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Tema 1. Apxurextypa ¢pon Helimana

TeopeTnueckre CBeACHUS

OcCHOBBI yueHHUsI 00 apXUTEKTYpe BBIYUCIUTEIBHBIX MAIMH OBUIA 3aJI0/KEHBI
Jl>xon pon Heitmanom.

OcHoBBbI yueHust 00 apxutekrype IBM 3am0ku1 BeIIAIOMUNACS aMepUKAHCKUAN
MaremaTtuk /[>xon ¢hon Hetiman.

[lepBast DBM "Ouuak" 6nu1a co3gana B CIIIA B 1946r. B rpynny co3narenei
Bxonun (on HeiimaH, KOTOPBIM W MPEIIOKUIT OCHOBHBIE MPHUHIUIBI MOCTPOCHUS
OBM:

— Mepexoj K ABOMYHON CUCTEME CUUCIICHHUSI IJIs MPE/ICTaBICHUS HH(DOpMaInu
— TIPUHLMI XPAHUMOMW MPOrpaMMBbl. MPOrpaMMy BBIYMCIEHUN MPENIarajioch mome-
maTh B 3allOMHUHAIONIEM YCTPOMCTBE, 4YTO OOecredrBaio Obl aBTOMATUYECKHI
PEKUM BBITIOTHEHHUS KOMAH/I U, KaK CJIEACTBUE, YBEIUUYEHUE OBICTPOICHCTBUSI.
3amMeTuM, YTO paHee BCE BBIYMCIUTEIbHBIC MaIllMHbI XpaHUIU 0OpadaTbiBae-
MBI€ YHCJIA B JECATUYHOM BHUJIE, & IPOTPAMMBbI 331aBAIUCh MTyTEM YCTAHOBKHU IEpe-
MBIUEK Ha CIEIHaIbHON KOMMYTAIl[HOHHOM ITaHeIH.)

HeliMan mepBbBIM MpeJIoKWI XpaHEHUE MporpaMMbl B YUCIOBOM opme — B
BUJIe HAOOpa HyJel W eTUHUI] — MPUIEM B TOHM K€ MaMsTH, YTO U oOpabaThiBaeMble
€10 YHuca.

B pesynbprate peanmzanuum uaeit ¢pon Helimana Obuta co3paHa Kiacchueckas
apxutexkTypa IBM.

[Mpunuunst pon Heitmana

Hcnonb3oBaHuEe JBOMYHON CUCTEMBI CUUCIICHUS B BBIYMCIUTEIbHBIX MAllIMHAX.
[IpenmyIiiecTBO mepen NECATUYHOM CHUCTEMOM CUHCIIEHHS 3aKJIFOYAETCSd B TOM, YTO
YCTPOMCTBA MOKHO JIeJIaTh IOCTATOYHO MPOCTHIMU, apU(PMETUUECKUE U JIOTUUYECKUE
omnepaluy B JBOMUYHOW CHCTEME CUMCICHUS TAKXKE BBIMOJIHSAIOTCS JOCTAaTOYHO MPO-
CTO.

[Iporpammuoe ympaBinenue 9BM. Pabora OBM koHTposupyeTcs mporpam-
MOM, cocTosiied u3 Habopa KoMaHa. KomaHIbl BBIMONHSAIOTCA IOCIEA0OBATEIHHO
Ipyr 3a apyroM. Co3/laHleM MalllMHbI C XpAaHUMOW B MaMsATH NporpaMMoi ObLIO TO-
JI0’KEHO Hayajio TOMY, YTO MbI CETOJIHSI HA3bIBAEM IIPOIPAMMHUPOBAHUEM.

[JaMATh KOMIIBIOTEPA HUCHOJIB3YETCS HE TOJIBKO JUISl XpPAHEHUs NAaHHBIX, HO U
nporpamM. IIpu 3TOM M KOMaHABI IPOrpaMMbl U JaHHBIE KOAUPYIOTCS B JBOUYHOU
CUCTEME CUHUCIICHHS, T.e. UX CIOco0 3amucu oAuHaKoB. [losTomMy B ompeneneHHbIX
CUTYyallMsIX HaJl KOMaHIaMH MOKHO BBITIOJIHATH TE€ € JICUCTBUS, YTO U HAJ JaHHBI-
MH.

Sueliku mamatu D9BM uMerot aapeca, KOTOpbI€ OCIEA0BATEIILHO TPOHYMEPO-
BaHbl. B 11100011 MOMEHT MOXHO OOpaTUTHCS K JIO00H siueiike maMsaTH IO €€ ajpecy.
OTOT NPUHLUMI OTKPBUI BO3MOXHOCTh HCMOJIb30BaTh MEPEMEHHBIE B MPOrPaMMHUPO-
BAHUMU.



4

B03M0XHOCTH YCIOBHOTO TIEpeXo/ia B MPOLIECCE BBHIMOMHEHUS MporpamMmbl. He
CMOTPSI Ha TO, YTO KOMAH/IbI BBITIOJIHSIOTCS TTOCJIEA0BATENBHO, B IPOTPaMMax MOKHO
peaan3oBaTh BO3MOKHOCTD MEepexo/ia K JI000My y4acTKy Koja.

Takum oOpazoM, (dopmanbHO nepeueHb NpuHIUNOB ¢GoH Heiimana Moxer
OBITH MPUBEJIEH B CIEIYIOLIEM BUJIE!

— IlpuHUMO KMCTOJIB30BAaHMS JIBOMYHOM CUCTEMbl CUMCIICHMS IIJIsi MPEACTaBICHUS
JTAHHBIX ¥ KOMaH]I.

—  [IpuHIun nporpaMMHOTO yIpaBieHHUS .

— IIporpamma cocrtouT m3 HabOpa KOMaH, KOTOPbIE BBIIOIHSIOTCS MPOIECCOPOM
JPYT 3a APYTOM B OMPEICICHHON MOCIIeI0BATEILHOCTH.

—  IlpuHIMT OTHOPOJAHOCTH MAMSTH.

— Kak nporpammbl (KOMaH/Ibl), TaK U JaHHBIC XPAHITCS B OJHOM U TOH *Ke MaMsATH
(M KOJUPYIOTCS B OJTHOM M TOM K€ CHCTEME CUMCIICHUS - Yallle BCEro ABOUYHOM).
Han komangamMu MOXHO BBITIOJIHSThH TAaKUE )K€ ICUCTBUSA, KaK U HAJl TaHHBIMH.

— Ilpunnun aagpecyemMocTH naMsTu.

