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BbICTPbLIN OBWXOK BbINOSIHEHUSA KOMaHA

AJITY Pentium 4 paboTtaeT Ha yaBOEHHOW TakTOBOM YacToTe. ATO 03Ha4vaeT, yto AJTY 1.4 Ty Pentium 4,

pabotaet Ha 2.8[Tuny 1.5y Pentium 4 Ha 3.0l

Kaw namate Pentium 4

Jpyroit 0cOOEHHOCThIO CHUKEHUSI BIUSHUS O0Jiee JJIMHHOTO KOHBeiepa
sBisieTcs 1o, 4To Intel HazeiBaeT Execution Trace Cache.

Jlexonep mro0oro x86 mporieccopa (Moayib, KOTOPBIM OepeT BhIOpaHHbIE
WHCTPYKIUH U ACKOIUPYET UX B (POPMY MOHSATHYIO BHIUUCIUTEIbHBIM
MOJYJISIM) SIBJISIETCSI OJTHUM M3 CaMbIX MEJICHHBIX MOYJICH.

Execution Trace Cache nelicTByeT kak mOCpeTHUK MEXTy CTaIueH
JIEKOAMPOBAHUS U MEPBOM cTajuel BrinonHeHus. Trace cache no cymiecTBy
KOIIUPYET, TCKOAUPOBAHHBIC MiCro-ops (MHCTPYKIIMH ITOCIIE TOTO, KaK OHU
OBLITM BBIOpAHBI U JIEKOJIUPOBAHBI, T.€. IIOJTHOCTHIO TOTOBHI K BBITIOJIHCHHUIO )
TaK, 4TOOBI BMECTO IMPOXOXKACHHUE MPOIECCa BRIOOPKH U JIEKOTUPOBAHHMSI TIPH
BBITIOJTHEHUW HOBOM KoMaH Ibl, Pentium 4 Mor oGparuThes K trace cache,
MOJTYYHTh JICKOIMPOBAHHBIC MIiCro-Op W HAYMHATH BHITIOJIHCHHUE.

DT0 MOMOTaeT yMEHbBIATh MTpad, CBI3aHHBINA C HEPABUIHHO
MpeCcKa3aHHbIM MEPEX0/IoM B ITTMHHOM KoHBeliepe Pentium 4. Jlpyroi
0COOEHHOCTHIO trace cache sIBisieTCsl, TO, UTO OH K3IIUPYET Micro-ops B
MPEICKa3aHHOM ITyTH BBITIOJTHEHUSI, 03Haydas, 4To, eciau Pentium 4 BeiOpain 3
WHCTPYKITUH U3 trace cache, OHU yXe MPECTaBICHBI B MOPSIAKE BHITIOTHCHUS.
D710 100aBISICT HEKOTOPBIH IMOTSHITHAM JIJIsT HENTPABUIIHBHOTO MPEACKa3aHUS
ITyTH BBIMTOJTHCHUS KAIIHUPYEMBIX MiCro-ops.

Intel oTka3aI0Cch OT OOBIYHOTO METOA OIPEACICHUS pa3Mepa KAIII MaMSsITH, 110
kpaitHeit mepe st Execution Trace Cache. BMecTo 3T0T0 OHM 3asBUJIH, UTO
trace cache MmoxkeT k3mupoBarh npubauzuTenpHO 12K micro-ops. B
nonoiHeHue kK Execution Trace Cache, Pentium 4 umeetr 8KB L1 Data Cache.
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Yuncer n mmmHa 19 Pentium 4

ITepexon va 133MI'11 FSB nomoriio Pentium III octarbcst koHKypeHTHO criocoOHBIM ¢ Athlon,

VYyersepenne 100MI'y FSB, o3nauaet, uro mbl nosryunm 3kBuBajieHT 400MI ' munsb! (3.2GB/s). Oto nano Intel,
BIIEpBBIC ¢ MOMEHTA Bbillycka Athlon u ero 200MI'tt EV6 munsbl, npeumyiectso nepen AMD B TepMUHE T0CTYITHON
IIUPUHBI TTOJIOCHI YACTOT.

TexHonorus Hyper-Threading

[IpoGnema HEMOIHOTO UCIIOIB30BAHUS UCIIOMHUTEIBHBIX YCTPONUCTB CBSI3aHA C HECKOJIBKUMU NpuurnHaMu. BoooOiie
TOBOPSI, €CJIN MPOLIECCOP HE MOXKET MOTy4YaTh AaHHbBIE C KeJlaeMOM CKOPOCTHIO (3TO MPOUCXOAUT B pe3yJibTaTe
HEJO0CTAaTOYHOM MPOMYCKHON CIIOCOOHOCTH CUCTEMHOM MIMHBI U IIUHBI TAMSITH), TO UCTIOTHUTEIbHBIE YCTPOUCTBA OyIyT
MCII0JIb30BaThCs HE Tak 3P dekTuBHO. Kpome Toro, cymiecTByeT ené oHa NpuiruHa — HEJOCTATOK Mapasuiesin3Ma Ha
YPOBHE UHCTPYKIUN B OOJBITUHCTBE TOTOKOB BBIMOIHAEMBIX KOMAH/I.

Ecnu 661 CPU MOT 0IHOBPEMEHHO BBITIOJHATH HECKOJIBKO MTOTOKOB, TO MBI CMOIJIM ObI MCIIOJIB30BaTh MPOLIECCOp Kyaa
oonee a¢pexTuBHO. IMEHHO B 3TOM M 3aKirodaeTcs cyTh TexHojgoruu Hyper-Threading.

Hyper-Threading — 310 Ha3BaHKe TEXHOJIOTUM OAHOBPEMEHHON MHOTOMOTOYHOCTH (Simultaneous Multi-Threading,
SMT). Unest aToli TexHonoruu npocta. OauH GU3ndecKuil mpoleccop NpecTaBIseTcs ONepalliOHHON CUCTEME KakK JIBa
JIOTUYECKHX IMPOIIEccCopa, U ONepalMoOHHas CUCTeMa He BUAMT pa3HUIIbl Mexay onHuM SMT mpouieccopom uiu AByMs
OOBIYHBIMU TTpolIeccopaMu. B 000ux cilydasx onepaiioHHasi CHCTEMa HaIlpaBiIsieT MOTOKU KaK Ha JIByXIPOIIECCOPHYIO
cuctemy. Jlanee Bce BOMPOCHI peHIalOTCs Ha annapaTHOM YpPOBHE.

B mporieccope ¢ Hyper-Threading xaapiii JorudecKuii - Seve
Hprcecobe © HyPes & K Hyper-Threading Technology Peveloper

MPOLIECCOP UMEET CBOM COOCTBEHHBIN HAOOP PETUCTPOB A

(BKITEOYAS ¥ OTACIBHBIN CUETYNK KOMAH), @ 9TOOBI HE Multiprocessor Hyper-Threadin

YCIHOXKHATH TEXHOJIOTHIO, B HEW HE PEAIN3YETCs
OJTHOBPEMEHHOE BBINIOJIHEHUE UHCTPYKLUN
BBIOOPKU/AEKOIMPOBAHNUS B ABYX IMOTOKax. TO €CTh Takue
MHCTPYKIMH BBIIOJIHSIOTCS noodepenHo. [lapamiensHo
7K€ BBITIOJHSIOTCS JINIITh OOBIYHBIE KOMAH/IbI.
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NetBurst
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Pentium 4 Willamatte

[Ipomeccop Pentium 4 mmen HOBYIO apXUTEKTYPY, OCHOBaHHYIO Ha TexHojoruu NetBurst. BaxHbiM 10cTOMHCTBOM
apxuTeKTypsl Pentium 4 ctan MexaHW3M TEPMOHKOHTPOJIS,, aBTOMATHUYECKU CHIDKAIOIIUI pabovyto YacToTy Ipu
MOBBIIICHUH 3aJJaHHOTO Mopora Temmeparypsl. CTpominch nepssie Bepcun 6ytenrs 4 Ha sape Willamatte. Bnepsoie
3TO SAPO «3aCBETUIIOCH» B poaamaIie (roadmap) Intel eme B 1998 roay. [Ipeanonaranock, 4To OHO JOMKHO IPUNTH HA
cmeny Pentium I u mokoputs yactoty 1 I'T'n. Ho mpotieccops! Ha 3TOM sifjpe ObUIH aHOHCHPOBaHbI TOIBKO B 2000 roay
kak Pentium 4. B snpo Willamate BnepBbie Obliia BHEApPEHA MOAACPKKA PACIIUPEHHOTO HA00Opa MYJIBTUMEIUHHBIX
uHcTpykuuit SSE2. Beimymennsie 20 Hos6pst 2000 roga, mporieccopbl ycTaHaBIUBAIUCh B pa3béM Socket 423 u
BbIMyckanuch B kopmyce Tun FC-PGA2. [poneccops! mist Socket 423 He monb30BanuCch NOMYISIPHOCTHIO, Tak kKak Intel
Cpasy 3asBUJjIa, YTO 3TOT Pa3beM SBISETCA MepexoaHbIM. [lepBble mpolLeccopbl, OCHOBAaHHBIE HA HOBOM apXUTEKTYpE,
BBI3BAJIM MHOXKECTBO HapEKaHUU.

Bo-nepBbIX — 3TO NPOU3BOAUTENHHOCTD, TPOU3BOAUTEIHHOCTH Pentium 4 6b1a Hike yeM y Pentium 111,
paboTaroriero Ha yacTore B 1,5 paza MeHBIIICH.

