Tema 10. Opranuszauuu namsatu IBM u cucrem

OcCHOBHBIE BOIIPOCHI:

10.1. Beengenue

10.2. Cuctembl mamMsATH — KPUTEPUHU OLICHKH.

10.3. OcHOBHBIC XapaKTEPUCTUKU COBPEMEHHBIX 3aIIOMHUHAIOIINX YCTPOUCTB (3Y).
Knaccuduxamms 3Y

10.4. T[TomynmpoBOJHIKOBBIE 3aIIOMHUHAIOIINE YCTPOMCTBA: opranu3anus 3Y ¢
MIPOM3BOJIEHBIM JIOCTYTIOM

10.5. TlocTosiHHBIE 3aIIOMUHAIOIINE YCTPOMCTBA: pa3HOBUIHOCTH

10.6. PeructpoBasi mamsTh, K3III - TAMSTh

10.1. BBeaenmune

[TamsTh TpencTaBiIsieT OO0 OJIHY M3 BaXKHEHIMX noacucteM DBM, Bo MHOTOM
ONPEACIAIONIYI0 UX IPOU3BOJUTEIIBHOCTh. €M HE MEHEe, B TEUCHHE BCEM HCTOPUHU
pa3BUTHS BBIYMCIUTEIBHBIX MAIIMH OHA TPAJULMOHHO CUATAETCS UX "y3Kum mecmom".

[TamsTh, 3amoMuHaronIue ycrpoictaa (3Y) (aHria. memory, storage) — cpena uiu
dbyHKIIMOHANbHAS 4acTh OBM, mnpenHasHaueHHas Uil TpUeMa, XpaHCHHs U
30MpaTeNbHON BBIJAYH JIAHHBIX.

Cuctembl mamstu (CII) coBpemennbix DBM mnpenctaBisitoT co00if COBOKYNMHOCTh
annapaTHbIX CpPeACTB, MPEIHA3HAYEHHBIX I XpaHEHWs Hucnojab3yemon B OBM
unpopmarmu. Ha puc. 10.1 npencraBieH BO3MOXKHBIN COCTaB CUCTEMBI TAMSITH.
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Puc. 10.1. Bo3mMoHBIIT cOCTaB CUCTEMBI ITaMATH DBM

K xpanumoit B CII wunHdopmamum oTHOCATCS o0OpadaThiBacMble JIaHHEIE,
NPUKJIAIHBIE TPOTPAMMBI, CHCTEMHOE NIpPOrpaMMHOE oOecredeHue U CliykeOHas
uHpopManus pa3IMdHOro HaszHadeHWs. K cucTeMe mnamMsiTH MOKHO OTHECTH U
MpOrpaMMHBbIe CPeACTBA, OPTraHU3YIONIUE yNpaBJeHne e¢ padoToil B IEJIOM, a TaKKe
ApaiBepbl pa3IMYHbIX BUJIOB 3alIOMUHAIOIINX YCTPOMUCTB.



10.2. CucreMbl NaMATH — KPUTEPUHU OLEHKH

Puc. 10.2 paer mpencraBieHue O Tpymnmax (GakTOpPOB, BIUSIONIUX HAa
paborocnocobHOCTh 3Y, KOTOpbIE onmpenesstoT MHHOPMALMOHHYIO U KOHCTPYKTHUBHYIO
HaJCKHOCTh U A dexTuBHOCTh. [Ipn 00benMHEHNH OTHEIBHBIX 3Y B CHUCTEMY K ITUM
dakropam m00aBIseTCS €IIe LENbId Psijl, CBSI3aHHBIM CO B3aUMOACHCTBHEM 3Y MEXIy
co00i1 B cocTaBe CUCTEMBbI MMAMSITH.
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Puc. 10.2. ®akropsl, onpeaenstonme paboTocrnocooHocTs 3Y

C nenpio 6oJee MOTHOTO y4eTa xapakrepa GyHKIHOHUpoBaHUs U okpyxenus CII
NIpU BBEIOOpE KPUTEPHS €€ OLIEHKH CIISYEeT pacCCMAaTPUBATh 3Ty CUCTEMY KaK KOMIIOHEHTY
BBIUMCIIUTEIBHON MalTuHBI (CHCTEMBI), OPUCHTUPYSICh Ha HA3HAYCHUE TIOCTICTHEH.

Jto6oif KpuTepHii OLEHKH JOJKEH BKIIOYAaTh OCHOBHBIE XapaKTEPUCTHKHU
OIIEHUBAEMOW CUCTEMbI, K KOTOPBIM OTHOCSITCSI:
® ©MKOCTh CUCTEMBI TaMSATH,
cpeaHee BpeMsi 0OpallleHusl K Hel,
MPOITYCKHAs! CIOCOOHOCTb,
CTOMMOCTb,
HaJIEKHOCTb.

Psan xapakTepucTuk, HanpuMmep, paJdaldoHHas yCTOMYMBOCTb, TabapuThl, Macca,
AHepronoTpedIeHne, B TUMIOBBIX IPUMEHEHHUSIX MOTYT HE YUYUTHIBATHCS. XOTS, €CIU PeUb
UJIET, HAIPUMEP, O MOOMJIBHBIX CHCTEMax, MOCIEHNE TPU U3 Ha3BaHHBIX XapaKTEPUCTUK
UMEIOT BaKHOC 3HAYCHHUE.



Emkocth Ecni cucTeMbl MaMATH MOXKHO paccMaTpuBaTh B ABYX ACIICKTaAX:

* 1100 Kak cymMmmy 00beMoB Beex 3V, Bxonamux B coctaB ClI (TexHuueckoi
€MKOCTH),

* 10O KaK KOJIMYECTBO HH(POPMALUH (IPOTpaMM | JaHHBIX/3PPeKTUBHOM
€MKOCTH), KOTOPOE MOXHO Pa3MECTUTh B CUCTEME.

B mepBoMm ciryuae MOKHO TOBOPUTH 0 TexHUYeckoi emkoctu CII, Bo BTOpoM — 00
sp¢extuBHO emkocTH. [loHsATHO, uYTO d(p(deKTHBHAE EMKOCTh BCErJa MEHBIIE
TEXHHUUYECKOH, TaK KaK OHA OMpeAeNsieTcsl He TOoNbKOo coOcTBeHHO coctaBoM CII, HO H
METOJAaMH OpTaHU3allMU XPAaHCHHs JaHHBIX, METOJAaMH YIPABICHUS TMaMSTBIO U JIp.
Hanpumep, MOXHO BCIOMHHTH O (PaiJIOBBIX CHCTEMaX, KOTOpPbIE HAKJIaJbIBAIOT
OTPaHWYEHHUS CHU3Y HAa MECTO Ha JUCKE, 3aHUMAaEMO€ AK€ CaMbIM HEOOIbIINM (PaitIoM.

Cpennee Bpemsi oopaieHusi 1,5 k CII MOXHO ompeneiauTs 4Yepe3 YacTOThI
oOpaleHuil K OTAENIbHBIM YCTPOMCTBAM CHUCTEMBbl M BpeMeHa oOpaieHui togpi K 3TUM
YCTPOMCTBaM Kak
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4TO B 9TOM Cllydyae lo,5p B 3HAYUTEIBHOM CTENEHU 3aBUCUT OT OTHOCHUTENIBHBIX YacCTOT
oOpaileHus K pa3inyHbiM 3V, a He TOJIBKO OT BpEMEHU OOpallleHUs K HUM.
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Cpeansisi npomycKkHasi cnocooHocTh B cucreMbl mamMsiTH — KOJIWYECTBO
uH(popManuu, KoTopoe MoxHO nepeaats B CII win u3Bneds U3 Hee B €AMHUILY BPEMEHHU.
B o6mem Buge B MoxxHO omnipeennTh, yCpeaHUB (B3BEIIEHHO) MPOMYCKHBIE CIOCOOHOCTH
otnenbHBIX 3V, Bxoasnmx B coctas CII.

