K3m-mamsite (0T aHri1. cache, 10CIOBHO — «3aHavKay, «KyObIIIKay, aMmep.aHril. cash -
«HAJTUYHBIEY, «IEHBI'H MO/ PYKOI0») — MaMiaTh DBM ¢ ObICTpBIM JOCTYIIOM, T1€e 1yOIupyeTcs
4acTh JJAHHBIX C JIPYTOro HOCHUTENS ¢ 00Jiee MEIJICHHBIM JJOCTYIIOM, HIIA XPAHSTCS TaHHBIE, JUIS
MOJIyYEHUsI KOTOPBIX TPEOYIOTCS «I0pPOTrHe» (B CMbICIIE BPEMEHHBIX 3aTPAT) BHIYMCIICHUS.
WNHorna nmnst KpaTKOCTH KAUI-MIAMSATH HA3bIBAIOT MTPOCTO «KAIID.

Kemn uny K31 — 3T0 Tak»Ke CJACHIOBOE 0003HAYCHHME HATHYHBIX JACHCT.

CoOcTBeHHO, aHaorus cpaBHeHus Ka1a (. cash) u kemra (cache) 3akimovaercs B
CJICAYIOIIEM: OCHOBHAsSI MTaMSTh, K KOTOPOH MPOUCXOAUT oOpamieHne (KECTKHIA JHCK,
O3Y) cpaBHHBaeTCs ¢ BalluM CUETOM B OaHKE, a Kelll — C BalllMMU HATMYHBIMU,
KOTOpBIE BbI OepéTe B OaHKE MJIs1 OBICTPBIX PACUETOB.

Ksmr-namsts mo3BossieT odpamarbes K 4acTo TpeOyeMbIM JaHHBIM OBICTpEe, YeM
9TO MPOUCXOMIIO OBl Oe3 e€ ncnonp3oBanus. [Ipomecc opranu3anyy 10CTyma yepes3 KiIl-
NaMsITh HAa3bIBAETCS KAIIUPOBAHHUEM, a Ta MaMATh, KOTOpasi KIIIUPYETCsl, Ha3bIBAeTCs
OCHOBHOH MaMSTBIO.

KemmpoBaHnue onepaTuBHON MaMsATH

Haubosee yacto TepMHH Kew-namsams UCTIONB3YETCs A1 0003HAYECHUS KeII-TIaMsITH,
HaxXOIAIIEHCS MEXKTy perucTpamu reHTpaibHoro mpomeccopa (LIT) u O3Y

Kem-naMats MOXET AaBaTh 3HAYUTENIbHBIN BBHIMTPHILI B MPOU3BOJUTEIBHOCTH, IOTOMY YTO B
HacTosiiee Bpems TaktoBas yactora O3Y 3HaunTeNnbHO MEHbIE TaKTOBOM yacToThl LII1.
TakToBas yacTtoTa JIsl KeII-MaMsATH OOBIYHO HE HAMHOT'O MeHbIIe 4acToThl LI1.

YpoBHH Kema

Pa3nenenue kem-namMsaTH Ha HECKOJIBKO YPOBHEH (110 3 i1l yHUBEPCAIbHBIX
MIPOIIECCOPOB MO cocTostHUIO Ha Havano 2009 roxa). Kem-namsars ypoHast N+1 Bceraa 6onbiie
0 pa3Mepy U MeIJICHHEE [0 CKOPOCTH OOpaIleHusI, YeM KelI-MaMsTh YpOBHS N.

Camoit OBICTPO# MaMSATHIO SBISETCS KEII-TIaMsITh epBOro ypoBHs (oHa xe L1-cache:
L1l, L1D), mo cyTtH, OHa SBISETCS HEOThEMJIEMOM YAaCThIO MPOIECCOPA, TTOCKOIBKY
pacrioyio’keHa Ha OJTHOM C HUM KPHCTaJlJIe ¥ BXOAUT B COCTaB (DYHKIIMOHAIBHBIX OJOKOB, 0€3 Hee
npoiieccop He cMoXkeT pyHKIroHnpoBath. [lamsars L1 paboTtaeT Ha yacToTe mpolieccopa U B
o011eM ciryyae odpaleHue K Heif MOXKET IPOM3BOIUTCS KaXKAbIH TaKT (3a4acTyro sIBJISETCS
BO3MO>KHBIM BBITIOJIHATH JJa)K€ HECKOJIBKO YTEHHI/3anicei! OAHOBPEMEHHO), TATEHTHOCTh
JOCTyTa OOBIYHO paBHA 2-4 TaKTa siApa, 00beM 3TOH maMsITH OOBIYHO HEBEIIUK — He 0oJ1ee
64K6.

