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6.1 O630p MNKPOAPXUTEKTYP COBPEMEHHbDIN
AECKTOMHbIX npoueccopoB (npoaonKeHune)

BaXKHOM 0COOEHHOCTbIO COBPEMEHHbIX MPOLLECCOPOB ABAAETCA
TaKXXe  npeaBapuTenbHoe npeobpasoBaHMe  MALUMHHbIX
MHCTPYKLMIA B NPOMEXKYTOUHbIE onepaunn (Mukpoonepauum),
bonee ynobHble ona 06paboTKM M UCNONHEHUA.

NHorpa Takme onepaumnmn Ha3biBatoT RISC-nogobHbiMmu.

[peobpa3oBaHMe MHCTPYKLUN ABNAETCA HEOBXOAMMbBIM AN apPXUTEKTYPbI
X86 C ee KpamHe HeperynapHom 1 3anyTaHHOW CUCTEMOM KOMaHA.,

OaHako u anAa goctatodHo perynapHon RISC-apxutektypbl PPC970 Takoe
npeobpasoBaHMe TaK¥e NPOun3BOAUTCA — OHO HeobxoaMmo ANA pa3bueHus

HEKOTOPbIX CIOXHbIX MHCTPYKLMA Ha NPOCTble onepaLmu.



B paccmaTpuBaembiXx HaMM NPOLECCOPAX 3TN NMPOMENKYTOUYHbIE
MUKpoonepauumnm ob603Ha4aoTcsa No-pasHoOMY:

 uOP (Intel P-Ill, P-4, P8),
« MOP (AMD K8),
 |OP (IBM PPC970).

Ona yHUPUKaumm B [JaNbHEULWIEM BO BCex cay4daax byaem
Ha3biBaTb 3T MUKpoonepaumn «MOMamu» (nMbo npocTo
«onepauusamm»).



NTaK, COBPEMEHHbI NpPOoLeccop COCTOUT W3  PasNYHbIX
6nokoB, wAn noacuctem, paboTalowmMx napansienbHoO WU

HE3aBUCUMO.

1. BAOKKM MmoryT ABNATLCA KOHBEWEPU30BAHHLIMU YCTPOUCTBAMM,

paboTaloWMMM Ha TAKTOBOM 4YacToTe npoueccopa (6bisatoT Takke

NCKNOYEeHUA, Koraa 610K paboTaeT Ha NOAOBUHHOM NMBO Ha yABOEHHOM

yacToTe).

2. B npoueccope nmeetca 60ablLIOE KONNYECTBO o4vepeaen uUam
bydbepoB, KoTOopble HeobxoAMMbl B MNepBylO o4yepeab ANA
CrNaXXMBaHUSA 3aJeprKeK, BO3HMKAOLWMX NPpn paboTe yCTPOMCTB.



3. KoHKpeTHaa onepauma MOXKeT HaxoAuTbCA B KakoW-nmnbo
oyepeam NPoao/KUTE/IbHOE BPeMSA, OXKWAaA rOTOBHOCTU AaHHbIX

Nnbo pecypcoB 4/ CBOEero gasibHenlero npoasuKeHus.
OAHaKo BO MHOMMX C/lyd4aAaX BO3MOXHO W «rnagKkoe» MnpoaBUMKEHUSA
onepauumn b6e3 oxmaaHun B odyepeasx. Koraa roBopAT o AJ/IMHE KOHBeMepa

npoueccopa, NoApPa3yMeBatoT Kak pa3 TaKoM PEXKUM NPOXOXKAEHNA onepaumu.

4. Takmum obpasom, A/ IMHA KOHBeMepa — 3TO MUHMMANbHOE
BpeMs NPoxoxKAaeHnAa onepaunn (B TaKTax) Npu yCA0BUU, YTO HET

HNKAKUX BHEWHUX NPUYUH ONA 3a4EPHKEK.



[MoCcKonbKy NCXOAHaA nporpamma noapasymeBsaet
NocnefoBaTe/IbHYIO MOAENb WCMNOJIHEHUA, MalMHHbIE WHCTPYKLUM
JO/MKHbI  CYMTHIBATbCA TaK)Ke nocnegoBatenbHo. B 3tom cayyae
BBOAMTCA MOHATME, KaK «OTCTaBKa» UHCTPYKLMMN.

«OTCTaBKa» MHCTPYKLMUU NOAPA3YMEBAET, YTO AaHHAA UMHCTPYKLMUA
BbIMNO/IHEHA BMECTEé CO BCEMM MHCTPYKUMAMMU, KOTopble ew
npezLecTBoBaAM B KOAE NPOrpaMmmbl.

