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1. OBIIAA XAPAKTEPUCTUKA U KITACCU®PUKALIUA
BBIYUCJ/IMTEJIBHBIX MAIIINMH U CUCTEM

1.1. AnnmapaTHble 1 MIPOrPaMMHBbIE CPeICTBA pPeajin3aliy AJITOPUTMOB

Boruucnurensnas mamuHa (BM) [ 3To MCKycCTBEHHass MH)XKEHEpHas CUCTEMa
JUTSL aBTOMATHYECKOW 00paboTKu MHGOPMALIMH 110 33JJAHHOMY aJITOPUTMY.

Kak wu3BecTHO, cpeiacTBa peanu3aluyd alrOPUTMOB BBIYHMCIECHUM JENATCS Ha
anmapaTHple W mnporpamMmHubie. JIroOas BeaucnutenpHas crpykrypa (BC) [ ato
COBOKYIHOCTh YKa3aHHBIX CPeICTB. MIX COOTHOLIEHUE OMpENeseTcss TPEOOBaHUSAMU K
MIPOU3BOAUTENBHOCTU U cToumoctu BC.

AnrmapaTHele  CpeICTBa  PEAIM3yIOT  Kakhe-TuOO  JEWCTBUS — alropuTMa
OJTHOMOMEHTHO, 0€3 BO3MOXXHOCTHU JAPOOJIeHHs CO CTOpOHBI porpammucTa. (IIpumepst
anmnapaTHOW pealu3alldd: CyMMAaTopbl, OBICTpbIE YMHOMXHUTEJIH, YCTPOWCTBA ISt
npeoOpa30BaHUs CUTHAJIOB B peajibHOM BPEMEHU U T. I1.).

[IporpamMmHBIE CpEACTBA — 3TO COBOKYINHOCTH HWHCTPYKLIHMM MO peaau3anuu
BBIYMCIIUTEILHOIO MPOIECca C MOMOIIBID AallapaTHBIX CPEICTB B COOTBETCTBUH C
QIrOPUTMOM.  TpagulIMOHHO TOJA  MPOTrPaMMHUPOBAHUEM  OOBIYHO  MOHUMAIOT
IIPOLIEYPHOE MPOTPAaMMHUPOBAHUE — 3aJaHHUE IOCIEAOBATEIBHOCTH JCHCTBUN  I10
peanu3aluy aIropuTMa, MOpPUYEeM  JICUCTBUS  MPOUCXOAST IMOCIEAOBATEIBHO BO
BpeMeHH. B To e Bpemsi «IporpaMMUpOBaTh» PEIICHUE 3a/1auld MOXKHO U CTPYKTYpPHO,
MOJIb3YSICh 3aJlaHHBIM ~ HA0OpOM  ammapaTHbIX CpPEACTB, B 3TOM  CiIy4yae
MPOrpaMMUPOBAHUE — 3TO YKa3aHHWE MYTEW CJEeI0BaHUSA MOTOKOB JAHHBIX OT OJHHX
amnmapatHbIX CcpeAcTB K JpyruMm. (TepMuH «CTpyKTypHOE MpOTpaMMHUpPOBAHUE» B
JUTEPATYpe MO BBIYMCIUTEIBHON TEXHUKE OOBIYHO MCIOJB3YETCS IS yKa3aHWs Ha
ONMPENENICHHYIO  METOJOJIOTHI0  pa3pabOTKM  MOpPOrpaMMHOro0  oOecredeHws,
MIO/IPa3yMEBAOUIYI0 HUCXOJSIIEE MPOCKTUPOBAHUE CHCTEMBI, MCIOJIb30BAHUE TOJIBKO
OCHOBHBIX YIPAaBJISIIOLIUX KOHCTPYKIUHI, 0TKa3 oT onepatopoB GOTO u 1. A. B nanHOM
KOHTEKCT€  «CTPYKTYpPHOE NPOrpaMMHUpPOBAHHUE» O3HAYAET MPOrpPaAMMHUPOBAHHUE B
MIPOCTPAHCTBE AaMMapaTHbIX CTPYKTyp.) CTpyKTypHOE NPOrpaMMHUpPOBAHUE  EIIIE
Ha3bIBAIOT «aIMNapaTypHO-OPUECHTUPOBAHHBIM.

IIpocpammuposanue cmpykmypol U npoyeoypHoe NpopamMMuposarue He
SABJISIFOTCS. B3aMMOMCKITIOUAOIIMMU TOAXOJAaMHU, KaK IMPaBWIO, OHU JOMOJIHSIOT APYT
apyra.

[Ipy nporpaMMHONW peanu3aly AJTOPUTMA  BBIYUCIHATENBHBIA  ITPOILIECC
OpraHu3yeTCcsl KakK IOCJeI0BATEeIbHOCTh MPOLEAYP, BBINOJIHAEMbBIX IOOYEPETHO BO
BpEMEHU Ha OJHOM onepanuoHHoM ycrpoiictBe (OVY). Takoe mnpoueaypHoe
MPEACTABICHUE ANTOpUTMa YAOOHO O(GOpMIISATH B BHUAE OJIOK-cxeMbl anroputma. [lpu
anmnapaTypHOM peanu3alii aJirOPUTMa BBIYMCIUTENBHBIN MPOLIECC pa3BOPAYUBACTCA B
MIPOCTPAHCTBE ONEPALMOHHBIX OJOKOB, COETUHEHHBIX MEXKIY COOO B COOTBETCTBHUH C
MOTOKOBBIM Ipad)oM aJlrOpUTMa U PabOTAIOIIUX MapaIeIbHO BO BPEMEHHU.

Ha puc. 1.1 noka3anbl 1Ba BapyaHTa NpeACTaBICHUS alrOpUTMa, a Ha puc. 1.2 —
JBa BapuaHta ero peanu3zaiuu. (OuyeBUAHO, 4YTO BO BTOPOM CiIy4yae OTIAJaeT
HEO0OXOAMMOCTh B TPOTrPAMMHOM MaMsITH, TaK KaK MPOTrpaMMa BBIYUCICHUIN 3aMEHSIETCS
CXEMOM COeTMHEHMI OTepaIMOHHBIX OJIOKOB.
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Puc. 1. 1. IlpouenypHoe (a) 1 morokoBoe (0) MpeacTaBICHHE
anropurMma BeruMcienus 3nadenns T = ab/c + d

ITamsTe
MporpaMm Onepa-
KOMaH1a LHOHHOE v

1. MUL | yerp-Bo ITamsTe —»{ brnok

2.DIV JAaHHBIX YMH. ) ook

3.ADD >

_T pI(S) > CyM'
HaMsITh > Ma-
JAHHBIX TOp
2) a,b,c,d,f 6)

Puc. 1. 2. [Iporpammuas (a) u anmaparypsas (0) peanuzanuu
anropurma f = ab/c + d

CpaBHHBasi paCCMOTPEHHBIE BAPUAHTHI, MO’KHO OTMETHTh, YTO MPHU MPOTPAMMHOM
peanu3aluu CIOKHOCTh AITOPUTMA BIIUSET Ha JUIMHY IPOTPaMMBbl, a IPU annapaTypHOu
peanu3anuy — Ha KOJIMYeCTBO 000pyAoBaHus. Bpems BbIUKCIIEHHs OQHOTO pe3yjibTaTa B
000uX Cy4asix MOXET ObITh OJMHAKOBBIM (0€3 yuera BpeMEeHU OOpallleHUs K NaMsTH).
Opnako anmaparypHas peaju3alMs [O3BOJIIET OpPraHM30BaTh  KOHBEHEPHYIO
00paboTKy, YTO CYIIECTBEHHO MOBBICUT €€ MPOU3BOAUTEIIBHOCTh. ITO OOCTOSTEIBLCTBO
U ONpenensieT COBPEMEHHbIE TEHACHIMU Pa3BUTHS BBIYMCIHUTEILHON TEXHUKH,
YUHUTHIBAS OJIECTAUIUE YCIIEXU COBPEMEHHOM MUKPOIJIEKTPOHUKH.

OueHb OBICTPBIM POCT CTENEHM HMHTETPALMU COBPEMEHHBIX MHKPOCXEM, KOTria
cBepxOonpime uHTerpanbubie cxembl (CBUC) moryT copepkaTh COTHH MUJUIMOHOB
TPaH3UCTOPOB B OJIHOM KOPITyCE, TUKTYeT HEOOXOJUMOCTh MPOEKTUPOBAHMS MOIIHBIX
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anmapaTypHBIX CPEJICTB peann3anuu aropuTMoB. OqHAKO pa3pabOTaHHBIC ATOPUTMBI
pelIeHus] MPUKIAIHBIX 3a/1a4, B TOM 4ucie U HudpoBoil 00pabOTKH CHUTHAIOB, Majo
OpUEHTHUPOBAHbl Ha amNmapatypHyl peanusamnuio. HeobOXoaumel crnenuaibHble —
anmnapaTypHO-OPUEHTHUPOBAHHbIE aJITOPUTMbI, CAHTE3UPOBAHHBIE C YUETOM TpeOOBaHUMN
texHosnoruu CBUC. B uaeanbHOM ciiydae mpoliecc pa3padOTKU alropuTMa JI0JKEH
ObITh coBMeléH ¢ npoektupoBanueM CBUC, tak kak tomosoruss CBUC uzomopdna
OTOKOBOMY Tpady anmnapaTypHO-peaIn3yeMoro aropurma.
PaccmoTpum mporiece penieHus 3a1a4d Ha yHuBepcalibHOM DBM, BKiItouaroniui
pSAI ATAloB, IMOKAa3aHHBIX Ha

IpukjianHele 3anadu/ [NpukJIagHEIE pHC.1.3.

onmMcaHma 1-rTo YPOBHA 3a1aum Ha HaYaIbHOM yTamne

\l, 3a/la4ya, BO3HUKAIOIIAsA B HEKO-

YRR —————— TOpPOM MPUKIATHON 00J1acTH,

NOCTAHOBKA 3anadn; dbopMmyIupyeTcs Ha €CTecT-
BEIOOP COOTBETCTBYIIOIMX

TUMOBLIX MONSANAU T ——— BEHHOM SI3BIKE (COCTaBIISICTCS

\1/ CBecLeUYe e OTMHMCaHHUE 3aJa4M). 3aTeM

OCYIIIECTBIIETCI MaTeMaTHu4ye-

BEIGOP TUIIOBBIX CKasl IIOCTaHOBKAa 3aJayu U

npouenyp

BBIOOP COOTBETCTBYIOIIUX TH-

\l/ noBeIX mnoja3anad. Crenyro-

OTobpaxeHMe ajiropmuTMa IHHWI3TaHOMﬁHBHHeTCH]Mﬂ60p

Ha CTPYKTYDY TUIIOBBIX  BBIYUCIIUTEIBHBIX

BEIUMICJIMTEJIBEHOM

CUCTEMEI mnmpoocayp Mg pcalin3annu

\l/ HEOOXOOUMBIX IOA3amady |

OTOOpa)KEHHE QJITOpUTMa Ha

VIcrnoJIHEHME aJIiropmuTMa Annapatypa s

CTPYKTYPY BBIYHCIUTEIBHON

cucteMnl. Ilocie storo aniro-

PUTM HCHOJIHAETCS HAa HUMEIO-

Puc. 1.3 Ieucs BBIYMCIIUTEIIBHOU

CTPYKTYDE.
B ynusepcansubix 9BM apudmetuko-noruueckoe ycrpoiictso (AJIY) ctpouTcs,

KaK MpaBUJIO, HA OCHOBE YHUBEpPCAIBHOr0 cyMMaTopa. Takoe AJIY BBINOJHSET JIMIIb
AJIEMEHTAPHBIE ONEPALMU TUIIA CIIOKEHMS, CIABUIra U HEKOTOpble apyrue. [loatomy mis
UCIIOJIHEHMS ainropuTMa Ha TakoM AJIY HeoOXxoauma mporpamma, COCTOSIIAs U3 TaKUX
omnepanuii.

Takum 00pa3oM, BIOOP TUIIOBBIX MOJ33/1a4, TUIIOBBIX MPOLEIYP U OTOOpaKeHHE
aNrOpuTMa HAa  CTPYKTYPY  BBIYMCIMTEIBHOM  CHCTEMBI  OCYLIECTBIIIETCA B
yHUBEpcalibHOM DBM Ha 3Tane npoieaypHoro nporpaMMUpPOBaHHS.

Bpewms pemenus 3agaun Ha Takod DBM npsiMo 3aBUCUT OT JJIMHBI IPOTPAMMBI.
Yem kpynHee Oyner maTemaTtuueckas (yHKLHMs, BBINOJHsEMas ammapaTypHO, TeM
MeHbIIIe OyAeT AJIMHAa MpOorpaMMbl, MEHbIIE OOpaIleHUi K MaMsATH, a CJIeI0BaTENbHO,
MEHBIIIE BpeMsl pElIeHUusT W BbllIe NpousBoauTenbHOCTE DBM. Ilo mMepe pocra
BO3MO>KHOCTEN MHTETPAJIBLHOM DJIEKTPOHHUKM YBEIMYMBACTCS CIIOKHOCTH 3a1ad, s
KOTOPBIX BO3MOXHa armapaTHas pealu3alus WX PEUEHHs, U TPaHula MEeXIy
3ala4aMy, pEANN3yeMbIMH anapaTypHO M IIPOTPpaMMHO, caBuraercs. To ecTb
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annapaTypHO peaju3yloTCs YXKE THUIOBbIE BBIYUCIHUTENBHBIE MNPOLEAYPHI, KPYITHbBIE
MaTeMaTU4YEeCKHE W JaXe MPUKIaAHble anroputMbl. (C Opyroil CTOPOHBI, pPOCT
MPOU3BOJUTEILHOCTH  MPOIIECCOPOB TMO3BOJISIET — peIlaTh 0oJiee CIIOXKHBIE 3a/Jaud,
TPAJAUIIMOHHO pEUIaBIIMECS aNMapaTHbIM CIOCOOOM, MPOTPAMMHBIMHU CpEJCTBAMU
(mpUMepOM MOJXKET CIIY)KUTh MOSBICHHE Tak HaszbiBaeMbix Winmodem’or). Takum
oOpa3oM, TIpaHMIla MEXAYy MPOrPaMMHBIMU M aNMlapaTHBIMU CPEACTBAMHU IPU
peanu3anuu aJropuTMOB TOCTOSIHHO MEPEMEIIACTCS.

1.2. IlonsiTHE 00 APXUTEKTYpPeE U CTPYKTYPE BHIYMCINTEIbHBIX MAIIMH

AnmapaTHele cpeacTBa  BbhlUMCIUTENbHOW TexHHKM (BT) crposdrcs 1o
HepapXu4yecKor cxeme (0T HU3LUIUX YPOBHEH K BBICIIHAM):

1. DnemenTapHble joruueckue cxembl (0a30BbIE BEHTWIM), B CBOK O4YEpenb
IIOCTPOEHHBIE HA HECKOJIBKUX MHTETPAJIBHBIX TPAH3UCTOPAX.

2. TunoBble CXEMOTEXHUYECKHE Y3JIbl — KOMOMHAIIMOHHBIE CXEMBbI (TPUITEPHI,
PETUCTPBI, IEMUPPATOPHI, OAHOPA3PSIHBIE U TAPAJUIETBHBIE CyMMATOPbI).

3. @yHKuMOHaNbHbIE Y316l OBM, cocrosiiye M3 HECKONbKHUX THIOBBIX CXEM
(O10K perucTpoB, 3alIOMUHAIOLIEE YCTPOICTBO, MATPUYHBIA YMHOXUTEND, AJIY 1 T.71.)

4. Tlopcuctembl OBM (iporieccop, YUCIOBOM COMPOIECCOP, KOHTPOJIIEP BHEIII-
HEro yCTPOMCTBA, CUCTEMA MAMATH, MOJICUCTEMA BBOJIa-BbIBOJA U T.1I.)

5. ABTOHOMHBIE BHIYUCIUTEIIbHBIE MAIINHBI.

6. BeruncnurenbHbIe CUCTEMBI, KOMIUIEKCHI M CETH.

Jlns  omucaHusl  CJIOKHOM  CHCTEMBI, KOTOPYIO  TpPEACTaBiIsieT  co0oi
BBIYMCIIUTENbHAA MAaIllMHA, YacTO HCIIOJNb3YIOT JBa IOHATHUS: AapXUTEKTypa U
crpykrypa. Ilon apxutekTypoil moHMMarOT aOcTpakTHOe mpeacTaBieHue o BM c
TOYKM 3peHus mporpammucra. Crojla BXOAUT ONMCAaHUE IPOTPAMMHBIX CpPEICTB,
anmnapaTHbIX CpPEICTB W IPUHUMWIIOB OPraHU3ALMM BBIUUCIUTEIBHOIO Ipolecca Ha
anmapaTHbIX CpeACTBaX C IOMOULIBIO MPOTPAMMHBIX CpeacTB. B  oTimume oOT
apXUTEKTYpbl CTPYKTYpy BM MOXHO omnpenennTh Kak COBOKYIHOCTh AamllapaTHBIX
CPEIICTB C YKa3aHUEM OCHOBHBIX CBSI3€M MEXy HUMMU.

ApxuTekTypa B 0Oojiee ILIMPOKOM CMBICIIE ONPENENseTcs KaK KOHUEMIUSI
B3aMMOCBSI3U 3JIEMEHTOB CJIOKHOM CTPYKTYpbl M BKIIIOYAeT B Ce€0sl KOMIIOHEHTHI
JIOTUYECKOH, (PU3NUECKON U mporpaMMHOM opranuzanuu BM. B Ooisiee y3koMm cmbicie
apxutektypa BM — 310 omnmcaHue ee CcuUCTeMBbl KOMaHI Il NPOrpaMMUCTA
(apxuTeKTypa CUCTEMBI KOMaH]).

Pa3BepHyTOE OnMCaHne apXUTEKTYpPhI JOJDKHO BKIIFOYATh:

dopmy npencrasiienus nporpamMmMm B BM 1 npaBuiia ux UHTEpIIpeTaLUy;

OCHOBHBIE (hOpMAaThI MIPEACTABICHUS IaHHBIX;

CIOCOOBI aJipecaliiy JaHHBIX B POTPaMMEe;

COCTaB aIapaTHbeIX cpeacTB BM u ux XapakTepUCTHKU;

COOTHOIIIEHHE U B3aUMOJECICTBUE anllapaTHbIX U MPOIPAMMHBIX CPEJCTB.

K knaccuueckuM apXHTEKTypaM MOXHO OTHECTH, IPEKIE BCEr0, APXUTEKTYPY
¢on Heitmana. BoT HEKOTOpBIE M3 XapaKTepHBIX OCOOCHHOCTEHN 3TON apXUTEKTYPHI:



1. IlporpaMMHOE  yOpaBICHWE  BBIYUCIUTEIBHBIM  TPOILECCOM  IMyTEM
ABTOMATUYECKOTO M3BJICUEHUSI KOMaHJ MPOTPaMMbl M3 MaMSATH U IMOCJIEI0BATEIbHOTO
UX BBITIOJTHEHUSI.

OO01mast maMsTh AJIs1 IPOTPaMM U JIaHHbIX.

OpanHakoBOE KOJAUPOBAHKE MTPOTPAMM U TaHHBIX.
Hcnonb3oBanue JBOMYHON CUCTEMbI CUUCIICHUS.
Apudmernueckoe yCTpoHCTBO Ha 0a3e IBOUYHOTO CyMMAaTopa.
. Mepapxnueckoe NOCTpOECHNE NaMATH U JIP.

BBI‘-II/ICJII/ITGJIBHa}I mamuHa (o Helimana Ha camom o0OIEM ypOBHE HMEET
CTPYKTYpY, IIpeACTaBICHHYIO Ha puc. 1.4. OHAa COCTOUT U3 LIEHTPAJIILHOTO Mpolieccopa
S ' (LIID), 3aIIOMUHAIOIIErO

: : YCTPOMCTBA, OOpa3yIOIINX
| npoueccopHoe saapo BM, u
: : —, | BHEIIHHX yctpoiict (BY),
Lo B3aMMOJICUCTBYIOIINX C
|
|
|
|

SEGIENNEN

: SAIPOM  Yepe3  CHCTEeMY
<{——) CBB By | BBOma-BeiBoga (CBB). Cam
un . L Ipoueccop BKJIFOUAET

YCTPOMCTBO  YIIPABJICHUS
1 YY), MIOCJICI0BATEIBHO

W3BJIEKAIOIEE M3 OOIel
X namMsiTd TporpaMm/JaHHBIX
KOMaH/bl, U apu@pMeTuKo-
JIOTHYECKOE YCTPOUCTBO
(AJIY) na 0aze JBOMYHOIO
CyMMAaropa, HEMOCPEACTBEHHO  HCHOJHAIOUIEES  IOCIEAOBATEIBHOCTH  MPOCTBIX
apu(pMETUIECKUX U JIOTUUECKUX OTNEpaIvii Mo yrpaBieHueM YVY.

Kitaccuueckoii apXxuTeKkTypoil IpuMepHO ¢ cepearHbl 70-X TOJ0OB MOYXKHO CUUTATh
U TapBap/ICKyl0 apXuTekTypy. OCHOBHBIM €€ OTJIMYMEM OT apXHUTEeKTyphl (hoH Heitmana
ABJISIETCA pa3desibHas MamsATh MNPOrpaMM U JIaHHBIX. Takas apXUTEKTypa XapakKTepHa
IUISl YOPABJSIONIMX, BCTPAMBAEMBIX, CHEUUAIM3UPOBAHHBIX MAaIIWH, IPOTPAMMHOE
oOecrieueHrne KOTOPHIX 3a4acTyl0 HE MEHSETCS ¢ MOMEHTa M3TOTOBJIEHUS («3alTUTHIC)»
MporpamMMmbl), B TO BpeMs Kak mporpamMma B mammuHe GoH Helimana MoxeT naxe
MEHSTh caMy ce0s B mpoliecce padoThI.

Bce octanibHOEe MHOroOOpazue apxutekryp BM MOXHO Takke OTHECTH K He-
(hoH-HEeMaHOBCKMM. MHOTHE M3 HHUX TaKXe YK€ SIBJISIOTCS MOYTH KJIACCUUYECKUMU
(xak, HarpuMep, BEKTOpHbIE MallnHbl). Kak mpaBuiio, OCHOBHBIM OTJIMYHUEM HE-(POH-
HEMMaHOBCKUX apXMUTEKTYp SIBJISECTCA pacnapajijieiMBaHue padoThl, JOMYCKaeMOe UMHU.
CoBpeMenHble BM  [0BOJIBHO pEOKO TMOJHOCTBIO COOTBETCTBYIOT TpeOOBaHUIM
KJIacCCUYeCKOM apxXxuTekTyphl ¢oH HeliMana, TeM He MEHEE OJHU U3 HHX B IICJIOM
OJNM3KM K HEH, JAPYrue — CWIHHO OTJIMYAIOTCS OT «KJIACCHYECKOW» BBIYMCIUTEILHOMN
MAaIlIUHBI.




1.3. XapakTepuCTUKH BbIYMCJIMTEIbHBIX MAIIMH

Xapakrepuctuku BM mMoxHO pa3buth Ha Heckoisibko rpymm. IIpexae Bcero, B
CUJIy OCHOBHOT'O Ha3HaueHUsi BM — BBINONHATH BBIUUCICHUS — HAMOOJIBIINN UHTEpEC
JUTSI TIOJTb30BAaTeNel PEeICTaBIISAET IPyIIa BpEMEHHBIX XapaKTEPUCTHK.

1. BpeMeHHbIe XapaKkTepUCTUKHU. BakHeWIIMMM W3 HUX SBISIIOTCS MPOU3BO-
ATEIILHOCTE U OBICTpOICHCTBHE BM. YacTto 53TM JABE XaApAKTEPUCTUKHU
OTOXICCTBIISIIOT, HO MBI Oy/IeM UX pa3indaTh, OTMEUYas apXUTEKTYPHBIE OCOOCHHOCTH
ITIOCTPOEHUS pa3InyHbIX BM.

[Tox npouszeooumenvnocmoio (productivity, performance, throughput) noanmarot
KOJIMYECTBO orepannii (3a/1a4), BEIOIHSAEMBIX (pelllaeMbIX ) Ha AaHHON BM B enunHuIly
BPEMECHH.

Bvicmpooeticmeue  (Speed, velocity) — BenuumHa, oOpaTHas BPEMCHH
BBITIOJIHEHUS OJHOU Oomnepanuu (UiIu 3aJauH).

Paznuumue Mexay 3TUMU IByMs ONPEAECIEHUSIMH MOXHO MPOUJUIFOCTPUPOBATh Ha
cneayromux npumepax. Ha puc. 1.5 npeacraBieHbl pa3iuyHble BapUAHTHI IOCTPOEHUS
BM. Ha puc. 1.5a BM BKIOYAaeT €IWHCTBEHHBIA MPOLECCOP,  BBIMOJHIIOIUN
00paboOTKy OJHOTO TMOTOKAa JaHHBIX. [l Takol CHCTEMBI C IMOCJEI0BaTEILHOM
00paboTKOW MPOU3BOAUTENLHOCTE P paBHa ObICTpoeiicTBUIO V.

Ha puc. 1.56 npencraBnena cucrema u3 N mapamuienbHO pabOTAIOMIMX
MPOIIECCOPOB, KAXKJBIA W3 KOTOPHIX BBINOJIHSAET O00pabOTKYy CBOEro MakeTa JaHHBIX
(cBoelt 3amaum). Kaxpgas 3amaua oOpabaThiBaeTCs 3a TO K€ BpPEMs, 4TO M B Ciyyae
€MHCTBEHHOTO mpolueccopa (puc. 1.5a), To ecTh OBICTpOACHCTBUE NapauieIbHON
cuctembl He Mersetcs (V, = V).

KomaHga I
¢ Lo -
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2 B) Puc. 1.5
Dl DlI
— N, — B 10O *e Bpems, NpPOU3BOAUTEIBLHOCTH HapaslICIbHOU
) cuctembl B N pa3 Bbllle, yeM y OJHOro mnpoueccopa — P, =
N-P. Ha puc. 1.3B mnpeacrtaBieH BapuUaHT KOHBeEUEPHOU
D, D, 00paboTku, mpu KOTOpOi 3aaya pazouBaercs Ha N cTyneHei,
> N, —>  Kaxaas U3 KOTOPBIX BBINOJHAETCI HAa  OTAEIBHOM
o0opynoBanuu. Bpemsi BBITIOJHEHUS 3a/ladydl B MEJIOM [y =
N-t, tne t — Bpems paboThl OJHOrO Imporeccopa. Torma
oeictponeiictBue cuctembr Vi = 1/(Nt) = VIN, tne V —
D, Dy ObICTpOACHCTBHE OAHOrO Ipoueccopa. B To ke Bpewms,
| n |s  TPOM3BOIMTEILHOCTL CHCTEMBI MOXKET OBITH BBINIE, TaK KaK
N Ha pa3HbIX CTYNEHSAX KOHBEWepa B OJHO U TO K€ BPEMS MOTYT
napajuieIbHO BBIMOJIHATHCS PA3HBIC 33/1a4U HA Pa3HBIX dTalax.
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B camom nyumrem cimydae Py = 1/t, To ects Py = P, rne P — mpou3BoaHUTEIBHOCTH
OJIHOTO IpOoLECcCcopa.

[Tpou3BOANTENBHOCTD SBISIETCS B OOIIMX CiIy4asx 0oJjiee BaXKHOW MPHUKIIATHOU
xapaktepuctukoi BM. B Oosbiieit crenenu MPOU3BOAUTEIBHOCTh — 3TO
apXUTEKTYpHasi XapaKTepUCTUKa. bBbICTpojeiicTBUEe B OOJBIICH CTENEHH SBISETCS
TEXHOJOTUYECKOW  xapaktepuctukoi BM. B HeEkoTOpeIX cCiydasx HWMEHHO
OBICTpPOJICHCTBHE MAaIIUHBI OKAa3bIBACTCsl 00JIee BaXKHOW XapaKTEPUCTUKOM, HaIpuMep,
KOT/Ia pe4b UJIET O CKOPOCTH OTKIIMKA CHCTEMBI Ha KaKoe-TMOO BXOJHOE BO3JICHCTBUC
(mpuMepoM MOXKET CiIykuTh BM miis ynpaBieHus: KaKUM-JIHOO MPOU3BOJCTBEHHBIM
MIPOIIECCOM).

JIns  w3MepeHuss NPOU3BOAUTEIBHOCTH CIIYXKAT pa3IUYHBIE TECTHI, TaK
HA3bIBAEMBIC TECTOBBIE CMECH, B KOTOPBIX B OIPEICIICHHOM IMPOLIEHTHOM COOTHOILLICHUHU
MPUCYTCTBYIOT OTEpPAllMA PA3TMYHON CJIOKHOCTH, HAOOpPHI THIOBBIX aJTOPUTMOB
pelIeHus] MPUKIAIHBIX 33/a4 pa3IMYHOTO Ha3HauyeHMs (Hampumep, pelieHue CUCTEM
ypaBHEHUH, apXUBUpPOBaHKE (DAISIOB, TPACCUPOBKA MEYATHBIX IJIaT) U T. 1. BeipaxkaroT
MIPOU3BOAUTENBHOCTh M OBICTpOJICHCTBUE MO0 B KOHKPETHBIX 3ajavyax (Hampumep, B
KOJIMYECTBE PEIICHHBIX CHUCTEM YpPaBHEHHH B CEKYyH]Zy), JMOO — B OTHOCHUTEIBHBIX
MHTETPAJIbHBIX [OKA3aTeNIAX, IMOJYYEHHBIX [0 pe3yibTaTaM TECTUPOBAHUS, IO
OTHOIIICHHUIO K W3BECTHBIM 0a30BbIM Mojeisim BM (aanpumep, SPEC, iComp), 6o —
B KOJMYECTBE OIlepallii B CEKyHAYy. B rmocienHeM ciydae HCHOJIB3YIOT — TaKue
equaUIBL, Kak OPS - omepammii B cexyHnay, IPS - maCTpyKUMiA B cexynmy, FLOPS -
omepanuii ¢ IUIaBaromie 3amATtoil B cekyHay. IPS u OPS sBnsitorcs OdYeHb
CyOBbEKTUBHBIMU E€IMHUIIAMU, TTOCKOJBbKY HUKAK HE PACKPBIBAIOT CIIOKHOCTHU ONEpaIui,
B KOTOPBIX BBIPAXEHA MPOU3BOAUTEIBHOCTh, €CIU 3TO CIEIUAJIBbHO HE OTOBOPEHO.
[Toxazatenp mpomsBoguTenbHOCTH B FLOPS Gonee oOBEKTHMBEH, Tak Kak OIepaIuu
0oJiee YeTKO ONpeeseHbl U, KpOME TOr0, pa3InuHbIe ONEPALUU C TJIaBAOIIEH 3anToN
(cnoxeHue, yMHOXKeHHE) Oojiee OJHOPOIHBI MO CIIOKHOCTH, YeM, HapHUMep, T€ XKe
orieparuu ¢ GUKCUPOBAHHOM 3aIATOM.

2. Paspsmnocts BM (mmmupuna paspsiHoi cetku). Pa3psaHocTh Takke sBIsSeTCs
BOXHOM NPUKIAAHOM Xapakrepuctukon BM. Pa3spsgHocTs BiMseT Ha  TOYHOCTH
00paboTKN W Ha MPOU3BOAUTENBLHOCTh. [loa paspsmHocTsio BM moHumMaroT oObIYHO
pa3psaHOCTh 0OpabaThiBaroliero ycrpoiicrsa (AJIY) mporeccopa, HHOTIA pa3psIHOCTh
IIMHBI JIAHHBIX TMporieccopa. Yem Oosbiie paspsgHocth BM, Tem ¢ Oomblieit
CKOpPOCTBIO OHa MOXKET 00padaThiBaTh MHOTOpa3psiaHbie uyncia. KoHeuyHO, TOBBICUTH
TOYHOCTh OOpPabOTKM MOKHO C TIOMOIIBIO MPOTPAaMMHBIX CPEACTB, OJHAKO TPH
HEOONBIION IMpUHE pa3psaHod ceTku BM 3TO TIPUBEAET K TMAJEHUIO
MPOU3BOJUTEIILHOCTH.

3. Hcnonwsyemas cucrema cuucienus. Yame Bcero B BM mo MNOHSTHBIM
COOOpaKEHUSIM UCIIONB3YETCs IBOMYHAS CUCTEMa CUMCIICHUS. TeM He MeHee Hapsay ¢
JBOMYHOM CHUCTEMOW WHOTJAa NPUMEHSAIOT U JAPYrH€ CUCTEMbI, HallpUMep, ABOUYHO-
NECATUYHOE KOJAUPOBAHUE, TPOMYHYIO CUCTEMY U ipyrue. B cnenmnannsupoBanHbix BM
HaxOJUT MPUMEHEHUE HEMO3UIIMOHHASI CHUCTEMa CUYHUCIIEHUS B OCTATOYHBIX KJlaccax
(COK), 0coOeHHOCTBIO KOTOPOU SBJISIETCSI OTCYTCTBUE MEXKPa3psAIHBIX TIEPEHOCOB MPHU
cloxeHuu. B cuctemax ¢ mociieoBaTeNbHOM 00pabOTKON pas3psoB  MPUMEHSIOT
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TPOWYHYIO 3HAKOPAa3PSAHYIO CUCTEMY CUMCICHHS, KOTOpas IO3BOJSET HPOBOAUTH
00paboOTKy 4KCel CTapIIMMU pa3psiaMy BIIEpe].

4. XapakTepUCTUKU U E€MKOCTh CHUCTEMbl IaMSTH. [[Iupoko H3BECTHO
yTBEp)KJIEHUE, OBITyIOIlee B TMOMyJsapHON  nurepatrype mno BT (mampumep, B
KOMITBIOTEPHBIX ~ JKypHaJlax), 4TO TaMmsATh (IPEX]Ee BCEro OIlepaTUBHAs), MOMHUMO
IpoLeccopa, ABIAETCS BaXHEUIIUM pecypcoM BM. B 3HauuTENbHOM CTENEHU 3TO
YTBEP)KJICHUE CJeAyeT Npu3HaTh BepHBIM. [Ipon3BOAUTENBHOCTD (WJIM MPOMYCKHAs
CIIOCOOHOCTh) MaMSITH JIOBOJIBHO YaCTO SIBISETCS y3KUM MECTOM, OrpaHUYMBAIOIIUM
npou3BoAUTENBHOCTh A1pa BM u BC B nenom, nmostoMy BaKHOW XapaKTEPUCTUKON
CUCTEMBI MTAMSTH SIBJSICTCS HE TOJIBKO €€ 00BhEM, HO U TIPOU3BOIUTEILHOCTD.

5. Ckopoctb 0OMeHa Mexay KomrnoHeHTaMu BM. Tak ke, Kak naMATh MOKET
OTPAaHUYMBATh NPOU3ZBOAUTEIBHOCTh siapa BM, Tak e u cucrema BBOJA-BbIBOJA
(CBB) MokeT orpaHMuMBaTh IPOU3BOAUTEILHOCT, BM B 11€J10M 3a cUeT CBOEW HU3KOM
IPOMYCKHON crmocoOHOCTH.  J[iia moBbImIeHUs mpomyckHol crmocooHoctn CBB
HEOOXOAMMO  TNPUMEHSTh  COBPEMEHHBIE  OBICTPOJICUCTBYIOIIUE  HHTEPPEHCHI,
cornacymoiue Oydepsl JaHHBIX, KIIIUPOBAHUE TAHHBIX U TakK Jlajee.

6. XapakTepucTuku HaJIC)KHOCTHU U Ipyrue AKCIUTyaTallMOHHBIE
XapaKTEPUCTHKHU.

Haoeoxxcnocmes — CBOMCTBO CUCTEMBI BBINOJIHATH 33JaHHBIC (DYHKIIMH, COXPaHsA
3HAYEHUE 3aJIaHHBIX IMOKAa3aTeliel B YCTAHOBJIEHHBIX MpEJeiax B TEUECHHUE 3aJaHHOTO
MPOMEKYTKA BPEMEHH.

HanexxHocTh XapakTepu3yeTcs psaoM IOKa3aTeleu.

bezomxasznocms. 1lopg omkazom NMOHUMAKOT HapylieHHE pabOTOCIOCOOHOCTU
BM, 115 yctpaHeHus: KOTOPOro TpedyeTcs BMEIIaTeNIbCTBO YENOBEeKa. be30TKa3HOCTh
XapaKTepU3yeTcsi BpEMEHEM HapaOOTKU Ha OTKa3 [, TO €CTh BPEMEHEM, B TEUEHHUE
KOTOpPOI'O FapaHTHPOBAHHO HE OyAET OTKa3a.

Jonzoeeunocms — pabOTOCTIOCOOHOCTh CUCTEMBI JI0 HACTYIUICHUS MpPeneIbHOro
COCTOSIHUS, TIPU KOTOPOM JaJIbHENIIIAsE SKCILTyaTalisi CUCTEMBI HelleJecoo0pa3Ha.

Pemonmonpuecoonocms — TPUCTIOCOOTCHHOCTh BBIYMCIUTEIBHON MAIIUHBL K
OOHapyXEHHI0  OTKAa30B. Xapaktepuszyercss  BPEMEHEM  BOCCTaHOBJICHUSA
paboTOCTIOCOOHOCTH MPHU OTKA3E 7go.

Jlocmoseprocmos dyHkimonupoBanus BM — 0e301mMO09YHOCTh TTPOBOJAUMBIX B
BM mpeoOpazoBanuii mHbopmaiuu. XapakTepuzyercs YacTOTOW BO3HUKHOBEHUS
cooeB. Ilon cOooem moOHUMAIOT BpEeMEHHOE HapylleHue pabdoTocnocoOHoctn BM,
BOCCTAQHOBJIEHME TIOCJI€ KOTOPOTO MPOUCXOAUT O€3 BMEIIATeIbCTBA M3BHE, TO €CTh
CpeICTBaMH CAMOW CHUCTEMBI. XapaKTEpHU3yeTCsl CPEIHUM BpPEMEHEM HapaOOTKH Ha
coont — T..

HanexHocTh B 1I1€JIOM XapaKTepU3yeTCs  HMHTEHCUBHOCTBIO (BEPOSITHOCTHIO)
OTKa30B.

BaxxHolt sKkcrutyaTalimoHHOW xapakTepuctukoin BM sBnsiercss xoagpuyuenm
UCNOTIL30BAHUS

Ky =To !l (Tso + To + too),

11



rae ty, — BpeMs mpoduIaKTUYECKOTO OOCITYKHUBAaHUS, MPUXOJAIISECS HAa OJUH
OTKa3.

Jpyrum I[IUPOKO HCIOJB3YEMBIM IOKa3aTeeM SBISETCS  Kodppuyuenm
eomosnocmu Ky, oH ompenenseTr BeposTHOCTh HaxoxJeHus BM B paboTocrnocoOHOM
COCTOSIHUU B MEPUOJ MEXKTY NMPOPUIAKTUYECKUMH pabOoTaMu:

K =Tol (Teo + To).

CucreMbl C BBICOKHM TIOKa3aTeleM Ko3(pUIMEeHTa TOTOBHOCTH HAa3bIBAIOT
cucmemamu 8blCOKOU 20MOBHOCU.

7. Tlokazarenu s¢ddextuBHOCTH BM. OOBIMHO 3T TOKA3aTeId CBS3BIBAIOT C
OTHOIICHHEM «IPOU3BOJUTEIEHOCTh — CTOMMOCTBY», JHOO «IIPOU3BOAUTEIBHOCTh —
CIIO)KHOCTEY»  (IJIsl MHTETPATIBHBIX YCTPOHCTB — «IPOM3BOJIUTEIHLHOCTh — KOJIUYECTBO
TPAH3UCTOPOBY) :

2=P/C.

I[JUI KOHEUHOTO IIOJIb30BAaTeNIsl 0OoJiee BaKHBIM  SIBJISICTCST  OTHOIIIEHUE
«HpOI/I3BOIII/ITGJIBHOCTI)/CTOI/IMOCTB», B TO BpEMA KaK JJIA p33pa60T‘-II/IKOB )51
I/ICCJIGIIOBaTeﬂef/'I BT 4aCTO HMHTCPCCHEC IIOKA3aTCJ/Ib «IIPOHU3BOIUTCIIBHOCTD —
CIOXHOCTB», IIOCKOJIBKY CTOMMOCTb IIOMHMO CIJIOKHOCTH 3dBHUCHT OT MACCOBOCTH
IIpOU3BOACTBA MW JPYIHX (1)aKTOp0B, HMCIOIIUX CKOpPEC Z)I(OHOMI/I‘-IGCKI/Iﬁ, 4CM
TEXHUYCCKUU XapakKTep.

