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"Ilamsams onpedensiem
bvicmpodeiicmeaue”

dou-Heiiman

" Camblil medneHHblil 6epba00
onpedeasiem cKopocms Kapasaua'

ApabcKoe HapoJgHOE

"Koeda kapasan nosopauueaem
HA3a0, camulii MeOAeHHblU 8epoaH0
oKa3zvleaemcs enepeou”

Apabckoe HapoaHOe

Ilpo3paunocmo k3u-nodcucmemosl cOBPEMEHHBIX NPOUECCOPO8 COHEMAemcs
C UX KANPUu3HbIM U 6eCbMa I20UeHMPUHHbIM Xapakmepam. Kaw noxoxc na degyuxy,
Komopas "xouem, HO Moavum ", 3aCMaBAAA OKPYHCAIOUUX 002A0bI6AMBCA: UIMO JHce Y
Hee Ha yme, U Kak xce eil yeooums. H xoms pobkue Hamexu Ha 0eMOKPAMu4HOCHb
Yoice Ha4aAu nPope3amuvcs, 8 ueaom K3u-noocucmema npedcmae.asiem coooii cnaout-
HYI0 CKOnjieHue 4yoec, CIOpnpu308 u 3a2adox. Jmo opemyuuii aec u opuyuaivbHas do-
KyMeHmauusa — nioxoil nymeeooumenv, NOCHOSHHO CIMAGAWUIL 84C 8 MYNUK HeNno.1-
HOMOIl, a Mo u OMKPOGEHHOIl HeAOCHO6EPHOCHbIO UH(OPMAaUU.

A uckpenne naoerocv, 4mo 6vl coumeme HAcCMosULee ONUCAHUE KIUL-NOOCU-
CMeMbl AYHUIUM U3 UMEIOUWUXCSL, HO 0adice OHO He oceeulaem u 004U maiH K3ul-nams-
mu! Ileped eamu — auwv HeboavwaAA HACMb MO20, YMO MHE Y0a10Ch HApbimb. Yeui!
Corcamole épemeHHble CPDOKU U 02PAHUMEHHDBLI 006eM JHCYPHAALHOI CIMAambl He N0360-
AUAU pacckazamv 000 6cem u NPUWAOCH 02PAHUMUMCS MOABKO CAMOU Heo0X00uMol
ungopmauuei...

HNCcTOKH

OnepaTtuBHas NaMsITh IIEPCOHATBHBIX KOMITBIOTEPOB CETOIHS, KaK U JeCSITh JIET TO-
MY Ha3aj, CTPOUTCS Ha 6a3e OTHOCUTEJIBHO JEIIEBOI, HO HU3KO ITPOU3BOIUTEIBHON TN -
Hamuuecko naMsitu — DRAM (Dynamic Random Access Memory). [1pruem, eciu mepco-
HaJIbHBIE KOMITbIOTEPHI KOHIIA BOCBMUIECITHIX — Hayajla IeBIHOCTBIX OCHAIIAJINCh MU-
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KpOMpolieCCoOpaMM ¢ TaKTOBOI yacToToi mopsaka 10 MHz u onnepaTMBHOM MaMsIThIO CO
BpemMeHeM noctyna B ~200 HC., TunuyHasg KoHdurypauus coBpeMeHHoro IIK:
1.000 — 2.000 MHz CPU u 20 ns. DRAM. HerpynHo nmoacuMTaTh, YTO COOTHOILIEHUE
MPOU3BOAUTEIbHOCTHU MaMSITH 1 TIPOLIECCOPa YMeHbuuA0ch 0osiee yeM B decams pas! Hec-
MOTpSI Ha CTPEMUTEJIbHBII POCT MPOITYCKHOM CITOCOOHOCTH OINEepaTUBHOM MaMsITH, Ha-
Omroparonuiicst B mocaenHue roasl, pa3pseiB "CPU vs Memory" cokpaliaTtbcsi OTHIOAb HE
cobupaercsi. HampoTus, ¢ KaxXabIM THEM OH IPOI0JKAET HEOTBPATUMO YBEIUYMBAETCS!

Cratuueckast onepatuBHas namsth (SRAM — Static Random Access Memory) 6e3
npobjeM paboTaeT Ha 4YacToTax BIUIOTh OO0 HecKoabkKux ['Iii, HO BBUIY 3HAYMUTEJIHLHO
OoJIblIIEi anmapaTHOM CI0XHOCTU CTOUT 3HAUUTENbHO Aopoxke DRAM, u ucnoib30BaTh
€e B KauecTBe OCHOBHOM omnepatuBHOM naMsTU 1K ObL10 OB CIMIIIKOM PacTOYMTEIbHO.
Ho, moxeT, ecaiu He BClO, TO XOTSI Obl 4YacTh maMiaTu peain3oBaTb Ha SRAM? 3Haete,
a 9To MbIC]b! Beap 4To Mo cyTu npeacrtabisieT codoii oneparuBHast namsaTth? [1paBuiib-
HO, — BpEME@HHOE XpaHWJIMILE JaHHbBIX, 3aTPY>KEHHBIX C BHEILIIHEN, TaK Ha3bIBAa€MOM, 11-
CKOBOI maMsITU. JIMCKU CIMIIIKOM MeJIJIEHHbI U MHTEHCUBHAs paboTa C HUMU KpaliHe He-
npousBoauTeabHa. [ToaToMy, pa3aMecTB MHOTOKPATHO MCIIOJIb3yeMble JaHHbIE B OMepa-
TUBHOI MaMSITU, Mbl PE3KO COKpalllaeM BpeMs J0CTyIla K HUM, a, 3HaYUT, — U BPEMSI UX
00pabOTKMU.

Ha nepBblii B3IJ15111, BBIMIPBIL B IPOU3BOAUTEILHOCTHU TOCTUTAETCS B T€X, 1 TOJIHKO
B T€X CJIydYasiX, KOraa 3arpy>kKeHHble TaHHbIE MCIIOJb3YIOTCSI MHOITOKPATHO. A BOT U HeT!
HomyctuM, noTpedoBajoCh HaM IepeKOAMpPOBaTh COAEPXKMMOe HeKoToporo ¢aiina. [1o-
CKOJIbKY, K KaX/ioMy 0aiiTy oOpallleHe MPOUCXOIUT JUIIIb OMHOKPATHO, — KAKOM CMBICT
3arpyxarthb €ro B oriepaTuBHY10 naMsTh? [Touemy Obl He MepeKOAMPOBATH (Daiil HEMoCpe -
CTBeHHO Ha aucke? YBbl! JIMCKOBOI B CUIIy CBOMX KOHCTPYKTUBHBIX OCOOEHHOCTE Ipo-
CTO "He XoueT" CYMTHIBATh OJWH-EIMHCTBEHHbIN 0aiT, HACWJILHO 3aCTaBJIsIsl HAC ONepu-
pOBaTh MMHUMYM BCEM CeKmMOpoM LIEIMKOM. A pa3 TakK, — IMPOYMTAHHBINA CEKTOP MPUXO-
JIUTCS THAe-TO XpaHuTh. K TOMy ke, 0OMeH JaHHBIMU MOXKHO 3HAUUTEIbHO YCKOPUTD, €CTh
00pabaTbIBaTh HE OJMH, a Cpa3y HECKOJbKO CEKTOPOB 3a pa3. B aToM ciyyae nuckoBomy
He IpUIETCs TPaTUTh BpeMsl Ha MO3UIIMOHMPOBAHUE TOJIOBKM ITPU OOpallleHUM K KaX10-
My cekTopy. HakoHell, XxpaHeHHe JaHHBIX B ONEPaTUBHOMN MaMSITH IO3BOJISIET OTIOXUTh
MX HEMEJIEHHYIO 3aIlMCh 10 TeX BpEMEeH, IMoKa 3TO He OyAeT "yno0HO" TMCKOBOMY.

TakuM 00pa3oM, eoece He 00s3ameabHO 6CIO ONEPAMUBHYIO NAMAMb Pealu308bléantd
Ha dopoeocmosawux muxpocxemax SRAM. J1axke HeO0b1110€ (B MPOLIECHTHOM OTHOILICHUH )
KOJIMYECTBO CTaTUUYECKOU MaMsTH MPU I'PaMOTHOM C Hell 00pallleHUU 3HaUYUTEIbHO yBe-
JIMYMBAET MIPOU3BOAUTEILHOCTb CUCTEMbI, KaK M caMa ollepaTUBHasI aMsTh 3HAUUTE/Ib-
HO YBEJIMYMBAET MPOU3BOAUTEIbHOCTh OOMEHA ¢ IMCKAMM, 3HAYUTEJIbHO MPEBOCXOS-
IIMMH MOCJEIHIOK MO 00bEMY.

OK. C namsaTbeio MBI pa3oopanuch. Tenepb MOroBOPUM O CIIOCO0ax ee agpecaluu.
Ecnu OB Kycouek 3Toit "ObICTpOi" MaMSITH Mbl B3AyMalud Obl agpecoBaTh HEIIOCPEI-
CTBEHHO, T. €. CIIeJIaJid €Tr0 HenocpedcmeenHo NOCTYITHBIM ITPOrpPaMMUCTY, TTPOEKTUPOBa-
HUE MPOorpaMM OLIYTUMO YCIOXHUIOCH ObI 1, UTO €l1e XyXe, IPUBEJIO K MOJHOI MoTepe
MePEeHOCUMOCTH, MOCKOJIbKY TaKasl TAaKTMKA MPUBS3bIBAET MPOrpaMMMUCTa K OCOOECHHO-
CTSIM peaan3alii KOHKPETHOI anmapaTHO apXuTeKTypbl. [109TOMY, KOHCTPYKTOPHI pe-
LIWJIN cenaTh "ObICTPYIO" MaMSITh HeguouMoll i npo3pa4Holi 1Jisl TIporpaMMUCTa.

B pesyabraTe 3TOro u poauIICs KIu. ..
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IHenu ¥ 3aga9M KAUI-IIAMATH

...k3m (Ha3bIBaeMbIil TaK Xe C6epXonepamueHoli namsanvio) TIPENCTaBIsIeT COOOM
BBICOKOCKOPOCTHOE 3alTOMUHAIOIIEE YCTPOMCTBO HEOOBIIION eMKOCTH IS BPEMEHHOTO
XpaHEeHUsI JaHHBIX, 3HAYMTEJIbHO OoJiee OBICTPOAEIMCTBYIOIIEE, YeM OCHOBHAS MAMSITh,
HO, B OTVIMYMU OT OIePaTUBHOI MaMsITH, He aApecyeMoe HEIOCPEICTBEHHO 1 He "BUIM-
Moe" JJ11 TporpaMMMUCTa.

B 3amauu ko111a BXOONT:

a) obecneueHue 6bICMPo20 AOCMYNA K UHMEHCUBHO UCNONb3YeMbIM OAHHBIM;
b) coenacosanue unmepgheiicoé npoueccopa u Konmpoarepa NAmMImu,

C) ynpexcoarouas 3a2py3Ka OaHHbIX;

d) omaooxcennasn 3anuce OaHHbIX.

Obecneuenue 6bicmpoeo docmyna K UHMEHCUBGHO UCHOAB3YEMbIM OAHHBIM. APXUTEK-
TYPHO K3II-NaMSITh PACIIOJIOKEeHA MEXIY MPOLECCOPOM OCHOBHOI OMEpaTUBHOM MaMsi-
ThIO (CM. puc. 1) 1 oxBaTbIBaeT BCe (pexKe YacTh) aApPeCHOro MpocTpaHcTBa. IlepexBaThi-
Basl 3aMpOChl K OCHOBHOI MaMSITH, K3LI-KOHTPOJIJIEP CMOTPUT: €CTh JIU 0elicmeumeabHas
(6aaudnas ot anrnumiickoro valid) xonust 3aTpeOOBaHHBIX JAHHBIX B Ka1ue. Eciau Takas
KOIUsSI TaM AEWCTBUTEIBHO €CTh, TO JAHHbIE HACKOPO M3BJIEKAIOTCSI U3 CBEPXOMNEpPaTUB-
HOI MaMsTU U MPOMCXOIUT TaK Ha3biBaeMoe kaui-nonadanue (cache hif). B mpotuBHOM

cJlydyae roBOpSIT 0 npomaxe — (cache miss), v TOTAA 3aMpoOC JaHHBIX MepeanpecyeTcs K oc-
HOBHOI OIIEpaTUBHOM MaMITH.

PucyHok 1. PacnonoxeHue kawa B mepapxmm onepatmMBHOM Namstm
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Jnsa nocTuzKeHUsI HauBbICILIeH MPOU3BOAUTEIbHOCTU KAIII-IIPOMaXM JOJIKHBI IPO-
HMCXOAUTh KaK MOXKHO pexke (a B uaeajie — He MPOUCXOAUTh BOOOIIIE). YUUTHIBAsI, YTO €M-
KOCTb CBEPXOIEPAaTUBHON MaMsTU HAMHOTO MEHbIIIe eMKOCTH OCHOBHOI OMepaTUBHOI
namMsiTh, JOOUTHCSI ATOro He Tak-To mpocTo! M B ciyxkeOHble 00SI3aHHOCTU KAIII-KOH-
TpoJuiepa B IIEPBYIO OUYepeib BXOAUT HAKOILJIEHNE B CBEpXONepaTUBHON MaMSITU ACHCTBU-
TeJIbHO HYXXHbBIX JAHHBIX U CBOEBPEMEHHOE yAaJleHUe OTTylda BCIKOro "Mycopa", — JaH-
HbBIX, KOTOphIe 00Jiee He MOHaa00sTcsl. [T0CKOIbKY, KAII-KOHTPOJLJIEp HE UMEET a0COTIOT-
HO HUKAaKOTrO MpeICcTaBlAeHUs O Ha3HAUeHUM oOpabaThbiBaeéMbIX JAHHBIX, ITOCTaBACHHAS
rnepea HUM 3agada TpeOyeT HEXUJIOro UCKyCcCTBeHHOro uHrteiekra. Ho, yBor! Kami-koH-
TPOJLIEPbI TIEPCOHATBHBIX MTPOLIECCOPOB MHTE/JIEKTOM He OOPEMEHEHBI U CJIeTIO JAEUCTBY-
10T IO OJHOMY M3 HECKOJIbKMX 11a0JI0HOB, Ha3bIBAEMbBIX CIpameusmu K3UUPOoBaHusl.

