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Beepenmne

YeJioBeyeCcTBO MPOLLIO JIMHHBIH ITyTh, NPEXAS YEM JAOCTHIIO
COBPEMEHHOI'0 YPOBHA pa3BHUTHA H TPHMEHEHHA KOMIIBIOTEPOB H
HHAOPMALHOHHEIX TEXHOMOTHIA.

Brots no XVII B. medTeNbHOCTE OBGIECTBA B TIEAOM N KaXAOTO
YeJlOBeKAa B OTACNBHOCTH ObUIa HanpaBleHa Ha OBTaicHHE BEILECT-
BOM, T, €. €CTh NIO3HAHNE CBOHCTB BEECTBA H H3TOTORIEHNE CHadana
MPHMATHBHEIX, a OTOM Bee fonee CJIOXHEBIX OpYIHit Tpyaa BIUIOTh IO
MEXaHU3IMOB H MAIIHH, MO3IBOJIAICIIUX H3TOTORIST:E MATEPHANILHEIE
UEHHOCTH,

3aTeM B NMpOMLECce CTAHORICHHA MHIYCTPHAABHOMO OOILCCTBA HA
AEpPBBI IUIAH BRILLUIA MPoOaeMa OBNaICHHA 3HEpPrHcii — cHavana Te-
IUIOROHA, 3aTeM SJEKTPHUYECKON W aTOMHOM, 4TO TTO3BOMMIC OCBOHTH
MAacCOBOE IIPOM3BOACTBO IMOTPEOUTENRCKHIX LCHHOCTEH M, Kax ciel-
CTBHE, MOBBICHTE YPOBSHb XH3HH JIIONEH M H3IMCHHTH XapaKTep HX
Tpyaa.

B 710 Xe BpeMs YeNOBEYECTBY CBONWCTBEHHa NMOTpeGHOCTh BHpa-
XaTh, 3aIOMMHATE M PacIPOCTPaHATh HHMOPMAINID o0 OKpYXaio-
HIEM MHPE — 3TH YCTPEMACHHA NPHBEAH K MOABICHHIO TMCEMEHHO-
CTH, KHHIOIICYAaTaHHA, XUBOMHCH, dororpaduy, pagHoCBIsH, TEAC-
BHIEHNA.

B hanexoM FpOILLIOM JIOMH CIMTANHN HA TIAJIBHAX WIH JIeNaau Ha-
CeYKH Ha KocTAX. [{peBHEHIINM «CUCTHHIM HHCTPYMEHTOM», KOTO-
paIit OBLT NpCACTABNCH caMol NpUpoloil B pacnopsxeHHe YeIoBeKa,
6bu1a ero coOcTBeHHaA pykKa. Ha 3ape ueropeuecKoi LIMBAITA3ALHH
ObUTH M300PETEHEl PAVIHYHBIC CHCTEMBl CHMCICHHA, MO3BOJAIOMIHE
OCYIIECTBISATh TOPTOBHIEC CHAENKH, PACCYMTHBATE ACTPOHOMMYECKHE
LHKJIB, IPOBOOMTL ApyTHE BEMHACHCHHA. CITYCTA HECKONBKO THICAYE-
JICTHIA TIOABWINCH MEPBLIE PYTHEIE BAIYACIATEABHBIE CPEJICTBA.

B Hawm gHM cnoXHEHIINE BEMHCIATEABHBIC 3R, KaK H MHO-
XECTBO APYruX onepauiit, Kasanock Gbl, HE CBA3AHHEIX C YACIIAMH,



4 BeepeHune

pelualoTest HMEHHO ¢ MOMOLIBIO KOMITBIOTEPOB. DTO €Ile ONWH THIM
MaNuH, NOCTPOCHHEI VIS TOTO, YTOOB YBEIMYUThL 3¢ deKTHBHOCTD
H KAYCCTRO BBITIONHACMBIX paGUT H NOBBICHTH NPOH3IBOIHUTENRHOCTE
Tpyna. OnHako HU OfHA Apyras MallHHA B WCTOPHM HE TIpHHECHa
CTONB OBICTPHX M TNYDOXMX H3MeHeHHit (ITocafka alapaTtoB Ha Io-
BepxHocTs JIYyHB H HccleAoBaHHe TUIaHeT CONHEeYHOH CHCTEMEI,
YIpapIeHe METHITHHCKON anmapaTypoid, pellleHne CIOXHEBIX 3KOHO-
MHYECKHX M YIIPaRICHYCCKHX 3a1ad H MHOIOS JIpYyroe).

DNeKTPOHHBIE BHUHCIUTENbHBIE MallHHBl (DBM) 3a mocnenHmne
MIOJIBEKA NpeoOpasHANM LMBWIH3AIHIO, BOBJEKAA 4YeJOBEYCCTBO B
nponecc HHpopMATH3IaIlHH, KOTOPHil oxBaTbiBacT Bee cepal,
BCE OTpac/IH OOIIECTREHHOI XH3HH, TIPOYHO BXONAT B KU3Hb KOKEO-
YO 4JesIoBeKa, BO3OSHCTBYIOT Ha ero 0Dpa3 MHILICHNS U NOBSACHHE.

DBM sapmAioTesd paxHeliumiM M3 pakTopoB HEQOPMATH -
3a Il H Y, KOTOpBIE BKTIOYAI0T B ¢ehs:

* TeXHIYeCKHe cpeacta (DBM u cucTeMsl);

» MPOrpaMMHBIC CPEACTBA H CHCTEMBI {TIpOTpaMMHBIH akTop);

s nH{popMaIMOHHEI dakTop — cobcTBeHHO HHPOpPMALNA, T. €.

CHPHANB, COOBIIEHHS, MACCHBH JaHHBIX, Pailner u Gaskl AaH-
Huix (B/l);

e MHTC/UICKTYaNbHBIE VCHAMA M 4YE0BEYEeCKHH Tpyn (denoBeye-
CKHif, T'YMAHMTApDHEIHA daKTop).

TepeyuncneHHBIE (hakTOPEI COOTBETCTBYIOT TAKOKe UCTOPHYECKHM
3TanaM pasBUTHA NHPOPMaTH3aUINH, MOXHO BHIEIUTE ClemyIOIHe
(pa3el, HA KaXAOH M3 KOTOPHIX JOMHHHUPYET KaKOH-THOO M3 yROMA-
HYTBIX (PaKTOPOR:

o mexnudeckutl nepuod, 3a KOTOPHI CIOXIWIHCh OCHOBHBIE Npell-
CTaBIIEHHA O CTPYKTYpe YHMBEPCAIBHEIX JICKTPOHHBIX BHIYHC-
JUTEeABHHX MammH (DBM), onpemenunack apXdTeKTypa H
TUIH YCTpolicTs — ¢ 1946 no 1964 rr. (MpubnH3NTENLHO);

* npozpammubiti nepuof — BBRIpAGOTATACH COBpPEMEHHAS KIaccH-
bHKauyA NporpaMMHMX CPEACTB, MX CTPYKTYP H B3aMMOCBA-
3eil, CIOXMIHCE A3BIKH IIpOTPpaMMHPOBaHNS, OvUM padpabora-
HE TIePBEIE KOMIWIATOPH M TIPMHIHNH IpoueaypHoi obpa-
6otk — ¢ 1954 o 1970 1T.;

» unpopmayuonnei nepitod — B LIEHTPE BHUMaHMA UCCIICIOBATE-
el H paspaboTYHKOB OKA3ILBAIOTCA CTPYKTYPHI JaHHEIX, A3bI-
ku onwcaHua (S1OJI) u MaHunynuposanus (AMJ) DaHHBIMH,
HeMpoLesyYPHBIE TIOAXONE K NOCTPOCHHIO CHCTeM 00paboTKH
uHdopMaunu — ¢ 1970 r. mo BacTogLee BpeMs;
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o yManumapnbili nepuod, CBA3AHHHA € PE3KHMM BO3pacTAHMEM
Kpyra TMONAB3OBaTe/icHl aBTOMATH3HMPOBAHHBIX HHEPOpPMAHHOH-
HBX TexHonormii (AUT) u noBbleHHEM pONH HHTePOhEHCHRIX
H HABHTAIMOHHHX BO3MOXHOCTEH COOTBETCTBYIOLIMX CHCTEM
(¢ Hauana 90-x rr. mpouwtoro Beka). Tpamummonuasie AMWT
OBLTH TIOMYMHEHH NPOH3BOONTENAM HH{popMauuH (MHbopMa-
LHOHHBIX CHCTEM) M JOBOMIIHA OJAMHAKOBOE COAEpXaHHe (CO3-
JaBany OAHOTUIIHEIC BO3MOXHOCTH) A0 Beex afpecaroB. Hobuie
AHWT HanparfeHb Ha WHIHBHAYAJILHOTO IIOIB3OBATC/S, IMpe-
JOCTABNSAA BOIMOXHOCTh TNOJAY4eHMA WHGOpMAaLWHK, HYXHOH
HMEHHO eMY.

KoHeUHO, qaHHAaA NepUOAN3alHs YCJIOBHa, H TOBOPHUTE 00 OKOH-

JAHHUH TEXHHMECKOTO MEPHOJA WM MCUCPIIAHWH IIPEACNOB Pa3sBHTHA

He mpuxoaurca. Muenrao DBM pa3BHBalOTCA Haubojee BHCOKHMH

TeMIaMH, YBIeKaA 3a cofoll ocTanbHBe (akTophl HEPOPMaTH3ALIMH.

Hacroamuil yueOHUK NocBALIAcTCA JAaHHOW OpoGieMaTHKE.

IlepBas raaBa MOCBALICHA WCTOPHH PA3BHTHA BEMHCIHTCIBHBIX
YCTPOUMCTB, MALKH U MPHUGOPOB, OCHOBHBIM acIekTaM ocHoB DBM —
HHG}OPMALMOHHBM (TpeACTABACHNE, KOAHpPOBaHMe, 00paboTKa HH-
dopmanzupn B DBM), iormdeckHM {(OCHOBHBIC GyHKLHH, OTEPALMH,
QNEMEHTH H y3Jbl) H aIlTOPHTMHISCKHAM (CTPYKTYpa H OCHOBHBIE SJIC-
MEHTHI NIPOTpaMM H ATOPHTMOB).

B rxase 2 pacCMaTpHBAKTCH PANIHIHBIC IPHHLIMIE! KiIaccHPHKa-
UMH BHMYHCIWTENBHRIX MAllHH, y3Tel 9BM, npenctarieHusa of apxu-
TekType OBM, BRMHCIHTEIBHEBX cHeTeM (BC) B CyIepKOMITHIOTE POB.

B Tpetheit raaBe paccMaTpHBaioTcsa o0LINE NPHHLNMNOL CTPYKTY-
PH M apXWUTEKTYPHI MPOILECCOPOB, TEXHOJIOTHH MOBHIIIEHHY HUX MpO-
HM3BOAUTENBHOCTH, KOHKPETHHIE MHKPOAPXHUTEKTYPH MPOLECCOPOB
Iniel, AMD, IBM, crucrema koMat x86 B NIpefcTapieHHIX Makpo-
accembiepa.

I'mapa 4 nmoceanieHa BONMPOCAM OPraHU3AlMH ONMEPATHBHOM ma-
MATH, BHYTPeHHHM HHTepdeiicaM M (KpaTKo) BHEUIHHM HHTepdeii-
caM, a TAKKE DAIHOBMIHOCTAM AapXHTEKTYPEl HA00pa MHKpPOCXEM
CHCTEMHOM 111aThl (WHIICET).

K coxaneHM:o, H3-3a OrpaHHYeHMH Ha 00BEM KHHIH OBIN Onmy-
IIeH LENBIA pAn BOIIPOCOB, CBA3AHHHIX ¢ COBPEMEHHBIM COCTOAHHEM
nepudgepnitueix yerpoiicts IBM, KoTopbie ofHaxo OoApoGHO pac-
CMOTpEHEI, HampuMep, B paborax asropos [10, 11, 15].

YueOHUK GasHpyeTcsi Ha MaTepHATaX, HAKOIJICHHEIX aBTOpa-
MH B IpOILESCCe MPAKTHYCSCKOM, HCCICAOBATEABCKOW, a TaKKe IIpe-
mogaBaTenbekoif gesitensHocThn (MUADOH, MUCH, PITV, PBA
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M. I'.B. ITnexanosa, M®ITA). ABTOPH BHPaXAIOT ONaroIapHOCTD
pEeLicH3¢HTaM, a Takoke KOJUIeraM, IPHHABIINM ydacTue B 06cyxie-
Hun Marepmana, — H.B. Makcumosy (MH®PH), K.H. Kypbakopy
(PDA wum. I'.B. [InexaHona), a Takke crymeuram PITY, M®IIA,
PBA um. I'.B. IlnexaHoea 3a IIpeNoCTABICHHBIE WHIIOCTPATHBHHE
MaTepHaILL.



fnaBa 1
BbIUMCJIUTENABHBIE YCTPOUCTBA U MALLIMHDI.
OCHOBHBIE TPHHUKMbI

3axnanka ¢pyHIAMERTA KOMIIBIOTEPHON pPeBOIIOITHH NPOUCXONM-
Jla MeIUTeHHO W jJaneko He raako. OTmapaBHOW TouKol 3TOTO Mpo-
Eecca MOXHO CUHTATH K306peTeHHe cueros (Donee 1500 mer Hazam).
OHHE oKa3aTHCE 04eHb (¢ ¢eKTHEHHM HHCTPYMEHTOM H BCKOpe pac-
NMPOCTPAHIIHCL MO BCEMY MHPY (KOe-II¢ TPHMEHSSICE M IO CcHl
AeHs), C XVII B. eBponefickie MBCTHTENH OBIM YRICTEHHB HIecH
CO30AaHHA CUCTHBIX YCTPOHCTB.

TlepBas cueTHas MalIMHA NMOABHJIACH JHIIB B 1642 1. Ee H306pen
dparyickuit MareMatuk Ilackane (cM. 1aba. 1.1). ITocTpoesHan Ha
OCHOBE 3yDYaTHIX KOJIEC, OHA MOIJIA CYMMHPOBATh ACCATHYIHBIC YHC-
na. Bee weThipe apHdMeTHYecKHMX ACHCTBUA BHIIOAHAIA MalllHHA,
co3faHdag B 1673 r. HeMeurknuM MareMaTnkoM JlelGuueM, xoTopas
cTaja IMpPOTOTHIIOM apHPMOMETpPOB, HCIONbL3OBABIINCA ¢ 1820 1.
BILIOTE 80 1960 1. XX B. Biepesie Hmes nporpaMMHO-yTIpaBaSeMOit
CUYETHOH MAILWMHB, HMEIOHICH apH(MeTHYECKOe YCTPOHCTRO, YCTPO-
CTBa VIIPaBJICHHA, BBOIA H TIeUaTH (XOTA M HCNONB3YIOWICH mecaTHi-
HYIO CHCTEMY CHYHCIeHHA), Obinag BeABMHYTa B 1822 r. aHrMHACKHM
MareMaTHKOM batbumkeM. [TpoekT onepexan TeXHHYSCKHE BO3IMOX-
HOCTH: CBOCTO BpeMeHH M He ObLT pealH3oBaH.

Kaxpomy, 3HaKOMOMY C COBPEMEHHBEIMHM KOMIIbIOTEpaMH, Mexa-
HHYESCKHE CYSTHBIC MAIUMHB U MpUOOPE] MOKAXYTCA, TTOXATYH, 3a-
OaBHEIMH M HEYKNTIOXHMMH YCTpoiicTBaMH. (JTHAKO, 03HAKOMHWBIINCE
¢ HCTOPHE pasBHTHA CUCTHHX MAlllMH, MOXHO TIOPAsHTECA H300pe-
TAaTCHBHOCTH, XHTPOYMHIO M HACTOMYHBOCTH MX co3paTenelf. YMecT-
HC BCTIOMHHTE cnoBa b, Tlackana o ToM, 4To ans co3naHua <apHd-
METHMECKOH MAIUHHE» €My NOoTpefoBaNOCh BCE paHee NMPHOOpPETEH-
HBIE 3HAHMA 10 reOMeTpHRH, (PH3HUKE H MEXAHHKE.

Brmonussimecs B 40-x rogax XX B. paboTel 0 CO3HEGHHIO BEI-
YUCHTEILHBIX MALIHH ¢ NPOTPAMMHEM YIIpaRICHHEM, OBLTH TECHO
CBS3aHBI ¢ NOABIEHHeM HOBO# (yHIAMEHTANBHOH Hayku — KHGep-
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HEeTHKN, WIH HaykH o0 ynpasneHus 1 KoMMyHHKaiu. Cyaeba 310l
HayKH B Haumlelt ctpare (OmpmeM CCCP) 6mna tpymro#. Honroe
BpeMA OHA CUNTANACH «OypxyasHoit DkeHaykoi». Tonsko B Hauame
50-x rr. mpomIOTO BeKa MOABMINCH TIEPBEIE COBETCKHE BRIYMCIH-
TeNBHbIC MAIMHEL. HecMOTpA Ha 5T0 pojib OTEUECTBEHHBIX YICHRIX B
obnacTi KMOepHETHKY A BRIYMCINTENNFHON TEXHUKM HEOIICHMMA.

1.1. BoIuKCAKTERbHbIE YCTPOWCTBA U NIpubopsl,
WCTOPUA BONpoCa

PaccvoTrpuM BHauate 1abi. 1.1, B KOoTopol NpHBEIeHEl KpaTKHe
CBeJIeHHS 00 HCTOPHM Pa3sBHTUA BLIYUCIHTENBHEIX CPEICTE M METO-
IOB B JHIAX, COOBITHAX M 0DBeKTaX {(«BpeMI — COOBITHA — JTIONH»)
[10—12].

Tabauya 1.1, OcRopAbie COOMTHA B HCTOPWHE DASPETHA BAMAC/IHTEILHMY METONOB,
npeGopos, ABTUMATOB H MAMMHE

ABTOPbI H KIRNHA XpOHONOTHA W ONUGEHAE (KOMMBHTAPMI)

Wotnangew Mxon Henep & 1614 r. onybnixosan «Onucaxwe
yauBUTeRRHL Tabnny norapwcbMos». OH YCTaHOBMN, YTD CyMMa
AOrapuchmoB YMcen 4 u b paBHa norapudmy NpoM3DeReHWR ITHX
vucen. MNo3TOMY YMHOKBHKE YAETCA CBECTH K OMBPAtMW Cnome-
HuA. VM 6 Gbin paspalinTad MHCTPYMEHT NBPEMHOXKEHMA YHCEN —
«KOCTAWKW Henepa», cOCTORBWMEA M3 HAGOPA CermMeHTMPOBAHHLIX
CTOPKEHEKOE, NP NEPEMELIBHIEN KOTOPLIX PN CNOKEHWA Yucen B
NOUAGTRIOWMX OPYT K APYTY NO FOPHICHTANW CErMBHTAX NOMYHANU
PEAYNLTAT WX YMHOKEHUA. «KOCTAWKN Henepa» BeKope ObINK BH-
[boH Henep TeCHeHw norapudmuieckod nuHedkod {P. Buccaxap, «owey
(1550—1617) 1620 r.) 0 APYTAMK BLIMMCAUTENBHBIMK YCTPOACTBAMA (B OCHOB-
HOM MEXaHUYECKOrD THNA)

CYMTanOCk, YTO NEpBYI0 MEXAHWMECKYID CUETHYH) MAWIKHY Wao-
Open sennkui panLyackuii MaToMaTK W thrauk B. Mackans B
1642 r. OnHaxo B 1957 r. &. Fammep (PPT, aupexTop Kennepos-
CKOFO HAYYHOrO USHTPA) OGHADYXMN [OKA3ATENLLTBA COAMAHMA
Bunurensmom WMKKApAOM MexasiHeckoit BEMUCANTANLHOMN Malw-
Het NPRGNWIKTENDHO 23 N8 NECATUNETHA A0 M30GPaTEHWA Mackana.
Ox Hazean e «yachl NA CcyeTa», Mawwsa npenHasHayanack ANA
BHNONHEHHA YeThpex apudmeTUHECKMX KOHCTBMA M COCTOANA W3
yacTed: CYMMHDYIOWero YCTPORCTBA, MHOXHTENLHOMD YCTPORCTRA;
MEXHN3MA JNA NPOMENYTOUHBX Pe3yNLTaTon. CyMMUpYIOWes yeT-
PORCTBO COCTOARD W3 3yGuaTLIX NEREAAY W NPEOCTABAAND NPOCTeH-
wyio chopmy apudmomerpa. MNpeanoskeHHan Cxema MeXaHUYeCKoro
€HETa CHWTAETCA KNACCHYECKOR

Bnnbrensy tlwiapn
{1592—1636)




1.1. BuYUCAUTENbHBIE YCTPORCTBA ¥ NPMBOPL, KCTOPUA BoNpoCa g

Mpodosxcente matbn. 1.1

ABTOPH W WARBNMA

XPOHONOTHA W ONCAHWE (XOMMBHTIPUA)

Opxako 31y NpocTyio 1 3DHEKTURHYIO CXEMY NPHWAOCL W30~
GperaTh 3aHOBO, TaK KaK CEBNEeHWA O MawwHe LNKKAPAA He CTAMA
BCeobLMM AOCTOAHUEM

Bnaz Nackane {1623 —1662)

Mawwna b. flackana

B 1642 r., xorna MNackanio Guino 19 Net, Gina K3rOTCGENSHA
N8pBan NefCTEYIOLAA MOLENL CyMMUDPYIOWER MaWHL, Hepes we-
ckonbke neT bnis Nackant CO3HAN MEXAHWYECKYIO CYMMHDY LY
MAWNHY (*NACKANWHA»), KOTOPAA NO3BONANA CKNANKIBATL YMCAA B
RECATHHHOA CHCTEME CHRCNEHWA. B 3TOR Mawde umdph wecTw-
SHAYHOTO YACNA 3A04BANKCH NYTEM COOTBETCTBYHIWMX NOBOPOTOR
BHCKOB {KOREC) ¢ LHPOBBIMI MENEHUAMM, 2 FIYALTAT ONepaLHI
MOXHO GbiN0 NPOYUTATS B WECTH OKOWKAX — NO OQHOMY HA KaX-
oo unpy. ek enunul Guin CBA33H ¢ OWCKOM NOCATKOB, UGK
[ECATKOB — € BMCKOM COTEH W T, . [pyrie Onepaumy BLINONHA-
NUCh ¢ NOMOWBLO NOBONLHO HEYROGHOW RPOUEOYPL NOBTOPHBIX
CTOKEHUA, W B JTOM 3AKMOYANCA OCHOBHOR HENCCTATOK «NaCKanu-
Hii», MpubnnanTensHo 3a pecATUNETRE OH nocTpoun Gonee 50 pas-
AWYHLIX BapWaHToB mawwhel, Waobperennuia flackanem aApuHLMn
CBAZAHHLIX KONEC ABUNCA OCHOBOM, HA KOTOPOH CTPOWNOCH GONL-
WWHCTBO BRYVCIWTENBHEL, YCTPORCTE HA APOTAKEHANW CREBYIOWMX
TPex CTONBTHI

FoTihpun Bunbrensm
NeiiGuuy (1646 —1716)

B 1672 r., waxonnce b Mapwke, MNelfHuL no3Hakomunca ¢ ron-
PAHECKAM MATEMATUKOM W ACTDOHOMOM XPUCTHAHOM TAreHcoM.
BUOR, KaK MHOTO BBIMMWCNEHWH NPUXOOWTCA [eaTk AcTROHOMY,
FleRGuwu pewnn n3obPECTH MEXAHU4ECKOR YCTPOHCTEO ANA pacye-
T0B. B 1673 r. OH 2aBEPWAN CO3BAHWE MEXAHWYECKOr0 KANBKYAATO-
pa. Paaeue uaen Rackana, NeRGauy vCNONL3ORAN ONEPALMIO COBUra
ANA NOPA3PARHOTO YMHOKEHHA Yucen. CRoMmeHHe NpoMSEonuNoct
Ha HEM MO CYWECTEY TAK e, KAX W Ha «NacKannHes, oaHaKo FleHt-
HHL BKRICYHN B KOHCTPYKLMIO ABMAYURIOCR 4acTe (npooGpas nog-
BHAHOR KAPBTIC GyIVILWX HACTONBHBIX KANLKYNATOPOB) U PY4xy, ¢
NOMOWLID KOTOPO# MOXHD GUING KPYTHTL CTYNEHYATOB KOMECO
WM — B NOCNEAYIOWWX BAPHAHTX MALIWHL — LHAMHEDH, pacno-
MOXEHHBIE BHYTPH annapara

Hoaech-Mapn XKakkap
{(1775—1834)

Pa3BuTHe BLIYMCTIATENEHLIX YCTPORCTE CBRIANO C NOABNBHWEM
nNepchoPaUMOHHLIX KAPT U UX npuMeHaHeM. MNoAeneHne xe nepgo-
PALMOHHLIX KAPT CBAZAHD C TKAUKWM NpowaeoacTeom. B 1804 r. wH-
wewep Hosed-Mapw Xakkap NOCTPOMD NONHOCTD BTOMATH3M-
POBaHHLIA CTAHOK (CTaHOK M axkapa), cnocobHbil BOCNPOMIBORNTL
CNoxHefL#e y30ps. PafoTa CTaHka NPOrpaMMWpORANach C nOMO-
Wk KONOAY REPEOKIPT, KAKAAA WA KOTOPLIX YNPABNANG OHMM X0-
AOM HenHoxa. Mepexon K HOBOMY DUCYHKY NPOUCXOAMN 3aMBHOR
Konofk nepdoxapr
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ABTOpE! W KafienWA

XpOHONOTHA M QNHCEHAS {KOMMEHTAPHA)

Yapnea Batitumr
{1791—1871}

AHADATUMOCKAA MAWNHA

Y. babfumia

On obHapy»un norpewHOCTH B TAGNWUAX norapudmos Henepa,
KOTOPBIMA WINPOKO NONb0BANACE MDA BbIHWCNEHWAX ACTPOHOMDI,
MATEMATUKW, WTYPMaHW BanbHero nnasatun, B 1821 r. npucrynwn
pazpaboTke CBOBH BWMUCIMTENBHOW MAWAHL, KOTOPAA NOMOrNa O
BbINOA#UTE GoNee TOUHbIE BryMCHesuA. B 1822 r. Guna nocTpoeHa
pasHoCTHan MatisHa (npobHan MORENL), cROCOGHAR PACCUHTLIBAT
W neyatath Gonbwme MaremarHyeckme TabnuMybl g Gbing oyeHb
CnodHoe, Gonuloe YCTPORCTBO W NPENHAZHAYAROCH AR ABTOMATH-
YecKoro BbivMCNEHVA norapucmoe. Pabota MoAenK OCHORBBANACH
Ha MPHHILUNE, M3BECTHOM B MATEMATHKE KAK «METON KOHEYHLIX paz-
HOCTEIi»: MPM BbIHWCMEHWM MHOTOMPEHOE WCMOMB3YETCA TONLKO
ONBPALUA CNOXKEHWA W HE BLINOMHAETCA YMHOXEHWE W IENEHNE, KO-
TOPHIE 3HAYUTENBHO TRYOHEE NORDAKTCA ABTOMATH3ALMW, B nocne-
AYICIIEM OH TIPWWER K WAEE CO3NAHNA HONEE MOWHON — aHARHTIYE-
ool Matrrbt. OHa He NpocTa nOMMNA Guina pelwats MaTeMaTHYe-
CKME 340a4i OMPENENeHHOTO THNA, A BWNOAHATL PasHOOOpasHLIe
BbIMACTIMTENGHBIE ONEPALMN B COOTBETCTENK C WHCTPYKLMAMY, 3a03-
Ba2MbMU ONEpATOpoM, 0 3aMuIcny 310 Ghin NEpBbii yHUBOPCANL-
Huf NPOTPAMMRIDYEMBIA KOMNLIOTED, AHANHTAYECKAA MAWWHE B
CBOEM COCTABE NONMHA GbiNA WMETH TAKWE KOMNOHEHTDI, KAK «MEflb-
HIYAs {apuMETRYECKOE YCTPORCTBO NO COBPEMEHHON TEPMUHO-
NOTHN) M «CKNag» (MamATL), MHCTPYKUMH (KOMAHR ) BBOAWNKMCE B
AHANHTHYECKYIO MALMHY C NOMOWbI NepdioKapT (HChONL30BANACH
MOes NMpOrpaMMmHOTD YTIPABREHWA HKAKKADA € NOMOWLK Nepgdo-
Kapr). Lsencinii napatens, wsobpetarens # nepesogumi Nep reopr
Wo#y, Bocnonb3osaBwck CoBETaAMA Ba00uRXA, NOCTPONN BMOOKI-
MEHEHHbLI# BAPHANT 310K mawwne, B 1855 r. Mawmna Wokua Grina
YOOCTOEHA 30M0TON Mepank Ha BeemupHOR BuicTaBre B MapHxe.
B nantHeituem OHH W3 NPUHUWACE, NEXAILMX & CCHOBE WAEKH AHANW-
THYECKOH MAWMHLI, — WCNONL30BAHWE NEpPgOKAPT — Hawen Bo-
NNOWEHHE B CTATHCTUHECKOM TabynATope, NOCTPOSHHOM IMEPHKAH-
uem MepmzHom Xonneputom (nA yexopesuna ofipabovke pesynsta-
TOB nepanucin Hacenaxwn B CLUA B 1830 r.)

Oracta Ana badipoH
{rpadunn fNaeneiic)
{1815-—1852)

lpadnun Oracta Aga Nlasnefic, noyk noata Bafipoxa, COBMBCT-
HO ¢ Y. B300umxemM padoTana HaR COANAHMEM NPOFPaMM NA ero
CHETHWX MatuH. Ee paboTw e 370d oGnacTi Ouinm oyGUKOBAHLI B
1843 r. OBHAKG 8 TO BPEMA CHRTAROCE HENPHAUYHBIM [LTA XEHIINHLI
W3NABATH CEOW COMMHEHWA NOA NONHLIM WMEHEM, W [Tagneiic nocTa-
BMNIA HA THTYNE TONbKD CBOW MHULWANDI.

B marepuanax BaGimmxa n xommentapuax Nasneic sameyve-
He! TAKMe NOHATHA, KK «NOANpOrpaMma» M «Gubinuorexa noanpo-
rPpaMM», «<MOANKAUMA KOMAHO® W «<HHOOXCHLIA permcTp», Ko-
TOpBIE CTANW YNOTPESNATLCA TONbKO B 50-x rr, XX 8. Cam TepMHH
«GnbnwoTexa» Own esencH Ba0OMIDKEM, 2 TepMuHa «pabovan
AYeiika» W «Ln» npepnoxmna A, Nasnedc, «MOMHO ¢ NONHBIM
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ABTOpH W WIRENWA

XPOHOROTUA W ONWCAHNE {KOMMBHTAPWH)

OCHOBAHWEM CK33aTh, YTO AHANMTH4EBCKAA MALIMHA TOMHO TaK e
NNeTeT anrefipanvecKue y30pel, KaxK THALKWI CTAHOK HaKKapa B0c-
NPOM3IBONMT LBETHl M AMCTbA», — NMcana rpachudA Nasneic. OHa
thakTuqecku Geana nepeod APOTPAMMKUCTKON (B 26 YecTe Gbin Ha-
3B3H A3bIK NPOrPAMMKPOBaLNA Afa)

[xopmx Gynb
{1815 —1864)

B 1847 r. Byne Hanucan craveir «<Marematnyeckui aHanws
nOTHKK», a B 1854 . pasewn cBoW aaewn B paGoTe nop Ha3paHHem
«CCRENOBAHWE 3AKOHOB MbIWINEHWA» . 3T TPYARI BHECTW DEBONO-
LIWOHHBIE W3MEHEHIWA B NOTWKY Kak Hayxy. [k, Bynb usabpen ceoe-
obpasuyin arrelpy — cweTemy 0B03HAYEHWI W NPABAN, RpuMe-
HAEMYID KO BCEBO3MOXHLIM OOLEKTaM — OT ymcen w Oyxe no
NpEanoKenii (B DansHeREM, 70 PA3HEN MATEMATUYECKOR NOrW-
xn — Oypesa anredpa). ,

NonbayAch 3T0H CUCTEMOR, Bynt MOT 3aKOAUPOBATL BHICKAIM-
BAHWA (YTBEPKEEHMA) C NOMONILIO CBOETO A3LIKA, A 3ATEM MaHWNY-
NUPOBATL WM NOPOGHO TOMY, KAK B MATEMATHKE MAHWNYTHPYIOT
00biuHBIMKY YnCnaMK, Tpn 0CHOBHLIE ONEPALMK CHCTeMb — 3T0 W,
ANK w HE

NacouyTwii Nbeoewy Yeluiwes
(1821—1894)

Wm 6bina paapaboTaHa TEOPHA MALIMH M MEXAHWAMOB, HANWCaH
pAn paboT, NOCAAUBHHLIX CUHTE3Y WAPHNPHLIX MEXaHN3MOB. Gpenu
MHOMOMUGMEHHMX W300DETEHHBIX MM MEXAHM3MOB WMEETCA He-
CKONLKG MOReNad apEIMOMETPOB, NEPRAA WA KOTODLIX (biNa CKOH-
CTpYWPOBaHA He noanHee 1876 r. ApuchmomeTp Yebbiesa ana Tore
BPEMEHW (LN OAHOH W3 CAMBLIX OPMIMHARLHLIX BEMACAMTENLHBIX
MaUKH. B COOMX KOHCTDYKIRAX YelbllWes NPEANOXUA NPUBLIAN He-
NpepueHOR Nepenavyy NOCATKOR W ABTOMATMHOCKWI NEpExXon KapeT-
KM G Pa3pARa Ha PaapAa APY YMHOWEHHM. Q2 3T W306peTeHRA BO-
WAK B WHPOKYID NPaKTMKy B 30-¢ rr. X B. B CBA3N C NPUMEHEHWEM
ANEKTPONPHBONA ¥ PACNPOCTPAHESHUEM NONYIBTOMATIHECKWX U 3B-
TOMATHYECKUX KNABHIWHEY BHMHCAMTENbHEX MakH. C noAeneHu-
€M 3TUX W APYTIY, HACOPETEHNRA CTANG BOIMOXKHO 3HAYWTENLHO YBE-
NIAYWTE CKOPOCTL paBoTH MEXAHWYECKHX CYETHEIX YCTPORCTE

Anexce# Hukonacewy Kpwinoe
{1863—1945)

PycCKMid kOpaOReCTpONTENG, MEXAHUK, MATOMATHK, AKAMOMUK
AH GCCP. B 1904 r. OH NPERNOXAN KOHCTRYKUWIO MAWNHE ANA WH-
TErPHPOBAHNA O0LIKHOBEHHBX AMGDEPEHUMANLHEIX YDABHEHMHH,

B 1912 r. TaKan mawmHa Sena nocTpoeHa. 310 Buina nepean mi-
TArpsHpyIOiaA MAWKHHA HENPEPWBHOTO AGACTBUA, NO3ZBONAXNAA pe-
wark AWHPEPEHLIMANEHLS YPABHEHWA N0 YBTBBPTOND NOPARKA
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ABTOPK W W3RENUA

XPOHONOTUA N ONWCAHWE (KOMMENTEPHI)

Bunbronr Tegdiun ORnep
{1845-~1905)

Apuchmomerp Onnepa

Buixoney w3 Weeww Buabrogr Teodoun Oguep g 1889 r. npue-
¥an g Nereplypr. HexoTopoe Bpema OH padioran va 3aeofe «Pyc-
CKUi wsent» Ha BriGoprekol cTopoHe, Ha koTopoM B 1874 r. Gbin
M3roToBNEH hepewii ofpaseu ero apudmomMeTpa. CoaganHue ha
Gaze crynenwarsix sanukoe NeRGHuua, nepesie cepuiiibie apudimo-
METPL WMENH GONBLINE pa3Mephs B NEPBYI0 g4epefb NOTOMY, HTO Ha
XKOKNWH PAIPRA HYXHO BLINO BENENATHL OTRENsHbIA BanwK. OnHep
BMECTO CTYNEHYAThiX BATMKOB NPBMEHHN (QNEE COBEPWEHHLIE W
KOMTAKTHBIE 3y04aTeie KONECA ¢ MBHAIWMCA YHCROM aybuoe —
{koneca Onnepa). B 1890 r. OgHep RONY-aeT NATEHT HA BLIMYCK
apWhPMOMETPOB W B 3TOM X6 rofly Gwino npogano 500 apudmomer-
pOB (OMeHb (ONBbLWOE KOANHECTBO ND TEM BPEMEHaM}). ApHIbMOMeET-
Pl B POGeMH Haaueanwck «Apuchmometp Onuepas, «Opwrusan-0g-
Hep», «ApuchMoMeTp cucTembi OnHep» W pp. B Poccwn go 1917 r.
GtIN0 BLINYLLEHO NPHMEPHD 23 Teic. aputmomerpos Opnepa. Nocne
PEBONKILUMM TPOWZBORCTEO APHCMOMBTPOE GRAND HanaxeHo Ha Cy-
ILEBCKOM MEXAHUYECKOM 32B0R0 M. &, 3. [laepxunckero b Moex-
pe. G 1931 r. OHUA CTaNN HA3LIBATLCR APUPMOMETPE «denuke:, a-
nee B Hawied ¢TpaHe OuNW CO3AHL MOENH APUCMOMETPOR C XNa-
BMILIHBIM BBOAOM W SNEKTPONPHEOAOM

Fepman Xoaneput
{1860—1929)

TMepdhokapra Xonnepwra

Nocre okoHYaHua KomymOWRCKOro yHHBEPCUTETa NOCTYNABT HA
paloTy B KOWMTODY MO NEPENNCH HACENeHWR & Bawmurrone. B ato
ppemA CLUA NPRCTYNIAK K MCKNIOYMTENLHO TPYA0EMKOR {ANHBLH-
CA CAME ¢ MONCBWHONA NET) py+HOW 06paloTke faHHbIX, COGPaHHLIX B
xofe nepenuch Hacenenua B 1880 r. K 1890 r, Xonneput 3aeepuinn
pazpaloTky cHcTaMes TAOVRALAN Ha Dade NPHMEREHNA REPQIOKADT.
Ha kaokgoif xapre umenock 12 pANOB, B KDKOOM W3 KOTOPBIX MOKHO
Geino nPOGUTE NO 20 0TBEPCTHH, OHK COOTBETCTBOBANM TAKWM LAaH-
HelM, KaK BO3PACT, NON, MECTO POXOEHNA, KONWYECTRO RETER, Ce-
MBiiHOE NONOXEHKe W NPOHWM CBaEHWAM, BKITKHEHHBIM B BONPOC-
HWK nepenicu. Gopapxumoe 3anoNHeHHLIX GOPMYNAPOR NepeHo-
CHNOCL H3 KApTH NyTeM GOOTRETCTEYIOWErc RepdlcpupoBaHMA.
NepchokapTed 3arpywanich B CNEUKANLHEIE YCTPORCTEA, COBANHEH-
HWE ¢ TAOYNAUNOHHON MAIMHOM, rAe OHW HAHU3LIBARNCE HA PARLI
TOHKWX UIR, 110 ONHOR WINE Ha K2KAYI0 13 240 NepdIoPUPYEMbIX No-
3WUMiA Ha Kapre, Korga Mrna nonagana & OTEEPCTUE, 0HA 3aMbIKana
KOHTAKT B COOTBETCTEYIEH SNEKTPUYSCKOR LENW mawwHu. Mon-
Hui CTATHCTHYECKWHA AHANKS PE3YALTATOR 3aHAR B3 ¢ NONOBMHOMR
roga (sTpoe SHCTPEE MO CPABHEHMIO ¢ NPEALIAYWEA NEPENHCLID).
Brnocnencteum  XORMepWT  Opranmsckan  ¢upmy  «Computer
Tabulating Recording» (CTR). Monono# kKOMMMBORNED 3TOH KOM-
naHAn ToM YOTCOH NepesiM YEHOER NOTERUMANEHYID NOMOBALHOCTL
NPONEKM CHETHBIX MAWMH HA DCHOBE NEPQOKAPT AMEPHKAHCKUM
Gu3necMeHam. (ToagHee OH BO3rNABMN KOMNAHD W B 1924 1. nepe-
UMeHoBan ee B IBM {International Business Machines)
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ABTOPE! ¥ H3RRMA

XPOHOAOMMA W ONWCAHUE (KOMMEHTAPAI)

Bawwésap Byw
{1890—1974)

B 1930 r. ROCTPOMN MEXAHWHACKOS BLIMHENHTANLHOE YCTPOACT-
BO gD hopaniansHul aHanwIaTop. 310 Guina MAWHA, HA KOTO-
POH MOXHO GLiN0 pewaTe CnodHbIe AWDAePEHIMANLHBIE YpaBRHe-
HUA, OpHaKo OHa 06NANANA MHOTHMN CEPLEIHBIMM HRZOCTATKAMN,
NPEXAE BCEro, FMFAHTCKWMM Pasmepami. MexaHuqecknil aHanusa-
Top Bywa npepcTasnan coSol CROXHYIO CHCTEMY BANMKOB, WeCTe-
PBHOK H MPORGNOK, COENMHEHHBIX B CEPMID BONbWNX GAOKOR, KOTO-
phie 3AHAMANN LenYI0 KOMHATY. [TPH NOCTAHOBKE 3aa4W MallWHe
onepatop RomkeH GbiN BPYYHYI AOAGKHPATL MHOMECTBO WecTepe-
HOYHBIX Nepenay. Ha a1o yxoamao 00HYHe 2—3 AHA.

Mosanee B. Byw NPERNOXKAN NPOTOTHN COBPEMEHHOTD rlnep-
Texcta — npoext MEMEX (MEMory EXtention — pacwupenwe na-
MATH) KAK ABTOMATHINPORBHHOE GIOPO, B KOTOPOM Y2NOREK XPaHWA
Gbl CBOM KHATW, 3aNUCK, MIBGYI0 NONY4AEMYI0 WM UHDOPMALWD Ta-
Kuw 00pasom, 4ToGel B NOGOA MOMEHT BOCNONL3OBATLCA €10 ¢ MaK-
cuManbHOR BLicTpOToR W yROGCTEOM. PAKTMUECKH 3TO QOMAMHO
Gring ObTh CROAMOE YETPORCTBO, cHAGKEHHOE KnakHarypo#l W Npo-
APAYHLIMN SKPAHAMA, HA KOTOPLIE (bl NPOSUNPOBAINCE TEKCTH M
M30GPDKEHNA, XPAHRIWWECR HA MIKpodunbmax, B MEMEX yoranan-
nuBanick Obl AOTWYBCKHE A ACCOLMATUBHLIE CER3N MEXTY moGbiMK
AByMA Gnoxamn nhchopmatm. B ugeans pedb wReT O rpoMaiHoi
GuBnuoTeKe, YHNBEPCANLHOA NHIDOPMaUnOhHO#H Gase

Avatiacocbad [xon Bumcent
{1903—19495)

Konur mawuHe Atanasoff

Barry Computer (ABC) B my-
30e Yuupepcwrera wr. Algsa

) | 3auaw aroro npoexta Guinu npuocTasossieny. fuwe 8 1973 r. npu-

8 | TYPEE BRMMCAMTENBHOR Maltusbl Guin NONTBEPKIEH pelieHwem de-

Npodeccop dasuxy, aBT0p AEPBOTO NpoeKTa UWtbpoBOH Bbi-
YACANTENLHON MAWNHE HA OCHOBE NBOWYHOR, 2 HE BECATWIHOR CHE-
TeMBl cHMcnenun. 1pocToTa RBOMMHON CUCTEMB CHWCREHNR B COME-
TaHWH C NPOCTOTON (PU3MYECKOrD NPEACTABRBHUA QBYX CHMBOROE
(0, 1) emecto gecATH {0, 1, ..., 9) B INEKTPUHBCKNX CXEMAX KOMNLI-
Tepa nepeeelwBana HeyneGicTea, CBAZaHHLIE C HeOGXOAMMOCTLO
Nepesona K3 NBOMMHON CHCTEMLI 8 JECATHHHYID W ¢patHo. Kpome
TOrQ, NPUMBHEHWE ABOWYHON CHCTEMbI CHMCEHMA cnocofcTeoeano
YMBHBIBHMI) PA3MeDOB BEYHGAUTANLHOR MaLMHBE! W CHA3MNA Gkl
ge ce(eCTOMMOCTS.

8 1939 r. Aranacochdh coamectHo ¢ Knudpbopaom Beppu no-
CTPOUN MOAEAL YCTPORCTBA W CTAN WCKATH (DUHAHCOBYID NOMOLb
nnA NpeaonwenuA pabothl, Mawwxa Atadacodupa Geina npaKTi4e-
CKM roToRa 8 pexabpe 1941 r., HO HaxoAUNack B pasoBpPaHHOM BUAe.
B cBA3M ¢ HA4anoMm BTopoid Mupoaoi eoiHL pce paboTii No peanu-

opwTeT Atanacodida KaK aBTOPA NEPROTO NPOSKTA TAKOH apXMTeK-

nepantHoro cyna CLIA
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ABTOPLI M W3ARNHA

XPOHONOrHA W ONWCAHAS (KOMMBHTAPWI)

Fosapa JhKeH

«Mapx-1»

F 410 MawmnHa Z3 Ouina SHAYUTENBLHD MeHbWE MAWWHL 3fKeHa W K

B 1937 r.T. JfkeH BLBnHYN NPOEKT BGONbIWOR CHETHON Malwi-
Hbt W CTAN MCKATH CMOHCOPOB, COFNACHBIX €6 NPOGUHAHCAPOBATE,
CnoHcopom BUCTYNIMN TOMAC YOTCOH, NPE3UABHT Kophopauun IBM;
£€ro exnaj B npoexT coctasvn oxono 500 Teic. nonnapoe GLUA,

NpoeKTRPOBAHKE HOBO# MawNHLE «Map-1», OCHOBAHHOR Ha
INEKTPOMEXAHWHECKHX pene, Hadanock B 1939 r. 8 nabopavropuax
Hex-Hoprekoro cunwana IBM v npoponxanoch 0o 1944 ¢, Foroabié
KOMNGIOTED CONEpKAn 0xono 750 Tuic. neTaned u eeckn 35 7. Maww-
Ha ONEPUPOBANA ABOMMHBIMW YHCNAMW 00 23 PA3PANOS N NEPEMHO-
Hana 4ea YHCNa MakCHMAnLHOR PA3pARHOCTI NpHMepHo 3a 4 ¢. No-
CXOMLKY Co3manme «Mapx-1» GNMAOCH AOCTATO4HO AONMO, NAbMa
NEpBEHCTBA NOCTANACK HE BMY, & PENEAHOMY SBOWYHOMY KOMNLIO-
Tepy 23 Konpana Uyze, nocrpoestoMy B 1941 r. CTOMT OTMETHT,

TOMY Xe iellesne B NPOWIBONACTRE

Konpan Llyae
{1910-—1995)

Mawwna 73

me: | Hbl, NPOOUBaR OTBEPCTHA B WCNONL3OBAHHON 35-MUNNUMETPOBON
BB | (DoTonneHke. MawwnHa, paioTaBwan ¢ nepdhopupoBaHHO NeHTo,

L | nonyvuna Haseanwe Z2. 8 1941 r. Llyse noctpoun nporpamm-
f | HO-YNDABNAGMYI0 MALINHY, OCHOBAHHYID HA MIBOMYHOM CMCTEMe
E | CHMCNEHMA — Z3. 3ta MallinHa N0 MHOMAM CEOMM XapaxTepHCTHIEM

B | pannenwHo B wHbix crpanax. B 1942 r. Lyse coBMecTHO ¢ apcTpWi-

B 1934 r., Gynyum CTYNEHTOM TeXHWUECKOTO By3a (8 Bepnune),
HE AMEA HI MaNeiwero npenctasnedna o pabotax Y. babhunwa,
K. Uy3e Hauan paspaGaruiears YHWUEEPCANLHYID BHMUCNATENLHYIO
MAWKHY, B0 MHGTOM NOADOHYI0 AHANKTHYECKOR MalwHe BaBiKnxa.
B 1938 r. oW 3aEEPWIN NOCTROAKY MAWNHLI, JAHRMABLYID NAOWALE
4 k8. M., Ha3BaHHy Z1 (07 Zuse). 310 Buina AOMHOCTLIO MEKTOOME-
XAHAYECKAR APOTpaMmnpyemans uHpposan Mawuna, OHa wwena
KPABMATYDY INA BBONA YCNOBWA 3anay. Pe3ynbTaThl BbLIMWCNEHWRA
BLICBEYHBANKCL HA NAHEMW C MHOXECTBOM MANEHLKWX NaMNoYeX.
Ee BOCCTAHOBNEHHAA BEPCHA XpaHwTca & Myaee Verker und Technik
B Bepnune. UMenHo 21 cymTaioT B TepMaHny NEPELIM B MUPE KOM-
nuoTepoM. NMosguee Liyae cran xogMpOBaTe WHCTPYKLWA NAA MaLM-

NPeBOCXCAUNa APYrue MALKWHL, NOCTPOSHHBIS HEAABUCHMO W Na-

CHAM NHDKEHEpOM-3neKTprkom XenumyTom Lipaiepom npennoxun
CO30ATh KOMALIOTED NPUHLMAKANIEHO HOBOTO TMNA — HA BAKYYMHBLIX
3NEKTPOHHLIX NaMnax. 31a MalMHa nonxHa Guind paboTare B ThicA-
vy pas (ucTpes, Hem NIQGaA W3 MALWH, WMEBIIMXCA B TO BPEMA B
TopMaHim.
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ABTOPD W #3NEWA

XPOHONDTHA W OTWC2HWE (KOMMENTIPHN)

F0BOPA 0 NOTEHLMANLHMY COMePAX NPHMEHEHHA GHCTPORSHCT-
BYIOUero komMne0Tepa, Liyse w tlpaikep 0TME4INW BOZMOMKHOCTE 6re
WCNONLIOBAHMA ANA PACWHGIPOBKH 3AKORMOBAHKLIX COOGUEHWA
{1axue paspadovkm yue BeAnChH B PA3ANYHLX CTPaHAx)

AnaH ToopuHr
{1912—1954)

AHMMIACKUH MATEMaTHK BN MaTeMardyeckos ONpalencHue
ANFOPHTMA 4EPe3 NOCTPOSHMS, HAIBAHHOE «MAWWHON THIOpPHHTas.
¥BH, COBEPUIBHH] HEBOSMOXKHO NPUBECTH 306Ck é8 thoTorpachun,
KaK 570 Mb CAGMANW ANA APYTAX YCTPORCTE, NOCKONLKY 3T0 cyrydo
TROPETHHECKOE NOHATHEL...

B COBpPEMEHHOM HAYUHOM OHOPOTE WHPOKO WCNONL3YeTCA No-
HATHE «NONHOTA NG TLIOPHHTY», OTPANKANLIES YHWBRDCANBHYI) ONW-
GaTeNbHyYI0 COCOBHOCTL ANMOPUTMUMECKONo AZLIKA.

B nepuon BTopoi MupoBoi BOMHLI PAIBERMUKW W QWNAOMATLI
thawncTckod FepmaHmW WCNONL30BaNA annapat «Enigma» AnA
wwpposaHpA coolwenuii. Be3 3HAHMA KNIQHA W CXOMbI KOMMYTA-
UMM (WX MeHANM 3 pasa B Aehb) pacwmMcposats cooduetie Grno
HEBO3MOXHO. G LeNei0 PACKDLITUA CEKPaTa OpUTaHCKaR pa3Befiska
cobipana rpynny GNECTALMX W HECKONBKD SKCUSHTPMYHBIX YHEHbIX,
cpeau KoTopeix Gbin AnaH ThIOp#HT.

B xoHue 1943 r. rpynna Cymena nocTPoMT MOWHYI0 MALIMHY
{BMECTO 3NEKTPOMEXAHWYBCKIC DB & Hedl NPUMEHAMMCL DKOND
2000 3aneKTPOHHLIX BAKYYMHGIX NaMmn), HaasaHHyo «Konoce». Me-
PEXPAEHHBIE COOGLIBHWA KONMPOBANKGL, HAHOCMIMCE Ha nepto-
NEHTY W BEORWANCH B MALIWHY NOCHENCTEOM (DOTOINSKTPHLECKOTD
CUNTLBAIONLENO YCTPORCTEA CO CKOPOCTLID SO00 CHMBONDB B CHKYH-
Ay. MawnHa WMENa DATL TAKKX CHRTBIBAIOW MY yeTROICTB. B npousec-
ce [ewnchPOBAHWA MALIMHA CONQCTABNANA 3awn{poBaHHOe Gool-
UWGHWE ¢ paHee BCKPLITEIMM KOQaMu «Enigmas.

0 poni TelopuHra B pafioTe rpynne MOXHO CY[MTL NO CNeAYI-
LEMY BHICKA3LIBAHHIO YNEHA ATOR FPyRNG, Matemarinka K. [x. Myna:
«fl He XOMy CKa3aTb, YT0 MBI BRINFPANK BORHY Gnaronapa TLopuHry,
HO Gepy Ha ceGa CMENOLTb CKA3aTh, YTO (83 HEro Mbl MOTAN Gt ee W
NEDArpaTL»

Ibxos Moyny
(1907—1980)

fAnuTencHoe Bpema nepsoi JBM cuwranace mawmHa IHUAK
(ENIAC, Electronic Numerial Integrator and Computer — anexTpoH-
Hetil UNDPOBOR HHTErPATOP W BLIMUCIUTENL). Ee paspatorany ame-
puKanckne yuensie Ix. Mounw u Mpecnep Ixept ¢ 1943 N0 1945,
OHa npenra3Hasanach ANA pacyetra TPACKTOPMA NONETOB CHAPAAOE
W NPERCTaBNANA COBOR CNOXHERIEE ANRA CEPENHL XX B, WHKEeHED-
HOE COOPYKeHWs ANMHOR Oonee 30 m, obbemom 85 kyb. M, Maccoi
30 7. B A3HWAKe Gbuim menonb3osaks 18 Thi, ANEKTPOHHWX namn,
1500 pens, MawwHa noTpebnana oxono 150 kBT. Ranee BoaHMKa
WIBA CO30aHWA MAWWHL C NPETPAMMHLIM OGECTEMEHHEM, XPaHN-
MBIM B NAMATA MALIWHL!, YTO W3MEHANO Gbl DPUHUMNG OPraHN3ALWA
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Hlpodoswcerue matia, 1.1

ABTOPS W MIENHA

XPOHONOTWA U ONKCaHIS (KOMMEHTAPHR)

Mpecnep Jxept
{1919—1995)

IHUAK

| | Getni NpopaT™ CEO KOMAAHWID (upme «PemuHrTon Panp». Opha-

BLIMHCNEHWH ¥ MOArOTOGHNO NOYBY ANA MORBNEHMA COBPEMENHLIX
A3LIKOB NporpamMmMupoeatwd (INBAK — 3nexTpoHHLIR ABTOMaTH-
YeCkWA BblyMCnKTenL ¢ OMCKPETHLIMW NepeMeHubiMM, EDVAC —
Electronic Discret Variable Automatic Computer). 3ra Mawwha
Grna cosflana B 1950 r. B Gonee emkol BHYTPeHHEH NAMATA cO-
NEPKARUCH M JAHHBE, W NpOrpamMma. TIporpaMmbl 3amMcEBanKek
AMBKTPOHHBLIM CNOCOGOM B CNEUMAREHBL YCTPORCTEAX — FHUAX
3anepkn.

OcHoeHbIM HOBWECTEOM Guino 10, yto B INBAKe HaHHbe ko-
AUPORANKCL HE B NECATHYHOH ChcTeMe, a4 B AROWYHOW (cOKpaTn-
ROCH KONHYEETBG NCROMb3YEMbIX SNEKTPORHLIX RAMN).

Ibic. Mounu w . 3xept nocne coafanuA ceoeil COGCTBEHHOR
KOMNAHWA 33HAMMCL LEMe CO3MATH YHHESDCARbHBIEK KOMNLOTED
ARR LIWPOKDTO KOMMepYeckoro npwmeHewuAa — OHUBAK
{UNIVAC, Universal Automatic Computer — yHuBepcaneHimi aeTo-
MaTHUeCKM KOMRbITED).

{lpumepso 3a ron Ac Toro, xax nepawi OHWBAK sctynun b
aKcnayaTaunio B Giopo nepenwcw Hacenewws 8 CLIA, napTHepw
OKA33NHCL B TAXENOM (MHAHCOBOM NOAOKEHWW W BRIHYKAGHM

k0 MQHWBAK HE CTAN NEPELIM KOMMEPYECKHM KOMMbTEpoM. Um
crana Mmawuna FEQ (LEQ - Lyons' Electronic Office), koTopaa
NPWMEHANACHL B AMFINA [NA pac4eTa sapmnarl paboTHukam yail-
Heix MarasnioB (hwpma «<JaiioHe»).

B 1973 r. denepanchbiil ¢yl CUWA NpHaHar wx asTapckue
NpaBa Ha w3oOpeTEHUE NEKTPOHHOMD LWGPOBOTD KOMNLKTEPA
HENeHCTBMTERLHLIMK, 2 HAEH — SAWMCTBOBAHHLIMM ¥ K. ATaHa-
codipa

[Dxon chon Hedman
{1903-—1957)

Pagotan e rpynne k. Movnn n F. 3xepta, dioH Heliman nop-
roToBAN 0T4eT — «[peneapuTenshbil goxnan o mawwke IBAK»,
KOTOPOM 0O0GLMA fnaHw paloTe Hag MawuHob. 310 Gbina nepean
pafiora fo uwdPOBLIM 3NEKTPOHHLIM KOMNbLIOTEPAM, C NOTOPO#A Ao-
SHAKOMMIIHCH ONPEARSHHBIE KPYTA HAY4HOR ofecTeeHHOCTY (N0
coolipamenwam cexpetHacTk pabore 8 310K oBnacTu He nybnuko-
8annce). G 3TOM0 MOMEHTA KOMNLIOTEP GbiN NPH3HAH DOLEKTOM,
NPEACTABNABMM HAYHLIK WHTEpEC,

B cecem poknape hoH HeiiMaH BLIENMN & QETANLHO ONWCAN
NMATE KAOYEBLIX KAMNOHEHTOS TOrG, YT HBHE HA3LBANT «ApXHTeK-
Typoif thox HeiémaHa» COBPEMEHHOrO KOMNbIDTEPA.

B HaweR cTpane Hesapucumo 0T hoH HeliMana Gunu cibopMy-
nUposaH GOnee RETanbHLIE W NONHbIE NPUHLMANGI NOCTPOEHWA
FAEKTHOHHY UMDOBLIX BEYMCAUTENLHBIX MawwH (Gepred Anek-
ceesn Nebepes)
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Hpodoancenue mata. 1.1

! ABTODGI W HAIMAKA

YXPOHONGENA 1 OANCAHNE (KOMMEHTAPHR}

Cepreil Anexceeswy Nebenes
{(1902—1974)

3BM BICM-6

| W e Buino.
IR | HesasucMo 0T [, cho HeilmaHa, 3aknioHaNTeA B CRegyLIes:

B | namaTh, BBONa-BIB0A MHCHOPMALIY, YNABTHUR;

B 1946 r. G. A [lefees CTaHDBMTCA QUPEKTOPOM MHCTHTYTA
ANEXTPOTEXHWKW W OPTAHU3YET B €70 COCTABE CBOK NABOPATOPHID
MOLENHPOBAHKA t POrYNMPORaHKMA. B 1948 r. G. A NeGenes opwen-
TRPOBAN CBOW aSoparopmd Ha cotanne MIACM (Manan anexTpon-
HaA C4eTHaR MawwHa). MICM Gbina BHauane 3afymaHa kak MOREnb
{nepsan Gyxsa b alOpesmatype MOCM) Bonbwod INEKTPOHHONA
cyeTHO# Mawmnel (BICM). OnHaKo B NpoUSCCe e CO3NAMNA CTana
ouesMOHOi LenecoplpasHoCTs NpeBpawsHAA ee B Manyp JBM.
Wa-3a sacexpedeHnocTn paBor, NpoBOAMMEL & OGNACTM BLIMHCIN-
TeNbHOM TEXHUKH, COOTBRTCTBYIOUMX My(nuxaLwii B OTKPLTOR neya-

OcHoBbl nocTpoeHnA IBM, paapabotannue C. A. flefenesbim
1) B cocTas IBM nOmKHb BXOAWTL YCTPORCTEBA ApWEIMETHKY,

2) nporpaMMa BHYMCTIEHMA KOBMPYETCR W XPAHWTCA B MAMATH
NOAOGHO YHCnaM;

3) INA XORWPOBAHWA YUCEN M KOMAHA CRBNYeT WCNoNL30saTL
ABOMYHYI) CHCTEMY CHACREHUA:

4} BLMUCTIOHWA JOMAHE OCYLIECTRRATLCA 2BTOMATHUECKN HA OC-
HOBE XpAHWMOMA B NAMATH NPOrPAMML! W ONOPALMIA HAM KOMAHAMK,

5) NOMUMO apUMETHYBCKIX ONBpaLWi BBONATCA TAIOKE NOTH-
YECKWE — CPABHEHWA, YCNOBHOTO W (e3YCNOBHOMG MBPExOnos,
KOHBIOHKUWA, IKSLIOHKUMA, DTPHALAHKNA;

B) RaMATL CTPOUTCA NO WEPADPXHYACKOMY NPHHLMMY;

7) DNA BLMWCAEHWA MCTIORL3YTCA YNCREHHBIE METONN pewle-
HWA 33084,

25 nexatipa 1951 r. MICM Owina npWHATA B 3KCRMYATALMI0. IT0
Guina nepean & CCCP GuCTPOREHCTBYIOWAR INOKTPOHHAA UngpoBan
MaLIMHA.

B 1948 r. ¢03naeTCA MHCTHTYT TOMHO# MEXAHNKH N BbiYMERN-
TanbHOH TexHukn (WTM & BT} AH CCCP, koTGpoMy NpaButentCTBo
nopysnp paspaloTky HOBBLIX CPBACTE BLIMUCAWTENBHONA TEXHWKM,
u C. A fNefenes npwrnawaevcA 3aseposate naloparopued N°1
{1951 r). Korpa 53CM 6bina rotopa (1953 r.), oHa HUMYTb He yeTy-
NANa HOBLHILWM AMEPUKAHCKUM 00paaLam,

€ 1953 . a0 koHua ceoed xuanK C. A. talefiee Gbin pMPEKTOpOM
MTM w BT AH CCCP, nalipan NedcTBuTERLHEIM ynewom AH CCCP
W BO3rnaeun paioTh NO CO3NAHMI0 HECKONBKMX NOKOREHWA JBM.

B navane 60-x rv. c03nagvcA nepean IBM K2 cepu Gonbuibx
3NGKTPOHHLIX CHBTHEX MauiwH {BICM) — B3CM-1. MNpw cospatmmu
BICM-1 Brin NPMMEHEHE! OPHMMHANBHLE HAYYHBIE W KOHCTPYKTOP-
CKWE peweHuA. bnaronapa atoMy oHa Gwna Torpa camoik nponsec-
AMTEALHOR MawNKoH & Eepone (8—1 hp[}:,_lc;m c?ngpa'quﬁ B CRKYHEY)

N L

TUH W F ronoasrm s o PR
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Hpodonwcenue maby. 1.1

ABTOPL M MIJRNHA

XpoHONOrHA W aNKCEHWe (KOMMBHTapWI)

U ONHOA W3 nydqwMx B mupe. 1lon pykosonctsoM C. A, Nefenesa
GeW CO3A2HEE W BHBAPEHL B NPOM3BORCTEO Ellé NBE NAMITOBLIE
IBM — BICM-2 u M-20, B 60-x rr. Geink CO30AHE) NOMYNPOROLHK-
KoBule BapuaHTet M-20: M-220 u M-222, a take BICM-3M
u BICM-4.

Npw npoexTuposaiw BIACM-6 Bnepsbie Gein NpWMEHEH METOR
NPENBAPHTENBHOG UMHTALIMGHHOMD MODERMPOBAHNA (CHAYa B IKC-
nnyarauinio Gena ocywectenexa g 1967 r.).

C. A. Nebenes OMHUM M3 NEPBLIX NOHAN OrPOMHOE 3HA4EHRS
COBMECTHOM palioTht MATAMATHKOB M WHXBHEPOS B CO3[AHKN Bbi-
yucnuTenshex cuctem, Mo navunatnee G. A, NeGeneea see cxe-
Mb BACM-6 Guinn aanucakbl dhoprynamn Gyneeoi anrebpwl. 3To
OTKPLIND WWPOKME BOIMOXHOCTH NA ABTOMATU3ALUNK NPOBKTH-
POBAHNA W NOJTOTOBKH MOHTAXHOW W NPON3BONCTBEHHON NOKY-
MEHTALMA

Hacronohan ABM MH-7

-

MH-8 — nepean 8 CCCP npe-
unanoHHan ABM Sonbuoil
MOWHOCTH

B| cnepyioitue ABM: MH-2, coxunonHaa ABM ana pewexwa andde-

ABM — aHanoroeble BLINHCTMTONbHLIE MawWHe (40-8 —
70-8 rr. XX .} unw BM nenpepwsHoro nedcteuna, 0bpabaTmeanT wh-
(opMaLMKn, NPEACTABABHHYI0 B BMDE HOMPEPLIBHOTD PARA 3HA-
YEHWA.

Ecnu rosopuTh 08 0Te4ecTBEHHLIX ABM, To B 19439—1950 rr.
Gbinw cosnanul nepswe ABM, HAZLBAEMEIE RHTErPATOPaMM NOCTO-
AHHOrG Toka — WNT-1—MNT-5. Onn npegHasHaYanuch QAR pewe-
HHR NUHEHHBIX AUQDEPBHUNANBHBIX YPABHEHHH C NOCTOAHHLIMKW W
NEpEMEHHbIMIt KOFDDULINEHTAMN,

PazpatioTanuwe B 1952—1953 rr. ABM nony4aioT HauMeHoBa-
HWE «MOOENWMAOWMWE YCTAHOBKW NOCTOANHOTG Toka» (MIT).
C 1954 r. ABM nony4amT Ha3BAHNE «MOLONUPYINULING YCTAHDBKM He-
nuneilitue» (MH). B TeveHwe 1954—1959 v, paapaGamiBaTca

peHuWanbhEX ypaHenwd 6-ro nopanka; MH-7, vactonenan ABM
6-r0 nOpARKA.

B 1963 r. noaeunack MH-16, npepHaana4eHHas AfA MOJENUpO-
BAHWA PAKET W paKeTHuX cuctem. B 1965 r. BuNyWeHs BLIMHCIW-
TenbHoe YCTROHCTEO ANA ABWALMOHHLIX TPOHAXEPOD «(Cuer-22» w
ABM «floaa» nnA pacyeTa QO3HLIX FIORER NpW NY4EBOR Tepanuu.
B 1967—1968 rr. paspabotan «Cerpach-1» ANA CCAEAGEAHMA CE-
TeBbiX rpachukos u «TpaHcrpad-1» ANA MONENWPOBAHWA TPAHC-
NOPTHBLIX 34RaY.

JxensanentHoe ObicTpopedicteMe ABM focTHrano [ecaTkos
maracdinonc (MUANMOHOE ONepauwil ¢ nasawowel 3anATOHN B COKYH-
ay), T. & vtobbl pewath cuctemy pudrbe peHLMANLHbIX YPaBHEHHHA ¢
nogobHo# ckopocTen, UBM nomkHb) Goinv 050a0aTh UMEHHO TaKHM
GbiCTPORARCTENEM, 10 KOTOPOrD B Te BPEMEHA (IO 8IS 04EHb Aa-
nexo
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Hpodoancenue mabn, 1.1

ABTOPH W H2RENWA

XpOHONOTHA W DANCAHME {KOMMEHTAPW)

!

1BM/360

EC 1045

LS ]
i

f | cucTemol komang;

| maxetamy nucwoe  (Hanpumep, IBM-2314 — 7.25 MGailT,

HeBO3MOKHO NPONYCTHTL KNDUBEGH 3TAN 8 PA3BMTHN BLIMUG-
RUTBNbHLIX CPEACTB W METONOE, CBA3AHHbLIK € NBATENLHOCTBI hup-
mbl |BM. UeTopudecin nepeie IBM knaccnueckoi CTpYKTYPL W CO-
cTapa — Computer Installation System/360 (hupmeHHOe HaUMeHO-
BaHWe =—- «BbluMCAUTENLHAA YCTaHOBKA CHCTeMmbl 360», B
pankHeAwem W3secTHAR kax npocre IBM/360) Guiny BunyweHw B
1964 r_, w ¢ nocnepyioUMMI moaubukauuamy {1BM/370, IBM/375)
NOCTAaBNARKCHL BNOTL 4O CEPenMHbl 80-X IT., KOrEa NoR BANAHNEM
MukpoIBM (TTK) He Hayanw NOCTENEHHO CXOAWTL CO CUeHN. IBM

wax-unenax GIB tak Haaweaemoi Ernnod cuctemu 3BM (EC IBM),
KOTODLIE B TEHEHWE HECKONLXUX NECATWNETMH ABRANWCL OCHOBOIA
OTE4Y8CTBEHHON KOMNLTEPHIALWH.

MAWKWHE BKMOYANW CREAYIOLING KOMNOHEHTbI:

 HEHTpanLHLIA npoueccop (32-pas3pRIHuIA) ¢ NBYXANPECHOR

 [NaBHyIO {ONepaTneHyIo} namats (o7 128 KGaidt no 2 MGaikT);
= HAKOTIMTENW Ha MarHMTHBIX guckax (HMI, MB) co cmeHHbiMK

IBM-2311 — 29 MGaiT, IBM 3330 — 100 MGaikT), aHanoruvHbe
{MHOTRA COBMECTMMbIE)} YCTPORCTBA MIBECTHY W IRR APYTHX M3 Sbl-
WEYTIOMAHYTHIX CEPUIR;

« HAKONUTeNH Ha marsuTHbD: neHTax {HMI, MA) katyweuHo-
ro TANa, WapwHa reHTw 0.5 niofima, anwna o1 2400 gytos (720 M)
W meHes (o6uiuHo 360 u 180 M), AroTHOCTL 3anuck ot 256 Gailr
Ha [oim (obbivHan) u Gdnbwan B 2—8 paa (NoewiWeHHan ). CooT-
BETCTBEHHO PABo4an eMKOCTL HAKONWTENA ONPERENANACH PaSMeE-
POM KATYLIKY W NAOTHOCTLIO 3aNMcH M pocTHrana 160 MoaiT Ha
6obuny MN;

» YCTPOACTBA REYATM — NOCTPOMHBIE fOMaTANWMWe YCTPOlicTaa
GapafaHHoro TMNa c (puKCHpoBAHHBIM (0Gb4HO B4 ik 128 anakos)
HabopOM CUMBONCB, BYRIDHAIDIMX 3arNABHYI0 NATUHWLY H KHDWANK-
Uy {(nnBo 3arnapHyId # CTPOYHYIO NATHHWLY) W CTAHNAPTHOE MHOXKe-
cTeO ChywelHbX CHMBONOE, BLIBON MHDODMALWMN OCYLIBCTBRANCA
Ha GyMAXHYIO NeHTY WwupwHoil 42 nnu 21 oM ¢o ¢KkopocTeO N0
20 crpox/c;

* TEPMUHANbHLG YCTPORCTBA (BMOGOTOPMHHANK, @ NepeoHa-
YaNbHO =~ 3NBKTPRHECKNE MULLYLME MAMHKN), NDBAHASHAYEHHGIE
NNA WHTEPAKTUBHOTG B3AMMONEHCTEMA ¢ none3oparenem {IBM
3270, DEC VT-100 1 np.), NOAKANHAEMEE K CHCTOME [UNA BLINOTHE-
Hi? hYHKUWA YRPABABHWA BEIYNCRATENbHEM APOLIECCOM {KOHCONL
oneparopa — 1—2 wr. Ha SBM) u uHTepakTHBEHOA OTAATKM HpO-
rpaMm W 0BpaBoTku HAHHLIX (TEpMWHAN NoNb30BaTens — OT 4 RO
64 wt. Ha IBM).
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Hpodoaxcenue madia. 1.1

ABTOPHA N W3NENRA

XPOHONOTHA U OINCAHNE (KOMMEHTIPHN)

MNepeuncnettbie  CTaMgapTHLE  Habopw  yeTpodcTs IBM
60—380- rr. W I XAPAKTEPMCTIN RPUBETEHD MECH KaK NCTOPNYe-
CKAR CNPaBKa ANA YUTATERRA, KOTOPBHA MOXET WX CAMOCTOATENLHO
CUEHATD, CPABHME € COBPOMBHHLIMN I M3BACTHEIMM EMY JAHHLIMH.

$bupmoil IBM Goina npegnoxena B kawectee obonodx JBM
1BM/360 nepean tyukypoHANEHO DORHOUeHHaA OC — 08/360.
Paspafiotka w enegpenne OC nOZBONMAN PAArpaHNyWTL VHKLMK
ONePATOPOB, ANMUHKCTRATOPOB, NPOrPAMMUCTOB, NONL30BATENAH,
4 TAIOKE CYWECTBEHHO (B ACATHA W COTHN Pa3) NOBLICHTL NPOM3B0-
puTansHOCTL IBM w CTENeMb 3arpyakn TéXHWMECKUX cpencTs. Bep-
cum 08/360/370/375 — MFT (MyRbTUNPOFPAMMMPOBAHUE ¢ ChiK-
CHPOBAHHLIM KONKYeCTEOM 33034), MVT (C NepeMeHHbIM KDANYECT-
BOM 3afav), SVS (cucrema ¢ BMpTYanbHol namateo), SVM
(CHCTEMA BUPTYANbHBI MALIWK) — NOCABOBATENEHO CMEHANA APYT
APYTa 1 BO MHOMOM ONPeNeNMIA COBPEMEHHLIE MPELCTABNGHUA O
ponu OC

Bunn Feitc 1 MNon AnneH

AnbTanp

< | Aapik Beidcuk, BnocnencTeun osu ocHoeanu cupmy Madikpocodr

1974 r. ®upma Intel paspaborans nepewid YHWBBPCaNsHHR
8-paspAnHui MrKponpoueccop 8080 ¢ 4500 TpaHaucTopamm. 3p-
saps Pofeprc, mononoii ocbuep BBG CLUA, MHXeHep-anexTpon-
WK, NOCTPORN Ha G238 npoueccapa 8080 MUKPOKOMNLIOTEP ANbTa-
WP, WMEBILWRA OrPOMHLIA KOMMEPYECKUA YCNEX, NRoNasaswmich no
NOYTE W WKMPOKO WENONBI0BABIINACA [11R SOMAWHETD NPWMEHERUA.

B 1975 r. Monogoid nporpammmct Mon Anned W crynext Map-
BAPACKOro yHweepcuTeTa buan Meilte peanuaosany ona Anwranpa

(Microsoft)
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Oxonygiye matin. 1.1

ASTOpLI A RIACANA XPOHONOMAA W ONUCAHUE (KOMREHTADHA)

B 1976 r. crynentos Ctue Boanaxk w Ctas [rodc, yeipoms Mac-
TEPCKYID B FAPAKE, PEATWIOBANN KOMABKITED Apple-1, NONOXWB Ha-
4ano Kopnopauwnu Apple.

B 1983 r. xopnopaumMa Apple Computers notTpouna nepco-
HARLHLIA KOMNBINTED Lisa — nepeelif OMCHBIR KOMALIOTED, YNpae-
NASMBIA MEHATYNATOROM «Mblllib»

Crunen [Dxobc
 Credbar Boanax

Apple-1

Lisa

Teoperuieckoli ocHOBONH OpTaHH3alMH M PYHKITHOHAPOBAHHA
BEIMUCANTENbHBIX MAIUKHH H CHCTEM ABIAIOTCS CASHYIOLINE OHCIIMII-
JTHHLI;

« 3MEMEHTE TEOPHH HHPOpPMALHH — H3MEPEHHE KO-
nuYecTBa HMHGOPMAIIHKM, NPOIMYCKHAA CMOCOOHOCTE KAaHAJOB,
«CUTHAT—ILyM», NeH0esiibl, KOOAHPOBAHHE H CXATHE—BOCCTA-
HOBJIEHHe HHGOPMAITHH,

s 3JIEMEHTB TCOPHW YHCEN M BBIYHCIHTEAbHOH
MAaTEeMAaTHKH — CHCTCMB CYMCIEHHS, MPEACTABICHME qid-
cell B pa3IMYHEIX CHCTEMAaX, ollepaliMi Haj YHCIaMM, TOYHOCTE
TIPECACTARTICHHH M PE3YILTATOR ONCpalui;
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¢ 3JEMEHTH MAaTC¢MATHYECKON JNOTHKH — JOrHde-
CKHME BBIpaXCHMS M MEPeMEHHEIC, ONCPalldH HAA HUMH, FKBH-
BaJIeHTHEIE NIpe0o0pa30BaHUA BHpPAXKEHMI, CXeMHBIE 3JIEMEHTEI,
Y3ITH W NepeKaiodaTensHble cxeMn 2BM, Galupyloumecsa Ha
nopobHBIX MpeobpasoBaHUAX;

e3JIEMEHTH TEODHH aNropHTMOB {(azzopughmoe, «mo-

HaydHOMY») — UMKJIMYECKHE, BETBAIMECH, WUTEepallOHHHE
npouecch, uX cpoitcTBa (3dpdekTHBHAT BHYHCIHMOCTE), 3aBH-
CHMOCTBb TOYHOCTH BHYHCIEHUH OT KX JUTHTEIBHOCTH H IIp.;

e ApYyrue pas3aenbl NPpHKAAIHOA MAaTEeMaTHKH —

B YACTHOCTH, Teopust rpadoB, TOronoruyeckue npeodpazosa-
HHA KOHPHTYpalHiil ceTeil W mp.

O4eBHEHO, YTO MBI HE MOXEM B OrPaHWYCHHEIX PaMKaX NaHHOIO
yueOHoro nocodus noapoGHO CCBETMTEL YKAIAHHEIE BOIIPOCHE, OBHA-
KO jJajiee MBI IPMBOORM KPAaTKOe M3IOXKEHHES OCHOBREIX MOMOXEHUH
HEKOTOPBIX H3 3THX JUCLIHIUTHH,

1.2. Huopmayus, kopuposanue u obpaborka 8 IBM

Monatue <uHbOpPMAIINA» ABIACTCA TakKHM Xe¢ GyHIAMEHTANb-
HBIM, XKAK TOHSTHSL <MAaTePUA», «3HEPTHsI» H Apyrue gurocodckme
KaTeropuu. JTe aTpHbyT, CBOMCTBO CIOXHBIX CHCTEM, CBA3aHHOE C
HX pa3BHTHeM M caMoopraHmsanmeii [24, 25]. H3pectHo Gonbliioe
KOJTHYECTBO Pa3NMYHHX OlpeNcneHuii MHQOpPMAllAW, OTAHYME WH-
topMallHK OT JaHHLIX, 3HAHHH H np. MBI 3kech OTPaHHYHMCAH TONb-
KO PACCMOTPEHHEM HEKOTODBIX TMPAaKTHYEeCKM BAKHEIX MOHATHA H
OIpeIe/ICHMIA.

Onpedenenue u KaacCUPURAYUR UHPOPpMALUY

B HacroAmee BpeMsA HayKa MNBITaeTcA Hality oblie cpoiicTRa H
3AKOHOMEPHOCTHA, TIPHCYLINE¢ MHOTOTDAaHHOMY MOHATHIO «HH(popMa-
LUfg», HO MOKA 3TO MOHATHE BO MHOTOM OCTacTCA MHTYHTHBHBIM H
MONYYAET PAITMYHEIE CMEBICTOBEE HANOAHEHUS B PA3MYHBIX OTpac-
JIAX 9eNIOBEYECKOM AeATENBHOCTH.

B obuxone nadopMaumeit HASHBAIOT 00ble danHbie UAU BaKmbt,
KOTOpBIE TIPpEACTARIAIOT KaKOoH-nHGo wHTepec. HampiiMep, coobime-
HHe 0 Kakux-nubo CcOORITHSIX, 0 4beil-TN00 NEATENHHOCTH M T. IL
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«HH}popMHPOBATE» B 3TOM CMBICHIE O3HAYAET «COOOLIUTE HEYTO, He-
H3BECTHOE PaHbILEs.

B Texsvke mom HMHbpopMauMel NMOHHMAIOT coobijenun, nepeaa-
BaeMEIe B (hopMe 3HAKOB MIH CHTHATOB.

-B xubepHeTHKe oo MHGOPMALNEH MOHHMAIOT TY YacTh 3HaHui,
KOTOpas MCIIOAB3YETCA AN OPHEHTHPOBAHMS, AKTHBHOTO JeHCTBHA,
VIpaBReHHA, T. € B HEAAX COXpPAHCHHSA, COBCPIICHCTBOBAHNS, PaIBi-
THSA CHCTEMBL

ITpHBeaeM HeCKOMBKO OlpeAeneHuii HHpOPMALHH:

s oTpHIIaHne sHTpoITHH (JI. Bpuwumiosn);

o Mepa CITOXHOCTH CTPYKTYp (Mob);

« OTpaXeHHOE pasHoobpasne (Ypcym);

* COACpXaHH¢ Ipolccca oTpaxeHus (Ty30B);

* BEpOATHOCTH BEIDOpa (frmom);

« CHATAS] HEOTIPENICAEHHOCTE HAalIKX 3HaHH# o yeM-To (K. [Ilen-
HOH);

e 0003HAYCHNE COOEPXKAHHUA, MONYMeHHOTO B3 BHELIHEIO MHPA B
npolecce Hallero NMPHUCTIOCOOZIEHHS K HEMY H MpHCIocobe-
HHUA K HeMy Hanmx 4ysete (H. Bunep).

HudopMaiiia MoxeT KnaccwbpHIHPOBATECH, HANPHMED, TIO CJie-

IOYIOWIAM OCHOBAHHAM:

¢ MPU3HAKH, OTPAXAIOIIME CTPYKTYDY HAHHBIX H GopMy npea-
crapneHns HHbopMamun (Taba. 1.2);

e COECPXAHHUE NMPSAMETHON 0GIaCTH NPHMEHEHHA.

Tatauya 1.2. Hexoropaie Kincchl mindopManuu (1o cTpyxrype u dopue)

A m::am“ Knaces wHHOpMaL W
Wuopma-
CoofueHue, Mudropmaumuon- }

Mo YPOBHAM CNOXHOCTH | GurHan HOKYMBHT Hbiil MacCHB UWOHHHH pe

Cype
Ananorosan Lucpposan

Mo Thry chriana (HenpepbiBHan) {OMCKpeTHan)

Mo ypoeuam goctyna | danHwe B perwct- | [aHHwie B onepa- r:z:mﬁ:"“x Baaw gau-

W OPraHM3aLgun POBO NAMATH TMBHON NAMATH e — HBX

Mo cnocofiam koawuposa- | LwchpoBas (epiuuc- | CumBoneHaA (an-
HWA W NPEACTABNBHUA | NWTENbHLE JaHuLe, | (hasuTHO-UMGpo- | Mpathu4eckan
(maHwbie, thaline u B} | ABOWHHbIE) Baf, CTPONHAA)

Mo opraHM3aLum fau-

Hbix {bainel W 5I) Tabnwyxas TexcTopan Ipachuveckan
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Anasozosan undopmanus. Wcropuuecxyi IepBoil TeXHONOTHUES-
CKoll ¢hopMOIl MONMYYCHHA, Nepeaad, XpaHCHHA NHQPOPMALINHK ARNISA-
JOCh AHANOTOBO¢ (HEOPEPHIBHOS) MpEACTABACHHME 3BYKOBOFO,
OMNTHYECKOTO, 3JIEKTPHUYECKOTO MAM APYIOro cHMrHanaa (coobiueHns).
MarndTHas ayaHoO- M BRACO3ANHCH, (hoTorpathupoBaHHe, 3aIiUch Ha
1Ie/INaYHbie HWIH BUHWIOBHE TPAMILIACTHHKH, ITPOBOAHOE M paiHo-
BELIAHHE — OCHOBHRIE CIIOCOORI XpaHEHWS H niepenayd WH¢opmMma-
UMM B aHaiorosoit gopMe (puc. 1.1). 3ameTHM, 4TO ¢ Havana 50-x 1T,
(2 BO MHOTOM H ceiffyac) molI TepMHHOM meopus undopmayuy Noapa-
3yMEBAJIHCh TEOPESTHYECKUE METOMLL, CBS3aHHEIC ¢ obecnedcHHEM
KaKk MOXHO §oJee TOYHOTIO IpHeEMa, Nepeadi, 3alHCH, BOCIIPOHIBE-
JeHHdA, npecOpa3soRAHHA HeNpepbIBHBIX CHTHANOB (OCHOBHBIE MOHA-
THH — AUHEIIHOCME, HeAUHeUHOCHTs, WYM, cheKxmp CUSHARA, NOADCa Hpo-
nycKarus u np.).

“tllllltlliillillllllill
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i _ [T O I SR
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¥ FTTM™CrTN
- LE R TY Y TN
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et ol i Rl ek e
E § I LI ] 3 [

Puc. L1 Ananoroewil curan M ero puckperHast {(ihpobad) anmpoxCuMauHA
{oundposka)

Bonee yem 50-nerHee paseHTHe TeopHH W npakthku 9BM npu-
BOOWUT K BEITECHEHMIO (B TOM YHCIIC B Ha OHITOBOM YPOBHE) aHANIOrO-
BHIX YCTPONCTB H CHTHAJIOB KH (P POBBIMH,

Ananoro-umpposoe (aucKpeTHOE) mnpeobpazopanme — Al
(analog-to-digital conversion — ADC) 3axniovaerca B dopMHpOBa-
HWUM MOCNeNOBATENbHOCTER 7-PA3PANHBIX ABOMYHBIX C/IOB, MPEACTAB-
JIAIOLINX C 3aJaHHON TOYHOCTBIO aHAJIOTOBLIC CHIHAJMI.

Hanbonee nomynApHHM NOPHMEPOM, HECOMHEHHO, SABIACTCA
ayaMoxkommakr-auck (digital audio CD). B stoM ciyuae 3BykoBokM
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curHan (cM. pHc. 1.1) npeofpasyercd B THCKPETHYIO ANIMPOKCHMA-
UK («MHOTOYPOBHEBBIH CTYNICHYATHI CHTHAI»), NPH 3TOM BHauyase
MMPOMCXOIHT KeaRmMosaKiie &0 epeMenti, KOTOPOE 3K MI093ETCH B N3IMe-
PEHHHA B OWCKDETHBIC NMPOMEXYTKM BpeMEHH HeoOXOOWMOTQ napa-
MeTpa aHANOTOBOrO CHUrHATA.

3aTeM OCYULICCTBIACTCS KOaHMOGAHUEe No amnaumyde CHTHANA.
ITpM KBAHTOBAHMM AHANOIOBOTC CHIHANA MPOHCXOIWUT OKDYIJIEHHE
€ro MrHOBCHHBIX 3HaUc¢HHHI A0 HEKOTOpoil 3amaHHoN (PUKCHpOBaH-
HOW BeNMYHHLI, HA3BIBAEMOM ypogiem. HawMeHELIce H3IMEHEHWE
aHANOTOBOTO CHTHANA, KOTOPOE PETHCTPHpYETCH YCTpolcTBOM, ocy-
HIECTRIISIOIIM 1TPeoGPa30oBaHHE, HASRIBACTCH paspelierue.

Ipu xeanmosanuyu no amnaumyde Xaxnasa CTYNEHbKa NpeICcTaB-
JgeTca MocHeNOBaTeIbHOCTEI) OWHAPHEIX UWH(POBHIX CUTHAJIOB.
IMpuHATHIM B HacTodAIIee BpeMs cTaHIapT ayauo CD HcnoaplyeT Tak
Ha3HBaeMHl «|6-pajpAOHE 3BYK C 4acTOTOM CKaHMpPOBAHHS
44 xT'». g puc. 1.1 «B nepeBoie Ha HOPMAIBHHIA A3BIK» 3TO O3HA-
YaeT, YTO «IJIMHA CTYNeHBKH» (1) papHa 1/44 000 ¢, a «BBICOTA CTY-
NeHsKH» (8) cocrawmaeT 1/65 536 MakxcHMAaLHOH IPOMKOCTH CHMrHa-
na (mocxoasKy 2' =65 536). Tpu 3ToM YacTOTHHIM AMATa30H BOC-
npou3sencHUA coctapnaet 0—22 kI, a AMHAMHeCKHiT ANana3oH —
96 nB (HemOCTHXMMOE AJisl MAaTHHTHOMN M/IM MEXaHHYECKOH 3ByKO3a-
[IHCH KadeCTBO 3aAHCH).

AHanoro-uudpoBre (IHCKpeTHBIE) peobpa3oBaTeNM yalle BCe-
N0 H3MOTABJMBAIOTCA B BHIAE HHTETpaIbHBIX cXeM. B HeoGXoaWMEIX
CAYYaAx OCYLIECTHIAECTCA ODPaTHOE — AMCKPETHO-aHAOrOBOS WM
ngppoaHanorosoe npeodpasopanne — LAIT (digital-to-analog con-
version — DAC).

Iugpposan ungpopmayun. TUCKpeTHBIE CHTHANH I10 CPABHEHHIO C
AHAMOTOBEIMM KBMEIOT DSl BAXHBIX NPEMMYLIECTB. MOMEXOYCTONYM-
BOCTb, JIETKOCTh BOCCTAHOBICHHR (POPMEL, TPOCTOTY &IITIApaTypPEIL I1e-
penaum.

B nampHelineM olM¢pOBaHHEI AHANOTOBWH CHIHAJ MOXET Ie-
pelaBaThCd WIH 3AIIMCHBATECA B PAIMUHEIX PopMarax, HanpuMep:

s PCM (Pulse Code Modulation — HAMIOYIECHO-KOAOBAS MOITY-

JAua) — crnoco® UHGppPOBOTO KOOMPOBAHKHA CHIHAAA C IIO-
MOINBI0 3anHCH a0COMIOTHBIX 3HAYEHHH AaMIUTHTYA A(Y)
(puc. 1.2, g). HMeHHO B TaKOM BHIE MAHHBHIE 3aNHCHBAIOTCA
Ha ayauo CD;

» ADPCM (Adaptive Delta PCM — ananTHBHAs OTHOCHTENbHAA

HMITYJIECHO-KOIOBAA MOOYIIALHA) — 3aMHCh 3HAYCHAN CHIHATA
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Puc, 1.2, TIpuMeps KOAUPOBAHHA aHANOTOBEIX CHTHANOR!
a — HMIOYARCHO-KOROB3d MONYAANMA, § — aJanTHBHAS OTHOCHTEABHSA HMITYJILC-
HO-KOZOBAA MOTYIALNI

He B aOCOMOTHHIX, 8 B OTHOCHTEJBHBIX MpHpalieHHaX (AA())
ammuTyn (puc. 1.2, 6 1 T. 1.).

Ilepedaua dannsix. KaHan nepejaur — 3T0 KOMIUIEKC TeXHHUe-
CKUX CPelICTB M CPelibl pacnpOCcTpaHeHUA, 00eCcIeYnBacIuUnF nepeaa-
qy CHTHANA MEKTPOCBA3ZH B OIpelcJeHHON TOMOCce YACTOT HWIM ¢
OTIPENENEHHOM CKOPOCTHIO MEPENAYH MEXY CETEBBIMHM CTAHINAMH H
yalaMH.

Ilpy oGMeHe MAHHBIMH TO KaHAAaM HCIONLIYETCH TPH METoNa
nepegady JaHHBIX:

« CUMITIEKCHad (OMHOHampaRAeHHaAs) mepeiava (TelneBHIcHHE,

panuo);

« DOAYAYTUICKCHaS (IPHEM H Iepeaada MH¢OpMAaIliH OCYIUECTR-

JIAIOTCA IOOMEPERHO);
e JyIJIeKCHas (ABYHampamRieHHad), Kaxnas CTAHIHA OJHOBpeE-
MEHHO IIepeiacT ¥ TIPMHHMACT KaHHHE.

Jna nepenavn AaHHBX B KHOOPMAIHOHHBIX CHCTeMaX HanGosee
YacTo MPUMEHACTCH NocheRoBaTedbHan Nepemada. Ilupoko uemoms-
JYVIOTCH CREAYIOIHNE METONE ITOCACIOBATSIBHOR epeIaid — ac W H -
XpOHHAafA M CHHXPOHHAas.

IlpH acHHXpOHHO! mepelade KaXIHA CHMBOJ IEPEdacTca OT-
AeneHOM mockUKoi (puc. 1.3).

Crapropne OUTH NMpemyNIpeXIalT NPUEMHHK O Havalie mepena-
yp. 3areM mepemaerca cHMBON. A ompelneneHHdS AOCTOBEPHOCTH
TIepeaady HCIONb3yeTca OHT YeTHOCTH (GHUT YeTHOCTH paBeH 1, ecin
KONMHYECTBO eAUHWUL B CUMBOJIE HEYeTHO, H } — B NPOTHBHOM CITY-
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L o [H] 1 1 O 1 0 0 i

| ! | | |
[isa crapToBix Mepananaembii cHMBON Bur  Cronomss
Gura WATHOCTH  GMT

- a

- R
| | | |

Bwret Mone nl,atlux Kon Cumaon
CHHXPOHW3ALM {(NEPSLPEEEMLIS CHMBONL) oSHADYMEHMA  OKOHUSHHA

Puc, 1.3, AcunxponHas (@) ¥ cuHxpoHHan (6) nepenada AaHHRX

qae, [Tocnenauii OMT («CTOM-OMT») CHIHAMM3UpYeT 00 OKOPYMAaHHH
nepenavyH.

IIpH MCROMBIOBAHHM CHMHXPOHHOIO METONA JaHHHE IIEpeIaloTCA
6noxamMu. Jng cornacoBaHus pabOTHI NMPHEMHHKA W NepelaTddka B
Havane GIoKa mepeaaloTcd OHTH CHHXPOHH3AIHH. 3aTeM TepedalioT-
¢ JaHHKIE, KOA OOHAPYXEHHA OLWMGKH U CHMBOJI OKOHYAHWA Iiepe-
Jaun. IIpu cHHXpOHHOI nepenavye AaHHBIE MOTYT IIEpeAaBaTBECA M
KaK CHMBOJBI, B KaK MoToK Ouros. B KauecTBe Koda O0OHApyXeHHSA
OIIHOKN oORYHO HeronbayetTca koa CRC,

TTpakTyecku Bcerga AUCKPETHHIM CHIHAJ WMeeT ABA NGO TpH
3RaYeHUA. Hepeako ero Ha3HBAIOT TAKCKe uudposom cuzrasom. uc-
KPeTHHE CHTHAIB 10 CPAaBHEHHIO ¢ AHAJIONOBEIMHM HMEIOT pAX BaXK-
HBIX TPEHMYINECTB: MOMEXOYCTONIMBOCTD, TIETKOCTh BOCCTAHOBACHHNS
¢OopMEL, IIPOCTOTY AINApPaTypH Mepeiadl JAHHBIX.

O6EMHO B LMGPOBHIX CHCTEMAX HCIIONB3YIOTCH ABOHYHBI€
CHTHanw (puc. 1.4, g), AMeIIHe 3HAYCHHS <«+», «—». BMecre ¢
TeM NpH Nepedadye JAHHBEIX B GOJIBIIMHCTBE CNy9Iach NPHMEHSIOTCA
TPOMYHME CHTHaXH (pHc. 1.4, 6) co 3HaYCHNAMA «+», «»,
«—», 3mech «cOHHHLIA» MPEACTABNACTCA OTCYTCTBHECM TNOTCHUMANA B
KaHaIe, TOTAa KaK <«HYJAb» XapaKTepH3yeTcd IONOXHTEIBHEIM JHOO
OTPHMIIATEIBHEM HMOYARCOM. IIpH 3TOM MOASPHOCTE HMITYIBCOB,
MPEICTARMSIONIAX «HYIM», NOJDKHA YepeNOBATECA, T. €. 33 MOJIOXKH-
TENBHHM «+» HMIYJIBCOM JOIKEH CHEOBATE OTPHLATENBHEINR «—» M
Haobopotr. B dopMe TPOMYHOINO CHIHANA OCYILECTRIACTCA HE TOJBKO
KOANPOBAHKE TIEPEJABACMEIX JAHHHIX, HO TakkKe 00CCIICUHBAcTCA
CHHXPOHH3aIIHA paloThl KaHala M NpeBepKa OEJICCTHOCTH NJAHHBIX,
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Pue. 1.4, TIpuMmeps JMCKPETHRIX CHTHANOE:
g — JABOMMHBIH, 6§ — TpPOMMHNY; ¢ — OHIOMAPHEIH; 2 — BAEMEHTE HMITYABRCHOD
CHTHana

PHRNoAApHBE KOKB TAKKE YACTO MCMIOAB3YIOTCH B KAHAIAX
nepeaadH JaHHBIX (puc. 1.4, ¢). 30ech eAHHAIIN NPEACTABMIIOTCS te-
PEOVIOLIHMACA TIOJIOKHTEABHEIMHA M OTPALATENbHBIMH UMIYILCAMH,
OTCYTICTBHE MMITYIBCOB OIPEOEIACT COCTOAHHE «HYIb». BHnosipHoe
KOIMpOBaHHe obecneuynBaeT o0HApYXeHMEe OAMHOYHOM OLIHOKH.
Tak, ecnt BMeCTO HYRA MOABUTCA ¢AMHMIIA MHOO eaHMHMLA OLIHO0Y-
HO CMEHHMTCH Ha HYJb, TO 3TO Jerko o0Hapyxmnpaetca. B ofoux ciy-
Yyasgx HapyllacTcA YepeAOBRaHHE MONSPHOCTH MMITY/IECOB.

PeanpHelit MMIyNbcHBIL curHan (pHc. 1.4, &) xapakTepHiyercs
aMIIATYRON U, JUMTEIBHOCTRIO HMMIYIBCOB #,, IepeAHuM (poH-
TOM I, 3aXHUM $POHTOM &y, ¥ MEPHOIOM NOBTOpeHns T . OTHoure-
HHE ITUTENBHOCTH Iepuofa T K ANMTCNbHOCTH WMITYNBCOB {, Ha3bl-
BacTCi CKBAaXHOCTHIO,

M3meperue Konuvecmea ungopmayuy

TepMuH «HHpOpMaLIHA»> HMeeT KopeHb «form» (dopma), dto pa-
3yMHO TPaKTOBAaThb KakK «HHGOpMHpOBaHHe — MpHUAaHHEe (HOPMBI, BEI-
BOJ H3 COCTOSIHHS HEONPLIEeIEHHOCTH, 6eCthOPMEHHOCTH», TIO3TOMY
JIOTHYHO MOIXOANTh K OTIPESEICHHUIO MOHATHA <«KONMYECTBO MHpOp-
MalFHi», UCXOAS U3 TOro, YT0 HHOOPMalHIo, COACPXAIIYIOCS B CO-
OOLICHHK, MOXHO TPAaKTOBaTh B CMEBIC/IE ¢¢ HOBM3HBI WIM, HHaue,
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YMEHBIIEHNS HEOHpPENeNeHHOCTH 3HAHMIA <«IpHeMHHKA WHhopMa-
uHH» 00 0bBeKTE.

B kavectse enummir uHbopManuu Knon IleHron npenroxms
NpUHATE OIMH 6 N T (OT anen. bit — binary digit — mpowaras uudpa).

-B BoMMCIHTENbHCOH TeXHMKe OHTOM HA3HBAaKT HAMMEHBIIVIO
«TIOPIHIO» TIAMATH KOMITBIOTEPA, HEOOXOAMMYIO IS XPAHEHUA OTHO-
ro W3 JByX 3HAKOB 0 H 1, ACRONBE3YEMEIX I MAIIMHHOTO NPEECTAB-
JicHHA OAHHBIX H KOMaHI.

MMockoAbKy OMT — CAHMIOKOM MENKas eIHHNN2 WIMEpeHHsa, Ha
MpaKTHKEe Yalle NpHMeRAerca Gonee KpynHad eauHHOa — GaiiT,
paBHasl BocbMH GUTaM. B 9acTHOCTH, BoceME OHT TpebyeTca Wi Toro,
qTO6BI 3aKOOMPOBATH MIo6oH u3 256 cumeonos ASCII (256 = 2%).

«HAMeloT XOXIeHHe» Takke Gosiee KPYIHEBIE TIPON3BOAHHE €IH-
HULUL HHpOpMamuu: kwiobady (K6aitt, KB) = 10° 6aiir, merabaiit
(M6aiit, MB) = 10° K6Gaitr, rura6aiir (I'6atit, GB) = 10° M6aiir, Te-
paGaitt (T6aitr, TB) = 10° I'Gaiit, netabatit (I16aitr, PB) = 10° T6aitr.

3aMeTHM, YTO YacTO BO3HMKAET HEONHO3HAYHOCTH B MHTEPIpe-
TalliH, Hanpumep, | MGaiita, Kotophiii MOXeT paccMaTpHBAThCS
Kak 1000 K6aitr (mecsrrvunbiit Merabaiit), tak u 1024 K6aiir (61-
HapHbIif Merabaiit). B Tabn. 1.3 npEBeaeHbl MOCHEACTBHA TaKoH He-
OXHO3HAYHOCTH.

Tafiruya 1.3. OminomeRAs, BOIARERANAING A OIAHRAKOBOM NPOTTERANA JeCATHIHMX
H ABONYHBLIX HpeHKCOS EAHLAND FiMepeaRn EROPMANHA

Toogms | Cromanms| ot aes | “sam | onp

KHRO K 2t 1P 1,024 = 1024/1000
Mera M o 108 1,0486 = 1 048 576/1 000 000
rHra r b 10° 1,0737

Tepa T oM 101 1,0995

neta n 2 10 1,1259

3Kca 3 2 10" 1,1529

3eTTa 3 2 17! 1,1806

#orTa it oM 109 12089

OueBHAHO, YTO YeM GOJBIIE H300paKAEMOe YHCIO, TeM Dobilie-
r0 3HAYEHHA MOXET JOCTHTATh PACXOXKAEHHE, BHI3BAHHOE HEOTHO-
3HAYHHIM NOHHMAHMEM WCIIONL30BAHHOIO npedukca. B gacrHocTH,
PATHAIA MEXIY «IBOMYHBIM» H «IECITHIHLIM» KAI0OalfiTOM cOCTaR-
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nger 2,4 %, HO MEeXAY «IBOMYHBIM» H «IeCATHUHBIM» IHTabaiiToM —
yxe Gomee 7 %. Lia Toro yrobbl paspellNTh TY IYTAHHLY, OBUIO
NPEAJIOKEHO BBECTH ABOHIHLIe NpedUKCHL

B mapre 1999 1. MOK — MexayHapoaHast 3neKTpoTeXxsHHyecKasn
xomMuccHa (International Electrotecnical Comission — 1EC) npenno-
XHMAa HOBRH CTAHAAPT W11 0003HaYeHNd ABoHYHBbIX Yyncel. Ipedmk-
col MBK cxoxi ¢ npuBeMHEIMH npedrkcaMn CH (MexmyHapon-
HOM CHCTEMBl H3MEpPeHMA PNINIECKHX eANHNI]) — OHM HaYHHAIOTCH
ONMHAKOBQ, HO BTOpO clor ABOMYHEIX mpedukcoB — 6u (oT axes.
binary — <«aBoWMHBIN»). CTaHmapT Ol YTBEPXJACH, HO BBEeHHKIE
HA3BaHHA NCIOAB3IVIOTCS HepeTy/HpPHO, OYCBHIHO, H3-3a HX HeOoObIY-
HOCTH: «KWJIOOHT» 3BYUHT NPHBHYHEE, HeXeJMH «KHOHOMT», PoccHil-
ckuit TOCT 8.417—2002 («EDHMHHLEBI BeJIMUHH») TAKOKE ONpeaciiaeT
CBO¢ HaNTHCaHNE ABOHYHBIX mpeduKkcoB ang Oakito (Tabm. 1.4).

Tafauya 1.4. Coorsercrane mpeduxcos MOK n TOCT 8.417—2002

’ Coxpamenua M3K Cowpaienue
MoePAC | oy GmrosfGaiiros | FOCT 8.417--2002 {ana Saitroe) naioHne

Kb, KIB | Kiblbit, KuGuGur, KGait 210 = 1024
KibiByts, KiB, Knb

MuGs, MiB | Mibibit, MuGnGwr, Miair 2% -1 D48 578
MibiByte, MiB, Mub

Mm6u, GiB | Giblbit, TuGnGnT, lair 2% 1073 741 824
GibiByte, GiB, Iub

Tn6u, TIB | Tubwtn, Gibibit, T6aiit 20— 1099511 627 776
TibiByte, TiB, Twb

Mubw, PIB | NwOnbuT, Nub Noair 2%

Ancoun Iconbut, b Jbaiir 2%

3niin 3ubninT, 306 Aaitr 27

Aotin HotinGur, Wnb AGaiT 280

TToka 4TO HeNB3s YTBEpPXKOATH, ITO JAHHBIE CTAHNAPTHI BCEMH H
0e3yCIOBHO COOINONAITCH, TIOCKONBKY Pa3sHOUTEHHE MPOJOJIKACT OC-
TABATLCH.

JBoHUHBIE TIPePHKCE HCITOAB3YIOTCH:

¢ 00ObMHO B (haiTOBHIX MEHEIXepax H ApYTOM TNpOTpaMMHOM

ofecedeHAN U1 KPATKOro onpeleacHns pasMepos dailios —
ec/H MporpaMMa cooOmiaer, Tro pasMep ¢aitma paBeH
100 K6aiir (100 KB), To 3TO COOTBEeTCTBYET NpHOMH3HTENLHO
102,4 THIC. DaliT;
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+ TIPOH3BOIUTEIAMA PA3THYHLIX BHIOB MONYIIPOBOTHHKOBEIX 34-
noMHHaOUMX yerpoiicte (O3V, I3V, dasu-naMars), Hanpm-
Mep «kapra Secure Digital Ha 1 I'Gaifrs;

* eMKOCTh KOMITAKT-TACKOB {HanpHMep, «700 M6aiirs) 3amaeTca

_ OBBIYHO B «XBOWYHBIX MerabaiTax»,

+ cormacae TOCT 8.417—2002 mpucrapkn K-, M- u I'- (mmpo-

NMUCHBIMH GYKBAMM) TIpHMMEHHMTEIbHO K GaliTaM MMeoT MBOMY-
HOE 3HAUCHUE,
IIpHCTABKM <«KHJIO», <«M@ra», <«[Hra» TPaKTYIOTCA KakK JecH-
THYHEIE:
e B TEJICKOMMYHHKALIMOHHNX TPIUIOKCHHAX, HAIIPHMED <«KaHal
Ha 128 KILIOGHT B CEKYHIY»;

e KaK HCTOPHUYECKH CIOXHBIIAACA TCPMHHOJIOIMA IPH YKa3aHHH
o0neMa XecTKHMX THCKOB (MMCK Ha «4{) rurabaiit» uMmeeT pas-
Mep 40 mipn Gait). CTOPOHHHKH IIPOTHBONONOXHOTO TIOAXOAA
OOBHHAIOT GUPMBI-NIPOUSBOAWTS/IH B 33BEINICHUN TGP 00he-
Ma HOCHTeNEH ¢ rMoMoIIEBI0 fonee MENKOH eTHHHUN («KOMMep-
YecKHH MerabaiiTs);

¢ eMkocTk DVD (4,7 ruraGaifr) Taxe 3amgaercd B JeCHTHUHBEX

rurabaifrax;

o Ip  HedopMaNbHOM OOIEHMH (HampuMep, mpo ¢ain B

100 THIcTY GaifT MOTYT cKazaTh «(atin B 100 kunobaifr»).

EcTh M MHEIC MPHMEpPH, B YACTHOCTH, PasMep TPeXmIONMOBOI
AuckerH B 1,44 Mb6aiiT (BKniouasa cnykeOHHe DaHHBIE — 3arpy3oq-
HEIH cexTop, H TAONHIEI FAT) 3amaeTci B ABOHYHO-JECHATHY -
HHX Merab6aiiTax (omuH MeraGaiit pasasercs 1 024 000 Gaiiram).

JLns onAcaHus CKOPOCTH Nepeaavyy AAHHBIX MOXHO HCIIOIB30BATE
TepMHH Go0. Uncno Gom paBHO KONMYSCTBY 3HAYalHX H3IMeHeHHIA
cUraana (moTeHuana, ¢asel, 9acToTH), MPOHCXORAIINX B CEKYHIY.
[TeproRayanpHo G0N HCIONB30BANCA B Telderpaduu. JIng DBOMUHBIX
CHTHAMIOB HepeaKo MPUHHMAIOT, 9TO 600 pasex Gumy 8 cexyHoy, Ha-
npumMep 1200 6ox = 1200 6ur/c. OmHAKO €MIHHOTO MHEHHA O MPABHAL-
HOCTHM HCITOMB30BAHMS 3TOTO TEPMHHA HeT, OCO0EHHO NPH BEICOKHMX
CKOPOCTAX, TlIe YACIO ONT B CEKYHOY HE COBIANACT ¢ YRCIHOM Oon.

Hoduposanue cumsonsrol usihopmatiuu

Kod (code) — cOBOKYHHOCTH 3HAKOB, CAMBOJIOB H IIPABWI Tpe-
crapneHnst MHbopMani. PaccMOTpHM METONR THCKPETHOTO IPei-
CTaBNCHHA WHGOPMAalMH, HWIHM KOOUPOBAHHA (KOTOPEIC, HANO CKa-



32 Fnaea 1. BuvKCAHTERBHBIE YCTPOWCTBA H MALLHH. ..

3aTh, NMOABWIHCE 3a0OJTO OO BBHMHCIMTEALHHIX MamuH). [lepBhiM
THPOKQ H3BECTHHIM NPHMEPOM ARMAeTCA a36yka Mopse (1abn. 1.3),
B KOTOpO#H OYKBH JIATHHHIK (W1M KHPWLUIMIE} M LH)PH KOAUPY-
OTCH COMCTAHHAMH M3 «TOYEK» H «THpe». BocronpayeMcsas JaHHBIM
KOAOM I HITIOCTPALMH OCHOBHHIX TIOHATHM, CBA3AHHEIX ¢ KOOH-
poBaHKEM (He BIABAACEH B TEOPHIO KOTHPOBAHKA).

Tabauya 1.5, Dparmenr koaa Mopse

Cwmeon exopnoro anchassa | MugmoHwseckoe ofiosHavesse no MGG KOROREA (IHAKGBAR) KOMEMHALUMA

aifz -
bravo
charlie
delta
acho

m O e

yankee -—
Zulu —_
one —

- =g

9 nine —_

* MexayuaponHBiH Cpon CHrHanos.

Kogupyempie (0003HavaeMEl ) 3IeMeHTHI BXOAHOTO al-
¢aBUTa OOHYHO Ha3bIBAIOT CHMBOJaMH.

CUMGOAOM (CAYHCUIN YCADBHDIM 3HAKOM KAK020-HIOYOL noxamus,
feAeRUA), KAK NpaBuiao, gansercs HHdpa, Oykea, 3HAK MYHKTYALIMM
WIH HeponiHg €CTCCTBEHHOIO S3hIKA, 3HAK NPENHHAHNA, 3HAK Mpo-
Gesa, cOeOIMANBHBIN 3HAK, CHMBOJ onepalinyu. KpoMe 3Toro, y4nTEI-
BAIOTCSA VAPAEARIOUNE (SHENSYAMHBe» ) CUMBOAYL.

Kopupywomue (0603HaYaQ I He) 3MeMEHTR BRIXOOHOTO
angaBUTA HAZLIBAIOTCA 3HAKaMH; KOIWYECTBO PA3HYHHX 3HAKOB
B BHIXOMHOM andaBHTe HA30BEM 3HAYKOCHMbIO (-GPHOCMIBIO, -UMHO-
cmbi0, HAUPUMED «OMHADHHI» WIH <ABOMYHKIH» KON); KOJWYECTBO
3HAKOB B KOAHUPYIOLIEH IOCIEAOBATENLHOCTH A1 OMHOIO CHMBOJIA —
Pa3pROHOCMbIO KOO,

IIpocTpaHCTBeHHO-BpeMeHHGE pacHmoJOXeHHe
3HaKOB KOAA TIPUBOINT K IOHATHAM HAPAALCALHWX WIN nocredoea-
meaprbix KomoB. Ilpy mocnegoBaTeNbHOM KOHAE KaXIHi
BPEMEHHOM TAaKT NpPEeAHAa3HA4YeH A OTOOpaXeHMst OXHONO paspszaa
coBa. 3aech BCe paspaapl ClioBa GHUKCHPYIOTCA MO OYEpPEdH ODHAM H
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TEM XKE 371EMEHTOM M TIPOXOAST Yepes OOHY M TY Xe JIMHHID Nepeaa-
yH (HanpHMep, pagHo- WIM ONTHYECKWE CHTHaibl MHOO mepenaya
JaHHLIX 1O ABYM MPOBOZAM, ABYXXKIIEHOMY KaGeno).

Tpu mapanneabHOM KOJe BCe 3HAKH CHMMBOJIA TIPeACTaB-
NATCA B ONHOM BPEMEHHOM TaKTe, KaXIOkli 3HaK MPOXOAUT Yepes
OTHE/IbHYIO JIMHHIO (HATIPUMeEp, MO YEThipeM IMpOBOAaM, 4eThIpeX-
FKWILHOMY Kabenio), obpa3ys CHMBON (T. €. CHMBOJN NMEPENacTCA B
OIHMH NpHeM, B OAMH MOMEHT BpeMeHH).

Jia mocnenoBaTeNbHONO KOXA XapakKTepHO BpeMeHHGe pas-
AeAecHHe KIHANOB IPH nepeaade HHPOPMALMH, LA NapaiielbHO-
IO — NPOCTPAaHCTBeHHOE. B 3aBUCHMOCTH OT TIPHMEHAEMOTO
KORa pasMTHyaloTcsl yCTpoHCcTBa Napa/LIeNbHOTO H OCNEIOBATEIbHOTIO
JeficTey.

IIpuMeHNTENBHO K 230yke Mop3e (AM):

* CUMEOAAGMY ABJIAIOTCA NEMCHTH A3BIKOBOTO angabuTa (OYKBM
A—Z wu A—A) ¥ umudposoit andasut (30eckr — nAgpPH
0—-9);

* JHAKAMH ABTAIOTCA «TOYKA» K «THPE»> (HIH <« W «—» JJHOO «1»
il «0», Kopoue — ABa MOGHEIX pa3sHBIX 3HAKA),

» TIOCKONBKY 3HAKOB Ba, AM sBnsiercs deyanaunsim (Ounaproim,
OsouuHbiM) KOAOM, eclid 6H MX ObUTO 3, TO Mbl HMeNH BhI Jelio
C MPOUHHBIM, MEPHADHOIM, MPEXIHAYHUM KOOOM;

* TIOCKOJIBKY YHCIO 3HAaKoB B AM konebinerca or 1 (6ykeu E, T)
o 5 (uMdph), 3EECH HMEET MECTO KOJI C HepeMerHOol pazpaino-
cmoio (B AM yacTo BeTpevyaloldecs B TEKCTE CHMBOJIBI 060-
3HaYeHH GoNee KOPOTKUMH KOJAOBbIMH KOMOMHAIIMAMH, HEXe-
JIM peIKHe CHMBOJBI);

s MOCKONBKY 3HAKH TEpefaloTcs NOCHefoBaTeNbHO (IeKTpHye-
CKHE MMIIYIBCH, 3BYKOBBIC WIH ONTHHCCKHE CHTHANH pa3HOH
IIMHEL, COOTBETCTBYIOUINE «TOUKaM» H «THpe»), AM ecTb no-
caedosamensimié Koo,

[TepBric oNBITH TenerpadHOM M PagHOCBA3H OCYIHECTBILSLINCH
HMeHHO mocpeacTeoM AM, npuueM TpHeMHOe YCTPONCTBO 3aMHCHI-
BaJI0 MMIIYALCH IMEPEMEHHON AIVHB B BHOE <TOYCK» H «THPS» HA
ABIDKYHIYIOCA TenerpadHylc JIEHTY, OZHAKO vXe B Hauate XX B.
OLin OCYIUECTBICH Triepexol Ha S-paspsagubiit (5-Ourtosnitt) Tene-
rpadRBIE Koa.

B Ta6bn. 1.6, 1.7 mpuBoauTCs NepedeHh HaHGONee H3BECTHHIX KO-
JI0B, HEKOTOPHIC U3 HHX MCIO/R30BAIMCE ICPBOHAYANBHO JJIA CBAIH,
KOAHpPOBaHUA JaHHHX, a4 3aTeM LA [peACTABACHHA HHGOpMAaLHKM B
DBM.
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Tabauya 1.6. XapaKTepuCTEEN BeXOTOPMX BARboAee MIBECTHLIX KONON
Hanmeno- | Pacw B/ Lpyrus o
BaHWE KOOa mﬁ::n HLIBIHAA Pal:).l;l'b K(Illﬂemi
Baudot Kon Bono 1A-1 — 5 B npownom — eaponeRCKMA CTAHAAPT ANA
international TenerpadHoON CBAIN
alphabet N2 1
M2 MKKTT-2 1A-2 5 TenerpacpHelid kofl, NpeanoxesHoIl Mexpy-
CCImT-2 HAPOfIHLIM KOMUTETOM 10 TeNOIOHNMN U Te-
nerpagwd  (MKKTT) W 3amenusiwnid xon
bone
ASCI-7 American 150-7 7 Kon ona nepenavn AaHHuX, NOAAepINBasT
Standard | IA-5, USASCII, 128 cHMBOROB, BKMOHAIOMHX NPONWCHBIE W
Cade for ANSI X3.4 CTPOMHBIE CHMMBONB MATHHMUL, twdpel,
Information CNELMANbHLIE 3HA4KK W YNPABNAIDINNE CHM-
Interchange BOPN. NMOcNe NOGABABHWA HEKOTOPHIX Ha-
UMOHANBHBIX cHmECNoR (10 GUHADHLIX KoM~
GnHayuif) Guin npuuat MaxaynapogHoii op-
raHusaumedi N0 craHpapmasanmm (1S0) Kax
cTanpapr 150-7
ASCII-8 Toxe 8 JInA BHYTPEHHOIO N BHEILHETD NPSACTARNE-
HWA BaHHLIX B BLMWCIHUTANLHBIX CHCTBMAX.
Bmo4aer cTaHpapTHyIo YacTb (128 cumeo-
NOB) W HauwoHaneHywo (128 cumsonos).
B 32BHCUMOCTM OT HALMOHANBHOR 4ACTW KO-
NOBGE TalnWUE! PA3ANMANTCA
EBCDIC Expanded 8 NpepnoseH cpupsoil [BM anA mawun ce-
Binary Goded puik IBM/360-375 (BHyTpeHHee npepcras-
Decimal NEHPE JAHMLIX B NAMATH), 2 3aTEM PACAPO-
Information CTPAHMBLIWACA M HA CHCTEML APYIWX Npo-
Code uasofwTaned
Hollerith Kon Kon nepcho- 12 |Npepnowen ana NK (1913 r.), sarem me-
Xonnepura Kapr (NK) NORLIOBAGWHACA ANR KONWPOBAHWA WH-
chopmaumi Nepeq saonom 8 IBM ¢ NK
UNICODE | UNlversal 16 |Nockonuky ® 16-paapapwom  UNICODE
Code MOXHD 3axonmpoeats 65536 cumeonoe
emecto 128 s ASCII, 1o omapaey Heobxonu-
MOCTE B coanaHun mopmduauni Tabnmy
xopoe. UNICODE oxeatwBaer 28 D00 Gyxs,
3HaKOB, CNOroB, HEpOrNUGI0e HALWOHANL-
HbiX A3LIKDB MApa
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Tatiauya 1.7, PpantesT ReROTOPHX KoNoBMX TREMAN (YEx3amu 16-pusmse KoM
CHMBONOR)

Cumeon 14-2 Bopo 150-7 EBCDIC ASCII-8 Xonnepur
_A 03 10 11 c1 al 900
B 19 06 42 c2 A2 880
C 0E 16 43 C3 A3 840
D 09 1E 44 c4 A4 820
a . 61 81 El
b 62 82 E2
c 63 83 E3
d 64 84 E4
. {TouKa) 1c 05 2E 4B 4E 842
, (3anaTan) oc 09 2¢ 6B 4C 242
: {mBOGTO- 1E 3B SE’ 5B 4104
ume)
? {(sonpac) 10 0D 3F 6F SF 206
H3bbimovnbie nodbt

IIpn 3amucH H Nepedade JAHHHX YacTO HCIONMBLIVIOTCA #30Nmo%-
Hble Kodbl, T. €. TAKHE, XOTOpEIE 33 CYeT YCIIOXKHEHHS CTPYKTYPE NO-
3BOJIAIOT TIOBBICHTL HANCKHOCTD MEPEIayr JAHHEIX,

Koowt ¢ ofnapywenuem omubox. PacripocTpaHeHHEIM METOAOM
OOHApYXeHUT OIIMOOK ARILETCA KOHTPOJMER OO YETHOCTH
B atoM cayuae NpH 3anAcH GaifTa MHGQODMALNH B 3aNOMHHAIOLICE
YCTpOHCTBO TeHEpHpYETCA NONMONMHHUTEALHHI KOHTpOMLHBIH OHT, B
KOTOpHIH 3anuceBaeTca «0», echH 210 IACIIO deTHoe, M «1», ecln
OHO HedeTHOe. EC/IH MpH YTEeHMH paHee 3alMCaHHOIO OaifTa BHOBB
HO/IYYHTH KOHTPOILHBIH OMT M CPABHUTL €10 C YXKE HMEIOLMMCS, TO
MOXHO CYITUTH O AOCTOBEPHOCTH HoMydaeMoii HHGopManuH.

IInpoko ucmonb3averca i obHapyXeHns olmbox B 6110Kax NaH-
HBIX TAKKE KOA ¢ HHIJTMYECKNM KOHTPONIEM — WUKAUYECKRI u36umovy-
nuili kod obnapyxcenus ouwnbox (Cyclic Redundance Check — CRC).
3Oeck BHUHCIACTCA KOHTPOJBbHAsA CyMMa COTCpPXHMOre OnoKa JaH-
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HEIX Mepel ero nepeaadeii, BKNoYaeTcs B OTHO U3 norel Oroka, a 3a-
TeM TIOBTOPHO BHUHKCAACTCA Noche nepenaud. HecoBnanenue pesyib-
TATOE CBHOETENECTBYET 00 OIMOKe B TIepeIaBagMOM COZEDXKUMOM.

Koppexmupyrowne xodsr. B OTBeTCTBEHHEIX NPHIOXKEHMAX, Tpe-
GVIOIHNX MOBHIICHHOW HAmeXHOCTH XpaHeHWA HMH(pOpMalHH, TpH-
MeHR10Tes Gollee cepbe3Hbie, YeM KOHTPONb YeTHOCTH, MEeTOAEE obec-
NMeTeHAA HEIOCTHOCTH JAaHHBIX. K HAM OTHOCATCA KOPPEKTHPYIOLINE
komul (Error Correction Code — ECC), No3BoaionHe HE TONBKO
0OHAapYXHBEaTh OIWMOKH, HO W BOCCTAHABAHBATh HCKAXCHHYIO HH-
tdopMamiio 3a cuer ee N3GMTOUHOCTH. TaK, CYLIECTBYIOT MOLY/IH Na-
MAaTH co cxemaMyd ECC, B KOTOpSIX A8 XpaHeHHA KOHTPOIBHOH MH-
¢opMaUMH HCIONBL3YeTCA HE ONMH, a ABa OHMTAa, B KOTOPLIX XpaHHTCA
OCTATOK OT ACHeHUS YHCHA Ha 4 (aeneHue nmo monynio 4). bnarogaps
3THM JaHHBIM c¢Xema ECC ymeer oGHApYXHBATh M HCNIPABIATE OOH-
HOYHEIe MCKRXKeHHEIE OHTHI, a Taxke OOHADYXKMBATh (HO HE MCIIpaB-
JIATE) ABoiiHKHe omMOKH. Moaynu namamu ¢ ECC obuyHO croaT 3a-
METHO JIOpOXe M TMPUMEHSIOTCA B OCHOBHOM B cepBepax. B obniem
cayyae ECC npHMeHAIOTCA BO BCEX COBPEMEHHEIX THCKOBBIX M JICH-
TOUHBHIX HAKONHTENSAN. 3a cuer HHOOPMALHOHHOM H30KTOYHOCTH 3a-
KOOHWPOBAaHHLIX HAaHHBIX YNACTCA BOCCTAHABIHBATL INOBPEXKACHHLIC
fnoxu ungopMauy AMHHONH B coTHH Galit. Haubonee mHpoko ripu-
MEHMIOTCA moMexoycToliunenie konsl Puaga — Conomona (Reed —
Solomon), a Takke Ko XeMMHHTa, MO3BONKIOEAH MCHIPaBIsTL 0T~
HOYHHE OIUHOKH, MOABAAKIIHAECA B O/10KaxX JaHHEIX.

Koduposanue u obpabomua wucen

KpoMe KOIMpOBAHMA CHMBOJIOB, B DBM oOUeBHAHYI0 BAKHOCTH
MMEST KOAMPOBAaHUE M MPEACTABACHHUE YHCE.

Cucmemst ceucaenun, YeToBeK MPUBHK CYHTATE MpeAMETH Ae-
CATKAMH, COTHSMH. NECATH €ANHHU 00pa3yloT NecHTOK, NeCATh le-
CATKOB — COTHIO, AECATh COTEH — THICSYY M T. 1. 3T0 — HeCATHYHASA
CHCTEMA CYHCICHNA, KOTOPAS He SRNSETCH eNMHCTBEHHO BOSMOXHON
(M3BeCcTHA, HaIpHMep, NBEHATUATEPHYMHAA CHCTEMA CYHCICHHSA).

CHcTeMa CUHMCIEHHA — cCIocod HMEHOBAaHMSA M H300pakeHHsS
YuceN ¢ MOMOIUBIO CHMBOJIOB, HMEIOIINX OfpedefeHHEIE KOMHYECT-
BeHHEIE 3HA4YEHHA, B 3aBHCHMOCTH 0T crocofa H300pIKeHUA THCEN
CHCTEMBI CUHC/ICHHA JEAITCA Ha:

¢ HETO3HLIMOHHEBIE,

¢ NMO3HLMNOHHEE.
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Henosuyuonnwe cucmemu cuucaenus B rakoi cicre-
Me Lupbl HE MEHSIOT CBOETO KOJHYECTBEHHOTO 3HAYCHHA IIPH H3-
MEHEHHH HX pacloNOXeHHA B YHCIe.

Cambiii nipocToft H OYeBHAHBIH TIPHMEP — CHCTEMA CUMCIEHHMA,
riae KoindecTso oboanadaerca | (manodkoit/eqMHHAIEH):

1=1;
2=11
5=11I1EL

10=TIITITIIIL
IMycTs, manee crenylonike CUMBONE (IIMpPH B THIOTETHYECKOH
CHCTEME CYHCNEHHS) COOTBETCTBYIOT YHCIAM (B JeCATHIHOMN CHCTeMe

CUHCNEHUS):
o-1;
2 — 6
= —-12;
2®» — 24;
n — 60;
& — 365,

M IYCTh €CTH MPaBIIO, M0 KOTOPOMY YHCIIO MOXHO 3aNucaTthk ool
KoMOHRAalMedi TakiuX CHMBOJNOB, 4YTOOBl CyMMa O0O3ZHaYaeMBIX HMH
yucen GbUTa paBHA 3aJaHHOMY YHCTY.
Toraa 444 MoxHO 3anucaTh IO KpaiHell Mepe ABYMA cniocoGaMu:
M2l (365+60+ 12+ 6+ 1);

DTz (6+ 14365 +60+12),
T. e, §Mponall = 2 Moz,

Takasi cUCTeMa CUMCNEHUS SBISETCH HEMO3HIHOHHOM, Tak Kak
uAhpBl He MEHAOT CBOSTO KOIWMECTBSHHOIO 3HAUCHNA IIPH M3MEHE-
HHH UX PacONOXEeHHSI B YHCIIE.

Hozuguonnse cucmeMu cyucaenys B IToM crydae Ko-
JIHYECTBEHHOE 3HAUYCHHE KAKIOM NU(MPH 3aBHCHT OT ¢¢ MecTa (110-
3HMIIHK) B YHCHE.

JdeCaTHUHAA CHUCTEMa CYHCTIEHMA SBAAETCS FMOAHWLMOHHOM, Tak
KaK 3HavYeHMe Kaxuaol mudphl 3aBHCHT OT ¢é¢ MecTa (TIOIHIIMH) B
qyucIe.

HaniprMep,

23=2x10+3;

32=3x10+2

u23£32
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PHMCKast CHCTEMA CUHCICHMS ABIAETCH CMENIAHHON, TaK Kak
3HAYCHHE KXol U(QPH YaCTHYHO 3aBHCHT OT €¢ McCTa ([ZO3HLIMH)
B yMcne. Tak, B yAcnax

VII

VI

v

V obosHauaer 5, a I obosHavaer 1. Ho, ¢ apyro#i cTOpOHH, BaX-
HO, KaK UHOPH PacioNoXeHBI OTHOCHTEABHO APYT APYra:

YII=5+1+1=T7,

Vi=5+1=6;

IW=5-1=4

HanGosee ecTecTBeHHBIN Criocol rpeacTapIeHUs YHCAA B KOM-
NBIOTEPHOI CHCTEME 3aKMIoYaeTcd B MCTIIOIB30BAHHH CTPOKH OHTOB,
HAR3LBACMOH ABOWYHEIM YHCIOM — YMCIOM B IBOMYHON cHCTEME
CUMCHIEHNAS (CHMBOJ TAKkCKe MOXeT OhITh MpefCcTaBleH CTpOoKoi Ou-
TOB, HJIH CHMBOJA),

Ocrosanue no3uuuoHNOl cucmeMbl culcaenys — Kommdectso (P)
Pa3THIHEX IHPP, HCIIONB3YeMBIX ATA N300paxeHNs 4HCIa B MO3H-
LMOHHOI CHCTEME CYHCACHMA. 3HaueHHsA HWHQp JeXaT B npelnenax
or 0 go P-1.

B obimeM cnydae s3anuck moboro yncna N B cHCTEMe CUHMCIICHHS
¢ ocHOBaHHNeM P Gyder mpeacTammiTh coGoll psim (MHOTOWIEH) BHAA:

N=a  x P +a,,xP™ 4. . +a,x P+ ..
wet@yxPrax P+ +a,x P ra,x PP+ . +a, xP. (L])

Hypxkane UHAEKCH OTIPEAETISIOT MECTOMOMORCHHE IHGhPH B YUC-
ne (paspan):
¢ TONIOXHKTC/NBHEC 3HAYCHHS HHAEKCOS — s HeJoH YacTH Yuc-
na (m paspsaaos);
¢ OTpHUATE/IEHHE 3HAYCHUA — B ApoGHOI (5 pa3psamos).
MakcrManeHOe HEeAoe IUCIQ, KOTOPoe MOXET ORTh NpeACTaBie-
HO B m pa3psuax:

N, =P"—1

MHHHMATEHOE 3HaYaluee, He paBHoe 0 YHCIO, KOTOpOe MOXHO
3aIMMCATh B § pa3psagax JpoGHOH YacTu:

N, =P~

HMea p menoit 4acTH Yucaa m pa3psaaoB, a B JpobGHOIT — 5, MOX-
HO 3anucars P™*° pasHBIX 4YHCEN.



1.2. Mnpopmauus, xopupoeanue u ofipaborka s IBM 39

Heowunas cucmems cuncaenus (ocHoBaHue P = 2) ucnone3yer And
rpeAcTapNeHAs HHGopMaIHH ape mudpel — 0 u 1.

CyiecTsyior nMpoCcTHE NPaBWiIa MepeBona YHCE W3 ONHOM CHC-
TEMBI CYHCTICHHSI B APYTYIO, CCHOBAHHEIE, B TOM AMCle, H HA BBIpa-
xeHuu (1.1).

Hanpumep, asowdHoe 4ucno 101110,101 paBHo zecATHIHOMY
yucny 46,625:

101110,101, =1 x 2+ 0x 2+ I x 2+ 1 x 2+ 1x2'+0x 2"+
+1x 27"+ 0x 22+ 1 x 27 = 46,625,

IMpakTHIeCKH MepeBof M3 JBOMYHON CHCTEMBI B JECATHYHYIO
MOXHO JICTKO BLUTOMHHTB, HANMHCAE HAA KAXABIM pa3psaaoM COOT-
BETCTBYIOIIMHA MY BEC M CJIOXMB 3aTeM NPOH3BeIeHAA 3HAYCHHH co-
OTBETCTBYIOIIHX UHbp Ha HX Beca.

Hanpumep, nsouunoe uucno 01000001, pasHo 65, Hdeficrsu-
TensHO, 64 x 1+ 1 x1=65.

Bec 128 64 32 16 8 4 2 1
Lindbpa 0 1 0 0 ¢ 0 0 1

Takum obpa3oM, A IIEPEBOAA YHCHA H3 TTO3HIHOHHOH CHCTEME]
CYHCJIEHNA ¢ JIIOOBIM OCHOBAHHCM B JCCATHYHYIO CHCTEMY CUNCIIC-
HHASL MOXHO BOCTIONB30BATRECA BHIpaxeHHeM (1.1).

ObpaTHLIE nepeBol U3 ACCATHYHON CHCTEMBI CYMCIICHHA B CHC-
TEMY CYHCJICHHS ¢ APYTHMM OCHOBaHHEM HemocpeactBeHHo mo (1.1)
3aTPYHHTEJIEH, MOCKONBKY BCEe apH(METHYCCKHE ACHCTBHA, Npeay-
CMOTpeHHBIe 3TOH GOpMYIOi, cleayeT BHNOWIHSTL B TOH cMcTeMe
CUHCIEHMS, B KOTOPYIO YHCIo nepesoAnTed. OOpaTHRIA nepesol Bhi-
NOAHAETCA 3HAMHTENBHO MpOLIE, ¢CIH NMpeaBApHTCNEHO Hpeobpalo-
BaTh OTACABHO HEIYIC H APOGHYIO YacTH BeipaxeHud (1.1) K puay:

N =@y x Pra, ) xP+..+a)x P+ra)xP+ay);
Np=Plx(a1+Plx(ay+Plx(as+..+ P Vx{a 1+ P 1 xay).))).

ANTOpUTM MEPEBORA YNMCAA M3 JECATHYHOH CHCTEME CYMCIACHHSA
B CHCTEMY CUMCJICHHS ¢ OCHOBaHHeM P, OCHOBaHHHIX Ha THX BRIpa-
XeHMAX, TO3BOJISET ONepHpOBaTh YMCIAMM B TOM CHCTEMe CYHCIe-
HHS, H3 KOTOPOl YMCIO NEpeBOAUTCA, H MOXET GHTL chopMyIHpo-
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BaH cleyIOIMM oGpasoM (NpH MepeBoie CMENIAHHOTO YHCIA CERY-
€T IEPCBOIATE €10 LUEAYI0 H OPOOHYI0 YaCcTH OTAC/IBHO):

e A TICpEBOIA LEI0H YacTH 4YHC/IA €€, a 3aTeM LENRIC JacTH fo-
JYYAIOUMXCH YACTHBIX OT ACMICHHA CHEAVET IMOCACIOBATEABHO
AEIUTh Ha OCHOBaHME P 10 TeX mop, NMOKa o4YepeAHas Licaas
YacThk YACTHOTO He oKaxeTcs papHoif 0. OcraTki OT AeNeHMS,
JaNMCAHHHKE TIOC/ICTOBATENBHO CIpaBa HAICBO, 00pA3yIoT Le-
JIYIO MacTh MHCIAa B CHCTEME CUMCICHHR C OCHOB2HHEM P;

« N8 nepepoda apobHOM YacTH yMcaa ee, a 3aTeM OpobOHEIe Jac-
TH NOTYYAKMIHXCA TPOHUIBEASHUN CIEIYeT NOCACAOBATENBEHO
YMHOXATh Ha oCHOBaHUe P N0 TeX Mop, MOKa ouepeaHasa gpod-
Has 4acTk MMPON3IBEACHHA He OKaXeTcHa paBHoH 0 M He Gyxet
AOCTHTHYTA HYXHAasA TOUHOCTE Epobn. Hesanie yacTh mpom3pe-
JEANii, JamHCAHHBIE NOCHe 3aMATOH NMOCNEROBATENILHO CleBa
Hanpaso, o6pasyioT JpoGHYIe YacTh MHCIa B CHCTEME CUMCe-
HHA ¢ OCHOBaHMEM P,

Tlycts TpebyeTcd NEpeBECTH CMEINAHHOS 4YHUCHQ (HAnpHMep,

46,625) U3 DecaTHIHON B IBOMUHYIO CHCTEMY CUMCICHIA.

1. INepeBonyMM LEYIO YaCTh YHCIE,

46 : 2 =123 (octarok 0);

23:2=11 (ocratok });

11:2 =5 (ocrarok 1);

5:2 =2 (ocratok 1);

2: 2 =1 (ocrarok 0);

1:2=0 (ocrarok 1).

JancHBACM OCTATKHM  TIOCJICHOBATENLHO CNpaBa HAMEBO —

101110, T. €.

46,, = 101110,.

2. MepeBonnsM ApOBHYIO YACTb YHCHA;

0,625 x 2 = 1,250;

0,250 x 2 =0,500;

0,500 x 2 = 1,000 (apoGaas yacts pasHa 0 = crom).

JanucHBacM LE/IHE 9ACTH NONYJAIOUIMXCH NPOU3BEACHHIN TOCHe

3anATO MoCNeNOBaTEALHO cieka Hanpaso — 0,101, T. e,
0,625,,=0,101,.

OxoHuyatensHO: 46,625, = 101110,101,.

Kpome aBoMuHO! H ASCATHYHO! B KOMNBIOTEpaX MOTYT KCIOJNb~

30BATECA TAKKe JBOWYHO-IECATHYHAR H [IECTHAMIATCPHYHAs CHCTE-
MBI cuMcieHus (Tabn. 1.8).
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Tatauya 1.8. Tepewon wahp M3 InoFIR0i CRCTEMEL CINCICERR B BOCLMEPENYIO,
IeCTMANNATEPHNHYIC M SCATHIHYI ¥ Haobopor

Towama | PN | Temana | femenetbe | B | T e
900 0 0000 0 0 ¢000—-0000
001 1 0001 1 1 0000—0001
01t 2 0010 2 2 0000-0010
011 3 0011 3 3 c000—0011
100 9 0100 4 3 0000~-0100
101 5 0101 5 5 0000—010%
110 6 0110 6 6 0000-0110
111 7 0111 7 7 0000-0111
1000 8 g 00001000
1001 9 9 0000-1001
1010* A 10 0001-0000
1011* B 11 0601-0001
1100* c 12 0001-0010
1101* D 13 0001—-0011
1110* E 14 0001-0100
1111* F 15 0001-0101

* 3anpcm.cnu B JBOHYHO-ACCATHYHOM IPEACTARICHHH.

Illecmuadgamepuvnan cucmeme CUNCIEHRA YacTO HCMIOAB3YETCA
[OpH nporpaMMHpoBaHHMH. [lepepom 4ucen H3 INECTHAXUATEPWIHON
CHCTEME! CYMCNIEHHA B JBOMUHYIO BECEMA IPOCT — O BHIIOJIHACTCA
NOopa3pAIHo.

Ona wiobpaxenns uudp, Sonsimmx 9, B wecTHamaTepwaHoli
CHCTEME CYHCISHNS MPUMEHSIOTCA OYKBY A = 10, B =11, C =12, D
=13, E=14, F=15.

Hanpumep, wecTHagLaTepuyHOe YHeno F17B B JBOWYHOM cHUC-
TEME HMeeT BUA: 1111000101111013, a B ZECATHYHOR — 61819,

Jeounno-decRmuvnas cucmema CUACICHNA TONYIHNA OWIbIHOCe
pacmpocTpadeHle B COBpeMEHHHX KOMNBIOTepaxX BBUOY JIETKOCTH
MepeBona B OCCATHYHYIO CHCTEMY H oOpatHo. OHa HMcnome3vercd
TaM, Toe OCHOBHO¢ BHHMAHHE YACIACTCHA HE NMPOCTOTE TEXHWISCKOIO
NOCTPOSHNUA MAaLUHWHE, a YA00CTRY paboTe mone3oBatens. B neowy-
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HO-JECATHYHON CHCTeMe CUMCASHMS OCHOBAHMEM CHCTEMBI CUHCIE-
HuA sRageTca yucno 10, Ho Kaxmasa mecaTitHas mudpa (0, 1, ..., 9)
KOOMpYeTcs YeThIpbMA ABOHMYHRIMH IH(PaMH.

J BOHYHO-ACCATHIHAA CHCTEMA HE DKOHOMHYHA ¢ TOYKH 3pCHHA
peanM3aly TEXHHIECKOTO MNOCTPOEHHA MAIIMHH (TIpAMEPHO Ha
20 % yeenuumBaeTca TpeGyeMmoe obopymoBaHue), HO Gonee ymoGHA
NMPH ITOATOTOBKE 3a0a4 H NPH NPOrpaMMHAPOBAHHH.

fipedcmasnexue yucen 8 3BM

B 3BM npuMensiioTcs Ape GOpPMBI IPeICTABICHHAS YHACEN!
e ecTecTeeHHad ¢opMa, unK GopMa ¢ QHKCHPOBAaHHON 3aIATON
(Toukoit) — O3 (PT);

+ HOopManpHast dopMa, NIH dopma ¢ IIABAKOLICH 3anaToi (Tou-

xoi) — I13 (TIT).

Duxcapoeannan anaman (moxxa). B dopMe npencramrneHus ¢
Quxcuposannoi 3anamoii (mouxoii) yucna n3obpaxaioTca B BUAE TO-
CACOOBATEIBHOCTH HHQP ¢ MOCTOAHHEIM AIA BCEX YHCE MOAOXKCHH-
€M 3ANATOH, OTACHAIWEH IENYIO YacTh OT APOSHOMN.

Hanpumep, OycTh YHMCIA NPEICTABICHH B JECATHYHON CHCTEME
CYHCIIEHHS ¥ WMEIOT IIATh PA3PSANOB B LEAOH YacTH 4YHcia (Ko 3ansd-
Tol) U MATh — B SpobHONH yacTn (moche sansroit). Yucna, 3amacaH-
HEIC B TAKYIO Pa3pAIHYIC CETKY, MMEIOT BHI;

+00721.35500;

+00000.00328;

-10301.20260.

3Tta dopMa HawmGonee MPOCTa, eCTECTEEHHA, HO HMEET HeOOh-
100H AWana3oH NpeACTaBICHHA YHCE.

JHana3cH 3HavaluMx YHacen N B CHCTEMEe CYMCACHHS C OCHOBAa-
AHeM P npH HaIHJYHH m paspsAfoB B LEJON YAaCTH H § pa3psioB B
IpoOHON YacTH YHcna (6e3 yyeTta 3HaKa YMcaa) OYIET TaKHM:

P< NP P~

Hanpumep, npu P=2, m= 10 u 5= 6 yncaa M3MEHAIOTCA B JHA-
masoHe 0,015 < N< 1024, Ecnmn B pe3y/braTe ONEpalMH NOMYYHTCHA
9HC/I0, BHIXOAALIEE 3a JOIMYCTHMEIE TIpefesibl, MpOU3oHer neperon-
HEHNE pa3pAOHON CETKH, M JUIBHEHIiMe BEYMCICHHS TEPSAIOT
cMBICT. B coBpeMeHHEIX KOMHBIOTEpaX €CTECTBeHHas (opMa mpel-
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CTaBICHHA HCMONB3YETCa KAK BCIOMOTATEABHAA H TONABKO IS LEARIX
YHCEN.,

B mamarn 9BM wncna ¢ ¢puUKCHpoBaHHOH TOYKOHM XpaHATCA B
Tpex dopMaTax:

" e TIOMYCHOBO — 370 O6HYHO 16 6UT WM 2 HaiiTa;

e cioBo — 32 6ura niM 4 Baiira;

« XBOITHOe ¢cnoBo — 64 6ura mm 8 GaifTos.

Orpunarensibe 9ncna ¢ OT 3amHCHBAIOTCH B Pa3pAAHYIO CETKY
B OOMOAHUTENGHBIX KOIaX, KOTOpHe o00pa3yiorcsa IpubGaplcHHEM
¢OMHRIE K MiIalieMy pa3psay obparHoro koia. O6paTHENt Ko 1mo-
Jy4yaeTcd 3aMcHON eIMHHL Ha HY/IN, a Hy/IeH Ha CIMHANK B MPAMOM
IBOMIHOM KOIE.

Ilwaeaowmas 3anaman (mowxa). B GopMe npeacTapfieHHs ¢ Ia-
Batouieil 3anaToii (Toukoil) uncio Haohpaxaerca B BHAE JABYX I'pynn
uugpp:

e MaHTHCCA;

e TIOPSATOK.

Ilpu 2roM abcomoTHast BeIMYMHA MAHTHCCH JOODKHA OHTH
MeHbIe 1, a mopgaok JomkeH OuTE LENRIM YyHcaoM. B obmeM Bune
qucAo B (opMe © TUIaBalOIIcH 3amATodl MOXeT ObITh TNpPEACTABJICHO
TaK:

N=+Mx P¥,

rae M — manTicca yucha ((M] < 1);

r — NOpAZOK umncna (lieyoe YHCo);

P — ocHOBaHMe CHCTEMBl CUHCICHHS.

HamnpuMep, nmpuBedeHHBIE paHee 4YUCTA B HOPMAaNkHOH (opMme
3RMALIYTCA CACOYIOINM 00pa3oM:

+0,721355 x 10%

+0,328 x 107%;

-0,103012026 x 10°,

HopmanbHasa ¢opMa IIpeACTaRICHHA O0eCIIeYHBaeT OGoIbIIos
IWANAa30H OTOOpAXKEHHs YHCeN U ABNAETCH OCHOBHOH B COBPEMEH-
HBIX KOMIBIOTEpaX. Tak, OHAma3oH 3HAYalIAX YHCEA B CHCTEME
CUHC/ICHHA ¢ OCHOBaHHeM P NpH HAMMYMH m PaspafoB ¥ MAHTHCCH
H § pa3pamos ¥ nopagka (6e3 y4era 3HAKOBHIX Pa3pANOB MOPSIKa M
MaHTHCCH) Oyner:

P x PPV <N<(1-P")yx PP,
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Hanpumep, pu P=2, m=22 ¥ s= 10} iHana3oH YHCET NMPOCTH-
paercs npumepHo ot 107 no 10°®. Mna cpaBHeHus oTMeTmM, YTO
KOJIHYECTBO CEKYHA, KOTOPHIE NPOUUM ¢ MOMEHTA 00pa30oBaHHA MJia-
HeT COJHEMHON CHCTEMbE, COCTaBIsAeT OKoo 103,

Chaemyer 3aMeTHTb, YTO BCe YNCAA ¢ IVIaBarolleif 3anATol Xpa-
HATCS B MallHHE B TAK Ha3HIBASMOM HOPMAAU306AHHOM BHIE.

HopMan#3oBaHHBM HA3BIBAIOT TAKOE MHCIIO, B CTApLICM pa3paic
MAHTHCCHI KOTOPOrO CTOMT €ZMHMLIA {CIEIOBATENIBHO, IIA HOPMANH-
30BaHHHX JBOMMHBX ancen 0,5 < [M] < 1).

HopmamzoBaHHBbIE, T. €. NPHBSICHHBE K TIPABWILHOMK IpobH,
Yyucia:

10,35, = 0,1035,, x 10%;

0,00007245, = 0,7245, x 874,

F5C,9B,, = 0,F5C9B,, x 16°.

Aszebpauneckoe npedcmasienue dsousnsix wucer. Jlna anreGpan-
YECKOrO NPeACTARNEHUS YUCEN, T, €. VIS WX NPEACTABRNEHUS ¢ YUETOM
3HaKA, B BNYHCIHTCIBHBIX MAIUMHAX HCHOMb3YIOTCA CHELHAALHBIE
KOHRI
« IpAMOIt;

+ 0OpaTHHIIi;

o JOMOJEHHUTENbHBIL.

Hpu 3ToM aBa nocnedHNAX KoJa MO3BOMKIOT 3AMEHHTE ONEPAITHKY
BHIYHTAHHA Ha ONEPalHI0 CIOXKCHHA ¢ OTPHLIATENBHBIM ducaoM. Jo-
NOAHUTENBHEIY Kol obecnieunbact Gonee ObiCTpOe BHNOMHEHHE Ore-
paumii, mostoMy B DBM npHMeHseTca gallte HMEHHO OH.

3nak ynHcia OOBIMHO KOOHPYETCA ABOHYHONH LMPPOi, IPH 3TOM:

s xon 0 o3nauaer 3HaK + (ImKOC);

e KOO | 03HaYaeT 3HaK — (MMHYC).

Ilpamoi xod yucna N obosuaduM [N],.

Hycrs N=a,, a,, a,, ..., a,,, TONOA:

e ipu N> 0 [N], =0, a, ay, a3, ..., 3,3

onip N<O [N] =1, 4, a,a, .., a,

» ipu N = 0 umeer Mecto HeoaHoswauHocts [0],=0,0..=1, 0...

Ecnu npu cnoxednH B DBM oba cnaraeMBIX HMEIOT OQWHAKO-
BBl 3HAK, TO ONepalMsA CIOXEHHSA BHNOAHASTCA OOBIMHEIM TIYTEM.
Ecnv npH ¢jl0XEHHH CJiaracMble WMEIOT pa3HEBIC 3HAKM, TO CHayana
HEOOX0AMMO BHIABHUTE 6GIbIIee IO aBCOMOTHOH BeMUMHE YUCIO, N3
HEro NPOM3BECTH BHIYMTAHKWE MEHBLICTO No aGCoMmOTHOH BEIHMHHE
YHCAA, H Pa3SHOCTH MPHCBOMTE 3HAK GONLINETO YHCIA.
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BrinonHeHHe omepalnil YMHOXCHHR H OCICHMS B IPAMOM KoIe
OCYILIECTBIACTCA OOBIMHEIM O6pa3oM, HO 3HAK pe3yABTATA Ompeles-
eTCH [0 COBMAACHHMIO MM HSCOBMAACHHIO 3HAKOB YYaCTBOBABILMX B
onepali Yuce.

_ Onepaunio BEMMTAHHA B 3TOM KOAE HENB3A JAMEHHTh OTicpaLiy-
et CroOXeHUd ¢ OTPHLUATENBHEM YHCIOM, HOITOMY BOIHHKAIOT CAOXK-~
HOCTH, CBA3AaHHHE ¢ 3afiMOM 3HaYcCHMt M3 CTapUIMX paspaloB
yMeHBIIaeMOro uMcaa. B cvgay ¢ 3muM npsMoit kog 8 DBM moutn
He MPHMEHSAETCA,

Ob6pamuwi xod uncna N o603HaIMM [N,

Ilycts N = a,, @,, a;, ..., a, 1 @ 00O3HAYAET uHaepCuo G, T. €. eCIn
a =1, 1o @ =0, ¥ HaoGopot. Toraa:

e IpH N> 0 [N], =0, gy, a5, @y, ..., a,;

o Tipu N <0 [N]uﬁp =1, El’ 32! 53’ ey En;

e mpy N=0 uMeeT MecTO HEOAHO3HaUHOCTD [0]., = 0,00..0 =

=1,11...1.

Jlnst Toro uToGhl MOMYYHTE OOPATHEIH KOA OTPHUATENLHOIO YNC-
13, HeOOXOANMO BCEe LUWPPHI 3TOrO 4HCHAA HUHeepMuUposans, T. €. B
JHAKOBOM paspsaie MOCTaBUTH |, BO Beex 3HAYALLMX paspsapax HYIH
3aMEHHTb ¢AMHWUAMH, 4 ¢AHHWLB — HYJISAMH.,

Hampumep,

g N= 1011 [N, = 0,1011;

s N=-1011 [N, = 1,0100.

Honoanumearvnwii xod uyncna N obozHaumM {N],,..

ITycTs, Kax u seitie, N=ga,, a,, 4, ..., 4, ¥ @ 0003HAYAET BEJH-
YHHY, 00paTHYIO @ (MHBEPCHIO g), T. . eclim a = 1, 1o @ = (0, 1 Haobo-
por. Toraa:

eTip N2 0 [N]),..=0, a, a, a,, ..., a,;

e ipk N5 0 [N, =14, a4, d,, ..., a, +0,00..1.

Jns Toro YTOOH MOAYYNTE JONOMHUTENBHEI KO OTPHLATEILHO-
re 4Hcaa, HeoOXONMMO BCe ero UMpbphl HHBEPTHPOBATHE M 3aTEM K
MITAIIEMY paspany npuOaBHTh eIMHHIY. B ciryvae BOIHHKHOBEHHA
NepeHoca U3 ASpPBOTO MOC/e 3aATOM paspsia B 3HaKoBuilfl paspaj K
YUCHY CIEAYET NPHOABUTD CAMHHULY B MAAIUIHHA paspsa.

Hanpumep,

ana N=1011 {N],,, = 0,1011;

wia N=-1100 [M],,, = 1,0100;

aa N=-0000 [¥],, = 10,0000 =0,0000 (1 ucuesaer). Heommo-
3HauYHOCTH B H3o0paxenun ( Her.
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OMMUpHYeCKOe IPaBIIO: LU TOMYYEHHA NOMOJIHHTENBHOTO
KOZIa OTPMIIATENIBHOTO YHCJIA HEOOXOMHMO BCe CHMBOMLL 3TOrO YHciia
HHBEPTHPOBATL, KpOMe TMOCHeAHeH (MIaquieit) eqHHRLL H TeX Hy-
IIeil, KOTOpEIE 33 HeH CIemyIOT.

Hannvie, obpabameieaemvie @ coepemennvix npoyeccopax., Ilonnons
HUTOTH BHINEHITOXEHHOMY, IIPABEAEM TUIIEI JaHHHX (Taba. 1.9), nc-
noJb3yeMue B mponeccopax Intel (Pentium) ¥ AMD (K6—K8).

Tatauya 1.9. TIpaMepr HEEOTOPHX PEAAMRIY THI(OR JAHNMY COBPEMEHERY UPOIECCOPOR

AHrsicsnin
Bun paHWOT0 MBUBANEHT [foACHBHAR

(s pacwmchposxa)
dopmarLl gamnbix, ofipaiaTeinacainix Gnoxasa AITY 32-paapAnMbl NROLGSCOPOS
1. BB0ONYNRIE N CTROKOBLIE

bur Bit MUHMMANEHAA BEUHMLA UHDopMaLIUW. BT B naMATH 3a-
faeTca Gasoil (appecom CROBA) W CMELIEHUEM (HOMEPOM
GuTa & cnose)

butoeoe none | Bit Field Fpynna no 32 cmexnux GuT, pacnonaragwmMxca He Gones
yem 6 4 Gailtax

buToBan cTpoka |Bit String HaGop caexHbDx GnT gnnHoi 0o 4 Mour

Cab S

Crpoxn Gailr, | BIt String, Byte Dnwnoil no 4 MoaliT
CNoB K NBOEHL | String, Word String,
choe Double Word String

Yucna bes anaxa [ Unsigned Byte/ bea 3xaxa — Gaif1/cnoBo/nBORHOS/\METBEPEHHOE CROBY
Word/Double Word/ | {8/16/32/64 Gut)

QuadWord
Liensie uncna Intager Byte/ Co anaxom — GallT/cnoso/neolH0e/ Y4 TREPEHHOE CNOBO.
€O 3HAKOM Word/Double Word/ | EnwHwaHOe 3HaueHWe Camoro crapwero GuTa (2HaK) AsnA-
QuadWord ETCA NPRIHAKOM OTPULATERLHOTO YKCNE, KOTOPOR XPAHKT-

CA B IONONHATENBHOM KOE
2. faowyna-gecarusnsie yieaa (BCD — Binary Coded Decimal)

8-pazpapnue | Packed BCD Copepwar jBa RECATHYHLIX Pa3PANA B 0NHOM GaiTe
YNAKOBAHHbIE o o S

8-pazpapnuie | Unpacked BCD Copepaxar 0AWH AECATHYHLIA Pa2pAn B Gaiite (IHAYEHHA
HEYNAKDBAHHLIE OWT 7 - 4 Npu CNOMEHWH W BUNHTAHWA HECYINGCTBEHHO,
|y:n ynﬂmlauu M [ENSHAW OHW JOMKHE GbiTh HYNeBbiktu)
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{Ipodoscenue matr. 1.9

Anrmmiicknid
Bt ganmoro WEUBANEHT RloRCHetMN
{wnm pacamdpoaxa)
LponyHo-pecATyHbIE 80-6uToBbIe 18 NOCATMYHLIX PA3PAROE M 3HaK

YIAKOBAHHGIE WiGNA

Dopmati Faineix, oipabareisaesivx Snoxamu 113 w seerophesm {MMX/XMM)

1. feiicTanTonsnnio wins 8 popmare ¢ N3

bopmar Single Precision | S wawa
JEEE-754, 32 6uT — 24 SuT 1."""‘“" @ om Masrcca (24 Gura)
ORWHapHaRn MaHTHCCA, 8 OnT B
TONHOCTE ROPRAOK 7% vy pry d
<bopmar Double Precigion | ¥ sews
IEEE-754, 64 Gur — 52 Gur ,!,l MopAgox {:1 vt} MaHTIHCCR (52 CvTe) |
oo wanmcca, 11 6ot | [
TOMHOCTL NOPANCK o 51 py— .
Noesiwernan  (Extended Precision |80 6ut — 64 Out mantieca, 15 6wt nopAnok
TOMHOCTL
2. YaRNOBBHHME BAMS WHCAR, 0O SHEROM ¥ Gos
{64 paspags — MMX)

Bacems ynawo- |Packed byte (8) | € o
BaHHLX GaiT [Bair 7] 6o 6 [ bastr 5 Jmir « ] ke 3] e 2] air 1] i 0]
YeTuips ynako- | Packed word (W) | %2 o
BAHHbIX CAORA | cromw3 | coosez | Croset | caaon |
Nea ynaxosaH- | Packed 6 0
HuX DBOWHLX  |doubleword (D) || flociwos crose 1 | fiwcieron cromo 0 |
cnoea
Yugrsepennoe  (Quadword (Q)
cnoey

. YRaxosanniie semecTaoninie yncaz (64 paspags — 3DNow!)
2x326wta.  |Daynaxosanuex | S 0
bopwar ReOHHLX CROBA fnoiios crioso 1 | Dnoderos cnoeo O |
IEEE-754 ¢ N3 opmrapHoi

TOMHOCTR

4. YRaKOBaHNLIE BOMECTRORHGIC B HORWIE WHEAS
{128 paspagos —- SSE, AMDG4)

Gopmar SSE | Yetwipe uncna

OMHapHON OO U O

TOuHOCTM ¢ N3
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Oxonvanie matn. 1.9

AHIMMECKWA
Bug fanHoro IKBNBANENT Morcieunn
(W pacwrgpoBka)
copmar SSE2 | [lea peoikod 127 0
owoccns | RS R
« o« Lieroe Ha 128 6ur | 127 0
T —_—
« « flsayenix 2 0
(2 x 64 67a) S D
« o« YeThipe Lienux 127 0
(4 x 32 Gara) LA A A
« « Bocemb kopotiux ¢ | 127 0
{8 x 16 6um) VR VRO N UV FOVUON IO A
®opmar SSE2 |16 Baitr 127 0
(16 x 8 6uy) HEEBEEREERERETRN
Yxasaremn”
Onunneiif ykasarene (48 OuT) 16-64T08M5 CENEKTOP (ANW CETMeHT) # 32-GxtoBoe
CMeuleHIe
KopoTkel ykazatens 32-GMTOROB CHBLIBHME
Npocroit yrasarens 32 6uT, epuHCTRBHHDIA THA yKa3zTeNA oA 086 n 80286,
16-6UT0BL CENBKTOP {Mni CErmenT) i 16-GuToace
CHMEWBHRE

* ¥xasatrens (moiHrep, pointer) — aaHHOe, conepXalliee aapec HeKoTopoi
[epeMEHHON B ONEPAaTHBHON naMaT#. B a3nikax nporpaMMHpoBaHMa OOLIMHO
TPHCYTCTBYET yHKIMS PTP (X) , ONPEAC/sI0IIAA alpec fiepeMeHHOM X.

Pasznosudnocmy «MOWUNROU apudmemusu

Obveunan deounnan apugpmemuxa. JIBOHIHBIE OTIEPAIHY BBINIOMN-
HSIIOTCST HAl, ABOMUHbIMHA YHCIaMM B apidMETHKO-IOTHYSCKMX YCT-
povicTrax (AJT¥Y) xoMneioTepos. Balosolt onepaiieil ABKISTCA CH O -
KeHHne, KOTOpOS HEIOCPEICTBCHHO BHIMOMHASTCS 3JSKTPOHHOM
cxeMoit cyMmMarTopa {cM. puc. 2.11—2.13). BuaMTanMe Takke BuIMOJ-
HAETCA KaK CIOXEHHE, OFHAKO BHIMUTASMOE (OTPHLATEIIBHOE YHCIO)
NpeNCTABICHO B JOTIOAHUTENBHOM WM APYFOM XOnNE. YMHOXEHHe
peamn3yeTc® KaKk CepHA CIOXEHHWH co cIBHTaMul (mepeMellcHAe
uH$pp HA Gojlee CTApiNyo HIH MIAJLIYIO NO3SHLIHIO), AeNeHHe — BhI-
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YUTAHHA €O CABHraMH. B KaXnolii MOMEHT B OICpallH¥ YJacTBYIOT
TONBKO ABa Yicna. BoT yeThipe BO3MOXHEIE ONEPALIH CTIOXEHNH CO-
YeTAHHIA JBOWMHEIX Hudp:

1
1
.10

IMepnas undpa ¢
Bropas ungpa 0
Peaynbtar 0

—
_— D e

3aMeTUM, YTO MEpPEeHOC EIUHWILI B CICOYIOIYI MO3HUHIO
(B CTApIIYIO CTOPOHY) IIPOMCXOAUT TONBKO B Cy4ae CJAOXEHHUA JBYX
eNMHMIL
PaccMOTpHM TIpMMEPH TBOHYHOIO CYMMHPOBAHUS COBMECTHO C
HX AECATHYHLIMH SKBUBANCHTAMM:
I+1=2 2+2=4 6+3=9 10+5=15 37+22=59
1 10 110 1010 100101
| 10 +11 +101 +10110
10 100 1001 1111 111011

Bor, nmamee, yeThipe BO3MOXHEE ONEpaLM¥ BBIIUTAHHSA JIBOMY-
HBix LiEdp:

Ieppas mudpa 0 10 1

Bropas uuppa ¢ 1 O

" Peaymsrar 0 ]

Peayngtar 0 |

0

OTMeTHM, YTO 3aeM €IHHHUL B CTapiueM paspsihe TpeGyercs
TOJABKO TOTJA, KOTAA €AMHHIA BEIYMTACTCA H3 HYIA.
PaccMOTpHM OpUMepH JBOHUHOIO BHIYMTAHHMA COBMECTHO C MX
AESCATIUHEMH 3KBHBAJICHTAMH:
2-1=1 5-3=2 10-2=8 15-9=6 43-18=25
10 101 1310 1111 101011
-1 -10 -10 1001 -10010
10 100 1001 1111 11001

Chnegyer oOpaTHT: BHUMAaHHE Ha AHAJOTHIO B TIPABMNAX BHITON-
HeHHs apHdMeTHYeCKHX AcHCTBHH B NBOHYHOH M HECHATUMHBIX CHC-
TEMAX CUHCIICHHA: €CIM NpH CJIOXEHMH IBYX ABOHYHDIX MHUCEN (TOu-
Hee, IMPEACTABICHHLIX B NBOHYHOM CHCTEME CUMCHEHHMS) CyMMa
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IH$p oKaxeTcda OONblle €IMHHIB, TO BO3HHKAET NEPSHOC B CTap-
Hi paspsan; ecad yMcHblIacMasd uMdppa MCHBINC BEMHUTaeMOM, TO
HYXHO CIENATh 33EM SAHHHIIM B CTAPIIEM pa3psae.

Kax yxe H3BeCTHO, AONOTHHATENBHEIA KO HCIIOAB3YETCA IS BRI -
YUTAHWSA YUCEN B KOMMNBIOTEPAX H MO3BONIET 3TY ONepalMio CBECTH K
cnoxeHuo yHcen. [Ipapnia PHICIHEHHA BEMHTAHHA C HOIOMHH-
TeNLHEIM YHCAOM cliepyoinye. YTobsl uncio A BEIYecTh M3 yHCIa B,
BOCTATOYHO CJIOXHTE B ¢ AOMONHUTETEHRIM YHCIOM K A M 0OTOPOCHTE
MepeHoC B COCENHMIT cTapmmii paspan. Hampumep, 4ToObl BEMIECTD
623 u3 842, noctatouHo caoxuTe 842 ¢ 377 H, oTOPOCHB HEpPeHOC,
nomyauM 219 (842 — 623 = 219).

TaxumM obpa3oM, BaxHelIee MpeHMYIIECTBO ABOHYHOM apadMe-
THEKH 3aKJII0YAcTCH B TOM, YTO OHA MO3BOJNIACT Bee apAMETHISCKHE
JeHCTBHA CBeCTH K OOHOMY — CIOXEHHIO, a 3TO 3HAYMTEALHO VIIPpO-
MAET YCTpOMCTEO niponeccopa DBM.

eounno-decamunnan apudpmemuxa. B 37oM cioyyae ond ammucH
OJHOTO JECITHMHOTO paspAiia HCTIONBIVETCS 9eThpe JBOMYHEIX OMTA
(rerpana). UHorna BcTpedaeTcd HalBaHHe, TIPHIIEAIee W3 aHT-
AOS3HMHON nuTeparypH — HHOA. C MOMOIIBK 4YeTHpeX OHTOB
MOXHO 33aKOAMPOBATE MIECTHAAUATH Agp. JInmHne KOMOHHALIH B
IBOHMYHO-HECATHINOM KOAE ARMAITCA 3alpelicHHBMH. COOTBETCT-
BHE DBROMYHO-IECHATHYHOINO KOAA U ASCATHYHBIX HH(p NPHUEEIEHO B
Tabmn. 1.8,

CyMMHpOBAHHE OBOMMHO-JCCATHMHHX YHCENT MOXHO MPOHSBO-
IO¥THh HO MpaBHiIaM OOBYHOM JBOWYHON apHPMETMKH, a 3aTeM BhI-
MOJHATh ABOHMYHO-IECATHYHYK KoppeKuHuio. [Ipu atom
OCYILICCTBNACTCS MPOBEPKa KAKAOH TeTpamki HA AOIYCTHMBIE KOIB M
ecii B KakoH-mubo TeTpae oOHApYXHBASTCA 3anNpelleHHAT KOMOH-
Hall¥A, 3T0 — HALMMUE NEPeNONHEHUs H HeOOXOOUMOCTh IIPOU3BE-
CTH JBOMMHO-ZECATHUHYK) KOPPEKIIMIO,

JIBOWIHO-IECATHYHAS KOPPCKIHS 3aKNIOYaeTcsd B JOMOMHHNTENb-
HOM CYMMMpPOBaHWUM 4#cli2 (110 — wects (MHCKO 3aMpelleHHBIX
KOMOHHALHH) ¢ TeTpaloi, B KOTOpOit MpPOH30IUIO TepenoJIHeHHe
WIH OepeHoC B CTAPINYIO TeTpany. Bor ABa mpumepa:

1}318+13=31 2)19+19=38
Cnoxenwe TeTpan Koppexuwa Choxexve TeTpan Koppexuma
+ 0001 1000 4 0010101 4 0001 1001 0011 0010
0001 0011 0000 0110 o001 1001 0000 0110
0010 1011 0011 0001 0011 0010 0011 1000
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Ifuxcaumeckan apughmemuxca (WrapAround). Ecnu nipH cllOXeHHH
IBYX YHCen (HanmpuMep, B 8-paspAiHOM CYMMAaTOpe) BOZHHKAET &IH-
HHLIA NEePenoIHeHMUS:

e,

- 00000011,
100000001,
@00000001, ’

KOTOpast He HOMELIACTCS B pa3panHoil ceTke (B JaHHOM NpHMepe —
8 OHT), TO TIPOHCXOMHMT «COpAchIBaHHE» 3ITOTO TPOMEXYTOYHOIO pe-
3yAbTATA A0 OCTATKA OT €ro AciecHmd (B HaHHOM nipuMmepe Ao 1) Ha
MaKCHMAIbHOE YHCJIO B Pa3psamHoit ceTke (3aech — 2° = 256). Ipoch-
6a K YHTATENK MepeBecTH 00a omepaHAa B AecATHYHYID ¢opMmy H
VACCTOBEPHTECA B MCTHHHOCTH AZHHOTO YTBEPXKECHHS.