Takum obpasom, onepaumnm (MHCTPYKLUKN) yXOOAT B OTCTaBKY CTPOro
nocnegoBaTe/ibHO, MMEHHO B TOM MNOPAAKe, KOTOPbIA 3a4aéTcs
NpPOrpammon.

[MTOHATMA  OTCTaBKM  ABAAETCA  KAOYEBbIM B  OTOOparkeHuwu
BHEOYepeaHOro UCMOMHEHUA UHCTPYKLUMN BHYTPU NPOLECCOPa B YUCTO
nocnegoBaTe/ibHOE MCNOJHEHUE B «MOAENN MpoLeccopa», Kak OHa
npeacTaBiAeTCs NoAb30BaTeN!IO.



MorKeT OKa3aTbCA, YTO KaKasa-TO onepauma y»Ke BblINoJIHMAACh
B cBoeM OYHKUMOHA/NIbHOM YCTPOUCTBE — HO NPU 3TOM He
NOMKHA Oblna BbINONHATLCA, TaK KakK 6blno HenpasBuabHO
npeacKka3aHO HanpaB/ieHUEe YCNOBHOro rnepexoga nnbo 6bin
CYMTaHbl AaHHble C HEMPABMAbLHOrIO aapeca.

TaKoe BblNO/IHEHWE HA3blBAEeTCA CNEeKYNATUBHbIM.

Koroa 6yaetr npaBuMAbHO WMCMO/MHEHA NpeALlecTByloWas eun
onepauua nepexoga WAN YTEHUA [OaHHbIX, Takas HeBepHasn
CNEeKyNATUBHaA BeTBb OyaeT OoTMEHEeHa, U Npu HeobxoaMmocTu
NHCTPYKLUMA OyaeT BbiNo/sIHEHA BHOBb (NMOO BbINOAHUTCA Apyras

BETBb).



[Mpoueaypa OTCTaBKM MHCTPYKLMU rapaHTUPYET, YTO OHa Obina
BbIMOJIHEHA «MPaBUJIbHOY.

Jltobble npepbiBaHUA npoueccopa (no BBoAy-BbiBOAY MO0
aBapUMHOMY CODObITUIO) MOTYyT NMPOUCXOAUTb TOJIbKO B MOMEHT

OTCTaBKWU MHCTPYKLMMN, K KOTOPOM 3TO NPepbIBaHMUE OTHOCUTCA.

Ta 4yacTb npoueccopa, B KOTOPYO onepaumnm nocTynatoT CTPOro
nocneaoBaTeNIbHO, B COOTBETCTBMM C KOAOM MPOrpammbl, U U3
KOTOPOM  OHW  BbLIXOAAT  MOC/AEe  BbINOJIHEHUA  TOXKe
nocnefoBaTe/IbHO, Ha3bliBaeTCsi MOACUCTEMOIA BHeo4vYepemHoro
UCMNOJIHEHUA.



BHyTpM 3TOM noacuctembl obecneymBaeTcd aCUHXPOHHAA
obpaboTKka onepauuii, C y4eTOM 3aBUCUMOCTEN MEXKAY HUMMU,
rOTOBHOCTM OMNEPaHAOB W Hannuusa Tpebyembix pecypcos
(ycTponcTB 1 ouepenen).

PaccmoTpmm obuyto CTPYKTYPY npoueccopa 7
B3aMMOAENCTBUE €r0 3/IEMEHTOB NPU NPOXOKAEHNUN MALINHHOW
UHCTPYKUMKM (M onepaumn, B  KOTOpble OHa  Oblna
npeobpa3oBaHa).
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Pucynok 6.1

Rename/Allocate — ycTpoiicTBO TIepeMMEHOBAaHUS PETUCTPOB U BBIICIICHUS PECYPCOB;
ReOrder Buffer (ROB) — cnenuanshas ouepenr MOIIoB, Hocsmas Ha3BaHue «Oydep

HEPEyMOPSA0UCHHS,
retire — mepenaua pe3ynprara;

Reservation Station (RS) — «iryHKT pe3epBUpPOBaHUSY, «PE3CPBALIHSIY,
FU — cnennanu3zupoBaHHOE (YHKIIMOHAJIBHOE YCTPOMCTBO;
MOB — ouepenp npuema pesynabraroB; D-cashe — kam maHHBIX.



I-cashe

1. MoAMHO»KeCTBO KoAa nporpammbl, Hanbonee «aKTUBHO»
NCMONHAEMOE B AaHHbIA OTPE30K BPEMEHU, PA3MELLEHO B Kalle
NHCTPYKUUM (I-Kawwe).

