APXUTEKTYPA AMNMNAPATHbIX CPEACTB - YYEBHbIA MOAYJIb 1/3

Buabl namaTu u npuHUMN pa6oTbl. OCHOBHbIe
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3ayeM KOMMblOTEpY NaMATb

Mpoueccop yMeeT BbIMOMHATD MHCTPYKLMUM, HO MY HY)XXHO Ffie-To 6paTb 9TW MHCTPYKLMK, NOSTy4aTb UCXOAHbIe
JaHHble U OCTaBNSATb pe3ynbTaTbl. [11s 3TOro CywecTByeT NaMsATb — YCTPOMCTBA M CTPYKTYPbI, KOTOPbIE XpaHAT
UHpopmMaLmto B Buae 6uToB. OanH 6UT NpuHMMaeT 3HadeHune 0 unm 1; BoceMb 6UT 06pasytoT 6anT.

MNpeacTtaBbTe noBapa. lNMpoueccop — 370 NoBap, perucTpbl — NPOAYKTbI MPSIMO B pyKax, K3 — MasieHbKasi nosika
psSiAOM C NNXTOW, onepaTMBHAas NaMATb — pabounii cton, a SSD — knagoBasi. [loBap MOXeT XpaHUTb MHOIO€e B
KN1af0BOK1, HO HEMPEepPbIBHO 6eraTb B HEE 3a KaXX10M JIOXXKON HeYA06HO.

MyTb AaHHbIX B TUNKUYHOM MK

SSD / HDD 03Y (RAM) Kaw LN Peructpbl
Mporpammbi 1 darinbi Pa6oune pgaHHble HepaBHo unu yacto OnepaHAbl TEKYLLMX
MeXAay 3anyckamu - 3arpy>KeHHbIX - ncnonb3syemble - KOMaHp,
nporpaMmm AaHHble

Cxema ynpollieHa: NpoLeccop U KOHTposiepbl B3aMMOAENCTBYIOT C NaMSATbIO CIIOXKHEeE; 3[1eCb

NnokKasaHa naesa I'Ipl/l6ﬂI/I)KeHVIﬂ AaHHbIX K BbIYMUCITIEHUAM.

Korga Bbl 3anyckaete urpy, OC 06bI4HO YNTaEeT UcnosiHsieMble dainbl n HeobxoanMblie pecypcebl ¢ SSD 1 oTobpaxkaeT
UNKn 3arpy)aeT Ux B NamsTb. Bo Bpemsi paboTbl npoLieccop obpaliaeTcs K fJaHHbIM Yepes Kal 1 O3Y, a UsMeHeHus B
(haitnax no mepe HeO6X0AMMOCTM 3aMNUCbIBAOTCS B MOCTOAHHOE XpaHunuile. MecTo Ha gucke u 06bém 03Y —
pasHble pecypcbl.
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Mo Kakum NMPpU3HaKaM pa3/imvyaloT NaMATb

HeT egMHCTBEHHOIO NpuU3HakKa «6bICTpaﬂ / MeaneHHas». [NamMaTtb KJ'IaCCVICbVILl,VIpyI-OT Cpa3y No HECKOJIbKUM
He3aBUCMMbIM CBOMCTBaAM.

MpusHak

CoxpaHeHue 6e3
nUTaHus

HasHa4yeHune

Cnoco6 goctyna

Bo3MOXHOCTb
3anucun

dusnyeckumn
npUHLMN

KaTeropum

3Hepr03aBVICVIMaF| / 3HeproHesasncumMasn

PeFI/ICprI, K3Ll, OCHOBHaA NamMAThb,
AonroppeMeHHoe XxpaHeHue

MponsBosbHbIN, NocnefoBaTeNbHbIA U Ap.

YTeHune-3anncb, oOfHOKpaTHasa Un
orpaHun4yeHHad nepe3anuncb, NOCTOAHHOE
coaep>xmmMmoe

MonynpoBOAHUKMW, MarHUTHbIA WX
ONTUYECKNIN HOCUTENDb

Mpumep

RAM TepseT cogepxmmoe; SSD coxpaHaeT

Kaw L1 yckopsieT goctyn sapa K AaHHbIM

DRAM o6ecneumBaeT AOCTYN K afpecyeMbiM
fiYenKam; leHTa OpueHTUpoBaHa Ha
nocnefoBaTesibHOE YTeHue

DRAM nepesanuncbiBaeTCcsd MHOIOKpPaTHO;
MacoyHoe ROM 3anuncaHo npu U3roToBneHUn

NAND Flash, HDD, onTudeckuit guck

Ba)kHoe pa3nuumne: RAM o3HavaeT «namsTb C MPOM3BOJIbHbIM AOCTYNOMY, @ He «/tobast

SHepro3aBncmmMasa NaMAaTb». Flash Toxe o6ecneunBaet agpecyemMbli [OCTYM, HO UCMOMb3YET UHblE

npaBuna cTupaHus u 3anucu. B noscegHeBHoM peun «RAM» 06bI4HO 03HavaeT onepatvMeHyto DRAM.

