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3aueM KOMMblOTEpPYy NaMATb

Mpoueccop yMeeT BbINOAHATbD UHCTPYKLUK, HO €My HY>KHO re-To 6paTb 9T MHCTPYKLWM, MONyYaTb UCXOAHbIE
[laHHble U OCTaBNsATb pesynbTaThl. [lnsi 9TOro CywWecTByeT NamMsaTh — YCTPOICTBA U CTPYKTYPbI, KOTOPbIE XPaHAT
nHdopMaumio B Buae 6utos. OanH 6UT NpuHMMaeT 3HaueHne 0 unm 1; BoceMb 6UT 06pasyioT H6awT.

MpeactaBbTe nosapa. Mpoueccop — 3T0 NoBap, PErucTpbl — MNPOAYKTbI MPSIMO B PyKax, K3LW — ManeHbKas rnoska
PAAOM C NAWUTOM, onepaTMBHasA NaMATb — pabounii cton, a SSD — knagosas. MNoBap MOXKeT XPaHUTb MHOroe B
KNaAoBOM, HO HeMpepbIBHO 6eraTth B HEE 3a KaXKAOMN NIOXKKON Hey[06HO.

MyTb AaHHbIX B TUNMUYHOM MK

SSD / HDD 03Y (RAM) Kaw LiN Perunctpsi

MporpamMmbl - Paboune faHHble - HepaBHO unu vacto - OnepaHabl TeKyLWMX

chaitnel Mexxay 3arpy>KeHHbIX MConb3yembie KOMaHg
3anyckamm nporpamMm AaHHble

Cxema yrpoLeHa: NpoLeccop U KOHTPOEPbl B3aMMOAENCTBYIOT C MaMATbIO CIOXKHee; 34eCb
NOKa3aHa naed ﬂpMéJ‘IM)KeHMﬂ AAHHbIX K BblYUCITIEHUAM.

Korpa bl 3anyckaete urpy, OC 06blYHO YMTAET UCMONHSAEMbIE dainbl U HeobxoauMble pecypcsl ¢ SSD n
0oTOBparKaeT UM 3arpy>kaeT UX B NaMATb. Bo BpeMs paboTbl npoueccop obpallaeTcs K AaHHbIM yepes kaw n O3Y, a
n3MeHeHws B ainax no Mepe Heo6X0AMMOCTHM 3aMNMCbIBAIOTCA B MOCTOSHHOE XpaHuauLie. MecTo Ha ancke n
06bEéM O3Y — pasHble pecypchbl.
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Mo KakuM NpusHaKaM passinyaloT NaMAaTb

HeT eanHCcTBEHHOrO NPM3HaKa «bbicTpas / MeaneHHas». MamaTb KNnaccnuumpyioT Cpasy no HECKONbKUM
He3aBUCUMbIM CBOMCTBAM.

MpusHak

CoxpaHeHue 6e3
nuTaHus

Kateropum

SHeprosasucumas /
SHeproHesaBucuMMas

Mpumep

RAM TepsieT copep>knumoe; SSD coxpaHsieT

Kaw L1 yckopsieT aocTyn sapa K AaHHbIM

DRAM obecneunBaeT AOCTYN K afpecyeMbiM

HasHauenue Perncrpsl, KoL, OCHOBHast MaMATb,
[ONrOBPEMEHHOE XpaHeHWe

Cnocob goctyna MPOKU3BOMbHBIN, MOCNE[OBATENbHbIN 1
ap.

B0O3MO>KHOCTb YTeHne-3anmcb, ogHOKpaTHas unu

3anucu OrpaHWyeHHas nepesanmch,
MOCTOSHHOE COAEP>KUMOE

DU3NYECKNi MonyNpPOBOAHUKM, MArHUTHBIA UK

npuHLMN ONTUYECKMIA HOCUTENb

AYenKaM; leHTa OpUEeHTUPOBaHa Ha
nocnefosaTeNibHOE YTeHune

DRAM nepesanuncbiBaeTcsi MHOrOKPaTHO;
MacoyHoe ROM 3anucaHo npu
M3roTOBNEHUM

NAND Flash, HDD, ontuueckuit aucK

Ba>kHoe pasnuume: RAM 03HauaeT «namMsATb C NPOU3BO/bHBIM JOCTYMOM», a He «fito6as

SHeprosasMcmMMas NaMATb». Flash To>xe obecneuvBaeT a,qpecyeMblﬁ A0CTYyN, HO UCMONb3yeT UHble

npaswna cTMpaHusa u 3anucun. B noscegHeBHon peun «RAM» 06bluHO O3HauvaeT onepaTueHyio DRAM.