— CTpyKTYypHO OCHOBHAasi IaMSATh COCTOUT U3 MPOHYMEPOBAHHBIX SIYEEK; MPOILIECCO-
Py B POU3BOJIBHBII MOMEHT BPEMEHU JOCTYITHA JII00as ssuehka.

— IlpunHuun nocienoBaTeIbHOTO TPOTPAMMHOTO YIIPABICHUS

— Bce xoMaHabl pacnoyiiararoTcsi B MaMsITH U BBIIOJHSIOTCS MOCIEI0BATENbHO, O/I-
Ha I10CJIE€ 3aBEPIIECHUS IPYTrOM.

— IlpuHIUn yciioBHOTO mepexoaa (cam MpUHIMIT ObLT cHOPMYITHPOBAH 3310JITO 10
dbon Hetimana Anoit JIasneits u Yapnb3zom b306ukeM, oqaako Heiiman go6aBun
€ro B OOIIYIO apXUTEKTYPY).

KoMmproTepbl, OCTpOGHHBIC HAa JTHX MPUHIMIAX, OTHOCAT K TUIy (OH-
HEHMMaHOBCKHUX

Apxurektypa komibroTepa pon Helimana

KoMIbIOTEp COCTOMT W3 HECKOJBKHUX OCHOBHBIX YCTPOWCTB (apudMeTHko-
JIOTHYECKOE YCTPOMCTBO, YIPABJISIONIEEe YCTPOHCTBO, MAMSTh, BHCIIHSS MMaMATh, YCT-
pOIiCTBa BBOJA U BBIBOJA).

ApudmeTH4eCKO- _
— Yerpo#cTBO R— Bremnnue
NOTHYECKOE ~
” PR NpaeieHud -« CTpOHCTEA
YCTPOHRCTEO yup TeIp

i

OneparueHas
NaMAThb

Puc. 1. Apxurekrypa komnstorepa ¢poH Helimana
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Apu(METHUKO-TOTUUECKOE YCTPOMCTBO - BHITIOJIHSET JIOTHYECKUE U apuPpMeTH-
YecKHe JEUCTBUS, HEOOXOIUMbIE JJIs IepepadoTKu UH(GOpPMAIMY, XpaHSIIEHCs B ma-
MSITH.

VYrpasnsioniee yCTPOMCTBO - 0OECIEYMBACT YHpPaBICHUE M KOHTPOJIb BCEX
YCTPOMCTB KOMITbIOTEpa (YIPaBJISIONINE CHTHAIBI YKa3aHbl ITYHKTUPHBIMU CTPEIIKa-

JlaHHBIE, KOTOPBIE XPaHATCS B 3allOMHHAIONIEM YCTPOMCTBE, MPEACTABIEHHI B
JIBOUYHOM hopme.

[Iporpamma, KoTOpas 3amaeT paboTy KOMIIBIOTEPA, W JTaHHBIE XPAHATCS B OJI-
HOM M TOM K€ 3a[IOMUHAIOIIEM YCTPOMCTRBE.

Jlns BBOAa U BBIBOJIa MH(MOPMAILIUK UCTIONB3YIOTCS YCTPONWCTBA BBOJA U BBIBO-

Jia.

KoHTposnbHBIE BOIPOCHI

1) OcHOBHBIE UJIeH TTOJIOKEHHBIE B OCHOBY CTpYKTYypbl DBM ¢on Helimanom.
2) Tlpunnume! opranm3zanuu DBM ¢on Helimana.

3) Crpykrypa 9BM 1o ¢pon Helimany.

4) CocTtaB EHTPATHLHOTO BHIYUCIUTEIIEHOTO YCTPONCTBRA.

5) Haznauenue u QyHKIHH aprPMETHKO-TOTHISCKOTO YCTPOUCTBA.

6) Hasnauenue u QyHKIIMU yIPaBIISIOIIEr0 YCTPOMCTBA MPOIECCopa.

7) HasznaueHue u opraHu3aIus MamsITH.

8) Iopsa0K BBHIMOIHEHUS POTPAMMBI.

9) IMopsaok BBOAA U BBIBOJIA HHPOPMALIUH.

Crnincok 6ubnmorpaduueckux UCTOUHUKOB

1. Makapoga, H.B. Mndopmatuka : yaeOnuk uist By3os / H.B.Makaposa [u 1p.];
nox pea.H.B.MaxkapoBoii.— 3-€ u3z., nepepad.— M.: ®UHAHCHI U CTATUCTHKA,
2007.— 768.

2. AGenb, I1. AccemOnep. S3bik 1 iporpammupoBanue st IBM PC /T1.AGens,
nep.c anri. noj pea.C.M.MousiBko.— 5¢ u3a.— Kues: Durpon:Kopona-Bek,
2007.— 736.

3. AGens, I1. Accembnep. S3bik 1 porpammupoBanue 1 IBM PC /

[1. AGensb;nep.c anra.nona pea.C.M.MoisBko.- 5-¢ uza. - Kues : On-
tpor:Kopona-Bek, 2007 .- 736.

4. HOpos, B.. Assembler npaktukym:yue6Hoe mocobue ais By3os / B.M.IOpos
.- 2 m3a. - M.[u np.] : ITurep, 2006 .- 400.

5. XKwmakun, A.I1. Apxutektypa 9BM : yue6.mocobue ans Bry30oB / A.IT.)Kmakun
.- CII6. : BXB-Ilerepoypr, 2006 .- 320.

6. Marna, F0.C. AccemOnep mns nporeccopos Intel Pentium #0.C. Marna.—
M.[np.]: TTurep, 2006.— 416.



Tema 2. ApXUTekTypa MUKpPOIIpoiieccopa

TeopeTnueckre CBeACHUS

LlenTpanpHbIi MEKpoOTIpotieccop (HeOOoIbIIasi MUKPOCXEMa, BHITTOTHSIONIAS BCE
BBIUUCIICHHUS B 00paboTKy nHpopManuu) —31o sjapo [1K. B kommnertorepax tumna IBM
PC ucnons3yrorcst MEKpoIiporieccopsl Gupmsl Intel m copmecTrMbie ¢ HUIMH MUKPO-
MIPOIIECCOPHI APYTUX PUPM.

KoMnoHeHTsl MUKpOTpOLIEcCOpa:

—  YCTpOMCTBO YIIpaBJEHUs — ynpasiseT Bcemu ycrponcrsamu [1K.

—  AJIY BBINOJHSET JIOTHYECKUE U apu(PMETHUECKUE OTIepalnu.