OcHOBHbIe BMAbI M0 Ha3HAYEHUI0

PerucTtpbl u Kaw

HaxopasiTcs B npoLueccope unm psifoM ¢ BblYUCNTENbHBIMU 6110KaMU. O4eHb 6bICTpble, OrpaHUYeHHOro o6bEMa.
Kaw 06bI4HO UcnonbayeT SRAM.

OnepaTuBHaA naMATb

OcHoBHoe pa6oyee npocTpaHcTBo OC 1 nporpaMMm. O6bl4HO NocTpoeHo Ha DRAM; coaepyXnMoe TepsieTcs nocre
BbIK/TFOYEHNSA NUTAHNSA.

ROM u Flash

XpaHAT NpPOLWNBKU M Apyrue AaHHble Nnocfie OTKoYeHns nutanns. Flash MoxHo nepenporpaMmmunpoBathb, HO
npasuna sanucu otnunyatotca ot DRAM.



SSD / HDD

JonroBpeMeHHoe xpaHeHue dainnoB. SSD 06b14HO ucnonb3yeT NAND Flash, HDD — MarHuTHble NnacTuHbI.
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Kak xpaHuTtcsa 6ut: SRAM nu DRAM

SRAM (Static RAM) yaep>XuBaeT IOrMyeckoe COCTOsSIHME C MOMOLLbIO 3J1EKTPOHHOIN CXeMbl — 06bIYHO HECKOJTbKMX
TPaH3MCTOPOB, 06pa3yroLLMX AYEKy-3alLénKy. [Toka NogaéTcs NMTaHue, COCTOsIHME COXpaHsieTcs 6e3
nepuoamMYeckoro 06HOBMEHUS. 3a 3TO MPUXOAUTCA NIATUTL MIOLWAAbI KpUCTanaa u CToMMocTbio: SRAM 06bI4HO
NPUMEHSIIOT A1 OTHOCUTENBHO HEGOSbLUMX BbICTPbIX KILLEW.

DRAM (Dynamic RAM) xpaHuT MH(OpMaLMIO KaK 3NEeKTPUYECKNIA 3aps B MUHWATIOPHOM KoHAeHcaTope. s
obpalleHus K 3apagy UCMoNb3yeTcs TPaH3MCTOp. 3apsiZ NOCTEMNEHHO YTEKAET, MO3TOMY AaHHble HYXXHO PerynsipHo
pereHepupoBathb (refresh). YteHne DRAM ToXe CBSI3aHO C BOCCTaHOBJIEHMEM COCTOSAHMSA S4Yeikun. bonee KoMnakTHast
slyeika No3BONSET CO34aTb MHOMO rMrabainT OTHOCUTENbHO HeAOPOroi NamMsTy.



SRAM: normuyeckas 3aLyénka

NOT NOT

CocTosiHUe NnoaAepXXMBaeTCA B3aNMHOW 06paTHOM CBA3bIO ABYX MHBEPTUPYIOLLMX Y3N10B (YNPOLLEHHOE

N306paXKeHme).

DRAM: TpaH3UCTOP U KOHAEHCATOp

Word line

KoHpeHcaTop = 3apag

yl'lpaBﬂFlPOLlJ,aﬂ NMNHNA OTKpPbIBAET TPaH3UCTOP, NO3BOIAA YNATATb UJIN 3annUCbiBaTb 3apAaa. Ons XpaHeHuaA

TpebyeTcs refresh.

®yHKLMOHaNbHbIe CXEMbI, @ HE MOAPO6HbIE CXeMbl MUKpocxeM. O6a BUAA 06bIYHO SHEPrO3aBUCUMBI.

+ WHTepakTue: noueMy DRAM Hy)XHa pereHepauus

CbIMUTUpyiTe yTeuky 3apsaaa. MNopor 40% u war 22% Bbl6paHbl TONbKO AN HAFMAZHOCTH; peasibHble SYENKU U

KOHTpO1IEpbl HAMHOIO CJZIOXHEeE.