1.4. O0mas kaaccupurkanus BbIYUCIUTEIbHBIX MAIIUH

BrraucnurenbHple MalTiHBI MOKHO KJIACCH(DHIIMPOBATH 1O Pa3HBIM MPHU3HAKAM,
B TOM YHCJIE: TI0 MPOU3BOIUTEIHHOCTH, HAa3HAUCHUIO, DJICMCHTHOW 0aze W T. 1.
K OCHOBHBIM M3 HUX MOXHO OTHECTH, HAIIPUMEP, CICTYIOIIHE:

1. Ilo cnocoby npedocmaenenus ungopmayuu

BM nenpepsiBHOTO nelicTBus (aHamoroBeie BM);

BM nuckpetnoro aeiictBus (mudpossie BM) ;

rubpuaasie BM (cmenranHoro tumna).

2. Ilo nasuauenuro (cmenenu cneyuanuzayuiL):

BM o0miero nasnaueHus ;

CHeIMaIN3uPOBaHHBIC U MTPOOJIEMHO-OPUEHTUPOBaHHBIE BM.

3. Ilo qusuueckomy s3¢hghexmy, ucnonvzyemomy O0as npeocmasieHus, KoOu-
posanus u obpabomku un@opmayuu: deKTpoHHble BM; wmarnutHeie BM;
Mmexanndyeckue BM; anexktpomexanuueckue; KpuoreHHoele BM; ontuueckue BM;
nHeBMarnyeckue BM; ruapaBinueckue BM u nip.

4. Ilo «xonuuecmay BLIYUCIUMENbHBIX  YCIMPOUCME U CMENneHu pac-
npeoeneHHOCmU:

aBTOHOMHEIC BM ;

BBIYHCIIUTEIHHBIE CUCTEMBI ;

BBIYHCIIATEIBHBIE KOMIUICKCHI ;

BBIYHCIIUTEIHHBIE CETH.
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BouruncianTenbHas cHCTEMAa — CJIO0XKHAs COBOKYIMHOCTh alMapaTHbIX CPEJICTB, B
TOM 4HCI€ JIByX M 0ojee MpoleccopoB, COCAMHEHHBIX BHYTPEHHUMHU IIMHAMHU U
peanu3yroumx oo1ue nporpaMmel Berunciaenuit. (Hanpumep, napannensasie 9BM.)

BuruuMcianTeIbHBIA KOMILUIEKC — COBOKYITHOCTH JIBYX M Oosiee DBM omHOTO
WIM Pa3jUYHbIX THUIIOB, MPETHA3HAYEHHBIX JIA peIleHus oOIero kijacca 3afad H
COCMHEHHBIX MEXTy COOOM IMocpeACTBOM 0OIIel (BHEIIHeH) maMsaTH (C KOCBEHHOMU
CBSI3bIO) WJIM dYepe3 KaHallbl BBOJAA/BBIBOJIA (¢ mpsMoi cBs3bio). (Hampumep, naBe
OBM, noacoeAMHEHHBIE K OJJHOMY MAacCCUBY JIUCKOB.)

BoruncianrenbHas ceTb — MHOXECTBO OBM, coeAMHEHHBIX CTaHIAPTHBIMU
TEJIEKOMMYHUKAIIMOHHBIMU KaHaJIaMH CBSI3U WJIM CTaHJAPTHBIMU KaHallaMU Tepeadyu
naHHbIX (Hanpumep, JIBC).

5. Ilo npouszgooumenvnocmu MOXKHO JOCTATOYHO YCIOBHO pa3nenuTh Bce BM
Ha cynepkoMibioTepsl (BM HambOosbiield mpou3BOJUTEIBHOCTH HA JAaHHBI MOMEHT),
oompme  BM  (cynmepmuHu-BM),  MdiiHpeiiMbl, TO  ecTb  MHHH-BM,
BBICOKOTIIPOM3BOIUTEIbHBIC paboune CTaHIMK, MHUKpo-BM, B ToM uucie aBTOHOMHBIE
MUKpOo-BM u BcTpamBaembie BM  pa3nnyHOM IMPOU3BOAUTEIBLHOCTH, KOTOPAST MOXKET
OBITH CPaBHUTEIBHO HEOOJBIION. JlemeHue 3To0 BeCbMa YCIOBHO, U TPAHUIIBI MEXKITY
MallyHaMU OJIHOTO U JIPYrOoTo Kjacca pa3MbIThl, KPOME TOTO, 10 Mepe pocTa oOIiei
MIPOU3BOIUTENBHOCTH cpeAcTB BT konuuecTBeHHBIE MMOKA3aTeNy, OTMEYAIOLIUE 3TH
IPaHUIIbI, €CTECTBEHHO, MEHSIOTCA. TaK, HA MOMEHT HalMCAHUsI ATUX CTPOK, MOJ00HbBIE
IPaHUIBI MOKHO OBbLIO Obl 0003HAYUTH CIEAYIOIIUM 00pa3oM — K CYNEpPKOMITbIOTEpaM
MOXHO OTHeCTH BM ¢ NpoOu3BOAUTENHHOCTHIO OT HECKOJBKUX COTEH ruradiomnc a0
JECATAKOB Tepaduionc, K CyIepMUHU — A0 COTEH ruraduionc, Kk MeiHdpeitmam — 10
HECKOJIbKHMX JIECATKOB TuUragJornc, a Tpou3BOJAUTEIbHOCT, MUKPO-OBM yxe Moxker
JOCTUTaTh HECKOoJbKuX ruradiomnc. To ecThb B HACTOSIIEE BPEMSI TPaHUIIBI MEXITY
MPOMEXYTOUHBIMU TpymnmamMu BM  cruparorcsi, HabirogaeTcs TEHJICHLIUS K
MUHHATIOPU3AIUN BHICOKOTIPOU3BOIUTEIBHBIX BHIYUCIUTENIEH U MOXKHO TOBOPHUTH 00
YMEHBIIICHUM YHCIIA TaKUX MPOMEXKYTOUHBIX TPYIN C BBIAEICHUEM B OTACIbHBIC
rpynmsl ToJbKo cynep-OBM, meitHbpeiiMoB U 001 OCTYIHBIX  HACTOJBHBIX WITU
MHUHHUATIOPHBIX MUKPO-DOBM.

6. Ilo cgepe npumenenus MOXHO BbIIEIUT, BM, mnpemnasHadueHHble IS
BBITIOJTHEHUSI HAYYHBIX W WHXKEHEPHBIX PACUETOB, YNPABISIIOIINE U UHAYCTPUAIIbHbBIC
BM, BcrpamBaembie BM, BM, cnenmanu3upoBaHHBIC Ji1 OOpaOOTKH CHUTHAJIOB,
nepconanbHbie BM u ip.

7. BaxXHOM XapaKTEpUCTUKOM, HEMOCPEACTBEHHO CBA3AHHOW C OIpPEIAEICHUEM
ApXUTEKTYPbl MAIIWHBI, SABISAETCA Koauuecmeo npoyeccopog 6 BM. CoOTBETCTBEHHO
MOYKHO BBIJEJIUTH OJHOINPOLECCOPHBIE U MHOTOITpOLECCOPHBIE BM.

8. Ilo cnocoby ynpaenenusi. Hapsiny ¢ TpamuuuoHHeiMu BM, ynpasisieMbiMU
MMOTOKOM HHCTPYKIUN (KOMaHM), BBIICIWJICA JTOCTAaTOYHO OOMIMpPHBIN Kiacc BM,
YOpaBIsIEMbIX MOTOKOM  JIaHHBIX (MOTOKOBBIE apxuTeKTyphl). [lo kpaiiHeil mepe
AJIEMEHTHl TOTOKOBBIX APXUTEKTYP UCIIOJB3YIOTCS. BO MHOTHUX COBPEMEHHBIX
CYHEPCKAIAPHBIX MHUKPOIPOILIECCOPAX.

Knaccudukanvs He orpaHUYUBaETCS MPUBEICHHBIMU TIPU3HAKAME, MBI TTPUBEITN
TOJIKO HEKOTOpPhIE M3 BO3MOXKHBIX, TaK Kak MHorooOpasue cpenctB BT mocrarouno
BEJIUKO.
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1.5. OcHOBHBIC IYTH NOBBLILICHUS NPOU3BOAMTEIbHOCTH BM

OpnHolt U3 HamOosee BaXKHBIX MPUKIAAHBIX XapakTepuctuk BM sBisiercsa ee
IPOU3BOAUTENBHOCTh. [lOBBIIEHHME MPOU3BOAUTEIBHOCTH — 3a4acTyl0 TIJIAaBHOE
TpeOoBaHue, crosuiee nepen paszpaborunkamMu BT. MOXHO BBIIEIUTH HECKOJIBKO
OCHOBHBIX IIyT€l peLIeHUs 3TOH 3aauu:

1. CoBepiieHCTBOBAaHME TEXHOJIOTUM Mpou3BoacTBa OBM («dusnueckuin» myTh)
— TIOBBIIIEHUE OBICTPOJCHCTBHS TIOTUYECKUX FTIEMEHTOB.

2. PacnapanenuBaHu€e BbIYACICHHAMN.

3. KonBeliepu3anus BbIYUCICHUM.

4. Cneunanu3anuys BIYUCICHUN.

5. AnmapaTHas peajau3aius CI0XKHbBIX QYHKIUH.

CoBepilieHCTBOBaHHE TEXHOJOTMM B OCHOBHOM HANpaBJICHO Ha yMEHbILICHUE
reOMETPUUYECKUX pa3MepoB, CHU-

YckopeHune o

e6 - N KEHUE TOTPeOISIEeMO MOIITHOCTH

28 U YMEHBIICHHE BPEMEHU Iepe-

128 | .
/’ KIIFOUEHUSI JIOTUYECKUX BEHTHUJICH.

N/InN 7
64 | // (B macrosimee Bpems reo-
32 ’ METpUYECKUE pa3Mepbl MOpsAKa
= 7

0.1 MKM, BpeMs NEPEKIIOUYCHUS
nopsiaka 0.1 Hc). Ho »stoT myTh
OorpaHuyueH (U3NUYECKUMU TIpese-
Jamu.

AJbTepHATUBHBIE IMYyTH —

apXUTEKTypHbIE (JIOTUYECKHE) U
T N T N T N MpEeXJEe BCErO — MapalijieibHbIE U

> 4 8 16 32 64 128 256 512 1024  KOHBEHMEPHBIE BBIYMCIICHUS.
llapannenuzm MOXKHO OIpe-
Puc. 1.6 JIEIATh KaK BO3MOJKHOCTH OJIHO-
BPEMEHHOTO BBITIOJTHEHUS Pa3HbIX
MaTeMaTUYeCKUX WJIM CIYyXeOHBIX omnepanuil. Pacnapaninenusanue — HaX0XJICHUE aJl-
ropuT™Ma pelieHus 3aJayu, UCMOJb3YIOUIEro Napaielin3M, U peain3alus 3TOro ajiro-

putma B BC.

llapannenvuvie BC — 310 MHOrompoueccopubie BC, B KOTOpBIX Mmapaien3m
WCTIONB3YETCsl JUIsl TIOBBIMIEHUSI TTPOU3BOJUTENLHOCTH MPU PEIICHUU 3a7ad 3a CuUeT
OJIHOBPEMEHHOI'0 BBITIOJIHEHUSI PA3HBIX OINEpaldidi Ha pa3HbIX  MOpoleccopax WIu
00pabaThIBaIOIIUX YCTPONUCTBAX OJHOTO MPOIECcopa.

B uneansnom cnydae nias BC uz N mporeccopoB  MPOU3BOAUTENIBHOCTh: Py =
PoN, tne Po — mOpou3BOAUTENBLHOCTH OJHOTO IMPOIECCOpa, OJIHAKO Ha MPAKTHKE
CUTyalus 3a4acTyl0 OKa3bIBAE€TCSI MHOIA.

B nuteparype no BC uacto npuBoasar 3aBucumMocTtu yckopenust B BC ot uucna
MPOIIECCOPOB B CUCTEME, MPUBEICHHBIE Ha puc. 1.6. Hambomee onTuMUCTHYHAS OlIEHKA
cooTBeTCTBYeT  oOxuaaHusiM (yckopeHue B N pa3), HO BCTpedaeTcsi TOJbKO Jid
HekoTopbix BC (Hanpumep, CUCTOJIMYECKOTO THUIIA).

16 |
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bonee neccumuctnyeckue omenkn Ampans (N/(INN)) m Munckoro  (1ogzN)
OOBSICHSIOTCS PSIIOM OOCTOSITEIIBCTB.
B yacTHOCTH, MO’KHO BBIICTMTD TPU MPOOJIEMbI pacriapaijicTuBaHMs

1. PacnapannenuBanue anroput™ma (MaremMaTudeckas mpoojemMa).

2. PacnapannenuBanue BBIYHCIUTEIBHON CTPYKTYpHl (apXUTEKTypHaAs H
CXEMOTEXHUYECKas, CHCTEMHas IpoodieMa).

3. [lepenoc anropuTMa Ha CTPYKTYpY.

Oty npoOiemMbl BOZHUKAIOT Ha Pa3HbIX 3Tanax MocTpoeHus napaensHoi BC.
[lepBas mpobiieMa cBsizaHa co crenu(UKON pemaeMoil 3a7aud U BBIOPAHHOTO METOJa
pemienus. HekoTopele 3agaud OYeHb XOpOILO pacnapauleIuBarOTCsA (Hampumep,
MHOTHE 3a7a4i 00pabOTKHU MaTpPHIL), HEKOTOPbIE — OUEHb TI0X0. BTOpas — ¢ pemeHuem
BOIIPOCOB  B3aMMOJICHCTBHS MapaJUIebHBIX MPOLECCOPOB (HAampumep, OOMEH ¢
NaMsATBIO, MEXKIIPOLIECCOPHBIM OOMEH, CHHXpOHM3alus U 1p.) Tpetes — cC
BO3MOKHOCTBIO peajM3allii BBIOPAHHOTO pacnapajuIeIEHHOrO alropuTMa Ha JaHHOU
napajuienbHO  cTpykType. OAMH M3 acleKkToB MpoOJieMbl pacrnapalieIBaHUs
WUIFOCTPUPYETCS  3aKOHOM ~ AMJanis, COIJJaCHO KOTOPOMY YCKOPEHHME npu
UCITOJIb30BAaHUU MHOTOITPOLIECCOPHOM CUCTEMBI OrpaHU4EHO J0JIen
HepacnapaJjIeIMBaéMOro KOJa B POTPaMMe :

Kyex = Nu/ (N, —1) f+ 1),

rae Ky — k03 dunment yckopenus, N, — KOIHYeCTBO MPOLECCOPOB B cucteme, f —
JI0JIs1 HEpachapauieIMBaeMOTo KoJia (B IOJISIX €AUHUILBI).

Takum o0Opa3om, Hampumep, npu 10% HepacnmapaienMBaeMoro Kojaa B
nporpamme (f = 0,1) mMakcuManbHOE YCKOpEHHE (JaXke NpU OCCKOHCYHOM YHCIIC
npoieccopoB) coctaBut 10 pas.

Kownseiiepuzayus eviuucnenuii — pa3oMeHre BBIUMCICHUN Ha MOCJIEI0BATEIbHbIC
ATalbl C I[EJNbI0 Pealn3allMi 3THX ATAllOB Ha OTAENIbHBIX CTYNEHSAX KOHBEepa s
MOBBIIIEHUS IPOU3BOAUTEIHLHOCTH.

Komneeiiep — ycrporictBo, coctosiiiee 3 N MOCIIeIoBaTeIbHO COCIMHEHHBIX
yacTeil (CTymeHeW KoHBelepa), Kakaas U3 KOTOPBIX BBIMOJIHSAET OYEPEIHOMN Iar
BBIYMCIICHUM 3a BpeMms t (TakT koHBeiiepa). Takum oOpazom, sl perieHus: 3ajadu,
TpeOyromeir N maros, morpedyercs Bpems, paBHoe t N, olHaKO MPOU3BOIUTEIIBHOCTD
KOHBelepa MOXeT ObITh IOCTATOYHO BEJUKA, MOCKOJIbKY OCBOOOXIAIOUIMECS CTYIEHU
MOTYT 3alOJHATHCS HOBBIMHU JaHHBIMU. B HUTOre Ha KaXXJIOM TaKTe KOHBEHEP MOXKET
BBIJIABATh OUYEPEIHON pE3yJIbTaT.

Bpewms pemenust oqHOM 3a1a4M Ha KOHBEHEPE:

[Ipon3BOIUTENBHOCT KOHBEMEDA:

P=NI(To+N’?);

rae N’ — KOJIM4YecTBO 3aJ1a4, NOCTYIMAIOUIMX Ha BXOJ KOHBelepa,
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To— Bpems 3arpy3ku (7p=(m-1) t, rme M — KOJIMYECTBO CTYICHEH KOHBelepa).

W3 mocnenneir gopMynbl BUAHO, uTo Npu 1o << N’ ¢ NIpOU3BOAUTEIHHOCTH
KOHBelepa cTpeMuTcs K BenmuuHe 1/t (mukoBasi mpou3BOAUTENILHOCTh KOHBEHEpa). B
TO e Bpems npu 7o, conoctaBuMoM ¢ N’ ¢t (0oJbllioe BpeMs 3arpy3Kd U MOATOTOBKU
KOHBelepa), Wiv pu MaJioM N TIPOU3BOJAUTENLHOCTh KOHBEWepa OyIeT HIKE.

Tak e, Kak ¥ B cllydae pachapajiyleIMBaHusl, IPU KOHBENEPU3ALNU BO3HUKAIOT
po0JieMbl CO3/IaHUSI AJITOPUTMA, CO3JAaHUSI CTPYKTYPhl U MEPEHECEHHUs aJIrOpUTMa Ha
CTpYKTYypy. [Ipu 3TOM K anroputMmy npeabsBISIOT TPEOOBAHUS:

OTCYTCTBUE (MUHMMAJIBHOE KOJMYECTBO) IIUKIOB U Pa3BUJIOK ;

BO3MOKHOCTh Pa30MEHUsI Ha IIard OJJMHAKOBOW JIJIUTEILHOCTHU (M CJI0KHOCTH);

MOCJIEIOBATEIBLHOE U PABHOMEPHOE MEPEMEIICHUE TAHHBIX [0 AITOPUTMY U JIp.

YacTo KOHBEUWEPHBIN PeXUM HCIOIB3YIOT B BeKTOpHBIX BC. BekTtopusie OBM un
BC BBINONHSAIOT HE TOJABKO CKaJsIpHBbIE Olepanuu (HaJ YuciiaMu), HO U OTIEpaliK HaJl
BEKTOpaMu (MacCMBaMHU WYHCEN), HPU STOM BEKTOPHBIE OINEPALMU BBIMNOJHIIOTCA
napajuielIbHO JUIsl BCEX DJIEMEHTOB BEKTOpa, TuO0 Ha KoHBelepe. B mocnennem ciyyae
IIPOM3BOJUTEIIBHOCTh IMOBBIIACTCS 3@ CYET OJHOBPEMEHHOTO BBINOJHEHUS Ha
KOHBEMEPE HECKOIBKUX BEKTOPHBIX ONEPALIUi :

Ycekoperne = T (M-1) Q/ (Mt +Ty),

rae T — BpeMs CKaJIIpHOM orepariuyd, M — aiuHa BekTopa, t — TakT KoHBelepa, Q —
KOJIMYECTBO OJHOBPEMEHHO BBINOJHAEMBIX BEKTOPHBIX OIEpaluii Ha KOHBeWepe
(kommyecTBO 3a/1a4), Ty — BpeMs MOJATOTOBKY KOHBEHepa (3arojiHeHUe KOHBEepa).

Cneyuanuzayus 6vluucieHuti TO3BOJSAET MOBBICUTH ITPOU3BOIUTEIBHOCTD 34 CUET
amnrapaTHOM pealv3aluyd pPEIIeHUs 3aa4u B 1[eJIOM, 00 KaKOH-TM00 CII0KHOW YacTh
ATOM 3374, TO €CTh METOJIOM IIPOTPAMMHUPOBAHUS ANIIAPATHON CTPYKTYpPBI. BBIMIpbILI
B MIPOU3BOJIUTEIILHOCTH JIOCTUTAETCA 3@ CUET COKPAILIEHHS pacXoJ0B Ha YIIPaBIICHUE, a
TaKXe 32 CUET CHUKEHUS] YHHBEPCAJIbHOCTU YCTPOMCTBA.

B 10 ke Bpemst annapamnas peanuzayus ciodichvix @yuxkyuil (apudMeTHIecKuX,
MaTpPUYHBIX OMEpaluii U T. JI.) MOXKET NMPUMEHSTHhCS W B yHUBepcaiabHbiX BC 0e3
CHUKEHUSI (PYHKIIMOHAIBHOCTH, 32 CUET TOJBKO YBEITUYCHHUS CTOMMOCTH YCTPOWCTB U
MPUAAHUS UM JIOTIOJIHUTEIBHBIX (DYHKIIHIA.

B nansHeimeM mMbl yBUAUM NPUMEPHI IPUMEHEHUS 3TUX MOJIXOJ0B B PA3JIMYHBIX
BC.
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2. OPTAHMU3ALIMA CUCTEM TAMSATHN

2.1. XapakTepucTUKH H KJaCCHPUKANUA 3aNOMHUHAKIIUX YCTPOMCTB.
Hepapxus cucrem namMsaTu

Ilox 3anomunarowumu  ycmpoticmeamu (3Y, mnamsate) OyaeM IOHUMATh
COBOKYIIHOCTb YCTPOWMCTB Ul 3allOMUHAHMs, XPaHEHUS M BbLAAYM HHPOPMAIUHU.
[laMaTh SBAS€TCS OJHUM W3 OCHOBHBIX PECYPCOB KOMIIBIOTEpA, BIMSIOMIMM KakK Ha
MIPOU3BOJUTENBHOCTD, TAK U Ha (PYHKIIMOHAIBHOCTh BBIYUCIUTEIHHON MAIIUHBI.

K OCHOBHBIM XapaKTepUCTUKAM YCTPOMCTB MaMSITH MOKHO OTHECTH:

1. BpeMeHHBIE XapaKTEPUCTHKH :

Bvicmpooeticmeue: onpenenseTcss BpeMeHEeM BBHIOOPKH, BpEMEHEM OOpalleHus U
ApyruMH  TapaMeTrpamu. Bpemsi  oOpamieHust CKIaAbIBaeTCs M3  Pa3IUYHbBIX
COCTaBJISOLIUX, HAIIPUMED:

t06qu = t}:[OCT + th + tper,

riae tospur — BpEeMs OOpalleHUs NPU YTEHUH, thoer — BPEMS JOCTYNA K JaHHBIM, ther —
BpeMs pereHepanuu (g JTMHaAMAYECKON maMsTh), tyy — BpeMs COOCTBEHHO UTEHUS;

t06p3H = t,I[OCT + tnoz[r + tsn,

rae tospsm — BpeMst oOpallleHusl P 3alMCH, tnonr — BPEMS NMOATOTOBKH JAHHBIX, ts; —
BpeMsi COOCTBEHHO 3amucu. Takum o0pa3om, mporecc yTeHus/3anucu 3Y B oOlieM
CJIy4yae BKJIIOUYAET PAJl ATANOB Pa3HOM CIIOXKHOCTHU U JUTUTEIHHOCTH.

lIpouzeooumenvrocmys:. ONPEACISIETCS MPOIMYCKHOM cocoOHOCTRIO 3Y, TO ecTh
obbeMoM HHGpOPMAIMKA, KOTOPBIM MOYKHO CUHMTaTh/3amucarth u3/B 3Y B eIuHUILY
BpeMeHU. JlJisi OLIEHKM NPOU3BOJUTEIBHOCTA 4YaCTO HCIOJIB3YIOT  IOKa3aTelb
JUIMTEIbHOCTH [MKJIa  oOpaimieHus K mnamsatd t,, MoJa KOTOPHIM  TMOHHMAIOT
MUHHUMAJIbHOE BpeMs MEXAy CMeHOW wuHbopMmanuu Ha Bbixone/ Bxomge 3VY.
JITUTENTbHOCTH 1IMKJIa HE BCET/Ia COBIIA/IaeT C BpeMEeHeM OOpaIieHusi, B 4aCTHOCTH, MPU
KoHBeWepuzaiuu 3Y MOXHO JOOUTHCS YBEIWYEHUS MPOU3BOIUTEIBHOCTUA TIPU
JIOCTATOYHO OOJIBIION BeIUUMHE l,5p 3@ CUET pa3fesCHUS o0mie 3agadu
YTEHUS/3aMICH Ha TIOCJIeIOBAaTE/IbHbIE CTYIIEHU KOHBEMepa.

2. Baxseilie noTpeOUTENbCKON XapakTepucTUKo 3Y SBISETCS €ro oowveM,
unu emxocmsv namsmu (E), TO ecTh KOJUYECTBO 3amoMuHaemMor wuHdopmanuu. B
3aBUCUMOCTH OT Tuma 3Y, €ro Mecrta B BBIYUCIUTEIBLHONW CHCTEME, O0BEM MOXKET
MEHSATBCA OT JIECATKOB OauT (st peructpoBoit mamsatu LII1) mo gecsATKoB U coTeH
rurabaiT (1711 MaCCUBOB HAKOIUTEJICH HA MAaTHUTHBIX JTUCKAX ).

Hapsny ¢ xapakTepuCTUKOW €MKOCTH MaMsITU MPUMEHSIOT TAKXKE YJIEIbHYIO
€MKOCTb I10 OTHOIICHHIO K SIUHUIIE TUTIOIIAIN Wi 00beMa KpUCTasuia:

Eyn= E/ Sip.
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Takas xapakTepucThka B OOJIBIIICH CTETICHH XapaKTEPHU3yeT TEXHOJOTHUYECKHE
ocobennoctu 3Y.

3. Tpetbeii BaxkHelIeH MOTPeOUTENHCKON XapaKTepucTukon 3Y, Kak U JIr000ro
BBIYHMCIIUTEILHOTO YCTPOMCTBA, SIBISETCS €ro CTOUMOCTh, KOTOpas TakKkKe MOXKET
MEHATBCS B CaMbIX IIMPOKUX Tpefesax B  3aBUCUMOCTH  OT o0beMa,
POU3BOUTEIILHOCTH U IpYrUX  XapakTepucTuk.  PacmpocrpaHeHHOM
XapaKTEPUCTUKON SIBIISIETCA yleNbHAasg CTOUMOCTb B pacdeTe Ha €UHUIly UH(OpMaIuu
(ctoumocTh oTHOTO OMTa/OaiiTa, KWIO- U MerabaiTa | T. 1.).

[ToMUMO TIEpEUYNCICHHBIX MOYKHO OTMETUTH MHOXKECTBO JPYTUX XapaKTEPUCTHK
3V, B TOM 4YHCIie: TEXHOJOTHIO U3TOTOBJICHHS, MOTPEOHOCTh BO BHEIIHEM HMCTOYHHKE
MATaHUA I XpaHeHUsS WHQPOPMAIUH, JUTUTEIBHOCTh XPAaHECHUsI, KOJIMYECTBO ITUKIIOB
YTCHUS U 3allUCH, TECOMETPUICCKHE Pa3Mephl U TaK Jajee.

C yueroM TpHWBEACHHBIX XapaKTEPUCTHK, a Takke HazHaueHus 3Y, MecTa,
3aHuMaeMoro 3Y B BBIYMCIUTEIBHOM CHCTEME, MOXKHO MIPUBECTH, HaIpHUMep,
cienyrouyto kinaccudukanuio 3Y:

1. I[To ynmaneHHOCTH OT HpoIECccopa :

CBepXxoliepaTUBHas (PETUCTPHI MPOIIECCOpa, KIUI-MaMSITh);

OCHOBHas (onepaTHBHAs) MaMSITh ;

JIOTIOJTHUTEIIbHAS TaMSITh (BHEIIHSS) ;

BTOpUYHAS MaMSTh (TaK)Ke BHEIIIHSIA) ;

MaccoBas MaMsITh (BHEIIHSIS, KaK MPABUJIO, HA JOCTYITHBIX CMEHHBIX HOCHUTEIISX ).

2. I1o opranm3anuu 3amnucu :

MOCTOSTHHOE 3aroMuHaromee ycrporcto — [13Y (ROM — read-only memory) —
OJTHOKPATHO MPOTPAMMHUPYEMOE U3TOTOBUTEIIEM YCTPOUCTBO TOJIBKO JIJISl YTCHHUS,

nepenporpaMmupyemMoe 3anomuHaromiee ycrpoiicteo — I[II3Y (PROM) -
BO3MOYKHO TIEpENpOrpaMMHUpPOBaHNE, KOTOpOE, OJIHAKO, TpeOyeT CIenuaabHON
MPOIIETYPhI, KOJIMYECTBO ITUKIIOB 3aMMCH HAMHOT'O MEHBIIIE ITUKIIOB YTCHHUS;

orepaTtuBHOE 3amomuHawmee ycrpoiictBo — O3Y (RAM — random access
Memory) — KOJHMYECTBO IMKJIOB YTCHHS MOXET COBMAJaTh C KOJHMUYCCTBOM I[MKIIOB
3aIucH.

Ctporo roBopsi, MpUBEJCHHBIE OTCYECTBEHHBIC U UMIIOPTHBIC COKPAIICHUS IS
JIByX OCHOBHBIX THIIOB TMaMSTH HE BIIOJIHE TOYHO OTPAXKAIOT MPHUBEIACHHOE JEJICHHUE
NaMaTH 110 OpPTaHW3alliyd 3aluCH, HO SIBJSIOTCS UCTOPUYECKH CIIOKUBIIUMUCA U
OOLIENPUHATHIMH.

3. Ilo oprann3zanuu gocTtyna :

C TOCTEA0BATEIbHBIM AOCTYNOM ({y0cr MEHSETCS TS PA3IMYHBIX aJAPECOB WM
YYaCTKOB MaMSITH — YEM CTapllie aJpec, TeM OoJibllie BpeMs JOCTyNa);

C TpsIMBIM JTOCTYNIOM (ty0cr = cONSt JJIS pa3sIWYHBIX aaPECOB WM yYaCTKOB
MamMsTH).

4. Tlo opranu3anuu MOMCKa siYE€EK B MaMSITH:

«M-TIouCK» — MOUCK 10 MecTy (Hanmpumep, B aagpecHom O3VY);

«B-mionck» — MOMCK MO BpeMeHHW (Hampumep, Mpu padoTe C HAKOMHUTEIEeM Ha
MAarHUTHOM JICHTE).

5. o dpusnyeckomy 3pdexTy (TeXHOIOTHH), UCTIOIB3YEMOMY IS 3alIOMUHAHUS
U XpaHeHus uHpopmaiuu :
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MTOJTyITPOBOJTHUKOBAS TTaMSITh;

MarHuTHasi;

MarHUTOONTHYECKAs;

onTHYECKas;

ANEKTPOCTATUYECKAS U JIP.

6. O3V no crocoOy XpaHeHus ICIUTCS HA :

cTaTU4YecKoe (Ha TpUurrepax);

JMHaMHU4YecKoe (Ha KOHJIeHCAaTopax).

7. ITo cniocoOy ampecanuu:

aJpecHast MaMsITh;

CTEKOBas MMaMsITh;

accollMaTUBHAs NaMSATh.

8. Ilo oprannsanuu naMsaTd B CUCTEMY:

NaMsATh C PACCIOEHUEM;

BUPTYaJibHAS MMaMSITh;

KOUI-TIaMSITh;

pa3uYHbIC BApUAHTHI OJIOUHO-KOHBEUEPHBIX CUCTEM.

9. I1o 3aBUCUMOCTU OT UICTOYHUKA MMUTAHUS:

HHEPro3aBUCUMAS;

HHEPrOHE3aBUCUMASL.

Kak m panee mpu KiIacCH(pUKANMKH BBIYUCIUTEIBHBIX MAIllMH, OTMETHM, YTO
BBIOpAHHbBIE KJIACCU(PUKALIMOHHBIE MPU3HAKK HE SIBISIOTCS BCEOOBEMIIIOIIMMH  WJIU
00s3aTeNbHBIMH, TPOCTO OHU OTPAXKAIOT  HEKOTOPbIE  BAXKHBIE  OCOOEHHOCTH

PaccmarpuBas XapakTepu-
CTUKU U Kiaccupukanuo 3Y u yuu-
: ThIBasi X MHOTO0OOpa3ue, HEeNb3sl He
Byd. nam.1 | UM L1 YIOOMSHYTh 00 HMEpPapXud CUCTEM
: NaMATA B COCTaBE BBIYUCIUTEIHLHOM
_ cucteMbl. Kak Mbl TOMHUM, TpHUH-
Byd. nam.2 L2 M HEPAPXUIECKOTO IOCTPOCHHUS
CHUCTEM TaMSTH  3aJ0KEH elle B
: (dhoH-HEMMaHOBCKON apXUTEKTypE, B
Onep. namsATb T€ TOIbI, KOrga OOJBIIMHCTBA CO-
BPEMEHHBIX TUNIOB 3V €Ille HE CyIIe-
ctBoBayo. OQHAKO W TOTIAa UMEINHUCH
OTHOCHUTENbHO OBbICTpasi W joporas

.......................................

BTopuyH. nam HDD

SHEPro3aBUCUMAas OICpaTHBHAs Tia-
MSATh M BHEIIHSA IaMATb — OoJiee
CD-ROM, MO, elmeBas, HaMHOIO OoJiee MeEIJICH-

MaccoBasa nam. A ’ A
FDD, HMI Hasi, HO TIPH 3TOM 3HEPrOHE3aBUCH-
mas. Celiyac uUepapxus BBITISIUT
HAMHOI'O CJIOJKHEE, HO OOImit

Puc. 2.1 MIPUHIIAI €€ TIOCTPOCHUS OCTACTCS B

OCHOBHOM HEW3MEHHBIM (puc. 2.1).
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Ha BepxHeM ypoBHE HepapXuu pacrosiaraeTcsi HauOosiee ObICTpas U Joporas
pEerucTpoBas MaMsTh MpOLECCOpa, a Takke OydepHas K3LI-aMsATh IEPBOIO YpOBHS,
pacnosioKeHHass B KpHUCTajule Ipoueccopa. K HEll MpuUMBIKaeT K3II-IIaMATh BTOPOIO
YPOBHS, BBIIIOJIHAEMAsi B OJJHOM KOPILyCE€ C MPOLIECCOPOM, JTUOO Ha CUCTEMHOM ILIaTe.
Ha cnenytoniem ypoBHe HaXOAMTCA ONEepaTUBHAS (Yalle BCEro JUHAMHUYECKas) NaMsTh
JOCTaTOYHO OOJIBIIOr0 00beMa. DT YPOBHU BMECTE C IpoLeccopamMu 00pa3yroT s]1po
BC B apxurekrype pon Heitmana. Ha Oosiee HU3KMX ypOBHSX paciojiaraeTcs BHEIIHSSA
IIaMATh — BHENIHME YCTPOMCTBA, B3aUMOJECHCTBYIOIIME C SAPOM IO KaHajlaMm BBOJAA-
BbIBOZa. B KkauectBe BTOpMYHON mamsatTh MoxHO ykazate HXKMJL  (HDD) -
HAKONHUTENIM Ha JXECTKUX MArHUTHBIX AHCKaX, — Hambojee OBICTPOACHCTBYIOIIYIO
BHEIIHIOK NaMATh, IIPX 3TOM CO 3HAYUTEIbHBIM 00beMOM. K MaccoBoil mamMsiTH MOKHO
OTHECTH Pa3HOOOpa3HbIe CMEHHBIE HOCUTENM MH(GOPMAIUU, Pa3IHyaIOlIUecs] KaK 1o
00beMy, TaK M 10 BPEMEHU JOCTyNa (HAKOMMUTEIW HA THOKMX MarHUTHBIX AMCKaXx,
marauTtHou JieHte, CD-ROM gucku u T. 1.), KOTOpble OOBEAUMHSAECT OTHOCHUTEIHHO
HU3Kasl yJEJIbHAsi CTOUMOCTb.

Jlerko 3aMeTUTh, YTO NPU JBWKEHUU II0 MEPAPXUMU CBEPXY BHU3 IPOUCXOIUT
CHIDKEHUE  yJIeJIbHOW CTOMMOCTU XpaHEHHMs HHPopMaluu, pocT o0beMoB 3Y u
[1aJICHUE IPOU3BOAUTEIILHOCTH.

[Tonobnoe noctpoenue cuctem namatu B BC oObscHsETCS, ¢ OAHONH CTOPOHBI,
pa3ianyYHOM (PYHKIMOHAJIBHOM HampaBlieHHOCThIO  3Y (OomepaTuBHOE XpaHEHHE
HeOobnX 00beMoB uH(popmaimu B O3V, 1100 A0ATrOBpEMEHHOE XpaHEHHUE OOJIBIINX
00BEMOB JJaHHBIX HA JUCKOBOM MaMATH), & C APYrOl — MONBITKON TOCTUYb OOJIee-MeHee
IIPUEMIIEMOTO COOTHOLIEHUS MEXKAY LEHOU U MPOU3BOAUTEIBHOCTHIO BBIYUCIUTEIBHON
CUCTEMBI, YTO SIBJBUIOCH AKTYyAJIbHBIM KaK Ha 3ape BBIYMCIMTEIBHOW TEXHUKH, TaK H
cenyac.

2.2. Opranuszanus apecHoil MaMsTH

OTAMYUTENbHBIM NPU3HAKOM AJPECHOW TaMSITH SABJISIETCSA  OpraHU3alus
IOCTyNa K sA4YeilKkaM NaMsTH IO aJpecaM, TO €CTh I10 HOMEpPaM, KOTOPbIE MOCTYIAOT
Ha Bx0J 3Y B 3aKOAMPOBAHHOM BHJIE, 3aT€M JIEKOJIUPYIOTCS TEM WU UHBIM 00pa3om
JUIS BBIOOpAa  OMPENENICHHOrO0  3allOMUHAIOIIETO 3jeMeHTa (3D) WM WX TPYMIIbIL.
[TogoOHast cxeMa COOTBETCTBYET B OOJBIIEH CTENEHU YCTpoilcTBaM ¢ M-oucKoMm, st
KOTOPBIX BPEMS JOCTYIIA SBJISIETCS IMOCTOSSHHOW BEJIMYMHOW, HE 3aBUCSLIEN OT azapeca.

AnpecHass maMmsaTh ¢ M-moMckoM (IO KOTOpPOM 4alle BCEro mojpa3syMeBarOT
MOJTYNPOBOJHUKOBYIO MaMsATh) Ha caMOM OOIlEM YpOBHE BKJIIOYAeT B ce0si MacCuB
3aMIOMUHAIOIINX AJIEMEHTOB (TPUITEPOB, PETUCTPOB, YIPABIIEMBIX KOHIAECHCATOPOB U
T. 1I.), aJApecHbIe nemudpaTopsl A IEKOAUPOBAHUS aapeca sTMCHKU B yIPaBJISIOIINE
MMIYJbCHl MO IIMHAM YIPAaBJICHUS, YCUIUTEINW aJpPECHbIX W Pa3psiAHBIX JUHUN, a
TaKkkKe BCE OCTaJbHbIE HEOOXOMMMBIC  JIOTMYECKHE CXEMbI JUIsl OCYIIECTBICHUS
BBIOOPKH, CYUTHIBAHUS U 3aIMCU U yripaBiieHus 3Y.

PaznuuHbie BapuaHTBl OpraHu3alMd NaMATH ¢ M-TIOUCKOM CBSI3aHBI, MPEXKIE
BCET0, C PA3IMYHBIMHU CIIOCOOAMU TOCTPOEHUsT MaccuBa 30 U JACKOAUPOBAHUS ajpeca.
C 51Ol TOUKHM 3peHHs BbLAEISIOT naMsaTh tuna 1D, 2D, 2,5D, 3D, 4D 1o Koau4ecTBy
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u3MepeHnii maccua 33. B mamsatu tuna 1D maccuB nMeeTr o1HO U3MEpEHUeE, TO €CTh
azpecyercs Kakaplii OuT namartu. [lpu nocratouno 0osbmom oobeMe 3Y 3TO NPUBOAUT
K CJIO)KHBIM CXeMaM JAemupaTtopoB U OTPOMHOMY KOJMYECTBY CIYKEOHBIX JMHMM,
TpacCUpOBKa KOTOPBIX BHYTPU KpHUCTasla BBI3BIBAET NPOOJIEMBbI, a IUIOIIA/b,
3aHMMaeMasl UMM, COIOCTaBUMa C IUIOMIAIbI0 MaccuBa camux 30. B 2D-namsatu (puc.
2.2) ampecyroTcsl HE OTAENIbHbIE OUTHL, @ CJIOBA, YTO YJIyYLIAET OOILYI0 KapTHHY.
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——> Rg A DC A boN H N
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AY3n J
Alllan £ n Pl
PYur
DI ¥ n
Rg D
4 N
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Puc. 2.2

st Qosbliiel SKOHOMHUHM KpHUCTala HEOOXOJWMO HCIOJIb30BaTh CIIOBA EIIle
OOJBIEH Pa3psAHOCTH, YTO BXOJIUT B MPOTHUBOPEYME C PA3PSAHOCTHIO MIMH JAHHBIX
BC u co3nmaer nmomosHuTenbHBIE HEyn00cTBa. i WX MPEONONCHHS HUCIHOJIB3YIOT
opranu3zauuio tumna 2,5D (puc. 2.3), npu KOTOpOH cJIoBa CUCTEMHOM pazpsiaHocTH (16,
32, 64 u 1. 1.) OOBEAMHSIOTCS B TPYMIIBI, aJIpec SYEHKU MPU JEKOAUPOBAHUH B 3Y
JICIUTCS Ha JIBE YacTU, OOJIbINAs U3 HUX UCIIOJIB3YETCS JJIsl BRIOOpA TPYIINbI, @ MEHBIIIAs
— JJIs1 BBIOOpA CJI0BAa BHYTPH T'PYIIIIHI.