— Peructpsl ucnonb3yroTcs AJig XpaHEHHs! TaHHbBIX U aJIPECOB.

— Cxema ympaBieHHs IIMHOW U MOPTAMH OCYIIECTBISET MOJATOTOBKY YCTPOWCTB K
0OMEHY JaHHBIMH MEXIY MHUKPOIIPOIIECCOPOM U MOPTOM BBOJAA-BBIBOJA, & TAKXKE
YIPAaBIIAET LIMHOM ajipeca U yNnpaBICHUS.

OCHOBHBIE XapaKTEPUCTUKH IPOLECCOpaA:

— Pa3psaHOCTE — 4YKMCIO JBOMYHBIX PA3PSIAOB, OJHOBPEMEHHO 00padaThIBAEMBIX
IIPY BBIIOJHEHUH OJTHOM KOMaH/bl. BOJBIIMHCTBO COBPEMEHHBIX TPOLIECCOPOB —
3TO 32pa3psaHbIe MPOIECCOPHI, HO BRITYCKAIOTCS U 64-pa3psiTHBIE TTPOIIECCOPHI.

— TaxToBast yacToTa — KOJIMYECTBO LUKIIOB PabOTHl YCTPOMCTBA 3a €IUHUILY BpeMe-
HU. YeMm BblIIlIE TAKTOBAs 4aCTOTA, TEM BbILIE MPOU3BOIUTEIBHOCTD.

— Hannune BCTpOEHHOT0 MaTEMAaTHYECKOTO COMPOIECCOPA.

— Hammuue u paszmep ka1i- naMsTu.

07 mep Hbe p HEHEX
VCTPOHCTE - :
- MNoprwa
- Bxonb
Muna =™
JOPABIEHIT | . l
A = PR
(16 muumi ""HI&HI%}C
. (2 DIHHHH)
. .| MamaTL nporpamm
—
- nay
. * Nanate nauMe
i
- Jyne 1
" Buxoaw
f—
- Mopru

Puc. 1. Apxurektypa TUIIOBOIO MHKpPOIIpoOIleccopa

Muxkponponeccop KOOpAUHUPYET paboTy BCeX YCTPOUCTB HU(PPOBON CUCTEMBI
¢ momolteio muHel ynpasiacHus (LIY). [Tomumo IV umeercs 16pa3psianas aapec-
Has mmHa ([1IA), koTopast ciyKUT sl BBIOOpA ONPE/ICTICHHON STUSHKY aMsITH, TTOp-
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Ta BBOJIa WK MopTa BbiBoAA. I1o 8-pa3psaHoil mH(GOPMALIMOHHON LIMHE WU LIMHE
nannbix (ILIJ]) ocymiecTBiiseTcss MByHamnpaBieHHAs MEPEChUIKa JAHHBIX K MHKPOIIPO-
ECCOpPY M OT MHUKpompoueccopa. Baxno ormeruts, uto MII MoxkeT noceuiate MH-
dbopmanuio B mamsitb MUKpOOBM uiii Kk 0JHOMY U3 OPTOB BBIBOJIA, a TAKXKE IMOJY-
4yaTh UH()OPMAIIHUIO U3 MAMSITH WU OT OJIHOTO U3 MOPTOB BBOJA.

[MocrossHHOE 3anomuHAOMEe yeTpoicTBO ([I3Y) B MukpoDBM coxepxut He-
KOTOPYIO MporpamMmy (Ha MpakTUKe mporpammy uHuImanm3anuun DBM). [Tporpammet
MOTYT OBITH 3arpy’K€HbI B 3alIOMUHAOIIEE YCTPOMCTBO C MPOMU3BOJILHON BBIOOPKOMH
(3YIIB) u u3 BHemIHero 3anmoMuHaIero ycrpoicrea (B3Y). 3to mporpamMmsl moJjib-
30BaTe.

KOHTpOHBHBIC BOIIPOCHI

1) OcHOBHBIE KOMIIOHEHTBI MUKPOITPOIIECCOPA.

2) CtpykTypHas cxema MUKPOIpoIieccopa.

3) BzaumopelicTBHE MUKPOIIPOIIECCOPA ¢ BHEITHIMH YCTPOHCTBAMH.
4) TIporpaMMHUpPOBaHUE MUKPOIPOIECCOPOB.

5) Cuctema npepbIBaHHI MHKPOIIPOIECCOpa.

Cnucok 6ubimnorpauyecKux UCTOYHUKOB

1. Makaposa, H.B. UadopmaTuka : yueOonuk nis By3os / H.B.Makaposa [u ap.];
nox pexn.H.B.Maxkaposoii.— 3¢ u3j., nepepad.— M.. ®uHAHCHI U CTATUCTHKA,
2007.— 768.

2. AGens, I1. Accembiep. SI3bik 1 mporpammupoBanue s IBM PC /T1.AGens;
niep.c anri. nmoj pea.C.M.Mousisko.— 5¢ u3a.— Kues: Ourpon:Kopona-Bek,
2007.— 736.

3. A6ens, I1. Accembutep. SI3bik u porpammupoBanue s IBM PC /

[1. AGenb;nep.c anra.noa pea.C.M.MossiBko.- 5-€ uzn. - Kues : On-
tpon:Kopona-Bek, 2007 .- 736.

4. Opos, B.1. Assembler npaktukym:yue6H0€ mocoOue aist By3oB / B.1.FOpos
.- 2 m3a. - M.[u np.] : [Turep, 2006 .- 400.

5. XKwmakun, A.I1. Apxutekrypa DBM : yue6.mocobue mis Bry30oB / A.IT.)Kmakun
.- CII6. : BXB-ITerepoypr, 2006 .- 320.

6. Marnua, FO.C. AccembOuep s npoueccopos Intel Pentium £O.C. Marma.—
M.[np.]: TTurep, 2006.— 416.



Tema 3. OcoOeHHOCTH peain3allii HEKOTOPBIX BRIUUCIUTEIbHBIX CUCTEM

TeopeTnueckre CBeACHUS

B cemuaecsaThIX Togax MPOMIJIOTO CTOJIETHS MPOSKTUPOBAHUE W U3TOTOBIICHUE
[EHTPATBHBIX MPOIECCOPOB OBLIO 3aHATHEM, MPUHIIUITAATIBHO JOCTYITHBIM KaXIOMY.
Ecnmu xakomy-HHOyAb COTpYIHUKY, cKakeM, CTOHA(POPIACKOrO YHUBEPCUTETA MPHU-
XOJI1JIa B TOJIOBY MHTEpECHAs Ujiesi, OH MOT JIETKO HabpaTh KOMaHay, OCHOBAaTh (up-
My, HATH UHBECTOPOB M YK€ uepe3 roji-1Ba BEIOPOCUTH Ha peIHOK cBon CPU.