Takoii ¢ deKT BOSHHKACT B «LHKIMYCCKON» (WIH «MOAYILHOM»)
apidMeTHKe — CIOXKCHNE, YMHOXEGHHE H Ip. Mo Monynmp N
{(mod N), xoraa peaynbTaTr o0pasyercd nNyreM TOMYYCHHS OCTaTKa OT
IOeICHHA <«HCTHHHOIO» pe3yNbTaTa ONCpalliM HA OCHOBAHHME MONY-
Jaa — uncao N (Ha puc 1.5, @ N=«Makcamym» — «MUHUMYM>»).

f A
PasyneTar
xnomumm «C HACHILLISHHEM >
o MarcHmym Mancrym
Peaynurar ) Pasynetar »
I/onepauuu onepaLm
Mykanym MuHisaym
g [

Puc. 1.5, JuarpaMMbl K onpedcacHHIO apHOMETHKY LEXInYecKoi (a)
M C HachlweHkHeM (6)

Saturation arithmetic — SArith («apugMeTHKa HacbIIeHHs») —
sepcHd apHOMETHKH, B KOTOpPOH pe3yiabTaT ONepalK OrpaHuYeH
MHTEPBAIICM MEXAY MaKCHMAUILHBIM M MHAHHUMANBHBIM 3HAYCHHA-
mH. Ecnu pesyabrar Oonbiie MAKCHMYMA, OH YCTAHABIHBacTCA
(«clampeds) B MAKCHMyM, eCli¥ MeHbIIe MUHMMYMa — TO B MHHH-
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myM. JanbHeifee cyMmMupopaHHe ¢ MakCHMYMOM WIM BbIYWTAHWE
U3 MHHHMYMA HEe MeHseT pesynbrara (puc. 1.5, 6).

HanpumMep, ec/iv HHTEpBAX JONYCTHMBIX 3JHAYCHHH HAXOTWUTCH
mexay —100 1 +100, To caexyIoIMe ONMEpaLlK HAKOT TAKHE PE3yJIbTa-
tH (cM. Taxcke Tabn. 1.10):

60 + 43 = 100; (60 +43) - 150=-50; 43-150=-100,

60 + (43 - 150) = -40;

10x 11 =100; 99x99=100; 30x(5-1)=100;

30x5-30x1=70,

Tobauya 1.70. Hpumepat npeneson N8 apudMeTHKH ¢ HACLIHCHIIOM

DlecaTuanne NpeacTannaHne HlecTwaguareparitoe
Pajmeép nanHoro
Hwknei npenen BepxHii npenen Hiowrwi npegen Bepxneii npegean

BadiT cO 3HaKoM -128 +127 80,, TF4
B Gea aHaKa 0 255 0 FFy4
:

CROBO €O IHAKOM -32768 +327867 8000, ¢ TFFF 4
Cnoao Gea anaxa 0 65535 0 FFFFyq

Bexmopnvie onepayun nad ynaxosannvimuy Oannvimu (<yTIaxopaH-
Hasd apHpMeTHKa> — packed arithmetic). TIpHHLMN ynakoBaHHBIX
JaHHHX cO3JacT IIPpeANOChINKH ANA HMX NapainelbHo# obpaboTkm
(apxurexrypsl MMX, 3DNow!, SSE). BosbMeM B KayecTBe mpHMEDa
eIHHULY 3ByKOBOH MH(popMaumuu — 16-paspaaHeiifi 3/eMEHT Tpeka
CD (cm. puc, 1.1). YeTpipe 2nemMeHTa MOXKHO Pa3MECTHTh B 64-pa3-
PAZHOM perucTpe npoieccopa. ITpH BHIMONHEHHMH <«YTIAKOBAHHO#»
KOMaHbl K3 PerMCTPOB [ M j MapanielbHO BEIGHpaeTcs N0 3IEMEHTY,
HaZ HUMH ONHOBPEMEHHO BHIMIOJHACTCA apH(pMeTHIeCKas M JIOTH-
yecKasl onepayns (HarpHMep, «+»), ¥ PE3YALTAT 3aNHCHBAETCH B pe-
ruetp k (puc. 1.6, 4 — MMX-koMaHma PADDUS [W], YIIAKOBAHHOE
cloXeHHe He33HAKOBRIX CJIOB ¢ HACHILEHHEeM).

L4 | 4 | 4 | 4 |[ 4 | A | 4 | 4 |
Peructp; | ! — | Porwers; | —w |
L8 1 B | & | &% || B | & | & | 8 |
!  Porwerr; § { § —= § Porwrr; § — §
[(AtB [ 4+ [A+E [4+E] [ L4 4488545
Pamcrpk Pmrpk
a 6

Pae. 1.6, [IpuMeps BOKTOPHMYX Oltepaiiii:
g — KOMaHi2 PADDUS; & — HSUBPS
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«Topusonmansnan» u «sepmuxasonas» 4 apuipmemura. B To ppeMsa
KakK KOMaHAb o6puHO# BekTOpHO# apudMeTHRH MOXHO GbuUT0 61 OT-
HecTH K GoJliee WIM MEHee CTPOTO BEPTUKAJbH MM (MEXIy perd-
crpamu) onepauaM (pHc. 1.6, 4), B apxutextype SSE3 Onina BBemeHa
BOIMOXHROCTE paloTaTh FOpPHU3IOHTANBHO (BHYTDH perucrpa).
Brui moGap/ieHN KOMAHAB CIOXCHHA/BLHYIKTAHNA O OTHOMICHHIO K
HabopaM (BeKTOpaM) 3HAYEeHHH, PacONOXEHHEIX B Npeaeaax eAuHCT-
BEHHOI'O PEeTHCTPa, KOTOPHIE YAy4IIaloT 3bhdekTHBHOCTE LM(POBOIA
o6paboTKH CHTHAJIOB H TPEXMEPHBIX TIpeobpa3oBaHK# (pue. 1.6, 6 —
SSE3-xoMaHaa HSUBPS — Horizontal-Subtract-Packed-Single — ro-
PH30OHTAILHOE BHMHTAHHE YNAKOBAHHBIX CJIOB OAWHAPHON JUTHHE).
Hanpumep, npu 06paGoTKe 3BYKOBOIO CHCHANA KOMAaHAY HASUBPS
MOXHO MCNIORB30BATE TSl TIOTYYeHN OTHOCKTENILHOTO KOZHPOBAHHA
{cM. puc. 1.2, 6) n3 abcomoTHoro (cM. puc. 1.2, a).

HeobxoanMo 3aMeTHTB, YTO HApAdy ¢ PacCMOTPEHHHRIMH 34€Ch
apadMeTHYECKUM H ONEpalNAMH, B CHCTeMax KOMaHI KOMITb-
IOTEPOB NPHCYTCTBYIOT TAKKE H NOTHYESCKHE Onepallii (OMACHI-
BANOTCH HIEKE), B YACTHOCTH, ONepannM Ha puc. 1.6 Morau 6b GHTD
Nopaj3pALHUW MY JoTHueckHuMH (cM. Tabz. 1.21).

Jeouunoe xoduposanue Mynomunedua-unpopsaayuu

C 80-x rr. 6HCTPO pa3BUBAeTCd TEXHMIOTHA 00paboTKi Ha KOM-
nBIOTEPaX Tpatudeckoii uHbopManuu. KomibloTepHas rpadHuka
WHPOXO HCNOAB3YETCA B MOACHPOBAHNH IIPH HAYYHBIX MCCICIOBA-
HUAX, B KOMIBIOTEPHBIX TPEHAXepaX, KOMIIBIOTCPHON AHHMALIHH,
1enoBoii rpadHKe, Urpax U T. I,

B mancHeiieM B CBA3H ¢ OBICTPHLIM BO3pAaCcTAHHEM amNMapaTHBIX
BO3MOXHOCTEH HepCOHANBHHX KOMIMBIOTEPOB MACCOBLIA IMOJB30Ba-
TCJTB NOMYINN BO3MOXHOCTE 00pabaTHBaTh BUACOURGOPMAITHIO.

Tpaghunecxas undgopmanus Ha 3KpaHe AUCTUIES TIPEACTABAsIETCS B
Buae M300paxeHHs, KoTopoc OpMHpPYETCR M3 ToueK (IHKCcenci).
B coBpeMeHHBIX KOMAOBIOTEpaX paspemaniuas cnocobHocTk (KOAH-
YecTBO TOYEX HA IKpaHe DHMCTUICH), a TAKKE KOJHYECTBO UBETOB 3a-
HHCHT OT BHAEOAJANTEPA H MOXET MEHATBCS NPOTPAMMHO.

HpeTHoe H300pakeHHsT MOTYT MPERCTARIATECA B Pa3THYHBIX pe-
xHMax: 16 uperoB, 256 umetoB, 65 536 nperoB (high color),
16 777 216 uperos (true color) — 1adn. 1.11. OueBHAKO, TO KOJIHYE-
¢TBO GHT Ha TOYKY (ITHKCe/Ib), HaTIPHMep, pexXyMa true color papHoO:

I'= tog,65 536 = 16 6ur = 2 Gaifra.
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Tatruua 1.11. XapaKTepHCTHEN PAIAFHBMX CTABSAPTOS NPEICTARICHRA rpadnm

PaspeweHwe 16 useTos 256 useTon 65 536 ysevoe 16 777 216 usetop
640 x 480 150 Kbadr 300 Kdair 600 ¥Gadr 900 KGaiit
800 x 600 234 4 Kbalfv 463,8 KGakt 937,5 KGaiit 1.4 MGaitr
1024 x 768 384 Kbair 768 K6aitr 1,5 Mbaift 2,25 Mbaidt
1280 x 1024 640 KGair 1,25 Mbair 2,5 Moaiir 3,75 Moadr

‘HauGonee pacrpocTpaHeHHO# paspelalolel CrocoGHOCTLIO 3K-
paHa aBisercd paspeinenne 800 na 600 Touex, T. e. 480 000 ToUEK.

PaccunTaem HeoOXOTMMEI LT pexnMa true color oGbeM BHIEO-
MaMATH:

V=2 Gaiira x 480 000 = 960 000 6aiir = 937,5 Koaiir.

AHANOrHYHQ PacCYMTHIBAETCA OOREM BUACOIAMATH, HEODXOMH-
MEIH 119 XpaHeHWs1 OMTOBOM KapThl HM300paxeHHH ApH OpYTHX BH-
JeopexIMax.

B BMOconaMATH MaMATH KOMIIBIOTepa XpaHHTCA GHTOBHIE IUIaH
(bit map), gepngOMHiica ABOMIHEIM KOTOM H300paXeHHus, OTCIOAA OH
CYMTHIBaETCA NMpolieccopoM (He pexe 50 pa3 B ceKyHOy) H oToDpaxa-
eTcda Ha 3KpaH.

Jeounnoe xodupoeanue zeyroveol ungopmanun. C Hadara 90-x IT.
NEPCOHANBHEIE KOMIBIOTEPR IOAYYAI0T WIHPOKHE BOIMOXKHOCTH JUIA
paboTH co 3BYKOBON MHpopmaireil. Kaxnuii koMIIBlOTED, HMEKD-
Mit 3BYKOBYIO IU1aTy, MOXET COXPaHATDL 3BYK B BHJE (aiiyioB ¥ BOC-
MPON3BOIATD €ro. C MOMOILEIO CIICLHANBHEIX IMPOrPaMMHEIX CPEICTE
{pemakropop ayaHohaiiioB) OTKPEHIBAIOTCS WIHMPOKHE BO3MOXHOCTH
MO COZAAHHIO, PENAKTHPOBAHHMIO M MPOCHYUTHBAHHIO 3RYKOBBIX (haii-
JioB. B manpHefiieM co3galoTcs NporpaMMHBL paclO3HABAHHA ped M
NOABISAETCH BO3MOXHOCTE NOJIOCOBOTO YIIPABICHHS KOMIIBIOTEPOM.

PasnuyHble 3BYKOBBIE KapThl MOryT OOecreuyMTh Kak 8-, TaKk M
16-6mroBHe BoIOOpKH. [IpH 3aMEHe HENPEPHIBHOIO 3BYKOBONO CHTHANA
€ro OHCKPETHLIM MpeICTARIeHHEM B BUIE CTYNIeHeK 8-0HTOBbIe KAPTE
TO3BONAIOT 3aKOMHPORATH 256 paxiMMHEIX YPOBHEH NHCKPETH3AI[UN
3BYKOBOTO CHIHANA, COOTBETCTBEHHO 16-GHTOBHIE — 65 536 ypoBHEit.

JacTroTa DUCKpETH3alHH AHATOTOBOrO 3BYKOBOTO CHTHAMA (KOMAH-
4ecTBO BEIOOPDOK B CEKYHAY) TAKIKE MOXET IPMHHMATH pa3iYHEE
3HaueHHA (5,5, 11, 22 u 44 xT'u). Takum o6pa3oM, KayecTBO 3ByKA B
IHCKpeTHOH (opMe MoXeT ORITh OYEeHP IVIOXMM (Ka4ecTBO pajno-
TpaHCIIAIHYN) TIpH 8 GuTax M 5,5 kI'll U BeCbMAa BHICOKHM (KAYeCTBO
aynnoCD) nipu 16 6urax 1 44 xT1r.
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MoxHO oueHHUTE 06BeM MOHoayauodailna ¢ INTENBHOCTBIO
3pydaHns | ¢ mpH cpenHeM Kadecrse 3pyka (16 6wmt, 22 xI). Jns
aroro 16 GHMT Ha OIHY BHIGOPKY HEeOOGXOTHMO YMHOXMTE Ha 22 (00
BEIGOPOK B CEeKyH/Y, ITO AaeT B peayiprate 43 K6aifr.
“Cxcamue unpopmanun. O0reME 06paGaThBacMOf H MepenaBae-
Mol HHpopMalIMK OBICTPO BO3PACTAOT. DTO CBA3AHO C MOABICHHEM
Bee Gonee CIIOXKHBIX NMPUKIIATHBIX MPOLECCOB, pa3sBUTHEM HOBHIX WH-
($opMaITHOHHEIX CIyX0, HCMOMB3OBAHMEM M300paxeHUd H 3BYKA.
Cxwcamue dannwvx (data compression) — mpouece,
ofecneyHBaOUMiE YMeHBIIEHHE 00BeMa NaHEBIX. CXRaTHE MO3BONAET
PE3KO YMEHBIUHTE 00B¢M NAMATH, HeoOXOOHMOMH 11 XpaHEHHA HaH-
HBIX, COKDAaTHTE (N0 TNMPHEMJIEMBIX DPASMEpPOB) BpeMs MX NEpemayvyu.
OcobenHo 3pdeKTHBHO cXaTHe H300paxKeHHiH. CxaTHe AAHHEBIX MO-
XEeT OCYIMECTBHATLCA KaK IMpOoTpaMMHBIM, TaK H alNapaTHRIM HIH
KOMOHHHPOBAEHBIM METONAMH.,
Cxcamue mexcnoe CBI3aHO ¢ Hoslee KOMIIAKTHEIM PacIiono-
XeHneM 6afttoB, KOAHUPYIOIMMX CUMBIEL, QrpesieleHHEIE PE3YIBTATRI
JaeT CTATHCTHUSCKOC XOOWpOBaHHE, B KOTOPOM HaHOoJNee 4acto
BCTPEYAIONIMECH CHMBOJIEI MMEIOT KOAB HAUMEHbHeH MTHHBI. 3Aech
TAKOKE HCTIONTB3YETCA CUICTINK MOBTOPEHHM TIpobenop. Uto xe kacaer-
cs1 3BYKa N H300paxeHmii, To 06bheM MpeAcTanisioleii ux uHdopma-
LIMH 3aBHCHT OT BBIOpaHHOrO IIara KBAHTOBAHUSA M 9HC/IA pa3pamoB
aHagoro-uHdppororo npeobpalobaiMsa. B npuHIMIE, 306CEH WCIIOND-
3YIOTCA T€ XK€ METOHNBl CXAaTHA, 9T0 U npu obpabotke TekcroB. Eciu
CXaTHe TEKCTOB MpOHCXOAMT Oe3 motepn HHQOpMALNH, TO CXAaTHE
3BYKa W N300paXeHH MTOYTH BCErIa IIPUBOIMT K € HeKOTOpoill moTe-
pe. CxaThe WHPOKO HCIIONB3YETCA TPH ApXMBUPOBAHMM NAHHBIX.
Cxucamue uzobpawenuti (image compression} — npo-
LleCC MUHHMHU3ALMH NAHHEIX, COCTABIAIONIMX H3obpaxeHne. MAHU-
MH3alHA KOJWIeCTBa NH(pOpPMAIHH, MPeAOCTARIAIILCH H3o0paxe-
HHe MIH BHIcOHWIBM TPEKIe BCETo, OCYIUECTRIACTCA NPH BHOOpE
l[ara KBAHTOBAHHWA W Pa3pAAHOCTH KoJoB. [IpH 3TOM, ecTecTEeHHO,
MPONCXOIUT ONMpeacaeHHas (ROMYyCTHMaA) NoTepA HKHpopMaInH. 3a-
TEM TIPOMCXOIHT CXATHE H300paXeHUs, NPeACTABNCHHOrO JHCKpPET-
HBEIM CUTHATOM.
CxarHe H300paXeHHA OCYILCCTRIACTCA B HECKOILKO 3TAMOB!
¢ H3oOpaxeHne AeJTHTCA Ha ONOKH NMUKCenel, Kakabi K3 KOTo-
PHIX niofBepraercsa obpaboTke, yeTpaHgoell H30LITOYHOCTE;

s OCYLIECTBISETCS KONHPOBAHUA ¢ MEpeMeHHON MTHHOH KOIOB,
YTO HCKIIOYAET IJIMHHBIC LEMNOYKH HYNEH W eAMHML B HOCIe-
JOBATENIBLHOCTAX OUTOB;
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» TOIOJIHUTENEHOE CHATHE IBHXYLUICTOCA N300paXeHNS 34 CYET
CPaBHEHHS KAXKAOTO MIOOpaxXeHUs ¢ NPEOslAyiiHM, YTOOLI CO-
XPaHSTh TOIEKO W3MEHHBIIYIOCK €10 YACTb.

Jomnyckaerca noteps 1o MHGOpMALIMH, KOTOpPad B PEIICHHH 10~
CTARIEHHOH 33034l CYIHTAaeTCs HecyilecTBeHHo#. Hanmpumep, MOXHO
nepu o6paboTke H3COpaKeHHH YIaNRTE U3 aHAJIOTOBONG CHIHANA Yac-
TOTBEI, XOTOpble HAaXOOATCA BHE CHEKTPA, BOCIIPUMHHMAEMOro EAa30M
yenopeka (a0 10 000 uperos, 256 oTreHKoB ceporo Lpeta). Hepeaxo
IOOITYCXASTCA HTHOPHPOBaHHE LBETA KAXIOIo BTOPOTO MHKCEnd JIHG0
IPYIHA MHKCeNeil saMeHaeTcs OfHNM CO CPeIHMM 3HAYCHHEM LIBETA.
OcyluecTRISETCA TAKKE TPYNNOBOE KoauposaHue. Ero cyliHocTs 3a-
KMoYaeTcs B KOOMPOBAHWM TPYIII ODHHAKOBHX ITHKCENeH (HampH-
Mep, Hebo Ge3 0GMaxoB HA KAPTHHE).

Paamep daiina ¢KaTONO XUCKPETHOTO HeMOABMKHOrO H3obpaxe-
HHMS 3aBHCHT OT YETHIpEX IIAPaMETPOB. MIOINAAW H30OpaXKeHNH,
KBaZApaTa paspenieHms, ducaa GHT, HeOOXOODMMEIX IS IMpeIcTapiic-
HHA NHKceNA M KoapdpuuueHTra cxatid. B suaecodunbMe K aTOMY
enie gobaBAgeTCA YHCI0 00pa3yIONNX €10 HEMONBIXHEBIX H300paxe-
HHH. Buroop xo3pbHUMEHTOB CXaTHI — KOMIIPOMMCC MENTY ITpo-
TIYCKHOM CHOCOGHOCTBIO CHCTEMEI (CKOPOCTBIO MepeHoca ¢aison) H
KayecTBOM BOCCTAHABIMBAEMOTO U3oOpaxeHud. Yem prie koadhbdu-
LHEHT CXaTHA, TEM HIXKe 3T0 KadecTBo. [Ipn 3TOM Cleayer HMeTh B
BHY, YTO TIPYM O4Y€HBb BEICOKOI paspeiaronieit cnocoGHOCTH M GoNb-
WoM KO3PHIIHEHTE CKATHS MOXHO TIONTYYHMTDh H300paXeHne ¢ HH3-
Ko paspemaioweii cnoco6HocTeio. IostoMy BrIGOp YKa3saHHHIX Ia-
paMeTpoB OOOCHOBHIBASTCA TEXHHKO-3KOROMHYCCKHM AHANTHM3IOM M
anroputMoM cxaThg. UTo KacaeTcd KayecTBa W300paxeHHs, TO OHO
3aBHCHT OT KOHKpPeTHOH mocTaBiaeHHo# 3anayn. HanpuMep, B cUcTe-
Max TenexoHdepenunit ocHOBHOU ofbeM HeoOXomuMol WHGpOpMa-
IIHH CONEPXMTCH B PEYH, TOINA KAK KadecTBO M3OBpaKeHUA MOXeET
HIPaTh BTOPYIO PONb.

B 3aBHCHMOCTH OT CKOPOCTH CXaTHs N300paxeHHH BHINOJIHAC-
MBI POLIECCH NOAPAIE/AIOTCA HA ABa kinacca. K nepsoMy OTHOCHT-
Csl CXaTHE HEMOIBIDKHBIX H300paXeHHH, KOTOpoe MOXET BHINOJ-
HATHCA B (POHOBOM pexmMe, ¢ Jnoboil Bo3MOXHOU cxopocTeio. Bro-
poit xnracc obpa3yioT aNTOPHTMEE CXATHA ABHKYIIHXCA H3I00paXeHHIiA,
KOTOpPhIE DOMKHEL BEITNIOMHATECH B PEATLHOM BPEMEHH IO MEpPe IOTy-
YEHHS JAHHLIX,

CyltecTBYET HEMATO TEXHONOTHI CXATHA/BOCCTAHOBICHNA H30-
Opaxennti, Haubonee nomynAapHaa H3 HUX NpelioxeHa Obsedunen-
HOli epynnoli sxcnepmoe 6 obaacmu omozpapuu (JPEG) u nossonsietr
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COKPaTHTh pasMepnl rpadudeckoro ¢aiia 8 10—20 pas. bnarozapsa
CTEIHATBHBM TpolleccopaM H AITOPHTMAM YAAeTCH TAlOKe CKMMATH
BHAEOCIOXKETH.

Kodupoeanue sudeonngpopmanuu, B ceazm ¢ GonbiruM o0neMoM
nndopMaHH, comepxaieiica B BuAconoToke (no 6 MbGaitr/c), ana
3anicH HHGopMauy B DBM o6WYHO MIPHMEHAIOT KOOUPOBAHHE CO
CXKAaTHEM TOTOKA NZHHBIX HA BXOAE ¢ HCHAOJBL30OBAHHEM LITOPHTMOB
ceMetictea MPEG/JPEG (t1a6n. 1.12).

Tatiwuga 112, XapAKTEDHCTHER UPCICTARTERHA BHICONHGOPMADNH B PAIUHTHLIX
dopmarax ,

Ne bopmar Thn gaHusix {pasmep u3o0panemna) | OnurensHocTs 2anwci {CDAOVD), mun
1 |VCD 238 x 384 63
i 2 |SVCD 480 < 576 32
Ill 3 OvD 576 x 720 59
4 |VHS 288 x 384 —
5 |§VHS 540 x 720 —
6 |Internet High Speed 193 x 144 —

Cmandapm MPEG (Motion Picture Expert Group) BXTIOYAET He-
CKOJIBKO KOMITOHEHTOB. CHCTEMHOIO IMOTOK2, ONMCEIBAKIIErO CTPYK-
TYPY CMEIUaHHOTO ayXHo- M BHOEOMOTOKa, a Takke MPEG-video u
MPEG-audio.

B cnydae MPEG-video cxaTHe AOCTHraeTca 3a CuUeT YeThIpex
{akTopos.

1. Hcnonpzopamue cocrapmaiommx YUV emecto o6piuHsix RGB
(xpacHhI, 3eneHRH, CHHAMN).

BMmecTo ameMeHTAapHBIX UBETOB KoaMpyetcs ApKocts (luminance,
Y) u userHocTs (chrominance, U & V), npiuemM IIBETHOCTH «Apope-
KeHa» 10 BEPTHKANMH W TOPH30HTATH B 2 pa3a 110 CpaBHEHMIO ¢ Ap-
kocTeio (HenpManus). Fpn 3T0M BMECTO CHNBHO KOPPETHpPOBaHHBIX
cirHanop RGB nonydaiored TNpakTHUECKH HeKOPpPeTHpOBAHHLIE
YUV, U 33 cueT NCNHMALY JOCTHTASTCA ABYKPATHOE CRATHE,

2. ICKPeTHO-KOCHHYCHOE Tpeo0pa3soBaHMe C  TOCHENYIOIIMM
KBAHTOBAHMEM.

Tpu >ToM KBagpaThl nHKceneit (8 x 8) moapepraloTcs ABYMEpPHO-
My HNUCKPETHO-KOCHHYCHOMY npecOpazopanniy (DCT), xortopoe
poacTBeHHO npeobpasopanuio @ypee, pasndue 3aKIIOYAETCA B HA-
Gope GasucHBIX $yHKIMH (B npeobpazoparun Dypbe — 3TO CHHYCH
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H KocHHycHl, B DCT — xocHRAycCEl), JT10 npeolpa3oBaHie NIEPeBOIHT
MPOCTPAHCTEEHHOS NPEACTANIEHHE CHIHAIA B YacToTHOe. Pesynerar
npcolpas’oBaHus TONBepracTcd KBAHTOBAHHIO, T. €. OrpyGICHMIO
TOYHOCTH, TIPH 9TOM KO3(DHUHEHT KBAHTOBaHHA Wi GoNee BHCO-
KHX TPOCTPaHCTBEHHBIX 4YacTOT BhiGHMpaeTcs Oolee BRICOKMM, 4YeM
JUid HH3KHX, ¢ yJeToM ocobeHHocTe# Bocnpusitha. Ipu 3TOM BRICO-
KM€ TNpOCTPaHCTBCHHEIE YacTOTHl MEPEHAIOTCA ¢ MeHBbIIeH TOYHO-
CTbiO, YEM HH3KHE 4acTOThl, TIpH KBAHTOBAHWH MHOTHE SIPOCTPAHCT-
REHHBIE YaCTOTH HE KOAMPYIOTCA H HE NepeaarTCs.

3. YerpaHeHHe BpeMeHHOH H30HTOYHOCTH ¢ KOMITEHCalMel IBH-
XKEeHHA.

D710 O3HAYAET, YTO AR AWXBHEADRNH M3GRITOYHOCTH, 3AKNIYAI0-
uieifca B O0NbINON KOPPENIIHHA MEXTY COCETHUMH KaZpaMH, Iiepena-
eTCH PAsHOCTh MexXny HHMH. Kaapel pmheonoroka pasOMBaioTca Ha
HecKOJNBKO THMoB — JInfra ([), KOTOpHE KOAHPYIOTCA MOAHOCTHIO,
Predicted (P), 15 KOTOPHIX KOXWPYETCA PasfIH4AE C NIpeARAYLINM I-
uwiu P-xaapom, u Bidirectional (B), 1011 KOTOPHX B Ka4eCTBE ONOPHLIX
(reference) ucnonwvsyiorca I~ n/wnu P-xampbl, MeXay KOTOPHIMH OH
Haxomwurca, OOMYHO [-Xaapsl cnenyioT | Wi 2 pasa B CEKYHAY, H Me-
XAy ABYMS ONOPHBIMM KaJipaMH Jiexar 2—4 B-xagpa. Tunnunas no-
cneposatensHOCTE Kaapos (GOP — Group of Pictures) uMeeT BUA:
IBBPBBPBBPBBIBBP. B ofieM ciydae BHE TOCIECAOBATEIBHOCTH
BHOHpAcTCA KONEPOM M MOXET 3aBHCETh MM HET OT CONEPXAHWSA
xanpob. TlocKoneky H300paxceHHe Ha COCEIHMX KagpaX OOLIMHO
COBHHYTO, TIPUMEHACTCA KOMIICHCAIHA OBIDKCHHA, T. €. KOAHPYETCA
OTKIOHEHHE («pa3HOCTh») OT HEKOTOPOTO CIBHHYTOTO OMOPHOTO U30-
opaxenus. KoadposaHne BHIONHAETCH Makpobnoxamu (16 x 16 —
SIPKOCTE, 8 x 8 — LIBETHOCTB), U KAXIOr0 MakpoOJIOKA HAXONHTCH
CBOH BEKTOP OBIDKEHHS.

4. KBainonTHManbHOe KOXMpOBaHHeE,

Koadppminentat, nomydeHnsle nocne DCT, pekTophl ABMKEHUA
H BCE OCTANBHOE KOAMPYIOTCA KOJAMH TiepeMeHHON UIMHEI. DTO KO-
OUPOBAHHE Ha3BIBAIOT KEa3uONmMuMAAbRLM, IOCKONBKY KoJoBas Tab-
JIMIIA HE CTPOMTCA 3aHOBO U KAXKIOTO KOHKPETHOTO CiIydas, a BbI-
OpaHa npu pa3paGoTKe CTAHAAPTA HA OCHOBE aHAJIM3A THITHYHLIX BH-
IeONOC/IEA0BATEIBHOCTE .

MPEG-1 npoexiipopancg H3 pacueta Ha Iorok 120 K6aitr/c
pasmepoM 288 x 354 npu 25 xanpax B cexyHIOy, X019 OH He OTpaHH-
YeH 3THM H JOMYCKRET CYUIECTBEHHO GONBIIMIA MOTOK IIpH TPOH3-
BONBHOM pa3Mepe Kaapa.
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MPEG-2 npoeKTHpOBAICA ¢ YYETOM OINBTA HCNONB3IOBAHHA
MPEG-1 n1 opueHTHpYeTCA HA BelllaHWE, TAK KAK COACDXWT CPEACT-
Ba 1A MacKHpOBaHHA OUINOOK.

B cayuae MPEG-audio MCXOAHBIA CHTHAN HOABEPFASTCH MHOTO-
KaHaNBHOH dmnbTpauny. Janee aMIDIMTYAH CHTHANIOB B KaXEOH ITO-
JIOCE CPABHMBAIOTCH UISI HAXOXACHHA MONOC, HOATEXANHNK KOXAPO-
BAaHHIO ¢ yueToM 3tbdexTa MacKKpoBaHHA cla0Or0 CHTHaNa CHIb-
HuiM. Jajiee aMIUTUTYOA CHTHANA B HOJ0CE KBAHTYETCH M KOJMHPYETCH.

Tunot u cmpyrmypol danN6Ix

Tunpe darnvix (Tabn. 1.13). Knaccadukammgs HaGOpMaLHOHHBIX
eINHHI, oOpabGaTeiBacMBIX Ha DBM, BKIIOYaeT cieaylolHe ACHEKTH

e THINEBI JAHHBIX, MAH COBOKYIIHOCTh COrALCHHH O MporpaMM-
HO-aINapaTypHoll opMe NpeAcTaBneHHA N o0paGoTKH, a Tak-
Xe BBOAA, KOHTPOJNA K BEIBOAA HICMCHTAPHBIX JaHHBIX;

» CTPYKTYPHI AaHHBIX — CMIOCOGH KOMIIO3HIMH NPOCTEIX JaHHEIX
B arperarbl M OTICpalliy Hal HHMH;

o dopmatst daitnor — ripeacrabneHne HHGOPMALMKM HA YPOBHE
B3aMMOOCHCTBHA ONCPALHOHHOA CHCTEMH C TPHKIAOHHMH
MPOTPAMMAMH.

Tabnuya 1.13. TRIM B CTPYETYPA AAHHLIX B HEKOTOPHIX CRCTEMAX NPOIPAMMEPOBAREN
N YHPARIOHEA INHALIMH

CoCTOME — ALK NporpammpposasmA, CYGI, WNC
XapaKTepncTura STAIRS
wicopuaLAY FoxBase/ | Adabas/ .
Algol Cobol PLA Chipper | Nalural Oracle/ SQL I?SBIlSs

Lienoe kopoTkoe — — — - — ! Smallint | —
(2 Gaiira)
Uenoe wopmane- | Integer |Computa-| Int Nix) Hix) int -
Hoe (4 GaiTa) tonal

bt

g Lienoe qnumnoe - — Double — - — —

={(8 Ganr)

E [eRCTBATENLHOR Beal |Computa-; Float | Nix.y) |Nix.y} Float —_

i |HOpMansHOe tional Real

{4 Gaiira)
[efcTBuTONLHOR - - — — — Fleat —
ReoiHOE {8 GaHT) Double
Rsou4noe - — Binary — B(x} — —
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Oxonvanue mata. 1.13

CucTana — asus nporpammposaswn, CYBL UNC
Xaparrepuoaea STAIRS
[l INALW FoxBase/ | Adabas/ '
Hpop Algol Cobo! PUS | Cioper | Natural | 0ok SOL lllisBIl;s.
[tecrmmsnoe yna- - PIC(%) |Decimal| — Bix) —_ _
KOBAHHOE (2 Lmud-
ptd Ha Gaiit)

NlecATwyHoe pac- - PIC(X) - Nix} ; U(x) — —
AaKoBaHHDB
{1 uwibpa na Gailr)

Noruqeckos Boolean — + Logical| — — —

GuMBOnbHOS ~— | BICIA) Char C{x) Alx) Char +

THib gaHHbIX

RnunHbIA TexcTo- -_ - - Memo — |varGrafic| ==
Bbii w Gunap- VarChar
Huil 06BeKT
{BLOB)

Rata -— - —-— Date - Date —_

Bpema - - - -_ - Time -

Maccues! Array — Dim Dimen— | VAR {n) - -—
tion
Zanwcw - + + + + + -
(cTpyIcTypat)
MHOXBCTESHHLIG - — - — MD — +
(BEKTOPHWE} NONA
24NNCH

Fpynnosee nona - + + — GR - +
3anmMce

Nostopriowmweca —— - - — PE — —
rpYNNb! B ZANKCH

TexcroBre NONA - -— - - - — -
(naparpacel,
NPEANONEHNA,
CNoBa)

PanHme 43pikn nporpaMvupoBanns (A1), a Toudes, CHCTEMEI
nporpammuposanma (CIT) — Fortran, Algol, 6yay4s opUeHTHPORAHBI
HCK/IIOYNTESIEHO HAa BHYHCICHHA, HE COOEPXaNM pPa3BUTHIX CHCTEM
THIIOB Y CTPYKTYD JaHHBIX.

B ST Algol cuMBONBHEIE BeIMUMHN H TepeMeHHHE BOoOLIe He
TMIPEAYCMATPHBATUCE, B HEKOTOPHIX pealiMaliaX CTPOKH (CHMBOJIK
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B anocTpodax) MOIIM BCTPEYAThCS TOABKO B OINEPaTOpax NeqaTu
JIAHHBIX.

Tune yncnopeix gaHHeX SII Algol: Integer (uenoe uyucno),
Real (DeHCTBHTENBHOE) — pa3MHYAIOTCH JUATIA30HAMH H3MCHCHHA,
BHYTPSHHHMH NpPEACTABJICHHSIMH W HNpUMeHAeMBIMH KOMAHZaMu
npoueccopa 9BM (cooTBeTcTBEHHO apHdMeTHKa ¢ PHUKCHUPOBAHHOM
W moiasamolneit Todkoif). Heuuciiobee RaHHBE MPEACTARICHB THNOM
BOOLEAN -~ JIOTHIECKME, WMEIOIHE RHANa3zoH 3HadeHWl {true,
false}.

Moaxe nogeueimmecs AIT (CIT) Cobol, PL/1, Pascal Beoaar Ho-
Bble THIB JAHHEBIX:

» CHMBOABHEIE (IIHNDPH, OVKBEI, 3HAKH TIPSNMHAHMSA U NIp.};

e YHCAOBLIC CHMBONLHEEC [UIG BHIBOIA;

s YHCIOBAIE IBOHYHEIC JUTS BHIYKCICHHH

e YHCIOBHE necATHYHBIE (UM¢pe 0—9) mid BLIBOZA M BHYHC-
JIEHUH,

Pa3sHOBHAHOCTH YMCIOBBIX JAHHEIX 3I€Ch COOTBETCTERYIOT BHYT-
PEHHEMY TIDEACTABICHEIO M MAIIWHHEIM (WM SMYJAHPYeMBIM) KOMAaH-
JaM obpaGorku. Kpome Toro, BROIATCA uMeCia ABoiiHOrO ¢opmata
{2 MAIIHHHRIX CNOBA), MIA OBpabOTKM KOTOPBEIX TAKKE HEOOXOTHMO
HAIMYKME B mpoueccope (WIH 3MYILAINA) KOMaHA obpaboTKH umcen
ABOHHOH JTHHE (TOYHOCTH).

¥MeCTHO NMpHBECTH NMPHMEP MpEICTABICHHAA YMCIOBOH HHpoOp-
MAaIINH B PasANYHLIX TepedHCReHHBIX dopMmax. TlycTe 3a0aHO YKCIIO
135, = 207, = 87, = 100000111,, Toraa:

» BHYTPCHHAA CTAHAApPTHAaA (opMa peICTaBIcHHA (THII Binary
Ana  obpaGoTKH B [OpOMMHON apHOMETHKE) COXpaHseTcA
(100000111,). O6bem — § Gaift, wiri 8 NBOWMHBIX Pa3psiioB;

e BHYTpcHHAR (opMa IBOMYHO-ICCATHYHROIO TpeICTABICHHA
(TN Decimal, KaXubiil paspas gecATHYHOTO YHCIA IPEACTAB-
JNsIeTCA ABOMYHO-TEeCATHYHOH, B 4 OuTa, KoMOnHaume#). Tlpen-
crapieHue 135 ects 001 011 101,. O6BeM — 2,5 Gaifra, 12 nBO-
HYHBIX Pa3panoB;

e CHMBONBEHOE IIPEACTABNCHHE {(THN Alphabetic, ATH BHIBO-
Aa) — KaxAelA paspdan npeacraniserca 6afiToM B COOTBETCTBAH
¢ xomoM ASCII (Tabn. npmnoxetiuss 2). IIpeacrasnenue 135
ectb — 00110001 00110011 00110101,. ObreMm — 3 GafTa.

Hexotopuie cucreMur nporpaMmupoBanis (Fortran TV, Hanpu-
Mcp) TIOZNEPXWBAIOT ONEpalldHH HaJ KOMIUIEKCHBIMH 4YMC/IAMM BHJA
Z=A+ Bi (tne A, B — peilicTBHTENbHBIe KOXDDUUMEHTE], | — MHH-
Mad eSHHHUA). OYeBMOHO, 1A pasMellicHUA TaKuX 4ucen Heobxo-
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IUM KaK MHHMMYM IOBOIHON pacxo omepaTHBHOM MaMATH (110 OO-
HOMY CIIOBY I pasMelleHHs ReHCTBHTCABHON H MHHMON 4YacteH
MpH OOHLIHON TOYHOCTH M IO JiBa CIOBA MPH IBOHHOH TOYHOCTH).
KpoMe TOTO, OYEBHAHO, YTO NMPOLECCOPH OOBMHBIX YHHBEPCANBHBIX
3BM Bpam MH NOANCPXHBAIOT ONEpaliM HAj TAKUMH YUCIAMH, B
CBA3H ¢ 3TMM oNepalui Hall HUMH TpeGyloT HamNCaHNA COOTBETCT-
BYIOLIMX TIOANPOTPAMM Ul IMYARKUN KOMIACKCHOU apudmemuxu.

Toasnenne cucteM yupasaeHns: Ga3aMM JaHHBIX H CHCTEM IpoO-
TpaMMHpOBaHMs Eng pazpaboTky HC NpUBOANT K MOSRNEHHIO PAla
JPYTHX THIIOB JAHHbIX:

e dama u apemn,

» Gunaprwe (Binary Large Object — BLOB) n mexcmoewe ob6oex-

mu 6¢3 BHYTPEHHEH CTPYKTYPH (MHTEpIIpeTauus BOJIAracTcs
Ha MPHKIaIHEBIE TTPOrpaMMEl).

IMousaTie THIIA JaHHBIX ACCOLMMPYETCA TAKKE C IOMYCTHMMEIMH
3HAYEHWSAMHA TEPEMEHHOA M OMepanusaMH Hal HAMH, HampHMep,
JaHHHE THIIA BpeM# (U4 :MM: CC) WM Aara (I'T'/MM/ IU0) npeanonara-
IOT OMpEACNCHHBIC AMANA3OHbL 3HAYEHWH KaXIOro W3 pa3paioB, a
TaKKe MAMINHHEE WIH 3MYJIHpYEMHEE Oepalin {(CIoXeHne/BHYnTa-
HHE JAT H/IWIM MOMEHTOB BpeMeHI). OCHOBHOM NMpHMAHONH «pobne-
mbl 2000 r.» («Problem Y2K») siBAgnachk He CTONLKO ABYXpaspAaHAA
3aMnHCh ToAa B Ga3ax JAHHHX, CKOJBKO BCTPOSHHBIE B OTPOMHOS KO-
JIHYECTBO TIPOTPaMM (JacTO HEAOKYMEHTHMPOBAHHBIX) OMEPALMH HaJ
BAHHEIMH THIIA Date — TT/MM/II.

Cmpysxmype: dannvix. B a3nixe Algol Onnm onpenesieHb! JBa THIIA
CTPYKTYP: 3IeMEeHTApHbIC AAHHLIC W MACCHBH (BEKTOPHI, MaTpPHIIHL,
TEH30PEI, COCTOALHE M3 apuPMEeTHIECKHX WM JIOTHYECKHX Tiepe-
MeHHBIX). OCHOBHNM HOBOBBEHCHHEM, NOABUBIIMMCA MEPBOHAYANE-
Ho B Cobol, (3atem PL/1, Pascal u np.) ABIAIOTCA arperaTtel BaHHEIX
(CTpYKTYDH, 3aNHCH), TpeacTapmmomne coboll MMEHOBAHHBIE KOM-
IUIEKCEl TIEPEMEHHBEIX pPA3HOTO THIA, OMHCHIBAIONMX HEKOTODLIN
O0OBEKT WIH 00pa3yiolHX HEKOTOPEI AOCTATOMHO CIOXKHEIN OOKY-
MEHT.

PaccMOTpeHHBIE BbIILE 3K30THUSCKHE THNB JAHHBIX (KOMILIEKC-
HHE YMCHa), OYCBHMIHO, 3AHHMAIOT TTPOMEKYTOUHOE MONOXCHNE Me-
KIY VIEMEHTADHHMH NMepeMEHHBIMM M MacCHBaMH (CTPYKTYpaMH).

TepMHH 3aniuce TIOOPA3YMEBACT HATAYHNE MHOXCCTBA aAHANOTHY-
HHX TI0 CTPYKTYPE arperarcB, obpasyionmx ¢aiin (KaproTeKky), co-
AepXalliX SaHHEIE IO COBOKYIHOCTH OOHOPOOHBIX OOBEKTOB, 31e-
MEHTH JaHHHX 00pasyioT mois, Cpead KOTOPBIX BBIACIAIOTCA 3JIC-
MEHTapHbIE H [PYAIIOBLIC (arperaTHLHIE).
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IMosanenne CVBI m AAIIC npuBoAWT K MOABIEHAK HOBHIX
PasHOBHIHOCTEH CTPYKTYD:
» MHOXECTBEHHEIE NONA NaHHHKX;
» IEPHOANHECKHE IPYTIMOBBIC MOJS;
& TEKCTOBRIE OOBEKTH (AOKYMEHTHI), HMEIOUTHE NEPapXHUYECKYIO
CTPYKTYDPY (MOKYMEHT, CErMeHT, TIPeIIOKeHHE, CJIOBO).

1.3. Jlornyeckue oCcHOBLI ¥ InemenTol IBM

Hauano uccnenosanmii B o6nactu (popMaibHOM JIOTHKYM ORLTC MO-
NoXxeHo pabotamy Apxcrorensa B IV B, oo Haweit 3pH. OIHaKo cTporo
(hopMaAIH30BAHHEIH MONXO0H K npobneMe BriepBeie G601 NpemioxeH JIx.
bynem. B decTs Hero anreOpy BHICKA3BIBAHHA HA3HBAOT OyneBoif
{(bynenckoit) anrebpo#, a normieckue 3HaYeHHs — Oy JIe BB -
MH (OyneBcKUMH). OCHOBY MaTeMaTHIECKOH JIOTHKN COCTABRIACT
anreOpa BpICKa3pIBAHMN. AnrebGpa NOrHXH UCTTONB3YyeTCs IpH MOoCcTpoe-
HHH OCHOBHEX y310B BBM (meuimmdparop, cymmarop, nmdparop).

Anrefpa NOrMKM onepupyer ¢ BhICKA3EIBaHHAMH. TIon BHI-
CKa3EIBAHREM TIOHWUMAIOT TOBECTBOBATENIBHOE TIPEANOXCHHNE, OTHO-
CHTENIBHO KOTOPOr0 MOXHO YTBEpXAaTh, NICTHHHO OHO MNH JIOXHO.
HanpuMep, BEipaxeHHe «Paccroanne or Mockes no Knepa Gonpmie,
ueM ot Mockerl 10 Tynel» ICTHHHO, a BEIpaXeHME «5 < 2» — NOXHO.

BHCKASHBAHHUA (IOTHYECKHE NMepPeMeHHE ¢) IPHHA-
T0 0603Ha9ATE OYKBAMH TaTHHCKOTO andaBuTa (MHOTMA — C HHACK-
camm): A, B, C, .. X, Y, a, b, ¢, ....% 9,2 (x, % ... X .)AT. &
Ecnu BeickasmBaane C MCTHHHO, 3T0 00o3HavaeTca xak C= 1 (C=t,
true), a €cH OHO JoXxHo, To C=0(C=£, false).

Jlozuveckue onepayuu u ba308nie InemeHmol KoMnsiomepa

B anreOpe BRICKA3bIBAHMI HaX BRICKAILIBAHHSIMM MOXHO TPOM3-
BOJUTH ONPEIC/ICHHBIE JIOTHYCCKHE OICpallHH, B PE3YNbTare KOTo-
PbiX MOJYYAIOTCH HOBble BHICKAILIBAHHA. MCTHHHOCTE PE3YNBETHPYIO-
IUHX BRICKA3NBAHUWI 3aBACHT OT MCTHHHOCTH HCXOTHHX H HCTIONB30-
BAHHBIX JUIA MX NMpeobpa3oBaHMd JTOTHYECKHX Oltepariiii.

Cxemnsie 3aemenmu IBM, IlpeoGpazopanne HAPOpDMAUHA B
“IBM ocyntectaiseTcs sneMeHTaMM (CxeMaMH) IBYX KNACCOB:

* KOMOMHALIHOHHBIMH;

» MOCNSAOBATENBHOCTHRIMH (CXEMaMH ¢ NMaMATHIO).
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CocToAaHNe BHIXOOOB KOMOMHALUWOHHEBIX CXEM OJHO3HAU-
HO OTIpENEeNseTcs COCTOSMHHSIMH BXOR0B B JAHHBIH MOMEHT BPEMEHH.
CoOCTOSiHHE BBIXOIOB B NTOCNEA0BATEAbHOCTHM X CXEMax ofl-
peneIAeTCS He TOABKO COCTOAAHMEM BXOJOB, HO W BHYIPEHHHMH CO-
CTOSHHAMH, HMEBILMMH MECTO B TIPEINAYIHHE MOMEHTH BPEMEHH.

KoMOHHAIMOHHBIE CXEMBI SIBIAIOTCH TEXHUYECKUM aHanoroM Oy-
JeBuIX thyHKIMEA. MomobHo TOMY, Kak cioxHaa Oyiaesa GyYHKUHA MO-
XeT ObITh nosyyeHa cynepnosuuuedi Gonee MpOcThiX GYHKUMIA, TAK H
KOMORHALMOHHAs CXeMa MOXET CTPOMTECA H3 §0Jice IPOCTHIX CXEM.

CymecTeyeT C/CAYIOIICE ONpefe/ieHHeE — CUCTEMY JIOTHUYe -
CKUX 3JE€MEHTOB, ¢ NOMOMbLK KOTOPLIX NYTEM CY-
NEepNoO3VMUKY MOXHO MNPEeACTABUTE NKHOYKW CKOAB
YIOAHO CIOXHYK KOMOHHAULHMOHHYK CX¢&MY, Ha3blBAKOT
Gynxyuonasvio noaunoii. HapecTHH pasimyHbie QyHKRMO-
HAMTBHO IOJIHBIC CHCTEMEI JIEMEHTOB, HO HanOosibliee pacmpocTpa-
HEHHME NOMYYWIM CHCTEMbl, HCOOAB3YIOLIKE JIOTHYECKHEe ONEpALIHM,
BHIpaXacMBie NpeAioTaMi HE, ¥, MM,

Jozuveckuli anemenm KoMnbOMEPa — IT0 YACTh NMEKTPOHHOM CcXe-
MBI, KOTOpas pPEeaiM3yeT AMEMEHTapHYIO JIOTHYICCKYIO (yHKuMio. Jlo-
THYECKMMH 3eMEHTAMH KOMIbIOTEPOB SBIAIOTCA 3MeKTPOHHBIE CXe-
mbl «<M», «JIH», <HE», «U-HE», «JIU-HE» unu apyrue (HasbiBae-
Mble TAIOKE genmuasmii), a Takke mpuecep. MoXHO moOKasars, YTO C
MOMOLHBIO 5THX CXEM MOXKHO pEeaIH30BaTh JIIOOYIO JIOTHIECKYIO ¢YHK-
UHIO, ONUCKIBAIOLLYIO paboTy yCeTpoitcTs KoMIbloTepa. OGHYHO Y BeH-
TWIeH OBIBacT OT ABYX A0 BOCEMHM BXOIOB H OGMH HIH ABA BHiXOJA.

Kaxneit mornueckuii sneMeHT UMEeT CBOe YCJIOBHOS GDO3HAYES-
HPE, KOTOpOe BHPaXaeT ero JOTHYeCKYI0 GYHKLHIO, HO He VKa3blBa-
€T Ha TO, Kakasd MMCHHO 3MEKTPOHHAs CXeMa B HEM pealH30OBaHa.
PaboTy NOrMYeCKKX 91CMEHTOB OTIMCHIBAIOT ¢ MOMOLIBIO TAOIAL He-
THHHOCTH.

PaccmoTpUM JIOTHYECKHE OMNEPal K COOTBETCTBYIOIIME HM
3JICMEHTHI JIOTHUECKHX CXEM.

Konvionxuus. CoeanHeHREe ABYX (MAH HECKONBKHX) BHICKA3LIBA-
HHii B OTHO ¢ MOMOLIBIO COK3a ¥ (OR) HA3MBACTCA onepaimeii Jorn-
YeCKOro YMHOXEHHs!, WM KOHBIOHKIMEH, BTy Onepaumio NpHHSITO
06G03HAYATE IHAKAMH «~, &» WIH 3HAKOM YMHOXEHHA «x». CloXmHOe
BLICKa3LBaHHEe A A B HCTHMHHO TONBKO B TOM CJIydae, KOTHA HCTHH-
Hbl 00a BXOZAIMX B HEro BhIcKa3pBaHWA. MCTHHHOCTL Takoro BH-
cKasbiBaHMA 3anaercsa Tabiu. 1.14.

HJozuweckan cxema «H» peanMsyer KOHBIOHKIHIO IBYX HIH
Gosiee NNOrHYeCKHAX 3HAYeHM. YenoBHOe 0003HAYEHHE HA CTPYKTYD-
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Tabauya 1. 14. TaGuisl BCTHHROCTH KOWRIOURIME B AOTFIECKON CYMME BMCKATMBRENEH

i Konvionxuue Busumivnn

t a 3 AnB A B Av B Axor B
Il _0 0 0 0 0 0 0

| 0 1 0 0 1 1 1

|r 1 0 0 1 0 1 1

ﬁ 1 1 1 1 1 1 li 0

HBIX THarpaMMax cxeMul «HM» ¢ OBYyMa BXOHaMH TIPEACTaBsieHO Ha
puc. 1.7, a.

Eananua Ra Beixoge cxeMbl «H» OymeT Torga W TONBKO TOTH®,
KOTla Ha Beex Bxomax Oyayr enMHHuel. Korga xors 66 Ha OTHOM
Bxoxe OymeT Hy/lb, Ha BHXONE TaKke OYICT HYMb.

Caa3b MeXOY BBIXOJOM Z DTOi CXEMEI H BXOIIAMH X H y ONMCHIBA-
eTcs COOTHOLUeHMeM Z=x & y (Yuraercd Kak «x M y»). Onepauus
KOHBIOHKLNH HA CTPYKTYPHBLIX cxemaX o003HavYaeTCA 3HAKOM «&s.

Juzsronxagin. OOBCTHHEHRE EBYX (HIM HECKOIBKHX) BhICKa3LIBa-
HUH ¢ NOMOIILIO COI03a MIM (OR) Ha3BIBacTCA ofiepalueil Jormie-
CKOIO CJOXCHHH, WiH JHIBIOHKUMER. JTy omepaunio 0603HavaoT
3HAKAMH <|, v» HIH 3HAKOM CIOXEHHS «+». CIOXHOE BHCKA3biBa-
HHe Av B NCTHHHO, €ClM HCTHMHHO XOTA OM OOHO M3 BXOAAEINX B
Here BHICKAa3IsiBaHMit (cM. Tabn. 1.14).

B nocnenneM crontne tabn. 1.14 pasMenieHM pe3yabTATH MOIH-
duLHpoBaHHON onepalu WM — Mcoxnouaomee WM (XOR). Oram-
YyaeTcH OT OORMHOTO MIIM mocneHeH cTpokodt (CM. Takke puc. 1.7, ¢),

Cxema «HJIHs peanusyer DNIBICHKHHIO OBYX WM GoJee JIo-
rHyeckMx 3HadeHHH. Korma xors 6K Ha ogHOM BXoaAe cxeMbl «H/TH»
OyaeT ¢IMHHLIA, Ha e€ BRIXOAC TAKKe OyaeT eIMHMLIA.

YeaopHoe 060IHAYCHNE HA CTPYKTYPHEIX cxeMax cxeMbl <HTH»
¢ IBYMA BXOIaMH NpPEACTABICHO Ha pHc. 1.7, 6. 3HaK «1» Ha cxeme
OPOHCXOANT OT KNaCCHYECKOro 0OO3HAYECHHA OMIBIOHKIMM KaK «z»
(T. . 3HAYCHHE ER3LIOHKLINH PABHO eAHHMIIC, ec/IM CyMMa 3HAYCHMIH
omnepaHnoB Qosepie WM papHa 1), CBA3E MeXIy BRIXOIOM Z ITOH
CXeMBl ¥ BXOIAMH X H ¥ OITACHIBAECTCA COOTHOILECHHUEM Z =X v ¥ (UH-
TACTCA KaK «X WK y»).

Hueepcua. TIpucoenuHeHHe vactTHibl HE (NOT) K HEKOTOPOMY
BbICKA3BIBAHHIO HA3hiBaeTcs ornepalmedt OTpHUAHHA (MHBEPCUH) H
ofosHavaercd A (WM —A). Ecau Bricka3sbiBaHHe A HCTHHHO, TO B
NoxHo, ¥ Haobopot (Tabm. 1.15).
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Pwc. 1.7. CXcMHBIC OTHHECKAS NCMEHTH BEMHCTHTENMHEX MaNIHH;
a — «H»; 6 — «<HIHNs; 8 — «<HE»; ¢ — «H1-HE»; @ — «1IH-HE>»; ¢ — «Hcxmonaio-
wee HIH» {croxerne mo momymo 2)

Tatauya 1.15. Talbiung BCTHAROCTA OTPERANEN

A
0
1

=R Y

Cxema «HE» (uneepmop) peanwsyer OTepandio OTpHIA-
HpA. CpA3bL MeXAY BXOOOM X 3TOH CXeMBl M BHIXOLOM Z MOXHOC 3a-
TMHCATh COOTHOLIEHHEM Z =X, [A€ X YHTAeTCd KAK «HE xX» W «Hu-
BEPCUH X».

Ecniu Ha Bxone cxemul <«{», TO Ha BHiXone «l», u HaoBopor.
¥YcnosHoe 0GO3HAYCHHE Ha CTPYKTYPHBIX CXEMaX HHBEpTOpa — Ha
puc. 1.7, e.

Benmusu, Kpome cxeMHBIX 3/TeMEHTOB, COOTBETCTBYIOIMX Tiepe-
YHCACHHBIM JIOTHYCCKMM ONCpaTopaM, B COCTAB JIOTHHECKHX CX¢M
BXOAAT KOMOHHHUPOBAHHBIE CBAIKH, HMEHYEMEIC seNmiaamu, HaTlpH-
Mep, chenyioilue.
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Cxema «H-HE» cocrour n3 sneMeHTa «H» H AHBEpTOpa H
OCYIIECTBIIAET OTPHIAHAE pe3ynbrara cxeMel «H» (Tabn. 1.16). Cesasp
MEXIY BHEXOAOM Z H BXOZAMH X H ¥ CXCMBEI 3aIlHCHBAIOT KAK X A ¥,
WIH «MHBEpCHMA X W y», YCA0BHOe 0003HAYEHHE HAa CTPYKTYPHBIX
cxemax cxemel «MM-HE» ¢ aByMst BxOmamMi npuBeaeHo Ha pMc. 1.7, e

Tafinuyg 1.16. Tabxma RerammocTn cxeM «H-HE», <HTH-HE»

Wusepcwn x W » Wwpapcua x UAH y
X XA x m
0 1 0 0 1
o 1 1 0 1 0
1 0 1 1 0 Q
1 1 0 1 1 0

Cxema «MJTH-HE» cocrout u3 aneMeHTa «HJIH» 1 uHBep-
TOpa W OCYUIECTRAAET OTPHIAHNE pe3ysprata cxeMul «HUJTH»
(1a61. 1.16). Cea3p MeXAY BRIXOMOM Z H BXOJAMH X M y CXeMBI 3aITH-
CHIBAIOT KaK X Vv ¥, WIH «uBepcusa X WIM y», YCIoBHee o003Hade-
HHe Ha CTPYKTYpHBIX cxeMax cxeMH «HJIU-HE» ¢ asymda BxomaMi
nmpencrapleHo Ha pHe. 1.7, 0.

Cxema «Hexawuawwee HITH> (puc. 1.7, ) cooTBETCTBY-
eT «CJIOKEeHHIO N0 MOOYMIO IBa» (CM. Takke Tabn. 1.14).

Crnenyer OTMETHTB, YTO IIOMHMMO OIEpaIHil M, WM, HE B anrebpe
BLICKASHBAHWH CYIIECTBYeT PSA H Apyrux omepaimii. Hanpumep,
onepanns 3KBHBAJEHTHOCTH (SKBMBANCHIHH) A~ B (A= B,
win A eqv B) (tabn. 1.17},

Taﬁnm«; 1.17. Ta0/mnM RECTEENOCTH icPANNE SEBEPANEETROCTH H RMIREARAN

IKBNBANEHTHOCTD Amnnicaumn
A B A-B A B A=+ B
i I 0 1} 1 0 0 1
! 0 1 0 0 1 1
| 1 0 0 1 ] 0
[ 1 1 1 1 1 1

JpyruM NpAMepoM MOXET CIYXHMTE JIOTHJecKas oflepaliis U M -
NAMKALAK HIH JIOTHIECKOro cienosanua (A — B, A IMP B),
HHale FOBOpS, «ECIH A, To B» (Taém. 1.17).
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BrickazpieaHust, oOpasoBaHHBIE ¢ MOMOILBIO JOMHYECKMX omiepa-
UM, HAIKIBAIOTCA CNOKHBNMH. MCTHHHOCTD CNOXHBIX BHICKAILIBAHUI
MOXHO YCTAHOBHTb, HCTIONE3YA Tabnune: HeTHHHOCTH. Hanpumep, ue-
TUHHOCTEL CIIOXHOTO BHICKa3HBaHUR A A B onpenensierca taéa. 1.18.

Tabruna 1.18. Tabmuius BCTRAROCTR BhicKazEmamin 4 ~ B

A B A B AR
0 0 1 1 1
0 1 1 0 0
1 0 0 1 0
1 1 a 0 0

BHcCKa3sbBaHMA, ¥ KOTOPBIX TAOUHIE MCTHHHOCTH COBNAJaloT,
HA3BIBAIOTCS paskoctabkuimu. JIna 0b03HaYeHHS PaBHOCUIBHEIX BHI-
CKa3LIBaHHH MCMONB3YIOT 3HAK «=» (A= B). PacCMOTpUM CIOXHOE
prickaszpibaHue (A A B)Yv (4 A B) — tabn. 1.19,

Tatiauya 1.19. Tabnmua ucrmmocrs supisenan (4 ~ B) v (4 ~ B)

A i B B AnB ArE (ArByv(£AB)
0 1 0 1 0 1 1
0 I 1 a a 0 1]
1 ¥] Q 1 a o 0
1 W] 1 0 1 0 1

Ecnu cpasHuTh 7y Tabnuy ¢ Tabmmueil RCTWHHOCTH onepaniH
3KBHB/ICHTHOCTH BEICKasHIBaHUi A M B (cM. Tabn. 1.17), T0 MOXHO
YBHACTE, 9T0 BHCKa3HBaHuA (A A B) v (A A B)u A ~ B roxnecTBeH-
HEI, T. €. (A~ By=(A A B)yv (A A B).

B anreGpe BLICKa3MBaHMI MOXHO NPOBOJAATE TOXIAECTBCHHELIS
npeofpasoBaHMa, 3aMEHAA OAHH BHICKA3LIBAHHUA PABHOCHIBHHMH
HM JPYTHMH BHICKA3BIBAHHIMH,

Ceoiicmea onepayui. Wcxond u3 onpeaencHUil AUIBIOHKUMH,
KOHBIOHKLIMM M OTPULIAHWA, YCTAHAB/IMBAlOTCA CBOMCTBA 3THX One-
paumii H B3aMMHBIE paclipedenuTenbHble cBoiicTBa. [IpuBeaeM npu-
MepH HEKOTOPBX U3 3THX CBOMCTE:

e KOMMYTAaTUBHOCTb (TIepecTaHOBOYHOCTD):

AAB=BArA
Av B=Bv 4
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e 3aKOH HIEMIOTEHTHOCTH:
ArdA=A AvA=4

.nn;oﬁnoe OTPHIIAHUES

A=4
coYeTaTeNbHBE (ACCONMATHBHBIE) 3aKOHH:
Av(Bv C)=(Av B)v C=Av Bv C,
AA(BACY=(AABYAC=AABArC;
s pACHpENCNHTENbHME (IHCTPUOYTHEHHE) 3aKOHH:
AA(BvC)y=(Ar Byv (An0),

Av(BAC)=(Av BYan(Av C),
MOTNOMeHHE:

Av{AA B)=A,

An(Av B)=4,

CKJIEHBaHHE:

(AAB)v (A A B =8,

(Av By~ (Av B)=B;

omepauus MEepeEMeHHOMN C ee HHBepCcHeil

A A=Q,
Av A =1;

s ONEpaAlKA ¢ KOHCTAHTAMH (0 — false, 1 — true)
AL Avi=1,

Ar0=0,4Av0=A4,
¢« J2KOHB A€ MOpraHa:

Ar B =Av B (YUIOBHO ero MOXHO HasBaThb 1-i);

Av B =AA B (2-it) — onHCHIBAET Pe3y/BTaTH OTPULIAHKA Mepe-
MECHHBIX, CBA3AHHEIX OMEpaINsaMH ¥, VTN,

Bricka3niBanus, 06pa3s0OB3HHBIE ¢ HOMOUIBK HECKOJBKHX ONepa-
UM JIOTHYECKOTO CHOXECHHA, YMHOXKCHHA W OTPHIIAHKSA, HA3LIBAIOT-
¢t CHNOXHB MK, MCTHHHOCTE BCAKOTO CAOXHOIO BHICKASLIBAHHSI
YCTRHABIMBAETCA € MOMOLIBIO TAaONMM HMCTHHHOCTH. CIOXHBIE BHI-
CKa3piBaHWA, HCTHHHHE (true) AA NIOGBHIX 3HAYCHHHE HCFMHHOCTH
BXOMSAL{HAX B HMX MPOCTHIX BHCKA3KBAHMI, Ha3HBAITCA TO X IECT -
BEHHO-UCTUHHBIMH. HaoGopor, TOXIEeCTBEHHO-TOX-
HHMH ABAAoTCA GOpMYAB, NPUHHMAIOIMe 3HAYEHHE false and
N0OBIX 3HAYCHWH BXONAIIMX B HEroQ MPOCTHIX BHICKA3BIBAHHH.

B 1abn. 1.20 npiupeaeHo MOKA3ATEABCTBO MCTHHHOCTH AUCTpHOY-
THBHOTO 3aKOHA. AHANOrMYHBIM 00pa3oM MOTYT OHITH AOKajaHbl M
JIDYTHE TOXIECTBA.
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Tabsuya 1.20. Noxazame/mcrno NCTHHNOCTH ANCTpSYTEREOIO 3aKOND
A B C AvC Ar(BvO) An B ArC {Ar BYyv(AAC)

o 0 0 0

1 1

0
9
9
0

0
0 0 0
0 ¢ 0
0 0 0
0 0 0

ol O

1

1 0 1 1 1 0 1 1

1 1 0 1 1 1 o 1

1 1 1 1 1 1 1 1

Ha puc. 1.8, g—e npHBeneHN WUIKCTPAIHN K OCHOBHBIM JIOTH-
YeCKHM OTIepalllisaM H HX KOMMOSHLIMAM (TAK HA3EIBacMEle AH a-
rpaMMel Diinepa — BeHHa) — olIacTM HCTHHHOCTH KAXIOTO
H3 BBHICKA3HIBAHHH H AX 00beIMHEHHMA (ONIBIOHKIIHM), NMEpeceIcHHn
(KOHBIOHKITHH) M Apyrux omepaumii. «[leperiit» u3 sakonos ae Mop-
raHa HIUIIOCTpHpYeTCs puc. 1.8, 9, e.

Onepaguu nad 6umossimu cmpoxamu. B HEKOTOPEIX cOBPeMEHHEIX
Il peanu3oBaHB Onepauuu H/wim QyHKMn o0paloTki GHTOBBIX
CTPOK (MAlIHHHHX CJIOB, HX YacTcH WIH TPy, KOTOPHE MOTYT CO-
JepXaTh WHCIOBHE, CHMBONbHEIE, MyNBTHMeANIHEIE H TIp. JaHHEIC).
HauGonee pacnpocTpaHCHHBIME ARBIIIOTCA TIOOHTOBLIE OMEpaLlAM,
NPAMO BEITEKAIOLINE M3 PAaCCMOTPEHHEIX paHee olepalHil Han JIOTH-
YecKMMH JaHneiMp (Tabn. 1.21).

Tabaya 1.2]. Onepanis N PeIyILTATM NeXOTOPRX HoGuTORMY onepanyli

X ¥ x&y xXvy x IMP y xEQV y x XOR y
(] ] (] 0 1 1 0
o 1 0 1 1 0 1
1 0 o 1 0 D 1
1 1 i 1 1 1 ]

Hozuuecxue onepanuu.

NOT. TMopaspanHuiif oneparop NOT (HE), WIH AOTIONHEHHE, SB-
JseTcsl ONHOMECTHOM onepalieif, KOTOpas BRITIONHAET JNOrHUccKoe
OTPUIIAHHE Ha KaxmoM OWre, $OopMHPYA NOMONHEHHE HaHHOTO OH-
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2 e

Pre. 1.8, HexotopHe npHMepH AMarpaMM Jitiepa — Benna:
¢ — KOHBIOHKUHA BHCKaSHBAHHIE A H B (AND); § — IHIBIOHKIIHA BbICKAHIBAHAK A H B
(CR); & — MCKIOYal0ILaA JHILIOHKUKA (XOR); ¢ — pasHOCTh BHICKA3RIBAHHE (4 — B);
¢ — WUTIOCTPAITHA K 3aKoHaM A¢ Moprana (ononHeHHe nepecedMeHis] BHCKAIMBAHHHA),
€ — WUIIOCTPalLMA K 3aKOHaM A¢ MopraHa (o0beaMHeHMe AOMOIHEHHEH)

HapHOro 3HaYeHHA. BUTH, comepxaBiune GriBime «0», yCTAHABIMBA-
loTcda B «1», H HaoGopotr. Hanpumep:

1000 = NOT 0111

Bo MHOrEX f3HKAaX TpOTpaMMHpOBaHKA (Bkmodaa ), mopas-
pPAIHEIA oflepaTop NOT 0003HAYAETCA KAK «~» (THIRAA). JTOT omepa-
TOp He CJCOYET HYTaTh ¢ «WIOTHISCKHM OTPHIAHHEM» («l» — BOCKIH-
UATSABHEI 3HAK), KOTOpHI 00pafaThiBaeT BCe 3HaYeHME KaK OT-
aenpHoe GyneBckoe.

O R. llobutoBniii onieparop COR (MM, «BKAIOYAIONIEE WIHM») oOpa-
OaTbiBacT ABE OHTOBHE CTPOKM paBHOH UIMHH H CO3NAET TPETHIO
(TOH Xe AMMHELD), rAe KaXanii ONT gpnsercd pe3yAbTaTOM ONEepallHH
«BKJIIOYAIONIIEE WIM» Hal Kakaoll ilapoi BxoHbLIX Gutos. Hanpumep:

0111 = 0101 QR 0911

B AI1 C nopaspaIHBIi onepaTop OR 0603HAYAETC CHMBOJIOM «[»
(BepTHKaNLHasA YepTa). Ero 6yirenckuii ananor obo3HagaeTcs Kak «».

XOR («wickmovaomiee WiM») BHIOJHACT JOTHISCKYIO Oepa-
[M10 XOR Ha KaXEOMH [ape COOTBETCTBYIOIUMX GHTOB IBYX CTPOK OOH-
HakoBO$ M. Hanpumep:

0110 = 0101 XOR 0011

B AIl C nopaspagHiif onepatop XOR 0003HAYAeTCs KakK «™»
(«KpHILIKA» ),
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AcceM0IepHBIE NPOTPAMMHUCTH MHOTNA HWCIONE3YIOT OTEPAIMIO
XOR Kax KpPaTKyI0 KOMaHIy oOHYJIeHMI 3HaUCHHA perucTpa. Brimon-
He¢HHEe XOFR Han ABYMS OAWHAKOBBIMH 3HAYEHHWSIMH BCErga AacT HYJIb
B pe3ynabTaTe, 1 BO MHOTHX apXWTCKTYpaX 3Ta omnepauns tpeOyer
MEHBHIETO KOAWYECTBA LHKIOB LEHTPANbHOro Mpoleccopa, 4eM Mo-
CNeAOBATENEHOCTL ONEpalnii, KOTophie 3arpyX%aiT HyJICBOc 3HaYe-
HHE B PETACTP.

AND. Hopa3pAgHbIil AND (M) BRIMOJIHAET JIOPWYECKYIQ Omepa-
UHI0 AND Ha KaXA0H Tiape COOTBETCTBYIOIMX OMTOB ABYX OMTOBBIX
cTpok. Hanpumep:

0001 = 0101 AND G011

B Al C nopaspanamii omepatop AND o0o3RavyaeTcd Kak «&»
{ammepcann). byleBcKHIl aHaIOT 3aMHCHIBAeTCA KaK «&&» (IBa aM-
MepcaHa).

Bumoewe cdeueu (bit shifts). DTH omepaluy TaKkke OCy-
(ECTRAAIOTCA Ha OHTOBOM YPOBHE H SABIAIOTCA VHApHHMH. B aTHX
onepaumsax GUTH CABMTalOTCH B perucrpe (Bmero wnH Brnpaso). [lo-
CKOJIBKY PerHCTPH KOMIIBIOTEpA HMEIOT OTpaHIICHHBHA pa3sMmep, He-
KOTOpBIe GUTH! GYAYT «BHIABHHYTHI M3 PEIUCTPa» C OAHOM M3 ero cro-
POH, M AHAIOTHYHOE YHUCIO OHT HO/DKHO GBITH «BABHHYTO B PETHCTP»
¢ Opyroii. OCHOBHOE painuuMe B onepaimsx OUTOBLIX CIBUIOB 3a-
KIKMAETCA B TOM, KaK UMEHHO OHH 00pabaTEIBAIOT 3TH «BIBHIH/BbI-
JIBHTH»,

Apugpmemuvnecrkuii cosuz Ilpu apudMETHYECKOM CABUTE
AHHYTHUPYIOTCA OWTH, KOTOpLIE COBHHYTH K3 MOOOro KOHIIA perncr-
pa. OaHako OpH apupMETUYECKOM CABHUIE BAEBO C NPaBOH CTOPOHLI
BIBUTAIOTCA WYJIH, a TIpH COBHIE BNPABO 3HAKOBEIH pa3psy OCTACTCA B
KpaiiHeM NIpaBOM pa3psage, COXpaHfAd 3HaK oflepaHaa (puc. 1.9, g, 6},
ApHpMeTHYECKHii CABAT BNEBO Ha 51 Pa3pANOE 3KBHBAICHTEH YMHO-
JKEHHIO Ha 2" (ec/1M HEe TIPOHCXOINT NEepenoIHEHHA), B TO BpeMs KakK
apudmeTHNeCKHi CABME BIIPaBO Ha 7 SKBUBAACHTEH ACCHHIO Ha 2"

HJozuaneckni cdeune Ilpw normiecKoM CABHI® aHHYITHPYIOT-
¢ OHTHI, KOTOpHE CABHHYTEI, H X MECTO 3aHHMAIOT HY/IH (B JIOOOM
XoHle perncrpa) — puc. 1.9, g, 2. TloatoMy, Jormdeckuit n apudme-
THMECKHI CABMTH WIEBO OKA3KIBAIOTCS TOXIECTBCHHEIMM. OIHAKO
JIOTHICCKHIX CEBHT BIIPABO BCTABAACT OWTHI CO 3Ha4YcHHMEM «{» BMe-
CTO KOMHHE 3HAKOROTO pa3pAma. CleRoBaTC/ISHO, JOTHYCCKHN CIBHI
ARNIAETCA GOJee MOAXOMAIIHM NS ABOMMHBIX uncen §e3 3HaKa, B TO
BpeMs KaK apu{METIFECKHIA CIBHI — /I ABOMYHBIX CO 3HAKOM.

Huxkauvweckuii cdeue WIH paspsanHoe BpamicHne. B 21oit
onepauHH OHTH, «BBIABHTacMHeE» M3 Perucrpa B mMobyKd CTOpOHY,
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Prc. 1.9. BUTOEHE COBHIH:
2 — apHQMETHYECKHI COBHF BNIpapo; 6 — apudMeTHMecKiil CIBHT BICBD; ¢ — JIOTH-
YECKMI CABMI BIIPABO; 2 -- JOTWYCCKMH COBWT BICBO; d — NpaBHil LUHKNMIECKHit
COBMT (BpPaNICHNC); ¢ — JICBMI IUMIUTHUECKMH CAOBHI, o — [OPaBRlH LBKIMYecKuil
CABM[ YEPE3 AEPEHOC; 3 — MEBLIA IHKNIHYeCKMH COBHT Yepe3 NMepeHoc

<BIBMTAIOTCA» B PETHCTP ¢ OpYyroi ero cTopoHEt {puc. 1.9, 0, ¢). D1a
oMepanus NCNONL3YeTCd, eCTH HeoOXOAMMO COXPAHHTh BCE CYILIECT-
BylolHe OHTHI, M YacTo NMpHMeHsteTed B Hudposolt kpunrorpadum.

Hukaunecruii cdeue «wepes nepenocr. B ormune ot
OOBIYHOTO CABHTA (MAH CABHIA «HE Yepe3 MEPeHOC») 30eCh CUMTAET-
¢, YTO IBa KOHUA PerucTpa otaeideHbl (UiakKKOM nepeHoca («I» Ha
puc, 1.9, e, 3). BUt, XOTOpHIT «BIBHHYT» (C MI000H CTOPOHEI perH-
cTpa), — cTapoe 3HadeHMe diakka nepeHoca, a OMT, KOTOpHIA «BEI-
IBHHYT» {C IMPOTHBOMOIOXHOH CTOPOHBI) CTAHOBUTCH HOBHM 3Haue-
HMeM (uia¥xa nepeHoca.

EaMHU4HBIA CABHT Wepe3 MepeHoC MOXET MOICAUPOBATE JTOTH-
yeckuii uH apudMETHYECKHII CABUT NO3HITHH, YCTaHABMHEBas dna-
XOK TIepeHoca 3apaHee. Hampumep, ecan duaxox tepeHoca conep-
KT «(», TO TIpaBblif COBHT Yepe3 MepeHOC COOTBETCTBYET JIOTHUES-
CKOMY CABUTY BIIPABO, a ecAu (haXoK MepeHOoca COOEPXHT KOITHID
3HAKOBOTO pa3pslia, To T0 apumMeTnueckuit capur. TlosToMy He-
KOTOpPBIE MHAKPOKOHTPOJUIEDE! MMEIOT TOABKO KOMaHAH LIMKIHYE-
ckoro casura. HMKNuecKHid CABHT 9epe3 NepeHoc 0Co0eHHO none-
38H, €C/IH OIEpaldd OCYIUICCTBIACTCA HAA uvMcIaMH, GONBILIMMH
PAIPAAHOCTY Npoileccopa (ABoWHOH WK Gonee MIHHE). EcnH 4yHc-
A0 XpaHWTCA B IBYX peructpax, To OHT, KOTOpHIl <BHIABHHYT» H3
NepBOTO perucrpa, AOMKeH OBITh «BABHHYT» BO BTOpoil. B maHHOM
cnyyaer IToT OWT coxpaHsercda BO (IaKKe MepeHoca B TeUYeHHE
repBOTO CIABHIAa M TOTOB K YYacTHIO BO BTOpOM cABHre Oea ka-
KOHU-TH00 TOHNONMHATENBHOA NOJTOTOBKH.
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Bumoesie manunyasuyuu. KpoMe nepeuMciaeHHBIX KOMaHI, CYILe-
CTBYeT GONBILIAA TPYNIA ONCPAauni, B TOM WM WHOM BHIE pean3o-
BAHHAY B PA3IHYHEIX MMpoleccopax H o0beOHMHACMAd 104 O0LINM HA-
3BAHMEM <«OMTOBRIE MAHMNYIALHEN/XOHrmMposanne» (bit manipu-
lation, bit twiddling, bit bashing). 3Ti onepaiii CBA3aHEI ¢ 330aYaMH
00HapyXeHHS H KOPPeKIIH OlNboK, ATropiTMaMy MHQpauni aaH-
HBIX H OITHMH3a1IHK, 0O6paGoTKH MyNSTHMEIWAHEIX TAHHBIX, GHOHH-
dopmaruku u nip. Hampumep, B LIIT Motorolla 68000 3to xoMaHIH
BSET (ycTa:noBKa OHTOB B «I»), BCLR (ycTaHOBKA OMTOB B «(») W
BTST (riepeyCTAHOBKA HYACBBIX GHUTOB); B cHcTeM KoMaHn SSE4 ato
POPCNT {«Population Counts — noacyeT xonmMdecTsa GHTOB, HaNpu-
Méep, YCTAHOBJICHHBIX B «1») H T. I,

Komange rpynnet ABM (Advanced Bit Manipulation Instruction
Set Architecture) noaNepXHABAIOT CTIEPAIMH HAJ YACTAMH CIOB (ION-
cioBamH, subwords) paamepom B 8, 16, 32 wmm 64 6uTa (B TampHE-
meM — 6uTrpynnu, BI). O630p HEKOTOPEIX KOMaHA 3TOr0 THIA
npHBeneH B 1adn. 1.22, 1.23. 3gecsh o0bHO P, — BXONHOM peructp,
P, — BeixonHoi#t, P, — ynpapnsaiomui (kmouepol, KOHPHIYpaLIHOH-
HHi). Padmmvanorcs cnefyiollHe KNacchl KOMAHJH! TEPECTAHOBXA
our u/mwiu BI', cxatne u pacumperre BI, a raicke cpapHeHMe OHT
H/mm BT,

Tabauya 1.22, Obzop oManp rpymmu ABM (DepecTanoRan)

Dnuren.-
Komanpa 0603naueHue OnKcaHme HOCTD B LWK-
nax ANy

Butterfly bfly Komangie bf 1y (nepecranosxa «Gadouxa») M ibEly 1
Inverse Butterfly [ibfly {nepectanoeka «o0parHan 6a00uKa») OCYWECTANAT
MapecTakoBrM nepectaHoexy GuToe Py, ICNONHWTENRHLE LIEANW Cpo-
eXTMPOBaHE T2KUM 06pa3oM (ceth Benetsa, cu.

pue. 1.10, 4, 8), 4TO EDWHCTBERHOE WCNONHEHWE Ofewx
MHCTPYKLMIA NOIBONAET NONYYHTL BCS 111 NepecTaHo-
BOK 11 GuT

Group grp bl {anpumep, 6aiiT) P, NepéyNOPANOYABABTCA B Bbl- 3
TpynAnpodatne XOAHOM PErucTpe Ry B CODTBETCTEMM C YKA3aTanem, Ha-
XORALKMCA B Pyy. Hanpumep, GuThl Py, KOTOPLIM COOT-
BETCTEVIOT «1» B Hy, NEPpeMeL3INTCA BNOBOD, A T8, KOTO-

PEM CODTBETCTBYIOT «0», — Bnpaso (puc. 1.10, 8)

Mix mix Bl exoOuLix perucTpoB Py W Py pashineanTca Ha napu 1
Napesmewnsanne W NGO4EPEAHO BOHDAIOTCA ANA NOMEWEHNA & Fo. No-
pRAOK BGOpKM onpenendeTca MopuduKaLmeR KO-
MaHaY {mix.c MMM mix. 1, puc. 1,10, £)
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Oxonvanue mafis, 1.22

Nawrens-
Komanna DtoanavsHWwe Dmcamme HOGTE B URK-
nax AIYY
Check, check KoMaHam check W excheck BLINOAHADT NBPecTa- 1
Excheck excheck {#oexy BT (apunoii e 1, 2 unw 4 Guta) & Py u Py Br
8 KUKIOM ParicTpe paalimeaniTca Ha naps U ewifnpa-
0TCA B Py, NPHYEM check BHGAPAET NEBbIN NEMEHT
KOXOOH napel w3 Py (puc. 1.10, 1) u npaswii u3z
excheck — B 00parHOM NopAAKE (puc. 1.10, &)
Mux © o |mux Brinonuser 5 nepecranosok Bl ofpathan nepecta- 1
HOBKa GuT (puc. 1.10, ), NepPecTaHOBKa YacTel paru-
cTpa (puc. 1.10, 3), sanonnesue Bcex GaiTos P; onn-
HAKOBLIM KONOM B3 Py W T. 1

»n

76543210 76543210
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Puc. 1.10. Baropxie Masunyasuus (ABM):
@ — BOCHMMpA3pAOHAN NEPECTAHOBKA butterfly; § — inverse butterfly;
6 ~— BOCEMMPA3DATHAS ONCPAIAA grp; 2 — ONEPAlHA mix. 2.1 {64-GHTOBHE CHOBa);
Jd — onepaima check.2; e — excheck.2; % — oncpaumd mux.l.rev opertion;
3 — muk.l.mix; # — 8-pajpAgHan omepalia pex; kK — pdep
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Tatauga 1.23. O630p xomaun rpyims ABM (CXxaTHE-pACIHRPERNE CTPOR)

M H- [LnwransHOCTL
Komanga m Oboauzvens OnHcaHme 5 e ATV
Parallel Extract Static |pex BuTei/Bl" Py, nOMBYSHHBIG «1» 1—3
Mapannenphos Variable [pex.v B Py3, W3BNEKANTCA # NDMENANTCA
CHATHE B NPaBy0 4acTs Py, OcTaBLMecA
GWTH CIIBEA 3ANDNHATCA HYNAMN
{pmc. 1.10, #)
Parallel Deposit Static |pdep Pacnpefenner BUIPOBHRHKEYI 1—3
NapannenbHos Variable |pdep.v anpaeo (s ;) NOCNENORATONLHOCTL
paciuMpaHue B no noanumam (8 Pyz), NomeveH-
Hoim «12 B Ay,

OcTasimeca nosuuwm & Pz 3anon-
HROTCA HyRAMM {prc. 1.10, 1)

Population Count popcount |Tlopcyer yucna GMToe Py, ycTaHoB- 1
NoacyeT «Hace- NIEHHLIX B «1%
NEHUA»
Dot Product dotprod |[CKANADHOE NPOWIBEACHNE BEKTD- 1
CxanRApHO® NpoMa- pos, NpaNCTABNALWMX cOOOR BnTo-
BAAEHNG Bbig CTPOKK
Bit Matrix Multiply | nxn |bmm.1rR |YMHONEHHE GHTOSON MATPHUL 1(n=64)
MepeMHOXEHNE DASMEPHOCTH 11 x 1 HA N-MEPHBIA
GHTOBLLX MaTDUL OuTOBLNA REKTOP. ONepailwA 3KBK-
BaNEHTHA f onepaunam dotprod
kxn [bmm.2rR | YmHONeNwa 27-0WTOBOW MATDMULI 1
Ha kn-GMTOBYI0 MATPULLY
1xn |[bmm.2r MNepeMHOXAHNE f1BYX A-GHTOBLIX 1
Martpuy

Briepsoie (hyHKUMOHANBHBIA (MCIIOMHATENbHBIR) 60Kk ABM no-
ABRACTCA B mpoLeccopax apxuTekrypul K10 (AMD) — cm. puc. 3.35.

Cunmes u onmuMu3aUUA CXeM

TIpu f0CTPOEHHHM CXEMEL, peali3yiolmlet NPOU3IBOAEHYI0 TabIHILY
HMCTHHHOCTH, KaXIBH BRIXON aHANMIMpPYeTCH (M CTPOUTCH CXema) oT-
Jenvro. Jnd peanu3auuy TaGAULEI HCTHHHOCTH € MOMOLIEBIC IOTHYC-
CKHX JIeMEHTOB «H» HOCTaTo4HO pacCMOTPETH TOMBKO Te CTPOKHU
TaGHikl HCTHHHOCTH, KOTOPHIE COASPXAT NOTHMECKHe «I» B BBIXOI-
HOM cuTHanme. CTpoKH, cOmepXallie B BLIXOTHOM CHTHAIE NOTHYE-
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cKuit «(», B TIOCTPOEHHH CXEME! He VIacTByor. Kaxman crpoka, co-
JepXalHas B BLIXOAHOM CHTHAJIE JIOTHYECKYIO «1», peaamayercda cxe-
Mol normyeckoro «H» ¢ KORHYECYBOM BXONOB, COBMNANAIOUWMM €
KOJIMIECTBOM BXONHBIX CHTHAmOB B TalnHIle HCTHHHOCTH. BXOIHHE
CHFHAJIH, ONMMCAHHEE B TaGaNIe HCTHHHOCTH JIOTMMEeCKOH «1», moma-
[OTCH HA BXOX 9T0H CXeMBl HENOCpESACTBEHHO, a4 BXONHEIC CHTHAIH,
OMHCAHHBIE B TabNHIE MCTHHHOCTH JIOTHUECKHM «», IOAAIOTCd Ha
BNOA uepes MHBepTophl. OObeNHHeEHMEe CHUTHANOB ¢ BREIXOROB CXeM,
PEATH3YIOUINX OTHCARHRIC CTPOKH TAOMHIM HCTHHHOCTH, INPOH3BO-
JHTCH € TTOMOBLIEI0 cXeMHl JorHdeckoro « IH». KomiuecTBo BXOIOB
B 3TOIi CXeMe ONpeNenseTcs KOMHYECTBOM CTPOK B TAG/IHIE HCTHHHO-
CTH, B KOTOPBIX B BLIXOIYOM CHTHAJIE TIPACYTCTBYET JIOTHYECKAs «1»,

PaccmorpuM KOHKpeTHBH npaMep. [IycTh HeoGXOXMMO peaH3o-
BaTh TA0ANIY HCTHHHOCTH, TIPHBEASHHYIO B Tabna, 1.24,

Tabauya 1.24. TaGxmma RCTHRROCTH HeK0TOPOR Jonmeckoli GyHxmum

Bxopu Brixonw
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JUI9 TOCTPOSHHMA CXEMBI, peanusylollcii CHMrHaI y,, JOCTATOMHO
PAacCMOTPETE CTPOKH, BEUECTICHHBIC CBETVION RITPIXOBKOH. JTH cTpO-
KH peannayiorca cGopkolt (Muxpocxemoit) S, Ha puc. 1.11. Kaxngas
CTPOKA peanusyerca cBoeil cxemost «H», 3aTeM BBIXOOB 5THX CXeM
obbenumsIoTcA. [DIsi TOCTPOSHHA CXEMBbl, PEaIM3YIOIEH CUTHAN ),
JOCTATOYHO PACCMOTPETE CTPOKH, BAIAENCHHEIC Golee TeMHOM ITpH-
XOBKOH. DT cTpoKM peamm3syiorca cOopkod S, HuBeprupobaHue
BXOJOB CXEMbI OCYIIECTBIACTCH COOpKo# S,.

b 41 Y2
| 5 I
1 1
5a |& |& |[& (& |&

by A3

;.l

T

K o

|

Pre. 111, CxemHan peaTn3aniMa TabnMIE NCTHHHOCTH (Tabn. 1.24)

B 9acTHOCTH, B IAHHOM CHy4ae
M=EAX, AX, AX)IVIE AXy AX; AX)Y
vi{X, AX, AX; AX)HT A

Ilpeoopazosanun sceunecxux gopmys. PapHOCHNBHEIE Ipeobpazo-
BAHHA JIOTHYCCKHX $OpMYJT HMEIOT TO K& HasHaYcHHE, YTO M Ipeob-
pasoBanua (GopMmyl B 0OsIIHOI anrebpe. OHH ciayXar mid yipole-
HHA GopMYIT HIH MPHBEICHHA HX K ONpeNcIcHHOMY BUOY ITYTEM HC-
MOIB30BAHAA OCHOBHAIX 3aKOHOB aNnre(pH JIOTHKH,

Ilon ynpowieruem gopmyas, He comepXalieit onepannil MMIUIM-
KAl ¥ 3KBMBAICHIHMH, TIOHHMAIOT pPAsHOCUAbHOE npeodpaiosanue,
NpHBoOALIEe K (popMyNe, KOTOpad IO CPABHEHHIO ¢ KCXOTHOH amnbo
CONEPXKHT MeHbIIce YHCAO onepalnii KOHBIOHKIMN W AMIBIOHKIIHH
H HE COONCPXWT OTPHIAHMN HeeMEHTAapHHIX ¢opMyn, mbo conep-
XKHT MEHBILIee YHCIIO BXOXNCHNH IepeMeHHBIX.
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Hexoroprie npeobpa3oBaHHA AOTHYECKHX (DOpMY/T HOXOXU HA
npeobpasoBaHus dopMyn B oSEMHON anrrebpe (BoIHeceHMe OOIETO
MHOXHTE/A 32 CKOOKH, HCTIO/NB30BAHNE TIEPEMECTHTENHHOIO U code-
TATeJBHOTO 3aKOHOB M T. I1.), TOTIA KaK JApYTHe npeodpa3zoBaHBs oc-
HOBAaHH Ha CBOMCTBAX, KOTOPHIMH He 00JafaloT oNepaluy oObLMHOMN
anre6pel (MCIIONBE30BAHHE PACHPEACNHTEILHOTO 3aKOHA 1A KOHB-
IOHKOAH, CBOHCTE MOrNoieHHa H CKIICHBAHMA, 3aKoHOB a¢ MopraHa
W ap.).

TIpuBeaeM HECKOABKO NPHMEPOB, WUTIOCTPHPYIOINX METOORL,
MpUMEHAeMbIe MPH YIIPOIIEHNAH JIOTHISCKHX HopMyA;

1) xvyA(XAP)I=XAVA(XAP)=XAXAFAYy=

=0AyAy=0
(3aKOHBI ANreOpHl JIOTMKH NPHMEHSIOTCS B Clenyioiieil mocinenosa-
TeABHOCTH: 3akOoH JO¢ MopraHa, covUeTaTeNbHBINA 3aKOH, NpaBWIQ
KOHBIOHKIIHH NepeMeHHON ¢ ee WHBepcHeil U TPaBHIIO ONEpalui ¢
KOHCTaHTaMH);

2) XAPVIXVIVX=XAYvIAYvxs=

=xA(yvylvx=xvx=1
(npuMeHneTCa 3aKoH e MopraHa, BEHIHOCHTCA 3a CKOOKM o0mmit

MHOXHTENb, NCTIOAb3YETCA PABWI0 ONIepaltHii mepeMeHHOM ¢ e HH-
BepcHett);

3) XAPVIAYAIVIEAZ=
=XAVVEAYAZVIXAZA(PV Y=
SXAPVIEXAVAIVIAVYAIVIAYAZS=

S(XAVVIXAPADVXAYAIVIAYVAID=XAYVYIAZ
(BBOOWMTCA BCIIOMOTAaTeNBHBIN JlorHYecKud coMHOXUTENb (¥ v ¥),

KOMOHHUPYIOTCA NBa KpaliHHX H JBa CPEAHMX JOTMYECKMX Cliarae-
MBIX H HCTIONB3YETCH 3aKOH MOLNOIeHUS);

4) XVYAZIVIVYIVI=XVIVIVIAPAZ=
=XV YV IVIAVAZ=XVvIV(IVXAVAD=XVIVY

(X OTPHIAHHAM HeieMeHTapHEX GOpMYA NMPHMCHACTCA 3aKOH I¢
Moprana, HCITOAbL3YIOTCA TBOIHOS OTPHIIAHHE M CKIIEHBAHHE);
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5) XAFVXAYPAIVIAVAIVIXAYAZ=
=xA(JVYAIVFIAZVYAD)=
=xA(FvIaDvEarzvyAaD)=
=xa{fvianzvill=xal=x
(0oBIIHII MHOXHUTENE X BEIHOCHTCH 34 CKOOKHM, KOMOHHMPYIOTCA Clla-
raeMele B CKOOKax — IIEpBOE C TPETBHM H BTOPOE ¢ YeTBEPTHIM, K

JHILIOHKINHE ¥ A Z vV Y A Z TIPMMEHsIETCS NPAaBIIO ONepalud nepe-
MEHHOIT ¢ ee UHBepCHEH);

6) XAYyvIA(XvIIVvI=
SXAPAXVIXAFAYPVIAXVIAYPVI=
«0vOvzAXvIaYyvZI=ZaXv(zvDalyv D=
sZAXvia(vID=z2AXvyvI=(zAXvDvy=

=(ZzvDARXVvDVvY=sIAEVDvYy=XvIvy
(HCHONB3YIOTCA pacnpeleTUTeNLHbI 3aK0H VIS MU3LIOHKUHM, Opa-
BIUIO OREpPallHH NEPpeMEHHON ¢ €6 HHBEpCHEH, IMpasiio Onepali ¢
KOHCTAHTAMH, NEPEMECTUTENBHEIH 3aKOH H pacnipe/IeIATeNbHbIH 1a-
KOH /1N KOHBIOHKI[HH);

N XAPA{XAZVIAPAZVIAD=

=xAyA(:fsz3c-Ayv Ivzal=
=XAYPAXAZVEAYVIVIAD=

SXAPVEAYAIVIAPAZIALI=XAY

(MCTIONB3YIOTCA 3aKOH e MopraHa, ABOMHOE OTPHUAHWE W TMOTNIO-
LLEHHE).

Munumusagun tro2unecxozo svipawenun. llenvio MUHHMM3ALNH
JIOTHYECKOTO BHIPaXeHHA, MPEACTANIAIOWIETO 3aNaHHYIO JIOTHYECKYIO
PYHKIMIO, ABNACTCR YMEHBUICHHE CTOMMOCTH €€ PeaIi3alHH (KOMH-
YeCTBA HCMIONB3YEMBIX JIOTHYECKUX 3eMeHToB). O6wasn cxeMa npo-
necca peanH3allui JOTHYecKoH $ynKimn Takopa. s Hee cocTarns-
eTCA CYMMA TMPOM3BeACHUN, WIH OuU3BIOHKMUGHSR COGEPIIEHHAR HOp-
Mmasbuas opma. 3aTeM NOJNYISHHOE BHIPAKCHHAES MEHEMH3HPYIOT 0
IKBHBANEHTHON Munumarbnod cymmu npouseedenuii. Yrobm onpene-
JATh KPpHTEPHN MUHWMM3ALLHM, BBOZMTCH TIOHATHE CMOUMOCMY, AU
SeauMiHb, TOIMYeCKOTO BHPAaXKeHH,
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OO0BIYHO NPM OIleHKE CTOMMOCTH BHIPDAXEHHMH YYWTHBRAETCHA 00-
ee KOMMYECTBO BEHTWAEH W HX BXOJHLIX 3HAYCHHH (BXOIHBIX NH-
HIEH), HeOOXOOMMBIX IS PEeATK3ALMH BHPAXeHUs B (opMme, TIpHBe-
IeHHoif Ha pue. 1.12.
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Pue. L12. Munumuzauns JOrHYECKHX CXEM

CroumocTs 6énsreit cxemn: (puc. 1.12, a) pasHa 21:

5 permuieil oc 16 BXONHBIX SHAYEHMIA.

HHBepCHS BXOAHLIX 3HAYCHUI OPH TOXCYETe HIHOPHPYETCS.
CroMMocTh Bodee npocTero BeipakeHua (puc. 1.12, &) parHa 9:

3 BeHTIH TUTIOC 6 BXOIHBIX 3HAYEHMH,

Tetleps MOXHO OUpPEACIMTE KPHUTCPHI MHHHMMW3ALIEH: CYMMQ
RPOU3BEOEHULl CHUMACMCR MURUMAALHOU, ecau He cyuecmeyent 3Keuaa-
ACHMHO20 el BLIPANCEHUR MERbIUET CIOUMOCTTN.

CrpaTervf YIpoOILEHMS 3aJaHHOTO BBIPAXEHHA 3aKNIOYAETCH B
cnenyiomeM. Tlpexie Bcero TepMsi-TIpOM3BeIeHHs pa3bHBAIOTCA Ha
maphi, paaTHqaloMHecd ¢AHHOH nepeMeHHOM, KOTOpas B OMHOM Tep-
Me CTOMT CO 3HaKoM — (X), a BO BrOpoM — Oe3 Hero (x). 3aTeM B Ka-
Xnoif nape obiliee MpousBeAcHHE IBYX MEPEMEHHBIX BEIHOCHTCA 3a
CcKOOKM, a B CKOOKaX OCTacTCs TEpM —x + X, BCerlla paBHHIl 1. Bor
YTO ME! HONYYHM, [IPMMEHHB 3TY NIPOLEAYPY X NIEPROMY BRIPAKEHHIO
ana GyHkuum f; (va puc. 1.12, a),

H=Zam aXIv (Al AX)v (G AX AX)v (5 AX AX)=
=X AN AV IV AX)AX AXy =
=X A, Alviaxax; =
=X A%V X AX,,

D710 BRpaXcHHWEe MMHHUMaIbHO. COOTBETCTBYIOIIAA €MY JIOTHYE-
CKasg cxeMa MpuBeHeHa Ha puc 1.12, 6.
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Apyaue cxemissie Inemenmos IBM

Tpuzzepst (oT axes. trigger — 3alleNiKa, CIYCKOBOH KpIOUOK) —
INEKTPOHHAA CXeMa, IMHPOKO NMPHMEHsIeMas B PETHCTPaX KOMIBIOTE-
pa ig 3amOMHHAHMA ONHOTO pa3pAia IBOMYHOrO Koma. Tpurrep
HMEET JIBA YCTOMUMBHIX COCTOAHMS, OIHO H3 KOTODPEIX COOTBETCTRBYET
JBOMYHON eIHHHIE, a APYTOE — IBOUYHOMY HYNIO.

Jna obo3HaueHu 3Toif CXeMEBI B AHMIMHCKOM S3BIKE 9aCTO VIOT-
pebnaerca tepMud flip-flop, 4TO B MEpEBOAE O3HAYAET <«XJIOMAHEE».
310 3BYKOIOIPAKATSIBHOS HA3BAHHE SNEKTPOHHON CXeMH YKA3LIBa-
eT Ha e¢ CImOCcOOHOCTE MTHOBEHHO ITEPEXOANTE («nepefpaceiBaThCA» )
H3 OOHOTC COCTOAHMA B APYroe H 0OpaTHO.

CaMelif pacrnpocTpaHeHHBI THI TpUITepa — TAK Ha3bIBASMELH
RS-tpurTep (S W R, COOTBETCTBEHHO, OT gH24. S€I — YCTAHOBKA M
reset — c6poc). OH UMeeT ABa CHMMETPHYHBIX BXoJa S M R H IBa
CHMMETPHYHBIX BhIxofa @ M @, NpUyeM BLIXOAHOH cHTHAN Q sIBMA-
€TCH JOTHMECKHM OTpHIAHHEM cHrHana (. YcmosHoe 0O03HavYeHWe
RS-tpurrepa npueoauTcsa Ha puc. 1.13, a.

Pre. 1.13. RS-tpurrep (@), cro peanuiatnn (&)

Ha xaxnplif H3 ABYX BXOAOB S H R MOFYT NMOAABaThCA BXOHHEIE
CHFHANEI B BHJIE KPATKOBpeMeHHRIX HMIynecoB (puc. 1.13, g). Ha
puc. 1.13, 6 nokasaHa peanH3alMf TpuITepa Ha 0ase BEHTWICH
«M1JIU-HE» u «<HU-HE».

IMepeuncnuM BO3MOXHBIE KOMOHHAIMH 3HAY¢HMt BxomoB Ry §
TpAFTEpa, HMCHOABLIYS €re CXEMY H TaOMHEY HCTMHHOCTH CXESMBI
«UJIK-HE> (Tabn. 1.25).

1. Ecau Ha BXomBl TpHITEpa Momath S'= 1, R =0, To (He3aBHCHMO
OT COCTOSIHMH) HA Bbxoae () BepxHero BeHTHII TToABHTCA «D». TTocne
3TOr0 Ha BXOJAX HIXHEro BEHTHAS oKaxercs R=0, Q=0 u soxon
() cTaHeT paBHBIM «1»,
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Tabauya 1.25 TaOnHna NCTRAHOCTE Jn8 RS-TpHITEpS

s R (v} 7]
i} 0 Be3 nameHeH
0 1 1 0
1 0 0 1
1 1 He onpegenexo

2. IIpn nogage «» Ha Bxom 5 m «1» Ha Bxom R Ha BeEIXOZEe O
noaBuATcA «0», a Ha @ — «1».

3. Ecim1 Ha Bxofsl R 1 .S OBHOBPEMEHHO TIOAAH JNOTHYECKHH «0»,
TO cOCTOAHME QM Q) He MeHAETCA.

4, Cocrosiiive Tpurrepa npn R=1 B 5= 1 cunTaerca Heompene-
JIEHHBIM, TaK KakK TIOCAS CHATHA TAKMX CHTHAJIOB TPHITEP HE TEPEX0-
JUT OGHO3HAYHO B HYXHoe cocToaHHe. [1o3TOMY Ha cocTosiHME BXO-
0B Hataraerca ycropne R A .5 =0.

ITockoNbKY TPHITEP MOXET 3aIIOMHNTE TOMEKO ONHH paspsn IBO-
HYHOFO KOfa, JjIs 3anoMuHaHma Gaitra HyxHo 8 TpHITepoB, 1B 3a-
NOMHHAHHA KwiobaiTa, cooTBeTcTBeHHO, 8 x 2'°=8192 TpHITEpAa.
CoBpeMcHHBIE MHKPOCXEMH TIAMATH COACDXKAT MIWUIHOHH TpPHI-
repoB.

Kpome RS-Tpurrepos m3BecTHHEl Takoke JK-, 7- m D-TpUITepHL
JK-TpuITED COAEPXUT CXEMHEIE TOTIONHEHHS, KOTOPLIE CHHMAOT He-
ONpPEICNICHHOCT COCTOAHNA NPH Nnogave «1» Ha oba Bxoaa.

T-TpuITep HMeeT €IHHCTBeHHEBIH Bxoa (7), npw momade «1» Ha
KOTOPHIE ocywlecTRIAeTCS <mepeGpoc» cXeMbl. T-TpMITEpH MOTVT
MCTIO/TB30BAThC JJisi CO3NAHUS ABOWYHEBIX CHeM4iNoe (HampuMep,
CYEeTYHK ampeca XOMaHad, ofecneyMBaOIIMi MOCTef0BATENRHYIC BHI-
GOpKY CHOB M3 ONEPATHBHON NMaMATH).

D-rpurrep HMeetT HHGOpPMalHOHRHIR BXoO D B BXOI CHHXPOHM-
samu C. CocrossHMe Ha BhIXoHe D-TpHITepa oTpaxaeT HHdbopMa-
LIHIO, TIOCTYIHBINYIO H2 €T0 HHGOPMALHOHHEIH BXO B TEYCHHE BO3-
JelCTBHUA CHHXPOCHTHANIE.

PaccMoTpHUM Aanee OTHOPA3PATHEIE CYMMaTOP B

Cymmameop noe modyaro 2 ABNACTCA TPOCTEHHINM cpeld HUX U
peanuayeT onepalinie A xor B (Mcxmouapmee WIM, cM. Tabn. 1.14).
QGo3HateHHe Ha cXeMaX M peaTH3alMda cyMMaTopa o MOV 2
[IpHBOAITCH Ha pUC. 1.14.
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Pae. 1.14. Cymmarop no mogymo 2:
a — ofoIHadeHue Ha cxaMax; § — peanHIanps

Hoaycymmamop, BcnoMHuM, Y10 TIpU CAOXKEHHH ABOHYHbLIX YH-
cell ofipasyeTcs CyMMa B DAHHOM Paspalie U IIPH 5TOM BO3MOXCH Ie-
peHoc B cTapiunii paspan. OGo3Haunm ciaraemelie (4, B), mepeHoc
(P), cyméty (:5) u paccMOTPUM COOTBETCTBYIOLIYIO HAHHON ONepaiiiy
Tabn. 1.26.

Tatma 1.26. TaGamua croXeRds ofHOPASPAIMMWY JBOHYHLX YHCEA ¢ YIETOM NCPEROCA
B CYApDIME PAIDAL (ONYCYMMATOD)

| Cnarasmus Pepenos Cymuia
A 8 P s
0 Q 0 0
¢ 1 o 1
1 0 0 1
1 1 1 v

H3 3roit Tabnnuel cieayer, 4TO MEPeHOC MOXeT GHTH PeATH30-
BaH C [IOMOLLLKY ONEPALHH JOTHYECKOr0 YMHOXKECHHA

P=AAB

TlonyunM dopMmyny 419 BHMHCICHAA CYMMEl, JHAYEHHA CYMMHE
NOYTH BCEFJA COBMAJAIOT ¢ pe3yJLTATOM ONEpaldH JIOTHYECKOTO

CHOXEHHA (KpoMme ciiyyas, KOTfia Ha BXOd NMOHAIOTCA IBE SIMHHLH, a
Ha BBIXOIE HOJIKEH TIOMYIHThCH HYNB).

HyxHbIit pe3ynsTaT NOCTHTACTCA, eCHH pe3ylnbTar JIOTMUECKOTO
CTOXEHVA YMHOXHTh HA WHBEPTHPOBaHHMIA nepeHoc. TakuM ofpa-
30M, JUBI OTIPEOcHeHHA CYMMBI MOXHO IPHMCHHTH BHpaXeHHE (CM.
CHCKEHME HO MOIYMIO 2);

S=Av BAAAB.
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Ha ocHOBe MOMYYEHHEIX JIOTHMMECKHX BBIpaXeHHH MOXHO TMO-
CTPOHTDH CXEMY MOJIYCYMMATOPA U3 Ga30BhIX JIOTHYECKNX TEMEHTOB.

H3 norudeckoit ¢opMynsl ana cyMMBI CHEOVET, 4TO Ha BHIXOAE
DOMXKEH CTOATH ANEMEHT JIOTHUYECKOIo YMHOXeHHs «H», KOTOpHIH
uMeeT Apa Bxoga. Ha oOMH M3 BXODOB MOJAETCA pe3yNILTAT JJOTHYe-
CKOI'O CAOXEHHS HCXOAHLIX BETHYHH, T. €. Ha Hero ACMXeH Iofa-
BATECS CHTHAJI C 3JIeMEHTa JIOTH4Yeckoro caoxeHus «HTH»,

Ha Bropoit Bxoa TpeOyeTcs Moaath pe3ylNbTaT HHEEPTHPOBAHHOTO
JIOTHYECKOTO YMHOXEHHSI MCXOAHHX CHTHAIOB A A B, T. e. Ha BTO-
poli Bxon nogaerca curHan ¢ atemenrta «<HE», Ha BXog xoToporo no-
CTYMaeT CUTHAN C 3JIEMEHTa IOTHYECKOro YMHOXEeHHA «U».

JaHHasa cxemMa HA3KBASTC NONYCYMMaTOPOM, TaK Kak pea-
AU3YeT CYMMHpPOBaHME ONHOPA3pSAIHBIX MBOMYHHX yHcen §e3 yvyera
fepeHOca U3 Maaamero paipsna {puc. 1.15).

AR 8 4B

5
Lo &t
ra — 8
—l4|H8]| ot _
- PlL— &-—-—P
g & D

Pre. 1.15, Honycymmarop:
a — oBo3HaYeHYe Ha cremax; f§ — peannaius

IToansiii  odnopaipaonwié cymmamep. TloTHEIA ONHOpa3pPAAHBIN
CYMMATop JO/DKeH MMETh TPH BXOIA: a,, b, — claraeMmbie 1 p, | — ne-
PEHOC M3 NpeALAYINEre paspsja H IBa BbIXOAA: CyMMa S; K MEPEHOC
2, Tlopanok GhyHKUMOHMPOBaHMA CXeMbl NMpUBOgHTCR B Tabu. !.27.

TlocnenoBareMsHOCTE TOCTPOCHUA TOJAHOTO CyMMaTopa Takas
Xe, KaKk M noaycymmaropa. IlepeHoe peamusyeTcs ¢ MOMOILBIO Cle-
ayviouiei GopMyL:

p=(a Ab)via Ap)v(h A.Pi-l)'

Jorveckoe BBIpAKEHHE U BRYHCAEHHT CYMMBI B TIOJTHOM
CYMMATOpPE NIPUHHMAET CACAYIOUKH BUI

Si=(avbvp I ap,,via ~nbap,)
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Tatauya 1.27. Tabmnma cloXeHRs I8 DOABOIO OXHOPAIPAINOTO CYNMATODA

Crarassuie Bxonmuwh napetoc BoixXORALMA NAPAHOC Cymma
& L] Py Py S
0 0 0 0 0
0 0 1 0 1
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
i 1 0 1 Q
1 1 1 1 0
1 1 1 1 1

B cOOTBETCTBMH ¢ NMPHHUWNAMH NMOCTPOCHHA CXEMBI [0 TIPOH3-
BOJIbHOH Tabmuie mcTMHHOCTH (cM. Tabn. 1.24, pue. 1.11) MoxHo
NOCTPONTE CXEMY TOMHOIO ABOHYHOIO OJHOPA3PANHCTO CYyMMAaTopa
(puc. 1.16, 6).

P b P, §
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Prc. 1.16. OxHopaspanHuiit cymMMaTop:
g — ofo3HadeHHe Ha CXeMaxX; § — PealH3ALHA Ha JJOTHYeCKMX cHopkax
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1.4. TeXHONOTUH INEKTPOHHDLIX CXEM

OcHOBOIt JIEKTPOHHBIX TEXHOJNOTHI B HacTOMllce BpeMS ARNISA-
I0TCA FOJYNPOBOAHMHKE (semiconductors) — BEMIECTRa, 3IEKTPOIPO-
BOAHOCTE KOTOPHIX YBEIHMHBAECTCA ¢ POCTOM TEMIICPATYPH M ABJIACT-
cA TMPOMEXYTOUHOH MeXIY TIPOBOAHMOCTBIO METAIUIOB U H3OISTOPOR.
HaunGonee 4acTo HCIONBL3YEMBIMHA B 3JCKTPOHHKE IIOIYIIPOBOMN-
HHKaMH SIBJSIIOTCS KpeMHHit B repManuit. Ha MX ocHOBE IIyTeM BHe-
ApeHHSA NMPHMECEH B OMPENe/CHHBIX TOYKaX KPHCTAUIOB CO3NAIOTCH
pasHooOpasHble HOIYTIPOBOOHHKOBEIE JIEMEHTHI, K KOTOPEIM, B TIEp-
BYK) OUCPEAb, OTHOCATCA!
o IIPOBOTHHKH, KOMMYTHPYIOIIHE aKTHBHLIC 3JIEMEHTHI;
s BEHTH/IH, BEITOMHSIOWNE JOTHICCKHE ONCPALIHH,
¢ TPaH3NCTOPHl {HOJYIIPOBOZHMKOBHE TPHOIB), TIPpeIHA3IHAYCH-
HEIE U YCHICHW, TCHEPHUPOBAHUA M Mpeolpa3oBaHHUd IeK-
TPHYECKOTO TOKA;

& PEIUCTOPEL, O0CCIICTHBAIOIINE PEXHUMEl pabOTHL aKTHBHEBIX 16—
MEHTOB;

¢ IpHOOpH ¢ 3apamoBoif ceasbio (I13C), npegHazHauYeHHDbIE IA
KPATKOBPEMEHHOTO XpAaHCHHS AWIEKTPHUCCKOTO 3apsma M Mc-
MIOJIB3YEMbIE B CBETOUYBCTBHTEIBHEIX MaTpHLax BUACOKaAMED;

 MONBI M AP.

B Hacrosilice BpeMs WCIIOAB3YETCA HECKONBKO TEXHOMNOIHI mo-
CTPOCHHS JIOTHYCCKHX 3ACMCHTOB:

* TPaHIUCTOPHO-TpaH3KucTopHas joruka (TTJI, TTL);

« JOTHKA Ha OCHOBE KOMIUIeMeHTapHhX MOTI-TpaH3ncTOpOB

(KMOII, CMOS);
« JIOTHKA HA OCHOBE COYCTAHHA KOoMIUIeMeHTapHHX MOII- u 6u-
TONAPHBIX TpaH3ucTOpoB (BiICMOS).

KpoMe Toro, pasiamdaioT:

» TIOJIOXKHUTENBHYIO JJOTHKY, HJIH CHCTEMY BBICOKHX MOTEHIMANIOB;

* OTPHLATEARHYIO JOTHKY, WIH CHCTEMY HH3KHX IMOTCHIIKAJIOR;

» CMEIUAHHYIO.

TIpy moJIoXHTENBHOR TOTHKE HANMPSOKeHHe BHICOKOTO YPOBHS cO-
OTBETCTBYET JIOTHIECKOH «l», a MpH OTPHUATENLHOMH OTHKE — «(s.

Jormueckue smeMeHTH, GYHKUHOHHPYIONINE B CHCTEME BRICOKHX
OTEHIMANOB, ByaJabHB JIcMEHTaM, pafoTalolluM B CHCTEME HHA3KHIX
noreHiHanos. HanpuMep, 8 cHcTeMe BRICOKHMX IOTEHLIMAIOB 9Me¢-
MeHT peanmnsyet oyakouo «JIA-HE», a B cucTeMe HH3KHX MOTEH-
unanos — «<A-HE».
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PaccMorpum puic. 1.17, Ha KOTOPOM JOCTATOYHO YIPOINEHHO
NpeICTaBNEHH TPAaH3HCTOpHEIE cGopkH «H» (ImocaenoBaTeNbRO BRITIO-
YeHHbIE TpaH3ucTopel) H «HJIHU» (mapainensHoe Bkmoderne), Bxon-
Hble H BBIXOAHBIC CHTHANH «l» MpeNCTaBAAIOTCA BHICOKHM YPOBHEM
HATIPSOKEHMS HA KOJIEKTOPE TPaH3HCTOPa (NPaKTHYeCKN PABHBIM HA-
NpsEKeHuKe muTaHusa). CurHany «(», Hao60poT, COOTBETCTBYET HM3-
KM YpOBCHE BHIXORHOTO HATIPSEKCHHA.

Bxon 1 Bxan 1
Crox ] Trawmcrop 1 DA
(sMwTTep) 5 . Tpansuctop 1
BXOAHOA TOK PR
BaooaHad To
S yg *
js: E ‘6’”)( Crox ) TpamcTop 2 Tpanaucrop 2
o o—
Bxog 2 Bxon 2
a (]

Puc. 1.17. MpuMep peanmuzauny ofopok «He» (o) u «<HIJIH» (6)

TMockoneKy, HanpuMep, B OONBINHHCTBE COBPEMCHHBIX NEpCO-
HAIbHHX KOMNBIOTEPOB HANDSXCHUE MHTAHHMA cocrapmster 3,3 B
(B Donee paHHMX BepcHsx, A0 Pentium ~— 5 B), 1o BeIXOAHAaA «1» 3a-
JaeTcs HanpsxeHueM 3,3 B.

Ha puc. 1.18 npuBoauTca WUTIOCTPALMA TaK HA3BIBAEMOID «3a-
KOHa/mpaBiia Mypa», ¢ BBRICOKOM TOUHOCTBIO ASMOHCTPHPYIOLUETO
ynpoeHue 3a 18—24 Mec. KOMMYecTBA TPaH3IACTOPOB B TIPOUECCO-
pax. OcHOBOU 3TOH 3aKOHOMEPHOCTH SIRISICTCS OOBEKTHBHBIH 11pO-
HecC YBETMYEHHsI TNOTHOCTH YHAKOBKH IEMEHTOB MHKPOCXEM
(puc. 1.19).

Kr109eBEIMH BRIDAXCHUSMY NPA ONMCAHMH MHKPOCXEMREX 3/I6-
MeHTOB (puc. 1.19) aBndloTcsA TakHe, Kak <rexHomoruss 130 HM»,
«TexHOoNormyeckuii riporiecc 0,5 MxM» U 1. 1. 910 O3HAYAET, YTO pas-
Mepbl TPAH3UCTOPOB WIH APYTHX IEMEHTOB (y310B, node) cooTBeT-
CTBeHHO He TiperbiuaioT 130 HanoMerpor (1 HM = 107 M) aubo xe
0,5 muxpoH (1 MM = 107° M) — puc. 1.20.

B npoueccope Intel 4004 (1971 r.) HCIOMBIOBANACE MEXHOAOZUA
10 mxm;, B ipoueccope Pentiun I (1998 r.) — mexnonoeun 0,25 mxm;
B npoueccopax Intel Atom u AMD Shanghai (2008 r.) — ranomexuo-
aozun 0,045 mem (45 vM) (cM. Tacke Tabn. 3.3 n 3.6).
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Pue. 1.18. INpasino Mypa (KonHuecTso TPaHIHCTOPOB B HH1ErpatbRoit cxeMe
VIBAHBACTCA Kakasie 18 Mec.)
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Pue. 1.19. IunaMuKa B3MeHeHHH pasMepOR CXeMHED 3MeMEHTOR

Puc. 1.20. HaHOTexHONOTAK
HATTAIHO:
a — TpassHcTop (90 HM); 6 — BH-
a & pvc rprma (100 HM)
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Muxponpoueccopsi

Microprocessor — npoieccop, BHIIOMHEHHEIEH B OAHOK nMBO He-
CKOJIBKHX B3aHMOCBA3aHHBEIX HHTETPANIBHBIX CXeMax.

Tpolieccop NOAHOCTEIO COOHPaeTCq HA OMHOM dHIE H3 KPeMHUA.
DNexXTpOHHBIC LeMH CO3NAITCA B HECKONBKO CJIOEB, COCTOAILMX M3
PalTMYHBIX BEILECTB, HampHMEpP, AMOKCHI KPDEMHHH MOXET HIPaTh
pPONb H3QJIATOPA, a MONHKPEMHHI — NMpOBOTHHKA.

B 4acTHOCTH, TPAH3ACTOP NpEACTaBNgeT CO00N nmpocTeiiuee yer-
poiicTBO, pa3sMeLIaloliceca Ha TOBEPXHOCTH KPEMHHEBON [IACTHHE
H QYHKIHOHHUPYIOIHEe KAK 3/IeKTPOHHBH Koy (puc. 1.21, a). OGeu-
HO OH CONEPXHT TPH BbiBOa — MCTOYHHK (IMHTTEP), CTOK
(xkonnextop) 1 3arpop {(Ga3a). 3aMETHM, YT0 B JAMIIOBHIX
9NEMEHTAX COOTBETCTBYIOLIHE S/IEKTPOOH MMEHOBAAHCh — KATO [,
aHoA, ceTKa. McroyHuK H CToK o0pa3vioTcss nyTeM BHEOPEHHA B
MOBEPXHOCTS KPeMHHA OTIpeNie/IeHHBIX TIPUMECET, 4 3aTBOP CONEPRKHAT
MaTepHT, MMEHYeMEIH rromcinukoHoM, Hike 3aTBOpa pacnoioxeH
C/I0# THBNEKTPHKA, H3TOTORICHHOTO K3 EMOKCHNA KpeMHHA. JaHHasa
CTPYKTYpa MNOMYVHJa Ha3BaHWe <«KpeMHHi-Ha-KaojsaTopes (silicon-
on-insulator — SOT). Koraa K TpaH3HCcTOPY DPUAOXESHO HANPIXKeHHE,
3aTBOP «OTKDEIT», H TPAH3HCTOP NpONycKaeT TOK. EcH HanpskeHHE
CHSITO, 3aTBOP «3aXpLIT» U TOKA HET.

Hpresrarasn

DnanoxTpisecini saTeop
a &
Pue, 1.21. O6rrueit TpanaseTop {4g), Teparepu-Tpas3fcTop (6)

Tpadunnonras mexnosozun. TEeXHONOTHY MHUKPOOPOLECCOPOB B
npocTeiilieM cAyyae BKIIOYACT CleAyioline oO0A3aTe/IbHBE STAIH
MPOM3BOACTEA:

¢ BEIpAlllMBaHHEe KPeMHHEBHX 3arOTOBOK M MOIYYeHHE H3 HHMX

TUIACTHH;
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UG oBaHHEe KPEMHHUEBHX TUIACTHH,

HaHEeCEHHNE 3alOMTHOR TUICHKH JHMeKTpHKA (Si0,);
HaHeceHNe POTOPEINCTA;

JurorpadMIecKHi NpoLecc;

“» TPaRJICHHE;

» nuddysmo;

* METAJUTH3AITHIO.

Bce mepeuncicHHBIE 3TaNbl MCMIONL3YIOTCA LIA TOTO, YTOOBL Ha
KpEMHHEBOH OCHOBE CO3IATH CJIOXHYIO CTPYKTYPY ROAYIIPOBOAHHKO-
BBIX TUTAHAPHBIX TPaH3UCTOpOR (CMOS-TpaH3HCTOPOR) H CBASATE MX
IOJDKHBIM 06pasoM mexmy cobol.

[Iponecc HArOTORNEHHA MI000H MHKPOCXEMBbl HAYHHAETCH C BBI-
palHBaHNA KPEMHHMEBRIX MOHOKPHCTAIHYECKHX GONBAHOK LIITHHI-
pruecKoi DopMEI (KpemriesnX 3d20moeoK). DTO NHNIICHHE IpHMe-
cell MOHOKPHCTAILL

B nmanpHeiineM M3 TAKHMX MOHOKPHCTAUIMYCCKHMX 3aroTOBOK Ha-
Pe3aloT KpYTIBIE TUIACTHHEL, «mabsemku» (waffer — sapas, obramxa),
TOJIMEMHA KOTOPHIX COCTAWIAET NpHOAN3HTENbHO OT 0,2 1o 1,0 MM, a
JuaMeTp — OT 5 cM (paHHHe TeXHoNoruu) Ao 20 cM (COBpeMEHHHE
TEXHONOTHH), IOBEPXHOCTh KOTOPBIX OTMIONHPOBHBASTCA IO 3¢pKATb-
Horo O/iecka, a 3aTeM TOKPHIBAETCA TOHYAMILHM CIIOSM OKCHIAHOMN
TUIeHKH (Si0,), BumonHsAoled QYHKIHIO AUNEKTPHKA M 3ALUTHOM
IICHKHA TPH JanbHelel o6padoTke KpUCTa/UIa KpeMHHS.

IMocite Toro Kak KpeMHHMEBasi OCHOBA TIOKPOETCA SalHTHOM
IIEHKON OHOKCHIA KpPEMHHA, HeOOXOXHNMO YAANHTE 3TY IUIEHKY C
TeX MECT, KOTOphle GyAyT MOABepraTecs AanbHermeill obpaorke.
YnareHne mieHKH OCYHIECTBISICTCS TIOCPEACTBOM TPABRCHNA, a A
TOrQ, 9T0o0Bl B pe3yABTATE TPABICHHA OKCHOHAA IUICHKA YIAIANACH
M30UpaTeNibHO, Ha MOBEPXHOCTD TUICHKHM HAHOCHT ¢Jioil poTope -
3ucTa (COCTaBa, YYBCTBHTENBHONO K BO3AEHCTBHIO cBeTa). O6Gmy-
YeHHEE 00JacTH CTAHOBATCSA PAaCTBOPHMEIMM B KHCIOTHOM cpene.

IMponecc HaHeceHNs HOTOPEINCTA M €0 JaxbHeHiiee obMyyeH e
yIETPaPHONETOM O 331aHHOMY PHUCYHKY HashiBaeTcsi G OTOMHTO -
rpad uei. Jma 3acBeTKH HYXHEIX YIacTKOB CJIOS (OTOPEIHCTA HC-
NoAL3yeTCsa MraG/IoH-MacKa, KOTOPHI COXEpXHNT PHCYHOK OJHOTO M3
cioes Oynyiueii Mukpocxems. CBeT, IpoXois CKBO3b TaKo# 1abaoH,
3aCBEYHBAET TOBKO HYXHBIE YIACTKH [TOBEPXHOCTH cJiod GoTopesn-
cra. Tlocne obmyacHMA (POTOPE3HCT MONBEPraeTcs IMPOSBICHUIO, B
pe3yJIbTATE KOTOPOTO VIAIIOTCS HEHYXHBE YIACTKH CJIOA.

ITo Mepe BO3pACTaHMS IUTOTHOCTH PasMEWIEHHSA TPaH3HCTOPOB,
(hopMHMpPYEMEIX B KPUCTAIE, JNHTOTPAGHICCKHA MPOLECC VCIIOXKHA-
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erca. MUHHMAabHAA TOAU[AHA JHHUM, NOTydaeMas B TIpoIecce JIH-
TorpachuH, OMpEAC/AETCA pa3MEpPOM NIfATHA, B KOTODHIH yHaeTcA
cPOKYCHPOBATE NasepHH my4. T103TOMY NpH NPOM3BOACTRE CORpe-
MEHHEIX MHKPOMPOLIECCOPOB 1A OONY4eHHSA HCMOAbIYIOT YABTpa-
duroneropoe HTYYeHNHe. A npousBoACTBa MEKpocxeM no 130-na-
HOMETPOBOMY TEXHOJNOTHYECKOMY IPOLIECCY MCHONb3YeTCA IMyboKoe
ynprpaduonetosoe HanydeHHe (Deep UltraViolet — DUV) ¢ annnoit
ponHBI 248 HM. Ha roaxome aurorpadmyeckmii nmpollecc ¢ ANHHOM
BONHEI 13 HM, nomyumeliail Hassanue EUV-mutorpadin (Extreme
UltraViolet — cBepxXecTKoe ybrpadHoneToBOC HAMYUeHHE). O6HY~
Had JuTOorpadHqecKkas TeXHOMOTMA NO3BOMACT HAHOCHTE LIAGAOH C
MHUHHMANBHOR (WHPHHON npoBonHMKoR 100 HM, a EUV-nutorpadus
JeNaeT BO3IMOXHOM NMeYyaTh JAHHHHA ropa3fgo MEHbIIeH LIMPHHE —
‘1o 30 HM.

Tlocne 3aceeyMBaHMA 108 (OTOpPE3HCTA OCYLIECTBIAETCS TPAB-
nenre (etching) ¢ enblo YEANSHU MNEHKM AHOXCHNA KpeMHUs. To-
clie Npoueayphl TPaBACHHSA, T. €. KOIJa OroleHH HYXHHE obnacTH
YHCTONO KpPeMHMS, YOANngeTcsl OCTABINAACA 4YacTs (POTOCNON, M Ha
KPeMHHEBOI OCHOBE OCTAaeTCs PHCYHOK, BBIMOJIHEHHAH IHOKCHEOM
KPEeMHHA,

Hponecc BHeOpeHHA npHMecel OCYIIECTBNACTC NOCPEACTBOM
INPGyIHA — paBHOMEPHOIO BHEAPEHWSA ATOMOB NPHMECH B KpH-
CTAUTHUESCKYID pelseTky kpemuus. Jna auddysnm nerupyiomett
MPHMECH TIPUMEHACTCA HOHHAA MMILTAHTALWA, KOTOpasA 3aBepilact-
€S cO30aHHEM HEOOXOOHMOTO CJIOA NOJIYNPOBOAHMKOBONH CTPYKTVDHI,
B KOTOPOM COCPEIOTOUYEHE! JSCATKH MIITHOHOB TPaH3HCTOPOB.

Ocymecteute TpeOyeMyl0 pa3BoaKy B NpeAcnax TOIO Xe CJOA,
rie pacioOXeHb CAMH TPAH3MCTOPH, HEPEANbHO — HEH3OGEKHB
NEpPeCeYCHHA MEXIY IPOBOAHNKAMH, TTIOTOMY IUTA COCOUHEHNA TPaH-
3UCTOPOB IOPYT ¢ APYIOM TIPHMEHAKT HECKOJIBKO CJIOSB META/LTH3A-
IHH, T. €. CIOEB C MCTAMIHICCKMMH NMPOBROOHHKAaMH, MPHYEM, YeM
60nbIe TPAHIUCTOPOB HACYHTHIBACTCA B MHMKPOCXEME, TeM 0OMElIe
CI0EB METAUIHIALHH UCIONB3yeTeA (cM. puc. 1.24, 6).

A4 coemnACHNSA TPaH3HCTOPOB APYT C APYIOM IIPEXIE BCETO He-
0OX0ONNMO CO3IaTh NPOBOMANINE KOHTAKTH CTOKOB, HCTOKOB H 3aTBO-
pos. Jia 9TOor0e MO MacKe B HYXKHBIX MECTaX BHTPABIMBAcTCA CJOf
AWOKCHIA KPEMHHA, M COOTBETCTBYICIHNC OKHA 3aIIONHAIOTCA aToMa-
MH MeTaina. JIa co3gaHMd OuepelHOro CJIod Ha MOMYMEHHOM pH-
CYHKE CXEMbl BHIPANINBACTCH SOMOMHUTESBHBIA TOHKMIA cnoit JHok-
chaa KpeMHMA. [Tocne 3Toro HaHOCHTCA CIIOH MpPOBOIsLLEre METALIA
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¥ ele OMWH oo hoTopesrcTa. YirrpadbHoneToBoe HINYYECHUE TIPO-
NYCKAETCH CKBO3b BTOPYI0 MACKy M BHICBEYMBEET COOTBETCTBYIORIMMH
PHCYHOK Ha (POTOPE3HCTE. 3aTeM ONATh CACAYIOT ITafbl PACTBOPEHHA
doTope3rcTa H TPARNCHHS METANA. B peayiibTare B HOBOM cJoe 00-
Pa3yIoTCA HYXHHE TPOBOAANINE MONOCKHA, HAMTOMWHAIOLHE PENbChI,
a I MEXCNONHBIX COEIWHEHMI, T. € COeAMHEHHIt cloeB ApyT ¢
IPYTOM, B CNTOAX OCTABNAIOTCA OKHA, KOTOPHIE 3aTeM 3allQMHAITCA
atoMamMH Metaiuta. K npumepy, npu (,25-MUKPDOHHOM TEXHONOrUYe-
CKOM TpOUecce IR OCYILIECTRICHHA Pa3BOAKH HWCTIONBIYETCH ITATH
JONMOTHHTEABHBIX CHOEB.

TTpouecc HaHECEHH CIJIOEB 3aKAHYHBAETCs, KOTaa cxeMa cobpaHa
NOAHOCTHIO. JTOCKONEKY 33 onMH pa3 Ha onHoilt «rabneTxe» cosnaeTcs
HECKONILKO HECATKOB MPOLECCOPOB, HA CleAyIOLEeM ITane OHH pas3ie-
n10TCA Ha MaTtpuue (dice), KOTophie TeCTHpYIOTCA. ECIM Ha paHHMX
3Tamax pasBHUTHA TEXHOJOTHi orbpaxoBeipanock Gonee 50 % cxewm,
ceifuac MPOLIEHT BHXOAA BHIIIE, HO HUKOIAA He nocTuraer 100 %.

Hpolenmas TeCTUPOBAHKHE MATPHLIA MOMELIAETCS B KEpaMuue-
CKMH TNPAMOYTONBPHBIH (QyTnAp, M3 KOTOPOTO BBIXOHAT <«HONCKID,
muxpopazeemss (pin grid armays — PGA) mHrepdeiica npolteccopa, ¢
MOMOILBIO KOTOPBIX IPOLIECCOP NMOMCIIAETCA H 3AKpeNndeTcd B
ereade (sockef) Ha cHcTeMHoOIl IUlaTe KOMIbIOTEpa (HHOTAA WHTEp-
cdetic odopmMngercs B BHAE JHHelHOTO paspeMa — shbf). Koanuecr-
BO KoHTakToB — OT 169 (Socket 1, mpoueccop Intel 80486) xo 940
(Socket 940, AMD Opteron). B mocnegHeM cayyae 49acTb COCANHE-
HAN 3ape3e¢pBUPOBaHa Md MOCIEZYIOWEro pacliMpeHUs BO3MOXHO-
CTeit — pasMelleHud Ha IUIaTe Npoileccopa KSUI-NAMATH YPOBHA 3
(L3-cache), coemMHeHHA ¢ APYTHMH HponeccopaMM (s MHOTO-
MPOUECCOPHRIX CHCTEM) H TIp.

B Hacrosmiee BpeMA MCIIONBIYETCA TEXHONOTMA MHKPOPA3heMOB
{micro pin grid array — pPGA), CyllleCTBEHHO CHHXAoLasa $pu3nyie-
ckMe pasMephl MHTepdetica npoueccopa.

B HOBOM NMOKOJIEHHH TIPOLIECCOPOB HCIIONBIYIOTCH TaKUe HOBO-
pBeneHNs, Kak SOI-Tpan3ucropm (Silicon On Isolator — «xpeMHMii
Ha H30JITOPE»), B KOTOPRIX 3a CYCT AONOJHHTENLHOTO C/IOA OKCHIA
CHIDKAIOTCA ¢MKOCTH H TOKH YTCUKH, 4 TAKXKE TPAH3IHCTOPHW C IBY-
MEDHEIMH 3aTBOPaMH M APYTHE HOBIIECTBA, MO3BOSTIOLLHE TTOBEICHTD
GLICTPOACHCTEBHE TPAHIUCTOPOB NMPH ONHOBPEMEHHOM YMEHBILCHHH
HX FeOMETPHYCCKHX pa3Mepos.

Yune mamsri DRAM H3roTOBNAIOTCH HAa OCHOBE TEXHOJIOFHH,
CXOHOH € MIrOTOBNIEHHEM TIpolleccopa, — KpeMHMeBas OCHOBa C
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HAaHeCCHHBIME MpHMecaIMHE oOpaGaTHBaeTca ¢ MacKol, KoTopasd o0-
pa3’yeT MHOXCECTBO Map <«TPaH3uCTOP—eMKOCTh>, KAXNad U3 KOTOPHIX
pasmeniaer 1 6T uHGOpManuH. CTOMMOCTE STHX CXEM IOpasgo
HIXe, 9€M MPOUECCOPOB, MOCKOMBKY OHH COCTOSAT M3 ONHOPOAHBIX
MOBTOPSIOLHXCS CTPYKTYP, a TaKXKe Helrerne cxeM SRAM, mockons-
K¥ B MOCHEOAHHUX CONEPXHUTCA B 2 pa3a OoJbIIe TPaH3NCTOPOB (Kax-
HBlit OHT 38eCh COUEPXENTCS B TPHTTEPS, KOTOPHE TpebGyver Mo MEeHb-
iieli Mepe ABa TpaH3HUCTOPA).

Tepazepy-mexnoaozuu. OCHOBHAA CTPaTETHA MOCTABIIMKOB MUK-
pocxeM BCEra 3aKMiOvaiach B YMEHBLICHHWH pasMepa TpPaH3HCTOpa
{CXeMHOro 3/IEMEHTa) M IMOBBOIEHHH TUIOTHOCTH YIIAKOBKH Ha KpH-
craie. B KOHeYHOM HMTOTE KPHTHYECKMMH (aKTOpaMi CTajll JHEp-
ronoTpeGICHNE M Pasorpes ILIATEL.

B xonue 2002 r. Intel Corporation o0bSBHIA, YTO € HIDKeHepH
pa3paboTaqd WHHOBAIMOHHYIO CTPYKTYPY TPaH3HCTOPOB W HOBBIE
MaTepHaiEl, MO3BONMIONINEG CHU3NTE NOTpeGicHHe SHEPTUM H BEIIC-
nenue Terna. Hosuie crpykrypel nmonyyund HazaHHe Intel TeraHertz
transistor (Teparepil-TpaH3HCTOPHI), B CEA3H ¢ HX CIOCOGHOCTRIO TTe-
PEXIIIOYATECA CO CKOPOCTRIO BEILIC TPH/UTHOHA pa3 B ceKyHay. Ilpen-
TIOJIaraeTca, YTO HOBasd TEXHOJIOTHSA MO3BOJHT YBEIHIMTE IUIOTHOCTD
B 25 pa3, MCIOJB30BATh «TeXHONOrHio 20 HM» (IeMEHT CXeMEBI B
250 pa3 MeH®IIIe TONIHHE YeJI0BEYECKOro BONGCa) B pasMeCTHTh Ha
KpHCTAJLIE 10 MIUIHAPAA TPAaH3IHCTOPOB.

Teparepu-TpaH3ucTOp OTANYAETCA OT 0OBMHOTO (CM. pHC. 1.21, a)
TPeMST BaXXHBIMH 0CcOOeHHOCTIMH (cM. puc. 1.21, #):

e ICTOYHHK H CTOK 00pa3yiorcs 13 Goiee TONCTBIX CNOEB B KPeM-
HUEBOH TUIACTHHE, YTO YMEHBIIACT INEKTPHMECKOE COMPOTHB-
NeHue, NoTpedicHNE 3MEKTPOIHEPTHH H TEILIOBHIAEICHHE;

s HIDKE WNCTOYHMKA H CTOKA MOMEIHASTCA CBEepXTOHKHIA CIO0M
H30JITOpa. D10 obecnieunBacT GoMee BHICOKHE HHTCHCHBHOCTH
TOKA B OTKDPBITOM COCTOSSHHH TPEH3HCTOPa M YBSJIHYHBACT CKO-
pocTh Nepexmodennst, KpoMe TOro, H3019T0p NIOHHXAeT yTed-
KM TOKA TIPH 3aKpEITOM TpaH3HcTOpe (8 10 THC. pa3 no cpaBHe-
Hu0 ¢ SOI). Dro yMeHEIIaeT BEpOSTHOCTE CY9aliHOTO Iepe-
KIIOUeHHA 104 BAMIHHEM OIyXIAIONMMX TEIUTOBBIX ICKTPOHOB
¥ MOBRIILAET HAIEXKHOCTDb CXEMEIL,

* XUMHYCCKOE COSTHHCHHME, pacloOXEHHOE MEXAY 3aTBOpOM,
HCTOYHHKOM, CTOKOM, 3aMcHAeTCd Ha HOBHIA Marepwan
«high-k gate dielectric» (oKcHI AMIOMHHHA WIH THTaHA), WA
HAHECCHHA KOTOPOTO MCTIONEL3VETCA TEXHOJOTHS HAPAUIHBAHHA
CJIOA 110 OOHOM MOJICKYIIE.
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Jussexmpuxo-memadrgieckue ameopol mpansucmopos. Ucnoms-
JOBAHHE 3aTBOPa B3 IHMIEKTPHKOB ¢ BHICOKOA THIACKTPUYICCKOH Mo-
crosaunoii (High-k Gate Dielectrics) H METALTIMECKHMX 2NMEKTPOIOB
1aTBOpOB TpaH3HcropoB (Metal Gate Electrodes) 0mimo Brnepsbie
npeacTasneHo B nponeccope Intel Penryn (TexHomorua 45 HM) H mo-
3BOJINO YMEHBIIHTh pasMEpH TPAH3NCTOPOB H CHH3HTL DHEPTONIO-
TpebGacHme.

B o0BMHOM TpPaH3NCTOpPE CHIDKCHHE TOMIIHHH CNOA THOKCHIR
KpeMHHS HEOOXOMHMO NSl YMEHBIICHHSA DPa3sMepa W YBeIHYEHUS
MACTHOCTH paisMellicHHd TPAH3HCTOPOB Ha KpHcTawie. OOHAKO NpH
NOCTHXEHHH OIpele/IiCHHONO Ipenesia BO3ZHMKAaeT yTedka TOKa Mol
BORMENCTBHEM <«TYHHETLHOTO 3¢ deKkTa» — KOrga 3NCKTPOHH TMOKH-
130T TPAH3HCTOP M PACCEHBAWICSA, YTO NMOHHXACST HANCXKHOCTH H
yBeIHYHMBaeT paccesiHMe MolrHocTH. IloatoMy yMeHBIIEHHE pa3Me-
POB HIDXE JAHHOrO MpEIcsia CTAHOBHTCH Hele/ecooOpasHEIM.

Jwanexrpuxk (high-k dielectric wiu MaTepnain ¢ BHICOKOH AUNIEK-
TPHYECKOIi HOCTOAHHO) B HOBOI TEXHONOFHH 3aMellaeT CJIoi THOoK-
CHIa KpeMHUA B TPAH3MCTOpPE M MO3BOJIAECT CHH3HUTH TOKH YTICYKH B
TEXHONOIHH 45 HM B 5 pa3s 1o CPaBHEHHUIO C TeXHOMOrHel 65 HM.

OTHOCHTENBHAN JIETKOCTh MCIIONB30BAHMA OKCHAOB KPeMHUSA B
TPaH3MCTOPAX OTpPAHHYMBaJa B TECUYEHHE MHOTHX JleT NpUMeHeHMe
JPYTHX MATepHAIOB IIPH TPOH3BOICTEE MHKPONPOLECCOPOB. AHAIO-
rHYHO, TPATHLHOHHAA TEXHOJNOTMA HCMNONL3IOBAHUS HONHKPEMHHA
JUiA 3aTBOPA CYIIECTBEHHO IIPOIIE, YeM BHEAPEHHE APYTHX, BOIMOXKHO
tonee 3¢ deKTHBHEIX BEIIECTE B Mporiece npousoacTea (puc. 1.22, a).

TpaHmcTop
OGbMHLWA

Kpesmuasan octoesa
a (i)
Pue, 1.22. O6MMHEL TpaH3ACTOp {g); TPAHINCTOP ¢ ANIIEKTPHUECKNM 3aTBopOM ()
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HcnonpzopaHHe METANMHYECKOTO 3aTRopa B mnponeccopax Penryn
«CIOMANO» 3TY TPAOWIIHIO; 3TA TEXHOIOTHS IO3BOMSET YIYIHTE (-
(heXTHBHOCTE ¥ CHHU3HUTD TOKH HEKCHTPOAHPYEMOik YTE€YKH, NOCKONb-
Ky TpPOBOOMMOCTb METAUTMYECKOre 3aTBOpa CYLIECTBCHHO Bhlilie
(puc. 1.22, 6).

Texnoao2un meonsix npo6odnuxos. TPaH3UCTOPH HA TMOBEPXHOCTH
Yuma — CHOXHad KOMOWHALMA U3 KPeMHHS, METAUIOB B MHKPOIO-
6aBoK, TOMBO paClONOXKEHHEIX, YToOH ofpa3soBaTh MWINMOHEL KpO-
XOTHEIX nepekmodareneil. TIOCKONMLKY cO3IABaINCh BCe MEHBILHE U
OBICTPBIE TPAH3MCTOPLI, YIIAKOBaHHbBIE BCE ILUIOTHEE, HX COCIUHEHHE
MeXIy co0oii cTano mpeBpamiaThcs B MpobieMy.

A yCcTaHOBNEHMSI COSAHHEHHI IIMTENLHOS BpeMS HCMONb3O-
BaJICA ANIOMHHMH, 0OHaKO K cepeamHe 1990-X IT. CTANO OUEBHAHRIM,
4YTQ CKOPO OYAYT JOCTUIHYTEF TEXHOJOTHYECKHE W (pH3MHecKHe Ipe-
JeNIbl CYLIeCTBYIoLIeH TeXHOAOIMH. OTHOCHTEABHO BHICOKOE YACb-
HOE COMPOTHRICHHE ANIOMWUHHMSA NpPH YMEHBIEHHH JTHAMeTpa Mpo-
BOIHHKOB NPHBOANT K TIOTEPAM H HeperpeBy cxeM. OUHAKO LINTEHB-
HOE BpeMs HHKOMY HE YAABAIOCH CO3MATh KOHKYPEHTOCTIOCOOHBIM
YHI ¢ MEIHBIMH HPOBOJHHKAMH,

OCHOPHOS NpPenMYLIECTBO MERHEIX COSOIHHEHHMI B AaHHOM Ciy-
4yae 3AKTIYACTCS B TOM, YTO Mefb OG/afaeT MeHbIIEH YIeNbHOMH
TPOBOIMMOCTEIO IO CPaBHEHKIO ¢ amioMuHMeM. TIpH yMmeHbILeHHH
IOLAMHA CeYCHHS! TTPOBOAHMKOS (C YMECHBIIEHNEM paiMepa TpaH3H-
CTOPOB) VBEJHUHMBACTCA H COMpPOTHRICHHE NpOBOZHMKOB. Kpome
700, MeAHBle MPOBOOHMKH CNOCOOHB! BEIAEPXWBATE 3HAYWTEBHO
OONBIFYIO TNOTHOCTE TOKA, YeM ATIOMHHHEBEIE, H K TOMY Ke 003a1a-
10T 601ee BRICOKOI YCTOAYNBOCTHIO K pa3pyLICHHIO TOL BO3ACHCTBH-
€M TOKa, YTO ITO3BOMACT MPOLIMTD BPEMST HHM3HH MHKPOCXEMBI.

Hapany ¢ pacCMOTPEHHBIMH MpeHMYILICCTBAMHM Mcls o0namaeT
PAOOM CBOFCTB, CO3MAKOUINX HEMANQ CJICKHOCTEH B Mpolecce Mpo-
H3BOACTBA MUKpocxeM. Meap Jerko aunddpyHIHpyveT B ryGh Kpu-
CTALIA, YTO BRI3HBAET IIOPYY MHKPOCXEMB M, B OTIHYHE OT anio-
MHHHS, TJIOXO MOLNAETCH TPABICHMIO, MO3TOMY TEXHOJNOTHH CO37a-
HMA MEOHLIX H AMOMHHHEBHIX BHYTPHCIOMHEIX CO€IMHEHWH B
KOpHe pa3zyiyaiorca. B ciyuae HCNONb3OBaHMA AMIOMHHHS TpaBlie-
HHIO T0 MAacKe NONIEXWUT COOCTBSHHO ANIOMMHHIA, a IpH NpHMEHE-
HHA MEOH TPABJMCHMIO NONIEKMT OKCHAHAS IUICHKA, B PE3YJILTATE
aToro obpazyiorcs GOpO3IKH, KOTOPBIE BMNOCASACTBHH 3allONHAITCA
MeIbl0. DTa TeXHONOTHA NOIyIIIa HaspaHue Damascus, win y3op-
nas unkpycmayus. Ho3ToMy Npolecc W3LOTOBAECHHA MHKPOCXEM C
UCTIONIB30BAHHEM ATIOMHHHEBBIX COSOHHEHHH TEXHONOIMYECKH He-
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COBMECTHM C aHAJNOTHYHBIM IPOLECCOM C HCIONL30BAHHEM METHBIX
COEOUHEHUIA.

B cenrabpe 1998 r, IBM obbasuna o pa3paloTke HOBOTO TEXHO-
JNOTHYECKOTO MpoLecca, BKAIOYAKIIETO CO3TaHHEe MEOHBIX TIpOBOI-
HuKOB Ha g#me (Damascene mponecc — 0,18 mxm CMOS 75F).
Co3gaHMe Kaxigoro HOBOIO CJIOS HAYMHAETCA ¢ MOJIVICHHA OKCHI-
HOI TUIEHKH, KOTOpas MOKprBaercd cioeM otopesucta. Jlanee, no-
CPEOCTROM JINTOTpaHICCKOrO npolecca, B OKCHIHOM IUICHKE BBI-
TpaBIHBAIOTCH GOposaky H yriyGneHus TpeGyeMoit dopMEl. DTH Go-
PO3OKH | YIJIyONeHNA HeoOXOOMMO 3alonHMTE Meapio. Ho mpexne,
I MpEOOTBPALICHHA HexenaTelbHo# nuddysHd MeiH, OHH 3aroi-
HAIOTCA TOHKHM cl10eM aHTHAHGPy3uoHHoro Benlectea (diffusing
barrier), H3TOTOBJIEHHOIO H3 YCTOHUHBOTO MaTepHala — THTaHA WIH
HUTpHZA Bombpama. TommmHa Takoi aHTUIADdY3HOHHON IUTEH-
ki — Beero 10 BEM. MUKpocKONHYeCKas HavyajibHa# IUICHKa MEON
pa3MeliaeTca Bhille, YTOOR! YIepXUBaTh MEHHII cnoi, KOTOpRIH 3a-
TeM HAHOCHTCA Ha Bech UHN {pHc. 1.23).

2 d

Puc. 1.23. TexHONOTHT MEIHBIX npononnuxon:
@ — BWTPaBNHBAHHE COETYHEHHH NyTeM (QOTOATOTPAHH; § — HEHECEHHS 3AIMMTHO-
FO cnoa, & — HaHeCeHHE MMKPOCKOTIHIECKOH TUIGHKY MeIH; ¢ — HaHeceHne pabouero
CoA Medl; ¢ — yianeHHe H3GHTOYHOrO MeTalia

Jaa ocaxneHHA MeId MCITONb3YIOT TAMbBaHUIALMIO H3 PacTBOpa
MegHore Kymopoca Cu,SQ,, npuyeM caMa IUIACTMHA, Ha KOTOPYIO
ocaxzaorcsa HOHH Megn Cu™, BEICTYHaeT B posiH xatona. [IpH rane-
BAHW3AUMH HeoOXOKUMO, YTOGEI MeAb PABHOMEPHO OCaXHaiach IO
BCeil TUIACTHHE, MO3TOMY NOADHPAKT TAKYKY TNOTHOCTD SACKTPOIH-
Ta, YTOON MMHMMHM3HPOBATh PA3HHIY TOKA B TEHTPE M MO KpagM M
TeM CaMBIM OGeCIiedNTh pPaBHOMEPHOCTh ocaxmeHHa Mend. [Ipm
SNEKTPONH3E NPOHCXOMUT MOCTENEeHHOE 3aITONHEHHEe aTOMaMH MEIH
BHITP2RIEHHHX KAHABOK, B PE3YILTaTe 3TOrQ obpasyiorcs NpoBOSs-
UIHe «pelbebl». Tlocne 3amoNHeHUA MeObly KAHABOK JIMIIHWH ok
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MEOM YIAMMETCA ¢ IUIACTHHBL IOCPEOCTBOM HNUTH(OBAHMS, a 3aTeM
HAHOCHTCH OYEpENHCH CIIOM OKCHAHOM IICHKH W YpOBOAMTCA op-
MHpOBaHWE CHENyIoero ciosd. B pesyabsrate oOpa3zyercd MHOIO-
CIIOIHAA CHUCTEMA,

Texnorozunecxuii npoyece 65 nm. Intel! mopena TaHHYI0O TEXHONO-
THIO IO CTANHH NPOMBIENEHHOIO TPOH3BOACTBA K KoHuy 2005 r.
B 65-uM mpouecce Intel mcronnsyer Y@-aurorpaddio ¢ BIHHON
ponHEl 193 HM, KOMOMHHpYEMYIO ¢ TexHonorue#t ¢asosoro capura.
Ilpn 31OM YALTIOCH YMEHBIIATE A0 35 HM 3¢ dekTBHYI0 IIPHHY 3a-
TBOpa TpaH3ucTOopoB (pHc. 1.24, @), yro npuGnusuTensHo Ha 30 %
MEHBIIE, UM TIPH [IPOH3BOIOCTEE 110 TSXHONOIHHA 90 HM.

a [

Pac. 1.24. TpausucTops NoKoieHEs 65 HM (@); BOCEMDb CIOEB
MEAHLIX COeTHHEHH (6)

OcTamuch NpeXHUMH B HOBOM IMpPOLIECCE H HCIONB3YEMEIE IS
CO3NAHUA TPAH3UCTOPOB MaTepHANEl. JONMONHUTENBHEIC YCHINS OLUTH
HarnpaBneHH Ha 6opely ¢ ToxkaMu yredku. Tlossusuiasgca B 90-HM Tex-
HOJOTHYECKOM TIPOLECCe TEXHOMOTHA HAIIPSXKEHHOTO KPeMHHS obpe-
J1a B 65-HM T¢XHOJIOTHM CBOI YCOBEPILUCHCTBOBAHHYIO BEPCHIO — IPH
COXpPAaHCHHH TOJNIUHHBE H3O0MALMOHHOIO CJI0S 3aTBOPA Ha YPOBHE
1,2 HM npuMepHO Ha 15 % yeenuumnach nedopMalis KaHATOB TPAaH-
3NCTOPOB. JTO A0 YETHPEXKPATHOE YMEHBILIEHHE TOKOB YT€YKH, KO-
TOpPOE B KOHEYHOM HTOTE CO3AAeT BO3MOXHOCTh NpuMepHo 30%-Horo
YBETHUYSHHS YACTOTH CpafaTHIBAHMA TPAH3HUCTOPOB Ge3 BO3pacTaHHA
HX TCILUTOBHICCHHS.

H mocnemHee M3MeHEHHEe — VBEMHYeHHE YHCTA CIOSB MEIHEIX
coeMuHeHEH. B HOBOM mpollecce BX BOCEMB, YTO HAa OIMH OONBLUE,
YeM B SIIpax, BLITYCKaeMEIX o 90-um npoueccy (puc. 1.24, 6). bia-
rogaps atomy Intel HaneeTcsa yNpocTHTh NPOSKTHPOBaHHE OYIYLINX
KPHCTAJUIOB.
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Texnoasozuveckui npowece 45 um. JIna Toro 4ToGH peaTH3IOBATh
JTOT TEXNpolecc, paspaboTUMKaM TNPHIUIOCH H3MECHHTH OOHY H3
(GYHIAMEHTATBHREIX XAPDAKTEPHCTHK — MATEPHANH, NMPHMEHSIEMRIE B
1IpOH3BOACTRE. BMeCTO HMCIOB3YyeMOro ¢ 1960-X IT. OKCHIA KpeMHHS
}B KAYECTBE AMINCKTPHKA B3AT CWIMIHI radHHUA — H3ONITOP C BHICO-
KOH AH3neKTpHUYecKoi mpoHHmaeMoctbio (high-k). 3ateop TpaH3u-
CTOpA BBINONHEH W3 METalia BMECTO NMOJHKPHCTA/UIHICCKOIO KpeM-
HuA (cM. puc. 1.22). Bnarogaps 3ToMy ynanochk peliMTh KTIOUERYIO
poGIeMy — MHHMATIOPH3AIHA TPAH3MCTOPOB NIPHBENA K HEBO3MOX-
HOCTH JanbHeimero 3¢upeKTHBHONO HCIOMAB30BAHHS OKCHAA KpeM-
HUA B KauecTBe OHMeKTpHKa. HonytHo cymecrseHHo (B 5—10 pas)
ObBUTH CHIKEHH TOKM YTeueK. Baxao, 4ro Jnd NpOH3BOACTBA ITO
45-HM npoueccy Takxke npuMeHsores 300-mMM KpeMHHEBBIE TUIACTH-
HBl B 193-HM Y®D-nutorpadna, YTo 03HAYAECT OTCYTICTBHE HEOOGXOXH-
MOCTH MoOepHH3alu# ¢aGpHIHBIX KOHBEiepOR.

ITo Texnonornn 45 uM dupma Intel BHIYCKaeT npolleccops
Wolfdale, Kentsfield, Atom (puc. 1.25, @), AMD — mnpolieccopHbie
siupa Shanghai, Propus, Regor, Deneb (cepus Stars/«3seanw»). Ilpo-
uecc 45 HM He SABISACTCH TEXHONOrHYCCKHM IpeAc/ioM — B HacToM-
e BpeMsA NMOABWIMCh OGpa3slibl M3meMHiA, BHIYIICHHHX 110 TEXHO-
JoruaM 32 W maxe 22 M. Ha puc. 1.25, 6 mpeactaBieH KpHCTALT
crarmyeckoit (SRAM) onepaTHBHOM NAaMSITH, H3rOTOBIECHHOH MO
TeXHONMOTHH 32 HM (2007 r., ¢upmMa IBM ¢ mapraepamu). ITaMATE
PeaTN3IOBaHA 110 TPAAHIMOHHON cxeMe (6 TPaH3NCTOPOR HA TPHITED,
cM. pHc. 4.9), d nnarta conepxuT 6omxee 4eM 1,6 MApPA TPAH3HCTOPOB.

a &

Pue. 1.25. O6pa3uti HAHOTEXHONOMMI:
o« — mpoueccop Intel Atomn N270 (45 HM, pasmep 13 x 14 MM, THaMeTp MOHETH —
19 mM); 6 — uKn onepaTHEHON naMATH SRAM (TexHonorsa 32 um)
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Meuamusie nnramboi

Tlnara, wm printed circuit board, — W30AAMOHKEAA TNACTHHA, Ha
KOTOPOH YCTAHABIHBAIOTCA M COCAMHAKITCI IOPYT C LUPYTOM 3IeK-
TPOHHBIE 3JIEMEHTHI, MEepeYHCASHHEIE BRIIIE, W MPHGOPE MEHBIISH
CTEIICHH HHTErpallMd — OTACNBLHBIE TPAH3HCTOPEI, Pe3HCTOPH, KOH-
JEHCATOPHI H Ap.

IleuaTHasa IUIaTa HITOTABIMBACTCA M3 IUIACTMACCH], TeTHHAKCA,
TeKCTOMUTA THOO ApyToro u3onsaTopa (KepaMuka). Ha mnare ¢ opHOM
JHO0 00eHX CTOPOH pa3MEILIAIOTCA HHTETPANIBHEIE CXEME], PE3SHCTOPHI,
IHONBI H APYTHE TIONYIIPOBOAHHKOBHE MPHOOPHL. [UTd HX COeZHHEHNS
Ha MOBEPXHOCTH INATHl HAHOCATCA TOHKHE ISKTPONPOBONALIME 110~
JockH. [eyaTHas ruiaTa MoXeT GHITE ABYX- JTHOO MHOTOCHORHOM.

CylecTBYeT HECKONBKO TEXHONOTHII MOHTaXa 3MEMEHTOB (B TOM
9HC)I¢ 1 WHTETPAIGHBIX CXE€M) Ha MEYaTHHX IviataX. HanOonee cta-
PaA H3 HHX — MOHTAX B CKBO3HBIC OTBEPCTHSA. 3ASCh JECMEHTBI CO3-
JaBaeMoil CxeMbl YCTAHARNHBAIOTCH C OHOI CTOPOHEI TAaTH. Benen
3a 9THM TIOABHJICA CIOCO0 YKIAOKM HHTETPaJIbHEBIX CXeM IpAMe Ha
ITOBEPXHOCTH 3T0H nyaTe. BHauane WHTerpanbHEIE CXEMEI TPHIAH-
BAaJIACH K MEYaTHEIM IUIaTaM. Teneph Bce Yalle OHH NMPHEKICHBAIOTCA
6e3 WCNONB30BAHHA TIPpHIIOR. Manasg BHCOTA HHTEIPAIBHBEIX CXEM,
MOHTHPYEMEIX Ha MOBEPXHOCTH, IMO3BOMAET YCTAHARIMBATL HUX Ha
ofelXx CTOPOHAX ILIATHI.

ITeyaTHEIE ILTATH MEePeCTalOT GHITE TOARKO IUTOCKHMH. TIpomcxo-
JUT MEepexoNn OT JBYX H3MEpPEHHH K KPUBROJIMHEHHBIM MOBEPXHOCTAM
H CO3IaHMIQ MEYaTHHX JOPOXEK HAa FeOMETPHUYCCKH M30THYTHIX (op-
Max. Bee 370 cBA3aHO ¢ TEM, YTO O MePe YCAOXHEHMA 3MCKTPOHHEIX
KOMITOHEHTOB CTAHOBHTCH BCe TPYAHEH pa3MellaTh IUOCKHE ILTATH B
KOpITYyCHI, YIOBACTBOPAICLINE TpeOOBaHHAM MOTpeOnTeiRd. [t H3ro-
TOBJNCHHSA OCHOBH TPEXMEPHEIX TEYATHRIX MAT HCTIOAL3YETCH IINacT-
Macca, IIPHTOAHAA I JIUThA.

Jna pellleHHs 3aga4 TPAcCHPOBKH COSMHHEHHIT HAa TEYATHEIX
IJIATRX NPHMEHAIOTCH CPEACTBA ABTOMAaTH3HPOBAHHOTO IPOCKTHPO-
paHmsa (CAITP) — nporpaMMBI-TPacCHPOBILIMKH,

1.5. Anroputmbl ¥ Nporpammbi
IMorsATHE aqcopiimmad ABIACTCHE ONHHM H3 OCHOBHBIX B COBDC-

MeHHOII Hayke M npakTHKe. Eille Ha caMBEIX paHHHX CTYTICHSX pa3-
BUTHA MareMaTnki (dpesnnii Erumer, BasunoH, I'penus) B Hei
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CTaNH paccMaTpUBAThCA PA3TUYHBIE BbIYMCAMTENBHBIC TMPOLECCH
UMCTO MEXaHHYecKoTo XapaxTepa. C MX MOMOIIBIO HCKOMBIE BETH-
YHHH pAa 331324 BMUHUCIAANCH MOCKENOBATEILHO U3 HCXOIHLIX Be-
JHYHH TI0 OTPEASISHHHM IMpaBHNIaM M HHCTPYKUOHAM. Co BpeMe-
HEM BCE TaKMe MpoUeccs B MaTeMaTHKE NMONYYHIH Ha3BaHHE alro-
PHUTMOB (anropudMoB).

ANTOPHTM €CTb COBOKYNMHOCTh YETKO OMNPEAENCHHBX NPaBiI,
MpoLEnyp WIH KOMaHA, OGECIIeYHMBAIOHINX pEIliCHHE TOCTARNEHHOMN
33Ia4M 32 KOHETHOE YHCIO WIAroB.

TepMHH @120pumMm TPOUCXOFHMT OT MMEHM CpPEeSHEBEKOBOTO Y3-
fekckoro MaTeMaTHKa Anb-Xope3MH, Kotophiil eme B IX B. (825 1.)
Jaj TpaBWAa BHIMOMHEHHMS YeThipeX apHdMETHYeCKMX HeHCTBHH B
DeCATHYHOM cHCTeMe cuKcneHHA. TIponecc BHnonHeHns1 apHdMeTH-
YeCKHX JeHCTEHI OBLT HA3BAH 4220PUIMOM.

C 1747 r. BMECTO CJIOBA GA20pi3M CTANH YNIOTpeOnATh azeopucmyc,
CMBICTT KOTOPOTO COCTOSII B KOMGHHHMPOBAHHMM YeThIpeX onepaluii
apuhMEeTHIECKOTO MCYUCTICHHS — CIOXEHMA, BEINHTAHKHA, YMHOXE-
HHUA, JeNCHUA.

K 1950 r. aseopucmyc cran aseopugmos. Cmpicn anropudpma
gallfe BCEero CBA3bIBaIcd ¢ amropudpmamu Epxnpna — npoileccaMu
HaXOXIeHUA HanuOoJbpLIero ofuiero IneauTens IABYX MHOTOWICHOB,
HanOonpei ofieii Meps ABYX OTPE3KOB H T. II.

Cnocobof 3anucu anzopummos

Anroput™ Io/DKeH OHTR NMOHATEH (HOCTYTEH) MIONB30BATENIO
1/WIH MamtHHe. JJoCTYMHOCTD NONL30BATENI0 O3HAYAET, YTO OH 004-
3aH OTOOPAKATECS NOCPESICTBOM KOHKPETHHX (opMamH30BaAHHEIX
n300pasHTeNILHHX CPEICTB, MOHATHHIX NoNk3oBaremio. B kauecTse
TaKMX H300pasHTeNbHLIX CPSICTE HCIMOAL3VIOTCA CSAYIONIHE CIIOCO-
OBl HX 3aflMCH:

* CJIOBECHHIH;

« (hopMyNBHLIHA;

o TaOMHYHEII;

« OIEPATOPHRIN;

« rpadprieckuii;

» A3RIK SIPOrPAMMHPOBAHHA.
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IIpu cnoBecHOM criocoGe 3alHCH COACPXAHHE IMOCACHOBATEIE-
HEIX STAIIOB aATOPATMA ONHMCHIBASTCA B NPOH3BONLHOMN opMe Ha ec-
TECTBEHHOM A3bIKE.

@opMynbHBH CIOCO0 OCHOBaH Ha CTPOTo (POPMATN30BAHHOM
AHATHTHYECKOM 330aHHH HeOoBXOMINMEIX SN UCMOMHEHUA AeHCTBUIA.