Bo-BTopbix, 41 paboThl HOBOTO Mpolieccopa TpedoBajgach MaTEpUHCKas IJIaTa, OCHOBaHHAas Ha yuncete 1850, koTtopas
CTOWJIA BECbMa HEICIIEBO.

B-Tpetbux, Bce MaTepuHCKHE MJIaThl MpeAHa3HAYaINCh 11 paboThl ¢ foporoi maMateio Rambus (RDRAM).
B-ueTBepThIx, 1715 pabOTHI MAaTEPUHCKOM IUIAThI TpeOOBaIach 3aMeHa OJI0KA MUTAaHUs, a HHOIZIAa U KOpITycCa.



Tak kak mporeccop U3roTaBIMBAJICs C UCIONb30BaHUEM 180 HM TexIpoliecca, To Ha KpUCTaJUIE yAaJ0Ch Pa3MECTUTh
muiib 256 Koaiit kama L2. bonsmmHcTBO 3KcnepToB pacuenuiio 1,4 u 1,5 I'T' Bepcun mpoMeKy TOUYHBIMA —
nporieccop Athlon HaGupai Bc€ OOMBIITYI0 MOMYIIPHOCTh, M MPEBOCXOAMII 10 ObicTpoaeiicTButo Pentium 111, a
JanbpHelIee ycoBepiieHcTBoBaHue apxutekTypsl Pentium III Torma 6su10 enié He Bo3mMoxkHO. HecMoTps Ha
HenomyisipHocth 1,4 u 1,5 I'Tu Bepcuit, Intel 3 ssaBapst 2001 rona anoncupyer 1,3 I'T'iy Bepcuto Pentium 4, kotopas
cromia $409. B pa3nmu4HbBIX TECTOBBIX HCIBITAHUSIX ATH MPOIECCOPHI mpourpeiBainu kak Pentium III, Tak u Athlon'am (a
B HEKOTOPBIX ciiydasix 1 Duron'am), paboTtaBuimM Ha 6osee HU3KkUX yactorax. OnHako yxe B anpene 2001 roga BeIXOAUT
Pentium 4 ¢ gactoroii 1,7 I'T1, a B aBrycre 3Toro roaa Beixonut 2 I'T Bepeusi, a Tak e «HOBbIE—CTapbIe»
npoiieccopsl st Socket 478, koTopbIil MpocyIIecTBOBaI 0oJiee YeM 2 To/ia, B 3TOM K€ MECAII€ BHIXOAUT HOBBIN YUIICET
ot Intel (1845). HoBelit uunicer Tenepsb nojaepxxuBai namsath crangapra PC133 SDRAM, yTo mo3BoInIIO 3HAYUTETHLHO
CHU3UTH LIEHBI Ha cUCTeMbI Ha O0a3e Intel Pentium 4, onHako UCIOIB30BaHKUE JAHHOTO THIA MAMSITH HECKOJIBKO
YMEHbIIIAJIO OBICTPO/ICIICTBHE (MHOITIa BEChbMa CYIIECTBEHHO) CUCTEMBI. Intel st yBenuueHus npoaaxk akTHBHO
MPOJIBUTANIA TAHHBIN MPOIECCOP — €To peKIiaMy MOXHO ObLIO YBUAETH KakK IO TEJIEBU30PY, TaK U B ra3eTax/sKypHaiax.
[Iponaxu Pentium 4 yBennuuBainch, MPOLECCOP HAYMHAI MTOJIb30BATHCS BCE OONbILEH MOMYISIPHOCTHIO.

IIpoueccopsl Pentium 4 na sape Willamette

Jlara anonca
npoueccopa ajis

Jlata anoHca
npoueccopa aJjs

TakroBast yacTora sigpa HavajbHasi cCTOUMOCTH

(I Socket 423 mponeccopa ($) Socket 478
1,3 3 suBaps 2001 409 —
1,4 644 27 centsiops 2001
20 Hos16ps 2000
1,5 819
1,6 2 mronst 2001 294
1,7 23 anpens 2001 352
27 aBrycra 2001
1,8 2 mronst 2001 562
1,9 375
27 aBrycra 2001

2,0 562



Pentium 4 Northwood

IlepBbIe mponeccopsl Ha JTaHHOM siipe aHoHcHpoBaHbl 7 aBrycra 2001 roma. Slnpo Mano yem OTIM4aeTcst OT CBOETO
MpeAIIEeCTBEHHNKA, Pa3BE YTO HUCIOIb30BaHUEM 00JIee COBEPILIEHHOT0 TeX nmpouecca — 130 HM, YTO MO3BOIUIIO
pa3MmecTuth Ha kpuctaiie 5S12K06 kamra L2 u cHU3uTh TeIoBbIeeHue mpoieccopa. [lepexon Ha HOBBIN TEXITPOIIECC
MO3BOJIMJI elIE OOJIbIIE HApalluBaTh TaKTOBYIO 4acToTy (10 3,41 T'r). UToOBI OT/IMYATE MPOIECCOPHI HA SApPE
Northwood ot ananornunsix moaeneit Ha aape Willamette, Ob110 perieHo B KOHIIE HA3BaHHSI HOBBIX MPOLECCOPOB
NpUNUckIBaTh OyKBY «A» (Hampumep Pentium 4 2,0A noctpoen Ha siape Northwood).

5 mas 2002 rona Intel BeimtyckaeT nporeccopsl ¢ simpom Northwood, B kotopsix yactora FSB coctasnsna 133MI'1g

(o dexruBHas yacrora 533MI 1), 4T0OBI OTIIMYATE OT UCTIONB3YIOMKX MUHY 400MI 11 B KOHIIE Ha3BaHUSI HOBBIX
MPOIIECCOPOB IMpUMNUChIBaiach OykBa «By» (Hampumep, Pentium 4 2,4B noctpoen Ha siape Northwood, a wacrora FSB
cocrasisiet 533MIn).

14 nos16pst 2002 roga 6611 BeiyieH npoueccop Pentium 4 3,061 T, kotoperit npuodbpén nogaepxkky Hyper-Threading
(BHepBBIE HCTIONB3YETCS B MpoIleccopax Xeon). ITa TEXHOIOTHs MOApa3yMeBaeT Mo cCOO0H HAIMYHUE JIBYX JIOTHUECKHIX
(3MyIMPOBAHHBIX ) TPOIIECCOPOB.

14 anpenst 2003 rona Intel BrimyckaeT nmpoiieccopsl ¢ siapom Northwood, B kotopsix yactora FSB coctasmnsna 200MI 1t
(o dexrruBHas yacrora 00MI '11), 4TOOBI OTIIMYATE UX OT MPOLECCOPOB UCTIONb3yOMMX WUHY 533 1 400 MI'1 B KOHLIE
Ha3BaHUsI HOBBIX MPOIECCOPOB MpHUMKchiBasiach OykBa «Cy» (Hampumep, Pentium 4 2,4C noctpoen Ha siape Northwood,
a yactora FSB coctaBnsier 800MI'r). Bee npotieccopsl, ucnonsiyromue 800MI 11 minHy, moaIepKUBatOT TEXHOJIOTUIO
Hyper-Threading (Boo611e oka3anoch, uTo Bce mpoiieccopsl Ha sape Northwood noanepsxkubator Hyper-Threading,
OJTHAKO, B MEPBBIX MOJIEIISAX OHA ObLJIa OTKJIIOYEHA).

OgepxuiokuHr (paszron) sigpa Northwood nmpumeuarenen ogHoi nHTEpecHOM AeTanbto. Korna HanpsbkeHue siapa
MOBBIILANOCH A0 1,7 B — nponeccop ymupai. 91o siBiaeHue noiayuuio HazBanue «NDS» (Northwood Death Syndrome
— cMmeprenbHblid cuHpoM Northwood).



Pentium 4 Prescott

2 ¢espast 2004 roma ObUT aHOHCUPOBAH P MPOIIECCOPOB, TOCTPOCHHBIX HA HOBOM Siipe, HOcUBIIee uMs Prescott u
TaK e NOCTpoeHHOoe Ha apxuTekType NetBurst. [1o cpaBHeHMIO ¢ opurnHanbHON apxuTekTypoul NetBurst B tTaHHOM
Aape ObLIN CclieTaHbl HEKOTOPhIE U3MEHEHUS:

Kongseiiep. B HoBoM siipe Ob1 B 1,5 paza yannHeH KoHBelep, Teneps ero rryoruna cocrasisiia 31 crynens (mpotus 20
ctynenei y Northwood). Caemano 3To ObIIO ¢ HETbI0 JadbHEHIIIETO YBETWISHHUS YaCTOTHI ITPOIIeCccopa.

Monynb npeackasaHus NepexoioB (BETBICHNN). YBEIIMYEHUE YKCIIa CTYIIEHEW KOHBelepa NoTpe0oBaIO YITyUIlIeHUE
MOJYJIsI IPEICKa3aHusl MEPEXO0I0B, TaK KaK B Clydyae HEMPAaBUILHOTO MPEACKa3aHUs Mepexoia KOHBeep OOHYIsIICs, U
00pa0oTKa JaHHBIX HAYMHAJIACh CHAYAJIA.

Komi-mamsate L1. B HoBoM siipe 6611 yBenuueH pa3mep kaima L1 xpansiero nanasie a0 16 K6aiit. Pasmep kara
uHcTpykuui (Trace cache) ocrancs nmpexkHUM — 12 THICSY MUKPOOTIEPALIHA.