2. B 3aBMCMMOCTM OT opraHu3auumn npoueccopa, UHCTPYKUUN B
3TOM K3lle MOrYyT XPaHUTbCA B UCXOAHOM HEU3MEHHOM BUAE,
nmbo B 4YaCcTMYHO «nNpeaekoaupoBaHHOM» Buae, nmnbo B

MONIHOCTbIO «AeKoAMPOBaHHOMY» BMAe (TO ecTb B BUAE FOTOBbIX
MOos).

3. B cnyyae oTcyTcTBMA B AAHHOM K3LWE HYMKHbIX MHCTPYKLUM
(McxogHbIX MMB0O Npeobpa3oBaHHbIX) OHU CYUTHLIBAIOTCA M3 KILWa
2-ro ypoBHA (L2-Kawa), npu HeobxogMmmocTu noaBepranch
npeaBapuTeNbHOMY AEKOAMPOBAHMIO Nepen nomeuweHnem B |-
K3LLI.
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decode

1. MHCTpYKuMmM  cumtbiBatotcA  mn3  |-Kawa  6nokamu, C
onepekarouwen npeasbibopKon.

2. Tekywnn 610K WMHCTPYKUMM OTNpPaBAAETCA cpa3y B /ABa
YCTPOUCTBA — AeKoAep UHCTPYKLUUN N NpeacKa3aTesib Nepexoaos.

3. lekogep  npeobpasyer  ucxogHble  (AMb6O  YacTM4YHO
NEeKoANpPOBaHHbIE) MHCTPYKUMM B MUKpoonepaumun (MOTMbI), a
npeackasatenb  nepexoaoB  onpeaenser, ectb 1M B
obpabatbiBaemom 6/10Ke MHCTPYKUUKU nepexoaa, byayt nm 3tu
nepexoabl COBEPLUEHbI U MO KAKUM aZipecam.

4. Echu KaKon-1mbo nepexon  npejacKasblBaeTcA KaK
«COBEPLIEHHbINY, TO  HemeaNeHHO  cyuTbiBaeTca 610K
MHCTPYKLUUN, HAXOAALWMMNCA MO nNpeackasaHHOMY agpecy.
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rename/allocate

1. Tem BpemeHemM BHOBb MNOPOXKAEHHAA [AEKOAEPOM rpynna
MOTlloB nocTtynaeT B YCTPOMUCTBO NEPEMMEHOBAHUA PETUCTPOB U
BblaeneHmsa pecypcos (Rename/Allocate).

2. NepenmeHoBaHne (MM NepeHasHavyeHue) PerncTtpoB — 3TO
BblaeneHne aaHHomy MOIly HOBOro sk3emnnsapa BHYTPEHHEro
perncrpa npoueccopa, Kyaa 6yayT nomelleHbl pe3ynbrathbl
BbinonHeHnAa sToro MOIla.

3. Bce panbHenwme onepauuu, 3aBucAWME OT pPe3ynbTaTos
naHHoro MOTla, 6byayT ncnosb3oBaTb 3TOT PErncTp B Ka4vyecTBe
onepaHAa.

4. «[lepennmeHOBaHHbIN» pPEernucTtp CcraBuTcA B COOTBETCTBUE
PEerncTpy, KOTOPbIX YKa3aH B MAaLIMHHOM WHCTPYKUMM (TaK
Ha3bIBAEMOMY KAPXUTEKTYPHOMY PEFUCTPYY).

14



5. HeobxoammocTb B nepeHasHayeHUn PerucTpoB CBsi3aHa C TEM, YTO
apPXUTEKTYPHbIX PErUCTPOB 0ObIYHO OYEeHb Mano, U NPU UCMOAb30BAHUN
CTO/Ib OFPAHMYEHHOrO0 YUCNA PErncTPoB HEBO3MOMKHO 3PPeKTUBHO
MCNOJIHUTb NMOTOK onepaLun.

6. KaXpas HOoBaA onepauus, NCNoab3ytowas onpeaenéHHblN PerncTp,
O6blna  Obl  BbIHYXKAEHA KAATb 3aBeplieHMA BCeX npeablayuinx
onepauunin, KoTopble K Hemy obpallatoTcsa (parke ecnm em He HyXKHbl
pe3ynbTaTbl 3TUX onNepaLuunn).

7. Hannuyme 60nbWIOro Yyncna MawuHHbIX (PU3MYECKUX) PEFNCTPOB U
MEXaHU3Ma MNepeMmMmeHOoBaHMA no3Bondaetr oboutn 3Ty npobnemy.
MHbopmauma O COOTBETCTBUM PETUCTPOB XPAHUTCA B CNeunasibHbIX
Tabnanuax. B momeHT otctaBkn MOIla byaget npomsseaeHo obpaTHoe
npeobpa3oBaHme PU3NYECKOro PErncTpPa B apXUTEKTYPHDIN.