Tabnuusb#t cnocod noapasyMeBacT OTOOpaKCHHE aNrOpHTMA B
BHIE TaONHL, HCIIONB3YIOLWMX anrapar peliSlHOHHOI0 HCYHCICHNS H
anreOpy TOTAKM ATA 3aNaHNA MOINEXAITHX HCMONHEHHIO B3aMMHBIX
CBA3cH MeXOy JAHHBLIMH, CONEPXKALIHMHACA B TabanLe.

OneparopHEiil cnocod GasHpyeTcd Ha HCHOAB30BAHHH OIS OTO-
OpaXeHHs aropUTMa YCJIOBHOrO HaGopa cHeHANbHHX ONEPaTOpOB:
apu(PMETHYCCKHX, TOTHYECKHUX, MEYaTH, BBOJA AGHHBIX H T. JI., OIe-
paTophl CHAOXATCA NHACKCAMKE H MEXKIY HHMH YKA3HBalOTCA HE00-
XOIMMEIC TIEPeXOAbl, 8 CAMM HHAEKCHPOBAHHEBEC OfICPAaTOPbl OIKCHI-
BAlOTCS YAIHEe BCero B TaOAMIHON dopMe.

I'papuieckoe oToOpaXcHHE WINOPHTMOB B BRIOC ONOK-CXeM —
BeCbMa HAIMSIGHEIA W paclpocTpaHeHHHH crnocob. padmueckue
CHMBOJIBI, OTOOPAXAMIINE BHIMOMHACMEIE TPOLNEIYPH, CTAHEAPTA30-
Baubl. Hapsity ¢ OCHOBHBMH CHUMBONAMH HCITONIB3YIOTCA M BCIIOMO-
raTeNbHbIE, NMOACHAIOLIHE MPOUSIYPL] B CBAIH MEXAY HUMH.,

ANroputMBel MOTYT ORITh 3allMCaHbBl H B BHAE KOMAHHA KakKo-
ro-mubo g3eIKa NporpaMMHpoBaHHA. EcmH 3TO MakpoKOMaHIH, TO
ANTOPHTM YHTAEM H NOAL30BATEICM-TIPOrPAMMHCTOM, H BEIMHUCITH-
TSAbHOH MALIHHOW, UMEIOIEH TPAHCHATOP € COOTBETCTBYIOLLETO
A3BIKA,

IIpueedeM mpuMep CIOBECHOTO MPCACTABICHHA AIrOpHTMa Ha
OPHMEPE HAXOXACHNA NPOHU3BCACHHA # HATYPaNbHBIX yucen (¢ =n! =
=]1x2x3xdx..xn)

ITOT mpouecc MOXeT OBITH 3alHcad B BRIC CACOYIOWEH CHCTEMBL
NOCRCIOBATEABHAIX YKA3AHUM (IYHKTOB):

1. TlonaraeM ¢ paBHEIM €OHWHMIE M IIEPEXOOHM K CACHYIOLICMY
IIYHKTY.

2. TTonaracM i paBHHIM ¢OMHHLEC M IIEPEXOOMM K CIACOYIOIIEMY
IIYHKTY.

3. IlonaraeM ¢ paBHBIM ¢ =c x /| W MEPEXOOHM K CHACOYIOILEMY
YKa3aHMIO.

4. IIposepseM, paBHO nH § uncny #. EcnH §= n, TO BHYACICHHAS
npekpainaeM. Ecnu i < n, TO yBenmdMBaeM § HA eAHHULY H NEpexo-
INM K TIVHKTY 3.
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Hnaccupuxayus u csolicmea anzopummos

AJITODHTMEI, B COOTEETCTBHH ¢ KOTOPHIMH DEIICHHE MOCTABICH-
HBIX 3aJa4 CBOOWTCA K apAQMEeTHYCCKHMM IcHCTBHAM, Ha3HBAIOTCA
YUCTICHHWMMY QACODUMMAMU.

AJNrOpHTMEI, B COOTBETCTBHH ¢ KOTOPHMH PEUICHHE NOCTARNCH-
HBIX 3aa4 CBOAMTCH K JIOTHYECKHM NeHCTBHAM, HA3HIBAWTCA Ao2uYe-
ckumy areopummamy. TIPAMEpaMH JIOTHYECKWX AJITOPATMOB MOTYT
CIYXHTh AMTOPHTMEl HOMCKA MHHHMAIBHOTO YHCHIAa, IOMCKA IIYTH Ha
rpacge, NOUCKa NyTH B AAOMPHHTE W Op.

ANTOPHTMOM ABIAETCA MOCACHOBATENLHOCTh YETKHX ONHO3HAY-
HBIiX YKa3aHHii, KOTOphEe, Oymyun NpuMeHeHH K onpeAciieHHHM
HMEIOIIMMCT JTAaHHEIM, 00eCTeYnBaloT MoaydeHne Tpedyemoro pe-
3yaeTaTa. Jdaunwmu Ha3HIBAOT BCE BETMMMHEL, YYACTBYIOILHE B pelle-
HUH 3agayi. JlaHHBIe, H3BECTHLIE MEpe] BHIONHCHMEM aNTrQpHTMA,
SIRISTIOTCA  HAYANIBHBIMH, LCxoOHwMu dantbimi, PesylIbTar pelieHHs
3a7ayd — 3TO KOHCYHLIE, SLXOOKbE OdKHble.

Kaxnoe yxasaHWe aropuTMa NPENNUCHBAET HCTIOIHUTENIO Bbi-
MOJHUTh OJHO KOHKPETHOE 3aKOHUCHHOe AciicTphe. HcmomHwuTenb
He MOXET nepelTH K BHINONHEHHIO Cleayloled onepalMu, He 3a-
KOHYME MOJIHOCTEI0 BHIMOJAHCHHA npeppinyimeh. [Ipeanucanna anro-
PUTMA HALO BHIIONHATH MOCICAOBATENLHO ONHO 3a JPYTHM, B COOT-
BETCTBHH C YKAa3aHHHIM TMOPSIKOM HMX 3aNHCH. BHINOTHEHWe BCEX
NpearmicaHmil rapaHTHPYET IPABWIBHOE PEIicHHE 3aJadl.

IMoouepenHoe BBHIMOJHCHHE KOMaHI ANNOpHTMAa 3a KOHEUHOE
YUCIO IIATOB MPUBOAWT K PELIEHHIO 33a4YM, K JOCTHXEHHIO UENH.
Pa3geneHne BHNONHCHNA PEICHASA 3a1a49H HA OTACNBHEIC ONcpallin
(BHMONHACMBIC HCIIOMHUTENEM M0 ONpeAcAeHHBEIM KOMaHIAM) —
BAXHOE CBOYICTBO AITOPHTMOB, HA3HIBAEMOE GUCKPEMHOCMbIO.

J71st Tor0 4ToOBI ANTOPATM MO GHITh BHITIONHEH, HEAB3S BKITIO-
YaTh B HETO KOMAaHABI, KOTOPHE HCIOIHHTEIbL HE B COCTOAHMH HC-
MOJHHUTh. ¥ KAXIOro MCTIONHHUTENS MMeeTCd Chol IepedcHb KOMAaHJ,
KOTOpPHE OH MOXET BBINOAHHTE. COBOKYIIHOCTE KOMAHJ, KOTODHE
MOTYT GHTh BHITONMHCHEI HCIIONHHUTENEM, HAIBMBACTCH CUCMEMOU Ko-
MAHO UCHOARUMENR.

Kaxnas xoMaHIa aJirOpHTMa AOJIXHA ONPEACIATE ONHOZHAYHOS
neiicTBHE HCNHOAHMTENS. Takoe CBOMCTBO ANTOPHTMOE Ha3HBacTCA
ONPedescHHOCMEI0 (1AL MOYHOCMbIO) AA20PUMMA.

AJITOpHTM, COCTARICHHBI 117 KOHKPETHOTO WMCIIONHHTENS, A0~
KeH BKJITIOUATh TOJABKO T€ KOMAHOEI, KOTOPEIE BXOZHAT B €T0 CHCTEMY
KOMaHJ. JT0 CBOMCTBO AITOPHTMA HASKIBAETCH MOHAMHOCIbIO. AJTO-
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PUTM He TOXKeH GHTH pacCYHTAH HA NMPHHITHE KaKuX-THO0 caMo-
CTOATEABHBIX PEIICHHI HCIIONHUTENEM, HE IIPERYCMOTPEHHHMX CO-
CTABNCHHEM AJTTOPUTMA.

Eme omHo paxmoe TpeOOBaHHE, NpPeIBABIACMOE K AJTOPHT-
MaM, — pesyasmamuenocms (lan xonewrnocms) anroputMa. OHO O3Ha-
YaeT, 4TO0 MCTIOIHEHHE aJITOPHTMAa JOJDKHO 3aKOHYHTHECA 3a KOHEed-
HOE YHCJIO IAroB.

Tockomuky pa3paboTka alrOPHTMOB — IMpPOUECe TBOPYSCKHIA,
TpeOYIOLMIT YMCTBSHHBLIX YCWIMI H 3aTpaT BpPEMEHH, NPESATIOYTH-
TeNIbHO pa3palaThIBaTh S/ITOPHTMH, 00ECTICIMBAIOIIME PEllleHNd BCe-
ro Kjaacca 3afad gaHHoro Tnna. Hanpumep, eciM COCTABIAETCA alro-
PHTM pellicHHs] KyGHYecKOoro ypaBHeHMd ax’ + bx? +ox +d =0, To
OH HOJDKeH OLITh eapuamueer, T. €. 06eCIIEUHBATh BOIMOXHOCTh pe-
[ICHAA JUTA MIOOHX ZOYCTHMEIX NCXONHBIX 3HAUCHHA Ko(dhHINeH-
T0B 4, b, ¢, d. IIpo TaKoil anTOpATM TCBOPAT, YTC OH YIOBJACTBOPAECT
TpeOOBaHMIO Maccosocmi. CBOMCTBO MacCOBOCTH He FBISETCA HeoD-
XOOHUMBIM CBOMcTBOM anroputMa. OHO, cKopee, Onpenenser KadecT-
BO AJTOPHUTMA; B TO X¢ BpeMsl cBOHCTBa TOYHOCTH, MOHATHOCTH H
KOHEYHOCTH ABIAIOTCA HEOOXOONUMBIMH (HHAYEC 3TO HE ATOPHTM).

3anucs anzopummos 8 sude 610K-cxeM

ANropUTMB MOXHO 3alMCHIBATE MO-pasHOMY. ®opma 3almcH,
COCTAaB U KOJNHYECTBO OHEpalHii aIropUTMA 3aBHCAT OT TOTO, KTo OV-
JeT HCIONHUTEIEM 9TOTo aaropuTMa. EciiH 3agaya peuraercs ¢ mo-
MoInsly DBM, aNropuTM pellleHHA 3a434M JOIXeH OHITh 3amycaH B
MOHATHOI LT MallKMHEl GopMe, T. ¢. B BiIe MPOrpaMMbL.

Cxema aszopumma — Tpauyeckoe TPEJCTABICHHE AJINOPHTMA,
JOTIOMHAEMOC 3feMEHTAMH CITIOBECHOM 3anucH. Kaxkmnii MyHKT anro-
pyUTMa OTOOpaKaeTCA Ha CXeMe HEKOTopoif reomMerprdeckoit ¢mury-
poit Wi GrokoM. TIpH 3TOM IIpaBWIO BHIIOJHEHMA CXEM AJITOpHT-
MoB pernaMeHtupyer T'OCT 19.002—80 <«EamHaqa cHcreMa IIpo-
rpaMMHoO TokyMeHTamau» (Tabn. 1.28).

bsroku Ha cxeMax COCOHHAIOTCH JIMHMAMHK IIOTOKOB MH(QopMa-
pun. OCHOBHOE HAMpaBieHNe MOTOKa WHGOpMariid HAEeT CBEpXY
BHH3 M CJIeBa HAIpaBsO (CTPEJIKM MOIYT HE¢ VKA3BIBATECH), CHH3Y
BBePX M CIIpapa HAICBO — CTpeiika o6sa3areibda. KojtHuecTBO BXOIA-
LIMX JHHMHA Ui 6710Ka He orpaHHuYcHO. BHXomamiasa ATMHMA — OJHa,
33 HCKJIIDUEHHEM JIOTHYECKOTO OJ10Ka.



1.5. ARropuTMB 4 NPOrpaMMB 10!
Tufauuo 1,28 OcnoBEmie 3neMenTH GROE-cXeM
Pasmeps
no FOCT 19.003—80
e Coameon Hammetopanne Conepwaiue (ECTI): @ =10, 15, 20 Mot
o b=15a
1 BRow ebriC- | BRIYHCARTENBHBIE NeHCTBHA a
a=b NEHURA WA NOCNEROBATENEHOCTE
bi=c neicroui 3
2 Florwiacinii | BuG0p Hanpaenexns ewnon- 3
finox HEHUA ANFOPHTMA B 3aBNCH- a
MOGTH 0T HEKOTOPO
ycnoeua P
3 Bnox eeoga- | 1. OBume 0603Ha4EHMA BBORE | 1/4a
BLIBONA (pnB0MA) AAHHBIX {PHE 3aBM- " _
AAHHbIX CHMOCTH OT PU3UNECKOTO 1 a
HOCUTENA). L
2. BulBOA DAHHBIX, HOCHTENEM b
KOTOPRIX ABNIAGTCA JOKYMEHT -
4 Havano Hauano WM KoHey anropuT-
{noHey) M3, BX0] B NPOTPAMMY WAN
@ BbIXOR M3 Hee
5 fipouece noNe- | Beyncnedne No CTaHpapTHOR a
30BaTENA (NOQ- | NpOrpamme WK NOANPO-
nporpamMMa) | rpamme b
6 Bnok OyHIUWA BLINOAKART [eikcT- A"
C> MORUCIMKALMM | BHA, HIMBHAIDILAG YHKTH A 18
’ (nanpumep, 3arofoBOK UWKNa) a
anropwIMa L_b'l
7 Cosunerens | YxaaaHme CBA3M NPEPBAHHBI-
MU TWHMAMA MEXTTY NOTOK3-
MM WHCDOPMALIMK B Npeenax
OAHOMO NWCTa d=af?
8 MexcTpanmy- | YxasaHue ceasu mexqy wi- a2
Ho® coemn- dropmaumei Ha pasHbX k
HEHNA NHCTax 0.6a

0,2a
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ba3zosbie cmpyxmypot arzopummos

310 onpefeaeHHBH HaGop BMIOKOE H CTAHAAPTHHIX CIOCODOB HX
COCTUHEHHA U BHIIOIHEHWS THIIMYHMX NOC/CMOBATENLHEX AeiicT-
Buit. K OCHOBHHIM CTPYKTYpaM OTHOCATCA CIICIYIOUIME — JIMHCHHEIE,
PasBETRIIAOMINECA, HMKTHYSCKNE (pHC. 1.26).

Hemano

N = MK
K=K+ 1 Bex ¥
a ] &

Pre. 1.26. TpuMeps CTPYKTYP &ATOPHTMOB:
0 — RAHCHHHI ANTOPHTM; § — AITOPHTM C BETBIEHHEM; & — ANMMOPUTM ¢ HHKIOM

JlunefinoiMu HABHBAKOTCA WIFOPHTME, B KOTOPHIX AEHCTBHA OCY-
LIECTRAIOTCA FIOCACHOBATENNLHO JAPYr 3a JpyroM. CraHmapTHas
BJIOK-CXeMa JMHEMHOTO ATOPHTMa NMPHBOAHTCA Ha puc. 1.26, a (BbI-
IHCACHHE CYMMH JBYX 9Mcer — A H B).

PazeemeamiomumMca Ha3LIBAETCH ANTOPHTM, KOTOPHIK, B OTIHYME
OT NHHEHHHX AIrOPHTMOB, COICPXHT YCJIOBHE, B 3aBHCHMOCTH OT
HCTHHHOCTH HJIH NOXHOCTH KOTOpPOIrO BBINOAHAECTCA Ta HAH HHaA
MOC/ICAOBATE/IFHOCTE KOMaHI. TakhuM 00pa3oM, KOMaHAA BETBICHUA
COCTOMT M3 YCJOBHS M ABYX NIOCAeAOBATENILHOCTEH KOMAHI.

TIpuMepoM MOXET SIBIATECH PA3BETBIAWIIMACA aJTOPHTM, H30-
6paxeHHBIH B BHAe 6noK-cxeMHM (puc. 1.26, 6). ApryMeHTaMM 3TOTO
ATTOpHTMA SBASIOTCA IBE MEpEMEHHBIE A, B, a peayapraToM — nepe-
MeHHaa X. EciM ycnoBue A > B MCTHHHO, TO BEITTOJHACTCA ONepaldsa
X :=Ax B, B IpoTHBHOM CJIydac BEINONHACTCE X = A + B. B pesynn-
TaTe NEeJYATACTCA TO 3HAYEHHE TepeMeHHOi X, KoTopoe OHa NOJIyJaeT
TIPH BRITOJHCHHN OXHOM H3 CepHil KOMaHE.
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Luxamecxm HAZHBACTCA ATMOPHTM, B KOTOPOM HEKOTOpasL TIOCHEe-
JOBATEABHOCTE ONEpaltHi (TeN0 IMKIA) BRIMQIHSAETCS MHOTOKDPATHO.
OnoHaKO «MHOTOKPATHO» HE O3HA4acT «Ie GecKoHeuHoCTH», Oprannsa-
LUHA IMKNOB, HAKOTIA He NPHBOAAIIAA K OCTAHOBKE B BHINOJIHCHHH afl-
TOPHTMA, ARISETCS HapylLlieHHeM TpeOOBaHMA ero pe3ylbTaTHBHOCTH —
OMYYCHUA PE3yAbTATA 32 KOHEYHOE IMCTIO IUaroB,

B mMKn B XauecTBe Ga’30BHIX BXOHAT — G/IOK NPOBEPKM YCAOBHA
H Teno uukna. [lepen omepampe#i MUK OCYIECTBASETCA HAYAIEHOE
NPHCBOEHUE 3HAYeHHUI TeM NepeMeHHBIM, KOTOpPHE HCMOJIB3YIOTCS B
Tene uMKiIa. ECiH Teno HUKia pacTioIOXeHO Moche MPOBEpKH VCIlo-
BHH P (UMK C npeaycioBHEM), TO MOXET CIIYYHTLCA TAK, YTO IIpH
OTpedeNeHHBIX YCIOBHAX TENO LHKIA HE BHITIONHWTCA HU pa3ly. Ta-
Koil BapHaHT OpraHM3anMM LHKIA, YIIPaBIAEMEIN NpeIyCclIOBHEM,
HasuiBaeTcA yuxa «IHOKA»/«WHILE» (3mecs ycnoBUe — 3T0 ye-
JIOBHE Ha NPOAQIDKCHHE NHKIa).

Boamoxen apyroif ciryiail, Korma Teno IHKIAa BHITIONHSETCH, 110
KpaifHelt Mepe, OTHH pa3 H OyaeT NOBTOPATECA IO TEX MOp, TOKA He
CTAHET MCTHHHHM YCJIOBHe, Takaa OpraHM3aiMA UWMKNa, KOrfa ero
TEJIO PACTIONIONREHO mNepel TPOBEpKOH YCIOBHA, HOCHT Ha3BaHHE
UK ¢ TMOCTYCIOBHEM, WH yuxaa «JOv/«FOR». HetunHocTh Y -
JOBHUSA B 3TOM ClAy4a¢ — YCIOBHUE OKOHYAHMA LMKMA. OTMETHM,
YTO BOIMOXHA CHTYAIHA C MOCTYC/IOBHEM H IIPH OPraHM3alHH [HNKJIa
«[TOKA». Hrak, uuKiI «10» 3apepiuaercs, KOraa yeIoBHe CTAHOBUT-
CH MCTHHHEIM, a IHKI «ITOKA» — Koria cTaHOBWICH JOXHBIM. Co-
BpeMEHHEIE A3LIKM NPOrPaMMHPOBAHIA HMEIOT KOCTATOYHBIH Habop
onepaTopoB, peanusyouinx kak UMKE «[1OKA», Tak 0 upkn «J0».

PaccMOTpHM TIpHMEp anropuTMa BRMUCICHUs dakTopyana, H3o-
6paxennbiii Ha puc. 1.26 (¢ nuxiaoM «ITOKA»). Ilepementaa N no-
NyYaeT 3HAYEHHE YHC/a, ¢akTopHan KoToporo Berumcnmercs. Ilepe-
MeHHOH N!, KoTopas B pe3yibTATe BRITOJIHEHUs ATOpUTMA JOKHA
NONYYMTE 3HAUYeHMe (PAKTOpPHANA, TPHCBAHBACTCA IICPBOHAYANBHOES
sHayeHne 1. IlepemenHodt K Takke mnpucBamBaercd 3HadycHHe 1.
Lk 6ymeT BHIIONHATHCSH, NMOKa cripaseamupso yeaosue N = K. Teno
LIMKJIa COCTOMT H3 IBYX ofcpaliil N!=N!x K u K=K+ 1.

LiMxnMyecKne alropHTMBl, B KOTOPBIX TEJIO HKIA BEINONHAETCS
3alaHHOE YHCIIO Pa3, PEAH3YIOTCH ¢ TIOMOILUBIO LIHKIIA CO CYETYHKOM.
LMK CO CYETINKOM PEANH3YETCA ¢ MOMOIUBIO KOMAHIB! OBTOPEHMA.

IMpouecc pelmieHHs CROXHON 3aa4H JOBONBHO YacTo CBOAUTCA K
PEIUCHHIO HECKONBKMX Gonlee MpoCcTHIX Moazanay. CoOTBETCTBEHHO
npy paspaborKe CIOXHOTO ANTOPUTMA OH MOXET pai0MBarhcs Ha OT-
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JeNbHBIE ANTOPUTMBI, KOTOPBHIE Ha3BIBAIOTCA BCITOMOTATE/IEHBIMH.
Kaxnmii Takoif BcmoOMoraTelbHEIL anropHTM ONMMCHIBAET pellleHHe
Kakoli-m6o moazagauy,

Iponmecc mMoCTpocHHA ANTOPHTMAa METONOM IMOCICHOBATEABHON
JeTanu3alMH COCTOUT B cnenywineM. CHadana aaropuT™ (popMyJITHpY-
eTCH B <«KPYIMHHX» OnoKax (KoMaHmax), KOTOPHE MOTYT OBITH HElmo-
HATHE HCITOMHUTEMIO (HE BXOUST B €ro CHCTeMY KOMAH/I) H 3alNChIBa -
IOTCA KAK BhI30BBI BCTIOMOTaTE/BHRIX ANTOPATMOB. 3aTeM NPOHCXOINT
OETANM3aLNA, X BCE BCIIOMOTaTe/IBHEIE AArOPHTMBE OOPOOHO paciIy-
CHIBAIOTCA C HCTIONB30BaHMEM KOMaHIl, NOHATHBIX KCMONHKTENMO.

KoxvponbHbie Bonpocs)

1. faAte wnaccupuraumnio WHHOPMaLHK.
2. Karosel npevmywecrsa yupposoit MHpOPMAUMN N0 OTHOWEHHID K aHANOTOBOA?
3. Nepeunchure MeTOALl KOQHPOBAHKA CHMBONVB.
4. Nepeyncoute NeTOAL KOAHPOBAHHA YUCACHHOH UHDOPMAUNM.
5. Nepeseaute uncno 32 451, 6 WeCTHAAUATEPUYHYID H BOCHLMEPUYHYIO CHMCTEME
CHUCAEHMA,
6. MepeseanTe YuCNo 32 451,45 B ASCATHYHYIO U BOCHMEPHYHY IO CHCTEMBI CHHCABHMA,
7. B uem 33KNI0Y3I0TCA 0COBEHHOCTH ABOMYHON APUDMETHRH?
8. lopcyntaitte npouapegeHue 1FA5 u 2B, no moaynio 8,
9. MNoacunTaikTe cymmy 4575 n 3755 no mogynio 3.
10. Nepeuncante normyeckue 3nemMeHTH IBM,
11. Yro Takoe norvyeckue yanu IBM?

12, CocraebTe TabnMusl MCTMHHOCTH AnA nesoro (—{A A B)) u npaporo {—A v —B)
BuipaMeHuid 1-r0 3aKoHa ae Moprana, MpoeepsTe MX HA COOTBETCTRME,

13. CocraBbTe TABAMUB HCTHHHOCTH AnA nesoro (—(A v 8)) u npasoro (—A v —F)
BHpameHnid 2-1o 3aKoHa ge Moprawa. lpoBepeTe UX HAa COOTBETCTBHE.

14. NocnepHui cronbey TabnMUB MCTMHHOCTH AAS ABYXMECTHBIX ONEPaUNI, OYeBNng-
HO, MOMET CofiepMaTh 16 = 2* pasnuuubix coveTaHuil «1» W «0». (regoBaTenbho,
Bcero moxer GuTh onpegenedo 16 norvyHeckux onepauMi Haj ABYMS NepeMeHHbl-
MW, H3 KOTOPLIX HAMH PACCMOTPEHB TOABKO MATh, (OCTaBbTE TAONHUY HCTHHHOCTH
ANA OBHOA W3 9 OCTABMXCA BHE PACCHOTPEHHA (PYHHLWIA W NONbITARTECH NOCTPO-
WTb NOFM4ECKOE BHIPAMEHHE AR ITOH QYHKEMH,

15. MNepeuncanre Ha3oeeie CTPYHTYPH AATOPHTMOB U NPOrPaMM.



fnaBa 2

APXUTEKTYPA U CTPYKTYPA INNEKTPOHHbLIX
BbIMUCAUTENBHbLIX MAWLKH

U CUCTEM

TIpexne Bcero, ciegyer ONMpedc/IMTh OCHOBHBIE OGBEKTH pac-
CMOTpEHMs. DNEKTPOHHEIC BEMMCAMTC/IBHBIC MallMHEI M CHCTEMBI
BKITIOMAIOT:

+ OOBLIYHBIC BEMHCIHTEIbHEIE MAIIHHE (OXHOMPOLECCOPHEIE);

* CYTIEpKOMNBIOTEPH (MHOTONponeccopHbie 3BM, HHorma obbe-

IHHAIOTCH B OHH KJIACC ¢ BEMMHCMTEIBHHMH CUCTEMAMH),
o BBIYHCTHUTEJBHBIE CHCTEMEI (OORIMHO — KOMIUVIEKCH DBM), B
TOM YHC/IS MHOTOMPOLECCOPHEIC MALIHHEL

TaxuM ofpasoM, B LEAOM CICOYET pacCMaTPHUBATh BCE MHOXECT-
BO COBPEMCHHBIX ebryiicaumensnux maun u cucmem. Ha prc. 2.1
NPUBOAKTCA NepedeHh OCHOBHBIX XoMmoHeHTos 3BM u BC, pac-
CMAaTPUBacMBbIX B HACTOAMIEM Y4eOHMKE,

PaccMaTpueasa apXuTekTypy 9BM, BHYNCIHTENBHEIX CHCTEM M
CYNIEPKOMNABTEPOB ¢ O0LIMX MO3HIMHA H abcTparmpysacek oT aeranei,
MOXHO BOCNOAB3OBATBCA CHEAyIoUIed cxeMoi (puc. 2.2), xoropas
BKJIIOMAET:

¢ FPOUECCOPbi U CUCMEMB NAMAMU — BHIUMCIMTEAbHO-HHGOPMa-

LIMOHHAsA Cpeaa;
o CPedCmea KOMMYMAUUU U KOMMYHUKAUUN — KOMMYHPKAIIMOH-
HO-KOMMYTALIMOHHAA cpela.

Bcee 3TH KOMIIOHEHTH AKTHBHO TIPHCYTCTBYIOT Kak B DBM, TaKk M
B BRITHCAUTEIBHEIX CeTAX H CHcTeMax (cynepDBM).

PaccMOTPHEM NHOC/IEAOBATE/IBHO COCTAB, CTPYKTYPY, apXHTEKTYpPY
H KIaccHpukaumio 3BM ¥ BHUMCANTENBHBIX KOMIUIEKCOB.

B Tabn. 2.1 nepedyncneHs OCHOBHBIE YPOBHM apXuTekTyp DBM,
BC, npyrux KOMMOHEHTOR CHCTEM H MAIlIHH, 0 KOTOpPHIX Janee Oymer
UATH peds B HACTOALIEM yYeOHRMKE.
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MNpousccopHan cpega
e ty 4 U ty

Tt U fty  Kowsyrauwonwan cpana(cpans) I N1 MU

Ty, MU MY  Kowwyraumowwamcpesa(cpems) I 11l MU
ny i fil 13 Ty

JanosmHALER CPaLA

Pre. 2.2. O6obimeHnoe npeactTabreHne of apxarextypax 9BM
H BHIYMCITHTENLHEIN CHCTCM

Tabsnya 2. 1. PAIn0osHEBOCTE SPXHTEKTYP BRIHCARTEAMEMY MAINIMA B YCTpocTR

Tun apxuTexTYpu XapaKTepueTHKA NpuMepLl apXRTeKTYD
3BM & yenom B3auMOCBAIL KOMNOHEHTORB | MABpapXuYecKan, MarmcTpans-
HaR
Lientpanshoe yeTpoiicTeo Wcnonb3oBaHue onepatMEHoR | [IpWHCTOMCKAA, rapeapackan
NaMATH
BuMCIUTENbHAS CHCTEMA B3awMOCBA3L KOMNOHEHTOR | KnacTepHan, MACCMBHO-Napan-
nensHan

Mamoapxmmpa npoueccopa | Obpadotia mukpoonepaumwii, | AMD K7-KB, Intel P5-P6

Kall-NaMATL, KOHBeHepht
CucTema KomaHg Komaas npoueccopa |1A-32, 1A-64, AMDEB4
MRKPOADXMTEKTYE YATICET Baanmocenas KOMNOHEHTOB «(8BePHbIf MOCT ~— K)KHLIR

cHcTemHoll mrate NK MOCT>
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Thasa 2. ApxuTekrypa K crpyKTypa IBM u cicTen

2.1. Knaccoel BLIMMCAHTENbHDIX MAWMKH K CUCTEM

DnexkTpoHHasA BHYHCHATENbHas MalluHa (DBM, Kommbliotep)
MpeOcTaBIAeT ¢oloi KOMIUICKC TEXHHMECKWX CpPEACTB, MpeHHA3HA-
YeHHEHIH % apTOMATHYECKOH 00paboTKH MHGOPMAaIHH B NpoLecce
PeLICHHA BHYHCAHTEABHBIX H HH(OPMALMOHHBIX 3a1ay.

Xapaxmepucmuxu u Kraccei 38M

OCHOBHEIE XapaKTCPHCTHKH, HCMOAB3YEMEE AAS KnacCH(HKa-
e 9BM, npusenenss B Tabn. 2.2. B tabn. 2.3 maHp pasnnuHEE 0C-
ROBaHH#A A Knaccudukamuy DBM, HekoTophie H3 KOTOPHX, & TaK-
Xe pan apyrux 6onee noapolGHO UATOXEHL Jance.

Tabauna 2.2. Ocuomsie xapaxTepuctaku DBM

XapaxrepeTika Conep»aitne

BuicTponeicTEHR CnocofiHocTs JBM BLINONHATE ONPEAENEHHbE THNE onepaumik (ne-
PECHINKA QIHHBIX MEXKDY PECUCTPAMM, CYMMIUPOBAHIG, CPABHOHNE)
33 SNWHNKLLY BPEMBHN, BLICTPOMICHCTBME OrPAHWYHBEABTCA CKOPOCTLID
NPOTEKAHWA NEPEXONHBIX NPOLECCES B 3NeMeHTHOH Gaae w 06u4HO
XaPAKTEPMIYETCA TAKTOROR HACTOTOR BHEWMHErD FeHepaTopa, KOTopan
COTRACYET QRACTEMA YCTPOIRCTE W Yanos

Npon3sonNTENLHOCTD CnocoBrocTe IBM ofipabaThiBaTe HEKOTOPLIE TRCTOBME Macche pas-
PMYHBIX KOMAHG (TaK HasslBaemele cmeck MGCOHA) 33 epnHILY Bpe-
MeHN. T1PON3BOIMTENLHOCTL BO MHOTOM 3ABHCHT OT NPHMEHRAMSIX
APXUTEKTYPHBIX PEleHIR

Pa3pANNHOCTL MAMHHOMO | BRAeT Ha AWANA30H NpencTaBumMbix 8 IBM yncen, anpecHocTs che-

cnoea TEMEd KOMAHA, CKOPOCTE MEPECHIIN JAHHBIX

MaxcimanbHo BOIMOXHIR | DNPeAenAeT MAKCHMANBHO AOCTYNHLEA 061LAM ONEPATHBHON NEMATH

pasmep afpecHoro npo- (O11), B0IMOXHOCTA NO @8 BUPTYANLHOMY PACLINDEHHID

CTpaHCTed

KOonw4ecTeo rpynn KOMaHa | XapaKTepuayer cucTemy KOMaHN, WX ARPECHOCTE W NP. XBPaKTEPH-

W KOM3HA B Fpynnax CTHKH

KonwqecTee cnoco6oB ag- | Brmo4aeT npAMYI, KOCBEHHYID M NPOYHE THAG! ANPECALMA KOMAHI W

PACALHAM KOMJHA ¥ NaHHLX | AAHHBIX

Tun KCNOnb3YEMOro WHTEp- | LUIMHL WA KaHanb CBA3MW, XapaKTepHayowMaca paspRARNCCTLI (un-

dreiica {conpr¥eHNA) AGPa | PUHOR NAPaNNENbHOTO KONA, SPEABaBMOTD ANHOBPEMEHHD) U

3BM ¢ nepuchepwei vacToTod, ¢ KoTOpO# 3Ta Nepena4a OCYeCTBRABTCA

HapexHnocTs Wsmepretca cpentel Hapabotkok Ha 0TXa3 {CPERHAM BPEMBHEM
Be30mxaznoil paboTul), CKOPDCTLIC BOCCTAHOBNEHMA M NP.

Croumocts OuesmaHan INOHOMWHECKIA XAPAKTRPUCTHKE

NoTpebnAemMan MOWHOCTS | 3NEKTPH4ECKAA MOWIHOCTL B BaTTaX (BT), kunosarvax (kBT)
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Tatiuuya 2.3. Pazmransie nomxoms K Kiaccnduxanma 3BM

d

b Twn 38M | OcofenHOCTH Knacca
i Duanveciii crocob NpeNcTaBAGHNA MHOOPMALINW
Ananoroswie (ABM) | MHcbopMauWs NPeACTABNARTCA B BUAS HEMPENLIBHO N3MEHAVLIBACA BO
- apeMEHH aHANOrOBOR BENUYKMHLI (HANDFOKEHMA WK TOKA)
Unchpossse (LIBM) YnchopmauwA NPEACTABIABTCA B BWS CRIBLWANLHLIX KONGB, B NPMHATCHE
JnA pakHoR IBM CuCTeMe WCHHCNSHWR
MuGpuaHLIe Taxwe IBM, HANDAMED, MMEIT AHANOTOBLIA BX07) WHCHOPMALIMN, JaTeM
cneayat uucposan obpaloTka w AHANOFOBLA BLIXOD
. Moxonenus 36M
| noxonexme 1950—1958, nocTposHL Ha Namnax
Il noKONeHKE 1959—1967 -— Ha TPAHINCTOPAX W NEYATHLIX NNATAX
Il noxonenme 1968-—1978 — Ha MUKDOCXEMAX MaNOA CTENEHN MUHMATIOPHIA LK
IV noxonenme 1979—1993 — Ha Murpocxemax GoNbWoR CTEREHN MUHRATIOPA3AUWN
V noxoneHne C 1994 ~— Ha MuKxpoCxemax ceepxBONbLIOA CTENSHN MIHIKATIOPNZALLAN
Haanavonse JBM
BuiuHCANTRIbHUE XapaxTepuayinTeA OTHOCHYENEHO HEGONLWWMK 05bemMamu BXOGHON W Bbl-
CHCTEME XOOHOR MHHOPMALIAKN M CTHOXHBIMM ANFOpMTMAMK ee 00padoTkm. Takwe
3BM BOMKHBE UMETH BLICOKYI0 NPOHIBCAKTEALHOCTD i HEBONLIIOSE KONW-
YeCTBO YCTPOWCTE BBOSA-BbIBOLA
Cucremul oSpaloTkw | XapaKrTepuayiTCR GONbIIMM KORWECTBOM BHEWHKA 3ANOMHHII0LWX YCT-
HAHHBIX PORCTE, CNOCOGHLIX XpaHUTL BonbwoR obuem RHOPMALNW W CPABHN-
TENLHO HECTIONCHLIMMA ANTOPUTMAMK DGPAGOTKA ITOR NHEPOPMALINK
Ynpasnaowme IBM | TpenHazHayeHt ORA yNPABNeHUA B peansHoM macuTale spemeni obbex-
TaMW W NPOMIBOACTECHHUIMK NPOLIECCAMM, NO3TOMY ANA CBR3N C obvexra-
My ynpasneua IBM cHalxanTcA npeofpasonarename, BATHMKIMM
W T. [}, KOTOPbIE YCTAHABAWBAWTCA B KOHTYDE YORABNBHUA
Coocoll 0prammaauNm BRCANTORLHOND NHONSGER
OnHonporpammuse | CnocolHe 0AHOBPEMEHHO BLINONHATL He Gonee UAHOW 3akayn
Muoronjorpammubie | Muoronporpammisie JBM moryT paloTath B OHONPOCPAMMHEOM W MYTTb-
THNPOrPAMMHBIX PEXUMAX. ITH PEXUMbI LOMNHE NORASPKMBATECA COOT-
BETCTRYIOWAMH ONEPALNDHHIIMW CuCTeMamu (OC)
O08acTL BPAMENEKNN
YHUBEPCANbHEIA OpMeHTMPOBAHL Ha PEWOHWE WHPOKDID KPYra 3aRa4 NyTem NDMMEHEHWR
COCTBETCTBYIOLEro NPOrpammHoro obecneqenmn (NQ). Kak npaeuno, pas-
pabOTKy TaKWX MPOFpaMM OCYIWIECTRRANT NO 33Ka3aM M3BHE. XapakTep-
HB 0cOGSHHOCTY yHHBEpCaNbHIY IBM: HENUUMG BLICOKDNPONIBORMTERL-
HOrQ Npoteccopa; Gonbwoi ofbem NAMATA; cooTeeTcTByIpuan 0C
CnouManuswpoBanHue | TpRHaIHAHEHL ANA PEWEHWA ONPELENSHHOND KPYTa 3aNa4 W He TpelyoT,

KaK npaemno, paapaloTke HOBOTO NPOTPaMMKOre ofecneNenna. Cneuma-
NuanpoeaHkie IBM npoule U feweane yHUBEPCANbHLX IBM
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PaccMOTpHM OCHOBHHE kKnacchi DBM,

Duzuneckoe npedcmassenne obpabambieaemoii undpopmauun, 3nech
BHIENAIOT;

» ABM — aHalOroBHE¢ BHIMHCIMTEILHHE MAIIWHE, HAH BHMHC-
JIHTENTbHBIE MAIIMHAB HEMPEPHBHOTO AceiicTBHA, KOTOpPHIE pado-
TAIOT ¢ HH$opMaLnel, NMpercTapIeHHOH B HENpephiBHO#H (aHa-
Joropoii) dopMe, T. €. B BUIE HENpPEepLIBHOIO psiga 3HaJYcHHH
Kakof-mubo ¢$H3HIecKol BeIWIHHE (Jallle BCero MeKTputde-
CKOTO HaIlpsXXKeHHST);

s HBM — uucdpoBbie BHYNCAMTEABHBE MAIMMHBL, WIM BBRMHC-
JINTENBHEE MAlIHHE FTUCKPETHOTO ASHCTBHA, KOTOpHE 00paba-
THIBAKOT HHQOPMALIIO, TIPEACTABICHHYIO B AMCKPETHOMH, a TOU-
Hee, nHdpoBoi dopme. B cuny ynusepcansHocTH mudponoit
dopmMil npeacrarneRna HHpopMaunH DBM apnsercs yHHUBep-
CANBHEIM HHCTPYMEHTOM 00paboTKy NaHHbIX,

« 'BM — ruOpumHble BHMHCTHTENHHBME MAIIMHAB, WM BHYHC-
JUTENBHEG MALIIHHBEI KOMOHHHpOBaHHOrO AciicTBus, paGoTtator
¢ nRbopManHesi, peacTapieHHoN Kak B 1AgpoBoii, TaK U B
aHanoroBsoil ¢opMe. OHH coBMemaloT B cebe JOCTOMHCTBA
ABM u IIBM. I'BM uenecoobpa3so HCIIOAB30BATh IS pellie-
HHA 3amad YOpPaBJICHHA CJIOXKHBIMH OBRICTPONCHCTBYIOIIMMH
TeXHHYCCKUMH KOMILTEKCAMH.

Tloxosenun IBM. Upnes nenuth MAIIHHKE HA TTOKOJIEHUSs! BhI3BAHA

K XH3HH TeM, 4TO 3a BpeMA HEHONTOH MCTOPHH pAa3BHTHS KOMIIBIO-
TepHAA TEXHMKA Npollia Goiblnoi NMyTh pa3sBHTHA KaK B aciicKTe
3MeMEHTHOM Ga3bl (TaMIIbI, TPaH3NCTOPDI, MUKPOCXEMBI M Ap.), TaK H
€ TOYKH 3PEHHA W3MCHCHHUA CTPYKTYPHI, IIOABICHHS HOBLIX BO3MOX-
HOCTE##, pacilinpeHus1 obnacTeil NpUMEHEHH M XapaKTepa UCIONb30-
BaHH4 (Tabir. 2.4).

Knepeomy noxoasenurw oBbIYHO OTHOCAT MALHMHEL, CO30aH-
HEl¢ Ha pyOexe 50-x IT. ¥ 6a3upyI0OLUIHECT HA MEKTPOHHBIX laMIiax.
JIaMITHl TIOTPEORANH 3HATUTELHOE KOJIMYECTBO 3IEKTPOSHEPrMM W
BHIACTISIA MHOTO Tela (puc. 2.3, g). Dtu 3BM 6puIH rpoMo3IKiMH
M CNHIIKOM AOPOTMMHM M WX MOMIH IpNOOPETaTh TOBKO KPYITHEIE
KOPITOpalKY H MPABHTENBCTHA.

HaGop xoMaHa ObU1 orpaHHYeH, cXeMBl apHbMEeTHKO-JIOTHYE-
CKOI0 YCTPOHCTBA M YCTPONMCTBAa YIIPAaBJICHHS AOCTATOYHO MPOCTHL,
nporpaMMHOE obecreucHHE NMPAaKTHYSCKH OTCYTCTBOBano. Ilokasare-
J¥ o0BeMA ONICPaTHBHOH MaMATH W OBICTpPOACHCTBHA OBLUTHM HMIKH-
MH. 711 BBOZA-BRBOAA HCMOARIOBANMCE MepdhOIeHTH, nepdoxapThl,
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Tatauua 2.4. DTaNM PAIBUTEN KOMILIOTePELX HHGOPMANNOHHLIX TEXBOMOTHI

Mepuon, rojed

Mapametp
50-¢ 60 708 80 HacTonwse Bpama

Liens wenone- | Hayuwo-Tex- | Texnuueckue | YnpasneHne w | YnpaeneHwe, |TenexommyHmi-
30BAHAA KOM- |HHYECKHE | KOHOMMWME-  |3KOHOMNYE- |NPENOCTAENS- | MM, WHchOPMaLN-
nbioTepa pacveTH CKNE DACYETH | CKUE PacueThl |Hue MHGOP- | 0HHO alcmpia-
Al BaHHe

Pexinw pabotw [Onnonpo- | Maxetwan o6- |Paanenenne | Mepcoxans- | Cotopaa

KOMMBIOTEPa . |[TRAMMHWI | patioTka BPEMEHW Haa paota  |olpalioTka
WKnTerpaunn Huakan CpenHAA Buacokan Ouerb ebi- | CaepXBIGOKAA
DAHHBIX COKaR
Pacnonoxenue |Mawwnniié | OToencHoe no- | Tepmunans- | PaGoumil cron | MponseonsHoe
none30BatenA |san LT Hbiif aan MaGunbHOE
Tvn nonesosa- | Mroxexe- Mpodeccuo-  |Mporpammn- | MoAsaosare- | ManooGyveHHbe
TenR pui-npo- HanLHbLE NPO- | CTHI nucobmeil | none3osareny
TRAMMACTS | FPAMMNMCTD KOMALIDTEP-
Hofl nopro-
TOBKO#H

Tunowanora |PaGoraas |OOGmeunep- Wnrepaktwe- |MHTEpakma- | AHTEpaKTHBHLIR
NYNLTOM thoHocHTenA- W (4eped | Holl G KecT- | 3KpanHbIA THNA
KOMITLIOTEPA | MW W MAWWKO- | KNABWATYDY KM MEHID “BONPOC — QTBAT*

rpasmMamu W 3Kpan)

MATHHTHHE JIEHTH M NeYaTaionine ycrpolicrea. BuictpoaeiicTeHe co-
crasnano nopsaka 10—20 Tec. onepauMi B CEKYHRY.

IMporpaMMBl IIA 3THX MAllWH [WCANKCEL HA A3HIKE KOHKPETHOM
MAIIMHK. MareMaTHK, COCTABUSBIIMI TporpaMMy, CATWICA 3a ITYABT
YTIPABJIEHHS MALMHGL], BBOIMT H OTIUKMBANI HPOIPAMMEI # TIPOH3BO-
Jun no HaM cyer. [pouece otnaaku OHN BECBMAa IIMTEALHEIM 1O
BpEMEHH.

HecMoTpsa Ha OrpaHI4eHHOCTH BO3MOXHOCTEH, 9TH MalUMHK HO-
IBOJIANK BHIMOJHATE CAOXKHEHIINE pAcdeThl, HeOOXOMUMEIE 15t TPO-
THO3MPOBAaHNA TTOFONBI, PelleHNa 3a1a4 3aTOMHON SHEPreTHKH M Jp.

ONnRIT BCITONB30BAHHA MAILMH MEPBOTO NMOKOACHHA MOKA3AM, YTO
CYLIECTBYET OIPOMHBIH pa3phIB MEXAY BpeMeHeM, 3AaTpaYHMBACMBIM
Ha paspaboTKy NporpaMM, H BpeMEHEM cueTa. DTH npobieMEl Haua-
ITH PeOoJONcBaTh MYTEM WHTEHCHBHON pa3paboTKH cpefcTs aBToMa-
TH3alHKH NPOrPAMMHPOBAHNA, CO3XAHMA CHCTEM OGCIYXHBAIOIHX
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2 i)

Puc. 2.3. DAcKTPOHHAA AaMna {d); MaMATh Ha MATHUTHLIX CepOeyHHKaxX (6}; TpaH-
ancrop (g), ONHa M2 NEPBHX WHTErpAibHHIX CxeM (2); MuKpompoueccop Moto-
rola 63000 (9}

nporpaMM, YNpPOLIAOUWMX paboTy Ha MaluMHE M YBEIHYHBAIOLINX
3dbeKTHBHOCTD €€ HCHOAb30BaHUA. D10, B CBOK oYepenb, oTpeo-
BAJI0 3HAYUTEJNBHBEIX K3MEHEHHH B CTPYKTYpE KOMITLIOTEPOB, Hantpas-
JMIEHHBIX Ha TO, YTOOb MPUOIH3ATE €¢ K TpeOoBaHHAM, BOSHHKIIHM
K3 OnuTa IKCIUTYATAIIHH KOMITBIOTEPOB.

OTreuecTBEHHbIE MAIBHHBI NEepBOro nokoneHusa: MOCM (manas
anekTpoHHadA cueTHaa mamuua), BOCM, Crpena, Ypar, M-20.

Bmopoe nokoseKhue KOMRbLIOMEPHOU MeXHUKU — Ma-
HIMHEI, CKOHCTPYHPOBaHHEIE B 1955--65 rr. Xapakrepnayiorcs uc-
fIONb30BAHMEM B HHX K3aK DJIEKTPOHHBIX JIAMM, TAK H HHCKPETHHX
TPaH3MCTOPHBIX JIOTHUECKHX 3/leMeHTOB (puc. 2.3). Ux onepaTHBHaA
TIaMsITH ObUIA MOCTPOSHA Ha MAarHHTHHIX cepacuHHKax. B 3ro spems
CTan paclUMPATECA OHANa3oH INPUMEHAEMOro oGopyloBaHHS BBO-
Aa-BbIBOJA, NOSBWIHCE BHICOKOTPOH3BOANTENbHBIE YCTPOWCTBA LA
paborst ¢ MarsMTHEIMH JieHTamu (HMJI), MaruurHeie GapaGaHbi
(HMB) u neperie MATHUTHbIE BUCKH (Tabu. 2.5).
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BTH MAIIHHEBI XapaKTepH3VIOTCA SHCTpOAcHCTENEM A0 COTEH Thi-
CAY ONEpalyi B CEKYHAY, €MKOCTBI) MAMATH -— 0 HECKOJNBKHX Oe-
CATKOB THICAY CJIOB.

INosensoTca A3HKH BEICOKOTO YPOBHA, CPeACTBA KOTOpHIX A0~
NYCKAT oNHcaHHe BeeH HeoOxoxMmoll nocnemoBaTeNbPHOCTH BBI-
YUCIHATEIBHHX NCHCTBAN B HarAIHOM, JIETKO BOCINPHHHMAEMOM
BHAE.

TToCKOBKY CMBICI IPOTPaMMBl, MOATOTORACHHOH Ha alTOpHTMH-
YECKOM f3bIKE, HEXOCTYIIEH KOMITEKOTEDY, BOCTIPDHHHUMAIOILIEMY TO!b-
KO A3HK CBOMX COOCTBEHHHIX KOMaHI, CHEUMANbHBIC TIPOrpaMMBI,
KOTOpHE Ha3bIBAOTCA TPAHCISITOpPaMH, JOIDKHEI NEPEBOAUTD {(TpaHC-
AHpPOBATL) MPOFPaMMY C aTOPUTMHYECKOTO Ha MAUIMHHBIN A3LIK.

Moseuaca wmMpokuit Habop GMOAHOTEUHEIX NpOrpaMM g pe-
HICHAA pa3HooOpasHBIX 33734, a TAKKe MOHHTODHHE CHCTEMH,
YTIPABRAIOIHE PEXUMOM TPAHCAAUMH H HCTIOAHCHUS IpOrpaMM, M3
KOTOPEIX B ManbHeillucM BBLIPOCIH COBPEMEHHEIE OIICPal{HOHHEIE
CHCTEMH.

OmnepallHOHHAY CHCTEMa — BaXHEHUIAA 4YACTH HPOTPAMMHOTO
obecriedeHHA KOMIIBIOTEpa, NpeOHaIHa'ieHHAasa ONA ABTOMATH3aLHH
MNAHMPOBAHHA H OpraHMsalMy npouecca ob6paboTKu NporpaMM,
BBOJA-BBIEOJA W YIPAaBICHHA ITaHHBIMK, paCIIpeXENCHHS PECYPCOB,
MOAFOTOBKH U OTINAAKH TIPOrpaMM, APYTHX BCIIOMOraTeNbHBIX Ofepa-
nuit obcnyxueaHus.

MainyMHaM BTOPOro TOKOACHHS OBUIA CBOMCTBEHHA MpOTpaMM-
Had HECOBMCCTHUMOCTD, KOTOPaA 3aTpYIHANA OpraHH3ALHI0 KPYITHEIX
HH(pOopMaUHOHHBIX cHeTeM. ITosToMy B cepeause 60-x rr. HaMeTHACH
NEPEXoa K CO3TaHMI0 KOMITBIOTEPOB, NMPOTPAMMHO COBMECTHMHX H
NOCTPOCHHBIX HA MHKPOAEKTPOHHOMN TEXHONOTHYECKOM Gale.

Mawunp mpemobeeo noxkoaenus — 370 ceMeiictpa Ma-
LIHH ¢ 6AMHOH ApXHTCKTYpPO#, T. €. NporpaMMHO coBMecTUMEX. B ka-
YeCTBE 3MEMEHTHON 6a3bl B HAX UCTIONB3YIOTCA WHTErpadbHBIE CXe-
MH, KOTOpEI€ TAKXKE Ha3HBaWTCS MHKpOCXeMaMHM (CM. puc. 2.3, 2).

MalMHH TPeTHETO MOKOJICHUA CO3TABAIMCH MPHUMEPHO TIOCHE
60-X Ir., MMENH Pa3sBHUTHIE OTIEPALIHOHHBIE CUCTEMBI H 001afaaM BO3-
MOXHOCTAMHA MYJIBTHIIPOTPAMMMPOBAHMS, T. €. NApAICABHOTO BEI-
NOJIHEHUA HECKONBKHX MporpamMM. MHOTHE 3afa4yy ypaBNeHHs Ta-
MATBIO, YCTPONCTBAaMH B pecypcaMi crana Gpath Ha ceba onepalu-
OHHAS CHCTEMA MIH X& HEMOCPECTBEHHO CaMa MAMINHA.

ITpHMepHl MALLIMH TPETHETO MOKOJIeHH — ceMeifictha IBM-360,
IBM-370, PDP-11, VAX, EC 9BM (EnkHas cucrema 3BM), CM
3BM (Cemeiicto Mansix DBM) u ap.
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BricTpOmeficTBHE MalHH BHYTPH CeMeiicTBa M3MECHACTCA OT He-
CKONIBKHX JECATKOE TEHICSM A0 MIWIIMOHOB OMNEpAlHi B CEKyHAY.
EMKoOCTE OnepaTHBHON MaMATH HOCTMrACT HECKOMBKHX COTEH THICAY
CIIOB.
Hemeepmoe noxosreHue — 310 OCHOBHOM KOHTHHTEHT CO-
BpEMEeHHOH KOMNBIOTEpHON TeXHMKH, paspaborannolt nocie 70-x IT.
Haubonece BaXHEIE B KOHLENTYAILHOM OTHOLIECHHH KpPHTEpPHIA,
M0 KOTOPOMY 3TH KOMIBIOTEPE MOXHO OTICIUTE OT MALIHH TPETRETO
MOKOJICHWA, COCTOAT B TOM, YTO MAIHHHLI YETBEPTOIO NMOKOJICHHA
MPOESKTHPOBAINCH B pacueTe Ha 3pGeKTHBHOS MCIONL30OBAHME CO-
BPEMEHHBIX BHICOKOYPOBHEBHX A3HKOB H YIIPOUICHHE TIPOLIECCa MPo-
rpaMMHPOBAHHNA IUTA KOHEYHOTO NOIL30BATEAA.
B anmnapaTypHOM OTHOIICHMM Oisi HHX XapakTepHO IMHPOKOe
HCIIONb30BAaHHE HHTErPAJbHHX CXEM B KAUECTBE JIEMCHTHOM 6askbl,
a Takxe Haanuue OBICTPOASHCTBYIOHIAX 32aNIOMHHAIIINX YCTPOHCTR
C TIPOH3BONBHOM BMOOPKOH €MKOCTBIO B AecATKH MerabaiT (cm.
puc. 2.3, d.
C TOYKM 3peHMA CTPYKTYPH MalllMHBl 3TOTO TIOKOJICHHWA TIpeH-
CTABMAIOT COGOM MHOTOMPOLECCOPHEIE H MHOTOMAIUHHHEIE KOM-
mekcn, paboralommpe Ha OOLIYID TAMATL M O0IlNee Moje BHEWIHHX
ycTpoiicTB. BrIcTpomeiicTBHE COCTABNAET OO0 HECKOJNBKHX IECATKOB
MILIHOHOB ONEpalHil B CeKyHIY, €MKOCTh OMNEpPaTHMBHON TaMSITH
nopsanka 1—64 Moaiirt.
Jnst HUX XapaKkTepHBI:
+ NMpHMEHEHHe MepcOHAIBHMX KoMnbioTepos (ITK);
* TEJCKOMMYHHKAIHOHHAA 00paboTKa JAHHHX H KOMITLIOTCPHBIC
CETH;

* IINPOKOE NPHMEHEHHAE CHCTEM YIIpaBleHNA Ga3aMM JaHHBIX;

¢ HIEMEHTH HHTCUTEKTYAILHOTO TIOBEAEHHS CHCTeM 00paboTku
‘BaHHHX H YCTPOHCTB.

B xomneromepax namoeo HOKOACHUR, TPCANONOXU-
TENBHO, AOJLKEH MPOM30HTH KayeCTBEHHEIR nepexox oT ofpaboTKu
JaHHEIX K 00paboTKe 3HAHAMN.

ApxuTeKTypa KoMNbiOTepoB Gyayinero NokoneHHs Gyaer comep-
Xarhk JXBAa OCHOBHHX 670Ka. OOHH M3 HAX — 3T0 TPagMIIHOHHBIA
KOMIIBIOTED, ORHAKO NHITeHHHM CBA3M ¢ MOABIOBATENEM. DTy CBA3b
OCYINECTRIACT MATE/UICKTYaNbHHH HATepdeiic. byaeT Takke pelnarsb-
cA nmpobreMa JeeHTPATHIALMHH BEMMCICHHHE ¢ MIOMOIIBIO KOMITBIO-
TEPHBIX CETEH.

Cdhrepsi npumenenusn u memodn ucnoasiosdanua. 3necs 3BM Mox-
HO pa3fe/NNTL Ha CISOYIOIMe IPynH (pHc. 2.4, 1abn. 2.6).
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| KomnbioTep |
Cynap- BasoBbid o Pationan MepcovanbHbit Mukpo-
KoMmAsloTes | | koMnsloTep MiaH nLoTep CTEHUMA KomMnbioTep (TK) KOMNBOTER
HacransHbii NopTarvBHLA
NEPCONANBHA FEPCOHANGHWA
KOMLIOTEP NOMTBIOTED
| ——————— | |
n a BrowHoTHER KapmaHHsid
ooy NePCOoHANbHLIR NBPCCHANBHBIA
Krrep XOMNbIoTep KDMALHITED

Pue. 2.4. Knaccubuxaiina no chepam npuMeHeHHA M METOAAM ACTIONL3IOBAHIA

Tabruga 2.6. Knaccudwzanns DBM no chepam npumenesnn, METONSM BCIONBIOBANNA

H ralapATHEIM XAPAKTEPHCTHEAM
OcHoeHae OCHOBHLR TEXHAHECKWE
Knace 3EM HAIHAYBHHE faKHwe O6umii swn 38M
Cynep3BM, cy- | BuicoKoCKOpOCT- | AMeeT CKAnApHIMNE W BeEK-
NEpKOMALIOTER, |HOE BLINONHEHWe | TOpHME Npoueccopwl, Co-
BRIUCRAMTENLHAR | NPAKAANHEIX NPO- | BMECTHAA paboTa npouec-
cuctema (BC)  jueccon COPOB OCHOBWBABTCA HA
PAANMYHBIX APXUTEKTYPAX
bonswwe 3BM | D6patotka Gonb- | MynbTANPOLUBCCOPHAA ap-
(maiingppeil- wwx ofLemos XUTEKTYDA, NOABOAAILAA
Mbl— RAHHLIX KPYNHBIX | NOAKMNIOYEHNA HBCKONBKMX
mainframe) NPEnnpPMATAR W |COTeH pabouux mecT
OpraHy3aLni
MuHn-3BM Cuctemb ynpas- | QNHONPOUECCODHAR ApXU-
NEeHYA Npeanph- | TeKTYpa, pa3BeTBNeHHAR
ATHAMU cucTemMa neprdepliitbix
YCTPORCTS {01 PAHMYEHHBIE

BOamoxHOCTH, 0bpaboTka
CROB MEHbLIER ANAHM
WT.0)

PDP-11
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Hpodoaxwcenue maba. 2.6

i Knacs 28M cwnenee 0"““'“:::::“““““ Ol sk 38M
PaGoume cTan- | CucTemil aaTOMa- | Becokoe GhcTponeRcTane
" TH3WPOBAHHOTO | NPOUBCCOPA, EMKOLTL
NPOEKTHPOBAHKA, | ONEPATUBHOIO 3aNOMW-
CHCTEMB 2BTOMA- | HAIDILEFO YCTPOiicTEa
TH3aLMK 3Kcnepn- | 32—64 MGaiit, cneuwann-
MEHTA, WHOYCTPH- | INPOBAHHAR CHCTEMA ne-
anbHue Npouecesl | pudepriitblx yeTpoiicTe
. (wap.
Sun SPARCstation 1+
MwkpodBM; Ha- |WnpuBgyansioe |Uentpanswii Gnok ¢ on-
CTONBHbIA O6CNYKNBAHNE | HMM UNW HECKOMBKIMK
{desktop) nep- |noRL3OBATeNEl | NPOLBCCOPAMM, MOHWTOP,
COHANLHBIN KOM- AKYCTHYBCKAR CHCTEMA,
nboTap (MK} KIABUATYPA, INBKTROHHOS
Nepo ¢ NRAHIETOM, YCT- —
POHCTBD BEOSA RHIDOPMA- IBM PC-nono6Hwi MK
LiAM, MDHHTEDDI, IKECTKUE
AHCKH, FHOKME QUCKN,
MarHMTHLIE NIEHTLI, ONTH-
HECKME JMCKM W Np.
TNeperochok NK | To xe ManoraGapTHIi Knx- .
<HAKDNEHHMK> HOrD pasMepa nopTaTHe-
{laptop) Hblil B2PWaHT CTaLMOHAp-
HOFD NBPCOHANLHOMD KOM-
nLOTepa
«Mid-range HP Laptop»
BROKHOTHEIR MK, | » = MORENW MOTYT HMETH .
HOYTOYK npoueccop Pentiuim, one-
{notebook) PATHBHYIO NAMATE O

96 Moaikr, wecTHRA IWCK
1o 9 FGaidT, BCTPOEHHDIE
KOMMAKT-HUCK W
thaxc-momem, pucnnei
AMAKOKPUCTANNWHECKMA,
Bpema paboTw ot colcT-
BEHHOTO WCTO4HMKA NKTa-
HWR OT2 00 B4

Sony VAID SZ {Intel Core Duo)
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Oxonvanue maba. 2.6

OcHopHOR OCHOBHLG TEXHHYBCKIE O evn 3BM

Knace J6M Ha3HAYEHHB AAHHLE

KapmaHHbii Wunuenpyansioe | ONepaTWBHAA NAMATE B~
KOMNSIOTBP «Ha- | 06CIYXMEAHWE | MONHAET ChyHKUMIO QONTO-
NAAGHHAK» NONLG3OBATENSH | BPEMBHHOW NZMATA Pas-
{paimtop) MEPOM B HECKONLXO MaTa-
OaiT. XecTouii oMcK
orcyTeTeyet. PaboTaet
NOR YNPaBNEHKEM
Windows GE, AMeeT uH-
Tepdelc ¢ APYTAMH KOM-
NLIOTEPAMM, BCTDOEHHBIE
WHTErPHPOBAMHbIE CHCTE-
Mbl, HAGKOKPMCTANARYE-
CKWA AuCnned

PaimQOne Tungsten TS

Cynepkomneromep (supercomputer) npeiHasHaueH I
BHCOKOCKOPOCTHOIO BHITOJIHEHWSA NPHKIANHBIX potieccos. B 1976 r.
xoprnopaumsa Cray Research H3roToBmna neppHii cBepXOnicTpoaeHcT-
BYIOIL[MIi KOMOBIOTED, AABAA HAYANO HOBOMY KJIACCY KOMIIBIOTCDPOB.
IMepsonavaneo Cray Research mpemmonarana, 410 noTpebHOCTH B
TAKMX KOMIBIOTEpaX OymeT HeGONBIION, ONMHAKO OHA YBEIMUYHBACTCA
H 0CO0EHHO B mocneaHne roabl. Kpome 3TOro, NpoOM3BOAMTENH CY-
NMEPKOMITBIOTEPOB MOCTOAHHO YITYYIIAIH OKA3ATENAb CTOHMOCTE/TIpO-
M3BOOUTENBHOCTE, TlogBHICA M MOMyIMs1 GONbIIYIO HMOMYIAPHOCTD
HOBHII KJIacc — CYNMepMHHH-KOMHABIOTEPEL. DTO YMEHBIICHHEIS MO
rabaputaM H Gonee SKOHOMMYHBIC BAPHAHTH CYMEPKOMIBIOTEPOB,
HEPEAKO — HACTONMBHOTO UCTIIONHEHHS.

CyIIepKOMITBIOTEP MOXET HMETh OJMH MPOLIECCOpP, M TOTAA B HEM
OAHA TIOCHSAOBATEIbHOCTD KOMaH A paboTaeT ¢ OJHMM TOTOKOM JaH-
HBIX. BMecTe ¢ 3THM GonblIHe CKOPOCTH 00paboTKH MAHHAIX MOXHO
[OMYYHTh JILIbL B MHOTOTIPOLICCCOPHEX cucTeMax. TloaToMy Bo Beex
MOC/CAYIOIINMX aPXHTEKTYPaX CTeNcHDb NAapanienbHoH 00paboTKH BO3-
pacraet. PacTer COOTBETCTBEHHO M YHCNO BXOIAIUHX B CYIICPKOMITE-
0Tep TpoUEccopos. B aononxenne K oOBMHBIM (CKANAPHLIM) NOM-
KIOYAIOTCA BEKTOPHBIE TipoLeccophl. B meppoM cmysae ofpabaTeiba-
OTCA CKASIPHEIC BEJIHYMHH, a BO BTOPOM — BEKTOPHHE.

BRenpeHHe CYNIEPKOMITHIOTEPOB JONTO CACPXWBANOCH OTCYTCTBH-
€M pa3BUTOrO NporpaMMHoOroe obecreucHrsA. B HacToslee BpeMs CH-
Tyallnd W3MCHACTCA, MOABWIACH A3BKH, MPEAHA3IHAYCHHBIC A I1a-
pauieasHoll o6paGoTkH, Bee Goaplue Tpemaaraerc >PdeKTHBHBIX
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OnepanMoHHMX cucTeM. CYIEpKOMIIBIOTEPH BRINMYCKAIOTCH 3HAYH-
TenbHBIM FHacHoM (upM. Kopnopaumst IBM coagana cynepKoMNBIo-
Tep B ORHOM KPHCTa/ie HHTerpaabnoi cxemu (UC).

Bazoaenii (Goabvwodi) komnowomep — mainframe —
OCHOBHOMN THIT KOMITBIOTEPA, MCITONL3yeMut B Gonbimx HHdopMa-
HHOHHBEX ceTsiX, paboTaeT ¢ GONBIION CKOPOCTHIO M M0 NMPOM3BOIN-
TEJBHOCTH YCTYFIAeT CYMEPKOMNBIOTEDY, HO OXBAaTHIBacT Holee IHH-
POKH# KpYT peilacMBX 3agad. C Apyro#l cTOpOHBI, OH IPEBOCXONHT
MHHH-KOMITBIOTEP TIO CKOPOCTH paBOTHI M CIHOXHOCTH BHITONHSE-
MBIX TIPHKIFAIHBIX MpoueccoB. bazopHi xomnbliorep ofnanaer OTHO-
CHUTEAbHO OONBIIOH ONMEepaTHBHOM MaMATHID H NPCSIOCTABIAST CBOM
pecypchl uepe3 KOMMYHHKALHOHHYIO CETh OO/BLUIOMY SHCITY MONB30-
Baresnei. BemencTene ckasaHHOTO, 6a30BEe KOMILIOTEPH NMpPHHHMA-
10T Ha ce6f OCHOBHHE NOTOKM 00paGeTKM JaHHE. Hepeako ron
0a30BMM KOMITBIOTCPOM ITOHMMAIOT JHIUb LIEHTPANBHYIO YacTh
KPYIIHOTO KOMITLIOTEPA, BKAYANIHYID MPOUEeccopbl U ONEpaTHBHOE
3aNOMMHAIOLICE YCTPOMCTBO.

B cBs3® ¢ pasBUTHEM apXMTEKTYPhI «mem—-—ccplep» 6a30BbIe
KOMITBIOTEPHI CTA/IH HEPEIKO MCMOIB30BATECH B KAueCTBE CEPBEPOB.
Hurerpanust cpeicTs pacrpeleneHHol ob6paboTKH AaHHEX ¢ Oonb-
MMM 6a30BRIMM KOMTIBIOTEPAMH OGecieyuBaeT I(PpEKTHBHYIO 06-
pabOTKY JAHHEIX B KOPNOPATHBHLIX CeTSAX. ba3oBHe KOMIIBIOTEPH HE
TOJMBKO (PYHKIMOHHPYIOT KaK KPYNHBIE CepBephl, HO OBCCIIeYNBAIOT
ABTOMATHIALHIC [IPOLECCOB, NPOTEKAIOIIMX B CETH.

Muru-xomnoromep — minicomputer — KOMIBIOTEP C
OrpaHM9eHHHMH BO3MOXHOCTAMH 06paGoTkn maHHBIX. Ilo cpapne-
HHIO ¢ Da30BBIM KOMIIBIOTEpPOM MUHM-KOMIIBIOTCP pafoTaeT o Cao-
BaMM MEHBILUCGH JTHHEI, HMEET OrPpaHMHCHHYK) ONEPAaTHBHYIO NAMATD
# OTHOCHTENBHO ReGonbmoe GpicTpoacticTere. TloaToMy MAHE-XOM-
NBIOTEP UCTIONB3YETCA IS peleHus Gonee npocTeiX 3agay, deM Oa-
soBuii. Ho, no cpaBHECHHIO ¢ NMOCNEIHHM, MHHH-KOMIIBIOTED HMEET
HeGONMBIIYIO CTOMMOCTB, pa3sMephl M HpOMIC B SKCIUTYaTalHK. Tep-
MHH <«MHHH-KOMIIBIOTEp» MOABWICA TOTRA, KOTAa He OBUIO IEpCo-
HANBHEIX KOMITLIOTEPOB. Terepb Xe CYIUSCTBYIOT TAKHE NEPCOHATh-
Hbl¢ KOMIIBIOTEPH!, KOTOPHE NMPEBOCXOAAT Aaxe 6a3oBbie KOMITLIOTE-
PBl BOCEMMACCATHIX TomoB. Il03TOMY paccMarpMBaeMbifi TepMHH
NPHMEHSIETCA BCE PeXe, YCTYTiasd MOHITUAM patouan cmanyus N nep-
COHGABHBIL KOMILIOMED.

Pabouas cmanyua — workstation — abDoOHEeHTCKasi CHC-
TEMa, CNCIHATH3HPOBAHHAA HA BRIMONHEHHE OINPCACRCHHEIX 3a5a%
Noab30BATENH.
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Iepsas paGouas cTaHIHA, Ha3BaHHAs CeTeBHIM HagenueM CraH-
dopackoro yHHuBepcuTeTa (SUN), Gbita cosmaHa kopuopanueit SUN
Microsystems noa meBH30M «CE€Thb €CTh KOMIBIOTEP». DTO CBA3AHO C
TEM, 4TO pabodad CTAHIIMA B CBOEH OCHOBe NpeAHa3HauyeHa A1 pabo-
TBI B HHGOpMalLHOHHO# ceTH. PaGoyas cTaHLMsA, HEPEAKO HMEHYEMan
patounmM MECTOM, co3nacTcd Ha 6aze MaToro, HO AGCTATOYHO MOIIHO-
TO HACTOJNBHOTO JHOO HAaMONBHOTO KOMIIBIOTEpA. JIna 3Toro paspaba-
THIBAETCA apXHTeKTypa paGoyeil cTaHUOUM, MoabGHpaloTca HEOOXOMM-
MEI€ YCTPOHCTBa (NpOoLlecCOphl, 3aNOMHHAIOLIME yCTpoilicTa, rpado-
MOCTPOUTENH, NIPHHTEPH | T. A.), Co3aaeTca HYXHOE MPOIpaMMHOE
obecnedyeHHe, CTAHUMA BKModaeTcsd B ceTh. OHA NpeaHa3HayaeTcsa
Ing moboro creuranacTa ( IperpaMMHCTa, CHCTEMOTEXHHKA, MEHE -
®epa, Mccrenoparesst H ap.}). Pabouas craHIIus 3aHHMAET CpelHee Me-
CTO CpellH KOMIIBIOTEPOB M XapaKTepH3YeTCH MHO20330d4HOCMbIG —
PEXHMOM, TIPH KOTOPOM MONB30BATEAL MOXET 3allyCKATh HECKOIBKO
33834, DTO NMO3BOJIAET BHIOAHATE TPYAITY NPHKIAIHBIX [TPOLECCOB.

Baxsoe 3HaUcHHE B apXHTEKTYpe paGOuyeH CTAHIMHA WMEET BM-
syanusauua HHGopMauny, OHa 3aKMI0MaeTCa B CO3NAHHMH YCNOBHH
g gopMupoBaHus W 06paboTki wW300paxeHH#. 310 Mo3BOMSIET
MOAB30BATENEM HE TOJBKO YEOOHO OTOGpaXaTh HA 3Kpare (bU3NYe-
ckne oOBEKThI, HO TAKXE CTPOUTH MOAEHH, MAHKITYIAPOBATE HMH H
HabMoOOaTh X0 3KCTICPHMEHTOB B PEAIbHOM MacilTabe BpeMEHH.

Bce Oonbiliee pacnpoCTpaHEHHE IMOMYYaloT paboume CTAHIHH C
KOMOHHHPOBAHHBIM CepBHCOM, OHHM HAMeOT MIMpoKHMi Habop ycr-
policTR CBA3M ¢ BHeIIHeH cpegotl:

* M3MEPHTENBHBE IPUOOPHI;

* YCTPOWCTBA BHJEOBBOJA U MHKPO(OHHI,

» ONITHYECKHE OHCKH,

¢ XJIABMATYPH H CEHCOPHEIE YCTPOHCTBA.

B paGounx CTAaHLMAX YacTO MCMOAB3YIOTCA rpadiieckne akcee-
paToOpB! (TJIATH, COJEPKALLME MPOLECCOPH, CNEeLNATH3NPYIOIHECS
no o6paboTke H300paxXeHHH). AKceaepaTopbl BBUTONHSIOT TEOMET-
pHYECKHe HpeobpaszoBaHHA OBYXMEPHHX H300paXeHHH B Tpexmep-
HHe HN300paxeHHs, YYWTHIBasi Pl CIOXHBIX TpeDOBaHHH, TaKMX,
HamnpuMep, Kak ABHXYILHECA UCTOYHHKH CBETA Ha 9KpaHax, oToOpa-
XeHHe ocoOeHHOCTel CTPYKTYPH NOBEpXHOCTEH 00DBeKToB. AKcene-
paTophl MOBBIMAKT CTOUMOCTb CTAHUMHA, HO pe3Ko YBENHYHBAIOT
CKOPOCTh BBINOJIHEHHS HMHM CIIOXHBIX NPUKIAJHBIX IIPOLECCOB,
IIHpokyI0 H3BECTHOCTh MOJYYHIH padodHe CTAHIMH KOpIopaiuii
SUN Microsystems n Silicon Graphics.



2.1. Knacchl BHMMCANTENBHBIX MALDMH ¥ CHCTEM 125

Mukpoxomnoviomep (microcomputer) — ycrpolicTso,
CO3ZaHHOE Ha OCHOBE ONHOTO JHG0 HECKOABKHX MHKPONPOLIECCOPOB,
CylecTByeT ABA TFOAXOIA K OTIpeleIcHHI MEKpoKoMnEloTepa. Ilep-
BEIMf M3 HHUX 3aKJIIOYAETCA B TOM, 9TO IIOJ, MHKPOKOMIIBIOTEPOM I10-
HHUMaeTcs OmHA JHO0 HeCKONEKO CBepXGONBLUIMX HHTETPaibHBIX
cxeM. A 3TOrO0 CXeMH IOOJDKHBEI CORCPXATH BCE JIOTWYECKME 3JIe-
MEHTHI, HE0OXOoAMMbIC A MOMYYeHHS MOJHOLIEHHOTO KOMIBIOTEpa
HeGONBIION NMPON3IBOAMTENEHOCTH. Bo BTOpPOM Moaxoe MHKPOKOM-
NBIOTEPOM Ha3BIBacTCA NI000 KOMIIBIOTEP, B KOTOPOM OCHOBHBIMH
KOMIIOHGHTaMH SRISIOTCA MHKpOnpoueccopel. B AaqbHeiflieM 3TH
9BM crand HMEHOBaTH TNEPCOHANBHBIMH KoMmmbioTepamn (ITK).
B 370l CBA3M MOJ MUKPOXOMIILIOTEPOM Yallle BCEro IMOHHMAKOT YCT-
pOHCTBO, CO3MAHHOE HA OAHOMR JHOO TPYNIe WHTErPATBHEIX CXEM.
I 3708 Ienn HepeaKo GeCcKOpPNyCHEE MHTETPAILHBIE CXEMBI TDYTI-
NHPYIOTCA B OOHOM KopIyce. YTO Xe KacaeTcd BHICOKONPOH3BOIH-
TEIBHOTO MEPCOHANBHOTO KOMITLIOTEPA, TO B HEM MOXET HCIONB30-
BATECA TpYNNa MHKPOXOMNBIOTEPOB. MHKPOKOMMBIOTEPE Takke
IIHPOKO MCIOAB3YIOTCS B TEXHONOIMH MPOU3BOACTBA H B Pa3’HO00-
pa3sHoii anmnapaType aBTOMAaTHYECCKOrO YNPABICHHA.
Tepconanrvuuii rxomnewmep (IHK) — personal
computer (PC) — Henoporoii KOMIILIOTEp, CO3OaHHLIA Ha Dase
Mukponporeccopa. IIK, wm nepcoHanbHBIE 3NMEKTPOHHEIE BEIYMC-
JHTeMLHbE MamuHel (IT9BM), B pAdy KOMOBIOTEPOB XapaKTepH3y-
JOTCA HeGONBIIMMH pa3MEpaMH M MACCOBHIM TIDOM3BOACTBOM. IDTO
MO3BOAAET FeNaTh MX LUMPOKONOCTYIIHEIM TOBapoM, O0eCIICYHBAND-
M obpaborKy pasnnyHo# mHpopMamu. [TK npeaHasHayeHE 1A
ofpaboTKH TeKCTOB, 3BYKa H H300paXeHHH,
IlepcoHANBHLIR KOMIIBIOTEp ENA YIOBICTBOPEHNMS TpeOOBaHHSIM
OGUIEAOCTYIIHOCTH M YHHBEPCATbHOCTH NMPHMeHEHHA JOJDKEH obna-
JaTh TAKHMH KavyeCTBaMH, Kak:
¢ Manasg CTOMMOCTb, HAXOAAIMIAACK B mpeaenax TOCTYTTHOCTH IIA
HHANBHAYAJIBHOIO TIOKYTIATENA;

» ABTOHOMHOCTh 3KCIUIVaTalluM ©0e3 cIelUanbHeIX TpeGoBaHHH
K YCJIOBHUSIM OKpYXalolieh Cpenkl;

e THOKOCTE apXHTCKTYPHl, OOCCIEYHBAIOIAR aZANTHPYEMOCTh
K pasHOOOpa3sHHIM NPUMEHSHIIM B cdepe ypaslneHud, HayKH,
o0pasopaHuAa U B OwITY,;

¢ IPYXECTBEHHOCTs OTEPAllMOHHON CHCTEMBl M IIPOYEro IIpo-

TPAMMHOTO ofecTeueHH A, 00YCIORITHBAIONIasa BOZMOXHOCTE pa-
6o nonk30BaTenA Ge3 creupanbHoH mpodeccHOHANBHON TTOn-
TFOTOBKH;
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s BHICOKAS HagexHocTe paGoTel (Gonee 5000 4y HapabGoTkwm Ha

0TKa3).

B nocnemnue roabl MCHONBIOBAHME BHICOKOCKOPOCTHBIX 32- W
64-pa3pATHEIX MUKPOIIPOLIECCOPOR M BEpCHH OTICpallHOHHOMN cHCTe-
Ml UNIX npuseno k unTerpanny [1K ¢ paGoYWMH CTaHIINAMH.
C Apyroll CTOPOHH, CO3MAITCA YCTPOHCTBA, B KOTOPRIX OOheANMHAIOT-
cA PYHKITHK NIEPCOHANIBHOTO KOMIIBIOTEPA ¢ TEICBH30pOM H TenedoH-
HBIM anIapaToM. Takoe yCTpoMCTBO, HATIPUMED, MPENoXeHO KOpITo-
patueit Microsoft. B0 — mpocToii MHTEPaKTHBHLIN NMEepCOHATBHBIA
koMneioTep (Simple Interactive Personal Computer — SIPC). OH wHe-
CHOXEH B 9KCIUIYaTallMH, JIETKO COSAMHACTCA C TENCBU3HOHHONH WIH
TenedoHHOH CeThio.

Cpead BeeX IepeyHcIeHHBIX 30eck THIIOB DBM 3apepxuMca Ha
K wnk nepcoHaNbHBIX NEKTPOHHBIX BHIMMCIIMTENBHBIX MALIHMHAX
(IT9BM), KoTophie B pInY KOMNLIOTEPOB XapAKTEpHU3YIOTCH HeGoIb-
MMM pa3MepaMH H MacCOBHM NPOH3BOACTBOM. DTO IO3BOJAET HAe-
JIaTh MX IHPOKOTOCTYIHEIM TOBApOM, obeCcTIeuHBaKIIMM 00paboTky
pasnyHoii UHGOpMauNK — TEKCTOB, 3BYKa, WM300paxeHHH H mp.
B ¢BA3H ¢ HX AOMHHNPOBAHMEM B CETOOHAINHEH CHTYallMH OCTAHO-
BHMCS Ha HHX IfogpoGHee.

fepswie NTK

Hcropna K Havanack B 80-e rr. XX B., KOrna npakTvueckH ofi-
HOBPEMEHHO KoMIaHHA Motorola, Zilog W Intel BEMycTM Ha pHEIHOK
JOCTATOMHO MOLIHEIE MMKporiporieccopsl — Intel 8086, Z80 u M63000.

Ha sTx Muxponpolleccopax GRIM MOCTPOEHBI NEPBHE MHKPO-
xommeoTepsl {TTK):

« Kaypro II (Zilog);

= Macintosh 128K (Motorola);

« IBM PC — XT/AT (Intel — INTegrated ELectronics).

S~ Kaypro IT 6611 npeactanneHd nmyQINKe B aBTy-
: cTe 1982 r. (puc. 2.5, a). HecMoTps Ha Ha3Ba-
HHE, ITO Obna [€peasd MOIe/lbh KOMIIaHHH
3. Kes (Andrew F. Kay) Non-Linear Systems, Inc. (mo3xe nepenmMe-
HoBaxHoI1 B Kaypro Corporation).
TIpu Bece Domee necatn xunorpaMm Kaypro I1 mosnmnonHposan-
cA KaK MepeHOCHAA chcTeMa. Bo3MOXHOCTH pa0OTH B NONEBHX YC-
JnoBusix OBiMa moATBepXkaeHa Bo BpeMA pamaH [lapux—[lakap B
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Pae. 2.5, Mepsuie ITK:
a — Kaypro 1I; § — Macintosh 128K; ¢ — IBM PC XT

1984 r., Ha KOTOpOM OpPTraHH3aTOpaMM HCIIONB30BANOCH AeCATE KOM-
nsiorepos Kaypro I1.

TexHuuecKne AapakTEPHCTHKH 3TOH MOIEMH ONH3KH K CHCTEME
Oshorne 1, BeimyckaeMo#t ¢dupmoit A. Ocbopra, u HP-85 (Hewlett-
Packard). Cnenyet, 0IHaKO, OTMETHUTB, MTO NPH OJN30CTH BO3MOX-
nocteit Kaypro II 651 nout sapoe nerde Osborne 1, uto ana mepe-
HOCHOIi CHCTEMB HMEeT NepBOOYEepeiHYI0 BAXHOCTb, H Ha JiBa TOAA
«monoxe» HP-85.

Kaypro II ocHamanca nponeccopoM Zilog Z80 ¢ TaxTopoit uyac-
ToTol 2,5 MIu. O6pem O3Y cocraemsn 64 K6, M3V — 2 K6.
Berpoerinpiit nucneit pasmepom 9" 61 criocobeH paboTaTh B TeK-
cTOBOM pexkuMe B0 x 24, moamepxka rpathH9IeCKOTe peXHMa He Tpe-
AycMaTpHBalack. KinaBuaTypa KoMubploTepa ObUta DOBONBHO YHOO-
HOM, ¢ KyPCOPHBIMH M LIHPOBBIMH K/IaBHIIAMH. YCTPOMCTBOM Xpa-
HeHMSI AaHHBIX CHYXHIH ABa OUCKOBROIA INA ONHOCTOPOHHHX 5,25"
IUCKOB OBoiHO# rorHocTH eMKocTeio 190 K6. PaGoran Kaypro 11
nog yupaepneHneM OC CP/M (Control Program for Microprocessor)
W HAa MOMEHT BHIXOAA cTowa 1795 momn.

s Modesv 128K — nepBuii NMpOAYKT B CeMeiicTBe KOMIBIOTE-
pos Macintosh (puc. 2.5, ). Kopopaumus Apple mpencrapn-
¢ JNa ee B gHBape 1984 r., pasBepHYB MHTEHCHBHYIO Map-
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KETHHTOBYIO KAMNAHKIO. «ECIH YK KOMIIBIOTEPH TaK YMHBI, — FOBO-

PUNOCE B ONHON W3 peKaM, — TO He JIyyIlleé JIM HAY4YHTL HX
OBIIATECA € YEJOBEKOM, YeM YYMTb JioacH oOLIAThCA C KOMTbIO-
TEPOM?»

Macintosh 128K 6azuposanca Ha 32-paspAmHOM MHKPONpPOIEC-
cope Motorola 68000 ¢ Taxropoit yacroroit 8§ MI'u, umen 128 K6
O3V, 64 K6 TI3Y, onsoctopoHHusi gnonmH-auckoson (400 Koaiir;
3,5"), BcTpoeHHBIH 9" YyepHO-6enblit 9KpaH ¢ rpadHISCKiM pa3pelle-
HHeM 512 x 342 TOMKH, OCHAWIANCH, MOMUMO KIaBHATYPHI, MaHHAIY-
ASTOPOM <«MEBIIIE> H Becwn 20 dyHTOB (8 XI).

MHoroe B HOBOM KOMIIBIOTEpe OBUJIO 3aHMCTBOBAHO H3 paspabo-
TOK HccnenoBatensckoro HeHrpa PARC xommanum Xerox, 15 cne-
IMATHCTOB KoTopoil B Hayane 1980-x rr, mepeumimw Ha paboty B
Apple. Umenno PARC OBUIH NMpedNIOXeHEL CUCTEMa «OKOH» Ha 3Kpa-
He, WHTepdeiic, OCHOBAaHHBIH Ha CHMBOJMYECKHX H300PaXCHUIX
ReRCTBHIA, YCTPOHCTBO «MBILIbY.

Xota nepBwiit Macintosh cronn B 5 pa3 nopoxe, yeM TpeboRaIH
crcungpuKkaly npoekta — 2495 ponn. emecto 500 momn., mpomaxu
OUTH YCMEIBHO, W 3a nepBeie 9 mec. 6bU1o peanusoBaHo 275 ThIC,
KOMITBIOTEPOB.

«Mak», Kak BCKOpe OKPeCTHIW TOKTOHHHKHM HOBYI0 MAILIMHY,
npHHEeC Apple rpaHAMO3HEIN yereX. Bnaxelblbl KOMITBIOTEPOB APYTHX
THNOB 3aBHIOBATH rpa(puuecKHM cpeacTBaM «Maka» W mpocrore 00-
palicHIsT ¢ HHM. [TporpaMMBbl, NO3BONABLUME HCIIONB3OBATD «OKHa» H
«MBIIIb» B KOMOBIOTEPAX APYTHX MORENei, pacKyIaNHch HAPACKBAT.

OnHaxo odeHb CKOpo noib3oparenn Macintosh 128K cTonkmny-
JHMCE ¢ npoBlieMoil cHIKKOM Matoro ofbeMa OINepaTMBHOR MaMATH
TIPH TOM, Y¥TO BO3MOXHOCTel nma pacimpennda O3Y KOHCTPYKIe
MOHEJH TIPpeAYCMOTPEHO He 6bli10. MHOTOMHC/ICHHBIE HapeKaHHA [Mo-
OymwH Kopriopauuio Apple yCOBEpUIEHCTBOBATL CBOM TMpPOAYKT, W
yXe oCeHBI0 Toro X¢ 1984 r. 6mn npeacrasneH «Fat Mac» — moznens
Macintosh 512K — {(Macintosh 128K Gelt CHAT ¢ NMpPOHM3BONCTBA B
okTsaOpe 1985 r.).

weare s &= IBM PC. Ha puc. 2.5, ¢ w3obpaxena IIDBM IBM
o et P B PC XT (eXtendet Tecnology — paciuMpeHHas TEXHO-

norud, no cpapHeHno ¢ IBM PC), He caMas nepeas
MatuMHa B cepEM (8 mMapra 1983 r.). Ilpoueccop Intel 8088 —
4,77 MI'u, O3Y 256 Ko6aiir, H3Y 64 KGaifT, HeGonblIoik BHHYECTED,
asa auckosoaa mo 360 Koaiit n agantep MDA (CGA); onepaunoH-
Hast cucrema — CP/M-86, MS-DOS, Minix,
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2.2. ¥Yanul IBM

V¥inom DBM HasbiBaercd COBOKYNMHOCTh (HDYHKIIHOHAJIBHO
CBAI3aHHBIX MIEMEHTOR, MPEAHA3HAYEHHBIX TS BRITIONHEHUS oNpele-
JeHARIX onepaumii Hal ABOMYHHMH cIoBaMH. Yansl 3BM srnsorca
OCHOBHLIMHM 3JIEMEHTaMH peaiM3anmy anmnapatHbhx dyHkuuit 9BM
(npeoGpasoBaHue, Mepedada, XpaHeHNE H VIIpaplIcHHEe HHQOpMaLH-
eif). Onn ofecneunBaloT npeobpasoBaHHe KONOB, MOACYET MMITYIb-
COB, CpaBHEHHE KOIOB, CABHT HIBOMYHHX CJIOB.

Tlo BHTIONHAESMBIM GYHKLIMAM Y3IB] ASIATCA HA PETUCTPEL, CyMMa-
TOPEI {HAKAMIMBAOIIETO THIIA), CUCTYHKY, ACIIHQpaTophl, Wwndparo-
PHl, MYABTHIUIEKCOPH, IEMYIbTHILIEKCOPH, CXeMBI CPABHEHHUS KOMIOB,
npoTrpaMMHpyeMble norHyeckue Marpunsl (I1JIM), ananoro-mmudpo-
BHe H IHdpoaHanorosrie mpeodpasoeatent (ALIIT u LIAIT) u nip.

Pezuemp — y3en DBM, nipegHa3sHaueHHBIA 1A XpaHSHWA TBOMY-
HBIX CJIOB H BHIIOIHEHHAA HaJi HUMHM HEKOTOPEIX JICTHYECKHX OTIepaliKii.
PerucTp npeacrasnger cofoH COBOKYITHOCTS TPHITEPOB, YHCIO KOTOPBIX
COOTBETCTBYET YWCHAY pPaspsioB B CNOBe, M BCTIOMOTATENBHBIX CXEM,
00ecITeYNBAIOLIMX BEIMTOTHEHHE HEKOTOPBIX OMNEpalilil, TAKHX KakK:

» YCTAHOBKa perucrpa B 0 — cbpoc;

* TIPHEM CJIOBA;

« BHIIAYa CNOBA;

» CIBHT CJIOBA BACBO WIM BINpaBo Ha TpebyeMoe KONMMMECTBO pas-

psANOE,;

* MpeoGpaloBaHBe TIOCKEAOBATENLHOTO KOJA B MApAVIENBHHA H

HaolopoT;

s pa3pAAHBIEe TOTHYECKHe ONCpalliH.

ITo cnocoGy nmpHeMa B BHIaYH WHQOPMAIIHN PETMCTPH JeNsIT-
cq Ha!

« TiapaLieNbHbIC;

e COBHIOBHIE;

¢« KOMOHMHHPOBAHHHE,

Hapasanervnwe pezucmpu. Ucnons3ylorca IUIA BEITOIHE-
HH{ ONepalHil NPHEMa, XPAHESHHS, BLIIZYH U HOPASPANHEIX IOTHYE-
CKHX ONepamiii Haj cioBaM¥ M NMPEICTARIAINT CO00H COBOKYNHOCTh
RS-, D- u T-tpurrepoB, HMEIOIHX CBA3AHHEIC BXOOHBIE M BEIXOTHBIC
uenu (puc. 2.6).

Coeuzoevie pecucmpun. Hcnonw3yioTcd WA BHITOJIHEHHSA
CNETYIOLIHX OIepaLyii:

1) yMHOXeHEE Ha 2%, eclTM CABUT OCYIIECTBISICTCA Ha X paspsaos
B CTOPOHY CTApHIHX Pa3paloB;



130 Thaga 2. ApxuTedTypa W CTpyKTYpa IBM u cuctem

& 1
_—'_I\.—_
O & e
. ()—l a
_ a
& 1
et P e
X | [:] Tl
S i
T
= ~ 72
a el fl[=
- H
x, | T T
o..rl\-—. &
s -
v, .
= ~,
| 2, N "
o] Q -
L] Cb

BRKY 4 BOK

Puc. 2.6. [Tapamnensuelii perHerp:
MY — npuem uncna; Cb — cb6poc perncrpa 8 0; BIIK — pnissya opAMoOre Koga,
BOK — pHzava o6paTHOTO KoIa

2) YMHOXEHHE Ha 2°%, ecM CHBMF OCYIeCTBAsSeTcd Ha K pasps-
AOB B CTOPOHY MIAIOIIHX Pa3pslaoB;

3) npeobpasoBadie Koja M3 NApAIEBHOTO B MOCTCHOBATEAL-
HEIi B 0DpaTHO.

CaMas npocTas cXeMa CIBHIOBOIO PEFUCTPa CTPOMTCA Ha D-Tphr-
repax M HMeeT BUA, TIpHBeNeHHKH Ha pHc. 2.7,

Tpsamoii Buixon @, mMpeApOylero paspaia MOcTyrnaer Ha UHGop-
MALUMOHHEH Bxoa D mocneaywoiiero paspaaa. baarogapa sroMy xax-
IHA CHHXPOCHTHAT YCTAHABIHBACT TIOCHCHYIOIUHI TPHITEP B COCTOA-
HHE, B KOTOPOM A0 3TOr0 HAXOAMNACH NPEALIYINHIA Pa3psal, OCYLIECT-
WA TeM CaMbIM CIBHT HH(MOPMALINHM Ha paspal WIeBo (HNH BIPaBo).

Pesepcuenvie pecucmpw cdeuza. OBECNEUHBAIOT BO3-
MOXHOCTE CABHra HHOOPMALIMH KaK BIeBO, TaK H Bhpaso (puc. 2.8).
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Pme. 2.8. PepepcuBHMI perucTp cAsHra

Ecau curnan wa waHe N papeH «1», 10 moreHumuan Ha sxofe D
i-ro TPHITEpa OnpeAc/sicTCA BMXOIoM (., TPHITEpa, CTORILETO C/IcBa
ot Hero (i — 1). Ecim curnan paper «0», TO moTreHitHan Ha Bxoae D
i-ro TpHITEpa onpegensieTcs BulxoaoM {,,, TpHITepa, CTOALIEro Cnpa-
Ba oT Hero (i + 1),

Cuemmux — HaKONIMTENBHBIH y3en BBM, npenHazHaueHHBIH 1a
MOACYETA YHC/IA HMITYABCOB, INOCTYNHMBLIMX Ha ero Bxod. Ilo cTpyk-
TYPE PaxyIMYalOT CYCTYHKH;

* C NOCAEAOBATEIFHRIM IIEPEHOCOM;

» CKBO3HEIM MEPEHOCOM;

* TMAPATENEHEM MEPEHOCOM,

s TDYIIIOBEIM NEPEHOCOM.

B 3aBHCHMOCTH OT aJlTOPATMA PCaNH3alAN BOCIAIOT CICTIHKMN,

* CYMMUPYIOIIHE,

+ BHYHTAIOIUNE;

s PCBEPCHBHEIC;

s C TIPpEAYCTAHOBKOM.

B 3aBHCHMOCTH OT MOIYNA CYETA CYCTYNKH OHBAIOT:

+ IBOHNC;

e NECATAMHEIC.

K XapakTepHCTHKAM CYCTIYHKOB OTHOCHT:

¢ KO3(MpHIMEHT mepecyeTa (UNCIO CocTOIHHH cueTuynuka) M (xo-

JIMYECTBO HMITY/IBCOB, MOCTYNHBINAX Ha BXOH CYETINKA, KOTO-
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pHle TIEPEBOIAT ero B UCXOAHOE cocToaHMe). Mexny JucaoM
pa3paaoB cYeTIHKA # H Ko3(oduoueHTOM nepecyeta M cyile-
CTBYET COOTHOIIeHME # > log( M + 1);

 BpeMsl PeaklMH (PETHCTPALIMK) — HHTEPBaNl BPEMEHH £, MEX-
Iy MOCTYIUICHHEM BXOIHOTO CHTHAJIA M OKOHUAHMeM CaMoTo
JUIMTENBHOTO MEPEXOMHONO NMpoLiecca B CICTYHKE;

s pa3pelIANINYI0 CIMOCOOHOCTE — MHUHHMANBHEIA NOIMYyCTUMbIH
nepuol (WM MAKCHMANTLHAS 9aCTOTA ) CICNOBAHHSA BXOA-
HBIX CHTHAJIOB, NIPH KOTOPOM CMETYHK paboraer 6e3 cOoes.

Cuemuux c nocaedosameabRum nepenocom. Crponr-

Cfl Ha OCHOBe T-TpHITEPOB (pHC. 2.9).

o[ T8 [B—a [B

Pue. 2.9, CueTuHK ¢ NOCHEAOBATENEHRM MEPEHOCOM

3nech 1, = nt, TOE # — Pa3spAIHOCTh CYETYHKA, T, — BpeMd Ie-
pexmioyeHus Tpurrepa. Yem Gosbiile paipAgHOCTE CAOBA, TeM GOJb-
e BpeMs PErMCTPalMH, MOITOMY CUCTIHK HMeeT Hanbosee HH3Koe
6HCTpOIeicTBIE.

CHemu UK co CK6O03IHHM NEPEHOCOM. YBENHMHUTD GHICT-
poieicTEHE CYETUMKA MOXHO 33 cYer OPraHu3annu Ueneil CKBO3HO-
ro MepeHoca MeXIY pa3pagaMu cueTynka (puc. 2.10). B s3TtoM ciygae

ber =T, + (1 — )1, THE T, — BpeMA cpabaTeBaHNA CxeMul «H»,

NepeHoca
& & &

Gl TG Gl TS Byl TG |

b p TR T

Prc. 2.10. CyeTuMK cO CKBOSHEM MEPEHOCOM

Cuemuyux c RapaisnesbHuM nepenocom NMEET MAKCH-
MAIBHOE GHICTpOAeHCTBHE. 3AECh L, = T, + T,,.

Cuemyuurx ¢ zpynnoetim nepenocom H3-33 KOHEYHOCTH
xo3dduImeHTOB O0BeIHHEHNA 3JIeMeHTOoB «H» w4Hcno pazpamoe B
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CHETYHKE C NApPAVIEABHKEM NEPEHOCOM He MOXeT ObiTh oueHb GOMb-
wHM (oGpiuHo He Gonee 8 paipanos). EciH xe TpeGverca Gonbibme
pa3pAROB, TO LENecooOpa3sHO HCNONB3IOBATE TPYIIIIOBOH IIEPEHOC,
OpH KOTOPOM NMEPEHOCH BHYTPH TpYNINN (GOPMMPYIOTCH Tapaiieib-
HO,~8 MEXAY TPYNNaMH WIH MOCAeROBATEABHO, WM NAPALICABHO.
Buswumawwuii cuemyux. CTpOUTCA NO NPUHLMILY CYMMH-
PYIOLIETO CYETIHKA, TOILKO MOAAYa CUTHANOB OCYIIECTRIIACTCA ¢ MH-
BEPCHBHIX BHIXOOOB NMPEAbLIVIIAX pa3pAmoB.
Pesepcuenuwii cyemuux. B 3aBUCHMOCTH OT HAUTHMMHA CHI-
HAIA CJIOXKEGHHMA WIH BHIMMTAHHMA BEHOCT CUCT B TMPAMOM HIH ofpar-
HOM HanpaBRcHHAX.
Cyemuux ¢ npedycmanoexoi Vcionb3yercsa, HalpHMep,
B KauecTBe cHeTUYHKa KoMaHa (CyAK) — cm. puc. 2.21. Ilo-
IBQJIACT BHAYANle MepecIaTh HEKOTOPHIH KOO B CUCTIHK, a 3aTeM Npo-
JOJDKMTh TIPEPBaHHLIN CHET, HAYHMHAA C HTOTO KOAA, 3aNMUCaHHOro B
CYETYHKE,
Hepecuemuasn cxema. OTINMYALTCA OT CUETUHKOB CIOCOGOM
CHATHS pe3yabrata, B cueruMxax MoKa3aHMd CHHMAIOTCA B mapa-
JIeJILHOM Kofge. B mepecueTHRIX cxeMaxX eNMHWYHBIR CHrHan ¢GhopMu-
pyeTCs HAa BBIXOAE TIOCHE MOJAYH OMPEIEICHHOTO KOJNHYECTBA MM-
TIYIECOB HA BXOLE.
Cymmamop — yien 9BM, BRNOTHAIOIIAN CYMMUPOBAHUE JBOHY-
HHX Koa0B YMcen. OH ABNACTCA Y3NOM Npeodpa’oBaHusa HHGOPMA-
IHH. PayTH4aioT KOMOHHALHOHHEIE H HAKATUTHBAIOIIHE CYMMAaTOpPH.
Bromburauuonnmx cymMMaropax 00a cjaracMpix MoaaloTCs
OonHOBpeMeHHO. TIpn 3TOM Ha BHIXOJAX CYMMATOPOB (bHKCHpyeTcA
CYMMa, KOTOpas CYLIECTBYET A0 TeX IOP, MOKAa HA BXOXAX AeHCTBYIOT
cnaraeMele.
Bunaxanaueawuux cyMmmaTopax B Hayajae nojaercs 1-e cia-
raeMoe, KoTopoe 3amoMHHaeTca cymmatopoM. IMocne momaum 2-ro
CIaraeMoro B cyMMaTope ofpasyercs CyMMa, KOTopas ToXe 3aloMH-
HaeTcA.
B 3aBHCHMOCTH OT CrocoOoB ofpaboTKuM paspaioB cIaraeMbiX
paATMYaloT CYMMATOPBE:
e TIOCACHOBATENBHOTO OelicTBHA (paspsan obpabarniBaloTcd Io-
CHemoBareIbHO OOHH 33 APYTHM, HAUMHAsA ¢ MJIANIICIO);

e MapaieNbHOrO OcHCTBHA (Bce caaragcMele obpabarmipalorcs
OAHOBpeMeHHO, KaK NpaBWIO, 34 OXHH paGounil TakT);

s TIOCNENOBATENBHO-HAPAUICABHOIC JeHCTBHA  (OAHOBPEMCHHO
oOpabaTbiBaeTca rpynna paspsioB, a MEXIy rpynnamu obGpa-
6oTKa HIET NOCNCAOBATEIBHO).
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B sasscuMocTH 0T crnocoba peannzallHH NICPEHOCOB PalIM4aloT
CYMMATODHI:

¢ C MIOCNEAOBATENLHLIM NCPEHOCOM;

* CKBO3HEIM IIEPEHOCOM;

¢ MAPAUTCNLHEIM TIEPEHOCOM;

* TPYINOBBIM HEPEHOCOM.

MHoropaspagHble CyMMAaTOPH CTPOSTCA KaK COBOKYIMHOCTb Off-
HOpa3pAIHEIX (cM. puc. 1.14).

Kombunayuonnwii cymmamop napariesvnozo deli-
cmaun c nocaedogamenrvium nepenocom Takne cymmaro-
PHl CTPOATCA Ha OCHOBE KOMITO3HLUMH OOHOPAZPANHBIX TIOMHEIX CYyM-
Maropog. (J6paboTka ciaraeMuX NPOHCXOANT OOHOBPEMEHHO BO BCEX
paspanax. CHrHal nepeHoca, KOTOphIM BHpaGaTEIBaeTCd B MIANIIMX
palpamax, nociefnosarefibHO DPAcHpOCTPaHAeTCA B IENAX mepeHoca
K crapliuM paspsapgaM. Hampumep, cxeMa BEMHCICHHA CYMMEI
S=(5, 5 5, 5) OBYX JBOHYHBIX TPEXPaIpAKHEIX 4ucel A={a,a, a) "
B= (b, b, b;) MOXeT UMETh BHI, IPHUBEACHHNH Ha puc. 2.11.

N Py a b o b 4 by % n
a0 | | | | | | | | |
o io- B A | [Z A% | [ a1 | [F 40
— % s;: SM SM SM SM
:.a_” SS- plll Sg PBI S; Pz] S| P[I n%
2R = = =

dal nos 5 5 5

by Py —_———

Peaymbrar §'= (5, 8, 5 5)
a [
¥Pme. 2.11. Hzobpaxenne MoAHOIO ABOHYHCTO MHOTODA3PANHON CYMMATOpA Ha CXe-
Max (a); dparMeHT (TpH pa’3pAIa) MPHHUKNHAILHOK cXeMBl MHOTOPAIPAOHOTO CYM-
Matopa (6)

KombGunayuonnoili cymmamop napasiesbhozo dei-
cmeus ¢ napaireadvHbim nepenocom lIpamensiercs cxema
napajnensHoro nepeHoca (CIHI), dopMHpyoilan mepeHOC KAXAOTO
paspsIa cCyMMaTopa He3aBHCHMO M mapauienbHo (puc. 2.12). Crox-
HocTe CITII ymeHBIIaeTcd, eCi HCIONL3OBAThH 3aBHCHMOCTH MEXIY
nocaenyiowmM (P, ) B npeaniayumuM (P) nepeHocaMH, KOTOpbie
BHPAXaIOTCH TaK:

P, =a,vbnaP.
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Pue. 2.12. CymMaTop HapanmensHone IeHCTBHA ¢ NAPA/UTENSHEIM NTEPEHOCOM

Orcrona

P =ayvb APy Po=a,vb AP, Py=a,vb AP ..
HIH

Po=av hab APy

Pi=gyv(bna)v(badna)v(hAbnabnB)

P o=a, v ne, Yvb Ab_ra v o ov@ Al A oAb AB)

Kombunanuonnoii cymmamop napassessvnozo deii-
CMEBUA CO CKGO3HWM NOCAeO0GAMENLHNM NEPEROCOM
(puc. 2.13). IoBHCHTE OHICTPOBCHCTBAE CYMMATOpa MOXHO 33 CHET
YTIpOILeHHA LieTiel pacnpocTpaHeHHA NMSPEHOCOB, eClIM OIHH BXOA C
OMHOPAIPAOHONC CYMMATOPA BRAEIACTCA AT ITHX nereh:

Po=A ABv(A4vB)AF,

TAe X; = A A B, — curHan mepeHoca, HEMOCPEACTBEHHO 00pataThi-
BaeTCA B i-M paspane; Y, = A, v B, — nIpH3HAaK pacrpoCTPaHEHHA
CHTHAJIa MepeHoca yeped i-ii paspsa.

KombGunayuornnuwii n-pazpadnuii cymmamop c apyn-
noebm nepenocom B TakoM cymmaTope BBOIAT OOXOTHEIC LICTHH
pacHpOCTpaHeHMs CHIHAIA TiepeHOoca, A 3TOT0 CYMMATOp pa3tuBa-
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Prc. 2.13. KoMGHHAUMOHHEA CYMMATOD NapalEABHOTO ICHCTBHA CO CKBOZHHIM
NOCNCAOBATCIbHRM NCPCHOCOM

€TCA Ha TPYTIIEL paspaaod paBHOM ANHHEI, KaK HPaBHAo, no 4 unx 8
Pa3pAacB. BHYTpH Kaxnoli rpynnel co3gacTca IMApaUICHbHEIN nepe-
HOC, 4 MEXTY FpyIHIaMH MoXeT ORITh NapajinensHbil HIH NOCAeRoBa-
TeJBHBIH nepeHoc. CHIHaN nepeHoca, TIOCTYIAIIINI Ha BXOX MIal-
Wero paspana TPYNIE MPH HANMUHM YCAOBHH pacIpOCTpaHeHWs ITe-
PCHOCOB BO BCEX pa3psajax IpyNib, MOAACTCA Ha BXOHN CIICHYHOWIEH
rpynnel B o6xon JaHHo#t rpynnel. BHyTpH rpynmel HaxoauTes 610K,
KOTOPHIH BEIpa0ATHIBACT CHTHAN fiepeHoca, B cXeMa, KOTopas Bhipa-
OGareiBaeT pacrnpocTpaHeHue nepeHoca P. Taxolf 610K Ha3biBaeTCs
cxeMoill ycxopeHHoOro nepeHoca (CVID. B CVII punon-
HACTCA NApa/UICILHEI TepeHoC, a4 MEXAY IPYTIITaMHE MOXeT OCYLLIecT-
BASITECA NMAPANCBHLH WM NOCTEACBATENbHBH MEPEHOC,
Jewnugpamop — xoMOMHALMOHHLIN y3en, KOTOPHH TIpeNHA3HA-
YeH A4 npeoOpa3oBaHHA ABOTHOINO KoJa (X) Ha BXoAe B YIIPaBRIsAIO-
wril curHan (Z) Ha ogHOM M3 BBIXoHOB (puc. 2.14, a). Ecan sxomoB
#, TO BEIXOAHBIX ITHH JAOKHO Obith N =2" (Tabm. 2.7, n=3, N=28).
Ecsin Ha Bxon mewnddpaTopa moAaercsl ABOMYHE KO, TO HA OFHOM
M3 BHXOHOB BHIpA0aTHBAETCA CHrHAMA «1», 3 HA OCTAIBHBIX BHIXOAAX
coxpamsaerca «b (memmdpatop npeobpasyeT KoI HAa BXOAaX B YHH-
TAPHEBIH KON HA BRIXOMAX).
Ina TpexsxomoBoro AeIrHpaTopa MOXKHO 3alHCATE JIOTHYSCKOS
BHIpAXKEHWE BRIXOHOB (CM. Takxke Tabn. 2.7):
Lo =X; AXy AX), Z2,=X; A%, AX;
L, =Xy AX, AX Z2,=X, AX, AXS
Ty =X3 AXy AX Zs=X3 AXy AX),
L6 =X; AXy AX Zy3 =Xy AXy AX.
ITo cTPYKTYDHOMY TOCTPOCHHIO ACIIH(PATOPH ACNATCA Ha JIM-
HEHHEIE H MHOTOKACKAKHEIE.
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Pue. 2.14. Ycnopnoe obosHaueHHe geiuHdparopa B cxemax (g); cxema JMHeitHoro
meumdyparopa (6) .
Tabauya 2.7. [lpsep Talianuu cocTonnnil JesnsgpaTopa
X1 x2 x3 0] Zi 22 2 E2) .3 2% z7
0 0 0 1 0 0 0 0 0 0 0
0 0 1 0 1 0 0 0 0 0 0
0 1 0 0 0 1 4] 0 0 4] 0
0 1 1 0 0 0 1 0 0 ] 0
1 0 0 0 0 0 0 1 0 Q 0
1 4] 1 0 0 0 0 0 1 4] 0
1 1 0 0 (] 0 0 0 0 1 0
1 1 1 0 0 0 0 0 0 Q 1

Y sunelintix deutuppamopos Bce NIEPEMEHHRBIC X,, X;, X, NOAAKTCH
oanopeMenHo (puc. 2.14, 6). Cxema meum¢paTopa TpeICTABASET
coboit HaGop M3 BOCHMM TPEXBXOROBHX MeMeHTOB «H», Ha Bxomn
KOTOPHIX TCHAIOTCA BCEe BOIMOXHBIE KOMOHHALMH NpPSAMEIX H MH-
BepCHEIX 3HauYeHMit BXomHoro koaa (puc. 2.14, 6).

OHH obnagaior Ooyiee BHCOKHM OBICTpOnEiicTBAeM, HO Oonee
TpeX IIEPEMEHHLIX OAHOBDEMCHHO TMONATH HE/IB3sA, HOSTOMY 4Halle
NMPUMEHSIOTCA  MHO20KACKAOHbe Nelndparops. 3dech KOMMYECTBO
JEMEHTOB B KAXIOM CICOYIOIEM paspane GOJbIe, YeM B MpPEXbIay-
meM. Ha Bxom mepBoro Kackaia INojaeTcAd OOMH CJIOT, Ha BXOH Clie-
AVIOINETO KACKaAa — BTOPOH C/TOT ¥ pesyNkTaThl KOHBIOHKIMU, Npo-
H3IBEACHHKIX B IEPBOM KacCKage.
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TIpocreifinuit aMHelMEI AemmmdpaTop MOXHO OCTPOHMTE Ha
duoonoli mampuye (puc. 2,15, a). B 310l cxeMe HCIonL3yeTca oTpU-
HarenbHaA goruka. [IpH nomaue «1» Ha aHOA (Ko/MeKTOp) ANOIA OH
s3aKkpeBaercd. ECNH 3aKpEITEI BCe TPH OHOAA, MOACOSOMHEHHBIX K
OOHON TOPHIHTANBHON NHHHH, TO Ha 3TON NHHHH MOARIACTCA NO-
TeHOMaN —F, COOTBETCTBYIOMIME YPOBHIO «l»,

4 z Z g
ol I Ol I
ARG IR RS
KET T BRI -
XX XX 5 — —
KF R . = g

.
=N
=

R

R 7

by
T

L L
T 4

o {LFEEYIT TTITEE

Prc. 2.15, fvoaras MaTpuita {g), Muorokackagawi neumidparop (6)

MHoroxackagHuid aemmdpaTop MOXHO OPraHHM30BATE TAK, Kak
310 M300pakerHo Ha puc. 2.15, 6. JIpa muHeiinsX menmmdparopa 06-
pabaTsIBalOT MO JBa coBa. B nmocaemHeM KacKame obpa3yioTca KOHD-
IOHKITHM BHXOTHOTO CHTHANA MEpPBOTO Kackaga. MHOrokackagHkle
IelmrdpaTopsl 06MagaloT MEHBITHM OBICTPONEHCTBHEM,

Ilagppamop — 310 y3en 3IBM ¢ HecKONBKMMH BXOTAMH H BBIXO-
JaMH, NpeoGpasyIONIMiA CHIHA HA OOHOM H3 BXOAOB B KOJ 3TOI0 BXO-
Ia (puc. 2.16, @). Illndgparop BHNOAHAET QYHKIHIO, OOpaTHYIO OTHO-
curenbpHo gemmdparopa. [IpuMepoM mmdpaTopa SBIAEICA KIaBHa-
Typa, IIpeobpa3yiolias CHTHaNb KJIABHE B KOJ 3TOI KIaBHILM,

¥ ;
. L
. L ¥
o x x3 X
a &

Puc. 2,16, Mlndparop:
a — ycnoBHoe oD0o3HAYCHHE HA cxeMax; & — cxema mHgpaTopa
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Jnsa mocrpoeHAs TIMGPATOPOB MOTYT HCTIONBIOBATHCS CXEMBI
«ANIH», Ha KOTOpHE NONAIOTCA NMPAMbIE 3HAYCHHA BXOAHOTO CHIHA-

na (puc. 2.16, 6).

Tabmama HcTMHHOCTH paGoTel mMbpaTopa, KOTOpDHIE HMeer 3
BXOAA ¥ 2 BRIXONa, NPUBORNTCA B Tabn. 2.8.

Taobauya 2.8. Tabaaua nerammocTs EgpaTopa

x

0

1

*3 x2
0 0
0 i
1 0

oclo[w |2

1

»
1
0
1

Mysomunsexcop — y3en 2BM, ocylllecTRIsHOMIL Nepenavyy cHTHA-
JIOB ¢ OOHON W3 EXONHHIX JIMHHI B BRIXOAHYIO (pHc. 2.17). BriGop BEI-
XOMHOM JIMHHH NpPOH3IBONWTCA YNPABNFIOIUMM KOAOM, TIOCTYIIAIOLIMM

23:“5‘ ve
el
i H

Bxop X
(1)

a, § — 0BO3HaUCHHA HA CXEMAX; ¢ — CXEMHAS PeaTN3aIHA

X

x;

o

Prc. 2.17. MymsTRIICKCOP:
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Ha BXOAW MYIBTHIUIRKCOpPA, T. €. B MYIBTHILIEKCOPAX PAIIHIAIOT
ynpapagswmue ¥ AHPopMaulHoHHNe BXoabl. Ecm ynpas-
NAOLHX KOJOB &, T0 MHGOPMALHMOHHLIX KomoB 2%, MymsTHIDIEKCOp
obecneynBaer BpeMeHHOEe OOBSIAMHEHHWE KAHANOB M ARMIAETCA OCHOB-
HEIM Y3JIOM, PSATH3YIOWHM aNnmapaTHYI0 (GYHKUMIO IIepeayl JaHHEIX.

Hemysvmuntexcop BENONHSET (QyHKUWIO, 0OpaTHy0 (QYHKIEN
MYJIBTHIUICKCOpPA, M UCTIONBL3YETCA IUTA BpEMEHHOIO pa3ic/icHHs JaH-
HEIX, TIOCTYNAIOIHX OT OJHOTC MCTOYHHKA, IO KaHAlaM. 3To yaen
3BM, ocymecTRmomni nepenady WHGOPMALUK, MOCTYABINEN Ha
obmuit BX0A, HA OAHY W3 BRIXOAHHX JHHMY (puc. 2.18). BuGop an-
HMM BHIXOJA TIPOM3BOINTCA KONOM, IMOCTVIIAIOIKMM HA VIIPABISIOHINE
BXOIBl ASMYIBTHIUIEKCOPA, T. €. OH MMEET ONHY HHGPOPMALMOHHYIO
JIHHWIO ¥ HECKOJIBKO YTIPaBIAKUINX,
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Puec. 2.18. JemynsTHIIEKCOD:
a, 6 — oDO3HAYCHHA Ha CXEMAX; ¢ — CXeMHaf pealn3alHd

Cxema cpasnenun wuces (qudpoeoii xomnapamop) — y3en SBM,
NpeaHAasHAYSHHEIH IS BROAYKM BHXOMHBIX CHIHANOB «pabuo» (E),
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«BSoneme» (), «uensme» (L) B 3aBHCHMOCTH OT COOTHOLIEHUSA
CpaPHHBaeMEIX KojoB A H B (puc. 2.19). [Ind Toro 900N CHHTE3N-
pOBaTL n-paspANHYIO CXCMY CDAaBHEHWA, BHAYa/le Hal0 COCTABUTH
TAGNMITY MCTHHHOCTH JAA f-ro paspama (rabm. 2.9).

Tallwuya 2.9. TADGANDA BCTRHEOCTH CPARNCHNE AN i-r0 PEIPAAA KOMIADATORA
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Pue. 2.19. Koumnaparop:
@ ~ 0003HAYCHME HA CXeMAX; §f — CXeMHaA peanH3alns
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3HauyeHHA BEIXONORB i-TO pa3psaia, OYeBHIHO, PaBHH:

g =a ab;, I, =a ~nb;, e =a, Ab ra rb,
T. ¢ g =lLectna =1ub =0 /,=l,ecma =0ub =1 ¢ =1,
ecM a; = b.
3nauenme E, papHOe «1», 03Ha4aeT PaBEHCTBO ABYX N-Pa3spsaAHBIX
KOIOB, M OHO BRMHMCAAECTCA KaK KOHBIOHKIIMA ONHOPAa3pAIHEBIX
dyHKuMit paBHOZHAYHOCTEH €

E=e re,n.ne,.

Oyuxups G OnpeAenseTca B COOTBETCTBMH C NpaBrIaMH (OpMH-
POBaHHA IIEpeHOCa B NMAPaJUIENIbBHOM CYMMATOpPE, TOJIBKO MpOJBIDKE-
HHe MEPEHOCOB OCYLIECTBIACTCA OT CTapIIMX K MIANIIHM pa3paaaM:

G=g,vi(g, re)v(g,, e, re)v ..
ovg oale, ne, Aone, | Ae)

OtHowieHHe L ompenensieTci KaK COBMECTHOC HACTYILICHHE CO-
ouruit K u G

L-—EA@.

we sozuxecxue mampuyee (ILTM). TITIM — y3en
3BM, npenHasHaYeHHEIH 11 peajH3allid CHCTeMBI GyNeBBIX PyHK-
i, TINIM — 310 XxOMOMHAMHOHHAs CXeMa ¢ peryysIpHOil CTpyKTY-
poi, KoTOpas peanusyercd OoObMMHO B BHAC HHTEIPAILHOM CXEMEL

B He# BXOAH X, X;, X3, ..., X, H BRIXONHL |, V3, Vi, ..., Y, CBA3AHEI
ABYMS MaTPHIAMH H NormaeckiMH anteMeHTaMH <HE», «sUJIHA», «U»,

CrpyxrypHo ILJIM coctout u3 asyx Matpuut M, u M, (puc. 2.20).
M, (MaTpuua «») GopmupyeT & IPOMEXYTOTHBIX KOHBIOHKIHMHA OT
n BXOOHHX IEpeMEHHBIX (WAM MX HHEBepcvit), a M, (MaTpMua
«HJTH») — m QU3BIOHKIMEA OT & KOHBIOHKIIHIA.

IIpn nmoctpoeHun marpuu M, u M, Ha mepeceyeHHN TOPH3OH-
TANBHEIX H BEPTHKANBHEIX JHHHHA BEJIIOYAIOTCH TPaH3HMCTOpH. B Mar-
pHlUEe M, BXOOHBIE CHIHaJbl M HX UHBEPCHH KOMMYTHPYIOTCS 4epe3
TPAH3HCTOPH C FOPH3OHTAIBHBIMH JIMHHAMH Z,, 06pasys TOrH4ecKoe
TIPON3BENCHHE BXOIOB.

zk =x! sz Ax3 A..-Ax”.

Kommyectso ¢dyHKIMiA z, Oyaer 3aBHCeTh OT 4YMCNA JOTHYECKHX
00beKTOB, (POPMHPYIOIHMX BEPTHKANBHDBIE TMHHU.
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Puc. 2.20. Crpyxrypa nporpaMMipyeMoit normsieckoli Marpuus (ITJIM)

Ianee, BHIXODHEE CHIHANBL ¥, B MatpHue M,, COOTBETCTBYIOWIME
bYHKIMAM,

Vo =L, VI, VI3V ...V,

Hudopmarns 3arocurces B FIJIM nyTeM yCTaHOBKH CBA3CH MeX-
AY TOPM3OHTANBHEIMM M BEPTHKANBHBIMH MHHHAMH. DTOT HpoLecc
HA3KWBAeTCA NPOTPAMMHPOBAHNEM MATPHIL.

Iluppoanasozosstii npeobpazoeamess (LHAIl, DAC) npenHazHa9eH
Ins Tpeofpa3loBaHMs THCIA, NPEACTABIEHHOTO A-PaspsAHbBIM JTBOWY-
HBIM KOZOM B BRIXOJHOE HATPAXCHHE — IIPOINOPLUHOHANBLHYIO AHAIO-
ropyio BemmnHy, Cxemul ITATI crposrest ¢ MCTHOABL3OBaAHHEM OTIEpa-
unoHHuX yewiutenelt (OY). B ocHOBY mpeo0pa3oBaHMA TOIOXEHO
CTYTIEHYaTO¢ M3MEeHeHne koadhdunuenTta nepenayn OY mponopumo-
HATBHO KOXY YMC/ia HA BXOZE ITYTeM KOMMYTAIIHM CONMPOTURASHUIT Ha
pxoae OV,

B cocrae LIAIT Bxomar (puc. 2.21):

¢ peructp RG, npeaHa3sHauYeHHBIA il XpaHEHHMsI BXOAHOTO TIpe-

oOpasyeMoro XBOUYHOrO Kofa,

o OY ¢ conpoTHRIEHHEM OOpaTHOM cBA3M R ;

e MaTpHlia CONIPOTHRICHMH R, R,, ..., R, (R, =2R, );

» UCTOYHMK cTabWibHOrO Hanpsckenns U ;

e TPAH3HCTOPHHE KINOYH.
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Puc. 2.21, TIpuHnMnAansHas cxeMa IMpoaHancroporo npeofipaloparenn

BreixogHoe HanpsokeHue LAIT pasHO cymMMe HanpsReHRHH BKTIO-
YeHHHIX Pa3psioB ¢ YIETOM MX BECa:

Upa =3 b o

U,
i=l Rf

rae b, (0 man 1) — sHaveHue /-ro paspsna peructpa RG.

TounocTh npeobpazopanns LIATL onpenensercs:

« CTaGWIBHOCTLIO ONOPHOTO HanpsxeHus U,,;

e TOYHOCTRIO MITOTOBJICHHUS CONPOTHRICHNA R;;

« KONTHUECTBOM NpeolpasyeMbiX ABOHUHLIX paspanoB (n);

e TOUHOCTHIO OMEPALMOHHOTO YCHANTEIIS,

Anasozo-uudposoii npeobpaszoeamess (AL, ADC) ocHoBbBacTCA
Ha ONepalHAX IACKPETH3aLHH CHTHAA [10 BpeMEHHM Y KBAHTOBAHHH
no ypopHio {(pHc. 2.22). B rnipouecce ANCKpETHU3ALMH Yepe3 Olpene-
NIeHHHE HHTEPBANH BpEMEHM H3MEPSAIOTCA MTHOBCHHLIC 3HAYCHHSA
HEeMpepHBHOTO CHUrHAMA.

i i
PC | I
A A 2 S
e | A¢ = 3
-1
o, | 4 vivie.
BuixanHoi kan
rm™ -

Puc. 2.22. AL ¢ obpatHol cBA3EIO
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CyTh onepalli KBaHTOBAHMA COCTOMT B CO3TaHMH MHOXECTBA
YPOBHEHM, CMeIeHHBIX OTHOCHTENRHO APYT OPYTa HA BEJJMUMHY Lara
KBaHTOBAHHA.

T1o npuHuwmy aeticreug AL pensirest Ha ABa Kiacca:

-+ MpAMOTO NpeodpazoBaHus (6e3 obpaTHBIX CBsI3ei);

e YpaBHOBEIUHBAIOIHNE (C OGpAaTHHMH CBA3AMM).

PaccMorpum B Kadectbe mpumMepa AlLIl mopazpsamHoro ypasHO-
BELIHBAHNA C HCIIONBL3CBAHHEM pEBEPCHBHOIC CYETYHMKA, B COCTAB
KO'TOpOro sxonst (cM. puc. 2.22):

¢ I'TY — reHepaTOp TAKTOBOM YaCTOTHI;

e PC — peBepcHBHEIH CUETYHMK, HAa BBIXOAE KOTOPOTO (POpMHpPY-

eTcs MG poBoe HPEACTABIIEHHE BXOJHOTO CHIHANA;
e LIAT] — un¢poananoroseiii npeodpalzoBaresp — Mpeodpasyer
BEIXOJHON KOJl CUETYHKA B HampaxeHue obpaTtHol ceaau U

e AK — aMIUIHTYZHEI KOMIapaTop, KOTOpHIi CpaBHWBAacT Ha-
npsixerne ¢ Berxoxa LIATT ¢ npeobpasyeMEIM BXOMHEIM HATPA-
xenuem U,

KomMnaparop repeKmoqaeT peBepCHBHEN CHeTYHK:

» ipu U, - U, 20 cyeTHK BefieT CYET B IPAMOM HalflpaBlIeHHH,

e ipu U, —U, <0 cyer vaer B oGpaTHOM HaIlpaBICHUMN.

2.3. Baszoeble npeacraBneHun o6 apxurexktype 3BM

Cmpyxmypa KOMIIBIOTEPA — 3T0 COBOKYNHOCTE €ro (MyHKHHO-
HANBHBIX NMEMEHTOB H CBS3eH MeXImy HHMH. DIEMEHTAMY MOTYT
OBITh CaMble pa3HYHBIE YCTPOLWCTBA — OT OCHOBHEIX JIOTHYECKHX
YI0B KOMIBIOTEpA L0 HpocTelMX cxeM. CTpyKTypa KOMITBIOTEDA
IpadHYecK MPEACTARISIETCS B BHAE CTPYKTYPHEIX CX€M, € IIOMOLLBIO
KOTOPHIX MOXHO JaTh OMMHCaHHe KOMILIOTEpa Ha JOGOM YPOBHE Jie-
TaJH3aL{HH.

Apxumexmypoii KOMIILIOTEPa CUWTAETCA €0 MPEACTABICHHE Ha He-
KOTOPOM 00IlleM YPOBHE, BKIIOYAIOIISE ONMCAHIE MONBI0BATEIbCKHX
BO3MOXHOCTEH NporpaMMHpOBaHHA, CHCTEMBI KOMAHI, CHCTEMH! an-
pECAlIMH, OPTraHM3ALMH IMaMSTH M T. XK.  APXMTEKTYpa OIpeleiseT
FIPHHLIMITBL ASHCTBHA, HHOOPMAIMOHHBIE CBA3H M B3aHMHOE COCaH-
HeMHe OCHOBHEIX JIOTHUECKHX V3/IOB KOMITLIOTEDA: Hpoyeccopd, onepa-~
MugHoZ0 3anomunaiowezo yempoiicmea (Q3Y, Of), enewnux 3¥ u nepu-
dbeputinvix yempoiicms. OBIHOCTb aDXUTEKTYDE! Pa3HBIX KOMITHIOTEPOB
00ecneYHBaET X COBMECTAMOCTD ¢ TOYKH 3DEeHHMS MOJMb30BaTeNs.
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fipunyuns: pont Heiimana

B ocHOBY apxuTeKTYpHl GONBIIMHCTBZ KOMTILOTEPOB TIONOXKEHE!
cAenyIolHe O0IIHe MPUHIHIIE, chopMymTHpoBaHHbBIE B 1945 1. ame-
PHUKAaHCKMM yueHBIM JIxonom ¢oH HeliManom B orgere mo DBM
EDVAC:

 NpuNKuR npozpamMmio20 ynpassenus. U3 Hero ciexyer, 9ro npo-
rpaMMa COCTOMT M3 HaGopa KOMAaHJA, KOTODHE BBTIONHAKTCA
MpOoLIECCOPOM aBTOMATHIECKH APYT 34 IPYTOM B ONpeaeacHHOM
noclepobaTeNnbHOCTH. BHGOpKa MporpaMMBel M3 MAMATH OCY-
IMECTRISIETCA ¢ MOMOIIBIC cuemurca komand (CuAK). Drot pe-
THCTP MpOoLIeccopa NOCIEAOBATC/IBHO YBEJINIMBAeT XPAaHUMEIN B
HeM agpec odepeHol KoMaHgbl. EciH mocne BHRITOTHEHUSR KO-
MaHIBI crneayer nepefiT He K cnepyiolei, a K Kakoii-To apy-
roif, HCIOIb3YIOTCA KOMAHABI YCA08H020 WAk 6e3ycaoenozo nepe-
%0006, KOTOPHIC 3aHOCAT B CUCTUHK KOMaHE HOMeEp STMEHKH Iia-
MATH, COAEpXalleH CIeayIOUIYIO KOMAHTY,

» RpuUNEUR OONOPOOROCTME nAMAMY — TIPOIPAMME M NaHHHIE Xpa-
HITCA B OAHOM M Toil xe naMartH. [loaToMy KOMIBIOTEP He
pa3IHYacT, YTO XpaHUTCA B JAHHON AveiiKe MaMaTH — YHCIO,
TEKCT WK KoMaHma. Ham KomaHoaMH MOXHO BBITIONHATbL Ta-
KHe Xe OcHCcTBHA, KaK M Hax JaHHBIMHM. Hampumep, mporpam-
Ma B TIPOLIECCE CBOETO BHIMOMHEHMS TAKKE MOXET MOABEPraTh-
cA mepepaboTKe, YTO NMO3BOAACT 3a0aBaTk B caMOfi IIporpaMme
MpaBWIa NOMYYCHNA HEKOTOPHX e¢ dacTell (Tak B mporpamMme
OpraHHU3YeTCs BHIMOTHEHHE UKIOB H TMOMIPOTpaMM);

o npunuun adpecnocmu. CTPYKTYPHO OCHOBHAs NaMATb COCTOHMT
H3 TIEpeHYMEPOBAHHEIX AY¢eK; TPOLIECCOpy B TIPOM3BOJILHEBIN
MOMCHT BpPeMEHM JOCTYTTHa nobas sueiika. OTcioma caemyer
BO3MOXHOCTb JAaBaTb MMEHa OONacTAM NaMATH Tak, 4Tobbl K
3alIOMHEHHEIM B HHX 3HA9eHHSM MOXHO OBEIIO BIOCAEICTBHH
obpalaThcd HWIH MEHATE WX B NpOLIECCe BHIOJAHEHHA Npo-
TPaMM C HCIMOML30BAHHEM NMPHCBOEHHBIX HMEH.

KoMmneioTephl, NOCTPOCHHBIE Ha STHX MPHHUUIIAX, OTHOCATCI K
THITY PoH-HeliMaHOBecKHUX. CyIEcTBYIOT M APYIHE KIACCH
KOMINBIOTEPOB, NPHHIHIIHANGHO OTAHYAIOLIHEC! OT HHX, — He-
cdoH-HeliManoBCKHE,

Hanpumep, B acCOUNATHBHHEX KOMIBIOTEpaX MOXET
HE BHIIOJHATHECA TIPUHLIMI NPOTPAMMHOFO YIIPABVIEHHA, TTOCKOIBKY
KaXJasi KOMaHIA 31¢Ch COACPAMT aIpec cleaylolel (T. €. OHH MOTYT



2.3. basoBuie npeficTaeneqvn of apxutextype 3BM 147

paboTaTh 63 cwemuuka KoMand, YKAsHBAIOUIETO Ha BEHITIOMTHAESMYIO
KOMAHAY MporpaMMbl).

ITo mpomecteun Gosee 60 ner GOABNIMHCTBO KOMITBIOTEPOB TakK
H EMEIOT «(POH-HeliMAHOBCKYIO apXMTEKTYPY», IPHYEM NPHHLIHWITH
¢on HeiimMaHa peand30BaHK B ClEAYIOUIEM Baze:

e+ OTlepaTHBHad naMaThk (OTl) opraHH3oBaHa KaK COBO-
KYIHOCTD Maliiutnvix croe (MC) duxcupoeansoii Orunw unru pas-
pronocmu (AMEETCA B BHAY KOJIMYECTBO OBOMUHLIX eTHHULL WIH
6MT, comepxammxca B Kaxagom MC), Hanmpumep, paHHWe
IT9BM umemu paspsgHOCTs 8, 3aTeM NOSBWINMCE 16-paspan-
HElE,'a 3aTeM — 32- H 64-paspsaHEle MalIMHEL. B cBoe Bpem»
CYIIECTBOBATH Takxke 45-paspsgueie (M-20, M-220), 35-pas-
pAnHHe (MuHcK-22, Munck-32) # op. MAIOHHLL,

o Of1 obpasyer emuHOe ampecHoe MPOCTPAHCTBO, ampeca MC
BO3PACTAIOT OT MIAIIINX K CTAPIIHAM;

o B OT] pa3MelaroTcs KaK JaKHbIe, TAK H IPOrPAMMBI, TIPHYEM B
O0IACTH AAHHEIX OTHO C/0BO, KaK MPaBWIO, COOTBETCTBYET OM-
HOMY 4YUCJIY, @ B 00NacTi mporpaMMbl — ofHoO# KoMaHie (Ma-
IMHHHOK MHCTPYKUMH — MHHHMAaABHOMY M HelelMMOMY 3JIe-
MEHTY NPOTPAMMEI);

s KOMAHIB BHRIIONHSIOTCS B ecrmecmseernol nociedoeanessiocmu
(1o Bo3spacraHnio agpecoB B OIT), moka He BCTpETUTCH KoMaH-
da ynpasaenin (YCIOBHOTO/G€3yCIOBHOTO Tepexoaa, Wi BETB-
JIEHNA -~ branch), B pesyaeTaTe KOTOpOil eCTeCTBeHHasA IIO-
CNeIOBaTcAEHOCTD HAPYHINTCA,

« 1ITI MoXxeT MpOH3BONLHO O0palarscs X moGeM aapecaM B OI1
st BRIGOpPKH H/WiH 3anucy B MC umcen WIH KOMaHA.

Dynuxyuonanshbie baoku (62pezamst, ycmpoidcmsa)

B To BpeMsi XKaK JOIMMECKHE SIMEMEHTEI H Y31kl BO MHOTOM YHH-
BEPCATBLHH M MOTYT MCTIONB30BATECA B CAMBIX PA3IMHBIX COUETAHM-
X JUIg peitieHMA pa3HooGpasHBIX 3amady, Omoxw (arperatn) DBM
OPEACTARIAIT CODOM KOMILIEKCH 3JI€MEeHTOB (Y3710B), OpUSHTHPO-
BaHHEIE HAa Y3KMH Kpyr 3agay {omepaumil). Takwe arperarni, Kak
AJTY, npoueccop, 6aHK mamaTH, BHemHHe ycrpoiicteka (HIMI u
1ip.), 06A3aTENBHO BKIXOYAIOT B CBOM COCTAB (KpOMe MEXaHMYECKOTo,
ONTHYECKOTO, JNMEKTPOMATHATHOTO U HHOTrO 00OpYIOBaHHA) JIOTHYE-
CKH€ UEMEHTE! B Y3/IEI, NCTIONb3YeMBIE I XpaHeHAA NHGOPMALIHH,
ee ObpabOTKH H YIPAaBRICHHS ITHMH TIPOLECCAMH.
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Ilexmpassnoe yempoiicmeo (11Y) mnpemcrapnser OCHOBHYIO KOM-
noHeHTY DBM U, B cBOK ovepens, BKuOuaeT LIl — uenTpansHBIH
nponeccop (central processing unit — CPU) u OI1 — onepaTHsHyO
(TNaBHYID) AMATh HJAW ONCPATHBHOS 3allOMMHAIOLIES YCTPOHCTBO —
O3Y {(cHHOHHMB — Main Storage, Core Storage, Random Access
Memory — RAM).

IIpoueccop HEMOCPERCTBEHHO pealn3yeT olepalMH obpaboTkH
HHQOPMALIHH M YTIPABJIEHUS BHIMHCIMTERbHBIM MPOLIECCOM, OCYIIe-
CTRIAA BHOOPKY MAalIWHHBIX KOMaHA H JaHHEIX U3 ONepaTHBHOIM mna-
MATH, HX BBIMOJAHEHHWE ¥ 3anMch peaynkraToB B OIl, BKmodeHwMe H
otkndeHne BY. OcHOBHBIMEH OJIOKaMH Nponeccopa ARISTIOTCA:

e YCTpoiicTBO ynpapieHMA (YY) ¢ uHTepdeilicoM mpoleccopa

(cHCTeMOM cONpsXeHMsT M CBI3M APOLECCOpa ¢ APYTHMH yima-
MH MRIOWHEI);

« apHGMETHKO-JIOTHYECKOe YeTpoiicTeo (AJTY),

+ TIPOLIECCOPHAN NAMATE (BHYTPEHHMIK K311I).

OneparnBHad NaMmsaTh NpeAHAa3RaYcHa LA BpeMEHHOIO XpaHe-
HMA BAHHHIX H MPOTPAMM B TIPOLIECCE BHMNMONHEHRS BHUHCTATEIBHEIX
A JIOTW9ECKMX ONepaltyid,

Apudpmemuxo-sozunecxoe ycmpolicmeo (A1Y), Arithmetic and
Logical Unit (ALU) — vacTs mpolieccopa, BEINOMHSIONMAA apHpMe-
THYeCKHE H JIOTHYeCKMe ONepalHi Hal JaHHBIMH.

AJlY peammsyer Habop TpPOCTBIX onepanmii. ApudmerHaecKoil
onepaiueli Ha3bIBAlOT Tpoleaypy o6paboTKH AaHHEIX, apryMeHTR M
PE3YNILTAT KOTOPOH ABNMAIOTCA THCNAMH (C/IOXKCHHE, BEMUTAHHME, YM-
HoXeHue, deneHue). Jloruueckoil onepaieii HMEHYIOT DpoOLETYDY,
OCYIIECTB/HIOLIYI) TOCTPOSHHE C/AOKHOIO BHCKAa3bIBaHHA {OnepaliH
M, WM, RE). AJIY COCTOMT H3 PETHCTPOB, CYMMATOPA C COOTBETCT-
BYICIIVIMH JIOTHYCCKEMH CXeMaMM H (JI0Ka YNpaBicHHA BHIIOIHAC-
MBIM TIpOLIECCOM. YeTpolicTBO paGoTaeT B COOTBETCTBHM ¢ coobilae-
MLIMM €MY KOAAMH CNEpalHil, KOTOPHE KOIXHEI OHTH BEIIIOTHEHEI
Haj NepeMEHHEIMH, MOMELIAEMbIMH B PETHCTDH.

Buewnue ycmpoiicmea (BY). BY obecneuusawt 3¢hdexTneHOE
B3aMMODEHCTBHE KOMIIBIOTEPA ¢ OKpyXawluel cpenoit — nmoab3osa-
TeNAMH, OOBEKTAMH YTIDABEHUA, ADYTHMH MalllMHAMH,

B cneunanu3upoBAaHHHX Yynpaeadawmux 3IBM
{TeXHOMOTHYECKHe NMpOilecChl, CBA3b, PAKETRI U MNp.) BHEIHUMH YCT-
poiicTBaMK BBOAA ABMAIOTCA JATYHKH (TeMIIEpaTYpEI, HABICHMA, pac-
CTOSHHA M IIp.), YCTPOMCTRAMM BRIBORA — MAHMUMYASTOpPR! (THAPO-,
TIHEBMO-, CEPBOTIPHBORNE pPYJIeH, BeHTWICH u Ap.).
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ByHupepcaJdbHuXx DBM (4esmopeko-MamimHHasg oGpaGor-
Ka HHopMalHH) B KadecTBe BY BHICTYIIAIOT TepMHHANH, MPHHTEPH
H Ap. YCTpOiicTBA.

Humepgeiicor (xanasn cenim) CIIYKAT LA CONPAXEHHS LeH-
TPaNbHAEX YIJIOB MAIIHHLI ¢ €¢ BHEIIHHMH YCTPOKCTBAMM,

Onnornnasie LY # yerpolicTBa XpaHeHHs AAHHBIX MOIYT HC-
MONMB30BATECA B PA3IMYHBIX TUMAX MallWH. H3BecTHBI NMpHUMepHI
TOTO, KaK (PMPMEI, HauaBLIHE CBOIO AEATENLHOCTb ¢ MPOM3BOACTBA
YIPABIAKIEAX MAIIMH, COBEPIIEHCTBYH CBOIO MPOAYKIMIO, MEPEILTH
K BBIHIYCKY .CHCTEM, KOTODHE B 3aBHCHMOCTH OT KoHurypailnn BY
MOTYT HMCNOJHATE PONb KAK YHHUBEPCANBHBIX, TAK H YIIPABIAIOUIMX
mamuH (MammwHe! Hewlett-Packard — HP n Digital Equipment
Corporation — DEC).

AScmpaxmuoe yesmpanvHoe ycmpoicmeo

IlepeunciiM OCHOBHBIE MOHSITHS M PACCMOTPHM CIDYKTYPY H
¢YHKIIMH abCTPaKTHOTO BEHTPANBHOIO YCTpoiictea DBM (puc. 2.23),
apudMerTHKko-normdecxoe verpoiicteo (AJTY) (arithmetic and logic
unit — ALU) xotoporo npeaHazHaYyeHo miA 00paboTKH ENBIX YHCEn
1 BUTOBRIX CTPOK.

Komande, uncmpyxyus (instruction) — OHHCAHHE ONEPAL(HH, KO-
TOPYIO HYXHEO BHITONHNTE. Kaxnas KomaHpa xapaxktepHsyetcst ¢op-
MAaTOM, KOTOpHIA OIpeleNdeT ee CTPYKTYPY. THIIHUHAS KOMaHAA CO-
JEPHKUT;

o ¥of onepatty {KOIT), xapakTepH3yIOHIHA TUIT BRIIONHSIEMOTO

JelcTeiA,

+ anpecHy®w 4acTh (AY), KoTopas B o0llIeM caydae BKIIOYAET,

— HoMmepa (aapeca) uaaekcnoro (MP) u 6asucuHoro (BP) peru-
CTpOB;
— anpeca onepangos — Al, A2 u T A,

Huxa npoyeccopa — mepHon BpEMEHHM, 33 KOTOPBIA OCYHIECTRIIA-
eTCSl BBIMOJHEHME KOMAaHIbl HCXOZHOW NpOrpaMMBI B MallHHHOM
BHOE, COCTONT U3 HECKONBKHX MOKMos.

Taxm paGoTe npoileccopa — MPOMEXYTOK BpeMeHH MEXAY CO-
cenaumu umMmynecaMu (tick of the internal clock) zenepamopa max-
MOGLIX UMRYABCOS, YACTOTA XOTOPHIX €CTb MAKMOGAR HGcmoma Rnpo-
yeccopa. Taxm npoyeccopa (maxm CUNXPORU3AUWH) — KBAHT BPEMCHH,
B Te'CHHME KOTOPOINO OCYILECTRISCTCH SNMCMEHTApDHAA Oncpalnda —
BeIBOpKA, CpaBHEHHE, ITePeCchUIKA AaHHEBIX.
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Pac. 2.23. CrpyxTypa npocTeiiilero HEHTPaNnbHOro ycTpolicTea DBM

BunonHeHnMe xopomxoii komanow — apidmernka ¢ OT (duren-
poBaHHOM 3amaToit — P3), norvyeckas onepais — 3aHHMAeT KakK
MHHHMYM TISTh TAKTOB (CM. TaKkke puc. 3.1):

¢ BHIOOPKA KOMAHAH (Fetch);

» paciiHdpoBKa KoHa ornepalvy/AeKOnHpoBaHHe (Instruction

Decode);
e BEIMHC/ICHHE afpeca M BBIGOpKa JAHHHX M3 NaMATH (Address
Generate, Load)

¢ BRIMIOJIHEHHE ONepalvy (Execute);

e 3aIIHMCh PE3VIIETATA B NAMATh (Write Back, Store).

IIpouieaypa, coOTBETCTBYIOIIAST KAKOOMY TAKTY, PeajlnayeTcs On-
pedeneHHON JIOTMUECKOHM ILiemblo (cxemMoif) mpolieccopa, OOBITHO
HMEHYEMOM MUKPOXOMAH 0.

Pezucmpm — ycTpoiicTBa, NpeOHA3sHAYEHHBIE LI BPEMEHHOTO
XpaHeHHs] JaHHBIX OTPAHHUEHHOTO pasMepa (PEerHCTPOBOE 3alOMH-
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HapolWiee ycrpoiicteo — P3Y). Baxwoll xapakTepncTHKoit permcrpa
SIBNISIETCA BRICOKAA CKOPOCTb MpHEMa M BEIIAYH JaHHBIX. PerucTp co-
CTOMT U3 PaspsSaoOB, B KOTOPHE MOXHEO OLICTPO 3alMCHIBAaTE, 3aTIOMH-
HATh M CYHTHIBATL CIIOBO, KOMaHIy, JBOMMHOE YHCNIO M T. 4. O6BMHO
PEFHCTP HMEET TV XKe PaspAAHOCTD, YTO H MAIIHMHHOE CIOBO.

Peructp, obnanaionuii criocOSHOCTBIO NMEPEMEINATE CONSPXKHMOS
CBOWMX Da3psAf0B, HASHMBAIOT cofuzoésM. B 3THX perHcTpax 3a OJHH
TAKT XPaHHMOE CI0BO IIOPa3pATHO CABHTACTCA HA OOHY NO3HLHIO.

Pezucmpw obwezo nasznavenwusn — POH, perucrpH
CBEPXONECPATUBHON MAMATH WIHN perHCTpoBRIt daitn — P® (General
Purpose Registers) — oflmee HaipaHHe IS PETUCTPOR, KOTOPEHIE Bpe-
MEHHO COOEPXKAT JaHHEBIC, NICpelaBacMbic B ITAMATh WIH MPHHHMAE-
MEIE M3 Hee.

Pezucmp xomandw (PK, Instruction Register — IR) cmyxur
INA pasMelicHHA TeKyiledt KOMaHIB, KOTopasl HAXONHTCS B HEM B
TEYCHHE TEKYIICIO HHKIA NPOHECCOpa.

Pezucmp (PAK), cuemuux (CuAK) adpeca xomaHn-
du (program counter — PC) — perdcTp, comepXamnii aupec Texy-
1e KOMAHADL.

Pezucmp adpeca (wucaa) — PA(M) — comepxur afpec ol-
HOTO M3 ONEPaHIOB BEHIMOMHACMON KOMAHOB (PETHCTPOB MOXET
OHTh HECKOMBKO).

Pezucmp wucaa (PY) cogepXur ofiepaHI BEIMOAHSEMON KO-
MAHIB, 3THX PETHCTPOB TAKXE HECKONBKO.

Pezucmp pezyasmama (PP} npenHasHadaeTcH JUIA XpaHe-
HHA pe3y/IbTATA BEIFIOITHEHNA KOMAaHIHL.

CyMmamop — DErHcTp, OCYIISCTBASIOUMHA Omepaniy ClIoXe-
HHA (TOTHYECKOTO M ApHMEeTHTeCKOr0 ABOMIHOID) YHCENA HAH GH-
TOBHIX CTPOK, NPEOCTABNCHHEIX B NPIMOM au obpamuom kooe. Pe-
THUCTD, XPaHAMMA [MPOMEXYTOUHHE JAHHHE, YaCTO HMMEHYIOT dKKy-
MYARMOPOM.

CyllecTBYIOT H IPYTHE PETUCTPH, He OTMEUCHHBIE Ha cXeMe, Ha-
npuMep pezucmp cocmosanua — Status Register (SR) nim pe-
ricTp dnaros. THIHYHHM cosepkaHueM SR apasercss nHGpopManms
00 0COOBX pe3ynmbTaTax 3aBeplIcHU KOMaHAB {HOMb, TEpe-
MOMHEHHE, ASJICHAC HA HOJb, MEpPeHOC M mp.). YV HCHONB3YeT HH-
¢dopmaio n3 SR nng McmoAHeHWs YCNIOBHBIX MEPEXONOB (Hampm-
Mep, «B cIydae NepemolHEeHHS fmepeliTd mo agpecy 4170»). Hicke 60-
nee moapoOHO OYIyT pacCMOTPEHBI pezucmpul npoyeccopa i80806.

LK BUMIONHEHHS KOPOMKOd KoManon MOXeT BEIIMSReTh Clie-

OYIOUIHM 00pa3oM.
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1. B cooteeTcTRHH ¢ cogepXxHMBIM CuAK (aapec otuepeaHoil Ko-
MaHAaR) YV nasnekaer u3 OI1 ouepeqHyio KOMaHAY M MOMelLllaeT ee B
PK. Hexotoprie KoMaHm YV o0pabaTteiBaeT CaMOCTOATERHO, Ge3
npHmIedeHua AJlY (HanpuMep, Mo KOMAaHOE <IEPSiTH MO agpecy
2478» menmunHa 2478 cpasy zaHockTcd B CuAK, u npoueccop nepe-
XOIMT K BHNOJIHCHHIO CIcAYIOMEH KOMaHIE.

2. OcyuiecTpiisieTcAa paciiH$poBKa (IeKOTHPOBaHHE) KOMaHNE,

3. Aapeca Al, A2 ¥ nip. MOMEIIAKNTCA B PETHCTPH ampeca.

4. Ecnu B xoMaHpe ykaszadsl AP uan BP, To HX comepXuMoe HC-
nome3vercsa N7 MomupHkaunmd PA — daxrHyeckH BRIOHpaloTCA
YHCJIA WIH KOMAHAE, CMEIIEHHEIE B TY WIM HHYIO CTOPOHY II0 OTHO-
[UEeHNKD K aJipecy, YKA3aHHOMY B KOMAHAC.

5. ITo 3HauyeHnaM PA ocyllecTRIAeTCA YTeHME YHCET (CTpOK) H
noMeieHue ux B PY,

6. BunonHeHHe onepaldd A NoMelleHe pe3yasrara B PP.

7. 3anmch pe3synbTaTa 1o oOHOMY U3 aipecoB {(ecnH HeoGXoouMO).

8. Veemmuenne cogepxuMoro CyAK Ha emuHMiy (mepexom K
crleayoiiei KoMaHge).

OueBHAHO, YTO 33 CUET YBEAMUEHHA YMCAA PETUCTPOB BOSMOXHO
pacnapasrerueanie, nepexpumiue onepannit. HanpuMep, npy cHATHI-
BaH#M KoMaHabl CuAK MOXHO aBTOMATHMECKM VBEJIHMHTE Ha |,
MOATOTOBHE BHOOPDKY ciemyiolieli KoMaHal. Ilocne pacumidpopkH
Tekyieit xoMauasl PK ocpoGoxmaercd H B Hero MoXeT GBITH HpO-
YHTAHA CNenylonas KoManaa. [Ipy BHIOHEHHH ONEepallii BO3MOX-
Ha paclMppoBKa cremyiomeit xoMaHael M T. 4. Bee 3ro saaserca
NPeANOChUTKON NOCTPOSHHA TAaK HA3KIBAEMBIX KOHBEHEDHB X
CTPYKTYP (pipeline). OmHaxo BCe 3TO XOPOWIO TONBKO TIPH IMOCHe-
JOBAaTeIEHOM (ECTECTBEHHOM) NOPSAAKe BEIMOAHeHHA KoMaua. ITogs-
JICHHE TepeXeXOB (0cOOEHHO MO YC/IOBHIO, HE ONPEOCICHHOMY pa-
Hee) HapyInaeT 3Ty KapTHHy (B yacTHocTH, vBeandeHHe CuAK Ha 1,
YNOMAHYTOE BHILLE, OKa3HBacTCA HexeHcTBUTERBHEIM). [Toatomy co-
BpeMCHHEIE NpPOLECCOPH NBITAIOTCA NMpPeACKa3BIBATh Nepe-
XOA RN B miporpamme (branch prediction),

Apxumexmypoi IBM

Apxumexmypa «3gezda». 3nech npoueccop (IIV) (puc. 2.24, a)
COEIHHEH HemocpencTBeHHo ¢ BY n ympasaser ux paboroit (paH-
HHE MOJeNH MAlIMH). DTOT THUIl TaKXKe MMeHYeTCH KXaccH4Ye -
cKasd apxuTekTtypa (tpoH Heiimana) — omHO apndmeTH-
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Puc, 2.24, OcHoBHEIE KnaccH apxuTexTyp IBM:
@ — UCHTPAIN3IOBAHHAA;, § — ¥epapXHdecKad; € — MATHCTpANbHAR; 2 — obIad CTPYK-
TYPa NEPCOHANBHONO KOMMEIOTEpa (apxuTextype Triton 430 TX — Northbridge/
Southbridge)
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Ko-JIoTH4ecKOe yCTpoicTeo (AJlY), depe3 KoTOpOE MPOXOINAT MO-
TOK TAHHBIX, H OQHO YCTPOHCTRO ynipaeneHua (YY), yepes KOTopoe
IIPOXOAHUT MOTOK KOMaHX — NMporpaMMa. 510 OQHONPOHESCCOPHBII
KOMIIBIOTED.

Hpuncmonckan u 2apeapickas apxumexmypui. Apxurextypa GoH
HeitMaHa YacTo acCOLMHpPYeTCd ¢ TPHUHCTOHCKOM apxMTeK-
Typ o, KOTOpas XapaKTepHU3VeTCA HCIIONBE3IOBAHMEM OOHIeH onepa-
THBHOW MAMATH 1A XpaHEHHA NPOTPaMM M TaHHEIX,

AnbTepHaTHBHAas — rapBaplackasd apXMTeKTypa (HasBa-
HMe CBA3aHO ¢ KoMIbloTepoM «Mapk-1» (1950 r.), B KOTOpOM HCTIONE-
30Balach OTIHENbHAA NaMATH IS KOMAaHI) XapaKTepH3YeTCA (PHu3Hye-
CKMM pa3sfeNeHHeM MAMATH KOMaHA (nporpaMM) H MaMaTH AaHHEIX.
Kaxaas maMAaTh COSOMHSIETES ¢ NMPOLIECCOPOM OTICAbHOH KHOM, IT0
MIO3BO/ACT OOHOBPEMEHHO € YTCHHEM-3aMMCHO JAHHLIX MPHA BHIION-
HEHHMH TeKylllelf KOMaHAel MPOH3BOANTE BHOOPKY M AEKOAUPOBAHHE
creaywlneik KoMaHIkL.

TapBapAcKas apXWTEKTypa TMOABMSAETCA B COBDEMEHHBIX MPOLEC-
copax, xorga B om-namatu HIT seimensiercda maMaTh KOMaH)
(I-Cache) unmaMsaTer BaHHBEX (D-Cache).

Hepapxuxeckan apxumexmypa (puc. 2.24, 6) — LY coeanneHo ¢
nepucepHHHEIMM TIpOIKECCOPaMM (BCTIOMOTATEIEHBIMH TIPOIIECCOpa-
MH, KaHa/laMH, KAHATLHBIMH IpOUECCOpaMH), YIIPARIAKIKUMH B
CBOI0 O4EPeAb KOHTPO/UICPAMH, K KOTOPHIM IOAKTMIOYCHM IPYIITH
BY (cucremel IBM 360-375, EC DBM);

Maezucmpaswnag cmpyxmypa (00uias nHa — unibas, puc, 2.24, g).
INpoueccop (nmpoueccops} H 6noku namaru (OIT) ssanmoneitcTBy-
10T Mexny coboif u ¢ BY (xoutpormiepamu BY) uepes BHyTpeHHMIt
KaHaj, obumi ansa Becex yerpodcers (Mawmmael DEC, IBM PC-co-
pmecTHMBle [TOBM). Ouindeckn mazucmpass TIpEACTaBnsier cobo
MHOTCNPOBOIHYIO JJHHHK ¢ THE3AaMH AT MOIKMIOUNEHHA ICKTPOH-
HBIX ¢xeM. COBOKYNHOCTL JIMHHH MarucTpajyl pasgeificTcH Ha
OTACNLHEEe FPYAIB — WHHY aJpeca, ITAHY JaHHRIX ¥ IUHHY YIIpaB-
JieHMS.

K 3TOMY THIOY apXUTeKTYphl OTHOCHTCA TakKXe apXUTeKTypa
nepcoHanbHoro KoMmbloTepa (I1K). KoHedHo, peanbHasd CTpYK-
Typa TIK (puc. 2.24, 2} OTNHYAETCA OT TEOPETHIECKHMX CXEM —
B Hell HCHONB3IVETCH HECKONBLKO Pa3’HOBUOHOCTEH MIMHHBIX HH-
TepdeHicoB, KOTOPEIE COENUHSIOTCS MeXAy co0oif MocTaMH —
KoHTpouiepaMH nmaMaTH (Northbridge) » nepudepuiinnx yer-
poiicte (Southbridge).
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2.4, Knaccol M apXUTEKTYPbI BbIYMCAUTENDHLIX CHCTEM
M CYNepKOMNbIOTepoB

BeracamresbHas cacteMa (BC) — COBOKYITHOCTD B3aHMOCBSI3aH-
HbIX-H B3aHMONEHCTBYIOLEMX TpoLicccopoB Hnn 9BM, nepudepuitto-
ro oGOpyAaoOBaHWA M IIPOTPaMMHOIC o0ccricucHNA, NMpeRHA3HAuYCHHAA
s cOopa, xpaHeHust, o6paborxH M pacrnpeneneHus HHGOPMAITHH.
Coagauve BC npecnenyer clenyiompe oCHOBHHE LETH:
¢ TIOBBILICHHE TIPOMIBOAHTENIEHOCTH CHCTEME] 33 CUET YCKOPEHMS
MPOHECCOB 00PabOTKH KaHHDIX;

¢ [OBRILICHHKE HATEXXHOCTH M JOCTOBCPHOCTH BRIMHCIACHHIA;

e MPEAOCTABNICHHE TIOJB30BATENAM AOMOJHHUTEABHBIX CEPBHCHRX
VYT U T. & '

OrmruuTesbHOoI ocobeHHOCTEIO BC MO OTHOIIEHHIC K KJTaccHYe-
ckiM DBM gpndercd Hanmuue B Hell HECKOMBKHX BHIYHCIHTENEH,
PEANM3YICILHX Rapaitersiylo obpabomyy.

ITapannenn3M BHIIONHEHHA ORCPalMH CYLIUIECTBEHHO IOBHILIAECT
GRICTPOOEHCTBHE CHCTEMB; OH MOXET TAXXKe 3HAUMTCNIBHO ITOBHICHTD
M HAZEXHOCTh (NIPH OTKA3€ OXHOIO KOMITOHEHTA CHCTEMHE €ro (PyHK-
LHH MOXET B3ATh Ha ceba Ipyroii), 1 BOCTOBEPHOCTE GYHKIHOHHPO-
BAHHS CHCTEMEI, €CITH ONepaliH OyayT NyOnHpOBAThCA, 3 PEIYABTATH
HX BHIIOTHEHHA CPABHHBATHCA.

Ecma He BAaBaThCs B moApoOHOCTH, BC mpexne Bcero MOXHO
pPa3ge/NTE Ha:

« MHOTOMAILUHHHbIE,

+ MHOTOMNPOUECCOPHHE,

MHO20MGUILHHAR BLIYUCAUMENLHAR CUCMEMA

3mechk HECKONBKO MNMPOLUECCOPOB, BXONSIIMX B BRITMCITHTENBHYIO
CHCTEMY, He HMEIOT ODILEi onepaTHBHON MaAMATH, a HMEIOT KA KNI
CBOK (IOKAIBHYI0). KaXIEIH KOMOBIOTEPp B MHOTOMAINHHHOM CHCTe-
M€ HMEET KRACCHYECKYIO apXHTEKTYPY, ONHAKO MPdeKT OT NIPHMEHE-
HHS TaKO#H BHUYHCAKWTEABHON CHCTEMBI MOXET OLITE ROMYYEH TONLKO
[IpH PELOeHNH 33034, HMEIOIHX 0Y¢Hb CIICMUANEHYIO CTPYKTYPY: OHA
JIOJIXHA pa3lbnBaThCA Ha CTONBKO ¢JIabo CBA3aHHHX Mon3agad, CKOMb-
KO KOMOBIOTEPOB B CUCTEME.

Mpuozonpoueccopnan apxumexmypa. Hamnune B Kounblcmepc
HECKOJIBKUX TIPOLICCCOPOB O3HAYAST, YTO [MApANCIbHO MOXET ORITh
OPraHH30BaHO MHOTO MOTOKOB JAHHBIX H MHOIO NOTOKOB KOMAaHI.
TakuM ofpa3oM, MapaUieNEHO MOTYT BHTIONHATECA HECKOMBKO ¢hpar-
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MEHTOB OOHOi 3aaaum, [IpenMyliecTBO B OHICTPOAEHCTBHH MHOTO-
MPOLIECCOPHBIX ¥ MHOMOMAIIHHHBX BRYHCAWTENBHEIX CHCTEM Iepel
ONHOIPOLECCOPHEIMH OYeBHIHO.

Apxumexmypa ¢ napariesorvimu npoueccopamy. 30ech HECKONBKO
AJTY paboraloT noj ynpasieaneM ogHoro YY. DTO 03HAYAET, 4YTO
MHOXCECTBO JAHHEIX MOXET 0OpadaTHBaThCA MO OOHON MpoTpaMMe,
T. . 10 OAHOMY IIOTOKY KOMaHJ. Bricokoe OHICTpOAeHCTBHE TAKOM
apXUTEKTYPEl MOXHO MONYYHTh TOJBKO HA 3aayax, B KOTOPBIX OAH-
HAKOBEIE BEIMHCIAMTE/IBHEEE OTICPALIMH BBRIMOMHAIOTCH OXHOBPEMEHHO
Ha pa3zliYHBIX ONHOTHIHEIX HA00pax JaHHBIX.

Yposnu u cpedcmaa xomnnexcuposanus. Nlozuvecxue
U usuveckite ypossu

B cosnapaeMpix BC cTapalorcs ofecrnieduTs HECKOABKO MYTEH me-
penayy JAHHEBIX, YTO MO3BOMACT OOCTHYEB HEOOXOODUMON HameXKHOCTH
OYHKIMOHUPOBAHHA, TMOKOCTH M QIANTUPYEMOCTH X KOHKPETHEIM
ycaoBHaAM paGoTe. SdubekTHBHOCTL 00OMeHa WHOpManHeH onpene-
JAETCH CKODOCTBIO ITepefayH H BO3MOXKHBIMH obbpeMaMu JAaHHBIX, JIE-
peNaBacMEIMM O KAHATY B3aMMOICHCTBHS. DTH XapaKTepHCTHKH 3a-
BHCAT OT CPENCTB, 00ecIeuyHBalOLIMX B3aHMOICHKCTBUE MORYICH, U
YPOBHA YNpPaBJeHHS TIpolieccaMy, Ha KOTOPOM 3T0 B3auMoacicTBHe
ocyinecTiseTca. CoderaHde PasmuyHBIX YPOBHeM M MeToa0B oOMeHa
BaHHBIMK Mexay MmoayasaMy BC uanOGonee nojsHO NpelCTapiIeHO B
YHUBEPCAIbHBIX CyTIepSBM 1 Gonbitux 3BM, B KoTopex cOamaHcH-
POBAHHO HCTIONL30BATHCE OCHOBHBIE METOIBI TOCTHXEHHS BRICOKOI
TIPOM3BOANTENEHOCTH. B 3THX MalinHax mpegycMaTpHUBATHCE CIIEAYIO-
1IHEe YPOBHM KOMILIEXCHPpOBaHHA (purc. 2.25):

1) mpAMOro YIIpaBieHAA (ITPOLEcCop—TIpOLECCop);

2) of1lel onepaTHBHOH TAMSTH,

3) KOMIICKCHPYEMBIX KaHANOB BBOAA-BHBOA;

4} yerpo#HcTB ypapieHHst BHSIIHMMH YeTpolicTBaMu (YBY),

5) ofIIHX BHEHIHKX YCTPOHCTR.

Ha kaXzoM M3 3THX YPOBHElH HCHONBIVIOTCH CHELMANbHLIE TEX-
HHYECKHE M NPOrpaMMHBIE CpelCTBa, ObecneynBalonie ooMeH MH-
dopmainieit.