Yepes TpuanaTh ¢ HEOOIBIIMM JIET MPOLIECCOPHI YCIOKHWINCH 10 TaKOH CTe-
IIEHU, YTO pa3pabOTKa XOTh CKOJbKO-HUOYJIb OBICTPOTO 1O COBPEMEHHBIM MEpKam
KpHUCTaia TpeOyeT OrpOMHON apMHUHM WHXCHEPOB, TUTAHTCKUX MHBECTHIIMH H 1IEJT0TO
MOpsi BpeMeHH. M neno 37ech OTHIOAL HE B TOHKHX KPEMHHEBBIX TEXHOJOTHSAX U
CTOSIIIUX MUJUTHAPJBLI JOJUTAPOB TOJYIPOBOAHUKOBEIX (haOpHKax - MPOCTO YKE B
BOCBMUJIECSITHIX TOJlax pa3paborka npuHiunuaibHo HoBoro CPU tpeboBana aByx-
TpeX, a B IEBSIHOCTHIX - MSATU-IIECTH JIET HANpsiKEHHOU paboThl. Te ke kuTaiiel, aa-
e pacrionarasi noApoOHON HHPopMaleld O TPUALATUIETHEW UCTOPUHM TTPOCKTUPO-
BaHUS MPOIIECCOPOB, BiIa/iess HOBEUIUMU (habpuKkaMu 1Mo TPOU3BOJICTBY KPEMHHUEBBIX
KPUCTANIOB U HE CTPEMSICh M300peTaTh YTO-TO HOBOE, MOTPATIIIM Ha Pa3paboTKy
cooctBeHHoro npocteimero MIPS32+iogo6Horo mporeccopa Godson ifpumepHo
9KBHUBAJICHTHOTO 110 MPOU3BOIUTEIHHOCTH 1486) HECKOJIBKO JIET. DTO HE CUUTas elie
OJIHOTO TOJIa, KOTJa HOBBIM KPUCTAUT OTIAXKHMBAIK. A Ha pa3paborky MIPS64-
10I00HOM apXUTEKTYPhI ¢ MpUEMIIEMON mpousBoauTenbHoCcThi0 (~Pentium 111 500-
600 MTI 1) y kuTaiickoii AkaJieMUu HayK YIILIO €IlIe YeThIpe T0/1a, - YeThIPe roja, mo-
TPA4YCHHBIX TOJIBKO Ha TO, YTOOBI MOBTOPUTH ycIieX Oojiee yeM JBCHAAIATHIICTHEH
JTAaBHOCTH.

Opranuzanus CISCmporieccopos

Tak y>X UICTOPUYECKHU CIOKUIIOCH, YTO TOHAYATy COBEPIIEHCTBOBAHUE MPOIIEC-
COpOB OBUIO HaIpPaBJIEHO Ha TO, YTOOBI CKOHCTPYHPOBATh IO BO3MOKHOCTH Oolee
(GYyHKUMOHAIBHBIA KOMIBIOTEP, KOTOPBIM MO3BOJMJI OBl BBINOJHATH KaK MOYHO
OoJblIe pa3HBIX MHCTPYKUUUA. Bo-nepBbIx, Tak ObLIO yaoOHEe AJisi MPOrPaMMUCTOB
(KOMOWIATOPBI SI3bIKOB BBICOKOI'O YPOBHS €I1I€ TOJbKO HaYMHAIM Pa3BUBAThCS, U BCE
MO-HACTOSIIEMY Ba)KHBIC MPOrpaMMbl MMUCAINCH HA acceMmOiepe), a BO-BTOPBIX, HC-
II0JIb30BAHUE CIIOKHBIX HHCTPYKLHN 3a4acTYyIO IIO3BOJISUIO CHIIBHO COKPaTUTh pa3Me-
pBl HAIMCaHHOM Ha acceMOiiepe nporpamMmsl. A rje MeHblIe HHCTPYKIHH - MEHBIIIE U
3aTpayeHHOE Ha UCIIOJIHEHUE NIPOTrpaMMBbl BpEMS.

Hazno npusHaTh, 4TO JOCTUTHYTHIE HA 3TOM IYTH YCIIEXU JIEUCTBUTEIBHO BIIE-
YaTIsIM - B ochneAHuX Bepcusix DBM BbIpa3uTenbHOCTh acceMOJIepHOro JTUCTUHTA
3a4acTyl0 HE yCTyIaja BbIPa3uTEIbHOCTH MPOrpaMMbl, HAITMCAHHOMN Ha SI3bIKE BBHICO-
Koro ypoBHsi. OTHON-eIMHCTBEHHOW MAIIMHHOW MHCTPYKIIMEH MOXKHO OBLIO CKa3aTh
IpaKTUYEeCKU Bce, uyTo yroaHo. K npumepy, takue mamunsl, kak DEC VAX, anmna-
paTHO MOJAEPKUBAIA MHCTPYKLUMH '10OABUTH JEMEHT B O4epelp’, 'YOAIUTh 3Jie-
MEHT M3 o4epean’” U Iaxke 'poBecTH UHTepmosuio mosmaomoM” (1); a 3HaMeHHTOE
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cemeiicTBo mporeccopoB Motorola 68kmoury st Bcex MHCTPYKIUN MOAIESPIKUBAIIO

1o neeHaanary (1) pexkMMOB aJipecanuy MaMsTH, BITIOTh JI0 B3SITHS B KAYECTBE apry-
MEHTa WHCTPYKIIMH "aHHBIX, 3alTUCAaHHBIX IO aJpecy, 3allMCAaHHOMY BOH B TOM pe-
TUCTPE, CO CMEILIEHHEM, 3allUCaHHBIM BOT B 3TOM peructpe”. Orcroga u oOlliiee Ha-
3BaHre cooTBeTcTByrOmUX apxutekryp: CISC - Complex Instruction Set Computers
("xoMImBIOTEPHI ¢ HAOOPOM MHCTPYKIIMH Ha BCE CIIydau KU3HH').