Croumocts Ccn cucTeMbl NAMATH ONPECIAETCS KaK CyMMa CTOMMOCTEN BCEX
BXOJSIIMX B €€ cocTaB 3Y, KOHTPOJUIEPOB M JOMOJIHUTENIbHBIX anlapaTHBIX CPEACTB,
UCIOJIb3YEMBIX Il yopaBiieHHs namsaTbio. CTporo roBops, HEKOTOPbIE CpEACTBa
yIpaBJIEHUs NaMAThIO, Kak U caMu 3Y, MOT'YT ObITh HHTEIPUPOBAaHBI B MPOLIECCOP MM B
CHUCTEMHBIE MUKPOCXEMBbI (MUKPOCXEMBI YMIICETa WU Jp.). B 3TOM citydae coOCTBEHHO
CTOUMOCTH 3Y U CPE/ACTB yNpaBICHUS UMU MPUXOJUTCS ONPENEATh MyTEM CPaBHEHHS C
AQHAJIOTUYHBIMH ~ MUKPOCXEMaMHM, OOJaJaoIllMMU  IPYTMMH  TapamMeTpamH, WId
npUOIMKEHHO.

Hanexuocts CII onpenensieTcss HaEKHOCTBIO COCTABIISIONINX €€ OJIOKOB.

Bce xapakTepucTUKH CHUCTEM IMaMsTH B3aUMOCBSI3aHBI MEXKIY COOOW M HMEIOT
pOTUBOpPEUUBbIN Xapaktep. Hanpumep, ymeHblieHue Bpemenu oopaienus k CII csizano
C HCIOJIb30BaHUEM Ooiiee OBICTPOACHCTBYIOMIMX, &, CIEAOBATENbHO, U JTOPOrOCTOSIINX
3V. VBenudeHus: mpormycKHON CIIOCOOHOCTH TUCKOBBIX 3Y MOXKHO IOCTHYb, UCIOJIB3YS
anmapaTHbIE WM AJITOPUTMUYECKUE METOJbI JUCTIETUEPHU3AlMU, YTO MPUBOAMUT JTHOO K
POCTY CTOMMOCTH U CHIDKEeHHIO HaaexkHoCcTH ClI, mnbo K yBeTHUYEHHIO pacXxo0/I0B BpEMEHH
Ha pabOTy ONMEepPalMOHHONW CUCTEMBI.



10.3. OcHOBHbBIE XapPaAKTEPUCTUKU COBPEMEHHBIX 3alIOMHHAKIIHAX
ycerpoiict (3Y). Knaccupuxkanus 3Y

3anomuHaomue ycrpoictBa (3Y) XapakTepusyroTcs PpAIOM  [1apaMeTpoB,
OIpENIEIAIOIINX BO3MOXKHbBIE 001aCTH MPUMEHEHHS PA3JIMYHbIX TUIIOB TAKUX YCTPOMCTB.
K ocHOBHBIM mapamerpaM, IO KOTOPbIM IPOWU3BOAWUTCS Hauboisiee obOmias oueHka 3V,
OTHOCSTCS UX
e uHpopmannonHas eMkocTh (E),
e Bpems oOpauenus (T) u
e croumocts (C).

[Ton wndopmanuoHHOH eMKOCTHIO 3Y MOHUMAIOT KOJMYECTBO WH(pOpPMAIIHH,
u3Mepsiemoe B OaiTax, KuimobOaiTax, MmerabaiTax WM Turadaitax, KOTOPOE€ MOXKET
XPaHUTHCS B 3aTIOMUHAIOIIEM YCTPOMCTBE.

Obbiuno unpopmMayuoHHas eMKOCMb YYumvléaem moabKO HONEe3HbIU 00bem
XpaHumou uH@opmayuu, Komopwsli He 6KIouaem ob6vem Namsamu, pacxooyemvli Ha
CYHCEOHYIO UHDOPpMAYUIO, KOHMPOIbHble pa3paovl ulu Oaiimvl, pezepsHvlie 0O1acmu
(Hanpumep, UHMEPBAL MeAHCOY KOHYOM OOPOA’CKU OUCKA U ee HAUANI0M), OOPOI’CKU
CUHXPOCUSHANI08 U ND.

Bpewms obparienus k 3Y pa3iuydHbIX TUIIOB ONPEIENIIETCS 0-Pa3HOMY.

B kauecTBe mpuMepa MOXHO paCCMOTPCTL OIICPATHBHLIC 3V u xkecTkue JUCKH.

OnepatuBHbie 3Y 00bIYHO peaTU3yIOTCS Kak 3Y ¢ MPOU3BOIBHBIM IOCTYIOM. DTO
O3HA4YaeT, YTO JOCTYN K IaHHBIM, (U3MYECKH OPTaHM30BAHHBIM B BUJE JBYMEPHOTO
MaccHBa (MaTpHIbI AJIEMEHTOB MAMATH), IPOU3BOAUTCS C IOMOLIBIO CXEM eI (panu,
BBIOMPAIOIIMX HYKHBIE CTPOKY M CTOJOEIl MacchBa IO MX HOMepaMm (aapecam), Kak
noka3zaHo Ha puc. 10.3. [Tlostomy Bpemst Tosp OOpalieHnss K HUM ONPEAEIAeTCs, B CIydae
OTCYTCTBHUS JIONOJHUTEIbHBIX JTANoOB (TaKUX, HaIpUMEp, Kak Iepegada ajapeca 3a JiBa
TaKTa), BpEMEHEM cpabaThIBaHUs CXeM JelM@panuu ajgpeca U cOOCTBEHHO BpEMEHAMHU
3aIlMCH WU CYUTHIBAHUS JaHHBIX.
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Puc. 10.3. [Ipou3BosIbHBIN AOCTYI K MACCUBY 3JIEMEHTOB NMaMATH 3Y

Emxocmu onepamuenvix 3Y — nopsaoxa 256 M6 — 8 I6.



IIpouecc obpaiieHus: (YTEHUST WM 3aIMCU) K KECTKOMY JMCKY IPEACTaBIIEH Ha
puc.10.4. On BrirOUaeT B ceOs 3 3Tamna:
1. mepemerieHue 0JI0Ka rOJOBOK YTCHUS/3aIICH HA HYKHYIO JOPOXKY (a),
2. OXHIaHHE MOoAX0/a TPeOyeMOoro CeKTOpa Mo/ TOJIOBKH YTEHUsI/3amucH (0)
3. cOOCTBEHHO, Ilepe/iaya IaHHbIX, CYUTHIBAEMbIX/3aMUChIBACMbIX.

Kaxnpiii u3 3THX 3TamoB 3aHUMAET OMPEACIICHHOE BpeMs, BXOJflee B oOlee
BpeMsi oOpaieHuss K JUCKy. Bce srambl Tak WM WHA4Ye CBS3aHBI C MEXaHUYECKUMU
MEePEMEIICHUSAMU, IO3TOMY UX BPEMEHA CPABHUTEIIBHO BEJIMKH U COCTABIISIIOT BEJIIMYHHBI
MopsiJIKa €AMHULL MUJUTUCEKYH.

Puc. 10.4. O6paiienne K KECTKOMY AUCKY
(1 — mmacTuHa aucka, 2 — OJ0K 4YT/311, 3 — 1OopoKKa (MHIUHP), 4 — (aiii, a — IouCK
JOPOXKKH (TIepeMeneHne 0J10Ka TOJI0OBOK UT/31), 6 — OXKUIaHue TToaxoa da J1a 1o/t
OJIOK TOJIOBOK, 6 — Nepeayda JaHHbBIX )

Bpems mepemenienus O50ka TOJOBOK, OOBIYHO HA3bIBAEMOE H3TOTOBUTEISIMU
JTMCKOB BpeMeHeM Toncka (seek time), 3aBUCUT OT KOJIMYECTBA TOPOKEK, HA KOTOPOE HAJ0
nepeMecTuTh OJOK TroJIOBOK. MUHUMaNbHOE BpEeMsl 3aTpadyuMBacTCs Ha IEpeMelleHUe
0JI0OKa TOJOBOK Ha COCEAHIOI JOPOXKKY (LIMIMHIP) — COCTAaBJSET Mmopsaka 1-2 mc.
MakcumanabHOe BpeMs TpeOyeTcsl Ha nepeMeleHne 0J10Ka roJIOBOK OT KpaHEel JOPOXKKHU
K IIEHTPAJIBbHON MM Ha00OPOT — MOXKET COCTaBIATh nopsiaka 15-20 mc. CpeaHee Bpems
noucKa (TmepeMenieHus ToJIOBOK) cocTaBisieT mopsaka 8—10 mc.

Bpems oxupanusi monBoja Qaiina (TouHee, €ro MEpBOTO CEKTOpa) moj OJoK
TOJIOBOK ITPOM3BOAMTEIN HA3bIBAIOT TAKKe BpeMeHeM 3aaepikku (latency time). Dto Bpems
B CPEIHEM PAaBHO BPEMEHHU MOJOBHHBI 000pOTA JHMCKA, YTO, HAIIPUMEP, MPH CKOPOCTH
BpanieHus (mmnuuaens) aucka 7200 oboporos/muH, unu 120 o6opoTos/c, coctapisieT 4,2
MC.