SIMD-pacmupenus. B siapo Prescott 6611 1o6aBnen HOBbIM HaOop uHCTpyKuui (SSE3), cocTosmmii u3 13 HOBBIX
WHCTPYKIIUH.

Hyper-Threading. Texnonorusi Hyper-Threading Taxkxe mpereprena He3HaUnTEIbHbIE H3MEHEHHs. B0 yBenndeHo
KOJIMYECTBO 3KCKIIO3UBHBIX PECYPCOB ULl KQXKI0r0 OTOKA, U yiydimniack nogaep:xka HT ¢ Touku 3penns Habopa
IIPOLIECCOPHBIX HHCTPYKIUH.

B Prescott 3anoxena nogepxka Habopa koman 1 aHajgorugHoro AMD x86-64, stotr Habop komaH[ B Intel HazBamu
EMO64T. I1IpaBaa, B mepBbIX mpolieccopax Ha siape Prescott Moaynb, OTBEHAONIUIA 32 3T KOMaH/Ibl, ObLIT OTKJIIOYEH.
Jluzaiin sinpa Prescott BiepBbie ObLI MOTHOCTHIO aBTOMATH3UpOBaH. KommbioTep cam BbIOMpall Kak ONTHMAalIbHEe
pa3MEeCTUTh TOT UM MHOM OJIOK U KaK 3TU OJOKH COAUHUTH. TeOpeTHUEeCKH 3TO TOMIKHO COKPATUTh BpeMs Ha
nepenavy JaHHBIX MEKIY OTJCIbHBIMH OJIOKaMU.

Kpome Bcero npoyero, HOBo€ Sp0 MOCTPOECHO € UCMOAb30BaHuEM 90 HM TeXmpoLecca, 4To O3BOJINUIIO0 YMEHBIIUTh
TDP mpoueccopa U yBeTUYUTh YaCTOTHBIN MOTEHIIMA HOBOTO siipa. A Tak ke Obul yBenuyeH oobeM kamma L2 no 1024
Ko6aiit (1 MoGaiir).

[Toce Toro Kak Mup y3Haj, KaKOM MOJEPHU3ALNUH MTOABEpIack apxurekrypa NetBurst, mpeamnonaranocs, 4To HOBBIN
IIPOLIECCOpP MOTYYNUT HOBOE UMs, BeposiTHee Bcero — Pentium 5. OgHako, BONPEKH MHOTUM OXKHJIaHUSM U IIPOTHO3AM,
ATOTO HE MPOU3OIILIO.




2 dpeBpans 2004 roga 6611 aHOHCUMPOBaHbI MOAENU € TakToBbIMKW YacTtoTamu 2,8; 3,0; 3,2; 3,4 Tw, y
KOTOPbIX YacToTa CMCTEMHOW WnHbI cocTaensna 800 MI'y. Ytobbl oTnnyaTh UX OT NPOLIECCOPOB Ha aape
Northwood B kOHUEe HasBaHuA aTMX npoueccopoB bbina byksa «Ex» (Hanpumep, Pentium 4 3,0E — agpo
Prescott, yactota FSB — 800 MI'W). B aTOT XXe AeHb Obif BbINyLLEH NpoLeccop, TakToBas YacToTa KOTOPOro
coctaendana 2,8 'y, Ho oH nmen yactoty FSB paBHoun 533 Ml U, Takke OH He nogaepXxuean
Hyper-Threading. YTo6bl OTIMYMTEL 3TOT NpoLiEeCCop OT APYrnX, B KOHLE Ha3BaHWS 3TOro npoleccopa nucanm
oykBy «A» (Pentium 4 2,8A). Bce npoueccopbl npegHasHavanucb gna Socket 478.

21 nioHsa 2004 roga 661y BbinyLLEHbI HOBbIE MPOLIECCOPbI, OCHOBaHHbIE Ha sape Prescott, npogomkatowme
NMHEeNKyY npoueccopos E-cepun. 3tn npoueccopsbl Bbinyckanucb B HOBoM Tune kopnyca — FC-LGA4, oH
oTnuyarncd ot NpeablayLLero NoKoNeHNsa KOpnycoB TEM, YTO BbIST NNLIEH KOHTAKTHBIX HOXEK. Takke HOBble
npoLueccopbl yCTaHaBNMBatOTCA B HOBbIN pasbeém — LGA775 (gpyrne HasBaHna Socket T nnu Socket 775).
Kpome Toro, HoBble npoLeccopbl NCMOb30Bann HOBYIO CUCTEMY HyMepauuun. Bee BbinyLeHHbIe NpoLeccopbl
ObInn oTHeceHbl K cemencTBy Pentium 5x0. Bbinu BeinyweHsbl mogenun ¢ Homepamn 520, 530, 540, 550, 560.

B aBrycte 2004 6b1nn BbinyLeHbl npoueccopbl F-cepun, y KOTOpbIX Bbifia akTuBMpoBaHa nogaepxka EM64T,
HU4YeM APYrMM OT CBOMX NpeaLleCTBEHHUKOB OHWM He oTnnyanuce. NepBoHayarnbHO Oblnn OCTYMHbI MOAENN C
yactotamu 3,2; 3,4; 3,6 ['Tu. B HuX, noyemy-T1o, Intel ncnonbayet crtapyto cuctemy obo3HayeHun (Hanpumep,
Pentium 4 3,4F).

B okts16pe 2004 6binu BbiNyLLEHbI NpoLeccopbl cepumn Pentium 5x0J, koTopble oTnn4anmcb oT CBOUX
npeLecTBEHHMKOB (npoueccopoB cepun 5x0) Tem, YTO UMeENKU NOAOEPXKKY TEXHONOrMM nog HassaHmem EDB
(Execute Disabled Bit), nHorga HasbiBaemon XD Bit (eXecute Disable Bit).

B nekabpe 2004 roga Bbiwnm npoueccopbl cepumn 5x5, 5x5J n 5x9J. MNpoueccopbl npogosmkany NUHMI0
npoueccopoB A-cepun (4actota FSB 133MIy) ona Socket 775, HO npoueccopbl C MHOAEKCOM «J» UMenu
nopaepxky TexHonormn EDB.

B mae—utoHe 2005 roga Bbiwnn npoueccopbl cepun 5x1 n 5x6. MNepsble 06beanHmunu B cebe cepum 5x0 n
5x0J, a BTopble cepumn 5x5 n 5x5J.




Cepus

5x0
5x0J
5x35
5x35J
5x9J
5x6
5x1

CBoanas Tadimua npoueccopos Pentium 4 Ha siape Prescott

Yacrora saapa (I'T'n)

2,26—2,8

2,434
3,2-3.8
2,8(520)—3,6(560)
2,8(5207)—3,8(5707)
2,67(505); 2,93(515)
2,67(5057); 2,93(5151)
3,06(5197)

2,67(506); 2,93(516)
2,8(511)—3,8(571)

YacroTa
FSB
(MI'

533

800

533

800

)

ILnargopma

Socket 478

Socket 775

Hcnoab3yembie
TEXHOJIOT UM

SSE3

SSE3, HT

SSE3, HT, EM64T
SSE3, HT

SSE3, HT, EDB
SSE3

SSE3, EDB

SSE3, EDB, EM64T

SSE3, HT, EDB, EM64T

Jlara
BBIILYCKA

2 dempans
2004

asryct 2004
21 uronsa 2004
OKTsI0ps 2004

nexkabpp 2004

nroHb 2005
21 masg 2005



Mobile Pentium 4

MepBble Bepcun Pentium 4 ansa HoyTOykoB 1 fiantonoB 6binn aHoHcupoBaHbl 23 anpens 2002 roga, 6b1nu
noctpoeHbl Ha sape Northwood n Hocunu nma Mobile Pentium 4-M. OT HacTonNbHbIX BEPCUiA 3TU NPOLIECCOpPbI
OTNINYanuCb 3aHMKeHHbIM HanpsXxeHnem nutanua (1,2—1,3 B) n nogaepxkon TexHonornn SpeedStep.
Uactota cucteMHou LWNHbI y Bcex npoueccopos cocTtasnsna 400 MIMu. beinu BbinyweHsbl Mogenu ¢ Yactotamu
1,4;1,5;1,6;1,7;1,8;1,9; 2,0; 2,2; 2,4; 2,5; 2,6, TDP y nocnegHen mogenun cocrtasnset 35 BT.

B noHe 2003 roga 6binn aHoHcUpoBaHbl Npoueccopbl Mobile Pentium 4, Takke NOCTPOEHHbIE Ha sApe
Northwood. YacTtoTta cuctemMHon LWKHbI Yy 3TUX npoueccopos cocTasnana 533 MIy. HanpspkeHne nutanus
nameHsnock ot 1,2 go 1,55 B. bbinu BbinyLeHbl Mogenu ¢ Yyactotamu 2,4; 2,66; 2,8; 3,06; 3,2 Tu, TDPy
nocnegHen moaenu cocrasnan 76 BT.

B nioHe 2004 roga aHoHcmpoBaHbl npoueccopbl Mobile Pentium 4, nocTpoeHHble Ha sape Prescott. 310
moaudumkauusa sagpa Prescott He nogaepxuneana EDB n EM64T, Ho 3aTo Tenepb MOOMbHbIE NPOLECCOPbI
obpenu nogaepxky TexHonornn HT. YactoTta cuctemMHom WwnHbl coctaBnsana 533 MIMu, a Hanps)KeHne NUTaHus
nameHsanock ot 1,15 go 1,4 B. Kak 1 npexzae atv npoueccopsbl nogaepxusany texHonoruto SpeedStep. boinn
BbinyLweHbl moaenn Mobile Pentium 4 518, 532, 538, 548 n 552, TDP nocnegHero coctasnset 88 BT.