Ha mpaktuke 5TO mpuBeIo K TOMY, YTO MOAOOHBIE WHCTPYKIIMH OKa3aJioCh
CIIO’)KHO HE TOJIBKO BBIIIOJIHATH, HO U MIPOCTO JIEKOAUPOBATH (BBIICIATH U3 MAIIUHHO-
ro KoJila HOBYIO MHCTPYKIIMIO W OTIPABJISATH €€ Ha HMCIOJHUTEIbHBIC YCTPOHCTBA).
Yro6s! MammHHbIN Ko7 CISCK0oMIBIOTEPOB M3-3a CIOKHBIX MHCTPYKIIMNA HE pa3pac-
TaJCs JI0 OTPOMHOI0 pa3Mepa, MAaIUHHBIC MHCTPYKIIMA B OOJBIIMHCTBE 3THX apXH-
TEKTYp MMEIH HEOTHOPOIHYIO CTPYKTYpPY (pa3HOe pacrojioKeHHE W pa3Mephl Koja
olepalyyi U €€ ONEPAaHIOB) M CHJIBHO OTIHMYaronlyrocs maimuHy (B X86, Hampumep,
JUTMHA MHCTPYKIMIA Bapbupyercs oT 1 o 15 6aiit). Ente oqHoM mpobiaeMoit craio To,
YTO TIPU COXPAHCHHH TMPUEMJIEMOW CII0)KHOCTH IpoIleccopa MHOTHE WHCTPYKIIMHU
OKa3aJIOCh MPUHIIMIUATBHO HEBO3MOKHO BBITIOJIHUTH "YUCTO anmapaTHO', ¥ TO3HUE
CISCaponeccopbl ObLIH BBIHYXKICHBI 003aBECTHCH CIICIIHAIBHBIMU OJIOKAMH, KOTO-
phie "Ha JEeTy" 3aMEHSUIM HEKOTOPBIE CIIOKHBbIE KOMaHIbl HAa TOCIIEIOBATEIbHOCTH
6omnee mpocTthix. B pesynbprate Bce CISCAiporieccopbl okazanuch BEChbMa TPYIOEM-
KAMH B TMPOCKTUPOBAHUHM M HM3roTOBIeHWH. Ho 4TO camoe meyanbHOE, K MOMEHTY
paciBera CISCapxutekTyp cTajgo sCHO, 9TO BCE 3TH KOHCTPYKIIUU U300pETaIUCh B
O0IIEM-TO 3ps - UCCIEAOBAHUS MTPOTPAMMHOTO 00ECIIeYeHUsI TOTO BPEMEHH, MPOBe-
nennbie |IBM, HarmsmHO mokasaiu, 4To Ja)ke MPOorpaMMHKCTBI, TTUITYIIHE Ha acceMo-
Jepe, BCe 3TH 'CBEPXBO3MOXKHOCTH' IMOYTH HUKOT/Ia HE MCIOIb30BaJM, & KOMITHIIS-
TOPBI SI3bIKOB BBICOKOTO YPOBHS - M HE MBITAJTUCh UCTIOIb30BATh.

Ocobennoctu apxutektypsl RISCrpoueccopos

Touno Tak xe, kak korga-to CISCHipoueccopsl MPOEKTUPOBATUCH MO HY Kb
asmaporpammuctoB, RISC npoektupoBaics B pacuere Ha TUIIOBOM KOJ, T€HEpU-
pyeMblii KomnuiaTopamu. Jlig Havyana pa3pabOTUMKKU CBEIUM K MUHUMYMY HaOOp WH-
CTPYKIUH U K a0COTIOTHOMY MUHUMYMY - KOJMYECTBO PEKUMOB aJipecaliiy MaMsiTH;
yIakoBaB BCE, YTO OCTAJIOCh, B MPOCTOM U YAOOHBIN Ji AEKOAUPOBAHUSL PEryJisip-
HBI MAIIMHHBIA KOj. B wacTtHOCTH, B KiaccuyeckoMm Bapuante RISC u3 mHCTpyK-
Ui, 0OpalIaroIIUXCs K OTICPAaTUBHOM IMaMsTH, OCTaBIIeHBI TOJIbKO nBe (Load -3arpy-
3UTh JJAHHBIE B PETUCTP U StOre -COXpaHUTh JAaHHBIC U3 PETUCTPA; TaK Ha3bIBaeMas
Load/StoreapxurekTypa), 1 HET HA OJTHOM MHCTPYKIIUU BPOJIC BBIYMCICHHUS CHHYCA,
KOCHHYCa WJIM KBAJApPAaTHOTO KOPHS (MX MOXKHO peajn30BaTh "BPY4YHYIO"), HE TOBOPS
yke o 6onee cioxubix|Kanonnueckuii nmpumep - uHCTpyKIius INDEX, BwimosHsB-
masics Ha VAX MenjieHHee, 4YeM BPYUHYIO HAIllMCAHHBIA IIUKJI, BBHITIOJHSIOIINN POBHO
TOT k¢ 00beM paboThi]. /la 9TO TaM CHHYC C KOCHHYCOM - B HeKoTOpbix RISC-
IpoLIeCCOpaX MBITAJIUCh OTKAa3aThbCAd Jake OT TPYJIHO Pealr3yeMoro armmapaTHOTo
ymHoxkeHuss u naenenus! IlpaBaa, 10 Takux KpalHOCTEHW HU OJIMH KOMMEPUYECKUU
RISC, k cuacthio, He momien, HO KaKk MUHHMYM JBE TONBITKU (paHHHE BapHAHTBI
MIPSu SPARC)penipiHsThI OBLIH.
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Btopoe BaxkHoe ycoBepuieHcTBoBaHue RISCaiporieccopoB, 1ennkoM BbITe-
karoree u3 Load/StoreapxutekTypsl, - yBenuuenue yncia GPR peructpor o0Oriero
Ha3Ha4YeHHs). BapuaHThl, y KOTOpBIX MeHbIne mectHaanati GPR, -Oombiast pen-
KOCTh, IPUYEM TIOYTH BCE 3TU PETHCTPHI MOJHOCTHIO PABHOMPABHBI, UTO MO3BOJISET
KOMITAJISITOPY CBOOOTHO PacHoOpsKATHCS MMM, COXPaHss OOJIBITYIO YacTh MPOMEXKY-
TOYHBIX JTAaHHBIX UMEHHO TaM, a HE B CTEKE WJIM OTNIEPAaTUBHON MaMsTH. B HEKOTOPBIX
apxutektypax, Tuna SPARC, peructpoBocts” Bo3BeieHa B a0COIIOT, B HEKOTOPHIX -
OCTaBJICHA Ha Pa3yMHOM YypOBHE; ojJHaKo mo4TH Jroboit RISCaiponeccop obnanaer
KyZa OOJIBITUM HAOOpPOM PErucTpoB, yeM Aaxke camblii mpoauHyThii CISC. Jlns
cpaBHEHM. B KiaccuueckoM X86 |A-32 Bcero BoceMb PETHCTPOB OOIIEro HazHaye-
HUS, TPUYEM KaXKJOMY M3 HUX MPUIMKMCAHO TO WK MHOE ' CIeMaIbHOE Ha3HaueHue"
(ckaxkeM, B ESPxpanutcs ykasarenb Ha CTEK) 3aTPYAHSIOIICEe WIH JAearoliee He-
BO3MOJKHBIM €T0 UCIOJIb30BaHHUE.