Cmpameeus nomeuwjeHuss 0aHHbIX B KALI-TIAMSITh TPEACTABISIET COOON aJrTOPUTM,
OIPEIEISIONINIA: CTOUT JIX TIOMEIIATh KOTIUIO 3aMPOIIEHHBIX TaHHBIX B CBEPXONEPATUB-
Hyto nmamaTh win Het? IIponeccopsr knacca Intel Pentium u mpoueccoper AMD ot K5
Y BBILIIE HE MYAPCTBYS JIYyKaBO, IIOMEIAIOT B K311 ce JAHHbIE, K KOTOPBIM XOT$I Obl OTHO-
KPaTHO MPOUCXOIUT OOpallleHUE.

ITockobKy, Mbl HE MOXKEM COXPAHUTH B K3I1I€ COAEPKMMOE BCeil onepaTUBHOI Ia-
MSTU Y paHO WJIM TO3AHO K31 3aI0JIHSETCS 10 caMylo MaKYIIKY (a ¢ TaKoil cTparerveit
OH 3aIl0JIHSIETCSI CKOpee paHo, YeM MO3HO0) HacTaHeT BpeMsi, Koraa AJIsl TOMEIIeH s HO-
BOI MOPLMU JaHHBIX, HAM MIPUAETCS B CIIEIIHOM TOPSIKE BHIKMHYTh U3 K3Il1a YTO-HU-
Oyab HEHYXXHOE, UYTOObl 0CBOOOXIATh 151 HUX MecTo. (IToMHuUTe, Kak roBopu KoT Ma-
TPUCKUH: "...umobbl npodams ymo-Hubyo0b HeHYJ CHOe, HA00 CHA4aia Kynums 4mo-Hubyob
HeHyducHoe.. ")

ITorick BOT Takux HaMMeHee HYXXHbIX JaHHBIX U HA3bIBACTCSl cmpameeus 3ameuie-
Hus. MOXHO NpUHUMATh pellieHUE, OCHOBBIBASICh Ha KOJIMYECTBE OOpaIlleHUI K KaXI0i
MOPLMM JaHHBIX (YACTOTHBIM aHAIM3), MOXXHO — Ha BPEMEHU MOCAeAHEero oOpalleHusl,
BbIOpaB Ty, K KOTOPOil qoblie Bcero He oopainanuch (anroputm LRU — Least Recently
Used), MOXXHO — Ha BpEMEHU 3arpy3Ku M3 OCHOBHOM MaMsITH, BBITECHUB Ty, KOTOpasi ObI-
Ja 3arpyxeHa pasbiiie Bcex (anroput™ FIFO — First Input First Qutput), a MOXHO TIPOCTO
MOJKUHYTb MOHETKY (randomize-aqropuTM) — Ha KOTO Cyib0a JISIKET, — TY U BBITECHSITh
(kcTaTM, MMEHHO TakKasl CTpaTervsi 3aMellleHUs MCIOoJb30Bajach B Ipolleccopax
AMD K5).

B coBpeMeHHBIX TIpolieccopax ceMeiicTBa X86 BCTpeuarTCsl UCKJIIOUYUTEIBHO CTpa-
terur FIFO u LRU, yacToTHBI ke aHaJIu3 BBUIY CJIOXHOCTHU €0 peajiu3allii B HUX He
HCITOJIb3YyeTCS.

Coeaacoeanue unmepdpeiicoe npoueccopa u konmpoaiepa namamau. "SJyeiika namstu"
B MOHSTUM COBPEMEHHBIX MPOLIECCOPOB MPEACTaBIsIeT co00I Kak IpaBUIO OAWT WIU
JIBoiHOe cyioBo. C Ipyroil CTOpOHbI, MUHMMAJILHOU Iopuueil oOMeHa ¢ (pu3nueckoi
OIlepaTUBHOM MaMSThIO SIBJISIETCS naKem, COCTOSIIINIA TT0 MEHBIIEH Mepe U3 YeThIpex 64-
pa3psIIHBIX SYeeK.

31ech MOXXHO MPOBECTU aHAJIOTHIO C ONTOBOI TOPIroBiieil, — MIPOU3BOAUTED HE OT-
IycKaeT ToBap IO IITYKaM M €C/IM HaM, MOJIOXUM, TpeOyeTcsl OAMH KapaHaall, Mbl BCEe
pPaBHO BBIHYKACHBI MPUOOpPETaTh LeAYyI0 ynakoBKy. EcTecTBeHHO, 10 TOI MOpbI, MOKa
OoCTaJIbHbIE KapaHJallli He OyAyT peaJlbHO BOCTpeOOBaHbI (KOHEYHO, €CIM OHM BOOOIIE
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OyayT BocTpeOOBaHbI), UX HEOOXOAMMO IIIe-TO XpaHUTh. PerieHue: n3Biedb OOUH-IUH-
CTBEHHBII KapaHIalll U3 YITAKOBKHU M BEIOPOCUTD OCTATKM, — CIUIIKOM HepallOHAIbHO,
MTO3TOMY 3/IeCh HE paccMaTpuBaeTcs. Tem OoJjiee, YTO MTOAXOAAIIee XPAaHWITHIIIE IS TTaKe-
TOB JAaHHBIX Y HAC €CTh — 3TO K31I. [101y4nB mMakeT JaHHBIX CO CKJaaa, MapaoH, 3arpy3uB
MX M3 OCHOBHOI OTIepaTUBHOM IMaMSTH, K3III MIO3BOJISIET MPOILIECCOPY B MOCIEACTBIE 00-
pabaThIBaTh 3T JaHHBIE C JTI000M pa3psAHOCThI0. UMEHHO 3TUM, KCTaTH, OOBSICHSIETCS
BbIOpaHHasl CTpaTerus 3arpy3ku JaHHBIX (cM. " Cmpameeus nomeujernus danHuix"). Kal-
KOHTPOJIJIEP BBIHYXIEH MOMEIIATh B CBEPXOIEPATUBHYIO MaMITU BCe STYEHKU, K KOTO-
PBIM IIPOUCXOIUT OOpaICHHE, YKE XOTSI ObI TOTOMY, UTO BBIKMIBIBATh UX, KaK KapaHia-
I B IPUBEICHHOM BBIIIE IIpUMeEpPE, ObLIO ObI KpaiiHe HepallMOHAIBHO.

Ynpexcoarowas 3aepysxa dannsvix. CynmiecTByeT HECKOJbKO CTpaTEruii 3arpy3Ku 1aH-
HBIX U3 OCHOBHOI ONEPAaTUBHOM MaMATHU B KALI-NaMsITh. [IpocTelnii aroputm 3arpys-
KU, Ha3bIBaeMbIll 3aepy3koii no mpebosaruio (on demand), TipeanucbiBaeT 0OpalaThCs K
OCHOBHOI MaMSITU TOJbKO MOCJE TOro, KaK 3aTpeOOBaHHBIX IMPOLIECCOPOM JaHHBIE HE
OKaXkeTcsl B Kallle (TO €CTh, MOMPOCTY TOBOPSI, MOCAe BOZHUKHOBEHMS K3IlI-ITpoMaxa).
HMcnonb3oBaHue TaKoi cTpaTeruv MPUBOAUTK TOMY, UTO B K311l MOMNAAAI0T 1€MCTBUTEb-
HO HYXHbIe HaM JJaHHbIe (M 3TO TUIoc!), OJHAKO, TIpU MEPBOM OOpallleHUU K siueiike,
Mpoleccopy NPUAETCS OYEHb TOJTro XAaTb — MPUOAM3UTEbHO 20 TaKTOB CUCTEMHOM
IIWHbI, YTO €CTh HECOMHEHHBII MUHYC!

Crparerus cnekyaamueHoil (speculative) 3arpy3ku, HalIpOTUB, TIPeANNUCHIBAET ITOME-
1IaTh JaHHbIE B K3III 3a0Jr0 TO TOTO, KaK K HUM MPOU30MIET peajibHOe OOpallleHME.
OTKyna xxe KalI-KOHTPOJUIEPY 3HaTh, KAKME UMEHHO STYEMKU MaMsITHU TTOTpedyeTcs Mpo-
1eccopy B Ovxaiiiem Oynyiiem? Hy.. HaBepHsSKa 3HaTh 3TOr0 OH 3TOro, KOHEYHO, HE
MOXET, HO ITouyeMy Obl eMy He TTIonpo0oBaTh MPOCTO yeadams?

AJITOPUTMBI yraJblBaHUS ACNSATCS HA UHMENNEKMYalbHble I HeUHMeANeKMYalbHble.
TUNUYHBI MPUMEDP HEUMHTEJIEKTYAIbHOTO aJITOPUTMA — onepedcarouias 3aepyska. cxo-
ISl U3 TIPEATIONOXEHMS, YTO JaHHbIE U3 ONEepaTUBHOU MaMITh 0OpabaThIBalOTCS MOCIE-
JIOBATEJIbHO B MOPSIKE BO3pacTaHUS aIpecoB, KAII-KOHTPOJLIEP, TTIEPEXBAaTUB 3aMpoC Ha
YTEHUE TIEPBOM SYEKHU, B MOPSIAKE COOCTBEHHOW MHMIIMATUBBI 3arpykaeT HeKOTOpOe
KOJIMYECTBO SIUeeK, Mocaeaymux 3a Heil. Ecnu nanHble neiicTBUTeIbHO 0O0pabaThiBa-
I0TCSI TTOCJIEA0BATEIbHO, TO OCTaJIbHBIE 3aIPOCHI ITpolieccopa OyayT BHIMOJIHEHBI TPAKTH -
YeCKM MTHOBEHHO, BEb 3allPOILIECHHBIE STUEUKHU yXKe TTPUCYTCTBYIOT B Kale! CinenyeT 3a-
METUTb, UTO CTPATETHs OIepexarolleil 3arpy3ku BO3HUKAET YXKe B CJTy HEOOXOIUMOCTHU
COIJIaCOBaHUS Pa3psIIHOCTU ONEepaTUBHOM MamsATH U Tpoueccopa (cM. "Coeracosanue
unmepdeiicos npoyeccopa u Koumpoaiepa namsmu”).

Cepbe3Hblit MUHYC oniepexarolleil (M BooOIlle HEMHTEIEKTYaIbHOI) 3arpy3KHU CO-
CTOUT B TOM, YTO BBIOpAHHBII MPOrpaMMUCTOM aJTOPUTM 00paOOTKM TaHHBIX 1aJIeKO He
BCErJa COBITAaeT C aJITOPUTMOM HMX 3arpy3KM M 3a4acTylO sSTYEMKU MaMsITU BOCTPeOYyIOT-
Csl COBCEM HE B TOM MOPSIIKE, B KOTOPOM K3II-KOHTPOJUIEP 3allpalliiBaeT UX U3 OCHOB-
Hoit mamstu. Kak ciaencTBue, — Mbl UMeeM 3HAYMTEIbHBIN MaaexX MPOU3BOAUTEIbHOCTH,
MOCKOJIbKY IaHHbIE B 3TOM CJIyyae 3arpy>KaloTcsl B XOJI0CTYIO.

HMHTemexTyaibHbIN K3UI-KOHTPOJIIEP TMpeACKa3biBaeT aapec CAeayrolleid 3ampa-
IMBAEMOM STYEMKM HE IO ciienoMy 111abJIOHY, a HA OCHOBE aHau3a MpeablayluX oopa-
meHuii. Mccnemyst mocienoBaTelbHOCTh KAIII-IPOMAaX0B, KOHTPOJLJIEP MbITAETCS YCTaHO-
BUThb KaKOl MMEHHO 3aBUCHMOCTBIO CBSI3HBI €€ 3JIEMEHThI U, €CJIU 3TO €My yaaeTcs,
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MPeIBBIUUCTISCT ee mocaeaylolre wieHbl. Ecam obOpaleHre K maMsITA IPOUCXOIUT MO
peryasipHoMy I11a0JIOHY, MHTEJJIEKTyallbHasl CTpaTeTusl CIEKYISITUBHOW 3arpy3kKu Ipu
0JIarONpUSITHOM CTEYEHUU OOCTOSITEICTB MOXKET MOJHOCTHIO JIMKBUAMPOBATh 3aepK-
KU, BO3HUKAIOIINE TIPU OXXUAAHUU 3arpy3KU JAaHHBIX U3 OCHOBHOM MaMSITH.

J10 HEJaBHETO MPOIIJIOTO MHTEJUIEKTYAIbHBIE KAIII-KOHTPOJUIEPHI UCITOJIb30BAIUCH
pa3Be UTO B CyNMEPKOMIBIOTEPAX U BBICOKOTIPOM3BOAUTEIBHBIX PA0O0OUYMX CTAHLIMIX, HO
Tenepb OHU peain3oBaHbl B npoueccopax P-4 u AMD Athlon XP.

Cmpameeuu noucka danHuix. B COOTBETCTBUU C BBIOpAHHOI CTpaTerueil 3arpyska
JAHHbBIX U3 TTaMSITU MOXET HauYMHAThCS JIM0O0 nocae pMKcallM KalI-TipoMaxa (cmpame-
eus Look Through), TG0 OCYIIECTBIISITbCS napanieabHo ¢ TIPOBEPKOI HATUUMSI COOTBET-
CTBYIOIIIEA KOMIMM AAHHBIX B CBEPXOIEPATUBHOM MaMSITH U MPEePbIBAThCS B CIydyae KIIl-
nonagaHus (cmpameeus Look aside). IlocnenHee cokpalllaeT HaKJIaJHbIE pacXoibl Ha
K3III-IIPOMaxu, YMEHbIIAsi TEM CaMbIM JJATEHTHOCTb 3arpy3KM JaHHbBIX, HO 3aTO YBEJIMYM-
BaeT 3HEPromnoTpedsieHWe, YTO B psijie CIydyaeB OKa3bIBAETCsS HEIpUEMJIEMO OOJIbIION
TIaTOM 3a B OOIIEM-TO TIOBOJIbHO HE3HAUYUTEIbHYIO MPHOaBKY MPOU3BOAUTEIbHOCTH.

