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CKOpOCTh BBITIOTHEHHS TTPOrPaMM 3aBHCHT OT MHOTHX (pakTopoB. OfHUM H3 CIIOCOO0B
ee [IOBLILIEHUS SIBJSIeTCs BHeAPeHUe I1epe/loBbIX TeXHOJIOIHU IIPH IIPOEKTHPOBAHUH H
M3TOTOBJIEHUH HPOLECCOPOB M MOAYJIeH OCHOBHOM IaMATH. JTH TEXHOJOTMM MOTYT
6HTh HAIpaBJIEHB KAK Ha IOBBIIIEHUE GBICTPOEHCcTBUA HDYHKIMOHATIBHBIX YCTPOMCTB,
TaK ¥ Ha COBePIIEHCTBOBAHHE UX apXUTEKTYPHI C I[eJbI0 YBeJTH4eHUs KoaudecTBa Ia-
paJNebHO BBIIOJIHSAEMBIX onepaluil. Tak, BTOpoi MeTOX IIpeAIoaraeT yBeJudeHue
KoJI¥YecTBa Ollepallui, BEIIIOJHSIEMBIX 32 OAHY CEKYHIY, IIDH 9TOM BPeMsi, OTBOJUMOe
ONHOX OIlepalliH, OCTAETCS HEM3MEHHBIM.

Ocobenno a¢pdeKTHBHEIM CIIOCOOOM OpTaHHU3aIlHH ITapa//IeJIBHBIX ONEPaITHH B KOM-
IBIOTEPHOM CHCTeMe SBJIsSeTCs KOHBeHepHas obpaboTrka xoMaHA. Ee ocHOBHas Hied
04eHb IpocTa. [loHsaTHe KoHBeHepa HaM XOPOIIO 3HAKOMO M3 XH3HH — 3T0 cOOpPOYHas
JMWHHUS Ha (abpHKe HJIM 3aBOje, HA KOTOPOU I10CIeOBaTebHO BBIIIOJHAETCS DS Ma-
HAny/snui. [IpencraBuM, Kak, HalpuMep, cobupaercs aBToMOOMIb. [Ipenmonoxkmy,
Ha TIepBOM paboyeM MecTe COOPOYHOMN JIHMHUHM H3TOTABIMBAETCS [IACCH, HAa BTOPOM J0-
6aBJIsieTCsI KOPILYC, Ha TPeTheM yCTaHABIHMBAETCS MOTOD M T. A. Iloxa mepsas rpymma
pabodux MOHTHDPYET MOTOP OIHOM M3 MAIllMH, BTOPas 3aKPeIUISeT KOPIYC APYTOH Ma-
IIMHBI, 4 TPEThS TOTOBUT HOBOE LIACCH AJIS ellle OAHON MaIUMHHL, PaboTa Hax Kaxaoh
MaITHHOH MOXET TMPOA0KATHCA HECKOJBKO AHEH, HO IIPH 3TOM KaX[ble HECKOJLKO

MHHYT ¢ KOHBeHeDa CXOIUT rOTOBBIH aBTOMOOUIE.
Temnepsb papaiiTe MOCMOTPHM, KAKHM 00Pa30M 3Ta MIes BOILTOIIEHA B KOMIIBIOTED-