15



ROB onepauuu

1. NMocne npeobpa3oBaHMA M NOATOTOBKM PETrNCTPOB MOCTYNUBLLAA
roynna MOIlloB 3anucbiBaeTcA B KOHel, CrneuuasnbHOW ouvepeaum,
HOocAWEN Ha3BaHWe «bydep nepeynopagoyveHuna» (ReOrder Buffer,
ROB).

2. OJTa CTPYKTypa ABAAETCA KIOYEBOM B  OpraHmM3aumu
BHEOYepeaHOro ncnosHeHus onepauun. B Hen xpaHatca sce MOIlbl u
Heobxoanumblie BCMOMOraTe/ibHble AaHHble OT MOMEHTA 3aBepLUEeHMUS
AEKOANPOBAHUNA U BblAe/IeHUA PECYPCOB A0 MOMEHTA OTCTaBKMW.

3. Takum obpasom, annHa 6ydepa ROB orpaHuuymBaeTtr yucio
onepauun, KOTopble  OAHOBPEMEHHO  MOryT  HAxoAUTbCA B
obpabaTtbiBatoLler YacTu npoueccopa (noacmcteme BHEOYEpPEOHOro
NCNOJIHEHMNA) — OT CaMOM «CTAapom», KOTOpasa eleé He 3aBeplleHa U
NO3TOMY HE MOXET «YUTWU B OTCTaBKy», AO CaMOW «HOBOM», KOTOpPaf
TO/IbKO YTO NMOCTYNuIa U3 geKkoaepa.

4. B cnyyae nepenosiHeHna bydepa nepeynopagoveHusa, paboTa
AeKoaepa NpuoCTaHaB/AMBAETCA A0 Tex Mop, MOKa He npou3onaer
OTCTaBKa onepauun B Hadane oyepeam m ocBoboxkaeHue mecta And
HoBbix MOIllos.
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RS

1. OgHoBpemeHHO Cc nonagaHnem B ROB HoBaa rpynna MOIllos
nepefaeTca B APYryl0 CTPYKTYPY JAaHHbIX, OoTKyaa MOIlbl 6yayT
OTCbINATbCA Ha WCMONHEHME HEenocpeacTBEHHO B (PYHKLUMOHA/bHbIE
YCTPOMUCTBA.

2. [laHHaa  CTPyKTypa, W3BeCcTHaA NOA4  Ha3BaHUEM  «MYHKT
pe3epBupoBaHuA», «pe3sepBauma»  (Reservation  Station, RS),
npeactaBnser cobonm OAMH WMAM HECKONbKo bydepoB, K KOTOPbIM
noacoeanHeHbl 3TU PYHKLMOHAIbHbIE YCTPOMUCTBA.

3. B Kaxgom TaKTe B 3TUX Bydepax npousBoaUTCS NMOUCK onepauun,
KOTOpble roTOBbl K MCMONAHEHUIO (TO eCTb apryMeHTbl KOTOPbIX YiKe
BblYMCNEHbl MO0 BbIMUCNAIOTCA U BYAYT rOTOBbl K MOMEHTY NonajaHus
onepaunm B (YHKLMOHA/NbHOE YCTPOWMCTBO) BHE 3aBMCUMOCTU OT
nopaKa, B KOTOPOM OHW 3anncbiBannUcb B bydepa.
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4. YCTPOWUCTBO, KOTOPOE OCYLUECTBAAET 3TOT NMOUCK M 3anycK Ha
NCNONHEHUe, OObIYHO Ha3bIBAOT MAHMPOBLIMKOM, a CaMM
bybepa — ouepegamm NaaHNPOBLLUKA.

5. MnaHUpoOBLIMK oTcAexKmBaeT 3aBUCMMOCTU MmeXxXay
onepaumnaMmM rNo JaHHbIM U MPOrHO3UPYET FOTOBHOCTb OonepaLuin
K UCMO/IHEHUIO B YCTPOMCTBAX.