Bropoii mo 6sicTpoaeiicTButo sBisiercs L2 (B otauyme ot L1 ee MOXHO OTKIIFOUHTH C
COXpaHEeHHEeM PaboOTOCIIOCOOHOCTH MpOoIeccopa), KeIl BTOPOTO YPOBHS, OHA OOBIYHO
pacrosioxkeHa Ju00 Ha KpucTasie, kak u L1, 1m0o B HemocpeaCcTBEeHHOM 0JIM30CTH OT siAPA,
HaAIpUMep, B MMPOLIECCOPHOM KapTpUIKe (TOJIBKO B CIOTOBBIX MPOLIECCOPax), B CTAPBIX
poleccopax ee pacroyiaraiy Ha cucteMHoi miate. Oobem L2 mo-6onbme — ot 128K6 1o 1—
4M©6. OOb19HO JJaTeHTHOCTh L2 pacmnoniokeHHOM Ha KpUCTAJIIE siapa cocTaBiseT oT 8 o 20
TaKTOB siJIpAa.


http://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA�
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D1%88�

Kem tperbero ypoBHs L3 HauMeHee ObICTpOACHCTBYIOMUI 1 00OBIYHO PACHIOTIOKEH
otaenbHO oT sapa L{I1, Ho oH MOKeT OBITh OYeHb BHYIINTEIHHOTO Pa3Mepa U BCE paBHO
3HAYUTEIBHO ObICTpEE, UeM ONEpaTHUBHAS MAMSTh.

ACCONMATHBHOCTH KJIIIA

Opnna U3 PyHIAMEHTATBHBIX XaPAKTEPUCTUK KIII-TIAMSITH - YPOBEHb aCCOIIMATUBHOCTH -
0TOOpaxkaeT ee JIOTMYECKYI0 CerMeHTaluio. J[eao B ToM, 4TO Iocie0BaTeNbHbIN epedop Bcex
CTPOK K3IIIa B MOMCKAaX HEOOXOAMMBIX JAHHBIX MMOTPEOOBAI OBl AECATKOB TAKTOB U CBEIN OBI HA
HET BECh BBIUTPHIII OT UCMOJIb30BaHUS BcTpoeHHOU B L1 mamsitu. [Toatomy stueiiku O3Y
YKECTKO MPUBS3BIBAIOTCS K CTPOKAM KAIII-MIAMSITH (B KOXK0W CTPOKE MOTYT OBITh TaHHBIC U3
(bUKCUPOBaHHOTO HAOOPa aIPECOB), YTO 3HAYUTEIHHO COKpamaeT Bpems noucka. C Kaxmaon
sueiikoir O3Y MoxeT ObITh CBA3aHO 00JIee OHOM CTPOKHU KAII-TIAMATH: HAlPUMEp, N-KaHaIbHas
acCOIMaTUBHOCTH (n-way set associative) o0o3HavaeT, 4To HHGOPMAIIHS TI0 HEKOTOPOMY aJpecy
OTIEPATUBHOM MaMSATH MOXKET XPAHUTHCS B IT MECT KAIII-TIAMSITH.

[Ipu onrHaKOBOM 00BEME KAIIIa CXeMa ¢ OOJIbIIEH acCCOIMaTUBHOCTHIO OyIeT HanMeHee
ObICTpOH, HO Hanbosee Y (HEeKTUBHOM.