Omaoxcennan 3anuco dannvix. Hannumue BpeMEHHOTO XpaHUJIWIIA JaHHBIX MO3BO-
JIIeT HaKaruiMBaTh 3alMCbIBaéMble TaHHBIE U 3aT€M, JOXIABIIUCh OCBOOOXAEHUS CH-
CTEMOM IIMHBI, BHIFPYKATh UX B OMEPATUBHYIO MaMSTh "OMIHUM MaxoM". DTO JTUKBUIM-
pyeT HUKOMY HE€ HY>XKHbIE 33I€p>KKU M 3HAYUTEJIbHO YBEJIMYMBAET MPOU3BOIUTEILHOCTD
MOJCUCTEMBI TTaMsITH (TToapoOHee 00 3ToM cM. "lloaumuku 3anucu u noddepicka Koee-
peumuocmu’).

B x86 mpolieccopax MexaHMU3M OTJIOKEHHOM 3alTMCH peajln30BaH HaunHasg ¢ Penti-
um u AMD K35. bosiee paHHue Moesiu ObLIM BbIHYXKIEHHbIE HEOCPEACTBEHHO 3aITUChI-
BaTh B OCHOBHYIO MaMSITh KaXIyl0 MOAU(PUIIUPYEMYIO STUEHKY, UTO Cephe3HO OIpaHUYM -
BaJio uX ObicTponeiicTBue. K cyacThio, CerogHsl Takue IMPOLECCOpbl MPaKTUUYECKU HE
BCTpeyaroTcsl M 00 3TOM MpoobJeMe yKe MOXHO 3a0bITh.

Opramu3anua K31ma

Jns ynpoiieHus B3aMMOIEMCTBUS C ONEPAaTUBHOM MaMSThIO (U €llle 10 psiay Ipy-
TMX MPUYUH), K3II-KOHTPOJUIEp ONEepUpYyeT He OaliTaMu, a 6JJ0KaMu JaHHBIX, COOTBET-
CTBYIOIIMX pa3Mepy MaKeTHOro Ilukjaa ureHusi/3anucu. [IporpamMMmHO, K3lI-TIaMsTh
MpeacTaBisieT co00i COBOKYITHOCTb OJIOKOB JaHHBIX (PMKCHPOBAHHOTO pa3Mepa, Ha3bl-
BaEMBbIX KIut-auneikamu (cache-line) nnv kaw-cmpoxamu.

Kaxnast Ka1-cTpoka MoJHOCTBIO 3aIoJIHsIeTCs (BBITPYKaeTcsl) 3a OAUH MaKeTHBIN
LIMKJI YTEHUS U BCeraa 3amoJHsIeTCs (BBIrpyKaeTcsl) ueJukoM. Jlaxe eciu mporeccop 00-
palaeTcs K OAHOMY 0alTy MaMsITU, K3II-KOHTPOJJIEp MHULIMUPYET TOJHBIN UK 0Opa-
LIEHWSI K OCHOBHOM MaMsITH 1 3alipalliMBaeT Bech 010K 1ieaukoM. [Tpuuem, anpec nepso-
ro 6aita K3lI-JIMHEHKN BCerga KpaTeH pa3Mepy MaKeTHOro Lukija ooMeHa. [dpyrumm
CJI0BaM: Hayaylo K3II-JIMHEHKM BCeTaa COBMaAaeT ¢ HayaJoM MaKeTHOro 1IMKJIA.

ITockobKy, 00beM K31l1a MHOTO MEeHbIIIe 00beMa OCHOBHOM oNepaTUBHON MaMsITH,
KaxKI0i K3II-JIMHEHKE COOTBETCTBYET MHOXECTBO sTYeeK KAIIMPYeMOIi MaMsITH, a OTCIO-
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Ja ¢ HeM30€eXXHOCTBIO CJIEAYET, UTO MPUXOAUTCS COXPAHATh HE TOJBKO COAEPXKUMOE KI-
LIMpPYEeMON sTYelKM, HO U ee aiapec. 1 3Toil 1enu Kaxnas KalI-JIMHEKa UMeeT CIie-
LIMAJIbHOE T10JIe, Ha3bIBaeMoe meeom. B Tere XxpaHUTCS JUHEWHBIA UM/WIKM (PU3NYEeCKUit
azipec IrepBoro Oaiita Kaui-aMHerKku. T. e. KauI-nmamMsaTh GakTUUeCKU SIBISIETCS accoyu-
amueHoill namamyio (associative memory) 1o CBOEU TIpUPOJE.

B HekoTophIX TIpolieccopax (Hampumep, B MJIAAIINX MOAEISIX mpolieccopoB Penti-
um) MCMOJIb3yeTCs TOJAbKO OAMH HA0Op TEroB, XpaHSIIMX pu3nueckue aapeca. DTo yae-
LIEBJISIET MPOLIECCOop, HO i ITpeoOpa3oBaHus (PU3MUYECKOro aipeca B IMHEHHBINA Tpedy-
€TCsI IO MEHBIIIe Mepe OIWH JOMOJHUTEIbHBIN TaKT, YTO CHUKAET ITPOU3BOAUTEIbHOCTb.

Hpyrue xe npoueccopsl (Hanmpumep, AMD K35) nMmeror gsa Habopa Teros, [isl Xpa-
HEeHMsI (PU3MYECKUX U JIMHEHHBIX aIpecOoB COOTBETCTBEHHO. K (pr3nyeckum teraM mpo-
lieccop oOpallaeTcsl Julllb B JIBYX CHUTyallMsIX: NMPU BO3HMKHOBEHUM KO3III-IIPOMAXOB
(B cuuty MCITOJIb3yeMOii B X86 Ipolieccopax CXeMbl afpecallii OdHA M Ta Ke sJeilka Mo-
>KeT UMETh MHOXECTBO JIMHEHHBIX aApecOB U ITOTOMY HECOBIIaIeHUE JIMHEHHBIX apecoB
ellle He CBUIETEJbCTBO MpoOMaxa) U IMpU MOCTYIUICHUH 3aIlpoca OT BHEIIHUX YCTPOICTB
(B T. 4. ¥ APYruX MPOLIECCOPOB B MHOTOIPOILIECCOPHBIX CUCTEMAX): UMEETCS JIM TaKasl
slyeiika B Kol aMsITi Win HeT (cM. " IIpomokoa MEST'). Bo Bcex OCTaJbHBIX CITydasiX UC-
MOJIb3YIOTCS UCKJIIOUMTEbHO JMHEWHbIE TeTU, YTO TIPea0TBpallaeT HE0OOXOIMMOCTh I10-
CTOSTHHOI'O MpeoOpa3oBaHuUs aApecoB.

JocTyn K acCOLIMaTUBHOM MaMsTH, B OTJIMYMU OT IIPUBBIYHOI HAM aapecHOM mamsi-
TU, OCYLIECTBIISIETCSI HE 110 HOMEPY SIUeiKU, a 10 €€ COAepKaHUIO, ITOITOMY TaKOW TUI
MaMsITU €lle Ha3bIBalOT content addressed memory. Kali-cTpoku, B OTJIMYMUM OT SY€EK
OIEepaTUBHOM MaMsTH, HE UMEIOT aIpeCOB U MOTYT HYMEPOBAThCSI B MPOU3BOJbHOM I10-
psiiKe, 1a U TO YMCTO YCIOBHO. BhipaxkeHue "K31I-KOHTPOJIIep 00paTUIICsS K KALI-JTUHEH-
ke Ne69" muieHo cMbIciia ¥ MpaBUJIbHEE CKa3aTh: "KAII-KOHTPOJIIEP, OOpaTUICS K K31 -
quHeiike 999", rne 999 — codeparcumoe CBSI3aHHOTO C HEM Tera.

TakuM oOpa3oM, ToJie3Hasi eMKOCTb K3II-TIaMSITU BCEra MEeHbIIe ee MoJHOM (pu-
3MYECKOI) EMKOCTH, T.K. HEKOTOpasl 4acTh sTYEEK PacXoayeTcsl Ha CO3JaHue TeroB, COBO-
KYITHOCTb KOTOPBIX TaK M HAa3bIBAeTCs "TIaMsATh TeroB" (OCTaIbHbIC STUCKM 00pa3yIoT "ma-
MSITh KaI-CTpoK"). CreayeT 3aMeTUTh, YTO MPOU3BOAUTEIN BCErla yKa3bIiBalOT UMEHHO
none3Hylo, a He TIOJIHYI0 EMKOCTh K3II-TTaMSITU, [TIO3TOMY, 3a ITaMsITh, "OThelaeMyl0" Tera-
MM, IOTPEOUTEISIM MOXHO HE BOJTHOBATHCS.

BnoKupyemasi U He 6/10KMpyemMas K3l namsitb. CylliecTBYeT 1B OCHOBHBIX pa3-
HOBUIHOCTU CBEPXOIEPATUBHOM MaMSTU: O.A0KUpyemas K3ul-namsamos N He 0a0Kupyemas.
CtpaHHO, HO paclIMpPOBKA 3TOr0 TEPMUHA BO MHOTUX MOIYJISIPHBIX U3AAHUSIX OTCYT-
CTBYET (s, HAaIIpUMep, BIEPBble OOHAPYXKWJI €€ B TEXHUYECKOIN JOKYMEHTALIMM 110 IpO-
eccopy AMD K5), mosaToMy umMeeT CMbUI paCCMOTPETh 3TOT BOIIPOC MTOMOAPOOHEE.

baokupyemas k3w namame, Kax U ciaenyeT U3 €€ Ha3BaHUs, OJJIOKMPYET T0CTYM K K3-
1Ty TIOCJIe BCSIKOTO K3II-TIpoMaxa. He3aBUCHMO OT TOTo, MPUCYTCTBYIOT JIX 3aIpaliiBac-
Mbl€ JaHHbIE B CBEPXOIEpAaTUBHOM MaMSITU WM HET, OO0 TeX IOop, MOKa KAII-CTPOKa,
BbI3BaBIIIAsl IIpOMax He OyIeT LEJIUMKOM 3arpykeHa (BbITpy>KeHa), KA1l HE CMOXeT oopa-
0aThIBaTh HUKAKMX ApYyrux 3anpocos ("...a read hit or miss after a read miss waits until the
prior miss fills the cache", — Kax ToBopsT aHI/IM4YaHe). B HacTosIee BpeMst OJIOKupyemast
KO3III TTaMSITh TTPAaKTUYECKU HE UCIOIb3YeTCsl, TTOCKOJIBKY MPU YAaCTHBIX KAIII-IpoMaxax,
OHa paboTaeT KpaliHe HeIIPOU3BOIUTEIIBHO.
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He 6Oaoxupyemasn k3w namame, HaPOTUB, TTO3BOJISIET pabOTaTh C K3IIEM Mapa-
JIEJIbHO C 3arpy3Koii (BBITPY3KOIi) K3II-CTPOK. To eCTh, K3I-TIpOMaxXy He MPETsITCTBYeT
KauI-rionagaHusaM. M ato — xopomro! HecMoTpst Ha To, 4TO He OJIOKMpyeMasi K311l TaMsITh
MMEET 3HAUYUTEIbHO OOJIbIIYIO amlmapaTHYIO CJIOXHOCTb (a, 3HAYUT, — U CTOUMOCTbD),
B CUJTy CBOEIi MPUBJIEKATEIbHOCTH, OHA IIIMPOKO MCIOIB3YETCS B CTAPIIMX MPOLIECCOpaX
ceMeiicTBa x86, Kak, BIIpOYEM, U BO MHOTMX JIPYTUX COBPEMEHHBIX ITPOIIeCcCcopax.

MoHsTne accoynaTtuBHocTH Kawa. [Ipocneaum 1o maram Kak padoraet kaul. Bot
npolieccop obpaiiaeTcs K sueiike maMsTy ¢ aapecom xyz. Kaui-kKoHTpoJuiep, nepexBaTuB
3TO oOpalleHue, TIePBLIM ACJI0M IbITACTCS BBIICHUTD: MPUCYTCTBYET JIM 3aIlpOLLIeHHBIE
JaHHbIE B KALI-TIaMSITU WK HeT? BOT TyT-TO M HauMHaeTcs camoe uHTepecHoe! Jlerko
1OKa3aTh, YTO MPOBEPKa HAIMUMS STYCHKU B KIII-TIaMITH (haKTUYECKU CBOAUTCS K NOU-
CK)Y COOTBETCTBYIOILIETO Mana3oHa afpecoB B MaMsITH TETOB.

B 3aBUCUMMOCTH OT apXUTEKTYpPhI KAII-KOHTPOJLJIepa IIPOCMOTP BCEX TETOB OCYILECT-
BJIsIeTCS JIMOO MapaliesIbHO, JTM00 ToceaoBaTebHO. [lapauiebHbIil MOUCK, KOHEYHO,
ype3BblYaliHO OBICTP, HO M CJIOXKEH B pealn3anuu (a motomy — gopor). [lociaenosaresb-
HbIN XKe mepedop TEroB Mpuy OOJIBIIIOM X KOJIMUYECTBE KpaliHe Henmpou3BoauTeaeH. Kcra-
TH, a CKOJIbKO y Hac TeroB? IIpaBuiIbHO — POBHO CTOJIBKO, CKOJIBKO M K3II-CTPOK. Tak,
B YaCTHOCTH, B 32 KMJIOOATHOM K3I1Ie HACUUTHIBAETCSI HEMHOTMM 00Jiee mblcs4i TETOB.

Cron! CKoJIbKO BpeMeHU MOTpedyeT MpoCcMOTp Thicsiuu TeroB?! Jlaxke eciu Hec-
KOJIBKO TETOB OyIyT IMPOCMATPUBAThCS 32 ONMH TaKT, TIOMCK HYXXHOI HaM JIMHEHKM pa-
CTSIHETCSI Ha COTHM TaKTOB, YTO "CheCT" BECh BHIMIPHIII B MPOM3BOAUTEIbHOCTU. HeT yX,
Kakasi [MHaMu4ecKasl maMsITh HU TOPMO3Hasl, a K Hell oOpaTuTcs MoobIicTpee OyaeT, uem
CKaHUPOBATh KAIIL...

Ho Benpb ka1 Bce Taku padoraet! CripammBaercs: Kak? Oka3biBaeTcs (1 3TO CIea0-
BaJIO 0XKUAATh), YTO IOCJIeI0BaTeIbHbII Mepedop — HE caMblii MPOJABUHYTHII aIrOPUTM
noucka. CyliecTByIOT U 0oJjiee 3JieraHTHbIe pelleHus1. PaccMoTpum n1Ba HauboJee romy-
JISPHBIE U3 HUX.