6. Takmm o06paszom, nouck MOIlloB ana BHeo4vepeaHoro
MCNOJIHEHMA BCEraa NMpPOu3BOAUTCA TOJIbKO B Mpeaenax TaKoro
bypepa nnaHmpoBwMKa (egnHoro ana Bcex GYHKUMOHANbHbIX
YCTPOMNCTB, IN60 cneunPmnUYHOro ANA Kaxkaom rpynnbl YyCTPOMUCTB)

7. OTOT OYydep BbIMNAAUT KaK «OKHO», B KOTopom (npwu
Heob6XoAMMOCTU) NPOUCXOAUT USMEHEHME NOPAAKA BbINOJAHEHUA
onepauun.
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8. Ouepeab nNNAHUPOBLUMKA NpeacTaBiser cobon NOHOCTbIO
accoumaTuBHbIN bydep, ¢ TOYKU 3peHUs NOUCKA onepaunn Ans
NCNOJIHEHMUA.

9. Ho ¢ TO4YKK 3peHna nomeweHna Hosbix MOIloB, oHa BegeTt
cebs KaK obblyHas oyepeap.

10. Bce MOIlbl, HaxoaALWMECA B KAKOUN-TO MOMEHT B o4yepeasx
NAaHUPOBLLMKA, OAHOBPEMEHHO HaxoaATcA u B bydpepe ROB.

11. Mpwn 3anycke onepaunmn Ha UCNONHEHUE B PYHKLMOHANbHOM
ycTpouctee cootseTtcteytowmmn em MOIN yoanaetca U3 oyepeau
NIAHUPOBLLUNKA, @ B MOMEHT 3aBeplueHnA onepaunun aenaetca
NOMETKAa B COOTBETCTBYlOLEM 3/1emeHTe bydpepa ROB.
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12. Korga Bce MOIlbI, npealwecTsyOlWiMe AaHHOMY, YCNeELWHO
BbIMONHATCA W OTNPaBATCA B OTCTAaBKY, AaHHbiM MOIT Takke
CMOXeT ObITb OTCTaBNeH U yaanéH ns bydpepa ROB.

13. OgHako moXeT oKa3zaTtbcdA, yTo MOIT nonan B OWMOOYHYIO
(cnekynatMBHyO) BeTBb  WUCMOJIHEHUA  U3-3a  HEBEPHOrO
npeacKasaHuAa nepexoda — B 3TOM CAy4yae BCA BeTBb byaer
yoaneHa n3 bydpepa nepeynopagovyeHUs nocne npaBuIbHOroO
MCNONIHEHUA N OTCTAaBKMU AAaHHOWN MHCTPYKLUMKM Nepexoaa.

14. Kornpa MOI1, 3anyweHHbIM Ha MCNONHEHWEe B YCTPOWUCTBE,
yaanseTca u3 oyepeaum NJaHUPOBLLMKA, B HEM O0CBODOOXKAaeTcs
mecTo gna npunema Hosoro MOIa.

15.9T0 o03Ha4yaeT, 4YTO0 3SPPEKTUBHbIN pPasmMep OKHa ANf
M3MEHEeHMA nopsaaKa onepaumnm npeBbllaeT ANANHY [AaHHOMU
oyepean n orpaHMYMBaeTca BMecTMumocTbto bydpepa ROB.
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16. K Kaxkaon oyepean niaHUpPOBLLMKA NOACOEANHEHO OAHO NN
HECKOJIbKO Cneumann3mpoBaHHbIX PYHKLMUOHA/IbHbIX YCTPOMUCTB.

17.4Yncno onepaummn, KOTOpbie MOTyT OblTb 3anyweHbl Ha
NCNOJIHEHME B Ka)XAOM TaKTe, 0bOblMHO 3amMeTHO npeBbllaeT
LUMPUHY OCTa/IbHbIX TPAKTOB NpoLleccopa n Bapbmpyetca ot 5 (P-
1) po 10 (PPC970), yto nO3BONAET CrNa*kMBaTb MUKOBYIO
HarpysKy n obecnevynTb BbICOKYH NMPOMNYCKHYKO CNOCOOHOCTb Npu
HEOAHOPOAHOMN 3arpy3Ke YyCTPOMUCTB.

18. Momnmo apUPMeTUKO-N0rm4ecKknx 7 afpecHbIX
GYHKUMOHANbHbIX YCTPOMUCTB, B Ka*XAOM MNpPOLLECCOpPE MMEIOTCH
TaK»Ke YCTpOMCTBa 3arpysku u Bbirpysku (Load/Store), KoTopbie
NPOM3BOAAT AOCTYN K K3WaM AaHHbIX U K ONepaTUBHOU NamMATH.

19. 3T ycTpomcTtBa paboTaldOT ACUMHXPOHHO OT APYrUX, U UX
0b6bI4HO He n306paXKatoT Ha BNOK-CXxemax.
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20. lornyeckn 3T yYCTPOMUCTBA CBA3AHbl C YCTPOUCTBAMM
BblYMC/IeHMS aapecoB yTeHua/3anmcu (AGU).