Hakonern, BpeMs niepe1aun 1aHHbIX 3aBUCUT OT KOJIMYECTBA MIEPEIABAEMBIX JAHHBIX
(pa3mepa (paiina, ecid OH pacroyiaraeTcsl HENMKOM Ha IOCIEI0BAaTEIbHBIX CEKTOpax
OJIHOW JOPOXKKHU JKMCKA) U CKOPOCTH mepenaud. M3-3a 3aBUCUMOCTH 3TOTO BPEMEHHU OT
pasMepa ¢aiiia ¥ ero pa3MeuieHUs Ha JUCKE B Ka4eCTBE XapaKTEPUCTUKU JIMCKa
UCIIOJIB3YIOT CKOPOCTH Mepeaaun JanHbIX (transfer rate). Dta ckopocTs onpeaesseTcs: Kak
napamMeTpamMu TpakTa cBsizu ¢ OBM, Tak U CKOPOCThIO CUMTHIBAHUS JAHHBIX C AUCKA WU
3alMcH JaHHBIX Ha MUCK. OOBIYHO TOJB3YIOTCS UMEHHO ATHMH MapaMeTpaMu, TaK Kak



KaHaJIbl Mepeaadn JOCTATOYHO OBICTPBIC, YTOOBI CHIKATH CKOPOCTH Mepeaadu, a JUCKU
uMeroT O0ydepnsie 3Y (K311 auCKa), CKOPOCTh OOMEHA JaHHBIMH C KOTOPHIM 3aMETHO
MPEBBIIAET CKOPOCTh CUUTHIBAHUS C IMCKA WIIW 3aMUCH Ha JINCK.

B cBoro o4cpelib, CKOPOCTH oOMeHa ¢ AUCKOM ONpCACsICTCA CKOPOCTBIO €TI0
BpaliCHUA U IJIOTHOCTBIO 3allUCHU I/IH(l)OpMaIII/II/I Ha Hero. O0e 3TH BEJIUYHHBI HECTIPCPBIBHO
BO3pPaCTarOT C pa3BUTHEM TEXHOJIOTUH U3TrOTOBJICHUS )KECTKUX JHUCKOB.

[TnoTHOCTH 3amucu HHPOPMALIMK HA AUCK yJIBaWBajach NPUMEPHO KaXKIbId TOM —
HOJITOPA.

CToMMOCTh 3alIOMHHAIONIMX YCTPOWCTB TaKKe MPEACTAaBISIET COOOM BaKHYIO
XapaKkTEPUCTUKY. IMEHHO OHAa SIBISETCS OAHOM W3 NMIPUYMH UEPAPXUUECKON OpraHU3aluU
namatu DBM.

JleicTBUTENIBHO, XOPOILIO UMETh OBICTPYIO U €MKYyI0 namsaTb. HyxHo, 4TOOBI OHa
Obula M OTHOCUTENBHO JemeBoi. IIoHATHO, YTO 3T mapameTpsl NPOTHBOPEUMBHI.
[Toatomy B OBM U cTpoAT nepapxuro namMsTu.

OmnpeneneHust JOporue MU JelIeBble IIOHUMAIOTCS HE B aOCOJIOTHOM, a B
OTHOCHUTEIBHOM H3MEPEHHMH, UCXOAS M3 CTOMMOCTH XPAaHEHUS €AMHMIBI MHPOpMaLUU
(ymempHOU crommocTH) B 3Y. Croumocts xpaneHuss | Moaiita uHbopMamuu B
onepatuBHBIX 3Y U Ha KECTKUX AUCKAX paznuyarorcs npumepHo B 100 pas.

KoneuHno, moMuMO €MKOCTH, BpeMEHHU OOpallieHus 1 CTOUMOCTH, CYIIECTBYIOT H
JPYTUe XapaKTePUCTUKU MAMSTH TaKUe, KaK:
® HaJCKHOCTD;
sHEpromnoTpedIcHuE;
rabapuThl;
BpeMsi XpaHeHUs HH(POpMAIINH;
CIIOCOOHOCTh COXPAHSTh €€ MPU OTKIFOUYCHUH ITUTAHUS U JPYyTHE.

[Ipy ompeneneHHBIX YCIOBUSAX OSTH XapaKTEPUCTHUKH MOTYT HMMETh Ba)KHOE
3HaueHue. Hampumep, 0112 Hoymbykoe sHepeonompebienue u 2abdapumsl WUrParOT
CYIIECTBEHHYIO pPOJIb, YTO MPH 0OECIEYeHUH TpeOyeMBIX 3HAUYCHUH JTUX IMOKa3zaTenen
MPUBOAUT K O0Jiee€ BBICOKOW CTOMMOCTH YCTPOMCTB Takoro kiacca. Hamportus, oOis
cepéeposé Ha TIEPBBIN IUIAH BBIIIBUTACTCS mpeb08aHue HAOEeHCHOCMmUY COXpPaHEHUs
UH(pOpMaLIUH.

[lepeiineM k knaccudukanuu 3alOMUHAIOIIMX YCTPOCTB. CylecTByeT OO0JbIIOe
KOJIMYECTBO pa3inyHbIX TUIOB 3Y, ucnonb3dyeMbix B OBM u cucremax. ITu ycTpoiicTBa
pa3InyaoTCs PSIIOM MIPU3HAKOB:

® [PUHUUIIOM JICVCTBHS,
JIOTUYECKOW OpPraHu3aluei,
KOHCTPYKTUBHOU U
TEXHOJIOTUYECKOU pealin3aluen,
(GyHKIIMOHAILHBIM Ha3HAYEHUEM U T.]I.

bBonpioe KonM4yecTBO CyIIECTBYIOIIMX TUIOB 3Y 0O0YCIOBIMBAeT pas3jinuus B
CTPYKTYPHOM M Jorumdyeckol opranuzauuu (cucrem) mnamsta OBM. Tpeoyemwvie
XapaKkmepucmuKku namamu JOCTUTAIOTCS He mOJIbKO 3a cuem npumenenus 3Y c
COOMEEeMCMEYIOWUMU XAPAKMEPUCIMUKAMU, HO B 3HAYUTCILHOW CTETICHH 3d4 cuem
ocobenHoCmell ee CMPYKMYypbl U an20PUMMO8 YYHKUUOHUPOBAHUA.



[Tamate OBM mnoutru Bcerma siBasercs "y3KMM MecToM'", OrpaHUYMBAIOLIUM
IIPOU3BOJUTENBHOCTE KOMIBbIOTEpA. Ilo3TOMY B €€ opraHmsanuu HCIOIB3YETCS PN
IPUEMOB, YJIYYIIAIOIUX BPEMEHHBIE XapaKTEPUCTUKU MaMITH W, CJEI0BaTEIbHO,
MOBBIIIAIOIIUX MMPOU3BOAUTENBHOCTh DBM B 11e10M.

KJ'IaCCI/I(I)I/IKaHI/Iﬂ 3aIlIOMHUHAIOMIX YCTPOﬁCTB N CHCTCM IIaMATHU IIO3BOJIACT
BBIACIIUTD O6IHI/IC U XapaKTCPHLBIC OCOOCHHOCTH UX oprann3anu, CUCTCMATHU3HUPOBATH
0a30BBIC IMPUHIHAIIBI U MCTOABI, MOJIO’KCHHBIC B OCHOBY UX p€aIM3allui U UCITIOJIb30OBAHU .