Cpenu npoumnx ycoBepiIeHCTBOBaHUM, BHeCeHHBIX B RISC, -Takue HeTpuBu-
aJlbHbIE UJEH, KaK yclioBHble MHCTpyKuuu ARM wnu pexxumsbl padoTel komana. Ha-
npumep, Hekuit Mmogudukatop B apxutrektype PowerPCu HeKoTOpbIX Ipyrux Mnoka-
3BIBACT, JTOJDKHA JIM WHCTPYKIHS BBICTABIISATH IO PE3yJIbTaTaM CBOETO BBIMOTHEHUS
onpeneneHuble (aar, KOTOpble TOTOM MOKET HCIOJIb30BaTh UHCTPYKIIHS YCIOBHO-
ro Nepexojia, Wik He JOKHA. JTO MO3BOJISIET PA3HECTU B MPOCTPAHCTBE MHCTPYK-
L1IO, BBIIOJHSIONIYIO BBIUUCICHUE YCIOBUS, U HHCTPYKLIHUIO COOCTBEHHO YCIOBHOIO
Mepexo/ia - 4YTO B KOHBEHEPHBIX apXUTEKTypax 3a4acTyl0 MO3BOJISET MPOLECCOPY HE
"ragaTe", OyJIeT COBEpIIEH Mepexo1 WK HET, a Cpa3y JOCTOBEPHO ATO 3HaTh. B Kiac-
cudeckoM CISC oHu moutn He BCTpedaroTcs, MOCKOJIBbKY Ha MOMEHT pa3paboTKH co-
OTBETCTBYIOIIUX HA0OPOB MHCTPYKIIMI LIEHHOCTh 3TUX PEIICHUH Obljla COMHUTEIb-
HOM (OHHU BBIMIYT Ha CIICHY TOJbKO B KOHBEHEPHU3UPOBAHHBIX MTPOILIECCOPAX).

Hcnonb3oBanue KoHBeMEpa

Wnesa xoHBenepa, OJaBHBIM-IABHO IpeuioxkeHHas ['enpu dopaom, COCTOUT B
TOM, YTO MPOU3BOAUTEIBHOCTD LEMOYKHU MMOCIEIOBATENbHBIX AEHCTBUN ONpPEIEIIIeT-
Csl HE CJIOKHOCTBIO 3TOM LEMOYKH, a JUIIb JIUTEIbHOCTBIO CaMOM CIIOXKHOW OIepa-
unn. HBIMM CIIOBaMHU, COBEPIICHHO HEBAXKHO, CKOJBKO YEJIOBEK 3aHMMAIOTCS IPO-
M3BOJICTBOM aBTOMOOWJISI M KaK JOJITO JJIUTCS €ro MU3rOTOBJICHHE B IIEJIOM, - BaXKHO
TO, YTO €CJIM KaXIbIi YEJIOBEK B LIENIOYKE TPATUT, CKAXKEM, HA CBOIO ONEPALUIO OJIHY
MUHYTY, TO C KOHBeWepa OyJIeT CXOAUTh OJUH aBTOMOOMIIb B MUHYTY, HU OOJbIIEe U
HU MEHBbIIIE; HE3aBUCUMO OT TOTO, CKOJIBKO ONEpAIMii HY>KHO COBEPIIUTH C OTAEIIb-
HBIM aBTOMOOWJIEM M CKOJIBKO 3aHsiyia Obl €ero cOopka ogHuM 4eiaoBekoM. [Ipumenn-
TEJIBHO K MPOIECCOpaM MPUHIUI KOHBEWepa 03HAYAET, UTO €CJIK Mbl CyMeeM pa3OuTh
BBIMOJTHCHNE MAIIMHHOW MHCTPYKIIMHM Ha HECKOJIBKO 3TAIOB, TO TAKTOBAs 4acTtoTa (a
BEpHEE, CKOPOCTh, C KOTOPOIl Mpolieccop 3a0UpaeT JaHHbIE HA UCIIOJIHEHUE U BBIJIAET
pe3yabTaThl) OyaeT 00paTHO MPOMOPIHOHATIbHA BPEMEHH BBIIIOJHEHHS CAMOT0 MEJI-
JICHHOTO dTarmna. Eciu 3To BpeMst yIacTcsl clieNaTh TOCTaTOYHO MallbiM (a 4eM OoJibIie
9TANoOB Ha KOHBEWepe, TeM OHHM KOPOdYe), TO Mbl CyMEEM PE3KO MOBBICHTH TAKTOBYIO
4acTOTy, a 3HAYUT, U MMPOU3BOAUTEILHOCTh MPOLIECCOpA.
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HenoctaTku koHBeiiepa HEOYEBUHBI, HO, KaKk OOBIYHO M OBIBAET, M3-3a HE-
CKOJIBKMX "'Menouei” peain30BaTh IPaMOTHO OPraHU30BaHHBIM KOHBEHEpP COBCEM HE
MPOCTO.

Wnest koHBeiiepa B mpolieccope OUYE€Hb KpacuBa Ha CJIOBAX M B TEOPHUH, OJHAKO
peanu3oBaTh €€ Ja)ke B MPOCTOM BapHaHTE Ype3BbIUalHO TpyAaHO. Ho BwIroma ot
KOHBEHEpHU3alu CTOJIb BEJIMKAa U HECOMHEHHA, YTO MPUXOJUTCA C 3TUMHU TPYIHO-
CTSIMU MUPUTHCS, BEJIb HUYETO JIYUYIIETO JO CUX IOP HE MPUAYMAHO.