3apag: 100% - Untepnpetauus: 1 (pacno3Haércs)

3anucanu 1: KoHAeHcaTop 3apsaauscs.



CBoICTBO SRAM DRAM

dusnyeckas ayenka TpaH3MCTOpHas 3allénka 3apsa KoHAeHcaTopa M fOCTYN Yepes TPaH3UCTop
Refresh He Hy)XeH gns yaepXkaHust gaHHblx  Heobxoanm nepuoanyeckn

MnoTHOCTb / LieHa 3a 6UT  Hwuxe / Bbllle Bblwe / HMXKe

O6blYyHOE NMpUMEHeHNE Kaw CPU CuctemHoe 03Y
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An,peca, YyTeHune n 3arnnucb

MNpeacTaBbTe NaMsSTb Kak AJNHHBIA psj MPOHYMEPOBaHHbIX siYeeK. Y Kaxaon obnactv ecTb agpec: No Hemy
npoLeccop 3anpalunBaeT YTEHNE UK 3anucb. B 60/bLLUMHCTBE COBPEMEHHbIX CUCTEM NaMATb 6ailToBO-agpecyemas
— OTAEeSbHbIN agpec cooTBETCTBYET 6anTy. Mpun aToM puanyeckas DRAM BHYTpY yCTpOEHa ropasfio ClOXHEE:
CTPOKM, CTONBLbI, 6aHKM U rpynnbl 6aHKOB.

1. NMpoueccop MHULUMPYET obpalleHune K agpecy (06bl4HO CHavasia NpoBepsieTCA KaLl).
2. KoHTponnep namMsTu Bbl6UPaeT HYXXHble MUKPOCXeMbI, 6aHKK, CTPOKM 1 cTon6Lbl B DRAM.
3. Mpu yTeHMM JaHHble NepefatoTCcs K NPOLIeCCOopy; NPY 3anvMcy KOHTPOJIIep M3MEHSIET COAEPXKMMOE.

4. MNpn HEOBXOANUMOCTM KOHTPONEP BbINOHAET CNy)KebHble onepauun, B ToM yucne refresh.

# WHTepakTuB: 32 appecyemMbix 6uTa (yuebHaa moaenb)

LLleénkHUTe no sivelike, 3aTeM 3anuwmnTe 0 unm 1. 3To MogeNb BUTOBLIX siueek Afst 06ydeHus, He pasmep
06bIYHOr0 aipecyemMoro asieMeHTa coBpemeHHomn O3Y.

0 1 2 3 4 5 6 7

Appec 0 (gBonyHbI 00000): 61T 1

Mpumep c 6aitTamu: ecnin no agpecy 100 pacrnonoxeH 6aiT 10101010, 3To BoceMb 6UT. Creaytowmnin 6aiT 06bIYHO
uMmeet agpec 101. 1na yTeHna yncna paaMepom YeTbipe 6ariTa NpPoLLeccCop MOXET 06pallaTbCs K Anana3oHy apecoB
100-103 (c yuétom nopsiaka 6aiToB ¥ NpaBuSl apXUTEKTYPbI).
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[MaBHble XapaKTepUCTUKN NaMATH

CKOpOCTb KOMMblOTEPA HEeNMb3s ONpeaennTb ToNbKo 06béMomM O3Y unu ogHol undpoit «<MIux». BaxkHo cpasy
HECKOJIbKO MapaMeTpoB.



XapakTepucTuka Y10 03HayvaeT Mpumep

EmkocTb CKOJMbKO AaHHbIX MOXeT XxpaHutbca 16 'b RAM, 1 Tb SSD

3apepxkka (latency) CKOMbKO BpeMeHU NpoxoanT Ao N3mepseTca B HC Unn TakTax; 3aBUCUT OT
noflyyeHus otTeeta JocTyna

MponyckHas CKONbKO AaHHbIX Nepefaérca 3a Hanpumep, 25,6 'b/c Teopetnyecku ans DDR4-

CMoco6HOCTb CeKyHay 3200 Ha 64-6UTHOM KaHarne

CkopocTb nepepauu Yucno nepegay B cekyHay DDR4-3200: 3200 MT/c

TaMuHrn 3afepXKn pasHbIx ornepawum, CL, tRCD, tRP, tRAS

BbIpa)XXeHHbIe B LMKIax
OQHepronoTpeb6neHne CKOJIbKO aHeprum TpebyeTcs CyLlecTBeHHO A/1s HOyTGYKa M cepeepa

HapéxHocTb O6Hapy»eHue oWwn6oK, ECC y nogaep>xMBaemMbix nnathpopm
ucnpaBJieHue, pecypc

EMKocTb: He nyTaiiTe 6UT 1 6aiT

1 6aiT = 8 6UT. B fecaTMYHOM o60o3HaveHMn 1 GB =1 000 000 000 6ainT; B gBon4HoM 1 GiB =1 073 741 824 6aiiTa. B
nHTepdencax uHorga ncnonbaytoT «b» ans BennumnH, hakTuyeckn cooTBeTcTBYOWMX GiB. Mpumep: 16 GiB O3Y =16
x 10243 6anT.