OnuH u3 BO3MOXKHBIX BapHaHTOB Kiaccupukauuu 3Y npenacrasieH Ha puc. 10.5 B
HEM YCTpOMICTBa MNaMATH MOAPA3AEISIIOTCS IO JBYM OCHOBHBIM KpPUTEpPHUSM: IIO
¢yukyuonanvnomy nHaznayenuro (poav Ui MECTY B UEpPapXUU MAMITH) U HPUHUURY
opzanusayuu.
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Puc. 10.10. Knaccuukanus 3amoMHHAIOMNX YCTPOWCTB

10.4. IlorynpoBOAHNKOBBIE 3alIOMHHAIONIUE YCTPoiicTBa: opranu3amusi 3Y ¢
NMPOU3BOJIbLHBIM J0CTYIIOM

[TomynpoBogaukoBeie 3Y B HACTOSIIEe BPEMs MPEACTABISAIOT COOOW OONBIION
KJIACC 3allOMUHAIOLIMX YCTPOMCTB, pa3JIMYHBIX IO CBOMM (YHKUHOHAJIBHBIM U
TEXHUYECKUM XapaKTEPUCTHKAM, IIMPOKO HCIOJIb3YEMbIX B KaueCTBE BHYTPEHHHX 3Y
OBM. Ho stuM ux ucnosib3oBaHHe He orpaHuuuBaercs. [lonapisiomiee GOIBIIMHCTBO
JIEKTPOHHOM U OBITOBOM TEXHUKHU IEPELUI0 Ha yugpogvle mMemoobl npeodcmasieHis
JMaHHBIX (HE TOJbKO TEKCTOBBIX, HO W ayauo, rpauueckux U BUIECO) U YNpasieHus
(MCTIONB30BaHUE MHUKPOKOHTPOILIEPOB). PaznuuHble cdepbl NPUMEHEHUs HaKJIaJIbIBalOT
CBOM OCOOCHHOCTH Ha PEaH3alHIio MOITYIPOBOIHUKOBBIX 3Y, OHAKO TO Yalle KacaeTcs
UX KOHCTPYKTHUBHBIX OCOOCHHOCTEH, @ MPUHIUIIBI TOCTPOSHHS OMHAKOBBI.



Bricokoe OBICTpOAEICTBUE NOJYHNPOBOAHUKOBBIX 3Y OOYCIIOBIMBAET TO, YTO
OOJIBIIMHCTBO U3 HUX UMEET OP2anHu3ayuio ¢ NPouU38oabHbIM 0OCHYNOM. DTO K€ BBICOKOE
OBICTPOZEIICTBUE ONpPENETSET U OCHOBHBIE 00JIACTU MPUMEHEHHUS MOJIYIPOBOAHUKOBBIX
3V B OBM: kaui-namamos u onepamuenas namame.

B cmamuueckux 3y (Static Random Access Memory — SRAM) B kauecTBe
AJIEMEHTA MTaMSATH UCIIOJIB3YETCSl TPUTTEP, TOATOMY cTatnuueckue 3V 00agatoT MEHbIIEH
IUIOTHOCTBIO XPaHEHUsI WH(POPMAIIHH.

OpHako TpUITEP CO BPEMEH MEPBBIX KOMIBIOTEPOB OB U OCTAeTCS CaMbIM
OBICTPOJCHCTBYIOIIMM 3JeMEHTOM mNaMATu. [loaTomy craTudeckas mamsTh MO3BOJISET
JOCTUYb HAUOOJIBIIEr0 OBICTPOACHCTBHA, OOecTIe urBas BpeMsi JOCTYIIA B €IUHUIIBI U JTaXKe
JIeCSITbIe TOJM HaHOCEKYHJ], YTO M 0OYCIIOBIMBAET €€ HUCIOob30BaHuEe B DBM, rimaBHBIM
00pa3oMm, B BBICIIUX CTYIEHSIX MaMsTH — K3UI-MIAMSTH BCEX YPOBHEH.

['maBHBIMM HEJIOCTaTKaMU CTAaTUYECKOM MaMSITH SIBIAIOTCS €€ OTHOCHUTEIBHO
BBICOKHE CTOUMOCTh U SHEPrOnoTpebIeHuE.

KoHneuHo, B 3aBUCHUMOCTH OT MCHOJIb3YEMOUN TEXHOIOTHH, MaMsITh OyeT 00aanaTh
pa3IUYHBIM COYETAaHHEM MapaMeTpoB OBICTPOAECUCTBHS W MOTPEOIIEMOl MOIIHOCTH.
Hampumep, cratudeckasi mamsarb, usrotopieHHas no KMOII-rexunonoruu (KMOII -
KOMNJIEMEHMAapHulil  Memasno-0KCUOHbLI nOJIynpo6OoOHUK) MOXET OBITh
CBETOYYBCTBUTEIIBHOM.

OCHOBHBIMH Pa3HOBHUIHOCTSIMH cTaThueckor mamatu SRAM ¢ Toukn 3peHus
opraHuzanuu ee (yHKIIMOHUPOBAHUS SBIISFOTCS
o acunxponnas (Asynchronous) SRAM,

e cunxponunaa nakemnasn (Synchronous Burst) SRAM u
e cunxpounas koneseiiepno-naxemnas (Pipeline Burst) SRAM namsts.

Cunxponnas nakemnas cmamuueckas namamos (SBSRAM) opuenTrpoBana Ha
BEITIOJTHEHUE ITAKETHOTO 0OMeHa MH(GOpPMAIHEH, KOTOPBIA XapaKTepEH ISl KAII-TTaMSTH.
OTta maMmsATh BKIIIOYAaeT B ce0s BHYTPEHHUN CUETUMK ajpeca, MpeAHa3HAYCHHbBIN s
nepebopa aapecoB MakeTa, U UCIOJIb3YeT CUTHAIbl CHHXPOHU3AINH, KaK U CUHXPOHHAs
DRAM namsTs.

CrnenyroumM I1aroM B pPa3BUTUU CTAaTUYECKOW NaMATH SIBUJIACh KOHEEUEepPHO-
naxkemnasa namams PBSRAM, obGecnieunBatonias 6osee BbICOKOe OBICTPOACHCTBHE, UeM
SBSRAM. B Hee Obld BBEAEHBI JOMOJHUTEIbHBIE BHYTpEHHUE Oy(depHble perucTphbl
JAHHBIX (371eCh MOKHO TipoBecTu aHaioruto ¢ EDO DRAM namsTeio) azipeca, a B psijie
MoaudUKaIuil MpeaycMOTpeHa BO3MOXXHOCTD NIEpeIauy JAHHBIX Ha ABOMHON CKOPOCTH 11O
nepefHeMy U 3aJHeMy (pOHTaM CHUHXpPOCHTHAjJa U HCIOJB3YIOTCS CIBOCHHbBIE
BHYTPEHHHUE TPAKTHl 3alUCU U YTEHHUS. DTO MO3BOJUIO MOJYYUTh BpeMsi oOpaiieHus
nopsizika 2-3 He 1 00eCIIeYnTh MepeIady JaHHBIX IMakeTa 0e3 3aepKEK Ha YaCTOTaX IITMHBI
ooiiee 400 Mrt1.

BHYTpCHH}I}I JIOTHKA IIO3BOJIACT IICPCKIIIOYATHCA C HHUKIIOB YTCHHA Ha LUKIIBI
3alluCu M HaO60p0T 0e3 JAOIMOJTHUTCIIBHBIX 3aACPIKCK, KPOMEC TOTO, AHAJIM3UPYCTCA
COBITAACHUEC aAPECOB 3aIlIUCH U YTCHUA TJIS1 UCKITIOUCHUSA M30BITOYHBIX OHCpaHHﬁ.

Kak yxe oTmeuanoch, B Ka4yecTBe OonepaTuBHBIX 3Y B HACTOSIIECE BpEeMs dYalle
UCTIOJIB3YIOTCS Ounamuueckue 3Y ¢ npouszsonvnvim oocmynom (DRAM). Taxkoe
MOJIOKEHHE OOYCJIOBJIIEHO TEeM, YTO HEIOCTaTKH, CBS3aHHBIE C HEOOXOIUMOCTBIO



pereHepanu  wHGOpPMAIMU B TakuX 3Y © OTHOCUTEIHHO HEBBICOKUM WX
OBICTPOICHCTBUEM, C JIMXBOM KOMIICHCHUPYIOTCS JPYTMMH TIOKa3aTeIsMU: MaJbIMHU
pa3MepaMu 3JIEMEHTOB MaMSTH U, CIEJ0BATEIbHO, OOJIBIINM 00BEMOM MUKPOCXEM ITHX
3V, a Takke HU3KOH UX CTOMMOCTBIO.