IIpu 3D opranuzanuu (puc. 2.4) maccuB 3D HMEET JBa U3MEPEHHUS, TO €CTh
BBIOOp sUEHKH (CJIOBA) OCYIIECTBISETCS IO JBYM KOOpJWHATAM, MPU ITOM aapec
SUCHKU JETUTCSA Ha JIBE paBHBIC YACTH, KaXJasl U3 KOTOPHIX UCIIOIB3YETCs i BIOOpa
OJHOW W3 JMHUU MO OJHOU U3 ABYX KOOPAHUHAT. B pe3ynbrare U KOJUYECTBO JIMHUM, U
CJIO’)KHOCTh aJJPECHBIX JAemu(ppaTopoB yMeHbIaetcs. [lanpHeliee pa3BUTHE TaKOTro
MOJIX0/1a IPUBOJIUT K MaMATH ¢ opranuzamue 4D u T. 1.
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[Tamsth ¢ B-mouckoMm Takke MCIOIB3YET aIPECHBIN CIIOCOO BBHIOOPKH SUYEHKH

(6moka) uH(OpMaLMK, OJHAKO B TAaKUX YCTPOWCTBAaX aJpec BBICTYHAET
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MCTOYHUK KoJa ajs naemm@partopa, a CKopee Kak MHULUAIU3UPYIOIIee 3HaUYeHUE IJis
CUYETUMKa, KOTOPBI OTCUUTHIBAET KOJIMYECTBO IOCJIEAOBATENbHO CUUTAHHBIX JIHOO
NPOCMOTPEHHBIX  OsiokoB. Ilpu  OOHyleHMHM cuUeTYHKa nocieqHu  OJ0K
3aMKUCHIBACTCS/CUMTHIBACTCS U3 MacCHMBa HakomuTessd. @OU3WYECKH K MaMsITH TaKoTo
THIa MOXHO OTHECTH JMCKOBYIO MaMATh (C ONpPENeICHHOMN 10eil YCIOBHOCTH, €CIU
paccMaTpuBaTh MOJICUCTEMY «TOJIOBKA YTEHMUS/3allUCU — JIOPOXKKa»), a Takxke B Ooliee
SBHOM BHJI€ — HAKOIUTEIN HA MATHUTHOM JICHTE.

3V ¢ B-nouckom B mpoliecce mojcyeTra 0JI0KOB MOTYT MCIIONb30BaTh BHEIIHIOK
CUHXPOHHU3AIHNIO, JTUOO BHYTPEHHIOI, TO €CTh OBITh CaMOCHHXPOHU3UpPYEMbIMH. B
MOCJIETHEM CIy4yae CUHXPOHU3ALMS OCYLIECTBIISIETCS C MOMOULIBIO aIpPECHBIX METOK,
KOTOPBIMU CHAa0XE€H KaXIplii OJOK JaHHBIX U KOTOpPbIE MOJCUUTHIBAIOTCS
YCTPOMCTBOM MPH BBIIOJIHEHUH IOCIEI0BATEIBLHOTO JOCTYIA.

2.3. be3aapecHasi crekoBasi IaMsITh

B cTexoBoit nmaMsTH (MamMsiTU Mara3uHHOTO THIIA, OPTaHU30BAHHOM IO MPUHIUITY
«ITocneanum Boien — nepBbiM Boimien» - LIFO — “Last In - First Out”) Bce oneparuu
YTEHHSI M 3alMCH OCYIIECTBIISIIOTCSI OTHOCHTENBHO YyKazaTens creka (SP-stack pointer).
VYka3arenp cTeKa yKa3bIBaeT Ha AYEHKY MaMsTH, COJAEPKAIyIO MOCIEeIHEEe BHECEHHOE B
cTek cioBo. (CTekoBas MaMsATh MOXET OPTraHU30BBIBATHCS MPOTPAMMHO-ANIAPATHBIM
WM annapaTHsiM crocoooM. Komanabl oOpallleHusT K CTEKy HE colepkaT aApecHON
4yacTH, JHUOO 3Ta 4YacTh SBISETCA OTHOCUTEIIBHOW BEIMYMHOM, NpHOaBIIeMON K
yKazaTemn. OTO TO3BOJISIET COKpaTUTh JIMHY TMPOTPaMMbI, TaK KakK HET
HE0OXOJAMMOCTH YKa3bIBaTh JOCTATOYHO JIJIMHHBIE aJpeca, a TAKKE YINPOCTUTh CXEMY
3V npu anmapaTHOM peanu3aluu CTEKaA.

B 10 ke BpeMsi mpu paboTe CO CTEKOBOI MaMSTHhIO MPUXOIUTCS OCYIIECTBISAThH
(bakTUYeCKHn  TOCIENOBATENbHBIA JIOCTYI, KPOME TOrO, MOKET MPOUCXOJUTh TaK
HA3bIBa€MOE IIEPENOJIHEHUE CTeKa — MpH TMONBITKE 3alucaTh B  IOJHOCTBIO
3allOJIHEHHBIN CTEK OueperHOe 3HaueHue JMOO MPU CUYMTHIBAHUU U3 IIyCTOrO CTEKA.

Hcnonb3oBaHue CTEKOBOM namata Oyner Oosnee SPPEeKTUBHBIM, €CIH
nporueccop, padoTaromuil co CTEKOM, OyIeT MOJJepKUBATh CIIEUATbHBIE CTEKOBBIC
KOMaH/Ibl . HE TOJIbKO «3aHECTH B CTEK» M «CUMTATh W3 CT€Ka», HO U TaKue, Kak :
«CIIOXKUTHh JIBA YKCJIAa HAa BEPIIMHE CTEKA», «IEPECTaBUTh AJIEMEHTHI CTEKa» U T. M.
Takue xkoManabl yacto ucnonb3yrorcss B RISC-nmpoueccopax, B MUKPOKOHTPOJUIEPAX,
ynpasisironmx OBM.

2.4. AccolluaTUBHAA MAMATH

ITon accoumaruBHOM mamsThio (AIl) mompasymMeBarOT BapUaHT OpraHU3alUU
MaMsTH, TIPH KOTOPOM aapecHasi mHGOpMaIHs, UCTIOTb3yeMas JUisl BRBIOOPKHU CJIOBA U3
MaMsTH, COACPKUTCA B CaMUX CJIOBaX MaMsTH. UTeHWe/3amuch OCYIIECTBISETCS IS
TEX CJIOB, aAPECHAasi YaCTh KOTOPBIX (TaK HA3bIBAEMBIN «T3r») MOJHOCTHIO UM YACTUYHO
COBMNAJAET C 3aJJaHHOM.
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AccouMaTtuBHas NaMsITh MOXET ObITh OpPraHH30BaHa KaK MPOTPaMMHBIM, TaK U
annapatsIM nyteMm. lIpu mporpammuo#n peamusannu nosatue All ucnosnb3yercs B
OCHOBHOM KaK MOJEJIb B3aWMOJAEHUCTBHUS IpOrpaMMbl (Iponeccopa) ¢ HCTOYHHUKOM
naHHbIX. Hampumep, B pessliMOHHBIX 0a3aX JaHHBIX JJIs YCKOPEHUS MOMCKAa HYXHOU
MHPOpPMAIMU IIMPOKO HCIOJIb3YIOTCSI TaK Ha3blBa€MbI€ KIIIOUEBBIE IM0JIA, KOTOPBIE
BXOJAT B cocTaB Kaxkaou 3anucu bJI. Jyig ObIcTporo momcka mo Kiro4am HCHOJIB3YIOT
CHelMalIbHble MHAEKCHbIE (DaiiiIbl, TOCTPOCHHBIE, HAIPUMEDP, IO MPUHIUIY JTBOMYHBIX
nepeBbeB. AnpecHON MH(OpManell B JTaHHOM Cilydae SBISETCS HE HOMEp 3aIucH, a
COZIEpKMUMOE, HalpuUMep, MOoJsl KoAa ToBapa, WM (paMuiIud 4vesioBeka. MHAeKkcHbIe
(aiiiIbl ke MO3BOJIAIOT YCKOPUTD MPOLEAYPY OUCKA.

[Ipu ammapatHoit opranuzaiuu All Oonblryio poiib UrpaiT, BO-TEPBBIX,
anmnapaTHble CpEACTBA IIOMCKA, pa3IMYHble OBICTPOAECHCTBYIOUIME KOMITAPATOPHI
(cxeMbl CpaBHEHHS), a BO-BTOPBIX — BAPUAHT OpraHu3aiuu novcka. B wactnoctu, B All
4acTO MCIONb3YETCs IPUHLIUI «BEPTUKAIBHONW» 00paOOTKU U pa3psaHBIX CPE30B (pHC.
2.5). Ilpu OOBIYHON «TOPU3OHTANBHOW» 00paboTke (puc. 2.5a) sl  OTBHICKAHUS
HY>KHOT'O CJIOBA B MAacCHUBE SYEEK CJOBa MPOCMATPUBAIOTCS IOCIEHOBATENIBHO, I10
ajzipecaM, TO €CTb Kak Obl TOPU30HTAJIBHO, €CIU MPEICTAaBUTh ce0€ MacCUB A4YEEK Kak
BEPTHUKAJIbHBIN cTONOEL.
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IIpu BeptukanmbHOU o00paboTke (puc. 2.50) Bce clioBa MNPOCMATPHUBAIOTCS
oJIHOBpeMeHHO. [Ipu 3TOM, eciy OCyIIeCTBIATh CPABHEHHE MCKOMOI'O TATa CO BCEMU
pa3psilaMy BCEX TATOB CIIMIIKOM HAaKJIAJIHO, UCTIOJB3YIOTCS BEPTUKAIbHBIC Pa3psiIHbIC
cpessl (PC) Bcex cnoB Hakomnutens. [locie nmepBoro cpaBHEHUs! OTCEKAIOTCS BCE CIIOBa,
UMEIOIIIE TEepBbIA OUT, HE COBIAJAIONINNA C 3aJJaHHBIM TATOM, 3aTeM aHaJU3UPYETCs
caenyromuit PC u T. 1.

Takum 0O6pazom, oTimuuTeabHBIE 0OcoOeHHOCTH All:

I. Onepanuu B mamsTU BBIIOJHSIOTCS HE HaJA OMNPEACICHHON sYerKol, a
OTHOCATCS Cpa3y K IPylNI€ HIA KO BCEM 3JIEMEHTaM.

2. OcHoBHoOM onepanueii B All sBisieTcs onepanus MOMCKa Ui CPaBHEHMUS.

3. Bpewms noucka B AIl MoeT He 3aBUCETH OT YKCIIA SYEEK B MAMSITH.

[Tpu annapatHoi opranuzaunu All BeIaeNnstOT 4 BapUaHTa :

1. IMamsTe C TMOJHBIM MapajIeIbHBIM JOCTYIIOM (ocymiecTBiseTCS
napajuieJIbHOe CpPaBHEHHE BCEX TOATOB C 3aJaHHBIM [0 BCEM paspsaM) — caMmbli
BBICOKOIIPOU3BOAUTENBHBIN U CaMblil JOPOTOW BapUAHT.

2. TlamsaTte ¢ mocnenoBarenbHOM 00paboTkol paspsaHbix cpe3oB (PC). Bpems
MOMCKa (I0CTyIa) B TAKOM MaMATH MPOMOPIUOHATBHO Pa3psAHOCTH TATOB.

3. IlamsaTe ¢ mocnenoBaTenbHOM 00pabOTKOW CJIOB  («TOPU3OHTAIbHAS
00paboTka») — BpeMs MOUCKA MPOMOPIMOHATIBLHO YKCTY CIOB B maMaTH. DaKTHYECKU
AOTOT BAapUaHT TOJIBKO YCIOBHO MOXHO oTHecTH K All, m To B ciydae, xorma
CpaBHEHUE Ka)KJOr'0 T3ra ¢ 3aJJaHHBIM OCYIIECTBIISIETCS aMapaTHBIM CIOCOOOM.

4. YactuyHo-accollMaTUBHAs mNaMATh. KOMIPOMUCCHBIM BapuaHT, B KOTOPOM
BBIJICJISIFOTCS. HECKOJIBKO ~ TPYNN CJIOB, B KAXKIOM M3 KOTOPBIX  MPOU3BOIAUTCS
MOCJIEIOBATEIbHBIN MMOUCK, HO BCE TIPYIIbI 00pabaThIBalOTCS MapajulesibHO, JINOO —
Hao00pOT, Tpynmnbl 00padaThIBAIOTCA MOCIEI0BATENBHO, & BHYTPHU T'PYIIIbI BEAETCS
IIOJIHOCTBIO ACCOLMATUBHBIN MIOUCK, WJIN ITOUCK IO Cpe3aMm.

Ha puc. 2.6 npuBeneH npumep CTpyKTypbl OJI0Ka acCOIIMATUBHOM MaMSITH.

Ha pucyHke ucnosiab30BaHbl CaeIyOIIe 0003HaYCHUS :

RQAII — peructp agpecHOro npu3HaKa,

RgM — peructp macku;

RgD — peructp maHHbIX;

KC — xomOuHaIMoHHas cxema;

RgC — peructp coBnaaeHwmii;

®C — dopmupoBarenb curHaioB ( 1 — HET coBMmajieHUid; 2 — OJIHO COBMAJICHHUE;
3 — 0oJee OJTHOTO COBMAACHMS) ;

H — nakonurers ;

N — KOJIMYECTBO CJIOB B YCTPOMCTBE MaMsTH (HAKOMUTETE) ;

N — KOJMYECTBO aJPECHBIX Pa3psAlIOB B CJIOBE (TAre); N-i paspsii UCHOJIb3YyeTCs
JUTSL yKa3aHUsSl 3aHSATOCTH SYEHKH; M — pa3psaHOCTh COOCTBEHHO HWH(MOPMAIIMOHHON
YacTH CJIOBA, HE UCIIOJb3YEMOM ISl aJIpecaliu.

Macka wucnonb3yercsi JUisl BBIACICHUS TEX pPa3psalioB, KOTOPBIE JOJIKHBI
y4acTBOBAaTh B CPABHEHUH.
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AccouuatuBHas naMsATh NpUMeEHseTCs B OCHOBHOM B BC, B KOTOpBIX peliarorcs
3a/layu pacro3HaBaHus 00pa3oB, HEOOXOIUM OBICTPBIN MOUCK UH(POPMALIUU (HATIPUMED
— B cucrteMax ¢ annapatHoi nojaep:kkor bJl). Taxxe AIl mpumensierca B cucremax
BUPTYaJIbHOW TMaMATH W KOMI-MAMSATH i OBICTPOrO JOCTyNa K CTpaHUIlaM,
OTIpe/ieNieHUus] HEOOXOAMMOCTH TOAKAYKH CTpaHWI] Y JJIs TIOMCKa CTPaHMII,
MOJIICKAITNX 3aMEHE.

2.5. CucremMbl NAMATH € PACCIOCHUEM

IIpyHIMO OpraHu3alUMu  CUCTEM IIAMIATH C PACCIOCHUEM pPacCYuTaH Ha
NOBBILICHUE OBICTPOACHCTBUSI yCTPOMCTB NaMSTH, COCTOSIIMX M3 HECKOJIbKUX
MEJIUICHHBIX YCTPOWCTB, 3a CYET paCHpeleseHUus aJpPEeCHOr0 IPOCTPAHCTBA MEXKIY
3TUMH ycTpoiicTBamu. (HamomHuM, 4TO agpecHOe MPOCTPaHCTBO — 3TO KOJIMYECTBO
HE3aBUCUMO aJIPECYEMBIX f4YEEK MNamsATH). AIPECHOE NPOCTPAHCTBO JEIUTCS TaKUM
00pa3oM, 4TO COCEIHHME MO ajpecaM SUYEUKH PacIoJIararoTCs B pasHbIX (HU3UYECKUX
ycTpoicTBax. Jlornueckuil ajgpec sSYEHKH COCTOUT U3 (PU3UUECKOTO ajpeca BHYTPHU
ycTpoiicTtBa (6s10ka) 1 HOMepa OJIoKa.

Paccnoenune namsiTu OCynIeCTBISIOT JBYMSI OCHOBHBIMH CIIOCOOAMH :

1. IloBbllleHWE MPOU3BOJUTEIBHOCTH TIAMSTH 33 CYET OJHOBPEMEHHOIO
CUMTBIBAHMSI/3AMMUCH COCEHUX SYEEK MaMSITH U3 Pa3HbIX (U3MUECKUX YCTPOUCTB MO
oOuieil muHe naHHbIX. [IpOoM3BOAUTENBHOCTh YBEIMUYMBAETCS 3a CUET MapajlieIbHOrO
MOJIKJIFOUEHUSI YCTPOUCTB M HMX OJHOBPEMEHHOH pabOThl Ha OOUIYI0 HIMHY JdaHHBIX.
HenocraTkoM Takoro mojaxoja sIBJISE€TCS HEOOXOIMMOCTb HCHOJIb30BAaHUS LIMPOKOI
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IIMHBI JAHHBIX, YaCTO MPEBBIIIAIOIIECH 110 IIMPUHE PA3PSIHOCTH CJIOB, UCIIOJIb3yEMbIX B
CUCTEME.

2. HUcnonb3oBanue koHBedepa mnamsaTu. KoHBeilep CTpOMTCS M3 HECKOJIBKUX
MEMJIEHHBIX YCTPONCTB € OOJBIIMM BpeMEHEM JocTyna. Ecium cucreMa MOXKET
oOpatutbes ¢ HEOOBIION 3a1epKKoN (1) K HECKOJIBKUM MEJUIEHHBIM YCTPOWCTBaM, TO
KaX/10€ U3 HUX HAa4yHeT MPOIecC BBIOOPKH, U K TOMY MOMEHTY, KaK CUCTEMA 3aKOHYUT
oOpallileHue K MOCJIETHEMY YCTPOUCTBY, IEPBOE YXKE BBIAACT CUMTHIBAEMBIE JAHHBIE HA
IIMHY JaHHBIX, 3aTEM — BTOPOE U T. . B pe3ynbrare peanbHas NpOU3BOAUTEIBHOCTh
CUCTEMBI OYyAET ONpPEAENAThCS HE OOMBIIUM thocr, @ MATEHBKOW BEMYUHON t,(cM. puc.

2.7).
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CucreMsl pacciaoeHHs TaMATH TPUMEHSUIMCh U IPUMEHSIOTCS B pa3inuHbix BC,
B yacTHOCTH — B cBoe Bpems B [IK tuma IBM PC/XT, B cynep-OBM Cray-1,2, B apyrux
BEKTOPHBIX Hporeccopax. [loxoxue NpUHLMIIBI KOHBeWepHu3aluu paboThl MaMsTH
IIPUMEHSIOTCS. B COBPEMEHHBIX YCTPOMCTBaX CHHXPOHHOM JMHAMHYECKOM NaMATH

(SDRAM).

2.6. [lonsiTue 0 BUPTYAIbHOM MaMATH

Buprtyanbnas (ot virtual — “kaxymmuiica”) namats (BII) — sto cucrema
OpraHu3aldd MaMsITH, OpU KOTOpPOH mpoleccopy (MporpamMme) MNpeaoCTaBisIeTCs
aJpecHOe MPOCTPAHCTBO, MpeBBIMAoIee (u3nueckoe aapecHoe mpoctpancto O3V
CHCTEMBI 3a CUeT BHEIIHeW maMsTu. 3ajzadeit moctpoenus BII siBisieTcs cBeaeHue K
MUHUMYMY TIOTE€pPb MPOU3BOAUTEIILHOCTH TPU BBHIHYKJICHHOM OOpaIleHNH K BHEITHEH
MaMsITH.

BIl moxer ObITh OpraHm3oBaHa MPOTPAMMHO, MPOTPAMMHO-AIMIIAPATHO U
anmapatHo. Kak npasuiio, B coBpeMeHHbix BC mnporpamMmHo-annapaTHas Opranu3anus

27



BIl  3axkmoyaercs B HCHOJB30BAHWM OIEPALMOHHOM CHCTEMOM  anmapaTrHoOU
noanepxxku BII, 3a5oxeHHOM B mpolieccopax o0IIero Ha3HayeHusl.

BIl moxxeT uMeTh CTPAaHUYHYIO, CETMEHTHYIO WM CTPAaHUYHO-CETMEHTHYIO
opranuzammio. Ilpu  cTpaHuyHONl  OpraHu3alnuu naMsTh  MPEJCTaBISAETCS
COBOKYITHOCTBIO CTpaHMI] (hpukcupoBaHHOUW mHBI (2—16 Koaiit). Ilpu cermeHTHOM
OpraHu3allid MaMsTh MPEACTaBseT coO0M HAOOpP CErMEHTOB, TO €CTh JIOTHUECKH
CBSI3aHHBIX OJIOKOB MaMSITH Pa3IMYHOTO pa3Mepa.

Jlnis BUpTyalbHOM MaMATH OOJIBIIIOE 3HAYCHHE UMEET alrOpUTM MOJKAYKH, TO
ecTb croco0 3amensl ctpanul; B O3Y Ha cTpaHUIIBI BO BHEIIHEH MaMATH, K KOTOPBIM
npomsomnuio obpamenue. [Ipu anmaparaor opranmsanuu BIl cucrema moakadku
UCIIOJIb3YET aCCOIMATUBHYIO MaMSTh aJIpecoB cTpaHull. CTpaTeruu 3aMeHbl CTPaHUII B
BII (To ects BBIOOp yaansemoir u3 O3Y cTpaHulbl) MOT'YT OBITh CAMBIMHU PA3JIMYHBIMU:

1. Haubonee naBHee UCIOIB30BaHUE (IO BPEMEHHU ).

2. Haubonee penkoe ucmnosib3oBaHue (110 4acTOTE).

3. Ilo ouepenn (mo npunmuny FIFO).

4. CiyyaliHbIil BBIOOp CTpaHUIIBI.

5. “Hauny4mumii” BeIOOp — rHOKOE CoueTaHue Pa3IuYHbIX CTPATErHil.

2.7. BapuaHThbI OPraHu3aniu K3M-NaMsATH

O6ocobsennbiM BaprianToM BII MOXXHO cuMTaTh Tak Ha3bIBAEMYIO KAII-TIAMSITh
(ot ¢p. «cache» — ckpbiBaTh). OTO BapuUaHT OpraHU3alMd  CUCTEMbl MaMSTH,
MpeHAa3HAYEHHBIN 11 YCKOpPEHUs OOMEHa MEXIy IPOIECCOPOM U ONepaTUBHOM
naMatbto. C BUPTyaJbHOM MNaMATHIO  KAMI-NIAMATH POJHUT  OOLIMH NPUHIMUN —
yCKOpeHHe oOpallleHHi 3a cueT pa3MeIleHHs Haubojee aKTUBHO MCIOJIb3yEeMbIX
JTAHHBIX U KoJa B Oosiee ObICTpoM maMsaTH, HO Mexay BIl u kam-naMsaTpio CymecTByeT
TAK)K€ MHOXECTBO pPa3IM4yui, KOTOPbIE MOXXHO MPOWUIFOCTPUPOBATH CIIEAYIOLIEH
Ta0IUIIeH:

CpaBHeHHe BUPTYAJIbHOI W Kdm-namatu  Tabnuya 2.1

BupryanbHas naMsTh Ksm-namste
1. Opranusyercs sl yCKOpEHUS 1. OpranusyeTtcs A yCKOpeHus: oOOMeHa
oOMeHa MEXTy POIIECCOPOM U mexay LI u O3Y.
BHemHel namareio (O3Y u BHII).
2. O6meH ctpanumamu 110 2—16 KO6. 2. OOMeH cTpokamu (COTHHU OaiT).
3. Yckopenue go 1000 pas. 3. Yckopenue go 10 pas.
4. Ilpu nonkauke LT moxer 4. ITpn nogkauke LIII oxumaer ee
NEPEKII0YAThCA Ha APYTYIO 3a7a4y. 3aBEPILICHUS.
5. AzipecHoe POCTPAHCTBO 5. AZlpecHOe MPOCTPAHCTBO KALI-TIAMSITH
BII paBHO cymMMe aipecHOro paBHO azpecHoMy npocTtpancTBy O3VY.
npoctpanctBa O3V u BHIIL
6. B O3Y xpaHsTcsi KOUYU WIH 6. B OydepHoil mamsaTi XpaHATCS KOIUU
opuruHaibl ctpanun BIT. ctpok O3VY.
7. BII M.0. nporpaMMHO JOCTYITHA. 7. Kami-namMsiTh NpOrpaMMHO HEOCTYIIHA.
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(MoxHO 3amMeTuTh, 4TO MOJ K3II-NAMATHIO MHOIJA MOHUMAKOT HE CUCTEMY
OpraHu3alMy namsTu, a camy o0ydepnyto namsate (bII), ucnonb3yemyro st yCKOpEHHUs
oOmeHa mnporieccopa ¢ O3Y)

HeGounbiioe 3HaueHUE YCKOPEHUS H3-32 HCIOJIB30BAHUSA KAII-MAMSITH IO
CPaBHEHHUIO CO 3HAYUTEIIbHBIM YCKOPEHHEM IPU MCIOJb30BaHUU BUPTYAIbHON MaMsTH
MOKHO OOBSICHUTH OOJIBIION pa3sHUIIEH MEXIY BPEMEHEM JI0CTYyMa K TUCKOBOU MaMsITH
(IecSITKM MUKpPOCEKYHJ) U OMNEPAaTUBHOM (IECSATKM HAHOCEKYHJI) U CPaBHUTEIHHO
HEOOJBIION — MEXAy BpEMEHEM J0CTyrna K ONepaTUBHOM mamsaTu U K OydepHoi
namMsATd (HAaHOCEKYH[IbI). 3aMeTHM, 4TO OydepHas maMaTh B COCTaBe KAII-MAMSATH
00BIYHO CTpouTCs Ha 0a3e ObICTpoJeHCTBYIONIEro cratnueckoro O3Y Ha Tpurrepax.

CucTteMsbl K3I-TaMSITH MOKHO KJIacCU(DUITMPOBATh CIAEAYIONUM 00pa3oM:

1. Ilo cnocoOy oToOpa)ke€Husi CTPOK OCHOBHOM NMaMATH Ha CTPOKH OydepHoi
MaMSATH:

MOJIHOCTBIO ACCOIMaTHBHAsL KILI-aMsATh (JI00ast CTpOKa OCHOBHOM MaMsTH
MOKET pa3MelaThCsl B JII0OOW cTpoke OydepHOil mamsiTé — caMbIil JJOPOTOM M caMbli
MIPOU3BOAUTEIIbHBIN BAPUAHT);

KOUI-IaMATh C MPSAMBIM OTOOpakeHHEM (Kaxkaas CTpOKa OCHOBHOM MaMsTH
MOXET pa3MeIaThCs TOJBKO B OAHOW ONPENEICHHOW CTPOKE OCHOBHOW INMaMATH —
camblii IPOCTOM U HAUMEHEE POU3BOAUTENIbHBIN BAPUAHT);

YaCTUYHO-AaCCOLIMAaTUBHAS WM MHOYKECTBEHHO-AaCCOLMATUBHASA  K3II-NIAMATh
(KOMIIPOMHCCHBIM BapHaHT, IPU KOTOPOM OCHOBHAsI MaMsTh JEIUTCS HAa MHOXECTBA
CTPOK, K&KJI0€ MHOKECTBO OTOOpa)KaeTcs Ha IpyIIy CTPOK B OydepHOUl nmaMsaTH, IpH
3TOM BHYTPH I'pyIIIbl ACHCTBYET NPUHIUI MTOJTHOW aCCOLMATUBHOCTH; IIPU KOJIUYECTBE
rpynn = 1 nojrydaeM MojJHOCThIO ACCOLMATUBHYIO KAUI-NIAMSATh, TP KOJIMYECTBE TPYIII
= KOJIMYECTBY CTPOK — KAII-MIAMSTH C MPSIMBIM OTOOPAKEHHUEM ).

2. Tlo cnocoby mepeHoca uH(OpMAMK W3 KIIUI-MAMSITH B OCHOBHYIO (TaK
Ha3bIBAEMBbII «CBOIIHHIY):

npoctoit cBommuHr (oOpaTHas 3amuck — Write Back — korma unbopMmarus,
3anMcaHHas MPOLECCOPOM B KIII-NAMATh, NEPEHOCHUTCS B OCHOBHYIO TOJBKO IpHU
HEO0OXOMMOCTH 3aMEHbI CTPOKH);

CKBO3HOMW cBOMMUHT (cKBO3Has 3amuchk — Write Through — korma unbopMarus,
3anyMcaHHasl IpoLEeCcCOPOM B K3II-TIaMATh, OJJTHOBPEMEHHO NIEPEHOCUTCS B OCHOBHYIO, TO
€CTh K31 pabOTaeT TOJbKO HA YTEHHUE; 3TOT BapuUaHT MEHEE IMPOU3BOIAUTENBHBIN, HO
OoJiee HAJICIKHBIMN ).

PaccmoTpum nonpoOHee BapuaHThl OTOOPaKEHUS CTPOK OCHOBHOM ONEpPaTUBHOM
naMaTi Ha OydepHyro MaMmsaTh HAa NPUMEpPE YCIOBHOM CHCTEMBbl HamsiTh ¢ 16-10
ctpokamu B ocHOBHOW mamstu (OIl) u 4 crpoxamu Oydepnoit mamsatu (BII). Takoe
HEOOJIbIIIOE KOJMYECTBO CTPOK BBIOPAHO AJISL IPOCTOTHI U3JT0KEHUS.

1. TlonmHOCTHIO accolMaTUBHAS K3II-MAMATh (K3LI-NAMATh C MPOU3BOJBHBIM
otobpaxkenuem). [Ipu TakoMm BapHaHTE MOCTPOCHHS KAIII-IaMATH B 000 cTpoke bIT
MOXKET pacmonararbest ro0as crpoka u3 OIl (puc. 2.8). Ha puc. 2.8 : RGAmor —
peructp jgorudeckoro aapeca, RG D — peructp maHHbIX, XpaHSAIIHUi BClo cTpoky u3 bII.
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on Bl

cTpoka  Tor KoMnapaTopbl
cTp. 0 cTtp.2 | 0010 =
cTp. 1 cTp.6 | 0110 =
cTp. 2 > cTp.7 | 0111 =
cTp. 3 ‘w2 cTp.13 | 1101 =
cTp. 4 ]
A—l RG Anor
| RgD | [ 0110 [Necnosa]
c1p.15
L
| MUX  k
CNnoBO
Puc. 2.8

HpOI/I3BOI[I/ITCJ'IBHOCTB CHUCTEMbI C KOUI-IIAMATBIO, WJIW BCJIIMYMHA YCKOPCHHA IIPU
HCIIOJIB30BAHHUN KOII-IIAMATH, 3aBHUCHUT B TOM YHCIIC OT BCPOATHOCTHU IIOIIaAaHHA

HUCKOMOU cTpoku B bII :
PKH = f (Phit);

(Phit — BEpOATHOCTb Monaaanusl, Ppyiss — BEPOSITHOCTB MIPOMaxa).

B cBoto ouepenb, BEpOATHOCTH MOMAJaHUs 3aBUCUT Kak OT oObema OydepHOoi
namsATd (wim ot cootHomieHus oobema bII u OII), Tak u oT KoJaMuecTBa KOMOMHAIMIA
pasimusbIx cTpok OII, koTopeie moryT pazmemarscs B bII. /Inga paccmarpuBaemoro
BapHaHTa OTOOpaXKEHUS TAKOE KOJIMYECTBO KOMOWHAIIMI paBHO:

Ky = 2N1 /7 (2N — 271,

rae 2N — komuuectso crpok OII, 2" — konmuectso crpok BII (B JaHHOM citydae
N=4,n=22"=16,2"=4).

2. Komr-namsate ¢ mpsiMbiM  otoOpaxkeHueM. [lpu TaKOM BapHUaHTe
NOCTPOCHUS  KdII-amMsATH Jrodast crpoka u3 OIl moxeT pacnonaratbcs TOJBKO B
oaHoOM KoHKpeTHOM cTpoke BII (puc. 2.9).

Takoll BapuaHT  SBJISIETCS  CaMbIM JELIEBBIM, HO W CaMblM MEJICHHBIM
BapUaHTOM peajn3aliy, MOCKOJIbKY KOJIMYECTBO KOMOMHAIMK pa3iauuHbix cTpok OIl,
KOTOpBIE MOTyT pasmemarbcss B bII, CcymecTBeHHO MeHbIIe, 4eM I IOJHOCTBIO
accouumaruBHou KII :

K2 = 2N.

3. MHOXeCTBEHHO-acCOlMaTUBHAs (YaCTUYHO-ACCOIIMaTUBHAS, aCCOLMATUBHAS
M0 MHOXECTBY) K3II-IaMsITh. [Ipy TakoM BapuaHTE MOCTPOCHMS KAILI-IAMATH (pHC.
2.10) Bce MHOXKECTBO CTPOK  OCHOBHOM NaMATH pa30MBaeTCs HAa HECKOJIbKO
IOJMHOKECTB (KOJIMYECTBO KOTOPBIX paBHO 2°%). Kask10e IOAMHOKECTBO OTOOpaKaeTCs
Ha TpyMNIy CTPOK B Oy(depHON MaMsTH, BHYTPH TPYIIIbl JEHCTBYET MPUHLHUI MOJHON
aCCOIIMaTUBHOCTH, TO €CTh JII00as CTpPOKa U3 JAHHOTO TMOJMHOXKECTBA MOXKET
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pacmojaraTteCsi B JIIOOOM CTpOKe MJaHHOM Tpynmbl. Takoil BapuaHT SBISETCS
IIPOMEKYTOYHBIM, KOMIIPOMHCCHBIM BapUaHTOM MEXAY ITOJHOCTBIO aCCOLMAaTUBHOMN
K3II-NTaMATHIO U K3UI-TIAMSTHIO C MPSIMBbIM 0TOOpaxkeHneM. KonruecTBo koMOMHaIuil:

Kg = 25 (2N51) / (2N — 209y

[Ipu S=0 mnosyyaeM  TOJHOCTHIO AaCCOLMATUBHYIO KAUI-AMATH (E€IMHCTBEHHOE
MOJIMHOXECTBO), MIPU S=N MOJy4yaeM BapHaHT KAUI-MAMSTH C MPSMbIM OTOOpaKEHUEM
(KOJIMYECTBO MOJIMHOXECTB PABHO KOJIMYECTBY CTpOK B BII).

on B
cTpoka  Tar
CTP. 0 s =4 ctp.0 | 00 L MUX
CTp. 1 CTp.13 11 ‘\"o+>
cTp. 2 o otp6 | 01 | 100
cTp. 3 e[ o1 | 1Y o
cTp. 4
RG cTpok RG Aror
ctp.15 cTp.6 01 | [ 01 [ 10 [Ne criosa]
MUX S
Puc. 2.9
on B
cTpoka  Tar
ctp. 0 e .- ctp.0 | 000 | "0"
cTp. 1 cTp.6 | 011 | "0 MUX
cTp. 2
c1p. 3 et etp7 | 011 | L
cTp. 4 . ctp.13| 110 | "1"
| 011 [ 1 [Necnosa
cTp.15 —
= cTp.7 | 011 7: j‘

> cTp.13| 110 -

Puc. 2.10
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B obmiem ciiyqae Ha yYCKOpEHHE, KOTOPOIO IMO3BOJSET AOCTUYL K3II-NIaMSATh,
BJIUSIET Psii MApaMeETpPOB:

IPEXKJIe BCETO — COOTHOIICHUE Pa3MEpPOB KAUI-TIaMSITH U OCHOBHOM MaMSITH;

croco0 OTOOpaKeHUs CTPOK MaMSsITH;

COOTHOIIIeHHE ObICTpoaeiicTBUs ycTporcTB O3Y u OydepHoil namsiTu;

BapUaHT CBOIMHTA.

[lepBbie nBa mapaMerpa BIMSIOT HAa BEPOSTHOCTb IMOMAJaHHsS CJIOBAa B KOIII-
namsATh (Tak Ha3piBaeMmbli “cache hit”, mpu oTCyTCTBUM MOMafgaHusl MPOUCXOAUT KIII-
nmpomax — “cache miss”, MpUBOASIIMA K HEOOXOAMMOCTH TOJKAYKH W3 OCHOBHOM
MaMATH), KOTOpPasi HEMOCPEICTBEHHO BIIMAET HA YCKOPEHHE B CUCTEME C KAII-TTAMSTBIO.

OddexTrBHOE BpeMsi 00paIeHUs K KAIII-TTaMSITH:

t ot = tnan + P togpsn + (1-P) (tnan + tospsn + 2 togpon)

rae tpam — BpeMsl MOMCKa aJpecHOro MPU3HAKa;

P — BepoATHOCTH ONIaIaHUA B K311I;

tospsr — BpeMst oOpareHus Kk 0ydepHoil namsTy;

tosporr — BpEMsl 0OpaIleHuss K OCHOBHOM ONEPAaTUBHOM MaMsTH.

B mmnoconpoyeccopuvix cucmemax c¢ obwei (pazoensemor) namsamoio, B
KOTOPBIX HCIOJB3YETCS JIOKAJIbHAs JIJIi KaXXJOro TMPOIECCOpHAs  KAUI-TaMATh
(6byepHas mamsATh), BO3HHMKaeT IIpobOiieMa oOOecreUeHUs HEMPOTUBOPEUHNBOTO
cooTBeTcTBUs HMH(popmaruu B pazaensemorr OIl u nokanbHbix Konusix ctpok OIT B
pa3UYHBIX JIOKAIbHBIX O70Kkax bII, u3BecTHas Kak npobiema KkoeepeHmHocmu Kauielu.

B obuem ciiyyae npobsieMa CBOJUTCS K TOMY, YTO 3aIlIMCh OJJHUM IPOLIECCOPOM
uHdopmaiuu B CBOIWO OydepHyro mamsiTh HE cpa3y MNPUBOAUT K HM3MEHEHHUIO
COOTBETCTBYIOLIEN SYEHKHU B OIl, u, COOTBETCTBEHHO, HApPYrU€ MPOLIECCOPHI,
oOpamtatroutmecss Kk 31oil siueiike OIl, nubo k ee konusiM B cBoux monyisax BII, Buast
«ctapyto» uHpopmanuoo. B 0COOEHHOCTH 3TO BIUSET Ha CHCTEMBI, HCIIONb3YIOIINE
CUCTEMY «IOYTOBBIX sIMKOBY» (siueek OII) s oOMeHa 3agaHUAMH  MEXIY
MPOIIECCOpaMHU.

B Takmx cucreMax MOTYT HCITONB30BATHCS PA3MYHBIE METOABI pa3pericHus
YKa3aHHOU MpoOJIeMBbI:

1) 3anmpemieHue mepeHoca B KIII-MAMATH  «MOYTOBBIX SIIIUKOB» M JAPYrou
ciry)e0HOM nH(POpMaIU, UCTIOJIB3YEeMO TTPU OOMEHE;

2) ¢QuxkcupoBaHuEe TOMAJaHUS B KOII-MIAMATh MOJOOHBIX SUYEEK M HX
MPUHYJIUTETFHOE CHHXPOHHOE OOHOBJIEHHME  BO BCEX JIOKAJIbHBIX KOIMHUAX Ha
anmapaTHOM YPOBHE;

3) orpaHuYeHHEe Ha MAKCHUMaJIbHOE KOJIMYECTBO YTCHHM SUEEK KAII-TIaMSITH
(BIT), mogkauka u3 OII mpu TOCTUKEHUN MAKCUMYyMa;

4) uHpopMUpOBaHME  BCEX MPOLECCOPOB O TOMAJAHUU  pa3aeisieMou
uHpopmanuu B ubto-nubo BII.

5) npuMeHEHHE B MHOTOIPOIIECCOPHBIX CHUCTEMaX KAII-aMITh CO CKBO3HBIM
CBONIUHIOM (CKBO3HOM 3aIIUCHIO).

32



3. OPTAHMU3AIIUA ITPOOECCOPOB
3.1. HaznauyeHue U KJIaccCu(PUKALUA MPOLECCOPOB

Ilpoyeccop — yCTPONCTBO, OCYILECTBIAIONIEE MPOIECC aBTOMATHYECKOU
00pabOTKM JaHHBIX W MPOTPAaMMHOE YIIpaBJeHUE OSTUM TpoueccoM. [Iporeccopsr
MO>KHO KJIacCU(UIIMPOBATH, HAITPUMED, IO CIETYIOIINM MPU3HAKAM:

1. Ilo ucnonap3yeMoi CUCTEME CUUCIICHUS:

paboTaroriye B MO3UIIMOHHON CUCTEME CUUCTICHHUS;

paboTarouye B HETO3UIIMOHHON cucteme cunciienus (Hampumep, COK).