OCHOBHbIe BUAbI MO Ha3HaYEHUIO

Pernctpbl n Kaw

HaxogmsTcs B npoueccope unu psaoM ¢
BbIUUCNTENBHBIMU 6NO0KaMK. OueHb BbICTpbIE,
orpaHuyeHHoro o6béma. Kaw 06bI4HO UCnonb3yeT
SRAM.

ROM u Flash

XpaHsAT NPOWMUBKYM U Apyrue AaHHbIe nocne
OTKNoYeHMs NuTaHus. Flash Mo>kHO

OnepaTuBHas NaMATb

OcHoBHoe paboyee npocTpaHcTso OC 1
nporpamMM. O6bI4HO NocTpoeHo Ha DRAM;
coAep KMMoe TepseTcs Nocne BbIKMoYeHUs
nuTaHus.

SSD / HDD

LonroBpeMeHHOe XxpaHeHwue dainos. SSD 0bbiuHO
ncnonbsyet NAND Flash, HDD — MarHuTHble
NNACTUHBI.



nepenporpaMMmnpoBaTh, HO NMPaBuUia 3anucm
oTnuyatoTcs ot DRAM.
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Kak xpaHutcsa 6ut: SRAM u DRAM

SRAM (Static RAM) ynep>KMBaeT NOrMYeckoe COCTOSIHUE C MOMOLLbIO SNEKTPOHHOM CXeMbl — OObIUHO HECKONBKUX
TPaH3UCTOPOB, 06PA3YIOLLMX AUEKY-3aLLENKY. MoKa NOAAETCA NUTaHUe, COCTOsIHUE COXpaHseTcs 6e3
nepuoanYeckoro o6HOBAEHKS. 3a 3TO MPUXOAUTCS NAATUTb NAOWAABIO KPUCTanNa U CTOMMOCTbIO: SRAM 06bluHO
MPUMEHSIIOT A5 OTHOCUTENbHO HEGOMbLIMX BbICTPBIX KILWEN.

DRAM (Dynamic RAM) xpaHUT MHDOPMALMIO KaK 3NeKTPUYECKUIi 3apsfi B MUHWUATIOPHOM KOHAeHcaTope. [ns
obpalleHns K 3apsay UCronb3yeTcs TpaH3UCTop. 3apsf NOCTENeHHO YTeKaeT, MOSTOMY AaHHbIE HYXKHO PerynspHo
pereHepupoBaTb (refresh). YteHne DRAM To>Ke CBA3aHO C BOCCTAHOBIEHWEM COCTOSIHUSA siuelikun. bonee
KOMMaKTHas fiyeiika NO3BONSET CO3AaTb MHOMO rMrabanT OTHOCUTENbHO HEAOPOrON NaMATK.

SRAM: noruueckas 3awénka DRAM: TpaH3ucTOp U KOHAEHcaTop
l Word line
NOT NOT j——
Q Q L

KoHaeHcaTop = 3apsig

CocTosiH1E MOAAEPIKMBAETCS B3aUMHOM Yrnpasnsiowast IMHUA OTKPbIBAET TPAH3UCTOP,
06paTHOW CBSA3bIO ABYX MHBEPTUPYIOWMX Y3/I0B MO3BONSS YATATb MW 3anuUcbiBaTh 3apsg. [ns
(ynpowéHHoe nsobpaxkeHune). XpaHeHus Tpebyetcs refresh.

OyHKLUMOHaNbHbIE CXeMbI, @ He NoAPO6HbIE CxeMbl MUKpocxeM. Oba BMAa O6bIYHO SHEPrO3aBUCUMDI.

# WHTepakTue: noueMy DRAM Hy>KHa pereHepauus

CbiMUTUpYITE yTeuky 3apsaa. Mopor 40% v war 22% BbibpaHbl TONbKO AN HAarNAAHOCTU; peasbHble
AYEMKM U KOHTPOMNEPbl HAMHOTO ClIOXKHee.

3apsaa: 100% - MHTepnpetaums: 1 (pacnosHaércs)

McxopHo 3anmcaHa 1. Mogenb ynpolieHa: BpeMsi He COOTBETCTBYET peanbHoi DRAM.