Yposennv npamoeo ynpassenua CIyXWT LIS Nepeaady KOPOTKHX Of-
HOGalTOBEIX TIpHKA30B-cO00ileHHH. TlocmemoBaTeIbLHOCTE B3aHMO-
JIEACTBAA TMpPOLIECCOPOB CBOOWTCA K CHeAVIomEeMy. IlpoLeccop-aHU-
uHaTop obMeHa o nHTepdelicy npsiMoro ynpamneHus (UJIY) nepena-
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Pac. 2.25. YPOPHH KOMTUTEKCHPOBAHMS MALIMH B BEIMMCAUTEALHYIO CHCTEMY

€T B OnOK NMpAMOTO VIIparieHNns GalfT-coobllieHHe H NOJaeT KOMAaHay
«TIpAMAsl 3aMIACh», Y JPYrore MpoLeccopa 5Ta KOMaH/Aa BH3bIBAcT npe-
PHIBaHHE, OTHOCAILIEECS K KJIACCY BHEIIHHX. B OTBeT oH BeIpaGaTeiBaeT
KOMaHIOY <«MpAMOE YTeHHE» W 3alHCHIBacT NepenapacMbiil GafiT B CBOID
naMaTh. 3aTeM NpuHSTas HHGOpMaIHa paciingpoBeEIbaeTca H Mo Helf
NpHHAMacTcA peuicHHe. Tlocne 3aBeplicHWs IepelayH IIpepBIBAHNA
CHHMMAIOTCA, H 06a mpoleccopa TpONO/DKAIOT BEMHCACHMA Mo cober-
BECHHBIM MporpaMMaM. BHOHO, 4TO YpOBEHE IIPSIMOTO YNPARIEHUA He
MOXeET WCIOABL3OBATECA AAs Tepefayd GOoNBMIMX MACCHBOB HNAHHLIX,
ONHAKO ONCPATHBHOS B3aHMOACIHCTBHE OTACHbHBIMM CHTHATAMH ILH-
POKO MCIONB3YeTCH B YNpaBleHWH BHUMCHeHHAMH. ¥V TIOBM THna
IBM PC 310MY YPOBHIO COOTBETCTBYET KOMIUICKCHPOBAHHE MPOLIECCO-
POB, MOJKTIOYAEMEIX K CHCTEMHOH LIHHE.

Ypoeens obueii onepamuenoi namamu (OOIT) aangerca HanGonee
MPEOMOYTHTENPHNM IJIf ONEPAaTHBHOIO B3aHMOICHCTBHS MpOLIECCO-
pos. B aroM cnydae OOII a¢pdextusHo paGoTaer npH HeGONMBIIOM
gucae .00CTyXHBacMBIX aDOHEHTOB.

Yposens xomnaexcupyemuix xanasoce eeodq-eviéoda NpeTHAIHAYA-
€TCR ANng nepefadyd 6onbiux 00peMoB HHOPMAHH MeXly GnoKaMu
ONEPaTHBHOI NaMATH, conparaecMiX B BC. O0MeH TaHHBIMM MEXTY
3BM ocyimecTBIAETCA ¢ TOMOIBIO afamrepa «kaHaT—KaHal» (AKK)
H KOMaH]JI «9T¢HHE» H <3alNCh». ANAnrep — 3TO YCTPOHCTBO, COTNA-
CYIOILIce CKOpPOCTH paboTEI COMpATacMEIX KaHANOB. O0BIMHO conpsra-
10TCA cenekTopHble KaHams! (CK) MalmvH kak HaubGonee GuicTponeii-
cTByIOIIHe. CKOpOCTh OOMEHAa JAHHBIMH OINpPEAcAAcTCA CKOPOCTHIO
caMOTO MeIVICHHOTO KaHana. CKOpocTh Mepeladl JAaHHEIX 10 3TOMY
YPOBHIO COCTARNACT HecKonbko MGaiir B cexyray. B NOBM nanHo-
MY YPOBHIO B3aMMOICICTBHA COOTBETCTBYET NOIKMIOYCHHE HepHde-
pHiiHON anmapatypel uepes KOHTPOJDIEPH M ananTephl.
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Yposenv yempoiicmes ynpaesenun enewnumu yempoiicmeanu (VBY)
MIpEANOIAracT MCIOMB30BAHHE BCTPOeHHOrO B YBY ABYXKaHATIBHOTO
MEPEKMIOUaTeNid H KOMaHH <3ape3cpBHPOBATh® M «OCBOGOAHTE?.
JpyxKaHANTBHRI epekmiovaTeb No3RONAET MOAKI0UaTs YBY oaHoit
MALMHBl K CeleKTOPHBIM KaHajlaM pa3miuHeX IBM. Tlo xoManme
«3apEICPBHPOBATL» XaHANT — HHHLHATOP OOMEHAa HMEET JOCTYI Yepes
YBY Kk nmo6uiM HakonmHTeNAM Ha auckax HMJ unH Ha MarddTHBIX
nentax HMIJI. Ha camom aene YBY MarHHTHRX OMCKOB H JIEHT — CO-
BEPUICHHO pa3AYHBIC YCTpoMicTBa. OOMEH KaHajla ¢ RAaKOMHTC/AAMH
MPpOIOJDKAETCA A0 MOIHONO 3aBeplieHUA paboT B MONMyYeHNUA KOMaH-
IBl «0CBODONNTE», TONMBKO TIOCHE 2T0TO YBY MOXET NOIKAIOYMTRCA K
KOHKYPHMPYIOILIEMY KaHany. TONBKOC Takasd JUCLUILTMHA o6CnyxuBa-
HHA TpeOOBAHHA no3ponseT M30exaTh KOHQIHKTHEIX CHTYaLIMiA.

Ha wemeepmom ypoene ¢ NOMOIIBIO annapaTyphl nepeaayn JaH-
HBIX (AT1/I) (MyNbTHIUICKCOPBI, CETCBRIE afanTephbl, MOAEMEI U JAp.)
HIMEETCH BO3MOXHOCTE CONPMKEHAS C KAHATAMH CBA3H, DTa amnapa-
Typa MO3BOJAET CO3IABaTh ceTH DBM.

Ilamoui yposens mpelnonaraeT WCTIONBIOBAHUE 0OLYiUX GHEUIHUX
yempodicme, I NOAKMIOYEHHS OTAE/BHBIX YCTPOHCTE HCIONB3YETCH
ABTOHOMHBII ABYXKAHA/IBHKIN IEPeK0YaTeNb.

ITaTe ypoBHeii KOMIUIEKCHPOBAHHA TOJYYHIN Ha3BaHME Jdo2ive-
CKUX TOTOMY, YTO OHH OOBCOMHAIOT HAa KaXIOM YPOBHC Pa3HOTHII-
HYI) anmaparypy, AMEIOLIYI0 CXOOHEE MeTORLI yrnpasneHus. Kaxnoe
H3 YCTPOHCTE MOXET HMETh JIOTHYECKOE MMM, MCIIOAb3yeMoe B MpH-
KJIATHRIX MporpaMMax. DTHM JOCTHIaeTCA He3aBHCHMOCTD MPOrpaMM
MONB30BATENEH OT KOHKPeTHOU (hy3ndYecKoil KOH(UTypallHH CHCTe-
MBl. CBA3b ACOTHYECKOH CTPYKTYPH NpOrpaMMH H KOHKPETHOH (M-
suueckoil cTpyktypnl BC obecrnieunBaeTcsi OnmepallMOHHON CHCTEMOM
MO YKA3AHUAM — AMPEKTHBaM MOAL30BaTeNs], npyu reHepauan OC H
Mo YKA3aHMAM SHCIIETYEpA-ONepaTopa BBIYHCANTEABHOIO LICHTpA.
PasnnyHele YPOBHHM KOMIUIGKCHPOBAHHMA TNO3BOMAIOT CO3TABaTh Ca-
MH€ pazTAIHBIe CTPYKTYpH BC.

Bropoii normyecxuii ypoBeHb MO3BOMSICT CO3JaBATh MHOTOIPO-
eccopHpie BC. OGBUHO OH JOMONHAECTCS H MEPBHM YPOBHEM, YTO
MO3BOJIAECT MOBHLUIATE ONEPATHBHOCTh B3aMMOICHCTBHA NpPOLECCO-
POB. BHYHCIHTEIbHEE CHCTEMBl CBEPXBHICOKOH MPOW3BOIHTC/IBHO-
CTH OOKHH CTPOMTRCHA KaK MHoronpoucccopHbeie. LleHTpanbHBIM
ONOXOM Takol CHCTEMBI AWIAETCH ORICTDOACHCTBYIOMIMIT KOMMYTa-
TOp, O0ECHEYHBAIOIIMNA HEOOXOOMMBIE TNOAKIMIOYEHUS AOOHEHTOR
(mpoueccopoB H KAHAIOB) K 001eli onepaTHBHOW MaMATH.
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Vposuu 1, 3, 4, 5 obecrieudBalOT NOCTPOCHNE PasHOOOPA3IHBIX
MALIMHHHX KOMIUIEKCOB. OCOGSHHO YacTO MCHIONB3YETcS TpeTHH B
koMOMHauu ¢ uyerBepThiM. LlenecooGpasHo HX JOMONHATH H IEp-
BbIM_YPOBHEM.

IIaTnii ypoBeHb KOMIUICKCHDOBaHHKA MCIONB3YETCA B PEAKHX
CHEUHaNBHHX CAy4asaX, KOrja B Ka4eCTBe BHEIIHErO 00beKTa NCTIONb-
IyeTCR KaKoe-TO HOpOTroe YHMKAIBHOE yCTpoiicTso. B npoTuBHOM
Cy4ae 3TOT ypoBeHb Mao3pdexkmieeH. Ji000e BHEIIHee yCTpOlCT-
BO — 3TO HEJIOCTATOYHO HANEXHOE YCTPOHCTBO TOYHON MEXAHWKH, a
3HAYHT, BHTFOJHESE HCIONB30OBATh YECTBEPTHI YPOBSHE KOMILIEKCHPO-
BAHHA, KOrJa MOXHO Cpa3y YIPAaBlATH He OXHHM, 3 HECKOJIbKHMH
BHELIHHMMH YCTPOMCTBAMH, BKJHOYASI H PE3ePEHBIE.

Yrobhl AaTh Oosiee MONHOE MPEACTAWIEHHE O MHOTONPOLECCOp-
HHIX BEIYMICJIMTENbHBIX CHCTEMAX, TOMHMO BLICOKON MMPOH3BOHTENb-
HOCTH HeOOXOXHMO Ha3BaTh M APYTHE OTJIMMHUTE/ABHEIE OCOOCHHOCTH.
Tlpexae Bcero 310 HEOOBMHBIC APXWTSKTYPHBIC PCUICHHA, HAIIPAB-
JICHHBEIC Ha TOBBINICHHE IIPOM3BOAMTEIbHOCTH (pafoTa ¢ BEKTOpPHEI-
MH ONEpalAMH, OPTaHN3aumsa OMCTpOre oOMeHa COOOLICHHAMH Me-
X1y IMpoueccopaMi MM OpraHH3alHsa rIoSambHOM MaMATH B MHOTO-
MPOLECCOPHBIX CHCTEMAX M Ap.).

HecMoTpsa Ha TO, YTO KIACCHYECKHMM SIBISIETCH MHO20MAMNiUNHbI
papuaHT BC, B BC MoXeT OBITh TOABKO OIHH KOMITBIOTEP, HO arpert-
POBAHHBIH ¢ MHOTOQYHKUMOHAILEHM rMepudepritHuM obopyrona-
HHMEM (cTOMMOCTER neprdepuitHOro ofopyIOBaHHA YacTo NMPEBOCXO-
JIMT CTOHMOCTD LEHTPAJIBHEX YCTPOHCTE KOMITbIOTEpa). B KOMITRIOTE-
pe MOXeT OhThb KaK HECKMIBKO IPOLIECCOPOB (TOrIa HMEET MECTO
TaKKe KIaccHdecKuil MuoronporeccopHaiii Bapuant BC), Tak 1 oguH
npoueccop (¢caN He GPaTh B pacyeT CICHHATH3INPOBAHHEE NPOLIECCO-
PH, BXOAA1INE B COCTAB epA(epHITHBX YCTPOHCTE).

Cneayer OTMETMTB, YTO 3lech BO3HHKaeT nmpobGireMa Mac-
MTA0HPYEMOCTH — HMCHONB3OBIHHE HECKONBKMX NPOLECCOPOB
OGHMHO He TMPHUBOIUT K NPOIOPLUHOHANEHOMY NPHPOCTY NPOH3BOIH-
TeABHOCTH (pHC. 2.26).

Ecan, Hanpumep, omaHouHel npoueccop (1 x IT) npocrauBaer
20 % cBoero BpeMcHH, OXHAAsA JaHHHE U3 ONCPAaTHBHOI MaMATH, TO
2 x I1 6yner npoctansats 33 % BpemeHH, a 4 x IT — 50 %. B mepe-
CUeTe Ha oOlIYI0 MPOHU3BOANTEABHOCTE, ecan | x [1-cucreMa pabora-
eT co ckopocTeio 100 %, 1o 2 x [I-cHcTeMa — co ckopocThio 167 %
(eMecto oxHmaecMHX 200 %), a 4 x II-cHcTteMa — €O CKOpDOCTHIO
250 % (Bmecto 400 %).
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Pwe. 2.26. THIUUHAA KPHBAS 3ABHCUMOCTH NPOHIBOAMTENBHOCTH MHOIONPOLECCOp-
HO! CHCTEMEI 0T YACAA NPOLECCOPOB

B npuHImMne yodas MHOTOMPOLICCCOPHAsA CHCTEMa AODKHA OHITh
Xopouo cOaJaHCHpOBaHa — CHHIIKOM GObicTpasi TaMsTh oOXoauTca
Yepecuyp HOpOro; CIMIUIKOM MeljieHHas — CBOAHT 2(bekT oT ycra-
HOBKH HECKONBKHX MPOLECCOpPOB K MUHUMYMY.

KnaccupuKayus apxumexmyp BbISUCAUMENbHbIX cucmeMm
¢ napansensoii obpatomuoii danusix (M. Paunn, 1966 2.)

B 1966 r. M. ®nunroM (Flynn) 6bita npenmoskeHa Knaccuguka-
oHsi apxuTekTyp DBM H BHUHCIUTENHHBIX CHCTEM, B OCHOBY KOTOPOM
NHOJIOKEHO TTOHATHE 110 TO K a, HWIH NeCICIOBaTeIPHOCTH 3NEMEHTOR
(KOMaHI WIH JaHHHX), 00pabaTeiBaeMBIX npoueccopoM. COOTBETCT-
ByIOIHAg CHCTeMa KinaccHHKalNH, OCHOBAHHAS Ha pPacCMOTPEHHH
JHCIA MOTOKOB KOMAaHA M MNOTOKOB JAaHH KX, GPHBCIAT K
yeTwIpeM 0a30BBIM KaaccaM (Tadm. 2.10, puc. 2.27).

Kparko ommuieM XapakTepHHEe 0COGEHHOCTH KaXIOH W3 apXu-
TEKTYP.

Apxumesxmypa OKOX oxsaThIBaeT Bce OAHOTIPOIECCOPHEIE U Ofl-
HOMAINWHHBE BADHAHTHI cHcTeM — Bce DBM xnaccuveckolt crpyk-
TYPH MOMAJaloT B 3TOT Kiace. 3aech MAPALICANIM BBMNHCICHWH
obecrnedrBaeTca IMyTeM KOHBeHepH3allHH W pacnapaieNHBaHus Mo-
TOKa MPKPOKOMAH/I MEXIY HCMOTHHTEILHEIMH YCTpOHCTBAMH (CM.
puc. 3.1).

Apxumexmypa OKMJ] npermonaraer co3jaHHe CTPYKTYP BEKTOD-
Hoif MM MarpuyHOR oOpaboTkm. CHcTeMEl 2TOTCO THUIA OOHYHO
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Pac. .21, Knacchdmxauna Pmunna:
a — SISD; 6 — MISD; ¢ — SIMD; 2 — MIMD

MoToK KOMaHD
TTOTOX RAHMHBIX
OnwHOMHBI MHOXSCTBOHHGIR
OnuHO4HLIR SISD — Single Instruction MISD — Multiple Instruction
’ stream/Single Data stream {OawHoy- | stream/Single Data stream {Muoxecr-

Heill noTok Komann o OauHOuKbIR Mo~ | BaHHEA noToK KoMana # OnwHOYHbIE no-
7oK Janneix — OKOL) Tox Jarnwx — MKOM)

Muowecreed- | SIMD — Single Instruction MIMD — Multiple Instruction

HblH stream/Multiple Data stream (OnuHos- | stream/Multiple Data stream (MuoxecT-
Hutid NOTOK Komana n MHOXGCTBEH- | BOHHLIA NoToK KomaHg # MHOXMBGTREH-
Hutll noToK Mankuix — CKMI) Heil NOTOK flaHHeix — MKML)

CTPOATCSA KAaK ONHOPOAHBIS, T. €. NPOLIECCOPHLIE 3EMEHTHI, BXOIa-
e B CHCTEMY, MISHTHYHDBI, 4 BCe OHHM YIIPABRIMIOTCS OXHOM M TOM
XKe TMOCNenOBaTeAbHOCTRIO KoMaH. OaHaKo KAXIH nponeccop ob-
pabaTeiBaeT ¢BOHW NMOTOK AaHHHX. IToa 3Ty cXeMy XOpOHIO HOXXOHAST
sanadd obpaboTKy MATPHLl WIH BEKTOPOB (MAacCHBOB), 3alavl pelie-
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HHSI CHCTEM JHHEHHRIX H HeJMHHelHHX, anreSpandecknx H andde-
PeHLUMAABHEIX YPaBHEHHH, 3a0aYd TeOpPHH MO M ApD.

Tpemuii mun apxumexmyps: (MKO/) npeanonaraer MOCTPOSHHE
CBOSOOpA3HOro NpOLECCOPHOTO KOHBeiepa, B KOTOPOM pPe3Y/AETATH
o0paboTKH HEepenaloTcs OT OIHOTO TPOoIeccopa K APYToMy Mo Lenod-
xe. TIpoToTMIIOM TakMX BEMMCJIEHHI MOXET CIYXKHTE cXeMa mioforo
TIPOU3BOACTEEHHOTO KOHBeHepa. B coBpeMeHHBX 9BM no stoMy
NPpUHLHIY Peand30BaHa CXEMAa COBMCIUCHUA oNepaluii, B KOTOpoH
napaUielbHO paboTaT pazniHbe (DYHKIIMOHANBHEIE OJIOKH, W Ka-
XKIBH M3 HUX JCNAET CBOXC YACTh B ofineM LMKIe 06paGoTKi KOMaH-
Jpn. B BC 3T0r0 THOA KoOHBEHiepH JOMKHE 0Opa3OBBIBATH IPYITIRI
IPOLIECCOPOB.

Apxumexmypa MKMJI nipennonaraeT, 4To Bce IMPOLIECCOPH CHC-
TeMbl pa0oTalOT MO CBOMM TIPOTpaMMaM € COOCTBEHHBIM IIOTOKOM
xoMaHa. B nmpocTeitiieM cayuae OHM MOTYT OBITh aBTOHOMHH M He3a-
BHCHMEI, Takas cxema ucnoab3oBaHus BC gacto NpHMCHSETCS BO
MHOTHX KPYTTHHX BEITHCAMTENBHBIX LESHTpax IS YBEIHMYEHHS Ipo-
MYCKHOM CriocoOHOCTH LeHTpA.

Apyaue nodxo0st K Knaccupunayiiu BC

Hamvune Gonmporo pajaooGpalud cHCTeM, 0BpasyloiluX Knace
MKMI (MIMD), nenaer xnaccHpukamnio PIHHHAA He TMOAHOCTHIO
aneknatHoii. He#icrerensio H 4-TipoleccopHbli SX-5 KoMIaHAH
NEC u 1000-nponeccoprit Cray T3E nmomanaior B xnacc MIMD.
310 3aCcTaBIACT NCKATh APYTHE OCHOBAHMA KIACCH(pHKAIMN.

Karaccupuxanus Jowoncona. E. JIX0OHCOH HMpemIoXH NPOBONATE
xnaccudukauio MIMD-apxuTekTyp Ha OCHOBE CTPYKTYPH NaMATH
H peaTH3alii MeXaHM3Ma B3aHMONCHCTBHA U CHHXPOHH3IAMH MEX-
OY IPOIECCOPaAMH.

TIo crpykType ONEepATHBHOM NAMATH CYLISCTBYIOIINC BEINHCIIH-
TeJIbHBIE CHCTEMBI JeJAITCSA HA ABe GOABWIHE TPYIbl: MO0 3T0 CHC-
TeMbl ¢ OOIIeH NMAMATEIO, TIPAMO JTOCTYRHOM BCEM MpOLIECCOpaM,
NGO 3TO CHCTEMH ¢ pacTpelesieHHOH NaMATRIO, KkKaast YacTh KOTO-
po¥l HOCTYIIHA TONBKO OAHCMY Tpoueccopy. OMHOBPEMEHHO C 3THM
H I MEXTIPOLIECCOPHOTO B3aHMOICHCTBHA CYIIECTEYIOT KBS albTep-
HATHBH ~— Yepe3 paslefieMble TIEPEMEHHLIC HTH C IMOMOIIEI0 MéeXa-
Hu3Ma Oepedaud coobmecHMM. Hoxona M3 TakMx NpenofoeHHH,

MOXHO HONyIATh YeThipe Knacca MIMD-apxwrexTyp, VTOUHSIOIHNX
cHcreMaTuky PauHHa (Tadm. 2.11).
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Tatauua 2.11. Kmcondusanns Txoncons ann cucres MIMD no Onemny

Otiasen Namate
| anHE. O6uan Pacnpepencuuan
{ O6ume  |GMSV — General Memory-Shared variables DMSVY — Distributed Memary, Shared

| RaHubie | (O6wan namaTe -— pasnenAembie nepemerite) |varlables (PacnpenenenHan namATe —
| PA3NENReMbLE NEPEMEHHbIS)

Knact 1. «CucTemb ¢ pasnenaemoid namaten= | Knace 2. «MubpiaHan apxurextypa»

Nepenaya |GMMP — General Memory, Message DMMP — Distributed Memory,
naHdeix | propagation (Obwan namAts — nepegava co- | Message propagation (Pacnpenenen-
ofweHwR) HAA MaMATL — nepenaya coobuenui)
Knacc 3.
«APXNTEKTYPW C Nepena4eil
cooGuwennii»

Onnpascrs Ha Takoe Aenerne, JIKOHCOH BBONUT CNEAYIONIHE Ha-
HMEHOBAHHWA 111 HEKOTOPHIX K1acCOB:

* BHMHCIHTEIBHEIC CHCTEMBI, HCIIONMBIYIMLINE OOINYIO pa3aciiac-
MYIO TIAMSTE IS MEXTIPOLECCOPHONO BIANMONeiCTBAS H CHH-
XPOHH3ALHH, OH HAa3BIBACT CUCIMEMAMU C DPa30esreMoti nams-
muwy, HampuMep CRAY Y-MP (o ero KnraccmpuxanMu 3TO
xJace 1);

e CHCTEMBHI, B KOTOPHIX [IAMATH pacipeic/icHa Mo [MpoIeccopaM, a
N B3ANMONEUCTBHA M CHHXDOHH3ALHH HACHONB3YETCH MeXa-
HW3IM Iepeladd cOOOIICHHUI, HasHBalOTCA apXumexmypami ¢
nepedoriel coobwenuii, HaripuMep NCube (kinacc 3);

e CHCTEMH C pacTipeAc/ieHHOW MAMATBIO M CHHXpOHH3aIWelt vJe-
pe3 palaenaeMeie nepeMeHHnle, kak B BBN Butterfly, nasusa-
I0TCS 2ubpucnoimu apxumexmypamu (xnacc 2).

B xauecTBe YTOUHEHHA KNacCHMHMKAIIMM aBTOpP OTMEYAET BO3-
MOXHOCTE YYHUTHIBATE BHWA CBA3ZA MEXIY TIPOIECCOpPaMH: o0masa
LIKHA, TIEPEKIIOYATENIA, pasHo0Opa3HHE CETA H T. 1.

Kaaccugpuxauun baszy. Tlo Muenmio A. Basy (A. Basu), mobyio
apaLTeIbHYIO BEUNCTHTEIBHYIO CHCTEMY MOXHO ONHO3HAYHO OINMH-
CaTh MOCHCIOBATEISHOCTEIO PELICHHI, MPUHATHIX Ha 3Tane ¢¢ Mpo-
CKTHPOBAHMA, & caM IPOLEecC MPOSKTHPOBAHMSA TIPEACTABHTE B BHAE
nepepa. KopeHs aepepa — 3T0 BREIMHCIHTENBPHAA cHCTeMa (pHc. 2.28)
M MOCHeayIOUNe ApYCH AcpeBa, (PUKCHPYA YPOBEHE MapaLTeIHIMa,
METON Pea/IH3aLHH aNTOPHTMA, MapalyIC/INIM MHCTPYKIIHIA H Criocod
YIIpaBIICHHMA, TOCACIOBATEABHO TOMOAHAIOT NPYF Ipyra, GopMHpyA
OINMHECAHHE CHCTEMBI.



164 Fnaea 2. ApxmrerTypa v CTpYKTYpa IBM M cucTen

Napannenshele IH‘:NGIIH'I'.I'IEH“ CHETO M)

1
Vpose I | I
napmm:m Hewrmee @ HucTomm @ &nmu@
Meran Annapatvan  MporpamsHan Aﬂm’)a'rm I'Iporpalum
paanvsalinM DOBNMIALMA  DRANM3SLUMA peanuzauMs
. CHC
| . l :
Mapannemiax Mapannenuios Komehepioauwn Mapannenckos Mapannenchor Konsedepiomn  Mapannentscs
WETIONHBHHA HENOMHOHNS HENOSIHEHMWE HONOHEIMG
MHETPYEN RHCTRYRA
(Pal) (Ph (Fa) (Pa) (#h {Pa)
I_Iﬁ ) l 1 F I 1 T I 1
Onooo;“ Cutop.  Actp. Cwop. Coonp.  Cwixp.  Acsixp. Curop.  Acwxp. Cisixp. Acwip,
900 © 0 00 00 0
soomsegn | || b |
GACTEMB DCPa8 DGPsA  DPPiS DFPaS  OCPaS OCPaA  OPPFIS  OPPIA OPPaS OPPeA

Puc. 2.28. Knaccduxaumua Basy

Ha meppoM 3Tane ompenetsercsi, Kakolf ypoBeHb Mapaule/N3Ma
HCNIONBL3YET BEMKCINTEAbHAA cHcTeMa. OfHa M Ta Xe OnepaLis Mo-
XET OAHOBPEMCHHO BRINOJHATECA HAl LENHM HabopOoM JaHHEX, OTI-
pemeasas napainendsM Ha YpoBHe JaHHBIX (o0o3HauyeHo D Ha
puc. 2.28). CnocobHOCTE BHIIORHATE 6o/Iee OTHOM ONEpalHH OTHO-
BPEMEHHO TOBOPHT © Napauie/in3Me Ha yposHe Komadn (0). Ecam
Xe KOMIIBIOTEP CIPOEKTHPOBAH TaK, YTO LGRS TIOCACAOBATEIIBHOCTH
KOMAaHI MOryT OHTh BHIIOJIHEHE OAHOBPEMEHHO, TO OyOeM TOBOPHTH
O napasneMiMe Ha ypopHe 3ana4 (7).

Bropoii ypoBeHP B KNACCH(PHKAIHOHHOM JepeBe (PHKCHDYET Me-
TOA peaTH3aluH anropurMa. C noabneHHeM CBepXOOABIINX WHTE-
rpaybHBIX cxeM (CBHC) crano BO3MOXHEIM pealTM3OBHIBATH AlIIa-
PATHO He TOJBKO NpPOCTEIE apH(MeTHUYSCKHe ONEPAallHH, HO H alro-
pUTMH HenukoMm. Hanpumep, ObicTpoe mnpeobpaizopaHue Dyphbe,
NEPeMHOXEHHE MAaTpHLL M OPYTHE OTHOCATCA K KJIaccy TeX alTOpHT-
MOB, KOTOpEle Moryr OHITE 3ddexTHBHO peanmwioBanst B CBHUC.
JlaHHBI ypoBeHb KnaccHGHKAIMHA pasic/izcT CHCTEMBI C anmapar-
HOM peanusamHed amopuTMoB (C Ha puc. 2.28) H CHCTEME, HCITOAb-
3YIOILIHE TPAZHIMHOHHEH cocod nporpaMMmHoil peannsaiun (F).

TpeTwii ypoBRcHP KOHKDETH3IHPYET THI APAUICIIN3MA, HCIIONb-
3yeMoro ma ofpaboTK HHCTPYKLHHA MasiMHEI, — KOHBeHepH3lalus
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MHCTPYKUHH (P) WIH UX He3aBUCHMOE (TapaliebHOe) BHITONMHEHHE
(F£,). B Goabllel cTeneHH 3TOT BHIOOP OTHOCUTCS K KOMIBIOTEPAM €
NporpaMMHOIl pearu3alideil anrOpMTMOB, TAK KaK anmaparHas pea-
Av3allHs BCerga MpenmmoJiaraeT Napaie/IbHOe HCNOJMHEHUE KOMAaHZ,.
OFMETHM, 49TO B CAydae KOHBEHEpHOTO HCIIONIHEHHA MMECTCA B BHIY
JHIIb KOHBeHepH3alna CaMHX KOMaHR, pa3buBalolas Bech LIHKI 06-
paboTKH Ha BbIGOPKY KOMaHIB], AeliH¢panyio, BHYNCACHUE ATPECOB
U T. 1. (BO3MOXHAA KOHBeiepH3alus BHYUCACHAN HA JaHHOM YpOB-
HEe He TMPHHHUMAETCA BO BHHMAHME).

TocnepHu# ypoBeHb JaHHOHN KnacCHQHKALMKM ONpele/sieT Cro-
co0 yrpanieHHs, MPUHATEIA B BRIYMCAHMTENLHON CHCTEME: CHHXPOH-
Hbift () Wi acAHXpoRHH# {(4). Echn BRITONHeHME KOMaHT Mpouc-
XOJUT B CTPOTOM NOPRIKE, ONPENCAACMOM TONBKO CHTHANAMM TaliMe-
pa H CYECTIHMKOM KOMaHJ, TO TrOBOPAT O CHHXPOHHOM Ciocobe
ynpasnedns. Ecny xe WIS MHELMALUMN KOMaHABI ONMpEHegiOiMN
ARIAIOTCH TAKHE (PAKTOpHI, KAk, HaNpuMep, TOTOBHOCTH JaHHBIX, TO
MAILHHA oTIAgaeT B KiTacce ¢ aCHHXPOHHBIM ynpapicHAaeM. Hanbonee
X3paKTEPHBIMH TIPDEACTABHTENSIMM CUCTEM C ACHHXPOHHHM YHpaRie-
HHUEM SBISIIOTCA KOMIIBIOTEPH data-driven N demand-driven.

Kraccugpuxayun Jyrxana. P. [IlyHkaH onpenenser ot HaGop Tpe-
6OBaHMI1, Ha KOTOPH# MOXET ONHpaTHCA HCKOMad KiaccH$pHKaLMA,

W3 xaacca mapainenbHHX MALUMH ACDKHE ObITh ACKITIOYCHH TE,
B KOTODBIX Mapa/JIeIH3M 3alI0XKEeH JAHINEL HA CAMOM HH3KOM YPOBHE,
BKJTIOYAST:

« KOHBeHepH3alMI0 HAa 3Tane NMOATOTOBKM W BHRINOJIHEHHA KO-
MaHae (instruction pipelining), T. e. YacTHYHOE IEPEKPMTHE
TAKHX 3TATNOB, KaK JeIIAPpAAA KOMaHIbl, BHYHCICHHE ape-
COB ONEPaHAOB, BHIGOPKA ONMEPAHIOB, BHTIOJIHEHHE KOMAHIL H
COXpaHECHHE PE3VNbLTATA,

+ HAINYHE B ADXMTEKTYPe HeCKONbKMX (YHKUHOHAILHHX YCT-
polcTB, paboTaOIIHX HE3ABHCHMO, B TACTHOCTH, BOAMOXHOCTD
TMAPANICABHOTO BHIIIONHEHHA JIOTHYCCKHX W apA(METHYECKHX
onepanyi;

¢ HaJIIHE OTAENBHEIX MPOLECCOPOR BBOIA-BEIBOAA, paboTAIOIINAX
HE3aBHCHMO H NapajiieIbHO ¢ OCHOBHEIMH HPOLIECCOPAMH.

ITpHYMHE NCKIIYCHNA NepeYNCACHHEBIX Bhillie ocobeHHOCTEH ce
aBTOp OBBACHAET CNemyolIMM obpa3zoM. Ecnw paccMmarpuBath KOM-
NBIOTEPH, HCTIONBIVIOUINE TONBKO TIAPAUIENAH3M HH3KOrO YDOBHS,
HapaBHe CO BCEMH OCTANBHEIMH, TO, BO-TIEPBBIX, MPAKTHYECKH BCE
CYUIECTBYIOIINE CHCTEMB OyAyT KiaccMGWUHpOBaHbI KaK <«mapasi-
neJibHBIe» (YTO 3aBEAOMO He OyIeT MOSHTHBHHM (axropoM Ans
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KnaccH(pHKalMM), H, BO-BTOPEIX, TAKH¢ MAlMHE GYIYT IUIOXO BITH-
CHIBATLCA B JIOOYIO MORENTL MM KOHIETHIHIO, OTPAXIIOWIVI) Tapan-
JICH3M BHICOKOIO YPOBHSA.,

Knaccndukanmus AokHa OHTL COTTACOBAHHOM ¢ KiaccHgHKa-
meeit PnaHHA, TMoXazaBileii MPAaBMIBHOCTh BuIGOpAa MIEH IOTOKOB
KOMAaHI U JaHHBIX.

KriaccudHKalua JOKHA ONHCBIBATD APXATEKTYPEI, KOTOPHE O
HO3HAYHO He YKJIANBIBAIOTCA B cHCTeMAaTuKy DJHMHHA, HO TEM He Me-
Hee OTHOCHATCA K Mapaie/IbHBIM apXHTeKTYpaM (HampHMep, BEKTOp-
HO-KOHBeHCPHEE).

YunTeiBas BRNIEH3N0XeHHbE Tpeboranus, [yHkaH naet Hedop-
MAJIBHOE OIPECICHHE ITapaVICABHOR apXUTEKTYPH, IIPHYEM HMEHHO
HedOpMATBEHOCTE 1A €MY BOIMOXHOCTE BKIIOYHUTE B JAHHBIH Knacc
KOMITBIOTEPE!, KOTOpDhlE paHee He BIMWCEIBUINCh B CHCTEMATHKY
®munna. Utak, napasseasnas apxumexmypa — 3710 TaKO# crocol op-
FAaHH3aUHH BBIMHCIHTEABHON CHCTEME], IIPH KOTOPOM JORYCKAETCH,
qro0H MHOXECTBO NPOLIECCOPOB {IPOCTBIX MM CACKHBIX) MO0 OBl
paboTaTe OMHOBPEMEHHO, B3aHMOIEHCTBYS TI0 Mepe HanOBHOCTH APYT
¢ apyroM. Chenyda 3ToMy OTIpEIENICcHMIO, BCe pasHooOpaiHe mapan-
JICALHBEX APXHTEKTYp JAIVHKAH cHCTEMATH3HPYET TaK, KaK 9TO [MoKa3a-
HO Ha pHc. 2.29.

IMo cymiecTBY cHCTEMATHKA QYEHB MPOCTAsl: TIPOIECCOPRI CHCTE-
MEl pafoTaloT NGO CHHXPOHHO, MNGO HE3aBHCHMO ApYr OT IpYyTa,
IGO0 B ApXMTEKTYPY CHCTEMEI 3a/I0XKEHA Ta WIM HHas MoAHdHKALIA
uaen MIMD. Ha creayiolueM ypOBHE TPOHCXOOMT ACTANIHM3ALMA B
paMKax KaXHOTO H3 5THX TpeX Kinaccob. Jaxum HeGONBLIOE TTOACHE-

CHXpOHHEe —E SIMD _E
C aooouua'rmluﬁ

ChecToneckme
C pacnpeneneHhoi NAMATLD
MIMD —E
C obuseil naMaTLIR
MIMD / SIMD
MaLumHE,
WCIOMeIYIoMe Dadaflow
waeo MIMD n
Wavefront

Prc. 2.29. Knaccuduxaima JyHKaHA
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HHe JIMIIb K TeM H3 HHX, KOTOPbIC HAa CETOOHAINHHAI AcHb HE CTONIB
UIHPOKO H3BECTHBL

Cucmonuneckue apxumexmypu (MX Yallle HAZHBAIOT CHCTONHYE-
CKAMH MAacCHBAMH) TIPESACTARMAIOT COOOH MHOXECTBO NMPOIIECCOPOR,
o0beIHHEHHBIX PeryaapHbIM 00paioM (Harnpumep, cucreMa WARP).
ObpalucHAE K MAMSTH MOXET OCYLIECTRIATLCS TOABKO Y€pes onpene-
JICHHHE TPOLecCOphl HA TpaHMIle MaccHBa. Beibopka onepaHmoB H3
NaMATH H NepeAaYa JAHHBIX 110 MacCHBY OCYIHCCTBASACTCA B OTHOM H
ToM Xe Temrie. HanpaeneHne nepefiayn JaHHEIX MeXAY Tpolieccopa-
mu (ukcupoBaHo. Kaxnuiii rmpoueccop 3a MHTEPBaT BPEMEHH BHI-
AONMHAECT HEGONBIIYI0 HHBAPHAHTHYIO NOCASA0BATENEROCTD JeHCTBHHM.

TI'n6puarbie MIMD/SIMD-apXHTeKTYpH, BRIMHCIHTENBHBE CHC-
TeMul dataflow, reduction v wavefront OCYWIECTRIAIOT NAPAUICTBHYIO
0bpaboTKy HHpOPMAIIHH Ha OCHOBE ACHHXPOHHOIC YNIPABJACHHUA, KaK
u MIMD-cucremer. Ho OHM BHimeNleHbB B OTASHBHYIO Tpynuy, IMO-
CKOJIBKY Bce MMEIOT pAn cliclH(HIeCcKHX oco0eHHOCTeH, KOTOPRIMH
KHe 06NAJaIoT CHCTEMBI, TPAIMIIMOHKO oTHOCAIHecH Kk MIMD,

MIMD/SIMD — TanmuHo rubpHaHaa apxHTekTYpa. OHa npeamno-
naraet, 970 8 MIMD-cHcTeME MOXHO BBIICTHTh IPYNIY IIPOLCCCO-
pOB, NPEACTARIMAIIIYIC cofol nmoacHcTeMy, pafoTalollyio B peXHMe
SIMPD (nanpumep, PASM, Non-Von). Takue CHCTEMBI OTIIMYAIOTCSH
OTHOCHTE/IbHOM TMOKOCTEID, IOCKOJABKY AOMYCKAWT peKOH(HIypa-
[HIO B COOTBETCTBEH ¢ OCODEHHOCTAMH pellaeMoit NPHUKIAXHON 3a-
JaTH.
OcrajfbHEIE TPH BHRA APXUTEKTYD HCMONBIYIOT HETPATHIINOHHDBIC
MoaeH BuuKcAcHUNR. Datgflow-MalIHHBEL HCTIOAB3YIOT MOAEAR, B KO-
TOpOoH KOMaHEA MOXCT BHIOMHSITECS CPasy Xe, KaK TONbKO BhIYMC-
JieHB! HeoOXOAuMBe OnepaHAH. TakuM o0pa3oM, MOCAeHoBaTeNb-~
HOCTb BHIMOJHEHHS KOMAHI OTpPEHCIACTCH 3aBHCHMOCTBIO MO JaH-
HBIM,  KOTOpas MOXeT OMTh BRIpaXeHa, HanpuMep, B ¢opMe rpada.

Mozenp BeraMCIeHuH, NpAMEHAEMAS B reduction-MallMHAX, HHas
¥ COCTOWT B CJCAYIOLIEM: KOMaHIa CTAHOBHMTCA NOCTYIMHOM A BHI-
ROJHEHHA TOTHA M TONBKO TOCOA, KOTHA pelyiasTar ee paGoThl TpeGy-
eTcd APYIO#, HOCTYIHON T BRITTONHEHHS KOMAHOe B KA4eCTBE OM¢c-
panpa.

ApxuTeKTypa wavefront array o0beIHHACT B cefe MACIO CHCTONM-
4ecKOH 00paboOTKH JAHHHX M MOJENE BRIYHCASHHHR, HCIIOAB3YEMYI) B
dataflow-MamnHaXx. B gaHHOH apXMTEKTYpe Mpolieccopbl OOREANHA-
JOTCA B MOAYIM M CBSI3H, MO KOTOPHIM TPOIIECCOPH MOTYT B3aNMO-
nNelicTROBAaTE APYT C APYroM, ¢pukcHpyiorca. OoHako, B IIPOTHBOIIO-
JIOXHOCTh PUTMHYHOH paboTe CHCTOIMYECKMX MACCHBOB, JAHHAS
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apXHTEKTYPa HCTONb3YeT ACHHXPOHHLIH MEXaHH3M CBA3H C MIOATBEp-
xnenneM (handshaking), W3-3a 31010 «ppOHT BOAHEI» BEMMHCITCHHIA
MOXET MEHATH CBOIO (GOpMY TT0 Mepe NepeMEIICHHS N0 BCEMY MHO-
XKECTBY MPOLIECCOPOB,

Keaccudpuxanus Kpuwunamapgdpu. E. Kpuirnamapdn mia xnacceu-
dUKaMK TTAPAUIENBHBIX BHMHCTUTENBHBIX CHCTEM NpEANaracT He-
MONB30BATh YETHIPE XAPAKTEPHMCTAKH, MOXOXHE Ha XapaKTEpHCTHKH
Knaccnukaunn A. basy (puc. 2.30):

s CTeNeHb IPaHY;IPHOCTH;

» CMIOCO0 peaNM3aliiK MapajuIe/IH3Ma;

s TONOJIOTHIO W NPAPOAY CBSA3W NPOLECCOPOB;

» CIIOCOD YTIPABIECHRBA NPOLECCOPAMH.

TTpuHUMA NOCTPOEHNA KaccHPuKalHKM JocTaToyHo npoct. s
KaxJol cTenmeHH TPaHYIAPHOCTH PacCMATPHUBAIOTCH BCE BOIMOXKHBIE
cNocoOBl peann3aun mapannenniMa. g Kaxaore noJyyeHHOro Ta-
KUM 06pa3oM BapHaHTa YCTAHABNHMBAIOTCA BCEe KOMOWHAINY TOHONO-
TMH CBSI3M M CHOCOO0B YIIpaRIEeHH ipoleccopaMi. B pelynerate no-
nydaetcs pepeno (cM. puc. 2.30), B KOTOPOM KaXIBIil IPYC COOTBETCT-
BYET cBOEit XapakTepucrHKe, KaXIN JTHCT NPEICTARIAET OTACALHYIO
TPYTIITY KOMITBIOTEPOB B JAaHHOM KnaccHHKalMK, a MyTh OT BEPIIH-
HH JepeBa OOHO3IHAYHO OTpee/ACT 3HAUCHHS YKa3aHHBIX BbILie Xa-
paKTepHCTHK.

Mapannenbisio BLIMHCIVTEIbHLIG CHCTOMLY

Ton

Puc. 2.30. KnaccHdukauusd Kpmunamapdu
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Ileppme ABa YpOBHS NPAKTHYCCKH ITOBTOPRIOT KIacCHGHKALIMIO
A. Basy. Tpernit ypoBeHb Knaccupuxanmu (TOMONOTUSA M TIPUPOAA
CBA3A HPOLECCOPOB) TECHO ¢BA3aH co BropuM. Ecim Geur BEIGpaH
annmapaTHBi cIOoco$ PealN3aliMK MapaLieAn3Ma, TO HATO paccMoT-
pETh TOMOJIOTHIO CBA3H NpOLEcCcOpoB (MaTpHLIA, TMHCHHHN MaccHB,
TOp, HEPEBC, 3BE30a M T. I1.) U CTENeHb CBASHOCTH MPOLECCOPOB Me-
xay cobolt (cuabHad, cnalas WA CpedHsA), KOTopas OnpelchsaeTca
OTHOCHTEBHON Jonel HaKIaIHWX pacXodoB TIPH OpPraHH3AIKEH
B3aHMONEHCTBHA NPOlECCOPOB. B ciyyae KOMOMHHpOBAHHOH peanH-
3alld¥ NAPANIC/IN3MA, MOMHMC TOMOJOIMHM M CTENEHH CBA3HOCTH,
Hago OOTIONIHUTENbLHO YUSCTh MEXAHH3M BIaHMONCHCTBHA ITpOLECCO-
poB: mepefava coobumeHnit, pajgenseMile repeMeHHbIe MM IPHH-
uun datqfiow (10 rOTOBROCTH ONEPaHUOB).

HaxoHen, nocaegHui, YeTBepTHIt ypoBeHE — crmocof ympasie-
HHA npoLeccopaMi, onpefenseT o0wnit NpuHLMI (HYHKINOHHPORA-
HHA BCSH COBOKYITHOCTH NPOLIECCOPOB BLIMHMCIHTENLHON CHCTEMBI:
CHHXpOHHMEIH, dataflow WIH aCHHXPOHHEI,

Ha oCHOBe BHIENCHHBIX YETHIPEX XADAKTEPHCTHK HETPYIHO
OMpedeNTE MECTO HauGoliee H3BeCTHHX KJIACCOB aApXHMTEKTYpD B JaH-
HOH CHCTEMAaTHKE.

Bexmopro-xonseliepioe KoMRLIOMEPH.

¢ FPaHYJIAPHOCTE — HA YPOBHE JAHHBIX;

= PeaNM3alNA NApa/UIClTHIMA — aNmapaTHas;

e CBA3L MPOLIECCOPOB — MPOCTas TONONOTHA CO CPelHel CBA3HO-

CTHIO;

¢ CIIOCOG yTIpaBIeHMss — CHHXPOHHBIN.

Kraccuneckue myssmunpoyeccopsi:

¢ MPaHYISIPHOCTHE — HA YPOBHE 3a1a4

e peATH3ALHA NapaICNH3Ma — KOMGHHHPOBAHHAA,

= CBA3bL APOLECCCOPOB — TIPOCTAaA TOMOAOTHA €O cl1aboil CBA3HO-

CTBIO M HCIIONB3OBAaHHEM pa3feliIeMBEX MepeMeHHBIX;

» CHOCO0 YNpaBIeHNA — aCHHXPOHHBIH,

Mampuvunwe npoueccopi:

» [PaHYIAPHOCTL — Ha YPOBHE JaHHEIX;

« peann3alMa Napaule/ii3Ma — anmnapaTHast;

« CBA3b MPOIECCOPOE — ABYMEPHBIE MACCHMBEL C CHIBHONM CBAS-

HOCTBIO,

* CIIOCO0 YTIpABNEeHHUS — CHHXPOHHLIN.

CucmonnuecKue Maccuey:

¢ IPaHYISPHOCTL — HA YPOBHE NAHHBIX,

s pealn3alia NMapaUIe/Ii3Ma — alllapaTHad;
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¢ CBA3Bb MPOLIECCOPOB — CJIOXKHAA TOIIONOTHA ¢ CHIbHOM CBA3HO-
CTBIO;

s CHOCOD yMpaniieHHs — CUHXPOHHEIIH,

Apxumexmypa muna wavefront:

* TPAHYJSPHOCTLE — HA YPOBHE JAHHBIK;

» peaJn3aliiAa NapaUleIi3Ma — annaparHas;

» CBA3b MPOLECCOPOB — ABYMEepHaA TOMONOTHA ¢ CIILHOMN CBA3-

HOCTBIO;
« criocob ympamneHHa — datafiow.
Apxumexmypa muna dataflow:

+ TPaHYJAPHOCTh — HA YPOBHE KOMaHA;

» peaVIN3aLMA NApaLICIM3Ma — KOMOHMHHpPOBaHHAA;

e CBA3SH TPOLICCCOPOB — TIPOCTAsd TOMONOTHA ¢ CHABHOM o

cpeaHeil CBA3HOCTHIO W HCTIONB30BaHNEM MPHHITHIA dafaflow,

» CIOCOD YIIpamIeHHA — acHHXpoHHO-daiaflow.

HecMorpa Ha To, uro xnaccudmkaima E. KpuinHamaphu mo-
CTPOCHA TONBKO HA YETHPEX NPH3HAKAX, OHA MO3BOJACT BLUICIMTE U
OITHCATh TaKHe <«HETPANMIMOHHBIC» NApAUICNbHBIE CHCTEMH, KaK
CHCTOJIHUECKHE MacCHBBI, MAallIMHK THNA dataflow U wavefront. OnHa-
KO 3Ta Xe TPOCTOoTa ARMACTCA H OCHOBHOM IIPHYMHON €€ HEIOCTAaT-
KOB: HEKOTOpEHIE APXMTEKTYPH HEJb3f ONHO3HAMHO OTHECTH K TOMY
WIH HHOMY KJIacCy, HApHMED KOMITBIOTEPHl C apXHTCKTYPO# rumnep-
KyGa M accolHaTMBHEIC nipoueccopil. [[i1s Gonee TOYHOrO OMMCAHHA
TaKMX MALIHH NOTpeOveTcA BBECTH €LIC LCNHN pAll XapaKTepHCTHK,
TAKHX, KaK pasMcilicHHE 33349 o MNpoLeccopaM, crocod Mapipyti-
3alUMA COOOLICHHA, BO3MOXHOCTE PeKOH(HIypaldM, amnmnapaTHas
NOAJEPRKA H3BIKOB MPOTPAMMHPOBaHMS M Apyrie. Bmecre ¢ TeM
ACHO, YTO 3TH HPH3HAKM $OopMATH3OBATEL TOPa3no TPYAHEE, NOITOMY
€CTh ONACHOCTh BMECTO ACHOCTM BHECTH B OMHCAaHHME JIHUIL JOMON-
HHUTENBHEE TPYTHOCTH.

Kaaccugpuxauun Cxussuxopna. [, CKWUIMKOpH pa3paboTan mon-
X0OJl, OPHEHTHPOBAHHBIH KAK Ha ONHCAaHHE CBONHCTB MHOIOMNpOIEC-
COPHBIX CHCTEM, TAK H HEKOTOPEIX HETPAIMLIHOHHEIX apXMTEKTYp, B
YacTHOCTH dataflow- U reduction-MallliHBEI.

IIpemnaraeTca pacCMaTpHBATb apXHTEKTYpY JI0DOTO KOMNBIOTEpa
KaK abCTpakTHYIO CTPYKTYPY, COCTOALIVIO M3 YETHIPEX KOMIIOHCHTOB:

« npoyeccop xomand (1P — Instruction Processor) — GyHKIIHO-

HaNBHOE YCTPOMCTBO, paboTalolice KaKk HHTCPIPETATOp KOMaH
(B cHcTeMe, BOODLLIe TOBOPA, MOXET OTCYTCTBOBATD),
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s npoyeccop dannvix (DP — Data Processor) — dynxuHoHansHOe
YCTPpOHCTBO, paboTaoliee Kak npeodpa3oBaTe/ibk JAaHHBIX, B CO-
OTBETCTBHH C apu(METHYECKMMH OTEPaIlHsIMHK;

o uepapxun namamu (IM — Instruction Memory, DM — Data
Memory) — 3anmoMHHAIOHIee YCTPOICTBO, B KOTOPOM XpPaHATCH
JAHHHIC H KOMAHAK, MEPeChlTacMbie MEXIY MPOLIECCOPAMH,

s nepexAovament — aGCTPaKTHOE YCTPOHCTRO, obecnedunaloiiee
CBA3b MEXAY IPOLECCOpPaMH H MAMATBIO.

QyHKIHYM NpolLieccopa KOMAHI BO MHOIOM CXOXH ¢ QYHKIAAMH
YCTPOWMCTB YNpaBleHHd MOCACAOBATENBHNX MALIHH M, COITTACHO
J. CKH/UTHKOPHY, CBOOSTCA K CIEIVIOINHM:

+ Ha OCHOBE CBOETO COCTOAHHA H noaydeHHolt or DP wndopmMa-
uuH IP onpepenser agpec KOMasHibl, Koropas GyaeT BBIIION-
HATHCA CReOyIOnieit;

+ ocyiecTwEIeT nocTyn K IM nia peiOopKH KOMaHIH!,

MIOJIYIacT B ACKOAMPYET BHOpaHHYI0 KOMaHLY;

coobmaer DP xoMaHIy, KOTOPYIC HAlO BHIOIHHTS;
OIpeAcnacT agpeca ONepalaos M MockIacT ux B DP;

nomydaer or DP uHQOpMALIHIO O pe3yALTaTe BLITONHEHUS KO-
MAaHIBI.

PYHKIMHE NMpoueccopa JAHHBIX IE/IAI0T €10 BO MHOTOM ITOXOXHM
Ha apupMeTHYecKOe YCTPOKCTBO TPATHIIMOHHEIX MPOLUSCCOPOB:

« DP nonydyaer ot 1P xoMaHIy, KOTOPYIO HAAO BRITIOJHWTE,

« mrony4aet ot [P anpeca onepaHAaos;

BRIOMpaeT onepasasl 13 DM;

BBITIOJTHSIET KOMaHAY;

3aroOMHHAaeT pe3yasrar B DM

poappamaet B IP HHPOpMALIMIO 0 COCTOAHHM TOCTE BHIONHE-
HHS1 KOMAaHIEL

B TepMHHaX TakuM 00pa3oM ONpedciAcHHHX OCHOBHBIX 4acteif
KOMIOBIOTEpa CTPYKTYDPY TpagHUMOHHOH (OH-HeHMaHOBCKOH apxu-
TEKTYPHl MOXHO IIPeACTABMTH B CJICAYIOIEM BHAe — pic. 2.31.

DT0 OIMH M3 CaMBIX NPOCTHIX BHAOB apXUTEKTYpHI, HE COepXa-
IMX mepekmioyarenets. g onucaHusi mapayUieNbHBIX BEMHUCIEATEIb-
HBIX CHCTEM aBTOp 3adHKCHPOBAN YeTHIpE THIIA NMepeKmodaTeiicH,
Ge3 xakoi-nH60 ABHOM CBAM C THNOM YCTPOMCTB, KOTOpPHE OHHU CO-
CSIHHAIOT;

e 1—1 — mepexkaloyarenk TAKOTO THIa CBA3MBACT Mapy (byHK-

LIMOHANBHBX VCTPOMCTR;
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Puc. 2.31. Npexacrapnenne GoH-HeAMAHOBCKO# apXMTEKTYPH N0 CKURIHKOPHY

e n—n — nepexIIyarelib CBA3BIBACT i-€ YCTPONCTBO M3 OAHOFO
MHOXECTBa YCTPOHCTB € /-M YCTPOMCTBOM M3 IPYTOre MHOXE-
CTBa, T. €. puKcHpYCT NOTIAPHYIC CBA3D,

o l—n — mepexmo4aTeNb COCAMHACT ONHO BEUIENEHHOE YCTPOH-
CTBO 0 BCeMM (hYHKIFIOHATHHBEIMHA YCTPOWHCTBAMH H3 HEKOTO-
poro Halopa;

o 1 x 1 — Kaxaoe GYHKUHOHANBHOE YCTPOUCTBO OJHOIO MHOXKE-
CTBA MOXET GHTH CBA3AHO ¢ JIIOOHM YCTPOACTBOM APYTOro MHO-
XecTBa H HaoOOpoT.

IIpuMepoB NoaoGHBIX MEPEKITIOUaTelIeH MOXHO TIPUBECTH OYEHB
muoro. Tak, Bce MATPHYHBIE IIPOLECCOPH HMEKOT MEPEKTIOYATEND
Tana 1—n Ang ¢BsisH eAMHCTBEHHOTO MPOLIECCOpa KOMAHI CO BCEMH
mpolieccopaMi JaHHHX. B Komnbiotepax cemeiictea Connection
Machine xax7ei MpoOLUECCOP AAHHHX MMEET CBOIO JIOKANBHYIO Ia-
MAThb, CISNOBATeNbHO, CBA3b OYOET ONUCHBATECA Kak n—Aa. B To Xxe
BpeMs KaXObii mporieccop KOMaHI MOXET CBA3ATHCA C JIOOEIM ApY-
FMM TPOLIECCOPOM, NIOITOMY AAHHAS CBA3b OyNET ONMCaHa KaK # x 7.

Knaccuduxaups . CXOULTHKOPHA COCTOMT M3 ABYX ypoBHeid. Ha
IepBOM YPOBHE OHA ITPOBOJIMTCA HA OCHOEE BOCHMH XapaKTEPHCTHK:

« KOJNH4ecTBa mpoueccopob komann (IP);

« UHCTA 3aMOMUHAIOLAX YCTPOUCTB (Moxynedl maMsaATH) KOMaHI
(IM);

« THNA Tiepexmodaresit Mexay IP u IM;

o KOJIHYeCTBa Tpoueccopos JaHHbX (DP);

o YHUCNIA 3a[TOMUHAIOIIHX YCTPOUCTB (MOAYNEH mamsITH) NaHHBIX
(DM);

« THNa Hepexmouarens Mexay DP u DM;

« THIa nepekmoyaresa Mexay IP u DP;

o THIIA Mepexmoyarens Mexay DP u DP.
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Hcnonp3yss BReAcHHBIC XapaKTCpPHCTHMKHM M Mpednonarasd, u4To
pacCMOTPEHHE KOJNHYECTBEHHBIX XapaKTCPHCTHK MOXHO OTPAaHHYUTH
TONBKO TPEMA BO3SMOXHBIMH BapHaHTaMM 3HavYeHMit: O, 1 1 n (T. e.
Gonkire OAHOrO), MOXHO MOXYYHTh 28 KIACCOB APXHTEKTYD.

.B xnaccax 1—5 HaxomaTcd KOMNbIOTepsl THHA dataflow u
reduction, He HMCIOLUIE MPOLIECCOPOB KOMaHA B OOHYHOM NMOHHMA-
HAM 3T1oro cioBa. Kiace 6 — 310 Knaccuyeckas (poH-HeHMaHOBCKas
TIOCTICAOBATENBHA MAUHA. Bce pasHOBMTHOCTH MaTPHUMEIX TIpO-
ueccopoB coaepxarcs B knaccax 7—10. Kmacem 11 u 12 oTpevalor
xoMmoeoTepaM THa MISD xnmaccudpuxanmn OminHa M Ha HACTOS-
WA MOMEHT, MO-BUAHMOMY, He 3amojHeHH. Kmaccw ¢ 13-ro no
28-f1 3aHMMAIOT BCEBO3MOXHEIE BAapHAHTE MYJIBTHIIPOLIECCOPOR,
npuy¥eM B Kraccax 13—20 HaxoasTcA MAallHHM ¢ AOCTATOYHO TIPH-
BEIMHOM aPXMTEKTYPOH, B TO BPEMsl, KaK ADXHTEKTYpa Kiaccos 21—28
MOKA BHITAANT SK30THYHO.

Kaaccugpuxayun Xendaepa. B ocropy knaccndukanni B. XeHpiep
3aKJagWBacT ABHOS ONMCAHHE BOIMOXHOCTE mapaiiensHON H KOH-
pelieproit 06paboTku HHGOPMALKEY BEHCAHTETHHOI cucTeMoil. Tlpn
3TOM OH HAMEPEHHO HE PACCMATPUBAET PA3TMYHBIE CIIOCOOH CBA3H
MEXJTY TIPOIECCOPAMH M GUIOKaMKM MAMSTH M CYUTAET, YTO KOMMYHH-
KalHOHHAs1 CETh MOXET OBITh HYXHEIM 00pa’loM CKOH(PHTYpHpOBaHa
M Gyger cmoco6Ha BBLIEPXATE NMPEANONaraeMyIo Harpysky {puc. 2.32).

Hpeanoxennas xiaccupukauma Ga3upyeTca Ha paviHMMH MeX-
Y TpeMA YpOBHAMH 00pabOTKM JaHHHX B MpPOLECCE BHITOJHCHMA
TporpaMm:

* YPOBEHDb BRIMTOJHEHHA MPOrpaMMBI: ONMAPaAch HA CUETUHK KO-

MaHA ¥ HEKOTOpbie ApPYrHe PerucTphi, YCTPOHCTBO YTIpaBie-

Ha kangod cryneHn
CROBG w3 W BuT
| W' crmymened
Lo rongetiepa
un
AlY :
k un | w f d oy
: Ay d’ &Y moryt
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un
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paboTams B MaKPOKOHBOHEPS

Pue. 1.32. Knmaccndukauna Xenaepa
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Hug (YY) npouasoaur BeIGopKy # Jelllidpaiinio KOMAHXN
NporpaMMHL;

» YPOBEHL BHIMONHEHHS KOMAaHA: apH(METHKO-TOTHYECKOS YCT-
poiicTeo kKoMmpioTepa (AJIY) HcnonHaer KOMaHAy, BEIZaHHYID
eMy YCTpOICTBOM YTIpABACHHA;

¢ YpOBeHb OMTOBOI OGpabOTKH: BCe IMEMEHTAPHBIE JIOTHYECKUE
cxeMul nponieccopa (DJIC) pa3GHBalOTCA Ha TPYIINBLI, HEoOXo-
JIHMEIE UISl BHIMONHEHHAS ONepalHii Hal OOHNM JBOMYHEIM pas-
pPAAOM.

TakumM oGpa3oM, IOAOOHAA CXeMa BHAENEHHUS YPOBHEi mpeamno-
JIaracT, 4YTO BBIYMCAWTESNIEHAE CHCTEMa BKJIIOYACT KAKOE-TO YHCIIO
MPONECCOPOR, KAXIEI CO CBOMM YCTPONCTBOM yIipaBneHusA. Kaxnoe
YCTPOMCTBO YIPaBIcHHA CBA3AHO ¢ HECKONBKHMH apH(METHKO-JIO-
THUYCCKHMMHE YCTpOMCTBAMH, HCOONHAOLIMMHE OIHY H TY Xe omepa-
IHID B KOKAKHK KOHKpPETHRI MOMeHT BpemMeHM, Hakonen, xaxupoe
AJTY o0beAMHAECT HECKONBKO SMEMEHTAPHBIX JIOTHUECKMX CXEM, ac-
COLIMMPOBAHHBIX ¢ 00pAGOTKOH OMHOTO HBOMYHOIO paspsna (YMCIo
3JIC ecTh HHUTO MHOE, KaK JJIMHA MalIMHHOTO cjoBa). Ecnu Ha xa-
KOE-TO BpeMA HE pacCMaTpHBaTh BOSMOXHOCTE KOHBeHepH3IALHH, TO
YUCJIO YCTPOMCTB VIPABJCHHS X, YHCIO apH(pMEeTHKO-IOMHYECKMX
YCTPOIiCcTB d B KaXIOM YCTPOWCTBE YIpaBICHHA H YNCHO IeMEHTap-
HBIX JIOTHYECKMX cxeM w B KaxaoM AJIY cocrapsar Tpoliky mius orid-
CaHMsA DaHHOH BNYWCIHTCABHON cHcTeMMl (.

HC) =k, d, w).

Kasaccudpuxauyus Xoxuu. P. XoKHU (aHDIMIACKHIT clielMaNBCT B
obNacTH mapannelbHBX BEIYMCAMTENLHBIX CHCTeM) paspaboTran csoit
OEXON K KnaccHpHKanmH, BBEICHHOH MM IS CHCTEMAaTH3alHH
KOMITLIOTEPOB, nonagaionux B Kiace MIMD no cHcTeMaTHKe
®nHHHA.

Kak ormevanocs panee (cM. xnaccudpukaumio Praunna), Kiace
MIMD upe3pm4aitHo LIHMPOK, OpHUYEM Hapsaay ¢ GONBIMIHM YHCIOM
KOMIEBIOTEPOB OH OCBLEIMHACT H 11¢JI0¢ MHOXECTBO pa3iiMYHbIX TH-
MOB apXUTEKTYP. XOKHH, MBITadCh CHCTEMATH3MpOBaTh APXWTEKTYPHI
BHYTPH 3TOIO KJacca, NOMYYMI HEPAPXHYCCKYIO CTPYKTYpY, Opel-
CTaBIeHHYIO Ha puc, 2.33,

OcHoBHAA Haed KNacCHPHEKALIMH COCTOMT B clieayiomieM. MHo-
XEeCTBEHHBIH MOTOK KOMaHI MoXeT ObITE o0paboTaH EBYMA cnocoba-
MH: THOO ONHHMM KOHBEHEDHHM YCTpOfCTBOM 00paboTkm, paboraio-
HEEM B PeXHME pasicfcHHA BPEMEHH M OTACABHHX IIOTOKOB, THGO
KaXAei noTok ofpabarwiBaeTcs CBOMM COBCTBEHHHIM YCTPOMRCTBOM.
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Pre. 2.33. Cncremul apxurextyp MIMD (DaxER) B HHTepIperaums XoKHH

ITepeasd BO3MOXHOCTD HCIOAb3yeTca B MIMD-koMmeioTepax, KoTo-
pHe aBrop HaskBaeT Koneelepnsmy (HATPHMEp, MPOLECCOPHBIE MO-
ayma B Denelcor HEP). ApXMTeKTYPHI, HCIIOAB3IYIOIIHE BTOPYIO BO3-
MOXHOCTB, B CBOIO OYEpeHb OMNATh JEAATCA Ha IBa KJIacca:

MIMD-koMIbOTepSI, B KOTOPEIX BO3IMOXHA NpsAMasi CBA3b KaX-
AOH IapH NpOLESCCOPOB, KOTOpaa pPeamI3yeTCA ¢ ITOMOIHBIO Iepe-
KMIOvaTens;

MIMD-koMIBIOTEpH, B KOTOPLIX MPAMaH CBA3E KAXAOTO IIpO-
eccopa BOIMOXHA TOALKO ¢ OnmmxXaiumiMuy cocelssMM IO CETH, a
B3aHMOICHCTEHE YRANCHHED NPOLECCOPOB MOLIEPXKHUBAETCA CIICLM-
ANMbHOH CHCTEMOM MAPILIPYTH3ALHH Yepes MpoIecCOPH-TIOCPESTHHKH.

Janee, cpesd MIMD-MalnH ¢ nepexmodareyieM XOKHH BhIAc-
JIACT Te, B KOTOPHX BCA NMAMSATb PAcIIpeAciIcHa CPeQH MpOLECCOpOB
KaK HX JoKanbHad nmamars (Hanpumep, PASM, PRINGLE). B stom
ciysac OOmIEHME CaMHX {IPOLIECCOPOB DEalM3YeTCR © HOMOIIBIO
OYEHb CIIOXHONO HEPEKTIOYATENsd, COCTARMIOWETO 3HAMMTEALHYIO
YacTs KoMIbioTepa. Takuie MalldHEl HOCAT HasBaHue MIMD-maimH
¢ pacnpedeaentoli namamore. EcM naMaTh — 3T0 pasfensieMblii pe-
Cypc, AOCTYIIHBIH BeeM TIPOLIECCOpaM 4Yepe3 MepeKiiioyarelib, TO Ta-
ke MIMD-mallHHN ABAAIOTCI CHUCTEMAaMH ¢ obwied namamoio
(CRAY X-MP, BBN Butterfly). B cCOOTBETCTBHH € THNIOM TIEPEKIIIO-
yarecii MOXHO NMPOBOIUTH KIACCHOHKALMIO U Jajiee: NpOCTOi IIe-
pexodaTeab, MHOTOKAacKaZHbli mepeKiiovaTelib, 001IAA NIAHA.

MHoOTHE COBPEMEHHBIC BRITMCIATEIDPHBIC CHCTEMB HMCEKOT Kak
o0IIyI0 pasgc/iAcMYI0 NAMATh, TAK H paclpeicAeHHYIO NOKAILHYIO.
Taxkme cucTeMu TRAMOTCA 2ubpudromy MIMD ¢ nepexknmiouaresieM.
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Ipn paccmorpeHud MIMD-Malmn ¢ cemesoti cmpyxmypoii cn-
TaeTCA, YTO BCE OHH MMEIOT paclipelelcHHYIO MAMATb, 4 JanbHelfias
KAacCH(pHKalMa NPOBOANTCA B COOTBETCTBHM ¢ TONONOTMEH CETH:
3peanoodpasHag ceth (ICAP), peryispHBIe peiieTKH pa3Hoil palMep-
roct (Intel Paragon, CRAY T3D), rumepkybm (NCube, Intel
iPCS), ceTd ¢ HepapXHUeCKOR CTPYKTYpO#, Takoil, KaK HepeBbs, TTH-
paMmunsl, xiacreps (Cm, CEDAR) 1, HakoHeIl, CeTH, HIMEHSIOMNe
CBOIO KOHDUTIYPALHIO.

3aMeTHM, YTO €CNM apXMTEKTYpa KOMIBIOTEpa CIIPOCKTHPOBaHA ¢
HCIONb3OBAHHEM HECKONBKHMX CETEH ¢ pasnuYHOH Tomomoruei, To
TI0 aHanorAnA ¢ TMOpUIHEIMH MIMD ¢ nepexniouaTesiaMH MX CTOHT
Ha3BaTh zubpudnvimu cemesoiny MIMD, a Henonwpsywolle UaeH pas-
HEIX KJJACCOB — MPOCTO 2ufpudrtimu MIMD. THNHYHBIM NMPeACTABA-
TeieM TNOCACOHEH TPYNNH, B YacTHOCTH, SABMICTCA KOMIIBIOTED
Connection Machine 2, umeloninit Ha BHelIHeM YpOBHE TOMONOTHIO
THNEPKYDa, KX y3e KOTOPOTo ABIKETCA KJIaCTEPOM.

Ksaccudpurayus Hlopa. Knaccudpuxamusa [Ix. Illopa, noasue-
wasica B Hauane 70-x IT., HHTEPECHA TEM, YTO TpeacTasisaeT coboli
TIONBITKY BBIOC/CHHA THNWYHBIX CMOCOOOB KOMIIOHOBKM BBINHCIIH-
TeNILHEIX CHCTEM Ha OCHOBe (PUKCHPOBAHHOTO YyMcHa Ga3ucHBIX O10-
KOB: YCTpOMiCTBA VIIpaBicHHH, apH(METHKO-IOTHYECKOT0 YCTpOMCT-
B4, AMATH KOMaHd M [AMATH JaHHBX. JONONHHTE/IRHO TPEAIIONa-
raeTcd, 4T0 BHIGOpKa H3 IIAMATH JAHHBIX MOXET OCYIICCTBIATHCA
CIIOBAMM, T. €. BEIBHPAIOTCA BCE pa3psabl OQHOTO COBA, H/WIH OH-
TOBHIM CJIOEM — [0 OTHOMY Pa3paly H3 OZHOH M TOH Xe TMO3HIHHK
KRXIoro ¢iosa (MHOCOA 3TM aBa crnocofa HA3KBIBAIOT TOPM3OHTANB-
HOW H BepTUKAJbHOU BHIGODKaMH COOTBETCTBCHHO). KOHe4HO Xe,
TIPH aHATHU3e JaHHOR KnaccH(pUXalUK HAMO JeNaTh CKHAKY Ha BpeMs
€e MOABNEHUS, TaK KaK MPEXYCMOTPETh HEBEPOSATHOE pa3sHooOpasue
MapajUIe/IbHBIX CHCTEM HACTOALErC BpeMeHM OBUIC B NMPHHLUUIIE He-
BoaMoxHo. Hrtak, cornmacHo knaccudmikamuy lllopa nce KoMmbTE-
pBl pa3bHBalOTCA Ha LUECTh KIACCOB, KOTOpHIE TaK M HA3bIBalOTCH:
mauwuna muna I, Tu 1. o,

Mawuna muna I — 310 BBIUHCIHTENbLHAA CHCTEMA, KOTOpasa CO-
IepXMT YCTPOMCTBO ynpaBineHMs, apuMETHKO-JIOTHYECKOE YCTpOit-
CTBO, MaMATh KOMaHI W MaMATh JAHHBIX € TMOC/AOBHOM BHOOPKOI
(puc. 2.34, g). CuHTbIBaHHE JAHHHX OCYILECTBAACTCA BRIGOPKO# BCex
pa3psaAOB HEKOTOpPOre CJIOBA JNIA WX NApaJnenbHOH 0Opabotkm B
apHpMeTHKO-N0THIeCKOM ycTpoiicTe. Cocrap AJlY cnenHalsHO He
OIOBapPHBAETCH, YTO HOMYCKAET HATHYME HECKONBKHX (DYHKIHOHANE-
HEIX YCTpOKCTB, ObITE MOXET, KOHBeltepHoro THa. TTo 3THM coobpa-
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Puc. 2.34. Manmun mimoe 1 (g} 1 Il {§) no xnaccuduxauny Ulopa

XCHHAM B JAaHHHIA KJIacc MONMAJaloT KaK KIacCHYSCKHE MOCIeIoBa-
TeapHuIe MalmHHR (IBM 701, PDP-11, VAX 11/780), Tak ¥ KoHpeii-
eptinie ckansapasie (CDC 7600) n BexTopHO-KOHBekepHEie (CRAY-1).

Ecin B Mawune muna I ocymecTsasaTe BHOOPKY He MO CIOBaM, &
CONEPXMMOTIO OINHOTO Pa3palia H3 BCEX CNOB, TO TONYMMM MAUWUKY
muna IT (puc. 2.34, 6). Cnosa B NaMATH JaHHBIX TO-TIpeXKHEMY pac-
TOAATAKOTCS TOPH3OHTAIBHO, HO JOCTYNI K HHMM OCYILCCTRIACTCA
uHave. Ecm B mauiure I npoucxonnt nmocnenosarenkHas obpaborka
CJIOB MPH NapavieabHoi o6paboTKe pa3psanos, TO B mawure II — no-
chenoBare/ibHasa 00paboTka GHUTOBBIX CAOEB NPHM NMapa/UTENbHOK 00-
paboTke MHOXECTBA CJIOB,

Crpykrypa Mauunst [1 neXuT B OCHOBE ACCOLIMATHBHBIX KOMITh-
I0TepoB (HapUMep, LIeHTpadbHbIN mponmeccop MaimdHb STARAN),
npugeM (aKTHYECKH TaKHe KOMIBIOTEPH MMEIOT HE ONHO apHu(Me-
THKO-TOTHYECKOE YCTPOMCTBO, 4 MHOXECTBO CPABHHTENIBHO IIPOCTEIX
YCTPOUCTE Topa3spsaaHo# o00paboTki. JpyrMM TIpHMEpOM CIVXKHT
marpiuHaa cacreMa ICL DAP, koropas MoXeT ODHOBpPEMEHHO 00-
pabarsiBaTh NO OXHOMY pa3pany w3 4096 cnos.

Ecyin 00LEIMHUTE MPUHLHNL NOCTPOocHRA Mauiun I u I, 10 no-
ayanM samury muna T (puc. 2.35, a). Ora MalidHa MMeeT OBa
apN(pPMETHKO-JIOTHYECKHX YCTPOHCTRA — TOPH3OHTaibHOE H BEpPTH-
KATbHOE, U MOOHMHEMPOBAHHYIO MAMSTh RAaHHEIX, KoTOpasd olbecne-
9YHBACT BOCTYN KakK K CJA0BaM, Tak H K OMTOBBIM cjoaM. Brepsoie
HOeI0 MOCTPOCcHUA TAKNX cHeTeM B 1960 r. sigpuHyn Y. Llyman, Ha-
3IBABIUHIE HX 0pmo2oHasbHbMi (€CTA IAMITD NIPEACTARIATD KAK MaT-
pHLY CIIOB, TO AOCTYN K AARHBLIM OCYIICCTBAACTCA B HanpamrICHUH,
«OPTOTOHANBEHOM» TPAIMEHKOHHOMY — HE IO CIOBaM (CTpOKaM), a Mo
OHTOBRIM clloAM (cToaGLiaM)). B npuHIMne, Kak MaituHy STARAN,
tak ¥ ICL DAP MOXHO 3anporpaMMHpPOBaTh Ha BHITONHCHME GYHK-
umit MammHel 111, HO mockoNbKY OHH He UMEIOT OTASAbHHX ASTY nna
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Pre, 2.35. Mamnm ynon 111 (a) u 1V (6) no knaccnduxkaunn Llopa

00paboTKH CJIOBR M GHTOBHIX CJIOEB, OTHECEH HX K EaHHOMY KJaccy
Henb3sa. [MonHoNpaBHBIMM IIPEACTABMTENSMH MalIHH knacca IIT as-
JAIOTCA BBI'HCAHTEABHBEE CHCTeMBl cemeiicTBa OMEN-60 ¢upMH
Sanders Associates, NOCTPOCHHBE B IIPAMOM COOTBETCTBHH ¢ KOHIICTI-
LHeH OpTOroHANBHON MAIHMHEL.

Ecnu B mauume [ yBenWIuTh YNCHO NAp «apHPMETHKO-JIOTHYE-
CKO€ YCTPOHCTBO — NaMATh JaHHBIX» (KHOTAA Ty NAPY HA3LIBAIOT 1po-
UECCOPHWM IAEMEHMOM), TO TICNYIHM Mawuny muna IV (puc. 2.35, &).
EaHHCTBEHHOS YCTPOMCTEBO YIpaBicHHA BHITZACT KOMaHOy 3a KOMaH-
Joli cpa3y BceM NMpPOLIECCOPHBIM 37¢MeHTaM. C oHOH CTOPOHM, OT-
CYTICTBHE COCOMHEHHH MEXAY NPOLUECCOPHBRIMH SICMEHTAMH OENacT
JanbHeillIee HapallMBaHAE HX YHCIA OTHOCHTENBHO IPOCTHIM, HO
ApYroif — CHJIBHO OTPAHHYMBAET EPUMEHHMOCTh MalIMH 3TOTO Kiac-
ca. Takyio CTpYKTYpY HMeeT BbIuMcIMTeNLHag cucteMa PEPE, ofGne-
IuHAomAT 288 EpoLecCOPHBIX 3/EMEHTOB,

Ecnn BBECTH HEMOCPEACTBEHHDIC IMHEHHBIE CBA3N MEXIY COCCH-
HHMH IIPOUECCOPHBIMM 3NeMeHTaMHu Maiuunsd IV, HanpuMmep B BHAE
MaTpHUHOH KOH(QHIYpallMH, TO [MONYUHM CXeMY Mauwturbi muna V
(puc. 2.36, a). Jhoboit npoleccOpHH MEMEHT Tenepb MOXeT o0pa-
WATHCA X JAHHBIM KaK B COOCTBCHHOH TaMATH, TAK U B TAMSATH HEITO-

bl
£ i } W
AlTY [ ANY [ ANY l
} P A
na na na na
a &

Pue. 2.36. Mamnew THnos V (a) 1 VI (6) no knaccnduxanun 1lopa
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cpencTBeHHBIX coceneil. TlomoOHasa cTpykTypa XapakrepHa, HalpH-
Mep, JUTS KNacCHYecKoro MaTpuuHoro komneiorepa ILLIAC IV,

3aMeTrM, 9TO BCe Mauwunw muna I—V NpHIEpXHBAIOTCH KOH-
UENLIMH pa3feficHus TaMATH SAHHBIX W apHdMETHKO-JOrHIECKHUX
ycTpolicTB, Hpeanonarasd HalH4YKe INWHE AAHHEIX FUTH KAKOTO-JH-
60 KOMMYTHpYIOUIETO 3nMeMeHTa MeXITy HMMU. Mawuna muna VI
(puc. 2.36, §), HasBaHHAR Mampuyel ¢ QYHKULOHAILHOI namamblo
(HIH MaMATHIO ¢ BCTPOCHHOMH Noruxoil), npeacrapasger codoii Apyroi
MOAX0H, MPeAyCMATPHBAIOIIMK paclpelesieHHe JIOTHKM Hpoleccopa
IO BCEMY 3alIOMHHAIOILEMY YCTpOMcTRY, TIpuMepaMy MOTYT CIYXHTD
KaK TPOCTHE ACCOUMATHBHBIC 3aMIOMWHAIOLIME YCTPOHCTBA, TaK H
CJIOXKHBIE ACCOIMATHBHEIE NPOLIECCOPHI.

flpumepst HEKOMOPLIX apXUMERMYP 8bISUCIUMEABAIX CUCMEM

PaccMorpuM gajlee MPEMEPH KOHKPETHBIX apxXMTEKTYD, & NMEHHO!

¢ CHMMETPHYHYI0 MHOTOIIPOIIECCOPHYIO;

* ACHMMETPAYHYI0 MHOTONPOLESCCOPHYIO  (MVILTHITPOLIECCOP-

HYIO);

* MACCHBHO-IIAPAJUIEIbHYIO;

» THOPHIHYIO ¢ HEOMHOPONHBIM AOCTYTIOM K IAMATH;

« TIAPALTCABHYIY ¢ BEKTOPHEIMA IPOLICCCOPaMH;

* KJIACTEPHYIO.

TunnyHas KoHPHTYpanus MHOTOMPOLECCOPHOH CHCTEMBI Tpen~
MIOJIATAET, 4TO MPOIIECCOPH COBMECTHO HCONbayioT obmyio OI1, yto
JAET BOAMOXHOCTh CO3/aTh MacIITaGHpyeMylo MHOTOTIPOLECCOPHYIO
(MYJIBTHIIPOLIECCOPHYIO) BHYHCIUTENEHYIO CUCTEMY, Ha (POHE KOTO-
poii 06euHasg 3BM BRITIAANT KaxX ODHOMPOLIECCOPHAR (YHHUIIpOLIEC-
COpHAA).

ABTODH NpearaloT YUTATEAI0 CAMOCTOATE/ABHO OTHECTH YKa-
3aHHBIE THIIM CHCTEM K TéM IUTH HHEIM KJIaccaM W3 BBILIEPAcCMOT-
PEHHRIX KnaccHpHKaLn.

Cusmempunnas Myssmunpoueccopnas obpabomxa Symmetric
Multi Processing (SMP). SMP — apxurexTypa CYNepKOMIEBIOTEPA, B
KOTOPO#M IPYIINA Npolieccopor paboraet ¢ oOmell onepaTtrBHON na-
MATBIO (pHc. 2.37).

IMamare gpnserca crocoboM nepeladyd COoDMICHHN MeXay Ipo-
ueccopaMi, TP 3TOM BCE BRIMHCIWUTE/NLHEIE YCTpOiicTBa NIpH obpa-
IIeHHH K Hel MMEIOT paBHEIC MpaBa M OJHY M TV X¢ apecaiyio Ui
BCEX AYCCK TAMSTH.
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Mpousceop 1 Rpousccop 2 vee Tpoueccop M
Kau-namaTh Kaur-namsime Kat-namsme
NamsTe

Pre. 2.37. CuMMerpyuHas MySbTHOPOLECCOPHAA ApXHTEKTYpa

Paboroit yripasnser eMMHCTBEHHAA KOITHS ONMEPAIMOHHON CHCTe-
mbl. [Ina ycxopenus oSpaGoTKy KaXHEIH MpolieccOop MOXET TaKKe
HMETh COOCTBEHHYIO KAl-1IAMSATE. 3alaHnsa MeXHy NpoHeccaMy pac-
MpSICIAIOTCA HEMOCPEACTBSHHO IPH BHITIOIHEHMH NPHKIATHOTO
npouecca. Harpyska mexgy mpoueccopaMn THHAMHYECKH BHIPABHM-
pacTcA, a 0OMEH JAHHHMM MCXIY HHMH IPONCXOAHMT C GOMBIION
CKOpOCTHIO. JIOCTOMHCTS0 3TOTO IMOAXOZA COCTOMT B TOM, YTO KaX-
OBl NpOLECCOp BHOHT BCIO pelacMylo 3amavy B umenoM. Ho mo-
CKOJIBKY IS B3amMoaeiicTBHAS HCIIOAb3yeTCA JMIIL OJHA MIMHA, TO
BOZHHWKAIOT MOBKIHCHHEIC TPeOOBaHMA K €¢ MPONYCKHOH crocobHo-
ctiH. CoeAMHEHHE TOCPSACTBOM LUHHH TNIPHMEHACTCA TpH HeGonb-
woM (4—8} 9uciie IpoIeccopoB.

B nonobHHX cHcTeMAaX BO3HHKAET NMpoblieMa OPTraHM3allHH Xoze-
DPEHMHOCMIIL MHOZOYPOGHEGOL UEpapXUYecKol namamil.

KorepeHTHOCTE K3mel 03HavYaeT, YTo BCe MpOLECCOpRl MOMyda-
0T ONVIHAKOBHIE 3HAUCHHSA OZHHX H TeX Xe TEpPeMEHHBIX B noboit
MOMeHT BpeMeHHR. delcTBUTeNbHO, NOCKONEKY K31-IaMSITh PUHAL-
JIEKHT OTOC/NIBHOMY KOMITBIOTEpPY, a He BCeil MHOFONMpOLECCOPHOM
CHCTEME B le/IOM, JAHHBIE, TONANAI0NHE B K31 OJHOTO KOMITBIOTE-
pa, MOTVT OHTh HEAOCTYIIHH apyromy, YroOH wabexars 310r0, CNe-
IyeT DPOBECTH CHHXpOHM3aUMIO MHbpOpMAUMM, XpaHAmiciicA B
K3II-TTAMSATH TIPOIIECCOPOB.

Bo3MOXHOCTh YEEAMIEHHSE YHCAa mpoueccopoB B SMP orpann-
YeHa M3-3a HCMoJib3oBaHuA obHIeit maMaTH. bonee Toro, mo Toi Xe
TMPAYMHE BCe TPOLICCCOPH NOJDKHEL PacTioyIaraTeCa B ONHOM KOpmy-
ce. Mexnay 1eM, mpedMyiiecTsoM SMP AmIdAeTCH To, YTO OHA MOXeT
paboTaTh ¢ NPHKIATHHMHA NpOrpaMMaMH, pa3paboTaHHBIMM A Q-
HOTIPOLIECCOPHEIX CHCTEM.
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Jannaa xkondurypatms, B xoropoit Bce LI uMeioT OIMHAKOBYIO
ckopocthk Aoctyna K obime#t O, n3pecTHA Tak Xe, KAK CHCTEMA C
OOHOpPOAHBM HocTynioM K maMatTH (Uniform Memory Access —
UMA) UM cCHILHOCBR3HAS PACNIpefeieHHAsS CHCTEMa MaMATH.,

Acummempunnan myasmunpoxeccopnan obpabomxa ASymmetric
Mulii Processing (ASMP) — apXHTeKTYpa CYNIEPKOMITBIOTEPA, B KOTO-
POt Kaxaelit mpoleccop HMEET CBOIO OMICPATHRHYID TTAMSITE.

B ASMP ncnonn3yiores Tpu cxeMsl (pHc. 2.38). B moGoM ciydae
NMPOLECCOPH BIAMMOIEHCTBYIOT MeXIy coboii, nepemasas Opyr apyry
cooblueHHtst, T. €. KaKk OBl 06pa3yd CKOpPOCTHYIO IOKAJFBHYIO CeTh, [le-
penaqya coofUWICHNH MOXET OCYHICCTBIATECA dYepe3 OOLIVIO IIMHY
(puc. 2.38, a, oM. Takoke MPP-apxumexmypy) nubo Grarogaps Mex-
NpoOieCCOPHEIM CBA3SIM. B rociegHeM cydae MPOLUECCOPH CBR3aHb
qmbo HemocpeacTBeHHO (puc. 2.38, 6), nnbBo depes Apyr Apyra
(puc. 2.38, 6). HemocpeacTBeHHEBIE CBA3H HCTIONBIYIOTCS ITPH HEGOD-
LHOM YHCJIE NPOLIECCOPOB,

Kaxaulii npougccop MMeeT CBOK ONMEPATHBHYIO TIAMSITh, Pacro-
NOXEHHYIO pAaoM ¢ HMM. Brarogapsa sToMy, eclin 3T0 HeoOXoAMMO,
NpPOLIECCOPHI MOTYT PACIIONAraThcs B PA3THYHEIX, HO PATOM YCTAHOB-
NEHHBIX Koprycax. I'pynmna ycTpoiicTB B OTHOM KOPITYCE MMEHYETCA

Mpougccop 1 - Mpoueccop N

el g ] e W

[ nemsn |—— rpousccop Mpoueccop4 |——  Mewsms |

MamaTs Mpoueccop 1 IMpoueccop 2 —|ﬂ_|
’Tm.'rh—l—— Mpoueccop 3 Mpoueccop 4 —m

(]
Pac. 2.38. CxeMbl aCHMMETPHUHOA MHEOTONIPOIECCOPHOI SpXHTEKTYDH
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KnacTtepoW. Ilonsaosarents, ofpamasich K KIacTepy, MOXeT pabo-
TaTh Cpa3y ¢ rpymnnoil npoueccopor. Takoe oObeAHHERHE YBSTHUHBEA-
€T CKOPOCTh 00pabOTKH JAaHHBIX M pacliMpaeT HCIONb3YEMYIO OTlepa-
THBHYI0 NaMATh. Pe3K0 Bo3pacTaeT TAKKE OTKA30YCTOHIHBOCTL, NOO
KJIacTephl OCYIICCTBAAIOT pe3epBHOE OyGnHMpopaHue JaHHHX. Co3-
JaHHaA TakdM o©00pa3OoM CHCTeMa Ha3kIBaeTCA KJAaCTEPHOI,
B sTOl cCTEME B COOTBETCTBHH C €€ CTPYKTYpoilt MoXeT (yHXLIHO-
HUPOBATb HECKONBKO KOMMii OepallHOHHON CHCTEMRI H HECKOJIBKO
KOIHI NMPUKNATHON MporpaMMEel, KOTopble paboTaloT ¢ OAHOM M TOM
*e G6asoit manHbIX (BMI), petiag OMHOBPEMEHHO PA3HBIC 3aJauH.

MPP-apxumexniypa (massive parailel processing) — MacCHBHO-TIa-
paiensHan apxvrektypa (puc. 2.38, @). B »TOoM cnydgae cucreMa
CTPOMTCH M3 OTHENEHBIX MOAYIEi, KAXABIH U3 KOTOPHIX CONCPNHIT:

« TIpOLIECCOp;

« TOKATLHBIH GaHk onepaTHsHO# mamaru (OI1);

e 1A KOMMYHHKAIEHOHHBIX MpoHeccopa (MaplIpyTH3aTopa, pyTe-

pa — router): OOMH — IS Nepefadyd KOMaHI, APYrod — s
nepesadd JaHHHX (WKW ceTeBol amanTep);

» XeCcTKHe JUCKH M/ ApYTHe YCTPOHCTBAa BBOAA-BHIBOA.

ITo cpoeif cyTH, TakHe MOAYAHM TMpeAcTARTTIOT coboit Moaxo-
dyakumonansHpe KoMmbioTephl. Jdoctyn K 6anky OIl 3 maHHOTO
MOAYNIA UMEIOT TOJLKO [IPOLECCOpPH M3 3TOro Xe¢ MOIyId. Momyu
COEINHSIIOTCH CICUMA/IBHBIMH  KOMMYHHUKAIMOHHBIMH ~ KaHaIAMHA.
Ilosb30BaTENIF MOXET OIIPEACINTD JIOTHYECKMEL HOMEp MIpolieccopa, K
KOTOpPOMY OH IMOAKIIOYEH, M OPraHH30BaTh 0OMEH COODLIEHHSIMH C
JADYTHMH MPOLECCOPAMH.

Tubpuonan apxumexmypa (NUMA}. I'naBHan ocobeHHOCTL THO-
pynHo# apxuTekTypel NUMA (nonuniform memory access) — HeolI-
HOPOIHEEA JOCTYI K MTAMATH.

I'nbpuaHas apXHTeKTYpa BOMBOWIACT B cebe ymoGeTBa CHCTEM ¢
o0wiell MaMATEIO U OTHOCHTENLHYIO ACHICBU3HY CUCTEM ¢ pasmenb-
HOH namATbio. CyTh 3TOM apXUTeKTYPH — B METOAE OpraHM3alliH
MaMATH, 4 HMeHHO: MAMATh SBJAAeTCA (PUIHYECKH pachpeeieHHOH
N0 PasNAYHBEIM YacTAM CHCTEMBI, HO JIOTMMECKH pa3gefecMoit, Tak
YTO MOJIE30BATeNEF BHAUT eIUHOE aApecHOe MpocTpaHcreo. CucTteMa
COCTOHMT W3 ONHOPOZHBIX 0a30BHIX Momyieil (maaT), COCTOAMMX H3
HeOONBLIOro YHCAa MponeccopoB M Omoka maMsiti. Mogynu o6Lean-
HEHB C MOMOIIBID BRICOKOCKOPOCTHOTO KoMmyTaTopa. [Toanepxupa-
€TcA SIMHOE alpecHoe NPOCTPAHCTBO, ANMMAPATHO IMOMAEPXHBACTCH
AOCTYN K YIaJCHHRON IaMATH, T. €. K NaMaTH apyrux Momyneil. Ilpu
3TOM TOCTYII K JIOKAIBHOM MaMATH OCYLISCTBIAAETCA B HECKOIBKO pas



2.4. Knacch W apXMTeXTYphl BHIMMCAHTENBHBIX CUCTEN. .. 183

ObicTpee, 4eM K yaaneHHo#. [lo cymiecty apxmrextypa NUMA aB-
ngerca MPP-apxuTekrypoil (MacCHBHO-NIapainentHoill), rae B Kaye-
CTBE OTAECJbHHX BRIYHCIANTENBHLIX 3JIEMEHTOB Gepyrcs SMP-yanm.

TIpuMep cTpyKTYpHOI cXeMBbl KOMITBIOTEpa ¢ THOPHEHOH CeThHIO
(prt. 2,39): yeTHIpE IPOUECCOPA CBASRIBAIOTCA MeXNY ¢oboii ¢ momo-
B0 Kpocchapa B paMKax onHoro SMP-yana. Vanel ¢BA3aHM CETBHIO
THNA «Babouxar (Butterfly).

QL9E 9
(=) (=

SIEIEAE

KoMMYIHHALMOIEEN CHTL

Mepiapus |

Pac. 2.39. Tubpunnas apxurexTypa

MapecTHH Takke TrHOpHIOHBICE CTPYKTYPBl ¢ KOMMYTATOpOM
(puc. 2.40). 3meck Kaxmpii nmpoieccop paboTaeT co CBoelt MaMATRIO,
HO MOAVIH YCTpOUCTB MAMATH CBA3AHBEI APYT ¢ APYTOM € IOMOLUBID
koMmMmyTaTopa (puc. 2.40, g). KoMMYTaTOpHl MOTYT BKIKYATLCH TaK-
*e Mexny rpynmaMmH mpoueccopos (ITP) 1 momyneit mamsarn (I1).
3mech cOOOIICHHA MEXIY MPOLECCOpaMM H MaMATHIO [IEPEOAlOTCA
Yyepe3 HeCKoNLKO yanoe (puc. 2.40, 6).

ADXHTEKTYpa pa3BHBaNack TAKHMH KOMITaHMAMH, Kak Burroughs,
Convex Computer (B nmociemyiomseM HP), SGI, Sequent B Data
General B niepuoa 1990-x rr. PaspaGoraHHBe 3mech TEXHONOIHH B
IanbHelmeM BomIoTHRHCh B MHOTHX Unix-nmoaobHex OC, a Takke B
ompeaeneHHol cremeHd — B Windows NT.

Bddextaprecrs Kak UMA, Tak 1 NUMA orpaHHuHBaeTCs Npo-
MyCKHOM cIMOCOSHOCTEIO ITMHH TIAMATE H BPEMCHAMH 3aN¢pXKM KaK
IIHHLL, TAaK H CaMO¥ MTaMATH. DTO 3HaYWT, YTO C YBEJMYICHMEM 9HCIA
NPONECCOPOB TOcHe ONpPEeAeneHHOTo Npeiena MpPOoM3BOTHTEAEHOCTD
TIEpECTaeT BO3PACTATE JHHEHHO (CM. Takke puc. 2.26). 3ToT «arpenen
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KownayTaTop ]
| 1
Mamars Nasame
1 o 1
Mpousccop 1 Mpowsccop N
Linka
a [
Puc. 2.40, THOpHAHAA apXMTEKTYPA ¢ KOMMYTATOPOM (a); MHOTOKACKANHAA
KoMMyTauns (6)

POCTa» 3ABMCHT OT BEHINIONHACMBIX NPHAOKCHHA M, KaK NMpaBWIO, He
npesocxonuT 24—68 mpoueccopos.

PVP-apxumexmypa. PVP (Parallel Vector Process) — mapaiiens-
Had ApXHTEKTYpa ¢ BEKTOPHEIMH npoueccopaMi. OCHOBHEIM TIPH3HA-
KoM PVP-crucTeM ABNACTCH HANHYME GEKMODHO-KOHBEUEPHNX npouec-
€opoe, B KOTOPHIX NPEAYCMOTPEHRE KOMaHGH OTHOTHITHOW 00paboTkH
BEKTOPOR HE3aBHCHUMEIX MAHHBIX, 3DDeKTHBHO BHITOMHTIOUHECH HA
KOHBeMepHHX (YHKIMOHANBHBIX YeTpoiferBaX. Kak mipapino, He-
CKONBKO TAKHX TpoleccopoB (1—16) paboTaoT OOHOBpEMEHHO ¢ 00-
el mamMateo (aranormaHo SMP) B paMxax MHOronpoLeccOpHBIX
KoHpHrypaipi. HeckKoNMbKO TaKHX YIMOB MOTYT OHITE OOBEIUHEHH
NMOMOILIBI0 KOMMyTaTopa (aHanerimiso MPP).

Kisacmepnan apxumexmypa. Knactep, Kak npaBHiIQ, COCTOMT M3
IByx Wi Qojiee yanos, KOTOPbIE ¢BA3aHH MHTepdeficamu, Pacnpene-
JleHHble gaHHBIE, KOTOPEIE AOCTYIIHEI KNAcTepy, HAXOZATCA B HAKO-
nuTenax uHgopMmaini. Kaxnpiik y3en Kinacrepa COOCPKHT CICAYIO-
M€ OCHOBHBIC KOMIOHCHTRI:

» HeHTpadbHBI npoueccop (I11l — ocHoBHOE 3BeHO 00pabOTKH
HHpopManKK), oOMeHHMBAIILUHCA AAHHEIMH ¢ OTepaTHBHOMN
TIAMATBIO;

» ONMepaTHBHYI0 Tamate (OI), Kax ¥ o0ObYHO, NpeIHa3HAYESH-
HYIO A1 XpaHeHHA NPOrpaMM M JaHHKIX;

¢ HHTEpPelicH, ofecneuHBaIoILIHe CBA3b YVIOR,

» HAKONMTENH NAHHBIX (HUCKH, NIEHTH ® 11p.).

B moboft xinacrepHoi apxutekrype 1T ncmonssyerca Gonee unn
MeHee ONHHAKOBBIM 0OpazoM, OAHAKO MeTOAR KOHGDHIYPHPOBAHNS
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KOMITIOHEHTOB —- VI0B, NMaMaTH M HATepdeicos — CYLIECTBEHHO
pasmaualoTca. B KauecTBe Ya/IOB KJIAcTepa MOTYT BBRICTYIATE CEpBe-
pHl, paGodne CTAHOMH WM OOBIHBIE MEPCOHAIBHEIE KOMITBIOTEPH.
IpenmMyliecTBO KIACTEPH3ALMH LA NOBBILEHHA paboTocnocobHO-
CTH-CTAHOBHATCA OYEBHAHBIM B ciIyyae cfoA Kakoro-JuGo yana; npu
3TOM ApPYTOH y3e] KiacTepa MOXeT B3ATh Ha ceDOsl HarpysKy HeMc-
MPABHOTO Y14, W MOMB30BATE/IM HE 3aMETAT NPEPHIBAKMA B JOCTYIIE,
Bo3MoxXHOCTH MaclITabMpyeMOCTH K/IacTepoB I[MO3BOJIAIOT MHOTO-
KPATHO YBeAHUHBATh MPOUIBOTHTE/BHOCTE NPIIOKEHHM MA H0nb-
[Iero 4YNCIa NoNb3oBareNcH.

Tunw ' kaacmepos:

Tun I. MamivHa CTPONTCH [EJUKOM M3 CTAHAAPTHRIX AeTanei,
KOTOPEIE IIPOJAIOT MHOTHE IPOAABHEI KOMITBIOTEPHBIX KOMITOHEHTOB
(HH3KKEEe UEHBI, MPOCTOE OGCAYXHBAaHWE, ANNapaTHblE KOMIIOHEHTHI
JOCTYTIHEI H3 PasAU4HBIX HCTOYKHKOR).

Tan Il Cucrema BKMIOYAST 3KCKTIO3WBHBIE MIH HE IHPOKO
PaclpOCTPaHeHHBIE JETAMTH. DTUM MOXHO AOCTHYL OYEHb XOpoluei
MPON3BOAUTENLHOCTH, OOHAKO NpH Oolee BHCOKOHW CTOMMOCTH.

OTMETHM, 4TO TPAHHIL MEXIY 3THMH THIAMH KIACTEPOB IO He-
KOTOPOii CTENEHH PA3MBITHI, H YaCTO CYILECTBYIOIIHHA KJIACTEP MOXET
HMeTb TaKHe CBOMCTBA HANM (DYHKLIMH, KOTOPbIE BBHIXOIAT 33 PaMKH
MEPETHCNICHHBIX TMNOB. Boxee Toro, rpu KOHPUIrypHpoBaHWH GOJb-
IIOre KIacTepa, MCMONb3YyeMOro Kak CHeTeMma o0liero HasHaYeHWd,
MPUXOAMTCHA BHIAEASATh OJOKM, BHINONHAIOIINME BCE TEPEYMCICHHBIC
tyHxIIHR.

Céa3b npoueccopoe 8 xaacmephoi cucmenme. Apxu-
TeKTypa KIacTepHO# cHCTEMH (cnocol COSEMHEHHA MpOUECCOPOB
JApYT ¢ APYTOM) OIpedenseT ee NPOH3IBOINTEILHOCTE B GonbLuei cre-
MEHH, YeM THI HCTIONB3YEMHX B He#l mpoueccopoB. KpUTHUSCKHM
rapaMeTpoM, BEMTIOMIHM Ha BeJHUMHY IIPOW3BOANTS/ABHOCTH TaKOM
CHCTEMEI, ABNAECTCH PACCTOAHME MEXTy IpolicccopaMK. Tak, COeoH-
HHUB BMecTe 10 NMepCOHANMBHBIX KOMIIBIOTEPOB, MOXHO MONYYHTH CHUC-
TEMY 14 TPOBENeHHS BRICOKOMPOHW3BOTHTCIBHEIX BBYMCIICHHIA.
IIpoGemMa, omHako, GyAeT COCTOAThL B HAXOXIeHWW HauGonee -
texTHBHOFO crioco6a COSINMHEHHA CTAHEAPTHRIX CPEACTB APYT C ApY-
FOM, TIOCKOJIBKY TPH YBeJIHYEHHWH TNPOM3BOAHTENIBHOCTH KaXAOro
npoueccopa B 10 pa3 MpOH3BOANTETEHOCTE CICTEMB! B LiesoM B 10 pa3
HE YBEIIMYHTCA.

PaccMoTpuM IpMMep TNOCTPOSHHA CHMMETPHYBOH 16-mpoiec-
COPHOW CHCTEMEI, B KOTOPO#H BCE TpoNeccopsl 66U1H 661 paBHOIIpaB-
HE. HamGonee ecTecTBeHHEIM MPEACTABACTCA COCAMHEHUE B BHAES
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I I I

TONONOTMA CBRIN. COTKA 4 = 4

a &

Puec, 2.41. Cxema coegMHeHNs IIPOLECCOPOB B BUAE IUIOCKOI pemerky (g), mpouec-
COpHad IIATa BEXTOPHOTO KoMipoTepa CRAY YMP (&)

NAOCKOH pelleTKH, [I¢ PHEWHHAE KOHLH MOTYT HCIIONL30BaTh-
€A 1N NONCOeRMHeHWST BHEUTHHUX YCTPOICTB (puc. 2.41).

IIpn TakoM THRE COETMHEHNA MaKCHMATbHOS PACCTOAHAES MEXITY
MpOLIECCOpPaMH  OKAKETCA paBHBIM 6 (KoMMdecTBO cBAsci Mexmy
TIPOLIECCOPAMHE, OTASNAIOLIMX CaMBIi QUIMDKHUI MPOHECCOP OT CaMoO-
ro gansHero). OmHaKoe, OKA3GLIBAETCA, YTO ©CAH B CHCTEME MAaKCH-
MALHOE PACCTOAHHE MEXIY npoieccopamMu Oombine 4, TO Takad
cucreMa He Moxer paborars agbexTnBHO. [ToaToMmy, pu coennHe-
HUM 16 MPOHECCOPOB APYT ¢ APYIOM TUIOCKAs CXeMa ABIAETCS Heh~
dexTHBHON. Mg nomyyeHua Gonee KOMAAKTHOK KoHdHrypalyu He-
0OXOAHMMO MCMIONE30BATE (PUTYDEI, UMEIOIIME MAKCHMANBHEIH 00BpeM
NP MAHAMAJILHOFM TUIOIIATH TIOBSPXHOCTH.

B TpexmepHOM MPOCTPAHCTBE TAKHM CBOMCTBOM 0ONagacT iiap.
Ho nockoneky HeoOX0AMMO MOCTPONTH YAIOBYKD CHCTEMY, TO BMECTO
[mapa MPHXOORTCA UCIIONBL30BATh Ky6 (€ClIH YHCEO IPOIEeCcCCOpPOB PaB-
Ho 8, puc. 2.42, 4) Win THOEpPKYO, ecliH YHCIO NPOLECCOpoB Gomb-
e 8. Pa3MepHOCTh HIepKyOa OymeT Oomnpele/ISThCA B 3ABHCHMOCTH
OF YHCJIa IIPOLECCOPOB, KOTOPHE HeOOXOIMMO COCAMHUTE. Tak, mns
coequHeHus 16 mpoileccopoB noTpefyeTcd YeTHpPEXMEPHRIN CHIEp-
Kyb (pHc. 2.42, 6). JIna ero mOCTpOEHHS CIGAYET B3ATH OOBIMHBIN
TPeXMepHBIit Ky0, CABHAYTL B OAHOM HATIPABICHHH M, COCTUHHB
BEPUIHHB!, HOJIYYHTE THIIEPKYD Da3MEpHOCTH 4.
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Puc, 2.42, TononoruM CRA3M:
g — TpexMepHuI Ky6; § — YeTHpeXMEpPHHH runepkys

B¢pdeKTHRHO’ CUHTAeTCA APXMTEKTYpa C TOMONOTHei «TOJNCTOro
Iepenar (fat-tree). [IponeccopH MOKAIM3IOBAHB! B JINCTHAX AEpeBa, B
TO BpeMs KaK BHYTPEHHHE YUThl JEPEBA CKOMIIOHOBAHB BO BHYTPEH-
o ceth (pHc. 2.43). Monaepesbd MOTYT obIATECT MeXay coboi,
He 3aTpardeas §ojee BRICOKUX YPOBHENH CeTH.

ITockonbky cHocoG cOSOHHEHWS NPOLUESCCOPOB APYD ¢ APYIOM
GONBLUIe BUSET HA IPOUIBOAATENLHOCTE KIACTEPA, YeM THI HCHOMNB-
3YeMBIX B Helf MPOLIECCOPOB, TO MOXET 0Ka3aThead Gonee peHTabens-
HEIM CO3IaTh CHCTeMY M3 GOJBIIETO YHCIA JCIICBHX KOMIMLIOTEPOE,
geM H3 MEHBUIEr0 YHCAa Roporux. B xmacrepax, Kak nmpaBWNC, MC-
MOJBL3YIOTCA ONECPALMOHHBIE CHCTEMH, CTAHEAPTHEIE Wi paGounx
CTaHIMI{, uamie BCEro CROOOAHO pacnpocTpaHAeMHe — Linux,
FreeBSD.

Prc. 2.43. KnacTepraa apxHTexTypa «Fat-trees:
@ — BHI «cBOKY»; § — BHIL «CBEDXY»>
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Hocemyn x sunewrell namamu (rRakonumeasm) e
KaacmepHux cmpykmypax. KiacTepHEE apXHTEKTYpH MHC-
MOAB3YIOT PANIHYHBIE METOIE JOCTYTIA K HAKOIIHTE/IAM HHpOpMAaLHH,
KaKIBIii H3 KOTOPHIX MCTIONB3YET CrielHdHUEcKyo CXeMy pacrpenesie-
HHA pPecypcoB, HAWIVUILYIO AJIA peliaeMBbIX 3agad. THO JOcTyma K
BHEIIREH MaMATH MOXET ORITE HE3aBUCHMAIM OT HCITOab3oBaHHA OI1,
HanpuMmep, xnactep Tiiia SMP Moxer 661Th cHabXeH Kak oaHOpOI-
HEIM, TAaK H HEOXHOPOIHHM JAOCTYTIOM ¥ JHCKOBOH MaMAITH.

Qdnopodnuii docmyn k& duckoeoli namamu (Uni-
form Disk Memory Access — UDMA). TIpu UDMA
(puc. 2.44, a), 3aTpaThl Ha JOCTYII K IUCKAM OAWHAKOBGI IS pa3fMd-
HBIX Y3IOB.

Wurepdeiic

Vsan 1 Yaen 1 Vaan N

clte | carles e

[OGuan namars | | | [ OBwan namsms |06masnaua'rh|

[

Pac. 2.44. PasHoBHAROCTH apXHTCKTYP A0OCTYNA K JHCKOBOH NaMATH:
a — ogHopoaEnit goctyn (UDMA); 6 — neoanopoaruii (NUDMA)
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Kracrep Ha puc. 2.44, @ COCTONT H3 HecKOABKHX SMP-yznop.
COBMECTHO MCNIONB3yeMasd IHCKOBasg CHCTeMa TakoTo THIIA YacTo
[IpHMEHAETCS MPH OPraHMW3allHH CocOVHEHNA no kaHaiam SCSI mn
Fibre Channel ¢ GonbIlInM KONHIECTBOM JHCKOB.

TIpenmymnectsa UDA:
e BHICOKAA AOCTYTIHOCTH HAHHEIX] AaXe ©CITH HEKOTOPRIE YITHI
BLIXOAAT H3 CTPOA, JOCTYN K JaHHBIM HE HapyllaeTcs,

« XOPOIUaR MaciITabHpPYeMOCTb.,

Heodnopodnui docmyn x duckam (Non-Uniform
DiskMemory Access — NUDMA). B takux cucreMax AHCKO-
BAA NAMSTh TOACOCANMHACTCA HEIOCPEACTBEHHO K YIaM, H UIA KaX-
IOTO Y3Na TaKo# BUCK ABNACTCA JOKANBHBM. [l BCeX APYTHX V3/IOB
JOCTYTI K «UYKOMY» JTHCKY AONAEH ORITh 0OCTYXeH fporpaMMHBIMH
CPEACTBAMH IONACPKKH BHPTYATBHBIX JHCKOB Yepe3 KAHAIH CBAIH
MEXIY YUIaMH. BT0 03HAYaeT, YT0 JATPaTH Ha Takoif JOCTYN Bo3pac-
TAKOT, KaK B CBA3H C MOHHXCHHEIM IPHOPUTETOM <«MyXOro» npouec-
copa, TaK M 3a CYeT 33fAepXeK KOMMYTALHH H Ieperpy3ku KaHanos
CBA3N.

IIpenMyHIcCTBa HEOMHOPOTHOTO AOCTYNA K AMCKaM;

* KOJIHYECTBO YIIOB HE OTPAHWYEHO BOIMOXKHOCTAMH CHCTEMBI

KOMMYHHWKALHNH ¢ IHCKaMH;
» o0Mit 0OBeM AMCKOBOMH MAaMATH MOXET OBITh HEOrpaHMYEHHO
YBEJIHYCH TyTeM JOGARICHHA Y3IO0B.

Cozgesdun. JIna onpedeNeHHBEX KNMacTepHEIX KoHbHrypammin
B nocieHee BpeMsi GBI NMpeIOXeH TEPMHH C03Be3aue (constel-
lation).

PaccmorpuM puc. 2.45. Kaxawi#t yaen (node) xnacrepa ecth He-
3aBHCHMEIH KOMITBIOTEp ¢ OAHMM WK Gojiee (V) npomeccopos. Ecnu

Poe. 2,45, Kortharypams BRMPCTNTEARHRX CHCTCM: KIACTCDH H CO3BEIAHA
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B CHCTEME BCerO M yajoB, NpHYEM YMCACHHOCTD Y3714 MEHBIES 3TOrO
KonudecTBa (N < M), To HMeeT MecTO Kaacmepras KOHMHUTYpalHa, B
NPOTUBHOM cnydae (N > M) nMeeM neno ¢ cosgesoueM.

CucremMa Columbia (kmactep B3 20 mManmH SGIT Aliix, xaxnas

1o 512 npolieccopOB) CIHTAETCA THITHIHHM NPHMEpOM CO3BE3MHS.
Ipancnviomepw u mpancnuriomeponodobisie cucmemdi. TpaHCTIBIO-
Tep — 3TO MHUKPOMICKTPOHHEINH NpHbop, oOLeIHHAIOIIMI Ha OOHOM
KpHCTaIUlE MUKpoNponeccop, OsICTpYIO mamsaTh, nHTepdeiic BHeHI-
HEl maMATH B KaHallkk BBOJA-BEIBOIA (MOPTH IUHH, «IMHKH»), [IPEH-
Ha3HAYEHHBIE IS MOAKTIOYEHHS AHAIOTHYHBIX npHOOpoOB, 4TO HH-
TErPUPYET BBIMHCIHTE/ALHYI0O H KOMMYTalHOHHRO-KOMMYHHKALIMOH-
Hyilo ¢yHKuun. TlpHbGop CHpoeKTHPOBAH TAKMM 00pasoM, 4TOOh
MAaKCHMANBHO OOJIEMHTDh NMOCTPOCHHE NAPAJVICIBHMX BEYHCIHTEb-
Hbix cHcTeM. [IpH cocAMHEHHE TPAHCIBIOTEPHEIX 3MEMEHTOR MeXILy
co0oii TpeDyeTcad MUHHMANBHOE YHCIO TOMOMHHTEIBHBIX MHTErPaib-
HBIX CXeM. CBfi3b MEXAY TPAHCIBIOTEPAMH OCYILECTBASETCH ITyTEM
HENOCPEACTBEHHOIO COSOHHEHHS TMOPTa OJQHOTO MpHOOpPa ¢ MOPTOM
JpYTOro., 5T0 MO3BOJLIET CO3MABATh CETH C Pa3TRYHBIMH TOIIONOTHA-
MH ¢ QOMBIIHM YHCAOM 3JeMEHTOR.

TpaRcupioTep npeacTappaer coboift MHKpOIpPOLIECCOp, B COCTaB
KOTOpOro BXOmAT (puc. 2.46):

« HITY ¢ coxkpameHHBIM HaGopoM KoMaHa (RISC);

o 64-paspsansiii conpoueccop (FPU) mnapalonie apudmMeTHKn
C BEICOKOH ITMKOBOH IPOU3BOANTENBHOCTEIO, paboTalolMH ma-
pawnenesHo ¢ HITY;

¢ BHYTpHKpHCTaJIbHOe O3V,

» 32-pa3spsaHad IHHHA NAMSTH;

e YeTBIpE IMOCACHOBATCNBHEIC OBYHANPARICHHHE JIHHWMM CBSI3H
(link), obecrieMHBaIONINE B3AMMOICICTBHE TPAHCIILIOTEPA C BHEIII-
HHM MHpPOM, paboTalolIMX NapalieibHO;

= TaliMep;

s TCHEPATOPB CHCTEMHEIX YIPAaB/IOIIMX CHMTHAJIOB <MRULUA-
AUIGUUA>, «GHAAUI», <OWUOKa», YIIPABIAIOUIAE 3arpy3koil u
aHANH30M COCTOAHHA TPAHCHBIOTEp2, CHTHANIM3NPYIOINHE of
OIMOKax;

e HHTepdelic BHEIHUX coObITHII (evenf), ofecTIeYMBAIOINHI
ACHHXPOHHYIO CBA3b BHYTDEHHErO IpoOIECcCa H BHEINHEro co-
OBITHA.

TpaHCHBIOTSPH PpaIMEIAOTCA Ha TPAHCHBIOTEPHBIX MOIYIAX

(TRAM unu TPAM) — mouepHHX IAATaX, COAePKAILMX TPAHCIBIO-
Tep, O3Y, mepexmouarenn WA BHOOpa peXHMMOB M HHTEpdeiic,
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Pue. 2.46. Tpaucriniotep:
2 — CTPYKTYpa; & — BOSMOXHOCTH COCHMHEHHA B ILIOCKYI0 peiueTky (puc. 2.41); ¢ —
BO3IMONKHOCTD COSHHEHHA B Tpex-, YeTHPeXMepHHIH KyD (puc. 2.42)

BKITIOYAIOIMAN rHe30a/IITeKepEl INTAHHA, YE€THIPE JIMHUM CBA3U, JIH-
HHH BEeHTHHX COGHITHIT B CHCTEMHBIX YIPaBIAIONIHNX CUTHANoB. B 3a-
BHCHMOCTH oT coctaBa TPAM Moxer HMETE pasHBe GH3IMISCKHE
pa3Mephl, KOTOPhIE CTAHAAPTH3OBAHK M MPOHYMEpOBaHH. Tak, HaH-
MEHBIIMIA 1o pasMepy TPAM umeeT Homep 1, cnegyiomnit — 2 ¥ T. 1.
TPAMH B CBOIO OUepedb PaIMCIIAIOTCA Ha 00beTHHHTENbHBIX
INaTax, KOTOPBI¢ THGO HEMOCPEICTECHHO BKTIOUANTCH B HEKOTOPBIN
KOMMBIOTEp, MHOO COSOUHECHHBIC BMECTE COCTABIAIOT CETCBOH KOM-
neoTep. MasecTHo ABa THITA OOBEIMHHTENBHBIX NAAT, HOAKTIOYMae-
MBIX K KOMIIBIOTEDY (BEMYHCAMTENLHBIE TPAHCTIBIOTEPHBIE TUIATHI):
¢ 3arpyXaeMBble IO JHHHH CBA3H TUIATH 0O1Iero HasHauYeHUs, Ha-
qanbHAsL 3arpy3Kka KOTOPHX OCYLIECTBIMETCH MporpaMMoil
[TABHOTO KOMIEBKTEpa MO JTHHHH CBASH, COCAMHAIOIICH rnaB-
HBIHf KOMEOBIOTEP H TPAaHCMbioTEp (KOpHEBOM TpaHCHBIOTED),
CHeHHALHO BBIICNSHHEM M4 B3aHMONECHCTBHR C LCIABHKIM
KOMIIBIOTEPOM;

» s3arpyxacMbic H3 I13Y miatel, npegHasHa4YeHHRIE V1S ABTOHOM-
HBIX, BCTDOEHHRIX CHCTEM.

M3HaYaTbHO TPAHCIIBIOTEPH NMpou3BoAnna ¢upMa Inmos. B na-
CTodIlee BpeMA pAd 3apYOeXHEIX (UpM momen [o NyTH CO3NaHMs
TPaHCIIBIOTEPONOMOGHEX MHMKPOIIPOLECCOPOB, HMEIOIHUX TOpasno
GONMBIIYI0 BEMYHCIMTENBHYI® MOIEHOCTB, MEM TPAHCILIOTEp (UPMBL
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Inmos (nanpumep, pupma Texas Instruments BHITYCTHJa CHTHATb-
HHit mporieccop TMS320C40 ¢ npoussoguTensHOCTEIO 50 Mflops).

Bo3SHMKHOBEHHE BHCOKOTIPOH3BONUTENBHEIX MapaICABHBIX BBI-
YUCIHUTENBLHBIX CHCTEM HA 0ajle TPAaHCIBIOTEPOB H TPAHCIBIOTEPOIO-
IOGHEIX MHKpOMpPOLECCOPOB B CBOE BpeMA MOTpeGoBalo CO3TaHHA
HOBLIX 3PEKTUBHBIX ONEPAIMOHHEX CHCTEM.

Knacmepusie, MOCCUBHO-NAPAANENLHBIE U MOMPUYHBIE CHCMEMb!
paznauNHbIX npoussodumeneil

PaspuTHe ceTeBBIX TEXHONOTHI NPHBENC K MOABICHHIO HEIOPO-
X, HO PEKTHBHBIX KOMMYHHKALIMOHHBIX PeIICHIHA. DTO U [peno-
TIPEREINNO TIOARAEHHE KIACTEPHBX BBIMHMCIMTEABHEIX CHCTeM, (hak-
THYeCKH ABNAIOLINXCHA OMHWM M3 HalpaBlIeHNI pa3sBUTHA KOMIIBIOTE-
POB ¢ MACCOBRIM Hapavien3MoM. KimaccHueckue cynepKOMITbIOTEPH,
HCTIONB3YIONINE CNEUNANH3NPORAaHHEIE TIPOLECCOPH TaKWMX (HpM,
Kak, HanpuMep, Cray, NEC (BeKkTOpHO-NIApaIeBHbIE WIN MAaCCHB-
HO-NIAPAJUTEABHEE), OORMHO HEINEWIEBE]l, NO3TOMY B CTOHMOCTL O-
JOOHEIX CHCTEM HE CPABHHMA CO CTOMMOCTBIO CHCTEM, HAXOAALLHXCS
B MacCOBOM IIPOH3BOACTBE.

BLiuHCNHTENBHBIE CHCTEMBl, CO3NABASMEIE H3 MACCOBO-BHITYC-
KacMBIX KOMIIOHEHTOB, CT21M NPUTATATEIBHON albTepHATHROH Tpa-
OTHIMOHHBIM CYHCPKOMIBIOTCPHEIM cicTreMaMm. Tlpn BHIOOAHEHHH
MHOIMX IPHKI3AHBIX 3anaq Takue BC, naxe ¢ HeGonpunM unm cpea-
HUM (1o 128—256) YHCIIOM BbIMHCIUTENBHBIX MOIYIEH, TTOKa3HBAIOT
TMPOMABOAUTEIBHOCTS, He YCTYMAKINYKY HWIH JAaXe TPeBOCXOIALIYIO
MPONIBOANTENBHOCTD TPARVLIHOHRHEIX CYTICPKOMIIBIOTEPOB KaK C pac-
npeleicHHON, TaKk U ¢ pasoenseMoil mamareio. Hapsamy ¢ 3TUM, 3TH
BC oGnanaior pagoM NpeUMYIiecTB, CPei KOTOpHIX: Gollee HU3Kas
CTOMMOCTB, KOPOTKHH [IHKA pa3paboTKH H BO3MOXBOCTh OIICPATHBHO
HCNIONL30BATE Hanbonee 39 PeKTHBHEC BEMHCIHTEABHBIC K KOMMY-
HHKAIIMOHHLIE KOMIIOHEHTH W3 MMEIOIIHMXCA Ha DEIHKE BO BpeMs
CcO30aHNA cHCTeMBl. TTo3TOMY HEYOMBHTENBLHO, YTO BEHYINHE (GHp-
MBI-pa3paGoTSHKH BICOKONPOH3BOAUTENEHOM TEXHHKH MPUCTYIIMIIN
K CO3AaHMIO KITACTEPHBIX CHCTEM.

Omesecmeennvie cynepxomnsiomepst cemeticrnea MBC. CoanaHue
H HCTIONBIOBAHNE CYTIEPKOMITBIOTEPOB B MHPE OTHOCATCA K (pakTOopam
CTPATETHYECKOrO 3HAYCHHA H BXOUAT B IEPBYIO JSCATKY TIPHOPHTETOB
«KNMIOYEBBIX» TEXHONOTHHA pa3sBUTHX cTpaH. B Hacrodiee Bpemsa B
CHIA 3KCIIyaTHPYIOTCS CYMIEPKOMIIBIOTEPH ¢ TPOH3BOIHTEILHO-
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cThio Gonee 10" onepauuit B CEKyRIOy, 9TO JaeT BO3MOXHOCTb YCKO-
peHns pabor B 00NacTH PYHIAMEHTATBHRX HCCASHOBAHML, pellieHHs
OPUKIAIHLIX 3ajJa4 HapOAHOXO3AHCTBEHHOTO M OCODOHHOTIO KOM-
mnekca. CIIA, Anorna i crpaHps 3anagHoit EBponEel pe3ko orpaHH-
YMBAIOT BO3MOXHOCTE NpHobGpereHns PoccHell MONIHBIX BEMMCITH-
TeRBHRIX cHcTeM. KpoMe Tor0, 3apybexXHEe BEIYHCIMTENBHEIE CHCTE-
MBIl TAKOTO YPOBHS HEIOMEDHO JOPOTM W HX 3KCIUTyaTAI[MOHHOE
OCBOCHHE 3aTPYIHECHO.

IpoGneMa cO3TaHHA KOHKPETHBIX CYNEPKOMITBIOTEPOB Tpebye-
MOrQ YpOBHS MOITHOCTH JUIS HaHOONee KPYNHBIX POCCHHCKHUX BHI-
YHCAMTENBHBIX LEHTPOB PElIacTcd Ha OCHOBe cOaNaHCHpPOBAHHOIO
LIEIEHATIPABJICHHOTO COYETAHHA 3aKYNOK HOBCHLIMX KOMILIEKTYIO-
LUMX M3OENH, CO3IaHMA Ha 3TOH OCHOBE OTEYECTBEHHRIX CYIepKOM-
NMBIOTEPHBIX CUCTEM, WX MHTErpalHd B MHQOPMALIMOHHO-BEIYHC/IH-
TE/IBHBIC CETH H HE0OXOOMMBIX YCHANA B 00/IacTH NPUMEHEHHS, 1. €.
B pa3paboTKe MpHKIATHHX MIPOrpaMM H METONOB MAaTEeMATHUCCKOTO
MOJETHPOBAHNA. DTa KOHUENIHA PEATH30OBaHa B MyJBTHIIPOLIECCOP-
Holl BEMIMCAHTENBHOH cHcteMe MBC-100, Koropaa co3gaHa B K0oO-
nepalyii Hay4HO-HCCEAOBATENECKUX HHCTHTYTOB Poccuiickol aka-
IeMHMH HAYX M TIpOMBIIILIeHHOCTH (romopHble opranu3aumn HUHA
«Kpanm» PACY n HUIIM PAH). Cuctema riocTpoeHa Ha OCHOBE MHK-
ponpolleccopop ¢ GpicTpoaciicTeHeM nopadka 100 MAJIHOHOB one-
paluii B CEKYHAY, MEXTIPOLIECCOPHOE B3aMMOAEHCTBHE OCYLKECTBIA-
eTci ¢ MOMOUIBI TPAHCIBIOTEPOB. YeTaHoBKH MBC-100 ¢ cymmap-
HON TIPOM3BOANTENBHOCTEIO 6once 50 MWIMHADIOE oOMepalni B
CEKYHIY B TCYEHHE HECKOJBKMX JIET YCHEUIHO 3KCILTYATADYIOTCA B
peMHCAHTENBHBIX HeHTpaX PAH (B Mockse, Exatepuntypre, Hogo-
cubupcke, BragmBocToxe) B orpaciesux BLI. IIpH 3ToM pelieHb
CIOXKHHE NPHUKAATHEIC 3383a9H KaIeCTBEHHO HOBOIO YPOBHSA H3 00-
JACTH a3pOAVHAMMKH 1A CAMONETOCTPOCHHT M CO3JAHHA PEaKTHB-
HEIX XBUraTedel, agepHOM (HM3NKKM, YIIpaBieHHd IHHAMHYCCKHMH
CHCTEMAaMH, pacno3HaBaHMA H300paXeHHI NpPH HABHTALMKA JBICKY-
mExcs ofbexToB, celicMoreonoropaseelkn, HedTenoOuH, METEOPO-
JlornH, OHoHHReHepHH H Ap. [lokasaHa BOIMOXKHOCTE HpheKTHBHO-
r0 pacmapaUVIeIHBAHUA BEMHCIICHHA 1 00paboTKH JaHHEX.

B cnoxupinelica Kooniepanyuy NpoBeAeHE PaGOTHI MO CO3AaHHIO
cHCTeMbl HOBOTO MoKodeHNM:a — MBC-1000 Ha MHKponpoueccopax
Alpha ¢ TexHonormMecknMM HopMaMu 0,35 MrM 1 GEICTpOREHCTBHEM
no 1—2 mupa om./c. B TeyeHre 1998 r. Ha IKCIUTyaTMpyeMBIX ycTa-
HOBKaX 3TOI0 THNA OTpadaThIBaIOCh NMpOrpaMMHoe obecneycHHE H
pellicH PAX HOBBEIX CIOXHHX pealbHBIX BHYHCIMTEIBHEIX 3aAad.
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K HacTosuieMy BpeMeHH BBeICHA B NeficTBNE CHCTEMA ¢ NMPON3BONH-
TeJBHOCTRIO 200 MAIpH, o1 /¢ Jutsi MeXBeTOMCTBEHHOTO CYIIEPKOMITh-
worepHoro medTpa {MunHayke, MunobpasoBanma, PAH, PODH);
MpenTnoNaracTca AanbHeilee HapaHpanue MOUIHOCTH. OCBOEH pe-
XHM TeJIEKOMMYHHUKAITMOHHOTO Aoctyna K MBC, B ToM 9uciie mo
Internet, ¢ obecnieueHneM TpeGoBanawmii saiquTy WHpOopMauny. Ilpen-
CTOST JATBHEAIINE Pa3HOILIAHOBHE paGoTHL MO TEXHHYCCKOMY H Ma-
TEMAaTHYECKOMY OCBOEHHKIO CO3NAHHBIX CHCTEM, DA3BHTHIO WX TIPO-
TpaMMHOro obecneyenus. ITH padboThl BXOOAT B COOTBETCTBYIOLIHE
UeNeBble HAYYHO-TEXHHUESCKNE NMPOrpamMmel herepasbHOTO B BENOM-
CTBEHHOIO YPOBHA.

Maccopo-napamnenbHsie  MacliTabupyemme cucreMm MBC
NMpedHA3HAYEHB! 114 pellleHds TNPHKAATRBIX 3aJady, TpeGyloux
Goneuioro obbeMa BerMMCAcHUA K ofpaborxu JaHHBX. CynepKoMITh-
I0TepHasA ycTaHoBKa cHcteMel MBC mpencrasaser cobol MyNBTH-
MPOLECCOPHLE! MacCUB, OOLEIHHEHHHN ¢ BHElIHeW AMUCKOBOH ma-
MATHIO M YCTPOICTBAMH BBOIA-BEIBOAa MHbopMammy non oOuMM
YIpaBIcHHEM MEPCOHATLHOIO KOMIBIOTEPA WIH pabouci CTaHIIHH.

MBC-1000 — cucrema 3-ro NOKOJIEHMS, OCHOBAHA Ha MCIIOE30-
BaHWUH MHKporpoleccopop Alpha 21164 (paspaborka ¢upmsl DEC-
Compaq; BBINyCKaeTcs Takke 3aBojaMu ¢upM Intel u Samsung) ¢
TMIPOH3BOAMTEIFHOCTRIO N0 1—2 MNPA onepanMii B CeKYHAY H IIPHCOe-
IHHEHHOH ONepaTHBHOH MaMATHIO obbeMoM 0, 1—2 I'Gaiir.

MYNETHITPOIIECCOPHBIH MAaCCHB CHCTEMBL ¢ BTIOKAMM BTOPHYHOTO
37IEKTPOCIJIOBOTO NMUTAHMA M BEHTWISIIHEH PacloNaraeTcsa B CTOMKaX
pasMepoM 550 x 650 x 2200 MM IPOMBILIDICHHOFO CTAHOAPTA, BeC 3a-
MONTHeHHOM cToMKN — 220 KT, morpetngeMas MOIIHOCTE A0 4 KBT.

B OCHOBHOM MCIIQUIHEHHHM CHCTEMBl MEXIIPOLICCCOPHELH 00OMEH
CTPYKTYPHO aHAJIOTHYEH HCnonssyemoMy B cucreme MBC-100 n pea-
JE3YeTCd B ABYX MONMpHKAIHAX: Ha 6a3e «TpaHCIIBIOTEPOIORo6HOrO»
CBASHOTO MuKporponeccopa TMS320C44 (¢pupMa Texas Instrumenis),
HMEIOILIETO YeThIpe KaHala ¢ IPOMYCKHOH CHOCOOHOCTHIO KaXIoro
20 Moaiir/c imbo Ha Gaze CBA3SHOIC MHKpomnpoleccopa SHARC
ADSP 21060 (dmpma Analog Devices), MMeIOIETO MecTs BHEIIHHX
KaHANOB ¢ NponycKHoli cnocobHOCTEO XKaxnoro 40 Mo6aiit/c.

Hcnonnerme MBC-1000K oT/HYaeTcA HCNONB30OBAHHEM IS
MEXIIpOLIECCOPHOTO oOMeHa KommyramuoRHoH cetn MYRINET
(bupma Myricom, CIIIA) ¢ mpomyckHOR crocOGHOCTBIO KaHANA B
OYIIEXCHOM pevMe 2 x 160 Moaiit/c. KpoMe Toro, npeaycMoTpeHo
MOAKTIOYEHHE K KaXIOMY TPOLECCOPY TAMSTH HA XECTKOM IHCKE C
obpeMoM 2—9 T'Oair.
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B craHpmapTHO# cTOliKe pacmonaraeTrcs go 64 mpoieccopoB CHC-
TemMpl MBC-1000 mwin mo 24 npoueccopoB cucreMsl MBC-1000K.
IIpeaycMOTpeHB CPeACTBA CHCTEMHOTO OOREIHMHEHHS CTOSK A YC-
TAHOBOK ¢ OOJIBIIHM YHCJIOM MIPOLIECCOPOB.
B nporpammuoMm obecnedueHHH MBC ncnonesyiorcs B yMcie
MPOYEro:
s 3nkH Fortran n C (C++), FONONAHWTENBHLBIE CPEICTBA ONKCA-
HHA NapaUIcNbHHX MpONeCCOB;

o mporpamMMHble cpeactsa PVM u MPI (ofwenpunaTae i
CHCTEM TapasieNbHoi 06paboTkn);

s CPEACTBA peaNH3alMH MHOTONOIB30BATCIBCKHX DPEKHMOE H
YAANIEHHOTO JOCTYIIA.

Hpumeput xiacmepnoix pewserii IBM, B pagane 2000 . IBM coana-
na Linux-xmactep M3 yCTaHORICHHEIX B cToiike cepaepoB IBMxSeries,
HHTEITPHPOBAB MX ¢ COOTBETICTBYIOIMMMU CETAMH, CHCTCMAMH YTIpaBIic-
HMA (anmapaTHoe H TporpaMMHoe ofecredcHHe) U HeoOXOAMMBIMM
yeayrame. Tlocne seimycka B 2001 1. kracrepa 1300 IBM npencraswia
wiacrep 1330 na npotieccopax Intel Xeon (Tatm. 2.12).

Tatnuya 2.12. Tipavep xompurypanun xaacrepa 1350

Knace Yueno yanos | CkOPOCTS npa- MNawmaATh BHyTpeHHAR Coegnvenma

Knactepa ueccopa, MMy | ccTemes, F6AAT |  namnTs, [HafT Knacrepa, Méut/c

HauanbHbii 8 2,0 0,512 18 10/100 Ethernat

Cpennmi 32 24 1 18 104100 Ethernet

fipodeccno- 128 28 1 36 Gigabit Ethernet

HanbHu

Bucoxoppows- 64 28 1 36 Myrinet-2000

BOANTENbHBIA

CTaHIApTHEIM BHUHCIHTEILHEIM YATOM A1 Xactepa 1350 asms-
erca IBMxSeries 335, Do no3BonseT OAHOMY HIN IBYM IIPOLECCOpaM
[ntel Pentium 4 (Xeon) ¢ GECTPOii AMHAMHUSCKON MaMATHIO B THCKOM
pa3sMeIlaTeCd B CTAHJAPTHOM Kopmyce pasmepoM «1Us. Cumson 1U
obo3Havaet 1,75 moiiMa BEICOTH B cTanAapTHOM 19-I0iMOBOM KOp-
myce. X335 uMeeT BCTPOSHHEINM CepBUCHRIN Ipolleccop U ORa CIOTa
IS COCOMHCHNSA ¢ IPYTHMHA KOMIIOHSHTAMH CHCTEMKI.

TonoBHBIE Y3IBI, YATEI YNPARIEHAS U YAIH 3alIOMHWHAIOLINX YCT-
pOMCTE obecTieunBaloT ocobble (DYHKIIWH A YIIPaBACHUA KJTaCTEPOM
(kak obecneyeHne 3arpy3kKi, yIpaBleHHe yCTpoiicTBaMH, BHELTHHH
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BSOJ-BHEOIL H T. 0.). Ceprep 2U IBM xSeries 345, ocHOBaHHEIH Ha
npoueccopax Xeon, B Kmacrepe 1350 HCNIONB3YEeTCA KaK y3ei yrpas-
NeHHA M XPAHEHMS JaHHHIX H MOXeT OBITh Takke HCIOJNB30BaH KakK
BEUHCIHTENBHBIH y3en. KoMMYTaTOpH NMPHMEHAIOTCA I MeXIpo-
IICCCOPHOTO COSAMREHHR B MapavieJbHOM ITPOTPAMMHPOBAHHH H LI
painmyHbIX yHKuM# yripapmeRms.

Jns mapauieNIbHOTO MPOrpaMMHPOBAHNS B KAYECTBE MEXKIIPOLIEC-
COPHOro COeIHHEHMsT OOBIMHO HCTOAB3YeTCs ceTh Myrinet (cM. HiTke,
1. 4). IlponyckHas cnocoBHOCTh KaHANA COCTAB/IAET NMPUOTHU3HTEIND-
o 200 M6ailt/c B KaXaoM HanpaplIeHHH CO BPEMEHEM 3a0EPXKH
6—8 Mxc.

TepMWHaNbHbIE cepBepbl 0GecMEYHBAIOT YIAICHHBIA JOCTYI K
koHcomaM OC yanoB yepes nocneAOBaTeNBHYIO ¢eTh. JlonoaHure/ib-
HBle (QYHKIMOHATBHBIE BO3MOXHOCTH AOGABMIAIOTCS MNOCPEACTBOM
KJIABMATYPEI, MBIILIH, MOHHETOpPA.

KoMMepuecKuit mMporpaMMHBIA NAKET MOXET BKITIOYATH B cebs
WebSphere, DB2, MySQL u 1. 1. HPC naker Moxer sxmodars
MPICH, PVM, Maui Scheduler, mareMarvdeckne OHONMHOTEKH,
TPARCAATODPH!, MPOMGMINPOBIIMKY W T. .

OnepailsioHHasA cHcTeMa Linux HHCTAIMPOBaHa Ha KaXKIOM Y371e
nactepa. Kimacrep 1350 sanyckaercsa noa Red Hat Linux. B aane-
HeltiueM mnaHupyercs crapute OC SuSE (4Q02).

BOABIIHHCTBO CAOXWBIIMXCA CHCTEM YTIPABICHHUS, Ha3HBAEMBIX
xCAT, 6bo paspaGotano IBM ans cOopkH KiacrepoB Ha OCHOBE
TpeGopaHiit 3akaluuka. XCAT nomaepxusaer sce TpeOyeMble GyHK-
AN, BKmovas GYHKIMK yaaneHHoro KOHTpona. OtMerHM, uto xCAT
HCHIONB3YeT CEPBHCHBIA Mpoileccop xSeries H yto XCAT He SBsIeTCA
OTKDRITBIM TIPOrpaMMHKM npoaykToM. IIponykr nocrapnsercs cso-
GoIHO ¢ KNacTepHBIM makeToM 1BM, BXimoyas HCXOOHEIE TEKCTH.

YrnpasieHHe cucTeMaMB Kiaactepa ad Linux (CSM) — sro mm-
HEeH3IHOHHBIH TiporpaMMHEI npoaykT IBM. On o6ecnewnpaer QyHK-
UMH YIIPaRICHHUS CHCTeMaMH, CXOAHBIMU O dopMme ¢ nporpaMMamMu
MONJEPXKH mnapauienbHHX cHcreM  (Parallel  System  Support
Programs — PSSP) mna ATX-cucteM ypoBHS noaaepxku Ha RS/6000
SP. CSM — 3To cTaHnapTHHH NMporpaMMHSIH TIPOOYKT MM Knacrepa
1350.

CSM g Linux BKMOYaeT TEXHOJOTHIO, H3BNeYeHHYIo 3 PSSP,
H ceifuac JocTyHVIO Ha AIX mna ympamRIeHUsT KnacTepaMi, cobpaH-
HHMH N3 cepBepoB xSeries W 3amycKaeMbiXx mon Linux, cepsepamm
IBM pSeries, ynpasasiembix AIX, win KoMOHHauwme# obenx omepa-
LMOHHBIX CHCTEM.
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Jdpyrve mporpaMMHEIE TIDOAYKTHI, KAK B3ATHIC H3 OTKPBHIFOTC
IOCTYNa, TaK H JMLEH3HOHHEIC, MOTYT OBITh BHIODAHBI H aganTHpO-
BaHBI K HYXJaM 3aKa3uHKa M HMHCTAJUTMPOBAHH B BMIAC 9acTH IOJI-
HOM CHCTEMAI BCEro KaacTepHoro pemtenns. OGpasmet storo ITO
pMovalor Portable Batch Scheduler (PBS) n Maui Scheduler, Bas-
TEIE M3 OTKPHEITOTO moctyma. Hpyrue o6pasum sxnicuaror MPICH
U napaUie/IbHOTO IIporpaMMHpPOBaHESA, MaTeMaTH4ecKue OHOIHO-
TeKH, MHCTPYMEHTApHIA I MApaiicJbHON OTJADKH M TOBHILICHHA
MPOM3BOAMTENLHOCTH H MHOTO ADYTHX IPWIOXKEHMI OT HE3aBHCH-
MBIX TIPOAABLOB.

Ilpumepor xaacmepuvex pewenwii HP. Cnusuue HP 1 Compaq
obecneurio HP npouHoe monoxeHne mizepa 1o npogaxe Linux-cuc-
Te€M, COOTBETCTBYICLIMX JYJIUMM WHAYCTPHANBLHLIM CTaHAApTaM Ha
Gasze apxutextyp IA-32 u IA-64. JlaHHag TexHonoTHd HAOMOJIHEHA
MOIIHOH Monnmepxxoi paipaborok Aapa Linux Ha Gasze cemeiicTpa
Itanium, a Tacke paspaboTOK € OTKPHITHIM KOAOM B LIENOM.

Tlonnepxxa OC Linux co cropoHH HP oxBaTeIBaeT BCIO INHEHKY
cepeepos HP, ocHoBanHEIX Ha apxutekrype Intei (IA-32 u IA-64),
BKJIIOUAsA BCE CEpBepH IpoMBIILIeHHOTe cTaHmapra HP ProLiant,
CBepXIVIOTHYIO Onelia-apxuTeKTypy, paboure cranid HP, HacToab-
Hble XOMIbIOTEPEl Evo, OTACIBHHE NOPTATMBHBIE KOMIIBIOTEPHI, CEp-
peps ProLiant ins NnpUMeHeHHNA B KAYSCTBE MEXCETEBLIX DKPAHOB U
IaXe MopratiBHBe ycrpokicTBa iPAQ. HP taicke mpoaomxaer nox-
mepxusare TexHonorui OC Linux ang apxutexyypsl AlphaServer,
pa3paboTtaHHyI0 KoMAaRuel Compaq, DT0 OTKPBUIO IYTE AJIS COBpe-
MeHHEIX paspaborok OC Linux Ha Ga3e cemeticTpa Itanium. HP non-
JePXHUBaeT Ha CBOMX cepbepax nuctpHGyTHBE Red Hat u SuSE, mna-
HHpPYA OCYLUICCTBAATh NOJACPKKY ITHCTPHOYTHBOB OnepallHOHHOMA
cucremul UnitedLinux mocne ee seimycka. HP npemmaraeT 3aka3v-
KaM BO3MOXHOCTh TPCABAPHTENHHO YCTaHOBHTE ao6yrw OC Linux
Ha BHIOpaHHEIe cepBephl ProLiant w paboure craHuum Evo. Yomyrn
no rModaNTbHOMY pPassepTHIBAHMIO TTO3BOJAIOT YIIPABIATh HpeABapH-
TEeJILHOH YCTaHOBKOMN OMNepallkOHHOM CHCTeMBI B 10001 ToUKe MHUpa.

MNporpammaoe obecnewenne HP moxer nopuepxuBaTh GoMb-
IWHMHCTBO COBPEMEHHEIX CPEACTB pa3paboTKM H HACTPOHKH TIPOH3BO-
JATENBHOCTH A KJAACTEPHHX pelieHMH Ha Oaze cucTeMul Linux.
{Ipu BEIDOpE 3THX CPEACTE ICHCTBYIOT OTPAHHWYEHHN, CBSI3AaHHEIE C
TUIMAMH TIPOLIECCOPOB M MEXKY3NIOBBIX COegHHeHMI. B umciao mpo-
rpaMMHBX POAYKTOB BXOIST:

+ komMouasaTop Intel C+ Compiler ana Linux;

« kommuaaTop Intel Fortran Compiler ana Linux;
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« oubmmoreka Intel Math Kernel Library;
« Intel Vtune Performance Analyzer — cpeAcCTBO ONTHMH3AMA
NPOIPAMMHONO KOHA.

Hpunepoi xaacmepnoix pesennit SGI, Komnanns Silicon Graphics
(SGI) 6buna cosmaHa B 1981 r. OcHOBHEIM HampagficHHeM pabOTHI
KOMIIAHHH B TEYCHHE MHOTHX JieT OBUIO CO3nadne BREICOKONPOWU3BO-
IHATeABHBIX TpadHYecKHX paGouMx cTaHIMil. B HacTosIee BpeMA ee
HHTepeCH PACTIPOCTPAHAIOTCS HA PHHOK BBICOKONPOM3IBOANTCIBHEIX
BEMHCACHKH KaK I TEXHUYESCKNX, TAK H A1 KOMMSPUYCCKHX FIPUITO-
XeHuit. B 4aCTHOCTH OHA KOHLCHTPHPYET CBOM YCUIKMS Ha paspabor-
K€ H BHEAPCHNH COBPSMEHHNX TEXHONMOTH BH3YANA3ALWH BHYACE-
HUM, TpexMepHoit rpadukn, oOpaboTKH 3ByKa M MyNSTHMEINA.

Cenpmoro sHBapsa 2003 r. Komnanus SGI npeacTaBHIa HOBOE
ceMeiicTBo 64-paspaaHpIXx Linux-cepeepoB H CyNepKIAcTEpOB, Ha-
spaHHBIX SGI Altix 3000. Cucrema SGI Altix 3000 ucnonapsyer npo-
neccopsl Intel Itanium 2 W OCHORaHa HAa apXHTEKTYpe CIO0AABHOMN
paszensiemoit mamsi SGI Numaflex, kotopas ABIAETCA peaTH3aLH-
eil apXMTEeKTYpE HEOAHOPONHOro jocryna Kk namarh (NUMA).
NUMACflex mosaswiachk B 1996 T. # ¢ TeX MOp HCMOAB30BANACH B U3-
BECTHOUM cepUM cepBepoB H cymnepkoMnbeiorepos SGI Origin, ocHo-
BAHHHX Ha mnpoueccopax MIPS wn 64-paspanmoli onepanMoORHOI
cucreme IRIX., Ausatin NUMAflex nospongeT noMelIaTh MpOLEc-
CcOp, OaMATb, CHCTEMY BEOAA-BHBOAA, COSAWHMWTEIbHEIE NpPOBOXA,
rpapH4ecKyio IOACACTEMY B MOAY/ABHBIE KOMIIOHECHTE, HHA4YC Ha3bl-
BACMEIC (R0KAME VWIH KEPpRUMUKGMY. DTH KHPTIMIHKH MOTYT KOMOH-
HUpPOBATECH H KOH(HTYpHpORaTECE ¢ Oombinofi rMOKOCTRIO, YTOOH
YEORJICTBOPATh MOTPeOHOCTH KJIMEHTA B pecypcax H padoucii Harpys-
ke. Henonskayd 3T0T jM3aliH TpeThero 1TOKoNeHHdI, KoMmnaHua SGI
cMorna co3gats cucteMy SGI Altix 3000 Ha ocHOBe TpPamHIHOHHBIX
6moxkor BBoAa-BhBOma (IX- u PX-GnokM), XpaHeHHA HaHHBIX
{D-0510KH) H COSAMHHUTEILHEIX KOMITOHEHTOB (MAapIIPYTHIHPYIOLLHE
6nokH/R-0nokn). OCHOBHHM OTNHYNEM 3Toll HOROH CHCTEMBI ABS-
eTcd npoieccopHuit 60K (C-60K), KOTOPEIM COTSPXHUT NPOLIECCO-
pH Ttanium 2.

Kmouepolt 0CODEHHOCTHIO CHCTEMHM ABNACTCA HCIOJB3OBAHHME
KaCKaMpyeMEIX KOMMYTATOPOB B MAapIIPYTH3HPYIOIINX 3JEMEHTAX.
KackamipyeMeie KOMMYTaTOpHE 00CCIIEYHBAIOT CHCTEME MAIhie Bpe-
MEHA 3a0epXKH WIH 3aMclJICHHE JOCTYIAa K MaMATH, HECMOTPA Ha
MOAYJIEHYI) KOHCTPYKIIMIO., BTO KPATHYHO JIS MAIMWH, HCMONB3YI-
LHX apXHTEKTYPY HeoOHOpOOHOTO AocTyna K maMatr (NUMA). 3a-
Jepxku Beeraa Opuim mpobnemoli B apxurexkType NUMA, Tak Kak
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MAMATh PACIPEHE/IACTCH MEXIY Y3/laMi, a He COCPeROTOYCHA B Of-
HOM MecTe. KackamHpyeMble KOMMYTATOPH HCIIONBIVIOT KaTaloTHIN-~
PYEMYIO CXeMY TaMSITH Atsi OTCHCHMBAHMA JAHHEIX, HAXONSILHXCA B
pasHMX K3wax. B pesvaprare MeHbIINE 00beMB JaHHEIX Nepechina-
I0Tes MEXKIY YACTAMM MAMATH, YTO BUIMBACTCA B NIOHHXXKCHHE 3a1cp-
XeK IO CPABHCHHIO ¢ TPAAWIHOHHMMHA CHCTEMAMH, OCHOBAHHBIMH
Ha NIMHAX.

B HemaBHmx Tecrax SPECH_rate_base2000 cucrema SGI Altix
3000 (1 I'To) moxkazana MHPOBOH peKoOpd NpPOH3BOTHTENABHOCTH B
onepanusIX ¢ INaBaowei TouKoii Juis 64-NpoLeccopHoro cepsepa co
sHaueHHeM 862, HanGonee 6mm3kmii peaynrrart mis 64-mpolieccop-
HBEIX CHCTEM C ¢AMHBIM OOpasoM OIepallHOHHOR CHCTeMB! NMOKA3al
cepsep HP Superdome (875 MI'm) co 3HaueHHeM 267 — MeHbIe
TPETH MPOHIBOAMTEALHOCTH cHcTeMH SGI. [1o cpaBHeHHMIO ¢
32-nponueccopabiMu cucteMamMu SGI Altix 3000 moxazan mpoM3BOAN-
TEJIBHOCTD, B 1,8 pa3 Gombiryio, yeM IBM eServer p690 (1,3 I'Tn), n
B 3,5 pa3za Gompinyio, weM HP Superdome (750 MTI'u). 32-npouec-
copHasa cucreMa SGI nonyumna 443 ouka, IBM eServer p690 — 251,
HP Superdome — 128. PeayapTaTht 32-mponeccopHoro ceppepa SGI
Altix 3000 neMOHCTPHPYIOT IPEBOCXOACTBO Ha 300 % mo KpuTepHio
LIeHa,/ TIpOH3BOANTENBHOCTS Mo cpaBHeHHI0 ¢ IBM eServer p690.

SMP Power Challenge cupmut Silicon Graphics. Paspaborka
nponeccopaz R10000 mo3mofwma koMOaHHM NepeifTH K obhemnHe-
HHIO cBomx cepeepor Challenge (Ha 6ase mpoueccopa R4000)
PowerChallenge (Ha 6a3se nmpouneccopa R8000) B eauHyio NnHHHIO H3-
IOemmii. brarogapa MOBHINEHHON NPOH3BOAHTE/ILHOCTH 3TOrO NpO-
Lieccopa Ha LIEMOYHCIACHHBIX OTCpalMaX M IUIaBaiomicH Touke, obe
JMHHHM MPOAYKTOB MOTYT OLTE OBBRemMHeHE! 63 NoTepH NpPOH3IBO-
ITHTEIBHOCTH.

Cepaeprl Silicon Graphics paforalor noj yipamieHHEM OIiepa-
mHoHHOM cucteMbl IRIX (OC UNIX peansHOro BpeMeHH), MOCTPO-
eHHOH B COOTBETCTBHH ¢ TpeOopaHMAMH cTaHZapToR SVID (System
V Interface Definition) 1 XPG4. OHa noifepXuBaeT BO3ZMOXHOCTD
paloTHl HECKOABKMX MAlIHH Ha omHoM uineiige SCSI (multi-hosted
SCSI), 4-xkpatHoe 3epxamHpoBaHHe M 128-KpaTHoe paculerUieHHe
IMCKOBbIX Hakomurese. Ha ruiardopMe moanepxuBaoTcs MHOTHE
nponyKTH KoMmaHNH Oracle, Informix u Sybase.

Kommplotepn Challenge DM/L/XL opHeHTHPOBAHH B ICPBYIO
ouepeNlk Ha KOMMepudeckMe npuMmeHenms, a Power Challenge
L/XL. — nHa paboty ¢ muapalomeii sanaroil. Cucremsl Challenge DM
OTHOCHATCS K CpeTHeMY KJIaccy.
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Power Challenge orHOCHTCS K KIaccy CHMMETPHYHBIX MYABETH-
npoueccoprbix DBM (SMP-cucteMm), 6asHpyIoIIAXcd Ha ITOKOJe-
HHH cymepcKanapHeix nporneccopop MIPS R8000 ¢upmes Silicon
Graphics, OTmIUTENBHEIMH OCOOEHHOCTAMH STHX CHCTEM ARNTIOTCH:

¢ MacIITAGHPYeMOCTE CYIIEPKOMIIBIOTHHIA;

+ HCTOJMB3IOBAHHE OONMBINOH THHAMHYESCKOH MAMATH (ampecaiiHs

y Power Challenge xo 16 I'Galit — B 2 pa3a Bbiue, 4eM y Cray
T90/C90/190);
s 64-pa3psanHasA apxXuUTEKTYpa (B OTIMYHE OT MamnH dnpm 1BM,
HP, Sun u Thinking Machines) xax y Mammie Cray H Convex;
» OMHapHas COBMECTHMOCTE €O BCEM CEMEHCTBOM KOMIIBIOTEPOB
SGI, Bxmovyas paboune crannni Endy.

Mampuunste npoyeccopet. HanGonee pacnpocTpaHeHHBIMH H3
cucreM knacca SIMD aensoTcs MaTpUMHBIE CHCTEMBI, KOTOPHE
JIyqlie BCETO MPHCIOCOOGACHE] 1A pellleHHS 34434, XapaKTepH3ylo-
LMXCH MApAILTeTM3MOM HE3aBHMCHUMEBIX OOBEKTOP WIH JaHHbX. Opra-
HHM3alHA CHCTEM NOZOOHOTO THNA HA MEPBBIM B3CAAL AOCTATOYHO
nmpocra. OHE MMeleT ofllee yIpapsmollee YCTPOCTBO, TeHEPHAPYIO-
1Iee MOTOK XOMaHI H GONblIOE YHCAOQ NPOLECCOPHBIX 3NEMEHTOE,
paboTalolnx napayensHo W o0pabarbiBalOIIMX KaXiass CBOH IMOTOK
OaHHBX. TakuM 00pa3oM, MPOWZBOOMTENBHOCTE CHCTEMHEl OKa3bIBa-
€TCH pABHOH CyMME IMPOM3BOAHTENBHOCTEN BCEX MPOHECCOPHBIX 3JIe-
MEHTOB. OIHAKO Ha MPaKTHKe, YTOOH 00eCIedHT: MOCTATOMHYIO 3¢d-
GEKTHBHOCTD CACTEME MPH PElISHHM LIMPOKOTo XKpyra 3amad, Heob-
XOOHMMO OPraHM30BaTh CBA3U MEXZY NMPOUECCOPHRIMHM YEMEHTAMH C
TeM, ITo6B HaHGoNee MOMHO 3arpy3uTh MX pabortoit. MMeHHO Xapak-
Tep CBA3eH Mexay MPOHEcCCOPHLIMH 3JIEMEHTAMH M ONPEAENsieT pa3-
HbIE CBOWCTBA CHCTEMEL

Solomon. OnHAM N3 TIEPBHIX MATPHYHLIX TIPOHECCODPOB OBLI
Solomon (puc. 2.47). CucreMa Solomon comepxut 1024 mpomeccop-
HBIX IEMEHTa, COSAMHEHHBIX B BUIAe MaTpuubl 32 x 32, Kaxmoii
MpOLUECCOPHBI SMeMEHT MATPHUH BKMOUaeT B cebAa mpoueccop,
o0eCcneYHBAKIINAA BRIIONIHCHHE TOCHCAOBATE/NBHLIX TIOPa3pARHBIX
apupMeTHUECKHX M JOTHUSCKHX ONepaliHii, a TAKXe onepaTHBHOE 3Y
eMrocteio 16 Kbaiir. JnrHa ciopa — nepeMeHnas ot 1 mo 128 pasps-
n0B. Pa3panHOCTb CIOB YCTaHARNKBaeTcA rnporpaMMHo. ITo KaHamam
CBA3HM OT YCTpOMCTBA YIIPaBIeHHA MEpeNalOTCH KOMAaHAH H oblme
KOHCTaHTHL. B NpoLiecCOPHOM 2NIEMEHTE MCNOJB3IYETCH TAK HA3bIBac-
Mas MHOTOMOJANBHASA JIOTHKA, KOTOpasA NO3BOJAET KAXIOMY IIpolec-
COPHOMY 37IEMCHTY BBHIIIOJIHATE WIH HE BHIIOMHATL 0OUIYIO Ofepa-
LHIO B 3aBHCHMOCTH OT 3HauyecHMit o0pabaTbiBacMEIX JaHHEX. B Kax-
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Puc. 2.47. Crpykrypa MATPHMHOH BHMACIHTEALHON cHcTeMH Solomon

OBl MOMEHT BCE AKTHBHBIC TIPOLECCOPHHE SJICMEHTH BLINOIHAIOT
OOHY H TY X¢ ONEpPAaLMI0 Hal TAHHLIMH, XPAaHAILMMKCA B COOCTBCH-
HOH NaMATH W HMCIOMMMH OAMH K TOT X¢ aapec.

Hies MHBOrOMONaJBHOCTH 3aKAIOYACTCA B TOM, YTO B KAXAOM
TPOIECCOPHOM TEMEHTE HMELTCH CNenUaNbHbIY PerncTp Ha derhipe
COCTOSHHE — perucrp Mogsl. Moga (MOZANEHOCTD) 3aHOCHTCS B 3TOT
perucyp or ycrpolicTBa ynpapieHus. IIpy BHIIOMHEHMM NIOCIENOBa-
TeABHOCTH KOMAHI MONANBHOCTE TepefaerTcd B KOLE ONCPALIHH H
CPaBHMBACTCA C CONEPXHMHEM pervctpa Moapl. Ecnu ectb cobmanme-
HHA, TO ONCpalNA BHITIOJIHACTCA. B ApYTMX cnyvadx NMpoLECCOPHBEA
MEMEHT HE BHITNOJHACT ONEPALHI0, HO MOXET B 3aBHCHMOCTH OT
KOJA NMEPEChLUIATh CBOH ONMEPAHAN COCEAHEMY NMPOLIECCOPHOMY 3jie-
MeHTY. Takoil MexaHH3IM MO3BOASET BBLASHHTL CTPOKY WIH cToNGell
MPOLECCOPHBIX 3IEMEHTOB, YTO OYEHDb TIOJIE3HO NPH ONEpaHHAX Hal
MaTpHUAMH. B3anMoaelcTBYIOT IPOLIECCOPHBIC MEMEHTH ¢ nepudge-
PHIAHBIM OOOpPYIOBAHHEM “epe3 BHELHMI Npoueccop.

JanpHeniMM pasBUTHEM MaTPHMHEIX MIPOLIECCOPOB CTATA CHCTE-
ma lllias-4, paspaboraHHaa ¢pupmoit Burrouth. [IeppoHadanbHO cHC-
TeMa JOJDKHA ORUIa BIJTIOMATH B ce0 256 NpOLIECCOPHHIX NIEMEHTOB,
Pa30HTHIX Ha TPYNOB!, KaXAblid M3 KOTOPBIX ACQDKSH VIIPaBISITBCS
CMEUManbHbBIM npouieccopoM. OAHAKO NO PasTMYHEIM TIPHYMHAM
GELTA CcO3aHa CHCTeMa, CONEpXALIaa OfHY TPYINY MpPOLIECCOPHBIX
NEMEHTOR M YTipaRIAIOMME npoueccop. Ecam B Havyane upeanona-
rajoch AocTHYb GeicTponelicTBUA B | MApA ONEpalni B CEKYHOY, TO
peanbHas cHcTeMa paborana ¢ OnicTponeticteiem 200 mMaH onepauii
B CEKYHHY. 9Ta CHCTEMA B TEYEHHE Psila JieT CYMTanace ofHol U3 ca-
MEIX BBICOKOTIDOM3BOOMTENBHEIX B MEPe.
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Mampuuwunan cuemema
IHC-2000 (CCCP). B Hauane 80-x
ronoe B CCCP Owina coszlaHa CHCTEMa
ITC-2000, koTopas TaicKe SIBASIACH MaT-
puuHoi (puc, 2.48). OcHomo#l 3TOH
CHCTEMEE SIBIETCd  MYJIBTHIIPOLECCOD
MIC-2000, cocrosuiil M3 pemawIero
T0JIA ¥ YCTPOHCTBA YTIPABACHHSA MY/TBTH-
npolteccopoM. Peliaoniee rone cTpouT-

Prc. 2.48. Cucrema IIC-2000

(CCCP) Csl H3 OIHOIO, IBYX, YETHIPEX MJAH BOCH~
MH vCTpoiicTs 00paboTKH, B KAXIOM ¥3
KOTOpHX — & DpOLECCOpPHBIX 3neMeHTOB. MyneTunponeccop u3

64 mpolecCOPHEBIX 3/1EMERTOB O0ecreYHBaeT OBICTPONCHCTBHE, paB-
Hoe 200 MrnH onepatinii B ceKyHAY Ha KOPOTKHMX OTIEpAIHIX.

B 1972—1975 rr. B Mockee B MHcruTyTe nipobieM ynpaBiTeHHs
AH CCCP (MITY PAH) 6bina npelToXeHa CTPYKTYpa H apXHTeKTYpa
TIC-2000 — MyneTHOpOLECCOPA ¢ OOHUM MOTOKOM KOMAHA W MHO-
MMMH NOTOKaMH JanHEX. Ee aBTopaM ymajoch HaliTM OPHTHHANBHOE
CTPYKTYPHOE pEILcHHE, KOTOPOE COSOMHHAC OTHOCHTENBHYIO MpO-
CTOTY YNpaBleHMst OOJHWM TOTOKOM KOMAHJ € BBRICOXOH T'MOKOCTBIO
NMporpaMMHpPOBaHHA BMCOKOMNapaUlenbHoM obpafork mHGopMa-
uuH. Haiinenunie 8 HITY PAH crpykrypHbe pellieHHs] BNiepBHE CO-
PHEHTHPOBAH KOHCTPYKTOPOB HA TIPOSKTHPOBAHHE 1S TAKHX 3amaq
HEIOPOTHX BBICOKOMApALICNEHLIX KOMITBIOTEPOB ¢ BRICOKOH NMpoM3-
BOAHTENBHOCTRIO B pacuere Ha eMHHMLY cTouMocTH. Ilpegpapuarens-
HBIE HCCICAOBAHHWA W pacyeThl NOATBEPOMNNCE. IIpoH3BOAWTENE-
HOCTh cepHitHbIX KoMiuiekcoB 1T1C-2000 mocturna 200 mnn omepa-
IIHA B CEKVHIY.

B 1980 r. l'ockoMHUCCHA TIPHHIA ONMBITHEE 06pa3ibl M CAHKLHO-
HUpoRana cepritHoe npoussoacTeo DTBK. Cpasy BoceMb 3K3aeMILNA -
pos BTBK I1C-2000, neMOHCTPHPOBABIINXCA Tiepel KOMKCCHel Ha
reopuaMueckx 3amadax (maxker nporpamM B cocrase COC-TIC
{HITO «I'eotpusnkar, Mockga)), IaBanH CyMMapHYIO IPOH3BORHTETb-
HOCTB OKOJI0 MIJLUIMApAa onepanuii B cekyHay. CTons BHICOKad Mpo-
W3BOAHTENBHOCTE TIPOGIEMHO-OpHeHTHPOBAHHKX 3TBK FC-2000
JOCTHTaach HA XOPOIIO PACNapaUieIMBAeMbIX 3a0a9aX, KOTOPHIE Xa-
PaKTepHBl AR MHOTHX MPaKTHIeCKHMX NpuMcHeHmit. TIpH pemeHun
TakHX 3agay Ha DI'BK IIC-2000 gocTarancs pexopaHLIl «IpaxnaH-
CKHIi» [0Ka3aTeNb «NpPON3BOIHTEIBHOCTE/ CTOHMOCTES.

C 1981 1o 1988 rr. CeBeponOHENKAM NPHOOPOCTPOHTENBHBIM
3aponoM MHHNCTEpCTBA NPHNOCPOCTPOCHHUA H CPEICTB aBTOMAaTH3a-
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oA CCCP 6o seinyimeHo okoio 180 BTBK T1C-2000, mynsTH-
npoueccopor [1C-2000 — 242 mT. BHCOKONIPONIBOAATEARHEIE H He-
JOPOTHE BHYMCIMTENhHEEe KoMmaekcn ITC-2000 paboramu B pa3-
AMYHBIX OONACTSIX HAPOXHOIO XO34HCTBA BO BCEX PETHOHAX CTPAHbL H
HA CHCUHANLHBIX O0BEKTAX,

OTeUecTBEHHOES KOMITBIOTEPOCTPOCHHE BIICPBHIC B MHpe OOMNb-
WHM THPaXOM BHITYCTHAOC BBICOKOTPOU3BONMTENBHYID MHOTONpPO-
LIECCOPHYIO BRIYHCIATENBHYIO CHCTEMY.

B cocras SI'BK ITC-2000 (prc. 2.49) BXOOHUT COOCTBEHHO MYNh-
THIpOIIecCop, MOHHTOpHaA noncucteMa (MIIC) u or oamoll 10 ue-
ThipeX noacHcreM BHemHe# naMarH (CBIT). Myasminponeccop
BKJII0YaeT B ceba 1, 2, 4 uan 8§ yerpoiicte obpaborin (YQ), kaxmoe
H3 KOTOPHX CoAepXHT 8 mporeccopHHX aneMeHToB (I1D), obpaba-
THBAIOIMHX MHOXECTBO MMOTOKOB AAHHHX IO NporpaMMamM, Haxomsd-
1UMes B obHieM yeTpoiicTee yTipaBieHHs (OVY).

MonyropHaa noacucremMa Ha Oaze manoii DBM CM-2M m3sana
Ha cebs PyHKIMH onepauoHHON CHCTEMBI, a TAKKC TPAHCHANHIO,
PeBAKTHPOBAHME TEKCTOB, CUET 10 BCIIOMOTATENBHBIM IIPOTpaMMaM,
ynpasnedde CBII u cpencrpaMu otobpaxeHmsi. IIpu pabote ¢ pu3H-
YeCKMMM OOBLCKTaMH B PEANTbHOM BPEMEHH BOIMOXHO IOTKTIOYCHHE
NMoTOKOB HH(bopMALIMH K MYJIbTHIpoLeCcopY Kak uepe3 CBII, Tak n
yepe3 celMaMbHbie BHCOKOCKOPOCTHHIE KaHANB.