2. Ilo ciocoOy 00paboTKH pa3psaoB:

C mapajuiesIbHOM 00paOdOTKOM pa3psI0B;

C TOCJeI0BaTeNIbHOM 00pabOTKOM;

CO cMelIaHHON 00paboTKOM (TocIe0BaTeIbHO-TIapAILICTLHOMN ).

3. Tlo cocraBy omneparnmii:

IIPOLECCOPBI OOIIET0 HA3HAUEHUS;

CHEIUATN3UPOBAHHbIE;

po0JIEMHO-OPUEHTUPOBAHHBIE.

4. Tlo mecty nporieccopa B CUCTEME:

neHTpaibHbii poueccop (LIT);

COIMPOLECCOP;

nepudepuitHbINA Mpoleccop;

KaHaJIbHBIN npolieccop (KOHTpOJUIEp KaHalla BBOJA/BbIBOJIA);

nporieccopHbliii 3neMeHT (I13) MHOrONpOoIeCCOPHOI CUCTEMBI.

5. Ilo opranuzanuu omnepanroHHoro ycrpoictsa (OY):

C OIEpalMOHHBIM YCTpPOMCTBOM TmpouenypHoro tuna (l-mpoueccopsr, M-
MPOLIECCOPBI) C MPEUMYIIECTBEHHO MUKPOIIPOTPAaMMHBIM yIIPaBICHHUEM;

IIPOLIECCOPHI C OJIOUHBIM ONEPALMOHHBIM YCTPOHCTBOM;

IPOLIECCOPBl €  KOHBEHWEPHBIM  ONEPALMOHHBIM  YCTPOWCTBOM (c
apu(pMETHYECKUM KOHBeiiepoM) (TMOCIeAHWE JiBa BapuaHTa MPEAyCMaTPUBAIOT
anmapaTHyI0 peaau3aiuio 00JasIMHCTBA onepaiuii OY).

6. Ilo opranmuzamuu 06pabOTKH aIpeCcoB:

C O0IIMM ONEpPAMOHHBIM YCTPOHCTBOM;

CO CIEIUAIBHBIM (pEeCHBIM) OTIEPAITMOHHBIM YCTPOHCTBOM.

7. Tlo Tuny onepaH0B:

CKaJISIPHBIN MPOLIECCOP;

BEKTOPHBIN IPOLECCOD;

C BO3MOKHOCTbIO 00pabOTKH U CKAJISIPHBIX, U BEKTOPHBIX JaHHBIX.

8. Ilo noruke ynpasieHus MpOLECCOPOM:

C KECTKOM JIOTUKOM YIIPABJICHUS;

C MUKPOTIPOTPAMMHBIM YTIPABJICHUEM.

9. Ilo cocTaBy (IOJIHOTE) CHCTEMBI KOMAH/I;

RISC (Reduced Instruction Set computer — KOMObBIOTEp C COKpPAIICHHBIM
HabOpOM KOMaH[);

33



CISC (Complete Instruction Set Computer— xkoMmbIOTEp ¢ MOJHBIM HAOOPOM
KOMaHI);
CISC — npouieccop ¢ BHyTpeHHUMHU RISC-110100HBIME HHCTPYKITUSIMHU.
10. Tlo opranm3anmu yIpaBlIeHHS TMOTOKOM KOMaHJ / crmocoOy 3arpy3ku
UCIIOJIHUTENbHBIX YCTPOUCTB:
C mocleAoBaTeIbHOM 00pabOTKOM KOMAH]T;
C KOHBEHEpOM KOMaH;
CyTepCKAISPHBIE TIPOIECCOPHI;
IIPOIECCOPHI C JIIMHHBIM KoMaHTHBIM ciioBoM (VLIW — Very Long Instruction
Word) u T. 1.
Kak Bcskas xiaccudukarus, TpUBEACHHAS BBIIMIE KiIacCU(UKAIUS HE MOXKET
CUHMTATHCS TIOJTHOM, TaK KaK KOJIMYECTBO THUIIOB MPOIECCOPOB JTOCTATOYHO BEIUKO U TIO
CBOUM apXUTEKTypaM MpPOIeCCOPbl BECbMa MHOTOOOpAa3HBHI.

3.2. Jloruveckasi opraHM3anus npoieccopa od1ero Ha3HA4YeHust

CxeMma, oTpaxaromias JIOTHYECKYI0) OpraHU3alMI0 HEKOEro YCPEOHEHHOIO
npoueccopa o00ILero Ha3Ha4deHusl, MpeacraBieHa Ha puc. 3.1. B ocHOBe CTpPyKTyphl
Mpoueccopa JIEKUT B3aUMOCBSA3b  ONEPAMOHHOW W YIPABISIIOMIMX YacTEH, 4YTO
COOTBETCTBYET MOJIETM LU(PPOBOrO  aBTOMAaTa, MPEIJIOKEHHOM  aKaJeMHUKOM
I'mymkoBeiM /13-14/. OneparmoHHble yCTpocTBa mpolieccopa (cpeacTBa 00padOTKH,
HCIIOJIHUTEIIbHBIE YCTPOMCTBA) BKJIIOYAOT B 00meM ciaydae OV ¢ ¢pukcupoBaHHOMN
3ansTod  (menouucineHHoe sgapo, AJIY), OY ¢ muaBaromeit 3anaroid (YUCIOBOM
COMPOLECCOp WM AP0 C IJIABAIOIIEH 3amsToi), YCTPOMCTBO ISl pealu3aluu
JECATUYHON apu(PMETUKH U BO3MOXKHO — YCTpPOMCTBA JyUisi 0OpabOTKHM  CTPOK U
MacCHBOB.

OTMeTuM, 4TO B HEKOTOPBIX IPOLECCOPAX OTAEIBHO PEATU3YETCS CIEHHAIbHOE
YCTPOWCTBO Il BBIYUCIICHHS aapecoB (Tak HasbiBaeMas pasHeceHHas — decoupled —
apXUTEKTypa), B APYTUX IpoLEeccopax BbIUMUCICHHUE aIpeCOB MPOUCXOAUT B OOIIEM
ONEPAalMOHHOM yCTpoicTBe. ONEpallMOHHOE YCTPOMCTBO HEPA3pPhIBHO CBSI3aHO C
HauOosiee ObICTpOACHCTBYOIIEH maMaThio BM — ¢ JoKanbHON perucTpoBOM MaMsIThIO
npoiieccopa. BelieneHue  perucTpoB B OTHENbHBIM OJIOK Ha CXeME€ MIPHU3BAHO
MOJAYEPKHYTh  CAMOCTOSITEJIbHOE 3HAYEHHE, KOTOPOE MPUOOPETAlOT PETUCTPbl B
YHUBEPCAIbHBIX MPOLECCOPAaX — OHU HE MPOCTO SBJIAIOTCS YACThIO OMNEPALMOHHBIX
YCTPOMCTB, a HCMOJB3YIOTCA IJs  XpaHEHWs pPa3ju4yHOM HWH(OpManuu Kak Mpu
00paboTKe, Tak W MpU BBOJE-BbIBOJE. LlenouncieHHpie perucTpel OOBEAUHSIOTCA B
0si0k peructpoB o6miero Haznauenuss (POH), peructpsl ¢ maBaromieid 3amsTod — B
OTJENbHBIN OJMIOK (B HEKOTOPBIX MPOLECCOpax 3TH MHOTOPA3pPSIHbIE PErucTphl
UCIIOJIB3YIOTCS M KaK BEKTOPHBIE PETHCTPHI B CHCIHAIBHBIX PEXKHMaX, B JPYTUX
BEKTOPHBIE PETUCTPhI BHIHECEHBI B OT/ICIBHBIN OJIOK).
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JlokanbHasa namaTb
CucremHble
cpeacTBa
pen ynpaenswoLy, POH RG c nnasatoL,.
RG 3anaTon
CpepctBa
pea CpenctBa 0bpaboTku
yrnpaeneHus
cucre- nporpam- KOMaH- ¢ chuke. C nnas. pecs- CTDOK
MoM MoM Jamm 3ansaTon 3anaTton TUYH. P

)

YnpaBneHue kaHanamu
BBOJa / BbIBOAA

Cpe,CI,CTBa ynpasrieHuna namMaTbio

npuopuTeTHI Bydepbl AaHHbIX Byd. namsATb ynpasn. 3almTa namaTm

JOCTYMOM

KpoMe ymoMsiHyTBIX pErMCTPOB  MOKHO BBIICIUTH HA0Op CHEIUATBHBIX
YIOPaBISIONIUX PETUCTPOB,  HUCIOJB3YEMBIX JUISI YIOPABICHUS PEKUMaMU pPabOThI
npoiieccopa, GyHKIIMOHUPOBAHUEM €TI0 PA3JIUYHBIX MOJCUCTEM, YIIPABJICHUS MaMSTHIO
u T. A. CpeactBa  ymOpaBieHHs TPOIECCOPOM (MM YCTPOMCTBO YIIPaBICHUS)
BBITIOJIHSIIOT pa3HOOOpa3Hbie (YHKIIMHM, KOTOPHIE BKIIOUYAIOT: YIPABJICHUE CUCTEMOMH,
MpOrpaMMOW M KOMaHJaMH. YIIPABJICHHUE CHUCTEMOW IOAPA3YMEBAECT  yIPABIICHUE
MPEPHIBAHUSIMU, OCTAHOBOM U 3allyCKOM IIpoIleccopa, OO0ecreyeHue OTIaJ0uYHOTO
pexuMa W BOOOIIEe BHIOOP PpPEXKHUMOB pabOThI Tpoleccopa W T. 1. YIpaBieHUE
MpOrpaMMOM BKJIFOUAE€T OOECIEUEHUE BBIMOJHEHUS BETBICHUN U IIUKJIOB, BBI30OBOB U
BO3BPATOB U3 MOJINpPOrpaMm U T. . CpencTBa ynpaBlieHUs] KOMaHAaMu 00eCIeunBaroT
BBINIOJTHEHUE MAIIMHHBIX IIUKIOB paboThI MpoIeccopa, TO €CTh BHIOOPKU KOMaH/bI, €€
nemmdpanuu, COOCTBEHHO YIIPaBJICHUS BBITIOJTHEHWEM KOMAaHIbI, YIIPaBJIECHUE 3aMKUChIO
pe3yabTatoB. B maHHON mojacucteMe MOTYT TakKe Peaju30BBIBATHCA — YIPABISIONINE
aBTOMAThI, OTBEYAIOIIINE 33 PEATU3AIUI0 BEIYUCIUTEIBHBIX aJTOPUTMOB, 3aJ105KEHHBIX
B KOMaHJax mporeccopa (TO €CTh 3a peald3alui0 MHKPOKOJA  CIIOXKHBIX
apu(pMETHYECKUX OIepanuid mpoieccopa). B HEKOTOpBIX ciydasx  MOAOOHBIC
MOJICHCTEMBI OTHOCIT K YV, B APYruX — BKJIIOYAIOT B COCTaB COOCTBEHHO CPEICTB
00paboTKH, TO €CTh pacCMAaTPUBAIOT Kak yacTh AJIY u 4nMcioBOro compoiieccopa, uro
B IIPUHIIUIIE HE TAaK BaXHO.

I[ToMrMMO  BBINOJHEHHS ONEpAlUii, BBIYUCICHUS aJpPECOB W MPOTPAMMHOTO
YOpaBIE€HUS 3TUMHU MPOLECCAMH, MPOLECCOpP JOJDKEH COJIepk aTh CpeacTBa IS
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obOecrieuenuss wHTEep(deiica Kak ¢ ONEpaTUBHON MaMAThIO, TaK M C  BHEIIHUMH
ycTrpoiicTBamu (MHTEep(deichl BBOAa-BbIBOJA). B cocTaB mHTepdeiica ¢ namMsiThi0 MOTYT
BKJIIOUaThcsl OydepHas maMmsTh (K3II-MaMsTh), CPEACTBA YINPABICHUS JOCTYIIOM U
3amuThl namsatu. MuTepdeiic ¢ kaHamamu BBOAA-BhIBOJIA BKIIOYAeT Oydephl TaHHBIX,
CUCTEMY YIpaBICHUA TNPUOPUTETAMH, BXOJAIIYID B  MOJCHCTEMY MpEpbhIBAaHUIM
npoleccopa, u T.1.

[Tox cucTeMHBIMU CpEICTBAMU MOHUMAIOT BCTPOCHHBIE CXEMbl CHHXPOHM3AIIUH,
BO3MOHO — TaUMEpbl, KaKUEe-TO JOMOJHUTEIbHBIE CXEMBbI yIpaBieHUs, cOpoca u T. 1.

3.3. OnepannoHHbIe YCTPOICTBA NPOLECCOPOB

3.3.1. OnepanuoHHble YCTPOHCTBA MPOLETYPHOI0 THIIA U C )KECTKOH CTPYKTYPOIi.
Ilonsitue 06 |I-mpoueccopax u M-npoueccopax

OHGpaI_[I/IOHHble YCTPOﬁCTBa IMpoHcCcCoOpoOB MOTI'YT CTPOUTBCA C OoNbIIIeH WU

MEHBIIIEH CTCIICHBIO  YHHUBCPCAJIbBHOCTH, MOI'yT OBITH Ooiee IIPpOCTBIMHU,
YHUBCPCAJIIBHBIMU, Tp€6y1-OIHI/IMI/I OonpIIoro oobeMa MHUKPOKOAA IJIA pCaIn3allii BCCX
HCO6XOI[I/IMI>IX AJITOPUTMOB OHepaHHﬁ, h1%(s0) Ooiece CJIO’KHBIMH )51

CHELMAIM3UPOBAHHBIMU, HO 3a CYET J3TOro 0Oojiee NPOU3BOAUTEIBHBIMU U HE
TpeOyOIKUMH  OOJIBIIOr0 00bEMa YIpaBJIAIOLIEr0o MUKpokoaa. IlepBble ycTpoiicTBa
MOXHO Ha3BaTh YCTPOMCTBAMHU MPOLEAYPHOIO THMNA, TaK KaK OHU TPEOYIOT IS
peanu3alnuy  Kakoro-mbo ajaroputma apu(pMETUYECKOW OIepaluyd BBINOJHEHUS
MOCJIEIOBATEIbHOCTH JEUCTBUM, 3aIaHHOM BO BPEMEHU (TO €CTh IPOLIEYPHI).

VYcrpolicTBa BTOPOTO THUIIA, PACCUMTAHHBIE HA allapaTHYI pealn3aluio
QJTOPUTMOB BBIYMCIIEHHUM, MOXHO Ha3BaTh YCTPOMCTBAMU C JKECTKOU CTPYKTYpOM.
(OrmeTuM, 4TO TMOKOCTH YCTPOMCTB MEPBOTO THUIA 3AKIIOYAETCS HE B BO3MOXKHOCTU
IIEPECTPOMKH HMX CTPYKTYPBI, @ B BO3MOXXHOCTH BBIIIOJIHEHUS HA 3aJJaHHON CTPYKTYype
00JIbILIEr0 YKcia PA3IMYHBIX aaroputMoB) IlpuMepoM ycTpoilcTB mpoLeAypHOTrO THUIIA
MOTYT SBJISITBCS, O HEKOTOPOH CTENEHH, YCTPOWCTBA JJIA BBINOJHEHUS KOCBEHHOT'O
yMHOXEHHs. Takue ycTpoilcTBa Tocie HeOONbIIoN JopaboTKH ~ MOTYT OBITh
UCIOJIb30BaHbl U JUISl peajiu3aluu IpYrux onepauuid (aJroputMmoB), Hampumep, AJis
OOBIYHOTO CIJIO)KEHUSI CO 3HAKOM, JJIsl BBIMOJHEHUS [EJIECHHUS WM  ONepauuid ¢
MJaBarolleld 3amarod. B mpenenbHoOM ciiydae HauOojiee YHMBEPCAJIBHOM CXEMOU
MOXET SIBISATHCA OOBIYHBIM HAKaIJIMBAIOIIMA CYyMMAaTop, IONOJIHEHHBIA CXeMaMu
BBITIOJIHEHUS JIOTHYECKUX ornepaunii. C Apyro CTOPOHBI,  CIIELUATU3UPOBAHHBIN
anmnapaTHbli  YMHOXXHUTENIb, HAlNpuUMep, MaTPUYHbIA (MaTpPUYHbIE YMHOKUTEIU
oApoOHEE pacCMaTPUBAIOTCS B CIIEIYIOIIEM MTyHKTE), SIBIISIETCSA MPUMEPOM yCTPOMCTBA
C JKECTKOM  CTPYKTYpOM, PACCUMTAHHOIO TOJBKO Ha BBINOJIHECHUE KOHKPETHOM
ONepalyy, 3a4acTyl0 — ONPENEJIEHHON pa3psAOHOCTH U B ONPEIEIECHHOW KOIUPOBKE.
st cozmanus Oosiee wnm MeHee yHuBepcaiabHOTO OY HE00X0aMMO MMETh Habop
TaKUX CXEeM IJs BceX TpeOyeMbIX omnepanuii, Jub0 — CcoyeTaHHEe HECKOJbKHUX
CHEUATN3UPOBAHHBIX YCTPOICTB C OJHUM YHUBEPCAIbHBIM.

OnepalmoHHbIE YCTPOMCTBA MPOIEAYPHOTO THUIIA MOTYT OBITh IOCTPOEHbI
pa3nuuHbIMH criocobamu. I[lpumepom mporieccopoB ¢ 6ojee KECTKUM MPUHLUIIOM
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MIOCTPOCHUSI ONEPAlMOHHOM YacTU MPOLEIYPHOTO THUIA SBJISIIOTCS TaK Ha3bIBAEMbIC
|-mponieccopbl, y KOTOpPHIX 3a ONpPENEIECHHBIMHU PETrUCTPAMHU 3aKpErIeHbI
onpeneneHHbie onepanuu (puc.3.2). Ha puc. 3.2 IIIA u IIJ] — cOOTBETCTBEHHO IITMHBI
aapeca W JaHHbIX, ACC — akkymynsarop, KC — komOunanmonselie cxemsl, TII —
TPUTTEPHI IPU3HAKOB, Y'Y — YCTPONCTBO ympaBiicHUs. Pa3Hble pErnuCTpbl COEAUHEHBI C
pa3HbiMu  onepariioHHbIMU 37ieMeHTaMu  (KC) u mo-pazHoMy cOeauHEHBI ApYyr ¢
npyroMm. Takoe pa3HeceHHe olepanuid Mo pPerucTpamM 3a CUeT HaJu4Ms HECKOIbKUX
OTEPAIMOHHBIX 3JIEMEHTOB B CXEME TMO3BOJIAET pacHapayieIUuTh BBINOJHECHHUE
HEKOTOPBIX BBIYUCICHUN UM TEM CaMbIM MOBBICUTH MPOU3BOAUTENIBHOCTh. C Jpyrou
CTOPOHBI, TaKas OPTaHHW3aIlMs TOI4Yac JUIIECHA HEOOXOAMMOW THOKOCTH W TpeOyeT
YacCThIX MEPECHUIOK UHPOPMAITUU MEKTY PETUCTPAMHU.

WA WA
T

SM L {y}

T2

Acc T3

Yy

[ KCi |

-

RG1

|
[ KCi |

RG1

Puc. 3.2

B mnponeccopax ¢ MarucTpaibHON apXUTEKTypo# (mporeccopsl M-tuma, wnu
nporieccopsl ¢ obmum AJIY) wumeercs ogHO o0OpadaThIBaroIee yCTPOHCTBO —
cymmatop, oo AJIY (Hampumep, TaOIMYHOE), C KOTOPHIM CBSI3aHBI BCE PETUCTPHI U3
6soka POH (puc. 3.3).

Peructpel  SBISAIOTCS B JAHHOM CIIyya€ paBHONPABHBIMHU, Kaxzjas mMapa
PETHCTPOB MOKET Y4YacTBOBaTh B 000N omeparuu. AJIY cBsizaHO C perucrpamu
TpeMsl MarucTpaisiMu: Maructpainu A u B cimyxar ans nomaun onepannoB B AJIY, a
Maructpaib C — 1)1 3a1UcH pe3yibTaTa B BRIOpaHHbBIN peructp u3 6soka POH.
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Maructpans B

Maructpans A

{x} v E J
< Kommy-
< ANY Y POH Tatop A

> AKK -
% -------

Maructpanb C |-« vvvvverennss :

n3 Ol
<——> Kommytatop C I

Kommy-
Tatop B

YcTponcteo
YnpasneHus (YY)

Vb

{y;}

Puc. 3.3

WNHorga oaMH U3 pErMCTPOB BCE KE BBIIEISAETCS KaK OCOOBIH, B KOTOPOM MOTYT
BBINIOJIHATHCS  CIELMAIIBHBIC ONlEpallii, HEIOCTYIIHbIE I IPYTUX PEerucTpos. B psne
CllydaeB 3TOT PETUCTP BCeria sSBISETCs  IPUEMHHUKOM pe3yipTaTa (a HHOTrAa
o0s3aTeIbHO W OJHUM W3 OMNEpaHaoB). Torga TakoW PETUCTP HA3bIBAIOT
aKKyMYJISITOPOM, a MNPOLECCOp Ha3bIBAIOT MPOLECCOpPOM Ha 0Oa3e akkymysstopa. B
npuHoune, B AJIY Takoro mpomeccopa MOXHO Pa3MECTUTh KAaKOE-TO KOJIMYECTBO
CHEUaTIN3UPOBAHHBIX apU(PMETHUUECKUX YCTPOWCTB JKECTKOM CTPYKTYpbl, TOrJa
nonyyeHHoe OY Oyner 4eM-TO MPOMEXYTOUHBIM MEXKIY MPOLETYPHBIM U KECTKUM.

3.3.2. bio4HbIe ONePpAlIMOHHBbIE YCTPOHCTBA

JJ1s OBBIIIIEHNS] TPOU3BOAUTENLHOCTH MPOIIECCOPa MPU BBINOJIHEHUN ONEpaluii
€ro ONEepalOHHOE YCTPOMCTBO MOXET CTPOUTHCS MO OJI0YHOMY HpuHLUIY. B Takux
onounvix OV peanusyercss HECKOIbKO (PYHKIIMOHAIBHO HE3aBUCHMBIX HCIOJIHUTEIBHBIX
YCTPOMCTB, BHIMOJIHSIONINX Pa3IMYHbIE ONepauuu (I pa3nyHble TPYIIbl Onepanui,
HanpuMep, TpH OJI0Ka LIETOYUCICHHOTO CJI0KEHUs, IBa — HEJIOYUCICHHOTO YMHOXKEHHUS,
10 OHOMY OJIOKY J€TICHUS, CII0’KEHUSI U YMHOXKCHHUS C TUTaBAOIIEH 3araToM | T. 1.).

OTH yCTpoMCTBa pabOTaIOT MapaieabHO, 00padaThiBas KaXKJ10€ CBOM ONEpPaH/IbI.
YnpaBrneHue STUMHU YCTPONCTBAMH OCYIIECTBIISICTCS C MOMOIIBIO TaK Ha3bIBAEMBIX
ITMHHBIX KoMaHaHbIX ciioB (Very Long Instruction Word — VLIW). Komangasie ciioBa
BKJIIOUAIOT WHCTPYKIUU ISl KaXKIOTO W3 HCIOJHUTENBHBIX YCTPOMCTB, a TaKkke
onepaH bl UM ykaszarenu Ha HuX. (O mpoueccopax VLIW taxke cMm. myHKT 3.5.5).
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[TpeumymectBom Omounbix OV siBnsiercss Oojiee BHICOKAsk MPOU3BOIUTEIHHOCTD,
JIOCTUraeMas 3a CUeT pacnapasleIuBaHus BBIYUMCICHUM. B TO xe BpeMsi UCIIOJIb30BaHuE
TaKMX YCTPOMCTB HE Bceraa 3(PQPeKTUBHO, MOCKOJIBbKY HE BCErJa €CTh BO3MOXKHOCTh
3arpy3uTh BCE HCIIOJHUTEIBHBIC YCTPOUCTBA B Ka)XJOM TAaKTE, B PE3YyJbTATE YacTh U3
HUX TpocrauBaer. boiee  3(P(HEKTUBHBIMU YacTO OKAa3bIBAIOTCS KOHBEHEpPHbIE
OIIEPAaLlMOHHBIE YCTPOWCTBA, IIOCKOJIBKY KOHBEHWEPHU30BaThb BBIYMCIICHUS B psle
CIy4aeB IpOIIe, YEM pacnapauieiuTb, YTO CBSI3aHO C IMOBTOPEHUEM OJHOTHUIIHBIX
BBIUHCIICHUN B aITOPUTMAX.

3.3.3. KonBeiiepHble onepauoOHHbIe YCTPOCTBA

JUtst KOHBeHepHU3aluy BEIYMCIEHUA HEO0OXOAUMO:
pa3OUTh BBIUMCICHUS HA  MOCJENOBATEIbHOCTh  OJMHAKOBBIX IO BpPEMEHU
ATAIOB,;
peann30BaTh KaK/bIM 9Tall anmapaTHO B BUJIE CTYNEHU KOHBEHEpa;
obecreunTh (PUKCAIUIO MPOMEXKYTOUHBIX PE3YJIbTATOB BBIUUCICHUN Ha BBIXOEC
KaXJI0M CTYTIEHU B PErHCTpax-3aliesKkax.
HamomuuMm, uto 3¢h@dexkTuBHOCTH KOHBeHepa OyleT TeM BhIlIEe, 4YeM OOJIbIIe
3a/1a4 OyJIeT MoCTynaTh Ha €ro BXO/I.
TUnUIHBIM TPEMEPOM KOHBEHEPHBIX OMEPAIMOHHBIX YCTPOWCTB MOTYT CITY)KHTh
TaK Ha3blBa€Mble MaTpU4YHble yMHOXuTenn. CBoe Ha3BaHME OHHM TMOJYYHJIHA, BO-
MEPBBIX, MOTOMY, YTO BKJIIOYAIOT (PAKTUYECKH MATPHUILy OTEPAIMOHHBIX 3JIEMEHTOB
(cyMMaTopoB), a BO-BTOPBIX, MTOCKOJIbKY OAHOW M3 HaumbOojee O4YEBUAHBIX Ccep Ux
MIPUMEHEHUS SBIIICTCS YMHOYKCHHE MATPHIL.
PaccmoTpuMm  mporiecc  YMHOKEHHSI JIBYX JIBOMYHBIX  UYETHIPEXPa3psSaHBIX
MOJIOKUTEIHHBIX YHCEIL:
ds d a do
x by by by by
+ ashg axbp ajby agho
+ ash; a)b; ajb; aghs
+ aszh, axb, ajb, agh,
+ asbs; abs; aj;bs aghs
Cz GCs Cs Cy C3 C C1 Co

I[Io KOCBEHHOW CXeME€ YMHOXEHHS HAa YCTPOMCTBE C OJHHUM CYMMaTOpPOM H
Ha0OPOM PETUCTPOB VIS PeTM3allMK dTOI0 YMHOKEHUS HE0OX0IMMO B OOIIeM ciydae
BBINIOJIHUTh YETHIPE IIara, Ha Ka)XJOM KX KOTOPBIX BBINOJHSAETCS yMHOXeHHEe A Ha
ouepeaHoi paspsaza bi, cioxenne A bj ¢ TekyIel cyMMOR YaCTUYHBIX MPOU3BEACHUN U
CIBUT HOBOU TOJyYEHHOW CyMMBI Ha OJIMH pa3psia BmpaBo. Takum oOpa3oMm, BpeMs Ha
BBITIOJITHEHUE STOTO YMHOXKEHHUS MOKHO MPUOJIMIKEHHO OIICHUTH KaK :

TyMH = 4(t& + 4*tsm + tsh) )

rie tg — 3aaepKKa Ha OJTHOM JIOTHYECKOM BeHTHIIE (ITpH yMHOXKeHUH A Ha b;),
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4tgn— 3amepKKa Ha  CIOKEHUE TPU  KCIOJIb30BAaHMM  CyMmaTropa ¢
MOCIEIOBATEILHBIM MEPEHOCOM, tsm — 3a/iepKKa OJHOPA3PSAHOTO MOJHOTO JBOMYHOTO
cyMMaTopa, KOTOPY0 MOKHO HNPUHATH paBHOU 2tk

tsh — 3aepKKa HA OJIMH CABHT, KOTOPYIO TAKXKE MOYKHO MPUPABHATH g

Torna Bpemsi ymHoxkeHus = 44 tg. C 1apyroil CTOpOHBI, MOCKOJBKY BCE
npousBeneHrus A D B IpHHIMIIE MOXXHO pPacCYMTATh MapajlIeIbHO, CIBUTH TaKXKe
MOXHO 33/1aTh >KECTKO, a MEPEHOChl MNP CIOKEHUH MOXKHO YYECTh TOJBKO MpHU
3aBEPIICHUU CIIOKEHUS BCEX YETBIPEX ClIaraeMbIX (YACTUYHBIX MPOU3BEACHUM), BMECTO
TOTO, 4YTOOBI PACCUMTHIBATHP HMX HA KaXJOM IIare, MPOIECC YMHOXEHHUS MOXKHO
3HAQYUTEIBHO YCKOPUTh, €CJIM pEaju30BaTh CXEMYy MATPUYHOTO YMHOKHTEIS,
MPEJCTaBICHHYIO Ha puc. 3.4. OT10 cxeMa yMHOxuTelns bpayHa. Ha cxeme He moka3zaHbl
BEHTUJIM, HEOOXOJMMBbIC ISl TMOJYYEHHUSI BCEX YACTUYHBIX TMPOU3BEACHHUM, a TaKkKe
¢dukcaToppl, HEOOXOAMMBIE HA BBIXOJE KaXAOW JUHEHKH cymmaTopoB. Kaxmas
JTUHENKa CyMMAaTOPOB MPEJICTaBIsIET COOON TaK Ha3bIBAEMbIN CyMMATOp C COXpaHEHUEM
nepeHoca (CCII), KOTOpBIi MIUPOKO MPUMEHSAETCS B PA3IUYHBIX apUPMETUUECKUX
ycrpoiictBax (Ha puc.3.4 CCII 00BeaeH MyHKTUPHBIM MPSIMOYTOJBHUKOM CO
CKPYTJICHHBIMH YTJIAMH).

Co

Puc. 34

[IyHKTUPHBIM  MPSIMOYTOJBHUKOM HAa pHUCYHKE OOBEJEH NapaljieibHbIN
CyMMaTop, KOTOPBIM MOXKET ObITh peaju30BaH, Kak MOKa3aHO Ha PUCYHKE, TO €CTh Kak
CyMMAaTop € MOCJIEIOBATEIBHBIM IIEPEHOCOM, WIIA — IO CXEME C YCKOPEHHEM IMEPEHOCA.
Bpemst yMHOKeHUS! HAa TOJJOOHOM YMHOKHUTETE :

TyMH = t& + (n +mM-— 2)*tsm,

rae N — pa3pssaHOCTb MHOXKXHMOTI'O, M — pa3pssAHOCTb MHOKUTEIIA.
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B ¢opmyne He mpUCyTCTBYIOT 3aTpaThl Ha CABUTH, TaK KaK OHU 33JJal0TCS JKECTKO
IIyTEM COCIMHEHUH JIMHEEK CYMMATOPOB, KPOME TOI'O, CYATAEM, YTO BCE YaCTUYHBIC
Ipou3BeIeHUST (POPMUPYIOTCS 32 OJHO JIOTMYECKOE YMHOXKEHHe. [l Hamero ciiyuas
BpEMsI Ha YMHOXEHHME OKa3bIBaeTCsl paBHbIM 13 tg. Takum oOpazom, ObIcTpozeiicTBHE
YMHOXUTEIIS 10 CPAaBHEHHIO ¢ OOBIYHOM CXEMOIl MpUMEPHO B TpU pasa Bhimie. Kpome
TOTO, YMHOXXUTETIb MOKET paboTaTh B pexuMe KOHBeiepa. B manHOM ciydae ducio
€ro CTYIEHEW paBHO ILIECTU (Tak KaKk B CyMMAaToOpe ¢ MOCIEAOBATEIbHBIM EPEHOCOM
MPUAETCS] OPraHU30BBIBaTh TPU OTHEIbHBIE cTyneHH). [IukoBass mpOU3BOAUTEIBHOCTh
KOHBelepa MpH TOJIHOW 3arpy3Ke — OJIMH pe3yibTaT 3a 4tg (IMTenbHOCTh TaKkTa paBHA
3ajIepiKKe Ha CymMarope + 3ajiepikke Ha Tpurrepe-pukcatope), To ectb B 10 pa3 Bhile,
yeM B OOBIYHON cxeme. Takol BBIMIPBIII JIOCTUTAETCS 3a CUET JOMOJIHUTEIbHBIX
anmnapaTHbIX 3aTpaT, KOTOPbIE BhIIIE, YEM B IEPBOM CIIydae NPUMEpPHO B 4-5 pas.

B ymHOXxuTene bpayHa HCHOJB3YIOTCS HECKOJIBKO OCHOBHBIX CIIOCOOOB
MOBBIIIEHHS IPOU3BOJIUTEIBLHOCTH:

pacrnapauieJIMBaHue BRIYUCICHHH (0JHOBPEMEHHOE BhIUMCIIeHUuEe Bcex A bi);

KOHBellepru3alusi BbIYMCICHUA (UMK yYMHOXKEHHSI  pa3BOpAayMBAETCAd B
IIOCJIEIOBATEIbHOCTh ~ CTYIIEHEW, MEXPa3psAIHbIE IEPEHOCHI COXPaHAITCI WU
IIEPENAOTCS Ha CIECTYIOUIYIO CTYIIEHbD);

anmapaTtHas peajqu3als U CIeUualu3alys BBIYMCICHUN IO03BOJSET HU30€XKaTh
pacxo0B Ha CIBUT, KOTOPBIM 3aJaeTCs MKECTKO, COXpPAHEHUE IEpeHoca  TaKkKe
JUKTYETCs BBIOPAHHBIM JUIS allllapaTHOM peanu3aliy alropuTMoM.

Kak yxe ynoMHMHaNIOCh, OCHOBHBIM 3JEMEHTOM MAaTPUYHOIO YMHOKHUTEIS
sBisieTcst cymmarop ¢ coxpanenuem neperoca (CCII mim Carry Save Adder — CSA).
Ero ucnone3yloT He TOJBKO B YMHOMKUTENSAX, HO M BE3J€, € HEOOXOAUMO YCKOPUTH
cnoxenue N uucen. Tak, Ha puc. 3.5 MokazaH CyMMaTop JJIsl CJIOKEHUS TPEX YHCeN Ha
6aze CCII. OctaHoBUMCS Ha MPHUHIMIE MOCTPOCHUS MOJOOHBIX ycTpoucTB. [lomHBIN
cymmarop (IIC) mo3Bonsier ckiaablBaTh TPU OJHOPA3psSAHbIX uuciaa. OObIYHO B
KauecTBE TPEThEro CJIAraéMoOro BBICTYHAaeT MEPEHOC, MOCTyHaromui Jubo ¢
MpeAbIAYIIEro CymmaTopa, 1ubo co cxeMmbl nepenadyu nepeHoca. Ho eciu B kadecTBe
TPETHETO CIAraéMOro UCIOJIb30BaTh COOTBETCTBYIOLIUI pa3psll TPETHErO N-pPa3psiAHOrO
4yuCJIa U HE NepenaBaTh IEPEHOC B CIEAYIOUIMI OJHOPA3PSIHBIA CyMMaTop, TO Ha
BBIXOJIE cCymMMaTopa chopMHUpyeTcsi cymMMa B IaHHOM pa3psijie U EePEeHoc.

Ha BbIXOJie TMHENKH TaKUX CyMMaTopoB (GOPMHUPYIOTCA JIBa YHCIA : COOCTBEHHO
CyMMa pas3psiioB Tpex N-pa3psaHBIX CIAraéMbIX U CyMMa NEPEHOCOB IPHU CIIOXKEHUU
TUX cinaraemMbix. CyMMa 3THX JABYX YHCEN U NPEICTaBIseT cOOOM 3HAUEHHE CYMMBbI
TpEX ClaracMslx:

S=X+Y+7Z=§,,+C

Xyz

Jluneilika MOMHBIX CYMMAaTOPOB, OOBEIeHHAs HA PHUC. 3.5 MyHKTHUPOM, — 3TO U €CTh
cymmarop c¢ coxpanennem nepeHoca (CCII). /lannasi cxema MMeeT TpU BXOJa U JiBa
BbIXO/Ja (MMEIOTCS B BUAY N-pa3psiAHbIe BXOABl M BBIXOJBI), MMOITOMY B JUTEpaType
MOYHO BCTPETUTH JiJist Hee o0o3HaueHune CClIls.,.

41



X,Y, 27, X,Y,2, X, Y, 7, X,Y, 2,
CCIl
I1C I1C Iic I1C
0
c|S C S C|S c|s
Ay By B, B B By By
[lapayyesbHEY CyMMaTOp
S S S S S

2 1

Puc. 3.5

Ecnu mojate 1Ba mosy4eHHBIX YHMCIIa Ha OOBIYHBIN MapauiebHbI CyMMaTop, TO
Ha BBIXOJIE MBI MOJIYYUM CyMMy Tpex uncelnl. Eciau ucnosb3oBath HEe oauH CClls., a
JIEPEBO TaKMX CyMMaToOpoB, kKak mokazaHo Ha puc.3.6 (CCllg.2), TO BBINOJTHSAETCS
CJIO)KEHUE BOCHBMU 4Hcel, U Tak gainee - st N ducen Mol ucnoibzyeM cxemy CCIIn.o.
dakTUYeCKH MBI UMEEM CXEMy, MOXO0XKYI0 Ha MUpaMUJAIbHYI0, HO C OJHOU OO0IIei

ccI,

. cer,
==
cco, ccr,
D1l
cer,
AT
o

3-2

cCI,

Cywm

%ﬂ n+3

Puc. 3.6.

CXEMO¥ mepeauu U YCKOPEHHUs NepeHoca.

VYckopenne cxembl Ha 0Oaze CCII 1o
CpPaBHEHUIO C THUPAMHUAAIBGHBEIM  BKIIOYCHHEM
CyMMaTOpOB 3aBHCHT OT BpPEMEHHU 3aJePIKKH
napasuieIbHOTO cymMMaTopa co cXeMoi
yckopeHnHoro nepenoca (CYII):

x _ Loy log, N

YCK tcyM
rne t u — BpeMs 3aIepKKH IapajuleIbHOTO
cymmaropa ¢ CVYII;

t .o — 3adep’KKa MOJHOTO OJHOPa3PSAIHOIO
cymmMmaropa.

[Ipu 5TOM HEOOXOIMMO OTMETUTb, YTO IS
oonpimHCcTBa BapuanTtoB CYII yckopeHue cxembl
¢ CCII no cpaBHEHHIO C NHPAMUAAIBHOU
BO3pAcTa€T MPU  YBEIUMYEHUU  Pa3pSIAHOCTH
CJIaraéMbIX, TaK KaK COOTBETCTBEHHO PaCTET ey, A
t;c HE MeHseTcsl.

Ha 6a3e OblcTpojeiCTBYIOIIETO CyMMaTOpa
Ha N yucen, aHAIOTMYHOTO MPEICTABIEHHOMY Ha
puc. 3.6, MOXHO TOCTPOUTH  JPEBOBUIHBIN

+ t3c 10g3/2 N

YMHOXHTENb Yoiieca. B Takom ycTpolicTBE yMHOKEHHE BBINIOJIHSETCS B JIBa ATamna —
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Ha 1epBoM (POPMHUPYIOTCS BCE YaCTHUHbIE pou3BeaeHus Buaa A - b - 2! | ma Bropom —
nosyyeHHble N yacTHuHbIX npousBeacHUi (rae N — KoaMuecTBO pa3ps 0B MHOKUTEIS
‘ A B 0e3 yueTa 3HAKOBBIX) CKJIQJBIBAIOTCS
Ha cymmarope ¢ CCIlIy.; , Kak moka3aHo
dopMUpOBaHME HYaCTUYHbIX NPOU3BEAEHMI Ha puc. 3.7 HA TPUMEPE YMHOKEHHUS Ha
8-paspsaHbIii MHOHUTEITb. ITo
CPaBHEHMIO C YMHOXHWTeseM bpayna
MBI uMeeM BBIUTPBIII B
OBICTpOAEHCTBUU 3a cyer
C S UCIIOJIb30BaHUsl OOJIBIIETO KOJINYECTBA
CCII, d49ro moO3BOJAET B OOIBIICH
MapannensHblin cymmaTop CTENIEHU  paclapajuleiuTh  IIpoLece

CJIOKEHUSI YaCTUYHBIX POU3BEICHUM.
l AXB Kongeiiepubie oy MOTYT
UCIIOJIB30BATbCA  CaMOCTOSITENIBHO, HO
Puc. 3.7 gaiue ABJIAIOTCA COCTaBHOM 4acTeio OV
MpoNEeAypHOro ThNa JMOO  OJIOYHBIX

OV kak annapaTtHble YCKOPUTENIN BBINOJHEHHS ONIEPALUH.