21. YcTpoicTBa 3arpy3ku 1 BbIrPy3KM KOHBEMepM3oBaHbl U MOTYT
O HOBPEMEHHO 0b6cny»KMBaTb 60/1bLLIOE KOIMYECTBO 3aMPOCOB.

22.9TN YCTPOWUCTBA TaKXe OCYLWecTBAAT npeaBapuUTenbHYto
BbIDOPKY M3 OnepaTMBHOM NamaTM (KONMpOBaHWME B KIWMK Tex
NAHHbIX, UCMNONb30BaHME KOTOPbIX OXWAaeTca B bOamKanwee
Bpems).

23. Ha pucyHke 6.1 rpynna 610KOB npoueccopa, obpas3yrowmx
noacucrtemy BHeoyepeaHOro MCMOJIHEHUA, obBeneHa
NYHKTUPHOWN IMHUNEWN.
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6.2 BHewHne uHTepdencbl npoueccopos

[Nocpencrsom BHELHMX NHTEPPEencos npoueccopbl
OCYLLUECTBNAOT AOCTYN K OnepaTMBHOM NaMATU M BHELWHUM
YCTPOMUCTBAM, a TaKKe obmeH C Apyrumum npoueccopamu B

COCTaBe MHOronpoueccopHon (MHoroagepHom) CUCTEMBI.
BHewHnit ndtepdeumc Intel
Hanbonee TpagnumMoHHbIM cnocobom opraHmn3aLmm BHELWHETO

nHtepdemca asnaetca wmHa FSB (Front Side Bus), ncnonbayemas
B npoueccopax KomnaHuu Intel.
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B npoueccopax P-M, P-M2, P-4 u P8 wncnonbsyerca
OAWHAKoBasA (NO opraHM3aunm N NPOToKony) 64-6MTHAA WKNHA C
«y4YEeTBEPEHHOW» CKOPOCTbIO Nnepeaayn gaHHbix QDR (Quad Data
Rate).

lUnHa FSB coegmnHAeT oaMH mam apa npoueccopa (uMHoraa
bonbwe) W  KOHTpoanep, obecneymBalwoWMM  AOCTyNn K

onepaTMBHOM NAMSATU N BHELLHUM YCTPOUCTBAM.

ITOT KOHTPO/INEP BXOAMUT B COCTaB Habopa CUCTEMHOMN IOTUKM
(unncera), ero o6bI4HO HasbiBatoT «Northbridge» («CeBepHbiif

MOCT»).
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B Ka*KAOM TaKTe€ CMHXPOHM3ALUMU LWNHLI MO HEW MOXKET ObITb
nepesaHa KomaHaa AMbo yeTbipe NopuUMM AaHHbIX Mo 64 buTa (8

6anT).

HYacToTa CUMHXPOHMU3AUMKN WINHBLI HaxoanTca B aAmanasoHe 200-
266 MTluy pans npoueccopos P-4/P-4E, u 266-333 MIluy ans

npoueccopos P8.

9TO COOTBETCTBYET Y4acToTe nepenadn 8-b6auTHbIX MOPLUM
NaHHbIX, paBHon 800-1066 MIluy wn 1066-1333 Mlu, wu
npeaesibHOM CKOPOCTU nepefayn AaHHbIX M3 NamAaATU (B namATb)
6.4-8.5 6ainT/c n 8.5-10.6 6auT/c.
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LLInHHaAa opraHuMsaumAa cuctembl MmeeT CBOU HedoOCTaTKU. B
cucteme, coaepkawenm aAsa  wuam  bonee  npoueccopos
(npoueccopHbIX Aaep), wuHa FSB orpaHnuymMBaeT NPOMNYCKHYIO

CNoCcOBHOCTb NpU A0CTYyNe B NAMATb.

Mcnonb3oBaHMe pexumma nepepadm pgaHHblix QDR ¢
OTHOCUTE/IbHO HEBbICOKOM YaCTOTOM CUHXPOHM3AaUMKU NPUBOAUT K

AO0MNO/THNTE/IbHbIM NMOTEPAM BPpEMEHN MNMPU O6paIJ.I,eHV|M B MaMATb.

Ha obpalieHne TpaTUTCA HECKOJIbKO TaKTOB CUMHXPOHM3aLUU
LWMHbI, YTO MOXKeT YyBe/IM4YnUTb 3a4epKKY Aoctyna Ha 20-25 Hc u

bonee.
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HakoHel, wuHa FSB MOXeT ABAATbCA Y3KMM MEeCTOM Mpu Haanymm
BHELLUHMX YCTPOMCTB C O4YEHb BbICOKMM TEMMNOM Nepeaayvn AaHHbIX (Hanpumep,
KOMMYHWUKALUMOHHbIX KOHTPO/1/IEPOB B K/1acTePax).