CBoiCcTBO

Dusnueckas aueika

Refresh

MnoTHOCTb / UeHa 3a

out

O6blyHOE NMpUMeHeHWe
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SRAM

TpaH3ucTopHas 3awénka
He Hy>KeH ans yaeps>kaHus
LlaHHbIX

Hwyke / Bblwe

Kaw CPU

Appeca, uTeHue 1 3anucb

DRAM

3apsj KoHAeHcaTopa v AOCTyr yepes

TpaH3ucTop

Heobxoanm nepuoanyeckm

Boiwe / HW>ke

CucreMHoe O3Y

MpeacTaBbTe NaMATb Kak AAWHHbIA PsAf NPOHYMEPOBaHHbBIX AYeeK. Y KaXkaoi obnacTv eCTb aapec: Mo HeMy
npoLeccop 3arnpalimBaeT YTeHUe UK 3anucb. B 6OMbLIMHCTBE COBPEMEHHbIX CUCTEM MaMsTh GaiiToBo-aapecyeMas
— oTAenbHbIN agpec cooTseTcTByeT 6anTy. MNpn aTOM dumsnyeckas DRAM BHYTpPU yCTpOeHa ropasfo cnoxXHee:
CTPOKM, CTON6LbI, 6aHKK U rpynnbl 6aHKOB.

1. Mpoueccop nHUUMUpyeT obpalueHre K agpecy (06bIYHO CHauyana MPOBEPSETCS K3LL).

2. KoHTponnep namMaTh BbIBUPAET HY>XHble MUKPOCXEMbI, 6aHKK, CTPOKK U cTon6bubl B DRAM.

3. MNpw YTEHWUM AaHHbIE NEPefaloTCs K MPOLECCOPY; NPW 3anMcu KOHTPONEP U3MEHSIET COAEP>KUMOE.

4. |-|pM HeobxoanMoCTH KOHTpPONNEP BbINONHAET cny>+<e6Hb|e onepauuu, B TOM ynucne refresh.

# WHTepakTus: 32 agpecyemMbix 6uta (yuebHasi Mopesb)

LLIénkHWTe no sveitke, 3aTeM 3anuwuTe 0 unm 1. 9T0 Mogenb GUTOBBIX fueeK Ans 0byyeHus, He pasMep

06bIYHOrO afpecyeMoro aneMeHTa coppemeHHon O3Y.

0 1

2 3

Agppec 0 (aBonyHbIM 00000): 61T 0

MpuMep c Gaitamm: ecnm no agpecy 100 pacnonorkeH 6ant 10101010, 370 BoceMb 6uT. Cneaytowmin 6anT 06bIYHO
umeet agpec 101. [Ing uTeHns ymcna pasmMepoM yeTbipe 6aiiTa NpoLEeccop MOXKeT 06pallaTbCsa K AnanasoHy aapecos

100-103 (c yuéToM nopsiaKa 6aiTOB M MPaBUN apXUTEKTYPBI).
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naBHble XapaKTepUCTUKM NaMATHU

CKOpPOCTb KOMMbIOTEPA HENb3s ONPeaennTb TONbKo 06beéMoM O3Y unu opHoM Lundpon «MI Uy, BaxkHo cpasy
HeCKoNbKO napamMeTpoB.

XapakTepuctuka YTo0 03HauaeT Mpumep
EmkocTb CKOMbKO AaHHbIX MOXKET 16 b RAM, 1 Tb SSD
XPaHUTbCA
3apep>kka (latency) CKONbKO BPEMeHU MPOXoANT A0 M3MepseTcs B HC UnK TakTax; 3aBUCUT OT
nonyyeHus otTeeta focTyna
MponyckHas CKOMbKO AaHHbIX NepeaaéTcs 3a Hanpwumep, 25,6 I'b/c TeopeTnyeckn ans
Ccnoco6HoCTb ceKyHay DDR4-3200 Ha 64-61THOM KaHane
CkopocTb nepepauu Yucno nepepay B cekyHay DDR4-3200: 3200 MT/c
TalMuHrun 3aAep>KKM pasHbIX onepaumi, CL, tRCD, tRP, tRAS

BbIPA>KEHHbIE B LIMK/IAX
SHepronoTpebnexHune CKOMbKO 3HEpPrumn TpebyeTcs CyLwecTBeHHO Anst HoyTOyKa 1 cepsepa

Hapé>xxHoctb O6Hapy>keHune oWn6oK, ECC y noanep>kusaeMbix nnatopm
ncnpasnexune, pecypc

EMKocTb: He nyTaitTe 6UT U GaiT

1 6airT = 8 6uUT. B fecsTMuHOM 0603HayYeHun 1 GB = 1 000 000 000 6aiT; B ABoMUHOM 1 GiB = 1 073 741 824 6aitTa.
B nHTepdeiicax nHorga ncnonb3sytoT «I'b» ans BennumnH, pakTnueckm cootsetcTaytowmx GiB. MNMpumep: 16 GiB O3Y =
16 x 1024° 6aiT.