IMonuTHKA 3anMCcH NPU KeIIMPOBAHUM

[Ipu yTeHNM JaHHBIX KEII-MTaMATh JAET OJHO3HAYHBIM BBRIMTPHILI B IPOU3BOAUTENBHOCTHU. [Ipn
3allMCH JIAaHHBIX BBIUTPHIII MOKHO MOJYYUThH TOJIBKO IEHOW CHUKEHUS HaAEKHOCTH. [ToaToMy B
PA3TUYHBIX MPUIIOKEHUSIX MOXKET ObITh BRIOpaHA Ta UM MHAS MMOJIUTUKA 3aMMUCH KEII-TIaMSITH. .

CylIecTBYIOT JIB€ OCHOBHbIC MTOJUTHUKH 3aMUCH KEII-TIaMsATH — CKBO3Has 3amuch (write-through)
U OTJIOKEHHas 3amuch (write-back).

e CKBO3HAa 3alUCh IMOAPa3yMeBACT, UTO IPpHU USMCHCHUU COACPIKUMOIO STYCHKH IHaMsATH,
3alMUCh MPOUCXOAUT CHHXPOHHO U B K€II 1 B OCHOBHYIO ITaMATh.

e OTJIOXKEHHAsl 3alKCh MOAPA3yMEBAET, YTO MOKHO OTJIOXKHUTH MOMEHT 3aIIUCH JTAHHBIX B
OCHOBHYIO MaMsITh, a 3alHACaTh UX TOJILKO B Keml. [Ipu 3ToM naHHbIe OyayT BBHITPY>KEHBI B
OTEpaTUBHYIO MaMATh TOJIbKO B CiIy4dae 0OpalleHus K HUM Kakoro Ju00 APyroro
ycrpoiictBa (apyroit LIT kortpomnep DMA) n1ubo HeEXBaTKu MeCTa B KEIIe JIs
pa3MenieHus Ipyrux qaHHbIX. [Ipon3BOINTENBHOCT, 10 CPABHEHUIO CO CKBO3HOM
3aIUChI0, MOBBIIIAETCS, HO 3TO MOXET MOCTABUTH O] YTPO3Y LIEIOCTHOCTH IAHHBIX B
OCHOBHOM MaMSTH, MTOCKOJIbKY TTPOTPaMMHBIN WIJIH alapaTHBIN COOM MOKET MPUBECTH K
TOMY, YTO JJaHHBIEC TaK U HE OyAyT IMepenucanbl U3 Kella B OCHOBHYIO MaMsATh. Kpome
TOT0, B CJIy4yae KeIUPOBaHUs ONEPATUBHOM MaMsTH, KOT1a UCIIOJb3YIOTCS /iBa U OoJiee
MIPOIIECCOPOB, HY’)KHO 00ECTIEUNBATh COTIACOBAHHOCTH JJAHHBIX B PA3HBIX KelllaX.

KemmpoBanue BHEIIIHNX HAKONUTeJIei

MHorue nepudepuiiHpie YCTPOHCTBA XpaHEHNS JaHHBIX HCIIOIB3YIOT KEII I YCKOPEHUS
paboThl, B YaCTHOCTH, KECTKHE AUCKH UCIOIB3YIOT Kel-namsTh oT 1 10 16 M6 (Mozenu ¢
noanepxkorn NCQ/TCQ ucnons3yrot e€ st XpaHeHUs U 00pabOTKH 3apOCOB), YCTPOHUCTBA
yrenuss CD/DVD/BD-auckoB Tak ke KeMHMPYIOT IPOUYNTAaHHYIO HH()OPMAITUIO JIs1 YCKOPEHUS
MMOBTOPHOT'O 0OpaIEeHHUS.



OmnepalrioHHast CUCTEMa TaK K€ MCIIOJIb3YeT YacTh ONEPAaTUBHON MaMsTH B KaUeCTBE Kellla
JMCKOBBIX OIEpaIii (B TOM YHCIIe ISl BHEIIHUX YCTPOUCTB, HE 00IaAaloNIMX cOOCTBEHHOM
Kenr-namsTeio, Hanpumep, USB-flash, auckoBon asist AucCKeT).

