCNEHUN

yCKOpEHVIe napannenbHOro aaropnTtma no CpaBHeHUKO C nocsiegoBaTe/ibHbIM BapnaHTOM
BbIMNO/IHEHNA oOnpeaenAeTcA Kak OTHOWeHune BpemMeHWU BbINONIHEHMA NOCNe[0BaTE/NIbHOIO
a/ITOPUTMa K BpeEMEHU BbINOZTHEHWA NAPANNENBHOIO aArTOPUTMaA:
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3¢ deKTUBHOCTb NapanaenbHOro aAropuTMa onpeaenserca cneayrouwmm obpasom:
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3¢ddeKTUBHOCTb NOKA3bIBAET, HACKO/IbKO 334EeMCTBOBAHbI BbIYMC/INTE/IbHbIE PECYPCbI CUCTEMbI;
naeanbHoe TeopeTnyeckoe 3HauyeHme 3hPeKTUBHOCTU PaBHO eAnHULE.

MNpeaensl napannenmsama

JOCTUXKEHNIO MAKCMMANbHOTO YCKOPEHWS MOMKET MpensaTcTBOBaTb CyL,eCTBOBAHWE B
BbIMO/IHAEMbIX BbIYMC/NIEHMAX MOC/NeA0BaTe/IbHbIX PAcyeToB, KOTOpble He MoryT 6biTb
pacnapannenensbl. AxunH Amaan (Gene Amdahl) nokasan, 4To BepXHAS rpaHULA A1 YCKOPEHUs
onpeaensaeTca Ao/iei NnocnenoBaTeIbHbIX BbIYMCAEHUI anropuTMma:
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f— 404 nocnenoBaTtebHbIX BbIYMCNEHNN B npumeHAemMmom aaropuntme O6pa6OTKI/I AadHHbIX, P —

4YMCNo npoueccopos.

Hanpumep, ecnn p[ona nocnefoBaTeNbHbIX BblUMCAEHUMA cocTaBnseT 25%, ToO
MaKCUMa/IbHO AOCTUXMMOE YCKOPeHMe ANA NapanienbHOro aanroputma paBHo:
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B «3akoHe Ampaana» MMeeTcA HECKONbKO [AONyLWEeHUN, KOTopble B peasibHbiX
NPUIOXKEHUAX MOTYT BbiTb HEBEpPHbIMKU. OAHO U3 AONYLWEHWUI 3aKIOYaeTca B TOM, YTO 404
nocnenoBaTeNibHbIX  PAcYeToOB ABAAETCA MOCTOAHHOM BEAMYMHOM U HE 3aBUCUT  OT
BbIYNC/IUTENIBHOWN CNIOXKHOCTU pelaemoit 3agaun. OgHako ana 6onbluMHCTBA 3aaay f saBnseTca
ybbiBatolel GyHKUMEN OT N, rae n — NnapameTp CAOXKHOCTU 3afauyn. B aTom cnyyae yckopeHue
MOMKET ObITb YBE/IMYEHO MPU YBENMYEHUU BbIYUCAUTENLHOM C/IOXKHOCTM 3aga4yu. HapyweHue
«3aKOHa Ampaana» TaKXe MOMXKeT OblTb CBA33aHO C apPXUMTEKTYPHbIMU OCOBEHHOCTAMM
napannenbHON BbIYUCAUTENLHOM cucTeMbl. Hanpumep, napannenbHblii anroputM yMeHbLIaeT
06beM [AaHHbIX, WCMONb3yeMbIX KaXAblM MNPOLECCOPOM, W MoBblwaeT 3PPeKTUBHOCTb
MCMNONb30BaHUA K3LW-NaMATU KaxKAoro npoueccopa. OnTumanbHaa paboTa € KawWw-NamaTbio
MOMKET CU/IbHO YBENNUYUTb BbICTPOAENCTBME aNTOPUTMA.

MapannenbHbli anropuT™M HasbiBAeTCA MacliTabupyembiM, eciv Mpu pocTe 4Yucna
NpoLeccopoB OH obecneynBaeT yBeMYeHNe YCKOPEHMA MPU COXPAHEHUMN NOCTOAHHOIO YPOBHS
3$PEKTUBHOCTU MCNOIb30OBAHUA MPOLLECCOPOB.