3agep)XKa 1 NnponyckKHasi CNoCO6HOCTb — 3TO pa3Hoe

[iBe aHanoruu: 3agep>kka — CKoJIbKO Bbl XETe nepBbis aBTobyc, NPONyCKHasi CMOCOBGHOCTb — CKOJIbKO MacCcaxupos
BCe aBTOOYCbI 1EPEBO3SAT 3a Yac. Bbicokasn NponyckHas CNoCOBGHOCTb He 03HAYaeT, YTo NepBoe obpaLleHne
06513aTeNbHO BbICTPEE.

YcnoBHoe cpaBHeHHe TPe6oBaHUIi K CKOPOCTH U EMKOCTH

O4yeHb
Ma’snio

CxeMa MoKasblBaeT OTHOCUTENbHY EMKOCTb B 06bI4HOM [MK; LWWMPUHBI CTON6L0B YCIOBHbIE, He B

eMHON WwKane.
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DDR, MT/c n TaUMMUHI1: KaK YNTaTb XapaKTepPUCTUKMH

DDR (Double Data Rate) — ceMeiiCTBO TEXHOMOIMIN NAMSTH, NepeAaroLLmMX AaHHble ABaXAbl 3a Nepuos 6a30Boro
TaKTOBOro curHana. lNoatomy asisi CKOpOCTU MoAyset nydlie ncnonb3oBatb MT/c (MUNNMOHBI Nepefay B CEKYHAY), a
He nyTaTb €€ C YacTOTON BHyTpeHHUX TakToB. DDR4 1 DDR5 — pasHble NOKONIEHWS, MEXaHUYECKMN N INEKTPUYECKM
HECOBMECTUMbIE.

Lna 06bl4HOro 64-6MTHOrO KaHana 6e3 y4éta Cny>Xe6HbIX HaKTafHbIX PaCXof40B TeopeTUyeckas NponyckKHas
CMOCOBHOCTb CYUTaeTCs Tak:

WvprvHa: 64 6ut = 8 b6anT

MponyckHaa cnocobHocTb (Ib/c) = MT/c x 8 / 1000
NMpumep: DDR4-3200 - 3200 x 8 / 1000 = 25,6 Ib/c

TanmuHr CL — 3apepxxka CAS B TakTax NaMsiTy nocne onpeaenéHHon KomaHabl YteHus. 3HadeHune CL camo no ce6e
He[0CTaTOYHO AJ1si CpaBHEHUs pasHbix ckopocTel. s DDR-3200 (buandeckuii TakT nepegaym 1600 MIu) nepuog
coctaBnset 0,625 Hc; CL16 cooTBeTcTBYET NpUMepHO 10 HE Tonbko anA atoli CAS-coctaBnsiowein. lonHas
3a/iep>KKa YTeHUs1 60/bLLEe U 3aBUCUT OT COCTOSIHUSI CTPOKM, KOHTPOJI1Iepa U NHbIX (akTopoB.

NMepuog TakTa (Hc) = 2000 / ckopocTb DDR (MT/c)
YacTb 3aaepxkm CAS (Hc) = CL x 2000 / MT/c

DDR4-3200 CL16 - 16 x 2000 / 3200 = 10 Hc

Henb3s 3akntountb, 4to KomniekT DDR5-5600 CL46 o6si3aTenbHO 6biCTpee BO BCex 3agadax, yem DDR4-
3200 CL16. Y cuctem pasHble KOHTpOsepbl, NiaTopMbl M NMPOMNYCKHas CMOCOBHOCTL; TpebyeTcsa

CpaBHEHWME pealibHbIX CLLEHAPUEB.
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I'quemy KOMIbIOTEpPY He XBaTaeT NaMATU U 4YTO TaKoe Kall

MpoLeccop MOXET BbINOSHATL onepauun 6bicTpee, YeM 6onbluas DRAM ycneBaeT BblgaBaTh faHHble. YTo6bl He
»xaaTb O3Y Ha KaXxxaoMm Lare, ucnosnbaytoT Kaw L1, L2 n L3. Mpu cache hit Hy)kHble faHHble y)Xe Hax0AaATCS B K3LUE;
npwu cache miss npuxoanTcst obpalLaTbCs K CeayoweMy YPoBHLO, a MHorga n K RAM.