HOM Mupe. [Ipolieccop BRIIOJHSAET IIPOTPAMMY, 110 OYepeIH BHIOHpPas U3 IIaMsITH K aK-
THBHU3UDPYS ee KoMaHAK. O603HAYMM HIark BEIOOPKH M BBINIOJHEHHsI KoMaHAb! [; kak F;
u E; Ilpouecc BBIIOJHEHHS MPOTPAMMBI IPEACTABISET COOOH IIOCIEN0BATENBHOCTS
IaroB BIOODKH M aKTMBH3AIlMHM KOMaH[, KaK IT0Ka3aHo Ha pHuc. 8.1, a.
Tereps paccMOTPHM KOMIIBIOTED C ABYMS OT/eIbHBIME (PYHKIIMOHATEHBIMU OJI0Ka-
MH — IJIsI BRIOOPKH KOMaH/I ¥ IIst UX BRIOTHEeHUs (puc. 8.1, 6). KoMan/a n3B1ekaeTcs
M3 IaMATH YCTPOMCTBOM BBIOODKHU M IIOMeEIAeTCsl B IPOMeXKyTOYHEIH 6ydep B1, xoro-
DBIH HyXKeH UL TOTO, YTOORI HJI0K BRITIOJTHEHHS MOT 06pabaThIBATH KOMAH/Y B TO Bpe-
M1, Kak 0JI0K BEIOODKH yke 6epeT U3 IaMATH CIeAYIOUYo. Pe3yIbTaThl BhITOIHEHUS
KOMaH/{hl PasMelllaloTCs 10 YKa3saHHOMY B Helt axpecy. MBI npeanionaraeM, 4To HCTOY-
HHUK 1 IPHEeMHHUK JaHHBIX HaX04ATCA B OJIOKe, IOMeYeHHOM KaK «DBJIoK BRIIOIHEHNS».
STOT KOMIIBIOTED YTIPABJISETCS TAKTOBRIM CHTHAJIOM C TAKOW 9acTOTOM, IIPH KOTO-
PO ¥ IUAT BBIOODKH, U IUAT BHIIOJHEHHS 3aHUMAIOT OJHH TakT. CXeMaTHYeCKH Ipo-
necc paboTH KOMIBIOTepa NpeAcTaBied Ha puc. 8.1, 8. Bo Bpems mepsoro Takta 610K
BBIOODKH M3BJIeKaeT U3 naMsTu komauny Iy (war Fy) u coxpansier ee B 6ydepe B1. Ha
BTOPOM TaKTe 0JIOK BHIOODKH OepeT M3 maMsaTH KoMaHny I, (mrar F,). TeM BpemeHeM
6JI0K BHITTOJTHEHHS OCYLIECTBJISET OIEPAlHio, YKa3aHHYI B KoMaHJe I;, KOTOpyIO OH
cauThiBaeT 13 Oydepa B1 (war E,). [To oxoHYaHUM BTOPOro TaKTa 06paboTKa KOMaH-
oul I 3aBepmaeTcs, K 3TOMy MOMEHTY M3 IIaMSTH y)Ke CYUTHIBaeTCA KoMaHga I, Te-
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epb B bygepe B1 coxpaHseTcs: koMaHnaa |3, 3aMeHsIst KOMaHAY 1, KoTopast 6oJIblIE He
nyxHa. [Ilar E, npousBoaurcs 6JI0KOM BBHIIOJTHEHHS B TeYeHHME TPETHErO TaKTa, [I0Ka
KoMas/ia I3 H3BIekaeTcs U3 nmamaTy 6s0koM BeIGOpKH. U Tak nanee. B pesysbrate u
6710k BBIOOPKH K 6JIOK BBHINOJTHEHHS] KOMaHZ BCe BPEMS 3aHATHL, 4 CKOPOCTh KOMaHA
BBOE HOJIBIIE, YEM IIPH TIOCJIEA0BATENBHON 06pabOTKe, KOTOPasa CXeMaTHJIECKH IT0Ka3a-
Ha Ha pHc. 8.1, a. BIOKH BHIOODKH ¥ BHIIOJHEHMS KOMaH[, I0Ka3aHHbIe Ha puc. 8.1, 6,
COCTaBJIAIOT IBYXCTYIIEHYaThIli KOHBeHep, Ha KaXI0N CTYTIEHH KOTOPOTO COBEPIIAETCA
onuH mar 06paboTky KomaHAwL. [ XxpaHeHus HHGODMaNKH, TepeaaBaeMoi ¢ oJHoM
cTymenn 06paboTKM KOMaHAE Ha ADYIYIO, IPMMEHSeTCS IIPOMeXyTouHbIi 6ydep Bl.
B koHIIe KaXJ0ro TaKTa B 3TOT 6ydep 3arpykaeTcsi HoBas HHGOpMAallHS.

—= Bpemsa

I, I, Iy
AL . A " A
F1 Ei F2 Ez F3 E3 sen
a
BryTrpensunit
IIPOMEXYTOUHAIH
6ydep Bl
Baok
bnox
seibopxnr [ [T BBINIOJTHEHHS
KOMaHJ
6
—> Bpems
TaxTh 1 2 3 4
Komanga
I F, E,
Iy Fy Eq

a

Puc. 8.1. MNpuHumn xoHselepHoit 06paboTKM KOMaHA: NOCAEeL0BaTEeNLHOE BLINOAHEHWE (a);
annapaTtHan opraHuvsaums (6}; koHBelepHas o6paboTka xomMaHa (8)
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IIpontecc 06paboTkm KOMaHIBI MOKET OBITH Pa3bUT Ha KOJHYECTBO LIArOB, IPeBbI-
malomee 18a. Hanpumep, koHBeitepHBIH [ipoLieccop crocober 06pabaThiBaTh KOMaH/IbI
32 yeTpipe mara. PaccMoTpuMm HX.

F: Bribopka (Fetch) — uTeHMe KOMaHIbI M3 ITAMSITH.