3apep>KKa U NponyckHas cnoco6HOCTb — 3TO pasHoe

[lBe aHanoruu: sailep>kKa — CKOJbKO Bbl XXAETE nepBbivi aBTobYyC, NPOMYCKHas CNOCOBHOCTb — CKOJ/IbKO
racca>kupos Bce aBTo6YCbl MEPEBO3AT 3a Yac. Bbicokas NponycKHas CnocobHOCTL He O3HaYaeT, UTo nepsoe
obpalyeHne obasaTenbHO bbicTpee.



YcnoBHoe cpaBHeHMe Tpe6oBaHMil K CKOPOCTH U EMKOCTH

Perucrpsi C ) OuYEeHb Mano
Kaw o Mano

- pr—. o

S50/ DD D T

CxeMa rnoKasblBaeT OTHOCUTENbHYI0 EMKOCTb B 06bIYHOM [1K; WMPUHBLI CTONBLOB YCNOBHbIE, HE B
eanHoM wKane.
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DDR, MT/c 1 TaMUHIU: KaK UNTaTb XapaKTEPUCTUKMN

DDR (Double Data Rate) — cemMeilCTBO TEXHONOI M NaMATK, Nepefalowmnx JaHHble ABaXkAbl 33 nepuof 6a3oBoro
TaKTOBOrO CurHana. MosToMy Ans CKopoCTu MoAynen nyJwe ucnonb3osaTb MT/c (MUNNMOHBI Nepepau B
CceKyHAy), a He nyTaTb €€ C YaCcTOTOMN BHYTPeHHMX TakToB. DDR4 1 DDR5 — pasHble MOKONEHUS, MEXaHUYECKU U
3N1EKTPUYECKN HECOBMECTUMBIE.

[ns o6blyHOrO 64-6UTHOrO KaHana 6e3 yu'éTa Cny>KebHbIX HaKNaAHbIX PacXofoB TeopeThyeckas NpornycKHas
CNOCOBHOCTb CYUMTAETCA TaK:

impuHa: 64 6ut = 8 6aiiT

MponyckHas cnocobHocTb (IB/c) = MT/c x 8 / 1000
Mpumep: DDR4-3200 - 3200 x 8 / 1000 = 25,6 Ib/c

TanmuHr CL — 3apeprkka CAS B TakTax NaMaTK Nocae onpeaenéHHon KoMaHabl YtTeHmns. 3HaueHne CL camo no
cebe HeJOCTaTOYHO ANS CPABHEHMS pasHbIx ckopocTer. ns DDR-3200 (dusnueckuit TakT nepegauv 1600 Mru)
nepuog coctasnset 0,625 Hc; CL16 cooTBeTcTBYET NpMMepHO 10 HC ToNbko Ans aTok CAS-cocTaBnstoLLeid.
MonHas 3apaep>kka YTeHust 6onbLUe U 3aBUCUT OT COCTOSIHUS CTPOKM, KOHTPOIEPa U UHbIX (PaKTOPOB.

Mepuog TakTa (Hc) = 2000 / ckopocTb DDR (MT/c)
Yactb 3agepxkm CAS (Hc) = CL x 2000 / MT/c

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

Henb3sa 3aknounTb, uto KoMnnekT DDR5-5600 CL46 o6a3aTenbHO 6biCTpee BO BCEX 3afadax, YeM
DDR4-3200 CL16. Y cucteM pasHble KOHTPOAnepbl, M1aTtdopMbl U NPONYCKHas CocobHOCTb; TpebyeTcs
CpaBHeHMWe peanbHbIX CLEeHapues.
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noquy KOMMbIOTEPY He XBaTaeT NaMATU U UTO TaKoe K3l

Mpoueccop MOXKeT BbINONHATL onepauunn bbicTpee, yeM 6onblias DRAM ycnesaeT BblgaBaTb AaHHblIe. YTOObI He
»xpaTb O3Y Ha Ka)kAoM wware, ucnonbayioT kaw L1, L2 u L3. Mpw cache hit Hy><Hble AaHHblE y>Ke HaXOAATCA B
Kawe; npu cache miss npuxoanTcs 06paLLATLCA K CeayoWeMy YPOBHIO, @ MUHOTAA U K RAM.