[HIupokoe pacmpoctpaneHue 3Y 3TOro THMA MPOSIBIIOCH TaKXkKe U B pa3paboTke
MHOTHX €T0 pa3sHOBUIHOCTEH: acuuxponuout, cunxpounou, RAMBUS wu npyrux.
[lepeunciarmM OCHOBHBIE PA3HOBUTHOCTH:

1. Cunxponnas nuHamuudeckas namsite DDR SDRAM

obecrieunBaromas JBOHHY CKopocTh nepenaun aaHubix (DDR — Double winu Dual
Data Rate), B koTOpo#i 3a OJIUH TaKT OCYIIECTBIISIOTCS JBE MEpeAadn JTaHHBIX — TI0
nepeHeMY U 3aiHeMy (PpOHTaM KaXJI0ro CHHXpouMIyibca. Bo Bcem ocTanpHOM 3Ta
naMsaTh pabortaet aHamorndyHo oObrdyHOM SDRAM mamsaru. Bpemena 3anepxexk CAS
Latency st DDR SDRAM moryT ObITh 2 U 2,5 TakTa

2. CunxpoHHas nuHamudeckas namsitb SDRAM

unoraa HassiBaroT SDR SDRAM - Single Data Rate.

3. AcuHxpoHHas nuHamudeckas nmamsitb DRAM
4. Jlunammdeckas nmamsitb RDRAM

He3zaBucumo ot TOro, kakoBa KOHKpEeTHass MOAU(PHUKALMS JUHAMUYECKOW MaMsITH,
3allOMMHAIOINE KOHJEHCATOPBl €€ 3allOMHUHAIOLIMX JJIEMEHTOB PAa3psKaAIOTCS H3-3a
HaJau4usl TOKOB yTedykd. [locTosHHas paspsaka, Kak W3BECTHO, 3aBUCUT OT €MKOCTH
3alIOMMHAIOIIET0 KOHIEHCATOpa M CONPOTUBICHUS LENU TOKA YTEYKH MU MOXKET
pa3nuyatbes Uil pa3HeIX Moaudukanuil. Bpems, B TedeHue KOTOPOro HHQpOpMAIHS
COXpaHAETCs B JIEMEHTE NIaMATH, COCTABIISAET 10 HECKOIBKUX JECATKOB MUJUIMCEKYH/L.

OTO MPUBOJUT K HEOOXOIUMOCTH TIEPUOIAYECKOTO (C IEPUOIOM HE OOJbIIE, YeM
BpEMs COXPaHCHHsI HHPOPMAIIMU) BOCCTAHOBJICHHS 3apsa10B eMKocTel. Takas mporeaypa
U TI0JTy4niia Ha3BaHue percHepaiuu (refresh) munamuueckoii mamsatu. BeimonHsercs ona
OJIHOBPEMEHHO [JIsl I[€JI0OM CTPOKU MaTpullbl (OaHKa) 3JIEMEHTOB MaMSTH, MOCKOJIBKY
pereHepupoBaTh WHPOPMALMIO MO 3JEMEHTaM WM MO ciaoBaM (1Mo 8 OalT) CIUIIKOM
JIOJITO.

Moaynu OUHAMHAYECKOM MOJIYIIPOBOJHUKOBOW IAMSTH MPOLLIA SBOJIOLUIO OT
Habopa MHUKpPOCXEM, YCTaHaBIMBAaEMbIX Ha CHCTEMHOM IJIaT€ M 3aMETHBIX IO CBOEMY
PETYJISIPHOMY PacCIOJIOKEHUIO (HECKOJIBKO CMEXKHBIX PAIOB OJMHAKOBBIX MUKPOCXEM) 10
OTJEJIbHBIX HEOOJBIINX IUIAT, BCTABISAEMbIX B CTaHJAPTHBIM pazbeM (CIOT) CUCTEMHOU
miathl. [IepBeHCTBO B CO3JaHUM TaKMX MOAYJEH MaMsITH 00bIYHO OTHOCAT K (prupme IBM.

OCHOBHBIMH PA3HOBUJHOCTAMHU MOIYJEH AWHAMHUYECKUX ONEPATUBHBIX 3Y C
MOMEHTa WX O(POPMIICHHS B BUJIC CAMOCTOSTEIbHBIX SIMHUI] ObLITH:

* 30-xoHTakTHBIC OHOOaKTHBIC MOy SIMM (DRAM)
* 72-xoHTaKTHBIEC YeTbIpexOanTHbie Moy SIMM (DRAM)

168-konTakTHBIE BochbMuOaliTHRIE MOy DIMM (SDRAM)
184-xonTakTHble BocbMuOalTHRIE MOy DIMM (DDR SDRAM)

184-xonTtaktHeie (20 W3 HUX He 3aHATHI) AByXxOaiiTHble Momymun RIMM
RDDRAM).



Cokpamenne SIMM o3nauaer Single In-Line Memory Module — moxynes namsitu
C OJHUM PSAIOM KOHTAaKTOB, TaK KaK KOHTAaKThl KpaeBOTO pa3zbeMa MOMYJIs,
pacToNIOKEHHbIE B OJIMHAKOBBIX MO3HIHSIX C JBYX CTOPOH IUIATHI, JJIEKTPUUYECKU
coenurenbl. CootBeTcTBeHHO DIMM 03Hauaet Dual In-Line Memory Module — momynb
naMsITH ¢ AByMs psgamu KoHtaktoB, RIMM - Rambus Memory Module — moayne mamsitu
tuna Rambus.

10.10. [MocTosiHHBbIE 32aNIOMHUHAIOLIIME YCTPOHCTBA: PA3HOBHIHOCTH

[Tocrostnubie  3amomuHatorme  ycerpodictea (IMI3Y  wm  Read  Only
Memory - ROM), koTopble Takke 4acTO Ha3bIBAIOT dHEPTroOHE3aBUCHUMBIMH (Wi Non
Volatile Storage), obecrnieunBaroT COXpaHEHHE 3allMCAHHOW B HMX HMH(OpMalUHM W MPHU
OTCYTCTBUHW HampspDKeHUs TuTaHus. KoHeuHOo, moja Takoe ompenesieHUE MOANaNarT U
naMsITh Ha )KECTKUX U THOKHX JUCKAX, U KOMITAKT TUCKH, U HEKOTOphIEC Ipyrue BUabl 3Y.

OpanHako, TOBOPS O MOCTOSHHBIX 3Y, 00BIYHO MOAPa3yMEBAIOT YCTPOICTBA MaMATH
C NIPOU3BOJBHBIM aJpecHbIM JocTynoM. Takue 3V MOryT CTPOMTBCS Ha Ppa3IMYHBIX
¢u3nYecKnX NPUHIMIAX U O0JagaTh Pa3lNUYHBIMU XapaKTEPUCTHKAMH HE TOJIBKO II0
€MKOCTH U BpEMEHH 00pallleHus! K HUM, HO U TI0 BO3MO>KHOCTH 3aMEHbI 3alICAHHON B HUX
UH(pOpPMALIUH.

K navamy 2000-x Tr0mOB HauOoiblliee pPACIpPOCTPAHEHUE  TOIYUUIIH
noynpoBoaHuKoBbie [I3Y, s1eMeHThl mnaMsiITH KOTOPBIX UCIOIb3YIOT Pa3IUYHbIC
MoAuUKAIIMKU JTUOJAOB W TPAH3UCTOPOB UM H3TOTABIMBAIOTCA IO HMHTETpaIbHON
TEXHOJIOTHH.

HenocpencTBeHHBIMU — TMpEAIIECTBEHHUKAMH Takux 3Y ObIIM  MarHUTHBIC
(Tpancdopmaropusie) [13Y, unpopmanus B KOTOpble 3aMuChiBajgach COOTBETCTBYIOLIEH
NPOKJIAKOHN (IPOIIMBKOM) IPOBOAHUKOB (DEPPUTOBBIX CEPACUHUKOB. ITO 00ECIIEUUBAIIO
npyu TpeOOBABIIMXCS B TO BPEMsSI €MKOCTAX BBICOKYIO HAJEKHOCTh 3THX 3Y B CaMbIX
TSKENBIX (B 3JIEKTPOMAarHUTHOM OTHOILUEHUH) YCIOBHSIX.

N3BecTHBI Takke eMKOCTHbIE U MHAYKTUBHBIE [I3Y, B KOTOpBIX MCIOJIB30BAIHUCH
MIPOBOJIHUKH CIIEIMAIBHONU (POPMBI, 00pa3yroIne eMKOCTHBIC UM HHIYKTHBHBIE CBSI3H.

B nacrosee Bpemsi uCCIEAYIOTCSA U APYTUE MPUHLMIIBI peaanu3ali MOCTOSHHBIX
3Y, B HEKOTOPOM CMBICJIE BO3BPAILIAIOIINECS K MATHUTHBIM M KOHJICHCATOPHBIM CXEMaM,
HO Ha JPyTrOM YPOBHE Pa3BUTHUS TEXHOJIOTHUH.