Prescott 2M

MepBble cnyxm o HoBoM aape Prescott 2 nosiBunuce B Havane 2005 roga. lNpegnonaranock, 4To OHO ByaeT
nmeTb 2 MbauT kawa L2 n yactoty FSB paBHyto 266 My (adpbdpekTnBHaga yactota 1066 MITy). MNpoueccopsbl Ha
OCHOBEe 3TOro aapa 6uinm aHoHcupoBaHbl 21 gespans 2005. OT agpa Prescott 310 sapo oTnnyaeTcsa Tonbko
Hanuunem 2 M6anTt kaww-namsatn L2. HoBble npoueccopbl Noy4mnn n HoByto MapkupoBky: 6x0. 21 despand
2005 roga 6binu aHoHcnpoBaHbl mogenun Pentium 4 630, 640, 650, 660 c yactotamn 3,0; 3,2; 3,4; 3,6 T,
nosgHee 6bina npeacraeneHa mogens 670, paboTatowasn Ha Yyactote 3,8 [Tu.

14 Hos16pa 2005 roga Bbiwna HoBasa pesusuns agpa (RO, npegbiaywas 6eina NO). MNpoueccopbl, TOCTPOEHHbIE
Ha o6bHoBNEHHOM siape Prescott 2M, nogaepxmBatoT TexHonoruto Buptyanusauunm Vanderpool (VT) u nmetot
nugekcol 662 (3,6 Nu) n 672 (3,8 INwu).

Cedar Mill

AHOHC npoLeccopoB, NOCTPOEHHbIX HA HOBOM A4pe, 3anfiaHnpoBaH Ha BTOPYo nonosuHy aHBaps 2006. Agpo
Cedar Mill npeactaensieT cobon ogHOSAEPHYO MOANdIMKALMIO Sapa N3BECTHONO Nog KOAOBbIM MMeHeM Presler.
Cedar Mill nsrotoeneH ¢ ncnosb3oBaHMEM HoBenwen 65 HM TexHonoruun. Mo cyTtu, sapo npeactaBngeT cobou
aapo Prescott 2M, gaxe He n3ameHunacb cepus npoueccopa, npoueccopbl 6e3 noaaep Kk TEXHOTOrn
BUpTyanusauuu Vanderpool nmerot MapkmpoBky Buaa 6x1, ¢ nogaepxkon Vanderpool nmeroT MapkMpoBKy BMaa
6x3. lNpoueccopbl nepBoHavansHo 6yayT umetb Yactoty oT 3,0 My go 3,8 .



TexHUYeCKHUEe XapaKTePUCTUKU PA3INYHBIX SAEP
Pa3psanocts peructpos: 32
Pa3psannocTh BHEHIHEN MUHBL: 128
Willamette
TakroBbie wactotel (I'Tm): 1,3; 1,4; 1,5; 1,6; 1,7; 1,8; 1,9; 2,0
OddexruBHas gactora cucremaon mmHb (FSB) (MI'mr): 400
Pasmep xoma L1: 8Ko6aiit (11 manHbix)+12 ThicAaY onepanui
Pasmep xoma L2(K6aiit): 256
Hanpsbxenne nuranns: 1,7 B wim 1,75 B
KonuaecTBo Tpan3ucTopoB (MiIH.): 42
Makcumansnoe TDP (pacuetHoe TeroBsiaenenue): 75,3 Br
Texmporecc (um): 180
Pasném: Socket 423, mo3xke Socket 478
Kopniyc: 423-kontaktHbeiii FC-PGA2 nim 478-koHTakTHBIA mMPGA
[ToanepxxuBaembie Texnonoruu: 1A32, MMX, SSE, SSE2
Northwood
ITpoueccopsl ¢ wactoroit FSB pasnoit 400MI 1 1,6; 1,8; 2,0; 2,2; 2,4; 2,5; 2,6; 2,8
ITpoueccopsl ¢ uactotoit FSB pasuoit 533MI'w: 2,26; 2,4; 2,53; 2,67; 2,8; 3,06
IIpoueccopsl ¢ wactotoit FSB paBnoit 800MI11: 2,4; 2,6; 2,8; 3,0; 3,2; 3,4
OddexruBHas yacrora cucremHon muHsl (FSB) (MI'): 400, 533, 800
Pasmep xoma L1: 8KGaiT (1uist JaHHbIX)+12 ThICSY oneparuit
Pazmep xama L2(K6aiit): 512
Hanpspxenne nutanus: 1,475—1,55 (B 3aBUCUMOCTH OT MOZIEIIH)
KonuuecTBo TpaH3ucTopoB (MiH.): 55
Makcumansnoe TDP (pacueTHoe TeruoBslaenenue): 89 Br
Texnpouecc (am): 130
Pa3zpém: Socket 478
Kopniyc: 478-xonTaktHbiii mPGA
[Tonnep>xuaembie TexHonoruu: 1A32, MMX, SSE, SSE2, HT (ue Bce Mojemnn)



Prescott

TaxToBbie acToThl (I'T'11): cM. BhIIIe TaOIUITY

OddexruBnas yacrora cucremuon muHbl (FSB) (MI'm): 533, 800
Pasmep koma L1: 16K6aiT (1 nanHbix)+12 ThicSY onepanuii
Pazmep xama L2(K6aiir): 1024

HomunanbHoe Hamnpsikenue nutanus: 1,4 B

KonnuecTBo Tpan3uctopoB (MiH.): 125

Maxkcumansaoe TDP: 115 Br

Texmporece (am): 90

Pa3zném: Socket 478, nozxxe LGA775

Kopmyc: 478-kontaktabii mPGA unu 775-kontaktasiii FC-LGA4
[TonnepxxuBaemsbie TexHonoruu: 1A32, MMX, SSE, SSE2, a Takxe cM. BbIIIe TaOIUILy
Prescott 2M

Brimymennsie Moaenu: 630, 640, 650, 660, 662, 670, 672
OddexruBnas yacrora cucremuou muHbl (FSB) (MI'1r): 800
Pasmep xoma L1: 16K6aiT (1 nanubix)+12 ThicsS4 onepanuii
Pa3mep xoma L2(Ko6aiiT): 2048

HomunanbHoe Hamnpsixenue nutanus: 1,4 B

KonnuecTBo Tpanzuctopon (MiH.): 169

Maxkcumansaoe TDP: 115 Br

Texmporece (aM): 90

Pazném: LGAT75

Kopmyc: 775-kontaktubiii FC-LGA4

ITonnepxuBaembie Texnonoruu: IA32, MMX, SSE, SSE2, SSE3, HT, VT



Pentium Extreme Edition

Pentium Extreme Edition — Toprosasi mapka npoweccopoB, kotopble Intel Hadana Bbinyckatb ¢ 23 HoA6ps 2003
roga. lNpoueccopbl NpegHasHa4yeHbl, B OCHOBHOM, 4N 9HTY3MacTOB, a Tak Xe An9 KOHKYPEeHLUMn C
npoueccopamu AMD Athlon 64 FX. lNMpoueccopbl ABNSAKOTCA CamMbIMU CTapLMMK (M caMbIMU ZOPOTrMMU) B CBOEM
cemMmencTBe. HacTo HasBaHuMe npoueccopa cokpawatoT 1 nuwyT Kak Pentium EE nnu Pentium XE.
Gallatin

[Mpoueccopbl nocTpoeHbl Ha cepBepHoM sape Gallatin (Ha Hem Bbinyckanucb npoueccopbl Pentium 4 Xeon),
KOTOpOeE, B CBOK oyepenb, noctpoeHo Ha saape Northwood. MNMpoueccopsl Ha sape Gallatin Beinyckanuck Ha
yactoTax 3,2 n 3,4 I'Tu ansa nnatdopmbl Socket 478 n Ha yactotax 3,2 n 3,46 ansa nnatdopmbl LGA775,
npuyem y nocnegHero yactota FSB cocTtaBnset 266 MI'y (adbdekTnBHasa Yactota 1066 MITy). MNpuyem, kak 1 B
CEPBEPHON BEPCUN, ¥ ITOrO NpoLeccopa CyLECTBYET TakKe KaL-NaMATb TPETbEro ypoBHSA (L3), 06bEM KOTOPOU
coctaBndet 2 MbanTta. B pe3ynbsrarte, B CBOe BPEMS, 3TOT NPOLIECCOP CHMUTASICA CaMbiM BObICTPbLIM, NOKa He Bbin
3aMeHEH Moaernbio, OCHOBaHHOWM Ha siape Prescott 2M.

Prescott 2M
Ha paHHom sgpe 21 despans 2005 roga 6615 BhinyLeH npoueccop ¢ yactoton 3,731y 1 yactotonm FSB
paBHon 1066 MIy. 3ToT npoueccop B 2005 rogy cumtancd, npuyem He 3psi, caMmbiM BbICTPbIM MPOLECCOPOM
BbiNyckaemblii Intel. Bo-nepBbiX, 3T0 BbI3BaHO paboTon Ha Bbicokom YactoTe (3733MI 1), BO-BTOPLIX, HANN4Ynem
1066 Ml cMCTEMHOM LUMHBI, NPOMYCKHasi CNOCOBHOCTL KOTopon cocTasnsaeT 8533 Mb6anT/c, Hy N KOHEYHO CBOIO
posib cbirpan kaw L3 obbemom 2 MbGanr.