Kaw ncnonbdyeT NpUHLMN NOKaIbHOCTU: €CAv MPOrpaMMa ob6paTunack K AaHHbLIM, TO HEPeAKOo CKOpo 06paTUTCa K
HUM >Ke (BpeMeHHas I0Ka/lbHOCTb) UMW K COCEAHUM afpecaM (MpOCTPaHCTBEHHAs TOKabHOCTb). M03TOMyY K3l
06bIYHO MEPEHOCUT HE OAUH ClyYaiHbIM 6aNT, @ Lenyio KaLW-MHUIO (Hanpumep, 64 6aiTa B TUMUYHbLIX X86-
cncTemax).

un Kaw L1 L2/L3 o3y
3anpalwumeaet Monapaxune? Ecnn npomax B L1 Ecnu HeT B kawe
Otpaém 6bicTpo
appec -> A p -> ->
WHCcTpyKUmMa unm
ZlaHHble

ypOBHl/I noKasaHbl NOCNefoBaTENbHO ANs MOHUMaHUA naen. PeanbHble cxeMbl MOryT 6bITb
NHKIO3UBHbIMU, HEUHKNO3UBHBIMU U C HECKOJIbKUMU NYTAMU OépaLLleHMﬂ.

Yrto CTYAEHT A0JIDKEeH YMeTb 06bACHUTD

RAM Hy>kHa He BMecTo SSD, a Mexkay SSD 1 npoueccopoM: oOHa AOCTAaTOYHO 06bEMHas Ans TeKyllel paboTbl U
6bICTpee AONrOBPEMEHHOrO XpaHunuLa. Kaw Hy>keH He BMecTo RAM, a 4Tobbl Yalye He 06paLlaTbCa K Hel.
Perncrpbl HeO6XOAMMBI ANs AaHHbIX, HEMOCPEACTBEHHO YYaCTBYIOWMX B UCMOMHEHUN KOMaHA.
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npaKTM‘-IeCKaH cUTyauud: BbI6VIpaeM NMNaMATb ANd 3a4a4uun

Cutyaums Yto Ba>kHee U nouemy

OTKpPbITbI AECATKM BKNALOK, PefaKTOP 1 JoctaToyHblt 06b€M RAM: MeHblue pucka, yto OC HayHET
BUPTYasbHas MalWuHa YacTo BbIFPY>KaTb CTPAHULbI Ha AUCK

Bbluncnenms Hag 60nbLWMMKM MaccMBaMu Ba>kHbl 06bEM, 3aA€P>KKa, KILW-NOKaNbHOCTb M MPONYCKHas
JaHHbIX cnocobHoCTb

XpaHeHune poTorpacuii Nocne BbIKYEHUS Hy>kHa aHeproHesaBucMMas namsTb, HanpvuMep SSD
YCKOpPUTb MOBTOPSIOLLEECS BbIYNCIEHNE Ha Ba>kHbl K3LW, NOKanbHOCTb AOCTYMa, aNrOpUTM 1 NpoLeccop

HeboNbLIOM Maccmee



Cutyauus YTo Ba>kHee 1 nouemy

CepBep JomKeH 06HapY>KMBaTb TUMWUYHbIE MnaTtcopMa c cooTBeTcTBYIOWEM Noaaep>kkort ECC RAM u
OAMHOUHblE OWNOKM 6UTOB MOHWTOPUHIOM OLIMOOK

MToroBsas Lenoyka: cusunueckun cnoco6 XpaHeHUsA —> CBOWCTBa MaMATU —> POJib B CUCTEME —> NMOKasaTenu
NMPOU3BOAUTEJIbHOCTU. Ecnu pasnnyaeTe 3TN YeTbIPE YPOBHS, Bbl CMOXKETE OCMBICIEHHO YMTaThb Ccreuudukaumum
xenesa.

TecT Nno usyueHHOMy MaTepuany

TeopeTnyeckas yacTb 3aBeplueHa. BoibepuTe oauH OTBET B KaXKAOM BOMPOCE, 3aTEM HaXkMuTe «[poBepuUTh
TecT». PesynbTaT NMOKaXkeT YNCIO NPaBUNbHBIX OTBETOB U OOBSCHUT OWMOKM. B KOHLIE OTBETbTE Ha Pa3BEPHYTbIE
BOMPOChl — WX NPOBepsieT npenojasaTenb.