CccCn

8-2

3.4. Apxurekrypa cuctembl KomaHa. RISC u CISC npoueccopsl

[Ton apxurextypoii cucrembl komanm (ISA — Instruction Set Architecture)
MOHMMAIOT COCTaB M BO3MOXXHOCTH CHCTEMbBI KOMAaHJ, OOIIMH B3IJISIA HA CHCTEMY
koMaHa (CK) u cBsi3aHHYIO C HEH MUKpPOApXUTEKTYpy IMpoIleccopa C TOYKU 3PEHHUs
nporpammucrta. Bo MHorom  mMeHHO apxutekrypa CK ompenenser TpakTOBKY
apXUTEKTYphl KOMIIbIOTEpa BOOOIIE KakK «...a0CTPaKTHOrO NPEACTaBICHUS O
BBIYHMCIINTEIILHON MAIIMHE C TOUYKU 3PEHUS TPOTrPAMMUCTAY.

Hcroprueckn mnepBble MUKPOIIPOIECCOPHI, mosBuBIIMEcs B 70-X romax XX Beka,
MMENM OTHOCUTEIBHO NPOCTYI0 CHUCTEMY KOMAaHJ, YTO OOBSICHSAJIOCH HEOOJbLIIMMU
BO3MOKHOCTSIMU HMHTETpajibHOM cxemMoTexHUukH. [lo Mepe yBennyeHus CTENeHU
unrerpaunn UMC pazpaboturikn MII  crapanuch pacmivpsiTe CUCTEMY KOMaHA M
Jenarb KOMaHnabl Oosee (PyHKIIMOHAIBHBIMU, «CEMAHTHYECKH HArpy>KEHHBIMU». IDTO
O0OBSACHSIIOCH, B YACTHOCTHU, JBYMSI MOMEHTAMH: BO-NIEPBBIX, TPEOOBAHUSMU SKOHOMUTh
naMmsTh JUIsl pa3MEIIeHHs IPOorpaMM, OCTaBIIATh OOJbllIe MaMATH MOJ JaHHbIE U T. 1., a
BO-BTOPBIX — BO3MOYKHOCTBIO PEAIIM30BaTh BHYTPU KPHUCTAJLIa MPOLECCOPA CIOKHBIE
MHCTPYKLUHU OBICTpEE, YeM IIPU UX MPOTrpaMMHOMN peaau3aluu.

B pesynbraTte mosBHIMCH MPOLECCOPHI ¢ OOIBIINMH HA0OpaMu KOMaH, MpUYeM
KOMAH/Ibl 3TH TaK)X€ 3a4acTyl0 SBJSJIMCH JOCTATOYHO CIOXKHBIMHU. Briocienctsum 3tu
MIT nasamu CISC — ot Complete Instruction Set Computer — koMIbIOTEp C TOJIHBIM
Habopom komana wim Complex ISC — co cmoxHbpIM HaOOpoM KOMaHI. THIUYHBIM
npumepoM CISC-miporieccopoB SBISIOTCS MPOLIECCOPHI CeMeMcTBa X86 Kopropaiuu
Intel u ee konkypenrtoB (a Tarke Motorola 68K u npyrue).

Hapsiny ¢ ormeuenHsiMu mnpeumyniectBamu rmporeccopel CISC oOnaganu u
PSAIOM HEIOCTAaTKOB, B YACTHOCTH — KOMAH 1bl OKa3bIBAJIUCh CUJIbHO HEPABHO3HAUYHBIMU
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10 BPEMEHH BBHITIOJIHCHUS (Pa3HOE KOJUYECTBO TAKTOB), TNIOXO KOHBEHEPU30BHIBAIIHUCH,
TpeOOBAIIM CIOKHOTO (M ITTUTENBHOT0) ACKOJAUPOBAHUS U BBITIOJIHEHHUS.

JIJist IOBBIIICHUS] TPOU3BOJUTENBHOCTUA CTAIM UCIOJI30BATh KECTKYIO JIOTHKY
yIOpaBJICHUs, YTO OTPa3UjiOCh Ha PETYJSIPHOCTH U  CIOXKHOCTH KPHUCTAJLIOB
(HeperyJsipHble KPUCTAJLIIbl MEHEE TEXHOJOTUYHBI MPU M3rotopieHun). Ha kpucrasmie
ocTaBaJioch Mayio Mecta i1 POH u k3.

Kpome Toro, uccienoBaHusi Moka3aid, YTO MPOU3BOIUTENM KOMIMIATOPOB H
MIPOCTO MPOTPAMMHUCTHI HE HCTOIL3YIOT MHOTHE CJIOXXHBIE WHCTPYKIIUH, TTPEATIOINTAS
HCITOJIB30BAaTh MOCIICIOBATEIFHOCTh KOPOTKHUX.

Pa3paboTunky MOMONUIM K KOHIEMIIMH OOJiee MPOCTOTO0 M TEXHOJOTUYHOTO
mporeccopa ¢ HEKOTOPhIM OTKaTOM Ha3aj — K MPOCTHIM M KOPOTKUM HHCTpyKIusM. C
koHma 70-x 1o cepenuHbl 80-X TOIOB TOSBISIOTCS TPOEKTHl TAaKUX IPOIECCOPOB
Cmuadopackoro yauBepcuteta u yHuUBepcuteta bepxmm (Kamudopaus) — MIPS u
RISC.

B ocHoBy apxwurektypel RISC (or Reduced Instruction Set Computer —
KOMITBIOTEP C COKPAILEHHBIM HA0OpOM KOMaHJ) MOJIOKEHbI, B YACTHOCTH, TPUHIIUIIBI
OTKa3a OT CJIOKHBIX U MHOTO(YHKIIMOHAJIBFHBIX KOMaH/l, yMEHBIICHHUS UX KOJUYECTBA, a
TakKe KOHIIGHTpalus Ha 00pa0oTKy Bcell MH(OpManuu MNPEeUMYIIECTBEHHO Ha
KpHUCTaJUIe MPOoIleccopa ¢ MUHUMAIBLHBIMU OOPAIIEHUSIMH K TTAMSITH.

OcHoBHbIe 0cobeHHOCTU apxuTeKTyphl RISC:

1. YMmenbiienue yrcina komans (1o 30-40).

2. VYrpouienue n yaupukanus GopMaToB KOMaH/I.

3. B cucreme kxomaHna mnpeoOnagal0T KOPOTKHE HHCTPYKIUMU (HAmpUMeED,
yacTo B CK OTCYTCTBYIOT yMHOKEHHUS).

4. OTka3 OT KOMaH]I TUTa MaMATh—I1aMsATh (Hanpumep, MOVSB B x86).

S. Pabota ¢ mamMAThIO CBOAUTCS K 3arpy3ke M COXPAHEHUIO PETHCTPOB

(mostomy apyroe nasBanme RISC — Load-Store Architecture — apxurekrypa Tuma
«3arpy3Ka—COXpaHeHUe»).

6. [IpenMyIIECTBEHHO pealu3yrTCs 3-aIpeCHbIC KOMAH/Ibl, HAIPUMED :
add rl, r2, r3 — cnoxuth I2 ¢ I3 ¥ IOMECTUTh PE3yJIbTaT B I'1.

7. Bonwmoii peructpoBsiit daiin (1o 32-64 POH).

8. [Ipenmourenre oTAAETCS KECTKOM JIOTUKE YITPABICHUA.

[IpeumymectBa apxutektypbl RISC:

1. OOGneryaercss  KOHBeWepHasi, CynepcKalspHas W JIpyrue  BUIBI
napasuieIbHOM 00paboTKH, MJIAaHUPOBAHUE 3arpys3Ku, npeaBbIOOpKa,
MepeynopsA0YNBaHNAC U T. 1.

2. Bonee apdhexTuBHO HcHoONb3yeTCsl IUIOMaAL Kpuctayia (0oJbllle maMaTH
— POH, xom).

3. beicTpee BBITIONIHSETCS ACKOAMPOBAHWE WM HWCIIOJHCHHE KOMaHJI —

COOTBETCTBEHHO, BBIIIEC TAKTOBAS 4aCTOTA.
[Tpumepamu cemerictB mporieccopoB ¢ RISC-apxutekTypoit MOTYT CIy>KUTb
DEC Alpha, SGI MIPS, Sun SPARC u apyrue.
BonbinHCcTBO coBpeMeHHbIX cyrnepckamsipabix u VLIW-nipoueccopoB (B ToM
yucae u Intel) mu6o umeror apxutekTypy RISC, mu6o peanusyror moxoxue Ha RISC
NpUHIUIEL, U600 noanepxkuBaloT CISC-uHCTpyKIIMM, HO BHYTPU TPAHCIHPYIOT UX B
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RISC-nono0OHbIe KOMaH/IBI 7151 OOJIETYEHUS 3arpy3Ku KOHBEHEPOB U PEIIeHUsl APYTUx
3ajad.

3.5. YerpoiicTBa ynpaBJieHUs: IPOLECCOPOB
3.5.1. Hazna4yenue n Kiaccupukanmsi yCTPOCTB ynpaBJIeHUsA

Kak yxe ynoMuHaOCh paHee, yCTPOIMCTBO yIpaBieHHUs MPolieccopa OTBEUAET 3a
BBITIOJITHEHHE COOCTBEHHO KOMaH]I TPOIIECCOpa, BKIIFOYAsi OCHOBHBIC ATambl (3arpys3Ka,
NEKOJIMPOBaHNE, OOpallleHHWEe K MaMsATH, HCIIOJIHEHUE, COXPAHECHHE pe3yJbTaToOB),
yIOpaBJICHUE BBIIOTHEHUEM IIporpaMM (OpraHu3alids BETBICHUM, IIMKIJIOB, BBI3OB
nmoAmporpaMM, 00pabOTKa TpephlBAaHUKW U Jp.), a TakkKe YMOpaBiIsgeT paboTon
npoleccopa B 1EJIOM.

VYerpoiictBa ympaBieHUS — KJIACCU(PUIIUPYIOTCS B 3aBUCMMOCTH OT  THIA
Mpoleccopa WM TUNA YIPABICHHS  HMCIOJIHEHUEM KOMAaHJ, KOTOPbIA B HEM
MIPUMEHSIETCA :

YCTPOMCTBA YIIPABJICHHS MPOIECCOpa 0OIIEro Ha3HAYCHHS HJIM CIEIITPOIIeCcCcopa;

YCTPOMCTBa yHpaBieHUS C TOIJCPKKOM KOHBeWepa KomaHj, 0Oe3 Takou
MOJJICPKKHA WIA C TOAJEPKKOH MHOTOIOTOKOBOTO KOHBeHepa (B CymepCcKasipHBIX
MpoIeccopax), a TakKe YCTPONUCTBO yIpaBJeHUs Mpolieccopa ¢ JJIIMHHBIM KOMaHIHbIM
CJIOBOM;

YCTPOMCTBO  YMpABJICHUS C  YHOPSJIOYEHHBIM  HCIOJHEHHEM  KOMaHj,
HEYMOPSIJOUYCHHBIM UCITOJITHEHUEM, BbIJIaueii WM 3aBEPIICHUEM KOMaH] (C MOIEPKKON
JTUHAMUYECKON ONTUMU3AIINN ).

Kpome Toro, MOKHO BBIICJIUTh YCTPOMCTBA yNpaBJeHUs, TOCTPOCHHbIE Ha 0a3e
MaMATH MUKPOTIPOrpaMM (C IpOorpaMMUPYEeMOM JIOTUKOM ), THO0 — Ha 6a3e TPUTTEPHBIX
aBTOMATOB (C YKECTKOMN JIOTUKOM).

MbI paccMOTpUM OpraHU3allii0 YCTPOMCTBA yIpaBiieHUs (a BepHEE — Maphbl
YCTPOWCTBO YIPABJICHHS — ONEPAIMOHHOE YCTPOMCTBO) I OYEHB IPOCTOTO Yy4eOHOTO
RISC-mporieccopa, a 3aTem paccMOTpUM CIOCOOBI  YCKOPEHHsS pabOThl Mpolieccopa,
OCHOBaHHbIE HA KOHBEHEpHU3alluu U pacnapauieIiBaHUM KOMaHJ.

3.5.2. ApxutekTtypa npocroro RISC-npoueccopa

Paccmotpum apxutekTypy npocroro RISC-nmpoiieccopa Ha mpuMepe HEKOTOPOTO
nporieccopa  ARC  («A RISC Computer») ¢ cucreMoit KOMaH, SBJISIOMICHCS
MOJIMHO’KECTBOM CHCTeMbI komaH 1 mporieccopa SPARC./ 16 /

[Ipomeccop siBnsieTcs 32-pa3psaHbiM (TO ecTh 00padaTbiBaeT 32-O0UTOBBIC CIIOBA B
ceoeM AJIY), pa3psmHOCTh €ro KOMaHJ — Takxke 32 Outa. Ampecyemas mamsarh — 232
oaiit wm 2% xoman.

BonpmmHCTBO KOMaH poIieccopa — TpexaapecHbIe, Cleayromero hopmara:

opp rd, rsl, rs2 ; TIe OPp — Koa KoMaH bl IS1,2 — perucTpsl HCTOYHHKH,

; rd — perucTp NpueMHUK, HIN
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opp rd, rsl,imml13  ;rme imml3 — HemocpencTBeHHOE 3HaUeHUEe 13 OuT.

Bce koMaHapI MOYKHO pa3JeuTh Ha CICAYIONIUE TPYIIIbL:

1. Komanasl pabotsl ¢ namsateio: Id (load — 3arpyska) u st (Store — coxpaHenue).

2. Jlormyeckue koMaH bl and, or, nor, srl (caBur),

sethi rd, imm22 (ycraHoBKa cTtapmux 22 OUT perucTpa B 3aJIaHHBIC 3HAUCHUS).

3. Apudmernueckas komanaa: add (cioxenue).

4. KomaHabl yrpaBlieHHsS: BETBiIeHHs be, bneg, bcs, bvs, ba (6e3ycnoBHBII
Mepexoj), Bce BeTBIeHUA B dopmaTte be

Tabnuya 3.1 imm22 (OTHOCUTEIIBHOE CMEIICHUE),

FaF2F1Fo Onepanus Biuser komanma call  imm30 —  BbI3OB

Ha noanporpamMmel, jmpl (ret) — Bo3Bpar u3

aru ITOAIIPOTPAMMBI.

000 0|ANDCC (A,B) Ha Peructpsl nponeccopa: 32 POH, IR
000 1|ORCC(AB) Ha (instruction register — peructp KoOMaHbI),
0 010|NORCC(AB) Ha PC (program counter — mporpamMMHbIit
0011|ADDCC(AB) Ha cuerunk), PSR (Program Status Register —
010 0|SRL(AB) Her CJIOBO COCTOSIHUSI MporpamMmbl — 4 (biara).
010 1|AND(AB) Her Bce peructpbl 32- paspsiiHbIe.
0110|OR(AB) Her B mpoueccope moanepxKuBaroTCA
0111|NOR(AB) Her W (13%0)1117 (5 PEKUMBI aJipecaliu:
1000|ADD(AB) Her HEIOCPEICTBEHHAS, pETUCTpPOBas,
100 1|LSHIFTZ(A) Her KOCBEHHasi  perucrposas, KOCBEHHas
101 0|LSHIFT10 (A) Her peructpoBas 1o 0ase (MHAEKCHas).
1011|SIMMI3(A) Her AnpecHas apupMeTHKa B
110 0|SGNEXT13(A) | Her nporeccope peanusyercss Ha ToMm ke AJIY,
1101]INC(A) Her YTO W OCHOBHBIC onepauuu. AJIY
111O0]INCPC(A) Her MOCTPOEHO Ha TaOIUIAX HCTUHHOCTH, a
111 1]RSHIFTS (A) Her TakKe  BKJIIOYAaeT  IPOrpaMMHPYEMBI

HETAaKTHUPYEMBI cIBHUTaTtenb Ha Oa3e MynbTuiuiekcopa. AJIY BoimonHser no0 16
MPOCTBIX KOPOTKUX apU(PMETUYECKUX WU JIOTUYECKHX OIlepaluid, MPUBEICHHBIX B
Tabn. 3.1. ®opMatel KOMaH/ MPUBEACHBI B Tab. 3.2.

MukpoapxuTeKkTypa mpoleccopa ImnpenacraBieHa Ha puc.3.8. Ha pucyHke
HCIIOJIB30BaHbI cleAyronme obo3nauenus: Data Section — omepalimoHHOE YCTPOHCTBO
(OY); Control Section — ycrpoiictBo ynpasienus (YVY); Main Memory — ocHoBHas
namate (OII); Scratchpad-ceepxoneparueHoe O3Y (32 POH %r0..%r31, 4
BpeMeHHBIX peructpa %temp0..%temp3, peructpsl ynpasnenus ir, pc); C BUS MUX
— muHHBIH MynbTHIUIEKCOp C mims BeIOOpa  WCTOYHHMKA JAHHBIX IS pPETUCTpa-
NpHEMHHKA M3 TaMATH Wik ¢ Bbixomga AJIY; B perucrpe xomann ir: rd — aapec
peructpa-npueMHuka, rsl, rs2 — angpeca perucTpoB HUCTOYHHUKOB, | — cuiar
HETOCPEJCTBEHHOM azipecannu, OPS — koA onepaunn; MIR — peructp MUKpoOKOMaHIbI
(PMK); mynsTumiekcopst A, B, C — BbIOHpaOT aapec COOTBETCTBYIOIMIETO PErUCTpa
aubo w3 Ir, 6o — u3 coorBercTBytoniero moiisi PMK B 3aBucUMOCTH OT (pyiaros

46



Data Section (Datapath)

Control Section

To A Decoder
‘_
40 Control Store Address
Incrementer (CSAI) [
A MUX | Seleet i ,8
‘ rd
MIR 1|00
ToC 0.rs] A field I %11 00 = Next
Decoder A A 01 = Jump
5 6 [E— -
16 1T7° T Next Decode Jump IM] Inst. Dec.
To B Decoder CS Address MUX
C MUX Scratchpad |« W
MR <
3| Cfield 0, rd ¥
B B MUX
- 6 L5 MR (]
1 1 0,152 B field 2048 word x 41 bit Control
Store
w
% Microcode
ey rd | rs2 rsl |ops | - 41 lnslrl{ctlon
'y R . . Register
, | N (MIR)
1 A I\ B ‘(I C I\\H)\l: ALL COND TUMP ADDR
I LI Trrrr TIrrrr rrryprryprrerrerorrorrr
- :_-_- _____ [T _F;II|II II| IIII| ||II|II|IIIIIIIIII‘
20| cLock| |7
v UNIT o
32 2
1
1 -« 2/’
: IR[30,31,19-24]
r]
64-t0-32 1
MUX Y
2 .
CB —| . 3 Control
us branch
MUX . .
logic (CBL)
4
Set Condition Codes

Y Y
Dataln RD WR
MAIN MEMORY
Address 232 byte
address Acknowledge (ACK)
Data Out space
Puc. 3.8
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Tabnuya 3.2

Komanna | buter koma komanbl (31... 0) (13-b1if OUT — mpU3HAK HETIOCPEICTBEHHOM aipecaliim)

SETHI 00 rd (5) op2(3) imm 22

Branch [0]0]0 | cond(4) | op2(3) disp 22

CALL 0|1 disp 30

Apudm. [1]0 rd (5) op3 (6) rs1(5) |0]/0]o|0|0|0|0[0]0]rs2(5)

uaornd. | 1|0 rd (5) op3 (6) rsi(5) |1 simm 13

LD/ST |1[1] rd(5) op3 (6) rs1(5) |[o][o]ojofo]o]o]o[0]rs2(5)
1)1 rd (5) op3 (6) rs1(5) |1 simm 13

IIpumeuanus : Outel 31 u 30 xoxma koMaHAbl (OP) ONPENENSIOT MPUHAMIECKHOCTh K OJHON U3
yeThIpex ocHOBHBIX rpymm koMana (00 — SETHI/Branch, 01 — CALL, 10 — apudmerny. u oru.,
11 — oOpamieHue k mamsTh); moyie OP2 ompenenser TN kKomauasl mpu 0p = 00 (mpu op2 = 100 —
SETHI, mpu 010 — komanab BeTBiaeHus branch);

Op3 ompenensier KOHKPETHYIO KOMaHIy W3 rpynmbl apudmeruko-ioruueckux (mpu op = 10):
0p3=010000 — addcc, op3=010001 — andcc, op3=010010 — orcc, op3=010110 — norcc,

0p3=100110 — srl, 0p3=111000 — jmpl;

i obpamienns K namsty (mpu op = 11): op3=000000 — Id, op3=000100 — st;

cond - ompenenseT KOHKPETHYIO KOMaHay W3 Ipymimbl koMann Bersienus (branch): cond = 0001 —
be, cond = 0101 — bcs, cond = 0110 — bneg, cond = 0111 — bvs, cond =1000 — ba.

MUXA, MUXB, MUXC; Control Store (CS) — namsates mukponporpamm (ITMII);
CSAIl — cuerunk agpeca mukporporpammbl; CS Address MUX — mynbTuruiekcop
azpeca MUKporporpammsl (Tpu kaHama — Next — cnegyrommii agpec uz CSAIL, Jump -
nepexoj 1o azapecy, ykazanHomy B PMK, Decode — mepexo/l Kk MUKpPOIOANPOrpaMMe
peanu3anuu komaHnabl); CBL — nmoruka ympaBieHusi BeTBIeHUEM; %PSI — peructp
COCTOSIHUSI TIPOTPAMMBbI, XpaHUT YeThIpe ¢uiara pesyiabTaTa MociaeaHeil omepamuu: N-
netgative (oTpHIaTeIbHOE YUCIIO), Z-zero (Houb), V-overflow (mepemnosiHnenue), c-carry
(nepenoc); ACK — moarBepxaeHHe O TOTOBHOCTH MaMATH JJii MHKPEMEHTa ajpeca
mukpokomanel; B PMK Takxke ormetrm monsi: RD/WR — urenue/3anuch namsTw,
ALU — xon oneparuu AJIY, JUMP ADDR — anpec nepexoaa B MUKpOIIPOTpaMMme.

Omneparmonnas vactb ARC COOTBETCTBYET OIeparimoHHON YacTu M-miporieccopa.
VYrpasisironas 4acTh peajin3oBaHa Kak aBTOMAT C MPOTrpaMMUpPyeMou Jiorukoit / 14 /.
Paboty mporeccopa KOpOTKO MOYKHO MPOKOMMEHTHUPOBATH CIEIYIOIINM 00pazoMm.

MaivHHBIM UK BBITIOJHEHUS KOMaHIbl B o0meM ciydae (He it
paccMaTpuBaEeMOro Ipolieccopa) BKIHOYAET:

1. UsBneuyenne komanasl u3 namstu (IF — Instruction Fetch).

2. JlexoaupoBanue komanpl (Instruction Decoding — ID).

3. H3BieueHue onepaHIoB U3 MaMATH Win u3 peructpos (MEM).

4. Bemonnenue (Execute — EX).

5. 3amucek pe3ynbTaToB B mamsth win peructp (Write Back — WB).

st nanHOTO TIporieccopa oOpamienne k namsatu (MEM) u (WB) mpoucxonst
TOJIbKO B JBYX KomaHaax — |d u St. B ocTalbHBIX cily4asix Bce ASUCTBHUS IMPOUCXOAST C
peructpamu POH. TIlockonbky y mpoueccopa ARC HeT OTAENbHOTIO aJpecHOro
OTIEpPAIIMOHHOTO YCTPOMCTBA, @ PEXUMBI aJ[pecalii MpeyCMaTPUBAIOT B TOM YHCIIE U
KOCBCHHYIO aJipecalldio, TO J3Tan BbIMOJHEeHHWs EX B HeM mpeamecTByeT  drarry
obopamenuss k mamsatu (MEM wim WB) — Ha 3ToM 3Tame HeoOXOIUMO BBIYKCIUTH
OKOHYATEJILHBIN ajJjpec maMsTH, 10 KOTOpoMy OyaeT oOpalieHue.
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MamuHHBI LMK BBIMOJIHEHUS KOMaH/bl PEaIU3yeTCsi MHUKpPONPOrPAMMHO —
BBIITOJTHEHUE Ka)XKI0M KOMaHAbl HauumHaercss ¢ HyneBoro aapeca [IMII, rae crout
MUKpOKOMaHJa oOpamieHuss K mnamatd. l[locne cyuThiBaHUS KOMAaHIBI HUJIET €€
JICKOTUpOBAaHME — KOJ  Olepanud B  pexxkuMe aekomupoBanus — (Decode)
HEIMOCPEACTBEHHO Ucronb3yeTcss sl QopMUpoBaHUS — ajpeca cieayromen
MUKPOKOMaH/Ibl — 3TO OYyJIET aJipeCc MUKPOMOANPOTPAMMBI JUIsl pPeaiu3allii OCTAIbHBIX
ATANoOB BBINOTHEHUS] KOMaH/bl (MCIIOJIHEHHE U, BOBMOXKHO, oOpalnieHue kK namsTtu). Ha
JTane MCIOJHEHUS B MAMSITH MHKPOIPOTPAMM PEAM3YETCs COOCTBEHHO ajJrOpUTM
BBIIIOJIHEHHSI KaXJI0M Komauabl. Kaxzaas MHKpOKOMaHJa B alIroOpuTMe IpHU
BBINIOJIHEHUH TTOMEIIAETCSI B PETUCTP MUKPOKOMAH/ M YIPABJISIET MEPECHUIKON MEXKITY
pEerucTpaMy, BBINIOJHEHUEM ONepauuid Haj HUMH WU T. O. Bce  MHKpPOKOMAaHJbI
peanusyrotcs yepe3 AJIY (Hampumep, mepechlika U3 peructpa | B peructp 2 Moxer
peanu3oBbIBaThCA Kak Jormueckas onepauus «MJIM» B AJIY ¢ HyneBbIM
HEMOCPEICTBEHHBIM 3HAYEHHEM JJI PEeTUCTpa 2 M 3alKChlo pe3yibTaTa B peructp 1).
[locne BbIMOJMHEHUS COOCTBEHHO KOMAaH]I IPOLIECCOpa  BBIMOJIHAETCA IEpexoi Ha
HayaJl0 MaMsITH MHKPOIpPOrpaMM, M BECh MAIIMHHBIA IUKI IIOBTOPSIETCS JUIS
CIIEIYOIIeH KOMaH/IbI (aipec KoTopoii Haxoautcs B peructpe PC).

B pesysbrare cpeanee yrcio TaktoB Ha komaHay (clocks per instruction — CPI) —
OK0JIO 3-4 Ha KOMaHAy U, KpOME TOr0, OJHA 3arpy3Ka KOMaH/bl U3 NamATU. B koMaH1ax
oOpallieHus! K naMsATH TpeOyeTcsl OAHO AOMOJHUTEIBHOE O0palleHUE K MTaMSTH.

[Tpou3BOAUTENBHOCTD 3TOTO MPOLECCOPA MOKHO OLIEHUTH CIAEAYIOIIHM 00pa3oM.
Cpennee Bpems BbIIOJHEHUS (B TAKTaX) :

rie | — IIUTENhbHOCTH OJHOTO TaKTa IMpormeccopa, t mem — IIUTEIBHOCTH
oOpamenust k mamsata. [lpu TakroBoit wactore 100 Mru t = 10 nuc. Ilycte Bpems
oOparmenus kK mamsatu cocrasisieT gaxke 20 He. [lomyuaem 7 = 3*10 me + 1,5%20 HC =
60 uc. IlpomssBomgurensuocth = 1/Ty = 1/60 uc = menee 20 MIPS. Ilokazarenu
MIPOU3BOAUTEIILHOCTH MHOTHX coBpeMeHHBIX mnporeccopoB (1 RISC u CISC) naxe Ha
Toii ke wuactore HamHoro Bheime. (Hanpumep, Celeron 400 Mrn UMEET
MPOU3BOAUTENBHOCTE OKoJIo 1000 MIPS — nHa yacrore 100 MI1i oH Obl mmen
npousBoautebHOCTE 250 MIPS, To ecth B 10 pa3 Gousbliie, 4eM y pacCMOTPEHHOTO
npoiieccopa) Kak mocturaercss — MOBBINIEHHE NPOU3BOAUTENbHOCTU? Bo-TIepBBIX,
MO’KHO HECKOJIbKO yIy4IuTh moka3zarens CPl, ecnu mepedTté K >KECTKOM JIOTHKE
VOpaBJICHUS, TO €CThb BMECTO MHKPOIOANPOTPAMMBI  BBIMIOJHEHUS  KOMAaHBI
peann30BaTh anmapaTHyI0 CXEMY, BRITIOTHSIONIYIO aTOPUTM 3aJaHHON KOMaH/IbI.

C napyroif CTOpOHBI, MOXKHO HCITOIB30BaTh KAMI-TIAMATh JUIsl YCKOPEHUS JTOCTyIa

K OCHOBHOM IIaMSTH. O)IHaKO 9TUX MCP HCEAOCTATOYHO JJIA ITOBBIIIICHUA
IMPOU3BOAUTCIBHOCTH B ACCATb U Ooiee pas.
B COBPEMCHHBIX nmponeccopax A IOBBIMICHHUA ITPOU3BOAUTCIIBHOCTHU

MPUMEHSIIOT Hapsiay ¢ APYTMMHU JBa OCHOBHBIX MOJXOJ1a: KOHBEHEPU3ALMNIO0 KOMAaH U
CYHEPCKAIIPHOE BBINIOJHEHNE KOMaHJ (MHOTOMOTOKOBbIE KOHBEWEpPHI KOMaHI). OJTH
MOJXO/IbI MBI 1 PACCMOTPHUM J1aJIee.
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3.5.3. KonBeiiep koMaH]

B oOmeMm ciiydae mpuBeIEHHBIE paHEe OCHOBHBIE TMSITh JTANOB BBINOJHEHUS
KOMaHJIpl TMpoIeccopa O0OIIero HazHayeHUsi TPeOyIOT pa3HOro, HO COMOCTABHUMOIO
BpeMeHu. Eciau noOutbest (BBejeHHMEeM (HUKCATOPOB M CHUHXPOHHU3AIMEH), YTOOBI
Ka>KJIbIi ATan 3aHUMaJl OJMHAKOBOE BPEMs, MOKHO OpPTraHM30BaTh KOHBEWEp KOMAaH]I, B
KOTOPOM OJIHOBPEMEHHO Ha Pa3HbIX dTalax BHINOJHEHUS OyAyT HAXOJIUThCS HECKOJIBKO
komans (puc. 3.9).

Jlaxke mpu yCIOBHUM HEKOTOPOTO YBEIMYEHHS BpPEMEHH BBIMIOJHEHUS OJHOMN
KOMaH/Ibl (HEOOJBIIOE CHUKEHUE OBICTPOIECHCTBUS) MPOU3BOAUTEIBHOCTD MPU MOJTHOM
3arMoJHEHUU KOHBeiepa Oyaer Ommska k' BenmuuHe 1/Ty, rae Tq — TakT KOHBelepa, B
JaHHOM CJIy4ae — BpeMs BBIMOJIHEHHMS OIHOTO dTama. OTO MO3BONMIIO OBl cpasy
YBEJIMYUTH TMPOU3BOAUTEIBHOCTh Mporeccopa B MATh pa3! OgHAaKO Ha NPaKTHUKE
JTOOUTBCS 3TOrO OKAa3bIBACTCS CJIOXKHO. M TIpemsTCTBYIOT ATOMY TakK Ha3bIBaeMbIe
KOH(JIMKTHI ITPU KOHBEWEpU3alluu.

Kon¢aukrom npu KoHBelepuzalMyd KOMaHJ Ha3blBalOT CHUTYyallUI0, KOTOpas
IOPEMSITCTBYET  BBIIOJIHEHUIO  OUYEPENHOM KOMaHIbl K3 IOTOKAa KOMaHJ B
IpeIHa3HaYCHHOM ISl Hee TaKTe.

KoH(pAMKTEI AenaTcs Ha TpU OCHOBHBIE TPYTIIIbL:

1. CrpyKTypHbIE WU PECYPCHBIE.

Bo3nukaror B pesynpTaTeé TOTO, YTO  ammapaTHbBIE CpEeACTBa HE MOTYT
MOJIICP’KUBATh BCE KOMOMHAIIMA KOMAaH/ B PEKUME UX OJJHOBPEMEHHOTO BBITTOJIHEHUS
C COBMEIIEHNEM Ha KOHBEHepe. JTO MPOUCXOINT B CIydae, €CIU KaKUE-TO YCTPOMCTBA
B IIPOLIECCOpe HE KOHBEHEPHU30BaHbI, TM00 MPUCYTCTBYIOT B €AMHCTBEHHOM IK3EMILISIPE
(ne pacmapasmnenensl). Hanpumep, MOryT BO3HUKATh KOH(JIUKTHI MPU OOpalIEHUU K
o0IIel KMI-MaMsITH: OJHY KOMaHAy HEOOXOAMMO M3BIIeYh U3 MaMsITH (Ha TIEPBOM JTarie
BBITIOJTHEHMS), @ ApYyras MbITAETCS 3alKucaTh Pe3yabTaT B MaMsITh HA 3aKIOYUTEILHOM
srane. Jlisg GopeOBI C pecypCHbIMH KOH(MDIMKTAMH B OCHOBHOM MPUMEHSIOT TPHU
crocoba:

PUOCTaHOBKY KoHBeiepa (pipeline stall, pipeline “bubble” — kouBeiepHbIit
“my3sIpp”) 10 pazpemieHus KoH(IUKTa (70 3aBepIIeHUs TEPBOM KOHQIMKTYIOIICH
KOMaH/1bl );

nyOJIMpOBAaHKME alIMapaTHBIX CPEJACTB, BBI3BIBAIONIUX KOH(IMKT, HAmpUMeED,
pa3ielieHue KIII-IaMATH Ha K31 KOMaH[ U K311 JaHHBIX;

YCKOpPEHHE WJIM KOHBEWEpHU3alMilo MPOOJEMHOr0 YCTpPOMCTBA, YTO MO3BOJISET
CHU3UTB 3aTPAThl BPEMEHHU HA IPUOCTAHOBKY.

Pemenne 00 yBenMYE€HHMM amnmapaTHBIX 3aTpaT B MOCIEAHMX JIBYX CIydasx
MPUHUMAIOT, €CIM KOH(MJIUKT BO3HMKAET YacTO, TaK KakK JOMOJHUTEIbHBIE 3aTPaThl
MOTYT OBITh CYIIECTBEHHEE, YEM IMOTEPH MNPOU3BOAUTEIIBHOCTH OT MPUOCTAHOBKHU
KOHBENepa, €CIM OHA MPOUCXOAUT PEIKO.

2. KoudnukTtel mnporpammubie win uHpoOpManmoHHbie. JlemsTcs Ha 1Be
MOArPYNIBL:

a) KOH(IMKTHI TIO JIaHHBIM, BO3HHUKAIOIIME B CJydae, €CJIH BBIIOJHCHHE
CJIEAYIOLIEN KOMaH/bl 3aBUCHUT OT PE3yJIbTaTa NPEeAblIYILIEH;
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0) KOH(IMKTHI 10 yMPABJICHUIO, BO3HUKAIOIINE TIPU HAPYIICHUH €CTECTBEHHOTO
NOpsiAKa CJIeJOBaHMs KOMaH/I (yCJIOBHAs Tiepeava yrpaBiIeHUs).

BrIensatoT HeCKOIbKO BapUaHTOB KOH(MIMKTOB 1O JAHHBIM:

1. Konpaukr thma «4renue mocie 3amucu» (Read After Write — RAW).
JlomycTuM, UMEIOTCSl 1Be KOMaHIbl: KoMaHAa Aj 1 koMaHaa Aj, mpuyeMm KoManpaa A;
npenmectsyeT komanae Aj. Konpaukt RAW Bo3Hukaer, eciin koManja Aj UCHOJIb3yeT
pe3ynbTaThl pabOThl KOMaHIBI Aj, TO €CTh JIOJDKHA MPOYUTATh PETUCTP, JIUOO TaMSTh
MOCJIC 3aITUCH TyJla pe3yibTaTa KOMaHAoW Aj, HO K MOMEHTY YTCHHS JaHHBIC €Ie He
3amucaHbl, TOCKOJIBKY KOMaHIbI CIEAYIOT IPYT 3a APYroM Ha KOHBEWepe M CIABUHYTHI
BCEro Ha ofuH 3tan. Hampumep:

ADD R1, R2,R3
SUB R4, R5,

IF ID MEM EX WB
IF ID MEM EX WB
Puc. 3.9

Ha puc. 3.9 00BeaeHsl 3Tanbl, HA KOTOPBIX OYyAET 3amucaH pe3yiabTaT B IIEPBOU
KOMaHJIe U1 TOoTpedyeTcsl CUMTaTh pe3yibTaT s BTOpPOW KoMmaHibl. O4eBUIHO, YTO
HY)KHBIA pe3yJbTaT elie He OyAeT HaXOJUThCA [0 MECTY, aJpecyeMoMy BTOpPOM
KOMaHI0M, U MPOU30UIeT KOH(IIUKT.

2. Kondnukr tuna «3anuck nocie ureus» (WAR). [Ipoucxonut, ecam komanaa
A; 3anMcbiBaeT pe3yiapTaT J0 TOrO, KaK OH CUUTHIBaeTca KOMaHIOM A,
(npenmectBytomei Aj). Takoil Tun KoH(IUKTa MOXKET BO3HUKATh TOJBKO B Ciydae,
eciu komaHaa A; oOronser koMaHay A; Ha KOHBeillepe B KOHBelepax ¢
HEYIOPSAA0YCHHOW 00pabOTKOM, BbIayel wiM 3aBepuieHreM Komasp (out-of-order
execution, out-of-order completion).

3. Koundumukr TtHna «3anuchk mnocie 3anucu» (WAW). Bosnukaer, eciu
nociaeayomas komanaa Aj 3amuchIBaeT pe3yibTarT 4O TOTO, KaK 3alMIIET ero KOMaHa
Aj, 4TO MOXXET MPUBECTH K HAPYIICHUIO JIOTUKHU MPOrpaMMBbl, €CJIH, HApuMep, MEKIY
ATUMHM KOMAaHJaMU CTOHUT €Ille Kakas-HUOyJb KOMaHJia, MPOBEPSIONIas 3TOT aipec
(peructp). Takol KOH(MIUKT TaKKEe MOXKET MPOUCXOIAUTH B CIIy4ae HEYMOPSI0YECHHOTO
BBITIOJTHEHUS] KOMaH]I.

Metoab1 60psOBI ¢ KOHMIUKTAMU 10 JaHHBIM:

a) OCTaHOBKA KOHBEWepa;

0) peanuzanus MEXaHU3MOB 00X0J1a ¥ TIPOJBIKEHU MaHHBIX (data bypassing &
forwarding);

B) IUIAHUPOBAaHHUE 3arpy3Kd KOHBEHepa KOMIMIJIATOPOM  (CTaTUyeckas
ONITUMU3AIIHUS);

I') HEYNOpsJIOYEHHOE BBIMOJHEHUE KOMaHJ B TIpoleccope (IUHaAMUYecKas
OTNITUMU3AIIHUS);

1) TEepEeuMEHOBaHUE PETUCTPOB.
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PaccMoTpum nepednciieHHbie crocoosl 0) — ).

MexaHu3Mbl 00X0/1a ¥ MPOJBMKCHHS JIAHHBIX OCHOBAHBI Ha HJIE€ HEMOCPECT-
BEHHOH Iepeayr pe3ysbTara ¢ BhIXOAa OAHOrO (DYHKIIMOHAJIHLHOTO OJIOKA Ha BXOJ
JIPYroro, KOTOpeI B HeM Hyxmaercsa. Ha puc. 3.10 moka3aHo, Kak pe3yJbTaThl MOTYT
nepeIaBaThCsl HEMOCPEACTBEHHO ¢ Beixoaa AJIY Ha Bxox (depe3 OydepHbIe perucTphl)
JUISL TOTO, YTOOBI OOECIICUNUTH CACAYIOIIHNE KOMAHJIbI CAaMBIMH «CBEKHUMW» JTAHHBIMHU
IpeapIAyIe  orre-
paru, MUHYSI STaITbl
ID/EX EX/MEM MEM/WB 3allMCH B  MaMsTh
WA PETUCTD.

Crarudeckoe
Mux >4 IUTAHWPOBAHHUE  TI0-

ATlY > 3BOJISIET  €Ie  Ha
> — aTane  KOMIFISIIHH
[iaHHbiX 2 [T nepeynopsAaoYnBaTh
KOMaH/Ibl TaKuM 00-
pa3oMm, YTOOBI OHU
110 BO3MOXKHOCTH HE
>|_ KOH(DIIMKTOBAIIN

apyr ¢ apyrom. Pac-
CMOTPHUM JIBa OTepa-

Puc. 3.10 TOpa SI3bIKA :

A=B+C;
D:=E +F.