Mynemunponieccop INMC-2000 opueHTHPOBaH HA BHICOKOIIPOHIBO-
JUTEeBHYIO 00paboTKy GOABLUIMX MacCHBOB HH{(pOpPMAlMH 10 XOPOIIIO

MymnsTnpoueccop MNC-2000
F b A Ne pm
h ¥ F L L HMFI EC 5060,
: HMA EC 5012,
YO YO YO YO oYY MIC | | YBNKEC 8012,
snat™ ana[*™ =~ ** ana[*™| an> *I™{CM-2MT*™] ALINY VT-343,
ALNY EC ,:233'
CHMBONBH
1_ ‘ ;_ ‘ 1 Amcrnein,
'_fL - - [M-2000,
LBSTHAEA
! ; rpadpina,
MATPHHDW
BN - cen - nneTTep,
BUAROKAMERA,
HCMA | HmA HCMO | Hmn aypmo /e
EC 5081, | EC 5012 EC 5061, | EC 5012
29 MGadT 20 MGaiT

Puc. 2.49. Crpyxtypa DI'BK IIC-2000
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paciapaLic/THBACMBIM pPeryApHEM anroputMaM. OH obecnesiBaeT
ONHO3ANAYHELL pexnM paGoTH ¢ OAHUM MOTOKOM KOMaHA M MHOTH-
MK  mnotokamu JaHHex (SIMD-apxirrektypa). OcoGeHHOCTBIO
SIMD-apxmrektypst  [1C-2000 sRnsercd Hanw<Gne 3HAYUTEIBHBX
00bEMOB PEFHUCTPOBOM MMAMATH, B KOTOpOll M MpOTEKaloT MacCOBBIE
BHUMCICHHS ¥ MEXNPOLECCOPHBEe OOMEHH, a TAKOKE BHNOTXHAETCH
afgpecallns pACTIpEICICHHON ONIepATUBHOMN MaMsTH.

Mymsaniponieccop ITC-2000 (puc. 2.50) COCTOMT M3 CTPYKTYpH-
poBaHHOI COBOKYIIHOCTH OAHOTHIHEIX IT3 M obmero vcrpoiicrsa
ynpasneHus. KoHcrpyktueHo Bocemb [1D9 oGbemumsiorcs B VO.
Kaxmertt 112 comepxuT apudpMeTHKO-TOTHUECKOE YCTPOMCTBO C Ha-
GOpOM perncTpoB oSIIero HasHadYeHHs S, MaMATh M, ycTpoiicTBO JI0-
KanesHoll anpecHolt apudmMeruku L, yerpoiicteo aktusainmu 113 — 7,
¢parMeHTRI peryisipHoro B 1 MarucTpanbHoro xaHanos. OVY coaep-
AT apUPMETHKO-TIOTHYECKOE YCTPOUCTEO ¢ HAOOPOM PETHCTPOB 00-
ero Haz3HaveHua W, naMAath naHApX H, agpecHyio apubMeTHKy,
MaMAaTE MUKpoKoMang, (.

Ycrpoitcteo S 3a (0,32 MKC BEIMONHAST OTIEPALAN ¢ PHKCHPOBAH-
HOH 3anaTolf Hag 24-pa3pAnHBIMH pPETHCTPOBLIMH OICpaHIaMH, B

ObWweynpagnAIouLIe CHrHanNL!
$ N3 } N1 } non vy
Perympnulﬁ‘mnan B
L. 1 e
B |= B e B MamnaTe
MUKpO-
1 KOMaHS,
s T W 1
AITY o aauu;l . AY
wPOH na w POH
A t Marw " ) c
¥ ; 1
M L H H
Mamsms [* | Namsms flamsme [ TNamsTe
\ 4
' KMNC wou CBN l l Y KMNC ¥

Prc. 2.50. Crpyxtypa MyasTHIpoueccopa 11C-2000
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HEM TAKCKE MMeeTcsd amnmapaTHas MOANEPXKKA, 06ecmevMBaolas Bbl-
OJIHEHHE ONcpalliii ¢ riapalomied 3anaTod (IOXcHHE/BHYHTAHWES
3a 0,96 mxc, yMHOXeHHe 3a 1,6 Mrc). OobeM mamati M u H —
16 384 24-paspagHEIX C/I0BA KAKAAA, OTIEPAIIMM CYNTRIBAHHMS MJTH 33-
NMUCH BHIONHAKTCA 3a 0,96 Mxc. O6GneMm mamMatTH G — 16 384
64-paspsaaHbIX cnoBa. Bpems Boigaun mukpokomanaer — 0,32 ke,
BpeM#A BHIONHEHNT KOMaHIM BeTBIeHAA oT 1,28 mo 1,92 MKc.

Bce 3ro nozpomser Mymstanpoueccopy 11C-2000 ¢ 64 TI9 pabo-
TaTh ¢ HpdeKTHBHOU MPOMIBOTHTEARHOCTRIO 200 MIH onepanui B
CEKYHIY NpH BHINOJHEHHH PacueTOR ¢ (BPHKCHPOBAHHOH 3amsATOH M
50 MH omlepauMit B CEKYHIY TIPH BHIGOJIHCHWH OOHOBPEMEHHO He-
CKOJIBKHMX BEMHMCIWTELHEIX 33[a4, COAePEADIMX ONEpAlLHH ¢ IUTa-
paiomer 3amsitoit. TakwMm o6pajoM, 64-mpoueccopHmit I1C-2000,
HMed TakToBylo uacroty 3 MI'nu, aas moaesopatens paGoTaeT ¢ qac-
roroi 200 Ml

Takop 3ppexT BRICOKCTAPA/ITENBEHON XOpoUio cOaaHCHPOBAaH-
Hoit apxurekTyphl. Ha coppeMeHHoOl 3/eMeHTHOM 6a3e apXHTEKTypa
TIC-2000 npu raxrosoift yacrore 200 MI'u Morna 6m oGecneduThb
NMPOH3BOTHTENBHOCTE 20 MIIpH onepamyii B CeKyHAY NpH MHOTOKpaT-
HOM CH¥DKEHMH rafaproB M 3HepromorpebneHus.

MoxaynpHOe KOHCTPYKTHBHOE TIOCTPOEHHE, HeNpHXOTNHBas 3Je-
MeHTHan 6a3a, He Tpebyrollas CrelHANTBHEIX YCIOBHE OXTAXICHW, |
CHCTEMA NMPOTPAMMMPOBAHUA ¢ TMOKOM CHCTeMOIT HacTpoek, Io3Bo-
JIAIOILAA MHCATh MpOrpaMMBI, He 3aBHCAIEMe oT dHcaa [19 8 BIBK
ITC-2000, obecnediuii BHICOKYK) XHBYYECTE H PEMOHTONPHTONHOCTD
MyiabTHAponeccopa I1C-2000, yTo MO3BOMHAO B YCIOBWIX KCITCAH~
it obecrieanrs pabory STBK ITC-2000 Gosee 20 4 B CyTKH.

Qb6nacreio mwHpokoro HcnoablopaHua DIBK IMC-2000 crana
reopusnKa, KOTOpasa OOGBEKTUBHO HYXIajNach B KOMNEIOTEPaX TaKo-
ro xaacca. BrcTpopacTyinMe CTEIUIAXH H3 BHYIUHTE/IBHEIX KaTyllek
MarHHTHLIX JIEHT (pasMepoM ¢ OOJBIIVIO TapelKy Kaxnas) ¢ 3anH-
CAMH IAHHBIX CeHCMOpa3BeAKH, TOgaMM OGe3IMONBHO XpaHHBLIMX
HeTAHBIC W Ta30BbIC CEKpeThl, Nperonpeacnawm yenex [1C-2000.
VYxe B 70-¢ rogsl ceifcMHUecKas pa3BelKa HACTONBKO YCIICUIHO
«IIPOCBEYHBaNa» W 3aNHCHBaA/Ia Ha JIEHTH KHJIOMETPOBHE TMYOMHH
Hedp PoauHe, 4TO GYKBANBHO C TOJIOBO#M 3acHNala KATYLUKAMHM
BRIYVHCIHTENIbHBE IeHTpHE. B rox yaasanock pacmiMppoBHBATH
JIMIIE HECKONBKO MPOLCHTOB TOIO, YTO NOCTYMANO 3a OAWH CE30H
Pa3BENKH.

Jns o6paboTKM JaHHEIX celicMHYeCKOH pa3BelXH Mecropoxie-
Hu#t Hedpru u raza Bo BHHH reodmanku (Mocksa) mpu yJacTHM
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KITY PAH 6puia co3gada cucTeMa MPOMEIILIEHHOI o6paboTkn reo-
dmanyeckoit uaGopMamn COC-TIC (B. M. Kpeticoepr). B orpacin
YCNEUTHO IKCILTYATHPOBATOCE OKONO 90 SKCNeAHUMOHHEIX IeOdhH3H-
4ecKHX BBIYHCINTERBHBIX KoMIviekcoB DS1BK TIC-2000, obecnieun-
BAOIMX YOIYOJieHHYI0 oOpaboOTKY 3HAUMTENBHOH 4YacTH IAaHHEBIX
celicMopaseeIKH HepTH H rasa.

Ha 6aze mHeckonbxmx koMiviekcos I1C-2000 Guinm co3anaHBl BBI-
COKOTIPOM3BOAUTENbHEE (0 1 MIpa onepanmii B CEKYHAY) CHCTEMBI
oBpaboTKH THAPOAKYCTHUSCKOH H TeNleMeTpHYecKo# MH(pOpMaltny B
peanbHOM MaciTale BpemeHW. Kakmas cHcTeMa CONCPXUT TpU-ye-
Thipe BIBK T1C-2000, coemnHeHHBIX B eOHHBI KOHBeliep, a Ui
OrcTpOro BBOJA M BHIBOIA TMIPOAKYCTHYECKOM, CIIYTHHKOBOH HWH-
dbopMalMH IS TaKMX CHCTEM CO3JaBANMCH CIICUMANM3UPOBAHHBIC
BEICOKOCKOPOCTHBIC KAHATEL,

TeneMeTpHYeCKIH BHYMCITUTEIBHEI KOMIUIEKC LIEHTpa YiIpapie-
HHA KocMHYecKHMH niosieTaMi (IEYTT) ncnons3osan ¢ 1986 r. BruioTh
ao 1997 r. roga cucTeMy NpeapapuTeLHON o6paloTKH TeeMeTpHye-
ckoit wadopmaimu Ha Gaze DTBK ITC-2000, cBsizarHyio B eIMHBIH
KOMIDIEKC C HEeHTpanbHOM CHcTeMoH 00paboTkm Ha 6a3ze MHOronpo-
LIECCOPHOTO BEIMHCIMTEILHOTO KOMIDVICKCA «DNBGpyc-2». Bricokuii
napaieiaM o0paboTkd HHpopManuH B I1C-2060 mozronan peann-
30BaTh HOBEIC ANCOPHTMBL 00paboTKH TeneMeTpHueckolt HH(popMa-
uun. Ilepeue Kommaekcsl [MC-2000 mocrymuma B IIVIT 8 1982 r.,
nocaeaHe — B 1988 r. Beero ObUM0 3aneiicTRoRaHGC BoceME 32-Tipo-
IIECCOPHBIX KoMIUIekcoB. K omHOM UeHTpaabHOI cHCTeMe <«Dib-
6pyc-2» noaxmoyeHa mapa 32-npoueccopHeix BIBK ITC-2000 s
06paGoTKH BOCBMM TIONHBIX MOTOKOB TeleMeTpuH. C enwio aybm-
POBaHMs NMapaIe/IbHO paboTaIN ABa TEASMETPUYECKMX KOMIUIEKCa, &
HAa IMHAMHYECKHX YJacTKaX MOICTa KOCMHYECKUX 00BeKTOB — TPH.

Pelimuna cynepxomnsiomepos

B T1a6a. 2.13 npHBeneHH KpaTKHe cBedeHHA (MO

@m@ COCTOSHMIO Ha Mioms 2012 1.) 0 decsiTKe HauGo-

seraosensesis  JISC MOILIHEIX CYTIEPKOMNBIOTEPOR, 3aHMCTBOBAH-
HEe H3 pedtuara Top500.

B Ta6r. 2.14 npuBeleHbl TaKKe JAHHBIE O KOJTHIECTBE IPAMEHE-
HHl TeX HIH MHBIX THIIOB apXHTEKTYP, KOMMYHHKALIAOHHO-KOMMY-
TAIMOHHLIX (CeTeBBIX) CPEICTE M THIIOB NPOIECCOPOB B KOMIBIOTE-
pax, Boiemnux B peirtHHr TOPS00.
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Tatiauya 2 I4. CTardcTixa RCEOALIOBAHEN JPXRTCETYPHRIX, CETCRMN H NPCILCCOPERIX
pemenmii 3 500 HanGosce MOMEMX CYHEPKOMILIOTEPAX

Hanmenosaime Ywcno |pouewt c{?‘lda“:ofw"}u G’EI.';:&")“ qm;::’
Apxurextypa
KnactepHan 407 | 81,4 66633 050,71;99 141 890,55 (7 169 077
MaccueHO-napannansHan 93 | 18,6 | 56784 736 |72 729 253,986 258 863
Tunr eorn
Glgabit Ethernet 195 1 39 | 15250361,5 (30013028432 724 612
Infiniband QDR 105 1 21 |21 247 612,68) 31 389 647,46 |1 902 852
Infiniband 67 | 134 10086122,86) 150719155 |1017 162
CobcTaenan paspadoTka 46 | 92 | 53204689 |64 251548,36(4 781 064
Infiniband FDR ' 20 4 |583399887 | 67763134 | 12914
Proprietary 16 32 7280 M7 10993 634 |1 366 496
Npouse (NUMAlink, Quadrics, 49 9,8 8845039 2080980 [1303 005
SP Switch, Fat Tree)
Tin aposisccopos

Xeon 5600-series (Westmere-EP) 244 | 488 |27721388,35] 51089444 |3480974
Xeoon 5500-series {Nehalem-EP) 54 | 10,8 (586555086 860194112 | 723198
Intgl Xeon ES 45 9 [13525247,64(17 139 955,64 | 773 986
Opteron 6300-seriss «Magny-Gourss 33 66 | 68296139 9422817 (1015940
Power BOC 20 4 34 495 831 ] 42 362 471.4 |3 309 568
Xeon 5400-senies «Harpartown» 19 3.8 | 31233683 | 431213761 | 353 873
POWER? 16 32 4116319 | 5564 357,16 | 182 736
Opteron 6200 Series «Intsrlagos» 14 28 (555592473 7400548 | 811546
Opteron Quad Core 1 2,2 1545432 | 20293658 | 227 104
POWERG 8 16 749603 9842176 | 52352
PowerPC 450 7 14 2176 911 26181624 | 770048
PowerP(: 440 4 03 430 406 5390332 | 192512
SPARCB4 IXfx 3 06 1294100 1407 910 95 232
Xeon 5300-serias «Clovertown» 3 06 334 480 434 2272 38 320
Xeon 5500-seties (Nehalom-£X) 3 06 1224 940 1463569 | 161408
Opteron Six Core 2 04 1033 900 1335240 | 128400
Mpoune (ShenWei, NEC, PowerPC 970} | 13 26 | 13233477 | 14656776 (1100248
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KonrpossHsie Bonpocss

12,

13,

14.

15.
16.
17.

. Y710 TaKoe noxoneHun 3BM?
. Oxapakrepuayiite IBM no obnactam npumeHenua.
. HazoeuTe OCHOBHBIE KNACCH W NOAKNACCH BHMHUCAMTENLHLIX MALLIKH H naih'e HX

CPABHUTEABHYID XAPAKTEPHCTHNY.

. fadTe obuyI0 XapaKTepUCTHIY # onpenenute 06AacTb HCNOALIOBAHKA CynepIBM

H M3RHpeiMos,

. Koraa v Ha ocHoBaHUK vero don HeRMaH NPERIONHA HOBBIE NPHHLMNK COIRAHUA

HOMNBIOTEPOB?

. YTo TaKkoe npoueccop w ANY?
. Yro Takoe pervctpu? Haioeute HEKOTOpHIE BAMHbLIE PEruCTPb M ONHWMKTE MX

ByHKUNN,

. MepeyucAnTe OCHOBHLIE THAB APXHTEKTYPH IBM,

. Y70 TaKOE BHMUCHTENLHLIE CHCTEMb M KAKOBMW HX PAIHOBHHOCTH?
10.
11,

Yem mHoroMawnHHbie BC oTRUvaoTea 0T MHOrORPOUECCOPHBIX?

Oxapaxtepusyiite OOWHOYHLIA ROTOK KOMaW — OJWHOYHHA NOTOK JAHHBIX
{oKOf).

OxapaxTepuayiiTe OAMHOUHLIA NOTOK KOMaHA — MHOXECTBEHHBLIH NOTOK JaHHbBIX
(OKMA).

OxapaxTepu3yiiTe MHOXECTBEHHLIA NOTOK KOMAHG — ONUHOYHBIA NOTOK AaHHBIX
(MioT).

OxapakrepuayiTe MHOMECTBEHHMH NOTOK KOMaHA — MHOMECTBEHHLIW NOTOK AaH-
Hbix (MKMA).

Ha KaKWe Khacchl NofPa3IfenATCA MHOTONpoLeccopHble napansenbHue BC?

470 TaKoe KAACTEPH 1 KAKUMH NPEMMYLLECTBAMH OHY obnapaiT?

Oxapakrepusyiite npUHUMNG DYHKUMOHMPOBAHWA MawMH Tuna wavefront W
reduction.



fnasa 3
NMPOLUECCOPHI: MUKPOAPXUTEKTYPbI
U NPOrPAMMUPOBAHUE

IIpoueccop U onepaTHBHAA NaMATHL 0Opa3vioT LIEH-
TpanbHoe ycrpoiicteo (LIY) SBM. HpoueccopoMm ssnsercs ¢GQyHK-
IHOHAABHO IIOTHAA COBOKYITHOCTh YCTPOHCTB, KOTOpas peryimHpyer,
yrpannsieT M KOHTPOIMpPYET COOTBETCTIBYIOLIMI pafourit npouecc
(8 DBM — npouecc o0pabotku nanabix). ConpsaxeHne mpoLeccopa,
MaAMATH H BHEUIHHX YCTPOHCTE OCYILECTBAACTCA Yepe3 CHCTEMY HH -
TepdeilicoB, peaTH3yOIWHUX KOMMYTAHHOHHO-KOMMYHHKALIHOH-

HBle HyHKIMM,

3.1. O6ujee npeacTaBneHHe O CTPYKTYPE W apXUTEKTYpE
npoueccopos

Cucmemo! xomMand

OcHoBHEI¢ KOMaHIB DBM KnaccHMUHPYIOTCA BKpatne cie-
ayiommM obpasoM (mogpoOHee cM. Hajee, ONMMCAHWME KOMaHA I
i8086) — nmo dpyHKUMAM (BHMOSHASMEM OfepallHiM), HATpaBIeHHIo
npHeMa-nepenayd MHQOpMauuH, aapecHOCTH. OCHOBHEIC NPH3IHAKH
KITaccHMUMKAIHH M THNH KOMaHA NoMemeHsl B Tabn. 3.1,

QuepHHA CBA3L TakMx napaMerpoB LY, Kak miMHa agpecHOTO
MPOCTPAHCTBa, aipeCHOCTb, PA3pANHOCT. YBEIHUCHHE Pa3pATHOCTH
MO3BOJIAET YBENHYHTH AAPECHOCTh KOMaHILl U JIHHY ajlipeca (T. €.
o0BeM NMaMSTH, TOCTYMHOI JaHHOK KoMaHAe, Hampumep, B 32-pas-
pROHON MalMHe, MOXHO aapecosats a0 4 I'Gaiit OIT). Yeenuyenune
agpecHOCTH, B CBOIO OMepelb, MPUBOINT K MOBHIICHHUIO OblicTpoAcii-
CTBUS 00pabOTKH (32 CYET CHHXEHHA YHCNA TpeGyeMbIX KOMaHA).

B TpexampecHoit MallliHe, HAMpHMED, CIOXEHHIE ABYX YHCEN Tpe-
6yeT ODHOH KOMaHIB! (M3RIe4b 9ACHO Mo Al, yuco rmo A2, CoXHTh
H 3anMcath pesyrvTar no Al). B meyxaapecHoil MallitmHe HeoOXooH-
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Tafiruya 3. 1. Kaaccs KoMaRa

THn KOMaHR BoinonsRomui NeRCTBRA (W APYTHO NPIHAKR)
KomaHgul ne- | TepechinKa JanHbix MEXy GBYMA PErNCTPAMMN WM MEXTY PerucTpOM W Aeiikoi
PecChiNKH NAMATH. B HEKOTOPHIX NPOLUBCCOPAX PRANWIYETCA NEPECHINKE MEXGTY ABYMA A4EHKA-
- MU NAMATH, 2 TAKKA rPYNNOBAA NEPACHINKA CONERXKUMOro HECKONBKWX PEMWCTPOB B
RAMATE KA WX 3ArPYIKa W3 NAMATH
Komatasl aeo- | PeannayioT nepeceiniy RaHHBD, W3 parwcTpa npoueccopa (O) ao anewnee yeTpol-
03 W BLBOJA | CTBD WM NPHEM NaHHLIX K3 BHBWHENO YCTPoiAcTea B parncTp (OM)
Komanaw of- |Kopovkwe onepauwn  |Normue- [ Normyeckoe cnoxeswe (RNA kaxnoro Suta o1 »
paboTku gan- | {(OnMM TaKT) cKkne 02 OCYIHeCTeNASTCA ONePaLMA FITH)
:::sfilo;- MorMuBckoe yMMONEsHe ([NA KDKIOTo GHTa 01
pang, 02 — ¥ G2 OCYReCTBAAGTCA ONepaLna 1)
8Topoi) WHBEpCHA (B O1 BCE BAWMMLL 3AMEMAIOTCA Ha
HYNW W HaoGOpOT)
CpasHexus POrMYECKoe (ECNK O1 = D2, TO HEXMA
nar WM ParuCTp YOTAHABNWAAETCA B «1», MHA-
ya — B «(»}
Apwbme- [Cnoxenwe onepainos
TH4BCKHUS BuivmTanne (CROXeHWe B 0OpaTHOM Koae)
CpaBHeHue apndhmeTwyeckoe (ecnu 01 > 02,
HAM 0L = 02, WK O1 < 02, TO HEKUR ghtar unu
PSIACTD YCTAHABNMABABTCA B «1», WHAYE — B
«0»)
Komaups | OCYwWwecTBRANT aDUCDMETHHECKNE, NOTHHECKME W
caeura UMKNWHECKWE CLBUIH AUPECYeMbIX ONEPaHT0s Ha
OfIMH WA HECKONLXO PA3PARDE
fnnssbie onepaiun | CROMEHME/BLIYNTAHME C NNaBaNLIEH 3anATON
(HeckonLko TaKTOR) YMHOXEHWE/LENOMNE ¢ PUKCAPOBAHHOH M NNABADNIGH
3anATOR |
Onepaciu Geaycnopsuiif nepe- | 3arpyxaer B CuAK HOBOE COAEPMAMOe, ABMMICIGECA anpe-
YNDABNGHAR | XOfl (BETENGHNE, COM CREmyIOued BLNONHASMONA KOMAHAK!
branch)
Buisor NpowzsonwTcr mytem Geaycnoanod NEPEAYM YNPABNEHNA C
NOANPOT PAMMB! COXpaHeHWeM afpeca BO3BPATA YNPABNCHUA
YenosHuwii nepexon | [powsBonsT 3arpyaky 8 PC HOBOO CONEPXKMMOrO, eChil Bbl-
{conditional branch) | NOAHAIDTCA ONPENENEHHLIE YCNOBAA
Komanas 0praHusa- | YCnoeHeli# NEPexcR B 3aBUCHMOCTI OT JHAYEHHA COflEpHM-
UK NPOTPAMMHBY | MOFQ 33AAHHOTQ PEMKCTPA, KOTOPLIK HCNOALIYETCA KaK CYer-
HMKNOB YUK LUMKNDB
Komanau Nepexon x OTHOR W3 NPOrpaMM OBCNYMHBIHWA WCINIOYEHWHA
NPepLIBaHUA W NPEPLIBAHMEA
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IIpodoancenue maon. 3.1
Tun komaHp BbinonHAeMbIe REACTBUA (WK APYTHe NPU3HAKK)

Onepauuu KomaHgs! u3meHeHuA | 3anucb-4TeHne CoepXXuMOoro pernctpa COCTOAHUA, B KOTO-
ynpasneHua | NPU3HAKOB POM XPaHATCA NPU3HAKH, A TAKXKE W3MEHEHWE 3Ha4eHWiA OT-
NenbHbIX NPU3HAKOB

Komawge ynpasne- | Komanabl 0CTaHOBa, OTCYTCTBWA ONEPaLIMK W PAR KOMaHA,
HWA NPOLECCOPOM onpenenAlwux pexum pa6oTbl NPOLECCOPa UAW ero oTaeNb-
HbiX 6noKoB
Tun Boi6opku | Peructp—peructp |01 n 02 pasMewanTcA B peructpax ANY
W NEPECLINOK
NAHHBIX Namatb—peructp | OnuH U3 onepaHnos pasmewaetca 8 ON
(perucTp—namaTb)
MamAaTb—namaThb 01 1 02 paamewleHsl B O
Aapecauua MpAman OnepaHp BbIOMpaeTCA 3 A4EHKU/CNOBA NAMATH, aipec KOTo-
PO COAEPXMUTCA B KOMaHAe
Peructposan Onepaun BLIGUPAETCA U3 PerucTpa, Homep (WMA) KOTOPOro

YyKa3aHo B KOMaHfe

KocseHHo-peruct-
poBan

OnepaHn Bbi6upaeTca n3 A4eRkn/cNOBa NamMATH, anpec KoTo-
POif COAEPXMTCA B PEruCTpe, yKa3aHHOM B KOMaHfe

KocBeHHO-perucTpo-
BAA CO CMELIEHWEM

OnepaHp BbIGWPAETCA U3 A4EKN NAMATK, anpec KOTOPOM AB-
NAETCA CYMMO#i COAEPXMMOr0, YKa3aHHOrO B KOMaHAe peru-
CTPa ¥ 3a1aHHOT0 B KOMaHAe CMeLeHnA (CMeLeHne MoXeT
6biTb NONOXUTENbHLIM WK OTPULIATENBHBIM YUCNIOM)

KocseHHo-perucTpo-
BaA C WHAEKCHPOBA-
HWEM U CMeleHneM

Onepanp BLIGUPAETCA 3 AYElKN NAMATH, aPec KOTOPOiA AB-
NAETCA CYMMO# CONEPXXMMOr0 YKa3aHHOro B KOMaHfe peru-
CTPa, MHEKCHOrO PErMCTPa U 3a1aHHOTO B KOMaHAe CMele-
HUA. VIHOrAa MMEIOTCA CNEUNanbHLIE UHAEKCHLIE PETUCTPHI,
WHOrKa B KA4eCTBE MHOEKCHOTO WCNONL3YETCA PErucTp, HO-
MEP N MA KOTOPOTO YKA3bIBAETCA B KOMaHAE. YaCTHbIM
Cny4aem aTtoro cnocoGa ABNAGTCA MHAEKCHAA apecaums, Ko-
raa agpec 06pasyeTcA CyMMWUPOBAHUEM CNELManbHONO UH-
AEKCHOr0 PerucTpa u 3agaHHoro 8 KOMaHae CMeLEeHUA

OTHoCMTeNbHAA

OnepaHn BbIGUPAETCA N3 AYEKN NAMATW, afipec KOTOPOW AB-
NAETCA CYMMOMN TeKylero ConepXXuMoro CuAK W 3afaHHoro
B KOMaHae CMeLeHUA (Yucna co 3Hakom). Bo mHorux npo-
yeccopax atoT cnoco6 anpecauwn UCNONb3yeTCA He ANA an-
pecaunu onepaxaa, a aAnA (hopMUPOBaHWA anpeca, K KOTOPo-
My NepexoauT Nporpamma npw seTeneHuy. Mpu atom ccop-
MWPOBaHHbIA TaKkuM 06pa3oM aipec 3arpyXaeTcA B CuAK,
o6ecne4nBan BLIOOPKY TPeOGyemoii cneayioieit KomaHab!

HenocpencreeHHan

OnepaHn HeNOCPENCTBEHHO CONEPXXNTCA B NOCTYNUBIIER KO-
MaHfie, pa3meLyanch cneaom 3a koaom onepaumn (KOM)
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Oxonvanue maba. 3.1

Ton xowann Buinonimembie ReRCTORA (WAK APYFHE NPRIHAKA)
AnpacHocTt | OnHoanpecHwe AL B 3ABHCHMOCTI OT MOAHDWKALIMK KOMAHAL
- [kon a1 ] Moxer ofioanavats Mo agpec Aqelixu (pern-
CTPA), 5 KOTOPOH XPAHWTCA OAHD K3 HMCEN, Yua-
CTBYIOWNX B ONEpayun, nubo appec A4elm (pe-
THCTPA), KYRA CRBAYST NOMECTHTL PE3ynbTar
HevxappecHue A1 — 370 06WYHO anpec Aqeii (perncTpa),
[kon a1_Az ] TOE XPAHNTCA 1-8 W3 YWCEN, YHACTEYIOWMX B
ONEPaLNN, W Ky0A NOCNe 3BEPIWEHNA ONBPALMN
naonxex SbiTh 3anMcaH pesynbrar; A2 — obbiy-
HO 37PEC A4EiHkM {PBrUCTPa), ME XPaHWTCA 810~
PO@ YHACTBYIDLLGE B ONEDALNN YHCNG
TpexapecHuie A2 W AT -— ANpeca AYOeK (PeruCTpoB), roe
[kon a1 Az a5 | PaCNONCXKBHD, COOTBETCTEOHHO, 1- W 2- YNCHa,
Y4SCTBYIOWHE B ONOPaUNM, A1 — aRpec A4eHkH
{perucTpa), xyna cnefyer NOMECTHTL PE3YALTAT
BHINCAHEHWA ONEPALMN
beaspecHte Conep@MT TOALKO KOZ ONERALMM, 3 RHGOPMA-
[won a i UMA A He| QOMKHA GWTh 3apanee AOMeeHa B
ONpPefEnsHHLIG PerNCTPL MAWWHL WK cogep-
MATLCA B AAPECHON YacTH .
KomOuHWpoBaHHbse Onun unwm Gonee anpecos aapecHOR YacT
[won Ampec  Zawee | NPEAHAAHAYOHBE VA PAIMELLEHMA NAHHBIX (HE-
NOCPERCTBEHHbIA onepans)
Npyrwe Onepauwn ¢ dwicn- | ApnchmeTHyeckiue W RONIYECKME ONEPALIWM HAIl YHCRAMM,
NPH3HAKK POBAHHOW 3aNATOA | OBBIYHO JAHAMAOLMME OTIHO MAWIWHNOE CNOBO {NpMMED —
{®3) wnu TouKoi CHCTEMbI KOMAN], Npousccopop 8086 — 80486, wan x86)
(®T)
Onepauwn ¢ NNABaI0- | ADHDMETHYECKHE ONEPALMA HAL YACNAMM, NPEDCTABNAH-
wel 3anATol (M3} | HLMN B BAOE «MAHTIECA—NOPAROK» (NPHMBR — ONepa-
w FouKod (11T) unu conpoygccopa i80487 nau x87)
NecATwHan Peannzayun xomann, ofpaSatosacnux TeTpans! GHT U Bu-
apwhmeTHKa NONHADILMX COOTBATCTBYIOWINE APUCHMBTHHECKHE ONEGPaLIMK
CrmBonsHan Komanpaw ofipatono Saiiv namaTu kak cumeonos ASCII
obpafiorka {cpasHeHwe, COPTRPOBKA W NR.)
Dbpatiorxa uncen (6pabioTxa MaLMHHBIX CAOB ANWHL, HATPWMED, 54 unn
fonbwoil gnuHu 128 (256) Gakr
BexTopHbie onepa- | Komanaw SIMD (Single Instruction — Multiple Data) unm
Ui OKMR (Onna Kosanna — MnoxecTso [aHHbI) exmo4anT
MMX, 3DNow!, SSE, SSE2, SSE3, SSSE2
KomaHns uHIeKcHOH | M3MeHeHWE CONAPXAHNA WHABKCHLIX PETUCTPOB (B HOXOTO-
apuMeTiN PRIX MawnHax - ryeeK OM), 4To nenopbayetcA 4nA obpa-
WEHNA K NOCNBROBATENLHBIM INEMEHTAM MACCHAS
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MBI JBe KOMaHAH (nepBasg — H3BACYE IACHO MO Al M MOMECTUTh B
PY (umm cymmarop), BTopas — H3BJIEYb YHCIIO MO Al, CIOXKHTD ¢ CO-
JepxaMbiM PY n pesynprar 3ammcats no A2). JIerko BHRETE, YTO Of-
HoalpecHasd MAallliHA noTpeOyeT TpH KoMaHAu. IToaTOMy HEyIWBH-
TEJIEHO, YTO OCHOBHAA TeHAeHHMA B pasutn LIY DBM cocrout B

YBETHYCHHH PaspAIHOCTH.

Knaccer npoyeccopos

B 3aBHcHMOCTE OT HaGopa M MOpsAIKA BHINMOJIHCHHA KOMaHT Mpo-
HECCOPHI TMONPA3NeAIOTCd Ha YETHpe Kiacca, OTPAXAoMX Takke
XpOHOJOrAK pa3BATHA OBM.,

CISC (Compiex Instruction Set Computer) — xnaccudecKkas ap-
XMTEKTYpa TPoLiecCOopoB, KOTOpasa Hauaka cBoe pasBHTHe B 1940-x T,
¢ MOABTEHHEM MEPBRIX KOMIBIOTEpOB M B Kotopoit LI ncmosibayer
MHKpOIPOTpaMMHE /T BBITONHEHMS] OoJibloro HaGopa pasHodop-
MATHEIX KOMaHZA ¢ HCIIONb30BAHHEM MHOIOMHC/IEHHBIX CNIOCcODOB al-
pecauu, AJIs1 3TOro TpefyeTcs HAMMYMe CIOXHBIX MISKTPOHHBIX He-
nel 1A DEKOOHPOBAHHA M HCHOMHEHHA. B TeucHME JIBTENBHOIO
TIEpHOAA TIPOMIBOAUTENM KOMMBIOTEPOB paspabaTHBany H BOILTOLIA-
JIM B M3OCANAX Bee 5oiee C/I0XKHBIE H IIOMHBIC CHCTEMBI KOMaH/L,

TunmaneiM npamepoM CISC gemmotca mporeccopsl Intel x86
(B yacTHOCTH, ceMeiicTeo Pentium). OHn BemmosnHAIOT Gonee 200 xo-
MAaHJ pPasHO#l CTENeHM CJIOXHOCTH, KOTOPHIE MMEIOT pasMep oT 1 go
15 Gaitr, m obecneunpalor Gomee 10 pasmTHYHEIX crnocoGOB ampeca-
M. Takoe MHoTOOGpa3He BHIMOMHACMBEIX KOMaHI H cIoco00B anpe-
CAITMM TIO3BONAET MPOTPAMMUCTY peanr3OBaTh Hanbonee »pPeKTHB-
HEIC ITOPHTME PeICHHA Pa3THYHEIX 3amay. OZHAKO NpH 9TOM CYy-
IICCTBEHHO YCAOXKHSETCS CTPYKTYpa mnpoleccopa, ocobeHHO €ro
ycTpoHcTBa YIIpaBicHHsA, MTO NPHBOAHT K YBEJHUCHHIO pa3MEpoOB H
CTOMMOCTH KPHCTALIA, CHHXESHHAK MPOHU3BOIMTEIBHOCTH.

B To Xe Bpems aHain3 paGoTH NpOLIECCOPOB IOKA3AM, YTO B Te-
YeHHe MpUMepHO 80 % BpeMeHH BHTIONHAeTCA MHimb 20 % obmero
Habopa xoMann. ITlostoMy ObUta MOCTABNCHA 3adada ONTHMH3ALIMH
BHITNIONHEHNS AEOONBIIOTe MO YHCHY, HO YaCTO HCTONB3YEMEIX KO-
MaHi. B cepeaune 70-X 3TO NPHBENO MHOTHX NIPOH3BOIUTENCH KOM-
TBIOTEPOB K MEPECMOTPY CBOMX NMO3HIMA M K paspaborke LTI ¢ or-
paHHYCHHHM HaGOpOM KOMaHA.

RISC (Redused Instuction Set Computer) — apXHTeKTypa OTIH~
YaeTcd HCMONE3OBAHHEM OrpaHUMYEeHHOro Habopa koMaHa (PHKCHpO-
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BaHHOro thopmata. [leperiit mpoueccop RISC 6uin cos3gaH Kopliopa-
mueit IBM 8 1979 1. 1 amer mgpp 1BM 801,

CospeMennnie  RISC-nponteccopsl OOBIMHO peanu3yioT OKOJO
100 xoMaHa, ¥MewIIHX PUKCHpoBaHHBIM dopMaT aanHoH 4 OaiiTa.
Takxke 3HAYATENBLHO COKPAaIaeTCAd YHCNO HCTONE3YEMBIX CIIOCOOOR
agpecairan. O6prHO B RISC-miponieccopax pce KoMaHABR o6paBoTkH
JAHHBIX BHIIONHSIOTCA TOJNBKO € PETHCTPOBOH WM HEMOCPEACTBCH-
Holi anpecanueii, [Ipa 370M A COKpalleHHA KOMWYeCTBa oGpaile-
HE# k mamaTH RISC-mpolieccopsl HMEOT yBeNHUeHHBIH 06BeM
BHyTpeHHeTe P3Y — or 32 A0 HeCKONBKHX COTEH perucTpoB
(r CISC-nponeccopax YHC/IO PeTHCTPOR OGIIEro HA3HAYCHHA OGBIU-
HO cocTaBnseT 8—16). B pesynsrate mpomeccop Ha 20—30 % pexe
obpamiacTes K ONCpaTHBHON MaMATH, YTO TAKXKE OBLILACT CKOPOCTD
00paboTKH JAaHHEIX. YTIPOCTIIACh TOIMOJIOIHA TPOLIECCOpa, BEHIMOI-
HSeMOTO B BHAE OTHOM MHTETPATIBHOM CXEMEI, COKPATHIHCE CPOKH €€
pa3paloTKH, OHA CTaNa ACIICBIC.

Qbpamenne XK maMaTH B RISC-npoireccopax HCIIoNb3yeTes TOMb-
KO B OIIPALIMAX 3AIPY3KM JaHHMX B P3Y WM nepechUIKH pesyiasTa-
10B M3 P3Y B namare. Ilpn 3ToM Hcronn3yeTcss HeGONBIIOE YHACTO
Hanbonee MPOCTEIX CTIOCOOOB AIpEecallMM — KOCBCHHO-PETHCTPOBAA,
HHHCKCHas M HeKOTOpHIe Apyrue. B pesyabrare cyliecTBeHHO yNpo-
[aeTcA CTPYKTYpa Mpolieccopa, COKPAlIAIOTCA ero pasMephl H CTOH-
MOCTE, JHAYHTCIABHO NOBHIIACTCH NPOHU3IBOIHUTENBHOCTD. Haunnas ¢
nponeccopa Pentium, xkopropamns Intel HaTana BHEAPATE JEMEHTH
RISC-texHOMOTHI B CBOM H3OCIWA.

B 1o BpeMs, Kak B ripoueccope CISC ang BHNONHEHHA OXHOM
KOMaH/El HeoOXOMHMMO B GONBIIMHCTEE CAYYAEE ASCATh TAKTOB H 00-
nee, npomeccopbl RISC 6nu3KK K TOMY, YTOGH BHITOJHATE MO OTHOR
KOM3HZIE B K&X/IOM TakTe., CnenyeT Taxxke MMETh B BHAY, YTo Onaro-
Iapa ceoeii mpoctore npoueccoph! RISC He maTeHTYI0TCA. DTO TaKKe
criocobeTBYeT KX OBICTPO# pazpaboTke M IIMPOKOMY MPOH3IBOACTRY.

Ilpoueccop MISC paGotaer ¢ MUHUMANEHHM HabOpOM JTMHHBIX
KOMaHI H XapaKTepH3yeTcsl HeSoNbIIMM HAGOpOM Yallle BCETO BCTpe-
yaoumxcd XoMana. Bmecte ¢ oM npaHUKn Komang VLIW obec-
MIEYHBACT BHIMOIHEHHE TPYTITH XOMaHA 3a OFWH LMKA paGoTel mMpo-
meccopa. IopsaoK BEITTOTHEHNS KOMaH PAacuPeNeIAeTcs TakHM 00~
pa3oM, YToOBl B MaKCHMAaIbHON CTCMEHH 3arpysHTh MAapLIPYTHL, IO
KOTODHIM TIPOXOMAT MOTOKM NaHHHX. TakuMm o0pasoM, apXHUTEeKTypa
MISC ofpeauHIIa BMECTe CYIEPCKABIPHYIO (MHOIOIIOTOYHYIO) H
VLIW kosnenmyi. KoMNOHEHTH MpolLeccopa NPOCTH K paboTaloT ©
BEICOKMMH CKOPOCTAMH.
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VLIW (Very Large Instruction Word) — apxurexTypa, KoTOpas
NMOABMIIACH OTHOCHTENIEHO HemaBHO (B 1990-x rr.). Ee 0coGeHHOCTBIO
ABJISIETCA MCTIO/IB30BAHME OUeHDb JIUHHBIX XoMaHy (3o 128 6mrt u Go-
7ee), OTHENLHbIE TIONA KOTOPBIX CONEPXAT KONH, 0OeCIIeTHBAIOUIHE
BEITIOTHEHNE PA3NMUHBIX onepauii.

CrieIHANBHHIA KOMIIWIATOP IVTAHHPOBaHHA IIepel BHIIONHCHHEM
MPHEKJIAKHON porpaMMBbl MIPOBOOHT €¢ AHATHI M IO MHOXCCTBY BET-
Befi MOC/HeNOBATENBHOCTH ONEpPAUHE OMpefensieT IPYHIY KOMAHI,
KOTOpbIe MOTYT BHIIOJIHATLCS NapauienbHe. KaXzas Takad Ipymma
o0pasyeT OHY CEBEPXIIMHHYIO KOMAHIY. 3TO IO3BOAACT PEIlATh JBE
BAXHBHE 331aYd. BO-NepBHX, B TEYeHHE OAHCTO TAKTA BEINONHATH
TPYIITY KOPOTKHX («OGHMHBIX») KOMaHH, a3 BO-BTOPEIX — YIIPOCTHTD
CTPYKTYpY npolieccopa. DTHM TexHonorusd VLIW oramyaercd ot cy-
NMEPCKAJISIPHOCTH (3ech 0T0OD TPYNN OAHOBPEMEHHO BRIMOIHAECMEIX
KOMAaHI IIPOMCXOANT HEIMOCPESACTBEHHO B XONC BHIIIOJIHECHHA INpH-
KIAAHON TpOrpaMMEl, 4 He 3apaHee, M3-33 3TOT0 YCIOXHAETCA
CTPYKTYpa NpPOLIECCOpa W 3aMEIJTAETCA CKOPOCTh €10 paboTH).

Tpoueccopn THma VLIW BuinyvekaioT dupmsl Transmeta, Intel u
Hewlett-Packard. K VLIW-THNY MOXHO OTHECTH M OXHIABIIMHACA B
2002 r. npoueccop Elbrus 2000 — E2k, o6baeneHHblif poccHitcKoi
KOMITaHHeH <Daeopycr».

3.2. TexHONOrWK NOBLILIEHWA NPOMH3BORUTEADHOCTH
npoueccopos U 3gdextneHocTH IBM

Konseiiepnan obpabomxa Komand

Kak yxe ropopiwiock Beillie, 0GpaboTKa KOMAHAE], WIH LMK Mpo-
meccopa, MOXeT OBITh pajie/icHA HA HECKOIBKO OCHOBHBIX STAllOB
(MHKpPOXOMAaHJ), KOTOPbIX KAK MHHIMYM TIATE (BRIOOPKA, AEKOMK-
pPOBAHHE, YTEHNE HCXOHEIX JAHHEIX, BRITTOMHEHWE, 3aTTHCE Pe3yIIBTATa).

Kaxgaa onepaums TpeGyeT LIA CBOETO BHIIIJIHCHHA BpPSMCHH,
PaBHOTC TaKTy reHeparopa mnpoueccopa (tick of the internal clock).
OTMeTHM, YTO K ITHHHBIM OIfepaliiaM (TABaoliasd TOMKa) 3TO He
UMeEeT OTHOLIEHHY — TaM Apyras «Oyxrarrepus». OdYeBHAHO, YTO
npy TakroBoli wactore B 100 MU' OpicTponmeiicTBHe cOCTaBRHAT
20 MMANHOHOB oNepaliii B cexyHay.

Bce sTanbel koMaRabl 3a0eHCTBYIOTCA TOILKO OOMH pa3 M BCerda B
OIDHOM H TOM Xe MopdaKe — omHa 3a apyroit (puc. 3.1, a). Bro, B Ua-
CTHOCTH, O3H24Y2ET, YTO €CAM JIOFHYECKasl CXeMa IepBOH MHKPOXO-
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Puc. 3.1. BpcMcHHLIC IHATPaMMB BHITTOTHEHUA KOMAF;
a — Oe3 KOoHBEWEPHIALAY; & — RMATHCTYIICHMATH# KOHBCHep; ¢ — cymepcKaaapHuilt
xoneeiicp; BK — BwiGopka xomaHow (Fetch), IK — nexkomMpoBaune KoMaHbl
{Decode); BI — puifopka JaHHEX {Lcad); HK — ncnonHeHie koMaHaH (Execute),
3P — szanuch pe3yabTaTs (Store)

MaHIH BHITONHIA CBOK paboTy H nepegana pe3yiabTathl BTopoil, To
NS BRIMOJTHEHHS TEKYINEH KOMaHAs OHA OoJblle He MOHAZOOHTCH,
H, CICOOBATE/ILHO, MOXET TPHCTYIHTE K BBIAOIHEHHIO CICAVIOLICH
KOMaHIbl APOIPAMMEL.

Takaa TexHomorna oOpaGoOTKM KOMaHI HOCHT HasBaHHE KOH -
pefiepHo#t (pipeline) obpaborky. Kaxnaa wacte ycrpoiicrsa
HA3BIBACTCH CTYNMEeHBI0 (cTazmeil) KoHBeHepa, a obiee
YHCHO CTYNCHEH — ANHHONW NHHUH KOHBekHepa.

Koneeliepuzanua OCyUISCTRASCT MHOTOIIOTOYHYIO NapajuICAbHYIO
00paboTKY KOMAaHA, TAK YTO B KaXIbIA MOMEHT OIHA H3 KOMAaHH, CUH-
THBaeTCH, Apyras AeKoaMpyercs H T. 4X., U Bcero B obpaborke onHo-
BPSMCHHO HaXOOWTCA NATH KoMaHA. TakmM oGpa3soM, Ha BBIXOAC
KOHBeHepa Ha KAKIOM TaKTe Ipoleccopa MOABRIACTCS peayibTar o6-
PaboTKH ODHOHN KOMaHA! (OJHAa KOMAHAA B OOWH TAaKT) — puc, 3.1, 6.

IIpuBeneHKL MpuMep npolleccopa (5 MEKpooNeparuil) AnIseT-
cf rMmoTeTHyYeckMM — B peanmbHeIX LIIT xoHBeiiep oO6paGoTkm Ko-
MaAHZI, CIOXHEe M BKIOUAcT Gonbluce KOIHYECTBO CTYNEHEH (cM.
puc. 3.2). IpudnHa yeeJiMdeHHd MTHHE KOHBEHepa 3aK/IKYaeTcs B
TOM, YTO MHOIHE KOMaHIH ABIRIOTCA AOBOJNBLHO CIOXHEIMM H He
MOTYT OLITh BRINONHEHB! 33 OJMH TAKT MpoUeccopa, oco0eHHO NpH
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BEICOXHX TAKTOBRIX YacToTaX. [TosTOMY XaKaag H3 YNOMAHYTHIX MATH
craauit o0paboTKH KOMaHA B CBOKIO OYEpE/lb MOXET COCTOATE M3 He-
CKOJIBKMX CTYIICHEH KOHBeiepa.

C pocToM UMcAa JHHHIA KOHBeliepa M YBEINUCHHEM YHCTA CTY-
neHeil Ha JuHMKM (1aGa. 3.2) yBenwuMBaeTcs NPONYCKHAsA CNOco0-
HOCTh TIpOIieccopa NMpH HeM3MeHHOM TakTorolt wacrote. Haobopor,
YyeM OoNblle cTynieHeil HACUMTHIBaeTCS B KOHBelepe, TeM MeHbLIAd
paboTa BHIIONHACTCA 33 TAKT M TEM BbILIE MOXKHO TIOAHMMAaTh 4acTo-
TY TIIpoLeccopa.

Tatruna 3.2, XapagrepReTHiE Kompeiiepon npoueccopon Intel n AMD

Pentium | Pentium AMD
Npoueccop 80486 | Pentium Pro MMX Pentiym Il | Pentium IV Athlon
Yucno nuHsi 1 2 3 2 3 3 343
[nnHa nuHsm L] 5 14 6 14 20 17

Cynepcrasnpusayus. [poiieccoprl ¢ HECKONEKHMH JTMHUSAMH KOH-
Beliepa OMYIHAH Ha3sBaHHE CYMepc Kana p H bi X. Pentiuvm — mep-
BRI cyTIepCKANapHBLi npoueccop Intel. 3aeck Ape NHHUH, YTO TIO3BO-
JIAET eMy NPH OIWHAKOBEIX YacTOTaX GMTE BIBOS MPON3BONHUTENBHEMH
180486, BEnTONHAY CPa3y ABe MHCTPYKUMH 33 TakT (puc. 3.1, 4).

Bo MHOTHX BHYMCIHTENBHHX CHUCTEMaX, Hapily ¢ KoHeelepoM
KOoMond, HCTIONABIVIOTCA Koweeidepo: Oaxnsix., CoveTaHHEe 3ITHX IBYX
KOHBEHCPOB O3€T BOIMOXHOCTE NOCTHYL OYEHb BBICOKOI NpOM3IBO-
JOHUTEBHOCTH HA ONMpefe/icHHBIX KaaccaxX 3aJay, oCOOeHHO €CIIH He-
MONIb3YETCH  HECKOJIBKO Pa3sNMYHEIX KOHBelfepHBIX TPOLIECCOPOE,
cmocoOHEIX paGoTaTh OMHOBPEMEHHO ¥ HE3ABHCHMO YT OT IPYTa.

Ha puc. 3.2 npHReieHN TpHMepH KOHBEHEPOB NMPOLIECCOPOB ap-
xurekTypel AMD K8 — 17 cTyneneit (a) u Intel Netburst — 20 c1y-
nexeit (6).

Onepauyuu #ad seuiecmsenHsIMy YUCIamy
(¢ nrasawwied 3anamoi)

Conpoyeccopwi, Ina pAcIIMpeHNs] BHYMCIHTETHLHLIX BO3MOXHO-
CTeil [IEHTPAIBHOIO MMpOLECCOpa — BHNMOJIHEHHA apUMETHYECKHX
onepaumid, BEMHCICHNS OCHOBHBIX MaTeMaTHYecKuX GyHKUMH (TpH-
TOHOMETPHYECKMX, MOKA3aTelbHbBIX, Jorapu(MHYECKHX) U T. O, —
B cocTap 3BM pobarngercd MaTeMaTHUYecKHE compoliec-
cop. IIppMeneHne conpouicccopa MOBHIIAET NPOH3IBOTUTENLHOCTE
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BBIMHCJICHHI B COTHH pa3. B pa3HHIX NMOKOJEHHAX MpPOLECCOpPOB OH
HasweBancs no-pasdomy — FPU (Floating Point Unit — 6nok un-
cen/onepanmii ¢ muapawmeid Toukoi — BI13) unn NPX (Numeric
Processor eXtension — YHCIOBOS paclIMpeHHe NpoLeccopa).

Ilna nponeccopoe 386 M Hike compouHeccop OBUT OTACTBHOMN
MHKPOCXEMOR, NOAKTIOYaeMO K TOKATBHOH HHIIEC OCHOBHOIO 1PO-
meccopa. B moboM caydae compoleccop HCIIOMHAET TONLKO CBOHM
crielinpuIecKHe KOMaHAbL, a BClo paboTy o AeKOTHPOBAHHIO HMHCT-
PYKUMI W JocTaBKe JaHHKX ocymectanser HIT.

Baoxu onepanuii ¢ nrasarowel sangmoi. C nporpaMMHOH TOYKM
3PEHHA COTIPOLECCOp M TpPOLECCOP BLIDNAIAT KaK CAMHOE LENOL.
B coBpemenHBIx (486+) nponeccopax BIT3 pacronaraerca Ha OMHOM
KPHCTAIUIE € LEHTPANTBHLIM IIPOLECCOPOM.

Haumnas ¢ 80486 BoceMp pernctpoB mnsa [13 (MMeHyeMBIX
ST(0)—ST (7)) BCTPAMBAIOT B LEHTPAXBHBIA NMpoueccop. Kaxmerit
perncTp HMeeT WHPHHY 80 6UT H XpaHWT YHCHA B hopMalte cTaHApap-
ta I13 pacnmpensioit rounoct! (1EEE floating-point standard — cwm.
rab. 1.6).

DTH perMciphl HOCTYIIHEI B CTEKOBOM nopsake. MMeHa
(HoMepa) peTHCTPOB YCTAHABINBAIOTCA OTHOCHTENBHO BEPIIMHEI CTE-
Ka (ST (0) — BepUIMHA CTEKAa, ST (1) — CASAYIOWUH PErncTp HHXe
BEPIIMHLI CTeKA, ST (Z) — BTOPOH MOC/Ke BEPILHHH CTEKa H T. I.).
BBOogHMMEIe NaHHBIE TAKHM 06pasoM BCerja CABHIAlOTCS «BHH3» OT
BEPIIMHE CTeKa, a TEKYWAA ONEpalna COBEPUIAETCA ¢ COXCPXKHMEIM
BEPIINHE CTEKA.

Yaenuuenue pazpadnocmu cucmem

B «poMaHTHYecKHE» 1980-¢ rofnl COOTBETCTBHME MEXAY THIIOM
DBM ¥H ee pa3pATHOCTRIO NMETO NPOCTEHIIMA BHI!

e MHKpOOBM — 8§ paspsanos;

o MUHN-DBM - 16 pa3psazos;

» bonerme DBM — 32 paspapa;

¢ ceepxbonmsime (cynep) SBM — 64 paspsna.

B npouecce pazsuTHA MHKponpomneccopor Intel pybexn B 16 u
32 paspana (IA-32) 661MH npeonoNeHH AOBOABHO GLICTpO, a B paH-
oHe 2004 r, npousonien nepexon ¥ HA 64-paspsAHbIE aPXHTEKTYPH B
nponeccopax Intel w AMD.

IMpenMyniecTBa 64-GMTOBOM apXMTEKTYPH MHKPOIPOIIECCOPOB
[TaBHHM 00pa3oM OTHOCATCA K naMaTH. Eciu B3ATH IBa HOECHTHY-
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HBIX MHKPOIIpOIieccOpa, M OOUH M3 HHX Oyuer 32-GHTOBEIM, a Apy-
roif — 64-GHTOBBIM, TO IOCHESAHMIA CMOXET aIpecoBaTh HAMHOTO
60npiMA o6neM namsTH, 4eM 32-6utoBrni (2% npotus 2*%). Ussect-
Hbl CNIEAYIOILINE apXUTEKTYPH Ha 64 paspana (64-bit architecture).

I4-64. Cnennduxamus IA-64 osHauaeT <«ApxurexTypa Intel,
64 BuTa», HO ¢BA3b ¢ JA-32 — TONBKO MO HAIBAHMIO. ADXHTEKTYpa
IA-64 He cOBMECTHMAa HEMOCPENCTBEHHO ¢ HaGopoM Komaum TA-32.
3nech MOABIAETCA NMOJHOCTBIO OTJMYHEIA HaGop KOMaHI, a Takxke
HCITONB3YIOTCA TPUHIMNL VLIW BMeCTO BBHITOMHEHHMA BHE ECTECT-
BeHHOro mopsAaxa. [A-64 — apxuTekTypa, HCHONb3yeMast NHHHER
npeureccopos Itanium,

YcopeplleHCTBORAHMA

» B 16 pa3 ysenuveHno xonuuectso POH w 13 (Teneps mo 128);

« MEXaHH3IM IePeHMEHOBAHHNSA/POTAMM PETUCTPOR, YTOOHI CO-

XPaHSTb 3HAYCHUS B PETHCTpaX NMpH BEI30Be (hyHKIMIA.

AMD64. HaGop xomarn AMD64, nepBoHa4YanbHO Ha3BaHHBIH
x86-64, B 3HAIHTEC/IBHON CTENEHH IMOCTPOEH Ha OocHoBe JA-32 u Ta-
KHM 0o6pa3oM obecreydpaeT HACASKCTBEHHOCTE ceMeiicTea x86. Tipu
pactmpeHun HaGopa XoMaHa AMD pocrons20Baiack BO3MOXHO-
CTBIO, YTOOM OYHMCTHTDL YACTh €10 OT pAia «YCTAPEBIIMX» KOMaHI —
Hacneans «16-paspsaHEIX BpeMEH»,

VcoBepIICHCTBOBAHHNA: _

« B 2 pasa yeenmyero KonHuecTBo POH w SSE (teneps no 16);

¢« POH — teneph GeiicTBHTENEHO PETHCTPH O01Ero HazHaUeHMs!

YU RMueM Gonbllle He OrpaHHYeHsl,

Apxutextypa ncnonb3cpaHa B IIIT Athlon 64, Athlon 64 X2,
Athlon 64 FX, Opteron, Turion 64, Turion 64 X2, Sempron
(«Palermo», «Manila»).

EM64T (Extended Memory 64-bit Technology, wmm Intel 64) —
Habop KoMaHn (paHee HIBeCcTHHIN Kak Yamhill), oopsasnennsliit Intel
B theBpane 2004 r., B noapaxaHue AMD64. EM64T B LeioM coBMec-
THM ¢ KONAMHK, HAMHCAHHEIMEH 1nad AMD64, xora u uMeeT pan He-
DOCTATKOB CpaBHHTENBHO ¢ AMD64, '

Intel Hayana ucnoab3oBaTe Habop EM64T, Haunnan ¢ LIT] Xeon
(anpo Nocona) B xoHue 2004 r., a 3aTeM BBHIILIA ¢ HUM Ha pHHOK
HactonbHbix TIK B Hadane 2005 r. (Pentium IV, Bepcus E0).

EMT/Intel 64 ucnonssyercs B LIIT apxurexrypnl Intel NetBurst —
Xeon («Nocona»), Celeron D («Prescott» # panee), Pentium 4
(«Prescott» u nmanee), Pentium D, Pentium Extreme Edition u apxu-
tekTyphl Intel Core — Xeon («Woodcrest»), Intel Core 2,
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IMockoneky AMD64 w1 EMT64 nmourd He pazmiHuaoTes, Jag
CCRUIKH HA HMX HCIIONBL3YIOTCA HeHUTpadbHEC HalBanuad — X86-64,
x86_64 (Linux u Apple's Mac OS X), x64 (Microsoft m Sun Micro-
systems).

Bexmopnas obpabomsa (SIMD-xomandst)

B knaccuduranuu I'. ®auHHa (oM. Taba. 2.10) aMeerca pyGpHKa
SIMD — noTok ZaHHHEX, obpabaTuBaeMelX onHOl KoMaHmol. Ipo-
LECCOPH, PCATH3YIOLENE TaKyio 00paboTKy, HMEHYIOT TOTOKOBHI -
MHA npoueccopaMu Moryr OHTE OfNpeeneHbl KAK OAHONO -
TOKOBH ¢ (Single-streaming processor — SSP), TAK M MHOT OO -
TOKoBH e mnpoucccopn (Multi-Streaming Processor — MSP).

THNMUHLIMH nNpeAcTabUTendIMu Kiacca SIMD cumtalorcs Mat-
puyHble npoueccopsl — ILLIAC TV, ICL DAP, Goodyear Aerospace
MPP, Connection Machine 1 # 1. 1. B TakMx cHcTeMax eIHHOE
YIIPABAAIOILEE YCTPOHCTBO KOHTPOMHPYET MHOXECTBO MPOLECCOPHEIX
aneMeHTOB. KaXaHi nponeccopHLIM 371eMEHT TOJAYYAET OT YCTpOii-
CTBA YIIPABNCHHUA B KAKIHMA (PHKCHPOBAHHEIY MOMCHT BpEMEHH OIH-
HAaKOBYI0 KOMAaHIY M BBHIMOJHACT €€ HAZ CBOHMH JIOKAJbHHNMM HaH-
HHIMH. B nocieaopaTe/bHEIX pAaclIMpEHHAX CHCTeMB KOMaH7 X86,
BEINONHeHHBIX Intel 1 AMD, Bce GoJee MONHO UCIONE3YIOTCH NPHH-
UHIH 00paboTKH OmHOM KoMaHmoil BeKTopa (IOTOKa) JaHHBIX (CM.
Takxe [Ipunoxenue 3).

MMX (MultiMedia eXtension) — apXMTeKTypa CHCTEMBE KOMAHI
(57 xomang ana D3), HenmocpeACTBEHHO NMpeXHASHAYEHHBIX IS 34-
Iad MYJNBTHMEOHA, CBA3SH H IpadH¥9cCKHX IPIIOXCHHH, KOTOpEHIC
JACTO MCNONB3YIOT CAOXHBIE ANFOPUTMB, HCHOMHAIONMIMEe ONMHAKO-
BHE ONEepalMM Ha OGOJBIIOM KONHYECTBE THMOB AAHHBIX (OaifThl,
CJIOBa B ABOHHBIC CNOBA). AHANK3 YYACTKOB TAKMX MpOoTpaMM ¢ 60Jb-
UM 00beMOM BRUMCICHMH AOKA3adA, YTO TaKHe TMPHIOXECHUS UMe-
0T cleayolre o6lHe cBoMcTBa, ONpENCNHBIIHE BHIOOP CHCTEMEI
KOMAaHJ H CTPYKTYPH JaHHBIX:

» HeGONbIAS PA3PAIHOCTD HEMOYHCICHHBIX JAHHBIX (HanpHMep,
8-pazpsanHbie OHKCEaN 1A rpahuky WM 16-paspsaoHoe npen-
CTABJICHHE PEICBEIX CHTHAIOB);

¢ HeOONBIIAA JUVTHHA LIMKJIOB, HO OONMBIEOS YHCIIO HX TOBTOPEHHH,

« DonpLIOR O0BEM BRIMHCICHHU M 3HAYHTENBHHH YACHBHEIN. Bec
onepaHii YMHOXEHHS W HAKOILICHHS;

s CYLIECTBEHHBIH MapalieAn3M onepauyi B mporpaMMax.
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D10 H ONpemejnIQ HOBYK) CTPYKTYDY JAHHBIX H PacIOIHpeHHE
cHcTeMBl KoMaHa, Ilpu 3toM ORETO BOCTHTHYTO O0lce MOBBHIMICHHE
npon3poanTenbHocTH Ha 10—20 %, a B mporpammax obpaGoTkm
MYJIETHMETHa — go 60 %,

B npoueccope Pentium MMX (1996 r.) nogaensiorca 8 HOBEIX
64-pa3pAnEBIX «PErECTPOB» ¢ HMEHAMH MMO—MM7 (Wi X€ MMn), B
IEACTBUTENLHOCTH, 3TH HOBHE <PETHCTPEI» OBUIH TOMLKO TICEBICHH-
MaMH i peructpos creka I13 x87 (puc. 3.3). B cBa3u C TeM, 9TO Ka-
XIBIA H3 PETHCTPOB CTEKa coaep kT 80 6UT, cTapuiHe 16 GHT perncT-
POB CTeKa OKA3bIBAIOTCS HeHcnodb3oBaHHKIMM B MMX (puc. 3.3).
IToaroMy B peximMe MMX oHH 3alTOXHAIOTCA BCEMH €IMHHLIAMH, UTO
DO3BOISIET OTIMYATh AaHHbIie (opMata ¢ ruiapaionieif samartoit ot
MMX-naHHHEX.

Puc. 3.3. Crex peructpos ¢ II3 w MMX-perncrps

T1penMyllecTBO COBMEILIEHHA MMn ¢ perHcTpaM# FPU cocTouT B
TOM, YTO OBHH M Te Xe KOMaHZE H CTPYKTYPH HAHHBIX PA3iHYHBEIX
OTCPAIIHOHHLIX cHCcTeM (MpH oGpaboTke nMpepHBaHH H BEI3OBE TOM-
MpOTpaMM) MOTYT HCTIONB3IOBATRECA KaK JAA COXpaHEHMS COmepXAHHS
peractpos 113, Tak u perncTpor 3DNow!,

Kaxnapii ¥3 perdcTpoB MMn NpedHa’HA4eH U1 LEIBX YHCEN Ha
64 6urta. OXHAKO MIABHBEIM MTOHATHEM HabGopa koMawa MMX gemaet-
Cfl KOHLENIMS YTAKOBAHHKMX THNOOB AaHHBX (cM, Tabn. 1.9,
puc. 1.6).

MMX-xoMarau Henmonesyorca B IIIT, HaumHags ¢ Pentivm
MMX (AMD K6) 1 uMeioT clie yIolili CHHTaKCHC:

instruction [srec, dest]

3mech instruction — HMA KOMaHAB, dest — BBHIXOAHOM, a
src — BXOOHOH onepaHiEL.
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boaemmHcTBO KOMaHA UMEIT cy(ddHKC, KOTOPEEI onpegenser
THH BAHHHX H MCIIONb3YEMYKD apuMETHKY:

e U8 (unsigned saturation) — apudMeTHKA ¢ HACBILIEHHEM,

JaHHbIe Oe3 3HaKa,

s S W SS (signed saturation) — apmbMeTHKA ¢ HACHIIE-
HHeM, TaHHbBIe co 3HaKoM. Ecin B cydpdHKce HeT HH S, HH S8,
HCTIOABIYETCA LIMKAMYeckas apudmernka (wraparound);

* B, W, D, O (cM. Tabn. 1.9) yxasmBalor THI JaHHBX. Eciu B cyd-
thrkce ecTh ABe W3 3THX OYyKB, NEPBasi COOTBETCTBYET BXOOHOMY
OfNepaHIy, a BTOpas — BLIXOAHOMY.

Apxumexmypa 3DNow! BuepBHe pealH3OBaHa B TMpoleccopax
AMD Ké6-2 (mait 1998 r.). Texsomorusa 3DNow! skmouaer 21 go-
FIOJIHHTENBHYIO KOMAaHMy, HOBHE THYIBI JAaHHBIX W UCIIONB3YeT peru-
CTpH MMn (MMO—MMT) IJid IMONACPXKH BbICOKOIPOM3BOOWUTEABHOM
0bpaboTku 3D-rpadHkn H 3BYKa.

B To Bpemsa xak apxurextypa MMX npexnnonaraeT HeJ1o04Y K C -
AeHHYI0 apHdpMeTHKY, BeKTOpHBe KoMaHa 3DNow! mapan-
JeNbHO 06paGaTHBaIOT ABe MapH 32-pa3’psaHbIX BE W€ CTBEHHBIX
OTepaHIoB OAMHApHON TOYHOCTH (CM. Tabm. 1.9).

IMpoueccop MoxXeT BRINOMHATE gBe IDNow! KOMAHIEI 3a TAKT H,
CACOOBaTeNBHO, 4 onmcpauud Han uyucaaMn ¢ I13 ogHoBpeMeHHO.
Texuonorusa 3DNow! npeanonaraer Hamwuue 8 LI aia BEINonHe-
HHA BeKTopHEIX MMX 1 3DNow! onepanmit HeCKOILKMX YCTPOHCTB
(mapa ymMHOXuTenei, cymmaropos u T. A.). Bee xoMaranr 3DNow!
HMEIOT UTHTEIBHOCTE HCIONHERAA 2 TAKTa M NMOJHOCTHIO KOHBelie-
PH3HPOBAHEI.

SSE (wm SIMD-FP) — cucrema xomaHa Streaming SIMD
Extensions — SIMD-pacimpenme, npeanoxerntoe Intel 8 1999 r. B
Pentium III (ampo Katmai), orciona eapmaHT HazpanHa — KNI
(Katmai New Instructions). Dro 70 HOBMX XOMAaHI, B TOM YHCIE:

+ 50 KoMaHn TIpeAHA3HAYAIOTCH AN IOBHILCHM HpheKTHBHO-

cTi onepaunii ¢ T13, ¢ 3roii uearwo B LI Berpoennr 128-6uto-
BEIE PETHCTPH — BOCEMb PETHCTPOB, HazBaHHBIE XMMO—XMM7
(8 AMD64 yncno SSE/XMM perucrpop GBUI0 YBEIHYEHO OT 8
no 16). B pesymprare onepaimm ¢ I3 moryr cosepiuarecsi 3a
OOHKR LMK IPOILECCOPa;

» 12 xomana (New Media) zononHgioT paHee BBeReHHBIE 57 KO-
Maug MMX mna $3;

« ocrapinnecs 8 komaHx (New Cacheability) mosenmaior ripoua-
BOAMTENBHOCTE K3IU-TIAMATH L1 mpu paboTe ¢ MyIbTHMenHii-
HbLIMM JAHHHMH.
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SSE — HaGop xomaHH, KOoTopulie 00paGaTRIBAIOT TOALKO 3HAYe-
HiA ¢ 13, momobuo 3DNow!. TlocKoneKy 3gech HCHOAb3YIOTCA 00-
Jiee UTMHHLIE pervctpH, 9eM B 3DNow!, SSE mMoXeT ynakoeaTth IBa
yucna T3 B kaxaeri persictp (cM. Tabn. 1.9). IlepeonavancHas Bep-
cus SSE Gnia orpaHHucHa TOABKO UHCIAMH OAMHAPHOM TOYHOCTH,
niono6Ho 3DNow!.

SSE2 — meepeHHud ¢ Pentium FV HaOop KoMaRI ARIAECTCA CY-
[eCTBeHHBIM pa3suTHeM SSE, omepHpyeT ¢ TEMH X¢ CAMBIMH peru-
cipaMH M obpatHo coBMecTM ¢ SSE mpooeccopa Pentium IIIL
B pacuinpennn SSE2 omepaitny co 128-OHTOBWMMM perncTpaMH Mo-
IYT BEITIONMHATECA HE TONBKO KAK ¢ YETBEPKAMH BEILECTBEHHBIX Y-
ceJl IBOWHOM TOUHOCTH, HO M KaK C MApaMH BelCCTBCHHBIX UMCEa
JBOHHON TOYHOCTHM, ¢ LIECTHANNATHIO ONHOOAWTOBHIMH LENBIMH W
np. (Tabn. 1.9). SSE2 npeacraenaer coboit cumMbnos MMX u SSE n
nmospoAasicT paGorark ¢ MOGHMHA THNAMH JAaHHMX, BMEHIAIONIMMMICH B
128-6HTOBHE PETHCTPEL.

SSE3 — Habop KOMaHJI, TaKXe H3BecTHHINT Kak Prescoft New
Instructions (PNI), sBisterca TpeThell Bepcueit komaHa SSE mns
JA-32. Intel ucnoneayer SSE3 ¢ wavana 2004 r. B III1 Pentium IV
Prescott. B anpene 2005 r. AMD Taxcke sxmodaer SSE3 s LIT Athlon
64 (Bepcna E — aapa Venice u San Diego). SSE3 conepxut 13 no-
TIOIHUTEABHEIX TI0 OTHOWeHKO K SSE2 xoMana. CaMoe cylleCTBEH-
HOE HOBIIECTBO — <«rOPM3OHTaNbHasA apHPMeTHKA» (CM. puc. 1.6).

HAunamuseckoe ucnoanenue (dynamic execution technology)

InHaMuyeckoe HCNOJHEHHE — TexHONOrMs1 obpaboTKH TaHHHX
TIpOLIECCOPOM, obecrieunBalonian Gomee adpekTHBHYIO paboTty mpo-
Heccopa 3a cYeT MAHHITYIHPOBaHHA JTAHHHMH, a He NpPOCTO JNHeH-
HOTO MCMOJTHEHHSA CITHCKA WHCTPYKITMMA.

Hpedcxazanue semeaennii. C 6oNpLIONH TOTHOCTHIO (Gonee 90 %)
npoileccop MpPeicKa3uBaeT, B Kakoil oGnacTH maMAaTH MOXHO HalTH
crIeIYIOIHe HHCTPYKLIHM, DTO OKA3BBAETCH BOIMOXHBIM, ITOCKONBKY
B Iponecce HMCIOMHEHHMN HHCTPYKIIHH MIpOLIECCOp IPOCMaTPHBAET
nporpaMMy Ha HeCKOJIBKO INaTOB BIEpeNn.

310 obecmeunBaeT 3HAYNTENbLHOE MOBHIMICHHE TIPOH3BOEHTENb-
HocTH. Hanpumep, nporpaMMHEINR LMK, COCTOALIME W3 NEPECHNKH,
CPaBHEHHs!, CIOXEHWA ¥ nepexoma B 80436 DX, pmnmonngercs 3a
LIECTh TAKTOB CHHXPOHH3ALHHN, a B — Pentium 3a apa (KoMaHIbI ne-
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PCCEUIKM H CJIOXCHMS, a TAKKe CPaBHEHHA H epPeXoNa CONeTATCd 1
MPeCcKaILBacTCA Mepexom).

Breouepednoe eunosnenue (BHIIONHEHNE BHE €CTECTBEHHOIO TIO-
pagka — out-of-order execution). Ipolleccop aHANMARPYET IOTOK
KOMAHA H COCTaBNAeT rpapHK HCIOIHCHHA HHCTPYKLHIA B ONTH-
MATBHOM MOCIEIOBATEABHOCTH, HE3ABUCHMO OT NOPSIIKA MX ClieloBa-
HHA B TEKCTE MpPOTrpaMMBl, TIPOCMATPHBAs TEKOIMPOBAHHBIE HHCT-
PYKLHH H ONpEReiasa, FOTOBH JH OHH K HEMOCPEACTBCHHOMY HCION-
HEHHIO M/ 3aBHCAT OT pe3ynbTara JApYTMX HHCTpYKUH#. Hanmee
[POLIECCOp OMpencasaeT ONTHMANBHYKY MOCACIOBATCIBHOCTD BHITION-
HEHMA H HCHOJIHRCT HHCTPYKUHNK HanOonee HhpgpeKTUPHEIM 00pa3oM.

Ilepeumenoeanue (pomauun) pezucmpos (register rename}. UToOu
n30eXaTh IEPECh/IOK JAHHBX MEXIY PETHCTPaMM B COOTBETCTEYIO-
mei KOMAHIAE H3MCHSAETCA ajpec pPeTHCTpa, COACDXAINero HaHHEe,
YYacTBYIOIIHME B ClIeOyollei omepauwH. I1osTOMY BMECTO NEpeChUIKH
OAHHEIX B PETHCTP-HCTOUHMK OCYUICCTBISCTCH TPAKTOBKA PerncTpa ¢
JNaHHHIMHA KaX ACTOTHHAKA,

Buinoanenne no npednosoncenuro (crieKynaTHBHOe — speculative).
[Tpoueccop BEIMOMHACT MHCTPYKLNK (IO IATHA WHCTPYKUUA OZHOBpe-
MEHHO) TI0 Mepe MX MOCTYIUICHMS B ONTHMM3MpoBaHHON riocieioBa-
TeNbHOCTH {cnexynaTmBHO). TIOCKONBKY BHINIONIACHHE HHCTPYKIIMIA
NPOHCXOIHT Ha OCHOBE NMpPEOCKa3aHHA BETBICHHIA, pe3y/IbTaThl coOXpa-
HSIOTCA KaK NPeANOIOXMTENbHEIE («CIIeKyIATHBHEIS»). Ha KOHeuHOM
ITane NOPSANOK WHCTPYKLHE BOCCTAHAB/IMBACTCA.

Ha puc. 3.4 1 3.5 npelcTaBAeHH BApHAHTHI CIIEKYISTHEHOTO BhI-
MOJIHEHHAA:

e ppeduxanus (predication}) — ONHOBPEMEHHOE MCIONTHEHME He-

CKOJIBKMX BeTBei mporpaMMEI BMECTO MPEACKA3aHHUA IEpexo-
HoB (BEOTONTHEHHSI HAHDONEE BEPOATHOIO);

o Onepexcaiowee ymenue dannuix (speculative loading), T. e. 3arpysxa
JAHHEIX B PETHCTPEI ¢ OTIEPeXeHNeM, A0 TOTO, KaK OHpeAcH-
JIOCH peajibHOE BETBJICHHE MpOrpaMMBl (TiepeXon YNpapJIcHNA).

OTH BO3MOXHOCTH OCYLIECTEIAKTCA KOMOHHHPOBAaHHO — TIpA
KOMITIWIALHH H BHINOJHEHHH MTPOTPAMMH.

HHpedurayus OOLMNHHE KOMIWIATOP TPAHCIHPYET ONEPATOP
BETBIIEHHA (Hanpumep, IF-THEN-ELSE) B O/0KH MALIMHHOTO KOJa,
pPacnoJOXeHHHE NOC/ICEOBATENBHO B NoToke, OOBMHBIA Mpolieccop,
B 3aBHCHMOCTH OT MCXOla YCJIOBHS, MCIIOMHAET OXHH M3 oTHX Gaso-
BbIX §JI0KOB, TIPOMYCKas BCce Apyrue. bonee pa3BHTHE MpPOLIECCOPH
NHITAITCA NPOTHOSHPOBATh HCXOHN OMEPALHKE 1 TPeNBAPHTEIIEHO Bbl-
IIOJTHSAIOT NpeAcKazaHHbii 6ok, flpu TOM B ciyyae olIHOKM MHOTO
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1. BaTeneHWe MOXET HMETL

nmmoﬁ {F1, Pz)
BATBM DETHCTD
ABa Wexona

3. Bew xOMaHAL STOR BetEN

predicate register)
i
noMaLLAOTCA 8 parkcTp P1 4. Bos kOMBHON AEHHONA BeTEN
a3 | NOMBLYSOTCA 6 parweTp P2
(nepexopa) ,l
|
l 5. LN HAMMHAST BRIAONHATE ‘
Komaspa4 | oSe BeTM NEPENNGmuHO, | KoMamga 7
{P1) TAK KK BLMHENBHHA HE3ABMCML {P2)
¥ ¥
6. KOraa CTaHOBHTCH HABeCTEH peant-
Komaupa S L. 1 (et 4CXO DSTENEHWA, BeMICTISHMS || Komaunag
™) MPOLOIIKMOTCA TONLKO 4NA (P2}
l peansHOR BETRK ‘
Komanpa 6 Komanaa 9
T -1 @
KosmnHRATop MOXET NOOroTOBKTE NapannenbHyg obpaboTy, NepecTanue
KOMBHALI W COMETER HHEIPYIMM 4 M 7, 5n 8,69
ANA OBHOBDEBMEBHHOO BLINOTHEHWA
Komanga 3
Komanga 1 Komanga 2 {nepaxan)
Komanpa 4 KomaHna 7 Kowmauna 5 128-5uroBbie
{P1) {P2) {P1) ORI KDMEBHS
Kowmakxna 8 Komanga 6 Komanna 9
(P2} (P1) (P2)

Puc. 3.4, [lpeankauiEa HAK OOHOBPEMEHHOE NIPCIBAPHTENEHOC BHAGIHCHAE BoEX
ANETEPHATHBMEIX BETBEH OMEpaTopa YCAOBHOTO REpexola

TAKTOB TPATHTCA BIIycTyio. CaMH O70XH 3a%¥acTyi0 BechbMa Maibl —
AB¢ HJIH TPH KOMaHAbI, — 4 BETRICHWS BCTPEYAIOTCd B KOAE B CPeX-
HEM KaXABle LICCTh KOMaHA. Takad CTPYKTyYpa Koaa Ac/acT KpaiiHe
CIOXHBIM €70 NApAINEILHOC BHITONTHCHAS,

Ilpr ucnonb30BaHNM NpeAMKalMKM KOMIHWIATOp, OOHapyXwB
OMepaTop BeTRISHMA B MCXOLHOM MporpaMMe, aHATHANPYeT BCE BO3-
MOXHEBIE BETBH (DJIOKH) H TIOMEYACT HX METKAMH WIH Mpeduramami
(predicate). Tlocne 3TO0ro OH OApPEAC/ISCT, KAKHE H3 HMX MOTYT GBITH
BEINIOTHEHE NapajUle/IbHO (H3 COCEOHMWX, He3aBUCHMEIX BETBE).

B mponecce peinonHennsa nporpaMMil 1T BeIGHpaeT KoMaHAH,
KOTOphIC B3aHMHO HE3aBHCHMB M paclpeleificT HX Ha Hapaicib-
Hylo o6paboTky. Ecmu LIIT oSHapyxuBaeT onepaTop BeTRACHUSA, OH
HE TBITACTCA MPEACKA3aTh MepeXoll, 4 HAYHHACT BHITONHATL BCE BO3-
MOXHEIE BETBH TIPOTPAMMEL.
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1. KOMMMIIATOP CKAHWPYET WCXOEMYIO 2. B MOMBHT WCIONHeHMS Npo-
NPOTPAMMY H OBHADYXHEAST YToHHe Komarza 1 MPAMME 3T KOMEHAA CHUTLIERCT
NaHHLIX (KoMaHna 8, nocne nepexona). A8HHLIE, KOTCPbIA MOFYT MOHA0-
OHa ypanseres. MOMSLLASTCR Onepe- GuTCA B OO W3 BETBONH
MIOLLEE YTEHNE NEPEN NBPexXOaoM.
Mocne NBpexana BCTEENRSTCH NPOBEPKE Komanga 2

YreHna

€ OHOPEKAHWEM [ == <--maermnccsmaciasonanaanon.

Komanga 3 HWaM M
( nporpam

=
——

3. Ecni HCNANMHBHKE WHET N0 AAHHOA
Komanaa 4 BETEM, TO NOCKONbKY [AHHDIS YKe Komanpa 7
CHUTAHEL, KOMBHOE B POANLHO BLINQS-
I HATECA He Gyper pommman- ; ........
i Ko 8 .
Komanpna 5 I patt? (WMW) HE
Komenas 6 4. Npopapxa SBHCTENTAILHOCTM Komanza
CHUTAHHOID NAHHOM ——————=  npoBapKM
Komanaa @
obpaborka

Pue. 3.5. Onepexawitiee CYMTRBaAHHE AaHHKX B pervcTpil LT w3 maMarn
(speculative loading)

Takum obpasoM, MOryT GeiTe 06pabOTAHEI BCe BETBH TIpOrpam-
MEl, HO €3 3anHCH NMORYYEHHOIO pe3ynbTaTa. B onpenescHHEIH Mo-
MEHT -TIPOLECCOP HAKOHEI[ «Y3HAET» O pealbHOM HCXOIE YCHOBHOIO
onicparopa, J3aHCHBAcT B NAMATh Pe3YABTAT «[PABIIBHOH BETBH» H
OTMEHSIET OCTAIBHEIE PE3yALTATHI,

B 10 Xe BpeMs, eclIH KOMIIWIATOP HE «OTMETHI» BETBICHHE,
NpoReccop JcHCTBYET KaK OOBIMHO — IBITACTCA NpPEACKa3aTh MyTh
BeTBIeHHuA U T. A. VICTILITAaHMA NoKalalH, 4To ONHCAaHHAsg TeXHONO-
rH HO3BOIACT YCTPAHUTE 00ee MONOBHMHK BETRICHHH B THITHYHOH
IporpaMMe, H, CICIOBATEABHO, YMEHBILHTE Gosiee YyeM B 2 pasa yuc-
710 BO3MOXHEIX OLHGOK B MPeRCKa3aHMsIX.

Onepemawiyee ymenue (NpeABADHTESbHAS 3aTPy3Ka JaH-
HB{X, YTEHHE MO TPSANMOIOXKCHKIO) Pa3leseT 3arpy3Ky AaHHBIX B pe-
HCTPEL M MX PEANbHOe HCIOML3OBaHME, M3beras CHTyauMH, KOrIa
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MpOLECCOPY MPHXOONTCA OXWEATh NMPHX04A JAHHHX, YTOOH HA4YaTh
nx 00paboTky.

ITpexne BCero, KOMITWIATOP AHAMH3HPYET ITPOTpaMMY, OTIpCHCAa
KOMAaHIBI, KOTOpHie TpeOYIOT NpHeMa JaHHBIX W3 ONEPAaTHBHOM ITaMATH.
Tam, rae 9TO BOIMOXHO, OH BCTAB/ISET KOMAHIB OIEPEXKAIOIICTO YTE-
HHA H NAPHYIC KOMaHIY KOHTPOJIA ONEpeXaloero YTeHuA (speculative
check). B To xe BpeMsi KOMITIUIATOp TIEPECTABNSET KOMAHAB TAKHM 00—
pazoM, 91oOH LIT Mor ux obpabaTeiBats HapaUIeNBHO.

B npouiecce patotsl HIT BcTpeuaer KoMaHay OMepexaouwiero 9re-
HHS M NTaeTcH BRIOpaTh AaHHBIE M3 maMsTH. MOXeT oKasaTeCs, YTo
OHH ellle He TOTOBH {pe3yiIbTaT paboThl O/I0KA KOMaHA, KOTOPHI eile
He BaimonHwiIcH). OORMHEBIA MpoLieccop B 3TOM CUTYALIUM BHLIAST CO-
obIeHne 00 olnOKe, OMHAKO CHCTEMA OTKNAABIBACT «CHTHAI TPEBO-
I'» JO MOMEHTA ITPHXOIa MPOLECCa B TOUKY «KOMAaHOA MMPOBEPKH OIc-
PEXAMETO YTeHuA». ECIM K 3TOMYy MOMEHTY BCE MpPEHILECTEYIOILHE
NIOANpoIecCH 3aBEPIICHE] H JAHHBIC CYHTAHHL, T0 oOpaboTKa rpoaou-
Xaercd, B MPOTUBHOM CIy4Ya¢ BHpabaTHBACTCS CHTHAN TIPEPHBAHKA.

BO3MOXHOCTE PacnONaraTe KOMaHAY MPeABAPHTENBHON 3arpy3KH
IO BETRACHHA OYCHR CYLIECTBCHHA, TAK KaK NO3BOMACT 3aIpyXarth
JAHHBIE 3aXONT0 HO MOMCHTA HCIONB30BAHWA (HAIIOMHHM, 470 B
CPEIHEM KaKIafd LIecTass KOMaHIa SIBIACTCA KOMAHAOH BETBJACHHS).

Muozoxpamuoe 3exoduposanie KOMano

B TO BpeMs Xak TPaAHIHOHHEIHA MPOLIECCOP TAHEHHO MEPeBOIMT
KOMaHIW B TAKTOBbI¢ MAKPOKOMAHIH H MNOCASEOBATC/HHO HX BLHIOJ-
wsaer, Il ¢ MHOrOKpaTHEIM A¢KOIHPOBAHHEM CHadyama mpeodpasyer
KOOH HCXOIHBIX KOMAaHJ TPOrpaMMH B HEKOTODHE BTOPHYHEBI &
MceBIOKOAE (NpeaBapHTE/IbPHOS NEKCIUPOBAHHE, WIH TIpelcKo-
OUpOBAHME), KOTOpHIE 3aTeM Oonee >(WpeKTHBHO MCIIONHSAET SAPO
npoLeccopa. JTH Npeobpa3oBaHuA MOTYT COIEpPXaThk HECKOMBKO 3Ta-
moB {cM. puc. 3.2). B xavecTBe NpUMEpOB PACCMOTPHM 2- —3-CTy-
MICHYATRIE IEKOAEphI (pHc. 3.6).

Hexoduposanue xomand CISC/RISC ¢ VLIW (puc. 3.6, g). Ot
TEXHOJIOTHH HMCNONB30OBAaHE B MOGHIBHHMX Tmpoileccopax Crusoe
(pupma Transmeta) w Hexoropsix I{IT Intel — apxurekTypn LA-64 1
EPIC (Explicitly Parallel Instruction Computing — BHMWMCIEHHA C
SIBHOH NAPAICEHOCTRIO MHCTPYKINHA).

B gactHoctH, B Crusoe Ha BXoJie Npoleccopa — MIporpaMMEL,
[OArCTORIEHHEE B cucTeMe KoMan Intel x86, onHako BHYTpeHEHSA
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Puc. 3.6, MHOTOKpaTHEE JEKOIEDE M CMEXHEIC TEXHOIOTHH:
g — mnpeobpazopamne CISC/RISC B VLIW; 6 — npeobpasopanue VLIW/CICS
» RISC; ¢ — Maxpocnuanne; 2 — MUKPOCTHSHHE

cucreMa KoMaHa VLIW He MMeeT HHYEro OGHIEr0 ¢ KOMaHIaMH X86
# pa3spabGoTaHa Jad OBICTPOrO BRITOJHCHHMA MPH MAdOH MOIMHOCTH,
HCemoAb3ya obbrmHylo CMOS-rexHOnornw. OKpyXawilHi YPOBEHB
OpOrpAMMHOTO HASEIBAIOT NMPOTpaMMHBEM obeccHmeYeHHEM
Moagndukanuu Kogos (Code Morphing software — CMS, wim
CM), 3mech ocyllecTBASETCA NUHAMHYECKMH nepeBos KoMaHa X386 B
KoMaHAH VLIW.

IIporpammHOe ofecneucHHe MOTH(PHKAINH KOOOB IICPEBOANT
cpasy fnoxu KomaHx X860, 3anMCEIBas PE3VABTAT B K3II TEPEBOJA.
BTOT NoJXoAd, K BEIOJHEHHO Koja X806 yCTpaHSeT MIWIIMOHH TPaH-
SUCTOPOB, 3aMEHAS MX MporpaMMHBIM ofecmedeHneM. I[Ipomeccop
Crusoe conepxur He Gonee '/, 4HCIa TOrMYECKNX TPAHZHCTOPOB, TPe-
OyeMBIX 1A OOCTHKCHHA NOAOOHOH NMPOH3BOIHTEIBHOCTH TONBKO
anMapaTHbIMM CPEICTBAMHM, H HMEeT CASHYIOIHE NPeHMYLICCTBA;

e ANMAapaTHBlif KOMIOHCHT 3HAUHTEIBHO MCEHBIG, OBIcTpee M

aHepreTdeckH MpdekripHee, 9eM OOhIYHEIEe YHITH;

e ANMAPAaTHBIEC CPEBCTBA NMOMHOCTBIO OTIHENIEHBI OT KOMaHH Xx86,
JaBas BO3MOXHOCTh HCIIONBIOBATh B IIPOEKTax Hanbonee co-
BpeMcHHBIE M 3pPEKTHEHHE TCHIACHUNHA B NPOCKTHPOBAHWH
ICKTPOHNKH, HE 3arpyxas NporpaMMHoe obecrieueHHe Tpo-
GeMaMH COBMECTHMOCTH;

¢ nmporpaMMHoOe obecnieuecHNe CM MOXET pa3sBHBAaTRCA OTAENEHO
OT arIapATHHX CPEXCTB, H OOHORNEHHE IPOTPAMMHON YACTH



232 Fnaea 3. Npoyeccopul: MUKPOBPXHTEKTYPE W NPOTPIMMUPOBAHNE

HpOLECCopa MOXET GLITh BHIMOTHEHO HE3aBHCHMO OT almnapar-
HHX BEPCHHA YHIA;

s VIPOILCHHE AaMmapaTyphl MNO3BONWIO YMEHBIIMTh TrabapuThl
NPOLECCOPOB H NoTpebieHNe SHEPTHH (3TH MPOLECCOPH HHO-
[lid HA3HIBAIOT <XONMONHBIMH»).

AHAMOTMYHBIE TIPHEMBE HCTIONB3YIOTCH B npolieccopax Intel Ita-
nium — 3gech MpH KOMIMIAIH NOTOBATCA TMakeThl (CBA3KH, bundles)
KOMaHz (1o 3 komaums B 128-6nroBoM makete — puc. 3.4). Tem caMbiM,
KOMITIUTATOP BEITIONTHACT B HAHHOM chyuac GyHkiina CM.

Hexodupoeanue xomand CISC VLIW ¢ RISC. YkazaHHEI¢ BHILlIC
aocrouHcTBa RISC-apxuMTeKTyphl MPHBEIH K TOMY, UTO BO MHOIHX
coppeMeHHBIX CISC-npoueccopax ucrnomsiyeres RISC-aupo, BeI-
nosestiowee o0paboTKy JaHHBIX. [IpH 3TOM IOCTynalILME C/IOXHEIE
A pa3HodOpMaTHBIE KOMAaHAB NPEABADHTENBHO Mpeobpasylorca B
nocxaenobaTeIbHOCTh MpocTsiX RISC-onepaumii, ObicTpo BHITONHAE-
MBIX 2THM TIPOLISCCOPHBIM sAApoM (puc. 3.6, 6). TakuM obpasoM, pa-
GoTaloT, HANMPHUMEDP, COBPEMEHHBIE MOAENH MpoleccopoB Pentium n
K7, xoTOpHE Mo BHENIHMM MoKa3aTenaM otHocATcd K CISC-npouec-
copaM. Mcnonvzosanne RISC-apxuTeXTyphl ABNAETCH XapakTepHOH
qePTOi MHOIMX COBpPEeMEHHEBIX TIPOLIECCOPOB.

Maxpocausnue (macrofusion). B npoueccopax NperTyliUX fo-
KONEeHHIT KaxXnad BHOpaHHAaA KOMAaHIAa OTAEJBHO NEKOTHpYETCHA W
BBEINOJHAETCA. Makpociuaune mno3soiageT oObeAHHATE THIHYHHE
Mapel NMOC/ACHOBATEBHHX KOMaH], (HanpuMep, CpaBHEHHE, CONPOBO-
XKIORI0IIEECs YCIOBHBIM MEpexXonoM) B ¢IHHCTBCHHYIO BHYTPCHHIOID
KoMaHay-MHKpoonepaio (MxOTI, micro-op} B npoilecce OeKOIH-
poBaHud (pHc. 3.6, ). B ganbvHeileM IBe KOMAHABI BRIMOIHAIOTCA
Kak ogHa MxOII, coxpamas nonHeii o6veM paboThl nponeccopa.

Muxpocausnue (micro-op fusion). B coBpeMeHHBIX AOMHHHUPYIO-
HIHX TIpoIieccopax KOMaHaHsl X86 (macro-ops) 06BMHO pacwieHAIOTCH
Ha MkOIl npexne, yeM MepemaloTcd Ha KoHBelep mpolieccopa.
Mukpocmuarme tpynmapyeT W coepmuser MkOIl, ymeHsluas Wx
yncao (puc. 3.6, 2). Uccremopanns nokasanu, 4yro ciuanue MxOIT
BKYIIE ¢ BHITIOJIHEHWeM KOMAHI B H3MEHCHHOM IIOpAIKE MOXET
yMEHBIMTH wnicio MKOIT Gonee yem Ha 10 %. JManHag TEXHONOTHA
HCTIONB30BaHA B cHereMax Intel Core, a padee anpoOHpoBanack B
TTIl MobmnbHEX chcTeM Pentium M.

B nponieccopax AMD K8 konseifep cTpoUTes Ha TOM, uTo paboTta
¢ norokoM MxOIT nponcxoaut TpeiikaMu HHCTpYKUWH (AMD nHa3br-
BaeT IX AHHNAMHU — line). Konseitep K8 oGpaGarsiacT MMECHHO
JIMHHH, a He X86-RHCTPYKIHHA WIH OTIENBHBEIE MAKPOONICPALTHHA.
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Texwonozusn Hyper-Threading (HT)

3nmech peanusyercs pasfeNicHHe BPeMeHH Ha alllTapaTHOM YPOB-
He, pa3buead GH3IHYCCKHI TIPOLIECCOP HA ABa JOTHIECKMX TIPOLIECCO-
Pa,- KaXObiii H3 KOTOPRIX MCIOAB3YET PECYPCH 4YHIla — SJpo,
K3Il-TIaMATh, MHHH, MCIIONIHHTEIbHOE YeTpoiictBo (puc. 3.7). Baa-
rogaps HT MHOrompomeccHas OiepamHOHHAas CUCTeMa MCIONB3Yer
OOHH IPOLECCOP KaK ABa W BRAACT OAHOBPEMEHHO IBa NOTOKAa KO-
MaHI. CMEICK TEXHOMOTHH 3aKIIONMAcTCA B TOM, YTO B OONBIIMHCTBE
CAydaeB MCIOMHHTEABHEIE YCTpoiicTBA mpolieccopa JaneKH OT Ioj-
HOH 3arpyXeHHOCTH. OT nepeaawy Ha BHIMOJIHERKE BOBOE GOMbINEro
MOTOKA KOMaH] NOBHIIIACTCA 3arpy3Ka MCIIOIHHTEILHBX YCTPOHCTB.

Porwcrpul

Kl A8HHLEX

. it .
Fgaaaa 1 y3agaNal Kaws xosann APHMETHIO-NOMHECKOS YCTRORCTIO

Puc, 3.7, Texnonorna Hyper-Threading (HT)

Croenanuctst Inte! olleHHBaioT MOBBIEHHE 3PPEKTHBHOCTH B
30 % HT-npolLiecCOpoB TpH HCMOAR3OBAHWH MHOTOMPOTPAMMHBIX
OC 1 oOLYHBY NMPHKIATHBIX MPOTPAMM.

Mruozoadepnbie npoyeccopsi

B okTs6pe 1989 r., paccMaTpusas Oyayiuee s«4yepes MpUaMy 3ako-
Ha Mypa», cneumanuctel Intel B craree «Microprocessors Circa
2000» («Ilpoueccoprt 2000-x IT.») NpeACKA3AIN, YTO MHOTOANED -
Hbl¢ MPOLUecCOpH MOTYT BRIATH Ha PHIHOK BCKOpE IIOCIE Hada-
Ja croneTdd. TiATHagUaTh JET COycTs HX MPEACKazaHWsl oOnpaBia-
JMCh — Pa’BHTHE MPOLIECCOPOB B 3TOM HANparIeHHH CTA/NO TPHODHU-
TeTHOH 3amageil Kak i Intel, Tak 0 ang KoHKypupyoiueh AMD.

MnorosnepHas apXMTEKTypa IpeXnojiaraeT pasMelicHHE IBYX
WIH Gojiee OCHOBHBIX BHIIHMCINTEALHBIX arperaToB B Npelesiax eayH-
CTBEHHOTO IMPOLecCcOpa. ITOT MHOTOSACPHEIE IpoLieccop MMeeT
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eNHHCTREHHHI WATepdeiic ¢ CHcTeMHO Taroif, HO onepauMoHHEe
CHCTEMEI «BHIAT» KAXIOE H3 €ro SIep Kak AHCKPETHBIA JIOTHYSCKMH
MpOLIECCOP CO BCEMH CBA3AHHBIMH PECYPCAMH. DTO OTJIHYACT WX OT
texHosoTHH Hyper-Threading (rae oTmenbnHbe npoueccH BBHITIONHA-
10TCA EAAHCTBEHHEIM SIAPOM), U CYILIECTBYIOIIHE PEeCYPChl HCIOIb3Y-
101cA Gonee 3¢dpeKTHRHO.

Pasgensan BHMUCTATENBHYIO HATPY3KY, BRIMIOJIHAEMYIO eIMHCTBEH -
HBEIM AIPOM B TPATHLIIMOHHKX [IPOLIECCOPAX MEXKIY MHOTHMH ATpaMK,
MHOTOSIEPHEIA NIPONECCOp MOXET BBHIONHUTL GONBIYIC paGoTy B
TIpeneNnax OTAeNbHONe mukna DBM. YTo0k! peamn30BaTE 3TO yBeTHYe-
HHe >peXTHBHOCTH, COOTBETCTRYIONISE MPOrpaMMHOe obecredeHHne
IOJDKHO TOFACPXHBATE 3TO pacNapa/licHBaHue. JTH GYHKIMOHAND-
HBl¢ BO3MOXHOCTH HA3HIBAKOT <MAapasUIcIM3MOM YPOBHA MOOIpPOLEcca
(HUTH)» WIH «threadings. TIpunoXeHHsT U oNepallMOHHBIE CHCTEMH,
KOTOPHE MNOANSPXHBAIOT 3TO, YIIOMHHAIOTCH KaK MYNLTH-TIOAMpPO-
HeccHrle WK «multi-threaded».

TIponmeccop, o0OpYAOBAHHEBIN HapAIEXH3IMOM YPOBHS TOX-
npouecca, MOXET BBHIOJHHTE IIOJHOCTBIO OTACIBHBIE <«HHTH»
Kojga. DTo MOXET 03HAYaTh HAH OA¥H NOINpOLEcT, BEINONHACMEI
M3 IPUIOXKCHHA, H BTOPOi MoAfpouece, BLINOIHASMBIH H3 onepa-
[HOHHOH CUCTEMEI, HJIH TApANeNbHEIE ITOAIIPOIECCH], BHITIOTHAC-
MBE H3 €AMHCTBEHHOTO npwioxeHus. [lapannenniM ypoBHS [OX-
npouecca MPUHOCHT OCOOeHHBIH BHRIMTPHIII A MHOTHX MYJNETH-
MEIUHHLIX NMPUIOKEHHH, MOTOMY YTO MHOIHE H3 HX OINEpalHi
cnoCcO0OHE! K BHITOAHEHHIO MTapaNAeIbHO.

Ecm mpy 3toM Henombsyetes pexuM Hyper-Threading, mponecco-
Pl BOHHOTNO siapa GyuyT cnocobHBL 00pafoTaTh YeThIpe TPOrpaAMMHBIX
MOANpOnecca ONHOBPEMEHHO Gotee 3(PPeKTHEHO HMEIONTHMHCSA Pecyp-
caMH, KOTOphE HHaYe, BO3MOXHO, OCTATHCE ORI He3aHATRIMK (puc. 3.8).

Puc, 3.8, Bunonnenne npoueccos Hyper-Threading (HT) Ha AByxnagepHoM
npoueccope
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flepcnexmusnsie munvi npoteccopos IBM

Accoynamuensie npoyeccoptt. CYIECTBYIONIHE B HACTOALIECE BpeMs
AIMOPHTMEI NPHUKIAOHBIX 3a0a4, CHCTEMHOE IIpOrpaMMHOE 0fecTeye-
HHE N ANMAPATHHIE CPEACTBA MPEHMYILECTBEHHO OPDMEHTHPOBAHLI Ha
TPATHIHMOHHYIO anpecHyKy 06paboTKy BaHHLBIX. JIaHHEIC DOSDKHEI GHITh
NpPeACTARieHsl B BHi¢ OTPAHHYEHHOTO KOJUYeCTEa (hOpMaTOE (HanpH-
Mep, MacCHBBI, CIIMCKM, 3alicH, cM. Taon. 1.13), momkHa GLITh SABHO
cO30aHa CTPYKTYpa CBI3cH MeXOy 37¢MCHTAMH JAHHBIX MMOCPEICTBOM
yKasatenieii Ha anpeca 3NEMEHTOB NaMATH, NIPA 00padoTKe ITHX NaH-
HEIX JOJDKHA OBITH BBIMOJIHEHA COBOKVIIHOCTL OTepamliii, obecreyu-
BAIOWMX JOCTYI K JAHHBIM N0 yXazatenaM. Takoil momxon obycinoBnH-
BAET TPOMOIIKOCTD OTIEPAITHOHHEIX CHCTEM H CUCTEM MPOTPAMMHPOBA-
HHA, 8 TAaKKE CIYENT NMPENSATCTBHEM K CO3MAHHIO BEIMHCHMTENBHHX
CPeACTE ¢ APXMTEKTYDOH, OpHeHTHPOBaHHOI Ha Oonee 3dwbekTMBHOE
HCIIOJIB30BAHNE MapaUiensMa o6paboTKH HaHHEIX.

AcconMaTHBHHEIA cmocob 00paboTKi AAaHHBIX TMO3ROJIAET TIPEOO-
JIETh MHOTHE OTPAHMYEHMSA, IPHACYIINE aupecHOMY HOCTYIIY K IIaMs-
TH, 3a CYCT 3aJaHHA HEKOTOPOTO KPHTEpHS OTO0pa M TIpOBEACHHE
TpeGyeMEIX Mpeobpa3oBaHMii TONEKC Hall TEMH AAHHREIMH, KOTOpHE
YOOBNETBOPAIOT 3TOMY KpHTeprIo. KpurepreM orGopa mMoxeT GHITH
COBMAACHHE ¢ JHOOBIM 37IEMEHTOM AAHHEIX, JOCTATOUNHLIM T BHIIE-
JICHMSI MCKOMBIX JAHHBIX H3 BceX NaHHHX. IToMCK DaHHHIX MOXET
MPONCXOARTE IO (PparMeHTy, HMEIOLIEMy GOJBLIVIO HIM MEHBIIYIO
KODPENSAIHIO ¢ 33XaHHBIM JJIEMEHTOM JAHHBIX,

HccnenoBaHel ¥ B pasHoOW CTENMEHHM HCIONB3YIOTCA HECKOABKO
NOAXONOB, PAaIMYAUIMXCA MOJHOTOH peaH3alliH MOASHH acco-
HHaTHBHOH o6paGorkm. Ecau peaiu3yeTcd TOMBKO ACCOLHATHBHAS
BHIOOPKAa JAHHHX ¢ NMOCIEAYIOIINM ITO0YEPETHEIM HCIIONb30BAaHUEM
HA{IcCHHEIX JAHHBIX, TO TOBOPAT 006 acCOLIMATHBHON MAMSTH WIH I1a-
MSTH, aapecyeMoii o conepxumomy, [Tpi mocTaTouHO MOXHOMH pea-
JIH3aLIMH BCeX CBOMCTE ACCOLIMATHBHON oOpaloTKH HCMONB3yeTca
TePMHH «aCCOLHATHBHEIA nponeccop» (puc. 3.9).

ACCOLUMATHBHBIC CHCTEMBI OTHOCATCS K Kinaccy SIMD u Bximoua-
10T OOMBIIOE THCIIO ONMEPANUOHHEIX YCTPOUCTB, CHOCOOHRIX OOHOBpE-
MEHHO IO KOMaHZaM YIIPaBISoWero yeTpoicTBa BECTH oOpaboTKy
HECKOJIBKMX FOTOKOB JAaHHHX. B acCOIMATHBHBIX BREMHCIHTSABHBIX
CHCTeMAaxX HH(popMalnd HA o6paGoTKy MOCTYIIAET OT aCCOLMATHBEHEIX
3ANOMHHAKIIMX YCTpoiicTB (A3Y), XapakTepH3vIOLIHXCH TEM, YTO
HH(popMAaLINg B HUX BEIGHpaeTCs He TIO onpeacieHHOMY agpecy, a 1o
€ CONEPKAHHIO.
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. 3.9. [Ipumep CTPYKTYPH ACCOLMATHBHOIO NMpoHeccopa

Kaemounwie u JJHK-nponeccopu. B HacTosiee Bpems B MOHCKAX
peasbHON ANETEPHATHEEH TIOIYIIPOBOIHHKOBBIM TEXHOMOTHAM CO3Aa-
HHA HOBEIX BBYHC/IMTENLHEIX CHCTEM YueHble ofpalnalr Bce Goab-
1ice BHHMaHHE Ha GHOTEXHONOIMH, WIH OHOKOMIIBIOTHHT, KOTOPRIH
npeacTapageT cofoit rabpua HHGOPMAITMOHHBIX, MOAECKYIAPHEIX TEX-
HOJMOTHI, a Takke OHOXHWMHKA, BHOKOMIIBIOTHHT IO3BOAAET PELIATH
CNOXHLIC BEIMHCIHTEABHEIEC 324K, OAB3YACH METOTAMH, NIPHHATHI-
MH B OHOXHMHH W MOJIEKYSIDHOH DHOMOrMH, OPTaHU3YS BbIYHCICHUS
¢ MOMOWUBIO XHMBEIX TKAHEH, KJIETOK, BEPYCOB H OnoMoneKkyn. Han-
OoNbllice PACTIPOCTPAHCHHE MOJIYYHII NMOAXOR, [O¢ B Ka4eCTBE OCHOB-
HOIO 3JIeMeHTa (TpolLeCccopa) MCNOAL3YIOTCA MOJIEKYIIN AE30KCHPH-
GOHYKNEHMHOBOM KucaoTH. HeHTpansHoe MecTo B 3TOM NOOXONE 3a-
HHMaeT TaKk HasbiBaeMEIi JHK-nponeccop. Kpome JIHK B KauecTee
OHoMmpomeccopa MOTYT ORITE MCMONB30OBAHBL TAKXE OENKOBEIE MOJE-
KyNH B GHONOTHYECKHE MEMOPaHKIL.

AHK-npoyeccopm. Tak xe, xak 1 moboit apyroii npouec-
cop, THK-npoueccop xapakTepu3syeTcs CTPYKTYpoil H HabopoM ko-
MaHJ. B HameMm ciydae cTpyKTypa NpoHeccopa — 3TO CTPYKTYpa MO-
nexynel JHK.

Puuapn JInrron 13 TIpyHCTOHA MEpBRIM TTOKA3AT, KaK, HCITOMBE3YA
JHK, xomMpoBath JBOHIHBIE YACHA U PElIaTh MpodUieMy YIORIETBOpe-
HHS IOTHYECKOTO BripaXeHHs. CyTh e¢ B TOM, YTO, HMEA HEKOTOPOE JIO-
TMUECKOE BHIPAXCHHE, BKMOIAIONICE 1 JIOTHYECKIX NEPEMEeHHbIX, HYX-
HO HAfTH Bce KOMOMHALIMKE 3HAYCHHH NEepeMEHHLIX, ACNAIONIHX BRI~
PaOKEHNE WCTHHHBIM. 3amady MOXHO peilinTh TOARKO nepeGopoM 2n
koMOuHatpi#. Bee 3TH KOMOHMHALHM IETKO 3aKOOUPOBATh ¢ TOMOIIEID
THK, a nansine peficTeoBaTE NO METOMMKe AgneMaHa. JIMnToH npennio-
XN Takxke criocod sanmoMa ImHcdpa DES {(aMepHKaHCKMI KpHITTorpa-
(hrryecknii), TPAKTYEMOIO KaK CBoeoOpasHOE JTOTHYECKOS BHIPAKEHHE,
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B konue ¢erpana 2002 r. nossmnock coobuieHMe, 910 ¢dHpMa
Olympus Optical npeTeHayeT Ha EPBEHCTBO B CO3TAHHH KOMMEpUYe-
ckol Bepcuu JJHK-koMIBloTEpa, NpeIHaIHAYeHHOTO ANA TeHeTUYe-
CKOTO aHaJIH3a.

_Kommiptorep, moctpoeHuBIR Olympus Optical, nMeer Monexyasp-
HYIO M SJEKTPOHHYIO cocTaBiasmiolne. [lepBas ocyluecTBASET XMMH-
YecKHe peakuMH Mexmy MoixexynaMH [IHK, obGecnieunpaeT nouck n
BRUOE/ICHHE pe3yLTatTa BeIUHCHAeHHIT. Bropas — ofpabaThipaeT HH-
dopMauMio B AHATH3MPYET NOJIYyYSHHbIe Pe3YIbTATHL

Tloka go mpakruyecKoro NpHMeHeHHS KOMIBIOTepoB Ha Gase
JHK emie 'odeHp maneko. OnHaKo B OYOYWIEM HX CMOTYT HCHOMR30-
BaTh HE TONBKO I BEMMCACHHMI, HO H KaK CBEOcoBpasHEIe HaHOopao-
puxH JexkapceTtB. [HoMecTns monoGHOE «yCTPOMCTRO» B KIETKY, BpayH
CMOTYT BIHMATE Ha €€ COCTOSHHE, MCLEIAA IEN0BEKa OT CaMBbIX orac-
HEIX HEAYTOB.

Kaemounwme rxomnowmepwn. KNeTouHble KOMIBIOTEPH
MPEACTABIAINT cOobOH CaMOOPraHH3YIOLIHECA KOJIOHWW Pa3jTWYHBIX
«YMHBIX» MHKPOOPraHH3MOB, B T¢HOM KOTOPHX YIANOCh BKJIIOUHTH
HEKYK JIOTHUESCKYIO CXeMY, KOTOpasd MOTNA Okl AKTHEM3HPOBATLCS B
MPHUCYTCTBHN ONpEACICHHOIO BEIICCTRA.

I'MaBHEM CBOMCTBOM KOMIIBIOTEPA TAKOTO POIA ABJIAETCA TO, 4TO
KaKas X KJIETKA MPEACTABNAET CO00H MUHUATIOPHYIO XHMHYECKYIO
nmaboparopmo. Ecnn 6HOOpPraHMaM 3anporpaMMHpPOBaH, TC OH IIpo-
CTO TIPOM3BOAMT HYXHBiC BewiecTBa. JOCTATOMHO BRIPACTHTE OXHY
KIIETKY, 00magalomylo 3agaHHBIMH Ka4ecTBAMH, H MOXHO JIETKO H
OHCTPO BHIPACTHTL THICAYH KJIETOK ¢ TaKoif Xe nporpaMMoi.

OcHeBHaA npobaeMa, ¢ KOTopoli CTANKMBAIOTCH CO3TATEH KIIETOM-
HBIX GHOKOMIIBIOTEPOB, — OPraHM3AIIHA BCEX KNETOK B AHHYIO pabo-
Taluyio cucteMy. Ha ceromHMiuHMA JeHb NpaKTHMECKHE JOCTIDREHHA
B 00nmacTs KMeTOYHBIX KOMITBIOTEPOB HAMOMMHAIOT AQCTICKeHMA 20-x
TOIOB B OJIACTH JIAMIIOBBIX H HONYIPOBOIHHKOBEIX KOMITBIOTEPOB.

XoTa 10 MpaKTHYECKOTO HCMONBEIOBaHMS OHOKOMITBIOTEPOB BCE K&
ellle OYeHE JATEKO, M OHH BpsyI JI OVAYT paccUMTaHbl Ha LIAPOKHUE Mac-
CHI MIOAL30BATEACH, NPEATIONAracTCA, YTO OHU HAMAYT AOCTOHHOE MpH-
MEHCHHE B MEOHIIHHE ¥ $apMaKolOTrHH, a TAKKE ¢ HX HOMOLILIO CTAHET
BO3MOXHBIM 00beTMHEHRE HHGOPMAITHOHKEBIX M GHOTEXHOROTHIA.

Heiipounwe npoyeccopst. OnHO K3 Haubollee NePCrieKTMBHEIX HA-
TIpap/icHAN pa3paboTKH MPHHLMIONAABHO HOBBIX aPXHTEKTYP BbIYHC-
JHUTEIBHEIX CHCTEM TECHO CBA3ARO C CO3AaHHEM KOMITBIOTEPOB HOBO-
IO MOKOJICHH Ha OCHOBE NPHHLUMIOB 00paboTKKR MHQOpMALINH, 3a-
JIOXEHHEIX B HCKYCCTBEHHSBIX HeitpoHHEIX cesx (HC).
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TlepBEIe MpakTHUEGCKHE paGOTH M0 HCKYCCTBEHHEIM HeHpoceTaM
H HEHPOKOMNKIOTEPaM Havanucs eue B 40—50-¢ roasl. Ilox HekpoH-
HOMH CETBI0 OOEYHO MOHHMAKT COBOKYITHOCTE IAEMEHTAPHEX MTpeob-
pasoBaTesieit THQOPMALIMHA, HASBIBAEMEIX «HEAPOHAMM», KOTOPLIE OT1-
peIeicHHNM 00pa3oM COeIHHEHH APYT ¢ OPYToM KaHajlaMH oOMeHa
HHPOPMANKH «CHHATTTHICCKHMH CBSI3SIMH».

OmHAM U3 OCHOBHEIX JOCTOHHCTB HElPOBHIYHCHHTES ABNAETCH
TO, 9TO €I'0 OCHOBY COCTARNAKT OTHOCHTENHHO TIPOCTHIE, YAIlle BCETO
ONHOTHIIHLIC 3AEMEHTH, HMHUTHpYIOLC paboTy HeipOHOB MO3Ta.
Kaxpriii HelipoH XapakTepHayeTcad CBOWM TEKYIIHM COCTOAHHEM IO
AHATOTMM ¢ HEPBHHIMH KJICTXAMH TOMOBHOTO MO3ra, KOTOPHIE MOTYT
ORITE BO3OYXKIEHR HAU 3aTOpMOoXeHBl. OH oOmanaer rpynnoii cHHam-
COB — ONHOHANPABICHHBIX BXOOHLIX CBA3¢H, COCMHHEHHBMX ¢ BBIXO-
JaMH JpYTHX HEHWpPOHOB, 4 TAKKE HMEET AKCOH — BBEIXOXHYIO CBHA3b
JAaHHOTO Hei#poHa, ¢ KOTOpo# curHan (Bo30yXKNeHUA HITH TOPMOXe-
HHfA) TOCTYNIACT HA CHHANCH CCOVIOWMX HefpoHoB. OOt BHa
HeifpoHa npEBefeH Ha puc. 3.10, a

Kaxnuii CHHAanC XapakTepH3yeTcsl BeMMYHHOM CHHAITTHYECKOH
CBA3M WIH €€ BECOM W; H MO (DU3HYECKOMY CMBICHY 3KBUBANCHTCH
aneKkrpuyeckoit npopoguMocTy. Tekyulee cocTosHue HEMpOHA ONpe-
JEJACTCA KaK B3BCLICHHAA CYMMa ero BXOIOB:

}’=ix,.w,..
i=l

Bron HeifpoHa ecTh (OYHKIHA €ro COCTOIHMA: V = f(5), XoTopasa
HA3BIBACTCH AKTMBALIMOHHOM. W3BeCTHHI pamiMyYHbIE BUAB TAKHX

e o
x =@ wd CnoR 1 7 7
N xy
,l!/ Xy »
X1~¥ ;
— Y
X = > »

Pue. 3.10. Hefipow {a), Heiipocers (6)
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Pre. 3.11. TynoBHC aKTHRAIMOHMEC (DYHKIMMN:

a -~ HHHHYHAR NOpoToBas GYHKUNA, § — AWHeHHWI mopor (THCTCPSIMC); & — CHT-
Mora (NmepOoNMECCKNH TAHTEHE); 2 — NOMMCTHYCCKHH CHIMOML

GyHKIHM, HEXOTOPHE W3 KOTODHX NpE/CTABNCHEI Ha puc. 3.11. On-
HOM M3 HambGosee pPacTpOCTPaHEHHBIX ABMACTCA HENMMHEHHasa GyHK-
LMs1 ¢ HACBHIIEHWEM, TaK HasbiBacMas CHTMOMAANbHas (IOTHCTIYE-

ckan) byRKums
Fo=—1_.
1+e

CoCTOsIHHA HEMpPOHOB H3MEHAIOTCA B Mpolecce (QYHKIMOHHPOBA-
HHS H COCTARISIOT KPATKOBPEMEHHYI0 NaMaTh Helpocetd. Kaxmenit
HelipoH BRMHC/IACT B3BELICHHYIO CYMMY NPHIUCAIIMX K HEMY NO CH-
HAIICAM CHIHAJIOB M HPOM3BOAMT HAN Heit HemvHefiHoe npeobpasopa-
Hue. I1pH Nepechlike MO CHHANCAM CHTHAIN YMHOXAIOTCH HA HEKOTO-
phii Becopoif kKoxdduumeHT. B pactipeseneHHH BecoBRIX Ko(phHLIA-
€HTOB 3aKmo4Yaerca MHGOpMaHa, XpAHRMas! B ACCOUIMATHBHON MaMsITH
HC. Tlpn oGyuernnn H nepeodbydennn HC ee BecoBbie KO(WpHLIREHTE
Hamendiorcs. OOHAKO OHHM OCTAIOTCH MOCTOAHHBIMH NP GYHKIIMOHH-
POBaHMM HepoceTH, GopMHPYA AONTOBPEMEHHYIO NIAMSTh,

HC moXeT cocTOATE H3 OJHOTO C/OS, U3 JIBYX CNOER, U3 TpeX H
Gonpilero YMcia, OOHAKO, KAK MPABWIO, A/ PEIICHNS NMPAKTHYCCKHX
3anaq Gonee Tpex caoes B HC He tpebyerca.

BooGiuue rosops, mon TepMHHOM <RESHpOKOMIBIOTEP» MOApa3yMe-
BAETCA OOBOJBHO IMHPOKMI KJAacC BRIYHCIHTENEH. BTO MPOHCXONNT
no TOW NpocToil NpuYuMHe, 9To GHOPMATBEHO HEHPOKOMOBIOTEPOM
MOXHO CYMTATL MOBYI0 aNmapaTHYI0 pEaABI3alHI0 HefpoceTeBOro
aJTOPHTMAa — OT NPOCTOH MOACIA OHONOrMYECKOro HelpOHa IO CAC-
TeMB paclo3HABAHMSA CHMBONOB IWIH ABMXYILHXCA Heaci.
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Ilpoueccopst ¢ muozoanavnod (nevemxoil) aozuxoii, Unesa nocrpoe-
HHS IPOLECCOPOB ¢ HeuyeTKoM Jorukoii (fuzzy logic, «ha3an») ocHO-
BBIBAETCA Ha HedeTkKoii MaTeMatuke. OCROBAHHEIE Ha 3TOH TEOpHH
Pa3MMMHLIE KOMIBIOTEPHLIE CHCTEMBI, B CBOIO OYEpPEdb, CYIUECTBEHHO
PACIIMPRIOT O0NACTE PHMEHEHKST HeueTKOM JOTMKH.

Tlogxogm HeuMeTKOM MAaTeMaTHKH HJAlOT BO3MOXHOCTE ONMEPHpO-
BaTh BXORHLIMH NAaHHBIMH, HEMPEPHIBHO MEHAIOIHMHCA BO BPEMEHH,
H 3HaYeHHSIMH, KOTOpbhIE HEBO3MOXHO 3aAaTh OGHO3HAYHO, TAKAMH,
HAMpHMEP, KaK pe3yAbTaThl CTATHCTHYSCKMX ONMpocoB. B ormyane ot
TPAFHIMOHHOM (POpMANTEHON JTOTHKH, H3BECTHOMN CO BpeMeH ApHCTO-
TeJI1 H ONEPHPYIOHIEH TOYHHMH M YEeTKUMHA MOHATUAME THANA HCTHHA
H JIOXbB, I1a ¥ HET, HOJb M SAMHMLA, HEYETKAA JIOTHKA MMEET JENIO CO
SHAYEHHSIMH, JeXAMHMHA B HEKOTOPOM (HETIPSPLIBHOM WIH AUCKPET-
HoM) Ananasoke (puc. 3.12).

R E
w
1]

0 x 0 x ] x
Pre, 3.12. Pasnnunbie THIb GYHKUME TPHHAATEKHOCTH

DOyHKUME NPUHALTEXXHOCTH 3JEMEHTOB K 3a1aHHOMY MHOXECT-
BY Taxke MpeacTaBasieT coBfol He XEeCTKHH MOpor «[IPHHALIEKHUT —
He NPHHALNSKUT», a IUIABHYI0 CHIMOHIY, MPOXOAALIYIQ BCE 3HAYE-
HEA OT HYJIA B0 eAMHAILL. Teoprsa HedeTKOM JIOTHKW MO3BONAET BHI-
TIONHATE HaZ TAKAMU BETHYMHAMH BECh CIEKTpP JIOTMYEcKHX Orepa-
UMl — obBenyiHeHWe, MepeceyeHHe, OTPHLUAHNHE U ap. (puc. 3.13).

3agayy ¢ MOMOIIBI0 HEYETKOL NOTMKM PEIaloTes No Cleayiole-
My IpuHIHIY (puc. 3.14):

1) yHcReHHBle AAaHHEE (MMOKA3aHMS HM3MEPUTEALHBIX NpHOOpPOR,
pPe3YABTAaTBl AHKETHPOBAHNA) dazsupyomes (NEpPeBONATCA B HeYeT-
Kt popMar);

2) obpabarbIBaloTCA 10 ONMpPENcACHHBIM MpaBHTaM;

3) depazzupyromes ¥ B BHEe NpRBLYHON HHDOPMAIHH MOJAIOTCA
Ha BbIXOJ.

B 1986 r. 8 AT&T Bell Labs cosgasanick NpoLieccOpsl ¢ «po-
UIHTO» HeYeTKOH Jorgkoi obpaborkn nHdopMaurn. B Havane 90-x
xommanus Adaptive Logic (CLIA) BRmycTIIA KPHCTaLL, COCTaHHLI
Mo aHATOroBo-LMdpoBold TexHomornHu. OH NO3BOJNT COKPATHTE CPO-
KH KOHCTPYMPOBAHHA MHOTHMX BCTPOSHHBIX CHCTEM YIIDABIECHHH pe-
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Puc. 3.13, Onepaudn BxnioucHHA (a), obeIHHEHHA (0), nepecedeHa (6) W AOIONHe-
HHEA {2} HEUETKHN MHOXKECTR
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| BBog 3 NeprtapuiiHbLX YETPOHCTR |

<

| HeuaTkan namsTs |
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MHB
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Yarme

Pre. A.14. ApxITEKTYpa HEYETKOTO KOMIIBIOTEPA:
MHB — mMéexaHH3IM HEYETKOTo BRIBOAA

MHB
Iy
I
Heuerosi
BhBOA

ANBHOTO BPEMEHH, 33MeHHB cOGOH TPaNHIMOHHEE CXEMBI HEYETKMX
MHKpPOKONTPOIUICPOB. AMNNAPaTHBI MpOLECCOp HEYETKOH JIOrHKH
BTOPOTO MOKONEHHA NPUHHMACT AHAMOTOBBEIE CUTHAMNEI, TIEPEBOXHT
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HX B He4eTKHH (opMaT, 3aTeM, IPHMEHAS COOTBETCTRYIOLINE NIpaBH-
Ja, npeodpa3yeT pe3yinbTaThl B GopMar obrIMHOM JIOTHKK H Janee —
B AHAJIOTOBHIA cHTHaN. Bee 310 ocyHiecTBIsSeTCa 63 BHEINHHX 3amo-
MHHAIOIINX YCTPOHCTB, npeobpasopareieil M Kakoro O HH OBUIO
NporpaMMHOro obecredyeHHst HEYETKOM JIOTHKH.

B Erpone u CIIIA Bexyrcd MHTeHCHBHEIE pabOTHE N0 WHTErPAITHH
HEYCTKMX XOMaHI B acceMOnepH NPOMBIUICHHHX KOHTPOJUIEPOB
BCTPOCHHHX YeTpoiicTe (uMne Motorola 68HCIL1L. 12. 21). Takue am-
NMapaTHBIE CPeACTBA NIC3BONAIOT B HECKOABKO Pa3 YBENHYATh CKOPOCTh
BHINTONHEHHRA TIPULAOXKCHHNI M KOMIIAKTHOCTL KOJA IO CPABHEHHIO ¢
peanH3alHeit Ha oBEYHOM aape. Kpome Toro, paspabaTeBalorcs pas-
JIMYHBIEC BAPHAHTEI HEUETKHX COTPOLIECCOPOB, KOTOPBIE KOHTAKTHDY-
10T ¢ LCHTPaNbHHM IIPOLECCOPOM Yepe3 ObLIYI0 IHHY JaHHBIX, KOH-
LEHTPHPYIOT CBOM YCWIMA Ha pasMBIBAHUM/YIUIOTHeHHM HHbopMa-
LOMH A ONTHMH3IAUMHM HCNONB30BAHMA MApPaBHR (MPOOYKTH Siemens
Nixdorf).

Keanmosuiii xomnwomep — cllic OIHO THITOTETHYESCKOE BHIMHCIM-
TEJILHOE YCTPOMCTBO, OBHAKO MCMONb3yIoLIee rMpu paboTe KBAaHTOBO-
MexaHHJYeckHe hdekThl, TAKHE KAK KBAHTOBBIA MapaieiausM. D10
NMO3BOIACT IMPEONONETh HEKOTOpPhIE OrpaHMYeHHd KRacCHYeCKHX
KOMIILIOTEPOB.

Mnesa KBaHTOBHIX BBIMMCIICHHUIE, BIepBble BhickazanHaa O, 1. Ma-
HUHEIM H P. ®eiiAMaHOM Ga3sHpyeTCR Ha TOM, 4TO KBAHTOBAs CHCTE-
Ma U3 L XBYyXYPOBHEBEIX XBAHTOBBLIX 3JeMEHTOB (KyOHTOB) HMeeT 2%
niHeltHO HEe3aBUCHMEIX COCTOSIHHEA, M TakuM o0pa3oM, KBaHTOBOS
BHYHCIHTENBHOE YCTPOHCTBO pasMepoM L KyGHT MOXET BHNOJHATD
napauiensto 2 onepamii.

YhpollicHHasA CX¢Ma BBIMHCICHHSM Ha KBAHTOBOM KOMIIBIOTEpE
BRIIIAAMT Tak: OepeTcda cucTeMa KYOUTOB, Ha KOTOPYK) 3aNHCHBacTCA
HAYaNABHOE COCTOAHME (MCXOMHbIC NAHHBIC). 3aTeM COCTOSHHE CUCTE-
MBl WM €e MOACHCTEM M3MEHAETCH MOCPSACTEOM 0a30oBHX KBaHTO-
BHIX OTiepallHii. B KoHle H3MepACTCA 3HaYCHKE, M ITO PE3VILTAT pa-
OOTH KOMITBIOTEpA.

OxassiBaeTcd, 4TO YISt MOCTPOSHHS MOOOTO BEMHCICHUS JA0CTa-
TOMHO ABYX Oa30BMX onepauiii. KBaHTOBaA cHcTeMa JaeT pe3yabTar,
TONBKO ¢ HEKOTOPOH BEPOATHOCTRIO KBJAIWIHICA IIpaBHABHEIM. Ho
33 CY9¢T HeOONBLOTO YBCIMUCHWA ONCpalMii B AATOPUTME MOXHO
CKONb YTOAHO NpHMONMU3IHTE BEPOATHOCTh NOAYYEHMS TPABHIBHOTO
PE3YILTATA K COHHHIIE,

C noMowpio 6a30BEIX KBAHTOBRIX ONCPALHii MOXEHO CHMY/JIKPOBATD
paboTy OOBIMHLIX NOTHYECKHMX IEMEHTOB, H3 KOTODBIX CIe/MaHbl KIac-
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crieckue komnbloTepH. Hosromy mobyio samady, KoTopas pellicHa
cefuac, KBAHTOBLIH KOMIIBIOTED PELIMT H IIOYTH 33 TAKOES Xe BpeMsi.

KBaHTOBBIH KOMIBIOTEp OTMMaeTcs oT OOEHLIX DBM, koTophie
paboTaloT Mo CACOYIOmCH cxeMe: n OMT AMATH XpaHAT COCTOAHHE H
KaXablif TAKT BpeMEHH M3IMEHRIOTCA MNpougccopoM. B KBaHTOBOM
CHyJae, CHCTEMA M3 # KYOWTOB HaXOJAHTCA B COCTOSHHH, ARNSIOMIEMCH
CyTiepnosuiHel Beex 6a30BLIX COCTOAHUI, MOITOMY M3MEHEHHME CHC-
TeMBI KaCaeTcd acex 2° DA30BHIX COCTOSHUI OIHOBpeMeHHO. TeopeTH-
9eCcKH HOBag cXcMa MoXeT paGoraTh HaMHOro OBicTpee KiIaccH-e-
ckoit. Hanpusep, anroputM Llopa mo3sossieT pasfloXUTs HATYPAIE-
HOE YHCJIO 7 HA MPOCTHIE MHOXHTENN 33 NOJIHHOMHAIBHOE OT log(n)
BpeM# (1A OGBYHOr0 KOMIBIOTEPA HOMHOMHANBHEHR alropiuT™M He-
H3BeCTEH).

Apyaue mexnonozuu

Texnosozun «neasenosnumnix 6umoer (No-eXecute bit), bir «NX»
(63-i1 6uT agpeca) MO3BONSAET ONEPALHOHHON CHCTEME OINPEICIHTD,
KaKMe CTpaHMUEI AEpeca MOTYT COAEPXATH MCNIONHSACMBIE KOIHI, a
Kakne — met. Tloneimka oOpatuTecd K NX-alpecy Kak K HCITOJHAS-
MOil mporpaMme BBI3HIBACT COORITHE «HapVIeHHe 3alfHTHI [TAMSITH»,
NOxOOHOE MONBITKE OOPAaTHTLCS K NAMSATH «TOJBKO JUISI YTEHHSA» HIN
K obsacTi pasMemieHHA OC, DTHM MOXeT OBITh 3anpelieHo BHIMO-
HEeHHE TIPOIPaMMHOr0 KoJa, HAXOAMIHErocs B HEKOTOPHIX CTPaHHIIaX
IaMATH, TaK¥M 00pa3oM MNpeAoTBpallas BHPYCHHIE WM XaKepCKHe
ataku. C TeopeTHdECKO TOUKH 3pEHMUA, 30ECh OCYILECTBIACTCA BHpP-
TyanbHOE¢ HA3HaYeHMe «[apBapIcKoil apXMTeKTypei» — pa3fieleHHe
NaMATH N KOMaHd H JUIA JaHHbIX.

Obo3naseHne «NX-bit» ucrompayercas AMD, Intel ucnonbsyer
BeipaxeHHe «XD-bit» (eXecute Disable bit).

Texnosoeuu nepzochepenenusn.

OnNow PC — cnocob ynpawieHHA SHEpPTromoTpeONeHHEM CHE-
TeMbl, KOTOPEE 3aK1I09aeTCs B 3HAYUTENEHOM YMEHBIIIEHUH MOTped-
JICHHA SNMEKTPHYECKOH SHEPIUM, HO TaK, YTOOEI CHCTEMA B JII0O0R MO-
MEHT BpeMeHH OblIa roToBa K paboTe 6e3 mepesarpyakn OC (Hanpu-
MEp, KaK TOTOB TCNICBH30D, BKIIOUACMBIN C TOMOLIBIO YOAJCHHOIO
nyabsTa). CHCTeMa NpPH BKTICYEHHH OCTAETCA CIIOCOGHOM pearupoBaTh
Ha BHEIIHHE COOHITHA: HAXAaTHe KHOMKH IONb30BATE/IEM, CHIHam M3
ceTH. 910 ofeceTHBaeTCA TeM, 9T0 HeGONBIIAA aCTh CHCTEME! OCTA-
€TCA NOCTOAHHO BKITIOYCHHOMN.
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Humeanexmyaabnoe ynpasiserue 3AeKmponRuma-
Huem (Intel Intelligent Power Capability) — yMeHBllIeHHMe ITOTped-
JIEHUs1 SHEPTHH HYTeM BIVTIOYEHHMA MMEHHO TEX AOrHYecKHX G/IOKOB,
KOTOpHI¢ TpebyloTcA B JaHHEIH MOMEHT.

Enhanced Intel Speed STep (EI1ST) — HICHTHICH MeXa-
HH3MY, OCYUIECTRIIEHHOMY B npoueccopax Intel MoSmwmbnbx ITK, KoTo-
PRI MO3BQIACT MPOLCCCOPY YMEHEIIATE €10 TAKTOBYIO YacToTy, KOIIa
He TpeOyeTca BHICOKASI 3aTpY3Ka, TAKMM 00pa3oM 3HAYHTE/IBHO COKpa-
HIas HAIPEB LEHTPaNbHOIO NpolLieccopa M MoTpedNeHne MOLIHOCTH.

Texnoaveun eupmyasuzauuu, Wi BOSMOXHOCTH 3alycKa IIpH IO~
MOILH CICLHATEHOIO IMporpaMMHOro ofecrieueHusa (MeHeIXepa
BHPTYalbHBMX MalllMH) OJHOTO HIH HECKONBKHX SK3EMILULAPOB
OTNEePalHOHHBIX CHCTEM, HA3BIBACMEIX IO C T € B bl M H, BHYTPH JPYTOH
QC, HassiBaeMolt XocT-cHcTeMO# (oM., Hanp., [16]). dAna ycko-
PEHHA, WM BO MHOTHX CIIY#adx, BooOHIe BO3IMOKHOCTH PAaGoOTHl roc-
TEBHX ONEPATHOHHEIX CHCTEM paspabaThIBalOTCs CpeacTEa ammnapar-
HOM MOZAEPXKKH BAPTYAIH3ALMA CO CTOPOHBI ITPOLIECCOPOB:

¢ VT-x (Intel Virtnalization Technology), AMD-V (AMD Virtua-
lization Technology) — TeXHOsOTHM anmapaTHOM NONAEPKKH
BUPTYATH3alMK B TIpoueccopax kntel m AMD;

e VI-d (Intel Virtualization Technology for Directed [/O),
AMD-vi — TexsHONMOTHH BHPTYAIH3alHHM BBORA-BHBOJA, TIO3BO-
JAI0ILAE TOCTERBM MaNIMHAM HaIpAMYIO MCIHONMB3IOBATh CeTe-
BHIC aRalTephl, TpadHueCKHe H JHCKOBRIC KOHTPOJUIEPH H IpY-
THE AHANOIHYHEIE YCTPOICTRa,

Texnosozun Turbo Boost (oT auer. turbo boost — rvypbopasroH,
TypOoyckopeHHe) — mpemioxeHa Intel 41 ABTOMATHYSCKOTQ VBEIH-
YEHHs TAKTOBOM 4YaCTOTHI IpOIECCOpa CBHIIE HOMMHANLHOM, ecid
[P 3TOM HE NMPEBRINAICTCA OIPaHHYSHHA MOIUHOCTH, TEMISPATYPL
H TOKA B ¢OCTaBe pacueTHOH MomHoctH (TDP). Iipu 3roM gocTura-
eTcAd YBeNYECHUE IPOH3BOAHTEIBHOCTH OOHCNMOTOYHEX H MHOTIOIO-
TOTHHIX NMPWIOXKEHNN, AHanornynad Texaonorus or AMD nomyduna
Ha3paHHe «Turbo Cores.

3.3. MMKpOapXUTEXTYPLI NpoLeccopos

MukpoapxuTekTypa (JOrHecKas CTPYKTYpa) MHKPOTIpOLIECCOPa,
T. €. KOHGHUIYpALMs COCTABISIOIIMX MHKPOIPOLISCCOp JIOTHYSCKHX
CXeM M CBsA3eH MEXAY HMMH, onpeiendercd (PYHKUNOHATBHEIM Ha-
3HaYeHHeM. OQIHE # 1¢ Xe DYHKIHMKA MOXHO BHITONHHUTHL B MHAKPO-



3.3, MuKkpoapxuTeTyph OpOUeCCOpos 245

MpoHeccopax ¢o CTPYKTypoil, oTauuaicimeiicd HaGOpoM, KOMMYeCT-
BOM H IOpRAKOM paboThl Jormueckux OnokoB. Jlormyeckwe Onoxm
THIIOBOTO MHKpPOIIpOLIEcCOpa ¢ pasBUTOH apXHTEKTYpOH ITOKa3aHBI

Ha puc. 3.15, a.
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Prc. 3.15. OGluas Iormyeckan CTPYKTYPa MHKpOTIpolleccopa (a); MUXpONpoLegccop
Intel 8080 (&); muxponpoueccop Z80 dnpmu Zilog (¢); muxponpoueccop MC6800
upMi Motorola (2)
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flepssie muxponpoyeccopst

PaccMOTpHUM OCHOBHEBIE XapAKTEPHCTHKH MEPBHIX MHKPOTIPOIXEC-
COpOB, accoLMMpoBaHHBIX ¢ neppuMH [TK (cM. puc. 2.5).

MIT Intel 8080 6mn npeacrapaed 1 ampensa 1974 r.
BnaronapAd WMCOONB30BaHHID TexHomoruu »n-MOH
6 MXM, Ha KpHcTanae 6pi10 pazMeLlieHo 6 THIC. TpaH-
3ucTopoB. TakroBas yacToTa npoueccopa Gelna JoBe-
AeHa no 2 MI, a JIMTENBHOCTh LIMKAA KOMaHI COCTaBHAA 2 MKC.
O6beM naMATH, aapecyeMoii npotieccopoM, — 64 Koaiit. 3a cuer He-
NOL30BaH A 40-BHBOIHOIC KOPNYCA YIAIOCH PA3NCANTD LIHHY ape-
ca (ILIA) » muay manrbX (LLIJ1); obiee Grc/A0 MAKpoOCcXeM, Tpebo-
BaBUIMXCA VIS MIOCTPOCHHMA CHCTeMBbl B MUHHMANLHOE KOHUIypa-
ITHH, COKPAaTANIOCE A0 6 (puc. 3.15, 6).

B 6noxk POH (P®) 6uUIH BBeleHEBI YKa3areb CTeKa, AKTHBHO HC-
TIONbL3YeMBIH TIPH 00paGoTKe NpepEIBAHME, a TAKXKE NABa MPOrpaMMHO
HEMOCTYIIHLIX PETHCTpa ANA BHYTpPEHHMX nepechuiok. bBrok POH
OBUT pealM30BaH HA MHKPOCXEMAX CTATHYecKoi maMarH. Mckmoue-
HHe akkyMmyyaTropa n3 P@ u seeaeHse ero B cocras AJIY vrapoctino
cXeMy YIpaRICHUS BHYTpeHHel mmHOW. HoBoe B apXmTeKTYpe
MI1 — mcmomb3oBaHKMe MHOTOYPOBHEBOH CHCTEMH IpepHIBAHHIT IO
BEKTOPY. Takoe TeXHWYECKOE PSUICHHE MO3BOJIHIO AOBECTH oluuce
YHCAO UCTOUHHKOB NMpephiBaHHil go 256,

B i8030 mogBHACH MeXaHH3M NPAMOro xoctyna B namsts (TETT,
DMA) (xak paHee B M3iiHppeifiMax IBM System 360 u ap.). TIOI1
OTKpPbUT BO3MOXHOCTE JUISL TIPUMEHEHHS B MBKKpoOBM Takux crox-
HBIX YCTPOWCTB, KAK HAKOIMUTE/NEH HAa MarHATHHX JTHCKAX W JIEHTAX,
maciieeB Ha DJIT, KoTopHe NpeppaTwid MHKpo9BM B nonHoueH-
HYI0 BEMHUCTHTEJLHYIO CHCTEMY.

Ilponeccop Z80, paspabotka cdupmer Zilog, nomuMo
pacIUHpeHHON CHCTEMBl KOMaHI, OBHOIO HOMHHaTa
MHTAHUA M CIIOCOGHOCTH MCIIONHATE TIPOTPAaMMBI, HA-
nucaHHue a5 i8080, MMen pag apXMTEKTYPHBIX OCO-
OenHocTeit (puc. 3.15, 8).

PerHcTpoBasi apXHTEKTYpa ONPEACAAETCA HARWUH-
eM JocTaTouHo Gonbimoro peructpororo daiina sHyrpu MIT. KomaH-
Ibl MOAYYAIOT BO3MOXHOCTE OGpaTUTECA K ONEpaHIaM, pacloyoXeH-
HEIM B OJHON M3 ABYX 3alIOMMHAIOIMX CpEX: ONEPATHBHOM NMaMATH
RJIM perHcTpax. K moOoMy perncTpy MOXHO O0paTHTRECA HEROCPEACT-
BeHHO, MOCKO/ABKY PETHCTPH IpeAcTaRICHB B BUAC MACCHBA 3alTOMH-




3.3. MHKPOAPXHTEKTYPhLI NPOLLCCOpOB 247

HAIOIIHX 3JIEMEHTOB — PETHCTPoBOre (hafina. THIHYHEM ABMACTCA
BHINONHEHHE APH(METHYSCKHMX OMEpalHii TONBKO B PETHCTpE, TIPH
3TOM KOMAHZA CONCPXKHWT IBa oncpaHaa (0ba omepaHAa B PETHCTpe
WIH OHH OMiepaHl B PeTHCTPe, 8 BTOPOi B ONEPATUBHOW NaMATH).

Murponpoyeccop MC6800 Motorola
° MOTOROLA 1icxe nven pAd CYIIECTBEHHBAX OCO-

GeHHOCTe#H (pHC. 3.15, 2). TIpexae pce-
ro, kpuctamn MC6800 rtpeGosan mns paGoTHI ONHOTO HOMHHAIA
THTaHMA, a CHCTEMa KOMaHI OKa3aiach BeCbMa Npo3pavHoi Ui Nmpo-
rpaMmucTa. MIT conepXan qIBa aKKyMYASITOpPa, H pe3yJbTAT OfepauHy
AJTY Mor ObiTh NOMelIeH B MoOoi H3 HUX. Ho caMbIM IIEHHBIM KauecT-
BoM cTpYKTYpH MC 6800 6bU10 aBTOMATHMECKOE COXpaHEHHE B CTEKe
COIEPXHMOTO BCEX PErHCTPOB MPOIIeccopa mpH obpaboTKe npepHBa-
Huit (Z80 TpeGoBasoch 4 3TOroe HECKOABKO KoMaHAa PUSH). Ipolie-
Aypa soccTanoRneHusa POH 13 creka ToXe BRNOMHANACH ANTAPATHO.

Apxumexmypu: npoyeccopos Intel (puc. 3.16, mabn. 3.3)

Intel 4004 (1971 2.). D1oT NpRGOp NOCTYXWI OTNPaBHON TOUKOM
abCcoMOTHO HOBOMY KNACCY ITOMYNIPOBCIHMKOBLIX ycTpolictB. Unn
NPEACTARIAN 4-pa3pAOHBIA Tpolleccop ¢ KIACCHYSCKOH apXMTEKTY-
poit DBM rapeapackero THIa, HacuMThIBAN 2300 TpaH3HCTOpPOB H
paboran Ha TakToBOi1 yactote 7530 kI'u (mmuTensHOCTE IHKIIA KOMAaH-
Im 10,8 MKc).

Unn HMen agpecHB cTex, colepXalui cYeTUHK KOMAHO H TPH
peructpa creka tAna LIFQ (Last In — First Out — «nocnegauM no-
CTYITH — TIEPBHM BHIBOAMTCS», CIICIHANBHAA TTAMATL C OIpaHHYEeH-
HOM eMKOCTBIO C YKA3aHHOW AUCIHHIUTHHON oO6cayxuBaHKuda), bnox
perucTpoB odiero Ha3HadeKNas — POH (pernctpul ceepXxomepaTHe-
HO¥ TAMATH WIN DPErncTpoBhiii ¢aiin);, 4-paspsnHoe NMaparieabHOE
AJlY; aKKyMyIATOp; PETHCTP KOMaHA; AciringpaTop KOMaHI; CXEMY
YNPABACHHS; CXEMY CBS3M ¢ mepudepHifHEIMH yCTPOUCTBAMH. DTH
$YHKITHOHAABHDbIE V3K OOBeOUHAMHCE 4-paspAnHoft BHYTpeHHEH
wrHHOM maHHbIX. Bioxk POH cocTosin M3 meCTHAIIAaTH 4-pa3psaaHBIx
PSTHCTPOB, KOTOPHE MOXHO OBUIO HCIIONB3CBATh H KaK BOCEMb
8-paspanaubix perucrpos. Takas opranuszanys POH coxpaHunacs U B
nocaeayommx MIT ¢upmm Intel. Cucrema KoMaHI colepxana 46
YHHBEpCAABHEIX HHCTpYKIMA. Lnkn komanast MIT coctoan »3 8 Tak-
TOB 3aJal0LICro TeHepaTopa (TaK Kak “TMIT MOHTHPOBACH B KOPIIYCE ¢
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Pac, 3.16. [Mpoueccops! Intel:
a — i8086; 6 — i80386; ¢ — i80486; 2 — Pentium MMX, unreppeiic Socket 7;
¢ — Ttanium; ¢ — Celeron, ynakoeka Single Edge Processor Package (SEPP)/Slot |;
a¢e — Core 2 Duo (untepdeitc LGAT7S)

16 BHIBOOAMH M HMMeN Y3KHMi WHTepdelic ¢ «BHEIIHKM MKPOM», TO
NPUXOIMWIOCE TIPHMCHATE MYJBTHIUIEKCHPOBAHHE IIHHEI agpeca H
JaHALIX, TIpHYeM 12-paspsaHelii agpec BRIIABANCH TOPHMSMH O 4
paspsana, A NIpreM KOMaHEBI TpeGoBan ellle BYX TAKTOB, Ha BRITTQIHE-
HHE CaMOH HHCTPYKIUHM 3aTpauMBAIOCh BCEro TPHM TAKTA). Aapecye-
Mad naMsiTe xXoMaHa gocturana 4 Kéait (g cpaBHeHHS: 00beM Ia-
MaTH MUHH-DBM B Hauane 70-x rT. penko npessiman 16 K6air).
HemocTatku B cKOpOM BpeMeHH OBUTH ycTpaHeHBl B MIT 4040,
rae koamaectso POH ObU10 noBeAeHo Mo 24, npH4eM OHH ObLIM pa3-
JeNeHs Ha JiBe OONACTH, BLIGHpAEMBIE ¢ MOMOLIBIO CMELHANBHBIX
KOMaHA, T. €. NMpoLeccop Tenepb MOT 00palIaTBCR K ABYM Os10KaM
NaMATA KoMaHa eMKocTeio 4 K6aHT, W 3a KaXablM H3 HHX MOXHQ
OBLIO 3aKpemHTh CBOi0 obiacTs perucrpos (8 POH 6buv Beeraa aoc-
TYOIHH IS HUCTONb30BaHKA). MoxHo Obiio paspabaThiBaTk cCaMo-
CTOATEARHBIE NPOTPAMMHBIC MOAY/IH, CHOCODHBIE B3aHMOIEHCTBO-
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BaTh Yepe3 oBUILYIo YacTh perrcTpororo daiina. Ho camoe rmagHoe —
210 00paboTKa OIHOYPOBHEBEIX NMpepsIBaHMi, IT0 npeppatwio MIT B
npubop, MpHMEHACMEIH B cHCcTEMaxX peaZbHOTO MaciuTaba BpeMeHH.
«(CcTaHOBKa» CO3AaNa BO3MOXHOCTE CHHXpOHH3auuu MI1 ¢ HekoTo-
PHMH BHEIIHMMH cOoGHITHAMH. 60 HHCeTpyKIMit, 8 KGaliT maMaTH KO-
MaHa, o0paboTKa TpepHBAaHHI CTaaK HOCTOMHCTBOM 3T1oro MII H
BHIBC/IH €70 Ha NepBoc MecTo Ha peiHKe MIT. Tem He McHee Creiii-
AIBHBIX KOMAHA PaBOTH CO CTeKOM ToKa He Gblno.

Intel 8008 (1972 2.). Tleppuit 8-pazpagupiit MII. Yun comepxan
yxe 3500 TpaHaucTopoB, pabotan Ha yactore 500 kT mp# LnHTeNs-
HOCTH MAaIHHHOrO HHKna 20 mMxc (10 nepronop 2amaliero reHepa-
TOpa) U B OTIMYHME OT [IPEALIECTBEHHHKOB MME] apXUTEKTYpY DBM
FIPHHCTOHCKOTO THNA (KOMITBIOTEP ¢ €OMHON NaMATEIC JIA KOMaHI |
JaHHEIX — apxuTekTypa JxoHa ¢oH Helimana). B HeM momyckanock
MPHMCHEHNE KOMOHHALMI MNOCTOAHHON M OnepaTHBHON HaMATH.
JHauHTENBHEIE H3IMCHEHHA {KPOME YBEJIHUEHHSI PaIpANHOCTH) IMpo-
H30LUIM U B perncTpoBoM daiine, M3-3a orpaHNYeHHBIX BO3MOXHO-
cTeil mpHMeHAeMol TeXHOAOTHH b KadecTBe Gaoka POH 6buta tipu-
MeHeHa JNHHAMHIECKAHS NaMATh, KOTOpad TpeboBajia TNPOM3BOAMTE
pereHepauiio (ObUTH BBEOCHBI JONCIHHTENBHBIC alllapaTHRIC Cpel-
¢rea). MIT QOMBIIMHCTBO KOMAHI BBITIOAHANA 3a 1—3 MalllHHHBIX
ouxnaa. Jist paboTh ¢ MeUIeHHO OeficTBYIOMMMHE yerpoicTBaMK G501
BBSIEH CHTHAT TOTCBHOCTH (ready). CucTeMa KOMaHJ coNepXana B
oblreM 65 HHCTPYKLMI M OTIMYANACH 3HAYHMTEbHHM KOMHYECTBOM
KOMAHA YCIIOBHOTO Nepexofa, JOTHYECKMX KOMAHA M KOMaHI COBH-
roB. Teneps MII Mor aapecoBarscd K maMaTH obseMoM 16 Ko6aitr.
OmHako oGBbeM M OpraHH3aLIHA CTEKa OCTATHCH NPEXKHUMH, peaTn3a-
LHA ofiepaunii cO CTEKOM MO-TIPEXHEMY BOANaragack Ha IpoIpaM-
MHCTa, YIKHil HHATepdeiic ¢ «BHEIIHHM MHpPOM» TpeGOBan MpHMEHE-
Hi oxoNo 20 cxeM cpellHelt MHTEIpALIMH JUIS CONPSXEHHd TpPoLec-
copa ¢ naMATHI0 W YCTPOMCTBAMH BBOIA-BHIBOIA.

Intel 8080 (1974 2.). 3T0T MHKpOIpoONeccOp MPaKTHYECKH MO
BCEM TIApaMeTpaM PA3UTEABHO OTIHYANICH OT CBOHX MpEAIIeCTBEHHH-
koB. OH paboran ¢ TakToroOii wactrotoil 2 MI'u, nMKn KoMaHABI —
2 MKc. AapecyeMslli oobeM maMsaTa JocTur 64 Koaiit, 6610 BHeaApeH
atpexTHEHBIH MexaHnaM o0paboTKK NpepHBaHKHN, B Pe3yNbTaTE HC-
MONbL30BaAHUA Kopayca ¢ 40 BeIBOZAMM YAANOCH Pa3meNINTh alpecHYID
U HHDOPMALMOHHYIO LIHHEI TIPOECCopa.

MII 6puT OKpYXeH LemsM ceMelicTBOM HOBEIX MHKpocxeM (BUC
koHTpomepa ILAI1, KonTposnepa npepelBaRMit U Ap.). B pesynrTare
3TOTO MPOEKTHPOBakNe MUKPOoIBM Ha 6a3ze cemelictea BHC 3Haum-
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TensHO ynpocTwnock. MIT cranm cranpaproM ae-¢akTo, Ho ObIM H
HeTOCTATKH (Hanmpumep, ke uMeauck MIT apyrux ¢MpM, KoTophie
0Ka3anuchk Gonee MpO3payHBIMH JUIS MporpaMMHCTOB). [lanee Gwiia
BHINYILICHA cepHd nepudepHitHeIX KoHTposUtepoB. Ho camoe 3HauH-
TENEHOE JOCTHAKEHHE COCTOSAQ B TOM, YTO KOMITAHMSA CO3AaNa CHC-
TeMHOE IporpaMMHoe obecnedeHre ([10) — ooHOMOML30BATENBCKYIO
onepaionHyio cucreMy (OC) ISIS 1 u OC peanbHOro BpeMeHH
iRMX-80 (MowHeinuan B TO BpeMA NporpaMMHas MOAJEPXKAa CBOMX
uanennit). Oupma B 1976 r. NpUCTYNMIa K BHITYCKY OAHOIIATHRIX
MuKpo3BM cepun iSBC Ha 6a3ze conx MII-koMIuekToB.

Intel 8086 (ob6snesen 8 wonn 1978 2.) — nepeoe noxosenue. MI1
conepxan 29 teic. TpaH3ucTopoB (puc. 3.16). Boicokoe OHCTponeiicT-
BHE IEMEHTOB 0fecneYu/Io TaKTOBYIO HacToTy 5 MI'L, a 16-paspan-
HAaA apXMTEKTYpa M MaiMMHHBIA 1MKa 200 HC — NPOM3IBOAUTEND-
HOCTb, TMPEBHIIAIONIYI0 aHANOTHYHHHA mapaMetp 8080 Ha mopamok.
HmMeHHO cTpaterns 3BOMIOIIMOHHOIO, 4 HE PEBOMIOIMOHHOIO Pa3BhA-
TS, BHGpanBada ¢upMoilt Intel Gbina BepHa W JaRaia CBOM TLIOMNDI.
TlporpaMMHaa COBMECTMMOCTE ObLIA MCKIIOYHTE/IBHO BaxHo# Xa-
PaKTepUCTHKOHR, KoTopad o0beauHANa 86-i KPHCTA/U C €ro npeame-
crBeHHHUKaMH. Ctpyktypa MIT GrUla MOMHOCTBIO TIEpecTpocHa, OH
KaKk Om ObUT pasgeneH Ha ABa ONHOBPEMECHHO pA0OTAlOWIMX (PYHK-
LMOHATEHEIX OiIoKa. D10 onepaunoHHEH 6nox (EU — Execution
Unit) u 650k unrepdetica (BIO — Bus Interface Unit). B peayasrarte
HCTIOJIHEHHNE OJHOM KOMaHABl COBMELLANOCh BO BPEMEHH ¢ BBIOOD-
KO cliemyioleil KOMaHIH WIH JAHHEIX U3 naMATH. TaxuM obpa3oM,
n3 yHHBepcanbHbiX DBM MII nmosanMCcTBOBANM elIe OXHO TEXHHYe-
CKOe pellleHMEe — peaN3alMio NpHHIHNOB napaairendaMa. B IIIT
NOABIWICA HeGoNbIoH Gydep KOMaAHI, YTO JAaBaIO ACTIONHHTENBHYIO
3KOHOMHIO BpPEMEHH TIpH O0palIeHHsIX X NMaMATH.

Anpecanma | MGair onmeparusHOli namaTH (Graronaps 20 agpec-
HBIM JIHHHAM) H €€ CETMCHTALUMA MOTYT GBITh OTHECEHH K OMHHUM H3
HanboJiee CYINECTBCHHBIX JOCTHXeHHIT. CerMeHTALMA MaMATH M
Gonploe TNCI0 YPOBHEH NpepHBAHHA ObLUTH OpHCHTHPOBAHH Ha pa-
GoTy cHCTeMH B MHOTO3aauHOM pexuMe. OAHaKO MEXaHW3M 3ailH-
THl IAMSATH MOKA Pea/iH30BaH He ObU1, H 3T0 B pAAC CIYYAcB CYIUECT-
BEHHO YCJIOXHANO pa3paboTKy NMporpaMMHOre ofecreycHHA.

Hapsany ¢ nmoagepXkoii Beofa-peipofa nmo xKaHany IIATI momon-
HATENBHO ObecneynBanack aapecamua Ao 64 K nmopros nporpamm-
HO-YTIpaBJIAEMOTO BBOJA-BHIBOIA.

MII 8086 mor paGorars B AByX pexXsuMax: MHHHMainbHOM (pac-
CIMTAHHOM HAa KCTIOQIB30BAHNE B HeOOJBITHX CHCTEMax Ge3 mpume-
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Henuss BUC koHTpo/iepa IIMHB) U MAaKCHMANTBHOM (OpHEHTHpO-
BaHHOM Ha rnpumeHeHHe MII B clIoXKHBIX CHCTEMaX ¢ HCTIONB30BAHK-
eM BHC xonTpomnepa umHE). B cucremMy KoMmaHi BXOIWIO
147 MHCTPYKIHH, MO3BONAICIIMX pellaTh 337a4M YTIPABICHHS NMpaK-
THYeekH moboi cnoxHocTd. [logBHnuch onepalMe YMHOXEHHUA M
JeIeHUA 16-paspAnHEIX YHCEN CO 3HAKOM M 0¢3 3HaKa, KOMaHOH 00-
pabOTKM MACCHBOB JaHHBIX, MpPOTPAMMHO-YTIPABISAEMEIE TIpEpHIBa-
HHA U Op., YTO NPEBPATIIO YHII B YHUBEPCANBHBIN MpHOOP, KOTOPLIH
MOl YCTISLTHO FPHMEHSTBCA KaK [iA NOCTPOSHHS CIOXHBIX KOH-
TpOJJIepoB, TaK H B Kadyectee LII1 DBM obumero HasnayeHus1. Kpome
Toro, MII BeILEN B MOIIHOM COMPOBOXACHHH CPEJACTB MONIEPXKKH
(BcmomorarensHHX BUC, cpeacts pa3zpaboTKH M OTIAIKH afnapary-
pH H cucteMHoro I1O u T. 1.).

Hapsany ¢ avuM ¢rpMoit Intel 6601 BHmyieH npoueccop 3088 ¢
8-paspaaHoi BHelIHeH IMHOW AAHHRX, M3-3a IpUMEHEHHA 3KOHO-
MHYHBIX 8-pa3pagHeX MUKpocxeM noaswics ITK ¢ MI1 8088 (dup-
Ma IBM, TIK xmacca XT — Extended Technology — pacmmpennag
TeXHONOTHA, TakToBas 9actora 4,77 MI'u). Ha 6a3e 8086 Opuin BRI~
MyWIEHB MIaTuiEe Mogeny 25 u 30 cemelicrsa PS/2.

TIpoueccop i8088 Taioke OTHOCHTCS B HACTOAIIEE BPEMI K PO -
HeCCOoOpaM NEPBOTO MOKONCHUA

Hcenonssosanue aunos $086 » IBM PC npenonpenenuno aamb-
Helimiee pazpuTie Kopropallni Intel kaxk pa3paGoTiHKa ¥ H3TOTOBH-
TeNIA YHHBEPCAIBHBIX NpoLeccopos ofluero HazHadeHHs1. Baut M3ro-
ToBReH 16-paspsuubii apudmMeTHueckuil conpoueccop 8087, koro-
pelii no3posan npeppatuTs IIK elle M B OOCTATOYHO MOIMHEINH
HHCTPYMEHT [U1A PEILCHHA 3a0a¥ BEMHCIHTEIBHOIO Xapakrepa.

Invel 80286 (1 peopasn 1952 2.) — emopoe noxosenue. B 3TOM IIpO-
Heccope OLLIO BBedeHO GOMBIIOS KOMM4YecTBO HOBlIecTB. B 1984 r.
¢upma IBM ncnomsaopana ator MIT B PC AT (AT — Advanced
Technology — yayulieHHAs TexHoNoruA). Bor ocHOBHbIC HOBILIECTBA
STOrO YHIA:

¢ afpecHOe TIPOCTPAHCTBO cocTammsuio 16 Méaiir  (BMecTo
I MOaiiT y npemuecTBEHHHKOB), TaK KaK HCNOJNb30BAJIaCh
24-pa3pAnHaa iIIMHA aApecoB;

e MOANEPXKKA BHPTYAABHON NMaMATH (370 MO3BONAIC HCIONB30O-
BaTh BHEIIHICK NaMATEH I MMHTAIMK COnblUoil peansHOH
BHYTPEHHEH nmaMaTH eMKocThio Jio | ['Gairr);

» ATHIAPATHAA MYARTH33HAa4YHOCTh (3Ta apXUTEKTYpHas HOBHMHKA
no3poasia B IIK o@HOBpeMEHHO BEIMONHATE HECKOJIBKO 3aJady
¢ Donemick CKOPOCTHIO MEPEKTIOYEHHA ¢ OBHOH Ha JPYIVIO);
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« MOBHINeHHOE OHcTponeiicTBHe (4 MI', omHako BCkope palo-
yas yactora 6blia moseileHa 10 8 MI' M crana craHgapTHOM,
XOTd NPOH3BOABTENH KJIOHOB 3TY 4AcTOTY poBenu go 10; 12,5;
16 u 20 MI'w);

» BCTPOCHHAA CHCTCMa YHPARIECHHS MAMATEIO U CPEACTBA ee 3a-
LUATH (OTKPHBAaMH LIMPOKHE BO3MOXHOCTH HCHOJIB3OBaHHA
MII B MHOTO33JAYHBIX CpeHaX);

o NOIMOJIHEHHE CHCTEMBI KOMaH], 16 HOBRIMH WHCTPYKLIMSIMH;

s pa3MellicHHe B OJHOM KpPHCTAUIE KOHTPOJUIEPOB NpepblBaHHM
u T1T1, a Tarcke TaliMepa H CHCTEMHOTO TeHEpaTopa,

MH mor pabotath B ABYX pekuMax — peaasor (MIT neiictso-
Ban Kak 8086, uro obecneunBano coBMecTHMOCTE ¢ DOS n cyniecT-
pylotiuM N0} B 3awgngenwon (B 3TroM pexkuMe MII peannioBeiBan
PEXVM BHPTYATbHOR MAMATH, annapaTHYI0 MYAbTH32MAYHOCTb M af-
pecainio K GonbilieMy MPOCTPAHCTBY ITAMATH).

OnepaunoHHas cHcreMa MS DOS mMoxer paboTaTe TONEKO B
peanbHOM peXxHMe. JIpyrHe onepalHOHHbIE CHCTEMBI, HalmpHMED,
0S/2 (npemnoxenHax dupmoin IBM — anetepHatnBa DOS) u
UNIX (XENIX n AIX), MOTYT HCIONIB30BATh 3ALIMIEHHBIN peXuM
M, CACAOBATENBHO, pPacCiIMpeHHHE BO3MoxHocTH 30286, MHorue
HOBILUECTBA, BBEACHHBIC B 3TOT MM, BINOCIACACTBNH TEPEXOIWIH OT
nokoneHus K noxoneHuio MII ¢pupmur Intel. Umenucs u onpene-
JISHHBI¢ HepelIeHHEIE IIPO6GNIeMEl, CBA3aHHBIE ¢ MHOI03aga HOCTRIC,
NMOBLIIIEHHEM NPOH3BOAHTEABHOCTH, COBEPIMEHCTBOBAHWEM TpPaKTa
TpoLecCOp—NaMATh W YCTPOHCTBA YNpPaBICHUA MaMATsio (s ad-
dextusHOro dykunonuposadns HK noa ynpaeieHHeM MHOrosa-
naunarx QC).

Apxumexmypa I4-32. Intel 80386 (17 oxmnabpa 1985 2.) — mpemve
noxoaenke, Apxutexrypa IA-32 (mHorna HaseiBaeMan x86-32) sBnsiet-
¢ apXHTeKTypoil 32-OMTORO# CHCTeMEl KOMaHH CEMEHCTBA MHKPO-
fpoLieccopoB Intel (mpemsayias apXHTeKTypa 6blia 16-GHTOBOIN) M
nosnsercs ¢ Intel803865X. _

HJaunsiit MIT 6511 npoueccopoM i 3BM -o0miero HasHadeHNA,
PasMenieHne Ha KpHcTaUie 275 THC. TPaH3NCTOPOB Iano BO3IMOX-
HOCTh MOTHOCTBIO PEANM30BATh 32-paspiaiHyio apXUTeKTypy.