B xo1ue npamoeo omoobpasicenua nipobiemMa Mmovcka peuaercs Tak: MyCTh Kaxaast
slyeiika rmaMsITU COOTBETCTBYET He JII000i, a OJJHOM, CTPOro OIpeaeeHHON, CTPOKE K3-
ma. B cBolo ouepenb, Kaxkaoi CTpoKe Kalla OyaeT COOTBETCTBOBATh HE OJHA, a MHOXE-
CTBO SIYE€EK KAIIMPYEMOI MaMsITH, HO ONSITb-TaKM, HE JIIOOBIX, a CTPOTO ONpPEeACIEHHBIX.

[TycTh HalI K311 COCTOUT M3 YEThIPEX CTPOK, TOraa (CM. puc. 2) MEepBbIi MaKeT K3-
IIAPYeMOW MaMsTU CBSI3aH C MEPBOM CTPOKOM K31a, BTOPOU — CO BTOPOM, TPETUM —
C TPEThEM, YETBEPTHI — C YETBEPTOM, a MITHIII — BHOBB € MepBoii! JlocTaTouHO OYeBU/I-
HO, 4TO aJpeca SA4eeK KIIIUPYyeMOr MaMsTU CBS3aHbl C HOMEPAMU K3II-CTPOK CIIEAYIO-

ADDR 104 CACHE.SIZE
CACHE. LINE. SIZE CACHE. LINE. SIZE’
Kou-nuHeiiku, ADDR — anpec siueiiku kamupyemoit namsitu; CACHE.LINE.SIZE —

nnvHa kau-auHeiku B 0aiitax; CACHE.SIZE — pa3mep kaui-namstu B O6aiftax; "—" —
oreparlus HeJOYMCIeHHOIO AeIeHUS.

Takum 00pa3oM, UTOOBI Y3HATh: MPUCYTCTBYET JIM UCKOMasI sTYeiikKa B K3ILI-TaMSITU
WM HET, JOCTAaTOYHO MPOCMOTPETh BCErO OAWH-E€AMHCTBEHHBIN Ter COOTBETCTBYIOIIEH

KBII-JIMHEeKU, IS BBIYMCIEHUST HOMepa KOTOPOro TpeOyeTcsl COBEpIIUTh BCEro TPU

IIMM OTHOILLIeHUEM: N= rne N — yCJI0BHbIA HOMEpP
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apu@mMeThIeCcKUEe orepanuu (MOCKOJIbKY, JIMHA KAILI-JTMHEEK W pa3Mep Kol MaMsITh
BCEra MpeaCTaBISIIOT COOOM CTENEeHb IBOWMKM, ONepalluy IeJICHUS 1 B3SITUSI OCTaTKa J10-
myckKawT 3(pGEeKTUBHYIO M MPOCTYIO allllapaTHYIO peanu3anuio). HeodbxonumocTts mpoc-
MaTpUBaTh BCE TETU B 3TOM CXeMe €CTECTBEHHBIM 00pa30M OTHAIaET.

Ha, oTmagaer, HO BO3HUKAET npyras npoodiema. 3aayMalTeCch, YTO MPOU3OMIET,
€CJIM MPOLECCOoP MOMbITACTCS MOCIeI0BaTeIbHO 00PAaTUTHCSI KO BTOPOIA, IIIECTOM U JeCs -
TOM siueiikam Kaiupyemoii namstu? IIpaBuabHO — HECMOTPSI Ha TO, YTO B K3llle OyaeT
MOJIHO CBOOOJHBIX CTPOK, KaXaasi ouepeaHasl siueiika OyIeT BBITECHSTh MPEAbIIYIIYIO,
T.K. BCE€ OHU XKECTKO 3aKperieHbl MMEHHO 3a BTOPOI CTPOKOI Ka1ia. B pe3ynabraTe Kol
OyneT paboTaTh MaKCMMalbHO HEA((HEKTUBHO, TOJTHOCTBIO 8x040cmyto (trashing).

[TporpaMMucT, 3a00TAILIMIICS 00 ONTUMHU3ALIMU CBOUX IPOTPpaMM, JOJXKEH OpraHM-
30BaTh CTPYKTYPhI JaHHBIX TaK, YTOObI UCKIIIOUUTh YACTOE YTECHUE STUeeK MaMSITU C aJpe-
caMmu, KpaTHBIMM pa3Mepy ka1ia. [ToHsITHoe es1o — Takoe TpeboBaHMe He BCeTaa BhIIOJI-
HUMO M K3II IPSIMOTO OTOOpaXeHMs obecrieurBaeT JajeKo He JY4lyl IMPOM3BOAM-
TeJbHOCTh. [loaTOMY, B HacTosIlee BpeMsl OH INpPaKTUYECKW HUIAE HEe BCTpedaroTcs
1 MOJIHOCTBIO BHITECHEH HAOOPHO-aCCOLIMAaTUBHOM CBEpXONepaTUBHON MaMSIThIO.

Blw|m|~
=
I i R B I (O O Y P OV

=
Pa

Kaw Kawunpyemaa namaTe

PucyHok 2. Yctporictso kawa npsmoro otobpaxeHus

Hab6opno-accoyuamuenvim k3u COCTOUT U3 HECKOJIBKUX HE3ABUCUMBIX OAHK08, KaXK-
IbIA M3 KOTOPBIX MPEACTABISIET COOOM CaMOCTOSITEAbHbBIM KAIII MIPSIMOTO OTOOpPaKeHUSI.
BarisiHute Ha pucyHok 3. Bumute, Kaxnas siueiika KaIIMpyeMoil MaMsITU MOXET ObITh
COXpaHEHa B /000l U3 IBYX CTPOK KAII-NaMATH. JoImycTuM, mpoLeccop YMTaeT IEeCTYIO
U JECATYIO SUeliKy Kammupyemoil namsatu. Illecras ssyeilka uaet BoO BTOPYIO CTPOKY MEp-
BOTo 0aHKa, B IecsiTass — BO BTOPYIO CTPOKY CJIEAYIOIIEeTo 0aHKa, T.K. MEPBBIA yXKe 3aHST.
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KonunuecTBo 6aHKOB K3IlIa ¥ HA3bIBAIOT €r0 accoyuamusHocmoto (way). Jlerko Bu-
JeTh, YTO C YBEJMYEHUEM CTENEHU acCOLMAaTUBHOCTU, 3((PEKTUBHOCTH KA3IIA CYIIE-
CTBEHHO BO3paCTaeT.

B upneane, npu HauBBICILIEH CTENEHU APOOJEHUS, B KaXXA0OM OaHKe OyIeT TOJbKO
OHA JIMHEeWKa, U Toraa Jrbas suyeiika K3IIMPYeMOU MaMsTU CMOXET ObITh COXpaHEHa
B JIIOOOW CTpoKe Ka1Ia. Takoi K31l Ha3bIBAIOT HOAHOCHbIO ACCOUUAMUBHBIM KIulem VTN
MPOCTO aCCOLIMAaTUBHBIM K3IIIEM.

ACCOLIMaTUBHOCTb K3II-TIAMSITH, UCIOJb3yeMOHl B COBPEMEHHBIX IEepPCOHAIbHBIX
KOMIIbIOTEPOB K0Je0aeTcs OT ABYX (2-way cache) 1o Bocbmu (8-way cache), a yaiiie Bce-
ro paBHa yeThIpeM (4-way cache).

baHk 1 1

. 2
> 3
S 4
7 5
6

baHk 2 7

1 g
2 g
3 10
4 11
12

Kaw Kawwnpyemana namaTe

PucyHok 3. YcrporictBo HabopHo-accoumatMBHOro Kaia

MonnuTuKKN 3anucu u nNpoaepxKa KorepeHTHocTH. Eciiu Obl queiiky maMsTu Obl-
JIM TOCTYITHbI TOJBKO HA YTEHME, TO MX CKAIIMPOBAHHAS KOMWUS BCerga CoBIagaa Obl
¢ opuruHaiaM. Bo3aMoxXXHOCTb 3anucu (Hy Kakasi ke Iporpamma ooxoguTcst 6e3 orepa-
LM 3anucu?) poxaaeT cieayloline MmpoodieMbl: BO-TIEPBbIX, KAII-KOHTPOJUIEP HOKEH
OTCJIEXKMBATh MOIU(UKALIAIO SYEEK KAII-TIaMSITU, BBITPYKasi B OCHOBHYIO ITaMSITh MOJIM -
(puLMpoBaHHBIC TUEHKU MPU UX 3aMEILEHUU, a, BO-BTOPHIX, HEOOXOAUMO KaK-TO OTCJIe-
JKMBaTh O0OpallleHUsT Bcex NepudepuiiHbIX YCTPOMCTB (BKJIOUasi OCTaJbHbIE MUKPOIIPO-
1IeCCOpPbl B MHOTOITPOLIECCOPHBIX CUCTEMAaX) K OCHOBHOI nmaMsaTu. B mpoTuBHOM cilydae,
MbI PUCKYEM CUMTATh COBCEM HE TO, YTO 3alMChIBaIN!

Ksui-koHTposiep o0s13aH obecrieuuBaTh Koeepenmuocms (coherency) — corjaco-
BAaHHOCTb K3II-NaMSITU C OCHOBHOM MaMsThI0. JlomycTUM, K HEKOTOPOI sTUYeiiKe ITaMsITH,
yKe MOIU(MUIIMPOBAHHON B K311Ie, HO ellle He BHITPY>KEHHOI B OCHOBHYIO IMaMsITh, 00pa-
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maercs nepudepuitHoe yCTpoicTBO (MJIM APYroil MpoLeccop) — KAII-KOHTPOJIEP M0JI-
KEH HeMeIJIeHHO OOHOBMTb OCHOBHYIO IMaMsITh, MHA4YEe OTTyJa MOYUTAIOTCS "cTapbic”
JaHHbIEe. AHAJIOTUYHO, eCIU nepudepuiftHoe yCTPOMCTBO (Ipyroi mporeccop) Moaudu-
LIMPYeT OCHOBHYIO MaMsITh, HampuMep nocpeactBoM DMA, K3lI-KOHTPOJIIEP JO0KEH
BBISICHUTh — 3arpy>Ke€HbI JIU B MOAUMUIIMPOBAHHBIE STUEHKU B €r0 K3II-MaMsITh, U €CJIU
Ja — OOHOBUTD UX.

IMTonnepkka KOrepeHTHOCTH — 3agaya cepbe3Has. Camoe MpocToe (HO He caMoe
Jiydliliee) pellieHue, MTHOBEHHO IPUXOJsIlee Ha yM, — K3IIMPOBATh STYEMKU OCHOBHOM
MaMsITH TOJIBKO JIJIsl YTEHMSI, a 3aIIMCh OCYLIECTBIISITh HAIIPSIMY10, MUMHY$ K111, Cpa3y B OC-
HOBHYIO MaMsTbhb. DTO, TaKk Ha3biBaeMasi, ckeo3nas (Write True write policy) moauTuka.
CkBo3Has MoJMTHKA JIeTKa B allfapaTHOM peaan3aluu, HO KpaliHe Hed(h(heKTUBHA.

YacTuyHO KOMITIEHCUPOBATh 3aeP>KKU 0OpallleHUs K ITaMsTU oOMOraeT oygepusa-
yusa. 3anvchiBaeMble JaHHbBIE Ha IEpPBOM 3Tale IOMNajaloT He B OCHOBHYIO IaMsThb,
a B CIlella/IbHbIN Oyghep 3anucu (store/write buffer), paamepom nopsiaka 32-6ait. Tam oHu
HaKaIUIMBAlOTCS 10 TeX MOp, IokKa Oydep 1eIMKOM He 3all0JIHUTHCS MU HE OCBOOOIUTh-
cd IIMHA, a 3aTeM Bce comepxkumoe Oydepa 3anuchiBaeTCs B MaMSITh "OTHUM CKOIIOM".
Takoil pexxuM ckeo3noil 3anucu c oygepuzauueii (Write Combining write policy) 3HaUnTEb-
HO yBEJIMYMBAET MPOU3BOAUTEIbHOCTh CUCTEMBI, HO pelllaeT JajeKo He BCe MPOOJIeMBI.
B yacTHOCTH, 3HaUUTEIbHAS YAaCTh MPOLIECCOPHOIO BPEeMEHU IO-IMPEXHEMY PACXOAYETCs
MMEHHO Ha BBITPY3Ky Oydepa B OCHOBHYIO ITaMsTh. TeM 0ojiee 00MIHO, YTO B MOAABJISIO-
1IeM OOJIBIIMHCTBE KOMITBIOTEPOB YCTAHOBJIEH BCETO OJMH MPOLIECCOP U UMEHHO OH, a He
nepudepusi, MHTEHCUBHEE BCeX pabOTaeT ¢ MaMsThbl0 — HE CJIMILIKOM JIM JOPOro 00Xo-
JTUTCSI MOAJAEPKKA KOTEPEHTHOCTU?

bonee cioxHbIi (HO U COBEPIIECHHBIN!) alrTOpUTM peaiu3yeT 00pamuas noiumurka
3anucu (Write Back write policy), 10 MUHMMyMa COKpallapliasi KoJIu4ecTBO o0palleHui
K TTaMsITH. [J1s1 oTCaeKnBaHus orepalnii MOgU(UKALIMU ¢ KaXI0# STUeHKON Ka1I-TIaMsl-
TU CBS3bIBAETCS CIeLMaTIbHbIN (ar, Ha3bIBaeMblil ghraeom cocmosnusa. Ecnu Kamupye-
Masl s4yeiika Obl1a MOIM@UIIMpOBaHA, TO K3II-KOHTPOJUIEp YCTaHABJIMBAET COOTBET-
CTBYIOLLIMI el (piar B epsznoe (dirty) coctossaue. Korga nepudepuiiHoe ycTpoicTBO 00-
palaeTcs K maMsTH, K3II-KOHTPOJIIEp MPOBEPSIET — HAXOAUTCS JIM COOTBETCTBYIOIIUM
aZipec B KAII-MaMSITU U €CJIY Ja, TOra OH, IJIsAs Ha diar, onpeaesseT: rps3Hasi oHa WiIn
HeT? Ipsi3Hble STYEHKK BBITPYKAIOTCS B OCHOBHYIO MaMsITh, a UX (bjlar ycTaHaBIMBAETCS
B cocTostHue "yucmo" (clear). AHaJIOTUYHO — MPU 3aMEILLIEHUU CTapbIX KAII-CTPOK HOBBI-
MM, K3II-KOHTPOJUIEP B IIEPBYIO OUepeb CTPEMUTCS M30aBUTHCS OT YMCTBIX KAIII-CTPOK,
T. K. OHM MOTYT ObIThb MTHOBEHHO yJaJieHbl M3 K3I1Ia 0e3 3alKucyh B OCHOBHYIO ITaMsITh.
M TonbKO eciu Bce CTPOKM Tpsi3HbIe — BBIOMpPAETCs OJHA, HAaUMeHee LIeHHasl (C TOYKU
3peHUS MMOJIUTUKU 3aMelleHUsT JaHHBIX) U "cOpachiBaeTcs" B OCHOBHYIO MaMsITh, OCBO-
0oxKaast MECTO IJIsI HOBOM, "YUCTOM" CTPOKM.