Ona ocnabneHns oOrpaHMYEHWIA TaKoro poAa MHORAA WCMNO/b3YHT
MHOTOLUMHHYIO OpraHM3auuilo CUCTEM, KOrda, Hanpumep, ABe napbl
NPOLLECCOPOB TPYNMNUPYIOTCA HA ABYX HE3aBUCMMbIX LWIMHAX, KOTOpble
0b6beanHatoTca (ynpaBaaoTcsa) cneumasnbHbiM KOHTPONEPOM.
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BHewHun nurepdenc IBM PPC970

HecKonbKo WHaye oOpraHM30BaH BHeEWHUMU UHTepdenc B
npoueccope IBM PPC970. OH coeguHAeTCA C KOHTPOA/epOMm
namATM 4epe3 pABa OAHOHAMPaB/EHHbIX 32-OUTHbIX KaHana
(nocnepoBaTenbHble LWWHbI) — OAWMH ANA YTEHMA U3 MaMATH,
APYron Ans 3anucu.

[laHHble nepepalTcA € «yABOeHHOW» CcKopocTbio (DDR,
Double Data Rate). NpeaenbHasa cKoOpocTb Nepeaaym AaHHbIX NO
Ka)XOoMy KaHany MoKeT gocturaTtb 5 6aint/c (ans npoueccopa c
yactotom 2.5 [lu), oaHako B cuay nocaeaoBaTeslbHOM
OpraHn3aumnu peanbHO AOCTUrAaeTCA CKOPOCTb Ha ypoBHe 90% oT
npeaenbHOMN.

[1oCTaTOYHO BbICOKAA 4acToTa CUHXPOHM3AUMM NO3BOASET
HECKONbKO CHM3UTb MNOTEPU BPEMEHM Ha [A0CTyn, OAHAKO
CKOPOCTb KaHa/Na HeA0CTaTOYHA A4 YTEHMA AAHHbIX U3 NamMATU B
Heobxoammom Temne.
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BHewHUU uutepdpenc K8

Hanbonee nHrepecHoim 06pa3om opraHM30BaHbl UHTEPDENCHI
B npoueccope AMD K8. Ha Kpwuctanne 3Toro npoueccopa
COAEPKNTCA BCTPOEHHbLIA KOHTPOAJIEP OMNEepaTUBHOMW NaMATH,
HenocpeacTBEHHO YMPaBAAIOWMUIA CUTHANNAMU, NOCbIJIAEMbIMMU
Ha MMKPOCXEMbI MAMATH.

[MOCKONbKY ynpaBAasAloWas JIOTMKA TaKOro KOHTpoJ/iepa
HenocpeacTBEHHO CcBA3aHa C SAPOM Mpoueccopa U MOXKeT
paboTaTb Ha BbICOKOM 4YacToTe, WUCKAOYAIOTCA MOTEPU BPEMEHMU
Ha JOCTYN K AaHHbIM.

B cpaBHeHUM C npoueccopamm Ha wuHe FSB, BpemAa goctyna K namaTu
MOXET OKa3aTbCA NPMMEpPHO B MOATOPA pa3a Huxe (Hanpumep, 45-50 Hc
npotuB 70 HC), 4YTO NOBbIWAET MNPOU3BOAUTENIHOCTb MPOLLECCOPA 33 CYET
CHMXeHUA NoTepb Ha OXMAAHUE AAHHDbIX.
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30
Peannsauyuna KOHTPO/1/1epa MamMATK, BCTPOEHHOTO B

npoueccop, MMeeT MHOro0 NPEeUMYLLECTB 414 MCNONb30BaHUA B
NEeCKTOMHbIX KOMNblOTEPAX.

OHa cnocobcTByeT OLYTUMOMY NOBbILLIEHUIO
NPOWN3BOAUTENIbHOCTU U YNPOLLLEHMIO CTPYKTYPbl CUCTEMBI.

B3anmopencrBne C KOHTPONNEPOM BHEWHUX YCTPOWUCTB
OCyLlecTBNAETCA 4Yepe3 cneyuanbHble BbICOKOCKOPOCTHbIE
nocnepoBatenbHble KaHanbl HyperTransport (HT). Bcero B
npoueccope MOXeT OblTb TPU TaKMX KaHasia C 4YacTOTOM
CUHXPOHM3auuM 1 Ty npm «yaBOEHHOM» CKOPOCTU MNepenayun
(DDR).