18 13 18 otBeTOB MpoBepka 6e3 wrpada 3a NOBTOPHYIO NOMbITKY

v

Yactb A. BbibepuTte npaBuibHbIA OTBET

1. Kakasi naMaTb 06bIUHO UCMOJIb3YeTCA B KaYeCTBE OCHOBHOM OnepaTUBHOM NaMATH
nK?

NAND Flash

(e Dram )

MarHuTHas neHTta

OnTuyeckun auck

MpasunbHbI oTBeT: DRAM. O3Y KOMMbloTEpa 06blYHO OpraHM3oBaHo Ha DRAM.



2. Yto npoucxoamt c o6biuHO DRAM nocne pnavTenbHOro OTK/IOUEHUS NUTaHUA?

JlaHHble COXpaHAIOTCA HaBcerpa

(0 HaHHble TepsaloTCca

MamsTb NpeBpalaetcs B ROM

JaHHble 3anucbiBaloTca Ha SSD aBTOMaTMUeCKn

MpaBunbHbI 0TBET: [aHHble TepsaoTca. DRAM sHeprosaBucmMma; ans cCoxpaHeHus
COLEPYKMMOTO el HY>KHO nuTaHue u refresh.

3. 3aueM DRAM BbinonHsert refresh?

Iina pedpparmeHTauum

(. [AnsA BOCCTaHOBJIEHUSA MOCTENEHHO UCHE3alOLLEro 3apsaa

Ins yBeIMYEHUA KONIYeCTBa ayeeKk

[insi NpOBEPKU MHTEPHETa

MpaBwnbHbIA OTBET: [Ind BOCCTAHOBNEHMS MOCTEMNEHHO MCYe3atoLlero 3apsaa. 3apaa
KoHAeHcaTopoB DRAM yTekaeT, NOSTOMY ero Hafo pereHepupoBaTh.

4. I'pe o6bIuHO NnpuMeHsieTca SRAM?

( ® B KkaLe npoueccopa

B MarHuTHbIx nnactuHax HDD
B onTtuyeckmux DVD

Tonbko B SSD

MpaBunbHbIA OTBET: B Kalwe npoueccopa. SRAM 6bicTpee, HO AOpPOXKe 3a 6UT U 3aHUMaeT

6onblue Nnowaau, NO3TOMY NOAXOAUT AN KILEWn.



5. UeM 3apeprkKa OT/IMHAETCH OT NPONYCKHOMW cnoco6HOoCTU?

Huuem

(. 3an.ep)|(Ka — O>XXupaaHue OoTBeTa; NponyckKHas Ccnoco6HOCTb — 06bEM AaHHbIX 3a BpeMsa

3apep>kKa u3MepseTcs TobKO B rurabaintax

npOI‘IyCKHaﬂ CNOCOBHOCTb O3HAYaeT COXPAHHOCTb AAHHbIX

MpaBunbHLIA OTBET: 3afeprKKa — OXKMAAHWE OTBETA; NPOMYCKHas CNoCOBHOCTb — 06bEM
[laHHbIX 3a BpeMs. ITO [Ba HE3aBUCHMMbIX CBOWMCTBA: BPEMS OJHOMO 06PALLEHNS U
CKOPOCTb MOTOKA AaHHbIX.

6. Uto o3HauaeT 3200 MT/c?

(O 3200 MUNNMOHOB Nepepay B CEKYHAY

3200 merabanT o6bEMa
3200 HaHOCEKYHA 3aAeP>KKU

Yucno spep npoueccopa

MpaBunbHbIR 0TBET: 3200 MMANMOHOB Nepeaay B cekyHay. MT/c — MUnnnoHbl nepeaay
LaHHbBIX B CEKYHAY.

7. KakoBa TeopeTuueckas nponyckHas cnoco6Hoctb DDR4-3200 no ogHomMmy 64-
6uTHOMY KaHany?

3,2TB/c

6,4TB/c

(o 25,6 TB/c

3200 Tb/c

MpaBunbHbIN oTBET: 25,6 'B/C. 3200 x 8 6anT + 1000 = 25,6 I'B/c.



8. Ckonbko 6uT B ogHOM bainTe?

(o 8

16

MpaBunbHbIN OTBET: 8. 1 6anT = 8 6UT.