Mpotokon MESI. Tlon 3aranouHoii abopesuarypori MESI, yacTeHbKO BCTpeuaro-
IIMIACS B OTEUECTBEHHO! 1 3apy0eKHOM JTUTepaType, CKPhIBA€TCSI HU UTO MHOE, KaK Tep-
Bble OYKBBI YEThIPEX CTaTyCOB Kall-1uHeku Modified Exclusive Shared Invalid (Modugu-
yuposaunas lleecmeennas Ckommynusoenas Unearuouas).

Ho 4To Kaxaplii U3 3TUX CTaTycOB 0003HavYaeT? BOT 3T0 MbI ceiiyac 1 paccCMOTpuM!
Hraxk...
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Cratyc "Modified" aBTOMaTUYeCKU MPUCBAUBACTCS KAII-CTPOKAM MPU UX MoAuUKa-
nuu. CTpoka ¢ TaKuM aTpruOYTOM HE MOXET ObITh TPOCTO BHIOPOIIIE-
Ha U3 K3IlIa U MpU €€ BBITECHEHUU 0053aTe/IbHO JOJIKHA BBITPY-
JKaThCs B KAIII MaMSITh 00Jiee BBICOKOW MepapXuy UM XKe OCHOBHYIO
MaMsITh;

Craryc "Exclusive” aBTOMaTM4Ye€CKU MPUCBAUBAETCs KAII-CTPOKAM IPU UX 3arpy3ke U3
K311Ia 00Jiee BBICOKOW MEpapXWy WJIM OCHOBHOI OINEpPaTMBHOM Ma-
MsTU. Monudukauus ctpoku ¢ atpudyrom Exclusive BiedeT ero aB-
TOMaTUYEeCKyl0 cMeHy Ha aTpudyT Modified.
Ctpoka c atpubdyroM Exclusive mpu ee BBITECHEHUM U3 K3111a B 3aBU-
CUMOCTHU OT apXMUTEKTYPHBIX OCOOEHHOCTE CHUCTEMBI JIMOO MPOCTO
yHMYTOXaeTcs (inclusive-kai), 1100 0OMeHMBAETCSI CBOMM COAEP-
>KMMBIM C OJTHOM M3 CTPOK K3LI-TTaMsTU 00Jjiee BBICOKOM MepapXxuu
(exclusive—ka111). cM. Tak Xe. "/IgyxypoeHesas opeanusayus Kaua"

Cratyc "Shared”  miprcBauBaeTCsl K3II-CTPOKaM, MOTEHIMAJIbHO MPUCYTCTBYIOIIUM
B K3II-MAMSTU APYTHUX IPOLIECCOPOB (€CIM 3TO MHOTOIIPOILIECCOP-
Has cucteMa). [Tomumo 3Toro, arpuOyT Shared yka3bIBaeT ele 1 Ha
TO, YTO CTPOKAa KOTEPEHTHA COIEPKMMOMY COOTBETCTBYIOIIUX €t
s9eeK OCHOBHOM naMsaTu. [10CKOJIBKY, MHOTOITPOLIECCOPHBIE CHCTE-
MBI JajJeKO BBIXOOST 3a PaMKM HAIlleTo pa3roBOpa, OTIOXHM 3TOT
BOIMPOC 10 "Ty4YIIMX BpeMeH".
(Ilpumeuanue: 6 AMD Athlon dobasuics nosviii cmamyc "Owner” —
"Bnadeney”, u cam npomokosa cman 3anucvieamscsa max: MOESI).

Craryc "Invalid”  cTpoka OTCYTCTBYET B K3Ille M JOJKHA ObITh 3arpy>keHa M3 KAl Ta-
MSITH 00JIee BBICOKOM MepapX1UM WUJIU K€ OCHOBHOI MaMSITH.

Koa111 JTaHHBIX TIEpBOrO YPOBHS UM K31 BTOporo ypoBHs Pentium- 1 AMD K6\Athlon
MPOLIECCOPOB MOAAEPKUBACT BCE UEThIPE CTATyCca, a K31l KoJa — TOJILKO ABa U3 HUX Sha-
red u Invalid. OctanbHble He MOAACPKMBAIOTCS 110 TOM MPOCTOM MPUUYMHE, YTO KOJOBBIMI
K3III He JOITycKaeT MoAu(pUKaALMY CBOMX JIMHEEK. A KaK XK€ B 3TOM cjIyyae paboTaeT caM-
oMOIUMULIMPYIOIINI Koa? — YAMBUTCS MHOM YMTaTeIb. A KTO BaM CKa3aJl, YTO OH BOOO-
e paboTaeT? — Bo3paxy . He3aBUCHMMO OT TOro, MpUCYTCTBYET JIM MOAU(UIIUpyeMast
siyeiiKa B KOJIOBOM K3IIIe WM HET, MHCTPYKILIMS 3alIUCH HE MOXET HEIOCPEICTBEHHO 13-
MEHUTH €€ COAEePKMMOEe, M OHa IMOMEIAeTCs B K311 IIepBOTo (BTOPOI0) YPOBHS UK OC-
HOBHYIO OIlepaTHUBHYIO MaMsTh. HecMOTpst Ha TO, UTO MpoLECCOp BCe-TaKu OTCICKMUBACT
3TU CUTyallUM U OOHOBJISIET COOTBETCTBYIOLIME CTPOKM KOJOBOIO K3IIa, cCaMOMOIU(pU-
LIMPYIOIErocsl KoJa MO BO3MOXKHOCTHU CJeAyeT M30eraThb, MOCKOJbKY: BO-TIEPBBIX, TIPU
OOHOBJICHUY CTPOK I'MOHET BCS MpeaaecKoAMpoBaHHas MH(GOpMalus, a, BO-BTOPBIX, IIPO-
LIeCCOopy MPUXOAUTCS OUYMILATh KOHBEliep M BHOBb HAYMHATh €T0 3aIl0JIHSATh CHavaja.

[TpnueMm, rmon caMmoMoaUPUIIUPYIOIINMCST KOJIOM B COBPEMEHHBIX CMCTeEMaX ITOHM -
MaeTcs He TOJIbKO MICTUHHO CaMOMOIU(MULIMPYIOLINIICI KO B €10 KAHOHUYECKOM TTOHM -
MaH1M, HO 1 BOOOIIIe BCSAKas 3aIllCh B 00J1aCTh MaMSATH, HAXOISIIIYIOCS B KOJTOBOM K3IIIE.
To ecTb, cMech Koza 1 JaHHBIX, KOTOpasl TakK 4acTO BCTpevaeTcsd B "pyyHbIX' acceMOiep-
HBIX TIpOTpaMMax, OyIeT UCTIOJTHATLCS He cKopee acaabToOBOTo KaTKa, XoTd (popMabHO
OHa U He U3MEHSIET MaIlIMHHBIN Ko (HO MPpOLIEeCCOP-TO 00 3TOM He 3HaeT!).
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Cmamyc Modified Exclusive Shared Invalid
3Ta KOUI JIMHUS
. Ia na Ia HET
nercTBUTEIbHA?
3TOM CTPOKE
BOOOIIIE HE
KOITUA B ITaMATU . .
. 0 ycTapena |aeicTBUTeNIbHA | JEWCTBUTENbHA | COOTBETCTBYET
nefcTBUTEIIbHA
HUKakKas
maMdIThb
COJIEPKUTCS JIU
KOImug 3TON
HET HET MOKET OBITh MOXKET OBITh

CTPOKM B JIPYTUX
npoieccopax?

CKBO3HOMU 3all1ChIO
TOJIBKO B 3Ty | TOJBKO B 3Ty B MaMSTh

3amuch B BT
Y CTPOKY, 6e3 CTPOKY, 6e3 |Cc aHHYJIMPOBaHUEM | HEIIOCPEACTBEH

JUHUIO
oOpallieHus: | oOpallleHUsI K | CTPOKM B K3LIaX |HO yepes LIMHY
OCYIIECTBIISIETCSL. .
K IIIMHE HIMHE OCTaJIbHBIX
MPOLIECCOPOB

AByxypoBHeBasi opraHM3aums Kawa. [1peneabHo 1OCTUKMMAask €MKOCTb K3llI-T1a-
MSITH OIpaHMYEHA HEe TOJBKO €€ LIEHOM, HO 1 2JIEKTPOMarHuTHOM MHTepdepeHIINe, Ha-
Jlaraloniei XecTkre orpaHM4eHusi Ha MaKCUMMaJIbHO BO3MOXKHOE KOJIMYECTBO aIpeCHBIX
JIMHUIA, @ 3HAYUT — Ha HETIOCPEJACTBEHHO aJipecyeMblii 00beM NamMsaTu. B mpuHLIMIIe, Mbl
MOXEM MPUOETHYTh K MYJIbTUIIEKCHPOBAHUIO BHIBOIOB WJIM MOCJEI0BaTEIbHOI Tepeaa-
ye aapecoB (Kak, Hampumep, noctynuian padpadorunku Rambus RDRAM), HO 3T0 He-
M30€KHO CHU3UT NPOU3BOAUTEIBHOCTD U JOCTYI K S4YEKe KAI-NaMITU ITOTpedyeT 00-
Jiee OJHOTO TaKTa, YTO HE €CTb XOPOIIIO.

C npyroit CTOpOHBI, ABYX MOPTOBAsI CTaTU4YeCKasl MaMsTh JEMCTBUTEILHO OYEHb J10-
pora, a OJHO-IOPTOBAsI HE B COCTOSIHMM OOECIICYUTh MapajuiejibHYI0 00pabOTKy Hec-
KOJIBKHUX SY€eK, UYTO MPUBOIUT K JOCATHBIM 3aAePXKKAM.

EctecTBeHHbII BBIXOA COCTOUT B CO3IaHUM MHOTOYPOBHEBOI K3IllI-UepapXuu (CM.
puc. 4). BoAbIIMHCTBO COBPEMEHHbBIX CUCTEM MMEIOT KaK MUHMMYM J1Ba YPOBHSI K311I T1a-
msatu. [lepBreiii, Hanbosee "Oau3kuit" K mpoieccopy (ycaoBHO obo3Hauyaemblii Level 1
win cokpaiieHHo L), oObIUHO peanmn3yeTcsl Ha ObICTPOI JBYX MOPTOBOM CMHXPOHHOM
CTaTUYECKOI maMmsITH, paboTarollieii Ha MOJHOM YyacToTe siapa mpoieccopa. Oobem L1-
K31lla BeCbMa He BeJIMK M peako IpeBbiaet 32 KO, mo3ToMy OH J0KEH XpaHUTh TOJIb-
KO caMble-caMble HEOOXOAMMbIE JaHHbIE. 3aTO Ha OOpPabOTKY JIBYX IMOJHO pa3psiAHBIX
slYeeK YXOOAUT BCEro OAWH TakT. (Brumanue: npoyeccopvt x8§6 ochawaromes He UCMUHHO
08yx nopmoeoii namsamoio! Jleyx nopmosulii y Hee auuls unmepgheiic, a 10po namsamu cocmo-
Um U3 HeCKOAbKUX He3a8UCUMbBIX OAHK08, — 00bIMHO 80CbMU, PeaANU308AHHbIX HA 0OHO-NOPMO-
8blll MAMPUUAX, U NAPANLEAbHBLIL OOCHYN 803MOJCEH AUULb K A4elKaM Pa3HblX 6aHKO08).

Mexny Kal11ieM EPBOro YPOBHS U ONepaTUBHOM MaMSITbIO PACHONOXEH KUl 6Mopo-
20 yposHs (ycnoBHO o0o3HauaeMbiit Level 2 nnu cokpaneHHo L2). OH peanu3yeTcst Ha Of1-
HO-TIOPTOBOI KOHBeliepHo# ctatnudeckoit mamsatu (BSRAM) u 3auactyio paboTtaet Ha
MOHMXXEHHOM TakToBOi 4yactoTe. IToCcKOJbKYy OmHO-MOpTOBas MaMsTh 3HAYUTEIbHO
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nerieBye, oobeM L2 Kallma cocTaBisIeT COTHM KWJIOOANT, a 3a4acTyl0 JOCTUIAaeT M Hec-
KOJIbKMX Meradant! Mexay TeM CKOpOCTb IOCTyNa K HEMY OTHOCUTEIbHO HEBEJIMKa (XO-
TSI, €CTECTBEHHO, MHOTOKPATHO IPEBOCXOAUT CKOPOCTh JOCTYIAa K OCHOBHOM MaMSITH).

Bo-nepBbix, MUHUMaIbHOU MTopuueid oomeHa Mexay L1 u L2 kamem sBiasgeTcs oT-
HIOIb HE OaiT, a 1eas KalI-JTMHEWKa, Ha YTEHUE KOTOPOU YXOAUT B CPETHEM 5 TaKTOB
4acTOThl KaIlla BTOporo ypoBHsl (¢popmyna BSRAM mamsaTtu BHIMISAIUT Tak: 2-1-1-1).
Ecnu L2-ka1m pabotaeT Ha NOJOBUHHOI 4acTOTE Mpoleccopa, TO oOpallleHUe K OTHOM
sgyeiike 3arimet neabix 10 TakToB. Pazymeercs, aTy BeIMUMHY MOXHO COKpaTUTh. B cep-
Bepax U BbICOKOMPOU3BOAUTEIbHBIX pa0OUYMX CTAHLIMSX K31 BTOPOrO YPOBHS Yallle BCe-
ro paboTaeT Ha MOJIHOM YacTOTe Sipa MpoLeccopa U 3a4acTylo MMEET YYeTBEPEHHYIO pa3-
PSIAHOCTD IIWHBI JAHHBIX, OJ1arogapst yeMy MakKeTHbIM [IMKJI OOMeHa 3aBepIIaeTCs BCETo
3a OAvH TakT. OQHAKO U CTOMMOCTb TAKMX CUCTEM COOTBETCTBYIOIIAS.