3anuck wuHpopmanuu B I3V, kak mnpaBuio, CYHIECTBEHHO OTJIMYAETCS OT
CUMTBIBaHHMA 1O crnoco0y M BpeMeHH BblmosHeHus. Ilpomecc 3amucu s
HOJIYIIPOBOJAHHUKOBBIX MOCTOSHHBIX 3Y TMOMy4YyWsd TakKe Ha3BaHUE “NpoXKura” WU
IPOrpaMMHPOBAHMsI, IEPBOE U3 KOTOPBIX CBA3aHO CO CIIOCOOOM 3aIUCH, CBOISAIIUMCS K
pa3pylIeHUIO (PacIUIaBIEHUIO, IPOKUTY) COEAMHUTENBHBIX IIEpEMbIUEK B YUCTOM 3V .

B nonynpoBoanukoBeix 113V B kauecTBe 371€MEHTOB NaMsATH, TOUHEE, B KAUECTBE
HEJIMHEHHBIX KOMMYTHPYIOIIUX M YCHUJIHMTEIBHBIX 3JEMEHTOB OOBIYHO HCIIOJIB3YIOTCS
TpaH3ucTopbl. OHM 00BEAUHEHBI B MATPHILY, BBIOOPKA JaHHBIX U3 KOTOPOM MPOU3BOIUTCS
110 CTPOKaM U CToJIOIaM, COOTBETCTBYIOLMM YKa3aHHOMY aJIpecy, TakK ke, Kak U B IPYruX
3Y ¢ npou3BoibHBIM 10CTYNIOM. OMH U3 BO3MOXHBIX BapUaHTOB CTPYKTYPHOH CXEMBbI
nonynposoanukosoro II3Y, mpeacraBien Ha puc. 10.6. Ctporo rosops,
HEMOCPEICTBEHHO 3alloMMHaHue uHpopmanuu B 3ToM [I3VY ocymecTBusercs miaBkon
IIEPEMBIUKOM, a TPaH3UCTOPbI BBINOJIHAIOT pOJb KIKOYeH-ycuiuTenen. IlnaBkas
nepeMbIYKa MOXKET ObITh U3rOTOBJIEHA U3 HUXPOMA, OJUKPUCTAIIINYECKOTrO KPEMHUS HITN



Ipyrux MaTepuanoB. B 3aBUCHMOCTH OT TOro, Kak HMMEHHO padoTaeT YCHINTENb
CUMUTBIBaHHUA (B peXHUME MOBTOPUTENS] WM MHBEPTOpA), HAJIUYUE IEPEMBIUKU
cooTBeTcTBYET 3amucu “1” mmm “0”. PaspylieHue nepemMplukd (MMIYJIbCOM CHIIBHOTO
TOKA) MMPUBOAUT K 3aIIMCU 3HAYEHUS, OOPATHOIO UCXOJHOMY.
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Puc. 10.6. Bapuant ctpykrypHoii cxemsl [13Y ¢ o1HOKpaTHBIM POrpaMMUPOBAHUEM

Paznnuator ae Oosbmine rpynnsl 113Y: mporpammupyembie W3roTOBUTENEM U
IIPOrpaMMHUPYEMBIE TI0JIB30BATEIIEM.

3Y nepBoil Ipynmbl, Ha3pIBAEMble MHA4Y€ MACOYHBIMH, OOBIYHO BBIITYCKAIOTCS
Oonpmmmu naptusiMu. MHpopmaius B HUX 3aHOCUTCS B IPOIlecCce U3rOTOBIEHUS 3TUX 3Y
Ha 3aBOJAX: C MOMOUIbIO CHEIUAIBHOM MAaCKM B KOHIE TEXHOJIOTMYECKOrO IMKJIa Ha
KpucTayie (QopMUpYyeTCs COOTBETCTBYyIOLIas KoHpUrypauus coeauHenuil. Takue 3Y
OKa3bIBalOTCA HauOoliee [EIMIeBHIMH TPU MacCOBOM M3rOTOBiIEHHMH. MX 0OBIYHO
MCIOJIB3YIOT JJIl XPAHEHUs Pa3JInYHbIX IMOCTOSIHHBIX [IPOTPAMM U MOJAIPOrpPaMM, KOJAOB,
(bu3MUecKUX KOHCTAHT, IOCTOSHHBIX KOA(DPHUIIMEHTOB U TIp.

B I13V, nporpamMmMmupyemblie mojIb30BaTeneM, HHHOPMAIIHS 3aMUCHIBAETCS TOCTIE UX
W3TOTOBIICHUSI CAMUMM IOJB30BaTeAIMHU. [Ipr 3TOM CyIIECTBYIOT JBa OCHOBHBIX THIIA
Takux 3Y: OAHOKPATHO MPOrpaMMHUPYEMBIE U TIEPENIPOTPAMMUPYEMBIE.

HetpynHO BCIIOMHHUTB, 4TO aHAJIOTHYHBIE pa3HOBUIHOCTH uMmeroTes 'y CDROM,
KOTOpbIE, 10 cyuecTBY, sABisitorcs [13Y (ROM), usroraBnuBaeMbIMU Ha OCHOBE JAPYroro
(bu3MUECKOro MpPHUHIIKIIA.

Haun6Gonee npocTeiMU SBISIOTCA OAHOKpAaTHO Nporpammupyemslie [13Y. B atux 3V
3aIMCh KaK pa3 U IPOU3BOJUTCS ITOCPEACTBOM Pa3PYILIEHUs COCAUHUTEIBHBIX IEPEMBIYCK
MEXy BBIBOJIAMH TPAaH3MCTOPOB M IIMHAMM MATPULBI (XOTS €CTh M HECKOJIBKO WHBIE



texnonoruun). M3oOpaxkenue mnporpammupyemoro [I3Y Ha ¢GyHKIMOHATBHON Ccxeme
nokaszano Ha puc. 10.7.
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Puc. 10.7. YcnoHoe n3zo0paxkenue nporpammupyemoro 113V Ha GpyHKIIHMOHATBHBIX
cxeMax

[lepenporpammupyembie 113V  1o3BONSAIOT MPOM3BOJAUTH B HUX  3aIUCh
uHpopmarmu MHOTOKpaTtHO. KoHeuno, B Takux 3Y JODKEH HCIONB30BATHCS WHOU
OPUHIIMI, 4YeM pa3pylleHHe MepeMblueKk B TMpolecce 3amucH. PacmpocTpaHeHHbIe
TEXHOJOTUYECKUE BapUaHThl UCHOAb3YI0T MOII-TpaH3uCTOpPBI CO CIOXKHBIM 3aTBOPOM
(cocTaBHBIM WJIM “TUTIaBAIONIMM’’), KOTOPBIM CIIOCOOEH HAKAIlJIMBATh 3apsif], CHUKAIOIUI
MOPOTOBOE HAIpPSKEHUE OTHUPAHUS TPAH3UCTOPA, U COXPAHATH OSTOT 3aps] MpHU
BBIKJIFOUEHHOM IuTanuu. [IporpammupoBanue takux [I13Y u coctout B co3nanuu 3aps10B
Ha 3aTBOpaxX TeX TPAH3UCTOPOB, IJe JOJKHBI OBITH 3aNUCaHbl JaHHBIE (00BIYHO “0”, Tak
KaK B MICXOJTHOM COCTOSIHMHM B TaKUX MUKPOCXEMax 3alucaHbl Bce “17).

[Tepen moBTOpHOM 3anmuChbi0 TpeOyeTCs MPOU3BECTH CTUPAHUE paHEee 3alMCaHHOU
uHpopmanuu. OHO MPOU3BOIUTCS JTUOO AEKTPUUYECKH, MOAa4Yel HAPSKEHUs 00paTHON
MOJIIPHOCTHU, JIUOO C MOMOIIBIO YIbTPA(UOIETOBOTO CBETa. Y MHUKPOCXEM MOCIIETHETO
TUIIA UMEJIOCh KPYIJIOE OKOILIEYKO U3 KBapIEBOIO CTEKJA, Yepe3 KOTOPOE M OCBEIIAJICs
KpUCTAJUI IPU CTUPAHUH.