KemmpoBanue HHTEpHET-CTPAHMI]

[Ipouecc coxpaHeHus 4acTo 3apalIMBAEMBIX JOKYMEHTOB Ha IIPOMEKYTOUHBIX TPOKCH-
cepBepax WM MallliHe MOJIb30BaTelN, C IeIbI0 MPEI0TBPALLEHUS UX TOCTOSHHOM 3arpy3KH C
cepBepa-UCTOYHUKA U YMEHbIIeHUs Tpaduka. T.e. mepemerienrne HHPOpPMAIIUHU MOOIIKE K
MOJIB30BATENI0. YTIPaBIEHUE KAMIMpPOBaHUEM ocyliecTBisieTcs npu nomoiu HTTP-3aronoBkos

KemmpoBanue pe3y1bTaToB padoThl

MHorue nmporpamMMbl 3alUCHIBAIOT Ky1a-JIMOO0 MPOMEXYTOYHBIE HIIU BCIIOMOTaTeIbHbIE
pe3yabTaThl paboThI, YTOOBI HE BEIYUCIATH UX KaXKbIH pa3, KOTAa OHU IOHAA00sTCsA. OTO
yCKOpsieT paboTy, HO TpeOYyeT MOMOIHUTEIFHONW NaMsITH (ONepaTUBHOMN HIIH TUCKOBOK).
[TprMepoM Takoro KemupoBaHUsl ABISETCA UHAECKCUPOBaHUE 0a3 NaHHBIX.

YpoBeHb 3a YPpOBHEM

XoTs onepaTuBHAas MaMATh HAMHOTO ObICTpee TUCKa, TEM HE MEHEe U OHa HE yCIIeBaeT 3a
noTpebHOCTAIMU Tporieccopa. [loaTomy naHHBIE, KOTOPBIE TPEOYIOTCS YacTO, IEPEHOCSTCS Ha
CJICYIONINN YPOBEHB OBICTPON MaMSITH, Ha3bIBAEMOM KAII-MIAMATHI0 BTOPOTO ypoBHs. OHa
MOJKET PacCIoJiaraThbCsi Ha OT/IEHHON BEICOKOCKOPOCTHOM MUKPOCXEME CTATUYECKOU MaMsATH
(SRAM), ycTaHOBJICHHOW B HETIOCPEACTBEHHOM OJIM30CTH OT Mpoiieccopa (B HOBBIX
poleccopax K3MII-MaMsITh BTOPOTO YPOBHSI HHTETPUPOBAHA HETIOCPECTBEHHO B MUKPOCXEMY
poreccopa.

Ha Gonee BbICOKOM ypoBHE MH(OpMAIHs, HCIIOIb3yeMast yallle BCero (CKa)XeM, KOMaHIbl
B MHOT'OKPATHO BBIMOJIHIEMOM IIMKJIE), XPAaHUTCS B CIIELIUAIbHON CEKLIUU Mpolieccopa,
Ha3bIBAEMOM KAII-NIAMSTHIO IEPBOTO YPOBHS. DTO caMasi ObICTpast aMsTh.

[Tponieccop Pentium III komnanuu Intel mmen k31I-nmaMsTh IEPBOTO YPOBHS EMKOCTHIO
32 KobaiiT Ha MHKpOcXeMe Ipoleccopa u MO0 KAI-MaMATh BTOPOTO YPOBHSI eMKOCTBIO 256
Ko6aiiT Ha MuKpocxeme, MO0 KAII-MaMsITh BTOPOTO YPOBHS eMKOCThIO 512 Koaiit, He
UHTETPUPOBAHHYIO C IIPOLIECCOPOM.

Korna nponeccopy HyKHO BBIITOJIHUTE KOMaHAy, OH CHa4aja aHaJIU3UPYyeT COCTOSIHUE
CBOUX PETUCTPOB JaHHBIX. ECIi HEOOXOAMMBIX TaHHBIX B PETUCTpPaxX HET, OH 00paIIaeTcs K
KOII-TIAMATH [IEPBOTO YPOBHS, @ 3aTEM — K K3II-IIaMATH BTOPOTO YpOBHS. ECIIM NaHHBIX HET HU
B OJTHOH K3II-TIAMATH, MPOLieccop oOpalaercs K ornepaTuBHON namsTu. M ToJIbKO B TOM cilydae,
€CJIM HY)KHBIX JaHHBIX HET U TaM, OH CYMTBIBAET JAHHBIC C KECTKOTO JUCKA.