9. Uto Takoe nonapgaHue B kaw (cache hit)?

(0 UckoMble paHHble 06HapY>KeHbI B Kalue

Bce paHHble yaaneHs!
3anyweH aHTMBUPYC

3aBepLueHa 3anucb Ha AUCK

MpaBubHbIM OTBET: MICKOMbIE JaHHbIE OGHAPY>KeHbI B Kalwe. ECn JaHHble yyKe B KaLue,
ob6palleHue K cnefyioleMy MeIeHHOMY YPOBHIO HE HYXKHO.

10. Kak Ha3sbiBaeTcsi NOBTOPHOE UCMOJIb30BaHME HEAABHO 3aMpPOLLEHHbIX AaHHbIX?

W3Hoc

(0 BpeMeHHas noKanbHOCTb

LLindposaHue

CerMeHTaums

MpaBunbHbIA OTBET: BpeMeHHas NOKanbHOCTb. BpeMeHHas NoKanbHOCTb — BbICOKas
BEPOATHOCTb CKOPOrO MOBTOPHOrO 06paLLEHMS.



11. Kakas naMaTb noaxoauT ansa XpaHeHUA AOKYMEHTOB nocne BbIKJ1lOUEHUA?
Peructpel CPU
Kaw L1

DRAM

(o SSD

MpaBunbHbIM 0TBeT: SSD. SSD 06ecneunBaeT sHeproHe3aBUCMMOe XpaHeHue annos.

12. B TunuuHoM MK uTto 6bicTpee npu goctyne K AaHHbIM?

(0 L1-kaw

HDD
SSD SATA

OnTUYeCKUin AncK

MpaBunbHbIM 0TBET: L1-Kaw. L1-kaw pacnonoxkeH 6amke K BbIYNCIUTENbHBIM 610KaM 1

MUMeeT MMHUMalbHbIE 3aE€P>KKN.

13. Uto o3HauaeT CL16 B MapkupoBke Mmopgynsa?

EmkocTb 16 T

(0 Yactb 3apep>xku CAS B 16 TakTax

16 He3aBUCUMBIX KaHanoB

16 notokos CPU

MpaBunbHbIM 0TBET: YacTb 3agep>kkn CAS B 16 TakTax. CL nsmepseT oavH U3 TakMUHIOB
DRAM B umnknax, a He o6LyI0 3aA€P>KKY UK EMKOCTb.



14. Nouemy Henb3A cpaBHuBaThb ABe DDR-namMaTn Tonbko no CL?

CL n3mMepsiet TemMnepatypy

(. Hy)KHO YUUTbIBaTb CKOPOCTb Nepenayv u agpyrue saaep>xkuv )

CL oTHOCUTCA TONbKO K SSD

TalMUHIU He CyLLecTByIoT

MpaBunbHbBIA OTBET: Hy>KHO YUMTLIBATh CKOPOCTb Nepefaum U Apyrue 3alep>Kku.
OJMHaKOBOE UMCNO LMKIOB MPpW pasHOM YacToTe AQET pasHoe BpeMs B HC.

15. Kakas ¢popmynupoBka BepHa?

O3Y 1 SSD — oAunH 1 TOT e pecypc

Bonbluwmit SSD aBTOMaTUYECKM yBENMUMBaAET 06bEM O3Y

(0 O3Y xpaHuT pabouune gaHHble; SSD — ponroBpeMeHHble )

RAM Bcerpa sHeproHesaBucuMa

MpaBunbHbIM 0TBET: O3Y XpaHWUT paboune aaHHble; SSD — fonroBpeMeHHble. 9TO pasHble
YPOBHU XPaHEHUS JaHHbIX C Pa3HbIMU 33Ja4aMu.

15 13 15 (100%)

Bbl otBeTMAM Ha 15 13 15 TeCTOBbLIX BONPOCOB. ABTOMaTUYECKas OLEHKa YUUTLIBAET TObKO BOMPOCH! C
BbIGOPOM OTBETA; Pa3BEPHYThIE OTBETHI MPOBEPSET NpPenojaBaTenb.

Bonpocsl HM>Ke NOACBEYEHbI: 3eNéHas paMKa — BEPHO, KpacHas — olWnbKa, >xéntas — 6e3 oTeeTa.

LY

Yactb B. O6bAACHUTE CBOMMU C/TOBaMU

] BOMPOCHI HY>KHbI, 4TObbI NpOBEPUTb NMOHMMaHWE, a He yraablBaHUe. ABTOMaTUYECKas OLEHKa UX He YyynUTbIBaET.



PasBépHyTbiit Bonpoc 1. O6bacHuTe pasHuuy SRAM n DRAM: Kak Ka>kziaf XpaHUT
6uT, noueMy ogHol Hy>keH refresh, a ppyroit HeT.