Opranu3zanus cynepcKaasipHbIX IPOIECCOPOB

VY nonHoIeHHON KOHBeWepu3aluu, 6osee win MeHee d3hPekTUBHO 00X0sTIIeH
MePEYUCIICHHBIC BhINIE MPOOJIEMbI, €CTh OJJHO HECOMHEHHOE JOCTOMHCTBO: OHA Ha-
CTOJIBKO CJIOKHA, UTO, €IUMHOX/Ibl peaTu30BaHHas1, MO3BOJISIET JIETKO TTOCTPOUTD Ha €€
OCHOBE IIEJIBIH Psii MHTEPECHBIX HOBIIECTB. /{11 Hauana 3aMeTuM, 4TO KOJIb YK y HacC
€CTh OYepEaM TOTOBBIX K MCIOJHEHUIO MHCTPYKIIMH U MBI 3HAEM B3aMMO3aBHCHMO-
CTH MEXIy HUMHU IO JaHHBIM, €CTh TEXHHKA MEPEUMEHOBAHUS PETHCTPOB, MO3BO-
JISIOIIAST PA3HBIM MHCTPYKITUSM OJHOBPEMEHHO 33/ICMCTBOBATH OJTHU U TE€ K€ PETHUCT-
pBl JJIsI pa3HbIX IeJeHd, U, HAKOHEll, €CTh HaJeXHO paloTaroiias cucrema cOpoca
KOHBelepa, TO Mbl MOKEM 3aITyCKaTh Ha UCITOJHSIONINE YCTPOHUCTBA Cpa3y HECKOIb-
KO MHCTPYKIHK (€CJU OHU HE 3aBUCAT JPYT OT Jpyra U MOTYT OBITh 0€300JIe3HEHHO
BBITIOJTHEHBI OJTHOBPEMEHHO) HJIU TIePeyHopsSI0YMBaTh HE3aBUCAIINE JIPYT OT Jpyra
WHCTPYKIIMH TaK, KaK COYTEM HY>KHBIM.

[Iporteccopsl, MUCHONB3YIONIME TEPBYI0 TEXHUKY, HA3BIBAIOTCS CYIEPCKAJsp-
HeiMH. K mpumepy, cyry0o TeopeTHYecKH, MO YHMCIy HCIOJIHHUTENbHBIX YCTPOMNCTB,
Pentium 4moskeT BBIIOJIHATh CEMb MHCTPYKIMI 3a TakT, a Athlon 64 -nessath. Pe-
anbHBbIC MUQPPBI, KOHEYHO, TOPA30 CKPOMHEE M OINPEICISIOTCS TPYIHOCTHIO TOJIHO-
IICHHOM 3arpy3Kd BCEX MCITOJIHUTENIBHBIX YCTPOUCTB, ofHako Pentium 4sce xe crio-
COOCH HCIIOJIHATD B YCTOSABIIEMCS pexxume JiBe (pH HEKOTOPBIX YCIOBHUSX - YEThIPE),
a Athlon 64 -Tpu WHCTpYKIIUM 3a TakT, OJHOBpeMeHHO mpou3Bois nBe (A64 - Tpu)
oTiepaIyy 1o aJpecanny U BRIOOPKE JAaHHBIX U3 ONEpaTUBHOMN mamMsaTu. MOXKeT ToKa-
3aThCS, YTO peaU3aIus CyNepCKaIIPHOrO MpoIlieccopa OueHb MpocTa (I0CTaTOYHO
co craguu Schedulenpocto pacnpenensiTh HHCTPYKIMH IO PA3HBIM HCIIOJTHHUTECIIh-
HBIM YCTPOWCTBaM), OJIHAKO TAaKOW JIOOOBOH MOAXO0J OOBIYHO YITHPAETCS B TO, YTO
Front-endmporieccopa nepecraer ycrneBarh 3arpykaTh UCHOJHUTEIBHbBIC OJOKH pa-
6otoii. [ToaTOMy Ha MpaKTHKE XOPOIIO CAETAHHBIE CYNEePCKAISIPHBIE apXUTEKTYPHI,
nogooHsie AMD K7/K8, mpuxoauTcst crienpaabHO "'3aTauMBaTh" IMOJ CyNepCKaIsp-
HOCTb.

[Iporeccopsl, UCTIONB3YIOUTUE BTOPYIO TEXHUKY, HA3BIBAIOTCS MPOIECCOPAMU C
BHEoUYepeaHbIM ucnoaHeHrneM nHctpykuuii (Out-of-Order processors, OoQ)exuu-
Ka MepeynopsounBaHus MHCTPYKIIMNA 3aMeuaTelibHa TeM, 4TO PE3KO OcCJialdiseT He-
ratTuBHBIC 3(Q(DEKTHI OT MEAJICHHON OMEPAaTUBHON MaMSATH W OT HAJUYHS 3aBHCHMBIX
IIENOYCK MHCTPYKIM. Eciu, HanpuMep, HHCTpyKIust A oOpaTuiach K OrnepaTUBHOMN
NaMsTH, & HY)KHBIX JaHHBIX B K3IIIe HE 0KA3aJI0Ch MW eClIU A 3aHUMAETCs 0)KHJIaHU-
€M pe3yJbTaTOB BBIIIOJIHEHHUsI KaKOM-TO Apyroid uHCTpykuuu, To O0O{1poueccop
CMOXKET TIPOIMYCTHUTh BIIEpE]] APYTHe WHCTPYKIMU, HE 3aBHUCSIINE OT PE3yJbTaTOB
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BbINIOJIHEHUsT HMHCTpykKuuu A. Kpome toro, mnpoaBuHyThiii minaHupoBmuk O00-
MPOLIECCOPA MHOTIa MOXKET UCIIOJIBb30BAThCA VISl pealu3aluu cnequpuyecKux Jera-
Jei TOM WM MHOM apXWUTEKTYpbl - HAIPUMEp, AJS CIEKYISTHBHOTO MCIIOTHEHHS 10
JTaHHBIM B ciiydae Pentium 4unn oTHOBPEMEHHOTO MCHOJTHEHUSI HECKOJIBKUX BETOK
nporpaMmmHoro koaa B |1A-64. Peammzarus O0O41poiieccopoB He TpeOyeT crennanb-
HOW ONTHMM3AIIMN BCEro KOHBEHepa - 3TO BCEro JIUIIb YCIOKHEHHE CXEMBbI IUIaHu-
POBIIMKOB, 3aITyCKAIOIINX TOTOBBIE K UCIIOJHEHUIO HHCTPYKIIUN HAa UCIIOJIHUTEIbHbBIE
yCTpOHCTBA B APYTrOM MOPSJKE, HEXEJIU OHU Ha IJIAHUPOBIIMKH MOCTYIHIIH, ILTIOC
YCIIO’)KHEHHUE CXeM cOpoca KOHBeWepa M COXpaHEHHs MOJTYYEHHBIX Pe3yJIbTaTOB: pe-
3yJIbTAT BBIIIOJIHEHUS MPOLIEAIINX BHE OUEPEIU MHCTPYKLMNA BCE PaBHO JOJKEH CO-
XpaHATHCA B MOCIEA0BATEIIBHOCTH, CTPOTO COOTBETCTBYIOIIEH PACIIONOKEHUIO UHCT-
PYKIUI B H3HAYaJBbHOM KOAE[DTO CBS3aHO C TEM, YTO €CJIHM CIYUYHUTCS Kakas-TO
omuOKa, TO pe3ylbTaThl BBIMOJHEHUS 3alyIICHHBIX BIEPE] OYepead HHCTPYKIHH
NPUCTCS AaHHYJIUPOBATH).