KaLw ncnonb3ayeT NpUHLMN IOKaJIbBHOCTH: EC/V NPOrpaMMa o6paTuiachb K AaHHbIM, TO HEPeAKO CKOPOo 06paTnTCs K
HUM Xe (BpeMeHHas JI0KaslbHOCTb) UM K COCEHUM agpecaM ([poCcTpaHCTBEHHas JI0KabHOCTb). [10aTOMY Kalu
06bI4YHO MEPEHOCUT HE OfIMH CJlyHaiHbIN 6aiT, a Lesyto KIW-IMHUIO (Hanpumep, 64 6ainTa B TUMMYHbIX X86-CUCTeMaX).



LLMN 3anpawuBaeT Kaw L1 L2/L3 o3y

appec Monapaxue? OTaaém Ecnu npomax B L1 Ecnu HeT B Kalwe

UHCTpYyKUMa unm GeicTpo

AaHHble

YPOBHVI nokasaHbl nocriegoBaTeNbHO 418 MOHMMaHNA naen. PearnbHble CXeMbl MOoryT 6bITb

MHKJTO3NBHbIMWU, HEUHKJTFO3UBHbIMU N C HECKOJIbKUMU NYTAMMU o6paLu,eva.

Y10 CTYAEHT AOJI)XKXeH YMeTb 06BbACHUTD

RAM Hy>kHa He BMecTo SSD, a Mexay SSD 1 npoLeccopoM: OHa OCTAaTOYHO 06 bEMHas A5 TeKyLLen paboTbl U
6bICTpee AOIFOBPEMEHHOMO XpaHunuLa. Kaw HyxkeH He BMecTo RAM, a 4To6bl Yalle He obpallaTtbes K Hel. Pernctpbl
HEo6XoANMbI AS1 faHHbIX, HENOCPEACTBEHHO Yy4aCTBYHOLWMX B UCMOSTHEHUM KOMAHS,
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I'IpaKTuquKaﬂ cuTyauma. BbI6MpaeM namMdaTb ANnd 3aga4yv

Cutyaums Y10 BaXKHee u noyemy

OTKpbITbl AECATKU BKNALOK, pefakTop 1 JocTaTouHblit 06béM RAM: MeHblLLe pucka, 4To OC HauYHET
BUPTyasibHaA MaluMHa 4aCTo BbIrpyXaTb CTPaHWULbl Ha ANCK

Bbluncnenus Hag 60nblIMMKM MaccuBamm Ba)xHbl 06bEM, 3a4epXKKa, KALL-/TOKAsIbHOCTb M MPONYyCKHasA
JaHHbIX Cnoco6HoCTb

XpaHeHune poTorpaduii nocrne BbIKKOYEHUS Hy>kHa aHeproHe3saBucumas namsTb, Hanpumep SSD
YcKopuTb NOBTOPSAIOLLEECH BbIYMCIIEHNE Ha Ba)kHbl KaLw, NOKanbHOCTb AOCTYMa, afAropuTM 1 rnpoLeccop

HeboNbLOM MaccuBe

CepBep Ao/KeH 06HApy>XMUBaTb TUTMNYHbIE Mnatdopma c cooTBeTCTBYIOLWEN NoaaepxkKoit ECC RAM u
OAMHOYHbIE OLUMOKKN BUTOB MOHUTOPWUHIOM OLLUMBOK

UToroeas uenouka: (‘I)M3VI‘IECKVIFI cnoco6 XpaHeHusa - CBOMCTBa NamMATN — poJsib B CUCTEME — MOKa3aTenu
npoun3BoauTesIbHOCTM. Ecnu pa3ninyaeTe 3TN YeTbipe YPOBHA, Bbl CMOXXETE OCMbICJIEHHO YNTaTb CI'IeLl,VICbVIKaLI,I/IVI
xernesa.