Smithfield
OuepenHon «aKkcTpemarbHbIny npoueccop Boiwen 18 anpena 2005 roga v 66111 NOCTPOEH Ha ABYX gapax
Smithfield. N ectecTBeHHO Men Bce HeQOCTaTKN 3TON apXUTEKTYpbl. B oTnnumne ot CBOUX «HEIKCTPEMAbHbIX»
Moamndmkauum 3ToT npoueccop obnagan nogaepxkon texHonornn Hyper-Threading, B pesynerate cuctema
«Bugenay cpasy 4 npoueccopa. CTont oTMETUTb, YTO MO NPOMU3BOAUTESNBLHOCTUM 3TOT NpoLeccop Obln 3aMeTHO
cnabee cBOEro NpeLecTBEHHMKA U NPU 3TOM 3HAYUTENBHO ropsiyee.

Presler

Cniegyowmnn npoueccop aKkcTpemarnbHon Bepcun Boiwesn 1 aHeapsa 2006 roga n OCHOBaH Ha ABYsSiAepPHOM siape
Presler. NMpoueccop obnagaet yactoton 3,47 Ty u cuctemHon wmnHom 1066 MIy. B Bugy TOoro, 4To HOBbIN
npoLeccop NOCTPOEH C UCNONb30BaHNEM 65 HM TEXHOMNOIMMN, OH O4EHb XOPOLLO pasroHaeTcs (4o 4,2 ['Tu) npu
BO3A4YLLUHOM OXJTaXXOEHUU, YEM, BOSMOXKHO, 3aUHTEPECYET OBEPKITOKEPOB.



KoHel TexHonormm NetBurst

[TepBbie npuzHaku Hanuuus y Intel skenanus n30aBUTHCS OT HEKOTOPBIX YCTAPEBIINX MPOILIECCOPOB C APXUTEKTYPOl
NetBurst nosiBuiucek HeaBHO. X0TA 3aka3ath mpoieccopsl Pentium D x30 u Pentium D x40 moxHo Oynet 10 15
nekadps 2006 roga, moctaBku OynyT mpoaoiikarkes 10 depaist 2008 rona. CiioBoM, Jaxe €ClIu O CHSITUU C
MIPOU3BOJICTBA KAKUX-TO MOJIEJIei 00BSBICHO, B MPOAXKE UX HAUTU MOXKHO OyJeT enié Kak MUHUMYM HECKOJIbKO
Mmecsies. [pyroe aeno, uro Intel cobupaercst okazpiBaTh TUCTPUOBIOTOPAM COAEHCTBUE B M30aBICHUU OT 3aM1aCOB
TEePAIOLINX JUKBUIHOCTh NPOLIECCOPOB € apXUTekTypoil NetBurst.

I'paduk cHATHS MPOIIECCOPOB € TPOU3BOJICTBA:

Celeron D 350, Celeron D 345, Celeron D 310 -> B centsiope 2006 roza;

Celeron D 340, Celeron D 330, Celeron D 325, Celeron D 320, Celeron D 315 -> Bo Bropom kBaptaine 2007 roaa;
Pentium 4 630, Pentium 4 640, Pentium 4 650, Pentium 4 660, Pentium 4 670 -> Bo BTopom kBaptasie 2007 roza;
Pentium 4 524 -> B deBpaze 2007 rona;

Pentium D 805 -> B nexa6pe 2006 rona;

Pentium D 840, Pentium XE 3.73 I'T'1; -> B okt10pe 2006 roaa;

Pentium D 830, Pentium D 840, Pentium D 930, Pentium D 940 -> B okTs16pe 2006 roza;

Pentium XE 955, Pentium XE 965 -> B auBape 2007 rona.

MHorue Mojenu npoaoKar cBo€ cyuiectBoBanue u nocie despans 2007 rona. Cyns mo BceMy, B UX YHUCIO TONagyT
0.065 mxm Bepcun Pentium 4 6xx u Celeron D 3xx, a Takke HekoTopbie Moaenu 0.09 Mmkm npoueccopos Pentium 4
5xx. Bo Bropom kBaprane 2007 roga BeiiayT npoueccopsl Conroe-L, KOTOpble HAYHYT IMOCTENIEHHO 3aMEIaTh
npoueccopsl Pentium 4 u gaxke Celeron D. B uyTk 6onee 1oporom cermeHTe OyAayT NPUCYTCTBOBATH MTPOLIECCOPHI
Core 2 Duo E4xxx, KOTOpbIE COXpaHAT ABa sApa, HO neperuayT Ha ucnoyibzoBanue 800 MI'iy mumnsl. [TonHOCTBIO
MPOU3BOICTBO MPOIIECCOPOB C apxutekTypoi NetBurst Oynet npekpaiieHo k koHIty 2007 roga, 1100 4yTh paHbIIIE.



Intel Core

Intel Core - 5T0 Ha3BaHKE UCTIONBH3YEMOE ISl IPOIIECCOPOB C KOJIOBBIM MMEHEM Yonah, npeacTaBieHHbIN 5 stHBaps 2006
roga. OH npeaHa3HaueH Uil 3aMeHbI TOproBoit Mapku Pentium M, rcnonp30BaBIIelcs B paHHUX BEPCHSIX MOOMIBHON
MIPOIIECCOPOB TAKOM K€ apXUTEKTYPhI. ITO SBIISIETCS YaCThIO ONEpaIiy 10 peOpEeHIEPUHTY, 3allyIIeHHON KoMmmaHueil Intel B
saBape 2006 roaa; ciemyromiee MOKOJICHHE HACTOJIBHBIX M MOOMIIBHBIX TIporieccopoB mnociie Intel Core momyuar Ha3Bane Intel
Core 2, KOTOpBIN 3aMEHHUT TOPTOBYIO MapKy Pentium.

Yonah 3T0 K0/10BO€ MMsI IEPBOTO MOKOJICHUSI MOOUITBHBIX MPOIIECCOPOB KOMITaHuH Intel, mMpon3BeIEHHBIX C UCTIONH30BAHUEM
Texmporiecca 65SHM, OCHOBaHHBIX Ha apxutektype Banias/Dothan Pentium M, ¢ no6aBieHHO TEXHOJIOTHEH 3aIUTHI
LaGrande. O61mast mpon3BOAUTENLHOCT OblJIa yBEIMUEHA 32 CUET no0aBnenus noanepxkku SSE3 pacmmpenuit u
ycoBepieHcTBoBaHUs noauepkku pacmmpennii SSE u SSE2. Ho npu 3Tom o01iast mpon3BOAUTEIBHOCT HEMHOTO
cHUkaeTcs B cBs3M ¢ Oonee MeieHHbIM KOIII (a Tounee, B CBSI3M € €ro BHICOKOM JTaTeHTHOCTHIO. JJonomxauTensHo Core Duo
ObL1 pencTanieH S suBaps 2006 roga, HapsALy ¢ IPYTUMU KOMIIOHEHTaMH iaTdopMbl Napa. DTo NepBbIii MIPOIIECCOP
kommaHuu Intel, kKoTopsIii BcToNb3yeTcs B KoMIbloTepax Apple Macintosh

Intel Core Duo nmojiepxuBaeT TEXHOJIOTHIO BUpTyanu3anuy ot komnanuu Intel mox HazBanuem Vanderpool, uckirouas
monenb T2300E, kak mokaszsiBaroT the Intel Centrino Duo Mobile Technology Performance Brief u Intel's Processor Number
Feature Table.

Intel Core Duo umeer nBa simpa, 2Mb K3III 2-ro ypoBHs, Ha 00a sigpa, v muHy yrpasineHus ais kontposst Haa KO 2-ro
YPOBHS M CUCTeMHOM muHOM. B Oynymux crenmuurax nporeccopoB Core Duo Tak ke 0XKuIaeTCs BO3MOXKHOCTh
OTKJIFOUEHUS OJTHOTO SiApa JUIsl IyYIEero SHEProcoepexKeHusl.

Intel Core Solo ucnonb3yeT To e aBoitHoe s11po, uTo U Core Duo, HO paboyuM SBISETCSA TOIBKO OAHO SPO. DTOT CTUIIb
BBICOKO BOCTPEOOBaH JUIsl OMHOSAEPHBIX MOOUIIBLHBIX MTPOIICCOPOB, U ATO MO3BOJsET Intel oTkIr0OYeHeM oHOTO U3 siIep
CO3/1aTh HOBYIO JINHEWUKY MPOIIECCOPOB, (M3HUUECKHU BBITYCKAas JIMIb OTHO SAPO.

SAnpo Core Duo coaepkut 151 MIITHOH TPaH3UCTOPOB, BKIFOYAET B cebs 00muii 1yist oboux siaep, 2Mb KIIII 2-ro ypoBHsi.
Konseiiep Yonah comepxut 12 cramuii, mpeacka3aTesb NepexoaoB padoraromuii Ha yactore oT 2.33 o 2.50I' T . Oomen
nanHbiME Mex Ty KO 2-ro ypoBHS U siipaMu OCYIIECTBISETCS MOCPEACTBOM apOUTPAXKHOM IIUHBI, YTO YMEHBIIAET
Harpy3Ky Ha CUCTEMHYIO IIMHY. B pesynbsrare onepanus oomena ganasiMu SAapo-KIII 2-ro ypoBas cocrasnset ot 10
1ukJioB (Dothan Pentium M) no 14 takros. [Iponieccops Intel Core ocymecTBIsItOT COeTMHEHHNE ¢ HAOOPOM CUCTEMHOMU
JIOTUKH mocpeacTBoM 667 T/s cuctremHol muHbL. Yonah noaaepxuBaroT Habopsl cucteMHuoit jioruku Intel 945GM, 945PM u
945GT. Core Duo u Core Solo ucnonssytor ynakoBky FCPGA6 (478 nuH), HO Ipy 5TOM PAaCIIMHOBKA UX HE COBMAIAET C
PacCIMHOBKOM, UCIIOIb30BABIIIECHCS B Tpenbaynux Pentium M, cOOTBETCBEHHO, OHU TPEOYIOT HOBBIX MAaTEPUHCKUX IIJIaT.