PucyHok 4. [lsyx yposHesas kaw-uepapxusi

Brarouarowas (inclusive) apxumexmypa. Ks1ui BTOporo ypoBHSI, IOCTPOEHHBIN IO
inclusive-apxuTeKType, Bceraa AyoaupyeT CoAepKMMOe Ka311la TIepBOT0 YPOBHSI, a IIOTOMY
adPeKTuBHAsI E€MKOCTb CBEpXOIlepaTMBHON IaMsITU OOOMX uepapxuil paBHa:
L2.CACHE SIZE — L1.CACHE.SIZE + L1.CACHE.SIZE = L2.CACHE.SIZE.

JaBaiiTe pacCMOTPUM, UTO MPOMCXOAUT B CUCTEME, KO/l MPU MOJHOCThIO 3aMoJI-
HEHHOM K3lIlIe BTOPOI'O YPOBHSI, IPOLIECCOP TbITACTCS 3arpy3UTh €l OAHY sSueiiKy. O0-
HapyXXUB, YTO BCE KAII-JTMHENKHN 3aHSThI, K311l BTOPOTO YPOBHS U30aBIsIeTCSI OT HAaUMe-
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Hee LEHHOW M3 HUX, CTPEMSICh MPU 3TOM HAWTH JIMHEHKY, KOTOpasl €llle He ObLIa MOJIM-
(puimpoBaHa, MOCKOJIbKY B IIPOTMBHOM CJly4dae €lle MPUIETCS BBITPYKaTb B OCHOBHYIO
OIEPaTUBHYIO MaMSITh, 4 3TO — BPEMSI.

3areM K31l BTOPOrO YPOBHSI MEepeIacT MOJYYEHHbBIE U3 TTaMSITH TaHHbIE KAy Mep-
BOTO ypOBHs. Eciy Ka1il TIepBOro ypoBHS TaK K€ 3aIl0JIHEH MOJ 3aBSI3KYy €My IPUXOIUT-
¢S U30aBJISITHCSI OT OJTHOM M3 CTPOK MO CLIEHAPUIO, OMCAHHOMY BHIIIIE.

TakuM oOGpa3oM, 3arpykeHHasi MopiLrs JaHHbBIX PUCYTCTBYET U KAII-MaMSITH Tep-
BOTI'0 YPOBHSI, M B K3III-ITAMSITA BTOPOTO, UTO HE €CTh XOpoI1110. MexXay TeM, MpaKTU4eCKu
Bce coBpeMeHHbIe TIpoiieccopbl (AMD K6, P-11, P-111) mocTpoeHHBIe UMEHHO I10 BKJTIO-
yalolleil apXUTeKType.

QCHOBHaA MNaMaTb

R

PucyHok 5. inclusive- (cnesa) 1 exclusive- (cnpasa) apxutektypbi

Hckarouarowasn (exclusive) apxumexmypa. Ksui-noacucreMa, NOCTPOCHHAs MO €X-
clusive-apXUTeKType, HUKOTAa He XpaHUT U30bITOYHBIX KOIMUIA TaHHBIX U MOTOMY (P dek-
TMBHAs1 EMKOCTb CBEPXOIEPATUBHOMU MaMSTH OMPEACSIETCS CYMMOU PAa3MEPOB CBEPXOTIE-
paTUBHOM MaMSITHU BCEX UEPAPXUIA.

Koa1mi-nepBoro ypoBHsI HUKOTAA HE YHUUYTOXKAET KAII-JTUHENKU MPU HEXBAaTKe Me-
cra. Jlaxke eciim oHM He ObLTIM MOAU(UIIMPOBAHBI, — AJAHHBIC B 00513aTE€JIbHOM IOPSIAKE
BBITECHSIIOTCSI B K31II-BTOPOI'O YPOBHSI, IOMEIIAsICh Ha TO MECTO, TAe HaXOAWIach TOJIbKO
YTO MepeAaHHasl K3Illy MepBOro ypoBHs JuHelKa. T. e. K31l mepBOro v K3l BTOPOIO
YPOBHEI KaK Obl OOMEHMBAIOTCSI APYT C APYTOM CBOMMMU JIMHEHKaMU, a TOTOMY CBEPXO-
repaTuBHAs MaMsITh UCITOJb3yeTCsl BechbMa 3(P(MOEKTUBHO.
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Ha cerogHsIIHMIA IeHb 3KCKIIO3MBHAS K3LI-MOJCHUCTEMA peau30BaHa B OJHOM
Jmib npoueccope AMD Athlon, 1a 1 To He ¢ IEpBBIX MOJIE/ICH.

Bbydepa 3anucu. J11s npeaoTBpalieHUs 3a1epKKU, BOZHUKAIOLIEH TPy MpoMaxax
3aIMCU, COBPEMEHHBIE MPOLIECCOPhl aKTUBHO UCIOJb3YIOT pa3uuHbIe TIpUeMbl Oydepu-
3auuu. BMecTo Toro, 4ToObl HEMEIIEHHO OTIIPABISATh 3alChbIBaeMble JaHHbIC IO MECTY
Ha3HauYeHUs, MPOILIECCOP BPEMEHHO MOMEIIAET UX B CIeUATbHbIN Oydep, oTKyaa, no
Mepe OCBOOOXKIEHMSI IIIMHBI /WM K3I1I-KOHTPOJLJIEpAa OHU BBITPYXKAIOTCS B K311l EPBO-
ro (BTOPOT0) YPOBHSI UK B OCHOBHYIO ONIEPaTUBHYIO MaMSITh.

Takast cxeMa OCOOEHHO TOJIe3HA TPU 3HAUMTEIBHOM MPEBBIIIEHUN KOJIMYECTBA
orepauuii YTeHUsI Hall YMCIOM orepauuit 3anucu. Ecin yactora BO3BHMKHOBEHUS TIPO-
MaxoB 3alMCU HEe MPEBBIIIAET CKOPOCTU BBITPY3KU OydepoB, mTpadHbIX 3aAepXKeK He
BO3HUKAET BOBCE U 3(PPeKTUBHASA CKOPOCTb BBHIMTOJIHEHMSI MHCTPYKIIMM 3alIMCU COCTa-
BJIsIeT | TakT.

Yacto npuxoauTcs ciablaTh: 4eM OoJiblIE B Ipolieccope 0ydepoB, TEM BbIIIE TTpe-
JieJibHas yacToTa IMpOMaxoB 3alrcu, KOTOpylo 0e3 yiiep0a Ajisi IpOUM3BOAUTEIbHOCTU OH
crnocoOeH BblIepxKaTh. Ha caMoMm nesie, 3To HeBepHO. MakcumanvHas yacmoma npomaxos
onpedensemcs He Koauuecmeom 0ygepos, a ckopocmbvio (U NOAUMUKOI) UX 8blePY3KU.

B yactHocTH, Tporieccopel AMD K6 u Athlon Bceria BeIrpy:KaroT CoIepKUMOe Oy-
(bepoB 3amucu B K311 MEPBOro ypoBHS, Oyarogapsi 4eMy CKOPOCTb MX OINOPOXHEHUS
BechbMa BesIuKa (Tpy OJIArONPUSITHOM CTEYEHMU OOCTOSATENBbCTB Kaxkablii 32/64- GaiiTo-
BbIi1 Oy(ep BHITPYKAeTCs 32 OMH TaKT), a BRITPY>KEHHBIE JaHHbIE BILUIOTh 10 BHITECHEHUS
ux u3 L1-ka11a 1ocTyIHbI Ha YTeHWe MPaKTUUYeCK MTHOBEHHO!

IMpoueccoper P6 m P-4, HanmpoTuB, HAIpaBISIOT COAepKUMOe OydhepoB 3aIlucu
B K311 BTOPOTo, a He TepBoro ypoBHs. (KoHeuHo, eciiu 3anucbiBaeMble JaHHbBIE YXe CO-
nepxaTtbesd B L1-Ka111e oHu momMeIaoTcss UMEHHO Tyaa). DO@EeKTUBHOCTb TAKOM cTpaTe-
ruu He 6eccriopHa. C OIHOM CTOPOHBI: 3TO IPUBOAUT K TOMY, UTO IMPOLIECCOP MEPEHOCUT
3HAYUTEIBbHO MEHBIIYI0 MHTEHCUBHOCTD IIPOMAaXO0B 3aM1CH, a C IPYroi: BbITPy3Ka 3aIu-
ChIBA€MbIX JAHHBIX B K311 BTOPOTO YPOBHS HE 3arpsi3HsIET K311l IEPBOTO YPOBHS, B KOHEY -
HOM UTOTe yBeJuuurBas ero 3(HeKTUBHYIO EMKOCTb.

Kcratu, HeTpuBUAIbHBIM CIAEACTBUEM TaKOU TMOJUTUKU BHITPY3KU OydepoB, cTa-
HOBUTCSI UCKAMCeHUe NoAUMUKU Kaui-3anucu. HecMoTpst Ha TO, YTO K311 IIEPBOT0O YPOBHSI
¢dopmanbHo mocTpoeH no Write Back apxurekType, (hakTUUECKM OH paboTaeT Mo cXeMe
Write True, MOCKOJBKY IpOMax 3alMCU MPUBOIUT K HENOCPEACTBEHHOMY OOHOBJICHUIO
K3III-MaMSITU 00Jiee BBICOKOM HepapXuu 0e3 3arpy3ku MOAUMUIIMPYyEeMbIX JAHHBIX B K311I.
3abaBHo, HO Intel BriepBbIe "TiporoBopuiiack” 00 3ToM (pakTe JIMIIb B TOKYMEHTALIMU T10
npoueccopy Pentium-4, roe B rpade "MmoauTHKa 3alucu K3llla MepBOTro YPOBHS" YeCTHO
ykazaHo "Write True", a He "Write Back", kak 3T0 yTBepXaajaoch B JOKYMEHTALUM 10
Mpoleccopam MpeablAYyIIEero MOKOJISHUS.

BaxxHo moHSTh, YTO yBeIMUYEHUE KOan4yecTBa OydepoB 3alMcU He KOMIIEHCUPYIOT
MEIJIUTEJIbHOCTh MX BBITPY3KM B MaMsTh. [IpakTuyecku enMHCTBEHHAsl MOJb3a EMKOIO
Oydepa B TOM, YTO OH 0e300JIE3HEHHO TEPEHOCUT /10KAAbHble TIEPETrPY3KU, KOTIa Hec-
KOJIbKO IMPOMaxoB BO3HUKAIOT OJHOBPEMEHHO (MM MAYT ¢ MUHUMAJIbHBIM OTPHIBOM
JIpYT OT Apyra), a 3aTeM BHOBb HAacTymnaeT "TUIIMHA".
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Umenue nocae 3anucu. Boripekr CBoeMy Ha3BaHMIO, KaXIbIii U3 0y(hepoB JOCTYIIEH
He TOJIbKO Ha 3aMuch, HO U Ha umeHue. [Ipruem, yTeHUe NaHHBIX 13 Oydepa 3aMmrcu ocy-
LIECTBIISIETCS MO KpaltHel Mepe Ha OJMH TaKT ObICTpee, HeXKeU U3 KALI-TTaMsITU IepBO-
IO YPOBHSI.

Tem He MeHee, YTeHUE CoJepKUMOro 0ydepoB (0COOEHHO Ha Ipoleccopax ceMeli-
ctBa Pentium) ciemyet ocyliecTBIATh ¢ OOJBIIONH OCTOPOKHOCTHIO, T.K. TOJBKO YTO 3a-
MUCaHHbIE JaHHbIE B JIIOOO MOMEHT MOTYT IepeKoueBaTh B K31 BTOPOTO YPOBHS, YTO
PE3KO YBEJIMYUT BpeMsl TOCTYIa K HUM.

Ynopaoouueanue 3anucu. Ilomrmo Bcero mpouero, Ha Oycdepa elle BoO3T0XKeHa
" pyHKUMSA ynopsoouusanus 3anucu. Ctapiave TIpeACcTaBUTEIN ceMelicTBa X86 pa3ouBa-
10T MallIMHHbIE MHCTPYKLIMM HA MUKPOOIIepally, BBITIOIHSS UX B HAaMOoJIee MpeanoyTu -
TeJibHOM ¢ Touku 3peHusi RISC-simpa npoueccopa, nopsinke. Ho Beab HapylieHue ouye-
PEIHOCTHU OomNepalvii YTeHUs/3alUCH B MTaMsITh (K31) MOXET 3allpOCTO HAPYIIUTh HOP-
MaJIbHY10 paboTy MporpaMmal!

3agymaiiTech, UYTO IMIPOM30MAET €CIU B ClIeylolleM OJIoOKe Kojga “a = =p; *p = b; "
3aIMCh STYEMKU D 3aBEPIIMTCS paHblile ee yTeHus1? CrpalluBaiiTe, a mouyeMy Takoe BO-
o01re MoxkeT ciyuutbes? [da mano au nmoyemy! JlormycTtum, OJ10K UYTEHUST JAHHBIX 3aHST
00pabOTKOI Mpeablaylleil UHCTPYKIIMU U KOMaHJa a = *p BhIHYXKIEHa TePHeInBO JOXU -
JaThCsl CBOM ouepeau, B TO BpeMsl KaK KOMaH/a «p = b 3aXBaTbhIBaeTcs Oe31ae1bHuYal0-
IIKM B 9TOT MOMEHT OJIOKOM 3aIlUCH.