TecT No n3yyeHHOMY MaTepuany

TeopeTuyeckas YacTb 3aBeplieHa. Bbibepute oguH OTBET B KaXXA0M BOMpPOCe, 3aTeM HaxXmute «[poBepuTb TeCT».
PesynbTaT MOKa)eT YNCII0 NPaBUSIbHbIX OTBETOB U O6BSICHUT OLIMEKU. B KOHLIE OTBETbTE Ha pa3BEPHYTble
BOMPOCHI — UX NPOBEPSIET NpenoaaBaTerb.
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YacTb A. Bbi6epute npaBuibHbINA OTBET

1. Kakas namMATb 06bI4HO UCMONb3YyeTCAl B KayeCcTBEe OCHOBHOI onepaTUBHON NaMATH
MnK?

NAND Flash

(o DRAM

MarHuTtHas neHTta

OnTuyecknn auck

MpaBunbHbI oTBeT: DRAM. O3Y KoMnbioTepa 06bI4HO OpraHn3oBaHo Ha DRAM.

2. Yto npoucxoaut c 06biuyHO DRAM nocne pnnMTenbHOro OTK/OYEHUS NUTaHNUA?

[aHHble coxpaHATCA HaBcerga

(0 J[laHHble TepsIoTCA

MamaTtb npespalwaetca B ROM

[aHHble 3anucbiBatoTcst Ha SSD aBTOMaTHUUYeCKHU

lMpaBunbHbIn oTBET: [JaHHble TepsatoTcad. DRAM aHeprosaBucuma; ona coxpaHeHus

COLEPXXMMOTO e HY)XKHO NuTaHue u refresh.

3. 3auem DRAM BbinonHsaert refresh?

Ona pedpparmeHtaumm

(O [ina BocCTaHOBJIEHUA NOCTENEHHO UcUYe3alollero sapsaa

[nAa yBennyeHus KonumyecTBa siyeek

[na npoBepku MHTepHeTa

MpaBunbHbIN OTBET: 19 BOCCTAaHOB/IEHWUSI MOCTEMNEHHO McYe3atoLero 3apsiaa. 3apsg

KoHAeHcaTopoB DRAM yTekaeT, No3TOMY ero Hago pereHepupoBarTb.



4. I'pe 06b14HO NpuMeHsieTcss SRAM?

C. B kawe npoueccopa

B marHuTHbIX nnactuHax HDD
B ontuyeckux DVD

Tonbko B SSD

MpaBunbHbIA OTBET: B Kalwwe npoueccopa. SRAM 6bicTpee, HO OPOXKE 3a 6UT U 3aHMMaET

6onblle niaowaau, NosToMy NOAXOANUT AN KILEN.

5. Uem 3apgep)KKa OT/IMYAETCA OT NPONYCKHOM CNOCO6HOCTU?

Huuem

(0 3aAep)K|(a — O)XXuAaHue OTBeTa, NponyCcKHas CcnocobHOCTb — 06bEM AAHHbIX 3a BpemMsa

3apeprxKa usmepsietTcsl ToNibKo B rurabantax

MponyckHas cnoco6HOCTb 03HAaYaeT COXPaHHOCTb AaHHbIX

ﬂpanmbelVl OTBET: 3ap,ep>KKa — OXXunpaHue oTBeETa, NPonycKHasa CMNOCOBGHOCTb — O6BEM
AaHHbIX 3a BpeMA. 9TO ABa HE3aBUCUMMbIX CBONCTBA: BpemMA o gHOIro o6pau.|,eva n
CKOPOCTb NOTOKa AaHHbIX.

6. Yto o3HauvaeT 3200 MT/c?

(o 3200 MuUnNIMOHOB Nepefiay B CEKYHAY

3200 merabaiT o6bEMa
3200 HaHOCEeKYH/, 3afiepPXXKK

Yucno agep npoueccopa

MpaBunbHbI oTBeT: 3200 MUNNNMOHOB Nepefay B cekyHay. MT/c — MUNNnoHbI nepegay
[AaHHbIX B CEKYHAY.



7. KakoBa TeopeTuyeckas nponyckHasa cnocoé6Hoctb DDR4-3200 no ogHOMY 64-6UTHOMY
KaHany?

3,2Tb/c

6,4Tb/c

(. 25,6 I'B/c )

3200TBb/c

MpaBunbHbIM oTBeT: 25,6 'b/c. 3200 x 8 6anT + 1000 = 25,6 I'b/cC.

8. CkonbKo 6uT B ogHOM baiTe?

& )
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MpaBunbHbINA OTBET: 8. 1 6aNT = 8 6UT.

9. Yto Takoe nonapaHue B Kaw (cache hit)?

CO Uckomblie faHHble 06Hapy)|(eub| B KdLlle )

Bce paHHble yaaneHbl
3anyLeH aHTMBUpYC

3aBepLueHa 3anucb Ha AUCK

I'IpanmbelVl OTBET: VIcKOMble AaHHble O6Hapy)KeHbI B Kawe. Ecnun gaHHble Y>Xe B KalleE,

obpallleHne K crnefytowemMy MeaieHHOMY YPOBHIO HE HYXKHO.