[TapameTpsl MOCTOSIHHBIX 3Y COOTBETCTBYIOT TE€XHOJIOTHUYECKHM HOPMaM CBOETO
BpeMmeHu. B Havane 2000-X 1o/10B TUIIOBBIE EMKOCTH MUKPOCXEM MOCTOSSHHOM MaMATH C
MacOYHbIM MPOTrPaMMHUPOBAHUEM COCTaBIIIM mopsiaka 32-128 Mour, a BpemeHa
oOpalieHrss TPEBBIIIAIA AaHAJIOTHYHBIC TIOKA3aTeIM OIMEPAaTUBHOM TaMITH W IS
pasnmuuHbIX Moaudukanuii focturanu a0 100 He.

10.6. PerucTpoBasi namMsiTh, K3II-NaMSTh

CaepxonepatuBHbie 3Y (HCTOPUYECKH TEPBOE HAa3BaHHE PETHCTPOBOW MaMSTH)
UCTOJIB3YIOTCS ISl XpaHEHHsI HEOOJIbIIMX 00BEMOB MH(DOPMALIMU U UMEIOT 3HAYUTEIBHO
MmeHbiee Bpems (B 2 - 10 pa3) cunteiBanus/3anucH, 4eM ocHOBHAs naMsith. CO3Y 00brdHO
CTPOSITCA Ha PEruCTpax U PeruCTPOBBIX CTPYKTYypax.

Peructp mpenacraBnser coOOM 3IIEKTPOHHOE YCTPONCTBO, CIIOCOOHOE XpaHUTh
3aHECEHHOE B HEr0 YHWCIIO HEOTPAaHWYCHHO AO0NTO (NMPpU BKJIYEHHOM NUTAHUH).
Haubonpee pacnpocTpaHeHre MOMYyYMINA PETUCTPHI HA CTATUYECKUX TPUTTEPAX.



[To Ha3HAYEHMIO PETUCTPBI JENATCS HA pecucmpyvl XpaneHus U PErucTpbl CIBUTA.
HNudopmanust B perucTpbl MOKET 3aHOCUTBHCS M CUUTHIBATHCS JTMOO MapajljieNbHO, cpasy
BCEMH pa3psiiamMu, JHMOO TMOCJENOBAaTENIbHO, Yepe3 OJUH M3 KpaHUX pa3psalioB C
MOCIIEAYIOIIUM CIBUTOM 3aHECCHHON WH(OPMAIIHH.

CaBur 3anvcaHHON B perucTp MHQGOpMaIy MOXXET IPOU3BOJUTHCS BIPABO WU
BJeBO. Ecnu peructp pomyckaer cIBUr HHQOpMAMU B JII0OOM HalpaBiI€HHH, OH
Ha3bIBACTCS Pe6epCUBHbIM.

Peructpbl MoryT ObITh 0OBbEIMHEHBI B €UHYIO CTPYKTYpY. Bo3moxkHOCTH Takoii
CTPYKTYpbI ONPEEIIAIOTCS CIOCOO0M J0CTyNa U aJipecalliil perucTpoB.

Ecnu x mo6omy perucTpy MOKHO OOpaTUTHCS JJIsl 3aIMCH/YTEHUS 110 €T0 aJIpecy,
TaKasi pETUCTPOBasi CTpyKTypa obpaszyetr CO3Y ¢ npou3eonbHvim 00Cmynom.

Bezaopecnvie pezucmpoevie cmpykmypbsl MOTyT 0O0Opa3OBBIBATH JBa BHIA
YCTPOMCTB MaMSTH: MarasuHHOTO THIIA W IIAMATH C BBIOOPKOH 110 COAEPIKaHHUIO
(accouuamuenvie 3Y).

[TaMATh Mara3uHHOTO THIIA OOpa3yeTCss M3 MOCIEAOBATEILHO COEIUHEHHBIX
peructpos (cM. puc. 10.8).

Ecnu 3anuce B peructpoByto ctpykrypy (puc. 10.8,a) mpousBoautcs yepe3 oauH
pErucTp, a CUMUTBIBAHME — 4Yepe3 JpPYrol, TO Takas MaMATh SIBISIETCS aHAJIOrOM
MarasuHHOM MaMaTu 1 paboTaeT 1o NPUHLHUITY “TIepBbIM Bolen - nepBbiM Boitien” (FIFO
— first input, first output).

Ecnu ke 3amuch U YTeHHE OCYHIECTBIIAIOTCS Yepe3 OJUH U TOT e PEeructp (puc.
10.8,0), Takoe yCTpOWCTBO HA3BIBACTCSI CMEKOBOU NAMAMbIO, PabOTAIOMIEH IO TPUHIIAITY
“nepBbIM Boren — nocneaauM Boimen” (FILO — first input, last output). Ilpu 3anucu
Yycia B CTEKOBYIO IaMATh CHayajla COJEp)KMMOE CTeKa CABHTaeTcs B CTOPOHY
nocneanero, K-ro perucrpa (eciam crek ObUT MOJHOCTBIO 3amojiHeH, TO 4yuciao u3 K-ro
perucTpa TepseTcs), a 3aTeM YHCIO 3aHOCUTCS B BEPIIMHY CcTeka — peructp 1. Urenue
OCYILECTBIISIETCS TOXKE Yepe3 BEPUIMHY CTEKa, MOCIEe TOr0 KaK YHCIO W3 BEPIIUHBI
IPOYUTAHO, CTEK CABUTACTCS B CTOPOHY peructpa 1.

v v 1

Peructp | Pernctp |

¢ ¢ A
Perncrp 2 Pernctp 2

Y v 1

{ o ) A mame
Peructp K Peructp K

v

a ]

Puc. 10.8. PeructpoBas ctpykTypa marazunHoro tuna: a - tuna FIFO; 6 - Tuna FILO

Cmekoeaa namams NOJIy4YUIIa IIUPOKOE pacpocTpaHeHue. /s ee peanusanuu B
OBM pazpaboransl crenuaibHbie MUKpocxeMbl. Ho ywacTto paboTa cTekoBoW mHamsiTh



Imyaupyemca B OCHOBHOU namsti OBM: ¢ momolipto nporpaMm oneparioHHON CUCTEMBI
BBIZICISIETCS YacTh nmamsaTu noj ctek (B IBM PC nns atoii nenu Beiaensiercs 64 Kobaiita).
CriennanpHBI pErucTp MHUKpOIpoleccopa (ykas3aTellb cTeKa) MOCTOSSHHO XPaHUT aJpec
saueiiku OII, BpmonHstOmed QYHKIMKM BepIIMHBI CTeKa. YTeHWe dYuncia Bcerja
IIPOU3BOJIUTCS U3 BEPUIMHBI CTEKA, MOCIIE YeT0 YKa3aTeslb CTeKa U3MEHSETCS U yKa3bIBaeT
Ha OYEepPEeTHYIO STYeUKY CTEKOBOM MaMsTH (T.e. (PaKTHUYECKH CTEK OCTAeTCsl HETOABUKHBIM,
a mepemMeraercs BepurHa creka). [Ipu 3ammcu yncia B CTEK CHayala HOMEp SYEUKU B
yKazaresue creka MoAuuIupyeTcs TakK, 4TOObI OH YKa3blBaJl HA OYEPEIHYI0 CBOOOJHYIO
A4YelKy, Moclieé 4Yero MpOM3BOAMTCS 3allMCh uyucia Mo 3ToMy azapecy. Takas paborta
yKazarenas CTeKa IO3BOJISIET peaju30BaTh MPUHLUI “TIEPBBIM BOLIEN - IOCJIEIHUM
BhIEN” . B cTek MOXkeT ObITh 3arpykKeH B ONpPEICIIEHHOW MOCIEI0BATENILHOCTU PSII
JAHHBIX, KOTOPbIE BIOCIEACTBUM CUMUTHIBAIOTCA U3 CTEKa YK€ B OOpaTHOM MOpSAJIKE, HA
TOM CBOMCTBE MOCTpOEHA cHUCTeMa apupMeTHuecKux Mnpeodpa3oBaHUil MHGOPMALINH,
M3BECTHAs 0] Ha3BaHueM ‘‘noruka JlykaiieBuya”.