D: [exonuposanue (Decode) — nexonupoBaHue KOMaHIb U BRIGODKA ee MCXONI-
HBIX OIlIepaH/IOB.

E: Bmmonnenue (Execute) — BRINOJHEeHHE 33/1aHHON B KOMaHE ONepal(Mu.
W: 3anucey (Write) — coxpaHeHme pe3yJbTaTa IO LejJeBOMY ajipecy.

B xakoll nociefioBaTeIbHOCTH MPOUCXOAAT COOBITHA IIPH Takoi cxeMe 06paboTk
KOMaH/{Bl, [10xa3aHo Ha puc. 8.2, a. B xaxx b1 MoMeHT Ipolteccop o6pabatbIBaeT YeTk
pe KOMaH/[bl. DTO 03HaYaeT, YTO OH COJEPKHUT YeThIPE OTAEJbHbIX (YHKIIMOHAIbHE
6aoka (puc. 8.2, 6).

—» Bpewmsa

Taxtnl 1 2 3 4 5 6 7
Komanna
L F, Dy E, W,
I F, D, E, W,
I3 F; D, E, W,
I F, D, E, W,
a

IIpomexxytounsle Oydeps

D: dexoguposanue
F: Beibopka KOMAaH/bI E: BoimonHenue W: 3anuce
KOMaH/IbI ¥ BRIOOpKa OfIepaIHE PE3YIBTaTOBR
ee ONePaH/IOB
B1 B2 B3
6

Puc. 8.2, CtpykTypa 4-CTyneH4aToro KOHBeiepa: BoinonHeHWe KoMarnab: 3a 4 wara (a);
annaparHas opradu3auus {6)
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IIporpaMMaI 1 0OpabaThiBaeMble UMH A2HHEIE XPaHATCS, KAK U3BECTHO, B IAaMITH KOM-
meiotepa. B aTOM Iy1aBe MBI IIOTOBOPHUM O TOM, KaK (DYHKUMOHHDYET 3Ta KU3HEHHO
Ba)KHas YaCTh KOMIIBIOTEpHOM cHcTeMBl. IHTaTenb yXKe 3HAET, YTO CKOPOCTH BHITIOJIHE-
HESI IPOIPaMM HATIPSIMYIO 3aBHCHT OT CKOPOCTH IE€PeayM JaHHBIX MEeXIY IPOLecco-
POM ¥ TIAMATBIO M YTO IS BBIIOJHEHHA GOMBIIMX IIpOrpaMM, oOpabaThIBAIOIUX OF-
POMHBEI€ MacCHBHI JaHHBIX, HEOOXOJUMa IaMATh OYeHb OOJIBIIOro 06beMa.

B upeane maMsiTh JoyxkHa 6BITH OBICTPOM, 60bIOMR U Hegoporoit. OgHako yaoBae-
TBOPUTb BCeM TpeM TpeDOBaHHAM OMHOBPEMEHHO, K COXKAJIEHHIO, HEBO3MOXHO. UeM
BomblIE TAMATH U YeM ObICTPee OHa paboTaeT, TEM IOPOXKe oHa cTOUT. 1loaToMy npoek-
THPOBIIHUKY KOMIBIOTEPHBIX CHCTEM TPYIATCS Hajl pa3paboTkoit ¥ ycoBepIIeHCTBOBa-
HEEM TEXHOJIOTUH, TIO3BOJIAINIMX CO3/IaBaTh IS KOMIBKOTEPa BUAUMOCTh OOIBIION
¥ OBICTPOI IaAMSITH.

MBI HayHeM 3Ty TJIaBY C pacckasa 0 HauboJjiee paclpoCTPaHEHHBIX KOMIIOHEHTaxX
¥ CTPYKTYPAX, HCIIOJIb3yeMBIX /ISl peaTu3alliy IaMsITH, & 3aTeM IIOTOBOPUM O OBICTPO-
IeACTBUH MaMATH M O TOM, KaK ee MOXHO YBeJHYHTH 32 cYeT KalupoBaHus. Janee
peyb HOMAET 0 KOHIENIIUM BUPTYaJIbHOH IIaMSTH, IIO3BOJISIONIEN IpeCTaBUTh IIaMSITh,
Kak ee BUIUT NIPOLECCOP, TO eCTh OOIBIIEH, YeM Ha caMOM JieJie. A HallocJIeJOK MBI pac-
CK2)KEM BaM O BTOPDUYHEBIX 3aIIOMHHAIOLINX YCTPOMCTBaX, eMKOCTh KOTOPHIX 3HAYM-
TeJibHO 60JIbIlIE EMKOCTH OCHOBHOM ITaMSATH.