I'maBHHe ocobGeHHOCTH:

« obecneulpaeT 32-pa3paAsHEIH BEOA-BEIBOA, 32-GHTORYIO afpeca-

UHIO OCHOBHO# NaMATH (agpecyeMad peanbHag HaMATE — 0
4 T6aiit, T. €. 2*°2 = 4 294 967 296 6aiiT) 1 eMKOCTBIO 10 64 THalT
(64 x 2* GaiiT) BUPTYANBHOM NaMATH;

s pabo4as TAKTOBaA YacTOTa paBHAAack 33 MIm;
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o B MII 6bUTH BCTpOSHEI CHCTEMa YTIPABJICHHA ITAMATHIO M 3alH-~
TH (PerAcCTPH Npeobpa3oBaHMsA afApecd, MEXAHW3MEI 3alMTHL
OIICPaTUBHOM ITaMATH, YAIYIUICHHBIC allTapaTHBIE CPEACTBA OO~
mepxku MaorozagayHeix OC), cpenctsa paboThl ¢ BHPTYATBHOMH

" IaMATHIO CO CTPAHWIHOW opraHu3atneii naMaTd (B ycTpolicTRo

MeHenxepa naMati — MMU (memory management unif) noMu-
MO Onoka cermeHTalMu — SU (segmentation unif) OHN BKIIOYEH
onok ynpasaeHHs ctpasamaMn — PU (Paging Unit), 6naronapa
3TOMY OTHOCHUTEJILHO MPOCTO Peanu30BBIBATUCE MPOLECCH CBO-
MHHra (fepecTAHOBKA CETMEHTOB M3 OAHOIO MECTa IIaMATH B
ApYTOE).

IMpenpapurentHas BHIGOPKA KOMaH, Ovdep mig KoMaHa (BHYT-
pPeHHAA K3DI-TAaMATE) 16 OaliT, KoHBelep KOMaHl H MEXaHH3MBI BHI-
nonHeHus QYEKUMA mpecbpasoBaHus aipeca 3HAYUTENBHO YMeHb-
IHITH CpelHee BpeMs BHIMOAHEHHA KoMaHAIM (3—4 MAH KOMaHI B
CEeKYHAy, YT0 B 6—8 pa3 mpeBRIIANO AHANOTHYHBIH IOKa3aTelb
8086). Kak u paHblie, HOBH YN} GRA COBMECTUM CO CBOMMH Ipel-
[IECTREHHUKAMH Ha YPOBHE OGBCKTHEIX KOIOB.

Haubonee cymecrseHHON 0cobeHHECTRI0 30386 GbUI0 HCITONB3O-
BaHHE K3LI-[IAMATH, 3HAYWTCILHO NOBHINAIOLICH MPOH3BOTHTEND-
HOCTH CHCTEMBI {€lli¢ ONHH aTPHOYT YHHBepcaNtbHBIX DBM, xoropkrii
Ha'as npHMeHATeeA B MiI-cucreMax). g yrpapaeHUs 3ToM nams-
THIO ObIn pa3paboTaH CHeUHATBHEIA KOHTPOILIEp, ¢ NIOMOINBID KOTO-
poro GopMHpoBaIca ABYXXONOBHIH MHOXECTBeHHBH acCOILMAaTHBHRIN
Kaik (obecneunBal Gydep eMkocTsio 1o 32 KGalT U BRICOKHH Koadp-
$HUUHEHT yIayHEX obpainesnii). Ho matemaTmyeckuii corpoueccop
GBIN ellle ABTOHOMHABIM Ha OTIenbHOM KpHcTawie (80387).

Peamu3oBaHH TpH pexma paGotr 80386: peansHblil, 3amMIEeH-
Helif ¥ BupTyaneHent MIT 8086. [Iponeccop 80386 kak 6 BKmIO4YaeT
B ce0sd TpPH pPasHEIX IPOIECcCopa.

B paGouem pexmme — Real Mode (peansHEI peXxuM — CTapTo-
BbIii) — OH BepeT cebs Kak 8086, T. €. ToT Xe 8086 ¢ pacFMpeHHBIM
HaBoOpoM KOMAaHA M MMeIOWHH HocTyml K meppoMy MOGaiity maMAaTu
(mpu >TOM BO3MOXHOCTH 80386 HMCMONBL3YIOYCH HE TOMHOCTHIO, HO
Ha Hell MOTYT BBHIMOJHATBCA BCE MPOTpaMMBI, HANMCAHHBIE LIS
8086/8088 u mprYeM 3HAYMTEIBHO OHICTpEE).

3ammmenHeit pexum (Protected Mode) 80386 cooTeeTcTBYeT
anajJormyHOMY pexuMmy 80286, umeer moctyn K 16 MGaiT naMsmy B
pacIIHpeHHOMY Halopy KOMaHA, a TaKkKe HMEEST BO3MOXHOCTh HC-
MOIb30BATh CHCTEMY MYJABTHIIPOTPAMMHMPOBaHHA (B OCHOBHOM MOTYT
BEINIOJIHATECA HECKOJNBKO TPHKIAOHHX NporpaMM, 4aile paboralo-
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X B cpeae Windows ¥ NoImepXHBAIOIIHX 3alHINCHHBINA pexXIM).
Ecnmu sameaurs OC Ha O8/2 (paspaboTka crienansHO MM 3ally-
IEHHOTO PEXHMA), TO NMOABATCA BO3MOXHOCTE TIOIHOCTBIO HCTIOMb-
30BaTh PYHKIHOHAIBHEIC BOSMOXHOCTH 3TOTO PEXIMA.

Hocneannii, TpeTwii pexumM 80386 — Virtual Real Mode. B atom
peXHMe OH ODHOBPEMCHHO 3aMEHACT HEKOTOPOS KOMHMYECTEO Mapai-
nenbHO paSoraommx 8086/8088, T. e. oMHOBPEMEHHO MOTYT OHTH 3a-
JeHCTBOBaHSBl HECKONBKO TPOTPaMM, KOTOpPHIG BHIMOMHAKTCA COOT-
BETCTBYIOIIMMH TporieccopaMu 8086/8088. 3nech HeT orpaHM4eHHS
1 MGaiiT Ha maMATh. SIOpoM MHOTO3aTaYHOCTH ABSIETCH OCHOBHAS
NPOTPAMMA, MEPEXITIONAIoINas MPOIECCOp B BAPTYAILHBIH PeXHM W
KOHTPOJTHPYIOIasA TEKYIINE NPOLECCH BEITIONREHNA pa3AHIHBIX Tpo-
rpaMM (Hampumep, cicreMa Windows).

80386 BHyTpeHHEe OAHOBPEMEHHO ONMEpHpYyeT 32 OHTAMM H HMEET
BHEIIHHH 32-6GutoBblil HHTepdeiic, HO K TOMY BpeMeHH GONMBUINHCT-
BO YCTpOMCTB H MHKpocxeM Obinm 16-GHTOBHIMH H He MOTIH HC-
NoIL30BaTh 3TY BOIMOXHOCTE MIT. Intel mosTropmna onsrr MIT 8088
(8086 — 16 OuT BHYTpeHHHE H BHeInHHe, a 8088 — 16 6HT BHYTPEH-
HHe ¥ 8 GuT BHeIHNME) H co3nana 80386 ¢ 16-6HMTOBRM MHTEp(EH-
coM (oH momy w1 Hazpaane 80386 SX), KoTOpHIT oKa3arcd MeHBIIE
u nemerne. [MonHopaspaaHuit 80386 monyunn Hassarre 80386 DX,

Intel 80486 (10 anpean 1989 2.) — uemeepmoe noxesenue, 3nech B
PE3YIbTATE MOBHILICHHA CTENCHH WHTEIpalMH B 1,2 MIIH TPaH3NCTO-
pPOB OTKPBLIACH BOSMOXHOCTE PEATHIOBATH HA ONMHOM KPHCTANIE HE
TONBKO KIUI-MIAMATh, HO H MaTeMaTHIeCKHP compoueccop. A
KIII-MTAMATE HCNONR30BANCA Ooee 3(eKTHBHBIN TeThIpeXBXono-
BRI cTatuueckuit 6ydep, xoropeiit, Gyayyl pasMelleHHBEIM B YHTIE,
mor paborats Ha TakTopoM uactore MII (mamHOTO OBICTpee, YeM
OII). 3nech NPHMEHSUICS «IPYNIMOBOI pexXuM» — caMbiit cKopocTHOI
pEXHM HOCTYNAa K IIHHE, ODecHeYHBaONIAi OHICTPOS 3anoNHEHHE
Kam-namata MII. HurerpppopanHoe B uyunm MIT 8 Koéair kam-
MAaMATH, YIIpamBICMON dYepes KOHTPOAUIEP, HA3HBACTCA BHYTpEH-
Heit (Internal Cache), 1. e. Level 1 (L.1). VMeeTcd Takke BHEIIHAS
Kom-namsTe (External Cache), T. e. Level 2 (12). 80 % xoMaua Mo-
TYT BLITONHATECS 32 OMHH TakKT ({NIpAMeHAeTCA KOHBeliepHaa oGpa-
00TKa). JTOT NpHOOP TaK Xe, Kak U npeauaymme MII, pyrkumonn-
poBaT B TpeX peXHMax M OBl OPHEHTHMPOBAH HAa MHOTO3afavyHble
cpenpl. [Ipon3BOIHTEILHOCTE B 3a7a9aX BHYHCIMTEIBHOrO Xapakre-
pa Bo3pocia B 3—4 pasa (3a cuer HHTerpain MIT n conpoiieccopa).

B zaBucuMoOcTH O pexuMa 80486 pabGoraer ¢ pasznmdHON wac-
TOTO#.
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Intel 80486 DX, ocHOBHOe OTANYAE — OTCYTCTBHE BHYT-
pPEHHETO MAaTeMATHYECKOro COIpolieccopa, pabodIne 4acTOTH — 23
u 33 MI.

Intel 80486 DX2 (Mapt 1992 1) — yCOBEpIICHCTBOBAHHBIH
BapHaHT 80486 DX (OH Ha BHEIIHEM YPOBHE TPEACTARASET cOOOM
MII ¢ TaxToBOit yacToToit 25 snu 33 MIL, xoTopHii, OEHAKO, Ha
BHYTpEHHEM YpOBHe paboTaeT ¢ TakToroii yactorol 50 unm, coor-
percreendo, 66 MI'u). Torna KoMaHOE, KOTOpPHE He HCIIONL3IYIOT
nepegaTy NAHHHX Ha BHEWIHIOK IIWHY, BHIONHAICTCH TIOYTH B
2 pasa 6nicTpee (3TO HA NpPaKTHKe 03HAYAaeT ToBblicHNe 3t dexTHB-
HOCTH OT 50 mo 95 %). D MII obecrieynnn HOBYIO TEXHOJIOTHIO,
npH KoTopoil ckopocts paGoTe BHyTpeHHMX GinokoB MIT B 2 paza
BBIIE CKOPOCTH OCTANBHOM YACTH CUCTEMH (TTOSBHAACH BO3MOX-
HOCTE 00BeIMHEHNS BRICOKOH mpon3poguteabHocTH MII ¢ BHYTpEH-
Heil TakToBOMH YacToToit 50 (66) MI'n v adubexTHBHOI MO CTOMMOCTH
cucTeMol Ha 25/33 Mi'm).

Intel 80486 DX4 (mapr 1994 r.). ITpoueccop 486DX ¢ BHYT-
PeHHHM YTpOeHHEM YACTOTHI COBMecTHM ¢ 486DX, xamr oGneMom
16 K6, 1,6 MaH TpaH3ncTOpOB, TexHonorus 0,6 Mxm, 75 MI'u, 53 Mmx
onepalidii B cexyHIy, 100 MT'ui, 70 MnH onepanmii B CeKyHAY.

Muxpoapxumexmypa P5. llpescraenennsrit B 1993 r., L1
Pentium (puc. 3.17) 6un1 npeeMHnKoM NHHEE 486 Intel 1 mosHiHO-
HHpPOBAICH KAK TPOLLECCOP NATOTO NOKOJIEHHA.
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Puc, 3.17. OcHOBHHNE KOMIIOHEHTH npoueccopa Pentium
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IMepsuit Pentium mMen BHyTpeHHee KoMOBOe HaMeHoBaHHe PS5,
HCITONB30Ball KOHBEHepH3aUHI0 (CYIIEpCKaNAPH3alvD) U NpOH3IBO-
JHICA ¢ MCTIOAB30OBaHHEM mpolecca 0,8 MM, 3ateM noaBwinch 1IT1
P54, npoussoauBiunecs Mo TeXHONOrnE (0,6 MKM M MMEBIIHE BHYT-
PEHHIOIO TAKTOBYIY YACTOTY, OTIHUYHYIO OT YACTOTHI IIEPBHYHOM CHC-
TemMuol wHHK (FSB) (oKazanock HAMHOTQ GOJiee TPYTHBIM YBEJIH-
YHTE YaCTOTY IIMHH, YeM Ipotieccopa). B manpHeimeM semtn 1T
P54C, roe MCnoNb3IOBANCA TexHONormdeckui mpouecc 0,35 MxM —
yucTHi mponecc CMOS, B oTnuwe 0T «ONNOAAPHOTO Mpoleccar
CMOS, kortopsiit npuMensics B 6onee paHaux Pentium.,

OCHOBHEIE apXATEKTYPHBIC OTAHYMA, KOTOPEE MPUBEAH K CYLIE-
CTBEHHOMY TOBHIeHHIO 3¢«pexTHBRROCTH Pentium nmo cpaBHeHMIO c
I[IT 486, cocToAIM B CASAYIOIEM:

« CYIiEPCKANSIDHAA apXHTeKTypa — Pentium HMen npa KoHpeile-
pa: nepen¥ («U-KoHBeiiep») Mor obpabaTniBaTh MOORE KO-
MAHZB, B TO BpeMs KaK BTopoit («V-xoHBeiliep») — TONBKO
NpoCTRIe KoMaHzael, HcnonezoBaHue Gonee YeM OAHOIO KOH-
peitepa xapakrepHo ana RISC-npolieccopok, M 3TO CTAlO Ha-
yanoM npameHeHus Intel RISC-meronos Ha ceMeHCTBE Ipo-
ueccopop Pentium;

» IIMHA JaHHBIX Ha 64 6HTa — Kaxmoe oOpallcHHE K NMaMATH TO-
3BONIANIO TIONYYATh BABOE OGOJBINEE KOAUYECTBO HMHMOOpMAILHI,
yeM 3T0 GBUIO B TMPEeABLTYILHX YHIAX.

Creayiommit mponeccop P55C Pentium MMX 6aznpoBancsa Ha
siape P5 1 mpouecce wirotoeneans 0,35 Mxm. 3aech Takke ObLT yI-
BOcH pa3mMep a0 32 KbaiiT 1 pacimHpen Habop KOMaHA, YTOOBI ONTH-
MH3NpOBaTh 06paboTKy MyJIbTHMEIHA-TAHHEIX.

Muxpoapxumexmypa P6. P6 — mecroe noxojieHHe x86 apxurek-
TYpEI riponieccopa Intel, mepBOHAYANBHO OCYIIECTBICHHON B AK3alHe
Pentium Pro (puc. 3.18), nmpencrapaernaoro B 1995 r. B KadecTse npe-
eMHHKA HcxoaHoro Pentium P35,

Pentium Pro (1 noa6pa 1995 2.) iMeeT TPH KOHBe#iepa,
KOKAbE 13 KOoTOpHX BKIOdHaeT 14 cryiteneii. g mocToaHHOU 3a-
TPY3KH HMeEETCA BRICOKOP(EKTUBHLINA YeThIpeXBXOAOBRIH K3IU KO-
MaHE H BHCOKOKAYECTBEHHAd CHCTeMA MpeACKa3aHWA BETBACHHN Ha
512 BxonoB. JOMOMHATENEHO IS MOBHIIERMS TPOMIBOAHTETEHOCTH
OnIa mpHMeHeHa OycdepHas MaMsTh (K2II) BTOPOI0 YPOBHS €MKO-
cThio 256 K6ailT, pacnomoxeHHasi B OTOeNLHOM UHIIE M CMOHTHPO-
paHHas B Kopnyce LII1. B pezynbrare crana BoaMoxHoil 3¢ dexTHn-
Had pasrpy3Ka MATH KCIOJHMTENBHBIX YCTPOMCTB: aBa GA0Ka LEmo-
YHCIEHHOH apudmeTnky; 6moKk yteHMs (load); 60k 3amncH (store);
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Pue. 3.18. Mpoueccop Pentium Pro

FPU (Floating-Point Unit — ycTpolicTeo apHpMeTHIECKHX OIepa-
OMHA ¢ nAasariei TOYKok),

Pentium P55 (Pentium MMZX), 8 aneapa 1997 -
Pentium MMX — Bepcua Pentium ¢ JOMONHHUTCABHEIMH BO3MOXHO-
craMHi. Texunonorns MMX pomkwa Oblia Ao0aBMTh/paclIMPHTE
MYIBTHMETHMHEIE BO3MOXHOCTH KoMipiorepok. MMX ofBaRIcH B
aHpape 1997 r., TakToBas uactora 166 n 200 MI'n, B HIOHE TOTO Xe
roga mnoaBwiack BepcHAa 233 MI'n. TexHonoTHYeckwil npouecc
0,35 MxM, 4,5 MIH TPAH3HCTOPOB.

Pentium II (7 man 1997 2.). IIpoueccop mpencrasiser
coboii Momudmrkamw Pentium Pro ¢ nomgepXxo# BO3MOXHOCTEH
MMX. bruta u3MeHeHa KOHRCTPYKIIHMA KOpIyca — KpPeEMHHEBYIO ITa-
CTHHY ¢ KOHTAKTAMH 3aMCHWIM Ha KapTpH/IX, YBEIHYCHA 4YacTora
UIMHEL ¥ TAKTOBAs 4acToTa, pacmupeHH MMX-xkomanaw. Ilepshie
Moaenn (233—300 MI), npon3sonUnKch MO TexHoIoTHH 0,35 MKM,
ciemyiome — no 0,25 mxm. Mogenu ¢ vacroroii 333 MI'u renmyuIe-
HH B aeBape 1998 r. » copepxanm 7,5 MIH TpaH3HCTOpOoB. B ampene
TOTO X& roja NOoABWIMCH BepcHM 350 u 400 MI'u, a B aBrycre —
450 MTI'n. Bee P2 iMeloT Kalil BToporo yposHa oOseMoM 512 Kéaii,
EcTb Taxkke Moens Aast Hoytoykos — Pentium II PE, u ja pabounx
cranumit — Pentium 11 Xeon 450 MIu.
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Pentium Il (26 peepanal999:2). P3 — onMu H3 caMBIX
MOILHARIX ¥ NMPOH3BOIMTEBHEIX Npoleccopob Intel, Ho B cBoeil KoH-
CTPYKLIHM OH Mal0 Y¢M OTAHMAcTCA OT P2, yBennyeHa yacToTa H I0-
angeHO 0K0A0 70 HOBEIX XoMaH/ (SSE). INepBEie MOReTHM OOBIBACHE
B deppane 1999 r., Takroeele YacToThl — 450, 500, 550 u 600 MIu.
YacTtoTa cucreMuoi muHH 100 MI'x, 512 K6aiiT Kaiua BTOpoTO YpOB-
HA, TeXHoNorwdeckmii mpomecc 0,25 MxM, 9,5 MAH TPaH3WCTOPOB.
B okrabpe 1999 r. Takxe BEIIYLOCHA BepcHS A MOGHIBHEIX KOM-
MBIOTEPOB, BHITOJIHeHHaA 110 (,18-MKM TexHOMOTHH ¢ YacToTamu 400,
450, 500, 550, 600, 650, 700 1 733 MI'u. Luis paGodux cTaHLMl » cep-
BepoB cymecTByeT P3 Xeon, opHeHTHPORAHHMIA Ha CICTEMHYIO JIOTH-
Ky GX ¢ obbeMoM Kailna Eroporo ypobeusa 512 Koéaitr, 1 MoGaitt wm
2 MoaiiT.

Pentium M (amech «M» o3HaqaeT «<MoOWIBHEBI», mobile) — 1o~
CeAHWI npolleccop MUKpoapXHTeKTYpH Intel P6. Dro 32-paspaaHme
ORHOSAEPHBIC MPOLECCOPH ¢ CHCTEMOM KoMaHa x86, BHIIeAIMe B
mapte 2003 r. u Bxogmume b ratgopmy Intel Centrino. Makcumans-
Hoe 3Hepronotpednenue Pentium M Haxonutcs Ha yposHe 3—25 B, n
TpONecCOPHl MIpegHaIHavdawTed g MobuneHBX [IK. OcobenHocTH

APXHTEKTYPEHI:
« BUgoH3aMeHeHHoe aapo Pentiuin II1 (konkpetHo — Pentium ITI
Tualatin);
¢ HCNIONBL3YETCA HMHTepdelic ¢ mHHOM, pa3pafoTaHHLIA 1nA
Pentium I'V;

¢ YCOBEpIICHCTBOBaHHBIN IeKodep KoMaHn M 60K mpeackasa-
HHMA NEpeXoios;

« nongepxka SSE2;

« DONMBINMIE 0OBEM K3UI-TIAMATH;

s TEXHONOINS 3HeprocOepexeHua SpeedStep 3 (mpemycMarpu-
BAOIIAS GONbIee YHCAO CTamMil «cHAa», YeM NpeAllecTBYIOLIHE
pepcun). Hanpumep, Pentium M (1,6 TTu) B 3asHcHMOCTH oT
3arpy3KH NepeKkiioyaeTcs Ha yacrotl 600, 800, 1000, 1200,
1400 1 1600 MI'u, npu 3TOM 3HEPronoTpebacHue MOXET U3Me-
HATBHCA OT 5 go 27 Br.

Banias Tockonmpky muuus mpoueccopoB «M» Ohia mepsoHa-
yaneHO paidpaborana LlentpoMm Hcecnemomanmit u PaspaGorok Intel
{Intel's Research & Development Center) 8 Hspaune, nepneiit
Pentium M nomyann xomosoe NMA «Banias» (aHTHMHOE HaHMEHORA-
aue TosaHekux BricoT), a B nankHelimeM HmeHopancsa Pentium M
705. INpoueccop HaroTopanca no TexHonoruw 130 HAM, paccunTan
Ha uactorel or 1,3 no 1,7 I'Tu, ucnoaszoean FSB Ha 400 MT/s,
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H uMen Ll-xsmr pasmepa 1 MiB. CpenHasa HeproeMKOCTh SApa
(Thermal Design Power — TDP) cocrannsia 24,5 Br.

Dothan YcosepmicHcTBOBaHHasA Bepcua Pentium M (M3pecThHas
kak Dothan, no HA3BaHWIO APYTOro 3HTHYHOTO M3PAMJIBEKOro Mocesie-
HHs1) GEUIA BRINTYIIEHA B Mae 2004 r. Pentium M 651 OZWH M3 NMEPBEIX
npoteccopos Intel, KoTOpEIM GLITM MPHUCBOCHBI «HOMEPA TIPOIIECCO-
poB» («processor numbers, cM. puc. 3.39) BMeCTO JaCTOTHOTO peiTHH-
T3, H OCHOBHBE¢ 00pa3upl H3meTHa M3BecTHBI Kak Pentium M 710
(1,4 I'Tu), 715 (1,5 T'Tw), 725 (1,6 I'Tw), 735 (1,7 I'Tu), 745 (1,8 I'Tu),
755 (2,0 I'Tu) u 765 (2,1 I'T'm). Tiponeccop He MOAAEPXHBAT HA BO3-
MoxkHocTeit hyperthreading, Bu Ha6op xoMaHg SSE3.

BTa cepus npoueccopoB Pentium M 6pUTa BHITYIIEHA HA OCHOBE
TEXHONOTHH 90 HM, ¢ YVABOSHHKM pPa3MepOM BTOPHYHOIO K3iua. Pa3-
MeP KPHCTA/IA, Ha KOTOPOM pasMemaiochk 140 MJIH TpPaH3NCTOPOB
(B OCHOBHOM HCHONB3YEMBIX ANSI PCATH3ALHM MacCHBHOM KaIti-na-
MsTH Ha 2 MiB), cocrapmur 84 Mu®. DHepronoTpe6ieHHEe CHH3WIOChH
Ao 21 Br. Tecthl, BHNIONHEHHBIE HE3ABHCHMEIMHN MCCICHOBATEIIIMH,
noxa3any, 4ro Dothan npespimaer Banias mo sdbpexTHBHOCTH TIpH-
MepHO Ha 10—20 % B GONBINMHCTBE CATYAIMi.

B 2005 r. 6611 BHnyIEcH mepepaGoraHubii Dothan, nmpemHazHa-
YyeHHMIt ANd YHtIceTa Sonoma, noagepxupaomuil FSB wa 533 MT/s
¥ onuio XD (eepcua Intel anaNX bit). 1o ObIM H3AeHES ¢ HOME-
pamu 730 (1,6 TTw), 740 (1,73 I'Tu), 750 (1,86 I'Tu), 760 (2,0 I'T'x)
770 (2,13 I'Tu) u 780 (2,26 I'Ti), KoTopuie NMeIH 3HepronoTpebine-
Hue 27 Br n xom L2 na 2 MiB.

YacTora ripoteccopos K Kiomo 2005 r. nocTHraa auamnasoHa ot 1,0
a0 2,26 I'Tu. Monenu 718 (1,3 I'Tu), 738 (1,4 I'Tu), 758 (1,5 I'Tw), 778
(1,60 I'Tu) sBmorcs HU3KoBOABTHLHIMA (1,116 B) ¢ TennopnineneHH-
em 10 BT, Torma xak 723 (1,0 I'Tw), 733 (1,1 I'Tw) n 753 (1,2 TT) —
yneTpaHn3koBonbTHEIE (0,940 B), ternossiaencHue — 5 % Br.

Hecmotps Ha To uro Intel mosunmommposarma Pentium M wmc-
KIIUHTENBHO KaK MOGHIBHBIM MPOLYKT, MPON3BOMNTENH CHCTEMHEIX
Tiat, Takue Kak AOpen, DFI u MSI, Hauanu mocTapiaTh M3OSIHA,
copMecTUMHEe ¢ Pentium M, opueHTHpydchk Ha paGouHe CTaHIHM,
CepBephl M IHTYIHACTOB-TNONb3OBaresicli. ASUS paxe munycrana
agamrrep (CT-479), moaponsiiommii ycraHasmusate Pentium M Ha He-
KOTOphbIe CHCTeMHEIE IIATE ASUS, ciipoekTHpoBaHHBe Mg Pentium
IV (Socket 478). Pupma Shuttle Inc. npeanaraet HactonbsHue I[TK Ha
Pentium M, xapakTepH3yOmHecsa Kak MATOIIYMHBIE H3OEAHA ¢ HH3-
KHM DHEPronorpedicHueM.
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Apxurexktypa P6 npopmepxanack TpH HoKoseHHsI — oT Pentium
Pro go Pentium I — ¥ xapakrepn3oBajachk ManbiM SHepronorpes-
JNeHueM, xopowreii obweld NPOM3IBOIHTENLHOCTLIO H OTHOCHTEALHO
BEICOKHM OTHOILIEHHEM <«¥HC/IO KOMAHA/9Uci0 IHKAOB» (instructions
per cycle — IPC).

Apxumexmypa I4-64. lanHas apxutextypa Gp1a o6bsipieHa Intel
B Mac 1999 r. THNHMYHEIM NPeACTABHTENEM APXHTEKTYPHl ABAAETCA
HIT Itanium. Iponeccops LA-64 pacmonaraioT MOMHEIMHE BHYHCITH-
TeABHHEIMM pecypcamu, Bkmodaa 128 peructpos ana D3, 128 perncy-
pos 13 u 64 perncTpa NpeMUKAITMHA HAPAAY ¢ MHOXXECTBOM PETHCTPOB
CNeHANBHOTO HasHadeHmd (puc. 3.19). KoMaHIH J0/DKHBI TPYIIITH-
POBaThCA R MAPALICTbHONO BHMONHCHHA padIHIHbIMK (PYHKLIHO-
HATbHBIMH MoaynsaMu. HaGop xoMaHIOBI ONTHMHM3HPOBAH, YTOOH
00eCTIeYHTh BEIMMCIHTENBHEIE MOTPeOHOCTH KpHUNTorpadHM, BHIEO-
KOOMPOBAaHUAS M APYruX QYHKUHIA, KoTopele Bce Gonee HeOBXOMHMEB
CNenYIOIMM MMOKOJMEeHHIM cepBepoB M pabounx craHnmii. B npoiuec-
copax [A-64 Takxe noanepXwBalOTCA W palsupaorcs MMX-texHo-
aored U SIMD-paciimpeHns.

Kot xonttseg, L2, B-anarmin (B-way),
64 Gadima Ka cTpoxy ke, scaro 98 Ko

I Ko amHubx L1, 4-xasmmHbii, A2 Geitra
Ha cTpory ksiua, wcaro 16 Kibesir ALAT

Prc. 3.19. lNpoueccop ltanium
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Apxurektypa [A-64 He ABnseTcda HU 64-6UTOBOM BepcHelt apxu-
Textypel Intel TA-32, HE aganmranuedt npemnoxeHHon Hewlett-
Packard apxurextypu PA-RISC Ha 64 Gura, a npenctaBnsgeT coboi
MOJIHOCTRI0 OPHIHHANBLHYIO pajpabotky (Tabm. 3.4). [A-64 — ar0
xomnpoMuce Mexay CISC n RISC, noneitka coenaTh HX COBMECTH-
MBIMHK (CYLIECTBYIOT JIBA PeXHAMA AeKOAUPOBaHHS Komama — VLIW
n CISC, # 1II1 apToMaTieCKH nepekiiouacTca B HeoOXOIMMBE pe-
XXMM HCTIONHEeHHS).

Tabnuua 3.4. Ocnosimie pazurms apxarexTyp 1A-32 n 1A-64

XaparregncTan
ApXuTORTYDA 255 Apxuroxryps tA-64

Wcnons308aHMe CHOMHLX KOMAHL Nepemen- | ACNONLIOBAHNE NPOCTHIX KOMAHA OOWHAXOBOH
HOH ANMHE, 06pa0aThiBAEMEIX NO ONHOR ANWHEL, CRPYNNWPOBAHHLIX NO 3

MNepsynopAnOYMBAHHE H ONTRMB3ALNA KO- | FBPEYNOPAROUWEAMME § ONTAMK3ALNA & NpOLECCe

MAHJ 8 NPOLBCCE MCNONYEHAR KOMIMALMN

NoNbLITKR NREACKASZHAA NEpeXOR0B BuinONHeHKE HECKONLKAX NOCASNO0BATENLHOCTEH

{seTeneHwil) KOman) OHoBpeMeHHO o3 npenckazaHina
BeTenaHUi

(4BTLIBAHUE NAHHLIX U3 NAMATH (3Arpy3Ka) no | 3arpy3xa GAHHLIX NPEXAE, HeM OHW NaTpedyioTch
MEPE HEOGXDIMMOCTN, B NEPBYID O4ePeRb
NPOBEPAR K3

OcHOBHBIE WHHOBALIMOHHEIE TeXHOJOTMH IA-64 — IHMHHBIE
cinopa xoMaua (long instruction words — LIW), nmpeas#kaTsl KoMaHa
(instruction predication), ycrpaneHue serBneHuM#t (branch elimina-
tion), MpeABapHTEAbPHOE YTEHHE NaHHEIX (speculative loading) u mpy-
THE YXMIIPEHMA UIF TOro, yrobbl «A3BAeYh GOABLIE NAPALAeIH3IMAR
H3 KOJIa MpoTpaMM.

OcHoBHas rpoOneMa apxuTexTypH [A-64 3aKmio9aeTcs B OTCYT-
CTBHH BCTPOSHHOMR cOBMecTHMOCTH ¢ X86 KOXOM, 4YTO HE MO3BOJIAET
npoueccopaM [A-64 agupexTHBHO paloTaTh ¢ MpOrpaMMHBIM 0Gec-
neyeHneM, paszpaboTaHHBIM 3a nocitenHde 20—30 aer. Intel obopy-
ayer cpou npoueccopkl 1A-64 (Itanium, Itanivm 2 u 7. 1.) Aexoxne-
POM, KOTOpHIi mpeobpasyeT HHCTpYKIMH x86 B KoMaHam IA-64.
Adekoxep He ABAAeTCH CaMuIM beKTHBHBHIM KakK 110 criocoby pea-
JI3aLNAH, TaK H 110 MpHHUWITY NOCTPOCHHA, Belb AIIapaTHas IOI-
HAepXKa MHCTpYKumiA x86 paboraer 3HauurensHO GuicTpee. ITostoMy
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Itanium ¢ Itanium 2 XapakTepH3yIOTCH HH3KOH TPOMIBOAHTEIHHO-
CTBIO B TIPUIOXEHHAX XB6.

Montecito — KopoBoe HANMEHOBAHUE NBYXBANEPHHX MPOIIEC-
copoB Intel Itanium 2, KoTophie BHepBbic OBLIN BHIMYLIEHL 18 HIong
2006 r. nmox ouMuHATEHBEIM HauMeHoBaHumeM «Dual-Core Intel
Itanium 2 processors. [1o gannsiM Intel, LIIT Montecito no3sonaer ya-
BOMTb MPON3BOAHTENBHOCTD M0 CPABHEHHIO C MPEMIIECTBYIOIHM O~
HOsLIEPHBIM [tanium 2 npu CHIXKEHWH 3HepronoTpedaeHus Ha 20 %.

OcoBeHHOCTH apXuTEKTYpPH (pHC. 3.20):

* IBA SAPA HA KPHCTALI;

s MHoOTOMOTOYHOCTE (multi-threading) ne 2 morokosB Ha Ampo,

4 MOTOKOB Ha KPHCTAJLI,

» JUISA KaXIOTO spa Beliensercs L1-kam no 16 Koaift o npo-

rpaMM M JaHHEIX;

e IS8 KAKACTO Aapa Ko L2 pasMepoM 1| MOaitt naa KkoMaHI M

256 KoaiT 019 JaHHBIX;
+ k3 L3 mo 12 MbafT Ha Kaxaoe aipo;

- 22,72 um -

-
I

21,5 mm

Pue. 3.20. OeyxpanepHuiit npoueccop «Dual-Core Intel Itanium 2 processors
{Montecito}
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e 1,72 MiIpa TPAHIUCTOPOB, B TOM YHCAES:

— CXeMBI JIOTHKH sapa — 57 muH, o 28,5 MaH Ha aapo;
— K3um gmep — mo 06,5 Man;
— ¥amw L3 (24 Moaitra) — 1550 miH;

~ -~ CXeMH LIMH H BBOJA-BHBOXA — 6,7 MJIH TPaH3HCTOPOB,

« pasMep Kpucramia — 27,72 x 21,5 MM, Wi 596 Mm>.

e TEXHOJNIOTHYECKHI nponecc 90 HM;

» Gollee HA3KOE SHepromnorTpebieHHe U TENOBRIREIeHHE 110 CpaB-
HeHHMIO ¢ Gonee panHMMEA LIT1 Itanium, HecMOTpA Ha Gonbllee
YHCIO TPAH3UCTOPOB M TAKTOBYIO YacToTy (75—104 Brt). 310
JOCTHTaeTCH B OCHOBHOM 3a CY€T HCNONB3OBAHHA Pa3MHYHEX
THIIOB TPAH3HCTOPOB — MNMpH HH3KOM Harpyske HCIIONB3YIOTCA
fonee MeaneHHEe U cnaboTOYHBIE NIPHBOpPEL, 4 ¢ MOBHIIEHHEM
HArpy3KH MOAKMIOYAIOTCA O0Jiee MOIHBIE H CHABHOTOYHLIC
TPaH3HCTOPDI;

= yoparieHue 3RepronorpebneHneM Demand Base Switching —
TeXHOJIOTHS, TIOMNEpXHBacMas COBMeCTHO ¢ OC;

s YiydilleHHAs KOMIEHCALHsa orboK B K3II-MAMSTA (KOTOBOS
HanMeHopanHe — Pellston technology, oduunansHoe — Cache
Safe Technology);

* TEXHOJIOTHA BHPTYAIN3IALMH, MOAICpXWBaOad paboTy He-
CKONBKMX Kot OC ogHOBpeMeHHO {KOROBO¢ HAHMEHOBAHHE
Silvervale technology, odunuamsroe — Intel Virtualization
Technology);

« YIydIieHHa# ToMoca NMponyckaHWd nepBuyHoil mimHEI (FSB),
YTPOSHHAsA MO CPaBHCHHIO ¢ MpeOIHECTBYIOIIMMK o0pasnaMu
{(mo 21 I'Gait/c).

NetBurst. 310 HazpaHHe Intel gana HOBOH apXHTEKTYpe, KOTOpas
mociaenopala 3a MHKpoapxuTekTypod P6. Konnenums WNetBurst
AOkHA OBLIA YAYYUIMTh [IPOM3BOAMTENBHOCTD, MOBHCHTE hdek-
THBHOCTH BEITIOJJHEHHA KOMAHI BHE ©CTECTBCHHONO MOpANKa M Mo-
3BONHTE CO30aTh MPOUECCOP, KOTOPHA MOXET NOCTUIHYTh HAMHOTO
6oJee BRICOKHX YacTOT M GoJice BEICOKOH NMPOH3BORHTENBHOCTH OT-
HOCHTENIBHO MHKpoapxutektyp P53 u P6, mpn obecnievennu obpar-
Hoil coBMecTHMOCTH (pHc. 3.21, a Takke cM. puc 3.2, 6).

Ilepseiit npeacTaspTens apxuTekTypsl NetBurst — UIT 7-ro mo-
xoneHus Pentium IV (ampo Willamette, xonen 2000 r. — puc. 3.22) —
ABMSJICA CAMBIM OOMBIIMM IIAroM pasBUTHA K apxuTekType IA-32.
ORHO W3 caMEIX BAKHBIX H3MEeHeHHI — BHYTpeHHHI KOHBelep mpo-
neccopa (runepkonseiiep wim Hyper Pipeline), sxmogaoummii 20 cra-
auit npotHe 10 png MuUKpoapxuTeKTYphl P6 B cnocobeTeylommit pa-
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Pac, 3,21, Mukpoapxerektypa Netburst

6oTe mpolteccopa Ha 3HAYMTENbHO GoNee BEICOKMX YAcTOTaxX, 4eM Y
€I0 NPeALICCTBEHHUKOB,

Muxpoapxutektypa NetBurst npeaycMaTpHBaeT TONBKO OTHH O¢-
xopep (B NPOTHBOMIOIOXHOCTE TpeM Ans P6), a 670K BeImOMHEHHS
KOMaHI BHE €CTECTBCHHOM MOCNEIOBATEABHOCTH BKITIOYACT K3II-NA-
MATh ACKOIMPOBAHHHX KoMaHT (execution trace cache — ETC), xo-
TOpasA XpaHHUT pacliH¢pPOBaHHbIC MAKPOOIICPALIHH.

Pentium IV sapanee npeppainaer Xx86-HHCTPYKIIMM B MHKpOOIIe-
pallH¥, KOTOpHE 3anHcHBaeTca B Trace Cache, UMeoTeq Takke He-
CKONEKO OydepoB, HCTIONBE3yeMBIX, YTOOHW AeMIpUPOBATE MOTOK
MHKpoonepaumii. CiocoGHOCTEL SAPa BHIMOMHATE WHCTPYKIIMM HE B
NOpATKE TOCTYIICHHS OCTACTCA KAIOUeBHIM (hakTopoM B ofecrieue-
HHH BO3MOXHOCTH Napa/UienuamMa (CM. Takxke puc, 3.2).

Pentium IV Prescott (deepasrs 20004 2.). B Hauane
tdespana 2004 r. Intel aHoHCcHpoBana weTeipe HOBHIX TIPOLECCOpA
Pentium IV (2,8; 3,0; 3,2 u 3,4 I'l'n), ocHoBaHHEIX Ha sape Prescoit,
KOTOpOoe BKINOYaeT psA HoBoBBeAcHMI. BMecTe ¢ BHITYCKOM YETHpeX
HOBRIX npoueccopoB Intel nmpencrapuna mpoueccop Pentium IV 3.4
EE (Exireme Edition), ocHoBaHHEI Ha aape Northwood ¥ nMero-
muit 2 MGaliT K3mI-NaMATH TPETHEND YPOBHS, 8 TAKXE YIPOILEHHYIO
pepcHio Pentium IV 2.8 A, ocHopaHHyI0 Ha sgpe Prescott ¢ orpaHu-
YeHHOH Yacrortoif mKHL (533 MTI'u).

Prescott BROONHEH MO TexXHOMOTMH 90 HM, 4TO NO3BOARAO
YMEHBIUHTE TUIOIIAAD KPHCTALTA, MPHYEM YHCIO TPAH3HCTOPOB OO
yBesmueHo Gonee yeM B 2 pa3a. B 10 Bpems xak sapo Northwood
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MMeeT wioags 145 MM® M Ha HeM pa3MeLieHO 55 MJIH TPaH3HCTOPOB
(puc. 3.22, 6), agpo Prescott umeer wiomans 122 MM’ B COAEPXHT
125 maH TpanzncTopoB (pHE. 3.22, &).

2

Pre. 3.22. AAnpa npoueccopos Pentivm IV:
a — Willamette, 0,18 wxyM; 6§ — NorthOwood, 0,13 mid; ¢ — Prescott, 0,09 Mxm;
2 — Smithfield (2 x Prescott 1M)

TlepeynciiMM HEKOTOPHE OTHHYHMTE/IFHKE OCOOEHHOCTH TIPOIIEC-
copa:
¢« HoBo¢ SSE-kKoMaHnaul Intel npeacrapina g Prescott Ho-
BYI® TexHOoNornio SSE3, xovopas Bkniouaer 13 HOBBIX MOTOKO-
BBIX KOMaHJ, KOTOPHEC YBEJIHYAT NPOHIBEOANTENHHOCTE HEKOTO-
pEIX Onepaumi KAK TONBKO MPOrPAMMBI Ha4HYT MX HMCIIONB3O-
path. SSEJ simusierce He nmpocro pacmmperneMm SSE2, Tak kak
AoDaRNAET HOBHE KOMAaHASLI, HO H MO3BOJISIET QONETYHTh K aBTO-
MATH3HPOBATE MPOLIECC ONTHMM3AIHHA TOTOBRIX TIPHIOXCHMIT
cpeacTBaMH  KoMIMILIATOpa. JIpyrMMH CAaoBaMH, pa3paboTuHKy
NporpaMMHOre ofecreyeHHs He HAZo OVIET fepefMCHBaTh Kol
NpPOTPaMMEL, HeoOXoauMo OYAeT TONBKO NEPEKOMITIITHPOBATD €€;
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e YVBEJIHYCHHBN 0o0beM X3 MI-TaMATH. ODIHHUM H3 BAXK-
HEMUKMX C TOYKM 3PeHHA TIPOM3BOAMTENBHOCTH AONOIHEHMHA
MOXHO CUMTATh YBeJIMMeHHBIH o 1 MGaiiT K31 BTOpOrO ypoB-
HA. O6beM K3UI-TTIAMSTH [IEPBOTO YPOBHS TAKXKE OBLT YBEIMIEH
oo 16 Kéaiir;

e yIyUNIeHHAasd NPeIBHOOPpKa JaHHHX. dapo Prescott
NMeeT YIVIIUICHHEIH MeXaHM3M HpeABEIGOPKI JAHHHX,

eyayumeHHH# Hyperthreading. B Hoeyio BepcHio
BKAKYEHO MHOXECTBO HOBRIX OCOOSHHOCTEH, CIOCOGHRIX ON-
TAMH3APOBATh MHOTOIIOTOMHOE BHIIOMHCHHE Pa3IMYHBIX Ofe-
parii. EnMHCTBSHHABIN HEIOCTAaTOK HOBOH BEPCHH 3aKIouacT-
Cd B HEOOXOMHMMOCTH MNEPEKOMIIIUIANNMA KpOorpaMMHOTO oGec-
MeYeHUR 1 OCHOBICHHA OMEPaANHOHHON CHCTEMEL;

e YBEJIHIYCHHAA OJAHHA KOHBeHepa. [Ina yeenHucHHA
padoueil yacToTEl OYIEVUIMX TpoleccopoB sSapo Prescott MMeeT
yBenmdeHHyIo ¢ 20 o 31 cTynmeHn MMHy KOHBelepa. Ypennye-
HHE IJTMHB KOHBelicpa HETATHBHO CKAZHIBACTCA HA MPON3BOIH-
TEIFHOCTH B CIyYae HENPAaBABHOIO IPEICKA3aHNA BETBICHWH.
I KOMITEHCAIH YBEJIHUCHHA IMHE KOHBeliepa Ohuta ynyd-
[ICHA TEXHOJOTHA TIPSECKA3AHMS BETBIICHHIA.

Cedar Mill «locnegfHMM W3 MOTHKAH» MOJEIBHOTO psia
Pentium IV 60t I[IT Cedar Mill, BrnmyieHHe#t B Havane 2006 1. B
TIpeACTAMIIBILMI coBoi pAMYyIO TepeaeiKy aapa cepu 600 Ha Tex-
HoAOTHIO 65 HM, 6e3 XaKoro-mnGo KayeCTBEHHOrO PA3BHTHIL.

Brinmycx sapa Prescott, s xoropore Intel vcnons3oBana TexHo-
JoTHdecKHN mpouece 9 HM, BCKPHUI pAfl TPYAHONPECIONMMELX IpO-
oneM. IleproMavatbHo NetBurst 6pia OOBARICHA CIICIHATHCTAMH
Intel kax apXMTeKTYpa ¢ CYLUECTBEHHEIM 3aRACOM TPOH3BOAMTENIBHO-
CTH, KOTOPHIH cO BpeMEHEM MOXHO OyAeT pealH30BaTh NOCPEACTBOM
IIOCTEIICHHOIO HApAIMBAHHA TaKTOBOM wacTorhl. OoHaKo Ha npak-
THEKE 0KA3aJloCk, YTO YBEIMNECHHE TAaKTOBOH YacTOTH TMpoLeccopa
BacyeT 3a coGoil HEeMpHEMJIEMOE BO3PACTAHME TEIDIOBHIICICHMS H
sHepronoTpetnenua. [lpudaem, npoucxoadiiee NMapalIc/]EHO pa3jBH-
THe TEXHOIOTHH MPOM3BOIACTBA MOMYIIPOBOAHHKOBHIX TPAH3HCTOPOB
He TMo3BoNsIe 3P PexTHBHO DOPOTECH ¢ POCTOM SMEKTPHUYESCKHX H Te-
IUIOBBIX XapaKTCPHCTHK.

B pesyabpraTe TpeThe NOKOACHUE NMPOLECCOPOB ¢ apXHTEKTypoil
NetBurst (Prescott) ocTanock B HCTOpHM NPOLECCOPOB KaK GIHO H3
CAMHX <«rOpaYHx» (NPOLECCOPH, NOCTPOCHHHE HA 3TOM SIpe, MOLIH
noTpedNATh U, COOTBETCTBEHHO, BHACHATH A0 160 BT, monyiHe mpo-
apumie «kodeBapkHr, «coffee heaters} nmpu ToM, YTO UX TAKTOBAs YaC-
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ToTa He NoaHswnack Bhiie 3,8 I'Tu. BricokMe TeIOBHIACNCHWE H
SHEPronoTpetIeHHe BEIIBANK MHOXECTBO CMEeXHBIX npobneM. IIpo-
neccoprl Prescott TpeSoBany HCMONB30BaHHA CIIELHATBHAIX MATCPHH-
CKMX IJIAT C YCHIEHHBM CTAOHMAIH3ATOPOM HAIIpAXeHMA H OCOORIX
CHCTEM OXJIAXKACHHA.

HpoOneMet ¢ BHICOKMMH TEILTOBBIACICHHEM M 3HEpronorpedne-
HHeM OBUTH OH He CTOJb 3aMETHBI, €CIH OBl HEe TO OBCTOSATENLCTBO,
YTO HpPH BCEM MPH 3TOM MPOLIECCOpH Prescott He cMODIH NpoleMOH-
CTPHMPOBATE BRICOKOH TNPOM3BORHTENBHOCTH, Ojaromaps KoOTOpOH
MOXHO OBUIO OB 3aKpHITh [71a32 Ha YIIOMAHYTHE HETOCTaTKH. 3agaH-
HB KOHKYpMpYIOIIMMHE npouieccopamy AMD Athlon 64 yposeHB
GricTpOaciicTBIA OKasaica WA Prescott NpakTHYeCKH HEDOCTIOKM-
MEIM, B pesynabsrate 3Toro gaHHbie LIIT cranu BochnpHMHHMMATECA KaK
nposan Intel.

IToatoMy He BEI3Ba/IO 0COOOrO YEMBICHHA, KOIHA OKA3anoch, 9TO
npeeMHHK NetBurst 6ymeT OCHOBHIBATBCA Ha NpHHiMe 3hdexkTHn-
HOTO 3HEpronoTpeeHHs, OPUHATOM B MOOWIBHON MHKDPOapXMTEK-
Type Intel H BOIUTOLIEHHOM B ceMelicTBe mpolueccopos Pentium M.

Tem He MeHee mepel nodpicHHeM apxHrekTyp Core U Core 2
OBUTH BHIDIYIIEHH OBYXBLAEpHBIe Aponeccopsl Pentium D (Smithfield
H Presler — puc. 3.23).

Kpesumaessi cpas
a {waffer)} 6
Pre. 3.23. BapHaHTH M3TOTOBNEHHA OBYXBAAEPHBIX TTPOLIECCOPOB:
a — Smithfield; # — Presler

Pentium D. TogeneHHe MHOTOAZEPHBIX MPOLUECCOPOB AN Ha-
ctonbsHbiX ITK, Kak oxmaaeTcs, NpeKpaTHT TOHKY 3a TAKTOBYIC 4ACTO-
Ty Mexay Intel ¥ AMD, Koropas AiAnacek B TeUeHHE HECKONBKHX JIET
(mansHelnnmui pocT YacToTH GYAET, BEPOSTHO, MO-MPEeXHEMY IIPOHC-
XOOMTh 110 PKCNOHEHIHAIBHOMY 3aKOHY). BMecTo 3TOro, noka 3akoH
Mypa mpogOMKAST BHIIOMHATECA, CRCOYET OXHMBATD, YTO YBEIIMMCHHE
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qucna TpaH3ncTopoB B LIT1 mepeBonnoTHTCA, HapHMED, B yBeMde-
HH¢ YHCcIIa Sacp Tpoleccopa, Kak 310 H mponsonuio B Pentiom D,

Pentium D nocrpoen no Mukpoapxurektype NetBurst, kak H Bce
moaesn Pentium 4. Pentium D cTan nepesiM IBYXBAIEPHHM ITpOIIEC-
copoM, mpenHa3HaveHHnIM Uta ITK apxutekTyphl x86, xora ¥ He
MEPBBIM JBYXBAACPHBIM TIPOUSCCOPOM 3TOM apXHTEKTYPH, — He3a-
Joare po sroro AMD Beinyceruna apyxbsigepusic LIIT Opteron.
JByxXbsinepHbe MPOLECCOPH APYTHX APXUTEKTYD CYILECTBOBANM M pa-
Hee, HanpuMep IBM PowerPC-970MP.

Smithfield (26 mas 2005 1.). Ho cymecry, smpo LI
Smithfield — mapa kpucrannos Prescott 1M (90 HM), CBA3aHHBIX BMe-
ctre (puc. 3.22, 2). Kaxaoe snpo umeeT COOCTBEHHYIO KaII-maMsaTe L1
(16 K6air nma paHHsix + 12 Teicad onepaiit), a Takke L2
(1024 KGaifT), X KoTOpOMY MOXeT 0OpaTHTLCA APYTOE AKPO Yepes CIIe-
HMAMLHYIO MHTepdeitcHyo mmHy. [nowass kpuctawia — 206 MM,
230 vuH Tpan3ucTopoB. MakcumansHas TDP — 130 Br, HoMAHANE-
Hoe HanpspKeHue MutaHva 1.4 B,

Iaxe TIpM TOM, YTO HOBbIE ABYXBAAEDHBIC YHIMEE UCTIONLIYIOT TO
*e camoe rHeano LGA775 xak Pentium 4 Prescott, HeoGxoauma Ho-
Bag CHCTEMHAA TLIaTa, YTOOB Pa3MecTHTh MX, MIOCKOABKY ORM Tpeby-
10T MOMICPEKY OT YKIICeTa MaaThl. MoryTr 6bITe HCIONB30BaHEI Gosiee
HOBBIe YHIICeTH 945 1 955X, paHee H3BeCcTHBIE MOA KOAOBLIMH Ha3Ba-
HusamH <Lakeport» 1 «Glenwood» cooTBeTcTBeHHO. OHH IO CYIHECTBY
00ecnieTHBAIOT TE X€E CAMBIE BO3MOXHOCTH, 4TO W Gosiee paHHMe 915
H 925X, mmoc moazepXxa ABYXBAICPHEIX TIpoueccopoB. Ileppuil —
IJIA HCTIOAB30BAHHA ¢ OCHOBHHIM mponeccopoM Smithfield — pasne-
JdeTcda Ha IBe BepcHH: 945P Express M noagepxuBaommil rpaduxy
845G Express — B TO BpeM# KakK BTopoill NpeaAHasHaueH A9 ApoLec-
copoB Extreme Edition.

IepBrie ynnsl Pentium D, npexctaBnentsie B Mae 2005 r. 6bu1n
MOCTPOCHB! Ha TexHonoru# Intel 90 HM 1 MMenu HoMmepa Moneneil B
pany 800. B 2005 r. seiuvmy Tpu ykna Pentium D Smithfield, moame-
m: 805 (2,66 I'Tu), 820 (2,8 I'Tu), 830 (3,0 I'Tu), 840 (3,2 I'Tu).
DddexTnBHag yacToTa cucteMHol wMHE (FSB) — 800 MTu (ana
moaened 820, 830, 840), 533 MI'u (g monenu 8035).

Presler. B aupape 2006 r. G BHnyiLeH obpasey Pentium D ¢
HoMepaMH 900 w KonmoBhIM HamMmeHOBakHne «Preslers, M3roTOBICH-
HEIA Ha TeXHoJorHYecKoM mpouecce Intel 65 HM.

Yunw Presler pnouaiotr mapy sgep Cedar Mill. Omnako, B o1-
mgue o1 npegsiaymero Pentium D Smithfield, smecs aBa sgpa ¢u-
SHMECKH pa3gcicHH. BKoYeHHe OBYX HMCKPETHBIX KPHCTAallIOB B
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eMMHEI TaKkeT obecnednBaeT rHGKOCTh MPOM3BOACTEA, MFOABOJIAA HMC-
MOJIb30BATE TOT XE CaMH KpHCTanN Kak Jas omposgepHoro Cedar
Mill, Tak » ms ApyxesipepHoro LI Presler. KpoMe Toro, mpoH3poa-
CTBEHHHIE PAacXOABl YAYHUIaIOTCs, MOCKONbLKY npH obHapyXeHUH &e-
dexra BRHIGPAKOBHIBAETCA TOJBKO OWH KPHCTAUI, a HE ABYXbAZCp-
HBIH naket (cM. puc. 3.22).

HoBan TeXHONOTHA MO3IBOAWIA YBEIMMUTE HE TOJABKO TAKTOBYIO
YAcTOTY, HO TAKXE B YHCIO TPAH3NCTOPOB Ha Kpuctamie. Kak caesct-
pue, Presler uMeer 376 MAH TpaHSHCTOPOB cpasHHTENBHO ¢ 230 MIH
Am1 Smithfield. B 1o xe camoe BpeMs pa3Mep Kpuctamia OblJT YMEHb-
1eH ¢ 206 o 162 M’

Pasmep kama LI (ana kaxnoro sigpa) — 16 KGalit (1na saHHbIX) +
+ 12 THCAY onepaumii, kaa L2 (1 xaxnoro aapa) — 2048 Koéaiir,
BddexTupran yacrora cucremHoit ummHel (FSB) 800 MI'u, Homu-
HaJIbHOE HamnpsokeHHe nurtamus 1,25—1,4 B. Makcumaaehas TDP
130 Br, pasvem — LGAT775.

PasmenicHue HecKOJABKMX saep ucHrpaasHoro LT Ha omHoM
KPHCTAILIE HMEET TO MPEHMYILECTEO, YTQ KIIUI-TIaMATb MOXeT pabo-
TaTh NMPH HAMHOrO OoNtee BRICOKOH Yacrore.

CrenyeT MMeTh B BUAY, YTo Pentium D cMoxer 3¢ dexTHBHO pea-
JIM30BaTh CBOM NPCHMYLICCTBA TONLKC NPH BLIMOAHEHHH IMPUIOXe-
HMIii, KOTOpEIe GLLUTH HAMMCAHBI CNELNATBEHO 1711 MHOroATepHNX LIT1
WIH MYJIBTHIIPOLECCOPHLIX CUCTEM, HanpuMep, obpaboTka TpexmMep-
HEIX M300paXeHHH WIH BHACOKOJHPOBaHHE (JeKOANPOBaRNe) HIH Xe
B CHTYaUMAX, eCIN NOEJAL30BATENb BHIMIOJHIET NPOrpaMMy C HHTEH-
CHBHEIM McTIonb3oBaHHeM L1II, KoTopasi no3BONAET KAXIOMY AIpY
obpabaThIBaTh YacTh KOMAaHA NpHAoxeHHA. Tak Kak GONbIIMHCTBO
OOHCHEBIX NPUIOKEHHH H UIp NO COCTOAHMIO Ha 2005 r. obBMHO UC-
MONb3YIOT EAMHCTBEHHYK) <«HUTE» (MOBNPOLIECC, MOTOK), A HUX
Pentium D He GymeT cyllecTBeHHO OTIWYAaThea OT crapiuux HI
Pentium 4, paGoralolMx Ha TOH X¢€ 4acTOTeE.

Monenn npoueccopos — 920 (2,8 I'Tw), 930 (3,0 I'fu), 940
(3,2 I'Tw), 950 (3,4 I'Tu), 960 (3.6 I'Tu).

Cuuraerca, uro Pentinom D 61 nocnegHUM MpoUECCOPOM, HE-
cyllMM pUpMeHHBINH 3HaK Pentium — ocHoBHOTO usnenus Intel, Ha-
q@Has ¢ 1993 1.

Muxpoapxumexmypa Intel Core. Ha ®opyme Pazsurus (Intel
Development Forum) B mapre 2006 r. Intel o6Hapoaosana noapo6-
HOCTH HOBOI MMKpoapxHTeKTYpnl Intel Core, apnaouieics npeem-
HMKOM NetBurst © MoGMABHEIX mpotieccopos Pentium M, xortopas
paccMaTPHBAETCA B KAYECTBE OCHOBBHI JUIA TUIAHMPYEMBIX K BLITYCKY
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MHOTOSIEPHEX MPOLECCOPOB, OPHEHTAPOBAHHBIX HA CepBepHLIe, HA-
CTOABHHE H MOOWIBHHE KOMIBIOTepH. MuKpoapxutektypa Intel
Core 6nina paspabGoraHa Tok Xe rpynnoit mHxeHepoB Intel, xoTopas
CNPOSKTHPOBaJa BRCOKOIKOHOMHYHEIE npoueccopn Pentium M.

Ha camoMm mene, mepemie npoueccopnl Intel Core dakTHueckn
noABWIHCE B siHBape 2006 1. B cocTaBe TexHONOTHEH MoGmwibHbIX LIIT
Centrino Duo. Ipoueccop Core Duo (npeasapHTelIbHOS HAHMEHO-
BaHKMe <«Yonahs), BHOVWEHHMH TOrma, ObUT NMEPBLIM MOOMNBHLIM
JBYXbAACPHEIM npoiieccopoM Intel, OCHOBMBABIIAMCH HA TEXROIO-
i 65 M. Hobag MHEKpoapXHTeXTYpa GasHpyeTcs Ha MOTMGMHMIHPO-
paHHO#H BepcHH sAfpa Yonah (puc. 3.24),

Kaowaoe sapo fAapo 1 fopo 2
BuiGopka Buopra
“am::““ep M NPAABAPHTESTLHOS  ApAGeApUTANLHOE
cragm AOKOIMPOBAHHS ABROAMPOBBHWE
' W b
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o W '
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KOMBHE, v v
ol NapesoHoBaHe NeporMeHoBaHNS
4 noToka PErMCTROR pencTpos
MHKROONEPaLIWH v v
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Meuxpo- NepayopAno- RePEYNOPAAG-
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- Fl W o '
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BoBaHHb ATTY
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M
v BunonHeHwe Bbanonqosme

Puc, 3.24, [Tponeccopu Inte! Core

OcHOBHBAsCh HA NMPHHOMIIAX FHEPTETHYCCKON 3IKOHOMMYHOCTH
{BaxHeHas Yepra MOOWIBHBEIX npoueccopos Intel Pentium M) u
cylIecTRYIOLIMX TexHoNorusax Intel Pentium IV, MHOrosizepHas apxm-
TEKTypa TAKKEe BKILIOYACT PAL BAXHHX YCOBEpLIEHCTBOBAHMH:

* PACHWIHPEHHOS [JHHaAMHYECKO€ BHIOONHEHHE

(Intel Wide Dynamic Execution) mo3poaseT XKaxIoMy <«lIHpO-
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KOMY» SIIPY BBHITIOMIHATE A0 YETHIPEX MOJMHEIX KOMaHI, OHHOBpE-
MEHHO, HCNOoNb3ys HMupeKTHBHEIA 14-cTannitHEI KoHBeliep —
CIIEKY/IATHBHOE BEIMIONHEHNE ¢ H3MEHEHHEM TIOPAAKA MHCTPYK-
WM, YCOBCPUICHCTBOBAHHEA ANINTOPHTM TIPEICKA3aHUs Nepexo-
JIOB, YMEHBIIAIONIHI KONMYSCTBO HEBEPHBIX NPEACKA3ZaAHHI;

e HHTEANEKTYANbHOE YIIPaBASeHHE SIEKTPONHTA-
HueM (Intel Intelligent Power Capability);

e HHTEJNNEKTYAJBHOE YIIpPABNEeHNE KM -NAMATHIO
(Intel Advanced Smart Cache) — cOBMeCTHOE HCNOJBIOBAHUE
L2-Ka311a, 9TO TO3BOJAET YMEHBIINTE NOTpebicHHe MOIHOCTH
NMyTeM MepeKMoUeHHA TpadHKa MEXIY MOIY/IAMH MaMsSTH sfep
MPOLIECCOPa; HANPUMED, eC OAHO H3 AIep He 3aHATO, BTOpOE
MOXET HCTIOIL30BATS MOAHBIN (ABOHHOIT) K31,

s HHTENJNEKTYAXBHB M gocTYR K naMATH (Intel Smart
Memory Access) — ellie 0JHa 0COOEHHOCTE, KOTOpas ViayqlaeT
CHCTEMHYIO TIPCH3BOIHTEIBHOCTE, YMEHBIHAA JIATEHTHOCTh Ta-
MATH H TaKHM 00pasoM yayduiasi CKopocTb Niepedadl AaHHBX K
MOACHCTEME TaMATH;

e yIYyYIMI¢HHAA BHPpoBasa o6paboTka MyAsTHUME -
nua (Intel Advanced Digital Media Boost) — Teneps MHOTHE
u3 128-6utoBmx koMaHna SSE, SSE 2 u SSE3 cMoryT BHION-
HATECA B TpeAenaX TOJBKO ONHOIO LHKNA NpoLeccopa. D10
}baKTHYeCKH YIBAHWBAET CKOPOCTE: BBIMONHEHWS 3THX KOMAaHI,
KOTOpHE LWHPOKO HCIIONB3YIOTCA B MyTETHMENUIHBIX M rpadu-
YECKUX MPIIOXEHHSIX.

Kpome Toro, Intel Core Taxke NpesycMaTpHBacT MHUKpPO -

cTusHUue (micro-op fusion) 1 MakpocausHHe (macrofu-

sion) — cM. puc. 3.6.

Yonah — mepBOHATANBHO OHJI KOMOBEHIM HAMMECHOBAHHEM TIEp-
BOTO TOXONeHust mpoteccopoB Intel, MIrOTORNIGHHHX TO TEXHOMO-
MM 65 HM T MOOHWJIBHBIX CHCTEM, OCHOBaHHLIX Ha Banias/Dothan
MHKpoapxuTeKTYpe Pentium M, BKIIOYas TeXHONOTHWID 3AIUTHI
LaGrande. 9¢dekTnBHOCTE NOTOKOBOM 06pabotku (SIMD) 6bL1a no-
BHILIEHa MOCPeacTBOM Ho0apneHna KoMara SSE3 n yayuinenus pea-
JU3aIMM HaGopoB KoMana SSE u SSE2, mockonbKy paHee BHIIOMHE-
HHE LETOUMMCACHHHX ONepauyii 3aMeIAN0Cch NOBRIIEHHOA NaTeHT-
HOCTHIO K311a. KpoMe Toro, Yonah npeanonaraer noanepxky NX bit,

Ilponeccop Intel Core Duc cocToUT M3 OBYX SOEp Ha OTHOM
KPHCTALIE, BKIIOYAST COBMECTHO HCMOAB3yeMui L2-xkam ofnema
2 MiB. IIpenycMarpupaeTcs Takke OTKMIOMCHHE OOHOIC H3 sIAEp TPH
CHHDKCHHH HarpysKH Afs YMEHBIICHHA SHEPronoTpebneHns.
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Intel Core Solo (mpomeccopn npegHAZHAYAKTCA AN MOGHIb-
Heix [IK) pasMeimaerca Ha TAKOM X ABYXBAACPHOM KPHCTRIUIE, YTO
U Core Duo, HO 3amelficTBYET TONBKO OTHO AKTHBHOES AAPO. 3dech
OOBYHO HCTIONB3VIOTCS KPUCTALAEL ¢ OOHMM Ae(eKTHEIM SIPOM,
KPOME TOTO, BOODIUE OKa3nBacTCH JCIICBIC YCTAHABINBATH ABYXbA-
AEPHBIA KPHUCTAIN ¢ OAHYM OTKIOYCHHEIM SOPOM, HeXeTH HAMAXKH-
BATh OTHAENBHEIA BHINYCK OIHOAREPHHX KpPHCTALIOB. Intel yxe mc-
NOJNB30BANIA PaHee TaKyYI0 CTPATErHio B mApoiteccopax 486, roe npo-
meccop 486SX npeacrasman coboit 486DX, B koropoMm 610K
onepaunii ¢ [13 He npolues mpHeMHBIH KORTPONL H NOTOMY GBLT OT-
KITI0YEH.

HHpoyeccopm Core Duo. Core Duo comepxur 151 man
TPaH3UCTOPOB, ¢ YYETOM coBMecTHore L2-ksma Ha 2 MiB. Hcrnon-
HHTENBHOS AApO Yonah coliepXwT KoHBedep Ha 12 crammii, npemmno-
naraeMasa MakcHMalbHag 4actota 2,33—2,50 I'um. KoMMyHuKammun
Mexay komem L2 m oboumu sapaMu oOpabateipaloTca apOHTpaX-
HEM 0J0KOM, KOTOPBIf KOHTPOJIHPYET JOCTYN Kak K L2-xamy, Tak u
K nepspdHoi winHe (FSB, cM. puc. 4.13).

IMpoueccopu Core He NHINCHH W pAla HeAOCTATKOR:

¢ OTHOCHTENBHO GONBILHE 3HAYCHHUA 3agepXeK NpH obpanicHHR
K MaMsTH, HOCKONBKY BeCh TpadMK TPAIWHHOHHO NPOXOIUT
yepes KOHTpoutep maMaTH umuncera (NorthBridge). B 1o xe
BpeMst, HanpuMep, B nponeccopax AMD K8, 3ToT KOHTpOsUTED
BHEAPEH B MpOILIECCOD;

» HeBBICOKaA ApeKTHBHOCTL onepammit ¢ T13, MoCKOMBKY B Kaxk-
OOM sape HeOOMKIIOE KOMMYSCTEO HCNOMHUTeNsHBX OokoB 13

e OTCYTCTBYET Ioamepxka O64-paspagHolt cHCTeMB KOMaHX
(EM64T);

e TaKasl Xe WM jaxe Oornee HM3Kas npuBeneHHasa 3¢deKTHB-
HOCTB («Ha | BaTT») IJI OMHONPOLECCHBIX MPIIOXEHUH (CpaB-
HHUTEJBHO ¢ NpemuecTsyiomumMu LITT).

Sossaman — IlI1, npon3BoaHuii oT Yonah, 6bin BRNMywmwieH

14 mapra 2006 r. xak asyxesiaepHeiii Xeon (Dual-Core Xeon LV).
Sossaman mouTH HacHTHYCH Yonah, 33 MCKMIOUCHHEM TMOLICPRKKH
AsyxpaszbemMHO#M KoHpurypaiuu (dual-socket configurations), mng 4-x
faep, KpoMe Toro, 3ech peamH3oBaHa 30-paspsanHad anpecaina (PAE
mode). LIT Sossaman mpeaHasHaYeH XS CepBepoB, ONHAKO Kak #
Yonah, ne nonnepxupaer EM64T, 4uTo 1% ppIHOYHOTO CEKTOpa Cep-
BEPOB ARIIETCA CEPRE3HBM HeJOCTATKOM.

B 1o BpeMs kak nepBhie npoiteccopsl Intel Core rIaHMpOBAIHCH
HCKTIOUHTENLHO U MOOMNBHLIX cUCTeM, oObsmieHHHe Intel Bec-
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Ho#l 2006 r. ana pumycka LIIT opueHTHPOBaHBEI Ha BCE CEKTOPB PHIH-
Ka. Bor Hx xomoBble HMeHa:
o «Merom» — MoBHIBLHREIE cHCTeEMB (35—40 BT);
+ «Conroe> — paboune cTanuMH (65—80 BT);
» «Woodcrest» — ceppepsl (40—80 Br).
TakuM 06pa3oM, HOBaA apXHTEKTYPa OCYLKECTBMNIA BOCCOEIHHE-
HHE HACTONBHEX ¥ MOOWIBHEIX JIMHHHA B usmeanax Intel.

Ilpoyeccopm Core 2 AnAIOTCA 8-M MOKONEHMEM TIPOLIECCOPOB,
nponapoanMeix ¢upmoii Intel. Tlepsrie obpasubl Core 2 60UIH OhH-
IHaANEHO BRIMyHeHs 27 wions 2006 r. Kak u LI Intel Core, xoto-
pPEI¢ OHH JOJDKHEI 3aMecTHTh, Core 2 BKmovaeT Duc (IpyxbpsaiepHEle)
u Solo {(onHoAnepHBie) Moneny. HoBRe THHHH NPOSYKTOB BKAIOYAIOT
TaKoke Moaend Extreme (BHICOKONPOHIBOAUTEAbLHLIH cekTop) H Quad
(zeTeipexbstepHbie). OCHOBHBIE TPOIICCCOPH MMEHT KONOBEIE MMeE-
Ha «Comroe» (mng vacronsHeix [1K) u «Merom» (MOpPTaTHBHBIE MO-
JdenH), UX BapMaHTH HMeHYIOTCH <«Kentsfield» (uermipexmsanepHuie
Conroe) H «Penryn» (45 uM Merom). XoTtd cepsepHbie NPOIECCOPH
«Woodcrest» Takxe Gasnpyiorca Ha MHMKpoapxuTekType Core, OHH
¢hurypHpyioT Ha PHIHKE IOX MapKoil «Xeon», a He «Core 2».

Paccmotpum npouecchl B HIT Conroe (puc. 3.25), xotopuiit aB-
TIAETCA «IPSIMBIM HACJICAHHKOM» MOGHIBHOTO mpoleccopa Pentium
M M «ganpHMM» NPOLIECCOPOB apXHTSKTYPH P6 (cm. puc. 3.18), or-
JHYAACH OT HHX PaspAaAHOCTHIO IWHH YU KOJMYECTBOM HCIIONHHTEL-
HBIX YCTPOHCTR:

e MOCKONBKY 3TO TPOLECCOpP rapBapacKOW apxUTeKTYpe (pa3-
JenbHbIE K3IIH [IEPBOTO YPOBHA — X311 KoMana wiH I-cache u
K31 JaHHKX nn D-cache), BuinoMHeHne NporpaMMbl HauHHa-
ercd ¢ TOr0, YTO COOTBETCTBYIOIIME KOMAHARI MONAjaldT B
I-cache;

+ i3 T-cache KOMaHzBI, A0 KOTOPEIX AOILE] NPOLECCOP, HIRNEKa-
10Tce B 610K BRIGOPKA KoMaux (Instruction Fetch Unit). Dromy
610Ky NMPHUXOAUTCA OTCHCXKHWBATE XOA BHINONTHEHWS TPOTPAMME]
€ YYETOM YCIIOBHBIX M 6e3yCIOBHEIX NepexonoB. B ciyyae 6e3y-
CIOBHOTO Nepexoia OH NEPEKTIOUAETCA Ha HOBOE MECTO B K3llIe,
B CyYae X¢ YCIOBHOTO Niepexofa, MOAb3ydach ZaHHHMHA OoKa
npeackazaHus nepexoaos (Branch Prediction Unit — BPU), on-
pedenser, No KAKOMY 1yTH NoHIeT Janblle NporpaMMa;

« BaaThift 610KOoM BHIGOPKH YUAaCTOK NMAMATH JIETATCH Ha OTAeNb-
Hble X80-KOMAaHABL, KOTOpHIE [MOMELAlOTCA B ovepenh Onmoka
BuifpaHHEIX XoMaHa (Instruction Fetch Buffer), orkyna 3arem
nepefawTca Ha aexomepbl KomaHa (Instruction Decoders), rae
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Puc. 3.25. Mukpoapxurextypa npoueccopos Conroe

mepepomsTcd B MuKpoonepaund (MKOII). DneMeHTapHBIMH
KOMaHJAMH, KOTOPEIE YIaeTCd KOHBEPTHPOBATE B onHy MKOII,
3aHMMAIOTCA IIPOCTHIE HEKOREPH, OCTAIBHEIMH — CJIOXHBINA fie-
KoHep, MOACTARIAICINNE BMecTo X86-KoMaHI TOCiefoBaTeAb-
HOCTH 13 Heckoaeknx MkOII, npu HeoGXORMMOCTH 3aHMCTRYS
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HX H3 CIICLMAJIBHON OGJIacTH MaMATH — MHKPOIIPOTPaMM IIpo-
meccopa;

nonygeHsble u3 x86-koma MKOTI npoxonsT eiue ooHy oYepenb,
MPH3BAHHYIO CIVIAINTL HEPABHOMEPHOCTH JCKOIHPOBAHHA KO-
MaHI, M MONAZAIOT B GJI0OK MepeMMEHOBAHMS pETHCTPOB, B HEM
MKOIl BHIaercsi paspelicHHE¢ Ha TNOJIL30BAHWE TEMH FIH
HHEIMH pecypcaMi mpoueccopa. B YacTHOCTH, onpeHeiscTcH,
M3 KaKOTO BHYTpeHHero perncrpa MxOIl nonxkna 6pats Heob-
XOOMMEIC ¢l JaHHBIE ¥ KylJa HX coxpaHATh. [omydne HeoOxo-
Tumele gonycki, MkOII momaxawoT B 6ydep BHeOUSpeTHOTO
punonHeHns (ReOrder Buffer — ROB);

6ydep npeacraBaAeT codoil TaGANILY, B KOTOPOIi YKa3aHO, Ka-
KHE KOMAaHOB ceiyac BBIMOJMHANIOTCA IPOLECCOPOM, KaKHE Y
HHX ACXOIHEIE JAHHHE H KaKHe MoydaleTcs peisynbsrathl. 1lo
Mepe BHIIOJIHEHHA KOMaHIH COOTBETCTBYIOWIME 3allHCH B Ta0~
e obnoemmoresa. Korza pesyiabTaT CTAaHOBMTCA H3BeCTEH,
ROB «nmybnMKyer» €ro, COOTBETCTBEHHO H3MEHAS BRHAMMMHEC
TOAB3IOBATENLCKOM [TpOTpaMME PETHCTPH NIPOLIECCOpa IWIH paid-
peliafl 3aNiHCATh BEMHCACHHOS YHC/IO B ONIEPATUBHYIO TTAMSTE,
IIOCJIE 3TOr0 CTHpacT HHPOPMALTHIO O KOMAHIE B3 TaOIHLEL;
chenas otMeTKy B ROB, MkOIl nmepemaeTcs Ha CTAHIIMIO pe-
aepBHpoBaHu® (Reservation Station). 3mece MxOII crosaTr B
ouepelsAX, OXMAAsA, IOKA He TORAYT Bce HeoOXOTMMBIC HM KaH-
HEIe (TTOKA He 3aBepPLIMTCA ONepallis YTeHHR U3 oflepaTHBHOM
TIAMATH WIH He OyIeT BhYHCIeHA IMpeapinyliad KOMaHaa) 1 He
OCBOGORHTCA MOTXONALICe HM HCIIONHHTENBHOS YCTPOMCTBO
npoueccopa. [IpuyeM MOpsAOK, B KOTOPOM OHM MOCTYIIMJIM B
Reservation Station, He Hrpaer poad. [ToMHMO RO3ZMOXHOCTH
BHEOUEPEAHOTO BHIIOMIHEHHsI KOAa, mo3Bomolleit Bo Bpems
'HENpPEABHICHHOTO MpPOCTOA 3aHATH MNMpOLECCOP KaKHM-JTHOO
npyreM jgenoM, Reservation Station ImoMoraeT peliMTs H OpY-
IVIO 3ajady: (uarogapa TOMY, YTO K HEH MONKAIOHECHO cpa3y
HECKOJNEBKO (DYHKITMOHAIBHEIX YCTPOHCTE, HA BBITONHEHHE MO-
YT OBITE 3amymeHn A0 5—6 MxOII onHOBpEMEHHO;

npoiina oyepens B Reservation Station, MxOIl1 ornpamnaercs
BMECTE ¢ TOTOBHIMH JaHHLIMH Ha BEITIOJIHEHHE B OgHO H3 COOT-
BETCTBYIOILHX HCIONHHTEABHHMX YCTPOMCTR — 3TO OXHH K3 ca-
MBEIX KOPOTKHX 3TAMOB KOHBeiepa: 0OBIMHO OH 3aHHMACT ONHH
TaKT (HA BHIIOJHEHHE KOMaHOBI TpebyeTca cpuie 14 TakToR),
B CTIOXKHEHIINX ciay4yaax — oT 4 go 7 takros. ITomydeHHEIH pe-
3yILTAT BEMHCICHH Bo3ppawtaercs B ROB, roe moxmpaercs
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1100 ceoeit ouepenn Ha BLINKCKY, TG0 BOZHAKHOBEHUS OLIHO-
KH B Xoe BEMHCICHHA ouepenHoil MKOII, a Takoit cGoit nmpu-
BOOMT, KaK MpaBWiIo, K cOpocy KoHBeifepa CO BeeMH paHee No-
JMYyJ4eHHEIMH PE3Y/IBLTATaAMM.

B ormaume ot LTI apxutextyps NetBurst (Takmx Kak the
Pentium IV u Pentium D), au3aitn Core 2 He OCHOBBIBAETCA Ha IO~
BhilteHWH 3hDEeKTHBHOCTH HCKIIOUATENEHO 33 CYET AOCTIDKEHHA
MakCHMAaJbHHX TAKTOBRIX YacTOT, a HCIOJB3YET APYTHE BO3MOXHO-
CTH, BKIIOYAsA YAYYUICHHE K3II-TIAMATH M YBEJIHUCHHE YHCHA siaep.
BHepronorpebneHHe TAKHX NPOLECCOPOB CYIIECTBEHHO HHXKE, YeM
JUIST HAaCTOJMBHBIX mponeccopoB Pentium (65 Bt ana Core 2 cpaBHH-
TenbHo ¢ 130 Bt mast Pentium 4 Prescott).

IIpouieccopul Intel Core 2 momsepXMpalor TaKMe OIMIMH, KakK
EM64T, Virntualization Technology, Execute Disable Bit m SSE3. Kpome
Toro, Core 2 srogur TexHonorimm LaGrande Technology, Enhanced
SpeedStep Technology 1 Active Management Technology (IAMT2).

Conroe. Tlpoleccoph BHIIYCKAIOTCH IO TEXHOMOFHH 65 HM H
OpPHeHTHPOBaHBE Ha HacTofbHere TTK, 3aMeHss Pentium 4 w Pentium
D. Intel sasmnset, yro Conroe AeMOHCTpHpYeT 40%-Hoe MOBHILICHHE
atdexTusHOCTH ApH 40%-HOM CHIKSHWH SHEPromorpeSneHns cpas-
HHTenbpHo ¢ Pentivm D. Bee LIT Conroe uMmelor ks L2 ofreMoM
4 M6air, ogHaxko y Mogeneit E6300 u E6400 nonoBHHA K31A OTKIIO-
YyeHa (Tonpko 2 MGaitra HenonezyeMoro Kauna L2).

Bonee newmesmie IIII moneneit E6300 (1,86 I'Tu) m E6400
(2,13 I'Tu), ob6a c nepeuuHoit wuHok (FSB) Ha 1066 MT/c 6biam
BRITYIICHH NePBHIMH. TpaauLIMOHHO MpOLECCOPH ONHOTO pAna ¢
MCHBLIUHM K3IIeM TIPOCTO MNPERCTABASIOT cOGOM SK3eMIUISIPEI, He
NMpoLUeALIKe [TOAHEI TIPHEMHBIN KOHTPOJb, B KOTOPHX 4YacTh K3IIa
TMO3TOMY OTKIIONEHA.

CnemyerT OTMETHTB, 4TO npoLeccophi Comroe HMEIOT BBICOKHIk
peseps MO TakToBO#M Yacrore — Momenb Ha 1,86 I'Tu BmonHe MoXer
OuTh «pazorHaHa» (overclocked) no 3HayeHuiM Gonee 4weM 3,0 I'Tn
MpPH YCTAHOBKE HAa KadecTBeHHOI cHCTeMHO#i TLIaTe, KOTOpas moia-
JIEPAUBAET BRICOKYIO ckopocTh FSB.

Monemn Gonee Bricokoro psaaa (E6600 u E6700 Core 2 Duo)
UMEIOT 3asBICHHYIO TAKTORYIO YacToTy B 2,4 ® 2,67 I'Ti cooTpeTcT-
seHHO. OHKM umelot 1066 MT/s nepsrunyio Ay, 4 MGaiira pasne-
meMoro kama L2 u asekTpHyeckyio MolrHocTe 63 Br. [MpoBenen-
HEIE TeCThl Mmokasaiii, yro E6700 u E6600 crabuasao paboraior npH
qacTtotaXx A0 4 I'Tu (mpH BO3NYIIHOM ONJIAXICHHH) H JaXe INIpH
5,4 I'To (pu oXnakKaeHHY XUAKHM A30TOM).
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INpennonaraercsa, YTO HPOLECCOPH ¢ HOMEPAMH, OKAHYHBAIO-
wEecs Ha «50» oyayT uMers FSB Ha 1333 MT'n.

Conroe XE (Core 2 Extreme) npegHazHaueH A1 3aMeHB NPo-
ueccopor Pentium 4 Extreme Edition n apyxmsaaepHoro Pentium
Extreme Edition. Core 2 Extreme 3admieH ¢ 4yacrorol 2,93 ITu n
FSB na 1066 MT/s, snektpuueckas MomHOCTe 75—80 Bt m npu
TONHOM HArpy3Ke TeMIIepaTypa He npepnilnaet 45 °C, a #cnone3oBa-
HU#e TexHonmoruii SpeedStep NO3BONMAET MOYTH YPABHATH CPeAHIOD
Temneparype 111 ¢ okpyxalomei atMocthepoil.

Kak n Core 2 Duo, oH umeer 4 MoOairra pasaensemoro kama 1.2.
«PasroH» mpoueccopa nmokasan, yro Core 2 Extreme paGoTraeT npu
3,6 I'Tu mpB WTAaTHOM OXJIAXICHHH W 0¢3 NOBBIICHNUA HANIPSDKEHHS
nutaHud, 4,1 I'Tu T™ebyer YCHACHHOTO BO3AYIIHOTO OXAAXKIEHUA H
MOBEAUEHNS HanpsxeHns, Gonee 3,5 [Ty — ToneKO TIpM OxXnaXKTeE-
HHMH XHIKHM a30TOM.

Merom — neppHit npoueccop Core 2 a1 MOOHJIBHBIX CHCTEM,
npeAnonaraercsd, 4To ero sHepreTHueckasn 3¢peKTHBHOCTE GyaeT Ha
20 % pune, yeM y Mobwmaex Core Duo (Yonah). O6nseneHa MOI-
HocTh B 35 Bt ans craHmaprHoil sepcuy U 5 BT i BepcHH ¢ 0YeHb
HH3IKHM HanpaxeHHeM nmuTaduA (Ultra Low Voltage — ULV).

Merom arserca nepebiM MOOWTLHEM [polieccopom Intel, B KoTO-
POM peamH3oBaHe 64-paspamHoe pacumperne EMO4T 64-bit exten-
Sions, CKOpOCTb CHCTEMHOM miMHE — 667 MT/s. Cnenyiomas BepcHsi
npeamnonaraet FSB #a 800 MT/s n HoBwit nuTepdeiic Socket P.

IMpoueccopsl Merom nMeior HoMepa «T3x00» w «T7x00» (ana
Core 2 Duo), npuaeM T5200 3aapneH ¢ yacrotoit 1,60 I'Tu; T5500 —
1,66; T5600 — 1,83; T7200 — 2,0; T7400 — 2,16, a T7600 — c yac-
ToToit 2,33 I'Tu. Momemn T5x00 pumyckaloTcs ¢ o0mKHM KauleM E2
Ha 2 M6aitra, a T7x00 — Ha 4 MGaiira.

Intel Penryn Core 2. Ilpolieccop MOCTPOEH MO aPKHTEKTYPE
Core 2, HO IBIAETCA NMEPBHM B CEPHW, BHITYIUEHHBIM TIO TEXHOJIO-
T'MH 45 HM ¢ UCTIONH30BAHHEM HHHOBAUMOHHON TEXHOJIOTHH TPaH3HU-
CTOPOB ¢ METANTMYSCKHM 3aTBOPOM M JIHAMEKTPHUYECKHM H30MSTO-
poM (cM. puc. 1.22),

Ipennonaraercd, Y10 OH 3aMEHHT pAN Moleneidi Merom, B TOM
YHCJIe BEPCHM Ha XBA WIK YeTHpE AIpa B OOTHOM KpHCTane.

B wactHOCTH, YeTmpexamepunie npeoueccophl Intel Core Quad
BKNMIOYaloT 582 MAH TPaH3NCTOPOB, TOTAA KaK YETHIpEXbANEPHBIN
Penryn — 820 MaH Ba McHBIDGH ITOWanH Kpucrawia. Takoe mOBH-
LIeHHe YUCIa TPAHIUCTOPOB CBA3aHO C pealn3anueil B KaXIoM sape
x3ma L2 Ha 6 M6aiir (150 % no orHomenmo K Core 2) — puc. 3.26.
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Pue. 3.26. MUXPOCHHMOK ABYXBAISPHOrO nmpoueccopa Penryn

JApyrie ocobeHHOCTH:

+ Penryn ucnonesyer HOBbIN Gonee GuICTpbIH GMOK He/eHHd, KO-
TOpEIi 0GpabaTeiBaeT 4 GHTA B TaKT BMecTo 2 6ut ans Conroe.
JT10 YOHCTpsAeT B 2 pasa onepalliy Ae/IcHNA, M3RICUEHHE KOp-
HS OCYIUECTBIsIETCS ObICTpee B 4 pasa;

= UCMIONL3YETCS HOBHIA PEXHM YNpaRICHWA NMHTaHMeM — Deep
Power Down, B KoTopoM npeaycMoTpeHo cocTosHHe LIIT Deep
sleep (TaxTOBHIN TEeHepaTOp OCTAHABJIMBAETCH, K3II-TIAMATE OT-
KMIOYeHA H HaTIPADKCHHE MHTAHMA IAgacT 10 MHHHMYMA),

e B TO BpeMd Kak B npouieccopax Core 2 Duo BBeieHa KOHLIEITLMS
HE33aBHCHMOTO «3aCHIAHHS» SAep, KOTAAa OIHO H3 aaep pabora-
€T B IOJAHYIO HArpy3Ky, BTOPOe ABASETCA <«TOPTUMM PE3cpPBOM»,
B Penryn caenad caeayiommii mar — HeAOHCIIONML3YEMOE AAPO
«XEpPTBYET» CBOI) YAaCTOTY H MOWHOCTH NUTAHMA NOMHOCTBIO
JarpyXeHHOMY 2ADY,

s HaKOHel, 3geck BHeApeHH «Penryn Instructions», wamm HaGop
koMaHp SSE4, nobGapnaAioluili HOBHE BO3MOXHOCTH MYJBTH-
Meana-o6paboTK, MO3BOAAA MOBEICHTL Ha 40 % mpoussonu-
TENBHOCTE TEX TPOTPAMM, KOTOpHE OYMYT €ro aKTHBHO HC-
MOJIb30BATD.

Kentsfield III Kentsfield, sunymendrit B Hos6pe 2006 r.,

OB TIepBHIM 4YetnipexbsifiepHEIM (quad core CPU) npomeccopom
Intel Core 2, npenHasHaueHHnM 119 HacTIbHHX TTK. Moryr GHTE
BEIIeNIeHH Bomee MolHEe Mogem (Core 2 Extreme) # oOkMHBIE 00-
pa3u (Core 2 Quad). Bce OHH YKOMIUIEKTOBAHBI ABYMs K3lmaMu L2
no 4 M6aiit. Cepun Core 2 Quad Q6600, ¢ yactotoit 2,4 I'Tu, Haya-
Jla BHIMIYCKAThCA B sHBape 2007 r., a momenn Extreme QX6850
Kentsfield — B wione 2007 r.
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AnanormyHo 1IIT Pentium DD, npoueccop Kentsfield KoHeTpyK-
THBHO BKAIOMACT ABA Pa3icibHBIX KPEMHHEBRIX KPHCTAILIA (KAKAkIH
sxauBaneHTeH ogHoMy Core 2 duo), pasMemieHHRX Ha OTAEJIBHOM
KepaMHUeCKOM MYJBTHIIpolieccopHoM Moayie {MCM). Jto okasml-
Baercs GoNee MEMEBHIM DPEIUCHHWEM, OJHAKO TIPH STOM CHHXAETCS
cKOpocTh o6MeHa JaHHBIMH Mexay LIIT u «CepepHeIM MOCTOM» THII-
ceTa, CPABHHTENLHO C pa3ienbHeIM pasMemeHneM LTI, kak 310 pea-
Ju3oBaHo, HanpuMep, B AMD Quad FX platform. MakcuMansHas
paccenBaeMasd MOIUHOCTE Accturaer or 95 no 130 Br, yto mpuMepHO
BOBOE Bhile, YeM s Core 2 Duo ¢ aHanmorHyHoi 4acToTol.

Muoroaaepusie LIIT Kentsfield HauGonee mogxoRaT M TakHx
TIpHAOXEHW, XOTOPHIE IETKO PaCINETUISIOTCA Ha HECKOJBKO mapan-
JISIBHBIX MOTOKOE 00paboTKH (HanpuMep, ayauo-/BHICOKOIHpPOBA-
HHe, CKATHE JAHHBIX, TpexMepHas rpaduka).

Yorkfield npescramiser coboit uernipexssmepasiii [IT na
JIBYX KPEMHHCBHX KpHCTaANax, ¢ ABYMA OOLIMMH G10KaMH Kama L2
no 6 Moalit. CoGcTBeHHO, K3I-NaMATHIY 3aHATa GOMblas YacTh
MAQIIAMM AApa. JT0 yXe He TepBalii pa3, korga Intel mcmonsayer
BO3MOXHOCTH HOBHIX TEXIIPOILIECCOB 110 YIUIOTHEHMIO TPAH3HCTOPOB B
SEpe OOHOTO M TOrO Xe pasMepa IS HAPAMMBAHNA OOBEMOB K31NA,
YTO BIIOJHE ONPABIAHO, MOCKOJIBKY MHOTHE TIPHIOXCHHA TOBEIILIAIOT
astdexTnBHOCTL NpH yeenmueHHe L2. TlpeaycMOTpeHH TakXe Bep-
cHH ¢ Onokamn Kama nno 3 Moafita.

Wolfdale — xonoBoe HazpaHHe cepuid E5000 Pentium Dual
Core u ET000/E8000 cepnit Core 2 Duo IIT ang vacroneamx 1K, xo-
Tophie aHanormyHel Penryn n Yorkfield XE v DomKHH CMEHHTH
wagenua Conroe. Beimyck ObT Havyat B sHBape 2008 r. 11T naroTomns-
IOTCS [10 TEXHONIOTHH 45 HM M HA ONHOM KPHMCTAUIE pa3MellaloTes XBa
sapa UI1. Moaeme E7200, pabGoraomas Ha dactote 2,53 I'T, nueer
ko 12 Ha 3 M6Gaiita u nogaepxupaer ckopoctk FSB (meppuunHas
nApoLeccopHast IKHAa) B 1066 MT/c (MWUIHOHOB nepenay B CEKYHAY),
OoCTaNbHbIE MOBEITH, paGoTaloliHe Ha YacToTax 2,66—3,33 [T, aMeror
6 M6aiit o6mero ksma L2 u ckopocts FSB B 1333 MT/c. Uanenns ce-
puu E5200 paGorator Ha gactore 2,3 I'T1, aMeroT xam L2 Ha 2 'oafita
H TIpeAHAa3HaYeHHI I 3aMeHBI poneccopob Pentium Dual core.

B uione 2009 r. xoMmaHHd oGbABHIA 00 YIIpazgHeHHH MHOTO00-
pasug BapMaHTOB AaHHOH Topropoit Mmapku (Hanpumep, Core 2 Duo,
Core 2 Quad, Core 2 Extreme) B no/is3y TpéX KNOUEBHIX HAHMEHORA-
Huit: Core i3, Core i5 u Core i7.

Nehalem — MHKpPOapXUTEKTYPA NMPOLIECCOPOB KoMMMaHui Intel,
npeacTaeneHdas g aopa Bloomfield B ucnonHennu LGA 1366 un
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Juist sinpa Lynnfield B ucoonmHennn LGA 1156, Mukponpoueccopbl
mponalTcd non Topropoi Mapkoi Core i7 u Core 15 COOTBETCTBEHHO.

INMpoweccopul Nehalem comepxaTt He MeHee 731 MAH TpaH3HUCTO-
poB, 910 Ha 10 % MeHpIne, weM y mponeccopoB Yorkfield. Ho nno-
WAAB KPHCTATUIA 3HAYHMTENBRO YBEMIMUMIACEH MO CPaBHEHMIO C NIpel-
IECTBEHHHKOM ~ ¢ 214 1o 263 mMM>,

ApxurekTypa Nehalem mocrpoeHa Ha Baze Core, HO COREPXMT
TakKHe KapIWHANbHBIC H3IMEHEHHUH, KAk

s BCTPOSHHEIH KOHTPOJIED MAMSITH, MOAXEPXHUBAIOWMA 2 WK
3 kanana DDR3 SDRAM unu 4 xanara FB-DIMM;

« HoBas mmHA QPI, npmineamnast Ha cMeRy uHe FSB (TONeKo B
nponeccopax st LGA 1366; nponeccopnl aaa LGA 1156 me-
[one3vior WMHy DMI);

¢ BOSMOXHOCTb BHITYCKa NPOLECCOPOB CO BCTPOCHHBIM rpadm-
YECKHM NPOLECCOpoM (B OIOMDKETHRIX pelleHURX Ha Oaze AByX-
ARePHHX MPOLECCOPOB);

« B ornH4nre ot Kentsfield u Yorkfield, xoToprie cocTodar H3 OByX
KPHCTALIOB MO 2 spa Ha KaxaoM, see 4 aapa Bloomfield Ha-
XOmATCS Ha OTHOM KpHCTAJUie;

s K310 3-10 YPOBHSA,

» Hongepxka SMT (opranu3zaiug 2-x JJOTMYSCKUX agep H3 1 pu-
INYECKOFO).

IMeperie nporeccopel Nehalem oCHOBaHEI HA TOM Xe 45-HM Tex-

npouecce, 410 U Pensyn.

Muxpoapxumexmypa Intel Atom. Intel Atom — Toprosoe Ha3Ba-
rHe nuHeikn LIl or Intel, KoTophle NMONNEPXMBAIOT CHCTEMB KO-
MaHA x86 H x86-64 CPUs, M3roTORIAIOTCA MO TEXHOMOTHH 45 HM
CMOS (high-k metal gate, cM. puc. 1.22, 6) ¥ npenHasHauYeHEI JJIA
HCIOJB30BAHHA B yabTpamMoGunbHEIX [IK, cMaprdoHax M JpyTHX
TIOPTATUBHHIX 3KOHOMMYHEIX d3AemMax (puc. 3.27).

B anpene 2008 r. Intel opuunancho obesiBiIa, YTO MPOLECCOPH
¢ KOmoBHIMH WMeHamH Silverthorne (cepua Atom Z, mpouLeccopr
Z500—Z.540) u Diamondville (Atom N, magemmns N270 u 230) 6azu-
pYIOTCH Ha OIHOH MMKpoapxuTekType. Boaee moporoi sHeprochepe-
rajommi LIT Silverthorne mpeanonaraeTca NUCTIONB3OBATH B MOOWIb-
HEX Internet-yerpoiicreax (Mobile Internet Devices — MID), B 10
BpeMs Kak Diamondville — B TaKHxX M3AEAMAX, KaK HACTOJBHEIC CHC-
TeMbl (Nettops) 1 GlomxkeTHEIEe HOYTOYKH (Netbooks).

Intel 1 L.enovo, B YacTHOCTH, COBMecTHO 00BaBHIH 0 MID Ha oc-
Hobe Atom non Hazpanuem IdeaPad U8, koropwii Becur MecHee 280 1,
umeeT 4,8" ceHCOpHM# 3XpaH H obecreuMBaeT Kax JydIlyl nopra-
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Pre. 3.27. MuxpoapxurexTypa Intel Atom

THBHOCTD, YeM THIHUHEIA «Netbooks, Tak H Ty4diiiyio 3(pdeKTHBHOCTD
B Internet, yem MoOWIBHEIE Tenedon win xapManHH [TK (PDA),

ITpoueccoput Atom mmelor kam L1 o6semoM 56 Koaiir, us koto-
phix 32 OTBeIeHO IMON K31 HHCTPYKIIHIE, 3 24 — mox AaHHBEe. ITpo-
LeCCOPEl MOTYT MCHONHATL 32-GUTOBLIE KOX M ITOMIEpXUBalT Habo-
pHl KoMaHn pacumpennit MMX, SSE, SSE2, SSE3 u SSSE3. Yro
Kacaerca 64-6HuToBoTO KOoma (X86-64), TO ero mOAAEPXKMBAET TOMBKO
aapo Diamondville 1 Tomeko B Moaes Atom 23(. B ocHosBHOM nipo-
1eCCOPH Atom ABAAIOTCA ORHOANCPHBIMHM, OJAHAKO OHH IONICPXH-
BAIOT TEXHONOTHK MHoronorouHoctH (Hyper-Threading), xoropas
MO3BOIACT KCIUIHATD ABa NapaUIc/ABHAX MIOTOKA KOMAaHN,

B ceursbpe 2008 r. Intel oObABIAA O BEITYCKE BBYXBHIHEPHOTO
LI ganHHOM apxwrekTyphi (HeopHUMambHOS Kogosoe HMS — Dual
Diamondville) non Mapkoit Atom 330, xoropuii paoraer Ha YacTOTS
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1,6 I'Tu # motpebmaer 8 Br. Yacrora FSB — 533 MTI', Ha Kaxgoe
U3 syrep npuxoamTcs no 512 Kéadir xawa L2.

Intel Atom BEINOAHSET ABE KOMAHIH HA HUKA (monobHo Pentium
B 1993 r.). Kak u B apyrux LIT1, koManaa x86 paciuennsercsa Ha 6onee
NPOCTEIE OMEPAIMM NEpeX WCMOJIHEHHEM, HO Iopa3io B MEHBILEH
crenieHH, 4eM 310 ApoHcxosuT B IIIT Intel P6 wim Intel P68. B ITI1
Atom BHYTpeHHHMe MUKpoornepaitiiH (MKOII) BRNOMHAIOT Kak CYH-
THIBAHHE, TAK M 3alHCh B IIaMATh B COYETAHHMH ¢ omepanuaMu AJTY,
B10 Gmxe k ypoBHIO x86 1 oka3zeiBaercd Gonee HPpPEeKTHBHLIM, YeM
MkOII B npemuecteyiomnx npoektax. [1pu 3rom I o6xognTes ma-
poit AJIY ¥ He HUCNONB3YET TAKMX MeXaHW3MOB, KaK BHeOYepeaAHOoe
HCMIOJHEHHE, OHEpeXAIOMICe HCIIOMIHEHNE, H POTAIlHA PETHCTPOB.

Ilpoyeccopot Xeon u Celeron. TlepeunicnieHHBIE BHIIE apXHTEKTY-
pH 1111 Intel MeroT crenyronme MogudUKALIMK, NpeTHAIHAYeHHES
KaK 0,19 cepBepoB H palo4dux craHumil (Xeon), Tak ¥ 11 HEIOPOTHX
HactoneHBX ITK (Celeron).

IIpoyeccopu Xeon B nione 1998 r. Intel Hauana BHIYCKATh
LTI Pentium IT Xeon, paGoTarommit Ha gactore 400 MTu. Texnuye-
ckH Xeon npeactapisat cofoil xkoMOMHauMI0O TexHoNOTHA Pentium
Pro u Pentium I n 6611 paspaboraH, yrobel NpeinoxXuTh MOBEIEH-
HY1I0 3(xpeKTHBHOCTD, TPeOYeMYI0 B KDATHYECKHX TIPHIOXEHHAX IS
paGounx cTaHuMit M ceppepos. Mcronniys uMHTepdeiic Slot 2, Xeon
Ob1M mouTH BABOE Oonkile pasMepoM, yeM Pentium II, npexae Bcero
H3-3a2 YBeTHYEHHO#H Kaml-nmaMaTi L2,

B nmeperix ofpasmax 49unm cHaOxancd K3w-namarsio L2 Ha
512 Ko6airr wiu 1 MoGaiit. [leperiif BapHaKT 6B MpegHA3HAYEH TN
pHHKA pabouMx cTaHIHit, BTOpPO# — I ¢epBepoB. BepcHs Ha
2 Moaitt summa moaxe — B 1999 1,

QcHOBHOE YCOBEPIIEHCTBOBaHHE cpaBHUTENBHO ¢ Pentium II 3a-
KIIOYATOCE B TOM, YTO K3LI-IIaMarh L2 pafortana Ha 4acroTe saapa
LUEHTPATLHOTO NPOLIECCOPa B OTJINYHE OT KOHGUrypampii Ha OCHOBE
Slot 1, xoTopble orpaRYHBATH K31 L2 nomosuroi vactorsl LT, w0
no3pomano Intel nemone3oBare Gonee Aeuierylo MaMsiTh Burst SRAM B
Ka4ecTBe K3Ia, BMECTO TOTD, ITOOL NpHMERATH O0OBMHYIO SRAM,

Hpyroe orpaHW4EHHE, KOTOPOE YAANOCh MPEOAONETH MOCPEACT-
BoM Slot 2, 61 «IBYXIIpOLECCOpHBIN npeaen-. TIpy HCNOAB30BaHKH
apxuTeKTYpE SMP (cHMMeTpHUECKHH MyTETHIIPOIIECCOP) TIPOLIECCop
Pentium II okazanca HecnocoGeH NoIIepXHBaTh CHCTEMH ¢ Gonee
yeM ABYMS LIEHTpAJIEHHIMHE IIPOLIECCOPaMI, B TO BpeMs KaK CHCTeMEL,
ocHoBaHABIEe Ha Pentium II Xeon, Morin o0LeAWHAATE 4YeTHIpE, BO-
ceMb WIH Gojiee MpoLEeCcCOpoB.
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Bekope mocne Bexona Pentium TH secroit 1999 r, Opin BHOTYLIEH
Pentium IIT Xeon (xomoBoe ums Tanner). Bro 6w Gazoswiit Pentium
Xeon ¢ gobannenmeM Habopa koMmaHa SSE. Hanenenureif Ha peIHOK
cepBepoE H paGounx craHmmit, Pentium Il Xeon neppoHaTaNbHO BH-
nyckanca Ha 500 MI'm u ¢ xsmr-nmamsareio L2 Ha 512 KGair (mnm
1,0—2,0 M#éaitr). Ocennsio 1999 r. Xeon Havasn BHIITYCKATBCA € SAAPOM
Cascade (0,18 MKM) O CKOPOCTAMHE, YBETHYHBAIOITHMHCH OT HAYAIb-
HBIX 667 MI't 5o 1 ' X KoHiy 2000 1.

BecHoit 2001 r. peinyiieH nepseiit Xeon Ha ocHope Pentium IV
co ckopoctsmm 1,4, 1,5 w 1,7 I'Tn. Basupyronmmiics Ha siape Foster,
OH OB HEeHTHYeH ctaHaapty Pentium IV, 3a ucKmouyeHHeM paspeMa
microPGA Socket 603. Pentium IV Xeon nmoagepxmuBancs YsnceToM
i860, xotopeIil momoGew 1850, ogHako MpemycMaTpHBAET ABYXNPOIIEC-
COpPHBIE CHCTEMEBI M MO3BOJSET YBENIHYNTh MaxKCHMATbHHIE pasmep
maMATH 1o 4 Toaitr. Yepes ron Obna BRIAYIICHA MYJIRTHIIPOLIECCOD-
Had BepcHd, MO3BONAIINAS coOHparTh 4- H 8-MpoliecCOpHEIE CHCTEMBI
H BKTIOYAIONAsA K3m-raMaTs L3 Ha 512 KGaitr wma 1 Moaiir.

HMpoyeccopw Celeron B nonumke obpaTHThCa K ceKTopy
puika gewsepX MK (mo toro epeMeHH — obmacte AMD n Cyrix,
BEINTYCKABMIMX KJIOHEI H MOAHEPXHMBABIIMX apXHTeKTYpY Socket 7), B
anpene 1998 r. Intel Havana NpoN3BOACTBO MPOLIECCOPOB CeMeHcTBa
Celeron.

Celeron — ynpoilieHHBIN BapuaHT P2 1y AeleBLIX KOMITBIOTE-
poB. OCHOBHHE OTINYHA 3THX NMPOIECCOPOB — B OOBEME K31Ia BTO-
poro YpoBHA M 4YacTOTEe IWHHH. [IepBhie BHNMYNICHHBIC B ampeic W
mioHe 1998 r. Celeron Ha 266 1 300 MI'n He uMenH K3ma Boobie
TIpH 9acToTe WAHN 66 MI'n 1 BRIIONHEHB B KOHCTPYKTHBE Slot 1.
Cnenymne Momeny aMenn 128 Koaiit ks10a B BHITYCKATHCH KaK MIA
Slot 1, rak 1 ana Socket 370 (PPGA), B MX Ha3BaHHH TIPHCYTCTBYET
OykBa A (Hanpumep, Celeron 333A).

OcHOBaHHBIH Ha TOH Xe caMmoil MHKpoapxuTekType P6, Kak m
Pentium 1I, n M3roTOBAAEMEI Ha OCHOBE AHAJIOTHUHOIO TMpOIEcca
0,25 MxM, neppoHAYANBHEN Celeron mpeiiaran 3aKOHUYCHHEIH ITaKeT
MOCIETHNX TEXHMIOTHI, BKNIOWAasA moanepxKy rpapwxy AGP, mH-
Tepdeiic xectkoro aucka ATA-33, a Takke SDRAM n ACPL. Ot
npoueccopsl pabotanu ¢ oOpIMHA unrnceraMu Intel Pentivm 1, noxn-
JepXHUBABUIMMH CHCTEMHYIO IIMHY Ha 66 MI'n — Bxmouas 440L1.X,
440BX u HoBRili 440EX — u onpeneneHHO npeAHA3HAYEeHHEIMH A
ocHOoBHOTO pHHKa ITK.

Covington. Tleppric LTI Celeron (Covington) mo cymecTy
npeacrapmnn coboif Pentium II, usrorosneHHbie Ges kama L2,



288 Inapa 3. Nipoueccoper: MMKPOSPXMTEKTYPH W NPOTP3MMHPOBaHIe

B peayabsrate, MMes dacToTy B 266 wam 300 MI'y (9To cylecTBEHHO
prile, yeM s Pentium MMX), I Celeron 6bL1H HAMHOTO MEX-
JICHHEE YEM YacTH, 414 3aMcHEBI KOTOPHIX OHH GBUTH NMpeaHASHAYEHEE.

B otmrume ot Pentium II ¢ ero ynmakoekoit Single Edge Cartridge
(SEC), nauansHbii Celeron He HMeN HMKAKWX 3aU[HTHHX TDIACTMAC-
COBBX 00O0JIOYEK BOKDYT KapThl OpoHeccopa, KoTopuiil Intel Hassan
Single Edge Processor Package (SEPP) B xoropelii BB COBMECTUM
co Slot 1, 4T0 TO3BOJIANO WUCIONB30BATE CYIIECTBYIOIIME CHCTEMHBIC
mnatel {cM. puc. 1.23, 6).

Mendocino. Haunnan ¢ gactorst 300, sce L[I1 Celeron Haua-
an oB0pyAoeaThes K3m-naMaTeio 1.2 obsemoMm 128 Koaitr, pacmono-
XeHHOM Ha KpHcTalae, pafotamoolleif Ha IMOJHOH CKOPOCTH LeH-
TPAIBHONO NPOLECCOPa M MIOAAEPXHUBAIONICH BHENTHIOW CBA3b Y€pe3
muHy 66 M.

ITpoueccopn Celeron ot 300 g0 466 MI'n BRImycXamuch B OBYX
Bepcusax — SEPP u PPGA (plastic pin grid array). [Tepsuiif paccMar-
PUBAJICA KaK IOCTIOACTBYIOILASA BEPCHA (COBMECTHMEIN C CYLICCTBYIO-
el apxuTexrypoil Slot 1), B 70 BpemMs Kak NMockenHH#i He 6uinr co-
eMecTAM HH ¢ Socket 370, Hr Socket 7 wiw Slot 1.

Coppermine. BecHott 2000 r. obl1aa KapTHHa NPOLIECCOPHBIX
KOH(pHTYpaLmii B HHTePGEHCOB YCIOKHWIACH ¢ MOARICHHEM TTEPBBIX
nponeccopok Celeron, ocHOBAaHHBIX Ha siipe Pentium H1 Coppermine
(0,18 MxM). OHH NPOHIBOMWIHCH, HCIIONB3YI eme oxuH GopM-dax-
TOp — AemeByio ynakopky FC-PGA (flip-chip pin grid array). Do,
Kazanoch, YKa3bBaIo Ha «Hayaio KoHla» kak PPGA, tak i Slot 1, ¢
nocnenyommM BeImyckoM unnos Pentium I, raxke moxnepxuBaio-
mux FC-PGA. Tpoueccops Pentium III B FC-PGA uMeau Ipa
paseeMa RESET (CGpoc) M Tpebosumm cneumbukammii VRM 8.4,
B mansHeiflieM CYIWUIESCTRYIOIINE CHCTEMHRBIE TUIaThl Ha Slot 370 cramm
HAa3BIBaTh «IUTaTaMH HACJEACTBa», B TO BpeMS KaK HOBBHIC IUTATHE HA
Stot 370, nommepxsupalomme HOoBEIED $opMm-daktop FC-PGA, —
«IMOKIMM CHCTEMHEIMM THIATAMHAR,

Ilepeuie LIT Celeron, ocHoBaHHbe HA Coppermine, HMeIA 4ac-
ToTy 3566 MI'U, 3aTeM GLUIO MPOM3BEZEHO MHOXECTBO NpHpAlLeHHN
BIUIOTE Ao 766 MI'l, u B Hauane 2001 r. eiona Bepcua Ha 800 MI'n,
No3BOJIMIOINaA Mcrons3oBaTk FSB Ha 100 MI'm. K MoMeHTY BBIXOZAA
nocnegnero mnpoueccopa Celeron Ha Gade Coppermine (oceHb
2001 r.) ckopocty mocrurmwm 1,1 I'T,

Celeron Tualatin. Tepsuiit LTI Celeron, Hcmons30BaBIml
sanpo Tualatin Intel mo TexHonoruu 9,13 MxM, 6B BHNYIIEH B HAYA-
ne 2002 r. 1 nokaswmal yactoty 1,2 I'Tu. [Npeanosaranocs, 4To Mo-
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TeHURan Tualatin cMoxeTr MpoaBHHYTE ceMelicTBo Celeron K 4acTore
133 MI'u ns FSB, oanako maxe BepcHA Ha 1,3 MI'u orpanwunBba-
Jach yacrotoit FSB B 100 MI't 1 sicnionb3oBaHHeM MOOYAeH maMsaTH
cradpapra PC100,

B pganvHeHeM cTano ACHO, 9TO A1 NpPEOAONICHUS 3TOr0 Y3KOTo
Mecta FSB neoGxonmMa uyactota He MeHee ¥eM B 1,5 ITu. IMozromy
Onin TpoH3BeneH nmepexofl K mpoueccopaM Celeron Ha $aze aapa
Pentium IV Willamette, obecneunsarmomero dactory 1,8 I'Tn 1 Gonee.

IIpoyeccopwu Celeron xaacca NetBurst Ilepsmit
Celeron Ha 6aze Pentium IV 6pi1 BEITy1IeH B Mae 2002 r. basupyio-
mmecda Ha sape Willamette (0,18 MKkM) n dacto HasHBacMEe Celeron
4, ouu nMenn xaur L2 128 Kaiir, a He 256 uan 512 K6aikr, HO B OC-
TaJbHOM OYCHB T0X0aunK Ha nporotui. Ux sagpdexTnsHOCTE 3HaYH-
TEABHO MOCTpajaia 10 MpUYHHE MEHBLIMX pasMepoB Kaluck U Bood-
e 310 neppoe TMokoaeHue (Celeron 4) He OWIO XOPOIIO NPHHATO
PBIHKOM.

K kouiy 2002 r. Celeron 6611 MOASPHH3HPOBAH ¢ HCNIOIB3OBA-
HHeM gapa Northwood (0,13 MKM), o3BoMAsS AOCTHTHYTH 9acCTOTH
2,0 TTu (xora Northwood y ucnoneayeT L2-xam Ha 512 K6aiir, Intel
orpaHmannachk KameM 128 Koair gns LI Celeron).

IlocnemHuit W caMpiii OpicTpRil  Celeron, OCHOBaHHMIE Ha
Northwood, 6put BeimyiicH BecHOM 2004 r. u mMen vacrory 2,8 I'T1x.

Mpoyeccopsi Cyrix

JdnurtensHoe ppemMa koMnanus Intel 3aHnMana xkoMgpoprabensHOE
MONOXEHAE B KA4eCTBE OCHOBHOTO NMPOU3BCHANTENA NPOLIECCOPOB IS
ITK. HaunHag ¢ BEIMycKa IpolieccopoB cepuH 486 (1989 r.), komma-
HHsA Cyrix BMECTe ¢ <«COTOBAPHINEM», TAKXKE NABHHUM NPOH3BONHTE-
Jem KinoHoB Intel, xoMnaHneit Advanced Micro Devices (AMD),
MNpeacTapILNKd HAUbONEe CEPRE3HYIO YIPO3y AOMHUHHPOBAHHKD Intel.

B Havane 1990-x rr. AMD M Cyrix BRINYCKANH COOCTBEHHEIE BEp-
cHH 486DX, HO M3 HX IPOAYKTOR HanboJIee U3BECTHHI KIIOHK 486DX,
nepeuiii — xonus 486DX2-66 (npeacrasneHHHii Intel B 1992 r.) u
BTOpO# — nosbnamomuii 10 80 MI'Ly BHYTpeHHIOK CKOpOCTh. B Oc-
HoBe 486DX2-80 6ru1a cHcTemMHan muHa Ha 40 MTu, u B ominuse or
yunos Intel DX2, koTopble paboTanH Ha HanpsokeHHH 5 B, oH Hc-
none3oran 3 B. AMD u Cyrix nomke npeInoXdAni BEpCHM CBOHX
40 MI'n 80486 npouieccopob ¢ TpolHEM KOa(PPHIHEHTOM YMHOXE-
HHA YaCTOTH {MHOXHTEACM), KoTOphie padotaan npu 120 MI'nm. AMD
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R CyrixX npenyioxunm PpyHKIHAK YNPaBieHAs MOIHOCTBIO, RAYHHAS C
MpOLIECCOpOB ¢ IBOWHBEIM MHOXHTENEM, KoTopylo Intel B mrore uc-
NoJL30BaNa B ¢cBoeM X4, 3amylueHHOM HECKOIBKO JIET CITYCTHA.

Xota Intel npekpatena sumyckath 486 nocne DX4-100, AMD u
Cyrix niponoikand ero passurue. B 1995 r. AMD npemnoxuna ge-
THPEXKPATHHIN MHOXWTENs 5x86, 33 MI'y 486DX, koTopsiii paboran
¢ BHYTpeHHe# yacroroif 133 MI'n. AMD npoasurana Ra peiHKE 3TOT
9HI KaK COMOCTaBHMMHIA ¢ HOBHIM Intel Pentium 75, # nmoaroMy KoM-
nmaHug Haszpana ero 5x86-75. Ho aro 61 npoueccop 486DX Bo Beex
OTHOLIEHHAX, BKIIOUAA K TOMY X€ K3l MepBOro YpPOBHA (BCTpPOCH-
HBIl B npoueccop) Ha 16 Kéaidr, Kotopelil Intel mpuMeHsana, HayM-
Haa ¢ DX4. Cyrix npogomxana pabotate €O CBOHM COGCTBEHHHM
5x86, HaspaHHBEIM MIsC, HO STOT YMN CHJABHO OTIMYANICA OT YMIIa
kKommaauu AMD. Qakriyeckn, M1sc npeanoxi xapaKTepUCTHKH,
nogobuele Pentium, HecMoTpa Ha TO, 9YTO OH ORI paspaboTaH INA
HCIIO/B30BAHHA B CUCTeMHBIX TutaTax wia i80486. Paboras Ha yacto-
Tax 100 MI'u u 120 MTI'y, unn ekmovan 64-GHTOBYIO BHYTPEHHIOIO
HIHHY, WIeCTHCTAOMHHEIA KOHBelep (NPOTHB NATHCTAXWITHONO Y
DX4) U TEXHONOTHIO TIPEACKA3aHHA NEPeX0oB.

Baxio moMHMTE, OAHAaKO, 9To Cyrix 5x86 NosBWICA MOCHE TOrO,
kak Intel BHenpuna Pentium, Tak uyro 3tH 0cobDeRHOCTH OkiiM Gonee
TIONE3HEl B MoAepHH3aIu 486-ro, yeM misi NpUMEHEHNA B HOBBIX
CHCTCMAX.

B cepennne 1999 r. npowM30uLTH BaXHME COORITHS HA PHIHKAX
BBICOKHX HH(QOPMAIIHOHHBIX TexHoJoTHA. B aBrycre Cyrix Hako-
Hell-TO MOKHHY/IA PHHOK Npoueccopos miusd HacronbHHX I1K, Korma
National Semiconductor mpomana mpaBa Ha ee rpoueccopbl 80x86
ocHopaHHOMY B TaliBaHe mpou3poauTemo 4ANop VIA Technologies.
Bricoko MHTErpHpoBaHHas HOMeHKIarypa npoaykroB MediaGX oc-
Tanack 3a National Semiconductor, YT06EI OHTL YacTHIO HOBOTO Ceé-
Meiictea Geode pelleHMiT «KOMITBIOTEP-HA-YHIIC», — KOMIIAHHH,
pa3BHBalOIeiics Ha PRHKE K/IMEHTCKHX YCTPOHCTB.

JpyriuM paxHeIM akToM OBUT 3anmyck komnaHueid AMD HoBoro
nponeccopa Athlon (paHHee kKofosoe HasBaHHe «K7») m 3axsat Tex-
HOJIOTHIECKOTO TIpeBoCcXoacTBa Hay Intel, koTopasi 6bl1a BEIHYKICHA
OOBABHTE O 33JcPXKKe BhITycKa ero 0,18-MuxponHoro Pentiom IT1
«Coppermine».

Cyrix 6x86. O6HaponoBaHHEIiH B okTa6pe 1995 r., 6x86 GpLT Nep-
BEIM COBMECTHMBIM ¢ Pentium mnponeccopoM, HO3BONABIINM ITPO-
HHKHYTh Ha DWHOK M JoOwurhca cortpydHudyectsa ¢ IBM Micro-
electronics Division (puc. 3.28). PacnpoctpaHenue 6x86 mepBoHa-
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JaTbkHO OBLIO MCANCHHBIM, MOCKONBEKY CyriX YCTaHOBWIa CIAHIIKOM
BRICOKHE [[eHH, OMNAGOUYHO aymasd, YTo, TRK Kak 3((eKTUBHOCTH
npoleccopa OmJIa colmocTaBUMa ¢ Intel, ero meHa Moria 6HTE TaKoM
xe. Kak Tompko Cyrix mepecMoTpesa CBOH MO3HIIHH, YHIT CTANl OKa-
3BIBATE 3HAYMTEJBLHOEC BIIKAHHE B JONE COOTBETCTBYIOUIEIO ¢EKTOpa
PEIHKA KaK BRICOKOXppeKTHBHAS ansTepHATHBA cepHH Pentium.

Hauunas ¢ 6x86 nponeccopsl Cyrix ObUIH CIIOCOGHBI K YPOBHIO
TIPOU3BOAUTENRHOCTH, SKBHUBANIEHTHOMY yHiry Pentium, HO npu 6o-
Jiee HA3KOIk yacTore. i1 OLICHKH MPOH3BONHTCIBHOCTH HCIIONB3YET-
¢ Processor Performance Rating — P-pe#itinr (o6o3navernne P100+,
HanpuMep, CHMBOMM3HPYET TPON3BOOUTE/NBHOCTb, IKBHBAJICHTHYIO
Pentium ¢ uwactoroii 100 MTI'n). Tpoueccoper Cyrix (kak u AMD)
TPAOHLHOHHO paGoTaloT Ha Gojice HH3KMX YacToTax, YeM YHCIICHHOES
3HaYeHRe UX P-peifiTHra 63 3aMEeTHOTO CHIDRKEHHS TIPOH3BOJHTE b=
roct. Hampiimep, P133+ (P-peiitunr pasen 133) paGoraer Ha dac-
tore 110 MFI, B To BpeMsa kak P150+ u P166+ paGotaror Ha 120
1 133 MI'g cooTBETCTBEHHO.

IMpeBocxoncTro 6x86 BHITEKANO H3 YCOBEPIICHCTBOBAHKi apXxu-
TeKTYpH YHIIa, KOoTopas Mo3BodHna 6x86 moiyyarh HOCTYTN K BHYT-
peHHeMY K3IIY H perMcTpaM B OOHOM UHKNe 4acToTH (Pentium
OOBRIMHO 3aiecTBYET NBA HIM GONBIIE IJHKIOB TS AOCTYINIA K K3IIY).
Kpome TOro, mepBudHBI K31 6X86-r0 OH 0OOBEAMHEH, BMECTO
TOro, 4ro6hl BKAOYWTH JBe OTHEABbHEIC ceKUMM — 8 KGaliT anga xo-
MaHI H JaHHKX. 312 00seIHHEHHAR MOJENnb ORNa B COCTOSTHHH Xpa-
HHTb KOMAaHOEI M JaHHHIC B AOOM COOTHOLICHHH, OGECIICUMBAs «Be-
POSTHOCTE NOnafaHus» K3Hia B mpegenax 90 %. LII comepxwur
3,5 MJIH TPaH3HMCTOPOR, IEPROHAYAIBHO H3TOTOBICHHBIX 110 TEXHOIO-
rad natH 0,5-MuKpoHHEX cnoes. Murepdeiic — Socket 7. Hanpa-
XeHHe TMTaHMA agpa — 3,3 B.

XapaxrepucTukm 6x86 6biiH mono6He Pentium — cynepckansap-
Hafd apXUTEeXTypa, 80-GHTOBHII GNOK TulaBalomieil Toukw, 16-Koaiit
K311 mepBoro ypoepHA # System Management Mode (SMM). OaHako
OH NMEET MHOXECTBO BaXHBIX OTIMYHIA,

Bo-nepBLIX, 310 cynepikoneeiiep T. e. CéMb, BMECTO NATH, CTAOMA
(YTeHHe KOMAaHAH, ABE CTAAMH pacuIngpoOBKH, JBE CT3THAH BRYMCIIE-
HHA allpeca, BHINOMHEHHE, 3aIIHCh pe3VAbTaTa — cM. pHC. 3.28).

dpyrrne HOBLIE XapaKTEPHCTHKH — VIANCHHWE 3aBHCHMOCTH JIaH-
HEIX, TIPEECKA3AHHE TNEpPeXoloB, BHIIONHCHME KOMAHA BHE €CTECT-
BEHHOIO MOpANKa {BO3MOXHOCTE O0Jiee ORICTPEIM KOMAaHAaM BEIXO-
IHTh W3 OvepcIM KoHBeilepa, He Hapyllad MpOLIECC BHINONIHEHHA
nporpammel). Tlponeccop 6x86 ofpamiaeTca ¢ KomoM kKomaHn 6Ges
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npeoOpa3oBaHKA, 4YTO TOJNHOCTBIO ONTHMHM3HpyeT Halop XoMaHA
80x86 CISC. D10 HcnonbayeTca XKak g 16-, Tak v ana 32-6HToBOIO
xomoe. Pentium taxke Jenaer 310, Ho 30eCh NMPOHCXOONT MpeoGpaso-
paHne CISC-xomang kK RISC (i MMKpoXOMaHZaM) Ipexue, YeM
OHH BXOIAT B KOHBEHEPSHI.

QnHako Tpoueccop 6x86 CTANKMBAIMCL ¢ MHOXECTEOM INpo-
OneM, OCOGEHHO MeperpeBOM, HHM3KON HAPOU3BOAMTENBHOCTBIO IIPH
paboTte ¢ nuaBaoileii 3anAToi H HECOBMeCTHMOCTRIC ¢ Windows NT.
10 HebIaronpHATHO BOIIEHCTBOBA/IO HA YCHEX MpoIeccopa, no3To-
MYy KOHKYpeHu#a ¢ Pentium oKasanack HEJOATOM M 3aKOHYMMACE C
sanyckoM Intel Pentium MMX,

Cyrix MediaGX. Bpeaenne mpoueccopa MediaGX B ¢eppane
1997 r. onpeneanno NepByiO HOBYIO apxHrekTypy PC B gecATHICTHH
H ONpeASTHIO HOBLI cerMeHT pPEIHKA — JemieBblii «OcHoBHOI TTK».,
PocT 31010 pHiHKA OB GYPHEIM, M TexHONOrHS npoueccopa Cyrix n
HOBILIECTBO YPOBHA CHCTEMBI OBLUIH KJIIOUEBEIMH 3/1EMEHTAMH.

YeMm Gonbllie NMpoLeccos, KOTOPEe oGpabaTEIBAIOTCA B LIEHTPANlb-
HoM mpoLeccope ITK HenocpencreeHHO, TeM Bhlse 00uias MPOH3IBO-
JHTENBHOCTE CHCTEMBL. B TPagHIHOHHBIX KOMIBIOTCPHHX paspaGoT-
Kax IEeHTpaTBHbIH Npoleccop oOpaGaTeiBacT AAHHLIC HA YaCTOTE B Me-
rarepibl, B TO BpeMf KaK UIMHA, KOTopasd NepeMellaeT JaHHEE B (M
OT) APYTHE KOMIIOHEHTEL, paloTacT TO/IBKO HA IOJIOBHHHON (HITH Jaxe
MEHBIIEH) CKOPOCTH. BTO 03HAYAET, YTO ABHKCHHC BAHHEIX K (# OT)
HeHTpATBHOMY MPOLECCOPY 3aHHMaeT Oonplle BpeMeHH. Cyrix ycrpa-
HUJIA 5TO V3K0e MeCTO BBefeHHeM TexHonoruelt MediaGX (puc. 3.29).

LlivHa gaHHBIX
64 Buta

MotuTop

» IDE-W1HA

W iy

Puc. 3.29. Apxurektypa Cyrix MediaGX
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Apxurektypa MediaGX obwenungeTr B 610K npoueccopa rpadm-
YecKHe W 3ByKOBbIe GyHKUHH, uHTepdeiic PCI H pucneTeep maMaTH,
TaKuM 05pa3soM yCTpaHAA MOTEHIMANBHBIE KOH(WIMKTE B CHCTEME H
mpobneMi KOH(PHTYpaLMA KOHEYHOTO Modb3oBaTelid. OHA COCTOMT
M3 JABYX yHnoB — npoueccopa MediaGX m conpoueccopa MediaGX
Cx5510. INMpoueccop Ncnoabp3yeT ocofioe rHe3no, Tpebylollee Crel-
ALHO paspaboTaHHOR MATEPHHCKOMN ILTATHL.

MediaGX — x86-coBMecTHMEI Mpolieccop, KOTOPHIL Hermocpe/-
¢TBeHHO coeanHAeT Ha WHHe PCl n mamars EDO DRAM o Brine-
NeHHo# 64-6GuToBOM MMHE AAHHBIX, TeXHUKA CXATHS, HCIIOAb3yeMas
HA iIMHE AAHHHX, YCTPAHACT NOTpeGHOCTL B K3IE BFOPOIO YPOBHA.
Ects ofbemiHeHHBH (16 KbaliT) Kol nepBoro ypoBHA HA HEHTPAb-
HOM TIPOIIECCOPE — TONO Xe 06heMa, YTo M Ha CTAHJAPTHOM 4YHIIE
Pentium.

I'paduka ofpabaThipaeTcd CHENHANBHHM KOHBeHepOM Heno-
CPE/ICTBEHHO B LEATPAALHOM TIPOIIECCOPE, U KOHTPOAIEP MOHHTOpA
HaxXOTWTCA TAKOKE Ha INIABHOM Ipoleccope. HerT HMKakoll Bumeoma-
MAaTH, Gydepa KaopoB, coXpaHsaeMBbiX B INIaBHOM RaMATH (Tpaauiu-
ouHast Unified Memory Architecture — UMA), BMecTO 21010 HC-
monb3yercs cobcreeHHad Cyrix Display Compression Technology
(DCT). Onepauun ¢ maHHEIMA VGA BHIIONHAIOTCA ANNapaTHHIMKE
cpeacteaMit DBM, Ho perucTpel VGA ynpaBinsiorcs TporpaMMaMH
Cyrix — Virtual System Architecture (VSA).

Conyrcreyionii wen MediaGX Cx55H) conepXHT ayAROKOH-
TPOJUIEP H TAKKE HCIIONB3YET NMpOrpaMMH VSA, 4To0bl 3MYIHPOBATD
BO3MOXHOCTH CTAHJAPTHHIX 3BYKOBHX KapT. STOT YHII COEIWHSET
nponeccop MediaGX wepes wuny PCI ¢ muHo# [SA, a Taxcke ¢ IDE
H MOpTaMH BBOJA-BHBONA, T. €. BHINOMHACT TPAIMLIMOHHBIE PYHK-
UMM YHIICETA.

Cyrix 6x86MX. OrBeroM Cyrix Ha TexHoaormo Intel MMX Omn
6x86MX, samyuieHHb# B cepeauHe 1997 r., He3amonro A0 TOTO, KAK
dupmMa Obia TpHOOpereHa kKommnaHueid National Semiconductor.
KoMnanns ocranack BepHOM ¢opmMary Socket 7 11 CBOSro HOBOTO
YHHA, 3TC MOLACPXHBATO Ha HeoOXOOMMOM YPOBHE 3aTPAThI IPOM3-
BOOMTENEH CHCTEMB] H B KOHEYHOM cueTe MoTpebuteneil, nponnepas
XHM3Hb CYUICCTBYIOLIETO “HITa H CHCTEMHBIX ILIAT.

APXHTEKTYpa HOBOIO YHMIIA OCTABANACH IO CYUIECTBY TOH Xe , UTO
H ¥ ero npeIiIecTBeHHUKA, ¢ AONoNHeHHeM KoMaHa MMX, nekoTo-
peMu ymysmeHHAMH K Floating Point Unit, GomsimM (64 Koaifr)
YHHBEPCANBHAIM K3LIEM MEPBOTO YPOBHS M PACITHPEHHEIM OJIOKOM
YHpaBACHWSA TAMSATEIO,
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Cyrix MIL Tipoueccop MII — passurne 6x86MX, pabGotaeT Ha
Oonee Boicokux yactorax. K mery 1998 r. 0,25-MukpoHnsie mpoiec-
copr MII-300 1 MI1-333 mpoM3BOAWIMCE HA HOBBIX MPOH3BOMACT-
BeHHBIX MOIIHOCTSX KoMmaHnu National Semiconductor B mr. M3H,
HaHeNeHHBIX Ha pa3BuTHe TeXHONMOorrM 0,22 MKM, NMpoOABHradch K
cpoeil koHeuHol nenn — 0,18 MxMm B 1999 1,

Muxpoapxumexmypst AMD

AMD N

AMD pa6ortana B cihepe nepcOHANBHBIX KOMIIE-
I0TEPOB Ha MPOTDKEHNH BCEH MCTOPHM OTpaciu
(puc. 3.30). KoMnaHus [oaaepXHBana npoM3-

BOACTBO KAXAOTO MoKoneHHd npoueccopor [TDBM, Haunnan ¢ 8088,
npumeHdgeMbIX B epBhix [K IBM-PC, 1o cOBpeMeHHEIX IIPOLECco-
poB 7- —8-ro nokonenniit AMD (ra6a. 3.5, 3.6, puc. 3.30).

Tatauya 3.5, Ouenga McAa MPORIBEACHARIX NPOIECCOPOR, MIR IIT.

fon 2005 2006 2007
Bcerc npoueccopoe 2256 2352 2638
MpowasopcTeo intel 1833 1804 197,8
Npomasopctee AMD 424 54,8 86,0

.} 2

Pre. 3.30. TTponeccopu AMD:

a — AMD 30286 (1982 r.); 6§ — Sempron 3000+ (Socket A); & — Athlon {dbopmar

Slot A); z — Athlon 64 (Socket 754)
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AMD K5. NmarennHoe Bpema AMD (Advanced Micro Devices),
mopo6Ho CyTix, NpOH3BOAWIA LIeHTPAILHBIE TIPOLEeccopHl 286, 386 u
486, XoTopEie OBUTH OCHOBaHE Ha pa3lpabotkax Intel. K5 G6rin mep-
BBIM He3aBHCHMO cO3TaHHBIM X86 npolieccopoM, Ha KoTopeiii AMD
po3arana GonbluMe HaJCXKIEL.

K35 obv1n pazpaGoran KoMmanwed AMD Kak KOHKypeHT npoliec-
copy Intel Pentium. Ox G6pUT nipencrasineH B 1995 r., Gonee yeM Ha
rog mosxe Pentium, xpoMe toro, AMD He ynamochk BRIyCTUTE K3,
paGoTaoliMe Ha MEPBOHAYANBHO 3aIUlaHHpOBaHHoM 4acrore. Ilpo-
neccop conepxan 4,3 MITH TPaHZHCTOPOB M ob/laman xopouieil co-
BMECTHMOCTBIO ¢ X86, HO He MNOAANEPXKHBAT HAbOp HMHCTPYKIIHMIA
MMX. I skaodan nath 6J0KoB P3, MoepXUBAIGINMX BHEOYE-
penHoe BBIOIOMHeHHe, ONHH Onok T13, cpaBHMMEIH 1O TIPOM3ROMH-
TEJIBHOCTH ¢ ABYMA TAKHMH Xe B Pentium.

Ilon mapkoit K5 sunyckamoch OBa BapHaHTA MPOILECCOPOB
SSA/5 u 5k86. SSA/5 paboran Ha wactoTax ot 75 mo 100 MIn,
5k86 — or 90 ao 133 MI'u. AMD ncronbs3oBaia Tak Ha3HIBAEMBIN
pPeHTHHT APpOU3BOIUTEeNbHOCTH (PR rating) anss Mapku-
POBKH TIPOIECCOPORB, DTOT PEATHHT NMOKA3KBAN, KAKOMY MPOHECCODY
Pentium skeHBateHTeH AgaHHB K5 mo npoussomutensHoctH. Ha-
npumep, 116-MTt npoueccop «5k86» ©Omin mapkmpoBaH <«K5
PR166», mockonbKy AMD cunTajga ero MpoH3BOIHTEABHOCTh SKBH-
paneHTHO#H Pentium-166.

Ipoext K5 Obi 0AHOH H3 BOIMOXHOCTEH KoMnaHnun AMD ne-
PEXBaTHTh TeXHHYecKoe AuaepcTBo ¥ Intel. Ho xotd mipu paspaGor-
K& MCIOJB30BANIMCH BCPHHE AU3aHEPCKHE KOHLCILHHA, HHXEHED-
HO¢ BOIUICIIEHNE ©OKAa3aNnoch HeaocTaTOYHRIM. Huiskaa TakToBas
qJacTOTa OPOLeccopa YaCTHIHO O0BACHAETCA TPYIHOCTAMH € MIPOH3-
BOACTBEHHBIMHA MOUTHOCTSMY, KOTOPHIE WCIBITHBANA KOMIAHNA B
TO BpeMs, OAHAKO BYeTBepO Gonbluumii, yeM y Pentium, 6ydep npen-
CKa3aHMd MepeXoHoB He MOKA3RBAA IYYIIVIO TPOH3BOIHTEIBHOCTS,
Gnok T13 Ol MeHee MPOM3IBOIMTENBRBIM, YeM ¥ Pentium, u T. b.
M3 3a ono3naHUA ¢ BREIXOAOM Ha PHHOK M HEZOCTATOUMHOM NMPOH3BO-
IOHTENbHOCTH K5 Tak M He 3aBoeBall MPH3HAHKMA ¥ ITPOH3BOAHTEACH
KOMITBIOTCPOB.

Apxumexmypa AMD K6. OnHako nmoxynka koMianueii AMD oc-
HoBanHOTO B KanmpopHmm koHKypeHTa BecHOM 1996 r., kaxercs,
co3Iala BOSMOXHOCTh JNYUINC HOATOTOBHUTECS K CBOcH ciemyviomseit
arake Ha Intel,

Hpoyeccop K6 Hawan xXu3Hb Kak Nx686, 6ynyuu mepevMeHo-
BaHHBIM nocne nmpHobpeTeHua NextGen. Cepusas MMX-coBMeCTHMBIX
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npoueccopos K6 Gbina 3anyiieHa B cepenule 1997 r., 3a HECKONBKO
Henenb ao Cyrix 6x86MX, H cpa3y 6buta o100peHa MoIb30BATEAMH.

HsroTorneHHBIN no 5-cnoliHoit Texnonormu 0,35 mxm, K6 6bin
noutH Ha 20 % Menblie, yeM Pentium Pro m npu 3ToM cogepxan Ha
3,3 muH TpaHzucTOpoB Donpuie (8,8 mporue 5,5 MaH). BomsInHHCTBO
ITHA TOTIOJIHUTEIBHEX TPAH3HCTOPOB HaXOAWIOCh B K3IIE TIEPBOTO
ypoBus Ha 64 K6Gaiir (32 K6aiit x3m komaHna u 32 K6aift ks gamH-
HBIX). 310 paBHOCHILHO 4YeThipeM Pentium Pro mm mpym Pentium
MMX u Pentium II.

LIT K6 moamepxwpan texdomoruio MMX Intel, Bxmouas 57 Ho-
BHIX X86 KOMaHJ, pa3paGoTaHHBIX TS Pa3BUTHE MYIBTHMETHHHOIO
nmporpaMMHoro obecrieyeHnA. Kak u Pentium Pro, K6 61 MHOrMM
obd3ad KiaccudeckuM TexHomorwaM RISC. Hcnonpayd cymepcka-
JAPHYI0 MUKpOapXHTekTypy AMD RISC86, unn aexonmposan Kax-
IyIo X86-MHCTPYKIHIO B pAR Gonee MPOCTHX KOMaHI, KOTOPHE MOLIH
GHTE 00pabOTAHE, HCTIOMB3YA THITHYHKEE NpAHIMNE RISC — Takwe,
KaK BHITOJHEHNEC KOMaH] BHE €CTECTBEHHOIO NOPANKA, TIEpeHMEHO-
BAHHE PETHCTPOB, IPeACKa3aHHe MEePEXOIOB, CICKYIITHBHOS HCTION-
HeHHe, ONEPeXaIoIas BEIOOPKA JTaHHKX.

IIIT K6 naunHan ¢ Bepcuit 166, 200 u 233 MI'n, YpoBeHb ero
NPOU3BOAMTENIEHOCTH GBI OYeHb cXox ¢ Pentium Pro cooTBeTCTBYIO-
IIMX YaCTOT, ¥ KOTOPOTO MakCHManbHHHA pasMep K3ima 2-10 ypoBHA
mocruran 512 Kéaiir, O6man yepta ¢ yarnoM Cyrix MX — pabora ¢
MJIABAIOIIEH 3amATOH -— OBITa 0OMAcCTHI OTHOCHTENBHOH crabocTh
(HO B HCCKONIBKO MCHELICH cTeneHM) Mo cpaBHeHHKO ¢ Pentium Pro
i Pentium IL

AMD K6-2 Hpoueccoper AMD K6-2 ¢ 9,3 MIH TpaH3HCTOPOB
npoH3BOIWIHCE Mo 0,25-MHKpoHHOR TexHonoriid AMD. Ilponeccop
6nin ynakopad B 100 MT11 Super7-copMecTHMYIO, 321-KORTAKTHYIO
KepaMIMecKylo maaty (ceramic pin grid array package — CPGA).

K6-2 BKmoyaeT HHHOBaIHOHHYIO (EeKTHBHYIO MHKPOapXHTEK-
Typy RISC86, Gonbioit (64 K6aiiT) K31l mepBoro ypoeHd {IBYXIIOp-
TOBHI K31 AaHHEIX Ha 32 KOQaiir, x3m xoMaHg Ha 32 Kéair c mo-
MOJMHUTENBHBIM TIpeApaclIi@poBEIBalOIINM K3mieM Ha 20 Koailt),
a TaKkKe YIyYHIeRHBH MOIyNb paGoTel ¢ IUIapalomied sangroi. Dd-
tbeKTHBHAA TIPOM3BOOMTENBROCTE TIPH €T0 3aNycke B CepeldHe
1998 r. 6bu1a ouexena B 300 MI'u, k Hayany 1999 r. caMbiM OBICT-
PHIM H3 JOCTYIIHBIX MpoueccopoB OrLta BepcHA 450 M.

TpexMepHBIe BO3MOXHOCTH K6-2 TIpSACTABIAIN APYTOE BaXHOE
gocTuxenre. OHu O6UM BomoleHH B AMD texnonoruy 3DNow!,
KaK HOEBIN Ha0Op M3 21 KOMaHIEl, KOTOpLI MOMOMHAN CTARAAPTHEIE
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KoMaHas MMX, yxe BKIIOYCHHREE B apxuTekTypy K6, uto yckopsno
00paboTKy TpeXMEPHEEX TTPHIOXKEHHH.

AMD K6-111 B despare 1999 r. AMD obbapuna o Havare
Bumycka npoueccopa K6-III va 400 MTI'il moA KoZOBEIM HA3BAHHEM
«Sharptooth» u ompobosana pepcHio Ha 450 MI'u. Kmodesoil oco-
OE€HHOCTEIO 9TOTO HOBOTO npoueccopa OulTa HHHOBALMOHHAS pajpa-
00TKa — TpeXYpOBHeBH H K3m (puc. 3.31).

TpamuumonHo nponeccopsl ITK rcnons3oany ABa YpOBHA K31IIa;

+ K310 mepeoro yporHA (L1), KOoTopHit OOWYMHO MOMEIIAICA B
KpucTaie {(on-die);

+ K311 BTOpOTO YpoBHA {L.2), KOTOpHIf MOT pacrnojaraTbe JHGO
BHe LI, Ha MaTepHHCKO# INAaTe WK CNoTe, TMBO HETTOCPEACT-
peHHO Ha unmne IIIT (on-chip).

O01ee SMINPHYECKOE NPaBWiIO NPHM TIPOCKTHPOBAHHH MOACHC-
TEeMBI K3illa — 4YeM Gonplie ¥ GEICTpee K3II, TeM BHIIE MPOH3IBOAH-
TEALHOCTE (AOp0 BEHTPATRHOTO MPOLIECCOpa MOXET ORICTpee HONY-
YHTE BOCTYH K KHCTPYKLIHAM M JaHHEIM).

Kaws xomann L1 (32 KEaRT!
mm"‘""m ¢ ) { ENA Ha 64 axona l-
KOBHPS Cxestid NpaROsKaaIpOnamn (20 K6anT)

KosTpannep Cxonm
ki L1 —— oGpaBoTK
¥ X86 » RISCB6 BoTRricHii
Super? (8192 mxopa)
HHTED-
dedc
LLMHB
100 My BROK BHNOMHSHWA Eycbep Bnox
KGMaHS nnatwpos- e yrpEenenw [~
EHO SCTECTEOHHOMD LMKa KOMaHABMH Enox
ROPADKD BETEIOHHA
Brvok Briok B parucTpoa X || Bnok parectpos Y | | Brok N3
|UTetmA ] | 3anmcd {(®3, MMX, 3D) {®3, MMX, 3D)
CQuepen:
ARMWCH

Bl s =

Amyxnoproman kaw-naMats L1 (32 KGaiir)

Pac. 3.31. Mpoueccop Ké6
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Ipu3HaBas Beronbl SORBIOTO U GHICTPOrO K31lia B YIOBISTBOPE-
HWH NOoTpeSHOCTEH PHIOXeHHH, Bee Oonee TpeOoBaTeIbHBIX K Mpo-
H3poauTenbHOCTH [1K, «rpexypoBHeBBIft Ka1» KoMnaHHH AMD eBo-
AW APXHTEKTYPHBIE HOBIICCTBA KJIla, pa3paboTaHHEIE I YBETHYE-
HHA npou3eonrHTeNbHOCTH 1K Ha ocHoBe mwiatgopMH Super?:

e BHyTpeHHMI L2-kom (256 Koaiir), paGotalommii Ha monHoM

ckopocTH nponeccopa AMD-K6-111 n genonnsionmmi ks L1
(64 Ko6aitT), xoTopuiii OB CTAHAAPTEH AR BCEro ceMeiicTma
npoieccopos AMD-K6;

¢ MHOTOTIOPTOBBI BHYTPEHHHH K3LU, MO3BONAIOIINN OJHOBpPE-
MeHHOe 64-6HTOBOE YTEHHME M 3anuCh Kak K3y L1, tak u 1.2;

» NnepsHYHas ripolieccopHas wKHa (100 MI'a), oGecneunpamonmian
COCIHHEHHE ¢ PE3NICHTHOM KOUI-NAMATHIO HA CHCTEMHOH TUIa-
Te, paclinpsaemMoti ot 512 mo 2048 Koaiir.

IIpoeXT MHOTOMOPTOBONO BHYTPEHHEIO K3IIa MIpoleccopa
AMD-KS-I1I mo3ssoann xak x3my L1 (64 K6aitr), Tak u xomy 1.2
(256 KGaliT) BLIIONHATE ONHOBpeMeHHOe 04-GHTOBOE YTEHHE W 3a-
MHCH OMepalHii 3a OOWH TAKT Npolicccopa. B JomonHeHHs K ITOMY
MHOTOIIOPTOBOMY IPOEKTY K3lia sape npoueccopa AMD-K6-111
OBUTO B COCTOSIHHH MOMYIWTE HoCTYN K K3maM L1 n L2 ongHoBpeMeH-
HO, UTO YBCJIMMHBANO OOIIYK) MPOMYCKHYIO CMOCOOHOCTL IICHTPA/Ib-
HOTO IpoLeccopa.

Ilpoyeccopst AMD K7, K sromy miny otHocstess LIIT Athlon,
Athlon XP/MP, Sempron. K7 — miepBhiit B3 ceMelicTBa MHKpOIpO-
1eccopoB X86 7-ro MOKONEHHS, B KOTOPOM TIDHCYTCTBYIOT KOHCTPYK-
THBHBIC PERICHHA, 00 CHX NOP HE¢ MPHMEHABIIMECH B MpoLieccopax
APXMTEKTYPH X886 M cy/slliMe BHMIPHII B GnICTPOACHCTBHM Aaxe
NIpM OMAHAKOBRIX TAKTOBEIX yactoTax (puc. 3.30, 6, &, puc. 3.32):

» MHOTOKpaTHhie Ackoaepu. Ecau Pentium 11 (Katmai) pasbusa-
et CISC x86-xoMaHAB Ha Gosee MenkHe H OpicTphie RISC-xo-
MAHABI, KOTOPEIE 3aTeM MOXHO NAPANACABHO UCHONHATh, TO
K7 onepupyer 6nokaMu x86-MHCTpyXuMit, KoTopble AMD Ha-
suiBaeT MakOIl {(macroOPS, mOPs). Hekotopeie Takne 6r0KH
MOTYT COIEpPXaTb OOHY X86-HHCTPYKLIHIO, & GOJNBUIHHCTBO CO-
Aepxutr age. HanpHMep, «IpOYHTATh JaHHHE B DETHCTP H HMH-
BepTHPOBaTh HX». KOHBeliep AeKOAMPOBAHHA HHCTPYKLHMH MO-
*eT obpabGathibath H0 3 MakOIT 3a upkn, mocne 3700 OMH
HOYT B MOOYNb KOHTposa UHCTPYKUMiA (ICU). Beero B oGopote
OMHOBPEMEHHO MOTYT HAXOAUTBCH 10 72 x86-komana. C onHOI
CTOPOHBI, TakKne ONOKH, HECOMHEHHO, Oonpilie HeGOMBLLMX
RISC-xoMann, ¢ Apyroil CTOPOHH, 34 CYET TaKoro Hoaxona
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2-amarnsni EMU FOMBINT, Kaw pexo-
L1-BT1A 24 mooga J L2-ET1A 256 menos IPOBEHAR

I(nlfrpulh-dupn-hl m.am
RENOAMPOBEHWA ' ' '

| B yrignsiuibHat KoMBHOAMN (72 axona) |

L2-cue

Puc, 3.32. Apxurexrypa AMD K7 (Athlon)

AP0 MOXET HENOCPEACTBEHHO paloTarh ¢ X86-HHCTPYKLIHAMH
BMECTO TOIO, YTOOH 3MYIHpPOBaTh HX Yepe3 RISC-koMaHAbI;

60K KoHTpoisa koMana. Kak tomsko MakOIl paciundpobaHa
3a uuxn gao rpex MakOIl nocmnmalored Ha BAOK yripaBreHHS
uHcTpyKimsaMy {(Instruction Control Unit — ICU). 310 6ydep,
KOTOpPBIA yrpaniseT BemonHeHneM Kaxmoit MakOIl B nenom,
OCYUIECTRIISIET TNEPEUMEHOBAHHE DETHCTpa JIT  ONEPaHAOB,
YNpapIAcT JIOLIMHA YCIOBHAMH HCKAIOYCHHA W ACHCTBHAMH
KoMaHmel, TockUtaer MakOIl TUIAaHHpPOBIUUKY HCTIOMHEHHS.

" ICU paccunran Ha 72 uHcTpyxuuu nporuB 20 y Pentium 111;

yReJHBaa 3toT Oydep, vranock AOOMTRECA TOro, YTOOM Je-
HA(QpaTOp KOMaHI He MPOCTAUBaAJ H3-32 €TO [EPEIIOIHCHHA;
Grarogapa HAUTMMHIG TPEX KOHBeHepHbIX OMOKOB MCIONHCHMS
menouHcaeHHBIX KoMaHn (AJTY0—AJIY2), K7 MoxeT BRINON-
HATH TPH LETOYHCIICHHBIE WHCTPYKIMH NMapaIeAbHO;

HOBad apXHMTEKTYpa ¥3l1a BHIMHCICHHH ¢ TUIaBalolleil TOMKOM
{(FPU). K7 coBepXuT TpH y31a BolMHCIeHHH ¢ ruiapaioinett Tog-
KO#, mobo#t U3 KOTOphIX cnOCco0EeH PHHHMATh Ha BXON MHCT-
PYKUHH Kakapii TakT paboTH npoueccopa. Hpn 3roM oauH y3en
CIYXHT UCXNIOYHTENBHO M)A BHIIOAHEHMS KOMAHOH FSTORE
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(3anuce B namaATh YAcaa ¢ I13) ¥ HazHaYeHME 3TOTO yina —
o0ecreMBaTh 0OMeH MEXIY PeTHCTPaMH H MaMATLIO B TO BpeMs
KaK MpoLEccOop BREINIONHSIET APYTHE HHCTPYKHUH. (QcTanbHuIe
aea — 6ok cnoxeHus (adder) u 6ok yMHOXeHHA (multiplier).
QO6a G1oka NOJHROCTRIO KOHBeepHioraHn (fully pipelined);

+ 200-MerarepLoBas CHCTEMHa ILHHA;

+ K311 L] yeemamicd B 2 pasa — Jo 128 Kéaiit;

« MOAEpHH3NpYeMBIil K3t L2 pasMelteH o mpuMepy Pentium 1T
B KapTpHIXE, 4 He MHTErpHPOBAH B KpHcTawI, Kak wst K6-3.
K7 moxeT Bmouars Ko L2 pazmepoM or 512 K6aiiT B neie-
BBIX Moaeisax no 8 MOaiiT B cepeepax;

e pacnipeHANH Habop KoMaHm 3DNow! — MomepHH3HpoBaH
JoGapieHHEM 24 HOBBIX KOMAHA X MCXOAHBIM 21 HHCTPYKIIHMSIM
3IDNow! (19 xkoMaHm, 4TOOL YAYMIINTE KETOYACACHHBIE Ma-
TeMaTHIecKHe BhUHcAeHHa MMX u nepemauyy IOaHHEX B
Internet-npmioxenusx, U 5 xomaux DSP-pacuimpenns mns
OOBIMHEIX MoIeMob, MomeMmoB ADSL, cucteM Dolby Digital
U MP3).

AMD Athlon Bunyck npoueccopa Athlon serom 1999 1. 6bin
Haubonee ymavyHeIM XoaoM AMD. B1o mo3BOSHNNO MM TOPIHTHCA
TEM, YTO OHHM NPOM3BEIM MEPBBIH Mpoleccop CeAbBMOTO NOKO -
AeHWA (v Hero OLUIO JOCTATOYEO MHOTO PATMXAaibHBIX apXHTCK-
TYpHEIX oTIHuHi ot Pentium II/III, 1 K6-III, urobs! 3acnyxuTe Ha-
3BaHHE TPOLECCOPa CACOYIOLUErO MOKONEHHA), H 3TO O3HaYalo TaK-
Xe, YTO OHM BHIPBAIM TeXHONOTHYECKOE JHMaepcTBO v Intel.

IpepHerpeueckoe cioBo Athlon ozHauaer «Tpodeif» M «UTpBI».
Athlon — mpoueccop, ¢ noMolpK kotoporo AMD Hanesnaces yBe-
JHYATH peajbHO¢ KOHKYPEHTOCIMOCOOHOE MPHCYTCTBHE B KOPHOpa-
TUBHOM CeKTOpe, IOMHMO €€ TPaIUIMOHHOTO MPEUMYILECTBa Ha I0-
TPeOHTENBCKOM PEIHKE M PBIHKE TPEXMEPHHX Hrp. Sapo paMeLiaet-
cq Ha KpHcTawae B 102 MM’ M COZEPXMT NpHOMM3NTENLHO 22 MIIH
TPAH3UCTOPOB.

Atlon ucrions3yet passeM Slot A kommanuu AMD, kotopelii sB-
JIAETCA MEXaHWYECKH COBMCCTHMBIM C CHCTEMHEIMM [UIATAMH C
paseeMoM Slot 1, HO MCHOAB3YET NPYTOIl ICKTPHUYECKHH WHTEp-
tefic, moapasyMenas, YTO LGHTpadbHHE NMpoleccopsl Athlion He 6y-
Iyt paboratk ¢ oGeruHOM Slot 1 cucTemMHoi nnaroii. Slot A paspaGo-
TaH, YTOOL! DNEKTPHUECKH COSOMHATRCA ¢ CHCTEMHOM IIMHOI Ha
200 MTu, ocHoBanHo#i Ha mwHHHOM nporokone Alpha EV6, npeao-
CTABAsAA, TAKMM 00pa3oM, CYLIECTBEHHOE IPEHMYLLICCTBO B NIPOH3BO-
JUTENLHOCTH mepea HHdpacTpykrypoir Slot 1. Tak xe, kax obecme-
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YeHHEe €€ COOCTBEHHOrO ONTHMH3HPOBAHHOTO YHIICET-pelICHHA
(uarncer AMD-750, cm. puc. 4.26), xoMmaHHsa paboTaer HAJ TeM,
YTOOB BBIHYXKIATH CTOPOHHHX TOCTABIHKOB YHIIOB CNOCOOCTROBATD
NMOCTaBKe ee COGCTBReHHBIX Athlon-ONTHMH3HMPOBAHHEIX pelIeHII,

Athlon neppoHaYanbHO BHIMYCKANCA B JHAMA30HAX CKopocTH 500,
550 n 600 MI'n u Hemroro noagHee — 650 MI'n (Bce HATOTOBIEHR!
no TexHoaorHu 0,25 MkMm). K KoHuy 1999 r. AMD elue 6onee noBwI-
CHII YacTory — ero sapo K75 (750 MIMu), seasieTes MepBBIM TIpOLIEC-
COpOM, TIOCTPOSHHBIM C HCIIOAL30BAHHEM ATMIOMHUHHEBOH 6-ClIOifHOM
TexHonmoruH 0,18 Mxm xommanuu AMD.,

YTBepXKIEHHE O TOM, YTO 3T0 OBUT CaMBlii GHICTPBIH X86-coBMeC-
THMEL LTT THicIYeneTHs, CIOPHO, NOCKoAbKY Intel 6BcTpo oTBETH-
na obpaenenneM Pentium 111 (800 MT'r). Omuaxo AMD sckope Bep-
HyJa Jugepcreo 2000 r. BeimyckoM Bepcmii Ha 800 u 830 MI'm u
Jaxe mpeycrniena B onepexenuH Intel B npeogoneruu Gaprepa 1 I'Th
OYKBaNIbHO Ha HECKONBKO HEAeNb.

Thunderbird. B cepenune 2000 r. 6pUTa BREINYLICHA YAYIIIEH-
Has Bepcuda Athlon ¢ xomoBbIM HassaHMeM «Thunderbirds.

TexHonorua 0,18 MM, K3uI-maMaTe 2-ro ypoBHA (L2) pasMepoM
B 256 Ko6aiit pacnionoxeHa Ha miate mpoleccopa M pafoTaeT Ha
MONRHOM 4acToTe Mpoueccopa (Mepebie mpomeccopkt Athlon mMenu
Ko L2, paboTaBiiyio HA MEHBIUHX YACTOTAX, HAIPHMED TIPH 4acTO-
Te B | I'TL, mamate L2 paGotana Ha 330 MTI'm).

Hurepdeiicll — 462-koHTakTHBIH Socket A u Slot A, YactoTh
or 0,75 mo | I'Tu. Pasmemenre 256 xGaliT maMaTH Ha KpHCTA/LIE
TIPUBENO K YBEIHYECHHIO ero paaMepa oo 120 Mm? (102 MM’ 31s Axpa).
OnHako, oH MeHblIe HexoagHoro {(0,25-micron) K7 Athlon, koTtopelit
sannmaeT 184 Mm>. obarneHne 256 K6aiiT k L2-k2my Ha KprcTanne
BechbMa yBeaHuMBaeT yHcao TpausHcTopos. LT Thunderbird sxmio-
yaer 37 MAH TPaH3NCTOPOB, T. €. |5 MITH A00aBRIKCh ANS pa3Melle-
Hud Ksira L2,

Ocenpio 2000 r. 6p1 BHIYILEH unniceTr AMD760 (cM. panee),
obecrieunBarouinit moxaepxky ang mamatn DDR SDRAM PC1600
(200 MTu FSB) u PC2100 (266 MI'u FSB). dpyrre ocoGeHHOCTH —
AGP 4-x, 4 nopra USB, agpecaums namsrd 8 T'6ait Ha 4 DIMM u
nonaepxka ATA-100. C 3roro MmoMenTa nipoieccops! Athlon Beimyc-
KUINCH TONBLKO AnA passeMob Socket A. FlocaeaHune u3 npoueccopos
Athlon/Thunderbird Opimn BRITTYymIEHB! AeToM 2001 r., HOCTHTHYB
yacToThl 1,4 I'T.

Duron. B cepeaure 2000 r. 651 BHIYIIEH Opoueccop Duron,
NpeAHasHauYeHHENE Ans AomMa H opuca (BapuanT Athlon, sinpo —
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Spitfire). HassaHne NpOHCXOOHT OT JATHMHCKOIO «durare» — «Bed-
HEli», «mTenbHbii>. Kom-mamare L1 (128 KGaiit, no 64 Kbaiita
Ha KoI H Ha AaHHeie) H L2 (64 K6aiiT) pasmemaercsa Ha mnate. Ilep-
BHYHAI CHCTeMHad IIHHA padotaer Ha 4Jacrore 200 MI'n. ITommep-
XWBaeTCA yaydieHHan texHonoras 3DNow! TexHomorus 0,18 MxM,
gacToTel 600, 650, 1000, 1200 MI'u. HaTtepdeiic — 462-KOHTaKTHHIMA
paseeM Socket A.

CoflepXuT 25 MIH TpaH3UCTOPOR H HMceT mowmaik 100 kB, MM,
HCTIONB3YyeT BhicoxonpounspoaurenbHyio 100 MI'u DDR (Double
Data Rate, ¢daxkriieckt JaHHBIe TepeaaioTca Ha vactore 200 M)
cucTeMHYI0 iHHY EV6, Bee moaxcucreMbl paGoTaloT Ha monHoit dac-
TOTE AOpa, HanpsokeHWe nutadug — 1,5 B.

Palomino (cepua Athlon XP, «XP» — «Exira Performance»,
CBEPXIPOHU3BOOUTEIRHOCTE). [IpoLieccop BBINOJIHEH MO TEXHONOTHH
0,18 MKM ¢ HCIONB30BAHHEM MEOHEIX MPOBOIHHUKOB Ha IUIATE (BMe-
CTO ATIOMHHMA), coaepxuT 37,5 MIH TpaHIHCTODPOB Ha KPHCTAjTe
B 128 Mm% JlocTurHyTo moHIDKeHMe Ha 20 % sHepronoTpeGICHHA
cpaBHHMTENBHO ¢ Thunderbird. BeeneH pan HOBIISCTB, B COBOKYTIHO-
ct iMeHyeMX AMD kak «QuantiSpeed Architectures:

¢ BBeIcHHE NONOJIHHUTENRHOTO Oy(epa — Oydepa GrmcTpo-
ro npeoGpazopaHusa aapeca (BIIA, TLB — Transition
Lookaside Buffer). Dro BoronuHTenbRas K3LI-MAMATh, Paco-
JoxeHHasa Mexay L1 1 L2, B vactHocTH, TLB comepxmuTt naH-
HBIE, XOTOPHIC UCTIONB3YIOTCS A MEPEBOAA BUPTYaibHEIX al-
pecoB B H3HYecKHe U HaobopoT. BepoaTHOCTE TOTO, 970 Npo-
Heccop Hailiger HeoOxomuMeie gaHBee B TLB (uam TLB
hit-rate}, okaznBaeTCA AOCTATOYHO BEICOKOM;

o noaaepxka SSE-texnonmorsw Intel. B Palomino nobanneBu
enie 52 Hopble KoMaHIH SIMD 110 OTHOUIGHHIO K paHee HMEB-
mHMcA. YABOeHO KOonugecTBo MCXomHbix 21 SIMD-komaua,
peanusyioliuX «3DNowl», n moayieHa TexHonorua «Enhanced
3DNow! («3DNow! Professional»);

* MCTIONBL30BaHHE TEXHOJIOTHH ymakosku OPGA (organic PGA)
ans saMeneHia CPGA (ceramic PGA), Kotopasd HCHOAB30Ba-
nacek panee. IIpHMeHeHME ILTACTMACC BMECTO KepaMHKH TEXHO-
JIOTHYHEE, TUIATH OKa3HBAIOTCA Jierde W 00MaganT my4YIiHMH
TeIUVIOBEIME cBoticTBaMH. KpoMe Toro, MOXHO IUIOTHEE pa3Me-
LIaTh HaBeCHBIC 3MIEMEHTH, YTO YMEHBIIACT HABOAKH H MOMe-
xu. OPGA pasMeInaloTes Ha YXe H3BecTHOM padbeMe Socket A.

Morgan. Morgan npeacTaBmieT MOTHOUKALHIO MPOLIECCOPOB
AMD, nepeoHaTanbHo IpeacTawin agpoe Palomino ¢ ymameHHBIMRA
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3/4 xama L2 (64 KGaiit BMecTo 256 K6aiiT). PasMep xpucTamna —
106 M™%, uncio TpaH3HcTOpOB — 25,18 MH. Hanpsokenne muTaHms
Onrno m3menexo or 1,6 mo 1,75 B.

Thoroughbred. Jlerom 2002 r. AMD Havana moCTaBngTh mep-
BHI# Mpolteccop ¢ TexHonorueit 0,13 MICM H MEOHBIMH COCOHHNTENA-
mH. Ilnomaan Kpuctaia — 80 MM’ (¥ €ro mpeNIeCTRCHHHKOB —
128 mM%). Turanue — 1,65 B, pasMephl K3iia Ha XKpuUCTaLIe —
128 K6aiit o L1 u 256 Kﬁaﬁ’r aaa L2, paseem — Socket A. DKBH-
BATCHTHAA TIPOMAIBORUTEABHOCTD Athlon XP — 24004+ wim 2600+,

QOnuako gape Thoroughbred paccMaTpdBaTh Kak IpOCTYIO nepe-
Ienky Palomino ¢ ydeToM HOBBIX HOPM TEXHOJIOFHYECKOTO OPOLIECCa
BCe Xe He coBceM BepHO. Thoroughbred no ¢poeit BHyTpeHHelH cTpyk-
Type 3HaAYNTENLHO oTaHYaeTcs oT Palomino, B 3To0M MOXHOC yOeIHUTE-
cs XOoT4 OH I1o BHEWIHEMY BHIY IPOLECCOpPHHX Anep (puc. 3.33).

a 1

Pac. 3.33. Tlpoueccoprnie aapa Athlon XP:
a — Palomino; # — Thoroughbred

Barton. B peppane 2003 r. AMD) HauHHaET BHIMYCKAaTb MEPBRIA
npolleccop, OCHOBAHHEIH Ha 0OHORIeHHOM anpe Athion XP (xomo-
Bo¢ HauMeHoBaHHE «Barton»). B To BpeMd Kak 3ToT uyumn Athlon
3000+ umen Bce ocoBEHHOCTH Npeapayniero npoueccopa Athlon XP,
HOBOE fAAp0 TMO3BOJMAC OpPFaHH30BaTh Goee 3dxpeKTHRHBINA Au3aiiH
MaMsITH, Y€M B JIOOEIX Tpeapayimx npoueccopax Athlon. Dro ces-
3aHO C TeM, YT0 30cch ORUIH O00beAMHEHE] JAYYLIME XapaKTepPHCTHKH
NpenecTBeHHHKOB — K31 L2, paGoTaioliHii Ha MOMHON CKOPOCTH
(Thunderbird ¥ ero nocaegopaTenH), 0 OoNplMiT pasMep KAIIA B
512 Koaiit ucxogHoro nponeccopa Athlon.