Apxutekrtypa npoueccopos. MIPS, Sparc, ARMi1 PowerPC

"Pentium 4"socemunecsateix ronoBMIPS (Microprocessor without Interlocked
Pipeline Stages)mpoueccop 0e3 6;10kupoBoK B KoHBelepe". OCHOBHas Hjies, KOTO-
pori pykoBoacTBOBajICsA J[>koH XE€HHECH, CO CBOECM KOMaHJIOW MPOEKTUPOBABIIUN B
1981 roxy nepsswiii MIPS41ponieccop, TakoBa. CHIIBHO yNPOCTHB BHYTPEHHEE YCT-
porictBo CPU u ncrnone3ysi 04eHb JUIMHHBIA (0 TeM BpeMEHaM) KOHBEHEp, MOKHO
MOJIYYUTh TPOLIECCOP, HE YMEIOMIUN BBIMOJIHATH CPABHUTEIBHO CIIOKHBIE HHCTPYK-
IIUU, 3aTO pabOTAIONIMI HAa OYEeHb BBICOKMX TAaKTOBBIX YacCTOTaX, IMO3BOJISIOIIMX
CKOMIIEHCUPOBATh MOTEPU MPOU3BOAUTENBHOCTH HA IMYJISIUIO 3TUX CJIOKHBIX UHCT-
pykuuii. 3HavanbHO mpeanonaraioch, 4To MIPS41porieccopsl He OyayT anmapaTHo
MOJAJICP)KUBATh JaKe OMEpalliyd YMHOXKEHUS W JIeJieHUus - Ojaromapsi 4eMy MOKHO
ObUI0 00OMTHCH 0€3 CIOXKHBIX B peayn3anuu OJokMpoBOK koHBelepa[llponemypa
PUOCTAHOBKHM KOHBeWepa, MHULMHpYeMas, KOrJa MpOLECccopy BCTpedaeTcs ''Mej-
JICHHO BBIMOJHSIONIAsICA" OTepalusi, KOTOPYI0 HEBO3MOKHO BBITIOJIHUThH Ha KaKOU-TO
U3 CTaauM 3a OJUH TakT. B mporeccopax TeX BpeMEH TaKMMU ONEpalUsIMU SIBISIIUCH
YMHOKEHHUE U JIEJICHUE; B COBPEMEHHBIX MpOoIeccopax OJIOKUPOBKY MOXKET BbI3BAThH
HEeyJaqHoe oOpaleHue B OTIepaTUBHYIO MaMsITh, He Haxoxsmytocs B kame CPU] (O1-
ClIoZla M Ha3BaHHWE apXHUTEKTYphl). TeM He MeHee Jaxke B cambix mepBbix MIPSax
OJIOKMPOBKM B KOHBEHEpe, paBHO KaK M ammapaTHbIe WHCTPYKIIMN YMHOXKECHHS U Jie-
JICHUS BCE-TaKU MPUCYTCTBOBAJIM - 'B UACTOM BHUJE" HJIes OKa3allaCh MaJONPUTOTHOM
JUTSL CO3/TaHMSI KOMMEPUECKHUX ITPOIIECCOPOB.

B 1984rony Xennecu ¢ koManaon mokuHyd CTIHAPOPACKUN YHHBEPCUTET U
ocHoBas kommnanuto MIPS Computer System®& 1985ona BeimycTiiia nepBoiii 32-
paspsanubiii MIPSqiporieccop R2000;8 1988roxay - ropasmo 6onee ObicTphIit, pabo-
TAOIINK C BUPTYaJbHOW MaMSATBIO W TOJJIEPKUBAIOIIMN MHOTOIPOILIECCOPHOCTD
R3000. R3000crtan mepBbIM MO-HAaCTOALIEMY KOMMepueckd ycnemHbiM MIPS-
IPOIIECCOPOM U HCIOJb30BaIcs B padounx cranmusax Silicon GraphicsKcraru, Ba-
puant MIPS R3000Axopoiiio u3BeCTEH B Hapoj€ Kak LEHTPaJbHBIA MPOIIECCOp
npuctaBku Sony PlayStation
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B 1991rony Beien nepssiii 64pazpsaaubeii MIPS R4000 iermuii B ocHOBY
[EJIOTO psifia Pa3iNyYHBIX MPOILECCOPOB, BBIMTYCKABIIMXCS IO JUIEH3USAM JAPYTUMHU
dbupmamu. R40000xka3ancst HacTonpko BaxkeH st SGI, uTo oHa HE KOIEOISICH MPH-
oOpea UCIBITHIBABIIYIO Torna huHancoBbie 3aTpynnenus MIPS Computer Systems
U MpeBpaThia 3Ty KOMIaHWIO B coOcTBeHHOE moapasneneane MIPS Technologies.
Torma xe SGI Hayana mpogaBate JuieH3und Ha mpou3BoAcTBo MIPS-iponeccopos
CTOPOHHHUM (pUpPMaM, KOTOPbIE B3SUTHCH pa3pabaThiBaTh CBOM, YJIy4IlIECHHbIC BapuaH-
tel R4000. [Tomumo Bcero mpodero, HaumHas ¢ R4600 u R4700 paspaborka
Quantum Effects Devices) MIP$omeccopsl cTaid OCHOBOW s 3HAMCHHTHIX
Mapuipytu3atopoB CiSCO, ABJISIFOIIUXCS CETOHS HEOThEMJIEMON YacThbiO OOJIBIIMH-
CTBa KpPYIHBIX ceTei, BKIouyass uHtepHeT. Mcnonb3oBanuce 64-pazpsansie MIPS-
nporeccopsl U B nmpuctaBkax: R4300 -8 Nintendo 64, R5900s PlayStation 2.
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