Ilamame c evldoopKoil no codeprcanuro asnaemca dezaopecnoii. OOpanieHue K
HEl OCYIIECTBIISIETCA MO CHEUUAIbHOU MACKe, KOTOpas COAEPKUT MOUCKOBBIA 00pas.
Nudopmarust cuntbiBaeTCs U3 IaMSITH, €CJIA YaCTh €€ COOTBETCTBYET IOMCKOBOMY 00pasy,
3a(UKCUPOBAaHHOMY B Macke. Hampumep, eciii B Takyro MaMsaTh 3arnucana HHGoOpMaius,
cojaepramiasi JaHHbIE O MECTE XUTEIbCTBA (BKJIIOYas TOpoj), U HEOOXOAMMO HANTHU
CBEJICHUS O JKUTEJSAX OMPEEICHHOIO TOpoja, TO Ha3BaHUE 3TOT0 ropoja MOMEIIaeTcs B
MacKy U JIaeTCsl KOMaH/1a YTeHue - U3 MaMATH BBIOUPAIOTCS BCE 3alHUCU, OTHOCSIIINECS K
3a/laHHOMY TOpOJY.

B mukpomnporneccopax acconuatuBHble 3Y UCHOIB3YIOTCS B COCTABE KAII-TIAMSITH
JUI XpaHEeHHs aJpPECHON YacTH KOMaHJ M OIEpaHJO0B MCHOJHsAeMoW mporpammsbl. [Ipu
3TOM HeT HeobxoaumocTH obpamarbes k OI1 3a cnenyromieit komMan 101 Uiu TpeOyeMbIM
OTIEPAHJIOM: JIOCTaTOYHO IOMECTUTh B MAacKy HEOOXOIUMBIA aapec, €CIu HCKOMas
unpopmanus umeerca B CO3Y, 1o ona Oyzaet cpa3y Beaana. O6pamenne k OIl 6yner
HE00XO0AMMO JIUIIb NPU OTCYTCTBUM Tpebyemoi mHpopmanuu B CO3Y. 3a cuer Takoro
ucnonb3oBanuss CO3Y cokpamaerca uucio obpameHuid k OIl, a 310 mo3Bossier
SKOHOMMTH BpeMs, Tak Kak oOpamenue k CO3Y tpeOyert B 2 - 10 pa3 MeHbllIe BpEMEHH,
yeMm obparnienue k OI1.

Yposnu kewa

Kemr-namste ypoBusa N+1 Bcerna 6ombliie no pa3mMepy U MeJJIEHHEE MO0 CKOPOCTH
oOpaleHus, yeM Keui-namsth ypoBHs N.

Camoii ObICTPOI MaMATHIO SBIIIETCS KelI-maMsaTh repsoro yposus L1-cache: L1I,
L1D - HeoTheMJIeMasi 4aCTh MPOLECCOPA, PACTIONOXKEHA Ha TOM K€ KPUCTAIIC M BXOJIUT
B COCTaB (PyHKIMOHATBHBIX OI0KOB. be3 Hee mporeccop HE CMOXKET (PYHKIIMOHHPOBATS.
[Tamste L1 pabGoTaet Ha yacToTe mpolieccopa v B 00111eM ciaydae oOpalrieHrne K Heit MoKeT
TIPOM3BOJIUTECS KXKABIA TaKT (3a4acTyl0 BO3MOXKHO BBITIONHITH JIa)Ke HECKOIBKO
YTEeHUI/3ammceil OTHOBPEMEHHO), JIATEHTHOCTH JOCTYIa OOBIYHO paBHA 2-4 TaKTa fpa,
00BeM ITOM aMsATH OOBIYHO HEBEUK — He OoJiee 64K0.

BTtopoii o 6sicTpoaeiictuto sBasiercs L2. B otauyme ot L1 ee MOXHO OTKITIOUUTH
C coxpaHeHHEM paboTocnocoOHocTH mporeccopa. Kem BToporo ypoBHS OOBIYHO
pacmnoJyio’keHa 0o Ha KpucTaiie, kKak u L1, nubo B HemocpencTBeHHONW OIM30CTH OT
sqpa, HAIpUMEpP, B TPOIECCOPHOM KapTpuKe (TOJIBKO B CIOTOBBIX TMpOIECCOpax), B
CTapbIX MpoLEeccopax ee pacnojiaraju Ha cucteMHou miare. O6bem L2 Gonbiie — ot



128K6 mo0 1—4M6. OObr4HO JaTeHTHOCTh L2, pacmonokeHHOW Ha KpHCTaiulie sijpa,
cocTaBiisieT OT 8 10 20 TaKTOB sAAPA.

Kem tpetbero ypoBus L3 HaumeHnee ObICTPOICHCTBYIONMINI U OOBIYHO PACTIONI0KEH
otaenbHo ot siapa LI, Ho oH MOXeT ObITh OUeHb BHYIIUTEIHHOTO pa3Mepa U BCE paBHO
3HAYUTEITBHO OBICTpEE, YeM OlepaTUBHAS AMSITh.

Ceronnsa cymiectByeT M L4 ypoBeHb KdIIa, OOBIKHOBEHHO OH PpAaCIOJIOKEH B
oTnenbHOM MHKpocxeme. llpumeHeHune k3ma 4 ypoBHS ONpaBAAHO TOJIBKO IS
BBICOKOIIPOU3BOAUTEIBHBIX CEPBEPOB U MEHH(PPEIMOB.

O0wemsr kem-namsatu: L1go 128 Ko,
L2 or 128 K0 no 1-12 Mo,
L3 cBbime 24 Mo.

[TpoGnema CUHXpPOHHM3ALUMU MEXKIY Pa3IMUYHBIMU YPOBHSIMH K3II-AMSTH (Kak
OJIHOTO, TaK ¥ MHOXECTBA IIPOIIECCOPOB) PELIAETCS KOTEPEHTHOCTHIO KAIIIA.

CymectByer Tpu BapuaHTa oOMeHa uWHQOpMaIMeln MeXIy KIII-TaMsIThIo
pa3IMYHBIX YPOBHEH, HITH, KaK TOBOPST, KIII-apPXUTEKTYPHI:
* WHKJIIO3WBHAS — MpeIoaraeT AyoJupoBaHue MHPOPMAIUU K31
BEPXHET0 YPOBHs B HIKHEM (mpeamnountaeT Gupma Intel);

® JKCKJIK3UBHASL - TpEanojaraeT YHHKAJIBHOCTh HH(pOpMAaLHNH,
HaxoJsIeicsl B pa3IMYHbIX YPOBHSX K31Ia (MpeArnoyuTaeTr pupma
AMD);

® HEIKCKJIO3MBHASI - YPOBHMU K3IlIA CBA3BIBAIOTCS MEXAY COOOM
MIPOU3BOJIBLHBIM 00pa30M.
CMm. 1ONOJIHUTENIBHO UHPOPMALIHIO O K3II-TaMsATy B (aitine Kain noapoodHo.

Ha puc. 10.9 npencraBieHa cxema pacrloiOKEHUsT PErHCTPOBOM MaMsTH, Kelll-
NaMATH U OCHOBHOM MaMsATHU, B KOTOPOl 0003HAYEHBI MECTO, 00BEM U BpeMsl 10CTyNa K
Ka)KJI01.

Size Microprocessor chip Access time
64 to 256 words Registers <1 cycle

r Y
\ 4

8 K words Cache 1 1to 2 cycles
4
v

256 K words Cache 2 510 15 cycles

1
h 4

4G words Memory 40 to 100 cycles

Puc. 10.9. Cxema ypoBHEl naMaTu

Ha puc. 10.10 npuBeaeHa nojiHas uepapxudeckas CTpyKTypa namsiTd KOMIbloTepa
C YKa3aHHEM MeCTa paCIOJIOKEHHUs, TUIA MMaMSITH, €€ Pa3HOBUIHOCTEH M TaKUX OOIIMX
XapaKTEePUCTUK KaK CKOPOCTU, CTOUMOCTHU U 00beMa.
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Processor SUPER FAST
SUPER EXPEMNSIVE

TINY CAPACITY

CPU CACHE

HE EXPEMNSIVE
— SMALL CAPACITY

EDO, SD-RAM, DDR-SDRAM, RD-RAM PHYSICAL MEMORY FAST
PRICED REASONABLY
and Mor... AVERAGE CAPACITY

SOLID STATE MEMORY AVERAGE SPEED
550, Flash Drive PRICED REASONABLY
AVERAGE CAPACITY

VIRTUAL MEMORY SLOW

Mechanical Hard Drives 4 CHEAP
: LARGE CAPACTITY

A Simplified Computer Memory Hierarchy
lllustration: Ryan J. Leng

Puc. 10.10. Uepapxuyeckasi CTpyKTypa KOMIIbIOTEPHON MaMITH

P.S. Cm. npe3eHTaLuu No Teme U3 Nanku «[LonosHUTEIbHbIe MaTepuanbl»
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