Bcaeactpue GOABIIETO K3IIa 30eCh CYLUEECTBCHHO VBEAMMMBASTCS
pasMep KpHCTaUla, KOTOPHii BKMIOYaeT 56 MJIH TpPaH3IHCTOPOB
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¥ m3mepserca 101 Mm®. BTo TIpeACTaRIdeT CYLIECTBEHHOE BO3pacTa-
HHE MO0 CPaBHeHHlO ¢ HUIT Thoroughbred (54,3 MAH TpaH3HCTODOB
Ha 84 MM")

Onuako sapo Barton npemycmarpubBaeTr Gonee GBEICTPHIMA AOCTYI K
INAaBHOH MaMATH — B TO BpeMs Kak Gosee panune IIIT Athlon XP
XapakrepH3ylorca yactotoit FSB 266 MTI'u (133 x 2), 3aeck 9acToTa
FSB cocrapisier 333 MTI'u (166 x 2).

B mrore Athlon XP 3000+ moxasuiBaeT Oonee BBICOKYIO ddek-
THBHOCTh CPAaBHMTENRHO ¢ Boaee paHHHM Athlon XP 2800+, HecMoT-
pPA Ha MEHBUIYIO TAKTOBYIO yacToty (2,167 I'Tu nporns 2,250).

IMogsnenue LIIT Athlon 64 oceHpio 2003 r. moapazyMeBaIo CXon
CO ClieHH mpoueccopoB Barton, u nmocaenauii npoueccop Athlon XP
{(Mozgens 3200+) Briuen He Golee YeM Yepes TPH MecAIla NOC/e HOAB-
JIeHHA NepBRIX u3neanii Barton.

Sempron. Jlerom 2004 r. AMD obbaeiina o soixoge IIIT ce-
medicTBa Sempron. TlepsoHAYaIBHO 33AYMaHHEIN Kak MpeeMHHK YC-
pemHoro IIIT Duron  npamoii xoHKypeRT nponeccopy Celeron D
(Intel, 90 HM), AHanMa’0H OpUMeHCHMA Sempron (aKTHUYECKH Iepe-
kpeit auana’on Athlon AMD XP w nocraeun ¢GbupMel, BRITYCKAK-
mHe HacTodpHEle B MoOWIeHBe TTK mepen BpiGopoM — nubo
Sempron, anGo Athlon 64,

Bee nepseie LT 6a3upopaivck HAa TexHoJorHH AMD 130 HM.
Hautonee MomiHHe obpasuni (3100+) BHIycKaloTca B ¢hopMaTe HH-
tepdeiica Socket 754 (Athlon 64 — B opmare Socket 939). dpyrue
y4acTHUKH cemeiicrBa — ot 2 I'Ti (2800+) mo 1,5 T (2200+) —muc-
noaeayior Socket A.

B panpHeifiueM Sempron OpeOroiaracTcs NMepeBecTH HAa TEXHO-
norHo 90 BM 1 HHTephedc Socket 939.

Apxumexmypa K8. DTa apXATEXTYpa HCTIONB3YETCH BO BCEX CO-
BpEMEHHLIX CEPBEPHBIX, HACTONBHEIX H MOOMNBHBIX mpoLeccopax
AMD (Opteron, Athlon 64 i Athlon 64 X2). ITepetiM H3 npoLecco-
poB K8 aensuica Hammer (cepennHa 2000 r.).

OnHuM U3 aBHEIX HoBlIecTe K8 apnaerca 64-paspsaaHas apxH-
TeKkTypa x86-64 ISA. TpuMepom 64-paspsHeix mpoteccopos ([IA-64)
apngercs Intel Itanium (oM. prc. 3.19). OnHako Mexay 64-pa3psoHbi-
MH apXMTeKTYpaMH Tmponeccopor Itanium u K8 Mano obmero.
Itanium -- nponeccop, HECOBMECTHMEIH C CHCTEMO$T KoMaHJ x86, To-
raa Kak K8, HanpoTHB, TAKOBBIM SIBISIETCA.

Crpaterna AMD na 64 6uTa (x86-64) 3aK/TiodaeTCs B CIENYIO-
{IeM — 3a OCHOBY B3ITO MPOH3BOOMTENbHOE X86-ANpo M pacliMpeH
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Habop MHCTPYKUHWI WA BOIMOXHOCTH aapecallii 64-6HToBOTO Mpo-
CTPAHCTBA TTAMATH,

Ocobennocmu apxumexmypuo x86-64 (AMDG64):

+ 00paTHasA COBMECTHMOCTE ¢ HHCTPYKIHAMH X86;

e 8 HOBEIX 64-paspaaneix POH mmoc 64-paspanHeie BepcHM
mpexHux 8 POH x86 (mocTynHel THIE B 64-pa3pAHOM <IUTMH-
HOM» pexumMe — Tadm. 3.7);

+ nopnepxka SSE u SSE2 moMEMo BOCEMM HOBHIX perictpoB SSE2;

¢ YBEMUUCH 00BEM azpecyeMoit HaMaTH Ui NpHIoXeHwnid, pado-
TACIMHX ¢ ConApuMMA OOBEMaMK JAaHHBIX (DOCTYIIHO JHIIL B
<«IUITHHHOM» PEXHMe);

e BBICOKAs FMPOH3BOIHTCABHOCTE 32-paspAaiHbIX TPHIGXCHHH,
IUNOC MOANEPXKA TTOABILIONMNCH 64-GHTOBLIX HPHIOKEHHI,
XOpOLINHA BADMAHT MEPEXOJHOTC NMpPOLECCOpa.

Tabauga 3.7. Pewsvaa mponeccopos K8

L
Pexnm Nompawim HaaHavenns m g:m' Mpnmestannn
«[peemcT- Het Pabota co scemu 4 32-paz- | McnoNbayloTcA TONbKO
BEHHbI» 16~ wnu 32-6m- pARHAA |32 paapApa s 64-pas-
{Legacy TOHbIMK PRRHBIX PEFUCTRAX.
Mode) XBG-npunoxe- JlononHutensHue
HHAMA 64-paapARHLE PBTHCT-
Pt HE 330eRCTBOBAHD.
Nepexomnunauma MO
He Tpabyetca
«[nuHned» | Nonvwi | PaBora ¢ 64-pa3-|  bonee 4 64-paa- |Wcnonbayotca 64-pas-
(Long  |{64 paspana} | pROHLIMM NpANO- PANHAA |PAAMbIE OCHOBHLIE W
Mode) KEHNAMA (WHCT- AONONHATENEHBIE Pari-
pyxunm XB6-64) cTpul. TpebGyetca nepe-
KOMNANALMA CTAPGIX
nporpaMm
Coemscm- | 3anyck 32-paz- | 2 B 32-Gwro- HcnonL3yoTca TORLKD
mocTH (Com-|  pARHEIX npo- soi OC, 32 paspapa & 64-pa3-
patibility | rpamm B 64-paa- | 4 B 64-Gwro- PAAHLIX PEFUCTPAX.
Mode) papsol 0C 80if OC [ONONHUTENLHbIE
64-paspanHLie perucr-
Dbl HE 33JeHCTROBANL),
Mepekomnunauma MO
Ha TpelyeTcR

OCHOBHBIE HEIOCTATKH:
¢ MPOLIECCOP NMPOACDKAET MONICPXHBATE apXUTEKTYPY X86, Ko-
TOpasi IOCTATOUYHO YCTapena;
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¢ HoBble POH MOXHO HCMONB30BAThL JHINE B 64-paspaaHOM
pexXuMe, 9T0 He TO3BONAET MOBBICHTD MPOHIBOIMTENILHOCTD
32-pa3panHelX TPHIOXEHHH NOCPEACTBOM YIYYIIEHHd APXH-
TEKTYpH CHCTEMBI KOMaHA.

JInsd peanH3amuy BO3MOXHOCTH pabOTHI Kak ¢ 32-, Tak H ¢ 64-61-
TOBHMH IIPHIOXCHHAMH npoueccopl K8 moamep:kupalor npa pexu-
ma paboret — Long Mode u Legacy Mode. B pexuMe Long Mode
TaKXe NPeIyCMOTPEHO JIBa mofpexnmMa — 64-6urosriii 1 Compability
mode (copMecTHMHI) — Taba. 3.7.

Hexotopme npoude ocobenHocth K8 (puc. 3.34):

e KOHTPOJIEp MTaMATH WHTErPHPOBaH B caM mpoueccop. Tpaau-
IIMOHHO OH DAcIoaracTcs B CEBEPHOM MOCTE YHIICETa Ha CHC-
TeMHOR 1aTe. CoBCTBEHHO IMOBOPS, KOHTPOILIED IAMITH — 3TO
OCHOBHO (PYHKIIMOHANEHKIH OTOK «CeBepHONO MOCTa» (B 4MII-
cetax Intel ort Tak K Ha3piBaeTcs — MCH, Memory Controller
Hub). HpenMyluecTBO TaKOro peilieHUd QYEBHIHO — KOHTPON-
Jiep NaMATH paboTaeT Ha YacTOTE NMPOLIECCopa, a CACAOBATEALHO,
obnagaeT HU3KOH MATCHTHOCTRIO, KOTOpast OyAeT TeM MEHbIIE,
9eM OoNblle YacToTa, Ha KOTOpOi paboTaeT npoieccop;

Mpegckasarme
-} BriGopka PAXOROR
L1-xaw ne
(hcash) !
o L2 &4 KGair CratmpoBaHne / BoipaBHHUBAHME
- BucTpelil pexonep I Muwporosangw LM
) ¥ ) ¥ ¥ ¥
— MMKpDOnSpaLHK
| I T |
Li-kouw | ErOK ynpaenenia KomaHgamK (72 exona) |
DAHHBIX
S |
o T I
aanpocon Pekoguposarmel Hlexaouposanue!
[ [ ——— nepeueHoBaHWe 13
KommyTatop [ ] [ ) ¥ F ¥ ¥
{xpocctap) Tpn nnuanpnmum o3 I'Inuazpeamm na
no § exonos BXODUS
Konrpannep Quopa. ) ) ¥ ¥
AMSTH oy ] vBA o= vBA P vBA | [cnon] [vian.] [riposee]
]
Tnep- 4480008 L] ANY | ANY fed ANY
TpaHcnopT Yow. 3 |

Pre. 3.34. Apxntekrypa AMD K8
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» BCTPOEHHBIN mopT («wmnK») WHHE HyperTransport — yHmMBep-
CATPHOH IHHBI MEXYHIIOBOTO COEAMHEHAA — ANlEMEHT TPaH ¢ -
NbIOTEPHOH apXUTEKTYpH (CM. pKC. 2.46). B mponecco-
pax K8 Opteron Moxet Gberh a0 3—4 nunkos HT, yro no3ponser

~ KOMOMHHMpOBATE WX B 3- H 4-MepHBIe KNaCTEpPHEIE CTPYKTYPEI

(cMm. puc. 2.41, a Tacke prc. 2.42);

» apxuTerTYpa K8 pa3spaboTtaHa ¢ mepcneKTHROM CO3TaHHA MHO-
TOANEPHEIX NPOIECCOPOB H MHOTOMPOUESCCOPHEIX CHCTEM: GCIIH
LIIT Intel Xeon MoXeT MpoAeMOHCTpUPOBaTh ML 11%-Hoe
yBelTH4YeHWE TIPOH3IBOIHTESIBHOCTH NMPH MEpexole K ABYM Npo-
teccopaM, To B caydae ¢ Opteron oHO coctasister 24 %;

» YCOBEPIIEHCTBOBAH 0JIOK MpescKa3aHHsA NEpPexoJoB — LA YBe-
JIHYEHUsA TOYHOCTH OH COREPXMT Mctopuio 16 000 nmepexonos,
a taxcke 2000 agpecop Ha3HAYCHUS.

HexomupopaHye KOMaHR 30ech TIPOHCXOAUT Mo cxeme, Grmskoll K
prc. 3.6, 2. McrionHeHHe HHCTPYKIMIA Ha Konbeitepe K8 HaunHaercs ¢
G10Ka BHIOOPKM WHCTPYKIME (cM. pHc. 3.2, @, puc. 3.34). 3a omuH
TaKT GIOK BEIOHpaeT U3 K31a 16 6aliT AaHHRIX ¥ BEIAEITIET H3 HHX OT
OAHOI A0 Tpex MHCTPYKUHH# X86 — CKOJIBKO B BHIOPAHHBIX AaHHBIX
noMecTIOCh. TTOCKONBKY CpelHss ITHAA KoMaHgbl x86 cocrapnser
5—6 Gaifr, To, KaKk mpaBuno, GnoKy yaaercA BHOpaTh TPH KOMaHOBI
3a TAKT.

Ha Bropom Takre KoHBelepa BHOpaHHBIE KOMAHOB! pacipeacas-
I0TCA TIO TPpeM O0KaM AEKOXHPOBAHUA WHCTPYKLMIA. CaMble CIOXHbIE
KOMaHAH OTMPABNAIOTCA B AEKONEP CNOXKHBIX koMaHn (VectorPath),
IPYTHE — B AEKOIEPH] MpocThiX XoMaH { DirectPath).

HcxonHeie X86-MHCTPYKUMN Ha 3aBeplIalOlIMX 3Tanax paboTsl
nexonepa K7/K8 nepesomarcs 8 Makpoonepaund, win MakOIln
(mOPs). BombuHcTBy XB86-HHCTPYKUMHA cooTBercTsyer onHa MakOIl,
HEKoTOpHe npeobpasyiores B 2 Wi 3, a HaMbolee clIoXHbIe, HAIlpU-
Mep Ac/ieHHE WIH TPMIOHOMETPHYCCKHE, — B MOCHEROBATENILHOCTD W3
HeCcKONBKHX necsrrkoB MakOIl. Makpoonepaui UMeroT (PHKCHPOBaH-
HYI0 JUTHHY H PETYIAPHYIO CTPYKTYDY.

YCI0BHO MOXKHO CYHTATh, YTC B ONpelencHHbii MoMeHT MakOn
MOXET <«PacIeNnATECA» HAa Ape MHKpoomepaunH (MxOII, pOIl).
Kak npapmno, B K7 1 B K8 MakOI1 conepxur npe MxOIl — onny
st AJTY (ALU) (wik 6aoka [13 — FPU), apyryio — mna YBA (yer-
poticTea BpMKCIeHHA anpeca, AGU — Address Generation Unit).

3a cyer KOHBeliepH3alMA BOZMOXHE! CHTYaUHH, KOTIa OJHOBPE-
MeHHO B pasHbeIX Gnokax npoleccopa OyIyT BBIFIONHATECSA AC ABYX
JecarkoB KoMaHn — U B K7, u B K8 uMeeTcd OecaTh HCMTOMHUTENE-
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HuIX ycrpoticte — Tpu ALU, tpu FPU, tpn AGU u otaensHEI 610K
YMHOXEHHA.

Honmob#Ho ToMy, Kak ofbeAIMHeHNe ABYX oTaeIbHE MKOII B oaHy
MakOT1 aaet sBHbIE IPEHMYIECTRBA, TOYHO TAK Xe Jiena o0CTOAT H ¢
caMuMK MakOIl — npakTidecKn Be3ie OHH BHICTYTIAIOT HE B BHIE ca-
MOCTOATENBHBIX €JWHHI, 4 B BAAe rpymibl. [pymmy obpasyior Tpu
MakOIl, KoTopHe OTHOBpeMEHHO 3aNyCKalOTCAd Ha TapajlleNbHBIE
KaHAMLL.

Bea paneHelimast pabota HOET He ¢ OIHHOYHBIMH, a ¢ <«TpoiiKa-
Mi» MakOIl («wmHHAMHA», line). Takad «IHHMS» BOCIPWHHUMAETCA
HEeHTPATBHEIM YIIpARIOWMM GnoxoM npoueccopa ICU kak emwHoe
[eJioe. BCe OCHOBHEIE AEHCTBHS BRINOMHMIOTCH MMEHHO HAl «THHHA-
MH», B IIEPBYIO 09C¢Peb — BLUIEKCHAC BHYTPEHHHX PECYPCOB.

CrenepHpOBaHHbIE JUHHE OT AEKOAEPOB MO ONHOM 3a TakT Mo-
CTYTIAIOT B OJNOK yhpaeieHHA KoMmaHiamu — Instructions Control
Unit (ICU), rac noAroToORIEHHBIE X HCROMHEHWIO JTHHHH HAKATUIH-
BaIOTCA B CHEIHATbHON ovdepend (24 IAHHUM).

N3 ogepenn B 24 muanH (mo tpu MakOIl B xaxnoit) ICU Bribn-
paeT B Haubonee yooOHOU [ MCIIOMHEHHA NROCISHOBATENBHOCTH
onny-TpH MakOIl u nepecenaer ux uGo Ha AJlY, nmubo Ha 610k
I13 B 3aBHCHMOCTH OT THIIAa MUKpoonepamui. B crydae AJTY MuKpo-
OTEPAlNN Cpa3y Xe MOM4AAIT B OYEpeAs MAAHHPOBIIMKaA (IIeCTh
eMeHTOB Mo TpH MaxkOII), KoTopellf MOATOTABNMBAET HeODXOMH-
MBI€ T HCMOJTHEHHS MAKPOOTIEPAIIMH PECYPCH, IOXWUAAETCH HX TO-
TOBHOCTH M TOABKO IOTOM OTIpaBnAcT. IIpHueM NIpH HCIIONMHEHWH
ogHoit MaxOIl Ha caMOM aefie MOXET IMPOMCXOTHTh HCIONRHEHHE
cpasy nByx aeticteuit (MxOIT).

TlonroroBKa HaHHBIX B IUVTAHHPOBIIMKE 3aHHUMAET (B MACAJIbBHOM
CIy4ae) OOMH TAKT, HCNOTHEHHe — OT ONHOTO (MOJABMSIONIce GOIb-
IINHCTBO HHCTPYKUHH) Mo Tpex (mpH oDOpalleHMH K OmepaTHBHOM
maMsITH) M Jaxe NATtH (64-paspaaHoe YMHOXEHHE) TAKTOB,

C 6noxom T13 (FPU) Bce obcTont coxHee. JIia Hayana BHINEH-
e u3 ICU MxOIT npoxonar fiBe cTaanM Mo IIOATOTOBKE MX Ofle-
paHIOE. 3aTeM HAKAIUTHBAOTCA B IUTaHMpoBlnHKe FPU (mpeHamnath
anemMeHTeB o TpH MakOIT), xoTopeiii 1o aHAJIONMH CO CBOHUM LENo-
YUCAEeHHBIM aHANIOTOM JOXWHAAeTcd, ToKa JaHHbpe ama 3tux MakOI1
OYOyT rOoTOBEI, 3 HCNOJHUTEABHEIC YCTPOMCTBA OCBOOONATCA, H pac-
nipeaenaer HakomweHHsle MakOIl mo TpeM HCTIOIHHTENEHBIM YCT-
poiictBaM. Ho B OT/IMuHe OT LIeTOUMCASHHON YacTH KoHBeliepa (rue
COAepXaTcs To TPH OANHAKOBEIX Omoka AJTY # YBA), ucnonHurens-
HHe ycrpoiictea II3 crelHanu3MpoBaHB — KaXIoe ITPOM3BOHAUT
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TONBKO CBOH crnendmiecknii Habop ASNCTBHIT Hal YUCTAMA C IDTa-
Baolieit 3amsaroli. BpeMs BHIMOJHEHHS — JIBa TakTa HA NEPeHMEHO-
BaAHHE M OTOOpaXeHHEe PErucTpPOB, OAMH TAKT Ha IIAHHPOBAHHE H
OXMIZHHNE ONICPAHIOB, YETHPE TAKTa HA COOCTBEHHO HCIIOJIHCHME,

H ammer. Ilpoueccop, NEpROHAYRNBHO AMEBIIHI KOJOBOE HMSA
«Sledgehammer», a B AanpHetilmeM «Hammers, GbUT BRIMYLIEK B ce-
peanre 2000 r.

B mponeccope Hammer HCTIONB3YETCH YyYIICHHAaA KOHBEHepH-
3aIfHA, Tpedrnogaraionian 12-craguiiHeiif KOHEeliep BHYMCIECHUA C
OT u 17-craguiiibiit KoHuseiiep ana HT. O1o cpA3aHo ¢ HeobXxoau-
MOCTBIQ YTIAKOBKH-PACITAKOBKH JAHHBEIX H KOMAdHJ, IIDH HX [ICpeaa4ye
H JAckogupoeaHnH. OIHHMM M3 D[IABHBIX HOBIIEGCTE MpoOLIECCOpa
Hammer asngerca 64-pa3spaiHan apXHTekTypa x86-64 ISA,

Athlon 64. Ocenpio 2003 r. BHIUIH OBS MOJCTH Ipolieccopa
AMD — Athlon 64 g Maccoporo peika H Athlon 64 FX-51 ana
MYJIBTUMEeAUHHEIX H MpodeCCHOHATBHBIX MPIUIOXKEHMIE (apXHTEXTYpa
K8). B cucreme oBosHaueHmii AMD Aihlon 64 uMeeT 3KBHBAJIEHT-
Hy10 yacrory 3200+, mpu ¢H3mueckolt yacrore 2 T'Tu (FX-51 uyth
pelle — 2,2 I'Tu).

Mpoueccop npucnocobneH Kak wis 32-, Tak B Ans 64-6HTOBBIX
npuroxeHuit. TTomaepxupaiorca cucTeMH O03Y Tumos PC3200,
PC2700, PC2100 umn PC1600 DDR SDRAM. YcraHOBNEHH HaM-
GoMNBILHE IO pa3MepaM AIA JaHHOTO MOMEHTA MOOYNHM KII-IaMATH
Ha mponeccope — 64 K6aiir L1 — xom komann, 64 K6aiitr L1 —
K310 JaHHBIX. O01IasA K>II-NaMATE MOXeT JocTurats 1152 KGaitr.

B To Bpemst kax Athlon 64 ucrmonesyer 64-6MTOBBII OOHOKAHANE-
HBIT KOHTpOWIep mamAaTH, FX-51 pxmouaer 128-OMTOBHI HBYXKa-
HANBHHI KOHTPOUICD MaMSITH Ha MHIIE.

TlepBoHAYaNbHO pa3sMep KaIIa 2-ro yposHA — 512 Kbaiit, Kak "
Jng Athlon XP. 3ateM oH Owun yseamdeH go 1 Moaitta, B ¢BA3N ¢
YeM 34eCh YHCIO TPAaH3HCTOPOB JOCTHINO 106 MJIH MO CpaBHEHMIO ¢
54 mutH mia Athlon XP.

TIpoueccop BHIMycKaercd Tio TexHOOTAH 0,13 MM, pa3paboran-
Hoit B ¢umuane AMD, Hpesgen, Tepmanus. CucremMa XoMaHI
AMD®64, x86-64 — pacumpenne AMD mma komann Intel x86 — He-
copMecTHMa ¢ Intel [A-64 apxuTekTypoil, HAIpHMEP NOAAEPXHBAc-
MO B cepBepHEIX npomeccopax Itanium. Oarako AMD noaaepxusa-
€T NOJAHYI0 COBMECTHMOCTD ¢ 32-OMTOBRIMH mpoucccopaMu [I9BM,
BBRITyCKaeMbiMH Kak Intel, Tak u AMD.

B 10 X¢ Bpemsi, xkorma AMD ofmapuna Atihlon 64, cdupMa
Microsoft 3asBuna o Beimycke Gera-Bepcur Windows XP 64-Bit
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Edition ana 64-06HTOBEIX IIPOLECCOPOB, KOTOpas MOXeT paGoraTh ec-
TECTBEHHO KaK Ha mpoueccopax AMD Athlon 64 (IT9BM), TaKk n
AMD Opteron (paGoume cradmu). XoTd 3MeCh M NMOAAEPKUBAIOTCS
BCe CyliecTBylolme 32-6HTOBBIC NMPWIOXSHHA, 32-GHTOBHE apaiipe-
pel YCTPOKCTE HOJDKHB OBITE OOHOBNICHH M TIEPETPAaHCITHPOBAHEL,

HurepecHo, uro Intel B Havame 2004 r. obwaBuna, uro Symymme
BepcHH Mpoteccopa Prescott (Socket T) Gyayr sKmouaTs 64-GHTOBEIE
pacuinpenus x86, copMecTHMbie ¢ AMD 64-GHTOBO# apXUTEKTYpOIA.

Athion 64 X2 AMD cHopa okasanack Brepend Intel, mpome-
MOHCTPHPOBAE ACHCTBYIOIIMH SKCcNepUMeHTANBHEIN obpa3elt ABYXES-
meprOTO Ipoueccopa aeroM 2004 r., n noaromMy Intel BRI3Bana BCeod-
mee YANBJICHHE, BCC XKE BRIAAA INepeoit Ha PHIHOK C ABYXbANCPHBIM
nporneccopoM BecHoii 2005 r. OgHaxo, HecMOTpPsA Ha TO, yTo AMD
64 X2 6BUT TOMBKO KOPOoTKOe BpeMs no3agi Pentium Extreme Edition
¥ Pentium D no mataM BBIXOOA Ha PHIHOK, OH 3HAYHTENBHO onepe-
Xan X no nokazaresiaM 3¢ heKTUBHOCTH.

Athlon 64 X2 BKTIOYAET BCe BO3MOXHOCTH, 3aN0XeHHEIE B €ANH-
CTBEHHOM appe mu3aitHa Athlon 64 (tame, xak HyperTransport u
Enhanced Virus Protection — EVP). Korma IIII paGoraer mon OC
Windows XP (SP2), EVP uHrepnpetupyer o0macTl cCUCTeMHOIA ma-
MATH K3aK <«TONBKQ AAHHBIE», TaK 4T0 MIOO0H HaxomsdiMiics 3meck
dparMeHT XoIa MOXeT OBbITH JHOO NMpPOUATAH, JHOO 3amHCcaH, HO He
MOXeT ORITH BBHTOTHEH Kak KOX nporpammsl. Tem cameiM EVP aeit-
CTBYeT Kax mpodHIaKTHIeCKas Mepa MPOTHB OOHYHBIX 3MOHaMEpeH-
HHIX BHPYCOB, IOKaNN3ys H 0De3BPeXHBan MX.

Koraa nporieccopsl X2 GbLNM BHEPBHE BHITYLICHB, OHH MOKA3a-
¥ GOABHUIVIO NMPOH3BOIHTENBHOCTD, €M CaMhbie GRICTPEIE B TO BpeMs
OXHOSIIEpHbIe npoueccop (4000+), a mmenno 4200+, 4400+, 4600+
H 4800 +. JIByxpagepHue CHCTEMH paboTaloT MEUICHHES, YeM eNH-
CTBEHHOE SApO U HEKOTOPHX IMpPOLCCCOB, YTO 3aTPYIHRAET TOUHOS
cpaBHeHHe. OaRaKo cnenHaTHeT AMD cumrawr, aro X2 obecnieun-
paeT 80%-Hoe npeBniieHHe 3 pCKTRBHOCTH HAL CHCTEMAMM ¢ CIMH-
CTBCHHHM sIpoM (TIpH TOM Xe camoif 4acToTe) MpH BHHTOJHEHHUH
NpHACKeHHH ¢ 06palboTKoil MyNETHMEAWHHOH HHMOPMATMH.

OcHOBHasL apXHTeKTypa Aapa X2 MO CYLIECTBY Ta X€, KAK H ¥
Athlon 64. Paanuqme B TOM, YTO HOBBIE IHNBI, PA3MCIIACMEIC Ha COMH-
CTBCHHOM KpPHCTALTE B 199 MM®, MpHYeM KaOKILI CONEPXHT Gomee YeM
233 WIH TpaH3HCTOPOB, H3TOTONICHH MO TeXHONOTHH AMD 90 HM.

CTeneHb HWHTCTpAlLMM ABOMHBIX smep GoJblle, YeM B CHCTEMax
Intel — npa saopa AMD criocobH® K nNpaMoil cBa3u 6e3 UCnoine3oBa-
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HMA BHEIIHCH IUIATH M YHICeTa W (QaKTHUECKH COBMECTHO HCIIONb-
3y10T 00BEAMHEHAN KOHTpOIEp MAMATH.

Takum obpazoM, cricimpHKalHH TEPBOHAYANEHO OFBLARICHHOTO
auamasoHa Athlon 64 X2 GsinM 3KBUBANEHTHB TAKOBWM H3 CYHIECT-
pytoimx ITIT na 3500+, 3700+, 3800+ n 4000+, ¢ H3IMeHEHHEM K31Ha
L2 u takTOoRO# YacToTel. Monemn ¢ 512 KbaiiT k31mia Ha sape Hasnpy-
I0TCA Ha ApoiHOM siape «Winchecters, B TO BpeMsS KAK BepCHH K3IHa
L2 na | Moa#T ucnonssyior gu3aifn «Toledo». K ety 2005 r. anama-
30H ORLT paclinpeH ¢ NOARIEHHEeM HOBoro yuma (3800 +).

KpoMe CKOpOCTH, PYTHM CYWMIECTBEHHEIM MPCHMYILECTBOM, KO-
TOpBIH cHeTeMH AMD uMeror o cpaBReHHIo ¢ Intel, apmaerca co-
BMECTHMOCTD H, CICTOBATENDBHO, BO3IMOXHOCTDL OOHOBAEHNS CYIIeCT-
BYIOIIHX cucTeM. [IpuHMMaa Bo BHHMMaHHe, wto 1ITT Intel TpeGyior
HOBHIIA ynncer H VRM, 4ToOH CIpPAaBMTECH ¢ YBENMHYSHMEM MOILIHO-
CTH (IPH ATOM COKPAINACTCS HaNpsxkeHWe MATaHUA axpa or 1,50 no
1,35 B), AMD cnpoexkrHpoBana IRYXbANESPHEBIA YHII, COOTBETCTBYIO-
Mt ToMy X¢ caMoMy pasbeMy ¢ 939 HWITBIpEKAMH, 9TO H ¥V OTHO-
ANEPHBIX MpoLeccopoB. IIpH 3TOM AOCTHIaeTCA COBMECTHMOCTE € CY-
INECTBYIOIMMH CHCTEMHHEIMM TUIatamH i Athlon 64 (90 M) |
TONEKO Tpebyercs Monudukauus BIOS.

Turion 64 — cemeticTpo 64-6HTOBLIX MOOWIBHEIX (C HH3KMM
SHepronoTpebaeHueM) Mnpoueccopos. JaHHEIE NPOLIECCOPE, BKITIO-
yaa » Turion 64 X2, aansiorea oteeToM AMD Ha NTHHeWKy MOGHIIDb-
HBIX npoucccopos xomnanun Intel — Pentium M u Intel Core.

INMponeccopu Turion 64 (kpome Turion 64 X2) COBMECTHMEI ¢ HH-
Tepdeitcom Socket 754 xomnamun AMD u sxmouaror or 512 mo
1024 KGaitr kxsma 2-ro ypoeH#, 64-OHTOBBIN OXHOKAHANGHHH KOH-
TpOJUIEpP NAMSITH, HHYETPHPOBaHHLR Ha gapo, 1 mmHy HyperTransport
(800 MI'u). OcHOBHOM akIIEHT NpH MOSHIMOHAPOBAHHH M MPOMBIDKE-
HMH JaHHOIO TPOIECCOpPa Ha PHIHKE JENaeTcd Ha ero 3Heprochepe-
raloume GyHKIMH, Takue Kak PowerNow! u Cool & Quiet.

Lancaster (sumyinen 10 mapra 2005 r.) H3roToBleH HO TeX-
HonoruH 90 uM (SOI), k3m L1 cocrasnsger 64 + 64 Kbaiit (KoMaHaBI
W JaHHEIe), Ko L2 — 512 mnw 1024 KB, paGoTtaiolliii Ha CKOpOCTH
sapa. [Ilponeccop noanepxwpaer TexHomornd MMX, Extended
3DNow!, SSE — SSE3, AMD64, PowerNow!, NX Bit.

Harnpsoxkenue natanus anpa: 1,00—1,45 B, notpebnenne sHep-
i (TDP) — mMakcumyM 25/35 Br, aManaszoH yactror — 1600, 18060,
2000, 2200, 2400 Mo, wnTepdeiic — Socket 754, cHcTeMHan
wrna — HyperTransport (800 MI'u, HT800).
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Richmond (1 cenraOps 2006 r.), TeXHONOTHS H3TOTOBICHHA
90nm (SOI), L1-xaur: 64 + 64 KiB (xoManmsl M gaHHble), L2-Komm:
512 KiB (monuas ckopocth axpa). IoaaepXuBaeTcs CTAHMADTHELH
CHHUCOK TEXHONOTHH (CM. BHILIE).

Hanpsokenue nutanna sapa — 1,00—1,45 B, sHepronorpe6ne-
nee (TDP) — makcumymd 31 Bt, yactorm — 2000, 2200 MI'u, nH-
tepdeitc Socket 81, HyperTransport (HT800).

Turion 64 X2 — npyxpancpHuil MoSHWIBHHI 64-pa3paaHbIil
mpoueccop AMD. OH koHkypHpyer ¢ nmpoueccopaMu Intel Core n
Core 2. Ipoueccop Turion 64 X2 6uU1 nNpeacTaBieH koMnaHnet AMD
17 mas 2006 r. nocie HeCKOMBKHX 3aliepxek. TIpolieccop YCTAHABIH-
BaeTcs B pa3beM Socket S1 u ncnonsayer mamars DDR2. B Turion 64
X2 HCnOAB3YIOTCA BONee COBEPILEHHHE 3HEProcOeperaioine TeXHO-
JIOIMN IO CPABHCHMIO C TIPSOBIAYLLHMH MPOLECCOpaMH KOMITaHHH.

IepBrie Moaemn Turion 64 X2 npoH3BOOATCA ¢ UCIONb30BAHHEM
90 aM SOI nponecca xomnanuu IBM (Taylor). B manpHe#imem ocy-
IIeCTRASETCA nepexod Ha 65 HM npouecc (Tyler), BeposiTHee Bcero
Ha OCHOBE TEXHOJOTHH HATPIXEHHOTO KPEeMHHEBO-I¢PMaHHCBOTO
IpoLecea, KOTOpelil OB HETABHO COBMECTHRO pa3paboTaH HCCIENO-
parenaMd IBM n AMD u KoTopelit aemgeTcd Goliee COBEPIIEHHBIM
II0 CPAaBHEHHIO C APYTHMH 65 HM TIpOLIECCAMHL.

Taylor (17 Man 2006 1.), TexHonorud 90 uu (SOI), K311 mepso-
ro VpoBHs: 64 (JaHHBIE) + 64 (MHCTpYKUMK) KOaiiT B KaxnoMm snpe;
K31 Broporo yposHsi: 256 wiu 512 KB B kaxaom sape, paboTaeT Ha
CKOPOCTH sapa, MOANCPXHBACT CTAHIAPTHEIE TeXHOJOorMH. KonTpon-
Jiep MaMATH — AByxKaHanbHEIE DDR2, 667 MI'u. MHTepdeiic Socket
SI, HyperTransport (800 MI'u, HT800), anepronorpetnenne (TDP):
31, 33, 35 Br MakcHMYyM, vactoTa: 1600, 1800, 2600 MI'.

Tyler (nmeppasi momosrHa 2007 r.), TexHodorna 65 uM (SOI),
K310 NMepBoro ypoeHA: 64 + 64 KGaliT (maHHbIE + HHCTPYKIIHH) B Ka-
KIOM Afipe, K31 BTOporo ypoeHA: 312 Kéait B kaxnom sgpe, pabo-
TaeT HAa CKOPOCTH sipa. KOHTpO/UIEp HaMATH — JABYXKaHaJlbHBIN
DDR2, 800 MI'u, monoepXupaeT cTaHAApTHHE TexHonorun. UHTEp-
deiic Socket S1, HyperTransport, 3uepronorpedaenme (TDP): 35 Br
MAKCHMYM.

K9. 06 apxurektype AMD K9 B aHHanax HCTOpHH He COXpaHM-
JIOCH JOCTOBSPHBIX YIIOMHHAHMIA... ECcTb cBedeHUNA, 4yTO npoekt AMD
Greyhound (2001—2003 rr.) nmen Kogosoe Haspanue K9, xpome Toro,
YTBEPXIAIOT, YTO MOJ ITOH BHIBECKOI TepBOHAYANBHO OOBABIAICA
Athlon 64 X2.
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Cy1iecTByeT, KpOMe 3TOTO, JIETeHIA ¢ TOM, IT0 «6p>Hg K9» 651
OTBEPTHYT paspaboTyiKaMi B CBA3H C M0 COMHUTEIBHEIM 3ByJaHHeM
Ha aurmuiickoM s3pike — K9 (K-nine) mponwaHocHTea kaxk ['kernain],
T. €. aHAJIOTHYHO AATHHCKOMY «canina» {«cobaunii»). Tak aro MM He
TaK, "HO CJIEAYIOIHM 3aMETHBRIM maroM B AMD-apxwrexkTypax crana
apxurexTypa K10,

Apxumexmypa K10 nipeactraminger coGolf clenyoniee MmoKoneHne
apxurexTtyp AMD. Bnepsrie 0 CyIi¢CTBOBAHHM HOBOH MHMKpOApXH-
TEKTYpH 3agBHI B anpene 2006 r. Henri Richard, HcnoAHHTENBHEBIH
BHULe-Tipe3naeHnT AMD, pupekrop AnenmapraMeHTa MAapKeTWHIra #
nmpomax. PaccMOTpHM XapakTepHCTHKH MHKpoapXuTekTypel K10
(puc. 3.35, 3.36).

o] * ITLh LT3 womann - ha(nd‘
Kous L2 | 46-entry 64 Kasty - Torgets
L2-TLB | 612-antry + L 258Bit+152Bt
o D: 512-enby w Predecode, Branch, Pacily H‘:gﬁy
‘Laug(‘z_lw Mpeaesiopka nmﬁ:ﬂ« Courter
axchaive BuSopea Rapexcace R;s
L2 ECC Tanget Address
L2 Tage |—I |j «| 512 indirect
12 Tag ECC Aaxopep 11 | Aewonep 1] | Aexonep 4
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Pac. 3.35. Muxpoapxurexkrypa K10 (CHMBONOM «*» OTMEMEHB KOJAMYECTBEHHBIE KHIH
KAYECTBEHHME oTAnuns ot K8)
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Enox onepaLwd
< N3ISIMD/xB7
{64 paspana)
Bnox onapaLmwi
c M3/SIMDMxa7
(80 paapanos)
Kaw panvsx L1,
Enok sanmcu/
CYATHIBAHWA JAHHLIX 64 KGaitr
Koxagsep
Lo WCNOHHDBIX
onepauy et
KoHpeiiep
REKOAMPOBAHIRAS Kaw xosanp L1,
POTALMW 64 KiSaiir
BETBNeHHA

Puc. 3.36. OouHouHoe agpo nponeccopa apxuTekTyphl K10

Humepgeiicw:

« Socket AM2+ mia npouneccopos Athlon 64 X2, Phenom X2 un
Phenom X4, a Taxxe a1 omHosaepHbeiX IITT Opteron n Socket
F+ mna npoueccopor Phenom FX, opHeHTHpOBaHHHIX Ha
4-npoueccopHeie mnargopmel AMD Quad FX, a takke msa
mHorosaaepHaex LIT Opterons, ¢ noagepxkoit HyperTransport
3.0 n ucnonp3zoBanneM 6ankos OI1 DDR2 DIMM,;

e 0o0paTHasdg COBMECTHMOCTE ¢ CHCTEMHBIMH ILIATAMH, YKOMILTCK-
TOBaHHBIMH pa3zbeMaMiu Socket AM2 u Socket F,

Hobaenrenue u pacuupenue nabopa KoMand:

e HOBBI¢ XOMAaHAK 00paboTKH OHTOBBIX CTPOX: NMOACYET BEMYILIHX
HyJieil ¥ OHTOB, YCTAHOBJIEHHBIX B ¢AMHUIY — LZCNT (Leading
Zero Count) u POPCNT (Population Count);

« HOBEI¢ KoMaHAM SSE (Haspann SSE4a). xoMOMHHpOBAHHOIO
MacKHpoBaHUA-CABHIa {EXTRQ/INSERTQ) M MOTOKOBO# 3aiTH-
cH aaHHbBX B OIT (MOVNTSD/MOVNTSS). DTH MHCTPYKUMHA OT-
cyTcTBYIOT B Intel-SSE4;

» ogmepxka SSE-omepanyii mo 3arpyske HEBHPABHEHHEBIX TaH-
HbIX B OIl (paHee TpeGoBanoch 16-6aliToBOE BLIDABHHBAHHE);
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« noGapieH 6nok ABM (Advanced bit manipulation}, npenqHasHa-
YEHHR ANd NOAAePXKH MPOrPAMMHBIX CPEICTB MYJIBTHMEANIi-
Holt oOpaboTkn (Hanpumep, Microsoft Visual Studio 2008, a
TaKKe YIydHIieHUs reHepaitun koaa Visual C+ — oM. puc. 1.10).

Ycoeepuiencmeosanue Koneeliepa ucnosrenun (cM.
TaKkKKe pHc. 3.34):

+ 6nokH onepaunit SSE wHa 128 paspsinos;

» Gonee «WHPOKWi» MHTEp(eiic ¢ xamem aanHbx LI (3amuch
128 61T 33 nKMKR, CpaBHUTENBHO ¢ 64 GHTaMH Ha HKA a1 K8);

+ MEHBIUHE 3aJICPXKH IS onepaluii LENOYHCICHHOTO JC/ICHHA,

+ 610K KOCBEHHOTO npeincKasaHud mepexomos (indirect branch
predictor) Ha 512 Bxonop, 60Jiee eMKHH ¢TeK BO3BpaToB (return
stack) W Oydep Touek mepexoma (branch target buffer), pasmep
YABOCH No cpaeHeHHIO ¢ K§;

» OTIMM3ATOpP PETHCTPOBOTO CTEKa, CBA3IAHHBIN C YBEIMIEHU-
eM/YMEHBIIEHNEM YKa3aTeNsl CTeKa,

¢ YCKOPEHHME HCTIONHEHHS WHCTPYKIWi CALL U RET-Imm @ TaK-
Xe KOMaHA nepechbUkH (MOV) n3 peractpos SIMD B POH.

Humeezpayua noevix mexnoaoeuii 6 xpucmaaa HIl:

¢ 4-AnepHEe npoueccopu (Quad-core);

« Dynamic Independent Core Engagement (DICE) wiu Enhanced
PowerNow! — pa3sgencHNC YNpaBIcHUA 3HEPronoTpeyicHHEM
mexay aapoM LI n konTpomnepom namstd (Northbridge), uro
MO3BOJACT UM YIIPABIATE MATAHAEM HE3aBHCHMO;

« Texuonorua CoolCore, mo3ponfiomiasg OTKMIOYAaTh MMTAHHE OT
He3arpyXkeHHHX ueneit sapa LTI

Yecosepuencmeoeanun 8 cucmemax namimie!

¢ YMEHBIICHNE 3aICPRCK MaMATH:

— yTeHHe KOMAHA M 3aIHCh JAHHBIX, CBA3aHHBIE C NEPECTAHOB-
KO#H KOMaHJ, BHITOAHAIOTCS paHee APYTHX aHANOTHYHEIX
OHEpalHi;

— Bonee aKTUBHAsA CTpPaTerda nmpeABLIGOpKN KoMaHa (BEGop 32
Gaitros BMecto 16 nma K8);

— "cnonb3oBaHue naMsati DRAM mna npeassi6opkn npu 6y-
¢epH30BaHHOM CUHTHIBAHNH;

— GydepnsopaHHan NakeTHas oOpaTHas 3anucs B OI1 11a cHR-
KCHHA BEPORTHOCTH KOH(PIHKTOB;

s H3MEHCHNE B MEpapXuH MaMaTH:

— npenpHbopKa KoMaHA HenocpeacTseHHo B K3 L1 (L2 mna
cemeiictra K8);
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— K3lI-TTaMATe L3 (4aCTHYHO accoMHATHBHAA, 32 BXOona, 00beM
He MeHee 2 MiB), pasmenaeman mexay sanpamu 1T (xaxnoe
n3 xoTopeix HMeeT 512 KiB skckmosnsHoro kawa L2), pa3-
MELICHHEIMY Ha OIHOM KPHCTAIIE,

— pacimpsieMas Kaul-namats L3 (Hanpumep, 6 MiB ana npo-
ueccopa Shanghai, TexHomorna 45 HM);

* YCOBEpHICHCTBOBAHHA B YNPARIEHHHN ANPECHEIM MPOCTPAHCTBOM:

— ZIBa HE3aBUCHMEIX 64-pa3pAIHBIX KOHTPOLIEPA TAMATH, KaX-
OB CO CBOMM (DHIHIECKHAM aAPECHMM MPOCTPAHCTBOM. DTO
COGMaeT BO3MOXHOCTD JYYLIETre MCIOIB30BAHHA NDOCTYITHOM
MPONYCKHOH CITOCOOHOCTH NmpH CAydaWHBIX 0OpalieHHax K
NaMATH, HHHEHHPYEMbiX MHOMONPOLECCHHIMH 3aJadaMM.
B K8 («interleaved» design) nBa xaHana KaHHBX ObUIH CBA3A-
HEHl ¢ ¢AMHCTBEHHBIM aJpeCHEIM MPOCTPaHCTBOM;

— 6ydep TLB (Tagged Lookaside Buffers) 6onniero pasmepa
(1 GiB) u HoBetit cTpannuneit TLB (128 sxogos, 2 MiB);

— azpecalids MAMATH B 48 pa3panos, UTO TEOPETHUYSCKHU 0bec-
MeYyHBaeT aoctyn K 256 TiB;

— 3gpKanupoBaHMe (mirroring) MamMsITH, yIy4qlUeHHasa anpeca-
oHa ctpok OIT (RASY);

— TexHosorus AMD-V (virtualization, unu BnoxeHHbIe TaONH-
LBl CTPAHMYMHOHK agpecallii), YTO CHHXACT BpeMA NEepeKIio-
yeHHs1 Ha 25 %.

Yecosepuencmeoeanus 6 unmepgeiicax:
« DOQAEPXKKA peXHMa MOBTOPHEIX nepecblTok B HyperTransport;
¢ gbecrieuecHue Ana HyperTransport 3.0 BOoCchbME CBSI3CH «TOY-

Ka—TOYKa» ENA KLKIOTO NPOLECCOPHOTO pa3beMa.

dpyzue ycoeepueHcmaoeanua:

+’ aBTOMATHYECKaA MOIY/IRLIHA YaCTOTH TAKTOBOTO FeHEpaTOpa;

& TOBHILEHWE CKBAXKHOCTH HMNYJIBCOB TAKTOBOTO TEHEPATOPa;

s MIOOIEPXKA COMpPOLECCOPOB Yepe3 passeMul HTX wid ceobon-

Hule raesaa LT mocpencreoM HHTepdetica HyperTransport.

Barcelona. B asrycre 2006 r. npyu 3amycke Socket F (u3Bect-
HOMO TaKk Xe, Kak Socket 1207) nns ABYXBAAEPHOTO MNpouLeccopa
Opteron AMD ofvaBHIa, YTO 3aKOHYERO NPOEKTHPOBAHHUE YETHI-
pexbsaepHoro npoiieccopa Ha ocHope Opteron. Hobbii 4-anepHbii
nponieccop (Quad-Core Opteron) eimywieH AMD B KoHue 2007 r. 1
ABIAEeTCA KOHKpeTHOH peanwsauyedr apxurektypsl K10. [eprona-
YAILHO CIPOSKTHPOBAH ANA CEPBEpOs H pabouMX CTAHLMN H AMeeT
KomoBoe Ha3paHHe «Barcelonas, B ocHoBe nexar mponeccoph
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L1-kmu Loy L1-kaau L1-xawm

L 2=k L 2-x310 L2-k3w L2-xa

Paapnensembiit kaw L3

HT HT
nopr Kommyrarop (x-bar) nopT
KoxTponnep namMami (MCH)
K apyrsm npoueccopam l, K nepudepuu

K onepaTWBHO# namaTi
@

Puc, 3.37. Yetnpexsvaaepune npoucccopsd AMD K10: ¢ — obummil BHI KprcTamia
Barcelona (65 HM); § — Shanghai (45 HM); & — Gnok-cxeMa Barcelona

Opteron 2348 u 2330 ¢ gacToramy sgpa B 1,9 u 2,0 [T, ¢ BoaMox-
HBIM JATbHEHIIIMM €€ TIOBBIeHHeM (pHc. 3.37).

Kax # AByxpamepHBI€ apXMTEKTYPH, 4-fOepHBIE HA HEKOTOPhIX
CJIOXKHBIX NPIIOKEHHAX (NapavICABHEIC ITPOLCCCH, HHTCHCHBHBIC BEI-
yucneHns ¢ 13, obpaborka/Koauposalte rpadUKe WIH BRISO, J-Mep-
HbIIl PEHICPVHT H Tip.) JEMOHCTPHDYIOT CYIISCTBEHHOS (MHOTOKpAT-
HOE) TOBHIHNCHHE TIPOM3BOAMTENIBHOCTH, B TO BpeMA Kak A Goree
APOCTBIX 3TO MOBHILIIEHHE HECYILECTBEHHO WIH BOOGILE OTCYTCTBYET.
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BrmoaHenHoe AMD TecTHpOBaHHe ITOKA3aJI0 MOBBINECHHE ObI-
CTpONEHCTBAA Ha 65—70 % cpaBHHTENBHO € ABYXBAOCPHBIMM IIPO-
neccopaMu Opteron (Santa Rosa, Opteron 2222 — 3,0 T'Tu).

B agpe AMD Barcelona cymecteeHHO ycwieH Onok SSE LT
Opteron, Y¥TO JaeT [0 Pa3THIHBIM METOIAM H3MEPeHHA Gollee yeM yia-
pocHue 3bdexTsHoCTH. Crenytoman Tabnuua (Tabn. 3.8) maer cpas-

HEHHEC XapaKTepPHCTHK Barcelona ¢ npeomecTBeHHHKaMH.

Tatiruya 3.8, Cpasuxremanie XapaxTrepucTaki LT Barcelona

XapaxTepucTwna Bones pannue LN Barcelona
finwxa obpabatbieaemnix cnos B SSE, Gut 64 128
CxopocTs BLIGOPKM KOMaH, GaRT/mkn 16 32
CxopoCTb K3lA JaHHLIX, GWT/LUMKN 2x 64 2x128
CrxopocTe 0fmana L2-x3auwa W KOHTPONNEpa na- 64 128
MATH, BAT/URKN
EMKOCTL NRAHHpOsIuKa N3 36 x 64-OuToBBIX 36 x 128-6GuToBpX

onepauwi onepauwi

IMpoueccopu Barcelona ncnonb3yloT TpH YPOBHS KIILI-NIAMSATH —
L1 u L2 (64 n 512 KGalT cOOTBETCTBEHHO BhIACICHH KaXIOMY 41Dy,
kaK 310 M G6put0 v IIIT Opterons m Athlon), Toraa xak L3-kam (ot
2 MOallT) COBMECTHO HCITONB3YETCA BCEMH SAPAMH.

IITT Barcelona 6yaer BeINyCKATECA 10 TexHolorHH AMD 65 HMm
SOl (xkpeMHM#i HA H3OJMATOpE), MOIBONMMIOILEH HCMOALIOBATH Gonee
HH3KHC HAMPSDKCHHE MHTAHMA M PacCEHBACMYI0 MOIUIHOCTD. [lepBrie
obGpasiu LT Barcelona morpeGidior okono 95 Br. 3aech ucnoansy-
erTcsl ymyullleHHas TexHonorua PowerNow! (mo3mosswolsas oTaeNb-
HbIM SApaM ONEPHPOBATE HA TOH TAKTOBOW 4YacToTe, KOTOpasd COOT-
BETCTBYET BBIMHCIMTENBEHON HArpy3Ke B JAHHBIH MOMEHT).

AMD npunaract GoabHIRE YCHITUSA TI0 00ecniedeHno o6paTHol co-
BMECTHMOCTH, ODecrieunBas BO3MOXHOCTh YCTAHOBKH HOBBIX MPOLIEC-
COpPOB Ha CYIIECTBYIOUIHE CHCTEMHHE TUIaThl ¢ MHTepdelicamu AM?2
(npn HecymecrpeHnoM obHoBAeHHH BIOS), xo1a TONbEKO HHTEpdRIHC
AM?2+ No3BOMAAET PACKPHITE BCE BO3MOXHOCTH HOBHIX TIPOLIECCOPOB.

Shanghai — cepBepHble TpoLeccopbl, 3amewiaonme Barce-
lona (pnc. 3.37, 6) v nopropsICILIME ee apxurekTypy. C nEpexomoM
Ha Texmpolecc 45 HM 30eCh OCYILECTRIACTCA HE TOJIBKO CHIDKCHHE
CTOMMOCTH TIPOH3BOICTB2 MHKDOUMIIOB, CHHMXEHHE HMX 3HEpromno-
TpebieHNA, HO TAKCKE H BO3MOXHOCTE NTOBRINCHHS paboyel YacToTH
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npoueccopon. IIpu omuHakowoll ¢ pemenrsaMu Barcelona paGoueii
yacToTe mpoueccopi Shanghai npeBocXomAT HX MO MPOHIBOANTEIB~
HOCTH B cpelHeM Ha 35 %, B B To Xe BpeMs norpebasior Ha 35 %
MEHBINE ICKTPOSHEPTHH. DTO JOCTUIACTCA KAK MNOBHILCHHEM O0Be-
Ma KIII-NIAMATH TPeTheTo YpOBHA ¢ 2 Ao 6 MB6aifr, TaKk U nosblie-
HHMEM YHCHA BBHINONHACMEIX 32 OOMH TaKT HHCTPYKIMIA
O0peM K3mi-mamaTH 1—2 ypOBHEH OCTaeTcs TAKHM Xe€, KaK B
Barcelona AMD (128 Koaitr L1 1 512 K6atit L2). KpomMe Toro, 3mech
peanu3oBaHa TexHomors AMD-V (noseiueHHas 3¢PeKTHBHOCTD
BHPTYAIM3ALINN) M MOAACPXHBAcTCA CHCTEMa ONCPATMBHON MaMATH
DDR2-800.
Pabouag wacrora LIT1 sapeHpyetcs B npegenax ot 2,3 mo 2,7 ITTu.
Yerpoiictpa nogxepxusaioT paseeM Socket F (1207) 1 uMeloT HHTer-
PHpPOBaHHH# KOHTPOJUTEp ONepaTHBHOHN maMaTH crangapta DDR2.
HAapo Deneb (Shanghai) npeacrasnger coboii 45HM mponeccop
noxoneHud K10.5. CocTouT M3 =758 MJIH TpaH3HCTOPOB H HMeEeT
naowans B 243 Mm? (mpotns 463 MIH H 283 MM’ COOTBETCTBEHHO ¥
65uM Barcelona 1 731 win u 246 mm? v Intel Nehalem).
OcHOBHAA ek — ITOBBIIIEHHUE YACTOT MPOLIECCOPHOH JHHEHKH
Phenom, cHikenne TDP, a Taicke ceGecTOMMOCTH HpPOH3BOACTBRA.
Tlepse npotieccopw Ha #Aape Deneb pwmmymeHs AMD 8 saBaps
2009 r. mon uMeHeM Phenom I1 X4 (monenu 920 u 940 Black Edition).
Propus. Ilpeactasiaser coboit anamor mpoueccopa Deneb, HO
6e3 Kkoma L3,
Kpome Toro, k apxarekrype K10.5 orHoCAaTCS Takke NMPoLeCcCoph:
¢ Thuban (TexuHonorusa 45 aM SOI), KoamIecTBO TPaH3NCTOPOB:
904 MJIH, IUTOINAME Mpoileccopa: 346 MM, IIECTh AXED;

s Zosma (45 uM SOI) — 4detnipe aAnpa (Thuban ¢ ApyMa oTKmMO-
YeHHHMH SApaMH);

» Heka (45 um SOI) — Tpu aapa (Deneb ¢ OIHAM OTKTIOYEHHEM
AAPOM);

s Callisto (45 am SOI) — npa anpa (Deneb ¢ mByMs OTKIO9EH-
HBIMH 2OpaMH}.

Phenom — npoueccopmt AMD mia nacronsamx ITK, ocho-
BaHHBIe Ha MHKpoapxuTekType K10. IlepBEIMH Ha PHIHKE IOABATCSA
yeTEIpeXpaaepHue npoueccopsl Agena FX u Agena. TIpolleccophl
Phenom FX B ncnonmHenuu Socket F+ npenHasnaveHw ans ycra-
HOBKHM B cHcTeMH Kiacca Quad FX ¢ aByMsa mpoueccopHBIMM pasbe-
MAMH,

YeTrpexnaacpubie mponeccopsl Phenom X4 obaagaoT cXoXHAMMN
¢ Phenom FX TexHWYecKHMMH XapaKTepHCTMKAMH; HaCcTOTHI JIeXaT B
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IuanasoHe 2,2—24 ITo, obeeM K3mia BTOPOrO YpOBHSA paBeH
4 x 512 KGaift, o0BeM K31Ia TPETHETO YPOBHA paseH 2 Moaiit, moru-
HOCTE — He Gonee 89 Bt. Bee yeTHpexpAacpHEIe nponeccopbl AMD
nokosenuss K10 6ynyr mmers dactory mmes HyperTransport 3.0
nopaaka 3,2—3,6 TTu. DTm Xe mpoueccopbl CMOTYT paboTaTh M B
Gonee CTapeIX MATEPHHCKHX IUIaTaX, IIPM 3TOM YacTOTAa IINHEI
HyperTransport Gymer moHmwkeHa no Bepcuit 1.0—2.0 (cM. Taba. 4.3).

Ilepexonsa Kk AByXpANepHHM mpoueccopaM Phenom X2 (Kuma),
C/IeOyeT OTMETHTH, YTO WX YACTOTHBIE XapPAKTEpUCTUKH 6yayT ro-
Pa3io BHILE COOTBETCTBYIOIMX XAPAKTEPHCTHK YETHIPEXbANCPHHIX.
B yactHocTH, 4acToThl siapa aocturHyr 2,8 [T, a yacrora MMHH
HyperTransport 3.0 — o 4,2 I'Tw.

Ha wactrotax 1o 2,6 I'Tn npoueccopm Phenom X2 coxpaHSIOT
sHepronoTpebaeHne He Gomee 65 Br, Ha yactote 2,8 I'Tu — mo 89 Br.
AMD mnanspyer BHIYCTHTE Hponeccopn Phenom X2 ¢ moHuKeH-
HbIM sHepronoTpebacHnemM (45 Br). YactoTal 6yxyT oXBaTHIBATL AKMA-
nmazoH 1,9—2.3 ITu, yacrora mmEn HyperTransport 3.0 — or 2,8
Jo 3,4 I'Tw.

Jina HHOKHEX HeHOBHIX AHanaioHoB AMD mpeacrapiser cemeil-
ctBo Athlon 64 X2, B KoTopoe BOiinyT 2-aaepHni¢ Rana, u Sempron
(onHOANEpHEIE Spica).

JeyxeanepHuie nmpoueccop Rana, B KOTOPHIX MO CPaBHEHMIO C
Kuma otrcyrcTByer Kalu-mamsite L3, cOXpaHSIOT TOProBYyi® MapKy
Athlon X2. Hanmume K31Ia TPEThETO YPOBHSA JAET NMpOLECCOpaM mpa-
BO HOCHTH HMs Phenom. ExmncreeHHEl Ifoka npeacTaBuTeNb SApa
Rana 6ymer paGortats Ha uactote 2,2 I'Tu, umerp 2 x 512 Koair
K3Illa BTOPOTO YpOBHs, 3HepromoTpednenne 65 Br. YacTora msHul
HyperTransport 3.0 cocrapaser 3,2 I'T'.

AMD Fusion — KogoBoe HaIBaHHE NPOCKTOB TIPOLECCOPOB Clie-
nywmero (nocae K10) moxomeHHs, MPOOYKT COTPYAHHUECTBA MEKIY
AMD u ATI, Hauaroro B 2006 1.

ApxutekTypa Fusion npeacrapaseT coboii rereporeHHH#H MHOIO-
AOCPHEIA MHKPOIPOLECCOpP, KOMOMHHPYIOIUMEA sApa OOLMMHLD Mpo-
ueccopoB (ueHTpansHbi mpoueccop — LTI, CPU) u rpadpmyeckoit
obpaboTku (rpadmuecknit mpoueccop — I'Tl, GPU).

Tepmun «Fusion» {OT ax24. — IUIaRIGHHE, CIIAR) OTPAaXaer TeH-
JEeHOHIO UKTETpaliny B nporeccopl AMD dyuriumii, paHee uenon-
HABLIMXCA APYTMMM MOAYMIMH uHncera (B apxurekrype K8 »ro
OHJIN KOHTpO/UIEp TAaMATH W mopTH/IHHKM HyperTransport, B
K10 — rpadwuyecknii npoueccop ¥ 1. 1.).
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INpoueccopst cepun Fusion 6yayr 6a3smpoBaTbcs HA HOBOH Mo-
AYABHOH METONOMOTHH YpOeKTHpOBaHuA, nMeHyeMol «M-SPACE»,
KOTOpAs TIPEAOCTABAET BO3MOXHOCTD TOCTPOSHHS PasTMYHEIX COUe-
TaHK NPOLECCOPHHX AACD B H3ACAUAX, HACTPAHBAEMBIX HA PasiiMM-
HEBIe TIPWIOXCHNA B paMKaX e¢IWHOil apxuTekTyphl. Ilpu >TOM, Ha-
npumMep, sapo I'TT Moxer OmTE nepepaboTaHo WIHM H3MEHEHO, Oe3
HeobxonMMocTH nepecTpoiiku saep LT

Bobcat — npoueccop apXHTEKTypH, NPOMEXYTOUHOH MEXIY
K10 un Fusion. Ipencrarmsaer coboli CyllIeCTBEHHO VIIPOIIEHHOE AAPO
x86, mo3pondiolIce OCYIIECTRAATE 00paGoOTKy nporpaMM Xx86 npu
sHepronoTpebaennn mexny 1 # 10 Br. Ipennonaraercsa, yto Bobcat
OyaeT Ncronb30BaThes B yeTpoitctBax UMPC, OLPC, KIIK w1 apyrux
ManoralapHTHBIX M3IETHX,

Bulldozer — kofgoBoe Ha3zBaHHe, JavHoe agpy LII1 apxurex-
Type! Fusion, onnpamLIeroca Ha METOOOJOTHH NPOSKTHPOBaHHA,
AAPO KOoToporo OyIerT HMeTh 2HeproeMkocts oT 10 mo 100 BT, Axpo
Bulldozer npenmonaraeTca YCTAHARMMBATE HA O01HEM YMIIE C OJHHM
uim Gonee aapaMu rpadndeckod 06paboTKi, MOAmepXUBAIOLHMNA
cranaaprel DirectX (npemmonaraerca, 4To 310 OyAyT NpoLecCOpPH
Radeon). Kpome 1010, IDIAHHPYETCE ApXUTEKTypa ¢ KOJOBLIM MMe-
HeM Sandtiger, npeaycMarpuBatoiias obseauHenne ot 8 40 16 anep
Bulldozer » npeagHasHaYeHHAs Ol CEPBEPOB H BHICOKOMPOU3BOIH-
teapHHX BoiducacHud (HPC applications). B aapax Bulldozer tax-
Xe¢ GygeT peanM3oBaHa cleayiollas HWrepanusa Streaming SIMD
Extensions (SSE), co 170 HOREIMM KOMaHIaMH, Ha3BaHHHIMH SSES.

Ilpeanonaraetca Tawke, uto sgpa Bulldozer B MHOrogmepHEIX
APXWTEKTYpax OYOYT HamelicHH CIOCOOHOCTAMH NMEPEKIIOYCHHA He-
3aHATHIX HCIONAHTCIBHHX DJICMEHTOB (apidpMeTHKO-IOTHICCKKE
ycrpoticTea, ALY u Gmoxu onepaunit ¢ f13, FPU) or ogHoro sapa x
JIPYTOMY 15 BHIPABHHBAHUS 3arpy3kKl 3JIEMEHTOB NPOLECCOpa.

fipogeccopo: IBM POWER u PowerPC

POWER (Performance Optimization With Enhanced RISC) — ce-
pHda MHKPOIIpOLieCCOpoB, noaaepxipaloimx RISC-cuctemy xoMana,
paspabGoraHHbiX B pupMe IBM. ITox Tem xe uMeHeM QHIYpHDYET ce-
Meiicteo 3BM Ha ocHobe RISC-apxurexTypHl. [Tpoueccops POWER
Henonbaylotes Xak 1111 Bo MHOTHX cepBepax mpousBoncTsa IBM, M-
HH-KOMIIBIOTEPAX, pabouHX cTaHIHAX U cyriepYBM (tabn. 3.9).
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Apxurextypa POWER (puc. 3.38) Bo MHOIHX OTHOIIEHWAX ITPE-
crapnaeT cobol TpagnuHoHHYI0 RISC-apxurekTypy. OHa coxpaHser
Haubonee BakmHble ocoOcHHOCTH RISC: PHKCHPOBAHHYIO HITHHY KO-
MaHJ, apXMTEKTYPY «PETHCTP—PETHCTP», NPOCTHIE CIOCODN aapeca-
IHA, GONbIIol pericTpoBRlit daitl, a TaKXKe TpexonepaHTHEIH dop-
Mar MHCTpyKuMili. OamHako POWER nMeeT H HEeCKONBKO JOTIONHH-
TeJBHREIX CBOMCTB, OTIMYAIOLIKX ec OF Apyrax RISC-apxurexTyp.

Erox COCTORHNS
POXOMOn KosmaHa FPL s FXU
(BPU) CocToRHke
Agpeca . Curopo-
| KoManges Bnok HVALMA Gnok
Anpeca | onapauuil c 93 onapaLwi ¢ NI
m":ﬂm Iannie {EXU) {FPU)
Anpeca Nivminie |r NarHes
1
Mprmoit
aocTyn Katu patiHbx
& NAMATH
(OMA)
Anpaca Naniue Anpaca Natsvie
Agpeca Komangst
OnaparmvaHan NAMATE

Prc. 3.38. OfoGweHHag cxema apxHTekTyp POWER H PowerPC

Ha6op xoMasga POWER M3HauansHO Gkl OCHOBaH Ha WIEE Cy-
nepcKkanspHoi 00paboTkn. KoMaHau pacipenesisioTcs o TpeM He3a-
BUCHMBIM HCIIONHHTENBHHM YCTpOHcTBaM (OMoxaM) — TepexomoB,
LeNOYHCASHHON H BewecTBeHHOM apidmeruku. dns coKpallleHHS
BPEMEH BHIONHEHNA ObUIH BBeAeHH KOMAHIOH FPYNTOBOrO (BEKTOp-
HOTO) YTCHMA H 3aMMCH BAHHEIX, KOTOpHE 0GeCneYHBATH MePeCEUIKY
COepXHUMOr0 HECKOJBKNX DETHCTPOB B MAMSATE (M 00paTHoO) ¢ MOMO-
B0 eANMHCTREHHON KOMaHABL. ApXuTeKTypa mnepexonos POWER
OGbUTa OPraHH30BaHA C YIETOM MX NPEIBAPHTEAHHOTO ITPOCMOTPA H Me-
TOOAKH CBPTHBAHHNA,

Ipoexr POWER BocXoOWT K IJaBHUIIHMM npoueccopamM IBM
801, xoTopHe BO BeeX yueGHMKAX NMPHBONATCA B KAYeCTBE NMpHMEpa
«ioUIMHROH RISC-apxateKTypH».

B 1974 r. IBM npucTyIIHIa K IpOEKTY, LENBI0 KOTOpOro ObUIO
CO3MATE KPYNHYIO TeNehOHHYIO CeTh ¢ HA(DPOBHM KOMITBIOTEPHEIM
yrIpawicHHEM, B KOTOpOH JHOMKHO oO0pabaTHIBATECA HE MeHee
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300 3BoHKOB B cekyHay. [To oIleHKAM CHEIHANMCTOB, IS NMOIHEPXK-
KA OTBETOB B pealbHOM MacIutabe BpeMeHH TpeOOBaiOCh OKQIIO
20 Teic. MAITMHHBIX KOMAaHA HA KaXAHIT 3BOHOK, BCIAECICTBHE 3TOTO
CKOpOCTh Ipolleccopa Io/DKHa Omna aoctwrate 12 Mips (MnH Ko-
MaHX B CeKYHAOY). DTH TpeSoBaHMA GHUIM 4Ype3BHYaliHO BBHICOKHMH
IUEA TeX BpeMeH, OAHaKo ORUIO ACHO, YTO 3AECh CASIOBANIO HCIQ/B30-
BaTh YNPOILEHHYK) KOHCTPYKLIMIO, ITOMAEPXKHBAIOLUIYIO TOJBKO ONepa-
AN BBOIA-BBHIBOAA, BETBIICHHA, CYMMHPOBAHHA «PETHCTP—PErHCIpY
H TIepechiIKY JaHHbBIX Mexay OI1 u perucrpaMi.

Xota B 1975 r. 3101 npoekT TenedoHHOL ceTH GBI 3aKpHIT, B pe-
3yApTaTe GBUIM pa3paboTaHel MHOToOOelalomue mpoleccopn 801,
DTH NpOHEeCCOPH AKTUBHO HCNOJIBIOBANNCE B TMPOIYKTAX (PUPMHE
IBM, omHaxo He OLUIM UIHPOKO H3BeCcTHEI A0 mogsieHusa [BM
PC/RT B cepemnHe 1980-x rT. (He MOKa3aBmeli, OOHAKO, BRICOKOMH
MIPOU3BOTHTEIIBHOCTH ).

OcHOBHBIMH HenoctatkaMn 801 grmsince:

¢ BCE KOMAaHIB! BRITIOJIHAINCE 33 OOMH TIPOLESCCOPHRIH MK, 3TO
HCKJIFOYAN0 pEMeHeHne oneparmii ¢ I13;

* XOTA JeKOACpP KOMaHA NMpeIyCMaTpPHBaN KOHBeHep, B ONHOIMK-
JioBoit apxMTeKTYpe HE VIABANOCH HOCTHIHYTH CYTIEPCKANAPHO-
ro addexra.

Ha cnenyiollieM 3Tarne pa3BHTHA 3THX IPOLECCOpPOB (<America»
Project, 1985—1986 rT.) IBM Hcrnonp30Baia HOBBIE anrOPUTMEI, 1I0-
3BOJIAICLINE OCYIIESCTRIATE 33 OOHH OHKIT YMHOXCHHE H JCICHHUE YK~
cen npoiinoi TouHOCTH. KpoMe Toro, 60k onepausii ¢ I13 puineneH
H3 gekogepa H OnokoB @3, H MOITOMY JEKONEP MOXET MepecHNaTs
V1A MCTIoHeHns XoManael Ha G6aokn I13 (FPU) u ®3 (ALU) omHo-
BpEMEHHO.

B paneHelileM 3feck MCMOAb3OBANCA KOMILIEKCHBIM Jexonmep
KOMaHJ, CIOCOOHBIN OAHOBPpEMEHHO OCYUISCTBASATh BRIGOPKY oaHOMN
KOMaHOH, AeKOTHPOBAHHE APYTOil H MEPeCHLUIKY ABYX KOMaHI B AJTY
# BII3 (uepTH cymepckamApHONO MPOLECCOpa, OOHOIC H3 MEpBEIX B
HCTOPHMH OTPACIIH).

ITpoueccop comepxan 32 x 32-OHMTOBMX LIENOYHUCICHHKX DETHCT-
poB H 32 x 64-6uTOBBIX perucTpoB uncen ¢ I13, Gnox o6paborku ne-
PEXONOB TAKKE BXJHOYAT pAN BHYTPSHHHX PECHCTPOB, B TOM YHCAE
CyAK.

Hpyroif MHTEpecHOU 9epToil apXHTeKTYpH OBUIAa BHPTYAllb-
Has aapecal s, orodpaxapaa Bee ajpeca B naMaTH Ha 52-6H-
TOBOE MpPOCTPaHCTBO. TeM CaMBIM TIPWIOKCHHA MOIHM COBMECTHO
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ACITONB30BaTh 32-OMTOBOE alIpecHOe TPOCTPAaHCTED, ¢ BHICICHHEM
KaOKIBM M3 HHX 32-GMTOBOTO GJI0KA MAaMSITH.

POWER u RS/6000. Ilepsriit xoMneiorep dupmel IBM, nc-
nons3opapnMit apxutekTypy POWER, 6611 BHDyIIeH B 1990 1. Ap-
XHTRKTYpa moaydnna HamMcHopaHHe <«RISC System/6000» win
RS/6000. RS/6000 pxmouany ABa THNA MalMH: paGouMe CTAHIIHH
(POWERSstation) # ceppepui (POWERserver). Ilpoueccop RS/6000,
Ha3epaBmwiica RIOS (moamree — RIOS 1 wim POWERI), cocrosin
H3 11 unnos — 6nok onepammit ¢ ®©3, Gmok II3, K3 KoMaH#,
4 k310a NAHHKIX, KOHTPOANED aMsTy, 2 0710Ka BBOAA-BRIBOAA H TAK-
TOBBIH T¢HEPATOP.

Peannaaumss RIOS Ha omHoM gume, RSC (mma «RISC Single
Chip»), 6rna paspabotaHa nis nemebbix Monenei RS/6000, meppme
BBM Ha 6aze RSC 6pu1H BrimyiteHs B 1992 r.

POWER2 (paappmne RIOS/POWERI) 0w BHIYILEH B
1993 r., ¥ OCHOBHEIM HOBILECTBOM OLLIC BKIIOUEHHE MONCIHHTE/Ib-
Horo k3ma Ha 256 KiB, 6noxoe onepaumit ¢ I13 (128-paapanHas
apupmerura) u 3. Kpome Toro, 6611 gobabneH psag HOBbIX KOMAHI:

e 3arpy3Ka 4-CIOBHRIX omnepaHIoB. IIpM 3TOM IBa psAmoOM pacmo-

JIOXCHHHMX YHCHMA JBOWHOH TOYHOCTH 3aIpyXalwTcsa B IBa
CMEXHRIX perucTpa omnepariuii ¢ I13;

s anmaparypHas pealiM3alHA HINICYCHHS KBAIPATHOTO KOPHS;

« mipecbpa3zoBanmna yncen 13 B popmar P3.

B 1996 r. Guuta BrInyiieHa peadusanma POWER2 na omnom
yumnie — P25C («POWER2 Super Chip»).

POWER?3 6un somyimeH B 1998 r. 3nech Obll peanH3oBaH
64-paspanHeiit Habop koMann POWER, BKiIouan aibTepHATHUBHBIE
HHCTPYKLIMIH HabGopa KoMaHA (OvieiiMe B To Bpems). LII1 Bkaroyan
takke 2 6mokKa I13, 3 Gnoka @3, 2 nekolepa KoMaHa W 2 GJA0Ka 3a-
MHCH-BLIGOPKH JaHHBIX. Bee nocnenyiomue LIIT POWER peanusyior
TIOJTHHE Habopsl 64-paspsaausix koMaHa PowerPC u POWER.

POWER3 u nocnenyioinue npoueccoprl cepai POWER peannzy-
10T 64-pa3panuyio apxutekTypy PowerPC. POWERS3 ¥ BhIlIIE HE MOI-
JepXUBaIoT Kakue-nuoo crapuie koMaHan POWER, koropeie 66imn
yOaJneHbl H3 Habopa KoMaHI, Korma 6ui1 BumyileH PowerPC wnm Ka-
Ke-a16o u3 paciipeHuss POWER2, HanpuMep 1fq WK stfq.

P O W E R 4. IBM npencrasuna npoueccop POWER4 (niepBslit H3
GIGA-Series) B 2001 r. 3ro 6su1 nonnocTeio 64-paspaausiii HIT,
nmoaaepXuBawOLInii Bce 64-6MTOBHE KoMaHOBI PowerPC, a Taxoke
AS/400-pacunpenne, 1 MCIONBL3OBABLIMIICH KaK B cucTemMax RS/6000
TaKk u B AS/400, 3amenas npoueccopsl POWER3 u RS64. boin paspa-
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GoTaH Takke HOBHIH Habop KOMaH, IOMYTNBINNI HapaHNe PowerPC
2.00 ISA, B KoTopoM GHEUIO AOGARICHO HECKOJIbKO HOBEIX HHCTPYK-
muit. Konmgectso KoMaug B PowerPC 2.00 ISA npeseimmano 100, npu-
JeM MHOTHE MX HHX ABLAIHCH MOIMGHKALIHAMH APYT OpYTa.

POWER4 yHHKANCH yX¢ TeM, UTO B HeM JaXe OOMH KPHCTALT
NpeACTARNsAeT COOCH MYNLTHIPOIIECCODHYID CHCTEMY — B OINHOM
KOpIyce COIepXUTCA Iea 64-paspAagHBiX MHKpOINpoOLIeccopa. ApXH-
TekTYpy KkpHcTatia POWER4 oriHuaeT HecKolBKO COBpeMeHHBIX
PelICHA — CynepCKaApHasA CTPYKTYpa, BHEOUEPEIHOEC HCIIOJTHEHHE
KOMaHZ, Gomplad KAUI-TIAMATE Ha KPHCTAIE, CIeLHAMH3HpPOBaH-
HBI OPT A1 OCHOBHOM MAaMATH, a TaKXe BHICOKOCKOPOCTHHIE JTHH-
KM I OOBbEAMHEHHR MHKPOIPOLICCCOPOB B CHCTEMEI ¢ apXHTCKTY-
poilt pacnpenemeHHON paznenseMol naMaTH.

Kaxmuit mponeccop POWER4 mMeeT nBa KOHBeHepHEIX Oyoka
i paGoTHl ¢ 64-pa3psITHEIMH oIepaHIaMH ¢ IUIaBalolleil TOYKOi,
BHIOHPAIOIHX HA MCTIOMHEHHE 110 MATL KOMAHA, KX AR, U xBa O6noka
Juis paGoTel ¢ MaMATEo, TIpONecCOpH COTEPXAT Pa3NeNbHYIO K3III-T1a-
MATH KOMaHI H JAHHHX 1-T0o YpoBH:A obneMoM 110 64 KGaiiT Kaxkmas.
Kpome Toro, nMeeTcy pasmensemMas (00Ias) KII-TTAMATE 2-TO YPOB-
HS Ha Kpucraivie (00peMoM 1,4 MOaiiT) H BHEIIHSA KI-TIaMATh 3-TD
ypoBHA (32 MGaiir). CoBMecTHEIN JOCTYIT K BHelUHei Kan-maMaTH
poimonHAeTe no TexHosorin DSI (Distributed Switch Interconnect).
Jna cosmaHMsa MYNETHIIPOLICCCOPHBIX KOHGHrypaumit HMeIoTca Ccrie-
HHANbHbIC JIMHKY ¢ BBICOKOMN NMPOMYyCKHOM cnmocoGHocTe0. Hapsany ¢
Napa/UIeIH3MOM Ha YPOBHE KOMAaHI NPOLECCOP HCIOMb3YET MapaUic-
IH3M HA YPOBHE MOTOKOB (HUTeil, thread).

POWER4 uzrorasmueanca no texHonornn 0,18 Mxm SOI ¢ He-
CKOJNIBKMMH CJIOAMH MEHNHON META/UTM3AaLHH Ha KPHCTa/Ule IUIOLIA-
abio okono 400 mm’. Basosoe HanpaxeHne nutanuas POWER4 pas-
Hanochk 1,5 B. Takropas yacToTa KpHucTalia, cogepXailero 174 MaH
TpaH3ucTopoB, Morma coctaenaTes 1,1 wm 1,3 TTu. Takue mapamet-
PH obecnieunBan TexHonoTHYecKHi mpoucce CMOS-852, mpencras-
muommid  cofolt  ganbHeillltee pa3BUTHe HM3BECTHOTO Mpollecca
CMO5-38.

OnHolt U3 OTMIMHTENBHEIX ocoGeHHOcTelt POWER4 cramo Hann-
YHe K3I-MAMATH 2-TO YPOBHSI, pa3genaeMON ABYMS MPOLECCOPAMH
KpHCTa/UTa, 4 TAKKE BHCIMHHMH TIPOLECCOpaMH IPYTHX KPHCTAUIOB
yepea HHTepdeiical (MMHEKA) mo 128 GuT, paGoTaomme HA TAXTOBOM
yacTore Gomee 500 MI'm, yro ofecrmevnBaeT MPOMYCKHYIR CHOCO0-
HocTh cBEre 10 Foaiit/c. Tlpn oOreAMHEHHH YeTHpeX KPUCTAIUIOB U
HX CICHHANBHOM pa3MEIICHHH IIPOBODHMKHM JIMHKOB MOTYT GHTb
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JOCTATOYHO KOPOTKHMH H NPAMEMHE, 4T0 BaXHO IpH paboTe HAa BH-
COKMX TAKTOBEIX YacTOTAaX.

dn3ryecKn K3UI-NaMAaThb 2-1o ypoBHA 0GbeMoM okoo 1,4 M6ar
COCTOMT M3 HECKOJBKHX OXMHAKOBBIX OJI0KOB, JOCTYI K KOTOPHIM BH-
MOHAETCS Yepe3 KOMMYTATOP C NPOITYCKHO# CIIOCOGHOCTEIO Ha YPOB-
He 100 I'6afit/c. TTpoTOKON KOTepeHTHOCTH 00ECTIeYHBAET pasMelle-
HMe JAHHBIX, TIOCTYNMBINHX 1O NMHKAM, B TOM G/IOKe K3LI-TIAMSTH,
KOTOPBIH MTOCTEAHMM HCIIONB30BANCH U pa3MelieHus JaHHX. [Topr
kpHuctamia POWER4, npeanazHadeHHBIN 118 NOAKTIONEHHA K3II-TIa-
MATH 3-10 YpOBHA 00BeMoM A0 32 MGaiit, HMeeT mupuny 128 pasps-
OB IJISL KaXA0ro H3 ABYX HaIlpaRICHHI NMepecEIKY JAaHHHX, obectie-
YHBasg MPOIYCKHYIO cIocobHOCTE Ha yposHe 13—14 Idatit/c. Cko-
POCTE MNEpelavyH JaHHEIX MeXIy K3IU-NIAMATBIO 3-T0 YPOBHA H
OCHOBHOH MaMATHI0 MoXeT HocTHrats 12,8 I'baitr/c. Kaxapili capoen-
Hblii npoueccop POWER4 ynakopaH B KepaMu4ecKMid MyMbTHIPO-
HeccopHRIi Monynb (pasMepoM 4.5 x 4,5 moiliMa), HanmonoGHe u3obpa-
XeHHOro Ha puc. 3.39, a.

e 6

Pue, 3.39, Kepamuyeckuit Mmogyne POWERS MCM ¢ 4eThipbMe NpoleccopaMH H e~
THIpLMA MoayasMe L3-x3ma no 36 M6aitt {a); PowerPC 970FX (6)

POWERS 6mn seinyiued B 2004 1., 8 Hero A0GaBRIeH pal, HO-
BBIX KOMaHJ, ¢ YYeTOM KOTOPHIX MOMydeH HOBBIH HaGop KOoMaHI
PowerPC 2.02 1SA. JpyrHe OCHOBHBIE OTIHYHA;

+ ORYXBAOEPHBIH Mpoileccop, KOTOPBIH MONACPXHBACT MHOMOIIO-

TouHylo (multithreading) obpabGorky paHHBX (2 moToKa), Tak
YTO OH BOIJIONIAET B cede 4 NOrnIeckux (¢ TOUKM 3peHHs One-
PALMOHHBIX CHCTEM) TIpOLIECCopa;

« yactoTa Gomee 1,9 I'T;

+ KOHTPOJUIED NMAMATH Ha MHIIE;

o GOnpimit 06beM Kaia 1.2,

« YAYYIIEHHOE YTIPaRJiecHNe 3HepronorpelJieHHEM;
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= Textonorud Hypervisor (virtualization technology) m eFuse
(hardware re-routing around faults),

POWERS — 310 neBaToe noxonewme 64-paspsaxoil RISC-apxu-
rekTyps IBM. H xora B Heil HCMOAB30BAHE MHOTHE pellieHHA, MO~
spupninecs eme B POWER4, pa3paCoTyMku HOBOTO mNpoileccopa
TIOMYEPKMBAIOT, ¥TO €T0 HEAB3A PACCMATPHBATh KAK BCETO JIHIIE MO-
IHGUKALMIO NpemEecTBeHHUKA. Jelo B TOM, YT0 3HAYHTENILHO HiMe-
HWIACh KOHCTPYKIIHA CAaMOr0 KPHCTAUIA, WO MO3BOJIMIO CO3MABATH
Gonee acddexTHBHEIE CyTIepcKamapHble KoMILIekcH. B POWERS pea-
JAU30BaHa ONHOBPEMEHHAaA MHOFOTIOTOYHOCTD, IPH XKOTOPOH npolec-
COPHOC SIIPO MOXET 3alpOrpaMMHPOBATh IOPALCK MNApaJUIC/RHOTO
BHITIOJTHEHHS. KOMaHI i3 HECKOABKHX IOTOKOB.

TexHonorny BApPTYATH3IALMH TIPEAYCMATPHBAKOT CO3JAHHE JIOTH-
yeckHX pasaenos (logical partitioning) H BLHAeACHHE MHKPOpa3esioB
(Micro-Partitioning)., JUiss kaxgoro LT Moryr OnITE CO3MAHBI AO
10 nornueckmx paanenos (LPAR — logical partition), H B pe3ynsTaTe
HauboNee KPyNHBIE CHCTEMBI MOTYT NONIEPXHBATE 00 256 xonuil
He3aBHCHMO BHNoOMHmMHEKXCA OC., OnepatmBHas MaMATh, MOII-
nocth IIT 1 cpeacTea BBOJZA-BEIBOJA MOTYT JHHAMHYECKM Iepepac-
NPEOCIATECA MEXIY Pa3meIaMm,

C HCIOAB30BAHHEM BHPTYANBHOW BEKTODHOH apXMTEXTYDH
(Virtual Vector Architecture — ViVA) Heckonsko IIIT POWERS mo-
TYT COBMECTHO HEHCTROBATh KAK ONHH BEKTOPHHIA NPOLECCop.

Ha kpucranne POWERS peanuioBaHo 276 MIIH TPaH3IMCTOPOB,
KOTOpHC 3aHUMAIOT IIolanb 389 Mm>. M3roTomraseTcs o TeXHONO-
rui 0,13 MKM ¢ NpHMEHeHHEM MEIHHX MPOBOOHHKOB H <«KpeM-
HH#-Ha-usonsarope» (SOI), yro nosponsger JocTHys Gonbieii mpons-
BOIOHTEIBLHOCTH M CHH3HTL SHEPronoTpedacHHe.

Jdna cpapHeHEdA: ¥ Kpuctansa POWER4, usrotopnaBimierocs mo
texHomoruu 0,18 MM, mroniaas pasHa 414 Mm%, a vy ero MonudHKa-
uuH POWER4, uimyiieHHOE B KoHIIe 2002 r., oHa yMEeHBIIHIACH BO
267 MM’ Gnaronaps nepexony Ha TexHonoruo 0,13 mMxm. Ha kpucran-
e POWERS pasMeulcHB Opa OZHHAKOBHIX NPOLECCOPHBIX AApa H
obimasg Kam-naMsTh 2-1o ypoHs (L2) obvemom 1,875 MGaiit, BHI-
TIONIHEHHAA B BUAC TPeX OTACHBHBIX OJ0KOB, ¥ KaXJ0ro M3 KOTOPBIX
uMeeTca cBOl OTAENBHBIN KOHTpomiep (o POWER4 of6nem
KIII-NaMAaTH 2-ro YpOBHSA coctasns 1,5 M6Gaiir). Ousnmzecxmii agpec
JAHHBIX ONPEICNACT, B KaKOM OJI0Ke KIII-NIAMATH 2-TO YPOEHA Haxo0-
marca gaHHeie. Kaxnoe 13 npoileccopHeIX AAep MOXeT He3aBHCHMO
ofpalatecss K AO0OMY H3 TpeX KOHTPONUICPOB KIUI-MAMATH 2-TO
yposHs. Taxkropas yactora POWERS coctasaser or 1,5 po 1,9 TTu.
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OnHe U3 I7IaBHBIX HOBIIECTB B KOHCTPYKIIMH KPHCTajUIa MO CpaB-
HeHIto ¢ POWER4 — 310 HHTErpUpOBAHHAS KMH-TIAMATE 3-TO YPOB-
HR obbemoM 36 M6aiiT. CTOMT OTMETHTB, 9TO B MpPEMbIAYILEM NMOKO-
JIEHHHM TIpolieccopa KoIU-TaMATh Ha 32 MOaiiT pacronaraiachk BHe
Kpucranna. braromaps nepenocy L3 6nmxe K npOUecCOPHOMY SUADY
IIPH OTCYTCTBHH HYXHBIX JAHHEIX B K3ILU-TIAMATH 2-T0 YPOBHA HpO-
1eccopy HAMHOIO peXe MPHAETCH oOpalaThc 33 NPEeaenbl KpHCTAI-
J1a, 3a c4aet 4ero B SMP-cHcTeMe CHIDKAeTCA HHTCHCHBHOCTh 0OMEHa
JAHHBIMH MEXIY KpHCTa/IRaMH. B pesyabtare, ecu cucreMbl Ha Gase
POWER4 ne Moy MacluTabHpoBaTRCH 0 YMCHIA TIPOLECCOPOB CBBI-
ure 32 (3To NpHBOIWIOC K PE3KOMY YBSIHYCHHIO 3aepKeK H3-3a YBe-
NMyeHUs MeXnpoleccopHoro Tpaduika), To POWERS olecrieuuBaer
TIOCTpoeHHe 04-NpoueccopHHX KoH$pHrypaunit. KpoMe Toro, mepe-
xon Ha TexHojoruw 0,13 MkM nmoapommn koHctpykKropaM POWERS
MHTCTPHPOBATE B HETC TAKKE KOHTPOJUICP TAMSATH, YTO BOTIONTHM-
TEABHO COKPATIANO NATEHTHOCTE CUHTRIBAHNA JAHHHX M3 MaMATH.

Crpyxtypa koHpeliepa xoMann POWERS octanack NMOTHOCTHIO
UAeHTHYHOM TO#, Yro npuMmensiniack B POWER4, npiyeM He H3Me-
HHJIRCH H BEJIMYWHEI 33EPXKEK.

Yetnipe kpuctaia POWERS (BoceMb IIpOIECCOpPHEBIX #AEp)
BMECTE C YeTHPbMS KPHCTAANAMM KAL-TIAMSITU 3-10 YPOBHA YHAKO-
BEIBAIOTCS B MHOTOKpHCTATbHEL Momyns MCM (MultiChip Module)
pa3MepoM 95 x 95 MM {(cM. puc. 3.39, @), KOTOpHH B HTOTe OOBEOH-
HAET BoceMb MpoLieccopoB. MoXeT HCIIONIB30BATHCH TAKKE JIBYXKDH-
craneHHI Monyne Double chip Module (DCM),

MHorocnoiiueiii Kepamaueckuit xopnyc MCM comepx#uT Maru-
CTPAIH, COCTHHAIOIIME MUKPOCXEMEI MeXay coboif, a Takke ¢ MOIY-
MY K3-AAMATH W BRICOKOCKOPOCTHRM KOMMYTATOPOM AN CBA3H
¢ YIAIeHHBEIMH Iponieccopami. Yetsipe MukpocxemMsl POWERS, o6-
PA3YIOIIHE BOCEMHIIPOICCCOPHYID KOHGHTYPAHIO, PACHOIONKEHEl B
MCM nopn yonoM 90° Apyr OTHOCHTENBHO APYTa, YTO MO3BOIAET MH-
HMMHIMPOBATE IJIMHY IMHH PaclidpeHMs, COSAHHAIOMMX MHKPOCXe-
Mbl. [IIHAB pacliMpeHHs CBA3BIBAIOT MeXOy co0o W MOmyIH
MCM. B oTHX iIMHAX HUCTIONB3YETCH CeNHANbHAN TEXHOMNOTHS BOM-
HOBOH KoHBeliepu3amH (wave pipelining), obecneynpaioinas o4eHb
HU3KME BeJMYMHEI 3amepwkexk. [IponmyckHas cnocoOHOCTh Kaxgoit
wuHel npepocxoauT 8 I'Gadt/c, 1 coorBeTcTBeHHO MCM C YeTHpL-
MA WHHAMH pacllMpeHHA, BeAVINHMH K IpyriM MCM, G6ymer nMeTs
CYMMAPHYIO NPONYCKHYIO cnocobHocts caplule 32 IGaiit/c. Taxyio
MPOIYCKHYIO cnocoGHocTE oOMeHoB Mexay MCM Gymer nmeth
32-npoueccopHas SMP-koHdHrypaua U3 Yetkipex momyneit MCM.
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IlIMHEI paclINpeHMsi, KpoMe cOGCTBEHHO MEXMOIYILHBIX IHHH,
BKJIIOYAIOT BBIUENeHHBIE LUHMHE! 1A OPraHM3aliH BBOAA-BEIBOAA M
cosgaHa NUMA-xondHTypanmit.

s obpenuHeHHA HeckoMbknXx MCM nenosnpsyercd cMellaHHas
HHpacTpyKTypa H3 IUIHH M paclpeleieHHOTO KOMMYTATOpa — Kaxk-
OB MOAYMb UMEET 4YETHIPE JIOTHYECKWE UIMHBI, TIO3BOJSIOLIKE TO-
CTPOHTE KOJBIO H3 4YeThipex MCM. Coeannsiomias MCM pocbMH-
OaliToBas mMMHa paGoTaeT Ha MOJNOBHHE TAKTOBOMH YACTOTHI IpoLiec-
copa H o0ecneyHpaeT MPONMYCKHYIO cmocobHocTh 4 Iait/c. dna
COSIWHCHHA LIHH MpHMEHAETCS YCOBEpIICHCTBOBAHHAS BepCHA pac-
TIpEeNneHHONO KOMMYTaTopa, paspaborandoro i POWER4, Yucio
IIMH YBeAHYWIOCh, YTO TMOBRICWIO CYMMApHYIO [POMYCKHYIO CIIO-
COBHOCTh Mo cpaBHeHnO ¢ POWERA4.,

IIpH HeoOXOOHMOCTH -Mapa ‘dHep MOXeT OBITE OTKIIOYEHA, Tak
YTO OCTABIIHECH OYAYT COBMECTHO HMCITONB30BATE BOZMOXHOCTH CHC-
TeMHOH IMHB M KomI-mamMAatH L3.

POWERG6 oovarneH 21 Maa 2007 r. 310 OBYXbANEPHBIA YHII,
pabortamownit Ha Yactore 4,7 I'TH M H3TOTOBNCHHBH MO TEXHOJOTHH
65 HM. 3aech HCTIIOAB3YeTCH GoJiee COBEPNICHHAA TEXHOIOTHA MEXbA-
AepHOI KOMMYHHKALKH H, KpOME TOr0, SHEPronoTpedicHUE HE Mpe-
BhIILIAET Mokasarefieid POWERS 1pu IsykpaTHOM FOBBIHEHNH TIPO-
H3BOONTENEHOCTH. B mpoueccopax AobamieHH BO3MOXHOCTH VMX,
a TAKKEe HCIIONB3YETCA HOoBOE moKoneHue ViVA (ViVA-2).

P O W E R 7 pa3pabaTeipaeTcs B HacTodAllee bpemsa IBM u sapma-
ercd nepseiM M3 Peta-Series. TIpeamonaraercd, 4rto OH OyaeT BHINY-
meH oxono 2010 r., Ho yxe peiGpaH DARPA Kak BO3MOXHBIA nmpo-
ueccop LA npoekta Peta-Flop SuperComputer (cynepxoMneiorep Ha
1000 I'bnonc).

PowerPC. B 1991 1. IBM npmuna K BHBOLY, 4TO HEOOXOZHMO
pacuipuTh peIHOK 1A POWER nyreM pa3BuTHA M MOTHPHKAIIHU
apXuTeKTYpH TIponeccopon. C 3TOH 1ENBI0 OHA TIPUNTacHNa K co-
TPYIRNYECTBY Apple 114 pazpaboTKN ceMecTBa MUKPOTIPOLIECCOPOB
POWER-apxirrexTypsl Ha ogHoM 4yHme. Apple, B cBoK ouepens, ob-
patnnack K Motorola (kak K cBoeMy HaBHeMy nocTaBmmky LII) ¢
MpeLIOXEeHUEM MPHCOSOTUHHTECH K ANBRKHCY, KOTOPHIA B JaIbHEA-
IeM momydrn HazpaHHe «AIM alliance» (ot Apple, IBM, Motorola).

601. B pesynerate K 1993 r. Omuta pa3zpaGoTaHa apXHTEKTypa
PowerPC, suagousMenenme POWER (nepBHii 4HIF HasHBancH
PowerPC 601 u 6asupoBancg Ha RSC). YcipoiictBo uMeno 32-pas-

BHYTPECHHIOW CTPYKTYPY H Pa3Melianoch Ha KPHCTAIUIE IJIO-
Wanpio 121 MM, oblitee KOJNMYECTBO TPAH3UCTOPOB B HEM COCTARNIA-
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o A8 MnH. BBUIM BHINYLUIEHBI MOJENH C TAKTOBBIMH gactoraMmu 50,
66, 80 MrI'u.

Thn HCIOMIHHUTEIBHEIX YCTpolicTBa (cM. puc. 3.36) pabotamm na-
PAVIENBHO M B 3HAYHTENLHON CTeneHH HesapMcuMo. Bnaromapsa cy-
MEPCKATIAAPHON apXUTEKTYPe 33 OAWH TaKT MOINO OJHOBPEMEHHO BBI-
MIOHATBCA A0 Tpex KoMaHa. Ilpoueccop onepupopan ¢ 8-, 16-,
32-pa3spsaIHEIMM LETHIMH, 2 TAKKE ¢ 32- W 64-pa3pAaHEIMM YHCAAMH
¢ IVIaBawilel 3anaroii. Ha xpHCTawe Takke paclofaraiick pas-
IeNbHas K3LI-[MaMAaTh KOMaHA B JaHHBIX o6beMoM 32 KGatit (16+16)
M YCTPOWCTBO yripaBncHHs maMsTeio. TMpoueccop wmMen 64-paspsan-
HYIO IUMHY BAHHBIX M 32-pa3pAnHyio INHHY anpecos.

603 (1994 r.). CrpykTypa 3TOro Ipolieccopa KONHpOBana
ctpykTypy PowerPC 601, HOo oH OBUT pa3sMeltteH Ha KpUCTALIE IUIO-
mwameio 85,1 MM? #, 6YIYYH M3rOTOBNEH MO TEXHONOTHH 0,5 MKM, cO-
gepxan 1,6 maH tpaHsucTopoB. [TotpebngeMas MOUIHOCTE MPOIEC-
copa, paGorastiero Ha yactore 80 MI'u, He npepbiiana 2,5 Br. an-
HOE YCTpOHCTBO BO MHOTOM OBUTC ynpollleHHOH BepcHelt cBOEro
npemuecTeHHMKa. OHO BHINOJIHUIO He OoJsee ABYX KOMaHA 3a TAKT,
a pasmep K3w-maMatd Geun yMeHbiieH Ao 8 Koasit (4+4).

B 1995 r. OpU1a BHINTYILIEHA V/IYYIICHHASA BEPCUA 3TOTO MPOLIECCO-
pa nox Mapko# PowerPC 603e. Ilpotieccop, NpOM3BOAMMbIN IO TEX-
Homorud HOpM 0,5 MKM, pasMellancid Ha KpHCTAie TIOINAALIO
98 MM’ M comepxan 2,8 MIH TpaH3HCTOpoB. [TepBOHAYANLHO OH BHI-
OycKaIcA ¢ TakroBeIMH dactoramu 80 u 100 MI'u. Ha wacrore
100 MI'n od norpebasin mpuMepHo 3,2 BT, JlaHHbe KpHCTaAnW Ha-
LU IHHPOKOE TNPHMEHEHHE B KaYeCTBE BCTPaMBaeMEIX MUKpPONpo-
meccopoB. Mx TakToBREe YacToThl coctasnanu 100, 166 1 200 MI'u.

Eile omH#M HOBLIECTBOM B 2TOM NPOLECCOpPE CTAIO IOABACHUE
TpexX HeprocGeperaoiiy PeXHMOB, a TAKKE YCTPOHCTBa AMHAMHYE-
CKOIO ynpaBieHHs 3HepronorpeGieHueM. IIpu wu3rotoBnennn no
TexHOMOrMM (1,35 MKM FUIOIIANS KPHCTA/UTA YMEHBIIACTCS A0 79 MM,

602, Onnospemenno ¢ PowerPC 603e G poimymieH LI anrsa
[IOPTATHBHbIX KOMMBIOTEPOB — PowerPC 602, O 6bUT BEINONMHEH MO
TexHonornM 0,5 MKM M Ha KpHcTallie IUIowmansio 50 Mm® 6EU10 pac-
nonoxeHo Ko 1 muH TpaH3ucropoB. HIuHeL anpeca M JaHHBIX YCT-
poiCTBa ObLTH MYJNBTHILIEKCHPOBAaHH (CHa%ala NpOoUeccop BHIBOIWI
Ha MIMHY afpec H CNeHHATBHBIM CHIHAIOM HH$OopMHpORan 00 3TOM
BCe YCTpoSicTBa, a 3aTeM M0 ToH Xe IIMHE nepeaasan maHHsie). Jo-
CTYII K MMAMATH OPTaHH30BAH B MAKETHOM peXmume, YTo JefaeT CHU-
XeHHE [TPOH3BOIHTEIFHOCTH APOLIECCOpPA HE CTOMbL OLIYTHMEBIM.
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K tpeM HCcnonHMTEALHEM yCTpoilcTBaMm goGaBiacH G/IOK BHiYMC-
neHus anpeca (BBA, AGU — Address Generation Unit) moctyna K
naMaTH. TeM He MeHee apXHUTEKTypa nhpoleccopa Oblla yimpollcHa
no cpasHeHHIo ¢ PowerPC 603. Tak, ycrpoiicteo ns onepatmii pe-
IIECTBEHHON apHMeTHKH Moo oOpabaTeiBaTh TONLKO 32-paspsn-
HEle YHcaa (paHee — 64-paspsaaHiic). KommiecTso BHITOMHACMEIX 33
OOMH TAaKT ONepalHii COKpPaTWIOCh A0 OXHOM, YTO YMEHBIIACT pas-
Mep G10Ka BeKONHPOBAHHA H YNIPOLIAET CXCMY MpeAcKalaHWA Tepe-
xono8. KpoMe t1ot0, ORUIM MCKAIOUEHBI COXHble TpadudecKde H
CTPOKOBBIE OIepalii, O;aromapsa 9eMy yupomaerca bBA. Onepanvun
MepechUIKH GBUIM ONITHMM3HPOBAHE 1A BEITIOJIHEHHA 34 OOWH TaKT.
O0peMBl K3W-MAMATH KOMAHA H A3HHEIX COCTAB/BIIM TEMEph Mo
2 Kéaiir (srmocnencteun 4 Ko6aiT) kaxmerii. [Iponeccop Obin cHab-
XeH GEICTPBIM MEXaHH3MOM 3A41HHTHE TIAMSTH M MMEN T¢ XK€ PEXUMBI
aHeprocOepexeHns, yT0 H PowerPC 603.

603ev (1996 r.) — npoueccop ¢ TAXTOROH yacToTol 166, 3aTeMm
180 u 200 MTu, BHOVIIEHHBIH 1O TexHomorHH 0,35 MxkM. B HeM
OB/ yCOBEpILEHCTBOBAHE! GIOKM onepalliii AeneHUA W yIpaBIcHHA
K3UI-NMaMATHIO,

604 (1995 r.) — mocneaHHA 32-pa3pAAHBIA TIPOLECCOD ITOTO
ceMeiicta., [Ipoueccop mpomwssoawsca no TexHonorwu 0,35 MxM H
paGotan Ha TakToBRIX 4dacrotax 100, 120, 133 n 150 MTI'u. Vcobep-
LICHCTBOBAHHBIM BAPHAHTOM 3TOTO Mpoleccopa cTasi PowerPC 604e,
BEHITIOJIHEHHHIA ¢ HCIIO/AB30BAHHEM TOIO XK€ TEXHONOIHYECKORQ Mpo-
Hecca M coxepxamuit 5,1 MAH TpaH3MCTOPOB Ha KPHCTALIE TUTOLLA-
mpio 148 MM®. BoUTH BBITIYIIEHB MHKPOCXEMSI, paGoTalolIMe HAa TaK-
TOBBIX YacToTax 167, 180, 200, a nmosnHee — 332 MI'm. BuyrpeHHan
K3III-MaMATh OblIa yBemuueHa BaBoe — no 32 Koaiir uia KoMaHx H
IAS DaHHBIX.

620 (1995 r.) — nepBeil 64-pa3pAgHLIil Npolleccop ceMeRCTBa,
KOTOPBIH TPERHA3HAYANCA U1t paboUMX CTAHIIHI H BRICOKONPOUIBO-
JHTEABHBIX CEPBEPOB, DTOT KPHCTA/LA HME] LIECTD YXKE HE3aBHCHMBIX
HCTIOIHUTEIbHBIX YCTPOMCTE M BCTpoeHHYI0 K3wi-mamMaTh 64 K6air
(32+32), IpOH3BOAMICA IO TEXHOJOTHH HOpM 0,5 MKM H Ha KPHCTAI-
sie Toiomagbio 311 Mm? comepxan 7 MiaH TpaH3HcTOpoB. B PowerPC
620 HCIONBL30OBATACE METHPEXKOHBEHepHas cymepcKa/sIpHas apXu-
TEKTYpa ¢ LIECThIO MCIIOMHNTENbHBIME YCTpoiicTBAMM, B YHCIE KOTO-
pHX OBUTO TPH B710Ka LeouncIeHHOH apudMeTHKH, OBHH 050K one-
paLMii ¢ raapaoleii ToYkoin, 670K 3arpy3ki/coxpaHeHus U 610K ne-
pexonos. 3a OOHH TAaKT HPOLECCOP MOT BHHNOMHATL OO YCTHIpEX
xoMarn. HIuuuniit HATepdeitc 3T0r0 Npoleccopa BKIIOYAn YHHGOH-
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1
LHPOBAHHYI0 BHYTPCHHIOK MNOMACPXKY K3UI-NAMATH 2-T0 YpOBHS
oonenoM a0 128 Méaitr.

750 (1998 r.) — nepsulit Mukponpoueccop IBM ¢ MeIHEIMHE cO-
envHeHUAMH (cM. puc. 1.22). OnHoit n3 ocobenHocreit PowerPC 750
ObiTa cXeMa KOUIMPOBAaHHA, OTAHMABLIAACA OT HCIIONB3IVEMOH B Tipe-
Apvioymmx Bepcuax PowerPC. MuxpocxemMa wMena BbiIeAeHHYIO
HMIMHY, C MOMOILEID KOTOpOil K3II-IAMATb 2-I0 YPOBHA (€MKOCTBIO
0,5; 1 s 2 MGaiiT) noacoeAHHANACh HENOCPEACTBEHHO K KpHCTAI-
ay (Back Side Bus, cM. puc. 4.13), a He 4epe3 CUCTEMHYIO IHIMHY.
IIpn 3TOoM BEOEAeHHas WHHA paGoTtana Ha YOBOEHHON TaKTOBON
YacToTe (CHCTEMHOH WIHHEI). DTO NOIMYCKANo HCIMOMBIOBAHHE MHK-
pocxeM nmamaTH THna SRAM 233 MI'n. Kpucramiu PowerPC 750,
paboTaouine Ha TAKTOBHIX YacToTax ot 200 mo 500 MTu, OpinM BEI-
noJaHeHH no TexHoaornaM 0,25 (PID8t) u 0,22 (PID8p) MKM.

Bepcua mmkponpoueccopa PowerPC 750CX ornuMuaeres BCTpo-
eHHoi 2-sXonoBoii HaGOPHO-ACCOLIHATHBHOMN K3MI-NaMATBI0 00b-
eMoM 256 KGaiit. OtMeTHM, 4T0 8-BXogoBas HabOPHO-ACCOLIMATHEB-
Had K3UI-NaMaTh 1-ro YpOBHA A7 KOMaHJ W JaHHHIX HMeeT ofneM
no 32 Ko6air xaxzgan, KpMCTA BEIMOMHEH € YUeTOM IIPOEKTHBIX
HopM 0,18 MxM, ¢ mecTHcnoitHON MenHOl MeTamzaumelt. PaGoywe
TaKTOBBIE YacTOTHL COCTABIAKT 366, 400 n 466 MTI'u.

B ¢eppane 200t r. IBM coobmmna o seinmycke PowerPC 750CXe,
KoTophiit comepkan 256 KGaliT BCTpOEHHON K3II-TIAMATH 2-TO YPOB-
HA W BBIMYCKAICH C MCIIONb30OBaHHEM MEIHBIX MPOBOJHWUKOB U IO
rexvHomorum 0,i8 mxum. IBM Havana MaccoBoe npoM3IBOACTBO
PowerPC 750CXe ¢ TaxTopramMu yactotaMu 400, 500, 600 MTI'u. Ceii-
Yac B 3TY JHHEHKY BXOIAT Takxe MUKpocxeMel PowerPC 750CXr c
rakToBoit yactoroit 533 MI'n.

PowerP(C 970FX (xonoBoe HaspaHMe Altair) — oIMH M3 HaW-
601ee NPOU3BOANTENBHBIX MHKPOIIPOLIECCOPOR B auHelike PowerPC,
¢ TaKTOBOM yacroroii Ao 2,5 I'Tu H NuKoBO#A IPOH3BOIHTEILHOCTEHIO
o 10 GFLOPS. PowerPC 970FX (puc. 3.39, 6) — He nepBbii
64-paspansuii MRKpONpOLECCOp JAHHOM apXuTeKTYphl. Kak yxe or-
METAIOCH, NIEpBHM 01T nosiBHBuIMics B 1998 r. PowerPC 620, Ho oH
0Ka3ancsd HeyIaYHHM B KOMMEDUYECKOM IUIaHe, W IIOCAEHYIOILME
64-paspannsic  PowerPC-coBMecTHMEIC MHKPONpOUECCOPH B Ha-
CTONBHBIX CHCTEMaX HHKOIIA He MPHMERSUIHCD,

Cumnraerca, uro PowerPC 970 npeactarnaer ¢oboil dakTUYecKH
YIpOUIEHHYI0 Bepcnio nporeccopa POWERA4. IMocneannit conepxur
ABa MPOLIECCOPHBIX sapa, 1,5 MbafT Kaur-naMaTH 2-r0 YPOBHSA, KOH-
TPOJLIEPH KALI-MAMATH 3-I0 YPOBHS M TNpH Iwomanu 415 mMM? (aas
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Texnonornd 0,18 MM) nMeeT 170 MH TpausscTOopoB. [lepexon Ha
Texnosorio (0,13 MxM B POWER4+ cyiiectBa mena He MeHser. Ilo
cpasBeH) ¢ POWER4 B PowerPC 970 pe3ko yMeHBIIHAOCH YHCIIO
TpaH3uCcTOpoB (Ho 52 MuiH), wiomans (113 MM’ nna TexHomorMm
0,13 MM s 66 MM? npu 90 HM) M 3HepronoTpetaenne (42 Bt mpu
vyactote 1,8 I'Tu y PowerPC 970 mpotus 125 Br y POWER4 ¢ TakTo-
poit yactotott 1,3 I'T'u). beiny yrnpasnHeHB OMHO MPOIECCOPHOS AAPO
M Ha3BAHHEIE BHILE KOHTPOIUTEPH!, 00beM KAII-ITAMATH 2-T0 YPOBHA
ObUT yMeHblIeH g0 512 Koairr, OnHoBpeMeHHO ORUIA CYIIECTBEHHO
yBeNMdeHA ANMHA KOHBetliepoB, yTo6h! erdye 6LU10 NOAHUMATE TAKTO-
BYIO 4acTtoTy. Hakorel, B PowerPC 970 Onina noGarneHa moagepxka
MYABETHMEINHAHOIO paclilipeHHA CUCTeMBI KoMaHn AltiVec.

OcHopy ycnexa PowerPC 970FX 3an10XWIH OTIMYHEIE XapaKTe-
puctuk POWER4, B yacTHOCTH, pekopaHoe mnd RISC-mukponpo-
LHeCCOpOB MAKCHMANbHOS YHCITO KOMaHI, BHMNOJAHACMBIX 34 OIHH
TaKT, BKIIOYaA OTHY KOMaHIy Iepexona.

PowerPC 970 xak ¥ POWER4 — mnonHOCTRIO 64-paspaaHblii
MHUKPONIPOLIECCOP, HMEWLINA 64-pa3pAnHBe BHPTYANBHEIE ajapeca
(64-paspanHoe «[LTOCKOe» ANPecHOS MPOCTPAHCTRO), (4-pa3psaHbe
BHYTPDEHHHE MATHCTDAIH JAHHBIX, 64-paspanHbie PErHCTPBI O0iLero
HasHaucHuA. [log agpeca peampHolt maMsiTH B OGOHX Mpoileccopax
orsoauTCA 42 OHTA.

Bce BHyTpeHHMe 3eMeHTH PowerPC 970 — 64-paspagHeie, HO
PerieTphl AltiVec-paciinpeHMA H COOTBETCTBYIOIUNE ITYTH JaHHBIX —
128-paspanHpie. B PowerPC 970 umeerca mo 32 permctpa P3,
AltiVec-perncrpa u perucrpa I13 wioc mo 48 percypoB KaXiaoro
THNA P15 NEPCAMEHOBaHHA. O0BeM K3II-NaMATH KOMaHJ 1-ro ypoB-
HA cocTaBngerT 64 KOailt, a B mononHeHHe K Hel uMeerca Oydep
NpeABapHTENLHOM BHIGOpKM Ha 32 cTpoku. PowerPC 970 MoxeT BHI-
GHpaTek K0 BOCHBMH KOMAHM 3a TakT.

HuterpypopaHHad K3WI-MAaMATE 2-TO YPOBHA HMEET €MKOCTH
512 Kéaiit. B Kali-AaMsaTh NEePBOTO VPOBHA MOXET OCYIISCTRIATHCA
NpeOBapHTENbHAA BHOOpDKA 00 BOCBMHM MNOTOKOB gaHHBIX. IlluHa
K3LI-TIaMATH 2-TO ypoBHA paboTaeT Ha YacToTe MHKPONIPOLESCCOPHO-
ro Aapa. Ecian B kolI-naMaTH 1-ro YpoBHS HCNOJB3YETCA KOHTPONIb
Mo YeTHOCTH, 170 B L2 — yxe xoam ECC.

TIporryckHas crmocoGHOCTE CHCTEMHOM IMMHM — ellle OOHH ¢hak-
TOp MOBEIUIEHHA NMpOH3BOgHTEEHOCTH PowerPC 970. 3nech peann-
30BaHBl JB¢ OJHOHANPABICHHHEE HIMHH — 1A YTEHHAA KM 3anucH
B namste. O0e uMeoT mupuHy 32 pajpasa B paboTaloT Ha 4YacToTe,
B 4 pasa MeHBIIEll 4YacTOTH mpoueccopHoro sampa. b 1,8 TTo
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B A1Ipe, TAKMM obpa3oM, noayqaerca 450 MI'u y mmH, a a¢dexTun-
Hasi Jactota paBHa 900 MI'u. CooTReTCTBEHHO cyMMapHas TpoOIy-
CKHaf cnocoOHOCTs paBHa 7,2 I'Gaiir/c (o 3,6 TI'baiir/c Wi uyreHus
H 3a1ncH),

‘Konpeitepsl B PowerPC 970 umelor paxmminyle 1nmuHy. InnHa
xoHBeliepa @3 B PowerPC 970 cocramaser 16 crymemeit (12 B
POWER4). KoHseilep 3arpy3ksl pericTpoB/3alicH B IAMATh HMEET
17 cryneneii, kousediep IIT — 21 crymexs, AltiVec-kxoHBeliepsl — A0
25 cryneHeil. U3 16 cTyneHell EIOYHCIEHHOTO KOHBelepa OEBATh
HPHXOAATCS Ha BHOOPKY H AEKOAMPOBAHNE KOMaH]I,

CoBpeMeHHBIE  BHICOKOMPOM3BOANTENIbHBIE MHKpPONPOLECCOPH
BCE 4Yallleé CTAHOBATCA MHOroamepHeIMH. B mukpocxeme POWER4
Pa3MeIaloTCs BBa NMPOLECCOPHHX sAnpa. KpoMe Toro, HHOTZa roBo-
PAT 0 MHKPONPOIIECCOPHOM siape BHYTPH Ipoueccopa. Ecom 3a0wh
0 JnuHe KoHBeHepoB, MUKpotipoeccopHoe A1po B PowerPC 970 ta-
koe xe, kak B POWER4 (puc. 3.40), a x3m-naMsaTs 2-10 YpOBHSA fB-
JIAeTCA BHELIHei 110 OTHOMISHHIO K HeMy.

HAapo PowerPC 970 ananorwduo sapy POWER4., D1a nponecco-
PR PeaJM3YIOT IHPOKHI Napajiien3M NCIOJIHEHHS KOMaHI H olJia-
AZI0T OTHOCHTENBHO FMHHHBMH KOHBeHEpaMA HCTIOMHAWTE/BHRIX YCT-
pojict. Ycrpodicteo BHOOpxH PowerPC 970 BmibHpaer M3 K3Ina

N
§? I

Ouppaie AT . ROCCTRHOANEHWA
oo | | SOPASaTa il 3 (1) ®3 (2) permaTpos
pexTOpOY B4KTOPOS cn3 W BACTIHIA
v ¥ Yy _ ¥ i 4 i v L 2
=0 Bnox Browm Bnox Bnox Bni
m 8 E onepaLw lonepaLped uymeHMA! jonapeaumil | { soccra- m:;—
ascropos g g %‘ en3 cdd wnHeH c®d  |{romne-| [ newsn |
’ m @ Han_ || nape-
Berropiad § m @ @ pe;::-r »a008

Pre. 3.40. Cxema mukponpoueccoproro supa PowerPC 970FX
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KOMaHJ 00 BOCEMH MHCTPYKIIMIA 3a TaKT, HalmpaBiiias ux B Gycdep, o1-
KY/la OHH CYMTERIBAIOTCH EKOREPOM, KOTOPHH Takxe crocobeH Jeko-
ANpoBaTh A0 BockMK PowerPC-HHCTpYKINit 3a TakT. Kpome Toro, ae-
Kogep npeobpazyer PowerPC-MHCTPYKUIMKH BO BHYTpeHHHE MHKDO-
onepaumy (Internal OPerations — 10Ps), Gonee mpocThie, MOOODHO
TOMY, KaK 3T0 JeflaeTci B PacCMOTPEHHBIX Bhillle X86-TIpoLieccopax.
BorpuraHeTBO KoMaHn PowerPC tpancnupyiorcs B onHy IOP, HO He-
KOTOpBIE KOMaHaH (HarmomoOMe rpynmoBoli 3amMCH M3 PETHCTPOB B
namate) pasensiorca Ha ape 10Ps (npomecc HasmBaercs «to
crack» — BaTaMBBaTh, PaclIEIVIATE) WIH GoNbllee YHCHO (MILUIHKO-
auposaHue). Janee I0Ps opraHu3yioTes B IPYIHIBI 10 AATE B KAKTOIH,
KOTOpHE 3aTeM HaNpapIAIOTCA B OYCpeAd HCIOMHHUTENBHBIX YCT-
poiicte. Beifopka, nexonnpoBaHie U GOpMHPOBAHHE IPYIIT 3aHHMA-
10T NeBATh cTaauit koupeliepa. 3ateM aucriersep pacrpenensier [OPs
W3 TPYIN IO INECTH odepenaM (PYHKUIHOHAJIBHEIX YCTPOMCTB, TOCHE
9TOTO HAYMHAETCA HX BHIMONHEHHE (BHE eCTECTBEHHOIO MOPAIKa).

B PowerPC 970 HacuWTHBAacTCA IBCHAIUATH HCIIONHHTEIBLHEIX
ycTpoiicts — apa 6aoka 3, apa 6noka 3amMCH/dTeHHs, GI0K mepe-
X0A0B, OJIOK perHcTpa YCaoBUi, pa Onoka [13 ¥ yerripe BEKTOPHBIX
yerpoticTea. ONHAKO BEeKTOpPHBEIC YCTPONCTBA He SABAAKTCA VYHHBED-
CalbHEMH, H KaXI0e H3 HHX CNOCOOHO BHIONHATE TOJNBKO CHELH-
¢udeCcKie N HETO KOMAaHIHL.

Hcnonp3yeTcs TeXHHKA NEpPeHMEHOBAHWA DETHCTPOB, BCENO Ha
pPa3HBIX CTANMAX HCNONHEHHA MOXET HaXOAMThECa Ao Apyxcor [OPs.
JnHHa KoHBeliepa YCTpOHCTBa ¢ IUaBalonieil TOYKOH — ONMHHAILIATE
cragitt, ALU — [math, BeKTOPHEIX YCTPOKCTE — TPHHAATE. 3a KaX-
ABI TAKT MOXET 3aBepUIATLCH MAKCHMYM MSTE KoMaHg, Mcnoneayer-
¢S BBYXYpOBHEBBIN MeXaHH3M IIpeICKA3aHHA BETHICHMA. B mpoiec-
cope MMeeTcs TaGiKIa MCTOPMH BeTRICHHH Ha 16 TeICAY 3ammce,
KaK B Opteron, H B 4 pasa Gonblie, yeM B Pentium 4/Athlon XP. Kpo-
Me TOro, CYUIECTBYET NOMOJIHUTEAbHAd Ta0auua Ha 16 TeICAY 3aIu-
ceil, ¢ Kaxaoil 3anKchi0 KOTOpo# ¢BfA3aH 11-OMTOBHI BEKTOD, B KO-
TOPOM 3aNHCHIBACTCA TTYTh MCNOAHEHNA, BEIGpaHHEIN DA NocneaHHAX
oauHHaAaTn rpymn {(coctoammx w3 naru [OPs). Tabauoa seibopa
(Takcke Ha 16 THcAY 3amnuceit) orcnexupaer ek THBHOCTE ITEPBHIX
IBYX CXeM JUIfl KaXAOK MHCTPYKIIMH BETRIEHWS, ¥ 110 €6 JaHHHM Je-
JIaeTcA BBIOOp B TMOJNB3Y TOM MM HHOM cXeMEI MpeICKA3aHWA B Kak-
IOM OTHENBHOM ciydae. BaxHoe ommume komOuHamuu PowerPC +
AltiVec or anamormuHelx (Opteron + SSE2 winm Pentium 4 + SSE2)
COCTOMT B TOM, 4T0 PowerPC ¢ caMoro Hauana obmamgani «foIHOLeH-
HuMu» FPU ¢ TpiaaThio ayMs 64-paspsaaHbMKi PETHCTPAMH H MM



3.3, MHKpoapxXHTeKTYpH NpoLEcCcopos 341

He TpebyeTcda pacllMpeHHe I 9HceN ¢ Takoil TouHoCThio. AltiVec,
Kak H SSE, paboTaeT ¢ BEeKTOpaMH “MHCENT ¢ MAKCHMAIBHONH TOYHO-
CTBIO JIHIUb 32 OuTa, B TO Bpemsa Kak SSE2 moamepxupaer 64-6Guro-
Bhle YHCIa. B 1poTHBOMONOXKHOCTE 3ToMy Pentium 4 u B MeHbleH
creneHn Opteron, U3-3a COBMECTIMOCTH ¢ PAaHHHMH IIPOLIECCOPAMH
(BIL1OTH A0 8087), HMeloT BechbMa Hea(beKTHBHRIN OIOK miaBatowle
TouxH B Xyamux Tpagiunax CISC, u ana ero saMeHE MoTpeGOBaNIOCh
coxnapatb SSE2. B wrore B OONBIIMHCTBE BRIYUCIHTENBHBIX 3amay
PowerPC ucriompayer cBoii RISC-FPU, a Opteron u Pentium 4 —
SSE2, uro naer PowerPC Hecxonbko GONBLIYIO THOKOCTD.

Kak u mobas coppemeHHas RISC-apxurexrypa, Power PC npn-
MEHfETCA B CepBepax PasIHYHOTO YPOBHA, OQHAKO Haubosee MIHPOKO
HCIONB3yeTCA B KoMnbioTepax Apple (¢ 1997 r. me Ractrosluee BpeMs).
B Hacrosmumii MoMeHT HaGniogaeTca cMenieHue Power PC B ppHOY-
HYIO HHIIY BHCOKOTIPOH3BOAMTENBHEX MYJIbTHMENHA-NPOLIECCOPOB.

Ipoueccopsl ¢ HabopoM KoMmaHn Power PC noanepxuBaloTca
MHOTHMHM OMepalMOHHEIMHM cHcTeMaMH, Bmovas MacOS, Darwin
(OC, nexauteit B ocHose MacOS X), OpenBSD, FreeBSD, MorphOS
U MHOTHMH JPYTHMH.

Homepa npoyeccopos

B teueHne gonrux jer pa3puthe L1 nokasmsano, 4ro HCMoiIb-
30BaHHE TOJbKO TAKTOBOI 4ACTOTH! AMIAECTCA HELOCTATOYHRIM KPHTE-
pueM mis conocrarneAnsa UIT.

AMD 1nonro crpeMuMnach nNpeyMeHBIHHThL BaXHOCTH «CHIPOM»
TAKTOBOM CKOPOCTH KAaK OKOHYATENBHOTO KPHTCPHA YPOBHA IIPOH3-
BOTHTENBHOCTH TMPOLIECCOPa M MEPENia K «HOMepy MOAEIH», KOTO-
Phift CONOCTABIAN peallbHHE CKOPOCTH €€ MPOLIECCOPOR € OUECHKAMH
qunos Intel. lo HenasHero BpeMeHH Kaszaaock, 4To Intel aoctaTouHo
GLUIO OrpaHUMHMBATECS TAKTOBOM YAaCTOTOH, MO-BHAMMOMY, NOTOMY
YTQ MX YMMOB TOKASKBA/IM GoJiee BEICOKYKY YACTOTY, YeM PaBHOLCH-
Hee T AMD.

Hpoueccopsr Intel. Curyaunsa wameHmnacy sechoit 2004 r., Koraoa
Intel Taxxe pemmna ucroas3oBaTh Gonee ofMINE KPUTEPHH NJISI CO-
MOCTARIEHH TIPOIIECCOPOB B I/Ia3ax Tonb3oBaTeseii. B ganbHeleM,
KpOMeE paccMOTPEHHS YHACTOH CKOPOCTH YacoB, HOMEPA MPOLIECCOPOB
Intel, Taxke MPHMYT BO BHHMAaHHE TaKHe BAXHEIE OCOGEHHOCTH, KakK
pasMep Kaui-naMATH, ckopocTh FSB, TexHomormdecku# rpouecc M
JPYTHE CYNISCTBEHHRIE ADXHUTEKTYpHBIE OCOOEHHOCTH.



342 fnasa 3. Mpoueccophl: MUKPOAPXHTEKTYPE W NPOrpaMMHUpOBaH1e

PesynbTaToM SBWIACH pa3paloTKa CHCTEMBI HOMEPOB MPOIIECCO-
Pa ¢ HCIIOJB30BaHHEM KOMOMHAIIHH MapKH Ipolleccopa («ceMeiicTBo
MpOIIECCOPOB») W OMpele/IeHHOro Homepa W3 TpeXx mudp (sHoMep
npougccopar — 3 uMppe — 7xx, 5xx wiH 3xx) — puc. 3.41.

HastmoeHosavwe
fpoueccopa
E Intel®
CameicTeo Homep
FpOLBcCopos npouaccopa

Puc. 3.41. CTpykTypa HOMEPa MPOLEeCCOpa

D10 YHCIIO A MIOIOC <«CeMEHCTBO MpOIECCOpOB» AT TOJNIHOE
<«HaHMeHOBaHHe Hpolleccopar. B mpegenax Kaxnoil nociaeacBaTelb-
HOCTH OHpeNeNieHH HOMepa mponeccopa (Hampumep, 735, 560 mwm
320). CcpUiKa Ha TAKTOBYIO CKOpPOCTR HIH Ha HAa3BaHUE TIPOLEccOopa
{KaK HCIOJMB30BA/INCh B MPOLLIOM) 3aMEHAETCA HOMEPAMH mpollec-
COpPOB, KOTOpHIE TENEPh OMUCHEAIOT Honee NMpoxmii Habop ocobeH-
Hoctelt, CemeiicTBa mpoleccopa MOTYT TakXKe H3IMEHAThCH, YTOORI
OTPa3NTh M3MEHCHNA B W3gemusax Intel.

Bo BpeMs oGBABNCHEA CHCTEME! 0003HAYCHHA NPHMEPH OTIpEfe-
JICHHBIX ceMeiicTs nmpoueccopos Intel BRITIsRER CreayOIEM obpa-
3om (Tabn. 3.10).

Tabauya 3. 10. Mpwaepsr HoMepoR Hponeccopos Intel

nK Mpoueccopbl Houep
Hactonexpe Npouaccop Pentium 1V (exmo4an npoweccopi Intel Pentium IV S
¢t nopaepxkoR Texwonorvn Hyper-Threading)
Mpoueccoprl Celeron D I
MobuwnbHbie Npoueccop Intel Pentium M (xomnonenT Intel Centrino) Tax
Motuneuuiit npoueccop Inted Pentium 4 processor (exmovan B

Mobile Intel Pentium 4 processor ¢ nopmepxxkoid Hyper-Threading)
Npoueccop tntel Celeron M 3

Bonee poicokmit HOMep B nIpefesax ceMeiicTBa Ipoleccopa Mo-
XET OTMEYaTh YIyunrcHHe Kaxoli-mibo xapakrepuicthkm III0, nnme
H3IMEHEHNA B apxmTeKrype. CneayeT OTMETHTb, YTO B HEKOTODRIX
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cnydasx Gonee BHICOKMI HOMEp NpOLECCOPa MOXET MOTCHUHANBHO
OIMHMCHIBATEL YAYUILICHHE ONHOH M3 XapaKTePHCTHK (HE OTpaxkas yXyI-
meHie psna RPYTHX).

Homepa mpoleccopoBs IpeTHA3HAYEHH, YTOOHE OTPa3WTh pa3ziAn-
YHA™ B MpemeiaX HEKOTOPOTO CeMeiicTBa [Mpoleccopa (HampHMep,
b npefaenax Intel Pentium IV) MMM B Npegenax mMocAeAOBATEIbHOCTH
(HanpuMep, 550 npotis 540). CamMu 1HM$ppH He HMEIOT HHKAKOTO pe-
WAOILIETO 3HAYCHHA, ocofeHHO B paMKax ceMeilicTBa (HampHMep,
710 — He «wiydime», yeM 310 Ha TOM ocHOBaHMM, 4yTo 7 Goaesme 51),
HoMepa accOLMHPYIOTCA ¢ palIMIHHMHA CeMEHCTBaMH NMpoLIecCopoB
H TAKMM 06pa3oM MpeacTARAIOT PasHUHEIe OLEHKH LIS KOHEYHOTO
NONIB30BaTENA.

OcHOBHEE MPUHIMNBI WHTEPNPETALMM <«HOMEpPA TpOLIECCopas
KOMMEHTHpPYIOTCH B Tabn. 3.11.

Tabauya 3.11. HeTepapeTanns «HOMEpd DPOUECCOPI»

Yo ey Yero wev

Paznw4geT OTHOCHTENLHBIE 0COOEHHOCTH B npe- | Cnocol cpasHMBaTh HOMEPA B pamKax cemelicTn
Renax ceMeficTea NPoLRCCOPOB npoueccopa

YiashieaeT Ha oTRNbHEE 0COOEHHOCTH WK M3~ | Mepa adeKTHEHOCTM
MEHEHIA B APXUTEXTYDE

bymyus obbeanHeHHMM ¢ MAPKOH, NOMOTaeT Eqwnceentui dhaktop e o160pe npoueccopa
notpebuTeno b exlope npoLeccopa

AMD. B 4acTHOCTH, MAapKHpOBKAa IPOUECCOpOB
Athion XP Ha sanpe Thoroughbred pacimmgpoBbiBaeTCs CIeIYIOLIMM
obpasoM (puc. 3.42).

CHcreMa MOAEARHEIX HOMepos Opteron COCTOMT B3 Tpex ougp —
XYZ. Heppaa unodpa (X) yRazsiBacT Ha obllee YHCAO MIPOIECCOPOB,

AXD A 2200 DKV3C

| .|- Ynetorta # WHHb: C = 266 MMy,
Passsep rawa L2 3 = 288 WGadlr

Tamnapatypa kopmica: T= 90 °C, V = 85°C

Pabowes wanpmwenie: L=1508, U=16B, K= 1658

Thn kopetyca: D = OPGA

Monene: 1700 paGoTaeT wa HacTome 1467 MY, 1800 va 1533 My,

1900 wa 1800 MW, 2000 va 1667 ML, 2100 Ha 1733 MW,
2200 va 1800 MMy,

Kniace: anep poShein: A = N P ANA HACTC CHCTAM
Apumeatypa: AXD = AMD Athlon XP uogen 8
& apxuTexTypoll Cluantispesd

Prc. 3.42. [IpuMep HHTEPIPETALHA HOMepa npotieccopa AMD
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KOTOpOE MOXHO HCMNONLI0BATh B MHOTONPOLECCOPHOM CHCTeMe
{Opteron cepnn 200 MOXeT HCIMONB3OBATECA KAaK B OXHOIIPOLIECCOP-
HOM, TaKk H B OBYXNpPOLECCOPHOM KOHDHTYpallHaX, B TO BpeMA Kax
Opteron cepuu 800 — Takke 1 B 4- M B §-NPOLICCCOPHEBIX CHCTEMAX).

OcraBmmeca ERgpsl (YZ) OTpaxaT OTHOCHIENLHYIO TIPOH3IBO-
quTensHocTh (Opteron X44 Grictpee Opteron X42, HO MPHINHA 30ECh
MOXET 3aKTIOYaThCHA B TAKTOBOI YacToTe, pasMepe K3llla WIH CKOpo-
cti e HyperTransport).

IIpuMep HOMEPOB paHHIX TipoleccopoB Opteron, MEXOy KOTO-
PHMH HET HHKAKHX IPYIHX OTIHYHMA, NOMHMO TAKTOBON YaCTOTHI,
MpKBOAMTCH B Tabm. 3.12.

Tabauua 3.12. Moneasasie nomepa AMD Opteron

Haseanwe Npouaccapa TaktoBan uacvora, TFy
Opteron 244 1,80
Opteron 242 1,60
Optaron 240 1,40

3.4. Cucrembl KoMang x86. Makpoaccembnep

PaccMOTPHM HECKONBKO MOAPOOHEE HEKOTOPEIE eMEHTh Habo-
pa xoMaHAa x86 H mporpaMMHpPOBaHHA B 3TOl cpeae (cM. Takxe TIpn-
noxenue 3). CacreMa KoMaHi, 06001eHHO HMeHyeMas «X86», BKIIIO-
yaeT, Kak 00 3TOM yXe YIIOMHHaNOCh paHee, LeJIOYHC/IeHHBIE ofepa-
iy, onepamun ¢ I13 n SIMD-xkomanze. IleppoHauanbHBIA Habop
KoMaHa [A-32 Ol pacliNpeH Yepe3 KaKoe-TO BPeMsi IIyTeM JOIo-
HeHMSI MyTETAMeIUITHEIX KOMAHI, OOHAKO KOpeHHOEe pa3uTie [1A-32
3aKTI0YAJI0Ch B Mepexone K 64 GuTam.

IA-32

I4-32 (unozoa umenyemca x86-32) npencrapnser coboit Habop
KoMaHa-«aoaroxuTeneii» LII1 Intel n onpenenser Habop WHCTPYK-
OHif 4 MHMKpONpOLECCOpOB, paloTaloIIMX CEroXHA B TORABIAK-
ileM GONBITHHCTEE MEPCOHANBHBIX KOMITLIOTEPOB MHpa.

Bror Habop KOMAHA BIIepBEIc OLUI MPEACTABICH B MUKPOTIPOLISC-
cope Intel 80386 (1985 r.) U ocraeTcss OCHOBOH OONBIIMHCTBA MHMK-
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ponpoiteccopo ITK 20 ner criyera (npoueccopbl, KOHEYHO, BHITON-
HAIOT 3TH KOMAaHIMN CeTOOHA ropasno Owmcrpee). B crmckax paumwg-
HEIX JHPEKTHB #3HKOB NporpaMMHpoBanuda 1A-32 uMeHyeTca cllie
HHOFOA KaK «apXMTEKTypa i386».

AbGGpepnaTypa osHauaer «Intel Architecture, 32-bit» (ApxuTexTy-
pa Intel, 32 6MTa), YTO OTIIMYAET €€ OT NMpPEIbIIVIIIHX X386 Mpolecco-
poB (16 6MT) ¥ Gonee mosmHed apxHTEKTYpH Ha 64 6mra — 1A-64,
H3BECTHON TakKe KakK <apxHrekTypa Itaniumes. «Xnsyuects» IA-32
JaCTHIHO OORACHSAETCA MONHOMN ofpaTHOM NporpaMMHOM COBMECTH-
MOCTBIO.

Habop xoMaHa [A-32 o6eraHo otHocHTea K THRY CISC, X0Tq 3Ta
pyYOpHKa cTana MecHee ONPEIC/JICHHON Mo MEpe YCOBEPIHEHCTBOBAHNN
B MHMKpDOApXUTEKTYpe npoueccopoB. CoBpeMeHHLIE Mpoleccopbl X86
(K7/8, NetBurst u Goyiee HOBBIE) YaCTO YIIOMHHAIOTCH KaK Mpolec-
copH «post-RISCo»,

Caedyrougue noxosenur nabopoe xomano na 64 buma. [IpecMANKa-
MH IA-32 Ha 64 pa3psna ARAAIOTCA OBA PAVIMYHBIX Habopa KOMaHA.
OO¥H B3 HAX IeHCTBHTEILHO OCHOBRIBaeTed Ha IA-32, HO UMeeT OT-
nudaromieecss HaspaHue (AMD64/EM64T), B TO Bpema Kak IpYro#t
OTKa3bIBaeTc OT [A-32 MOJHOCTHIO, HO WMEEST NMOXOXee HalBaHHe
(IA-64).

Modenu ynpasaenus namamew

HM3BsecTHE aBe MoAeNHd AOCTYNA K NAMATH B CHCTEME KOMAaHi
IA-32:

» peanbHEIH pexuM (Real mode) — mponeccop orpaHHMEH HIoO-

cTymoM He Oonee yeM K 1 Mbalt namsTH;

o 3anpmneHHbi pexnM (Protected mode) — MOXHO oOpaTHTECA

KO Bcel mamsitd (o 4 T6aiit).

Peaavnwi pexcum. Pannsag OC — MS-DOS — paGotana B peatb-
HOM pexwuMe, B TO BpeMda Kak Gonee mozmaue (0S/2, Windows,
Linux u ap.) o6erHO TpebyloT 3aMIIeHHOro pexuMa. Iocne srmo-
YeHRS NMHTAHHS (B MpOLIECCe 3arpPy3KH) MPOLECCop CTAapTYET B P& -
ANBHOM peXHMME H 3aTcM HAUYHHACT 3arpyxarh MporpaMMbl B
ornepaTHBHYyIO naMaTh N3 I13Y u ¢ ancka. I\ Toro 91obnl Nepexio-
9UTHh TPOIECCOP B 3alM(UMIMeHHM M peXHM, COOTBETCTBYIOWIAN
MporpaMMa MOXeT OBITE BCTaB/IEHA Tae-THOO B NOCHCIOBATEABHOCTH
KOMaH[A HavaJbHOW 3arpy3kKH.
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Sawgmennoeii pexcum. KpoMe odeBHIHOH NOTIOAHUTEILHON anpe-
CYeMOCTH MaMsTH Bhie npeaena 1| Moaiir aaa DOS, 3meck AMeeTca
TAKXKe pAz APYIHX IPEHMYILECTB:

e 3aIIMIICHHAA MaMATh, KOTOpas NPENATCTBYET B3aHMHBIM IO-

MeXaM TIPOTpaMM;

» BUPTYANBHAS MAMATH, WIH BRUIEJIEHHE MPOCTPAHCTBA Ha XECT-
KOM J[OHMCKe TaK, YTOGH IporpaMMBl WCIOABIOBAIH GONbIUe
OI1, yeM H3HYESCKH YCTAHORICHO Ha MALUHHE,

¢ TIEpEKMOYeHHe 3ana4¥ (MHOTO3aNauHbId pexum), KOorga He-
CKOJIBKO 3a7aqd BHIIOQJIHAKTCA OTHOBpEMEHHO (ITyTeM GHCTpOTO
M CBOEBPEMEHHOTO MepeXiIIodeHHs] AKTHBHOCTH MPOLECcopa OT
OIHOM 331aYH K ApyTOit).

PaiMep maMaTH B 3aIMINEHHOM PEXUME OOBIYHO OTPAHHIHBACT-
cd 4 I'Gatit, yro, OIHAKO, He OKOHUATENBHLIN Npedel pasMepa namsi-
TH B npoueccopax 1A-32. Hcrnionbays Takue TTpUeMbl, KaK CTpaHITI-
Hasl MaMATh M YIpaBieHHe cermMeHTamMH namaTH, OC [A-32 Moxer
obpaTHTECA Gonee deM K 32-OHMTOBOMY aapecHOMY MpOCTPAaHCTBY,
Jaxe 0e3 mepeKmouyeHUA K 64 GuTaM (OOHH M3 3THX MPHEMOB H3BEC-
TeH Kak ¢#H3mNeckoe pacuidpeHHe aapeca — Physical Address
Extension).

KpoMe TOro, MOXHO HCIIONB3IOBAT BAPTYANBHHMA PEXHAM
8086 — 310 MompeXMM paGOTH B 3AHIHIIEHHOM PEXMME — HEKHM
rHOpH/, KOTOPHI MO3BMISET CTaphIM NporpaMMaM DOS BRIMOIHATD-
cA M0J YIPaBAcHHEM CYTIEPBH30pa 3aliMUIEHHOTO PEXHMa, a TaKKe
MOMACPXHMBACT OJHOBpEMEHHOe BRINIOJHEHHe mporpaMM B Protected
mode 1 DOS. B To BpeMA KakK 3allHIIEHHRI PEeXHM CYIIECTBOBAE
yXe B BepcHAx 80286 Ha 16 GHTOB, BUPTYANBHBIN MOABIAETCA TOMBKO
B BepcHH [A-32 3a1HUICHHOTO peXuMa.

PaccMOTpUM OCHOBHBIE NPHHOANG DYHKIIMOHWPOBAHHA TIPO-
neccopoB i80x86 B peaZIbHOM peXHME.

Peanoubili pexxum npoyeccopos 180x86

OnepaTMBHYIO MMAMATL NPH paGoTe B 3TOM peXHME MOXHO pas-
OHTH Ha JoTHYecKMe Onoku rmo 64 KGalit, HasniBagMEle CerMEH -
TaM U, IpAYeM KAKILIE CETMeHT MOXET HaYHHATHCA C aipeca, KpaT-
Horo 16 Gaiir. TakuM o8pasoM, MEPBHIM CErMEHT HMeeT HaYaTbHbIH
ajgpec 0, Topoit HaxonuTcd no aapecy 16 (wm 10,0) u . A, Heckonb-
KO O/IM3IKC pacHoNIORKEHHMX CETMEHTOB MOTYT MEepPEKPHBATHCA. JTO
yAOOHO NIpH OpraHM3alHMy COBMECTHOTO HOCTYNA K KOMAaHIaM, NaH-
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HEIM pasHBIMH NporpaMMaMi. JToctyn K Kakpoit siyeilixe B mamaTn
TMIPOHCXOIUT IMYTeM YKA3aHHA 3HAYEHUS PETHCTpa CerMeHTa M CMe-
WIEHUA — azipeca BHYTPH 3TOoro Gioka.

HanpumMep, xoMaHIa, TIOANEXAINAA MCIIOTHEHHIO MPOLECCOPOM
B K&XIBH JaHHWNH MOMEHT BpPEMEHH, COIpEICIAeTCAd M3 3HAYCHHHA
JBYX PETHCTPOB — PErHCTPa CS, 3HAY€HHE KOTOpPOro, Oyaydn yMHO-
XKeHHoe Ha 16, Jmaer anpec Hayala cerMEHTa KOMaHI, M perucTpa
yKasarelid KOMaHA IP (Instruction Pointer, C4yAK mmm PC),
YKa3BIBAIOILIETD TONOXEHHE COOTBETCTBYWOLICH KOMaHIbl OTHOCH-
TEJIbHO HAYANMA CECMEHTA KOMaHN.

Onwncanne (HoOpMaTOR KOMAaHA, AAHHEIX, CTPYKTYPH NMaMATH H
npoleccopa fajiee MPON3BOANTCA C UCMIONBIOBAHHEM acceMOnepHHBIX
npeAcTaABneHuik.

Onepamusnas namame

O6neM onepaTHBHOM mamATH 180x86 (3nech — 8086) — 2% Gaiir
(1 MoGaifr). Baimn HyMepyioTCa, HauuHasa ¢ 0, m HoMep Oalita HA3EI-
BaeTcs ero adpecom. JUM cCBUTOK Ha GailTH MaMATH HCHOJAB3YIOTCA
20-paspagHeie aapeca — 0T 00000, 10 FFEFF,,.

Badim comepxmr 8 paspaaos (OHMTOB), KaXIBH M3 KOTOPHIX MO-
XeT TMpPHHMMATE 3HaveHHe | vinu 0. Paspanul HymepyioTcs cIipaBa
Haneso ot O no 7:

7 6 [ 5 4 ’ 3 2 I 1 0

batitr — HaMMeHBIIAS anpecyeMasi adeiika maMaTH — HCTIONbB3Y-
eTCA AN XpaHEeHNA HeOOMBbIIMX LIEBIX THCET M CHMBONOB. B i80x86
“cnone3yiored M Gonee KpynmHble s;yelikM — cioBa H ABOWHE e
CHOBa.

Cao60 — napa coceaHux Gaiita, pasMep — 16 OHUT (OHM HyMepy-
10TCA cripaBa Hajiero oT 0 go 15). Henoapsyercs ana XpaHeHHs Lie-
JIBIX YHCEN H ampecoB. AJpPecOM CAOBA CHYUTACTCA aIpec ero nepporg
Gaiita (¢ MEHBLIMM AZpPECOM); STOT aapec MOXET GEITh YUSTHBIM H He-
YETHEIM.

Heoiinoe cav0 — YeTHpe coceTHNX OaiiTa (Ipa COCEIHNX CIOBA),
paaMep — 32 Bura. AxpecoM HBOHHOT'O CNOBA CYHMTaeTCs aapec ero
nepporo Oaita. Ucnonbs3yerca A XpaHEeHHS «UTHHHHX» OeAbIX TH-
cell M TAK Ha3HBAeMHX AZpeCcHHX Map (cerMmedT: cMemenme).
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Pezucmpw

IloMaMO AYeeK OMEPATHBHON NMaMATH INA XpaHEHHA JAHHBIX
(XpaTKOBPEMEHHOIO) MOI'YT MCIONL30BATLCA PETHUCYDE, BXOZSILHE B
COCTAB MPOLIECCOPA M HOCTYITHHC W3 MAIHHHOM IIPOrpaMME]L.

Bce pernctphl MMEOT pasMep cioBa (16 GUTOB), 338 KaXANM K3
HHX 3aKpeIUICHO ONpelcicHHOE UM (AX, SP H T. I.). ITo HasHaYeHNIO
H CIOoCOGY MCITOMB30BAHMSA PETHCTPLI MOXHO pa3CHTE Ha CISHYIOLIHE
rpynH {pacim¢poBKa 3THX Ha3BaHHI IPHBOANTCA B Tabu. 3.13):

s pErucTpe 00Iero HazHayeHwst (AX, BX, CX, DX, BP, SI, DI, SP);

e CETMEHTHEIE PErHcTpH {(CS, DS, S8, ES);

s CYETYMK KOMaHA (IP);

« perucTp daaroB (Flags).

Tafiruya 3.13. Perncrpsm (nonyperacTpsl) npomeccopa i80x86

Abbpessatypa | VcxonHoa wazsaHne Pyz:xmu::::;ui nom":lﬁrp nyn:::ﬁp
(pa3panst 15—8) | (pazppQw 7—0)
ax Accumulator Cymmarop AH AL
BX Base basa BH BL
CX Counter Cuerunk cH CL
DX Data DanHwe DH DL
BP Base pointer |YKasavens 6adwl Het Hert
81 Source index |MHEEKC WCTOYHKK Het Her
DI ?ﬁgginati‘m WHEEKE NPHBIMHIKA Har Her
SP Stack peinter |Ykasarens crexa Het Her
cs Code segment |CermeHt komMana Her Het
DS Data segment |CermeHT aHHX Har Her
S§ Stack segment |CermeHT crexa Hat Hert
ES Extra segment |[HONONHWTBNEHWIE CErmMeHT Her Het
P ;I:Eﬁi::tion CuETHHK KOMaHR {CuAK) Het Her

Pezucmpur ofeeo uaingueRus MOXHO HCIIOAb30BATL BO BCeX
apA(METHYICCKHX H JIOTHYECKMX KOMaHIax. B TO Xe Bpema xaxaprit
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M3 HHX MMeEET OTIPSASNEHHYIO CTICLHATHSAHI0 (HEKOTOPbie KOMAHIEI
«paboTaloT» TONLKO ¢ ONpeneNieHHRIMA perncrpaMi). HampiMep, xo-
MAHOb YMHOXECHHS M AeJieHua Tpebyior, yToOn OOMH U3 ONEPaHaOB
Haxommnca B perucrpe AX (AX u DX, B 3aBACHMOCTH OT pasMepa
OfepaHaa), a KOMaHIbl YTIPARICHUA UHKIOM HCIONBE3YIOT Perucrp
CX B KAYeCTBE CYETYMKA IHKNA. PerncTpu BX W BP OY€HB YacTO Hc-
MONB3YIOTCA KaK Ga30BhIC PETMCTPH, a SI U DI — Kak HHASKCHHE.
Pernctp SP OOBIMHO YKasHBaeT HAa BEPIIHHY CTEKa, allapaTHO IMOfA-
IepXuBaeMoro B i80x86.
Perncrpel X, BX, CX W DX KOHCTPYKTHBHO YCTPOEHBI TaK, 4TO
BOIMOXECH HC3aBUCHMBLH JOCTYT K HMX CTapmieil M miaiieil nolosu-
HAaM; MOXHO CKa3aTh, 4YTO KaXAbIHK H3 3THX PETHCTPOE COCTCHT M3
JIBYX OaiiTOBHX perucTpoB, o003HayaeMbIX AH, AL, BHH T. A. (H —
high, crapumif; 1. — low, Muramnmait) — Tabn, 3.13.
TaknM 06pa3oM, ¢ KAXALIM H3 3THX PErHCcTPOB MOXHO paboTaTh
KaK C ¢IWHBIM LECHEIM, TaK H € €TC YaCTAMH, HallpEMEp — 3allKcaTth
CIOBO B AX, a 3aTeM CUHTATh TONBKO YAaCTh CJIOBA H3 PermMcTpa AH
WIN 3aMCHHATH TOVIBKO YacTh B perucrpe AL K 1. 4. Taxoe ycTpoiicTBO
PerHCTPOR MO3BONAET HCIOAB30BATE HX KaK IS paGoTH ¢ yHCIIaMH,
TaxK B CO CTPOKAMM.
Bce ocTanbHEIE PETHCTPH HE ACNSTCSA HA MOAYPETUCTPHI, NO3TO-
My TIPOUMTATE WIH 3allHCATh HX couepxuMoe (16 GHTOB) MOXHO
TONBKO LIETHKOM.
CerMeHTHBIE PErBCTPH CS, DS, SS M ES He MOTYT OBITH OnepaH-
JaMH HYKAaKHX KOMaHI, KpOMe KOMaHI IIEPECHEUIKH M CTEKOBBIX KO-
MaHA. 9TH PEerncIpbl MCHOMLIVIOTCA TONABKO ANS CErMeHTHPOBAHHS
8/APECOB.
Cuerynk KOMaHA IP BCErZa COOEPXMT aapec (CMeIIEHHE OT Ha-
qania MporpaMMbl) Toll KOMaHOB, KOTOpasA JOJDKHA GHITE BHITIONHEHA
cnemyioinei (aapec Hadaka TPOrpaMMBl XpaHMTCS B perucrpe CS).
CogepxmMoe pericTpa IP MOXHO H3MCHHTD TONBKO KOMaHIaMH ne-
pexoza.
Psazu. FUMeetca ocobenit peructp dnaroe (tabn. 3.14). ®nar —
3T0 GHUT, MPHHUMAIOIKAA 3HaueHHe «l» (Quar yCcTaHOBNEH) WiH «0»
(¢dbnar ¢cGpomren):
» Qmard ycnosuii — aBrOMAaTHMEeCKH MeHSIOTCA NpH BRITIONHe-
HHH KOMAaHA B GHKCUPYIOT T¢ WIH MHBIE CBOWCTBA WX Pe3y/ib-
TaTa (HampuMep, paBeH JIN OH HYMO);

» (rarn coCTOAHMN — OHM MCHAIOTCA M3 IIPOrpaMMH H OKA3H-
BAIOT BAMSIHME HA AajibHeliliee ToBeAeHMe npoueccopa (Ha-
TipuMep, OOKHUPYIOT NpephiBaHHA) — TaGia. 3.15.
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B i80x86 ucnomayilorca 9 ¢uiaro, KaXaoMy #3 HHMX NIPUCBOEHO
onpexeneHHoe UM (ZF, CF H T. A.).

Tatinuya 3. 14, Perucrp duiaros

enary X! x| % | x|OF|DF|IF|TF|SF|2F | x |AF| x |PF| & |CF

Paspapw |15}14 (13}12|11|10; 9 | 8 | 7 61 5| 4 3|2 110

Tatiruya 3.15. Conepisanne perucrpa Paaron

Cameon | Pacumdpopxa Copepxarne Kommentapwit

®narv yesaori

CF |{Carry flag bnar MPAHMMABET 3Ha4eHNE 1, ECIM NPKU CROXEHUN LENLIX
NEPEHOCA  |4MCEN NOABMNACH BRMHMLA NEPEHOCE, HE YKNANLIBAID-
HaRCA 8 PA3PATHYID CRTKY, WA BCIH NPH BHYATAHAN
wucen G83 aHaxa Nepeoe M3 huX Goind MEHbIE BTODG-
ro. B xomanpax cusmra B CF 3aHOCHTCA Gut, ebiwen- |
Wi 33 pA3PANHYID CBTKY. CE (MKCHEYET TAKE 0C0-
GEHHOCTA KGMAHEL YMHOXBHHA

OF Overflow dnar YCTanaanupaerca B 1, ecnn Npu CHOMEHMA MWW BbIYK-
flag NEePENONHEHUA | TAHHM LBNBIX HHCEN CO 3HAKOM NONYYWACA PE3YRLTAT,
N0 MOAYMIO NPEBOCXORALIME LORYCTHMYIO BENWINHY
(NPOM3OWNG NEPENONHEHNE MAHTUCCH W OHA «3ane3-
na» B 3HAKOBLIA pazpam)

ZF Zero flag | onarWyna |YCranHasaMBaeTcA B 1, eCnK pa3ynLTar KOMAHDL! OXa-
3aACA paBHbim 0

SF | Sign flag | naranaxa |YcTaHasnMBaeTCA B 1, BCIM B ONEPALIMA HAX YHCIAMN
€O 3HAKAMR NONYYUNCA OTPHLATENBbHEIN pE3ynbTaT

PF Parity |d®nar yetHocTw | PaseH 1, eCnn posynsTat 04epeRHoR KOMaHIbI COnap-
flag HKHT 4ETHOE KONKYECTBO NBONUHBIX SIWHHL. Y4HTLBA-
8TCA 00LISHO TOMLKO NPW ONEPAUNAX BBONA-BWMBONA

AF | Ruxiliary | ®nar gonon- |®UKCupyeT oCOGBHHOCTH SHINONKHEHNA ONEPauRi Hap
carry flag| HWTEALHOrO |ONBOMHMHO-NECATHYHLIMW HMCIAMMK
nepeHoca

Paarn cocromi

DF Direction | Pnarsanpas- |YCTaHaBNWBAOT HANPABNEHNE NPOCMOTRA CTPOK B CTPO-
flag NEHMA KOBbIX XOMAHARX: NPW DF = 0 CTPOI! NpOCMaTPHBa-
(0TCR «BREPER> (OT HAYANA X XOHUY), NP DF = 1 —

B OBPATHOM HANPABNEHWN
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Oxonvanue maba. 3.15

Cumpon | Pacwuchpoeka CopepxaHwe KosamexTapuit

IF | Interrupt | ®aarnpepu- |Mpuw IF = 0 NPOUECCOP NEPECTART PEATMPOBATL HA
- flag BaHWi ROCTYRAIOLIME K HEMY NPEPLIBAHWA, NpM iF = 1 Gno-
KHDOBK: NPEPLIBANNIA CHIMABTCA

TF | Trap flag | ®nar tpaccw- |Mpw TF = 1 NOCRE EWNOAHEHUA KANAOH KOMAHRAL
POBKH NPOLECCOP AENET NPEpLIBAHAE (C HOMEPOM 1), HoM
MOXKHG BOCRONE30BATLCA NPW OTNANKE NPOTPAMMbI
[NA &€ TPACCHPOBIN

Pezucmpet IA-32

B 32-paspsyraex (v Breimie) LIIT xapTiHa perHcTpoOB H3MERSACTCA.
Kax 386, TaK ¥ Bce Apyrue npoiieccop IA-32 uMeior BoceMb 32-pas-
panHex POH (GPR) mia ucnons30BaHUA TIPHKNAIHBIMH MPOTPaM-
MaMH. B npoueccopax AMD64 310 wncao yasansaerca 10 16. Ecmo
8 pervcTpoR CTeKa ¢ IARAIOMIEH 3anAToi (YHCIO TalkcKe VABOEHO
B AMD64). B Gonee mo3xHAX mpolieccopax ObUTH N06AaRIEHH HOBBIE
peTHCTpEL A ofeclcucHMs BBINOJAHCHHA pasWYHEIX HaGopop
xomana SIMD — tuna MMX, 3DNow!, SSE, SSE2, SSE3 u SSSE3J.

EcTb Takke CHCTEMHBIE PETHCTPE, KOTOphIe HCITOJNB3YIOTCH TIAB-
HEIM O0pa3oM ONEpAIHOHHEBIMHE CHCTEMAaMH, HO He TpWIOXKCHHSIMM.
BT0 — cerMeHTHHE (segment), KOHTPOMBHEE (conirol), oTnamouHkle
(debug) n TecToBBie (test). IlecTh cerMeHTHRX PerHcTpOB HCTIONE3Y-
0TCA I[MIaBHBIM 00pa’loM I YNpPapIeHMA MaMATBIO. YHCO KOH-
TPOJIBHEIX, OTAAOYHEIX H TECTOBBIX PETHCTPOB M3MEHACTCT OT MOHC-
4 K Mogenu HIT.

POH, POH x86 Taxke ARBHOTCA CHEIHANH3MPOBAHHEIMM M B
CEOK OUepedb MOAPAsIeNIIOTCd HA peTHCTPH AAHHB X H pErH-
CTPH afpecaui. OTMeTHM, yTo B pacuinpernan AMD64 310 pasrpa-
HiyeHHe NMUKBUaUpyeTcd, 1 POH pelicTBUTENRHO 30€Ch MOTYT MpPH-
MEHSTBCS IS MIOORIX OTepaldi.

8- u 16-Oumoswe yuacmuu pezucmpod. s nporpaMMHCTOR AGC-
TYTIHBI TAKXKE HMEHYeMEIE 8- H 16-OuToBEIe 9acTH perncTpoB. Hanpu-
Mep, K MIaammM OuTaM EAX MOXHO OOpaTHThCH, BHIBIBAS pe-
rucTp AX. Hekorophie H3 perucTpoB Ha 16 61T MOryT OKTH Hanee noa-
pasnmesieHs! Ha YIacTKH 1o 8 OuT, HanpHMep, cTapmie 8 OUT AX MOTYT
ORITE BHI3BAHH MO HMEHEM AH, a MIaJIIHe ONTH — Xak AL. TouHo
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TAaK X¢ B EBX MOXHO BHIIEANTH peructp BX (16 6uT), KOTOPKIE B CBOIO
odepenb CONEPXHT BH B BL (KAXEHIE mo 8 6uT).
OnncaHWe perncTpoB NpUBoxATCH B Tab. 3.16 (cp. c Tabn. 3.13),

Tatiuya 3. 16. Perncrpu 1A-32

[\ [F] ‘ Homep ‘ Ha3Havesme permcTpa

POH ulmn.u'

EAX | (000 |BoyieneHHui cymMaTop, KOTOPLIR MCNONbL3YETCA BO BCEX OCHOBHLIX BEIYMCIEHWAX

YHUBEPCANEHbI CHETHNK LNKNOB, KOTOPGLIH WMEET COLUAREHYID MHTEPNDETALMID

ECX ;001 ANA UWKNoe

zpx | 010 PerucTp ganHe, KOTOPLIA HONONHABT CYMMATOD 0 XPaHWT JaHHLI, HEOGXONWMbIE
ANA ONEPALMK, KOTOPAA BWNONHASTCA CYMMATOPOM

eBx | 011 Wenonbayetca kax Gydbephos 3Y, HO B pexume Ha 16 HHT UCNONEIOBANGCA KaK YKa-

satens (polnter)

Anpechme POH™
ESP | 100 |Ykasarens crexa, HCNOMLIYETCA, YTOdN XDAHHTL BRICWWA aNpec CTeKa

Yrazarens 6a3b1, WCNONb3YETCA, YTOOL XDAHWTL ANPEC Tey(ero cpeima CTexa.

BsP | 101 MoXeT MHOTA NPWMEHATBCA Kax Gydhepuoe 3Y

gst | 10 Mnnexc CToMHNKE, OOMYHO HCNORB3YEMbIA B CTPOKOBLIX onepaunax, 4Tobe 2a-
TPY3NTh JAHHGIE W3 TAMATA Ha CYMMATOD

epr | 111 Whnexc HaaHa4enwA, 06bIMHO MCNDNBIYEMBbIA B CTPOKOBBIX ONEPAUMAX, YTOGH 3a-
NWCATL faHHbIR W3 CYMMATOPa B NAMATH

EIP YKa3aTent aNpaca KoMaHb!

* MoryT Henonbsoparkea Kak POH, oHAKO KAXANT HMEET HEKOTOPYIO Che-
uManH3anmio. Kaxnuil U3 3THX pericTpoB TaKKe MO3BONACT 00pallaThCa K HMe-
HYEMEHM Y4acTKaM o § i 16 6ur.

** Ucnone3yloTcd TONBKO [N YKA3aHHA a,upeca OHH HMCIOT MMCHYCMHC
16-6HTOBLEIE YuacTKH (HO He o 8 6uT).

Apedcmasnenue yucen

PaccmoTpuM MaIHMHHOS TIPEACTABIEHHE LENbIX YHCEN, CTPOK M
anpecoB. IlpencrapieHne HBOMYHO-AECATHYHBIX WHCEN, WCHONB3Ye-
MBIX JOCTATOYHO PENKO, He paccMaTpuBaerca. YTo Kacaerca BelecT-
BEHHBIX 9HceNd, TO B i80x86 Her KoMaHI BemIeCTBeHHON apidMeTHRN
(oTiepalliyd Hajl STHMH YHCIAMH pPealH3yIoTcs IpOrpaMMHBIM TyTEM
W BRINMOAHAIOTCA CONRPOIIECCOPOM) M TIOTOMY HET CTAHAAPTHONO
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MPEACTABNCHAA BellleCTBEHHEIX ykcen. KpoMe TOFo, paccMaTpHBalOTC
HEKOTOpBIe OCOGEHHOCTH BRITKVIHEHNA apH(IMETHUCCKHX OIICPAKIHH.

Kak »ro npuhasito B MASM, miecTHaxuaTepiHbe YHCAA 3am-
CHBAIOTCH ¢ OyKBOH h B cy(ppmkce («Ha KOHIIE»), NBOHYHBIE — ¢ Oy-
KBO#f b, BOCEMEpHYHEIE — ¢ OYKBO#i o WIH q, JeCATHMHEIC — Ge3 Ka-
KMX-THO0 «TOTIOTHEHRI».

Ilpedcmaecaenue yeavix wuces. B obllieM cydae Ton iesioe YNCIO
MOXHO OTBecTH JKboe 4yHCAo GaliToB, OmHaKO CHCTEMa KOMAHI
i80x86 mommepXMBaeT TONBKO WHCNA pa3MepoM B OaiiT M CHOBO M
YacTHYHO — PasMepoM B ABOIHOe CNIOBO.

B i80x86 menaerca pasnuuue MeXIy HENTHIMH YHACHaMH Oe3 3Haka
(HeoTpNLIATENBHEIMNM) M YHCIAMM CO 3HAKOM. D10 OOBACHAETCA TEM,
4YTO B sAYeHKAaX ONHOTO M TOTO Xe pPa3sMepa MOXHO IpPeICTaBHTh
GOoNBIIHR AHATa’oH uncen Ge3 3HAKOB, IeM MHCEN CO 3HAKOM, H €CJIH
M3BECTHO 3apaHee, YTO HEKOTOPAs YMCIOBAS BEIMYMHA SBISETCH He-
OTPHLIATENIBHOM, TO BHITOAHEE pacCMaTPHBaTh €€ KaK BEJIMUHHY Oea
3HAKA, YeM KaK BEJIMIMHY CO 3HAKOM.

Herwe wucna 6e3 3naxa B 3aBHCHMOCTH OT HX pa3Mepa
MOryT ORITH TIPEOCTABRCHH B BHRe Daifta, coBa MM ABOHHOTIO ClO-
Ba. B Buze Gaiita npeacrammiorea uenwe ot O mo 255 (28 — 1), B Bage
cnaoBa — Hensie ot 0 Ao 65 535 (2'° - 1), B BuAe ApoifHOrO cIOBa —
uenbie ot 0 go 4 294 967 295 (2”2 — 1). Yucaa 3anHCHBAIOTCA B ABO-
WYHO# CHCTEME CUMCICHHR, 3aHHMAas BCE PAaspAAN SYEHKU.

Hanpumep, uncno 130 sanuckieaerca B puge Gaitta 10000010b
{(82h).

Yncia pa3sMepoM B CJIOBO XPaHATCA B MIAMATH B «HEPEBEPHYTOM»
BHAE:

s Mraqmne (mpapkle) 8§ OUTOB YMC/IA pa3sMEIAKITCH B NEPBOM

BaifTe cnosa,

« Crapume 8 6UTOB — BO BTOpOM Gaiite (B IWreCTHAZHATEPHYHON
CHCTEME: JBe TMpaBhie LKGPH -- B TIEPBOM GaifTe, ABE NeBHe
uH(ppE — BO BTOpOM Gaiite). Hampumep, uncno 13¢ (0082h) B
BAAE CJIOBA XPAHHTCH B NAMSITH TaK:

I 52 I 00

OnHAaKO B PErHCTPRI YMCHIA 3arPYXAIOTCA B HOPMAJTBHOM BHAE:

AX 00 82

AH AL
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HepeBepHyTOS NpeaCTABICHHE WCIOMB3YETCA W NMPH XPAHCHHH B
MAMATH DOENBIX YHCEN Pa3MEPOM B IBOMHOE CJIOBO: B IEPBOM €r0
Galite pasMemaoTes Mraguwme 8 O6HTOB uKcaa, Bo BropoM Gailre —
npeasaymme 8 OWToB M T, . Hanpumep, Yucino 12345678h XpaHHT-
¢S B TAMATH TaK:

78 586 34 12

JpyruMn clnoBaMH, B IIePBOM CJIOBE JBOWHOIC CIOBA pajMella-
I0TCs Muamuue (npappie) 16 OMTOB YHMCIa, a BO BTOPOM CJIOBE —
crapione 16 GMTOB, NIpHYEM B KAKEOM M3 THX JBYX CJIOB B CBOIO
odepellb HCNONL3YETCA «IepeBepHYTOe» NMpPeACTABICHHE.