HeonTtuMusnpoBaHHBIA KO, PEAIM3YIOLIMW 3T ONEpalUM, IPEICTABICH B
nepBoil kojoHke Tada. 3.3. B nmaHHOM MOTOKE KOMaH/ BO3HUKAIOT KOH(IMKTHI TUIA
RAW mnocne BTopoil W ceapMOW KOMaHH, a TaKXke I[OCJ€ YETBEPTOM M BOCHMOM.
KoHpnukTel 1ipu 3amucu B mMamsiTh MOTYT OBITh YCTPAHEHBI C MOMOIIBI0O MEXaHU3Ma
00X0/10B, a KOH(JIMKTHI MPU YTEHUU TTAMATH — C TIOMOIIBIO TIEPEYIOPSA0UEHUS TOTOKA
KOMaH/I, KaK MoKa3aHo BO BTOPOIl KOJIOHKE Tad. 3.3.

[Ipu nuHAMUYECKON ONMTUMU3AIMHM KOMAaHbl, BBI3BABIINE KOH(IHUKT, MOTYT
3a/Iep’)KUBAThCS HA KOHBeWepe, a CIeAYIoNIMe 3a HUMHU KOMaHJbl, HE BBI3BIBAIOIIUE
KOH(JIUKTOB U HE 3aBUCSIINE OT KOH(MIUKTHBIX KOMaH/, IMyCKalTcs B 00x0j. AHanu3
KOH(JIMKTHBIX CUTYaIlM U BBIOOP KOMaHJ JIJIsi MEPEyNopsI0YMBaHUS BO3JIaraeTcsl Ha
JIOTUKY yNPABJICHHS] KOHBEHEPOM B CAMOM IPOLIECCOPE.

I[Ipy  mepeMMEHOBAHMM  PETUCTPOB  JIOTMYECKHME  MMEHA  PETUCTPOB,
MIPUCYTCTBYIOIINE B KOMaHAaX, TMHAMUYECKA OTOOPAKAIOTCS Ha (PU3UUYECKUE PETUCTPHI
mpoiieccopa, KOTOpBIX, Kak mpaBwio, Oonbire (ecnu pedb uaeT o RISC-momobHOM
apxXUTEeKType). B pe3ynbrare pa3inuuHble TaHHbIC, OTHOCAIINECS K OJJTHOMY U TOMY XK€
JIOTUYECKOMY PETHCTPY, TOMEMIAIOTCSA B pa3Hbie Gu3ndeckue peructpbl. COOTBETCTBUE
MEXJy PpEerucTpaMu 3aJaeTcsi TaONuIed OTOOpaKeHWs, KOTopas JUHAMHUYECKU
OOHOBJISIETCS TIOCTIE JEKOJUPOBAHUS KaXIOW KOMaHIbl. JTO OO0JETr4aeT MpOIECCopy
IJIAHUPOBAHKE 3arpy3KH KOHBEWepa.
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Tabnuya 3.3.

HcxonHas mocienoBaTelbHOCTh [lepeynopsinoueHHast
KOMaH/I 10CJIe/I0BATEIHHOCTD
LD Rb,B LD Rb,B
LD Rec,C ] LD Rec,C
ADD Ra, Rb,Rc — 7] LD Re, E
ST A Ra — ADD Ra, Rb, Rc
LD Re, E Da— LD Rf F
LD Rf F —17] ST A Ra
ADD Rd, Re, Rf +— ADD Rd, Re, Rf
ST D,Rd ST D,Rd

KoH(ukThl 1O yNpaBieHHWIO  BO3HUKAIOT MpPU KOHBEHepu3aluu KOMaH]I
yCIOBHBIX nepexoaoB. Ilo crarucruke no 15-20% Bcex KOMaHa B HNpOrpaMMe — 3TO
KOMaH/1bl YCJIOBHBIX Nepexo/10B. KoOH(IUKT nposBiseTcss B TOM, 4TO aJpec yCIOBHOTO
nepexofa ONPENEsAeTCs TOJBKO B KOHIIE BBINOJHEHUS KOMaHAbI, B TO BPEMs Kak
KOHBENEp yKe JOJIKEH OBbITh 3aM0JIHEH KOMaHJaMHi U3 KaKoW-TO OAHOM BeTBU. Eciiu He
0o0pabaTbIBaTh KOH(MIUKT, TO TPOU3BOJAUTEILHOCTh KOHBEMEpAa MOKET CHUKATHCS B JIBA
u Oombiiee yucio pa3. CrnocoObl OOpbOBI ¢ KOH(MIUKTAMH IO YIPAaBICHUIO MOKHO
pa3JIeUTh Ha JIBE IPYIIIbl: CTATUYECKUE U THHAMUYECKUE.

K crarnueckum MeToaM MOKHO OTHECTH:

1. Bos3Bpar, T. €. CTarTM4ecKoe MPOTHO3MPOBAHHME TMEpexo/Ja Kak BcCeraa
BBITNIOJHSAEMOr0, JMO0 — BCErJa HE BBINOJHAEMOIO C TMOCIEAYIOMEH OUYUCTKOM
KOHBElepa B cilydae HEIIPaBUIIbHOTO IIPOrHO3a U BO3BPAaTOM K HY)KHON KOMaH/IE.

2. Pa3BopaumBaHue HUKIOB. [I0CKONBKY MHOTHE YCIIOBHBIE IEPEXOABI CBSI3aHBI C
ONPENEICHUEM YCIOBUS BBIXOJA M3 LIMKJIA, TO B CIy4yae, KOIrJa YUCJIO LIAroB LMKIA
3apaHee MU3BECTHO M HEBEJIMKO, MOKHO «Pa3BEPHYTH» IIMKJ, TO €CTh MPOAYOINPOBATH
TEJO IMKJIA CTOJBKO pa3, CKOJbKO HEOOXOIMMO, OTKA3aBLIMCh OT MPOBEPKU YCIOBHUS
BOOOIIIE. DTO MPUBEAET K YBEIMUYECHHUIO KOJA IPOrPaMMbl, HO U30aBUT OT KOH(DIUKTA 110
YIPaBJICHUIO.

3. 3anepxaHHbIe TEPEX0/Ibl (MCMOIB30BAHUE «CIOTOB 3aJACPIKKI).

Ilog crmotamu  3aJ€p’KKM MOHUMAIOT YYaCTKM MPOrpaMMbl, KOTOpble OyayT
3aHECEHbl B KOHBEHEP M YCICIOT BBIMOJIHUTHCSA IO BBIACHEHMS ajapeca mnepexoia B
yCIOBHOU KoMaHJe. Mes ux ucronb30BaHUs COCTOMT B TOM, YTOOBI 3aMOJIHATH CIOTHI
3a/IePKKU «IMOJE3HBIMU» WM «HEBPEIHBIMU» KOMAHIAMH, TO €CTh TaKMMH, KOTOpPbIE
aM00 HE 3aBUCAT OT YCJIOBUS, MO0 HE MPHUBEAYT K HAPYUICHUIO JIOTMKU MPOrPaMMBbI,
JIa)K€ €CJIM UX BBITIOJTHEHUE OKaKeTCs JTUIIHUM (puc. 3.11).

4. Tlpenckazanue nepexoa0B Ha 0cHOBE Tpoduiis mporpammel. [IpodunupoBanue
(profiling) mpemycmaTpuBaeT COCTaBIEHHUE MPOTHO3a O BBIMIOJHEHWU TEX WM WHBIX
NEePEexX0/I0B Ha OCHOBE CTAaTUCTHUUECKUX HAOJIOJIEHUH 3a MPOrpaMMOM MO pe3yibTaTaM
€€ MHOTOKpaTHOI'O MPOrOHa.

K nuHamMuueckum MeTo/1aM MOKHO OTHECTH:

1. IlpuoctaHOBKY KOHBEHEpPA 10 BBISICHEHUS ajpeca Mepexoa.
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2. Peanuzaiuio KOMaHJI YCJIOBHOTO Mepexoja B MPOLECCOpPE TaKUM 00pazom,
9TOOBI Ipec TIepexo/ia BRICHSJICS Ha HAYaIbHBIX dTanax BHITIOJTHEHHS] KOMaH/IbI.
3. JluHamuueckoe npejickazaHue BeTBiIeHUM B npoieccope (branching predict).

bruto
ADD R1, R2, R3 SUB R4, R5, R6 <— ADD R1, R2, R3
IF R2=0 THEN ADD R1, R2, R3 IF R1=0 THEN

IFR1=0 THEN —

CrnoT 3a1epKKu

Crnot 3anepKKu Crnort 3aaepxKu

(I

SUB R4, R5, R6
Craio
IF R2=0 THEN <— ADD R1, R2, R3
ADD R1 R2 R3 _‘ ADD R1, R2, R3 J IF R1=0 THEN
L S IF R1=0 THEN SUB Ré. RS, R6
SUB R4, R5, R6
Puc. 3.11

JvnHaMudeckoe MNpeACKa3aHWE BETBICHUW B IMPOLIECCOpPAX OCYIIECTBISIETCA C
nomoIipio  OydepoB npenackasanus nepexoma (BIIIT — Branch Predicting Buffer —
BPB). Yamie Bcero B HUX HMCIOJB3YETCS CUETYUK MPOTHO30B, KOTOPBIN MPEJACTABISACT
co0olt OOBIYHBIA N-pa3psIHbIA JABOWYHBIN CcUeTuydK. [IpU KakIOM  BBIMOJHEHHOM
MEepEexXo/ie CYETYMK MPOTHO30B [JIsl JAHHOTO MEpexXoJa YBEIUYMUBAETCA, a IMpHU
HEBBIMOJHEHHOM — YMEHBIIIAeTCs Ha enuHMIly. Ecnu Tekyilee 3HaueHHe CUeTuHhKa >
2™1, To mepexox MPOrHO3UPYETCA KaK BBIIOJIHAEMBII, MHAYEe — KAK HEBHINOIHIAEMBIN,
Ha npaktuke orpanuuymBaroTcs JuOO 1-OMTHBIM, MO0 2-OUTHBIMH CYETYHKAMH,
KOTOphIE TPU HATOM  OOECHEUYUBAIOT  BEPOSATHOCTh  IPABWIBHOTO  IPOTHO3a
cooTBEeTCTBEHHO A0 70% 1 85%.

Jns eme OONBIIEr0 YCKOPEHHUs MpEACKa3aHUsl HCHOJB3YIOT Oydep LeneBbIX
anpecoB mepexonoB (Branch Target Buffer — BTB), mnpeacraBistomuii coOoii
aCCOLMAaTUBHYIO K3II-TIaMsTh, B KOTOPOM B Kauye€CTBE TETOB HUCIOJB3YIOTCS ajpeca
KOMaHJ| BETBJICHUS B TEKYILEH 4aCTU MPOrpaMMbl, a B siUEHKAX COAEPKATCS CUETUYUMKH
MIPOTHO30B U IIEJIEBBIE aJpeca Iepexojia MpU YCIOBUM €ro BbImoJHeHus. [Iporeccop
mpu BBIOOpPKE KOMAaHIIbI TPOBEpsieT, HE XpaHUTCA Ju ee aapec B BTB, cuuthiBaer
CYETYMK MPOTHO30B M B 3aBUCUMOCTHM OT €r0 3HAUYEHUS MPUHUMAET PEUICHUE O
BBIOOPKE KOMaH/]I 10 CJIEeAYIOIIeMY aJpecy WM Mo ajapecy, ykazaHHomy B BTB.
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3.5.4. CynepckajisspHble NPOLECCOPHI

Wtak, ucnonb3zoBaHue KOHBeWepa KOMaH/ MO3BOJISIET B JIYUILIEM CIy4ae CHU3UTh
nokazarenib CPl 1o 1, To ecTh Ha KaXA0M TakTe ¢ KOHBeepa TOKHA «CXOIUTh» HOBas
oOpaboTanHass komaHaa. B 3ToM ciydae MpOM3BOAMTENBHOCTh HAIIEro IMpolieccopa
ARC nomxHa yBENTMYUTHCS B UYETHIpE pa3a, MpU €ro JIMTEIbHOCTH TakTa B 10 HC
(tTaktoBas yactota 100 Mri) wumeem mpousBojautenbHocth B 100 MIPS. Ho, Bo-
nepBbix, y Celeron takoii mokaszarenb paBHSETCs, KaK MBI BBISICHHIIH, TAe-T0 250, a BO-
BTOPBIX, KakK MOKa3aHO paHee, nocTikenue nokazatens 1 CPl ve Bcerga BO3MOXHO H3-
3a KOH(IMKTOB MpHU KOHBeWepuzanuu. To ecTb peaabHO Mbl OyJeM UMETh B JydIlleM
ciryugae 1,5-2 CPI. Kak e mocturaercs Takas BRICOKasi Ipou3BoauTensHOCTE B Celeron
U Jpyrux Impoueccopax ¢ apxuTekrypod P6? Jlnsg 3Toro B HHMX HCHOJIb3YETCS
cymepckasipHas 00paboTka, TO €cTh 00paboTka ¢ MHOTOIIOTOKOBHIM KOHBEHEPOM
KOMaH]I, KOT/ia MPOIeCCOpP MOXKET BBINMOJIHATH 0oJbIlie 0qHOM KoMaH bl 3a TakT (CPl <
1, wmm — IPC > 1).

@dakTHUYECKH B CYNEPCKAIIPHOM IPOLECCOPE  HECKOJIBKO ITOTOKOB MOTYT
BO3HUKATh TOJIBKO MPHU MPOXOKACHUU YEPE3 HECKOJIBKO UCIIOJIHUTENBHBIX YCTPOHCTB, a
OCTaJIbHbIE CTYIIEHU TaK WJIK MHA4Y€ MOTyT padoTaTh ¢ OJHUM MOTOKOM (puc. 3.12).

WA, WA, wy

NHTepdenc ¢ cucT. LWHMHOM U
K3LW 2-ro ypoBHsA

MporHo3npoBaHue
BETBMNEHUN

Bnok npegagekoonpoBaHuaA

Oewndpauusa n

KoW komang [ ... BblGOpKa

Bnok cbopku n
Bydep nepeynopsgounsaHums hukcaunmn
pe3ynbTaTtoB

N N N N

FPU1 FPU2 FPU3 ALU1 ALU2 LSU

dann

dann perncTpoB C nn. 3anaTomn LernoYmncrieHHbIX K3l
perncTpos OaHHbIX

MepevMeHoBaHNe
perncTpos

Puc. 3.12
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JIJ1st cormacoBaHmsl pa3HbIX CKOPOCTEH MOTOKOB BEIOOPKH, JEKOAUPOBAHMSI, TPAHCIISIIUN
B RISC-mtogo0HbIe MHCTPYKIIMU, TIEPEyNOPSIOUYNBAHUS C OJHOM CTOPOHBI M TTIOTOKOB B

UCIIOJIHUTENBHBIX ~YCTPOMCTBaX C JPYyrod MNPUMEHSIOT pa3iIudHbIe ouepeaun
uHcTpykumii  (0ydepst FIFO), koTtopele ecTh y KakAoro W3 MCIOJIHUTEIBHBIX
YCTPOWCTB.

Heo6xoaumo OTMETUTBH, YTO B CYNEPCKAISPHBIX NPOLECCOpaX  MPOUCXOIUT
OYEHb CJIOKHOE M HETPUBUAIBHOE MpeoOpa3oBaHUE  MOCIEAOBATEIILHOIO MOTOKA
KOMAaH/]T HICXOAHOW NMPOrpaMMbl B NapaJUIeIbHbIA NOTOK TpHa (onepanus + onepaHbl
+ Ha3HaueHWe pe3yJpTaTa), MNPOJBHUralOIIMXCA MO  OYepeasM KOMaHI B
UCIIOJIHUTEIIbHBIE ycTpoiicTBa. [Ipomeccop oOrpaHudeH B BO3MOXHOCTSX TaKOI'o
npeoOpa30BaHusl, a TAKKE B BO3MOKHOCTSX CHEKYISTUBHOIO UCIIOIHEHUS (IIOATOTOBKU
3arpy3Kd ajJbTepPHATUBHBIX BETBEH BETBICHUS) W TMPOTHO3MPOBAHUS BETBICHHIA
pa3MepoM TaK Ha3bIBAEMOI'O0 «OKHA MCIHOJHEHHUSD, TO €CTh TOW YaCThIO MPOrPaMMHOTO
KOZa, KOTOPBIA MPOIECCOp «BUAUT» B MPOIECCE BHIMOJHEHUS B TaHHOM Takte. [locie
3aBepUICHUs] O0OpaOOTKM KOMaHIbl M pa3pelieHHs] KOH(MIUKTHBIX CHUTyaluid OJOK
cOOpKH M (PUKCAIIUH PE3yJIbTaTOB MPOU3BOAMT 3alIUCh PE3YJILTATOB paOOTHl KOMaH/IbI B
namMsATh WJIM B apXUTEKTypHble (TO €CTh MPOTrPaMMHO JIOCTYIIHBIE) PETUCTPHI
rpolreccopa, IpuYeM MPOUCXOJUT ATa 3aIUCh B MOPSIIKE, IPELYCMOTPEHHOM HCXOAHOU
nporpaMMoil. Bce 3TO orpaHMumMBaeT BO3MOXKHOCTU paclapajuleIMBaHusl IOTOKOB
KOMaH/ 10 BEJINYKH nopsaka 6 — 8 (4To TOKE B IPHUHIUIIE HETUIOXO).

B cymepckamsipuoM mpoueccope  (aKTHUYECKH  pEeaTu3yloTCsd  AJIEMEHTHI
apXHUTEKTYp, yIpaBIsIeMbIX TOTOKOM naHHbIX (data flow), mockoneky 3amyck Tpuam Ha
WCIIOJIHEHHE WHUIMHUPYETCS] TOTOBHOCTBIO JaHHBIX K 00paboTKe.

3.5.5. IIpoueccopsl ¢ ATHHHBIM KOMaHIAHLIM ci1oBoM (VLIW)

B mporieccopax ¢ amuHHBIM KoMaHAHBIM ciioBoM (Very Long Instruction Word)
HCIIOJIB3YEeTCs aJbTEPHATHUBHBIM CyHEepCKAIPHON o0paboTke NPUHIHUIT
pacrapasuieIMBaHusl TOCIEAOBATEIbHOIO aliroputMa. B OCHOBHOM BCSI TSKECTb
MJIAHUPOBAHMS 3arpy3Kd OOJBIIOTO0 YHUCIA HCIOIHUTENBHBIX YCTPOMCTB B TAaKOM
npoiieccope (a y Hero 6JI04HOE ONIEPAIIMOHHOE YCTPOMCTBO) JIOKUTCSA Ha IMPOTrpaMMHUCTa
WA Ha ONTHUMHU3UPYIOIIMKA KOMIOWIATOpP. B  mpomeccop mocTynmamT — yxe
chopMUpOBaHHbBIC TPUAIBI JJIsI BCEX UCIOTHUTEIBHBIX YCTPOUCTB, TaK YTO €MY TOJIBKO
OCTaeTCs BBIMOJIHIATh OTU JUJIMHHBICE KOMaHIbl. B pe3ynbTate OH HE OrpaHUYEH
pa3MepoM OKHa UCTIOJHEHHUS], TaK KaK U MPOTPAMMHUCT, U KOMIIUJISITOP BUIISIT BECh KOJ
MIPOTPaMMbl U MOTYT U3BJI€Ub U3 HETO MaKCUMaJIbHBIN MapajlieIu3M.

Taxkoil mnoaxoa IO3BOJISIET JOCTUYhL TMPUHIIMIHUATILHO 00Jie€  BBICOKOM
NPOU3BOIUTEILHOCTH  (HampuMep, TECTHpOBaHME  mporieccopoB  ltanium ¢
apxutektypoil |A-64, ncnons3yromed npunounsl VLIW, ykaseiBaer Ha 10-kpatHOE
YCKOPEHHUE TIPU BBITIOJTHEHUH Psijia BBHIYKMCICHUI), HO TaKUE MPOIECCOPHI 00JIaar0T U
PSAIOM HEJOCTATKOB:
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B 11eJI0OM MeHee 3((peKTHBHAs 3arpy3Ka UCIIOJHUTENbHBIX YCTPOUCTB, TaK KaK HE
BCerjga MOXHO C(hOPMHPOBATH JOCTATOYHOE KOJMYECTBO KOMAHJ JIs MapaijieIbHOTO
UCIIOJIHEHUS,

CJIO)KHOCTH 00paOOTKH YCIOBHBIX MEPEXO/I0B;

CJIO)KHOCTH MPOrPaMMHUPOBAHUS U JIP.

[Tocnennee 0OCTOSTEIHLCTBO OrpaHUYMBACT MpUMeHeHue mporeccopoB VLIW,
naxe Intel, B mepconampubix DBM, Tak Kak ISl 3TOrO MPHIETCS KapIWHAIBLHO
MEepenuchiBaTh BCE MPOrpaMMHOE O0OeCleYeHHe, MOCKOJIbKY B CYIIECTBYIOIIEM BHJIE
OHO HE JacT MPHUPOCTa TMPOU3BOAUTEIBHOCTH Ha ITHX mpoueccopax. Cdepa
npumenenus: VLIW-nponeccopoB moka orpaHuyeHa cepBepamu, IpOU3BOIUTEIbHBIMU
pabouyrMu CTaHIMSIMH, a TAaKXKe MHOTOIpolieccopHbiMu DBM.

Yro kacaercss 00paOOTKH YCIOBHBIX II€PEXO0JIOB, TO TYT MOYKHO OTMETHUTH
IIMPOKOE Hcmoib3oBaHue B mpoueccopax VLIW Tak Ha3plBaeMbIX YCIOBHBIX
(conditional) xomana. DTo KOMaH/bI, UCIOJIB3YIOIINE MPEABAPUTEIIHPHO PACCUNTAHHBIC
JIOTUYECKHE 3HaueHus (MpeauKaThl) UIsl BBIIOJHEHUS JMOO MPOMyCKa KaKoro-TO
AeicTBUsA (Harmomo0ue onepaTopoB sSI3bIKOB BhICOKOro ypoBHs C := Iif (a>b, a, ¢)), uro
MO3BOJIAET U30aBUTHCA OT HECKOJIBKMX BETBEM MPU KOPOTKHMX YCJIOBHBIX IEPEX0Jax U
UCIIOJIb30BaTh OJIMH MOTOK KOMaHJa 0e3 HeoOXOAMMOCTH NpeJCKa3aHus ajpeca AJis
clenyronel BEIOOPKHU.

3.6. O030p apxuTekTyp npoueccopos Intel

Kopnopanus  Intel  sBisercs  “3akoHonmaresnieM  MoJ” ~ Ha  pPBIHKE
MUKPOMPOIIECCOPOB, a €€ MPOAYKThl CTalIu Jie-(PaKkTo CTAaHIAPTOM B KOMIIBIOTEPHOMU
uHayctpun. KoHewyHo, cyiiecTByeT OOJIbIIOE KOJIWYECTBO JAPYTUX MPOU3BOAUTENEH U
u3BecTHBIX cemeiicTB MII (Te »xe mporeccopsl Motorola u ap.), onHako Haumbosee
pacmpoCTpaHEHHBIMH BO BCEM MHUpE U 0coOeHHO B Poccum SBISIOTCS BCe ke
npoiieccopsl Intel.

Kpome Toro, B TeueHue MHOTHX JeT Apyrue paspaborunkun MII (AMD, VIA,
NextGen u 1p.) BBIMYCKaJIW W BBITYCKAIOT CBOM aHAJIOTH IIPOILIECCOPOB, COBMECTUMBIE
mo cucremam komang ¢ MII Intel. TTosTomy, aHaNMM3Upysl SBOJIOIUIO IIPOIIECCOPOB
Intel, MBI MOXEM B KakKOW-TO CTENEHH MPOCJICIUTh UCTOPUIO  Pa3BUTHS
MUKPOITPOLIECCOPOB OOIIET0 Ha3HaYEHUs1 BOOOIIIE.

A uctopus pazButus mpoueccopoB Intel moaTBepxkaaeT B 1ea0M 3akoH Mypa,
chopMyIUpOBaHHBIA OJTHUM U3 ocHOBareneld umnepun Intel 'opgonom Mypom emie B
1965 rony: “Kaxnbie 1,5-2 roga BeIIyCKaeTCsl HOBBIM MPOLECCOP, CTENEHb MHTETPALIUU
KOTOPOTO (M MTPOU3BOJUTEILHOCTD) BIBOE BBIIIIE, YEM Y TIPEABIIYIICTO.”

Cornmacio wuHbpopmanuu Intel /11/, 3a 24 roga KOJIWYECTBO TPAH3UCTOPOB B
kpuctamuie MII yBenuumnoce 6onee yem B 3700 pa3 ot 29 Teic. B mpoieccope 18086
(BemmymieH B 1978 1.) mo 108 mun B Intel Pentium IV. [Ipu 3TOM ipou3BOAUTENTEHOCTH
mporeccopoB Bospociaa Oonaee uem B 6000 pas (or 0.8MIPS mas  i8086 mo
npubmmsurensao 5000 MIPS mis Pentium 1V 2,6 I'T') !
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Hapsany ¢ mnporpeccoM MHTErpaJibHOM TEXHOJOTMM B XOJE 3BOJIIOIUU
npoueccopsl Intel nmpereprneBany U 3HaAYUTENTbHBIE APXUTEKTYpHbIE U3MEeHEeHUs. Ecnu
TOBOPUTH 00 apXHUTEKType, U3BECTHOM Kak Xx86, TO OHa BEAET Hayajuo OT Mpoieccopa
18086 o wammx gued (Pentium III u V). CymectBeHHONH 0COOEHHOCTBIO BCEX
IIPOLIECCOPOB X86 SABISAETCSI HMX COBMECTMMOCTb CHU3Y BBEPX, UTO IMO3BOJSIET JI0 CHUX
op TOJIb30BaThCsl MporpamMMamu, HamucaHHeiMu 20 jetr Hazanx! B Tabm. 3.4
NpUBEACHBI XAPAKTEPUCTUKU OCHOBHBIX MpoleccopoB x86 BIuoTh A0 Pentium IV.
[Ipociaeanm KpaTKo UCTOPUIO 3BOJIIOIUU 3TUX MPOILIECCOPOB.

Tabnuya 3.4
Xapakrepuctuku npoueccopon Intel (i8086-Pentium 111)
IIpoueccop I'on | TakroBas | Tpansuc- | Pa3psn- Pas- Makc. | xom Onenka
BbI- | YacTOTa | TOPOB Ha | HOCTh pan- azpec- | maMsATh IPOH3-
myc- | Ha KpHC- perucr- HOCTb | HOE BOJU-
Ka MOMEHT | Tajuie poB IIMHBI | TIP-BO Telb-
BI)IHYCKa oaH- HOCTH,
HBIX MIPS
18086 1978 | 8 MI'y 29 ThIC. 16 GP 16 1 M6 Her 0,8
180286 1982 | 12,5 Mrux | 134 teic. | 16 GP 16 16 M6 | Her 2,7
i80386 DX 1985 | 20 Mr 275 teic. | 32 GP 32 4710 Her 6,0
180486 DX 1989 | 25 Mrn 1,2 mma. | 32 GP 32 416 L1:8K 20
80 FPU
Pentium 1993 | 60 MI'y | 3,1 muta. | 32 GP 64 416 L1:16K 100
80 FPU
Pentium Pro | 1995 | 200 MTI'rt | 5,5 mutn. | 32 GP 64 6410 L1:16K
80 FPU L2:256K 440
mwm 512K
Pentium 11 1997 | 266 MI'yy | 7 muH. 32GP 64 6410 L1:32K
80 FPU L2:256K ~700
64MMX nin 512K
Pentium 11 1999 | 500 MI'y | 8,2 mun. | 32 GP 64 6416 L1:32K
80 FPU L2:512K
64MMX ~1350
128
XMM
Pentium 11 1999 | 700 MTI'ry | 28 mutn. | 32 GP 1T6/c | 64T06 L1:32K
80 FPU L2:256K
64MMX ~1900
128
XMM
Pentium IV 2000 | 1,5TTu |42mma. | 32GP 3,2 64 I'6 traces:12K
80 FPU I'6/c L1:8K
64MMX L2:256K ~3000
128
XMM
PIV Xeon 2001 | 1,7ITq 42 MiH 32GP 3,2 6410 traces:12K
80 FPU I'd/c L1:8K
64MMX L2:512K H/1IT
128
XMM
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Oxonuanue mabauywl 3.4

[Ipoueccop l'on | TakroBas | Tpansuc- | Pa3psia- Pas- Makec. KDIII Onenka
BbI- qacToTa TOpOB Ha | HOCTH pSIIL- arlpec- IIaMsAThb HpOI/I3-
myc- | Ha KpHC- perucT- HOCThL | HOE BOJIH-
Ka MOMCHT TaJlJIc pOB HIUHBI Hp-BO TCJIb-

BBITTyCKa JIaH- HOCTH,
HBIX MIPS

PIV Xeon | 2002 | 2,2TT | 55 miH 32GP 3,2 6410 traces:12K

(with Hyper 80 FPU I'é/c L1:8K

Threading) 64MMX L2:512K H/1

128
XMM

PIV 2002 | 1,6 T | 108 mun. | 32 GP 3,2 64 I'6 traces:12K

Xeon MP 80 FPU I'6/c L1:8K

(with Hyper 64MMX L2:512K H/1

Threading) 128 L3:1M6

XMM

[MepBoIit mporeccop cemeiictBa x86 (wiu  Apxutektypsl Intel) — 18086 — Obu1
16-pa3psinabiM, uMen 16-pa3psiHyI0 BHENTHIO MIMHY JTaHHBIX U 20-pa3psaHyro HIUHY
ajgpeca, 4YTO IMO3BOJSUIO ajapecoBarh A0 1MO BHemHed mnamstu. [lamsaTe umena
CErMEHTHYIO OpraHu3anuio ¢ cermeHtamu a0 64 K. Anamormunsiii npoueccop 18088
MMeEJl BHEIIHIOK MIMHY B 8 OUT, UTO YJAEHIEBUIIO NOMYJISIPHBIE IEPCOHATIBHBIE CHCTEMBI
IBM PC/XT. B npoueccope 180286 ObL1 peann3oBaH ‘‘3allUIIEHHBIA PEXUM~ paOOTHI,
MO3BOJISBIIMK  aznpecoBaTh A0 16 MO mamsiTH, HMCHOJIB30BABIIMA JECKPUIITOPHBIE
Ta0NUIbl, CHUCTEMY C KOJbI[AMHU 3allUThl MaMITH M  allapaTHOM MOIJAEPKKOU
MIEPEKIIIOYEHUS 3a/1a4. DTO HOBUIECTBO TO3BOJIMIIO NIEPEHECTH B CPEly MEPCOHAIBHBIX
OBM oneMeHTHl oOmepalMoOHHBIX cucteM Oosbiinx OBM u  wmaitHbpeiimoB —
MHOT'033/Ia4HOCTb, 3AIIUTY NaMATH U CUCTEMHBIX PECYPCOB.

[Tpormeccop 180386 Ob11 32-paspsaHbiM, agpecoBal 10 4 1'0 mamsaTH, BKIIFOYAT
amnrnapaTHyl MOAJEPKKY BHUPTYAJbHOW MaMATH M BO3MOYKHOCTH aJpPECOBAaTh BCHO
namMsTh B «IUIOCKOM» pexkume. Ha MammHax ¢ 3THM NpOLIECCOPOM  MOXHO ObLIO
peanu30BbIBATh onepauroHHyto cucrteMy UNIX — KIacCMYECKyr CHCTEMY
MaitHppeliMoB. B mporieccope 386 yxke HUCHOIB30BAJIOCHh paclapajijieIMBaHue MpU
OJIHOBPEMEHHOM paboTe 1MIeCTH OCHOBHBIX YCTPOMCTB MpoIieccopa.

B mpoueccope 180486DX nosiBuinach BCTpoeHHas Kau-namsath 1-ro yposas (L1)
o0beMoM 8 K, BCTpOEHHBI MaTeMaTUYECKH COMPOLECCOp, a TAKKE MATUCTYIEH-
YaThIi KOHBEMEP B YCTPOMCTBAX AEKOJUPOBAHMS U UCIIOIHEHUS KOMaH/.

[Tpomeccop Intel Pentium siBWjICS MNEpPBBIM CYNEPCKAISIPHBIM ITPOLIECCOPOM
(puc.3.13). B Hem Obul peanu3oBaH JIBYXIIOTOKOBBIA KOHBEHEP, KOTOPBIA MO3BOJISII
OJTHOBPEMEHHO o00pabaTbiBaTh 10 JByX KomanHa B Takre. (IlpaBma, mpu stom
CYILLIECTBOBAJIO MHOIO OrpaHUYEHH, HO TeM He MeHee.) llponeccop BkirOUan
pa3eNbHYI0 KAII-MAMATh I MHCTPYKUMK U JaHHbIX (o 8 K), moaaep:KuBarolryro
pexXuM 00paTHOM 3anmucu. BHYTpeHHss pa3psiIHOCTh Mpolieccopa ocTaiach 32 paspsina,
HO HEKOTOpbIE BHYTPEHHHUE IIMHBI UMEIU Pa3paaHocTh 128 u gaxe 256 pa3psaos, a
BHEIIHAS IMHA — 64 paspsga. B mpoueccope Obulo peann3oBaHO JUHAMUYECKOE
MpeCcKa3aHue MepexoI0B U MOIEPKKAa MYJIbTUIIPOLIECCOPHBIX KOH(UTYpALIUA.
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UHTep-
denic
C LUMHOMN

KOL komaHpg,
Bydep uenesbix
agpecoB
Byqjep nepexonos
npegBbIoopKK
|
ANY ANY YCTponcTBO
nnasatoLlen
U v TOYKU
Pernctpsl

KOLL gaHHbIX

[TossBnenne mpoueccopa
Pentium Pro nmamo magaso Ho-
BOH moguukanuu  Intel
Architecture — apxurektype
P6. Ilpomeccop (puc. 3.14)
uMeeT  3-TIOTOKOBBIM  KOH-
Beiiep, 4YTO TMO3BOJIAET JOC-
TUYb OOJIbILICH CTENEHH pac-
napaJyieIMBaHus 10 CpaBHE-
HUIO ¢ OObIMHBIM Pentium.
I'maBHOM OTJIMYUTEIbHOU
OCOOEHHOCTBIO  TpoIleccopa
SBJISICTCSI, TIOXKAITYH, TUHAMH-
yeckoe ucrnonaHenue (Dynamic
Execution) — peanuszarus He-
YIOPSAOYEHHOTO  BBIMIOJIHE-
HUS, CHEKYJISTUBHOIO HCIIOJ-
HEHUs

Puc. 3.13
System Bus (External)
L2 Cache
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¥ : Cache Bus
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- = Buffer Buffer
Simple Simple Complex —
Instruction Instruction Instruction
Decoder Decodar Decoder | microcode From
Instruction | Integer
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Retirement Unit | Register File Data Cache
---------------- Intel Arch. it (L1}
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3 A
3 [
Reservation Station
Ly ' ! ! !
Floating- Floating- [T [ hamory
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(FPLI {FPU) e - Uinig
L 1 1 * [
{0 Erarg:hﬁ
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r Y ¥ y 19 ¥ i ¥
Internal Data-Resulls Buses

Puc. 3.14
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(MCTIONHEHUS TIO TPENOI0KEHUIO) U YCOBEPILIEHCTBOBAHHOTO OJI0Ka Mpeacka3anuil. B
IPOLIECCOPE pEeAIN30BaHA CYIIEPKOHBEHEPHAs apXUTEKTypa, MOCKOJIBbKY OH COJECPKUT
13 Gosee MeNKUX CTyINeHel KOHBelepa Mo CpaBHEHUIO ¢ TAThIO Y Pentium, Ha KOTOPBIX
ucnoyiHAoTcs cnenuanbibie RISC-mogo0Hble HHCTPYKIIMK TIpolieccopa, MOTYYUBIINE
Ha3BaHUS micro-ops. Tpu Oydepa AekoIUpPOBaHUS MapalieIbHO (GOPMUPYIOT TpPH
NOTOKA TaKUX MHCTPYKUHUW, KOTOPBIE 3aTEM HANPABISIOTCS B ISTh HUCIOJIHHUTEIBHBIX
YCTPOMCTB, pe3yJbTaThl 0OpaOOTKM B KOTOPBIX 3aTeM COOMpAIOTCS B MPaBUILHOM
nopsike B 6J10Ke COOPKHU.

[Ipoueccop comepxkut ase k3m-namatu L1 no 8K, a Takke K311 BTOPOro ypOBHS
(L2) obwremom B 256K, peann3oBaHHYIO B TOM K€ KOPITyCE, YTO ¥ OCHOBHOW KPHUCTAILIT
npolieccopa 1 0OMEHUBAIOILYIOCA C HUM IO CKOPOCTHOM IIMHE IIMPHUHON B 64 pa3psiaa.
[Iluna agpeca mnpoueccopa wumMeer 36 pas3psaoB, 4YTO OOECHEYMBAET AIPECHOE
MPOCTPAHCTBO B 64 1'0aiiT.

Kak mb1 BUiMM, TIporpecc B 00J1acTU apXUTEKTYp mpoieccopoB Intel Bo MHOTOM
OTIpe/IeIIsyICs MOCeI0BaTENbHON pean3anreil croco0oB 00pbObl ¢ KOHPIUKTAMU TIpU
KOHBelepr3anuu, pacCMOTPEHHBIMA HAMH paHee.

VYxe mnocne peanusauuu Pentium Pro apxurexktypa Intel pomonnmiack
peanuzanuerd  BeKTOpHBIX SIMD — wuHCTpykiuii, KoTopasi MOJy4YWIa Ha3BaHUE
texHosoruu MMX (MultiMedia eXtensions — MmynbTUMeANitHBIE paciiupenusi). CyTb
HOBOM TEXHOJIOTMH 3aKJIIOYaJach B peain3aly C IOMOUIBI0 IIMPOKUX PETHCTPOB
MaTeMaTU4YeCKOro COIpoIleccopa  LIEJIOYHUCIECHHBIX KOMaHj o0OpaOOTKM BEKTOPOB
Pa3MEPHOCTHIO O BOCBMHU YKCEIN IO BOCEMb OUT. DTH KOMAaH/bI MO3BOJISIA YCKOPUTh
00pabOTKy BUIEO U ayAH0 UH(OPMAIIMH 32 CUET YCKOPEHUS BEKTOPHBIX W MaTPUYHBIX
onepauuid. Tak mosiBunuck npoueccopsl Pentium MMX, ¢ MakcHMallbHOM YacTOTOM 110
233Mru (300 Mri B BapuanTe 11 notebook).

[Ipoueccop Pentium II cran ganpHeimmM pazBuTHEM apXUTEKTypsl P6 (dpupma
Intel mmpoko ucmosb3yeT Il CBOEH OCHOBHOM apXWUTEKTyphl oOo3HaueHue [A32).
ApXHUTEKTYpHO Tporeccop cran cumbuozom Pentium Pro ¢ mommepxkkoit MMX
MHCTpyKuM. Kpome Toro, B HeMm peanu3oBaHa KOUI-mamsiTh C  Oosee
OBICTPOJCHCTBYIOIICH MIMHOM W OOJBIIEro 00beMa, a TaKKe P TEXHOJOTHUYECKUX U
KOHCTPYKTUBHBIX YJIy4LIECHUH, CBSI3aHHBIX C BRIOOPOM KOpITyCa, MPOLIECCOPHOMN IIUHBI
UT. I

[Ipouieccop Pentium IIl, 3asBiaeHHBI Kak MpoOIECCOp, CHEIUATBHO
CIIPOEKTUPOBAHHBIN Uil moAAepKku - Internet-npuiokeHuii, B JONOJHEHUE K
CcTaHJapTHOMY Habopy UHCTpyKIui MMX BkitouaetT HaOop U3 70 HOBBIX UHCTPYKIIUN
SSE (Streaming SIMD Extensions — mortokoBbie pacmupenuss SIMD), kotopkie
MO3BOJISIIOT PACHIMPUTHh BEKTOPHYIO 00pabOTKY 3a cueT 00pabOTKH YHCeN C MIaBaromen
3amsATOM M peanusanuu 3D-MHCTPYKIHI B YHUBEPCAIBHOM Ipoueccope. Kpome toro,
TeNeph KaXIbI MpollecCOp CHA0XKEH YHUKAJbHBIM CEPUIHBIM HOMEpPOM JUIsl €ro
uaeHTudukanuu B cetu Internet.