10. Kak Ha3biBaeTcAl MOBTOPHOE UCMNOJIb30BaHNEe HegaBHO 3arpoLUeHHbIX DaHHbIX?

N3HoC

(o BpemeHHas noKanbHOCTb

LLndpoBaHue

CermeHTtauus

[MpaBunbHbIN OTBET: BpeMeHHasda foKasibHOCTb. BpeMeHHas 1okanbHOCTb — BblCOKas

BEPOSITHOCTb CKOPOro MOBTOPHOIo 06palleHus.

11. Kakas namMaTb NOAXOAUT A1l XPaHEHUs! LOKYMEHTOB nocrie BbiK/louyeHus?

Peructpbl CPU

Kaw L1

e SSD

MpaBunbHbI oTBEeT: SSD. SSD o6ecneynBaeT 3HEProHe3aBUCUMOE XpaHeHMe Gaios.

12. B TunnyHom MK yTo 6bICTPEE NpMN AOCTYNE K AaHHbIM?

(o L1-k3w

HDD
SSD SATA

OnTuyecknt AUCK

MpaBunbHbIA OTBET: L1-K3wW. L1-K3LW pacnonoxXeH 6/MKe K BbIYMCAUTENbHbIM 6/10KaM U

nMmeetT MMHMUMaJlbHble 3a4EepPXXKU.



13. Yto o3HayaeT CL16 B MapKkupoBKe Moayna?

EmkocTb 16 T'B

(o YacTtb 3apepxku CAS B 16 TakTax

16 He3aBMCUMMbIX KaHaNoB

16 notokoB CPU

lMpaBunbHbIN oTBET: YacTb 3agep)xkn CAS B 16 TakTax. CL nsmepsert oavH N3 TaiMUHIoB
DRAM B uuknax, a He 06LLYyH0 3a4ePXXKY UM EMKOCTb.

14. MNoyemy Henb3a cpaBHuBaTb ABe DDR-namsaTu Tonbko no CL?

CL nsmepsieT Temnepartypy

(o Hy>XHO yuMTbIBaTb CKOPOCTb Nepefaum u Apyrue 3afiepXxkm

CL oTHOCMUTCSA TONBbKO K SSD

TaliMUHIU He cyLecTBYIOT

FlpanmbelVl OTBET: Hy)KHO Yy4nUTbIBaTb CKOPOCTb nNepenavyn n gpyrme 3sagepxku.

OgnHakoBOEe YNCSO0 LNKIOB npu pa3H017| yacToTe fQaéT pa3HOe BpeMA B HC.

15. Kakas ¢opmynupoBKa BepHa?

03Y 1 SSD — oAuH U TOT XXe pecypc

BonbLumnit SSD aBTOMaTUYECKU yBENUYNBAET 06bEM 03Y

(o 03Y xpaHuT paboumne gaHHble; SSD — gonroBpemMeHHble

RAM Bcerga aHeproHesaBucuma

MpaBunbHbI oTBET: O3Y XpaHUT paboume gaHHble; SSD — foNroBpeMeHHble. 3TO pasHble
YPOBHU XpaHeHUA JaHHbIX C pa3HbIMUY 3agadyamMu.

15 13 15 (100%)

Bbl otBeTUIM Ha 15 13 15 TeCTOBbIX BOMPOCOB. ABTOMaTMYyecKas oLleHKa y4nTbiBaeT TOJIbKO BOMPOChI C
BbIGOPOM OTBETQ; pa3BEPHYTbIE OTBETbI MPOBEPSIET NpenogaBaTeb.



BOI'IpOCbI HWXXe MOACBEYEHDI: 3e/1EHas paMKa — BEpPHO, KpaCHaaA — owmnbKa, Xéntasi — 6e3 oTeeTa.

AN

Yactb b. 06bsiICHUTe CBOMMM C/llIOBaMU

9tn BOMPOCbI HY>XHbl, yTOODI NpoOBepPUTb MOHUMAaHMUE, a He yragbiBaHne. ABTOMaTnyeckas OLeHKa UX He yYUTbIBaeT.

Pa3BépHyTbiii Bonpoc 1. 06bsicHuTe pa3Huyy SRAM n DRAM: Kak Ka)kas XpaHUT 6uUT,
noyemy ofHou Hy)xeH refresh, a ppyrou Her.