Korna nporueccop oOHapyKuBaeT TaHHBIE B OJTHOM U3 K3IIEH, 3TO Ha3bIBAIOT
«TIOTIAIaHNEM»; Hey1ady Ha3bIBAIOT «IIpoMaxom». Kaxiplii mpoMax BBI3BIBACT 33JICPXKKY,
MOCKOJIbKY TIpolieccop OyaeT MbITaThCsl OOHAPYKUTh JaHHBIE Ha IPYroM, Oosee MeJICHHOM
ypoBHE. B X0po11o cripoeKTHpOBaHHBIX CHCTEMax C MPOTPAMMHBIMHU aJITOPUTMaMH, KOTOpPBIE
BBINOJIHSIOT MPEABAPUTEIHHYIO BEIOOPKY JaHHBIX J0 TOTO, KaK OHHU MOTPEOYIOTCS, IPOLICHT
«ronaga”Huiy» MoXKeT Jocturath 90.

J11g ipoLieccopoB CTapIIero Kiiacca Ha Moy4eHne HH)OpPMALUY U3 KALI-TIAMSITH
MIEPBOTO YPOBHS MOXKET YUTH OT OJTHOTO JI0 TPEX TAKTOB, a MPOIECCOP B 3TO BPEMS KIET U
HUYETO IoJIe3HOro He aenaeT. CKOpoCcTh JOCTYyMa K IaHHBIM U3 KAII-aMSITH BTOPOTO YPOBHS,
pa3melaemMoii Ha MpOIECCOPHOM TuIaTe, coCTaBiseT oT 6 10 12 HUKIIOB, a B C1y4Yae ¢ BHEUIHEH
K3UI-TIAMATHIO BTOPOTO YPOBHS — JECATKH UITU J1a)Ke COTHU LIUKJIOB.



Ksmr-namste 11 cepBepoB aaxe Oojee BaxHa, 4eM i HacToabHbIX [1K, mockonbky
cepBepbI MOAJIEPKUBAIOT MEXK/y ITPOLIECCOPOM U NaMSThIO BECbMa BBICOKMI ypOBEHb Tpaduka,
TeHEePUPYEMOro KIMEeHTCKUMHU TpaH3akuusmu. B 1991 rony Intel npesparuna [1K na 6aze
nporeccopa 80486 ¢ TakToBoit yactoToit 50 MI'11 B cepBep, 100aBUB Ha MPOIECCOPHYIO TIIATY
K3III ¢ TakTOBOM yacToroit 50 MI'1. XoTs mmHa, cBA3bIBaIONIas MPOLECCOp U MaMsATh, paboTasna
¢ 9acToToi Bcero 25 MI'1, Takas K3II-1IaMsITh MO3BOJIMIIA MHOTHE IMPOTPaMMBI BO BpeMs PaOOThI
IIOJIHOCTBIO pa3MelaTh B npoueccope 486 ¢ TakroBoit yacroroit 50 MI'.

Hepapxuyeckas opraHu3aiys MaMsaTH IOMOTraeT KOMIIEHCUPOBATh PAa3phbIB MEXY
CKOPOCTSIMH MPOLIECCOPOB, €XKETOJTHO YBEIMUNBAIOIIUMHUCA ITpuMepHO Ha 50% B rof, u
ckopoctsamu aocrtyna kK DRAM, kotopeie pactyT b Ha 5%.

[To Mepe ycuieHws 3TOT0 TUCCOHAHCA TPOU3BOIUTEINN allapaTHOTO 00ECTICUYeHUS
N00aBAT TPETUH, @ BO3SMOXHO U YETBEPTHIA YPOBEHb KAII-TTAMSITH.

B 2000 rony Intel npeacraBuia KanI-namsTh TPETHETO YPOBHS B CBOMX 64-pa3psIHBIX
nporeccopax Itanium. Kam emkocteio 2 uinu 4 MOalT OyieT cBs3aH ¢ IPOLECCOPOM
CIIELMAJIbHOM IIMHOW, TAKTOBAsl 4aCTOTa KOTOPOM COBIIANAET ¢ YaCTOTOM IIpolieccopa.

IBM Takxe pazpaboTasia COOCTBEHHYIO KAII-TIaMATh TPEThETO YPOBHS st 32- 1 64-
pa3psnubix [IK-cepepoB Netfinity.