Psisi cephe3HbIX M3MEHEHH TPOM3OIIIEN B apXUTEKType Tporeccopa Pentium 1V.
OTOT MpOLECCOp YXKE HE OTHOCUTCS K apXUTeKType P6, XOTd MpOIOJIKAET JIMHENKY
IA-32. K ero kioueBbIM OCOOEHHOCTSIM MOXHO OTHECTH KdIII BTOPOTO YPOBHS,
MIOMELIEHHBIA Ha KpHUCTAUT mIpoueccopa, yBeaudeHHyro no 400(533)MI'n  yacrtorty
nepeanet mmubl (FSB — front side bus), 144 HoBbie BekTOpHBIE MHCTPYKIMA SSE2,
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XpaHEHUE TaK Ha3bIBA€MbIX TPACC JEKOJWPOBAHHBIX BHYTPEHHUX WHCTPYKUUNA B
CIIEHHAIBHOM K3IIE TPACC U APYTUE U3MEHEHUS.

OO6o00mIeHHast CTpyKTypHasi cxema Ipolieccopa npejacraBieHa Ha puc. 3.15. Ha
HEe TI0Ka3aHO pacIoJIOKEHUE KiIII-mamsaTh Tpacc (trace cache), B3ammojelcTBHE
OCHOBHBIX MOJICUCTEM Tpolieccopa W MYTH MOTOKOB MHCTPYKIMI M JTaHHBIX (Yaile
UCIIOJIb3yeMbI€ ITyTH TMOKa3aHbl JKUPHBIMU CTPETIKAMH).

System Bus
e Frequently used paths

Less frequently used

T paths
Bus Unit
2nd Level Cache - 1st Level Cache
On-die, 8-Way 4oway, low latency
T
i Front End ¢
*

: TraceCache_’I Execution —_— -
Fetch/Decode | Microcode ROM Out-Of-Order Cora Retirement

1 1

ETEs/Branch Prediction

Branch History Update

Puc. 3.15
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4. OPTAHM3AIIUSA BBOJA-BBIBOJA
4.1 HaznayeHue cucreM BBOAA-BbIBOAA. Opranu3anus ooMena B CBB

Cucrema BBOJa-BbIBO/Ia (CBB) mpeana3zHaueHa Jijisi BBIMOJHEHUSI TPEX U3 MSATH
OCHOBHBIX (QyHKIIMH BM: coOCTBEHHO BBOJA, BHIBOJA U JOJTOBPEMEHHOIO XpaHEHUs
uHpopManmu (1Be apyrue PyHKIHUU — 3To 00paboTka HHPOpMAIIMKU U yIIpaBJIeHHUE dTON
00paboTkoif). COOTBETCTBEHHO, B COCTAaB CHCTEMBI BBOJIa-BbIBO/IA BXOMISIT:

1. Tlepudepuiinbie ycTpoiicTBa, KOTOPbIE MOKHO MOAPA3IEIUTh Ha:

yCTpOICTBa BBOJIa MH(POpPMAIUY;

YCTpOHCTBA BBIBOJA (0TOOpaxeHus) HHGOPMAIIHH;

yCTpOICTBa BBIBOJA MH(POPMAIIUN HA UCTIOJIHUTEIbHBIE YCTPOICTBA (YIIpaBiIeHHE

TEXHUYECKUMHU U TIPOU3BOJICTBEHHBIMH OOBEKTAMU U T. 1I.);

YCTPOMCTBA JOJTOBPEMEHHOI'O XpaHEHUSI HH(POPMALIUH.

2. Konrtpomnepsl (amantepbl) mnepudepuitHbIX YCTPOWCTB, OTBEUYANOIIME 32
ynpaBJieHHe nepudepuiiHbIMU YCTPOMCTBAMU M OOMEH MEXIy HUMU U sijpoM DBM.

3. Buemnwue napajvielibHble W TIOCIEOBAaTEeNIbHBIC KaHallbl OOMEHa W
COOTBETCTBYIOIINE KOHTPOJIJIEPHI ITHX KAHAJIOB.

4. CucTeMHbIE IIUHBI ¥ UX KOHTPOJUIEPHI.

5. Kontposepsl mpepbiBanuii 1 psimoro aoctyna K namstu (ITIT).

6. IMoacucTemsl mporeccopa, OTBEUAIONIUE 3a BBO/BbIBOA, opranm3aruto [1JI11
Y PEAKITMIO Ha PEPHIBAHMS U JIP.

TpamguoHHO BBIAETSIOT TPU OCHOBHBIX BapHaHTa OOMEHa Ipoleccopa ¢
BHEIITHUMH YCTPONHCTBAMH:

nporpaMMHBIH oOMeH (program polling);

oOMeH 1o mipepbiBaHusIM (interrupts);

oOMeH B pexxume mpsimMoro jpoctyna Kk mamstu — [1JIIT (direct memory access —
DMA).

[Ipu mporpaMMHOM OOMEHE TMPOIECCOP IOCTOSIHHO OIpalIuBaeT BHEITHEE
YCTPOWCTBO, IOXKHUIAACh €ro TOTOBHOCTM K OOMEHY WM HACTYIUJICHUS JPYroro
coObITusi. Takoii BapuaHT SBJISIETCSI CAaMbIM MPOCTBIM, TaK KakK TPeOYyEeT TOIBKO YTECHHS
MOPTOB BBOJIA/BBIBO/IA, OTIPE/ICTICHHBIE OUTHI KOTOPHIX CUTHATU3UPYIOT O HACTYIIJICHUU
OKHJIAEMOTO COOBITHS, OJHAKO OH MPUBOJUT K HEMPOAYKTHBHBIM TOTEPSM BPEMEHH
MPOLIECCOPOM, JakK€ €CIM OH BBIMOJHIET CBOM 3allpOChl HE MOCTOSHHO, a 4Yepes
ompenencHHbIC (ITUTENbHBIC) UHTEePBAIbl BpeMeHU. C Apyroid CTOPOHBI, NMPU TAKOM
BapHaHTe, €CIIM JJIUTEIbHOCTh WHTEPBAJIOB JOCTATOYHO BEIMKA, MPOIECCOP MOXKET H
MPOITYCTUTh KaKOE-TO COOBITHE.

[Ipu oOMeHe 1o TpephIBaHUSIM TIPOIECCOP HE KAET HACTYIUICHUS COOBITHSA, a
pearupyeT Ha Hero mo (QaxkTy ero HaCTYIUICHHs, Koraa  (OpMHUPYETCs CHUTHAI
npepbiBanus (moapoOHee — fanbine). B pesynbpTaTe mpomeccop CMOXET OTpearupoBaTh
Ha BCE COOBITHA, 0€3 MpOMmycKa, M MPU ITOM OCBOOOXKIAETCSA OT HEOOXOIUMOCTH
MOCTOSTHHO ~TPOBOJWTH OMPOC BHENIHUX YCTPOWCTB. TpaguliIMOHHO OOMEH TIO0
MIPEPHIBAHUSIM TIPEIHA3HAYAIICS B OCHOBHOM JUISI «MEJJICHHBIX» BHEITHUX YCTPOWCTB,
HO MOXKET HCIOJIB30BAThCS W JUISl OBICTPBIX, JUISl MHHUIIMMPOBAHMS Hadajga oOMeHa
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(KOTOpBIM MPOUCXOAUT IPOTPAMMHO), JTUOO JIJIsE OTCIACKUBAHUS MTPOIIECCOPOM BHEITHUX
coOBbITHI 0€3 TTOCTOSIHHBIX 3aIIPOCOB.

IIpu o6mene B pexume IIJIII mporeccop ocBoOOXIaeTCsl OT HEOOXOAUMOCTH
BBITIOJIHATh «YEPHOBYIO» pPabOTy MO  Mepechuike  MHPOPMAIMM W3 BHEIIHEro
yCTpONCTBA B TMaMsiTh M HAOOOpPOT 4Yepe3 CBOM pErucTpol. PanHbiie, koraa
OBICTpPOJICHCTBHE TMPOIECCOPOB ObUIO HeBeNHKo, pexuM [I/II1 mo3Bomsi  yCKOPUTH
OOMEH MpHU HMCKIIOYEHUU MEIJICHHOTO MOCPEIHUKA, KaKUM SBIsUICS Tmpoleccop. B
Hactosimiee BpeMsa HazHadueHue [I/II1 mo Oonbiieil yactu B ApyromM — pasrpy3uTh
MPOLIECCOP ISl BBIIOJHEHU 00JIee HaCYIIHbIX 3a1a4.

4.2. Cucrema npepbiBaHHii

PaccMoTpuM  HeMHOro mojapoOHEe XapaKTepUCTUKH MpPEphIBAaHUN M HX
peanusanuio.

IIpepeiBanne — 310 peakuuss OBM Ha HEKOTOpOe BHYTPEHHEE WJIM BHEIIHEE
coObITHE, MPUBOJALIAS K IPUOCTAHOBKE BBINOJHEHUS TEKyLIEH MpOorpaMMbl U
MHULIMUPOBAHUIO BBINOJHEHHSI HOBOW MPOTPAMMBI, CIIEHHAIBHO MPEAHA3HAYEHHON IS
JaHHOTO COOBITHS.

OCHOBHBIE TUIIBI IPEPHIBAHUN:

1. BHemHee npepblBaHME, WHUIMUPYEMOE BHEIIHUM YCTPOWCTBOM. BHemnue
MIPEPBIBAHUS MOTYT OBITh MACKHUPYEMBIMU (TaKUMH, Ha KOTOPbIE MOXKET HAKIIAAbIBATHCS
Macka JJIsl UCKJIFOUEHHS pephIBaHUs U3 00paOOTKHA) U HEMACKUPYEMBIMHU, HA KOTOPHIE
MIPOLIECCOP JIOJKEH PEarupoBath B JIOOOM Cllydae.

2. IIporpammHBIE NpepBIBaHMS, BBI3bIBAEMbIE CaMOW IporpamMMmoin. Ciry:kaT s
oOpameHnss K CHCTEMHBIM CepBHUCaM omnepanuoHHoW cucteMmbl wiaun BIOS  ms
BBITIOJIHEHHSI HU3KOYPOBHEBBIX 3ajad, JI€Tajdd BBHITIOJHEHUS KOTOPBIX MOTYT OBITh
CKPBITBl OT MPOTpaMMbl (HAMpUMeEp — BBIBOJ CHUMBOJA Ha 3KpaH). DaKTUYECKH ITH
IIPEPBIBAHUS SIBISIOTCS BBI30OBOM MOJIIPOrpamMM, HO 3apaHee IOArOTOBJICHHBIX U HE
ABJISIOIIMXCS YaCTbIO OCHOBHOU IPOIPAMMBI.

3.BHyTpeHHHe TnpepbiBaHUS (MCKIIOYEHHS — €XCeptions), reHepupyemble
MPOIIECCOPOM KaK PEaKiMs Ha OIMMOKU, HalpuMep, Ha TOMBITKY neneHus Ha 0 uimu
oOpallleHus TpOrpaMMbl K 3alpelleHHON s Hee obnactu mamatu. VckmrodeHus
MOMOrarT 00padoTaTh OMMOKY (CpeACTBAaMU CaMOMl MPOrpaMMbl WM ONEPALMOHHON
CUCTEMBI).

OCHOBHBIE 3Tanbl BBHINOJIHEHUS TPEPHIBAHUM :

1. 3anoMuHaHKME COCTOSIHUS IPEPHIBAEMOM POrPAMMBI.

2. Onpenenenue aapeca MOANPOrpaMMBI-00pa0OTUYMKa TMpephIiBaHUsS (BEKTOpa
MIPEPHIBAHMUS).

3. Ilepexon K BBITOJHEHHUIO TTOAMPOTPaMMbI 00paOOTKH MTPEPHIBAHMUS.

4. BoCCTaHOBJIEHHE COCTOSIHUS IPEPBAHHON MPOTPAMMBI M BO3BPAT K HEH.

BaxHol 3amadyedl CUCTEMBbI MPEPBIBAHUW SIBJISETCS  ONPENCICHHE BEKTOpPA

OpephIBaHUM, [UIsI 4Yero HEeOoOXOIMMO paclo3HaTh HUCTOYHUK MpephIBaHUA. ITO
BBITMOJIHAETCSI B CAMOM IIpOLIeCcCope, JTMOO C MOMOIIBI0 CHEIHAIbHOTO YCTpOICTBa —
KOHTpoJUIepa npepsiBaHui. Ha KOHTpoJulep mpepbIBaHMM MOYKET TaKXKE BO3JIaraTbCs
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3ajlaya yNpaBJICHHUsS NPUOPUTETAMU B COOTBETCTBUM  C 3aJaHHBIMU IPOTrpaMMOM
YCTaHOBKAMM.

[Tpu coxpaHeHUHU COCTOSHUS MPEPBIBAEMOI MTPOrpaMMbl HEOOXOUMO COXPAaHUTh
COJIEPKUMOE PETUCTPOB IpPOLIECCOpa, COCTOSHUE (DIaroB, KOHBEHEPOB MpoIEccopa,
COCTOSTHUE CUCTEMBI 3alllUThI IaMSATH, PA3IUUYHYIO CIIy)KEOHYI0 HTHPOPMAUIO U T. 1.

CoxpaHeHHE COCTOSIHUS MPEPHIBAEMON IIPOrpaMMBbl Yallle BCETO IMPOUCXOAUT B
CTEKE CHCTEMBI, IO3TOMY 3a4acTyH0 KOJIMYECTBO IEPEKPBIBAIOIIMX APYr Apyra
MPEPBIBAHUI OIPAaHUYEHO Pa3MEPOM CBOOOIHOM YaCTH CTEKA.

XapaKTEpUCTUKHU CUCTEMBI ITPEPBIBAHUN:

1. OO1ee yucao BO3MOXKHBIX 3aIIPOCOB.

2. Yucno ypoBHEH WK KJIACCOB MPEPHIBAHHIA.

3. 'myOmna mpepplBaHW — MaKCUMaJIbHOE KOJHMYECTBO 3aIlPOCOB, KOTOPHIC
MOTYT IIPEpPBIBATh APYT IpYra.

4. BpeMmsl peakuMy CHUCTEMBI NPEPHIBAaHUI — BpeMsi OT (pOpPMHUpPOBaHUS 3ampoca
710 Ha4ajla BBIMOJIHEHUS OIPOrpaMMBbl 00CTYKUBaHUS IIPEPhIBAHMUSL.

5. DPPeKTUBHOCTH CUCTEMBI MPEPHIBAHUN — OTHOILLIEHUE BPEMEHHU BBINOJIHEHUS
HOJINPOrpaMMbl 00pabOTUMKA MpepbIBaHUSA K OOILIEMYy BpEMEHH, 3aTpayMBacMOMy Ha
npepeiBaHue  (CKJIAIbIBAa€TCSl W3 BPEMEHM  pPEAKIMHM, BPEMEHU  BBIIOJIHEHUS
HOJMPOrpaMMbl 00pabOTYNKA U BPEMEHU BOCCTAHOBJICHMS).

6. Ucnonp3yemass cucremMa MpPUOPUTETOB (KOJIMYECTBO MACKUPYEMBIX U
HEMAaCKUPYEMBIX MPEPBIBAHMIM, CIOCO0 M3MEHEHUS IPUOPUTETOB U T. J1.)

4.3. lllmaHO-MOCTOBAas OopraHm3aluid CUCTEMbI BBO/1a-BbIBO/A. CucreMHblIe IIUHBI

[Mox mmHOM (bus) OymeM mMOHMMATh B OOLIEM Ciyd4ae MHOTOPA3PSIHBIHN
unTepderic s ooMena nandopmanueit. Kak mpasuio, Takoi naTepdeiic Tak Wik nHaue
CTaHAApTHU30BaH.

Omnucanue nuaTepdeiica BKIIOYACT:

JIOTUYECKOE OMHcaHue (KOJMYECTBO U Ha3HAUEHHUE UCTIOIb3yEMbIX Pa3psiioB);

dbu3udyeckoe omucaHue (KOJMYECTBO  Pas3psioB, Crmoco0  (U3UYECKOTro
COTIPSDKEHUsI ¢ UHTEephericomM);

AJIEKTPUYECKOE OMHMCAaHUE (UCTOIb3yEMbIE YPOBHH CUTHAJIOB U . );

MPOTOKOJIBHOE OMHCAHHE (AITOPUTMUYECKOE, OMUCHIBAET JUHAMUKY BBICTABIIC-
HUSI, CHSTHUS U B3aUMO3aBUCUMOCTH CUTHAJIOB HHTepderica).

Moct (bridge) — B maHHOM ciy4ae YCTPOWCTBO IS COIJIAaCOBaHHS  JBYX
Pa3IMYHBIX UHTEPPEHCOB.

[[IvHHas apXHUTEKTypa WMIHPOKO UCIoNb3yeTca B DOBM mnpu noctpoeHnn cucrem
BBOJIa/BbIBOJIA, Jla U SApa BBIYUCIUTENBHON cucTembl. Kak mnpaBuiio, NIMHHBIN
uHTepdelic BKItoYaeT JMHUN JaHHBIX, aJpeca U YMpaBICHUS, MOXKET TaKXKe BKIIOYATh
JIMHUM MTATAHUS, «JIOTHUYECKYIO 3eMJITIO» U T. JI.

Ilon cucTeMHONW IIMHOM MOJKHO IIOHMMATh IIMHY, CIYXKALlyl IS CBS3H
pPa3IMYHBIX KOMIIOHEHTOB BBIYMCIIMTENIBHOM CHCTEMBI B eauHoe uenoe. Ilpu 3tom
CYLIECTBYET MOHATHE JOKAIBHON CUCTEMHOM LIMHBI, MOPa3yMEBAIOIIEE, YTO ICUCTBUE
Y Ha3HAYEHUE IIHHBI B paMKaxX CUCTEMbI JOCTATOYHO JIOKAJIbHO, HO PpaCIOJIOKEHA
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IIIMHA BHYTPU CHUCTEMBI, HApUMep, BO3JE sApa. B MpOTHBOMOIOKHOCTE CHCTEMHBIM
BHEIIIHUE IIUHBI CITyXaT Juisl cBsi3u DBM ¢ BHemHUMEU ycTporcTBaMu. OHU SBIISIOTCS
B oOmeM ciyyae Oosiee CTaHIAPTU3UPOBAHHBIMH [IJII TOrO, YTOOBI BHEUIHUE
YCTPONCTBA PA3IMYHBIX MPOU3BOJUTENCH MOIJIM CONPSTATHCS C pa3iuyHbIMU DBM.

Uctopuueckn B IIK mepBoil cHCTEeMHOM ITMHONW MOXKHO cuuMTaTh MUHY |ISA
(Industrial Standard Architecture — uHmycTpHaabHBIA (IPOMBILIUICHHBIH) CTaHIApT
apxuTekTypsl). OHa BkiIo4aeT 16-OMTHYI0 (IepBOHAYAIBHO JaXke 8-OMTHYIO) HIMHY
JTaHHBIX W paboTtaeT Ha dactoTe M0 8,33 MI'1. Momudukanusmu 3TOi MIMHBI MOYKHO
cuntath 1mmHbI EISA (Extended ISA), Microchannel, VLB (VESA Local Bus —
nokanpHas mmHa VESA, rme VESA — Video Equipment Standarts Association -
accoIMaIys CTaHIapTOB MO0 BHACO0000PYI0BAHHUIO).

[Mluaa ISA B TOM WIM WHOM BHJE CTaja OCHOBOHM IS BBIJCICHHS OoJjee
crenuaM3upoBaHHbX mmH, Takux kak IDE (Integrated Device Electronics —
“UHTErpUpOBaHHAs B YCTPONUCTBE JICKTPOHHUKAY ) — IIIMHA JIJIs1 TOAKIIOYEHUST JTUCKOBBIX
nakorureneid. Cranmapt IDE passuics B muny EIDE, a 3atem — B ctanmapt ATA (AT
attachment — «monkmouenue Kk AT») u ATAPI (porokon moakmtoueHus k ATA) —
CTaHJapT JUIS MOJAKIIOUCHHS PAa3HOPOAHBIX HakonuTesel, Takux kak HDDm CD-ROM,
DVD.

CoBpeMeHHbIE JTMCKOBBIE TOJCUCTEMBbl BKJIIOYAIOT MOJJACPKKY CTaHAapTa
ATA33/66/100/133. Ctanmapt ATA33 — UltraDMA33 mo3BossieT MOBBICUTh CKOPOCTh
oOMeHa 1o 33MO/c 3a cyeT CMHXpPOHM3ALMU Mepeaad Kak Mo MepelHEMY, TaK U IO
3agHeMy (pOHTaM TaKTOBBIX HMIYJIbcOB. B crammapre ATA66 — UltraDMAG6
MPEIIOJIAraeTCsl yBEJIMYEHUE 4YacTOThl MHBI 10 16MI'T, a Takke — BO3MOXKHOCTH
YBEIIMYEHHUSI PA3PSATHOCTH IIUHBI 10 32 pa3psioB.

Cospemennbie IIK (1 He Tonmbko) crpositcs Ha 0Oaze muubsl PCl — Peripheral
Component Interconnect, aktuBHo momaepxkuBaemoit kopropanueii Intel. [luna PCI
SBJISIETCSI CTAHJAAPTOM CUCTEMHOM ImMHBI He ToJibko Jiyis [1K pasnuuubix apXuTexTyp,
HO M JIJISl CUCTEM TMPOMBINIJIEHHOTO Ha3HaueHus1, 6oapiux 9BM u T. 1.

Oco6ennoctu munb! PCI:

MIMHA SBJISIETCS YHUBEPCAJIbHOM, TO €CTh HE TMpHUBSI3aHA K KOHKPETHOU
apxutektype IBM;

paspsaHocte IIJI — 32 Owra, ucnonwszyercs coBmenieHue IHMA u I/
(pa3neneHue nepeaayd BO BpEMEHH);

TakToBas yactota — 33 MI'i1 (cymectBytoT Bapuantsl PCl ¢ 66MI'1 u naxxe 166
MI');

IIMHA UCTIOJB3YET JIOCTATOYHO OBICTPOACHCTBYIOIIUM MPOTOKOJ;

BKJTFOYAET MOICPKKY MOCTOB H JIp.

Hanumume moamepXKku MOCTOB TO3BOJIIET CTPOUTH HEPAPXUUYCCKHC IITMHHBIC
apxutekTypsl Ha 6aze PCI.

Ha coBpemenHoMm 3tane mmHHO-MOcTOBasg apxutekrypa B IIK opranunsoBana
yanie Bcero no npuHuuny “Cesep-lOr”, ¢ 1ByMsi OCHOBHBIMU MOCTaMH — CEBEPHBIM
(Northbridge) u roxueiM  (Southbridge). B coBokymHocTH 3TH  1Ba MocTa |
HE0OXOMMOE OKPYKEHHE 00pa3yIOT «YUTICET» CUCTEMHOM IJIaThl KOMITBIOTEPA.

OyHKIMEH CeBEpHOTO MOCTa siBIseTca obecnedeHue B3ammognerctBust I,
OTIEPAaTUBHOW TMaMSITH M BUIEOMOJCUCTEMBI (KaK CcaMoro OBICTPOJICHCTBYIONIETO
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uHTepdeiicHoro moayins), a Takxke — uHTepdeiic aapa BC ¢ cucremuoit mmnoit PCI.
FOxHBI MOCT BKJIIOYA€T KOHTPOJUIEPHI JJIS CBSI3W C BHEIIHUMH YCTPOHCTBAMH TIO
uateppericam  ISA  (moctr PCI-ISA), EIDE, USB, FireWire, KoHTpoJLIepHI
napajuleIbHBIX W IOCIIEOBATEIBHBIX IOPTOB, KJIaBUATYphl, MOpToB PS/2 m mp.
CeBepHbIN MOCT Tak)ke MOXKET oOecrneunBaTh CBsi3b ¢ KoHTposuiepoM SCSI u nqpyrumu
yCcTpoiicTBaMHu. MEXIy CEBEpPHBIM M FOKHBIM MOCTaMH, CBS3aHHBIMH MEXIY COOOM
muHoit PCI, pacnonaratorcst dusznueckue MHTEpQEHCH I MOIKIIOYEHUS BHEIIHUX
mwiatr PCIl. TloMrMO OCHOBHOTO IOXHOTO MOCTa, PAacCIOJIOKEHHOTO Ha IiaTe, K
ceBepHOMY MoOcCTy depe3 muHy PCl MOTYT MOIKITIOUaThCS TOMOJHUTEIBHBIC BHEITHUE
IOKHBIE MOCTHI CO CBOMMH HaOoOpaMu BHEIIHMX HHTEp(EHCOB, YTO delaeT TaKyro
apXUTEKTYpy HOCTaTOYHO OTKphITO. IIpemmymectBom paszmenenus «Cesep-lOr»
SBJISICTCSI BO3MOXHOCTh OTJEIUTH CHEIU(DUIHYIO U BRICOKOCKOPOCTHYIO apXUTEKTYPY
sanpa (ONTHUMHU3UPOBAHHYIO TOJ] KOHKPETHBIE TIPOIECCOPHI, MOMYIH TaMSITH U
BUJICOIOJICUCTEMY) OT CTaHJApTHOW CHUCTEMHOW INWHBI W BHEIIHUX WHTEp(deiicoB
(3ameTnM, 4TO YacToTa «mepeanei» muHbl (Front Side Bus) B coBpeMeHHBIX cucTeMax
MOJKET JoCcTUrath 166-266 MI'n, a mis cucreM Ha 6aze Pentium IV — 533 Mrap !).

3agHas wuHa (BSB) :

166-533MI'y,
oneparmanas sipmonn | T
pa3pagHas
namsats (O) rpoueccop - ?/L%ﬁ? SrReRYbep
64-paspsaHas 128-pa3psigHasi
nepenHas WuHa BuaeoLlmnHa

(FSB) : 166-533MIy,

CesepHbiit mocT (NorthBridge) @ Tpil:l_lpjl._leecz)ngp

64-paspsg-
Hasi WuHa

64-paspsagHas e
wiha PCI =
100 My : L T IA
d 16-paspsigHas
5 wuHa 8,33 My
Apantep SCSI ;'.‘[ <: FOxHbIN MocT (SouthBridge)

IEEE 1394
USB
COM
LPT
EIDE1
EIDE2
FDD

Moct PCI-PCI

$:

BHeLHNI 10XXHbIN
MOCT

Puc. 4.1
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5. MAPAJUIEJBHBIE BBIYUCJIUTEJBHBIE CUCTEMBbI
5.1. Kinaccudgukanus napauieiababix BC

[Ipy  mocTpoeHMM  THapajUIeNbHBIX  BblUMCIUTENbHBIX  cucteM  (BC)
pa3paboTUYMKaMU MOTYT CTAaBUTHCS PA3JIMUHBIC 1], HAIPUMED, TAKUE :

MOBBIIIEHUE TPOU3BOIUTEIIBHOCTH;

VIIYUIICHHUE MOKa3aTeNs MPOU3BOIUTEILHOCTh / CTOUMOCTD;

MOBBINICHUE HAAC)KHOCTH (PYHKIIMOHUPOBAHMS (CUCTEMBI BBICOKOW TOTOBHOCTH)
U T. 1.

[TapannensbHbie BBIYUCIIUTEIbHBIE MaIlAHbI u CUCTEMBbI MOTYT
KJIacCU(PUITMPOBATHCS TIO Pa3IUYHBIM Tpu3HakaMm. K Hambojee pacrmpocTpaHEHHBIM
MOKHO OTHECTH CIICYIOIIHE KIaCCU(PUKAIINHN:

1. Ilo B3auMOAEHCTBUIO TOTOKOB KOMAaH]l (MHCTPYKIMWA) M TMOTOKOB JAHHBIX.
Jannast knaccudukanus npeioxkeHa amepukanckuMm ydeHbM Dnunnom (Flinn) B
Hayane 70-X rogOB W HCHOJB3yeTCS M0 HacTosAlero BpeMeHH. OH MpeasioKuil
noapasznensat Bce BC Ha 4YeThIpe IpyIIsl :

OKOJl — Opunouns motok komaHj / OauHOYHBIM MOTOK JaHHBIX ( SISD —
Single Instruction / Single Data ). 1o BC 1 DBM 00bI14HOr0 mOCIe10BaTEILHOTO THUITA
(bon-neiimaHOBCKOM apxutekTypsl). s manaeix OBM mnapamnenbHas oOpaboTka
peanusyercsl B BUAE MHOI03aJaqyHOi 00pabOTKU (CUCTEMBI C pa3JiejieHUuEeM BPEMEHU U
ap.). IIpu sTom B nanubiii MoMeHT BpeMeHnu L{IT unu OV 3aHSATO BBINOJHEHHEM KaKOM-
TO OJHOM 3aJIa4u.

OKM/I — OnuHOYHBIM MOTOK KoMaH / MHOXkecTBO MOTOKOB JaHHBIX ( SIMD —
Single Instruction / Multiple Data ). Takas apxutekTypa XapakTepHa JiJIsi BEKTOPHBIX U
MatpuuHbiX BC, BBIOTHSAIOMIMX CHEIMATbHbIC BEKTOPHBIE U MaTPUYHBIE OTIEpaIluy Kak
napasuiesibHble OMNEpaluu IS Pa3HbIX IMOTOKOB JaHHbIX. [loJg moOTOKaMu HaHHBIX
MOIPa3yMEeBAIOTCS TOCJIEI0BATEILHOCTH 2JIEMEHTOB BEKTOpOB (it BekTOpHBIX BC)
uin crpoku Matpuil (st matpuunbix BC). B mocneanne roapr SIMD-pacmpenus
peann3oBaHbl B CHUCTEMax KOMaHj mporeccopoB obmiero HazHauenus (MMX, SSE,
SSE2 — Intel, 3DNow! — AMD, AltiVec — Motorola u ap.)

MKO/I — MHoxecTBO MOTOKOB KoMaH1 / OauHOYHBIN TOTOK daHHBIX ( MISD —
Multiple Instruction / Single Data ). [lannas apxutektypa coorBeTcTByeT BC
KOHBEHWEPHOI'O THUIA, B KOTOPHIX OJWH MOTOK JIaHHBIX MPOXOJUT pPa3HbIC CTYMNEHU
00pabOTKH B pa3HbIX MpoleccopHbIX deMmeHTax (119).

Apxutektyppl  thunma OKMJ[ m MKMJI wncnone3yrorcs mpu NOCTPOCHUH
BBICOKOTIPOM3BOAUTENBHBIX ~CUCTEM Pa3HOTO YPOBHS, HauMHasi OT MPOCTHIX
koHBerepHbIX BC 1o cynep-OBM ¢ BEKTOpHBIMH U HapaJUIEIbHBIMU IPOLECCOPAMU.

MKM/JI — MHOkecTBO TOTOKOB KoMaH / MHOKECTBO MOTOKOB JaHHBIX (MIMD—
Multiple Instruction / Multiple Data ). Takas apxutektypa xapakrepHa misi BC
CBEPXBBICOKOW TPOU3BOJUTEIBHOCTA, B KOTOPBIX MHOXECTBO [ID, BBIMONHSIOMNX
KQXKJBI CBOIO BBIYUCIHUTENIBHYIO MMOJ33/1a4dy (MpoIecc), OOMEHUBAIOTCS MOTOKaMHU
KOMaHJ M JIaHHBIX B Pa3HbIX HAIMPABJICHUSX (TPAHCIBIOTEPHBIE CUCTEMbI, CUCTEMBI C
MAacCCOBBIM MapajuieIM3MOM U Jp. — puc. 5.1.)
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[ToMuMO 4YeThIpex BBIAEICHHBIX TPYI, HHOTAA BBIACISAIOT JIONOJHUTEIbHBIC,
HaxOSIHUECs] HA TPAHULIE MEXKIY NepeurciieHHbIMU, Hanpumep, MSIMD wiun MMISD

cootBeTrcTBeHHO MUlti-SIMD wim Multi-MISD —  cucremsl C HECKOJLKUMU
napayensHo padboraromumu SIMD unu MISD - 6okamu.
L 1 1 2 IN
D, D, D, D,’ Dy Dy
— — M — M N

Cuctema kommyTtauum / Obwan namsaTb

Puc. 5.1

2. Ilo ynpasnsitoniemMy IOTOKY:

ynpagisgeMbie morokoM koman (IF— instruction flow) ;

yrpagisieMbie motokoM nanubix (DF— dataflow) .

CucteMbl ¢ yIpaBlIeHHMEM IMOTOKOM JAaHHBIX MHOTJA HA3bIBAIOT MPOCTO
MOTOKOBBIMH APXUTEKTypaMH (IIOAPOOHEE OHU PACCMOTPEHHI B II. 5.5).

3. Tlo ucmonp30BaHUIO TAMSITH:

¢ oOmel mamMaThIo («pas3aenseMas mamsaThy» — Shared memory);

C JIOKQJIBHOM MNaMsATBIO JIJISl KaXKJ0ro MpoLeccopa.

OO6mas pazaensieMasl pa3HbIMH MPOIECCOPaAMU NTAMATh MOXET ObITh (HPU3UUYECKHU
pacnpeneneHa Mo BbIUMCIAUTENBbHOM cucteme. C  Jpyroil CTOPOHBI, MOJ
pacnipenenennoi namsteio (distributed) moHMMarT OOBIYHO CHUCTEMY, IIPH KOTOPOid
KQXKJBI MPOIIECCOP HMMEET CBOIO JIOKAIbHYIO TMaMATh C JIOKAJIbHBIM aJPECHBIM
npocTtpaHcTBOM. J[Jisi oOmiel mamsiTd, HOCTYN K KOTOPOM OCYIIECTBIACTCS Pa3HbIMU
mpoiieccopaMu B CHUCTEME 3a OJMHAKOBOE Bpemsi, cymiectByer tepmun UMA —
Unified Memory Access (mamsTth ¢ OMHAKOBBIM BpEMEHEM J10CTyMa). B ciaydae, korma
BpeMs JIOCTylla K pa3HbIM ajapecaM oOImeld MaMsaTH JJs pa3HbIX MPOIECCOPOB
HEOJMHAKOBO (OOBIYHO H3TO XapakTepHO s (U3UYECKH paclpeeseHHON oOmen
naMATH), ucnoJib3yroT TepMuH NONn-UMA (mamsTe ¢ pa3iuyHbIM BPEMEHEM JIOCTYTIA) .

4. Tlo cnocoOy oOMeHa MEXTy MPOLEeCCOPaAMU:

yepes 00IIYI0 pa3aesieMyto NaMsTh;

yepes nepeaayy cooOIneHUH.

5. Tlo ucnonb3zyemMoMy TUITy Mapajuien3ma:

€CTECTBEHHBIN WJIM BEKTOPHBIM TMapayuienn3M (HUCIOIb3YeTCS B BEKTOPHBIX H
MaTPUYHBIX BBIUACITUTEIBHBIX CUCTEMAX );

napajuieIn3M HEe3aBUCUMBIX BeTBeU («KpymHO3epHUCTHINY mimn «Coarse Grainy)
— HCIOJB3YeTCA B CHMMETPHYHBIX MHOTOIPOICCCOPHBIX CHCTeMax  Symmetric
MultiProcessor (SMP), a Takxe B cucremax MIMD;
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«menko3epHucThil»  («Fine Grain») mapamienusM —  HCIOJIB3YETCS B
MHOTOIPOLIeCCOPHBIX cucTeMax Tunia MIMD, B cuctemax ¢ MacCOBBIM MapaJlIeIU3MOM
u JIp.;

napauiean3M cMexHbix omeparuii (Instruction Level Parallelism — ILP) —
ucnoJibdyercs B 9BM ¢ JIMHHBIM KOMaHIHBIM cJioBoM — VLIW u 1p.

6. Ilo cocoOy 3arpy3Ku JaHHBIX:

C MOCIe0BaTEeIbHON 3arpy3KoH (Mocaea0BaTeIbHBIM KOJOM — IO OUTaM);

C mapajuiesIbHOW 3arpy3koil (1o ciioBam);

C IIOCJIEN0BATENBHO-TIAPAILIETIBHON 3arpy3KOH.

7. Ilo cucreme KOMMyTalMK:

nosHocBs3aHHbIe MITBC (Ka bl poLeccop CBS3aH € KaKIbIM);

C BBIJICJICHHBIM KOMMYTaTOPOM;

¢ O0IIEeH IMHOM;

JUHEHUHBI WM MaTPUYHBIA MAacCCUBBI (CBSI3aHBI APYr C JPYIOM COCETHUE
MIPOIIECCOPHI);

runepkyOs! (cBsizanbl cocennue 113, HO MaccUBBI MHOTOMEPHBIE);

napajijieibHbIe MallTUHBI C U3MEHsIEMON KOH(UTypalue CBsi3el;

C IPOrpaMMHUPYEMBIMH KOMMYTaTOPaMHU.

8. 1o cI0XHOCTH CUCTEMBI KOMMYTAIINH (110 KOJIMYECTBY YPOBHEU HepapXuu):

C KOMMYTHPYIOIIEH HENbI0 (CEThI0) — OJIMH YPOBEHb KOMMYTAIINH;

C KJIACTEpHOM KOMMYyTalMell (Korga TpyIIbl BbIYUCIUTENBHBIX YCTPOWCTB
00BbEIMHEHBI C MOMOIIBIO OJHON CHCTEMbl KOMMYTAIIUU, a BHYTPU KaxXJOW TPYIIIbI
UCIIONB3YyEeTCs Apyras).

9. Ilo crenenu pacnpenenennoctu BC :

JIOKAJIbHBIC BHIYUCIUTEIbHBIE CUCTEMBI ;

BBIYUCIIUTEIbHBIE KOMIUICKCHI (B TOM YHCJI€ CHJIBHOCBS3aHHbIE — C OOMEHOM
gepes 00IIyI0 aMATh M CIab0CBsA3aHHBIE — C 0OMEHOM Yepe3 Mepeady COOOIIeHuUi).

KAaK BAPUAHT BBIYMCIUTEIBHBIX KOMIUIEKCOB — KJIIACTEPHBIE apXUTEKTYPHI;

pacrpeeseHHbIE BBIYUCIUTENbHBIE KOMIUIEKCHI, B TOM 4ucie cetu OBM wu
pacrpeeeHHbIE KIIACTEPHbIE CUCTEMBI.

10. ITo opranu3aiuu 10CTyna K 0OIIUM pecypcam:

CUMMETPUYHBIE MHOTOIPOIIECCOPHBIE CHUCTEMBI  (BCE TMPOIECCOPHI HMEIOT
OJIMHAKOBBIN JTOCTYII K OOIIUM pecypcam);

acUMMeTpu4HbIe (Master-slave) MHOromporeccopHbie CHCTEMBI C Pa3HBIMHU
BO3MOKHOCTSIMU JIOCTYTIA JJIS pa3HbIX MPOIECCOPOB.

5.2. Mapanaeasbnsie BC tuna SIMD. Bektopubie BC

K BC tuna SIMD oTHOcAT, npexae BCero, accoyuamusuvie W eekmopuvie BC.
Accoyuamusnvie BC cTposiTcs, Kak MOXKHO 3aKIIOYUTh W3 Ha3BaHUsA, Ha 0Oase
ACCOIMaTUBHOM TMaMSTH. Kak yxe oTMmedanoch paHee, NpU PACCMOTPEHUU
OpraHM3allid CHCTEM IaMSTH, JUIS aCCOIIMATUBHOM IMaMSTH XapaKTEPHBI aIlllapaTHHIC
MEXaHHM3MbI TIOMCKa WH(POpMAIMKU ¢ 3aJJaHHBIM aJIPECHBIM IPU3HAKOM 110 Pa3IMYHBIM
MepaM CXOJACTBa W TaK Ha3bIBaeMmash BepTHKaldbHas 00paboTka. B acconmaTuBHBIX
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BBIUHMCIIUTEIBHBIX CHUCTEMAX IMOMHMO IIOMCKAa MOTYT allapaTHO PEalnu30BbIBATHCS
pazuyHble  MEXaHM3Mbl OOpa0OTKM  JIaHHBIX, MPUMEHSEMble K JIaHHbIM C
NOJXOMSIIMMUA TeTaMUd C UCIOJIb30BAaHUEM BCE TOM kK€ BEPTHKaJIbHON 00pabOTKH, TO
€CTh — MapaJUIeIbHO 3aXBATHIBAIOINE BCE SIYEHUKU MTaMSITH, WU 10 KpailHEN Mepe — Bce
CTPOKM MacCHBa HAKOMUTENS aCCOLMATUBHOUN MaMSTH.

TeM He MeHee, Jallle BCEro aCCOLMAaTUBHbBIC BHIUUCIUTEIbHBIE CUCTEMBI CTPOSITCS
IUISl pEUIEHUS 3a]a4 HE BBIYMCIHUTENBHOTO XapakTepa: MOMCKA, paClO3HABaHUA U T. 1.
[IprMepoM MOTYT CIIYKUTh Pa3IUYHbIE BEIYUCIUTEIBHBIE CUCTEMBI JIJISl MOACPKKU 0a3
JAHHBIX — B YAaCTHOCTU, PEJSIMOHHBIN acconuaTuBHbIM mporeccop (RAP).
CyliecTByIOT UM TPOEKTHl  COOCTBEHHO BBIYMCIUTEIBHBIX ACCOIIMATUBHBIX CHUCTEM,
Hanpumep, u3BectHas BM “STARAN”.