IIpenmymiecTBa U HEAOCTATKHU

B MHOTHX NpUIoXkeHUIX(C MOAAEPKKON 00enX siaep), Yonah 1eMOHCTpHUpPYET HEXapaKTEPHO OOIBIIOE YIydIlIeHUE
MIPOU3BOJUTEILHOCTH HaJl CBOMMU MPEAIIECTBEHHUKAMM:

JIBA BBIYUCIUTENBHBIX SApa 0€3 3HAYUTEIHHOTO YBEIUUYECHHSI OTPEOICHUS YHEPTUN

BBIJIAIOIIASICSL IPOMU3BOAUTEIBHOCTD

BBIJIAIOIICHCS K03 OHUITUEHT "TIPOU3BOAUTEIFHOCTD HA BaTT"

Henocrarku Yonah B 3HauMTENBHOM CTETNIEHU HACIEAYET OT PEABIAYIIeH apXUuTeKTyphl Pentium M:

BBICOKAs 3aJIep)KKa MPH 0OpaIIeHUH K MaMITH U3-3a OTCYTCTBHUS Ha sJIpe HHTETPUPOBAHHOTO KOHTPOJIJIEpA MaMATH (e1é
Oonee ycyryomsercs ucnoyibzoBanrem namsatu DDR-IT)

cimabas MPOW3BOAUTEIHLHOCTE OJTOKa orepanuii ¢ tuiaBaronuii Toukoit (FPU)
OTCYTCTBYET Tojiepkka 64-bit (EM64T)
orcyTtcTByeT hyper-threading

MHOTJIA TOKa3bIBAET XYAIITYIO "TIPOU3BOAUTENHHOCTh HA BATT" B OIHOMOTOYHBIX U cliabopacnapaienBatoInXcs
3a/1a4ax, o CPaBHEHUIO CO CBOUMM MPE/IIIECTBEHHUKAMU

[Tnargopma Yonah yctpoeHHa TakuM 00pa3oM, 4ToO JIF0ObIe 0OpaIeHUSIX K OTIEpAaTUBHOM MaMsITH IPOXOJAT Yepe3
CEBEPHBIN MOCT, YTO YBEIMUMUBACT 33/IEPKKHU 10 CpaBHEHUIO ¢ Tuiardopmoii ot komnanuu AMD Turion. Ota cnabocthb
MpuUCyIla BCcer JuHelke mporeccopoB Pentium (HaACTOIBHBIM, MOOWIJIBHBIM U CEPBEPHBIM). OHAKO, CHHTETUUCECKHE
TECThI NTOKa3bIBatoT, 4YTO orpoMHbIi KOIII 2-ro ypoBHs BrosiHe 3 (HEKTUBHO KOMIIEHCUPYET 3aJIEP>KKU TIPHU 00pallieHun
K ONEPaTUBHON MaMSTH, YTO MUHUMHU3UPYET YMEHbIIICHUE MPOU3BOIUTEIHLHOCTH U3 32 OOJIBIINX 3aJIEPKEK B pealbHbIX
MPUIOKESHUSIX.

Duo inside  S0l0 inside"

P - —



Athlon 64

ITponieccop Athlon 64, npencraBinennsbiit 23 centssops 2003 sBisut co6oit Berxoa kommnanuu AMD Ha peiHOK 64-OUTHBIX
pelIeHni 711 OOBIYHBIX MOJIB30BATEICH. DTOT MPOIECCOP MOCTPOCH Ha apXxuTekType AMD64. 3T0 nepBsIit mporeccop
kommaau AMD BocsMoro nokosienus (K8) ais HacTombHBIX 1 MOOMIIBHBIX TIPUMEHEHHI.

ITponieccop cymectyer B 3 BapuanTax: Athlon 64, Athlon 64 FX u nByxsnepubiii Athlon 64 X2. Athlon 64 FX
MO3UIIUOHUPYETCS KaK MPOAYKT ISl KOMITBIOTEPHBIX SHTY3HACTOB, BCETa OCTaBasCh Ha ofuH mar osicTpee Athlon 64. He
CMOTPS Ha TO YTO MX YaCTOTHI OOBIYHO BHIIIE, Bee mpoliieccophbl Athlon 64 FX uMmeroT omHOsSIepHBIN AU3aiiH, 3a
nckmoueHueM Moaenei Athlon 64 FX-60 u Athlon FX-62. Onu ceituac noctynusl a1 Socket 939 u Socket AM2. Dtot
penu3 aHanorudeH penusy Athlon 64 FX-53, kotopelit B Hadase ObLT TOCTYTIEH TOJBKO ISl BBICOKOTIPOU3BOAUTEIILHON
mwiardopmer Socket 940, a Bepcus 1t Socket 939 6vina npencraBnenHa noyxke. Bee mporeccopsr Athlon 64 FX umerot
Pa30IOKHPOBAHHBIN MHOXKUTENb JIJIsi 00JeTYeHus pa3roHa mpoieccopa, B ommune ot Athlon 64, y KOTOpbIX MOXKET OBITH
YCTAHOBJICH TOJILKO MHOYKUTEIh MEHBIIINI WIIA PaBHBIN 3aJ]JaHOMY Ha 3aBojie. Tak Kak BCe JaHHBIC MPOIIECCOPHI MOCTPOCHHBI
Ha apxutekrype AMD64, onu crioco6Hbl paboTtath ¢ 32 OutHbIM X86, 16 OutHEIM 1 AMD64 KOIOM.

Opurunansroe sapo Athlon 64 nmeet komoBoe ums «Clawhammer», HecMOTpst Ha To, 4TO TiepBhIid Athlon 64 FX
OasupoBaiics Ha spe repBoro Opteron o komoBeIM UMeHeM «Sledgehammery. Athlon 64 nMen HECKOJIBKO PEBU3UH sIpa,
WX CIIHCOK MOXHO IMOCMOTPETh B CITUCKE.

Athlon 64 nmeet BcTpoeHHYI0 MEAHYIO TuIacTUHY - Integrated Heat Spreader (IHS) xoTopast mpenoTBpaiaet moBpexaeHue
sJipa MPU MOHTAXE M IEMOHTAXE CHCTEMbI OXJIXKICHUS (pacipocTpaHeHHas mpoliemMa mpoIeccopoB ¢ OTKPBITHIM SAPOM,
takux kak Athlon XP).

Henasno AMD o0bsiBuiia o npekparieHuu Boimycka Bcex socket 939 mporeccopoB| 1], Bcex onmnosinepubix socket AM?2
npoieccopoB u Becex 2x1MB X2 npoueccopoB (3a uckiouennem FX-62).



OcHOBHBIM KauecTBOM IpoiieccopoB Athlon 64 siBnsieTcs HHTETPUPOBAHHBIN B SIAPO KOHTPOJLIEP MaMSITH, YTO HE OBLIO B
npenpayumx nokojgeHusx LITY. He Toabko moToMy 4To IaHHBIA KOHTPOJIEP pabOTAET Ha YacTOTE sApa Mpolieccopa, HO Tak
e U TO, YTO U3 CBSA3KHU MPOLIECCOP-MAMATh UCUE3JIO JIMIIIHEE 3BEHO — CEBEPHBIA MOCT, TO3BOJIMIIO CYIIIECTBEHHO YMEHbBIIIUTh
3a/1epKKku Tipu oopariennu k O3Y.

Translation Lookaside Buffer (TLLB) Obl1 Tak k€ YBEJIMYEH, OTHOBPEMEHHO OBLIIM YMEHBIIICHBI 3a/ICPXKEKH U YITyUIlleH
MOJYJIb TIPEJICKa3aHus IEPEXOJ0B. DTH U IPYTUE apXUTEKTYPHBIEC PACIIUPEHUsI, B 0COOCHHOCTHU MOJJIEPKKA PACITUPEHUM
SSE, yBennueHue BoIMOIHAEMbIX HHCTPYKIUH 3a TakT (IPC), yBenuuunu nporu3BoguTENIbHOCTD MO0 CPABHEHUIO C
npenpayumm noxkonenrnem — Athlon XP. [ obneryenus BpiOopa u oHUMaHUs Ipou3BoauTebHOCTH, AMD paspaboraia
IUTsl MApKUPOBKH mponieccopa Athlon 64 Tak Ha3bpIBaeMyto cucteMmy UHAEKcOB pousBoauTenbHOCTH (PR rating (Performance
Rating)), koTopasi HyMepyeT MpoILeCcCOpPbl B 3aBUCUMOCTH OT UX MPOU3BOAUTEIHLHOCTH IO CPABHEHUIO C MPOIECCOPAMHU
Pentium 4.

Athlon 64 Tak xe o0iaaeT TEXHOJIOTHEH N3MEHEHHS TAKTOBOM YacTOTHI Mpolieccopa, HazBaHHON Cool'n'Quiet. Ecnu
M0JIb30BAaTENb 3aITyCKAeT MPUIIOKEHHUs, He TpeOyIoIIe OT Ipoleccopa O0IbIION BEIUUCTUTEIHHOM MOIITHOCTH, TO MPOIECCOP
CaMOCTOATENLHO OIYCKAeT CBOIO TAKTOBYIO YAaCTOTY, a TaK e HANpsHKEHUE MUTaHUs sapa.