CHayana k11 OyzieT pa3MellaThcsi Ha MUKPOCXeMe KOHTPOJUIepa MaMsTH.

Ksmr-namste Tperbero ypoBHs kopropauuu IBM crana obmiecucTeMHBIM K31IEM, Ky
MOTYT oOparmmarscs ot 4 10 16 mporeccopoB cepepa. C KIUI-mamMsaThI0 TpeThero yposHs Intel
MOXeT paboTaTh TOJIBKO TOT MPOLECCOpP, K KOTOPOMY OHA MOAKIIOUEHA, HO npeacTaButenu IBM
HOJYEPKHYIIH, YTO UX K3II TPETHErO YPOBHS CIIOCOOEH YBEIUYUTh MPOIYCKHYIO CLIOCOOHOCTh
Bcel cucreMbl. HoBast kom-naMats npoussojacrsa IBM taxke moMoxeT peann3oBaTh
KOMITbIOTEPHBIE CUCTEMBI BBICOKOM TOTOBHOCTH, HEOOXOAUMBIE AJIs JIEKTPOHHON KOMMeEpLUH,
MOCKOJIBKY C €€ TIOMOIIbI0 MOKHO OyJIeT MEHSATh MOJYJIM OCHOBHOM IaMsITH U BBITIOIHATH
MOJICpPHU3ALUIO, HE TIpepbIBasi padoTy CUCTEMBI.

Bonble — He Bcerga nyyiwe

YacToTa mpoMaxoB IpH OOPAIICHUN K KII-TAMATH MOKET OBITh 3HAUNTEIHHO CHIDKCHA
3a CUeT YBEIMYCHHs eMKOCTH Ka1mia. Ho Oosbias Kau-namsath TpedyeT OoJbliie SHEpPTUH,
reHepupyeT OOJIbIle TeIIa U YBEJIMYMBACT YHCIIO OPAaKOBAHHBIX MHUKPOCXEM IIPH ITPOU3BOICTBE.

OnuH U3 ctoco60B 000WUTH 3TH TPYJHOCTH — Tepeaaya JOTHKH YIPaBICHUS KOIII-
HaMSATBIO OT alNapaTHOro 00ECIeUeHUs K IPOrPaMMHOMY.

«KoMnuiasTop mOTEHIIMANIBHO B COCTOSTHUU aHATU3UPOBATh OBEACHUE IPOrPAMMBbI U
TeHepUPOBATh KOMaH/bI IO MEPEHOCY JaHHBIX MEXKIY YPOBHSAMU HaMSITH

VYmpasisieMas TporpaMMHBIM 00pa3oM K3II-MIaMATh CeifYac CyIIECTBYET JHUIIIb B
HCCJIEIOBATEIbCKUX JIabopaTopusax. Bo3MokHbBIE TPYTHOCTH CBSI3aHBI C TEM, YTO IPUIETCS
MEePENUCHIBATh KOMITUJIATOPHI U IEPEKOMIUINPOBATH YHACIEIOBAHHBINA KOJI JJIsl BCEX
IIPOLIECCOPOB HOBOT'O MOKOJICHHUS.

Foe Mmou AaHHbIE?
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Koz0a npouyeccopy mpebyromcsi 0aHHbIe, OH
CHavarna aHanusupyem co0epxXumoe ceoux
peaucmpos 0aHHbIX. Ecriu daHHbIX mam Hem,
rpoyeccop cMompum, He fiexam /iU OHU 8
bnuxadweul K HeMy KaW-namsmu rnepeoao
yposHs. Ecnu u mam Hem, mo cnedyruwee
obpauweHue npoucxodum K KaW-namsamu
8mopoeo yposHs. Ecriu npoyeccop He Haxodum
OaHHbIX 8 KaWwe, OH Nposepsiem orepamueHyH
namsime. Y1 30ecb Hem? Toa0a rpoueccop
rnocblsiaem 3anpoc K Oucky. Bpemsi udem, a
rpoyeccop HUYe20 rone3Ho2o He denaem...

-Mapu AHmec, COMPUTERWORLD, CLUIA
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