KoHeyHo, 610K 3aIMCKh MOXHO JI0 3aBEpIIeHUS] YTEHUS 1 MPUTOPMO3UTh, HO MPO-
MU3BOAUTEILHOCTU TaKasi Mepa He J00aBUT — 3TO YK TOYHO. Brixon?! Beixoa: BpeMeHHO
COXPAHUTb 3aMMChIBA€MbIE TAHHBIE HE B K311I€ (OCHOBHOU MaMsITH), @ B HEKOTOPOM ITIpO-
MeXyTOUHOM Oydepe. UToOBI He 3ax1aMJISITh apXUTEKTYPY MUKPOSIApa U HE BBOIUTH €11Ie
onuH Oydep, KOHCTPYKTOPHI PN JIJIs1 3TUX lieJiell MCIoab30BaTh BCe Te XKe Oydepa
3anucu. [ToauTrka BBITPY3KM JaHHBIX U3 Oydepa rapaHTUPYET, YTO JaHHbIE, TOMEILEH-
HbIe B Oydep, MOKMHYT ero "3acTeHKU" He paHbllle, YeM 3aBepIIaThCs BCE, MPEIIIeCTBYIO-
1IKe UM MHCTpYKLMU. Takum o0pa3oM, ¢ Oydepa JaHHbIE CXOIST YKe YIOPSA0YeHHBIMU
1 IOTOMY HUKAKUX KOH(PJIMKTOB HE BOZHUKAET.

[Tpuuem, Oydepuszanus 3anucu B ONpeaeIeHHON CTENEHU COKpalllaeT KOJIUYECTBO
oOpallleH1 K TaMsITH, MOCKOJIbKY €CJIM OIHA U Ta XK€ sSYelikKa 3aluchiBajlaCh HECKOJIbKO
pa3 B IaMsITh (K311I) TTonajgaeT JIMILIb MTOCJAeIHUN pe3ybTarT.

Peaauzauus u xapaxmepucmuru Oygepoé 3anucu. Mnanive moaenu Pentium umenu
Bcero aBa Oydepa 3anucu (write buffers) — no onHoMy Ha Kaxnyio U- u V-TpyOy, HO yxke
B Pentium MMX koanuectBO OydepoB Bo3pociao A0 yeTbipex, a B Pentium Il ux u BoBce
HacuyuThIBaeTcs deeHadyams! I1puyem, HaunHas ¢ Pentium 11 Oydepa 3anucu nepenMeHo-
BaHbl B Cksnadckue byghepa (store buffers), omHako, BO M30exKaHUM MyTaHULIBI, 31eCh U Aajiee
MbI OyJIeM T10JIb30BaThCsI UCKITIOUMTEIBHO MPesKHUM TepMUHOM. Bee paBHO "store” u "wri-
te" B pyCCKOM MepeBojJie — CUHOHMMBI (BO BCSIKOM CJlIydae, B paMKax JaHHOTO KOHTEKCTa)

VYuuTtbiBasi, 4TO pazMep Kaxaoro u3 0ydepon coctanisieT 32 6aiiT, MOXXHO 0e300J1e3-
HEHHO COXpaHATh 10 384 6aiiT (96 IBOIHBIX CJIOB) 3a pa3, He OECITIOKOSCH 3a KAIII-IIPOMa-
xu. Ho moMHUTE, YTO MOMBITKY 3alIUCH B HEKAIIMPYEMYIO MaMSITh TIPU MOJHOCTHIO 3a-
MOJIHEHHBIN Oydepax MPUBOAAT K HEYCTPAHUMBIM K3II-TIpOMaxXaM M BBITEKAIOIIUX OT-
crofa mTpadHbIM 3aepKKaM.

IToaTomy, Lie1eco0Opa3HO YepeaoBaTh OIepalliy 3alMCH C BHIYUCICHUSIMU — AaBasi
OydepaM BpeMs Ha BbITPY3KY CBOETO COAEPXKUMOTO.
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K31I-moacucreMa COBPEMEHHBIX IIPOIIECCOPOB

K»sm nmoacucrema npoueccopon P-11, P-111, P-4 u AMD Athlon nnpeacraBisieT co-
00lf MHOTOYPOBHEBYIO MEPAPXUIO, COCTOSIIIYIO U3 CIEAYIOIIMX KOMIIOHEHTOB: Kaula 0aH-
HbIX Nepe020 YPOBHS, KIUld KOMAHO nepeo2o ypoeHs, obule2o Kauta 6mopozo ypoeus, TLB-k3-
wa cmpanuy oannvix, TLB-xk3ma cmpanuy xoda, oyghepa ynopsidouusas 3anucu i 6yghepos
3anucu (cM. puc. 6).

MOB: JlanHbIe, CXOasIIMe C BBIYMCIUTEIbHOTO KOHBelepa, IepBbIM ASJI0M Iomna-
narot Ha MOB (Memory Order Buffer — 6yghep ynopsidouusas 3anucu k namsamu) TOe OHU,
MOCTEINIEHHO HaKaJMBasiCh, OXXMAAIOT CBOEI ouepeay BHITPY3KM B masiTh. [pydo rosops,
Oydep yrnopsimoueHHO 3anKuCcy UTPaeT TYT XKe caMylo POJib, YTO U 3aJ1 OXKUAAHUS B a3pO-
nopty. [Taccaxkupbl mprOBIBAIOT TyAa B 00Jiee WM MeHee CIydaliiHOM MOpSIAKE, HO yJleTa-
10T B CTPOTOM COOTBETCTBMM CO BpEMEHEM, YKa3aHHOM B OuJieTe, Aa U TO MPU YCIOBUH,
YTO K 9TOMY MOMEHTY BbIAACTCSI JIETHAsI ITOrojia U CaMoJIETy MPeIoCTaBsT "Kopuaop" (KTo
JieTaa — TOT ITOMMET).

Hannble, Haxoasimuuecss B MOB, Bcerna 4ocTynbl MPOLIECCOPY, AaXKe €CJIM OHMU ellle
HE BBIIPYXXEHbI B MaMsTh, OJHAKO €MKOCTh Oydepa ynopsiioueHHOM 3amucy JOBOJbHO
HeBesKa (40 BxonoB Ha P6) 1 1ipu ero repenoTHeHNY BEIYMCIINTEILHBIN KOHBelep 0J10-
kupyetcs. [Toatomy, conepxkrumoe MOB 10/KHO P BCSKOM BO3MOXHOCTU He3aMe 11U -
TEJIbHO BBITPYXKATbCS OTTYAA. DTO MPOUCXOIUT 10 KpaiiHei Mepe TpeMs MyTSIMU:

a) ecau MoauduuupyeMasl siueiika yxe IMPUCYTCTBYET B K3II-MaMsATU TEePBOIO
YPOBHSI, TO OHA MPSIMUKOM HampaBJisieTCsl B COOTBETCTBYIOLIYIO €11 K3II-CTPOKY, Ha YTO
YXOJUT BCETO OJIMH TaKT, B TECYEHUU KOTOPOTO B K3III MOXET OBbITh 3allMcaHa OJHA WU
Jaxe IBe JIIOObIX HECMEXHBbIe sTUeiKM (MaKCMMaabHOE KOJMYECTBO OJHOBPEMEHHO 3a-
MUChIBAEMBIX STUEEK OMPEALICTCS apXUTEKTYPOl KIII-TIOACUCTEMbl KOHKPETHOTO MPO-
1eccopa;

0) eciim MoauduIMpyeMasl ssueiika OTCYTCTBYeT B K3II-ITaMsITU MEPBOTO YPOBHS,
OHa, IMPY HAJIMUMU XOTsI ObI OTHOTO CBOOOAHOTO Oy(pepa 3anucu, nomnaaaet Tyaa. DTo Tak
K€ 3aHMMAET BCEro OJUH TaKT, IpUYEeM, MAaKCUMaJIbHOE KOJIMYECTBO MapajuiesIbHO 3aIu-
CBIBaEMBbIX sSIYE€EK OIpeaeisieTcsl KOJUUYeCTBOM MOPTOB, MMEIOLIMXCS B "pacropskeHUun"
y 0ydepoB 3anucu (Harnpumep, npoueccopsl AMD K5 u Athlon cogepxaT TOJIbKO OIVH
TaKoM MopT);

¢) ecau mMoauduuMUpyeMas siueilka OTCYTCTBYET B K3II-MaMSITU MEPBOTO YPOBHS
1 HA OJJHOTO CBOOOJHOTO Oydepa 3amucy HET, — MPOLIECCOP CAMOCTOSITEIbHO 3arpyKaeT
COOTBETCTBYIOLIYIO KOIMIO JAHHBIX B KO3II-IIEPBOrO YPOBHS, IMOCJE YEero IMepexomuT
K TIYHKTY a). B 3aBUCHMMOCTH OT psiia 0OCTOSITEIbCTB, 3arpy3Ka JaHHBIX 3aHUMMAET OT Je-
CSITKOB JIO COTEH (a TO M JIeCSITKOB ThiCsSi4!) TAaKTOB Ipolieccopa, MO3TOMY, TaKUX CUTya-
LU IO BO3MOXXHOCTH CJieyeT n30eraTh.

L1 CAHE. Ks11 nepBoro ypoBHsI pa3MelllaeTcs HEMOCPEeICTBEHHO Ha KpUCTaie
U peayin3yeTcsl Ha 0a3e ABYX IMOPTOBOI cTaTuyecKoi maMsATU. OH COCTOUT U3 IBYX He3a-
BUCUMBIX OaHKOB CBEpXOIEepaTUBHON MaMSITU, KaXIbli M3 KOTOPBIX YHpaBisieTCs
"cBOMM" K3II-KOHTpoJiIepoM. OIWH K3IIUPYET MallIMHHbBIE UHCTPYKLMU, IPYyroil — 00-
pabaTbiBaeMble MMM JaHHblEe. B KpaTHOW TexHWYecKoil crieuudukalmu Ipoleccopa
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OOBIYHO YKa3bIBA€TCSI CYMMapHbBI 00beM K3II-TIaMSITU MIEPBOrO YPOBHSI, UTO MPUBOAUT
K HEKOTOPOI HeOMpeaeJeHHOCTU, T. K. EMKOCTHU K3llla MHCTPYKIIMM M K3111a JaHHBIX HE
00513aTeJIbHO JIOJDKHBI ObITh paBHBI (2 Ha MOCJEAHUX MPOLIECCOPAX OHU U HE PABHBbI).
Kaxapiii 6aHK K311I-TIepBOro YpOBHSI IOMUMO COOCTBEHHO JaHHBIX 1 MHCTPYKLIMMA
COJEpXUT U Oydepa accoumatuBHoOi TpaHcaauuu (TLB) cTpaHull maHHBIX U CTpaHMIL
KoJa cooTBeTcTBeHHO. [loa Oydepa accolmaTUBHOM TPpaHCISIUMKA OTBOISTCS (PUKCUPO-
BaHHbIE JIMHENMKU K3Illa U 3aHUMaeMOe MU MPOCTPAHCTBO "oPUIIMaIbHO" UCKIIOUEHO
U3 €MKOCTHU KalI-nmaMiatu. T. e. ecim B crienduKalyu cKa3aHO, YTO Ha Mpolieccope
yctaHoBJieH 8 KO ka1 1aHHbBIX, — Bce 3TU 8 KO HermocpeACTBEHHO JOCTYITHbI A1 KL~

pOBaHMS JaHHBIX, a peajbHast eMKOCTb KAIII-MIAMSITHU B IEICTBUTEIBHOCTHU K€ TTPEBOCX0-
it 8 KO.

bygpepa 3anucu. Ecniv yecTHO, TO y aBTOpa HET IOJIHOM SICHOCTU Tie KOHKPETHO
B K3llI-MepapXuu pacrojiokeHbl Oydepa 3anucu. Ha Giok-auarpamMmax IpoueccopoB
Intel Pentium u AMD Athlon, npuBeneHHBIX B JOKyMEHTAllM, OHA BOOOIIIE OTCYTCTBY-
o1, a B § 9.1 "INTERNAL CACHES, TLBS, AND BUFFERS" rnasst "MEMORY
CACHE CONTROL' pykoBoacTBa mo cMCTeMHOMY TIporpamMmupoBaHust ot Intel, Oyde-
pa 3anmucu M300paXkeHbl YUCTO YCIOBHO U SIBHO HE B TOM MECTE, I/le€ UM MOJIOXKEHO ObITh
(cam Intel nuieTt, yto "Oydepa 3aMMCHU CBSI3HBI C UCITOJHUTEIbHBIM OJIOKOM MPOLIECCO-
pa", a Ha pPUCYHKE TTOACOSAMHSET UX K OJIOKY MHTEP(PEICOB ¢ IMHON — ¢ KaKUX 3TO MOP
MOCJEAHMI cTall "MCITOJTHUTEIBHBIM OJIOKOM Ipolieccopa”?!).

[TpoaHanu3upoBaB BCIO JOKYMEHTUPOBAHHYIO MH(pOpPMAIIMIO, TaK WM MHAYe Ka-
carolnyrocs 0yhepoB 1 OCHOBBIBAsICh Ha pe3yJIbTaT COOCTBEHHBIX 3KCIIEPUMEHTOB, aBTOP
CKJIOHSIETCS K MBICJIM, UTO Oydhepa 3anucy HanpsMyto CBI3aHbl KaK MUHUMYM ¢ bydepom
VnopsinouenHoit 3anucu (ROB Wb), biokom UHTepdeiica ¢ [Tamsarsio (MIU) u bio-
koM UnTepdeiicos ¢ Llnnoii (BIU). A Ha K5 (K6/Athlon) Bydepa 3anucu cBsi3aHBbI elie
C KBII-MaMSIThIO IEPBOrO YPOBHSI.