Baw oTeeT (MpoeepsieT npenogaBsaTesb)

SRAM ynep>xuBaeT /Iormyeckoe COCTosAHME C MOMOLLbIO 3NIEKTPOHHOWM CXEMbl HECKONbKUX
TPaH3UCTOPOB, 06Pa3YHOLLUX AYENKY-3aLLENKY
DRAM xpaHUT MHGOpMaLMIO KaK 3/IeKTPUYECKN 3apsi B MMHUATIOPHOM KOHAEHcaTope

Pa3BépHyTbin Bonpoc 2. Komnbiotep ¢ 8 'b O3Y n SSD 1 Tb Topmo3uT npu 30
OTKPbITbIX BKJIaAKax U ABYX BUPTYya/ibHbIX MalUMHaX. 06 bACHUTE BEPOATHYIO MPUUYUHY U
apryMeHTupyuTe, Kakoe yJy4llieHne NoMoXKerT.

Baw oTBeT (NpoBepsieT npenogaBaTtesib)
KomnbloTepy He xBaTaeT onepaTusku. 30 BKaAOK M Be BUPTYasku TpebytoT ropasao 6onblue. M3-3a

3TOro CMCTeMa HauyMHaeT cKuabiBaTb paboune gaHHble Ha SSD. XoTb SSD u 6bICTPbIV 45151 XpaHeHUs

daino., kak 3ameHa O3Y HO OH 0O4YeHb MefJIEHHbIN, OTCIOAA U XYTKNE TOPMO3a.

Hy)KHO NPOCTO AOKYMNUTb ONepaTUuBHYKO NaMATb U TOr4a BCe Nnpoueccbl BN1e€3yT B 03y, n KOMMbLOTEP

nepectaHeT MyunTb SSD.



Pa3BépHyTbii Bonpoc 3. Bbluncnure TeopeTnyecKyto nponyckHyto cnoco6Hoctb DDR4-
3200 no ogHOMY 64-6UTHOMY KaHany n npuMmepHyto CAS-cocTaBnsIOLWLYIO 3afePXKKU AN
CL16. Ykaxkute (popmynbi.

Baw oTeeT (NpoBepsieT nNpenogaBaTesb)

1. NponyckHas cnoco6HOCTb:

- ®opmyna: 3ddekTBHas yacToTa* LLIMpuHa WuHbI B 6anTax.
- LUnpuHa wuHbl: 64 6uTta = 8 6anT.

- Pacyet: 3200 MT/c x 8 6anT = 25 600 MB/c (unu 25,6 I'6/c).
2. 3apepxkka (CAS Latency):

- ®opmyna: (CL x 2000) / 9ddekTMBHas yacToTa.

- Pacuert: (16 x 2000) / 3200 = 10 HaHOCEKYHA, (HC).

MUcTouHUKK gnsa AONONHUTENIbHOIO n3y4vyeHusa

MaTepuan agantTupoBaH ans o6yquv|ﬂ. CxeMbl n Mogenun — yl'lpOIJ.LéHHbIe y‘-le6HbIe npuMepbl; 3Ha4YeHUA
Nnpon3BoANTENIbHOCTU 3aBUCAT OT KOHKPETHOIro yCTpOVICTBa.

1. OpenStax - Memory Hierarchy

2. 1BM - Hardware hierarchy
3. IBM - Primary Storage

lNepen cpoaven
v Ykasanbl ®UO, rpynna v gaTa.
v/ OTMeyeHbl OTBETbI Ha BOMPOCHI C BapMaHTaMu U HaXkaTa KHOMKa NpoBEPKMY.

v HanucaHbl 06bACHEHWS B OTKPbITbIX BOMPOCAX.

HaxmuTte «OTnpaBuTb paboTy — coxpaHutb PDF». OTKpOETCS OKHO NevyaTu: B KayecTBe NpUHTEPa BblbepuTe
«CoxpaHuTb Kak PDF». B oTuéTte 6yayT ®UO, BbibpaHHble BapnaHTbl, 6ann 1 Ballu pa3BEpHyTble oTBeTbl. OTnpaBka
Ha cepBep He BbINOJIHSAETCS.

B gnanore neyaTtu Boi6epute «CoxpaHntb Kak PDF».


https://openstax.org/books/introduction-computer-science/pages/5-5-memory-hierarchy
https://www.ibm.com/docs/en/aix/7.1.0?topic=performance-hardware-hierarchy
https://www.ibm.com/think/topics/primary-storage