Baw oTBeT (NpoBepsieT npenogasaTesb)

SRAM 1 DRAM. SRAM XxpaHuUT 6UT B 3aLLENKE U3 HECKONbKMUX TPAH3UCTOPOB, rAe ABa MHBEPTUPYIOLLMX
y3na NoAAepP>XMBaIOT COCTOSHWE APYr Apyra 06paTHOM CBA3bIO. [TOKa eCcTb NUTaHWe, 3HayeHne
nep>xutcs camo, u refresh He Hy>keH. DRAM xpaHUT BUT Kak 3apsf KOHAEHCaTopa, JOCTYN K KOTOPOMY
OTKPbIBAET TPAH3UCTOP. 3apsa NOCTENEHHO YTEKaeT, MOITOMY €ro Hy>HO perynspHO BOCCTaHaBAMBaTb
(refresh). flueiika DRAM KOMNakTHee u felesne, NOSTOMY OHa noaxoauT ans O3Y, a 6bICcTpas, HO
poporas SRAM uncnonb3yeTcs B Kalle.

Pa3BépHyThbiii Bonpoc 2. Komnbtotep ¢ 8 ' O3Y u SSD 1 T TopMo3uT npu 30
OTKPbITbIX BKJ1aAAKaxX U ABYX BUPTyasibHbIX MawMHaX. O6bACHUTE BEepPOATHYIO
NPUYUHY U apryMeHTUPYIHTE, KaKoe yiyudlleHne NoOMOoXKeT.

Baw oTBeT (NpoBepsieT npenopaBaTesb)
Topmo3sa npu 8 'b O3Y. Bknaaku 1 aBe BUPTYasbHble MalWwuHbl He noMewatoTcs B 8 'b. OC HaumHaeT
BbIFPY>KaTb CTPaHWLbl NaMaTV Ha SSD (noakauka), a OH Ha nopsaku MegneHHee O3Y, oTcioaa U

TopMo3a. O6béM SSD He paclmpseT O3Y, OH ToNbKO XpaHUT daitnbl. [ToMoykeT yennueHune O3Y go
16-32 I'b: Toraa paboune faHHbIE MOMECTATCS B NaMATb U MOAKAUYKA NOYTU NpeKpaTUTCs

Pa3BépHyTbii Bonpoc 3. Beluncnute TeopeTuueckyo NponyCcKHyo cnocobHoCTb
DDR4-3200 no ogHoMy 64-6MTHOMY KaHany U npuMepHyto CAS-cocTaBnsioLLyo
3apep>xkku gns CL16. Yka>kute copmysbl.

Bawu oTBeT (NpoBepseT npenogasaTtesb)

Pacuét ana DDR4-3200.
MponyckHas cnocobHocTb = MT/c x 8 6ainT / 1000 = 3200 x 8 / 1000 = 25,6 I'b/c
CAS-cocTaBnstowan 3agep>xku = CL x 2000 / MT/c = 16 x 2000 / 3200 = 10 HC

MNCcTOuHUKM pns AONONMHUTENIbHOIO n3ydyeHus

MaTepuan aganTMpoBaH Anst 06yyeHns. CxeMbl U MOLENU — YMPOLLEHHbIE yYebHble MPUMEPBI; 3HAUEHMS
NPOU3BOANTENBHOCTH 3aBUCAT OT KOHKPETHOrO YCTPOMCTBA.

1. OpenStax - Memory Hierarchy

2. IBM - Hardware hierarchy

3.1BM - Primary Storage


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

MNMepep cnauen
v/ YkasaHbl OUO, rpynna u gaTa.
v/ OTMeueHbl OTBETHI Ha BOMPOCH! C BAPMAHTAMM U HaXKaTa KHOMKA NPOBEPKU.

v/ HanncaHbl 06bSICHEHMSI B OTKPbITbIX BOMPOCAX.

HaxxkmnTe «OTnpaBuTb paboty — coxpaHutb PDF». OTKpoeTca OKHO neyaTu: B KayecTse NpuHTepa BoibepuTe
«CoxpaHuTb Kak PDF». B oTuéte 6ynyT ®NO, BoibpaHHble BapuaHTbl, 6ann 1 Baluv pa3BEPHYTbIE OTBETHI.
OTnpaBKka Ha cepBep He BbIMONHAETCA.

B nnanore neyatu Boibepute «CoxpaHuTb Kak PDF».