Ho, Tak uiu nnave, bydepa 3anucu mo3BoJisIlOT HA HEKOTOPOE BpeMsI OTKJIadbl-
BaTh (DAKTUUYECKYIO 3aMKCh B K31l U/UIA OCHOBHYIO MaMsITh, OCYLIECTBISISL 3Ty Onepa-
LIMIO IO MEpPEe OCBOOOXIEHMS KAIlI-KOHTpOJIepa, BHYTPEHHEN WJIM CUCTEMHON LIMHBI,
YTO JIMKBUAMPYET LIEJBIA PsII 3aJepXeK M TeM CaMbIM YBEJIMYMBAET MPOU3BOAUTE/b-
HOCTb Mpolleccopa.

baox Humepdbeiicoeé ¢ Ilamamoro (MIU). biok UHTepdeiicoB ¢ [TamsaTbio npeacra-
BJISIET COOOM OJTHO M3 MCTIOJTHUTEBHBIX YCTPOMCTB Mpoleccopa U (PyHKIIMOHAIBHO CO-
CTOUT U3 ABYX KOMIIOHEHTOB: YCMPOUCM8a YMeHUss NamMsamuy N yCmpouucmea 3anucy nams-
mu. YCTPOMCTBO YTEHUSI COEAUHEHO ¢ OydepaMu 3alIMCHU 1 K31IeM IepBoro ypoBHs. Eciu
TpedyeMas siueiika maMsITU MPUCYTCTBYET XOTs Obl B OJJHOM M3 3TUX YCTPOMCTB, Ha €e uTe-
HUE PACXOAYeTCsl BCEro OJMH TaKT. YCTPOWCTBO 3allMCU MaMSTH COoearuHEeHO ¢ biokom
VYnopsinouenHoit 3anucu (ROB Wb), yxke pacCMOTPEHHBIM BHILLIE.

baox Humepdgheiicoe c Illunoii bnox UnTtepdeiicos ¢ Llunoii (BIU) asnasiercst equH-
CTBEHHBIM 3BE€HOM, CBSI3YIOIIMM MPOLECCOP C BHEIIHUM MUPOM, 3aKO€ CBOeOOpa3HOe
"okHo B EBpomy”. Croma crekaeTcsl Bce MH(popMaius, BeITecHsieMas U3 bydepoB 3anucu
U KBII-TIAaMSITA TIEPBOrO YPOBHS, CIOAA XK€ ITOCTYMAIOT 3aIllpoChl 3a 3arpy3Ky JaHHbBIX
1 MalllMHHBIX KOMaHJI OT K3Illa JaHHBIX U K3I1a KOMaH COOTBETCTBEHHO. CO CTOPOHBI
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"EBponbl” k biioky UnuTepdeiicoB ¢ IlInHOI mpuMbIKaeT K3LI-MaMsTh BTOPOTO YPOBHS
1 OCHOBHAas onepaTUBHAas MaMsThb. [1oHATHO, 4yTO OoT moBopoTanBocT BIU 3aBUCHUT ObI-
CTPOIEMCTBUE BCE CUCTEMBI B LIEJIOM.

K>3w emopoeo yposusa. B 3aBUCHUMOCTU OT KOHCTPYKTUBHBIX OCOOEHHOCTE Tpoliec-
copa K31l BTOPOTo YPOBHS MOXET pa3MellaTbCs JTM00 HEMOCPEACTBEHHO Ha CAMOM KpU-
crajuie, MO0 MOHTUPOBATLCS HA OTIEIbHOM T1aTe BHE €ro.

Odnoxkpucmanwvras (On Die) peanuzalius o6jagaeT MpakTUIeCKU HeOrpaHUMYEHHbIM
OBICTPOIEHCTBUEM, — TTOCKOJIBKY IJMHBI MPOBOAHUKOB, COCIMHSIOIIUX K31 BTOPOTO
ypoBHs ¢ biiokom MHTepdeiicos ¢ LLInHO OTHOCUTEIbHO HEBEJIMKHU, K311l CBOOOAHO pa-
0oTaeT Ha MOJIHOM MPOILIECCOPHOI YacToTe, a pa3psiAHOCTb €ro LIWHBI B TMpolieccopax
P-I11 u P-4 nocturaet 256-6ut. C apyroit CTOpOHBI, TAKOE PEIICHUE 3HAYUTETHLHO YBEJIH-
YyyBaeT IUIOIIAlb KpUCTaJIa, a 3HAYUT U €70 Ce0eCTOMMOCTD (MIPOLIEHT OpaKa ¢ yBeauue-
HUeM IUIONIaAM KpUCTaJlJla pacTeT 93KCIIOHEHIIMalIbHO). TeM He MeHee, Oy1arogapsi CoBep-
LIEHCTBY MPOM3BOACTBEHHBIX TEXHOJIOTUI (U HE B TTOCJIEIHIO Ouepeab — XKecTouailiei
KOHKYPEHTHOU 00pb0€), — MHTErPUPOBAHHBIX KAIIIEM BTOPOTO YPOBHS 00J1a1al0T BCE CO-
BpEeMEHHbIE MTPOLIECCHI.

Jleotinasa nezasucumas wuna (DIB — Dual Independent Bus). J1151 yBe1UudeHUsT IPO-
MU3BOAUTEILHOCTU CUCTEMBI, K311 BTOpOoro ypoBHs "obiiaercs” ¢ BIU uepes cBow co6-
CTBEHHYIO /10KAAbHYH 1LIWHY, YTO 3HAUMTEJIbHO COKpalllaeT Harpy3Ky, BbIMaJalollyo Ha
nomo FSB.

B cuny reomerpuueckoit 6J11M30CTH K31l1a BTOPOTO YPOBHS K MPOLIECCOPHOMY SIIIPY,
JUTMHA JIOKAJbHOM IIIMHBI OTHOCUTEIBHO HEBEJIMKA, a MTOTOMY OHAa MOXET paboTarh Ha
3HAUUTEIBLHO 00Jiee BBICOKMX TaKTOBBIX YAaCTOTaX, YeM CUCTeMHas 1rMHa. Pa3psiiHOCTh
JIOKAJIbHOM IIMHBI JI0JIFO€ BpeMsl OCTaBajach PaBHOM pa3psiAHOCTA CUCTEMHOM IIMHBI
" cocrtapisiyia 64 6ura. BriepBeie 3Ta TpaauLyvsg HapylIMjiach JIMIIbL ¢ BeIxogoM Penti-
um-III Copper mine, ocHaleHHBIM 256 OUTHOI JTOKAJIbHOM IIIMHOM, ITO3BOJISIONIEH 3a-
rpyXarthb eyt 32 0alTHYIO K3II-JIMHENKY BCEero 3a OAMH TakT! DTo (aKTUUEeCKU ypa-
BHSUIO K31 MEPBOro M K31 BTOporo ypoBHs B mpaBax! K coxayieHMIo, Tpolieccopbl
AMD Athlon He MOTyT TTOXBacTaThCs IUPUHOM CBOEH IITUHBI...

ApXUTEKTYpa JBOMHON HE3aBMCUMMOM IIMHBI 3HAYUTEJIBHO CHUXAET HAarpy3Ky Ha
FSB, 1.K. 6oblIast 4acTh 3aPOCOB K MMaMATH 0OpabaTbiBaeTcs JIoKajabHO. [1o cTaTucTh-
Ke, KOA((UIMEHT 3arpy3Kyd CUCTEMHOM IIMHbI B OJHOMNPOLIECCOPHBIX PabOYMX CTaH-
HMSIX, coctaBisieT mopsiaka 10% or ee MakCMMaJlbHOM MPOIYCKHOM CIIOCOOHOCTH,
a octaibHbIe 90% 3arpocoB JIOXKATCs Ha JTIOKAJIBbHYIO IMHY. [laXke B 4YeThIpeX IMPOLIeccop-
HOM cepBepe Harpy3ka Ha CUCTeMHYIO IIMHY He npeBbimaeT 60%, co3naBas TeM caMbIM
00MaHYMBYIO BUAUMOCTD, UTO TIPOU3BOIUTEILHOCTD CUCTEMHOM IIMHbBI IIepecTaeT ObITh
CaMbIM y3KMM MECTOM CUCTE€Mbl, OTPaHUYMBAIOIIMM €€ ITPOU3BOAUTEIbHOCTD.

HecmoTpst Ha TO, UTO CTAaTUCTUKA HE JIKET, MHTEpIpeTalms Ka3aloch Obl caMooye-
BUIHBIX (DAKTOB, MSITKO TOBOPSI HE COBCEM COOTBETCTBYET HeiicTBUTeIbHOCTU. Huskast
3arpy3Ka CUCTEMHON IIMHBI OOBSICHSIETCS BBICOKOM JJATEHTHOCTBbIO OCHOBHOM ONEpaTUB-
HOI MaMSITH, MPUBOSILEH K TOMY, YTO 10 MEHbIIIEH Mepe MOJOBUHY BPEMEHMU IIIMHA Tpa-
TUT HE Ha Mepeaavdy, a Ha oXXuaaHue BeIToJIHeHUs 3anpoca. [loMHUTe KaK B aHeKIoTe, —
roueMy y Bac HeT yepHoit ukpbl? Jla motomy uto cipoca Het! K cyacTbio, B cTapLIMX MO-
JeJISIX TTPOLIECCOPOB MOSIBUIMCH KOMaH bl MPeABbIOOPKHU, TTO3BOJISIONIME MPETOTBPATUTD
JJATEHTHOCTb 1 Pa30THaTh IIMHY Ha BCIO MOIllb.
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ONSPATMESHES
AT

KoHEelep

PucyHok 6. Kaw-nogcrcrema coBpemeHHbix npoueccopos (Kaw KoAa He noKasaH)

OCHOBHaAa
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L2 - kaw
CHCTEMHAA WHHA
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I|m NAHHBEX
I
=
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z
Y TLB kona
*_l—.
YeTpoHCTEO HHTEpPd EACA C© LUHHOA
BIU <_|_,.
oo — TLB paHHbx
Y | J
Oexkonep | L1 k3w HHCTpyKUHA . Giﬂigahﬁagt“;“ o<
K Gydepy K HCMOAHHTEABHBIM YCTPOHCTBAM
HEYNOPAADYEHHOID YTEHHA (port 0 - port xx)

PucyHok 7. bnok-cxema noacuctemsl Kaw-namatu npoueccopos cemerictaa Intel P6

Kpuc Kacnepcku 22



lMogcucreMa Kallu-naMsiT Kak OHa ecTb

intel ®
i (m) (c) *99

MaTtpuua (1.046 cm2)

s

I
SAapo (0.726 cn2)

MAMATE TEroB
L2-kaw (0.320 cm2)

PucyHok 8. Dusmueckoe BonnoleHme nogcmcTemsl K3LW-NAMITH HO NPUMEPE npoLeccopa
Intel Pentium-IIl Coppermain
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APXHUTEKTYPA U XAPAKTEPUCTHKH KIIEH

COBPEMEHHBIX MUKPOIIPOILECCOPOB.

CBoagHaia Taoaua

pa3Mep (TTOTHbBIN) 32 Ko 32 Ko H/I 128 K6

TUIT pa3neabHbIi pa3aeabHbIN pa3aeabHbIi pa3aeabHbINi
pasMep 16 Ko 16 K6 12K ops 64 K6
MTPOTOKOJT SI SI ? SI
aCCOLMaTUBHOCTh 4-way 4-way 4? 2
pa3Mep JIMHEEK 32 Gaiita 32 baiita 6 mOPs 64 GaiT
0aHKOB B JIMHUM *1 1 1 H/I ?

K pasMep GaHKa *2 NG 1K6 H/1 32 K6

O KOJI-BO TIOPTOB 1 1 1? 1?

1 QJITOPUTM 3aMEIIEHUS LRU LRU ? LRU
TMOJTUTUKA 3aTTICH - - ? -
0JJOKHMpPOBKaA He OJioK.? He 0JIOK.? He 0JIOK.? He 0JI0K.?
yacToTa 1.0 x anpa 1.0 x ssapa 1.0 x sapa 1.0 x sapa

O BpeMsl  |HOpMaJibHOE 1 TakT 1 TakT 1 TakT 1 TakT
moctymna [line-splint 6 - 12 TakTOoB | 6 - 12 TaKTOB H/I H/I
pasmep 16 K6 16 Ko 8 Ko 64 K6
MPOTOKOJI MESI MESI MESI MOESI
aCCOLIMAaTUBHOCTD 4-way 4-way 4-way 2-way

i\ pasMep JIMHeeK 32 Gaiita 32 Gaiita 64 baiita 64 oaiita

A 0AHKOB B JINHUU 8 8 8? 8?

H pasMep OaHKa 4 Ko 4 Ko 2 Ko 32 Ko

H KOJI-BO TTOPTOB 2 2 2 2

bl AJITOPUTM 3aMEIIEHUS LRU LRU LRU LRU

E MOJIMTHKA 3aUCHU WA WA WT WA
0JIOKMpPOBKaA He OJIOK. He OJIOK. He OyoK. +4 He OJIOK.
yacToTa 1.0 x sgpa 1.0 x sapa 1.0 x sppa 1.0 x sapa
BpeMsi JOCTyIIa

pa3MelieHue unified| on-die |unified| on-die on-die | ?

pasmep, K6 128, 256, 512, >|(128, 256, 512, >|128, 256, 512, >| 512,1024,2048

THTIT inclusive inclusive exclusive inclusive [1.0x

MPOTOKOJI MESI MESI MESI MESI

ACCOLIMATHBHOCTD 4-way 4 1 8 4 | 8 2 [1-1-1-1

pasMep K3LI-JIMHUA 32 Gaiita 32 64x2 64?

« |pazmep 6anka, K6 32, 64, 128 32, 64, 128 32, 64, 128 32 |7 [128

~ [kon-Bo MOpPTOB 1? 1? 1? 1?

AJITOPUTM 3aMeIIeHUS LRU *3 LRU LRU LRU

MOJUTHKA 3aTTUCHU WB WB WB WB

0J0KMpPOBKa He OJIOK. He OJIOK. He OJIOK. He 0J10K.?

yacToTa 0.5x | 1.0x ]0.5x] 1.0x ? 1.0x

BpeMsl JoCTyna 10 TakTOB? 4 takrta? 2 TakTa? 8?7

dbopmymna 2-1-1-1 1-1-1-1 I-1-1-1 I-1-1-1

ROB, Bxon0B 40 40 ? ?

RS, BxomoB 20 20 ? ?

Read Buffer 4x32 oaiit? 4x32 Gaiit? ? ?

Write Buffer 32 GaiTt? 32 GaiTt? 6 x 64 GaiiT ?

yacToTa cucTeMHOW MHbI, MHz 66 | 100 66 [100[133]100x4 | 133x4 100x2

paspanHocTs |2 fa <> L1 64 256 256 64

LLIHBI L2 fla << DRAM 64 64 64 / 128? 64

Tabnuua 2. OcHosHbie xapakTepuctiku L1 u L2 kawer coBpemeHHbix npoueccopos

Kpuc Kacniepcku
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