MakcvMabHEIH pa3Mep IaMSATH, KOTOPEIH MOXeT UCIIOAb30BaThC KOMIIBIOTEPOM, OII-
pezensieTcst ero cucTeMod agpecanwu. K npumepy, 16-paspsaHbit KoMIbIOTEp, TeHe-
pHpylomKii 16-paspsiiHble apeca, MOXeT UMeTh [1aMiTh obbeMoMm mo 218 = 64 Kbaiit
aipeCyeMBIX eJMHUIl XpaHeHUs, KOMIIBIOTEP, KOMaH/AbI KOTOPOI'C FeHepUPYIOT 32-pa3-
DHIHEIE AZPeca, MOXET HCIIOIb30BaTh HaMATh obbeMoM o 222 = 4 ThaitT agpecyeMbIx
eUHHIL, 2 AJi1 KOMIBIOTEPOB ¢ 40-paspsiIHBIMHE a/IpecaMy NOCTYIIHAS TAaMATh 0O BEMOM

no 232 = { TGaitt aJipecyeMbIX eTUHHIT. KoM4ecTBO apecyeMblX eAXHHI] NaMATH OIl-
pelleIeT pa3Mep ee aIpeCHOTO MPOCTPAHCTBA.

JloCTyn K MaMsATH MOXeT CHHXPOHM3UPOBAThCS TaKTOBBIM I'eHEPaTOPOM HJIM ONH-
AHHEIMH B pasjiese 4.5.1 cHeluarbsHbBIMA CHUTHATAMH, YIPAaBJISIONIMHI MePECHLIKON
10 IIMHe. Y IpaBjieHue oNepaIdsiMyi YTeH!s U3 IaMsATH U 3alTUCH B TaMSITh OCylIeCTB-
1geTcs TakK Ke, KaK M yInpaBJleHHe OllepallisiMKA BBOZA M BBIBOJA IO IIIMHE.

[Iponeccop ITamaTe
k-paspsignas
aJipecHas IIWHa
MAR >

n-paspsagHas
IITHHA JaHHBIX

k
Hlo 2" agpecyeMbix
MDR K > €IMHUI XPaHEHUs]

Jn1uHa caoBa = n BUT

< >

Yrpapasoiue JHHEHA
(R/W,MFCur 1)




110 TyIPOBOTHUKOBAA IIaMATh PEAJIU3YeTCs B BUJIe MUKPOCXEM C OU€Hb Pa3HBIM OBICTDO-
nAercTBreM. JmuTepHOCTD MX HuKia Bapsupyercs oT 100 1o Menee uem 10 ne. [Toasus-
mueca B koHue 1960-x moxynpoBOAHHKOBBIE CXEMBI MAMSITH OBUIM TOPA3J0 AOPOKE
MaMATH Ha MarHHTthI)x CBDIIE‘-IHIgKaX. OanKO CTDEMUTEIbHOE DA3BUTUE TEXHOJIOTHH
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CBUC (cBepx60IBIIMX MHTEIPAILHBIX CXEM) TIO3BOJHIO OBICTPO CHU3UTh MX CTOH-
MOCTb, ¥ TEIlepb IPAKTHYECKH BCA IAMSTH PEATHU3YeTCsl B BUE IIONYIPOBOJHHUKOBBIX
MHKPOCXeM, B 3TOM pasjiesie pacCKa3bIBAETCS O BAXKHEHIIMX XapaKTEPUCTUKAX IIOJIY-
IPOBOIHMKOBO TtamMaTH. J{J19 Hauyala MBI TIOTOBOPHM O TOM, Kak oObeMHAETCA B OX-
HO MHKDOCX€Me MHOXECTBO SYeeK IIaMsTH.

dIsOIsd yd mMm< O(RAM|) O dizW Is ¢

obpamenus Kk HUM. Bce ocTanbHOE BpeMsa TpaH3ucTopul 7y 1 15, a TakXe O OJHOM
TPAaH3UCTOPY B KaXIOM HHBEPTOpPE BBIKJIIOYEHBI, ¥ MEXAY MCTOYHHMKOM IIMTaHH
Vupply 1 «3eMII€H» HET COEIUHEHUS.
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Puvc. 5.4. fyeiixa ctatudyeckor RAM
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Puc. 5.5. MNpumep a4yeikn namatn KMOI



[dS¢yev 1

UJ @21 R 1 U HJAZORB] WjAPRBRE s ®] dzdj dBsSHEzdzj 2 t
fOvIsd CI1f MsOduimMEésets d HJdOBdyYYJ MEtsets Isd

46