K 6exkmopnvimM OTHOCAT CHCTEMBI, BKIIOYAIOIIME B CBOM CUCTEMBI KOMaH]
CIICIMAJIbHBIE BEKTOPHBIE (MAaTPUUHbBIC) OMEpAaIlii, TAKUE KaK BEKTOPHOE U MAaTPUYHOE
CJI0’KEHHE, YMHOKEHHE BEKTOpa Ha MATpHUILYy, YMHOXEHUE MAaTpULbl HA KOHCTAHTY,
BBIYMCJICHUE CKAJSIPHOTO MPOU3BEAECHUS, CBEPTKHU U T. A. Takue BC oTHOCAT K Kiaccy
SIMD, unoraa — MISD. Takas HEOAZHO3HAYHOCTH CBSI3aHA C HAJTMUHUEM JBYX OCHOBHBIX
BUJIOB BEKTOPHBIX CHUCTEM :

B BEKTOPHO-KOHBEHMEPHBIX CUCTEMAX B OCHOBE YCKOPEHMS BBIUMCICHUN JIE)KUT
MPUHITUIT KOHBEWEPHOW 00pabOTKM MOCIEA0OBATEIbHOCTH KOMIIOHEHT BEKTOPOB U
MAaTpULL.

B BEKTOPHO-NIAPAJUICJIIBHBIX CUCTEMAax PpPa3JInYHbIE KOMIIOHEHTHI BEKTOPOB U
MaTpull MPU BBIMOJHEHUH BEKTOPHBIX Olepanuil o0padaThIBalOTCS MapalieIbHO Ha
napauieiabHo padoraromumx [13.

Bekropno-napamnensueie BC nHOrma HaseiBaroT «Hactosmumu SIMD», Tem
CaMbIM IIOJYEPKMBAsi, YTO B BEKTOPHO-KOHBeWepHbIX BC mMMeeTcss HECKOJIBKO WHOU
MEXaHHM3M B3aUMOJICHCTBUS MOTOKOB KOMAaHJ M JAHHBIX, OOJIbILIE XapaKTEePHBIN s
MISD. B 10 xe Bpems JIOTHUEeCKH WU (PYHKIIMOHAIBHO M B BEKTOPHO-KOHBEUEPHBIX
cucteMax ¢akTruuecku peanuszyerca mnpunHnun SIMD (ogHa WHCTPYKIUS, HapuMep
CJI0’KEHHUE, BBIIIOJHACTCS 111 HECKOJIBKUX ITOTOKOB JAHHBIX, HO TOJBKO 3TH IIOTOKU KaK
OBI BBICTPAMBAIOTCS B OJHY OUepeb Ha KOHBeHepe).

Hanpumep, ecinn
| Xx L 1 + | HEOOXOAMMO HaXOIUTh
CBEPTKY, TO ecThb
BBIUKCIIATE  BBIPAKECHHE
BU/IA

C=>a-b

TO MOXHO HCHOJIb30-
BaTh JBa apudmeTnye-
CKMX KOHBeHmepa: Ui
YMHOXEHHUSI U JJISl CJIO-
Puc. 5.2 XKeHUsl (CIOKEHHUE TOXe
MOXHO  KOHBEWepH30-
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BaTh, CM. KOHBEHEPHM3aLMIO MapaJUIEIbBHONO CyMMAaTropa Ha 3aKIIOYHMTEIbHOM 3Tarle
dbopMHupoBaHUs TPOU3BENCHUS B YyMHOXHUTeNle bpayHa), Ha KOTOpBIA MOJAIOTCS
MOCJIEIOBATEIBHO 3JIEMEHTBl 00pa0aThIBAEMbIX BEKTOPOB M3 BEKTOPHBIX PETHUCTPOB
(puc. 5.2). Apudmerudyeckue ycTpoWcTBa caMH 1o cebe MOTryT OBITh U
HEKOHBEHMEPU30BaHHBIMM, TOTJA JIMOO peadu3yeTcsi KOHBEHEp U3 TpeX ONepalluii:
YMHOKEHHUE, CIIOKEHUE U 3aMUCh B PErUCTp (MaMsTh), JUOO TpHU yKa3aHHbBIE OlEpaluu
IIPOCTO BBIMOJHSIOTCS KaK OJHA MAaKpOoIepalrs, KOTopasi Ha3bIBAETCS «3alleTIICHUEM,
IPUYEM AannapaTHO YCKOPSIOTCS €€ BBIYMCIEHHUE U IOATOTOBKA CIIEAYIOLIETO
3alleTJICHHs TI0 CPABHEHMIO ¢ OOBIYHBIMU MpOIlecCOpaMH OOIIero HazHayeHHus. YacTto
3aleTVIEHUE PEaTN3yeTCsl C UCIIOJIb30BAaHUEM TpeX OAHKOB ONEPATUBHOM NaMsTH, a HE
PETUCTPOB, TOCKOJIbKY BEKTOPHBIE MAIIMHBI JOJDKHBI — paboTaTh C BEKTOpaMH U
MarpuuamMu OONBIIONW pPa3MEPHOCTH, KOTOpPbIE HE BCErAa MOXHO pPa3MECTUTh B
BEKTOPHBIX PETHCTPaX.

Jnst yckopeHus: paboOThl C MaMsAThIO  HCHOJB3YIOT Pa3u4yHble MEXAHU3MBI
aZipecaliu, orepalud ¢ aBTOMHKPEMEHTOM (aBTOJIEKPEMEHTOM) ajpeca, MEXaHU3MBI
YCKOPEHHOW BBIOOPKHM M 3amucu (MHOTOMOPTOBAsl MaMsiTh, MaMATh C PACCIOCHHEM H
T. J1.), OTAENBHOE ajgpecHoe oOpabaThiBaroIlee YCTPOUCTBO (YTO XapaKTEpHO IS TaK
Ha3bIBAEMOW PA3HECEHHOW apXUTEKTyphl). (11 BHIMIOJHEHUS CKaJSPHBIX OMEpaluii B
KOMIUIEKCE C BEKTOPHBIM 00padaThIBAIOIIMM YCTPONCTBOM B BEKTOPHOM MalllMHE
MOKET HCIIOJIb30BAThCS CKAISIPHOE YCTPOMCTBO.

Takum 00pa3om, 151 BEKTOPHO-KOHBEHEPHBIX MAIIMH XapaKTEPHO :

1. Tloanep»ka crienuaIbHbIX BEKTOPHBIX, MATPUYHBIX ONEpalluii B CUCTEME KOMaH/I.

2. Yckopenue oOpabOTKM BEKTOPOB 3a CUET KOHBEHEpH3aIlMi BRIOOPKH U COOCTBEHHO
00pabOTKN B KOHBEUEPHBIX UCIIOJHUTEIbHBIX YCTPOUCTBAX.

3. Hanmuune BEKTOPHBIX PETHUCTPOB.

4. Pa3BuUTbIe MEXaHU3MBI JJPECALIMH U BHIOOPKH/3AMKUCH B TaMSTh.

5. CoueraHre BEKTOPHBIX U CKAISPHBIX PETUCTPOB U 00pabaTHIBAIOIINX YCTPONUCTB JIs
s (PeKTUBHON peanu3aluy alroOpuTMOB, TPEOYIOIINX BBITTOJIHEHHS KaK BEKTOPHBIX, TaK
Y CKaJISIPHBIX BHIYUCIICHUM.

Hapsany c koHBeiiepuzaumeil omnepauuii B BeKTOopHbIx BC wucnonb3yercs u
KOHBeWepH3alusi KOMaHJl, 4YTO TpeOyeT TaKoro IMOCTPOCHUSI CUCTEMBbl KOMaHJ
BEKTOPHON MaIlIMHBI, YTOOBl KOMAaH[bI JIETKO MOTJIM BBINIOJHATHCS Ha KOHBeHepe.
[ToaToMy MHOTHE BeKTOpHBIE TTporieccopbl MMet0T RISC-mo100HbIE KOMaH/TBI.

[Ipumepamu BEKTOPHO-KOHBEMEPHBIX MAalIMH MOTYT CIYXHUTh KIACCUUYECKHE
cyniep-OBM cepun Cray: Cray-1, Cray-2, Cray X-MP, Cray Y- MP u ap. [Ipumepom
BEKTOPHO-TIAPAJUICIIBHBIX MalluH MOryT ciyxuTh Mamuabl [LIAC-1V, Cyber-205,
otedecTBeHHbIE cynep-OBM cepun 11C2000.

HenocratkoM BEKTOpHO-MApasUIebHBIX MAIIWH SIBJISIETCS CPABHUTEIIBHO HU3KAs
3¢ (PEeKTUBHOCTH B CMBbICIIE 3arpy3ku MPOLIECCOPHBIX 3JEMEHTOB. BbIcokas
MIPOU3BOJIUTEIBHOCTh JOCTUTAETCS TOJIBKO Ha BEKTOPHBIX OMEPAIUSX, B TO BpPEMS Kak
Ha CKaSIPHBIX OMepalusXx W Tpu 00pabOTKE BEKTOPOB M MATPHUIl MEHBIIEH
Pa3sMEpPHOCTH 3HAYUTEIBHAS YaCTh YCTPOMCTB MOXKET NPOCTamBaTh. B KOHBEWEPHBIX
OBM npu 06paboTke BEKTOPOB MEHBINIEH Pa3MEPHOCTH KOHBEHEp, BO3MOXKHO, OyaeT
3arpyK€H IMOJHOCTBhIO, TaK KAaK MEHbIIAs Pa3MEPHOCTb MOXKET KOMIIEHCHPOBATHCS
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00JIbIIIel MHTEHCUBHOCTBIO CIIEOBAHUS MOCIEI0OBATENbHBIX 110 aITOPUTMY BEKTOPHBIX
noja3aaay.

Kpome TOTO, IIpOrpaMMHUPOBAHUE BEKTOPHO-IIAPAJIIIEIIbHBIX OBM
OCYLIECTBIISIETCS B LIEJIOM CIIOXKHEE, YEM ISl BEKTOPHO-KOHBEMEPHBIX. ISl 3arpy3ku 1
BBITPY3KM JaHHBIX TpeOyeTcsi 0oJibllle BPEMEHM, YEM B CIIydyae KOHBEWEPHBIX CHUCTEM,
KOIZla JIaHHbIE MOTYT IIOCTyHaTh IOcienoBaTenpHO. IIpu 3TOM mpenmyniecTBom
BEKTOPHO-MIAPAJUIENIbHBIX MAlIMH SBJSETCS MX MOTEHIUAIbHO OoJjiee BBICOKAs
ITPOU3BOIUTEIILHOCTD.

B uenom BEKTOPHBIE MAIlUHBl XapaKTEPU3YIOTCA BBICOKOW ITMKOBOU
IIPOM3BOJIUTENBHOCTBIO MPHU  IOJHOW 3arpy3Ke€ HMX BBIYUCIUTEIBHBIX YCTPOWMCTB,
OIHAKO JOCTUIaEeTCA BBICOKAs NMPOU3BOAUTEIBHOCTE B OCHOBHOM  IIPU PELICHUU
OIIPENENICHHOT0 Kpyra 3a7a4, JKCILIyaTUPYIOLUX €CTECTBCHHBIN ITapajlICINu3M.

5.3. IlonsiTHEe 0 CHCTOJMYECKHUX CTPYKTYPaxX H ajJropurMax

[lon cucmonuueckou cmpykmypoii MOXHO MOHUMAaTh MAacCHUB (CETh) BBIUMCIIH-
TenbHBIX «KJIeTOK» (I1D), cBA3aHHBIX KaHanamMu oOMeHa. UMCIO COCeAHMX KIIETOK
orpannueHo. Kaxnas kierka paboraer mo cBoed mporpaMme (4To XapakTepHO AJis
cucteM MKMJI). OOMeH AaHHBIMM U YHPAaBISIOLIMMHU CUTHAJIAMHU OCYLIECTBIIAETCS
TOJIBKO C COCETHUMU KieTKaMu. OOMEH C ONepaTUBHOU MaMSATHIO MTPOUCXOAUT TOJIBKO
Ha rpaHuie maccuBa KiIeTok (puc. 5.3). Tepmun «cucronuueckas» (systolic) ykazbl-
Ba€T Ha CHHXPOH-
HOCTb, HEIPEpPHIB-

L J HOCTh M BOJHOOO-
rno rno rno pPa3sHOCTb  IPOJBU-
on i) i) ) KeHusi 00padathI-
BAa€MbIX JaHHBIX OT
{13 |~ N3 = Mo ”
s OJTHOM IPaHUILIBI
i} i} T MaccMBa K JpPYyroi

T ... (cucroma — 310 Cep-

Je4YHasi MbIIIIA, KO-
> e L C I o e N I O =l I 1C Topasi paboTaeT Tak
xe CUHXPOHHO,
PUTMUYHO U 0€e3 oc-
TAaHOBOK B  XOJI€
BCEH JKU3HU YEJO-
BEKa, KaK CHCTOJIU-
yeckas cucrema
«MpPOKAYMBAET» Ye-
pe3 cebst 00padatsi-
BaeMblIe JaHHbIe). OCOOEHHOCTHIO PAOOTHI CUCTOIMYECKUX CTPYKTYP SIBISIETCS OTCYT-
CTBHE HAKOTUICHUS MH(OpPMAIMU B JIOKAJTBHBIX OJIOKaX MaMsITH U BO3BPATOB IMMOTOKOB
JAHHBIX Ha3aJ JUIs MUKIMYEeCKOW 00paboTKH. YTOPSIOYEHHOCTh JTAaroB 00pabOTKH
uH(DOpMAIMK YKa3bIBAaET HA POJICTBO C KOHBEHEPHBIMU apxuTekTypamu Ttumna MISD,
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MIO3TOMY MHOI'ME UCCIJIEIOBATENN OTHOCAT CUCTOJIUYECKUE CUCTEMBI UMEHHO K ATOMY
kjaccy. B To ke Bpemsi HalMuue pa3iuyHbIX MOTOKOB KOMAaHJ M JIaHHBIX B CUCTEME U
COOCTBEHHBIX MPOTPAMM Yy PA3HBIX BBIUUCIUTEIBHBIX KJIETOK YKa3bIBaeT Ha POJICTBO C
MIMD-apxutektypamu. B otnuuune or MIMD xapaktep oOMeHa HOCHUT 3aJaHHBIHN, O1-
HOHAIMPABJICHHBIN XapaKTep, OTCYTCTBUE IIMKJIOB, BO3BPATOB, JJIMHHBIX MEPECHUIOK, a
TaK)K€ OTHOCUTEJIbHASI MPOCTOTA 3a/ay, PeIIaeMbIX KaXK0i BHIYUCIUTEIBHON KIIETKOM,
MO3BOJISIIOT TOBOPUTH O CBOEOOPA3UU CUCTOIMYECKUX CTPYKTYP.

OOnacTpl0 NpPUMEHEHHUS TaKUX CTPYKTYp, TPEXKAE BCEro, SBISIIOTCS
MHOTOMPOIIECCOPHBIE CHEIMAIM3UPOBAHHBIE CTPYKTYpbl A LuppoBoi 00pabOTKU
CUTHAJIOB, U300pAKEHUH, AJI PELICHUS] MAaTPUYHBIX 3a/1a4.

Jist 3bGheKTUBHON pealn3anii  BBIYUCICHUN B CHCTOJIMYECKOW CTPYKTYpE
HEOOXOAMMBI TaK HA3bIBAEMBIE  CUCMOAUYECKUE aN2OpUmMbsl, PACCUUTAHHBIE Ha
annapaTHyl  CHCTOJMYECKYl0  peanu3auuto. OHHM  JOJDKHBL  yIOBJIETBOPSTH
onpeeIeHHbIM TPEOOBAHUSIM, CPEIU KOTOPBIX :

1. PerynspHOCTb, OJHOHAIIPaBICHHOCTh Tpada BHIYUCICHUNH (TTOTOKOBOTO
rpada) anropurma.

2. AIMKIMYHOCTH aITOpPUTMA.

3. Bo3MOxHOCTH pa3OueHMs] aJIrOpUTMA HA ATAlbl OJMHAKOBOM CIIOXKHOCTH H
JUTUTEIBbHOCTH BBITTOJHEHUS JJIs1 TOCTPOCHUSI KOHBEHEpa.

4. B03MOXHOCTH pacnapauieIMBaHusl BHIYUCICHHM.

5. OtcyTcTBUE HEOOXOIUMOCTH B OOJBIINX O0OBEMax MaMsITH JJI COXPAaHECHUS
MIPOMEKYTOUHBIX PE3YIbTATOB M HAKOIICHUSI HHPOPMALIUH.

6. JlokampHOCTH TEepechUIOK HH(pOpPMAIMKU, OTCYTCTBHE HEOOXOAUMOCTH B
JUTMHHBIX MEPEChUIKAX.

/. MuHHUMaJIbHOE KOJIMYECTBO Pa3BHIOK B aJITOPUTME U T. 1.

8. MuHuManbHOE KOJINYECTBO BXOJHBIX M BBIXOAHBIX TOUYEK aJITOPUTMA.

9. MuHHMMalIbHOE KOJIMYECTBO PAa3HbIX THUIOB BBIYUCICHUN U OmeEpalui,
HCIIOJIb3YEMBIX B AJITOPUTME.

10. Bo3amoXHOCTh ~ pa30ueHuss alropuTMa Ha MOJAJITOPUTMBI  MEHbIIEH
Pa3MEpPHOCTH M, C APYroll CTOPOHBI, — HAPAIIMBAHUS aJrOPUTMA JJIsl PEIICHUS 3a1a4
OoJBIIIEH pa3sMEPHOCTH.

11. 'apanTpoBaHHasi CXOAUMOCTH BBIYMCICHUN 3a 3aJaHHOE YHCJIO IIIaroB
(uTepanuii) u ap.

[IpumepoM cucTomnueckux anropuTtMoB sBistoTcs anroputMbl CORDIC u
ponactBeHHble emy (Tak HaszbiBaeMmble JJIII-anropurmsl, mmm CORDIC-nnogoOHsle),
apyrue UTEpaIMOHHbIE AITOPUTMBI, aITOPUTMBI 00paboTKH MaTpHil,
ONTHUMH3MPOBAHHBIE /JIs AMMAPATHON pean3aluu, U Tak Janee. PaccMoTpeHHbIe paHee
anmnapaTHble YMHOXKUTEIU TaKXKe SBISIOTCA IPUMEPAMU CUCTOJMYECKUX CTPYKTYP.

5.4. Macmitabupyemble napaJuiejbHbie cucrembl MKM/I

CoBpeMeHHbIE TTapaJuIeIbHbIC BRIYUCIIATEIBHBIC CHCTEMBI, BKITFOUAs allimapaTHhIS
U TPOTpaMMHBIE CPEJCTBA, HA3BIBAIOTCA Macuimabupyemvimu (scalable), ecmu wux
pecypc MOXKET OBITh U3MEHEH B 3aBUCUMOCTH oT  TpeboBaHU
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MIPOU3BOAUTEIILHOCTH/CTOMMOCTH. JTO TIOHATHE BKIIOYAaeT B Cce0sl Cleqyronue
COCTAaBJISIFOLIHE:

o OYHKIMOHAIBHOCT M MPOU3BOAUTENBHOCTh. Macirtabupyemas cuctema
JOJKHA TOBBIIIATh (MOHUXATh) CBOKO IMPOU3BOJUTEIBLHOCTh MPONOPIUOHAIBHO
MOBBIIICHUIO (TTOHMKEHHIO) CBOMX pecypcoB. B ueane 3ta 3aBUCUMOCTh JOJIKHA OBIThH
JIMHENHOMU.

e CtouMocTh. CTOMMOCTH CHCTEMBI MPU MaCIITAOMPOBAHUU JIOJKHA MEHSATHCS
MPOMOPLUUOHANIEHO (HO HE OBICTpEE, YEM JIMHEHMHO).

e CoBmectuMOoCTh. OJTHH U T€ K€ KOMIOHEHTHI CUCTEMBI, BKJIFOYAs almapaTHBIS
U TPOrpamMMHBIE CPEICTBA, JOJKHBI HCIOJIB30BAThCS MOCIE MaclTabupoBaHus 0e3
OOJBIINX U3MEHEHUH.

B npocteiiem ciiydae MacirabupyeMoCTh CUCTEMbI MOKET OBbITh IOCTUTHYTA 32
CUYEeT U3MEHEHHUs KOJMYECTBA MOJYyJIEd — MPOIECCOPOB MM BBIYMCIUTEIbHBIX MAIlUH,
BXO/JSIIMX B Hee. MacmTabupyeMoCcTh XapaKTEpHU3yeTCsl CBOUM pPa3MEpoOM —
MaKCUMaJIbHBIM KOJMYECTBOM BBIYUCIUTEIBHBIX MOMYJICH, KOTOPOE MOXKET OBITh
BKJIFOYEHO B Hee 0e3 HapyuieHus ee paborocrnocodnoctd. Hampumep, CummerpuyHas
MynbTUIiponeccopass Cucrema (SMP, 1997) umeer npenen 10 64 mpoliieccopos, a
cuctema IBM SP2 (1997) — no 512 npoueccopos.

B nacTosiiee Bpemsi HauOoJibIllee pacIpOCTPAHEHUE TOIYUYUIIU NIATh BAPUAHTOB
MKM/I cucrem:

e CHCTEeMBbI ¢ MACCOBBIM Mapasuien3mMoM (massively parallel processor-MPP);

o CHUMMETPUYHBIC MYJIBTUIIPOIIECCOPHBIC crcTeMbl (SMP);

e Kinactepsl padounx cranrwmii (Cluster of workstations—COW);

e CucreMsl ¢ pacnpeaeneHHoi nmamaTeio (distributed shared memory—DSM);

e CHUCTOJIMYECKUE CTPYKTYPHI.

Cucrembl ¢ MaccoBoil mapaiienbHo 00paboTkoit (MPP) BkitouaroT ThICAYH,
JECATKH, WHOT/Ia — COTHHU TBICSIY MPOIECCOPHBIX 31eMEHTOB. [l0100HBIE CHUCTEMBI
MOTYT UMETh Pa3INuHyI0 opraHu3anuio. OIHU CUCTEMBI OTHOCAT K Kateropuu SIMD c
MEJIKO3EpHUCTHIM Mapauienu3MoM. OHU paboTaroT MOJ YHpaBiICHUEM CHEHMATbHBIX
yrpasisommx OBM, pazmamomuyx 3aJaHus MpoLeccopaM W KOHTPOIUPYIOIIUX HX
KOMMyTaIuio U oomeH. CaMu MPOIECCOPHBIE IEMEHTHI MOTYT OBITh JTOCTATOYHO
MPOCTBIMA M HMMETh HEBBICOKYIO MPOM3BOIUTEIHHOCTh. B WacTHOCTH B OMHON W3
nepBeix OBM Takoro tmma — Connection Machines-1 (CM-1) wucnons30BaUCh
omHoOuTHBIe AJIY, B KOTOPBIX 32-OMTOBOE CIOKEHHE BBITTOIHAIOCH 3a 24 Mmkc! AJTY
o0bequusnch B 119, cocrosBimmii u3 16 takux OV u 4 OJIOKOB JOKaJIbHOM MHaMSTH.
[TpousBoautenbHOCTh OfgHOTO 11D — okomo 2MIPS. KonudecTBO mpoleccopHbIX
AJIEMEHTOB JIOCTUTAI0 64 ThICSY, pa3JeICHHBIX Ha 4YeThIpe OJIOKa, KaKIblil OJOK
ynpasisuicss OBM-cekBeHCOpoM, OTBeyaBIIeH 3a OOMEH MexXAy OJiokaMu, a
VIOpaBJICHUE BCEW CHCTEMOM ocymiecTBisuia ¢poHTtambHas OBM, TpancmupoBaBias
BBICOKOYPOBHEBBIN MOTOK KOMaH/I B MOTOK MHCTpYKIni mis [139. Ogna pponTansHas
OBM wMorna ympaBisiThb 10 2 MIH mOpoueccopHbix anemeHToB! Cucrema CM-1
nocturana npousBoautenbHocT B 100 Gflops (1984 r), a cucrema Connection
Machines-5 ¢ 256 Toic. npomeccopoB — yxke 10 1 TFlops (1991r).
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B nmpyrux cucremax ¢ MaccoBoil mapamienbHONM o0pabOTKOM MpoIlecCCOpHbIE
DJIEMEHTHI NPEJCTaBISIIOT  COOOM  JJOCTaTOYHO  MOIIHBIC U aBTOHOMHBIC
BBIUMCIIMTENBHBIC YCTPOWCTBA (HAMPUMEP, BBICOKOMPOU3BOAUTEIBHBIC MPOIECCOPHI
o0I1IeT0 Ha3HAYCHHUS ), BBITIOTHSIONINE COOCTBEHHBIC ITPOTPaMMBbI BEIUMCICHHUNA. B Takux
CHCTEMax MOJKET MCIIOJIb30BAThCs KIIACTEPHAsT OpTaHU3aIHsL.

Baxxnyro ponb B 3 PeKTUBHON peann3aiiii BEIYUCICHUH B TAKHX CHCTEMaX (Kak
U B TIapaJUICIbHBIX BRIYUCIUTEIBHBIX CHCTEMaX BOOOIIE) HTPAIOT OpraHu3anus oOMeHa
uH(pOopMaIen MexX/1y IPOIIECCOPHBIMU AJIEMEHTAMU, OPTaHU3aLUs TaMATH U, KOHEUHO,
IIPOrpaMMHOE O0OECIIEUECHHE.

Haubonee ecrecTBEHHBIM Ka)XE€TCS HCIIOJIB30BaTh JUIsi OOMEHa OOIIYIO MaMsTh
(shared memory). Ilpu sTOM ampecHOe MPOCTPAHCTBO MAMSITH JOCTYITHO BCEM
mpoleccopam, KOTOpbIe TOMEIIAIOT pe3yIbTaThl CBOEH paboThl, @ TAKXKE CUUTHIBAIOT
MCXOIHYI0 MH(POPMAIUIO U3 OOIIETOCTYITHOTO pecypea (B 3aBUCUMOCTH OT XapakTepa
1 00beMOB 0OpabaThiBaeMOil MH(pOpMAIK OHA MOXKET XPaHHUTHCS B OINEPATHBHOMN
namsTH, 6o Bo BHewHel). Kak y)xe oTMedanoch panee, oOmasi maMsiTb MOXKET OBbITh
¢usnuecku pacnpenenenHon (Non-UMA), nu6o ¢ oMHAKOBBIM BpEMEHEM J0CTyTa
(UMA). IIpobGnemMbl BO3HHMKAIOT TPH CHHXPOHMU3AIUU PabOTHI ¢ OOIIMMHU 00IaCTIAMH
namsATH (3ech 3aJeMCTBYIOTCS MEXaHHU3MBbl ceMaopoB, TpaH3aKIMH, aTOMapHbIX
olepanuii u T. 1.), IpU OpraHU3alMM BUPTYaIbHOW NMaMSTH, IPU YCKOPEHUU AOCTyIa
K NaMsaTH B (U3MYECKH paclpenesieHHOW cucTeMe MaMaTh M Tak  JaJiee.
JIOTIOJTHUTENBHYIO CIOXKHOCTh TPEACTABISAECT CHHXPOHHU3ALMSA PabOThl pa3iensieMoi
oriepaTUBHOM naMmsTH UM JIOKAJIBHOM  K3II-aMATH MpoleccopoB (mpodiiema
KOTePEHTHOCTH  KomI-mamsAtv).  CHHXpOHM3AIMsl  JOCTUTaeTCsl  MPUMEHEHHEM
HETPUBHAIBHBIX AITOPUTMOB, Hampumep, MESI. Jlns ynpomieHus CHHXpOHH3AIUH
naMsATH ¥ JJi1 YCKOPEHHs OOMEHa B IIEJIOM MPEINOUYTUTENIbHEe OOMEH KPYIMHBIMU
OJIOKaMU JaHHBIX, BBHITIONHSAEMBIA peXe, MO CPABHEHHUIO C YaCThIM OOMEHOM MEITKUMU
nopuusMu AaHHbiX. K apyruMm cnocobam yckopeHus oOMeHa  C MaMATbiO B
MHOTOMNPOIIECCOPHBIX CUCTEMAX MOYKHO OTHECTH KOMMYTAlMIO THIA «TOYKa-TOUKay,
IIpU KOTOPOl MaMATh pa3doMBaeTcs Ha OaHKHU, KAl U3 KOTOPBIX CBA3aH C KaXKIbIM
MPOLIECCOPOM UYEPE3 UHTEIUIEKTYaIbHBI KOMMYTATOP.

[Ipu rcnonb30BaHUM JIOTUYECKU paclpeAeeHHON MEXKIy MPOLecCCOpaMy MaMsITU
KK Mpoleccop paboTaeT co CBOMM  a@JpPECHBIM IPOCTPAHCTBOM, a OOMEH
uHGOpMaLMK TPOUCXOAUT MyTEM Mepeladu COOOIIeHUH Mexay npoueccopamu. Ilpu
’TOM  anmapaTHas OpraHu3anvs  NapajulebHOW CHUCTEMBl YIPOIIAeTCs, A

ITOCTPOECHUS MYJBTUIIPOLIECCOPHBIX ~ CHUCTEM IOJOWIAYT JaXe CTaHAAPTHBIC
TEJIEKOMMYHUKAIIMOHHBIE CPENCTBA, HallpuMep,  amnmaparypa W NPOTOKOJIBI
JOKAJIBHBIX CETEM. C napyroil CTOpPOHBI, NPOTPAMMHMPOBAHHE  TAKHX CHUCTEM

YCIIOKHSIETCS, MOCKOJbKY CUHXPOHM3AIMS COOOIIEHUM, YITpaBJIeHUsI, TOTOKOB JaHHBIX
BBITNIOJIHACTCA B OCHOBHOM IIPOrpaMMHBIMH  CpCACTBAMMU. B HACTOAIICC BpEM
WCIIOJIB3YIOTCSI B OCHOBHOM JIBa 0a30BBIX MPOTpaMMHBIX MHTepdeiica mapamieabHbIX
cucteM ¢ nepenaueii coobmrenuit: PVM (Parallel Virtual Machine) u MPI (Message
Processing Interface).

B 11e;10M MOXHO OTMETHTBH, YTO CTENEHBb «3EPHUCTOCTHY MPHU pa3OUEHUH 3a/1auu
B MYJIbTUIIPOIIECCOPHBIX CUCTEMAaxX MOXET BapbHUPOBATHCS M3 COOOpaXEHUM 3aTpaT Ha
CO6CTB€HHO BBIYHUCJIICHUA U 06M€H MCKIY BBIYHCIUTCIIAMU. B HCKOTOPBIX ClIydasaXx
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MOTEHIMAJIBHO BBICOKAs CTEIEHb Mapajuielin3Ma, JUKTYIOIAs  MEJIKO3€PHHUCTOCTb,
BXOJIUT B MPOTUBOPEUUE ¢ OONBIINMH HAKIaAHBIMUA PACX0JIaMU Ha OPTaHU3AIUIO TAKOU
MEJIKO3EpHUCTOCTH, CBA3aHHBIMU ¢ OOMEHOM MEX]y MPOIECCOPAMU, U TOTJIa MEHBIIIEE
IpoOJieHre 3aa4i OKa3bIBaeTCs 00JIee MPeOYTUTEIbHBIM.

Cpenu MyJbTUIIPOIIECCOPHBIX CHUCTEM OOJIBIIOE PACTIPOCTPAHEHHUE MOTYUUITU
ApXUTEKTYPbI, HA3bIBAEMBIC KIACHMEPHLIMU.

TepMUH  «KJIaCTEpHasi APXUTEKTYypa» TPAKTYETCS B HACTOSIIEE BpeEMs
JOCTATOYHO MUAPOKO. KIt0OueBbIM SIBIIIETCSA TMOHATHE KJIACTEPA KAK TPYMNIbl KAKUX-TO
OTHOCUTEIHHO CAMOCTOSITENIbHBIX, HO TECHO B3aUMOJCUCTBYIOMMX YCTpoucTB. C 3TOM
TOYKM 3pPEHUS] MOJ KJIIACTEPAMH MOHUMAIOT, BO-TIEPBBIX, BBIYMUCIUTEIbHBIE CUCTEMBI,

MIOCTPOCHHBIE 0 HEePAPXUYECKOMY NPUHIMUITY, HCHOJb3YIOIUIME KIACTEPHYIO
KOMMYTAIMI0, BO-BTOPBIX — TPYyNIbl aBTOHOMHBIX  BBIYMCIHMTENbHBIX MAIIIHH,
paboTarommx MoJi  yIpaBJICHUEM OOIWX  BBIYHCIHMTEIBHBIX  TPOTPaMM

(BBIUMCTUTENBHBIE KJIACTEPHI, B TOM YHUCJE HA 0a3e CErMEHTOB JIOKAJIbHBIX CETEM), B-
TPETBUX — CEPBEPHBIE CUCTEMBbl BBICOKOW TOTOBHOCTH, BKJIFOYAIOIIUE HECKOJIBKO (TI0
KpaliHel Mepe JIB€) aBTOHOMHBIX MOJACUCTEM H T. 1.

Krnacrepsl peanusyroTcst Kak CUCTEMBI ¢ Tiepenayeit coodmienunii. Knacrepusanus
MO3BOJISIET YIIPOCTUTh OPraHU3aIMi0 OOMEHAa U B II€JIOM MOBBICUTH 3 (HEKTUBHOCTH
CUCTEMBl  3a CYUET pa3yMHON HMEpapXuud ¢ ONTHUMAJbHOTO pa3AesieHUs 3aJad 110
rpyImnam BEIYUCIUTENCH.

C TOYKM 3peHUs BBIYHUCIUTEIBHOW MOIIHOCTHM MPOCTEUIIHNE KIACTEPhl Kak
BBIYMCIUTEIbHBIE KOMIUIEKCHl Ha 0aze aBTOHOMHBIX BM (B ToM umcie — I1K) moryt
COCTaBJIATh KOHKYPEHIIUIO JOPOTHM BBIYUCIMUTEIBHBIM CHUCTEMaM, MPU 3TOM oOJagas
CYILLIECTBEHHBIM MTPEUMYILIECTBOM — OHM HAaMHOI'O JeIIeBJie. 3/1eCh HA MEPBBIN IJIaH
BBIXOJIUT 3((PEKTUBHOE MNPOrpaMMHOE OOECIeUeHHE I MapauiebHOM 00pabOTKU.
Yame Bcero moA0OHBIE BBIYMCIMTENbHBIE KJIACTEPhl CTPOSITCA Ha 0a3e  CHUCTeM,
paborarommx nox ynpasierarnem OC UNIX.

Anamm3 cnucka 500 caMbIX MPOU3BOJMTENBHBIX BBIUUCIHUTENIBHBIX MAIIIVH,
KOTOpBIM  MyONuKyeTcs  Kaxzasle Tpu  Mecsita B MuaTteprer  (ampec:
http://www.top500.0rg), mOKa3bIBaET, YTO BEPXHHUE CTPOYKH CIHCKA, KakK IMPaBUJIO,
3aHuMaroT mynbturnporieccopubie MIMD-cucrembl. Hampumep, 3T0  KOMIBIOTEpHI,
crposiecst B pamkax nporpammbl ASCI (Advanced Strategic Computer Initiative —
Crparernueckasi KoMmmbloTepHass uHHUIMATHBA). OHU BKIIOYAIOT OOBIYHO NIECATKHU
TBICAY  TIporieccOpoB  (00mIero  Ha3HadeHus, JHOO  CHEeUHATU3UPOBAHHBIX),
OOBEUHEHHBIX B TPYMNINbl, C PAa3BUTON HEPAPXUUECKOW CHUCTEMOM KOMMYTalUU.
VYrpaBisitoTcsi Takue MalluHbl CHEIUATU3UPOBAHHBIM MPOrPaMMHBIM OOECIieYeHuEeM
JUTSL IOJIJIEPIKKU  TIapaJLICTIbHBIX BEIYMCIICHUH.

5.5. TloTokoBBIE BBIYMCJIUTEIbHBIC CUCTEMbI

[Tox morokoBeiMu BC monumarot 06b14H0 BC, ympaBisieMble TOTOKOM JTaHHBIX
(Data Flow). D10 1OBOIBHO HHTEPECHBII KJIACC BBIYUCIMTEIBHBIX CUCTEM, B KOTOPBIX
OYepEeTHOM MOTOK BBIYUCIECHUW B COOTBETCTBUHU C AJITOPUTMOM HWHHUIIMUPYETCS HE
OUepEeNHBIMU  HWHCTPYKIIUSIMA ~ TPOTpaMMbl, a  TOTOBHOCTBhIO K 00paboTke
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HeoOXomuMbIX maHHbIX. C KaXaoW omepanueld B NporpaMMme CBsi3aH Habop ee
OIMepaHI0B, KOTOpbIE CHaOkaroTcs ¢iaraMu roToBHOCTH K oOpaboTke. I[Ipu ycraHoBke
Bcex (pyaroB omepamus OTHpABISIETCS Ha BbINoJHEHUE. [loTeHIManbHO Takou
MOJXO0Jl TO3BOJISIET JOCTUYb BBICOKOW CTENEHU Mapajuieliu3Ma, TaK Kak TIOTOKOBas
apXUTEKTypa TbITACTCS W3BJICYb MAKCUMAJbHBIA MapajjIeiu3M M3 BCEX 3aJaHHBIX
BBIUMCIICHUM.

O} dekTUBHOCTh MOAOOHBIX CTPYKTYpP BO MHOTOM ompenensieTcss 3PGheKTUBHBIM
MpOrpaMMHUPOBAHUEM,  3aJadeil KOTOporo sBiseTcs  (HOpMyNIHpOBKAa  3aJaydl B
TepMUHAX MapauIeIbHBIX U HE3aBUCUMBIX orepanuid. Ha mepBblii TU1aH BBIXOAWT HE
3¢ (PeKTHBHOE TOCTPOCHUE TMPOIEAYPhl BBIUYMCICHUH, a BBISBICHHE B3aUMOCBS3CH
MEXAy TOTOKaMH JaHHBIX B 3ajade. B 3HauuTenbHOM CTEMEeHM STO 3aj1aya
COOTBETCTBYIOIIETO ONTUMHU3UPYIOIIETO KOMITUIISATOPA.

N3BecTHO MHOTO MPOEKTOB TOTOKOBBIX BBIYUCIUTEIBHBIX CHUCTEM, CPEIU HHUX
MOXKHO oT™MeTUTh Manuectepckyto BC (Manuectepckuii yauusepeutet), Tagged Token,
Monsoon (MaccauyceTcKuii TEXHOJOTHUECKHH HWHCTUTYT), Sigma, EMS, EMC-4
(Tcyky0a, Smonus), RAPID (mpoekt Sharp — Mitsubishi — yruBepcurer Ocakw,
Snonust) u ap. Kak yTBepkmaer psiJi aBTOpPOB, MHOTHE MHTEpECcHbIe MpoekThl Data
Flow He ObUIM TIO JOCTOMHCTBY OIICHCHBI TMPOU3BOAMTEISIMA  BBIYMCIUTEIBHON
TEXHUKHU B CUITy HETPAJAUIIMOHHOCTH MOJX0/Ia.

C napyroii CTOPOHBI, TOTOKOBBIE BBIYHCIICHUS HallUIU TPUMEHEHUE B
COBPEMEHHBIX CYIEPCKAISIPHBIX MPOIIECCOPAX M MPOIECCOpPax C JUIMHHBIM KOMaHTHBIM
cinoBoM. llpuuem eciu B VLIW crpykTypax 3amaya BBISBIEHUS NapaJlIeIbHBIX
MMOTOKOB B OOJIBIIEH CTEMEHW peIaeTcsl NPOorpaMMHBIM OOECredeHHueM, TO B
CYMEepPCKASIPHBIX TIPOIIeCCOpax JIOTHKA YMPABJICHUS] MHOTOIOTOKOBBIM KOHBEHEPOM
KaK pa3 ¥ peaju3yeT MEXaHW3M, HAIlOMHHAIOIIUN YIpaBiICHUE MOTOKOM JaHHBIX, HO
CpeaCcTBaMHU CamMoro Impoueccopa. JlelCTBUTENBHO, MOCTIEIOBATENbHBIA  TOTOK
WHCTPYKIIUH  MOpOrpaMMbl B CYINEPCKAIAPHOM IMPOIIECCOPE TPAHCIUPYETCS B
napajuieIbHble TIOTOKA BHYTPEHHUX WHCTPYKIUMH, OMEPaHIIbI KOTOPBIX CHAOXKAIOTCS
MPU3HAKaMU TOTOBHOCTHU, KOTOPBIE 3aBUCAT M OT pabOThl MEXaHW3Ma JUHAMUYECKON
ONTUMH3ALIUA KOMAH]I.

Tak 4TO cucCTeMBbl, ynpaBisieMble NMOTOKOM JIaHHBIX, TaK WM MHA4Y€ HaXOJIST
MPUMEHEHNE B COBPEMEHHOM BBIYMCIIMTEILHON TEXHUKE.
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