Texnonorus No Execute bit (NX bit) moanepxkuBaemas oneparmoHabiMu cucremamu Windows XP Service Pack 2, Windows
XP Professional x64 Edition, Windows Server 2003 x64 Edition u Linux 2.6.8 u cTapiie, npeHa3HadeHa JJis 3aIUThl OT
pacnpocTpaHHEHOM aTaku — OIIMOKa nepemnoyinenus Oydepa. AMopaTHO YCTaHOBICHHBIC YPOBHU JTOCTYTIA SABIISIOTCS
ropaszzo 6osee HaASKHBIM CPEIBOM 3aIUTHI OT MPOHUKHOBEHHMS C LIEJIbIO 3aXBaTa KOHTPOJIS HAJl CUCTEMON. JTo jaenaetr 64
OUTHBIC BEIYKCIICHUS 00Jiee 3alUIIEHHBIMH.

[Tponieccop Athlon 64 mpousBoguTHCS MO TexHOJIoru4Yeckomy npoiieccy 130um u 90um SOI. Bee nmocnennue siapa
(Winchester, Venice u San Diego) npousBoaarbcs o 90 uM texmporieccy. Aapo Venice u San Diego Takxke IpOU3BIATCS C
ucIonb30BanreM TexHojoruu Dual Stress Liner, pazpabotanHoit coBmecTHO ¢ IBM.

Tax kak KOHTpOJUIEp NaMATH UHTETPUPOBAH B PO Mpolieccopa, TO CUCTEMHAs IIMHA OoJiee He UCTIONb3YyeTCs [ Tiepeiaun
JaHHBIX OT IMpolieccopa K naMsTi. BMecTo 3Toro cKOpocTh CHCTEMHON MaMSTH MOIYYaeTcsl U3 ciaeayromen GopMyIbl
(Mcmoyib3yst OKpYIVIEHHE BBEPX JI0 I€JI0TO0): ( ?PU speed ) — DRAMpiéed

[Tpumeuanue: [

(.,PUmultilier‘|

DRAMdivider
1. 3nauenue ckopoctu npoueccopa (CPU speed) monmyyaercs myTéM yMHOXKEHUS 0230BOM 4aCTOThI. HA MHOXKUTEIh

yMHOXKeHHs. ba3oBast yacTora st Bcex mozeneit Socket 754, 939 u 940 Athlon 64, ona coctopnseT 200 MI'11.
2. IIpoueccopsl Socket 754, 939 u 940 Athlon 64 6butH pa3paboranssl 11 padoTel co 100 MI'm (DDR 200 unu PC1600),
133 MI'tt (DDR 266 unu PC2100), 166 MI'tt (DDR 333 unu PC2700) u 200 MI'p (DDR 400 or PC3200) moxynsmu DRAM.



Monenn Athlon 64 FX —
Sledgehammer (130 am SOI) ?
CPU crenmunr: C0, CG : AMD Athlon™"64
L1-K3III: 64 + 64 Kb ([dannbie + UHCTpyKIIUN) éR ﬁ é‘ g Og ,? :,E: 3 gﬁu
L2-K3III: 1024 Kb, nogHOCKOPOCTHON 1094023140115

MMX, Extended 3DNow!, SSE, SSE2, AMD64

Socket 940, 800 MI'tt HyperTransport (HT800)

Tpebyet peructpoBoit DDR-SDRAM

Hampsokerne muranus sapa: 1.50/1.55 B

[Totpebmsiemast momuOCTh (TDP): Makcumym 89 Bt

Huanazon yacrot: 2200 MI'11 (FX-51, C0), 2400 MI'11 (FX-53, CO u CG)
Clawhammer (130 am SOI)

CPU crennunr: CG

L1-K3III: 64 + 64 Kb ([dannbie + MHCTpyKIIUN)

L2-KDIII: 1024 Kb, moa1HOCKOpOCTHOM

MMX, Extended 3DNow!, SSE, SSE2, AMD64

Socket 939, 1000 MI'tt HyperTransport (HT1000)

Hanpsbxenne nutanus siapa: 1.50 B

[ToTpebnsemas momrHocTh (TDP): 89 Bt (FX-55:104 BT)

Huamazon yactot: 2400 MI'1; (FX-53), 2600 MI'1 (FX-55)

San Diego (90 um SOI)

CPU crenmunr: E4, E6

L1-K3III: 64 + 64 Kb (dannbie + UHCTpyKIIUN)

L2-KDIII: 1024 Kb, noaHOCKOPOCTHOM

MMX, Extended 3DNow!, SSE, SSE2, SSE3, AMD64, Cool'n'Quiet, NX Bit
Socket 939, 1000 MI'tt HyperTransport (HT1000)

Hanpsoxenne nuranus siapa: 1.35 B or 1.40 B

[Torpebnsemas momHOCTh (TDP): makcumym 104 Bt

Huamazon yactot: 2600 MI'1y (FX-55), 2800 MI'n (FX-57)




Toledo (90 um SOI)

Dual-core CPU

CPU crennunr: E6

L1-K3III: 64 + 64 Kb ([dannsle + UHCTpyKIIMN), HA PO

L2-KO3III: 1024 Kb noaHOCKOPOCTHOM, Ha SIAPO

MMX, Extended 3DNow!, SSE, SSE2, SSE3, AMD64, Cool'n'Quiet, NX Bit
Socket 939, 1000 MI't HyperTransport (HT1000)

Hanpsioxenune nuranus siapa: 1.30 B—1.35B

[Torpebnsiemas momHocTh (TDP): Makcumym 110 BT

Huamazon yactot: 2600 MI'11 (FX-60)

Windsor (90 am SOI)

Dual-core CPU

CPU crennusr: F

L1-K3III: 64 + 64 Kb ([lannbie + MHCTpyKIIMK), HA 4]1pO

L2-K93III: 1024 Kb noaHOCKOPOCTHOM, Ha SIAPO

MMX, Extended 3DNow!, SSE, SSE2, SSE3, AMD64, Cool'n'Quiet, NX Bit, AMD Birtualization
Socket AM2, 1000 MI'tt HyperTransport (HT1000)
Hanpsoxenune nuranus sapa: 1.30 B—1.35B

[Torpebmsiemast momuOCTh (TDP): Mmakcumym 125 Bt | AMD Athlon'" 64 FX
Jluanason gactot: 2800 MI' (FX-62) aA Aorha

Newcastle (130 um SOI) F488692D50123
Oo6pe3annbiii ClawHammer ¢ tonpko 512Kb L2-K3III

CPU crennunr: CG

L1-K3III: 64 + 64 Kb ([dannsie + UHCcTpyKUINN)

L2-K3III: 512 Kb, noaHOCKOPOCTHOM

MMX, Extended 3DNow!, SSE, SSE2, AMD64, Cool'n'Quiet, NX Bit
Socket 754, 800 MI't HyperTransport (HT800)

Socket 939, 1000 MI't HyperTransport (HT1000)

Hanpspxenne nutanus siapa: 1.50 B _ ASSEMBLED IN MALAYSIA
[Totpebmsiemast momuOCTh (TDP): Makcumym 89 Bt

o
=
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®

Jwnanazon gactor: 1800—2400 MI'11



Winchester (90 um SOI)

CPU crennuar: DO

L1-K31II: 64 + 64 Kb ([daunsie + UHcTpyKun)

L2-KO3III: 512 Kb, noaHOCKOPOCTHOM

MMX, Extended 3DNow!, SSE, SSE2, AMD64, Cool'n'Quiet, NX Bit
Socket 939, 1000 MI'tt HyperTransport (HT1000)

Hanpsioxenue nutanus aapa: 1.40 B

[Torpebnsemas momtHocTh (TDP): makcumym 67 Bt

Juanazon yactot: 1800—2200 MI'1y

Venice (90 um SOI)

CPU crennunr: E3, E6

L1-K3III: 64 + 64 Kb ([lanasie + MHCTpYyKIIHH)

L2-KBOII: 512 Kb, noaHoCKOpOCTHOM

MMX, Extended 3DNow!, SSE, SSE2, SSE3, AMDG64, Cool'n'Quiet, NX Bit
Socket 754, 800 MI'u HyperTransport (HT800)

Socket 939, 1000 MI'u HyperTransport (HT1000)

Hanpsioxenune nutanus sapa: 1.35 B or 1.40 B

[Torpebnsemas momtHoCcTh (TDP): makcumym 67 Bt

Juanazon yactot: 1800—2400 MI'1y

Orleans (90 am SOI)

CPU crennusr: F

L1-KDIII: 64 + 64 Kb ([lanasie + MHCTpYyKIIHH)

L2-KBOHI: 512 Kb, noiaHoCKOPOCTHOM

MMX, Extended 3DNow!, SSE, SSE2, SSE3, AMD64, Cool'n'Quiet, NX Bit
Socket AM2, 1000 MI'y HyperTransport (HT1000)