OAHaKO BCTPOEHHbIX KOHTPOANEP MNaMATU MMEEeT U CBOM
HeAO0CTaTKM.

B cBA3K C TeM, YTO NOBbLILIAIOTCA 3/1IeKTPUYECcKMe TpeboBaHUsA K
MNPOLLeCCOPY C BCTPOEHHbIM KOHTPO//IepoM, bObiBaeT 3aTPyAHEHO
MCNOJIb30BaHUE KOHOUrypaumii ¢ 60nblIMM KOANYECTBOM YMNOB
namaTu, 1Mbo B TaKUX KOHPUrypauumsax npoucXoamT CHUMKEHUE
CKOPOCTHbIX XapaKTEPUCTUK NaMSATMW.
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6.1 3sonouuna u banxkamwne nepcnekTnebl 32
Pa3sBUTUA NPOLLECCOPHDLIX APXUTEKTYP

B HacToAlee Bpema 3BONIOLUMOHHOE PA3BUTUE APXUTEKTYP
COBPEMEHHbIX MPOLECCOPHbIX SAEP UAET MO NYTU:

1. [anbHenwana sBoNtoUNA KOHBENEPOB;

2. Pa3BuTtme cynepckansapHoOmM opraHn3aumnu;

3. Pa3Butne mexaHM3MoB BHeO4YepeaHOro WCMNONHEeHMUA
KOMaHza,

4.  YBennyeHune nNpou3BOAUTE/NIBHOCTU 3a CYET YyBe/nYeHUus
TaKTOBOM 4acTOTbl (33 cYeT ycoBepLUEHCTBOBAHUA TEXHO/OMMU
N3rOTOB/IEHMS) U KOJIMYECTBa MHCTPYKLUMWIA, BbIMOJHAEMbIX 33
OAWNH MaLINHHbINA TaKT:

[MpounssogutenoHoctb] = [TakToBana yacrota] x [Konanuecrso
WHCTPYKL M, BbINO/IHAEMbDIX 332 OAUH TaKT]



5. YBenuuyeHue yncna agep Ha 0O AHOM KpUCTajlsie npoLeccopa.

6. Pa3BuUTME cucTemMbl KOMAHA;

6.1. MMX (Multimedia Extensions —  myabTUMmeauiHbie
paclwiMpeHma) —  Kommepyeckoe  Ha3BaHue  (Intel MMX)
AONONIHUTE/IbHOTO HAabopa WMHCTPYKUWI, BbIMOAHAIOWMNX XapaKTepHble
ana npoLeccosB KoanpoBaHUA/aekoanpoBaHUA NOTOKOBbIX

ayamo/Buaeo AaHHbIX AeACTBUA 33 O4HY MaLUMHHYIO MHCTPYKLUMIO.

6.2. 3DNow! — pononHutenbHoe pacwupeHne MMX ana
npoueccopos AMD, HaumHaa ¢ AMD K6 3D. lMpunymHon co3naHuA
3DNow! nocnymno crpemneHue 3aBoeBaTb NPEBOCXOACTBO HaA,
npoueccopamm npomssoactsa KomnaHum Intel B8 obnactm 06paboTkm
MYNbTUMEANNHDBIX AAHHbIX.

XoTa 3TO pacwmpeHune apnsetca pa3pabotkon AMD, ero Takxke
MHTEerpnposanun B ceoun npoueccopsl IBM Cyrix n apyrue.
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6.3. SSE (aHrn. Streaming SIMD Extensions, notokosoe SIMD-
pacwmpeHue npoueccopa) — 3to SIMD (aHra. Single Instruction,

Multiple Data, OgHa WHCTPYKUUA — MHOECTBO AaHHbIX)

Habop  WMHCTPYKUMN, pa3pabotaHHbIn Intel w©n  Bnepsbie
npeacTaBAeHHbIN B npoLueccopax cepun Pentium Il Kak oTBeT Ha
aHanornyHbin Habop nuctpykumm 3DNow! ot AMD, KoTopbin bbin

npeacrtaBaeH rogom paHbLlie.

[lepBOHA4YaNnbHO Ha3BaHMEM 3TUX UHCTPYKUMIK bblnio KNI, yto
pacwndpoBbiBanocb Kak Katmai New Instructions (Katmai —

Ha3BaHMe NepBOWn Bepcuun aapa npoueccopa Pentium lll).

Tak)ke cywecTBytoT pacwmnpenmna SSE3, 3DnowExtended, SSE4

(paccmoTpeTb camMoCTOATEeNIbHO).
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