Hanpsioxenne nutanus sapa: 1.35 B or 1.40 B

[Totpebnsemas momtHoCcTh (TDP): makcumym 62 Bt

Juanazon yactot: 2000—2400 MI'1q




Athlon 64 X2

Athlon 64 X2 xomnanuu AMD siBisiercst nepBbIM ABYsiiepHbIM LIITY 1151 HAaCTOMBHBIX KOMITBIOTEPOB. DTOT IIPOIIECCOP
conepkut aBa siapa Athlon 64, 00beTMHEHHBIX HA OTHOM KPHUCTAJIE C TIOMOIIBI0 Ha00pa JOMOTHUTEIBHON JTOTUKH. Sapa
HMMEIOT B CBOEM PaCHOpPsDKEHUH JBYXKaHAIBHBIN KOHTPOJUIEp maMsTh, 6azupyromnuiics Ha Athlon 64 ctenmunra E, u B
3aBUCUMOCTH OT Mojienu, oT 512 no 1024 Kb K3Illa 2-ro ypoBHs Ha kaxaoe sapo. Athlon 64 X2 nogaepkuBaroT HaOOp
uHcTpykiuit SSE3 (koTopsie paHee moaAepKUBaIMCh TOIBKO Mpolieccopamu kommnanuu Intel), 4To mo3Bonmiio 3amyckars ¢
MaKCUMaJIbHON TTPOU3BOIUTEIHHOCTHIO KOJI, ONTUMHU3UPOBAHHBIN IS Ipo1ieccopoB Intel. DT ymydnieHus: He YHUKAJIbHbBI
st Athlon 64 X2 u Tak ke uMeroTcs B penuzax mpoieccopoB Athlon 64, mocTpoeHHbIX Ha spax Venice u San Diego. AMD
odpunmranbHO Hayana noctaBku Athlon 64 X2 nHa BeicraBke Computex 1 uronst 2005 rona.

OCHOBHBIM MPEUMYIIIECTBOM, KOTOPOE MaET ABysIepHBIC mporeccopbl Athlon 64 X2 sBisieTcst BO3MOXKHOCTD pa3/ieICHHUs
3aIyIeHHBIX TPOrPAMM Ha HECKOJIBKO OTHOBPEMEHHO BBHIMOIHSAEMBIX MOTOKOB. CITOCOOHOCTH MPOIIECCOpPa BHITIOIHATD
OJTHOBPEMEHHO HECKOJIBKO MPOTpaMMHBIX IMTOTOKOB HA3bIBAETCS Mapaieu3M Ha ypoBHE MOTOKOB (thread-level parallelism
uiu (TLP)). Ilpu pazmemienuun AByx siaep Ha oqHoM kpuctane, Athlon 64 X2 obnamaer nBoitieiM TLP 1o cpaBHEeHMIO C
omHosiiepHbIM Athlon 64 nipu Toi1 sxe ckopoctu. Heobxonumocts B TLP 3aBHCHT OT KOHKPETHOM CUTyalluu B OOJIbIIIEH
CTEIIEHU M B HEKOTOPBIX CUTYyAIUSIX OHA MIPOCTO Oecmose3na. boabMHCTBO MporpaMM HaKMCaHbI C pacyéToM Ha paboTy B
OJTHOTIOTOYHOM PEXHUME, M TIOITOMY ITPOCTO HE MOTYT 3aJ€HICTBOBATh BBIYMCIUTEIBHBIE MOIIIHOCTA BTOPOTO SAPA.
[Iporpammsl, HanMcaHHbBIE C YYETOM PaObOTHI B MHOTOIIOTOYHOM PEXHM M CIIOCOOHBIE MCIIOIb30BATh BHIYUCITUTEIIBHbBIE
MOIITHOCTH BTOPOTO SI7[pa, BKJIFOUAIOT B €051 MHOXKECTBO MPUIIOKEHH JIJ1s1 00paObOTKH MY3bIKH M BHJIEO, a TaK XKe
cnenupuyeckue npodeccruoHagbHble MporpaMMbl peraepunra. [Iporpammel ¢ Beicokum TLP garie Bcero ncmonb3yroTcs B
cepBepax/paboynx CTaHIMSIX, YeM Ha CTAH/IAPTHBIX HACTOJIBHBIX KOMITbIOTEPaX. MHOT03aa4HOCTh TTO3BOJISIET 3aITyCTUTD
MHOXKECTBO MTOTOKOB 33J1a4; NHTEHCUBHOE HCIIOJIH30BAHUE MHOT033]a4HOCTH CTAHOBUTHCS aKTyaJIbHO TIPH 3aIyCKE B OHO U
TOXKE BpeMsi OoJjiee IByX MPUIIOKEHUH.

Nwmes nBa siapa, Athlon 64 X2 obnagaeT yBenTndeHHBIM KOJIMYECTBOM TPaH3UCTOPOB Ha Kpuctaiuie. [Iporeccop Athlon 64 X2
¢ 1IMb KBIlla 2-ro ypoBas umeeT 233.2 MIUTHOHA TPAH3UCTOPOB, B oTnune oT Athlon 64, umesmiero Bcero 114 Muninona
TpaH3UCTOPOB. Takue pazMepsl TPEOYIOT UCTIOIB30BAHMS JITIsl TPOU3BOJICTBA 0OJIEE TOHKOTO TEXHOJIOTHYECKOTO IIpoliecca,
KOTOPBIN MTO3BOJISIET IOOUTHCS BBIXOJ]a HEOOXOUMOTO KOJIMYECTBA UCIIPABHBIX MIPOIIECCOPOB C OTHONM KPEMHEBOM TIJIACTHHBI.



Turion 64

Turion 64 aTO TOproBasd Mapka, npasa Ha KOTOpYIo NpuHaanexar komnaHmm AMD, npumeHsiemas ans
0603Ha4YeHUs 64-6UTHBLIX MOBUIBHBIX (C HU3KMM 3HEpronoTpebneHnem) npoueccopoB. [JaHHbIe NpoLeccophl,
Bkntoyas u Turion 64 X2, apnsatotcsa otBeTtom AMD Ha nnHernky MobunbHbIX NpoueccopoB KoMmnaHuu Intel —
Pentium M u Intel Core.

[Mpoueccopsbl Turion 64 (kpome Turion 64 X2) coBmecTumbl ¢ Socket 754 komnaHnn AMD u BkntovatoT oT 512 oo
1024 Kb kawa 2-ro ypoBHsi, 64 OUTHbIN OOQHOKaHamnbHbIN KOHTPOMNEP NaMATU, MHTENPUPOBaHHbIN Ha Sapo, 1 800
MIy wunHy HyperTransport. OCHOBHOW aKUEHT Npu NO3NLMOHNPOBAHMN U NPOABMKEHUN JAHHOIO npoueccopa Ha
PbIHKE AenaeTcs Ha ero aHeprocbeperatowme pyHkumn, Takme kak PowerNow! n Cool'n'Quiet.

Cxema Hymepaummn mogernen Turion He NO3BOMAET NPO3pPayYHO CpaBHMBATL NPOLECCOPbI Mexay cobon nnm c
HacTonbHbIMK Npoueccopammn Athlon 64. Homep mogenun coctont U3 AByx BykB, TMpe u AByX undp (Hanpumep
ML-34). [1Be 6ykBbl 0603Ha4atoT Kracc npoleccopa, a umdpbl — UHAEKC NponssBoguTenbHOCTU. NepBas BykBa
byoet M onsa ogHosaepHOro npoueccopa n T anga aosyxbagepHoro Turion 64 X2. Yem ganblue oT Havana
andgasuta HaxoamTcsa BTopas bykea, TeM Donee 3TOT NPOLECCOpP NOAXOANUT ANA MOBUMBbHbBIX MPUMEHEHWNI
(MeHbLle noTpebnsaet aHeprumn). BosbMEM ans cpaBHeHna aBa npoueccopa, MT-30 n ML-34. bykea T
pacrnonoXxeHa ganblle OT Hayana natuHckoro andasuta, 4em bykea L, 3HaunT MT-30 noTpebnseTr MeHbLue
3Hepruun, 4em ML-34. Ho nockosnbky undpa 30 meHblue undpol 34, MT-30 ycTynaeT no nponsBogmMTeNbHOCTHU

ML-34. owecpr
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Wcnonsyemoe saapo: Lancaster (90 Hm SOI)

Kaw nepsoro ypoBHs: 64 + 64 Kb ([daHHble + IHCTpyKumn)

Kaw BTOporo ypoBHsA: 512 nnu 1024 Kb, paboTatowmin Ha CKopocTu sapa
Mopaepxka MMX, Extended 3DNow!, SSE, SSE2, SSE3, AMD64, PowerNow!,
NX Bit

Socket 754, HyperTransport (800 MI'y, HT800)

Hanps»xeHnune nutaHna sgpa: 1.00B — 1,458

MotpebneHne aHeprum (TDP): Makcnmym 25/35 BT

[nanasoH 4actoT: 1600, 1800, 2000, 2200, 2400 Ml'y,

25BT1 TDP:
MT-28: 1600 Ml
MT-30: 1600 Ml
MT-32: 1800 Ml
MT-34: 1800 MI'y
MT-37: 2000 Ml
MT-40: 2200 Ml
35BT TDP:
ML-28: 1600 Ml
ML-30: 1600 Ml
ML-32: 1800 Ml
ML-34: 1800 Ml
ML-37: 2000 Ml
ML-40: 2200 Ml
ML-42: 2400 Ml
ML-44: 2400 Ml

512 Kb kaw L2)
1024 KB kaw L2)
512 Kb kaw L2)
1024 KB kaw L2)
1024 KB kaw L2)
1024 KB kaw L2)

P S O O

512 Kb kaw L2)
1024 KB kaw L2)
512 Kb kaw L2)
1024 KB kaw L2)
1024 KB kaw L2)
1024 KB kaw L2)
512 Kb kaw L2)
1024 KB kaw L2)
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