Taxgoil dopMar YHcen OOBACHAETCSE TeM, YTO B MEPBLIX MOJENIX
i80x86 3a OAMH TAKT MOXHO ORJIO CUMTATh W3 ITAMATH TOABKO OXHH
6aifT, 1 Bce apudmMernyecKkne OnNepalvy Hal MHOTMO3HAYHMMH 4HC-
JIAMH HAUMHAOTCH ¢ NelcTBHil Haj MAaqUMMH TuppaMH, NMO3TOMY
U3 IIaMATH B NEPBYR OYepelb HAZO CYHTHBATh MAaaume Ougpe
(ecim cpasy HeNB3f CYWTATH BCE). YUHTHBasA 3T0, B NepBbiX iB0x86
wranamre undps Yncaa pasMeIaInch nepel CTapliiMK, a paay o0-
PATHOI COBMECTHMOCTH TaKoe ApeACTaBAcHHe COXPAHWNOCH B MOCITE-
IOVIOIINX MOOEJIAX,

IHeave ynera co 3nakom DTN YHCIA TAKKE MPeOCTABIA-
10TCA B BUIe OaliTa, cioBa H ABolHOTO ciosa. B pyae 6aifTa 3amHCH-
Balorcs uyMcna or —128 mo 127, cnosa — ot -32768 mo 32 767,
a JBOHEIE coBa — OT ~2 147 483 648 no 2 147 483 647. IIpn sTOoM
YHCa 3aMHCHIBAIOTCA B AOMOMHHTENLHOM KOJE.

Yuciia ¢o 3HaKOM pa3MEpPOM B CI0BO M JBoiiHOe CIIOBO JANHCHI-
BalOTCS B MAaMATH B «IIEPEBEpHYTOM» BHIE (TIPH 3TOM 3HAKOBBINH 6HMT
OKa3EBaercs B nocnenHeM Gaiire sueidki). Ho B TexcTe Ha A3BIKe
MASM 3T 4Kcna, KaKk 1 6e33HAXOBHE, 3AIIHCHIBAIOTCA B HOPMAJB-
Hoit popme.

Huoraa yncno-tailt HeofX0aMMO paciuMpHTh IO CIOB4, T. €. NO-
JIYIUTE TAKOE Xe MO BEJWYMHE YHCIO, HO pa3MepoM B ¢10Bo. Cyine-
CTBYET IBa Crocoba TAKOro pacIiiHpeHHA — 0e3 3Haka M ¢O 3HAKOM.
B moGoM caydae HCXoaHOE YHCIo-0aiiT momagaeT Bo BTOpoi (o «me-
peBOpayMBaHus») GaliiT cioBa, a nepBulii OalT 3aMONHACTCA NO-pas-
HOMY:

o TIPM pacHIMpeHHH 03 3HAXa B HEro 3alucHBAKOTCA HYNEBHIE

Ourel (12h npespalaercd B 0012h);
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+ TIPH PACIUHPEHHUM €O 3HAKOM B NEpBHI GaliT 3aMHCRIBAKTCA
HYM, ecli YAco-0afiT G110 HeOTPUIATENIBHEM, H 3alTHCHBA-
€TcA BOCeMb JBOMYHEIX €IMHHI B HPOTHBHOM ciy4ae (8lh
npeobpasyercd B FF81h).

" AHATOTMYHO TPOHCXOIMT pPacllIMpEHHe YHAC/A-CIOBA J0 ABOHHO-
ro cloBa.

Apugmemuveciue onepayuu

B i80x86 nmeloTcd KOMAHAN CAOXEHHUA M BEMMHTAHMS LEABLIX YH-
cell pasMepoM B ciioBo H Gaitt (cM. Tabn. 113.1). CrneMHANBHEIX KO-
MaHI AT CACKCHMA H BHYUHTAHMA OBOMHHX C/IOB HET, TH Olepa-
IHH PEallH3VIOTCA Yepe3 KOMAHOBR CIIOXKCHHA H BbIMMTAHMA CJICB.
CnoxcHHe B BHUNTaHWE (€33HAKOBEIX MHCEI TIPON3BOIKTCA 10 M O -
nynw 2* wa Gatiro u 2' and caoe (oM. puc. 1.4, a).

BT0 03HAYAET, YTO CCIIH B PE3VILTATE CIIOKEHMS [TOABUIACH €IM-
HHMLA EpeHOca, He BMELIAIOILASCH B PAIPAAHYIO CETKY, TO OHA OT-
GpaceiBaeTcs. Hampumep, nipu cnoxernud Oaditos 128 u 130 nomyga-
erca yucno 258 (100000010b) anmmHOM 9 GUT, TIOITOMY NIeBasi ABO-
MYHas eIWHULA oTOpackBaeTcd U octaercd gucio 2 (10b), Koropoe
H SARBICTCH PEIYABTATOM CIOXCHHS.

Oumbka anech #e dUKcUpyeTcd, HO (uiar nepeHoca CF ycTaHaB-
auBaerca B «l» (ecnu mepeHoca He OwinoO, B CF 3aHOCHTCH «0»).
YeTaHOBHTH TAKOE MCKAXKEHHE CYMMEI MOXHO TONBKO TOCTEMYIOIMM
aHanu3oM daara CF.

HckaxeHne pe3ynbTaTa NPOHCXOONT H NPH BHYUTAHHW H3 MCHb-
wero-yucia Gomsuiero. 3geck Takke He $HKcHpyeTca ommbKa, oa-
‘HAKO NepBOMY YHCITY NAETCA «3aeéM eIHHMIB» (B cayyae Oaiirom 310
YHCHO YBEIMYMBACTCS Ha 256, ans cios — Ha 2'%), mocae storo u
NPOH3BOAHUTCH BeMHTaHMe. Hanpumep, BRMHTaHME OalToB 2 M 3
CBOIHTCA K BHYHTAHHIO 4Hcen 256 + 2 = 258 u 3, B pe3ynbTare 31010
TIONyYaeTCA HeNpaBWIbHAA pa3HocTh — 255 (a He —1). /i Toro uto-
6B MOXHO GbLT0 OGHAPYXHTE TaKVI0 CHTYaLHIO, diar mepeHoca CF
mepexmoYaeTca Ha «1» (eclIH Xe «3aeMa» He ObUIO, B CF 3aIHCHIBA-
eTcs «»).

CrioxeHNe M BRIYMTAHHME LIEJIHX YHCEN CO 3HAKOM TPOHIBOAMTCH
110 TeM Xe anropuTMaM, 9TO H JJIA YHcen Ge3 3Haka (B 3TOM OAHO H3
HOCTOMHCTE JOMOMTHHATEARHOTO KOIA).
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Hanpumep, cnoxenue 6alToBBIX uMceN | ¥ —2 NPOHCXOAMT Tax:
6epyrcsa MX JONONHUATENbHEE KOAE 1 1 (256 — 2) = 254, BHuKcHseTca
CYMMa 3THX BemduuH I+ 254 = 255, ¥ OHa TpakTyeTcsa KaK YHCJIO CO
3HaKoM -1 (255 =256-1).

Ecan mpH TakoM CIIOXCHHWH BO3IHHKIA CAMHHDA MEpPEeHOoca, TO
OHa, Kak OOLMHO, oTOpacuBaeTca, a ¢uar CF MoAyYyaerT 3HaueHHe
«l». OgHaKo B FAHHOM CIIydae 3TO OTCEYEHHE He NpEICTABISACT MH-
TEpeca -— PpeE3IYNbTAT OMEpariid OyaeT nNpaBUIBHEIM, HApHMEp:
3+ (-2) = 3 + 254(mod 256) = 257(mod 256) = 1. Tem He Metee 3xeCh
BO3MOXHA HWHAs HEMPUATHOCTh — MOAYIE CYMMBI (6¢ MaHTHCCa) MO-
XeT NpeB3ofiTH JONMYCTHMYIO MPaHHULY H NEPEMECTHTBCA B IHAKOBHIH
paspan, «Acnoprvp» ero. Hanpusep, npu clnoxeHWH GalTOBBIX 4H-
cen 127 u 2 noaydaercsa 3HadeHne 129 (100001001b), NpeacTannsA0-
n1ee AONOAHUTENEHBIE Koa umcaa —127 (256 - 129).

XOTS pe3yibTaT 3I0eCh MIOAYIWICA H HENPaBHJILHEIM, IPONECCOD
He (PHKcHpyeT OWHOKY, HO 3AHOCHT «l» B ¢uiar nepenoiHeHHA OF
{ecAN «IepenoNHeHUs] MAHTHCCH» He OblI0, B OF 3anHCHIBAETCH
«0»). Ananusupya 3aTeM 3ToT uar, MOXHO 3aHKCHPOBATE TAKYIO
OUIKOKy.

Yro KacaeTcd YMHOXKCHMA K ICICHHA 3HAKOBBX H 4Mcea Ge3
3HaKa, TO OHH BHIIOJHAIOTCA O DA3HEIM AMTOPHTIMAM, PasHEIMH
MAIIMHHEIMM kKoMaHfaM#. OmHako H Y 3THX ONcpaluMid ecTb pan
ocobeHHocTell. TIpn yMHOXeHHH GalfToB (CI0B) MepBBIM COMHOXM-
TENb JOMDKSH HAaXOAWTHCS B perucrpe AL (AX), pe3yAbTATOM X& YM-
HOXEHUA ABNSiETCS CNMOBO (OBOHHOE CMOBO), KOTOPOE 3aHOCHTCH B
perHcTp AX (perucTpH DX W AX). TeM caMbiM IPY YMHOXEHHH CO-
XpaHAIOTCH BCe mudpbl npouapegeHun. [Ipn aeneHuun Gaifro (caom)
MepBHi omepaH {JemHAMoe) TOJIKEH OWTh CIOBOM (HBOHHBIM clo-
BOM) H 00f3aH HAXOOATECA B perdcTpe AX (perucTpax DX H AX). Pe-
3YNBTATOM HCNCHHUA ABAAIOTCA HNBEC BCIHMMHHM pa3mepoMm B Oatir
(cnoBo) — HemonHoe 4acTHOE (div) M OCTAaTOK OT AcieHHA (mod);
HEMOIHOEe YACTHOS 3aMCHEBACTCA B PETHCTP AL (AX), a OCTATOK — B

PETHCTP AH (DX).

fipedcmasnexue CUMBORO8 U CMIPOK

Ha caMBOn OTBOANTCA OOWH GalT NMaMATH, B KOTOPHIH 3aITMCEI-
BAETCA KO CHMBOJIa — menoe or 0 Ao 255. B i80x86 ucnonwsyerca
cucteMa Koumposkn ASCII (cM. [Mprnoxenne 3).
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CTpoKa (NocneaoBaTeIbHOCTE CAMBOJIOR) PASMELIEETC B COCel-
HHX BafiTax MaMATH (B HeMEpEBEPHYTOM BHACE): KOJ MEPBOTO CHMBO-
Jia CTPOKH 3aMHCHLIBAETCHA B MEPBOM OaiiTe, KOO BTOPOr0 CHUMBOJA —
BO BTOpOM GaifTe U T. I1. AIpecoM CTPOKH CIHTAeTCH aipec ee NepBo-
ro Gafira.

B i80x86 crpokoii cuHTaeTca Takke M NMOCIEAORATENIEHOCTE CIOB
(OBRIMHO 3T0 MOCHEAOBATENBHOCTL LUCHBEIX YHCEN). DNEMEHTH TaKMX
CTPOK DpACIONAraloTcs B NOCACHOBATE/BHEIX AYcHKAX IIaMATH, HO
KaXnhlf 3/1eMeHT ApPCHCTARICH B «[IepeBEPHYTOM»> BHIE.

Nipedcmasnerue adpecos

Afpec — 9TO NOPSRKOBHIN HOMEDP TYEHKH NMaMATH, T. €. HEOTPH-
IATENBHOE LENI0E THCIO, MO3TOMY B 00IOEM cyyae aJpeca MpeacTas-
NSIOTCS TaK Xe, Kak ¥ yHcna 6e3 3Haka. Omnako B i80x86 ectp pan
OCODEHHOCTEH B MpPEACTARJICHAN aapecoB.

Jeno B ToM, 4T B i80x86 TepMHHOM <«agpec» MOTYT 0D03HAYATE-
CA pa3Hbic MOHATHA:

+ 16-GutoBOR cMeitcHHe (offief) — anpec MICHKH, OTCYMTAHHEIN

OT Hauyajia cerMeHTa (00AacTH) MAMATH, KOTOPOMY TIpHHAIIC-
XHT 3Ta smeiika. B aToM ciaygae moa aupec OTBOOHICA CJIOBO
MaMATH, NPDHYEM aipeC 3allUCHIBAETCA B <NEPEBEPHYTOM» BHIE
(KaK ¥ YMCIA-C/I0Ba BOOOILE);

o 20-6mTOBHIN abcomOTHBIN agpec HEKOTOPOH AueiKM NaMATH.
B cwny paga npwunH B i80x86 Taxo#l ampec 3amaerca He Kak
20-6HTORBOE YHCAO, A KaK Napa cerMeHT : CMeuleHue, T cer-
ment (segmenf) — 3TO Nepsale 16 GUTOB HaYaILHOIO agpeca
CETMEHTa MaMATH, KOTOPOMY TIPHHAIICKHT A4ciiKa, a cuenie—
uue (offsef) — 16-6Gurosmiii agpec 5Toit guediku, oTCUMTAaHHHHA
OT Hayala JAHHOTO CerMeHTa NaMATH (BeNHdYMHa 16 x cer-
MEHT + CMellleHNe JaeT abCOMOTHRIN afapec adedku).

Takasi napa 3amHCHIBacTCA B BHIC XBOHHOTO CNOBa: B ICPBOM
CIOBE pA3MENIASTCH CMEICHHE, 3 BO BTOPOM — CEIMEHT, MpHYEM
KaXKI0e M3 3THX CJIOB B CBOIO QUEpelb NPEACTABICHO B <«[IEPEBEPHY-
ToM» BUAE. Hanpumep, mapa 1234h:5678h GyAeT 3anucaHa TaK:

78 56 34 12

CHeleHHE CerMeHT




358 Frapa 3. Npoueccopsi: MUKPORPXHTEKTYPY H NPOTP2MMHPOBAHNE

Aupexmussi onpedeneun danHbix

Hnsa Toro 9TobH B nporpaMMe Ha MASM 3zapeaeppnpoBath sueii-
KH NIAMSTH O] XOHCTAHTEI H TiepeMeHHEIe, HeOBX0IHMO BOCTIONB30-
BAaThCA DHUPEKTUBAMH OIpPEHOC/ICHMA JaHHHX — C Ha3BaHMAMM DB
(OMHCHIBaeT AaHHEIE pa3MepoM B Gaitt), DW (crnoBo) B DD (IBOiHOE
CIIOBO).

Jupexmuent, usn xomanost accembirepy — 3TO NPEIIOKSHHS TIPO-
TpaMMBbl, KOTOPBIME €€ aBTOp cooDLIaeT KaKylo-10 HHGOpMALIHIO ac-
ceMOlepy WIH IpefIMCHBAET 4YTO-TAOO CAENars NOMOMHUTENBHO,
NOMHMO TICpeROINA CHMBONILHBIX KOMAHI Ha MAaIlHHHLIN A3BIK.

B npocreiiineM caydae B JHpeKTHBE DB, DW IWIH DD ONHCHIBAETCA
OI(HA KOHCTAHTA, KOTOPOH AAaeTcs HMA JUF NOCAEAYIOIIHX CCHJIOK Ha
fee. o 31oil gHpexTHBEe acceMGnep GopMHPYeT MALIMHHOE NpeI-
CTAB/ICHHe KOHCTAaHTH (B YACTHOCTH, €CIH HAN0, «TISPEeBOpaYNBacT»
€¢) H 3aNMHCHBAET B OUEPEIHYIO AYCHKY MaMITH. Anpec 3Toil sueitkn
CTAHOBHUTCS 3HAYCHHEM HMeHM: BCE BXOXICHHS HMEHH B IIPOrpaMMmy
acceMOJiep GyaeT 3aMEHATH HAa TOT aJpec.

HmeHna, ykasaHHBE B BMpPCKTHBAX DB, DW M DD, Ha3HBalOTCA
UMEHAMH NepeMeHHBIX (B OTTHYHE OT METOK — HMEH KOMaHI).

B MASM uncna 3anMcHIBAIOTCS B HOPMANBLHOM (HEHEpeBEpPHY-
TOM) BHIE B CHCTEMAX CYMCNIEHHA ¢ ocHoBaHHeM 10, 16, 8 umn 2.

IIpumepsi:

A DB 162 ; ONUCATh KoHCTAHTY-Gadir 162 » nars eif Hma A
B DB 0OAZh  ; TaKad Xe KOHCT2HT2, HO ¢ HMEHEM B
C DW -1 ; KOHCTaHTa-cnobo —1 ¢ HMeHeM C

D DW OFFFFh ; Takad X€ KOHCTaHTA-CIOBO, HO C HMeHeM D
E DD -1 : -1 Xak aBofiHoc CIIOBO

KOHCTaHTEI-CHMBOMEL ONHMCHIBAIOTCH B JUPEKTHRS DB ABOSIKO:
yKasumsaerca mabo kox caMBoa (1esioe ot (0 no 255), mido cam crum-
BOJI B KaBHUKaX (OOVWHApHBIX WIH ABOHHEIX);, B IOCHEOHEM CIIydae
acceMGliep caM 3aMEHHT CHMBOI Ha ero Koil. Hanmpumep, cneayiomme
JUPEeKTHBE 9KBUBAJICHTHH (2A — Kox 3pe3a04ku B ASCII):

CH DB 02ah
CH DB '*!
CH DB "+
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Koucraursi-anpeca, Kak MpaBwiIo, 3aaaloTcd nMeHamH. Tak, mo
IOHPEKTHRE

ADR DW CH

6ymeT BELIS/IEHO CJIOBO B HAMATH, KOTOPOMY JacTcsd HMA ADR U B KO-
TOpoe GyZET HOMEIEH ajipec (CMellleHue), COOTBETCTRYIOIME UMEHH
CH. EciH Takoe Xe HMA OIHCATh B JUPEKTURE DD, TO acceMOsep aB-
TOMAaTHYSCKH MOD3BHT K CMEWICHHI0 MMEHU €TI0 CETMCHT H 3alNLIET
cMCIcHHE B MEPBYID NMOJOBHHY IBOIHOrO CJ0Ba, a CEIMEHT — BO
BTOPYK) TIOJIOBHHY.

Ilo moboit N3 TUPEeKTHB DB, DW W DD MOXHO ONMHCATH TepeMeH-
HYI0, T. €. OTBECTH AYcHKY, HEe IaB cil Ha9anbHOTO 3HaucHUA. B sTOM
cAyYae B MpaBoii YACTH AWMPEKTHBRI YKA3LIBACTCH BONPOCHTENBHEIN
3HaK:

F DW ? ; OTBECTH CNOBO H JaTbh eMY HMA F, HHYeTO B 3T0T GaifT
HC 3aMMCBIBATE.

B oHOM THPEKTHBE MOXHO ONMCATH CPa3y HECKONBKO KOHCTAHT
H/WIH MepeMeHHEIX OJHOTO M TOID Xe pa3Mepa, C STOH LeNBI0 MX
CJIEAYET NEPEYNCIATD depe3 3amaTyio. OHM pasMelIaloTes B COCEll-
HHX fdeiikax naMsarn. [Ipumep:

G DB 200, -5, i0Qh, ?, 'F'

HMmsa, yxazaHHOE B AUPEKTHBE, CYHTACTCA HMCHYIOUWIKM MEPBYIO
H3 KOHCTaHT.

s cceutok Ha octanbHbeie B MASM HCIIONB3YIOTCS BRIpaXkeHHMs
BHIA <mmMs> + <ueyoe>; HAMPHMED, IAd Jocryna K 6aliTy ¢ uMcioM
~5 Hapo yKasark BEIpaXeHMe G + 1, JUId mocTyma K Gality ¢ 10h —
BEIpaXeHHE G + 2 U T. I,

Ecnu B AWpexkTHBe DB HEePEYHCHAEHBI TOJNBKC CHMBOJEL, Ha-
MpUMeEp:

S DB *a','+','b',

TOrAa 3Ty AHPECKTHBY MOXHO 3allHCATH KOpO4YS, JAaKMIOYHB BCC ITH
CHMBOJH B OTHH KaBBIIKH.

S DB 'ath'
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H HakoHell, eclld B JUPEKTHRE OIMMCHIBACTCA HECKONBKO ONHHA-
KOBHIX KOHCTAHT (EPEMEHHHX), TO MOXHO BOCTIONB30BaThCH KOHCT-
PYKLMEH NOBTOpeHHA

k DUP(a,b,...,c),

KOTOpas >KBHBAICHTHA NOBTOPEHHOH & pa3 MOCIEAOBATENLHOCTH a,
b, ..., ¢.
Hanpumep, AHpeKTHBH

vl DB 0,0,0,0,0
V2 DW ?,?,?,2,%,7,2,2,%2,'a',1,2,1,2,1,2,1,2,

MOXKHO 3anMcaTh Bosee KOPOTKO TaKUM 00pajoM:

V1l DB 5 DUP{0)
V2 DW 9 DUP(?), 'a', 4 DUP(1,2).

fpedcmasnenite Komand. Moduguxayus adpecos

Cmpyxmypa xomand. Henosnumessnusie adpeca. MaliHHHbIE KO-
Manns i80x86 zarmMalor or | no 6 Gaitros. Koa onepamun (KOIT)
3aHHMaeT ONMH WIH Ipa Neppeix Galita xoMaHmel. B i80x86 nmocra-
TOYHO MHOTO Pa3IMYHEIX ONEpauHi, Mo3TOMy AN HHX He XBATAacT
256 paznmuHbpIXx KOII, KoTOpEIe MOXHO NPEICTABHTL B OAHOM GaiiTe.
B CBA3H ¢ 3THM HEKOTOPEi€ Orepailii 0ObeIUHAITCA B IPYIITY U HM
Jaetca onuH W ToT *¥e KOII, Bo BTOpOM Xe Gaifte KOMaHOBI 3TOT
KOIT yrounserca. Kpome Toro, Bo BropoM OaifTe YKa3bBalOTCH
THMNE ¥ criocof agpecaimd onepaHnos. OcTanbHbe GalTE KOMAHIDI
YKa3WBAalOT Ha OTCpaHbl.

KoMannn MoryT HMeTs OT (0 O TpeX OrnepaHios, ¥ GONBLMIHHCT-
Ba KOMaHI — OIWH HIM ABa olcpaHia. PasMep onepaHnos — Oair
HAH coBo (peako — ABoitHOoe cnoBo). OnepaHa MOXeT OHITH YKa3aH
B caMOH KOoMaHZe (TO TaK HA3bIBacMbili HEMOCPEACTBEHHEI one-
paua) THG0 MOXET HAXONMTLCS B OONHOM H3 pervctpos i80x86 n To-
rIa B KOM3aHJE YKA3BBACTCA 3TOT PErHCTP, THOO MOXET HAXOIHTECA
B MIcHKe MAMATH M TOLOA B KOMAHIEC TEM WIH HHBIM CIOco00OM yKa-
3pIBaeTCH anpec 3toit sueiiki. HekoTopHe KoMaHAH TpebYIOT, 9TO-
681 onepaH, HaxoowicA B HHKCHPOBAHHOM MeECTe (HampHMep, B pe-
rHCTpe AX), TOTHA onepaHl SBHO He YKa3BIBAeTCA B KoMaHae. Pe-
3yNBTAT BHIMOMHCHHA KOMaHEBl MOMELIACTCA B PSTHCTP MM AYeHKy
NaMAaTH, M3 KoToporo (Koropoil), Kak npasuno, BepeTcs NepBbiil
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onepaHn. Hanpumep, GONBIIMHCTBCG KOMAHI C IBYMS OepaHIaMH
PEATH3YIOT DeACTBHE

opl := opl - op2,

rie opl — perMcTp MiM svelika; a op2 — HeNOCPEACTREHHEIH one-
PaHI, pETUCTP WIH d4eifKa.

Anpec onepaHia pa3pelicHO MOZAGMHIIMPOBATE IO OOHOMY WM
IBYM perucrpaM. B mepBoM ciiydae B KauecTBE perHcTpa-MoaugHKa-
TOpA paspelieHo HCHOMBIOBATE PETUCTP BX, BP, ST WM DI (¥ HHKA-
Koif mro#). Bo BropoM ciywae OOMH M3 MOXHU(pHKATOpPOB 00sA3aH
OHTL PETHCTPOM BX WIH BP, a ApYyroil — perHcTpoM SI WM DI of-
HOBpeMeHHass MOTU(PUKALHI o BX M BP WK SI B DI HEZOTYCTHMA.

Pertictpsl BX 1 BP O6HYHO HCTIONBL3YIOTCSA WIS XpaHeHMa Gasbl
(mau §a30BOrO, HAYANBHOIO 3aNpeca) HeKOTOpOro YYacTKa IaMATH
(HanpuMep, MACCHBA) M IMOTOMY HA3LIBAIOTCA GA3OBH MH pPerH-
CTpaM¥, 3 PerucTpul SI H DI YaCTO COMEPKAT HHAEKCH NIEMEHTOB
MAcCHBA H IOTOMY HA3WBAOTCA HHIEKCHBMHB PETHCTPaMH.

QOnHako Takoe «paclpeiciicHue poneci» HeobA3aTeNBHO, M, Ha-
npuMep, B SI MOXeT HaxoOuThes 6a3a MaccHBa, a B BX — HHEEKC
JICMEHTa MAcCHBA.

B MASM anpeca B KOMaHIaxX 3alIHCHIBAIOTCA B BHIE OXHOMN M3

CREHYIONIMX KOHCTPYKLHIA:
A, A[M] wnm A[M1][M2],

1ji¢ A — afipec, M — perucTp BX, BP, SI WM DI; M1 — perucTp BX
HIH BP, a M2 — PerfcTp SI Wik DI. Bo BTOPOM H TpeTbeM BapHaHTE
A MOXET OTCYTCTBOBATB, B 9TOM CJYYa€ CURTACTCH, YTO A = 0.

TIpy BHINOIHERHHK KOMAaHIH NPOLECCOop NMpeXie BCEro BHYHCIIA-
eT TaK Ha3HBaeMEIi ucnotnumenvroié (3ddeKTUBHLIN) alpec — cyM-
My afgpeca, 3alaHHOTO B KOMaKJe, H TEKYLIIMX 3HAUYCHHH yKa3aHHBIX
PETHCTPOB-MOIHGUKATOPOB, MIPHYEM BCE ITH BEIHYHHB PACCMATPH-
BAlOTCS KAK HEOTPHIATE/ILHBE, M CYMMUDOBAHHE BEAETCH TIO MOIY-
mo 2' ([r] o3HauaeT comepXHMOe peTCTpa r):

A : Aucno = A
A[M] : Amcn = A+[M] (mod 2'%) _
A[M1]([M2]: Awcnh = A+[M1]+[M2] (mod 2%%).

INMomyueHuult TaksM obpasoM 16-paspaanbiil aapec oNpeacseT
TaK Ha3hIBACMOE cMelerue — aipec, OTCUHTAHHBN OT HaYala HEKo-
TOporo cerMeHTa (o6racTi) namiati. Ilepen obpaieHeM K IMAMATH
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npotieccop A00ABAAET K CMELUCHWIO HavYanhHEIHA ajapec 3Toro cer-
MeHTa (OH XpaHUTCA B HEKOTOPOM CETMEHTHOM PErMcTpe) H B pe-
3YAILTATE TIOMY9aeTca OKOH4YaTenbHEIH 2(-paspsaHetit anpec, Mo ko-
TOPOMY NMPOMCXOINT pealbHOe OOpallicHHE K MaMATH.

Qopmamst KOMOHI

B i80x86 cdopMaTh MaTMHHBIX KOMaHA IOCTATOYHO pasHooGpas-
Hel. [Ins mipmMepa TIpHBeOEM JIHIUL OCHOBHBIE ¢GopMaThl KOMaHI C
TBYMS ofiepaHmaMiu (cM. Taxoxe tabn. 3.1).

Dopmam «pezucmp—pezucmp» (2 Gatita):

KCn d W 11 regl reg2

72 1 0 76 53 20

KoManap! atoro ¢popMaTa OIMMCHBAIOT OGMYHO HeHCTBHE regl :=
regl — reg2 WM reg2 := reg2 - regl. ITome KOII nepsoro Gaii-
Ta YKA3BIBAeT HA onreparuio (—), KOTOPYIc HALO BHEIITOIHMTE.

BT w ompenenser pa3Mep ONEpaHAOB, a3 OAT d YKa3EIBaeT, B Ka-
KO} M3 PErHCTPOB 3aIMCHIBACTCSA pe3yNbTar:

d=1
=10

w =1
=0

— CHoRa regl := regl-reg2 '

— SatliTa reg? := reg2-regl

Bo BTrOopOoM GaitTe mBa NeBEIX 6Mta (HKCHPOBAHE (I JAHHOTO
thopmara), a TpeXOHTOBME TIONS regl M reqg? YKA3BIBAIOT HA PErUCT-
PH, YYACTBYIOIIHE B ONEPALMH, COTIACHO CHCAYIOIMMM TPABIIAM:

reg w=1 w=20

oo

AX

AL

001

CcX

CL

010

DX

DL

011

BX

BL

100

SP

AH

101

BP

CH

110

81

bH

111

DI

BH
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Dopram «pecucmp—namamer (2—4 6Gaiira);

N Kon |

w ’ mod ] reqg | mem |Anpec {0—2 Gaitra)

“3TH KOMaHIH ONHCHBAIOT OMEPALMH reg := reg — mem HWIH
mem := mem — reqg. BUT w nepeoro fajita onpenensaeT pa3Mep one-
paHmoB (CM. paHee), a OUT d YXa3BIBaeT, KyIa 3alMCHBAETCA pPe3ylib-
Tar: B perverp (d = 1) wiH B A4eiky namaru (d = 0). Tpex6éurosoe
ToJie reg Broporo GaiTa yxaspiBaeT OlepaHA-perHcTp (CM. BBIIIE),
ABYXGMTOBOE MOJNE mod ONpeResaeT, CKOAbKO GaliT B KOMaHze 3aHH-
Maet onepaug-aapec (00 — 0 Gasitos, 01 — 1 Haiit, 10 — 2 Gaitra), a
TPeXOHTOROE MOJIE mem YKa3bIBaeT crnocol MomumdHKAIMH 3TOro ai-
peca. B cneayioiesi TabaMIle yKazaHB MPABWIA BRIYHCICHUA HCITON-
HUTENBHOIO afpeca B 3aBHCHMOCTH OT 3HAYCHHM ronei mod m mem
(a8 — aapec pa3MepoM B BalfT, alé — ampec pasMEpPOM B CJIOBO):

em mod 00 01 10

Q00 [BX]+([S5I] [BX]+[5I)+a8 [BX]1+[5I]+al6
001 [BX]+([DI] [BX]+[DI)+a8 [BX]+(DI]+al6
Q10 [BE]+[51] [BP]+[51)+a8 [BP]+([5I]+als
011 [EF]+[DI] [BP]+[DI]+a8 [BP]+[DI]+alé
100 [ST] [S1]+a8 [SI]+alé
101 (DI] [DI]+a8 [DI]+alé
110 als [BP]+a8 [BP]1+alé
111 [BX] [BX]+al [BX]+als

Jamewonun. EcIA B XOMaHAE HE 3a8aH a0pec, TO OH CYHTACTCA HY/ICRBIM,

Ecrm agpec 3apaH B Biac Gaiita (28), TO OH ABTOMATHYECKH PACIMPACTCH CO
3HaKOM A0 cioBa (al16). Ciyuali mod = 00 H mem = 110 YKa3uBaeT Ha OTCYTCT-
BH¢ PETHCTDOB-MOONGHKATOPOB, NIPH 3TOM alpec HOMIKEH HMETh PasMep CIOBa
(agpecHoe BEIpaXecHHe [BP] acceMOfiep TPaHCAMPYET B mod = 01 M mem = 110
npH a8 = 0). Coyuait mod = 11 COOTBETCTBYET (POPMATY «PerHCTp—pPerucTp».

Dopmam «pezucmp—nenocpedcmeennsii onepand» (3—4 Haiira):

Kon -] W 11 KOm* reg Renocper. ooepaHpn {l——2 &.)

KoMmanar sToro ¢opMaTa ONHCHBAIOT ONEPAHA reg := reqg —
- immed (immed — HEMOCPEACTBeHHRIA ofepaHa). BHT w yKasHBaeT
Ha pa3Mep ONepaHOOB, a NOJIC reg — Ha PETHCTp-oNepaHn (cM. pa-
Hee). ITonme KOM B mepboM GailiTe onpenenseT JMIIL KJIACC ONCPalMH
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(HanpuMep, KIace CIOXEHHdA), YTOUHHET Xe OMeparyn none Kon'
M3 Broporo Gaifta, HenmocpeacTeeHHMI OnepaHn MOXET 3aHHMMATh |
uix 2 GaiiTa B 3aBHCHMOCTHM OT 3HAueHHd OMTAa w, MPH STOM OIe-
PaHI-CJIOBC 3aNIHCHBACTCA B KOMAHIE B «IIEPEBEPHYTOM» Bigc. Pamu
SKOHOMHH TiaMATH B i80x86 mpemycMoTtpeH caydaii, Korma B omnepa-
LMK Hal CNOBAMM HENOCPEICTBCHHEBIN ONepaHn MOXeT ObITh 3aJaH
Qaitrom (Ha ToT cryuail yKa3mBaeT «I» B OHTE s IpAE w = 1)}, H TO-
Ifia epen BRIOTOIHEHHEM Omepanii 0afiT apTOMaTHYeCKH paciIHps-
ercs (CO 3HAKOM) [0 COBA.

Dopmam enamamv—nenocpedcmsennsifi onepand» (36 GalToB):

KOm| & | w [ mod | KON™ | mem | Anpec (0—2 6.) | Henocp. on (1-2 6.)

Komanagl atoro ¢opMaTa ONHCHBAIOT ONEpalHHd THIA mem :=
mem — immed. CMBICH BceX Mofeit — TOT Xe, YTO H B NPEEELAVIIHX
cdopMarax.

IMomumo paccMorpeHHBX B i80x86 Hemoab3yioTes U apyrue dop-
MATEI KOMAHAK ¢ IBYMs ONepaHIaMH; TaK, IpeayCMOTPEH CICLHATb-
Helif dopMaT angt KoMaHg, OAMH M3 OMEpaHIOB KOTOPhIX GHKCHPO-
paH (00RIYHO 3TO perdcTp 2X). WMelor ¢BoM dopMaTel H KOMAHIH ¢
JIPYTHM YHCJIOM ONEpaHIoB.

3anuce komand 8 MASM

H3 ckazaHHOro ACHO, YTO ONHA H Ta Xe¢ ONepalys B 3aBHCHMO-
CTH OT THIIOB OMNEPaHAOR 3alTUCHIBAETCA B BHAC PazIMYHBIX MAlHHH-
HBIX KOMaHJ, Hanpumep, B i80x86 mmeerca 28 KoMaHI MEpeCHUIKH
GalitoB K cnio. B To Xxe BpeMa B MASM Bce 3TH «pOICTBEHHBIS» KO-
MaHJIBl 3aMHCHIBAIOTCA €OHHOOOPa3sHO — HANMpPHMEP, BCE KOMAaHJLI
NEPECHUIKH HMEIOT OOHY M TY X& CHMBOJIBHYIO (opMy 3anncu:

MOV opl,op2 {opl:=op2}

AHanM3HUpysd TUIH ONEPAHNOB, acceMbNep aPTOMATHYECKH BhI-
GHpacT MOAXOMAINYIO MAIIHHHYIO KOMAHIY.

B o6meM ciaydae xOMaHABI 3aruceiBaoTed 8 MASM cnenyionm
obpazom:

METKA: MHEMOKOJ ONEPAHIH; KOMMEHTAPMH
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MeTKa ¢ ABOSTOYHEM, A TAKOKe TOUKA € 3aIATOH M KOMMEHTApHi
MOTYT OTCYTCTBOBaTb. MeTKAa HrpacT posih MMEHH KOMaHAB, e¢ MOX-
HO HMCIONB30BAT: B KOMAHAAX Mepexona Ha AaHHMyI0 KoMaHIy. KoM-
MEHTApHli He BAHAET Ha CMBICA KOMAHIBI, a4 JHMIIE TOSACHSET ee.
OmepaHOBl, €cAH €CTh, INEPEYHCIAICTCA Ycpe3 3anaTyie. OCHOBHbIC
TIPABHJIA JAMHCH OEPAHADS CASIYIOLIHE.

Perncrprl yKasnBalorca CBOMMHM HMCHaMH, HaIPAMED:

MOV AX,SI ;ofa onepaHna — pePUCTPH.

HenocpeacTBeHHBIE ONEPaHAR 3aAaloTCA KOHCTAHTHHIMH BHIpa-
KeHHsIMH (MX 3HAYEHHAMH SBISIOTCS KOHCTAHTHI-YHMCTIA), HANPHMED:

MOV BH, 5 5 — HenocpencTREeHHWEI ONepaHn

MOV DI,SIZE X SIZE X (uucno GairosB, 3aHMMaeMHX
nepeMeHHoi X) — HenocpencTBReHHH
onepaHn

Allpeca ONMACHIBAIOTCH AAPECHEIMM BRIpAXCHUAMM (HAPDHMED,
HMEHaMH AEepeMEHHEIX), KOTOPEE MOTYT OBITE MOTHMHIUPOBAHHL FIO
ONHOMY HMJIM ABYM PerucyYpaM; HampuMep, B CIEHYIOMHWX KOMaHIax
MEPBHIE OMEPAHAEI 3aKAI0T ANPeCa;

MOV X, AH
MOV X[BX] [DI],5
MOV [BX1,CL.

TIpu 3armmcH KOMaHA B CHMBONEHOM opMe HeoBXONHUMO BHUMA-
TeALHO CJIEMUTH 33 MPAaBWIBHBIM YKa3aHHeM THIA (pa3Mepa) oTepaH-
IoB, T100b1 He Op10 onmboK. TH OORTHO ONpeReNAeTCa No BHEI-
HeMy BHIY OHOTO M3 HMX, HalpAMep:

MOV AH,S5 Nepecunka Galira, Tar kax AH — OGalToBRLN
PerucTp
MOV AX,5 NMepecwnka croea, Tak xkak AX — 16-GuMToBRDL

perucTp~onepadn {5 MoxeTrT GHTE GaldToM M
CIOBOM, IO HEMY HeNB3ZA OIpeRelMTE pa3dep
nepeceiaeMOi BeNTHUMHEH)

MOV [BX], 300 Iiepecunka cnoea, Tak kar uucno 300 we
MOXeT OHTE SairTomM
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EcaH no BHewnHeMY BHAY MOXHO OJHO3HAYHO ONPEASTMTEH THIL
00OMX OnepaHgoB, TOLIA 3TH THIB AODKHB COBIANATh, HHAYE ac~
ceMbOnep 3aduxcHpyer OMIMGKY. IIpUMeEpEL:

MOV DS, AX Q6a onepaHia MMEDT DRAIMEP CHOBA

MOV C¥X,BH Omibra: permcTpa CX M BH mMewnT pasHue
PasMepH

MOV DL, 300 OumfSka: DL — GatiTopwit perucTp, a uwucno 300
He MOoXeT OHITE GaiToM

BoaMOXHL CHTyallMH, KOI'la 0 BHEIUHEMY BHIOY OICpaHIOB
HEJR3A OMPENENHT:E THIT HH OOHOINO M3 HHX, KaK, HalpHMEp, B KO-
MaHpe

MOV [BX},5.

3meck wHCAQ 5 MoXeT OBITE M 6aMTOM, H CITOBOM, 3 afpecC H3 per’-
CTpa BX MOXET YKA3BIBATH H Ha GaifT MaMATH, H Ha ¢a0B0. B mogobHHX
cuTyammax accemtuiep dukcupyer ommoky. Ytobnl H3Gexars ee, HalIo
YTOUHHTE THIT ONHOTO H3 ONEPaHAOE C IOMONIBIO Oneparopa PTR:

MOV BYTE PTR [BX],5 Mepecunka SaifTa
MOV WORD PTR [BX],5 flepecelnika cnobBa
Onepamopsi

310 pa3HOBRHAHOCThL BEIpaxeHMH a3pika MASM, ananorMaHeix
DYHKUMIM.

Omneparop PTR (BHUMCIAST ajipec apryMeHTa) MOXET HCIONbL30-
BaThbCA UM M3MECHEHHA THIIA IIepeMeHHO, 3a1aHHoil pH ee onmuca-
HuH. TlyCcTe, HanpuMep, X ecTh MM TIcpeMeHHoi pasMepoM B CIIOBO

X DW 999,

TOTAA NPN HEOOXOARMOCTH 3amAcaTh B OaliTOBH perHcTp AH 3Hade-
HHE TOJNBKO Nepeoro GaliTa 3TOTO CNOBAa, HEABL3ST BOCHONBIOBATHCA
KOMaHaOH BHO2

MOV AH,X,

TaK KaK €e OfepaHA UMEIOT PasHBIif pasMep. DTy KOMaHIy clepyer
3aMHCATh HECKONBKO HHAYE:

MOV AH,BYTE PTR X
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30echk KOHCTPYKIMA BYTE PTR X 0O3HAYacT aipec X, HO yXe pac-
CMATpHBaeMBiif He KAaK aipec CJI0Ba, a Kak agpec Gaitta. (HanoMHIM,
q9TQ ¢ OHHOTO H TOTO Xe aIpeca MoXeT HauWHaThca Oaiit, cTOBO W
ABOMHOE C/IOBO; ONEpPAaTOp PTR YTOYHAET, SUCHKa KAKOro HMEHHO
pasMepa NMeeTcs B BUTTY.)

Ecan B cHMBOJIBHON KOMaHAE, ONMECPHPYIOLIEH CO CIOBAMM, YKA-
3aH HEMOCPEACTBeHHHA Onepan i pa3MepoM B GafiT, KaK, HallpHuMep,
B KOMaHIe

MOV AX,80h,

TO BO3HHKAacT HEKOTOpasg HEONHO3HAYHOCTE — HEH3BECTHO, YTO
HMEHHO OymeT 3amMcaHo B perucrp AX — uAcno 0080h (+128) wmm
OFF80h (—128). B nomoGHHX CHTYAIIHIX acceMOaep GopMHpYET Ma-
IIAHHYIO KOMaHAY, Te onepani-0aiiT paClMpeH 10 CAOBA, ApHYEM
paclIMpeHue IIPOHCXOONT CO 3HAKOM, €CJIH OIepaHn O 3aIHcaH
KaK OTpHUATENIEHOS 4MCIQ, W 0e3 3HAKA — B OCTANBHBIX CIyYasX.
Hanpumep:

MOV AX,-128 ; => MOV AX,0FF80h (A:=-128)
MOV AX,128 ; => MOV BAX,0080h (A:=+128)
MOV AX,80h ; => MOV BAX,008Ch (A:=+128).

Ceamenmuposanue

Cezmenmpe namsmu. Cezmenmnuvie pezucmpit. TIepBEHe MOTeIH
i80x86 HMenW ONMEPaTHBHYIO MaMsITh 00BbeMoM 2'¢ Gaitron (64 K6aiir)
M TIOTOMY HMCIIONB30BAMM 16-GHTOBHE aapeca. B nocaeAylolmMx Mo-
IENAX MaMAThH ObUIa yeeTHdeHa Ao 2° Gaitr (1 M6aiir = 1000 K6aiir),
o100 moTpeboBano yxe 20-6utoBhie agpeca. OmHako B 3tHX i80x86
paiH TIPEeMCTBEHHOCTH ObIIM COXpaHeH® |6-6WMTOBBIE ampeca -~
UMEHHO TakHe aipeca XpaHAaTCAd B pPerHcTpax, YKASEIBAIOTCH B KO-
MaHmax H 06paivioTcd B pe3yiabTaTe MOOH(HKAIHN TI0 0a30BBIM H
HHACKCHHIM PETHCTPAM.

TIpo6aeMa COBMECTMMOCTH pEMIAETCA ¢ TIOMOLIBI CETMEHTHPO-
BaHWsA (HesBHOro GasupoBaHus) ampecoB (puc. 3.43). B i80x86 a6-
comoTHEI (20-0MToBHIN) aapec A nioGoll STYEHKH NMaMATH MOXHO
TIPEACTABHTh KaK CyMMY 20-0OHTOBOTO HA9abHOTO appeca (0asel) B
CerMeHTa, XOTOpOMY NpPHHALMCKHT AdciKa, H 16-GHTOBOIO CMelre-
HHA D — agpeca ToH AYCHKH, OTCUNTAHHOIO OT HaYana CCrMcHTa:
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15 0

I 0000 | HicnonHuTenbHo#t agpec (C4AK) |
i }
15 0

[ Cerment (Gasonulit pamcTp) —[ 0000 ]
1 ]

RZ N2
Cywwsarop

119 ol
' PuInyeckuit anpec I

Pue. 3.43. Moaudmkauus agpecos npH cerMeHTHOR alipecaln

A = B + D. (HeomHO3HAYHOCTh BRIOOpA CerMEHTa HEe MIPaer Cy-
mecTeeHHON ponM, rixapHoe — STOORI cyMMA B ¥ D AaBana HyXHBIH
agpec). Aopec B 3aHOCHTCA B HEKOTOPHIH perMcTp S, a B KOMAaHLE,
rIc¢ DODKEH OBITE YKA3aH ampec A, BMECTO HETO 3aMMCHIBAETCA Mapa
H3 perucipa 5 M cMenieHHa D (B MASM Takas mapa, HasmBaeMas
agpecHONW mnmapoil HWIM YKa3aTeJeM, 3aHHCBIBACTCH Kak
5:D). Ilpolueccop Xe YCTpoeH Tak, YTO NPH BHITTOJMHEHMH KOMAHIBI
OH Mpexae BCero MO mape S:D BeMHCHACT aGCOMOTHHMN ampec A
KaK CyMMY COIEPAMMOro pericTpa S M CMELICHHA D H TOABKO 3a-
TeM oOpallaeTcsA K MaMATH Mo aapecy A. 3aMeHsi1 B KOMaHmax ad-
COJIIOTHBIC ampeca Ha aIpecHBIC NMaphbl, YIACTCA aXpecoBaTh BCIO Ma-
MATS: 16-GHTOBMMH afpecaMy (CMelIeHUAMH).

B xayecTee perrcTpa S pa3pellacTcs MCROIB30BATH He Joboii
PerHcTp, a TOABKO ONHH H3 UETHIPEX PETHMCTPOB, HA3LIBACMBIX CET-
MEHTHHIMH: CS, DS, 55 H ES. B CBA3H ¢ 3TMM OIHOBPEMCHHO MOXHO
pafoTaThb ¢ YETHIPEMA CETMEHTAMM TIAMATH: HAYAA0 OOHOTO M3 HEHX
3arpyXxaeTcA B peTHCTp CS M BCE CCBUIKHM HA AMCHKH 3TOrO CerMeHTa
YKa3bBalOTCA B BHAE Map CS:D, Hayalo APYroro 3aHOCHTCA B DS M
BCE CCHUIKHM Ha 7o sMeHKM 3amalorTca B BUAE nap DS:D H T. 4. Ecan
OZHOBPEMEHHO HAAo paloTaTh ¢ GOMLIIAM YHCAOM CETMEHTOB, TOrIa
CIEOyeT CBOSBPEMEHHO COXPAHATh CONEPXUMOE CETMEHTHRIX perncT-
POB W 3aIHCHIBATL B HAX Ha4ajibHEIC afpeca NATOTO, LIECTOTO H ApY-
THX CErMEHTOB,

OTMEeTHM, YTO HCIIOMB3YEMEIE CErMEHTRI MOTYT OHTh pacHoNoXe-~
HEI B TAMSATH IPON3BOJIBHEIM 0Gpa3oM: OHH MOIYT HE NMEpeceKaThed,
a MOIYT MEpPECEKAThCA M JaXe coBnaiarb. Kakue cerMEHTHI IaMATH
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HCIONB3I0OBATE, B KAKWMX CeTMEHTHBIX PErHCTPaxX XpaHWTE MX Havalb-
HEIe aapeca — BCE 3TO — AEAO aBTOpa NpOrpaMMBl.

Kak u Bce perucTpul i80x86, cerMeHTHRIE PeTHCTPH MMEIOT pas-
Mep ciaopa. IToatoMy BOZHHKaeT NpobneMa — Kak yOAeTcs pa3Mec-
THTH B HHX 20-OMTOBBIC HaYaNBHEIE aApeca CerMeHTOB mamAaTH? Pe-
LWIeHME Caeaylolllee — ITOCKONBKY BCe 3TH aapeca KpatHul 16 (cM. pa-
Hee), TO B HRX Muagimme 4 GHTa (MOC/HSAHAA MIeCTHANIATEpHYHAN
nugpa) BCerga HyNEBHE, 3 TMOTOMY 3TH OWTEI MOXHO He XPaHWTEH
SIBHO, a JIHL TogpasyMeBaTb. HMEHHO TaK ¥ NPOHCXOONT — B CEr-
MEHTHOM PETHCTpe BCEra XpaHATCA TONBKO nepBHe 16 6uTOB (11ep-
BBI€ YETHIpe IIECTHAAIATCPHYHBIE LH(PH) HAYAIBHOIO aapeca Cer-
MeHTa (3Ta BE/IMUHHA HA3HBAeTCA HOMEPOM CETMEHTA WIH MPOCTO
cerMeHTOM). [IpH BEIMMCIEHMH X¢ aOCOMOTHOTO ajpeca A, . Mo nape
S:D ImpoUECCOp CHadala NMPUITHCHIBAST CTpABa K COAECPXKHMOMY pe-
rMCTpa S YeTmpe HYJEBbIX OUTA (OpYTMMHM CNOBAMH, YMHOXAcT Ha
16) ¥ UL 33TeM ApHGABIAET CMEIIeHHE D, IpUYeM CYMMMPOBaHHE
BefeTCA Mo Moaymo 27

A, = 16x[S]+D {mod 2%).

akc

Ecii, HanpuMep, B peracTpe CS XpaHHUTCA BEJIMYHHA 1234h, TO-
ria ampecHas mapa 1234h:507h onpenesier abcomOTHBIHA anpec,
paBHbl# 16 x 1234h + 507h = 12340h + 507h = 12847h.

Cezmenmume pezucmpsl no ymoauaniso. CoOrlacHO ONHCAHHOM
cXeMe CerMEHTHPOBAHMA anpecoB, 3aMcHY aGCOMIOTHRIX aJpecoB Ha
agpecHbIe MAphl HAAO TIPOM3BOAMTE BO BCEX KOMAaHAX, MMEIOLMX
onepaHg-aapec. OaHako 661 paszpaboTaH CHOCOD, NO3BOJAIOWIMA
M30eXATh YK43aHUA 3THX Nnap B CONBIMHHCTBE KOMAaHA, CYTh KOTOpPO-
ro COCTOMT B TOM, 4TO II0 YMONYAHHIO YCTAHABIMBACTCA, Kakoh
HMEHHO CerMEHTHMIH PErHCTP COOTBETCTBYET NJAHHOMY CETMEHTY na-
MATH, @ B KOMaHIaX 3aJaeTcs TObKO CMellleHHe. SIBHO He yKa3aH-
HBIH CETMEHTHRI pErMCcTp aBTOMATHYSCKH NOICTABIAETCA B KOMAaH-
Iy, H TONBKO NPH HEOGXOMMMOCTH HAPYLUHTh 3TH YMONTYAHUS CIeHy-
€T DOJHOCTHKY YKa3HBaThb alnpecHylIo mnapy. CnHcox yMONYaHHH
npueoanNTCS B Tabm. 3.17.

C y4yeToM TAKOro paclpelciicHUA pPoJicii CErMEHTHBIX peTMCTPOB
MAIIHHHBE BPOrpaMMel OORYHO CTPOATCA TaK: BCe KOMaHIbL Mpo-
rpaMMEl pasMeLlAIOTCs B OJHOM CeIMEHTE NAMATH, Ha4YajJo KOoTOpOoro
JAHOCHTCA B perHerp CS, a Bee JaHHHE PasMElIAlOTCd B APYTOM Cer-
MEHTE, Ha9al10 KOTOPOro 3aHOCHTCA B PETHCTP DS; eC/H HyXKeH CTeK,
TO [OA HETO OTBOOWTCA TPETHH CErMEHT IAMATH, Hadano KOTOporo
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Tatauua 3.17. CerveRTHMe PETHCTDM N0 YMOTIANMIG

Perncp YionqaHwr KomMeHTapwii
YKa3uiBaeT Ha Ha4ano 06NacTH NAMATH, B KO- | AGCONIDTHLIR aRPEC 04ePeRHON KOMAHML,
TOPOR PA3MBLLGHY KOMAHILL) NPOrPAMME] noanewauleil RENOAHEHMO, BLerna 3ana-
{312 OGRACTL HASLIBAGTCA CErMEHTOM KOMaK[ | €TCA napoil C5:IP; 8 cueTyuxe komang IP
CS  {WNW CErMEHTOM KOBOB), W IOTOMY NDU CCLIN- | BCEFAA HAXCAMTCA CMeweHne 3TON KomaH-
Kax Ha a4edinn 370d ofnacTi peructp CS 4 OTHOCKTENLHC anpeca wa pernctpa CS
MOXHOD HE YKA3WBaTh HEHO, OH NOApA3yMe-
BABTCA N0 YMONNEHUD
YKAALBART HA CErMeHT DaHHbX (06nacTe Na- | BO BCEX CCMNKAX HA 3TOT CErMEHT ParncTp
DS | MATH C KOHCTAHTAMH, NEPEMEHHLIMI U APY- | DS MOXHO ABHG HE YKAIWBATS, TAK Kak OH
THMM BETAMMHANM NDOTPAMMB} NOAPASYMEBABTCA NO YMOENYAHMIO
YKa3bIBaeT Ha cTex — ofnacTe NAMATH, Aoc- | BLe CCBINKW HA CTEK, B KOTOPLIX ABHO HE
S8 |TYN K KOTOPO# OCYWeCTBNAGTCA MO NPUHLMNY | yYXa3aH CErMeHTHLIA PerKcTp, no ymomia-
«fIOCNEAHAM 3AMMCAH — NEPBLIM CHATaH» | HUID CATMSHTHDYIOTCA NO parwcTpy S5
Cywraerca GBDﬁOnHHM. OH He NPUEA33H HKU K Yawe pCero oH NPUMBHRATCA OAA ROCTYMA
ES KAKOMY CACMBHTY NAMATH U ro MOMKHO HC- | K NAHHbIM, KOTOPBIA HA NOMECTUINWCE WNW
NGABAGBATE NO CEOBMY YCMOTDEHMID €03HaTeNLHO He Obink p3aaMeisHLl B car-
MEHTE NAHHbIX

3aMACHBAETC B perucTp $S. Tlocke aT0r0 NpakTHYeCKH BO BCEX KO-
MaHIAaX MOXHO YKa3LIBaThb He MONHEIE afpecHHIe MapEl, a JHUIUbL CMe-
HIeHHUs, TaK KaK CerMEHTHHE PErHCTPH B 3THX mapax GymyT Boccra-
HARIHBATECS aBTOMATHYECKH.

3nech, IpasAa, BOSHHKAET TAKOH BOMPOC: KAK MO CMEMIEHHIO OI1-
penennTh, HAa Kako#l HMEeHHO CErMeHT MaMATH OHO YKazsieaetr? B 00-
IMX YepTax OTBET TAKOM — CCHUIKH Ha CErMEHT KOMAHI MOTYT CO-
ACPXaThCad TONBKO B KOMAHAAX MEpexons, a CChINMKH NPaKTHYECKH BO
BCEX JIPYTHX KOMaHHIaxX (KpoMe CTPOKOBBHIX H CTEKOBEIX) — 3TO CCHUI-
KM Ha CeTMeHT AaHHBIX. HanpumMep, B XOMaHIe 1epeChlUIKH

MOV BAX,X,

UMA X BOCHPHHHMAETCH KaK CChLUIKA Ha JaHHOe, a TIOTOMY aBTo-
MaTHYeCKM BOCCTAHABIMBAeTCA RO afApecHoll mapul DS:X. B ko-
MaHge Xe Oe3ycloBHOrO mepexoja MO afpecy, HaxXoNAlIEMycs B
perucTpe BX,

JMP BX,
aOCOMOTHEIA anpec Nepexola ompenekdeTcs mapoil CS: [BX].

Eciu B CCHUIKE Ha KaKylo-TO sTdeMKY IITaMATH HE YKa3aH ABHO
CErMEHTHRIH pEerucTp, TO S3TOT perucTp Gepercd IO YMOMYAHMIO.
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ABHO Xe CerMeHTHBI¢ PernCTphl HAIC VKAa3blBaTh, TONBKO €CiIH ITO
KAKMM-TO TIpMYHHAM Per’HcTp no yMoN4aHU He nopxomwr. Eciu,
HanmpHMEpP, B KOMaHit HEepeCBUIKH HAM HaI0 COCHAThCH Ha CTEK
(ckaxeM, HaJo 3amHCaTh B PeTHCTp AH §aliT cTeKa, MOMedeHHBIH
HMeHeM X), TOrAa yxke OyIer HeAOCTATOYHO TIPEANONOXKEeHHA O TOM,
YTO M0 YMOMAHHIO ONepaHh KOMAaHABl MOV GYIeT CerMEHTHPOBAThb-
¢ HNO PErucTpy DS, W MOTOMY CJeOyeT $IBHO YKa3aTh MHOH pe-
THCTP — B JaHHOM C/yvae permcTp SS, TaKk KAK HMEHHO OH YKA3H-
BacT Ha CTEK:

MOV AH,’SS:X.

OnHAKO TakHie cIydaH BCTPEYaloTCAd PeaKo M MOTOMY B KOMaH-
Jax, KaK NpaBHI0, YKA3hIBACTCA TOTBKO CMELeHHE.

OtMetiM, 910 B MASM cerMeHTHBEE pervcTp 3allHCHBAETCA B
caMoit KoMaHAe HenmocpeACTBEHHO Mepel CMelicHHEM (MMeHeM Ile-
peMEHHOM, METKOH H T. I.), OOHAKO Ha YpOBHE¢ MAIIMHHOTO A3HKA
CHTyalHd HecKOJBKC HHad. IIpemycMoTpeHO ueThipe Cie MM adb -
HHe¢ OOHOGANTOBHE KOMAaHAR, HMeHYEMbIe [IpethHKcaMK
3aMeHN ceTMeHTa (00o3HaJaeMEle Kak CS:, DS:, $5: ®H ES:). OHH
CTaBSITCA MNepen KOMaHRoH, onepaHA-aipec KOTopol IoJkeH OLITh
MPOCerMEHTHPOBAaH IO PerHCTPY, OTIHMYHOMY OT perucTpa, Noapasy-
MEBaeMoro Mo yMomyaHno. Hanpumep, IpHBeAcHHAA paHee CHMBO-
JudecKas KOMaHAA NMepechbUiKM — 3TO HA CAMOM Jejie JBe MALIHH-
HBEIE KOMaH/bI:

85
MCV AH,X.

Cezmenmupoganue, Gaposanue u undexcupoganue adpecog. Ilo-
CKOJMBKY CETMEHTHPOBaHHE aRpecOB — STO Pa3HOBHAHOCTb MOmMGH-

KaIlMH anpecoB, T0O B i80x86 ampec, ykassIBaeMBIi B KOMaHAe, B 06-
eM ciydac MOOUHUHpPYETCA 10 TPEM PErHcTpaM — CETMEHTHOMY,
0a30BOMY R HHASKCHOMY. B 1renomM MOTMQUKAIKA afpeca NMpoN3Bo-
IUTcA B EBa 3Tana. CHavyala YSHTHIBAKOTCA TOJNBEKO Ga30BEI H HH-
JACKCHBIf PerCTPH {ECNH OHH, KOHSYHO, YKA3aHbl B KOMaHAe), IpH-
yeM BHIMHCIICHHE 3A6Ch MPOHUCXOANT B 06nacTH 16-OMTOBRIX aapecos;
MOJIYYCHHHM B pe3ynrTate 16-OGUTOBBIA agpec HABHBACTCH WCHOAHU-
meavuoim (hpexmusnovim) adpecon. EcH B XoMaHIe He IpeaycMOT-
peHo olpallicHHe K IIaMATH (HaIlpHMeEp, OHa 3arpyXaeT aipec B pe-
THCTP), TO HA 3TOM MOIHMUKALKA apeca 3aKaHYMBAeTCH M MCIIONb-
3yeTcA HMCHHO HCTIOIHUTENLHE axpec (OH 3arpyXxaercd B peruCTp).
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Ecnu e HyXeH AOCTYII K ITAMATH, TOTAA HA BTOPOM 3Talle HCIOIHH-
TeNbHEIN aapec pacCMATPHBACTCA Kak cMelEHHe M K HeMy npuGani-
eTcst (YMHOXEeHHOe Ha 16) cogepXWMoe CerMEHTHOTO PerucTpa, yKa-
3aHHOTO ABHO WM B3ATOIO HO YMOTYAHHMIO H B PE3YILTATE BHYUMCIIA-
erca abcoaromuvii (pusuvecxuii} 20-GMTOBBIH amgpec, M0 KOTOPOMY
¢$aKTHISCKH NPOHCXOANT oOpamieHHe K MaMATH (CM. pHc. 3.22).

OTMeTHM, 9T0 CEFMEHTHMIA PErMCTD YUHMTHIBAETCH TONBKO HETO-
CPEICTBCHHO Nepea o0pallleHHeM K IIaMATH, a J0 3Toro paGora Be-
JeTcAd TOJMBKO ¢ 16-GMTOBEIMH anpecaMH. Ecm# yuecTs X TOMY Xe,
YTO CErMEHTHEIE PETUCTPHI, XaK MPABIIO, He YKA3KBAIOTCA B KOMaH-
Jax, TO MOXHO CUHTaTh, ¥TO i80x86 paGoraer ¢ 16-GMTOBHIMH ampe-
CAMIH.

Kak yxe cka3zaHO, €C/IH B CChUIKE Ha A4eliKy MaMATH He yXKa3aH
CEeTMEHTHBIK perucIp, T¢ OH oNpeaendercd O YMOMAHHIO. DTO Je-
JIAETCA MO CICAVIOLUINM NpaBANIaM:

* B KOMAHIAX MEpeXoaa aapec MEpexoda CEIMCHTHPYETCA o pe-
THCTPY CS M TONBKO IO HEMY, TaK Kak aGCoNMIOTHEIN ampec Ko-
MaHIbl, XOTOpas NOKHA OBITE BHIIONHEHA CASAYIOLIS, BCETAA
onperenderca mapoli C$:IP (MONBITKA H3MEHUTb B TAKHX KO-
MaHOaX CErMeHTHLIN perHcrp Oymer OesycnmemHolt). CermenTia-
POBaHHE MO PETHCTPY CS XacaeTcd HMEHHO aapeca Iepexofa, a
He ampeca Toit seiiknt, Tae oH MoXer HaxoauTeca, Hanpumep,
B XoManae Oe3ycNOBHOIO nepexoia Mo aapecy, HaxooAleMycsa
B myelike X:

JMP X,

HMA X CETMCHTHPYETCA MO PETHCTPY DS, a BOT aapec Mepexoa,
B3ATHIA M3 AYCHKM X, yX€ CETMEHTHPYETCH TIO PETUCTPY CS;

e afipeca BO BOEX JPYTHX KOMAHIAX, KPOME CTDOKGBRIX {STOS,
MOVS, SCAS H CMPS), CETMECHTHDYIOTCSA II0 YMOMMAHMIO, a

HMEHHO:

— TIO PErHCTpy DS, eClH CPelM VKa3aHHBIX PErUCTPOB-MOIM-
({MKATOPOB HET perncrpa BP;

— IO PETHCTPY SS, €CHM ONUH M3 MOIM(PHUKATOPOB — PErHCTpP
BP.

TakuM oOpasom, aapeca Buga A, A[BX], A[SI), A[DI],
A[BX][SI] W A{BX][DI] CErMCHTHMPYIOTCA IO PErUCTPY DS,
a agpeca A[BP), A[BP] [SI] M A[BP] [DI] — MO PeTHCTPY SS,
T, €. AXpPeCa TPEX NOCJICIHNX BHAOB HCIOAB3VIOTCA % BOCTYIIA
K AyeifkaM crexa;
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* B CTPOKOBbIX KOMaHOaX STOS, MOVS, SCAS M CMPS, MMEIOIIMX
HIBa OTepaHNa-alpeca, Had KOTOPhIE YKA3BIBAIOT HHACKCHBIE pe-
THCTPH SI H DI, OOWH M3 ONEpaHIoB (Ha KOTOPHIt YKA3RIBaET
SI) cerMeHTHpYeTCsl IO perncTpy DS, a Apyro# (Ha Hero yka-

” 3MBaET DI) — IO pervMcTpy ES.

Ipozpammuste cezmenmoi. Jupexmusa ASSUME. PaccMotpumM,
KaK CerMeHTHpOBAHMEe MposinifeTcd B nporpaMMax Ha MASM. s
TOro YTOOK YKa3aTh, YTO HEKOTOPAs Ipyna CNepaTopoB NporpaMMEl
oOpa3yeT eXMHHIN CErMEHT ITaMATH, OHH OQOpMAAIOTCA Kak Mpo-
rpaMMHEIN CerMeHT: nepel HEMH CTABHTCS OTHPEKTMEA SEGMENT, 1Mo~
C/Ie HMX — OMPCKTHBA ENDS, IPHYEM B Hadale 00CHX 3THX AMPEKTHB
JOSDKHO OBITE YKA3aHO OOHO H TO Xe€ MMA, urpalolliee pojib HMeHH
cerMeHTa. IIporpaMma Xxe B LieloM OpelcTasisieT cofolt nocmenora-
TEMLHOCTb TAKUX MPOTPAaMMHBIX CETMEHTOB, B KOHLC KOTOpOil yKa-
3EIBACTCA OUPEKTHBA XOHLIA IIPOrpaMMEL END, HAMpHMep:

DT1 SEGMENT; nporpaMMHBIH CErMEHT C MMEHEM DT1
A DB O

B DW ?

DT1 ENDS

r

DT2 SEGMENT; RpOrpaMMHKBIA CerMeHT DT2
C DB 'hello’
DTZ2 ENDS

.
¥

CODE SEGMENT; mNpOrpaMMHbBII CErMEHT CODE
ASSUME CS:CODE, DS:DT1, ES:DT2

PROG: MOV AX,DT2

MOV DS, AX

MOV BH,C

CODE ENDS

END PROG; KOMEIl TEKCTa NporpaMMel.

[Mpeanoxenrst nporpaMMHOIO CerMeHTa acceMbep pasMmeLiaer B
ONHOM CerMeHTe NaMATH (B COBOKYNMHOCTH OHH HE JOJDKHM 3aHH-
MaTk Gonce 64 KGaitr), HausHBan ¢ Gauxainrero cboBGORHOTO aapeca,
kpatHoro 16. HoMep (nepeuie 16 GHTOB HAYAILHOTO aIpeca) 3TOFO
CEeIMEHTAa CTAHOBMTCH 3HaYeHMEM MMeHM cermMcHTa. B MASM sto
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HMA OTHOCHTCA K KOHCTAHTHBIM BBIDAXCHHAM, a HC aAIpECHBIM, ITO-
3TOMY B KOMaHIE

MOV AX,DTZ2,

BTOPO# OMNEepaHA JBIIETCH HENOCPEACTBEHHHM, IO3ITOMY B PETUCTp
AX OyaeT 3allMCaHO Hauaro (HOMEp) CeTMEHTa DTZ, a He COOCpPKH-
MoOe HadanbHol muehKi 3TOTO cerMeHTAa.

HmeHna xe mepeMeHHMX (A, B, C) H MeTKH {PROG) OTHOGATCH K
agpecHBIM BHIPAKCHHAM, M MM CTABUTCA B COOTBETCTBHC aipec HX
AYEHKNA OTHOCHTEIBHO «CBOCTO» CETMEHTA:

* IMCHH A COOTBETCTRYET aapec 0;

* HMEHH B — anpec 1;

e IMeHM C — afapec 0, a MeTke PROG — agpec 0.

Bce CCRUIKM HAa NpelIOXCHHMS ORHOTO NMpPOrpaMMHOIC CErMEHTa
acceMbnep CErMEHTHPYET IO YMOMYAHHIO TI0 OTHOMY M TOMY X€ Cer-
MCHTHOMY PericTpy, Mo KaKOMY MMeHHO — YCTAHABIHBAeTCHA CITe-
IEansHOH OHPEXTHBOH ASSUME. B npHBemeHHOM NpHMepe 2Ta IH-
pPCKTHRA ONpeIeideT, YTO BCE CCHUIKH HAa CErMEHT CODE, eC/IM ABHO
HE YKA3aH CErMEeHTHBIH PETHCTP, IOMKHE CETMEHTHPOBATHCA M0 pe-
THCTPY CS, BCe CCBUIKM Ha DT1 — IO PerHcTpy DS, a BCE CCBUIKM HA
DT2 — MO PETUCTPY ES.

BcTpeTHE B TEKCTe NPOTPaMMBI CCHUIKY HAa KakKoe-TH0o HMA (Ha-
mpyuMep, Ha MM C B KOMaHae MOV AX,C), acceMbiiep OMpeHensieT, B
KaKOM WMMEHHO MpPOIPAMMHOM CETMEHTE OHO OIIACAHO (31ech —
B DT2), 3aTeM Mo HHGOPMAUMKH H3 AHPEKTHBL ASSUME <«y3HaeT», Ka-
KOl cerMeHTHBIN perticIp MoOCTARIEH B COOTBETCTBHE 3TOMY CETMEHTY
(B TaHHOM c/Iyyae — 3T0 ES), H Jaigee obpazyeT ampecHYIO Iapy W3
JAHHOTO PermcTpa M CMellleHHsT HMeHH (31eck — ES: 0), KOTOPYIO M 3a-
THChiBaeT B GopMIpyeMyI0 MalUMHHYIO KoMaHay. IIpu 31oM accem®-
Jiep YUMTHBACT HCTIOMB3yeMoe B i80x86 cormaiiieHHe 0 CerMEeHTHHX pe-
THCTpax N0 YMOMYAHWIO — €UJIA B aIpecHOl nape, NOCTPOCHHOH MM
CaMMM WIH ABHO 3aJAHHOM B IpOIpaMMe, CErMeHTHERE perucTp CoBIIa-
JAeT ¢ PETUCTPOM [0 YMOIaHMIO, TO B MAIIMHHYI0 KOMaHIy 3aHOCHT-
cA THML cMelIcHue. ECN, cKakeM, BCTpeTHTes KOMaHOA

MOV CX,B,

TOIIa O MMEHH B acceMOiep TOCTPOWT mapy DS:1, HO €M Ofre-
paHA — ampec KOMaHIH MOV — MO YMONUYaHHIO CeTMEHTHpYercs TIO
perncTpy DS, TO 3aNMCHIBATH 3TOT PETHCTP B MAIIHHHYIO KOMaHIY
HVTMIIHE, U acceMOJIEp 3aNHCHIBAeT B Hee TONBKO CMElIeHHe 1.
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TakuM obpazoM, AHpEKTHBA ASSUME H30aRIfeT NpOrpaMMHUCTOB
0T HeoOXOIMMOCTH BHINTMCHIBATD HONHLIE aApECHEIE MApHl HE TONMLKO
TOrda, KOTOA MCIONBE3YIOTCH CETMEHTHBIC PETHCTPH MO YMONYAHWIO
(KaK B Cyyae ¢ HMeéHeM B), HO TOrfa, KOraa B MalllHHHOM KoMaHIe
ceqoBano OH ABHO YKa3aTh CErMEHTHBIN perMcTp (KaK B CIydae ¢
nMeHeM C). B MASM cerMeHTHBIH perBcTp B CCEUIKE Ha AMSA TpeOy-
¢TCd YKA3hlBaTh JIMIUbL TOTHA, KOTHA MMA AONKHO IO KAKMM-JHGO
MPAYWHAM CETMEHTHPOBATBCA 110 PETHCTPY, OTIHYHOMY OT TOTO, YTO
MOCTARNEH B COOTBETCTBHE BCEMY CETMEHTY, B KOTODOM 2TO WUMHA
OIHCaHo.

OnHako BCe 3TO CIPaBSIJIMEO TOJBKO P COOMIONERHH CIIEAYIO-
WX YCIIOBHA:

e THPEKTHBA ASSUME OOJDKHa OBITB YKalaHa nepel IepBoil Ko-
MaHIOM nporpaMMebl. B MpoTHBHOM caydae accemOnep, <mpo-
CMATPHBAKOILHI{» TEKCT MNpOTpaMMH CBEPXYy BHH3, He OyIer
3HaTh, KaK CCIMEHTHPOBATE MMCHA H3 KOMAaHJ, pacloiOXeH-
HHX A0 370 AAPEKTHBLI, M MMOTOMY 3aHKCHpYET OIHOKY;

e B JHPEKTHBE ASSUME CHEAYET KAXMOMY CerMEHTY CTABHTE B CO-
OTBETCTBHE CETMEHTHBLIH perKcTp: €CH acceMOJepy BCTPETHICH
CCBUIKA HAa HMA M3 CErMEHTA, KOTOPOMY HE COOTBETCTBYET HHKa-
KOl ceIMeHTHEIN perucTp, T0 oH 3adHKCHpYeT OIIMOKy. Ilpas-
Ja, B 00OHX CIy4asX MOXHO H30EXaTk OIUMOKH, HO VI 3100 B
CCBUIKAX HeoOXOOMMO IBHO YKA3BIBATH CETMEHTHBIN PerHCTp.

Hanasenan 3azpyika (HHUNNGANARUA) CE2MENMKLIX PezHcmpod.
JupexTipa ASSUME coobluaer acceMOepy 0 TOM, MO KAKUM PEeruCT-
paM OH JOJDKEH CerMEHTHUPOBATb MMEHA, M3 KAKHX CETMEHTOB, W ra-
PAHTHpYET, YTO B 3THX perHcTpax OyayT HaXOOHTBCA HAYANBHEIE afi-
peca 3THX cerMeHTOB. ONHAaKO 3arpy3Ky 3THX ajipecoB B PEerMcTpHl
caMa JAPCKTHUBA HE OCYIUECTRAACT.

Crieath TAKYK0 3arpy3Ky — 0O3aHHOCTB CaMOi BpOTpaMMEl, C
3arpy3KH CErMEHTHBIX PEMMCTPOB H AO/DKHO HAUYHHATHCA BHITIONHE-
HHe nporpaMmMbl. TTockonbky B i80x86 HeT KOMaHObI NEPEChUIKM He-
[OCpeacTBeHHOIO OTICpaHaa B CETMEHTHBIH peTHCTp (a HMA, T. €. Ha-
Yall0, CETMEHTa — 3TC HENOCPEACTBCHHBIH OIepaHA), TO TaKylo 3a-
TPY3KY MPHXOINTCA ACJaTh Yepe3 KakoH-To Apyroit, HECErMEHTHHIH,
perucTp (Hanpimep, AX):

MOV AX,DTL ;AX := Hauarno cermedHTa DT1
MOV DS,AX ;DS := AX.

AHANOIMYHO 3aTPYXAETCs] PETHCTP ES.
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3arpyxath peTHCTp CS B Hauase TIporpaMME He Hallo: OH, KaK H
CYETIHK KOMAHJ 1P, 3aTPYXKAETCA ONEPAlMOHHON CHCTEMOH Tepen
TeM, KaK HaYHHAETCA BHIOAHCHHE MPOrpaMMBl (MHaYe HENb3sA GhUTO
66l HAYAThL e BeOMAeHHE). YTO Xe KacaeTcs perucrpa SS, Henoib-
3yeMoro ;1A paboThl CO CTEKOM, TO OH MOXET OBITH 3arpyXeH TaK Xe,
KaK W perucTpH DS # ES, ogHako B MASM npegycMOTpeHa BOIMOX-
HOCTB 33Tpy3KW 3TON0 PErUCTpa €ule IO RHIOMHEHHS TTpOorpaMMH.

Cebiaxn eneped. «BcTpeuasi» B KOMABHOE CCHRUIKY Hasag — HMSA,
KOTOpOE OIMCAHO B TEKCTE NMpOTpaMMBE IO 3TOM KOMaHOEI, acceMO-
Jiep yiKe HMeeT Heolxonumyio uubopMaumio of HMEeHH H TIOTOMY
MOXeT MPaBWIbHO OTTPAHCAHPOBAaTE 3Ty KoManny. Ho ecin BeTpe-
THTCA CCRUIKA BIIEPEd WIH MMM, KOTOpoe He OBLUIO OINHCAHO IO KO-
MAaHOH M KOTOPOE, BEPOATHE, OYIET OMMCAHO MO3XKe, TO acceMOaep B
CONBINWHCTEE CJIY94€B H¢ CMOXET NMPaRHNIBHO OTTPaHCAMPOBATh Ta-
Ky KoMaHay. HampuMep, He «3Hafd», B KAKOM IPOrpaMMHOM CET-
MEHTe OyAeT OMHCAHO 3TO HMS, acceMOep He MOXET YCTAHOBHTE, IO
KaKOMY HMEHHO CETMEHTHOMY PETHCTPY HaA0 CErMEHTHPOBAaTh MMM,
¥ TIOTOMY HE€ MOXET OTpeNeItTb, HAIO WIH X HET pasMellaTh nepel
COOTBETCTBYIOIICH MAaIMHHOI KOMaHAOH npedMKc 3aMCHBI CerMEH-
T4 M, €CJIM HALO, TO KaKo#i MMEHHO.

B monoGHoil cuTyanmumn acceMOnep HeiicTByeT caemylolimM ob-
PasOM:

* ECTH B KOMaHJI¢ BCTPETWIACH CCRITKA BIICPER, TO OH IENAcT He-

KOTOpOE TIpEOMONOXEHHE OTHOCHTENIBHO 3TON0 HMEHH U YXe
Ha OCHOBE 3TOr0 HPEANONOXeHHd (POPMHUPYET MAIIMHHYIO KO-
MaHy;

= eCNMH 3aTeM (KOrga BCTPETHTCA OITHCAHNE HWMEHH) OKAaXeTCH,

YTO0 HAHHOE IpeANnoAokeHHe GbUI0 HEBEPHBIM, TOTAA acceMG-
Jlep mLITaeTes BUCNPABHTE CthOPMHUPOBAHHYIO paHee MAIIWHHYIO
KoMaHmy. OOHAKO 3TO HE BCETOA YIACTCA: eCIM TpaBHAbBHAS
MAallMHHAS KOMAHAA OO/DKHA 3aHHIMATH Oonepme MECTa, 9CM
MAlIMHHAA KOMaHIa, MOCTPOCHHAA Ha OCHOBE NMPeANoAcKEeHHA
(HampuMep, Tepex KOMaHAO# HamO HAa CAMOM JigJie BCTABKTH
npepHKC 3aMeHH CerMeHTa), TOTEa acceMOnep dHKCHpyer
omHbKy (Xak TpaBnno, arc ommebka HOMep 6: Phase error
between passes).

Kaxne x¢ «IpeanonoxecHHA» AciacT acceMOep, BCTpeuasd CChUT-
Xy Bricpen?

Bo Bcex KoMaHBaxX, KpoMe KOMaHZA Tepexona, accemOGnep <«mpen-
nonaraer», 910 KMA OYIET ONMHCAHO B CEIMEHTE JAHHHIX H MOTOMY
CETMEHTHPYETCA TIO PErucTpy DS. DTO cledyeT YYMTEIBATH TIPH CO-
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CTABNECHHH NTPOTPAMMHE; €CJIH B KOMaHAE BCTPEYaeTCA CCHUIKA BIiepen
HA WM, KOTOPOE OMKUCAHO B CETMEHTE, HA HAYAIO KOTOPOTO YKa3bi-
BaeT CerMEHTHRE perHcTp, CTAHYHRIA OT DS, TO NEpell TAKHM HMe-
HEM ABTOp NpOrpaMMbl JO/DKEH HaliACcaTh COOTBETCTBYIOLIMH IIpe-
cduxe. Tpumep:

CODE SEGMENT

ASSUME CS:CODE

X DW ?

BEG: MOV AX, X ;38CCh BMECTO CS:X MOXHO 3alIHCaTh MPOCTO X
MOV CS:¥,AX ; 3nech 0043aTENLHO HAAO 3ANHCATL CS: Y

Y DW 2
CODE ENDS.

Komandsr nepexoda (semsnenus npozpammb:)

B cucremy xomanz i80x86 Bxomut obvrmaHbii ans DBM HaGop
KOMAHI nepexoia — Oe3yCNOBHBIE M YCAOBHEIE NMEpPeXolbl, Nepexobl
¢ Bo3BpaTraMu ¥ Ap. OnKako B i80x86 aTH KOMaHIH WMEIOT HEKOTO-
pHic 0cOGEHHOCTH, KOTOpBIC 3MECh H PacCCMATPHUBAIOTCA,

ADCOMIOTHEIH anpec KOMAHIE, KOTOpas MODKHA OMTh BWTIONHE-
HA CNCAYIOWCH, ONPEACaAeTCa MApoR CS: 1P, MO3TOMY BRIITONTHECHHE
nepexona O3HAYACT H3IMEHEHHE 3THX PEFMCTPOB, 060MX WIH TONBKO
oxHoro (IP):

« €CNH MIMEHSETCA TOABKO CYCTYNK KOMaHA IP, TO TaKo# mepe-
XOI HASHBACTCA BHYTPHCETMEHTHHM WIH GTHXHHAM
(yIIpaBIeHIC OCTaeTCA B TOM Xe CeIMeHTe KOMAaHI);

s eCAM MEHAIOTCA 063 perucTpa CS H IP, TO 3T0 MEXCEerMeHT-
HEIH W gansHUR nepexol (HaYHMHAIOT BBIMTONHATHCA KOMAaHAE]
M3 APYTOTO CerMEHTA KOMAHI).

ITo ciocofy HaMeHeHNA CUETHHKA KOMaH], NepeXoabl AeNATea Ha

abCONKTHBIE H OTHOCHUTEJABHHE:

« CNIH B KOMaHZIE MEPEXOAA YKadaH aapec (CMEIUCHHE) TOH Ko-
MaHIbl, KOTOPOH HAIO NEepelaTh YIIPAWIEHHE, TO 3T0 abcorom-
Kyl nepexod,

¢ ECTH B KOMaHJIe YXa3aHa BEAHYMHA (CHBHT), KOTOPYIO HaAo J0-
0ABATH K TEKYIICMY 3HaYCHHIO pETHCTpa 1P, YTOOH NONyWICA
agpec Inepexofa, Tora 310 OyleT OTHOCHTENLHBIN Mepexon,
TIPH 3TOM CABHT MOXET OHTB HOA0XNCHMEALHLM W Ompuyament-
HbiM, TAK YTO BO3MOXEH ITIepexol BOepen M Hasaj,
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Ilo BemmMMHE COBMra OTHOCHTENBHEIE TIEPEXONBl JEMATCA HA KO-
poTkHe (COBHT 3amaeTcs SaiiToM) M JUIMHHBIE (CABHI-CIICBO).
ADCOIIOTHEIE NEPeXOObl JENSITCA Ha MpAMEIE M KOCBEHHbIC:
o TIDH MPpAMOM TICPEXOAE alpec nepexola 3aJacTcA B caMOi Ko-
MaHze;
» [IPH KocGehHoM -~ B KOMaHIEC YKA3HBAaeTCA PETHCTp (Adelika
faMATH), B KOTOPOM (KOTOPOH) HaxoMUTcs aapec Mepexoa.

be3sycaosnvie nepexodw. B MASM Bce KOMaHOW Ge3yCIOBHOTO
nepexons o603HAYaI0TCH ONHHAKOBO!

JME op,

HO B 3aBHCHMMOCTH OT THIa omnepaHaa accembiep ¢opMHpyeT pasHble
MAUIHHHBE KOMaHIEI.

Brympucesmenmuwi omuocumeasvnmwii kopomiui
nepexod.

JMP iB (IP:=IP+i8).

3necs i8 0OO3HAYAET HEMOCPEACTBEHHBIA ONEPAaH] Pa3sMEPOM
B 1 GailT, KOTOPHIIf HHTEPMPETHPYETCA KAK 3HAKOBOE ilejioe oT —128
oo 127. KoManaa npHGamIsgeT 310 YHCIO K TeKyIIeMy 3HaYeHHIO pe-
THCTpa 1P, NOAYYas B HeM aapec (cMelleHWe) Toi KOMaHIbl, KOTO-
Pas Ao/DEHA OHITE BRIMONHEHA cheayiomei. PerucTtp CS mpH 3T0M He
MEHACTCA.

HeolxooMMo yUHTHBATD CHEAYIOMYI0 0COBEHHOCTR perucTpa IP.
Beinonnenne 060l KoMaHAB HAYHHASTCA € TOTO, YTO B IP 3aHO-
CHTCSL afpec cirefylolleii 32 Hell KOMAaHIB, H TOMLKO 33aTéM BBIMIOIN-
HseTcsl cOOCTBEHHO KOoMaHaa. [ KOMAHARI OTHOCHTENLHOIO fnepe-
XOJa 3TO O3HAYAET, YTO OEpaH)] i8 NpUGaBJsIeTCA HE K ampecy 3Toi
KOMaHIOH, a K agpecy KOMaHObl, CileOyolled 3a Hell, MoaToMy, K
NpHUMEPY, KOMAHAA JMP ( — 3TO MEpPEeXod Ha CIACAYIOUIYI0 KOMaHay
IIpOTpaMMEL.

Ilpu HamHCaHHH MAlUWHHOM TNMPOrpaMMH CIBHIH Wil OTHOCH-
TEAbHHX IEPEX0OA0B NPHUXOAHTCS BBMHCIATHL BPYYHYI), ONHAKO
MASM wn3Gapnser 0T 3TOTO HeNpHUsITHOrO 3aHATHA: B MASM B KO-
MaHIAX OTHOCHTENBEHOIO MNMepexoda BCerIa YKashblBaeTCA METKa TOoH
KOMaHABL, Ha KOTOPYIO HAI0 NepenaTh YNpaBiIcHHE, B acceMONep caM
BEIYHCISET CABWUI, KOTOPHEIH OH WM 3alUCHIBACT B MAUIMHHYI0O KOMaH-
oy. Orciona cnenyer, aro B MASM koMaHga mepexoga no MeTke BocC-
APUHHMAETCA He KaK a0COMOTHBIH MepeXxol, & KaK OTHOCHTENBHBIA.
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ITo XOpOTKOMY NEpPEXORY MOXHO MEPENaTh YNPARICHHWE TOJIBKO
Ha Gmikaifiiie KOMaHIbl IPOTPAMMEL, OTCTOALIHE OT KOMaHIH, CJIc-
IVIoImeH 3a KoMaHaoi mepexoma, no 128 OaliTop Hasag wim Ao
127 GaiiToB BnEpen.

Brhympuceemenmunii omHocumeasHuid OAURKMU
nepexod UCIIONB3YeTCd A NMEpPeXxola Ha Goice BANbHHE KOMAHIBL.

JMP il16 (IP:=IP+il6).

3nech 116 ob03HAYAET HEMOCPEACTBEHHHIA ONepaHl, pasMEPOM B
CJ0BO, KOTOpBIH paccMaTpHBaeTcs KakK 3HAKOBoe uenoe ot -32 768
o 32 767. DTOT nepexoA aHAOTHYEH KOPOTKOMY TEPEXONy.

OTMeTHM, YTO, BCTPETHE KOMAaHIY [IEPEX0AA ¢ METKOH, KoTopoil
OBUTA TTOMeYeHa OTHA M3 TIPEABLIYIIHX (TI0 TeKCTY) KOMAHM IPOTPaM-
MBI, acceMbJiep BEIYMCIAET Pa3HOCTH MEXEY agpecoM TOH MeTKHM M
anpecoM KOMAHIB MepexXofa M o 3TOMY CABUIY OMNpPEAcifseT, KaKyio
MALIAHHYI0 KOMAaHIY OTHOCHTEIBHOIO Nepexofa (KOpPOTKYIO WIH
IAMHHYI0) Hapo chopmipoBaTk. Ho ecld MeTKa €llie He BCTpevuatach
B TEKCTE MPOTPaMMEI, T. €. MPOMCXOAUT MEPEXOA Brepel, TOTAA ac-
ceMOnep, He 3HAdA €Il ANpeca METKH, HE MOXET OTNPEIENHTh, KaKyIo
FMEHHO MallMHHYI0 KOMaHIY OTHOCHTENIFHOTO nepexoda (popMHpo-
BaThb, IMOITOMY OH Ha BCAKHI ciaygait BEHIOMpaeT KOMaHOy UTHHHOTO
nepexona. OaHaKo 3Ta MAlIMHHAA KOMaHJA 3aHMMaer 3 Galira, Torna
KaK KOMaHIa KOPOTKOro nepexona — 2 Gaiita, v ecnam apTop nporpaM-
Mb Ha MASM crpeMHTCa K 9KOHOMMH MaMsITH M 3HacT 3apaHee, UTo
nepexon pnepen OymeT Ha OIH3KYI0 METKY, TO OH JO/IKEeH COODLIHTh
o6 3TtoM acceMOnepy, YTOOH TOT CHOPMHPOBAN KOMaHIY KOPOTKOTO
mepexona. Takoe yKazaHHe AeflacTcs ¢ MOMOIIBIO oeparopa SHORT: -

JMP SHORT L.

Jlng mepexonoB Ha3al oneparop SHORT HE HYXeEH — <«3Has» ax-
pec METKH, acceMOep caM OTpeIeNHT BHA KOMAaHIH OTHOCHTEIbLHO-
o mepexosa.

Brympucezmenmnuoiti abcoslomuniti xoceennvili ne-
rexod.

JMP rlé (IP:=[r])
WIA

JME ml6é (IP:=[mi&]}.
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3nech r16 obosHauaeT moOoi 16-6MTOBEIH perncTp oflero Ha-
3HaYeHUs, a m16 — aapec ClioBa MaMATH. B 3ToM peructpe (ciose
MAMSITH) ZOJIKEH HAXOAUTHCH agpec, MO KOTOpoMy H Oy&eT mpou3pe-
AOeH nepexox. Hanpumep, mo xoMaHie JMP BX OCYIECTRISETCS Iie-
pexos 1o aapecy, HaxoAALIEMYCS B perHcTpe BX.

Mexcceemenmuviii abcoaiomuuii npamoli nepexod.

JMP seg:o0fs (CS := seq, IP := ofs).

3mech seg — Hayato (nepeble 16 GHTOB HAYANBHOTO ANpECa)
HEKOTOPOTO CerMEHTa MaMATH, a of 5 — CMEIUEHHE B ITOM CEerMeH-
te. [lapa seg:ofs onpelenser aGCOMIOTHEIR aapec, MO KOTOPOMY
nrenaerca nepexox. B MASM sTa napa Bcerma 3agaeTcs KOHCTPYKIIM-
elf FAR PTR <meTka>, KOTOpas YKa3biBaeT, UTO HalO cIelarsh nepe-
XOM 10 YKA3AHHOM! MeTKe, NpHUeM 3Ta METKa — <«RalbHAA», U3 IpY-
roro cerMeHTa. OTMETHM, YTO acceMOiep caM OMNpeleNifeT, KaKoik
3TO CerMeHT, ¥ CaM TOACTABNAET B MAIIMHHYK) KOMaHAY ero Rauya-
10, T. €. seq.

Mexcceemenmuuii abcoarwmnuoli koceennnli nepexod.

JMP m32 (CS := [m32 + 2], IP := [m32]}.

3meck MoR m32 MOHMMAETCA aapec ABOMHOTO CiloBa NMaMaTH, B
KOTOPOM HAaXOAMTCH Mmapa seg;ofs, 3ajalmas abCcomoTHEI aapec,
Mo KOTOpOMY JaHHasd KOMaHOa HONXKHA BRINMOAHHTR mepexox. Ha-
MOMHUM, Y10 B i80X86 BeMWYMHEI pa3MEPOM B JBOWHOE CNOBO Xpa-
HATCH B «[IEPEBEPHYTOM» BHIE, ITOITOMY CMEILEHHE ofs HaXOIHTCH
B I[ICPBOM CNOBE OBOWHOIO cNoRa m32, a CMCIIEHHME seg — BO BTO-
poM ciioBe (110 aapecy m32+2).

KoMaHIBl MEXCErMeHTHOTO MEPEXOAa MCMONB3YIOTCH TOrHA, KO-
THa KOMaHgbl IIPOrpaMMEl Pa3MELECHE] HE B OAHOM CErMEHTE MaMsi-
TH, a8 B HECKONBLKMX (HAampuMep, eCcltd KOMaHJ TaK MHOTO, YTO B CO-
BOKYIIHOCTH OHM 3aHMMaloT Bonee 64 Kb6aitr, T. e. Gonbllle MaxCH-
MaJIBHOrO pa3Mepa cerMeHTa nmamsaTtn). llpu mepexone M3 oaHoro
TAKOIO CerMeHTa B APYroil HeoOXOXHMO MEHSTH HE TOJBKO CYETIHK
KOMaHa IP, HO H COOCPXHMMOE pEerucTpa CS, 3arpyXad B IOCHGIHHH
HAYAIBHRIM alipec BTOPOTo CerMeHTa. Takoe OXHOBpPEMEHHOE H3Me-
HeHRe 000MX 5THX PErMCTPOB H AENAT KOMAHIAB MEXCETMEHTHOTO
nepexoa.

fTpobGremu komand nepexoda. Ilpn 3anucu B MASM xo-
MaHJI Mepexoaa caeayerT Y4HTEIBATE, YT0 OHH MOTYT BOCIIPHHHMATRCHA
HEOXHO3HAYHO.
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Boripoc — KaK BOCHPHHEMATL KOMaHZY JMP A:

» K4K MEpPEXoN Mo METKE A;

* KakK [IEpeXon Mo aapecy, XPaHsIieMycs B AYCHKE ¢ HMEHEM A7

KpoMe Toro, kakoif 3ro nepexol — BHYTPHCSTMCHTHHH HiIH
MeXcerMeHTHRI? OTrBeT 3aBMCHT OT TOTO, KAK OMHCAHO MMA A, H
OT TOIO, KOrda ONHCAHO HMA A — OO0 KOMaHIB Mepexoija WiH fo-
ce Hee.

Ilycth A OIDICAHO A0 KOMAHEH rnepexofa (ccsaka Haiad). Ecan
HMEHEM A TIOMe4YeHa HEKOTOpas KOMaHJa TEKVIIEro CEIMEHTa KO-
MaHa (T. e. 2 — MeTKa), Torga acceMmOnep opMHPYET MALLIMHHYIO
KOMAHOy BHYTPHCETMCHTHOTO OTHOCHTS/IBHOTO nepexoma. Ecnn xe
A — MM MepeMeHHoli, Torma acceMOiep hopMHMpyeT MAIIMHHYIO XO-
MaHAY KOCBEHHOIO NEpeXola — BHYTPHCETMEHTHOIO, €CJIH A ONMCa-
HO B JHpeKTHBE DW, HJIH MEXCETMEHTHOIO, eCliH A ONMHCAaHO B AM-
PEKTHBE DD.

B ciayuae Xe, ecM HMA A ONHCAHO MOCIE KOMaHAW IEpexoma
(ccotka eneped), accembrniep Beeraa hopMHpPYET MALKHEHYI0 KOMAHTY
BHYTPHCETMEHTHOTO OTHOCHTEABHOTO JUIHHHOTO nepexona. C yaeToM
3ITOr0 MMs A 06M3aTeNbHO ROKHO METHTH KOMAHIY M3 TeKylIero
cerMeHTa KoMaHIm, mHave Oymer 3adHKcHMporaHa ommbka. Eciu Ta-
Xaf TPAaKTOBKa CCBUIKH BIICped HE YIOBICTBOPACT aBTopa NPOIPaM-
MEI, TOTHA OH 0043aH ¢ NOMOILLIO onepaTopa SHORT HAH PTR YTOY-
HHUTB THI HMEHH A:

JMP SHORT A ; BHYTPHCEIMEHTHBIH KOPOTKHIH Nepexon o MeTKe;
JMP WORD PTR A ; BHYTPHMCCTMCHTHRIH KOCBCHHHIA Nepexom;
JMP DWORD PTE A; MeXCErMeHTHHH KOCBEHHHH mepexol.

OTMETHM, YTO NEPEXOA O METKE A M3 IPYTOTO CErMEHTa KOMaHA
BCETIA JNO/IKEH YKAILIBATECHA C MOMOIIBI0 FAR PTR (HE3aBHCHMO OT
TOTO, OTIMCAHA METKA A N0 KOMAaHIE! IEPeXONa WIH Toc/e Hee):

JMP FAR PTR A ; MEXCErMEHTHHH Nepexon no MeTKe.

Yesoouste nepexoowt. TlpakTidecki BO BeeX KOMAHIAX YCAOBHOTO
MEPexona NpOBEPAETCA 3HAYCHUE TOTO HITH MHOrO (iara (HanmpuMmep,
duiara HynA ZF) K, €CJIH OH HMEET ONpelcIcHHOS 3HaYCHHUE, BHITION-
HAETCA MepeXol Mo aapecy, YKazaHHOMY B KOMaHIe. 3HaucHHe ¢nara
JOIKHO OWTH YCTAHORJICHO NpeARAyIicH KOMaHmOH, HAPHMEP KO-
MaHIoH cpapHCHHA

CMP opl,op2,
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KOTOpAasA BBEIMHCIAECT PasHOCTDL opl - op2, OIHAKO pe3yNnLTaT HHKYA
He 3aMHACHIBAeT, a TONBKO MeHdAeT (baarn, Ha KoTophie SymeT peary-
poBaTh KOMaHIa YCHOBHOIO IIEPEXOIA.

B MASM koMaHAB YCIOBHOIO MEpexoa HMEIT CACAYIOLIYI
dopmy:

JxXx op,

e xx — OIHA WIM HeCKONBEKO OVKB, B COKpAalllcHHOM BHEE OTpa-
XKaIOIENX TNPOBEpACMOE YCJIOBHE (0OBMHO B IIPENITONOXEHMH, YTO
nepen, 5Toit xoMaHno# HaXOAWTCA KOMAHIA CPaBHCHHA).

IIpAMepH HEKOTOPHIX MHEMOHHK:

JE — mepexod «Ho paBHO» (jump if equal);
JNL — MEPexo] «II0 He MeHbIles (jump if not less).

OcoOeHHOCTBIO BCEX MAINMHHHX KOMAHH YCJIOBHOIO TEpexona
AWISETCA TO, YTO OHH PEANM3YIOT BHYTPUCETMEHTHBHIH OTHOCHUTEb~
HBIH KOPOTKMI mepexom, T. €. HODaRIMIOT K CYeTIWKY kKomaHn I[P
CBOI1 ONEpaHid, PaCCMATPHBAEMHI KAK YHACHO CO 3HAKOM OT —128
mo 127. B MASM »sToT onepaHn Beerda AOJDKEeH 3alMCHIBATHCSA KakK
METKA, KOTOPYIO acceMOiep 3aMeHHT HA COOTBETCTBYIONMA cOBHT.

Takas 0coDeHHOCTE KOMaHJ YCIIOBHOTO TMepeXola BRISHBAET He-
yAOOCTRO IIPH TEpeXoaax Ha «IadbHHe» KoMmaHapl. Hanpumep, ecam
HAjo CHENATh Nepexol MpH A < B HA KOMaHIY, IOMEYEHHYIO METKOH
L M pacIOIOXEHHYIC Ja/IEKO OT KOMAHAN Mepexofa, TO MPUXOIUTCA
HCIIONB30BaTh KOMaHAY ITMHHOTO Ge3YCIOBHOTO NEPeXoa:

MOV AX, A

CMP BX,B ; CpaBHEHHMEe A U B

JNL M ; HE MEHBUIEC --> M (06X04 XOMaHAH JMP)
IMP L ; MeHBble --> L (WIHHHHH mepexon)

M: ...

Komandsi ynpasnenus yuxnom

B i80x86 ecTb HECKONBKO KOMAaHJ, YIPOIIAIOIINX NPOrPaMMHpPO-
BaHHE IMKIOB C 3apaHee W3BECTHHIM 4YUcioM nosropenull. Ilpume-
HeHHe 3THX KOMaHJ Tpefyer, WTo0Bl K HaTady HMKAA B perucTp CX
6bUTO 3aHECEHO YMCAO IAaroB HUKIa. CaMM KOMaHIH pa3MEIaloTCs B
KOHIIe IXHKJTA, OHH YMEHBILAIOT 3HaUYeHHe CX Ha 1 |, ecqu CX elue He



3.4, Cucrempl koMaHg x86. MakpoaccemGnep 383

paBHo 0, mepenaloT VIIpabBlleHHe Ha Hauano nuxna. Hanpumep, HadTh
§ — CYyMMY JIEMEHTOB MacCHBa X U3 10 UHCeNn-CIoB MOXHO TaK:

MOV AX,0 HayaALHOE 3HAYCHNE CYMMEI {HAKATIIHBACTCHA B AX)
MOV SI,0 HAYaNbHOe 3HAYeHHEe HHISKCHOFO perucTpa

MOV CX,10 ; 4MCIO NOBTOPSHMH UMKNA

L: ADD AX,X[SI? ; AX:=AX+X[i]

ADD SI,2 ; SI:=8I+2
LOOP L ; CX:i=CX-1 ; if CX<>0 then goto L
; S:=AX.

MOV S,AX

TfoMuMo KoMaHakl LOOP €CTh €lIE IBE «LMKIMNECKHE» KOMAH-
Obl — LOOPZ M LOOPNZ (OHH HMeIOT CHHOHHMHYHBIC Ha3BaHHS
LOOPE 1 LOOPNE), KOTOPHE, KPOME PETHCTPa CX, NPOBEPAIOT €l U
dar Hyaa ZF; HanmpHMep, KOMaHOA LOOPZ «BBIXOOHT» M3 LIHKIA,
ecnd CX = 0 WM Z2F = 1. DTy KOMAaHZY MOXHO, HallpUMep, HC-
NONB3OBATh IPH MOMCKE B MAaCCHBE IICPBOrC HYJIEBOTO JIeMeHTa, rIe
JOMXHO OHITH MPEeAYCMOTPEHO ABA YCIOBHS BBIXOA2 M3 LAKNA: TADO
OyneT HalileH HYJIeBOH IeMeHT (ZF = 1, ec/iM mepen LOOPZ MocTa-
BHTE KOMAaHZY CPABHEHMS ouepenaHoro syemMeHta ¢ (), nmbo 6ymer
HCYepnaH BeCh MaccHB (CX = (),

OTMETHM, YTO BCE 3TH <«LHMKIHYECKHE» KOMAHIEI PCATH3YIOT KO-
POTKHMH OTHOCHTEABHEI Nepexoy, KaK W KOMAaHARl YCIOBHOIO ITepe-
Xo/a, HO3TOMY MX MOXHO WCMNOAL3OBATH TOABKO JUIA LHMKIIOB ¢ He-
CONBIINM YUC/IOM KOMAHH,

B MASM ecth ellie ABe KOMaHIH Mepexola — CALL (Mepexon ¢
BO3BpATOM) H RET {BO3BpAT U3 MOANIPOTPAMMEI).

Cmponossie onepayuu

B i80x86 monm cTpokoii MOHHMAaETCA ITOCIER0BaTEABHOCTD COCS-
Hux OalitoB wiM cimoB. B ¢BA3M ¢ 3TUM BCE CTPOKOBHEC KOMAHIHI
HMEIOT IBe pa3HOBHIAHOCTH:

e IJ151 paboTHI CO CTpOKAMH M3 GaliToB (B MHEMOHNKY OIEepaLlHit

BXOOHUT Oykea B);

s 17151 pabOTEI CO CTPOKAMH M3 CJIOB (B MHEMOHHKY BXOIOHT W).

HMuewores caepylomye onepalMy Haj CTPOKaMM:

« IEPECHUIKA 3JJICMEHTOB CTPOK (B IIAMATH, H3 NaMATH, Iia-

MATb—NAMATD);
* CPaBHCHHE OBYX CTPOK;
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e MIPOCMOTP CTPOKH C HEIbi0 MOHCKA 3ICMEHTA, PAaBHOTO 3a0aH-
HOMY.

Kaxnas M3 3mMX omepauiii BHINOJHACTCA TOJIBKO Hal, OLHHUM
3/IEMEHTOM CTPOKH, ONHAKO OJHOBPEMEHHO MPOHCXOIUT ABTOMAaTH-
yecKad HacTpoiika Ha creXyiolnil WM NpeabiIyllii 3MeMEHT CTpo-
KH. TlpeaycMOTpeHB KOMaHOB NMOBTOPeHHA (REP H Ap.), KOTOpHIE
3ACTARDTIOT CHESOYIOLIYIO 32 HHMY CTPOKOBYHD KOMAHIY MHOTOKDPATHO
NoBTOpATECA (B0 2'® pa3), B CBA3M € 3TMM TaKad Mapa KOMaH/ MO3BEO-
IsteT obpaBoTaTh BCIO CTPOKY, NpPHUEM HaMHOTO OLICTpee, YeM 3a-
NpOrpaMMHPOBAHHER LIMKIT.

Kpome TOoro, CTpOKM MOXHO HpOCMAaTpHBATh BIeped (OT HX Ha-
yana K KOHIY) U Ha3an HanpasneHue mpocMoOTpa 3aBHCHT OT duiara
HapaBNleHHA DF, 3HA4YCHHE KOTOPOrQ MOXHO MEHHATh ¢ IOMOLUBIO
KOMaHa STD {DF := 1} ¥ CLD (DF := Q). [lpu DF = 0 Bce nocne-
IYIOIKE CTPOKOBLIE KOMAaHOBI NPOrpaMMbl HPOCMaTpHBAIOT CTPOKM
BOoepen, a Npd DF = 1 — Ha3aZz.

B cTpOKOBRIX KOMaHAax OMNEpaHAH SIBHO HE YKA3HIBAIOTCA, 8
noapasyMenalorcsa. EciM xoManna paGoraeT ¢ ogHO# cTpokoit, To an-
pec ouepenHoro, obpafaTEiBAEMOrQ celiyac JNMeMEHTA CTPOKH 3a84€T-
cd nmapoi perMcTpoB DS H SI WIH Hapod ES U DI, a €c/iH KOMaHIa
paboTtaer ¢ ABYMS CTPOKaMH, TO aapec 1eMEHTa OTHOH M3 HMX OI-
peaenserca mapod DS:SI, a agpec MeMEHTa Apyroii — mapoit
ES:DI. [Tocae BHMOMHEHMS OMEPaLIMH 3HAUCHHE PerucTpa SI U/WiH
DI yeenmumBaeTcs (npy DE = 0) WM YMeHBILIaeTcd (TIpH DF = 1)
Ha 1 (mns 6alTOBLIX CTPOK) WK HA 2 (s CTPOK U3 C/IOB).

HaganrHas ycTaHOBKAa BCEX 3THX PErMCTPOB, a Takke (pnara DF
JOJDKHa OBITE BHIIONHEHA GO Hayana ol¢panuu Haj cTpokoil. Eciu
CETMEHTHEIH perTHCTp DS YXKE UMEET HYXKHOE 3HAYCHME, TOT/a 3arpy-
3HTDh PErNCTp SI MOXHO ¢ IIOMOLIBI0 KOMaHAbl

LEA S5I,<HauancHENL/KOHEUHHI afpec CTPOKH>.

Ecnmyi Xe Hano 3arpy3HTh cpaly ofa perucipa DS ®W SI, Toria
MOXHO BOCIIONB30BATHCH KOMAHIOMH

LDS SI,m32,

KOTOpaS B PEerHcTp SI 3aHOCHT MNEpBoe CAOBO, a B PEermcTp DS —
BTOpOE CJIOBO W3 TBOHHOTO CJIOB&, MMEIOHIETO afpec m32 (TakuM ob-
pa3oM, Mo afpecy m32+2 NOKEH XpaHMThCA CETMEHT, a MO aupecy
m32 — CMEWICHHE HAYATBHOIO MM KOHETHOTO 3MEMEHTA CTPOKH).
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HayanbHy10 3arpy3ky perMcTpoB ES u DI OOBIMHO OCYIIECTRIAIOT
OIHOH KOMaHAOI:

LES Di,m32,

KOTOpas IeHCTBYET aHATIOTMYIHO KOMaHe LDS.

TepeuncnuM BKpaTiie CTPOKOBEIE KOMaHIH i80x86:

» KOMaHIA 3arpy3KH SJEMEHTA CTPOKH B aKKyMyasaTop (LODSB
UAH LODSW) nepechUIaeT B permerp AL MM AX ogYepeaHoH ane-
MEHT CTPOKH, Ha KOTOPBIN yXa3bIBacT mapa DS:SI, mocne 3To-
ro ysenuykeaer (npu DF = 0) MWK yMEHbIIAET (IpH DF = 1)
perncTp SI Ha | WiH 2;

« 3AIHCh AKKYMYASTOPA B CTPOKY (STOSE WIHM STOSW); COIEpXU-
MOE PETMCTPa AL WIH AX 3AHOCHMTCS B TOT 3N€MEHT CTPOKH, Ha
KOTOpEIY yKasMBaeT mapa ES:DI, 3aTeM M3MEHAET perneTp DI
Ha | nwmm 2;

e MIEPEChUIKA CTPOK (MOVSB WIH MOVSW); IEeMEHT TMepBOH CTpO-
KM, onpefeasgeMbtit mapoil DS:SI, 3aHOCHTCA B SJIEMEHT BTO-
poll CTPOKH, ONpeAcAAEMHH Tapoi ES:DI, 3aTeM ONHOBpE-
MEHHO MeHsIeT perrcTpbl SI u DI;

« CpaBHEHHE CTPOK {(CMPSB HJAH CMPSW); CPaBHHBAIOTCH QUepea-
HEIE 3JIEMEHTH CTPOK, YKA3hIBaeMBbl¢ MapaMH DS:SI H ES:DI,
H Pe3yJIbTaT CpaPHEHHA (paBHO, MEHEIIe U T. M.} (UKCUpPYET B
dnarax, nocie 3TOr0 MEHACSTCH COREPXKAHHE PETHCTPOB SI1
n DI,

s CKAHHPOBaHHe CTIPOKH (SCASE WM SCASW); cpaBHHBaercd
MEMEHT CTPOKH, aApec KOTOPOTO 3ajaeTcd Tapoil ES:DI, €O
IHAYEHHEM PEruCTpPa AL WK AX M Pe3yNnbTar cpaBHeHHA (PHK-
cHpyveT B (uiarax, 3aTeM H3MEHAECTCA COACPAKAMOE perncTpa DI.

Tepen moboii cTpokKoBOM KOMaHAOH MOXHO NOCTABHTE ONOHY H3
IBYX KOMaH/, HAa3LBacMBIX «MpedyukcaMy MOBTOPEHHS», KOTOpas 3a-
CTABHT MHOTOKpPaTHC TOBTOPHTECA ITY CTPOKOBYIO KOMaHmy. Yucso
nopropeHuit (o6LMHO 310 ANMMHA CTPOKHM) NOJDKHO OLTH YKAa3aHO B
perucTpe CX.

TMIpedukc nopTopeHNA REPZ (CHHOHHMH — REPE, REP) cHadana
3aHocHT 1 B dutar Hyna ZF, nOCHe 3TOro, MOCTOSHHO YMEHBINAs CX
Ha 1, 3acTapafgeT MOBTOPATECH CACAVIOUIYIO 334 HUM CTPOKOBYIO KO-
MaHIOy A0 TeX Mop, MoKa B CX He oKaxerca «{J» WIH noka ¢nar 2F He
W3MEHUT CBOE 3HaYeHNe Ha «0».

Jpyroit nipeduKc NOBTOPeHHA REPNZ (CHHOHHM — REPNE) Aei-
CTBYET AHATOTHYHO, HO TOJBLKO PBHayalic VCTRHARIMBAacT ¢mar ZF
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B «0», a NP U3MEHEHUH €TO Ha «l» TMpeXpallaeT MOBTOPEHHUE CTPO-
KOBOI xOMaHIkI.

Hpumep. Tlycte Hano mepenucars 10 000 Gafitop HayWHas ¢ ag-
peca A B APYTO¢ MECTO IIAMSTH, HauMHasA ¢ agpeca B. Ecin oba atH
HMEHM OTHOCATCH K CETMEHTY HAHHDIX, Ha Ha49aJlo KOTOPOIO YKa3bl-
BAeT PETHCTP DS, TOTHA 3Ty MepechUIKY MOXHO CHENaTh TakK:

CLD ; DF:=0 (NIpoCcMOTp CTPOKH Brepel)
MOV CX,1000 ; CX — YMCIO MOBTOPCHHK
MOV AX,DS
MOV ES,AX ; ES:=DS
LEA SI,A ; ES:SI — «OTKyzas
LEA DI,B ; DS:DI — «Kyla»
REF MOVSB ; mepechbuika CX 6GaiiTob.
Cmexn. Nodnpozpammst

Cmex. B i80x86 mMeloTca cnelManbHble KOMAHIR paboTH CO
CMeKoM, T. €. OOIACTBIO NaMATH, AOCTYII K IEMEHTaM KOTOPOH ocy-
INECTR/ACTCA NO NMPHHINIY <[MOCHCAHNM 3afMHCcCaH — IMEPBMM CYH-
TaH». Ho mis Toro yrobul MOXHO §blI0 BOCHOAB3OBATECH ITHMH KO-
MaHIaMH, HeOOXONHMO cobilofeHre psajaa yernoBuil.

Bo MHOrHX caydasx nporpaMMe TpelyeTca BpEMCHHO 3alIOMHHTH
HHGQOPMALINIO, A 3aT¢M CUHTHBATE €¢ B OOpAaTHOM Tiopsike. DTa
npobnema B IIK pemena mocpencTtBoM peamnsamiH creka LIFO
(«mocneHUH TpHILET — TIEPBHI YIIIeh»), HA3RBAEMOT0 TAKKS CTE -
KOM BKAKOYeHUA/U3BAeYeHHA ($tack — Kuma, HanpuMep
oyMar). Haubosnee BaxHOe HCHONB3OBaHHe cTeKa CBA3AHO C Mpolle-
JypamH. CTek o0BIMHC pPAcCUHMTaH Ha KOCBEHHYIO aApecallfio Ycpes
PETHCTP SP — YKa3aresb cTeKa. IIpH BKIMOYCHHH 37IEMEHTOB B CTEK
fIPONIBOAUTCH ABTOMATHYECKMI AEKPEMEHT YKA3aTens CTeKa, a TipH
H3BJICUCHMH — MHKPEMCHT, T. €. CTeK BCEria «pacTteT» B CTOPOHY
MEHBIUINX AApECOB MaMITH. AXpec NOCAENHEro BKIIOYEHHOTO B CTEK
3MeMeHTa Ha3HBaeTcd BepuIMHoi cTeka (TOS).

TTox crek MOXHO OTBeCTH O0JACTh B MIOGOM MecTe MaMsTH. Pa3-
Mep ee MoXeT OHTh MIOGHM, HO He JODKeH mpeBocxoanTts 64 KbGaiir,
a ec HaAYaAbHWH ampec AoDKeH OMTH KpaTHHM 16. JIpyriMu ciopa-
MH, 5Ta ODONACTh AODKHA OBLITH CETMCHTOM IMaMSITH; OH Ha3BIBACTCH
cerMeHTOM cTeka. Hagano 3roro cermeHTa (mepBhie 16 6uTOoB Ha-
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YaJIEHOTO afpeca) MOKHO O6S3aTelIbHO XPAHMTBCA B CETMEHTHOM
peTHCTpE SS.

XpaHHMEIEe B CTCKe 37IeMEeHTH MOTYT HMeTh MoGoit pasMep, ol-
HAKO CAeAyeT YUHTHIBATh, YTO B i80x86 HMEIOTCA KOMAHIEI 3AITHCH B
CTeK M YTEHHA U3 Hero Tonpko ciios. ITo3roMy mma 3ammcH Gaitra B
CTEK €r0 HAIO NPSABAPHTEIBHO PACIIHEPUTE AO CJIOBA, 4 3ailHCH HIH
YTeHNe ABOMHBIX CHOB OCYIMECTRAMSIOTCA Napoi KOMAH/.

B i80x86 npuHATO 3aMONHATH CTEK CHH3Y BBEPX, OT GOMBIINX aim-
PECOB K MEHBILIAM: TIEPBHEM 9JIEMEHT 3alHCHIBACTCA B KOHeIl obac-
TH, OTBEACHHOM 10J CTEK, BTOPOH 3MEMEHT — B MPEIBAVILYIO AICii-
Ky obmact W T. 4. CUHTHIBacTCH BCETAA /IEMEHT, 3aNHCAHHHNINA B
CTCK MOCIACHHUM. B cBA3M ¢ 3THM HVXHAA TPAHHIA CTEKa BCEraa
¢dHKCHpOBaHA, a BEpXHA — MeHAeTcA. COBO NMAMATH, B KOTOPOM
HAaXOOUTCA 3CMEHT CTEKa, 3aNiCaHHBIA TOCJACAHHM, Ha3bIBacTCHA
BEPUIHHOHN CTeKa, ANpeC BeplINHB, OTCYATAHHKIA OT Hayala cer-
MCHTa CTeKa, o0sf3aH HaXOMMThCA B YKa3aTelle CTeKa — perncTpe SP.
TakuM o6pa3oM, abCOMIOTHBI anpec BEPIMHHBI CTeKa ONpeleIaeTcH
napoit S5:SP.

3Ha4yeHne «0» B perncTpe SP CBHIOETEIBCTBYET O TOM, YTO CTEK
NONTHOCTBHIO 3amOJHEH (Er0 BeplIMHA <«JOLLNA» N0 Hayana obmacTH
creka). IToaToMy LA KOHTPONA 3a IEPEMIOIHEHHEM CTEKa Hauo IIe-
PeI HOBO¥ 3aNNCHI0 B CTEK MPOBEPATH YCIoBHE SP = 0 (i80x86 3ro-
ro He jgenaet). Js mycToro cTeKa 3HaueHHe SP NOJDKHO paBHATHCH
pa3Mepy cTeKa, T. €. apa $S:SP JOJ/KHA YKasKBaTk Ha Oaift, cne-
OVIOWMiA 3a mocnegHUM GalfTtom obOnacTH creka. KOHTpONE 33 YTEHM-
€M H3 MYCTOIO CTeKa, €C/IN Hano, 00A3aHa IenaTh caMa MporpaMMa.,

HavansHas ycTaHOBKA perlCTpoB SS H SP MOXeT GHITh IIPOH3Be-
JeHd B caMoil nporpaMme, omHako B MASM npemycMoTpeHa Bo3-
MOXHOCTE AaBTOMATHUCCKOH 3arpy3K# 3THX perticTpoB. Ecnn B AMpeK-
THBE¢ SEGMENT, HAUYWHAIOIICH ONMHCaHHe CETMEHTA CTEKa, YKA3ATh Ma-
paMeTp STACK, Torga acceMbBiep (TouHee, 3arpy3uHK) nepel TeM, Kak
TiepedaTs YIPAaBJcHHE Ha IEPBYI0 KOMaHAY MAaIlWHHOH NpOTpaMMEL,
3aIPY3NT B PETHCTPREI S5 M SP HyXHBle 3HaYeHHa. HanpuMep, ecnu B
MpOTpaMMe CETMEHT CTeKa ONMHMCaH CIeIYIOUUM o0paloM:

5T SEGMENT STACK
DE 256 DUP(?); pasMep creka — 256 Gaitrom
ST ENDS,

U eClIH IO ITOT CeIMeHT ORLTA BReNeHa 0ONACTh MAMATH, HAYHHAR
¢ abcoMTHOTO anapeca 12340h, Torna K HavJalny BHIMIONHEHHA MpO-
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rPpaMMBl B PETHCTpE SS OKAXETCH BEIMYWHA 1234h, a B PETHCTpE
SP — BemM4YHHA 100h (=256).
OTMeTHM, YTO 3TH 3HAYEHHA COOTBETCTBYIOT IIYCTOMY CTEKY.

Ocnosnvie cmexoevte xomanosi. TIpH coOMOASHMH YKa3aHHBIX
TpeOOBaHUH B NMPOTPaMMe MOXHO HCIIOJNB3CBAaTh KOMAHIIbI, TpeaHa-
3HaUCHHBbIC A paboThl co cTeKoM. OCHOBHHMH M3 HHX SIBSIEOTCH
ClenyIoHe.

Januce cavea ¢ cmex:

PUSH op

3necek op oBo3HavaeT M0BoN 16-GHTOBHIE periicTp (B TOM YHCHAE
H CErMECHTHHIN) WIH aapec cioa maMATH. Ilo 3Toil KoMaHnme 3Have-
HHE perMcTpa SP yMEHbIIAaeTcad Ha 2 (BHYMTAHHME IPOMCXONHT [0
Momynio 2'%), 3aTeM yKa3aHHOE ONEPAHOOM CJIOBO 3aMHCHIBACTCH B
CTeK Mo ajgpecy SS:SP.

Umenue caoea u3 cmexa:

PCP op

Cnoro, CYHTAHHOE W3 BEPLIHHEI CTEKA, IPHCBANBAETCA OTIEPAHIY
op (perMcTpy, B TOM YHCJI¢ CeTMEHTHOMY, HO He CS, WM CIIOBY Ma-
MSITH), 3aTeM 3HAYEHHE SP YBEJIMYNBACTCA Ha 2.

Ilepexod ¢ sosapamom:
CALL op

BTa KOMaH}a 3aMKRCHBaeT aapec chaeayiomell 3a Helt KOMaHIE B
CTEK H 3aTeM JeJacT MEPEXod N0 aapecy, oNpelelAcMOMY ONepaHaoM
op. OHa HCTIONB3YeTCA AN NMepexXofos Ha MOMIIPOTPAMMEI C 3aTIOMH-
HAHWMEM B CTEKe aipeca Bo3ppara. MMewrcea clieayioliHe pa3HOBHI-
HOCTH 3TOH KOMaHOB! (OHH aHAIOTHYHB BApHAHTAM KOMaHAK Gesyc-
JNOBHOTO ITepeXxoxa JMP):

s gRYMpUCeZMeRMHUGT oemuocumershnnli daunnwi

nepexol {op — HREMOCPEICTBEHHBIM OMEPaHI pasMepoM B CliO-
BO, a B MASM — 310 METKa M3 TEeKyHISFO CErMeHTa KOMAHJ
HJIN HMA ONMW3IKOH mipolieaypdl (CM. HHXKE)); B 3TOM Ciyiac B
CTeK 3aHOCHTCA TONBEKO TEKylllee 3HaueHHe CUeTUYHKA KOMAHK
IP, T. €. CMEUICHAE CIACAYIOIIEH KOMaRak;

s GHYMPpUCe2MeEMHENE abcoaromuvii KOCGeRHIH

nepexol (op — aapec CAOBA MaMATH, B KOTOpoli HAXOANTCA ax-
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pec (cMelleHne) Tol KOMaHIBI, Ha KOTOPYK M OyAeT cheaaH
Mepexoa); H 34eCh B CTEK 3RITHCHIBAETCH TOJIBKO CMENICHHUE afl-
peca BO3IBpaTa;

s MeNCeZMeHMAWE abcorsiomnuii npamMoi nepexon

-~ (op — HENOoCPeACTBEHHBIH oOMNMepaHa BHAa SEG:OFS, a B
MASM — 3710 FAR PTR <meTka> HIH UMA JajbpHeH mpoLeay-
pHI); 30€Ch B CTEK 3AHOCATCA TEKYIUHE 3HAMCHHA PETHCTPOB CS
U 1P (NePBHIM B CTEK 3AMHCHIBACTCA COJCPXKHMOE C5), T. €. ab-
COJIIOTHBIN ampec BO3BpaTa, 3aTeM U3MEHAIOTCA PETHCTPHL CS
u IF;

s MeNCezZMenmubl abcoromnnii KoceeHR I TIepe-
Xof (o p — aApec JBOWHOMO CJIOBA, B KOTOPOM HAXONHTCH Tapa
seq: of s, 3ajawlas adCOMIOTHRIA aApec TEPEXoa); H 34eCh
B CTEKE CIIACAETCH CONepPXKMMOe PETUCTPOB CS U IP.

ITepexod (e03spam) no adpecy uz cmexa:

RET op

M3 creka cuMTRIBaeTC afpec ¥ Mo HeMy NPOU3BOINUTCA TIEPEXol.
Ecnu yKasaH ofepaHn (a T0 GOLKHO OBITh HEOTPHIATENIEHOE 4YMC-
J10), TO TOCTIe YTEHHA alpeca CTEK clle OUMLIASTCA HAa 3TO YHMCIO
GaliToB (K SP noGamnfercia 3T0 4HCAo). KoMaHIa HCmoAL3yeTca A
BO3BPATA M3 NOANPOrpaMMEl IO aapecy, 3alIHCAHHOMY B CTeK MO KO-
MaHOe CALL IPW BH30B¢ MOANPOTPaMME], ¥ OIHOBPEMEHHON OUHCT-
KM CTeKa OT MApaMeTpoOB, KOTOpblc OCHOBHAR TNporpaMMa 3aHecna B
CTeK Tepen obpalleHHEM K TICANPOTpaMMe.

KoManma RET HMeeT EBe pa3sHOBROHoCTH (xoTd B MASM oHH
3aMHUCHIBAIOTCA OJMHAKOBO)!

* B OJIHOM CAYYAE M3 CTeKd CUMTHIBAETCS TOJLKO OJHO CIOBO —

cMEINcHIE alpeca BO3BPaTa;

e BO BTODOM — H3 CTE€KA CUMTHIBAETCH napa seg:ofs, VKa3bl-

Baollasg aGCOMIOTHBIN aapec Bo3ppara. Kak acceMOnep omnpene-
JIFeT, Kaxkoif M3 3THX ABYX CAYYacB HMeeT MecTo, OOBACHEHO
HEXe.

B i80x86 crex B OCHOBHOM MCITOJIB3YETCA A OpTaHH3alHK MOJ-
nporpaMM H npepripaHui, ONHAKO AaXe €CIM MpOrpaMme He HyXeH
¢TeK, OHa BCe paBHO JOJ/DKHA OTBECTH oI Hero Mecro. Jdeno B ToM,
YTO CTEKOM OYIET HEABHO TOMB30BATLCH ONEPALNOHHAS CHCTEMA IIPH
o0paboTKe npepbIBaHUf, KOTOpbie BOZHHKAWT (HanpHMep, MPH Ha-
XATHH KJIABHIN HA KIABHATYpE) B TO BpeMs, KOTOA BHITOJHACTCA IPO-
rpamma. Ut Hyxa OC peKoMeHAyeTcs BRUIENATh B cTeke 64 Gaifra.
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Mpepsisanus u nodnpozpamme!

Ilpepvisanua. Vinorna HeoOGXOOUMO BBHITIOJHUTh OIHY M3 Habopa
CIEIMANBHBIX MPOLEAYp, €CJIM B CHCTEME WJIM B MPOrpaMMe BO3HM-
KalOT OIpeIe/IeHHbIE YCIOBUSI, HAIIpUMep, HaXaTa KJIaBHILA Ha KJIa-
Buarype. [eicTBre, CTUMYIHUpYIOIee BHITOJHEHHE ONHOM M3 TaKHUX
MpoIEenyp, Ha3bIBae€TCS INpPEepPHIBAHUEM, IOCKOJBKY OCHOBHOM ITpO-
LIECC TPH 3TOM IIPHMOCTAHABIMBAECTCSI HAa BpPEMS BBHITIOJTHEHUS 3TOWM
MPOLETYPHI.

CyluecTByeT JABa OOLIMX KJIacca NpephiBAHWM — BHYTPEHHHUE
U BHem Hue. [lepBele MHULUMpYIOTCs cocrossHueMm LIT wm ko-
MaHIO#, a BTOpble — CHTHAJIOM, ITOJaBa€éMBIM OT APYTMX KOMITOHEH-
TOB CHCTEMBI. THUNMYHBIE BHYTPEHHHE IIpEpBHIBaHUS: [EJICHHE Ha
HYJIb, TIEPETIOJIHEHHE U T. I, a THUIHWYHbIE BHEIIHHE — 3allpoC Ha
00CITy>KMBaHHE CO CTOPOHBI KaKOT0-JTM00O YCTPOMCTBa BBOAA-BHIBOIA.

Ilepexon. K mpoleaype MpepbiBaHUSI OCYIIECTBISETCS U3 JII000i
MpOrpaMMBbI, a IOCJI€ BHITIOJTHEHHUS MPONETypHl MpephiBaHUsS 00s3a-
TEJIbHO IPOMCXOAMT BO3BpaT B IIpepBaHHYIO NporpamMmy. [lepen o6-
pallleHreM K Tpolleaype NpephIBaHUSA TO/DKHO OBITh COXPaHEHO CO-
CTOSIHME BCEX PETHCTPOB M ()JIarOB, MCIOIB3YEMBIX ITPONETYPOi Ipe-
pPHIBAHMS, a ITOC/IE OKOHYAHMS IpEPBIBAHUS 3TH PETHCTPHI JOJLKHBI
OBITb BOCCTAHOBJICHBI.

[IpepriBaHMEe BHIHYXIAET IPOLECCOP IMPEKPATUTh BBINOJIHEHHE
OHOM TOC/IEAOBATEILHOCTH KOMaHI M HAayaTh BHITIOJIHEHUE APYTOi,
NP 3TOM aJpec OYepemTHOM KOMaHIBI, KOTOpas IOJDKHA Oblia OBl
BBIIIOJTHATHCS (COOEPXKMUMOE PErucTpa IP), eciau OBl He OBLIO MPEPHI-
BaHMs, 3allOMHMHAETCA. AIpec KOMaHIbl, KOTOpasl JOJIXHA BBHIITOJ-
HATBCA TOCJIE BOSHUKHOBEHUS NMpephiBaHUs, BRIOMpaeTcsl M3 TaOIM-
LIBI, XpaHAUIEHCS B HAYaJIbHOM 00JIaCTH maMsiTU. DTa Tabnumua Ha3bl-
BaeTcsl TaOnuiueld BEKTOPOB NpepHBaHU. B Tabmuue
3anucaHo 256 anpecoB. Korma ycTpoiiCTBO BBI3BIBAE€T IpephLIBAHUE
IpoIIECCOpa, OHO COODIIAET eMy, KaKOi ampec M3 TaONHIBI CJEAyeT
HCIIOJIb30BaTh IS Nepexoaa K HOBOM ITOC/IEAOBATEIbHOCTH KOMaHII.

Annapamuoe npep bl 6aHue. THINIHBIM IIPUMEPOM YCTPOIi-
CTBa, TpeOYyIOLIEro NMpepriBaHusI, ABJIsSETCS KiaBuaTypa. ITocite Haxa-
THSI KJIAaBUIIIM Ha KJIaBHAType B CHCTEMY IIpephIBaHUM ITepeaaeTcsi CUT-
HaJI, TIPUBOISIINN K TpEephIBAHUIO paboTH TNpoueccopa. O4eBUAHO,
YTO TMPOLECCOp MpPEeKpallaeT TEKYIylo paboTy M, MCIOJB3ys aapec,
nepenaHHbI U3 CUCTEMBI MPEPHIBAHUM, HAYMHAET BBHINIOJTHEHHUE CIIe-
LMAJIBHOM MporpaMMbI B3aMMOJEWCTBUS C KilaBuatypoii. [Iporpamma
BBOIMT C KJIaBHATyphl KO, COOTBETCTBYIOIIMII HaXaToil KiaBHIle, U
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3aHOCHT ero B 00/1acTh COXpaHCHHA, PaclIoIOXCHHYI0 B NaMATH, 3a-
TeM NPOrpaMMa B3aHMOAEHCTBIS ¢ KNABHATYPOH BO3BpalllacT YIpaB-
JIGHHE IIPOrpaMMe, KOTOPast BEITIOMHAIACH JO IIPEPLIBAHHS,

IHpoepammuvie npepweanun. IlpepelBaHNA TAKXKEe MOTYT
HMETh MECTO IpH BHIMOMHEHHH CINCLHAALHOK KOMaHIH — IIpe-
pBaTh, HCHONL3VA aapec X. (HHcno X yKaswBacT OOWH W3
aapecos B TaGNALIC BEKTOPOB TIpepeBaHuii.) TIpH BEIMOAHCHHHM KO-
MaHIH <«IIPEPBATH» MPOLECCOP ONPEASAET U 3aIIOMHHACT aapec KO-
MAaHIBI, KOTOpas JoJKHA OblTa OB BRITONHATECA cleayloleit, a 3a-
TeM TICPEXOANT K BRIIOIHEHHIO MIPOrpaMMBbl, HAYHHAIDUICHCH C aape-
ca X, M3BICYEHHOTO M3 TAGAMUB BexTopoB NpepniBaHmii. Takas
NOCHEeNOBATE/IBHOCTE NEHCTBHH HA3SHBAETCd NpPOFPaAaMMHEIM
npepulBaHUCM.

Ilodnpozpammee. THINYHAA CXeMa OpPraHH3alHH ITOAIIPOTpaMM,
OOBIMHO HCIIONb3yeMasA TPAHCIITTOPAMH ¢ S3BIKOB BRICOKOTO YpOBHS
A pealH3alMH fIpoLeAyp H (PyHKUHH (B 9aCTHOCTH, PEKYPCHB-
HBIX), CAEAYIOLIAS.

IIpH oGpalllcHHA K NOONpPOrpaMMe B CTEK 3aHOCATCA TIAPAMETPEI
IS Hee H afpec BO3BpaTta, MoCle 3TOro Aenaercs Mepexol Ha e¢ Ha-
4ajo;

PUSH paraml ; 3amuchk 1-ro mapaMerpa B CTeK
PUSH paramk ; 3aIHCh IOCIECEHETO (X-TO) mapaMerpa B Crek
CALL subr ; TepeXol ¢ BO3BPATOM HA TIOANPOTPAMMY.

EciH HeoOX0OMMO BEMUCAHTE MapaMeTp WIH €r0 pasMep OT/IH-
YeH OT CIOBA, TOrAA JUIA 3aMHCH MapaMeTpa B CTeK HeoOXomuMO He-
CKONBKO KOMaHI.

TMepBRMH KOMaHAAMM TIOAMPOrpaMMEl OOHYHO SABNSIOTCHA Cie-

JAYIOLHHE:

PUSH BP ; COXPAHHTH B CTEKE CTAPOE 3HAYEHWE BP

MOV SP,BP ; YCTAHOBHTb BF Ha BEpIIHHY CTEKA

SUB SP,m OTBECTH B CTEKE MecTO (m GaiiTOB) IO MOKANLHEIE
BENMHYHHEL MIOANPOrPaMMEl.

n.

Mogcuum 3TH «BXOAHEKE> KOMaHNE. B moarporpamMe g obpa-
IIEHWA K AYCHKAM CTCKA, 3aHATHM IIapaMeTpaMH, HCIONB3YVETCH
(rax GazoshIif)} perucTp EP: eclIH B BP 3aHECTH alpeC BeplIHHEI CTe-
Ka, TO IUEA JOCTVIIAa K 3THM A4YeHKaM CIEAYeT HCIIONb30BATh aapec-
HBbI¢ BHpAXeHHS BHIA i (BP] MIH, YTO TO Xe caMmoe, (BP+i]. (Or1-
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METHM, YTO IPHMEHATD 3J€Ch PETHCTPH-MOANPHKATOPHL BX, SI H DI
HeAb3s, TAK KaK (popMHpyeMAIe 110 HUM HCIIONHHTCABHBIC ampeca Oy-
AVT CeTMEHTHPOBATHECA 0 YMOIMAHHIO M0 perucTpy DS, a B JaHHOM
coydae cleiyeT CerMeHTHpOBaTh 10 5S.) OmHakoe JaHHAA NOANPO-
rpaMMa MOXET ONTh Bbl3BaHa W3 APYTOH, TakkKe UCIONL3YIOLIEH pe-
THCTp BF, HMOSTOMY NpPeXEe YEM YCTAHOBHTH BP Ha <BEPIHHY CTe-
Ka», HaI0 COXPAHMTL B CTEKE CTAPOE 3HAYEHHE ITOr0 Perrcrpa, 4ro
H jieNaeT Teppasi H3 «BXOIHBIX» KOMaHI,

Bropas Xe¢ KOMAaHIAa YCTAHABIMBACT BP HA <BEPIUMHY CTEKa».
EciiM TIpeArioNoXHTh, IT0 KaXAREA napaMerp U aapec BO3BpaTa 3a-
HUMAEIOT 1O CJIOBY MaMATH, TOTAa JOCTYN K TEPBOMY IapaMmeTpy
ofecneynBaeTCa alpeCHMM BBRIpaXeHHeM {[BP+4], KO BTOpOMY —
BHIpAXEHHEM [BP+6] M T. A.

TloonmporpaMMe MOXeET MOTPeSOBATECA MECTO IS €€ NOKANBHEIX
penuurH. Takoe MecTo OOMYHO OTBOIHTCH B CTEKe (a ANT PeKypCHB-
HBIX TIOANpPOIPaMM TONBKO B CTeKe) «Hal» SYCHKOM, 3aHMMaeMOH
cTapbiM 3HaueHHeM BP. ECnH Mol 3TH BeMMYHHB HYXHO m GaliToB,
TO TAKOM «3aXBaT» MeCTa MOXHO PEa/IM30BATH NMPOCTHIM YMEHbIHCHH-
€M 3HaYECHMS peTHCTpa SP Ha M1, 910 H AchaeT 3-5 «BXOAHAs» KOMaH-
Ja. JocTynm K NOKATBHHIM BeNUdHHAM 00eCNEeYNBACTCH aNpECHBIMH
BEIpAKeHHAMH BHIa [BP-i]. Ecam moanpoerpaMMe He HYXHO MECTO
NOA, NOKATBHBIE BeIMYMHEI, TOrOA TPETBIO M3 <«BXOAHBIX» KOMaH]
cleayeT OMYCTHTD.

Beixoa M3 OOANMPOrpaMMHB PEATH3YETCA CACAYIONMMHM KOMAaH-
JaMu;

MOV SP,BP  ; OMMCTHTb CTEK OT JOKATBHEIX BEJIHYHH
POP BP ; BOCCTAHOBMTBL CTApO¢ 3HAYCHHE BP
RET 2xk ; BO3BPAT M3 MOANPOTPAMMBI H OYMCTKA CTEKA

OT NapaMeTpoB {IPEAMONAraeTes, YTO OHH 3aHMMAIOT 2xk GalToB).

IlepBast M3 3TMX «BHIXOAHBIX* KOMAHJ, 3aHOCHT B PETHCTp SP an-
pec Toit TueiKN CTeKa, KOTopas COAEPXHT «CTapoe» 3HAYEHHE peru-
CTpa BP, T. ¢. MPOHCXOIUT OMHCTKA CTEKAa OT JIOKAJIBHBIX BEIHYMH
(ecnr MX He OBUIO, TO NAHHYIO KOMAaHIy ClIeAyeT OIMycTHTh). Bropas
KOMAHJ1a BOCCTAHARIHMBACT B BP 2T0 CTapoe 3Ha4YeHHe, OXHOBPEMEH-
HO YAanas €ro U3 ¢reka. B 3moT MOMEHT cocTOoAHME cTeka Oymer Ta-
KHM Xe, KaK H Nepel BXoOOM B moanporpaMMy. TperTb KOMaHZAA
CUMTHBAET M3 CTeKa AJPEC BOIBPATa (B PEIYILTATE SP «0IycKaercss
Ha 2 Oaiita), 3areM mo0apnsAeT K SP 4YUCAO, KOTOPOE OO/DKHO paB-
HATbCA 4YHchy GaliToB, 3aHHMAEMEBIX BCEMM ITADAMETPAMH HOONPO-
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rpaMMH, H 3aTeM OCYIHECTBASET Nepexol Mo aIpecy Bo3BpaTta. B ator
MOMEHT COCTOSHME CTeKa OyHeT TakuM Xe, KaKUM oHo 6nulo nepen

oOpalleHHEM K MOONMpOTPaMMe.

KoHTpoabHbie Bonpoch

Yro Takoe cncTema Komada? Yro Taxoe xomanaa? Yo onwcwiBaeT Komanaa?
Kakoro poga WHOPMAUMIO MOMET COREPKATD AAPECHAA YACTE KOMAHALT
fpueeaute NpUMEPH! KOMAHA CAHO-, ABYX=, TPEXALPECHBIX.

Kakum ofipazom npoueccop NpH BHNONHEHHH NPOrPaMMH oCyliecTenseT BeiGop
OvepeaHOR KOMAHAM?

OnuwmKTE OCHOBHOM LMKN npoyecca 06paboTkM KoMaHg.
B vem paannune dyHKkumi C5AK »n P

Yro Takoe HaeKcupopalue W Baanposanue?

Y1o Takoe perucTpoBan NAMATL?

Kaxue Tunbl npoLeccopon Bam H3BECTHLIT

. Y70 TaKoe cyrepcranspH3aumal

B yem 3aKNI0YAETCA TEXHONOMMA KOHBEHepHOH obpatoTkn?
Oxapanepusyﬁre TEXHONOTHIO AHHAMHYECKOrD MCNONHEeHNWA.

. Yo takoe 3D Now?

NepeyncauTe oCHOBHWE 3TanW passuTua npoueccopos Intel, AMD, Cyrix.



FnaBa 4
APXUTEKTYPb! OBPAMAEHUA. UHTEPDENCHI.
ONEPATUBHAA NAMATH

Obpamasack K puc. 2.2, 3aMedaeM, YT0 M3 OCHOBRBX KOMITOHEH-
TOB APXMTCKTYPH OCTAIHCEH HEPACCMOTPCHHBIMM BaXkHBIE (DYHK-
LIMH — TIAMATH H KOMMYTAIMOHHO-KOMMYHEKALMOHHAA. [Toaromy B
HacTodmiel mmape Oomee moapoOHO OyIyT OCBELUEHBI TIPHHIIKITED
onepatHeHoil mamatH (OI1), nerepdeiicel yerpolicts 3BM u obmas
KOH(HIypannsa uX B3auMoncicTeisa Mexay coboit i ¢ III1, koropyio
ofecreunBaeT Habop MEKpocXeM cHcTeMHOHM mnathl I1K — unncer.

4.1, OpranMsauma onepaTUBHON NAMATH

3amoMuHalomHe yeTpolicTpa (3Y), HIMeHyeMble Takoke yempoiicm-
eamu namamu, NpeTHASHAYEHE] JA XpaHeHnda ZaHHBIX. OCHOBHHMH
XapakKTepUCTHKaAMHU 3Y SBISTOTCH:

s EMKOCTh IAMATH, U3MepseMasi B Sumax nubo Galimax;

+ METOOEI JOCTYIA K JAHHLIM;

« OBICTponeicTBHe ( BpeMi 0BpIleHIsI K YCTpOiCTRY).

Ocrosuste npunyuns: nocmpoenus Of

HeobxoanMo OTMETUTE, YTO BCE PACTTPOCTPaHEHHEIE OMEpPaLnoH-
Hble CHCTEMH, eCcJIM 11 paGoTH HYXHO GoJIbllIe MaMATH, 9eM (QH3H-
YecKH IIPHCYTCTBEYET B KOMITHIOTEpE, He MpeKpamaior pabory, a
¢OpackIBalOT HEMCTIONB3YEMOE B JAHHBI MOMEHT COTEPXKUMOE IaMs-
TH B AUCKOBRI (aiin (Ha3piBaeMEIL CBOIOM — Swap) H 3aTeM [0
Mepe HeOOXOMHMOCTH «IeperoHAIOT» JaHHbIle Mexmy OII ¥ ceomnoM.
D10 ropasno MeIeHHEE, YeM OOCTYN cucTeMEL K caMoif OI1. IToaro-
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MYy OT KOMHUYCCTBA OMCPATHBHON NMaMATH HAMPAMYIO 3aBHCHT CKO-
POCTb CHCTEMBI.

Adpecayus dgnnorx. KoMaHIb, HenonHgeMbie 9BM npH BeITON-
HEHHH TPOTPaMMHI, PABHO KaK H THCIOBBIE H CHMBONBHBIE OTICPAH-
JIbE; XpaHATCA B [IAMATH KOMIIbloTepa. [TaMATh COCTOMT M3 MIWUIHOHOB
AYeeK, B KAKAOH M3 KOTOPEIX COAEPXWTCH OAWH Our MHMpOpMAINH
(3Ha1eHna O wm 1). BUTH pemko obpabaTHIBAalOTCAd TOOAHHOYKE,
a, KaK MpaBuiQ, rpynnaMi PHUKCHpoBaHHOro pasMepa. g sroro ma-
MATEH OPraHH3YETCA TAKHM O0pa3oM, YTO TPYIIIH O # OUT MOTYT 3a-
IHCBIBATLECA M CIHTHBATLCA 3a OOHY onepanuio. I'pymma » OUT Ha3EI-
BAaeTCH CA080M, a SHAYCHHE # — ANAHON cnoBa. CxeMaTHYeCKH IIAMSITD
KOMHIBIOTEpa MOXHO TIpEACTABHTE B BHAE MacchBa cloB (puc. 4.1).

-— 32 pasprna .
byt | b ' Ibllﬁb

axoBuii pAAPAR:  by) = 0 ANM NONOKHTENLHENX YMceN;
by =1 AnA oTpHLETERLHLX Wicen

a

8 paaprnce snaepml Spaswpngon | 8 paspraos

~ o o N e -

e a e T e
Cwnson Cumpon CwaBon Cumson
ASCIH ASCI ASC ASCIH

&

Prc, 4.1, PaaMemenue ducnosoif (a) ¥ cHMBOTEHOH {6) MH(OpMamuH B CioBe

O6BIMHO J1MHa MAIMIMHHOTC CJIOBA KOMIBIOTEPOR COCTABIAST OT
16 no 64 our. Ecii mMHa croBa pasHa 32 6uTaM, B OOHOM CJIOBE
MOXET XpaHHUTECA 32-pa3pAgHoc YHCAO B DOTIONHHTEIBHOM KOIE U
yeTHpe cuMboia ASCII, zanuMaommx 8 OMT Kaxnnid. BoceMs noy-
mEx nonpsa OUToBR ABNgIoTCa GaitroMm. g nmpeacTasiieHUsT MAIlTHH -
HOI KOMaHOH TpeGyeTca OgHO IWITH HECKOMBKO CJIOB.

OCHOBHas TaMSATh COEIWHSAETCA C MPOHECCOPOM TTOCPENCTBOM
aapecHO# IHHE HIITHHE TaHHBX Kaknpag mHHa cocTOMT
H3 COBOKVITHOCTH 3eKTpHUYeCKHX meneii (muHuit wnam 6ut). npnHa
(paspAOHOCTh) AAPECHOH INMHEI OTIPEAENAeT, CKONBKO aApecoB MO-
¥eT Obith B OI1 (aapecHoe MPOCTPAHCTBO), a4 IIHHH JAHHBIX —
CKOJIBKO JAHHEIX MOXET OLITh TIepenaHo 3a ODHH MK, HampuMep, B

1985 r. mponeccop Intel 386 mMen 32-paspAmHYIO alpecHYK IIHHY,
YTO JABANO BO3MOXHOCTE NOANEPXHBATE AAPECHOE IMPOCTPAHCTBO B
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4 TGaiit. B mpoueccope Pentium (1993 r.) mupuHA WIMHE JAHHBIX
6bu1a yBenwyeHa no 64 6HMT, YTO MO3BoONAeT MepelaBaTh § GaliT HH-
tdopMai OTHOBPEMEHHO.

Baimosan adpecayun. OTnenerHBIe GHTH, KaK NPaBWIO, HEe ampe-
CYIOTCA M Yalli¢ BCETO ampeca HasHavalores Galitam namMati. ITamsrs,
B KOTOpPOH XaxIpili OaliT nMeeT OTASHBHBIN alipec, HaluBaeTcsd Ima -
MATHI0 C GaliToBoil agpecanneil. ITocnenoparearHble Gaii-
TH HMeoT aapeca 0, 1, 2 u T. 1. TakuM obpaszoM, MpH HCAONB3OBA-
HAHU cfioB myuHOH 32 §MTa TMOCHeAOBATEIBHBIE CI0OBa HMEIOT ajipeca
1, 4, 8, ..., ¥ KaXnoe cJI0OBO COCTOHT M3 4 GaliT.

lipamod u obpamnuil nopadox Gaiimos CyllecTBYeT
/ea cnoco0a aapecannH GaliToOB B CI0BaX:

+ B IpSIMOM niopAnke (puc. 4.2, 4);

+ obparHoM nopsaxe (puc. 4.2, §).

QOpaTHBIM TopAnKoM OaiiToB (big-endian) HasBIBaeTCA CHCTEMA
agpecaifii, IpH KoTopoii OaliTel agpecyloTcd chaeBa HampaBoO, TaK
YTO CaMEIA CTapmmii GaliT clopa (pacHoIOKeHHBIH ¢ JIEBOTO Kpas)
HMeeT HaMMCHBILMIA anpec.

IpaMbIM nopsigkoM Gaiitor (little-endian) Ha3bIBaeTCAa MPOTHBO-
MOJOXHAs CHCTeMa aApecalHr, TP KOTopoil OaiTel ampecyloTcd
CIIpaBa HaJICBO, TAK ITO HAMMEHBIUHH aopec KMEeT caMblii Muaalmii
Qaiit cropa (pacTionoXeHHLIH ¢ Ipaporo Kpas). CnoBa «CTapliuii»> W
«MJIAZIIH» OTIpSOENAIOT Bec OHTA, T. €. CTENEHb OBOWKH, COOTBETCT-
BYIOILIEH AAHHOMY GHTY, XOTaa cJIoBo npencraanset unceno. B [IOBM
Ha ocHoBe 80x86 ucmoxb3yeTca NpsAMoil NopaaokK, a B [IBM Ha oc-
Hobe Motorola 68000 — oGpatHbIA. B 06enXx 3THX CHCTEMAax ajpeca
falitoB 0, 4, § M T. 1. BPIMEHAIOTCA B Ka4ECTBE aZpecOB MOCACAOBA-
TeNbLHEIX CJIOB MAMATH B OTlepallHsIX YTCHHA H 3alHCH CJIOB.

Anpec Anpec

Appec Gaifta cnosa Anpec Baira
ol o 1} 21| 3 o| 3| 2| +] o
4| 4| s| 8} 7 4| 71 6| 5| 4
| DY P D | B LY [ S [N P L

a ]
Puc. 4.2. Cnocobrl appecaiuu Galitos B OI1
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Hapany ¢ nopsakoM GaiTOB B C/IOBE BAXHO TAKXKE ONPEAC/HTH
nopsinok 6uros B Gaitre. Haubonee ecrecTBeHHMIH NOpAnOK OHTOB
U1 KOOHPOBAHWA YHCJIOBBIX AAHHBIX (HEMOCPEACTBEHHO COOTBETCT-
BYIOIIMIi MX pa3psfaM) — «clieBa Hanpapos: by, ..., b, b, OgHako
CYMECTBYIOT KOMIIBIOTEPH, AMf KOTOPLIX XapakTepeH o0paTHBIHR Io-
PAAOK GHTOB.

Pacnosomenue caoe ¢ ramamu. B ciyuae 32-paspAgHBIX CJIOB WX
ecTecTBeHHEIC I'PaHMLIEI pacronaralrcsa no agpecam 0, 4, 8 u 1. o
IIpH 3TOM CYUMTAETCHA, UTO CIIOBA GWPOGHEHN RO adpecaM B TIAMATH.
Ecyv roBOpHTE B 0611IEM, CAOBa CUHMTANOTCS BHIPOBHEHHEIMH B MaMs-
TH B TOM CIIy4ae, ec/IH aIpec HauYaTa KAOKIOTO CIOBA KPaTeH KOJIHYC-
cTBy GaifToB B HeM. [To MpakTHYeCKMM NIPHIWHAM, CBA3AHHBIM C Ma-
HHITYIHPOBaHHEM JBOWTHO-KOXHPOBAHHEIMY ApecaMy, KOJIMYECTBO
6aitTOB B CJIOBE OOBIYHO ABJAETCA CTENEHBIO ABoiiKK. TloaTomy, ecaun
JUTHHA cinosa pabHa 16 6HT (2 GaifraM), BRpPOBHEHHEIC CJIOBA HAYH-
HaloTest Mo GaitToBbIM aapecaM 0, 2, 4, ..., a €C/IH OHa paBHa 64 6GuT
(2%, 1. e. 8 GaiiTaM), TO BHPOBHEHHBIE CJIOBA HAYHHAKOTCH 1O Gaitro-
BHIM anpecam 0, 8, 16, ....

He cyinecTByer MpHYIHHBL, IO KOTOPOI CJIOEA HEe MOT/IM GR Ha-
YMHATECA ¢ APOM3BOILHBEIX AAPECOB. Takme CIOBa Ha3bIBAIOTCH HeE-
BHIPOBHeHHBMH. Kak npaBiuio, c1oBa BHIDABHHBAIOTCA IO afipecamM
MAMATH, HO WHOTAA 3TOT TMPHALIAM HAPYILAeTCA.

OGHIMHO YHCJIO 3JAHHMAET LIeJIoe CIOBO, NMO3TOMY NS TOTO YTO6H
o6paTHTECA K HEMY, HYKHO YKa3aTh afpec €A0Ba, NO KOTOPOMY OHO
XpaHuTcA. TOYHO TaK XKe JOCTYN K OTAGABHO XpaHALUEMYCS B aMATH
CHMBOJIY OCYWIECTBAAETCA 10 agpecy colepxallero ero Gaira.

Adpecnoe npocmpancmeéo. JIna noctyna K NamMaTH Heo6XoaHMEI
HMEHa WTH apeca, ONPEASasIONMe pacioNoXeHUe JAaHHBIX B ITaMs-
M. B KavecTee agpecos TPagHLMOHHO MCHONB3YIOTCA YHCNA H3 JEHA-
nasoHa ot ¢ 1o 2* — | co 3HaueHneM k, JOCTATOUHBIM I afpecaliny
BCell MaMATH KOMNbioTepa. Bee 2° alpecoB COCTARIAIOT alipecHOE
MpOCTPaHCTBO KOMNbloTepa. CledoBaTe/IbHO, NMaMATh COCTOHT H3 2¢
ampecyeMeIX aieMeHToB. Hanpumep, Hcnonn3oBanMe 24-pa3psifiHeX
(xax B mpoleccope 80286) ampecoB mNo3BoNgeT aapecosaTh 2
(16 777 216) snemenToB naMsiITH. OBHMHO 3TO KONHUECTBO alpecye-
MBIX 3/IEMEHTOB OGO3Hadaercs Kak 16 Mo6aiir (1 M6aiir = 2" =
= 1 048 576 Gaiir, anpecHoe npoctpancTeo 8086 u 80186). TTockons-
Ky y mpoueccopoB 80386, 80486 Pentium 1 Hx aHanoros 32-pa3psn-
HBIE¢ agpeca, UM COOTBETCTBYeT aIpecHOe IPOCTPAHCTBO B 272 GaifT,
uny 4 T'Gaitr.
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Anpecrnoe mpoctpaHcTBe DBM rpadmyecknm MoXxerT OHTB H30-
OpaXxeHO NPAMOYTOILHHUKOM, OfHA H3 CTOPOH KOTOPOTO NPEACTARIA-
€T paspAXTHOCTE ampecyeMolt saelixu (Cnosa) mpoueccopa, a ApYras
CTOPOHA — BECh AHANA3CH OOCTYIIHBIX AIpecoB VIS 3TOrQ Xe IIpo-
Heccopa. JUana3oH JOCTYTIHHIX AZPECOB TPOLECcOpa ONpemensercs
PaspSIHOCTEI0 IIMHE agpeca CHCTeMHON mMHBL. IIpH aTOoM MMHHK-
MAITLHBINE HOMep gueliKH maMatH (ampec) Gymer paseH (3, a MakcH-
MANSHBIN onpenendercd 3 dopMynar M =2" -1

Homap cnosa Homep cnosa
64K 84K lMopT BBCAS-BLIBN
Heucrionsayesmos
anpecHoe
NPOCTPAHCTEO
16K
1K ] o3y
.18
Hesxcnonsayesmoe
4 anpecHos
3 NPOCTPAHCTBO
2 2K
1 nay
/] 0
7 6 5 4 23 210
Homep S#7a 8 cnose
a &

Puc. 4.3. AnpecHoe MpOCTPAHCTBO LICCTHANUATHPATPANHON LIMHEL agpeca {a); pac-
MPCASACHANE MAMATY Npolucccopa ¢ 16-paspAnHoi wuHo# agpeca (6)

Hdna 16-pa3spsagHo#i IIMHBI 3T0 GymeT 65 535 (64 K) — puc. 4.3, a.
IIpyMep COOTBETCTBYIOILETO PAcpENeeHHS TTAMATH NPHBOAMTCA Ha
puc. 4.3, 6.

Hepapxuvecras opzanu3ayus namMamu

KomnpoMuccoM MeXIy MpPOH3BOAUTEILHOCTHIO H O0beMaMH Ia-
MSATH STBJISCTCA pellleHHe HCIIONB30BATh HEPApXHIO 3alIOMMHAIORIMX
YCTPOICTB, T. €. MPUMEHATh MepPAPXUYECKYI0O MOAEeNb IIa-
MATH.

IIpuMeHeHHe NepPapXUYeCKEX CHCTEM NTaMATH OTIPAaBAMBAET cebA
BCAICACTBHE JBYX BAXKHBIX (PAaKTOPOB — MPUHUMINA JOKANXBHO~
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¢TH oOpallleHHii ¥ HH3KOro (3KOHOMMYECKH BHITOHHOTO) COOTHO-
IEHHA CTOMMOCTh/MIPOM3BOAUTENLHOCTb. TIPUHLME JTOKaJBHOCTH
obpaleHA COCTOUT B TOM, YTO OOJ/BIIHHCTBO MPOrpaMM OOLIYHO He
BHITIOJIHAIOT O0palieHuii KO BCeM CBOMM KOMaHAaM H JaHHEIM paB-
HOBEPOSATHO, 4 B XAXIbIf MOMEHT BpeMEHH OKA3HBAlOT MpPEAIOTTe-
HHE HEKOTOPOK YacTH CBOSIO apeCHOTO MPOCTPAHCTRA.

Hepapxuss naMATH OO0BYHO COCTOMT U3 MHOTHX YpOBHE#, HO B
KaXAHi MOMEHT BpEMEHH B3aMMONENCTBYIOT TOIBKO IBa GAM3ICKa-
LIHX YPOBHA. MMHHMAalEHas ¢AMHNLIA HHOOPMAlIHY, KOTOpass MOXeT
MPHUCYTCTBOBaTe AHOO OTCYTCTBOBATL B ABYXYPOBHEBOU Hepapxum,
HayuBaeTcss 6MOKOM UAH CTPOKOM.

YcnemHoe HAM HeycrelmHoe obpamieHHe K 0onee BLICOKOMY
YPOBHI® HAa3LIBAIOT COOTBETCTReHHO normaaaHuem (hit) wm
npomaxom (miss). TTonagaHue — ecTb obpallicHHe K 00BEKTY B
MaMATH, KOTOpHIil HaileH Ha 0oiee BRICOKOM YDOBHE, B TO Bpems
KaK MpOMAax O3HAYaeT, YTO OH He HaitAeH Ha 3TOM YPOBHE.

HJong monamauui (hit rate) — nons obpamennii K maH-
HBIM, HalleHHEIM Ha GoJee BLICOKOM YpOBHe. Jlonsg mpoMaxoB
(miss rate) — aTo gons obGpameHHH X AAHHBIM, KOTOPBIE He Hali-
JeHn! Ha Gonee BHICOKOM YPOBHE.

BpemMa ob6pameHns npH nonamauuu (hit time)
ecTb BpeMs obpaitieHHA K 00oee BHICOKOMY YPOBHIO HEPADXHH, KOTO-
poe BKIIOYaeT B cels, B YaCTHOCTH, U Bpemst, HEOOXOTHMOE AT OI-
pemeneHys TOTo, siBIsgeTca Ju 0OpalllcHUe MoNMagjaHHeM HIM NpoMa-
xoM. [ToTepn Ha npoMmax (miss penaliy) ects BpeMs and
samemieHnst Gnoka B Gosee BLICOKOM YPOBHE Ha 010K M3 Donee HH3-
KOFQ YPOBHSA IUTIOC BpeMA 1A NEpEChUTKH 31010 6/10Ka B TpebyeMoe
yeTpoiicTBo (0OBIMHO B HpoLiEccop).

INoTepn Ha npoMax panee BKAIOYAIOT B €e0A JBE KOMIIOHCHTEL:

s BpeMd AocTyNa (access time) — Bpems oOpalieHNR K

MEPEOMY CJIOBY OJI0Ka PH NpoMaxe;

e BpeMA nNepecHNKH (transfer time) — monmonHuTEND-
HOE BpeMA IUTA MEPECHUIKH OCTABMIAXCA C/OB OGaoka. Bpems
JOCTYTIa CBA3AHO C 3a0¢pXKOoH maMaTH 6ojiee HHIKOTO YPOBHS,
a BpeMA NMEPECHUIKH — ¢ TIONIOCOH NMPOMYCKAHMA KaHAIa MeXIy
ycrpoicTBAMM MAMATH ABYX CMEXHBIX YPOBHEH.

Ksui-namams i cache memory — KOMNOHeHTa Hepapxm-
YECKOil mamMATH — NpeacTamisier coboit 6ydepHoe 3¥Y, paboralolee
€0 CXopocTeio, obfecneunBaonicit dyHxumonupopanue 1T 6e3 pe-
XKHMOB OXHAaHNA (pHC. 4.4).
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Kaw-namaTs, CuMTBIBAHME 8 Cu

BCTPOeH il HetuHAR Onepmnm
a mp‘:;: Camnanan K3IHTEMATE Crpoatan TS
Level 1 (L1) 38NHCH | Level2 (L2} BBMNCE

I I

OGpatHan canss

Puc. 4.4. Hepapxuna onepaTHsHoN MaMATH

HeobXxonuMoCTh CO3AAHMST KIILU-HAMITH BOSHHKIA NOTOMY, YTO
MOSBUAKCH MPOLECCOPH ¢ BHICOXHMM GricTpoRelicTBeM. Mexoy Tem
ZUIST BEITOMHEHHS CIOXHBIX TIPHKNAHEIX MPOIecCOB HyXHa Goap1as
namsith. HMcnonksopaHde xe Gonbliol CBEpXCKOPOCTHON MaMATH
3KOHOMHYeCKR HeBmronHo. IlosroMy mexmy OIl H npoleccopoM
CTAMM YCTAHABIMBATh MCHBINYIO MO pa3MepaM BLICOKOCKOPOCTHYIO
OydepHyio aMATE, WIH Kaw-namams. B nanbHeinem oHa G6Hma pas-
AeAcHA Ha NBa YPOBHA — gcmpoennan B nipolieccop (on-die) W sneui-
uaa (on-motherboard).

Ksw I-20 ypoensa (Level 1 cache, uau LI1). Kam 1-ro
YPOBH, WM NEPBHMHEIH K91L, HaXOAWTCA Ha IUaTeé LUEHTPAIBHOTO
NpoLeccopa M HCIIONbIYETC N BPeMEHHOTO XpaHeHHA KOMAaHI H
JMAHHBIX, OPraHMU30BaHHBIX B Oyioxu no 32 Gaiita. [Mepeuynniil Kow —
camas OwicTpas GopMa NaMaTH. Byaydu BCTpOSHHBIM B YMIT, OH obec-
NeyHBaeT MUHHMANBHYIO 321ePXKY HHTepdeiica ¢ AJTY, onHako or-
paHmdeH B pasMepe. L1-x3in peanmsyerca, HCIoJb3yAa NPHHIOMI CTa-
THYeCcKoli omepaTuBHOM mamaTn (SRAM), ¥ anWTenbHOEe BpeMA B
cpenHeM UMen pasMep 16 K6aiit.

Tpoueccop P55 Pentium MMX, semyineHnsiif 8 Havane 1997 r.,
conepxan k3l |-ro ypoBHA paismepoM 10 32 Kéaidtr. [Ipoueccophl
AMD K6 u Cyrix M2, spuienuie B TOM Xe rony, yxe obecneunsa-
JH 64 K6airt o6beMa Kamma 1-ro ypoBHS.

Kaw 2-20 ypoena (Level 2 cache, uau L2} Kau 2-ro
YpOBHA (BTOPHUHBI K3II) HUCIIONL3YET TY XK€ CaMyl JIOTHKY YipaB-
JIEHHS1, YTO ¥ K31 |-To YPOBHA, H TaKKe OTHOCHTCH K THIY SRAM.

Kasm 2-ro ypoBHA OOBIMHO MMeeT ABa pasMepa — 256 Wi
512 K6aiir 1 moMeriaeTca Ha cHcTeMHoll ruiate B rHeage thmna Card
Edge Low Profile (CELP) a1 B Momyne «K31H-Ha-IU1aTe» {«cache on
a stick» — COAST). INocneauuit nanmoMuHaer SIMM, Ho HeMHoro
xopoue H BKIouaeT rHe3ne COAST, koTtopoe 06HYHO PacOIOREHO
OnM3k0o K npoueccopy M HamoMuHaer cmor PCl. B nponeccope
Pentium, cgHaKo, K31l 2-T0 YPOBHI NOMEWIA/ICA HA YHIIE Npoleccopa
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HenmoecpeacTBeHRO. [1pu 310M HEpenxo HCIIONL3YIOTCA HBEe K3l-na-
MSTH, OJHA K3 KOTOPBIX XpAHHT KOMAaHABL, & ApYTasd — JaHHBIC.

Llene K3iia 2-ro ypoBHA COCTOMT B TOM, 9TOOH MOCTARNATE CO-
XpaHEHHYI0 HH(pOpMAITHIO Ha Tpolieccop 663 Kakol-mHeo 3alepxKu
(cocToaHMA oxunanusa). [ stoit tean uHTepdetic WMHB Npouec-
copa HMEET CNeUHANbHE MPOTOKON Tiepeladd, HAIBaAHHMIH Zpynino-
ebis (WM MaKeTHBIM) pexuMoM (burst mode). IIpu 3TOM OOBIYHO HC-
MOJB3YeTCHd CHHAPOHHBIH THUMN MAMATH, YIIPaRNIeMOH TAKTOBKIM TeHE-
paropoM I, Hukn makera cOCTOMT H3 YeThipeX mnepenay AAHHRIX,
II¢ Ha aApecHVIO IIMHY BHBOAUTCA alpec TONBKO NepBbX 64 OMT.
OO6pHO KA 2-TO YPOBHA — 3T0 CHHXPDOHHAs NMaKeTHO-KOHBekep-
Has naMaTh (Pipelined Burst Static RAM — PB SRAM) [16].

Drckaw3uennm Ha3HBAETCA K3II, B KOTOPOM TaHHME, Xpa-
HAIWECH B K3UI-NAMATH MEPBOTO YPOBHA, He 00A3aTENIbHO HOMXHLI
OHITE MPONYGIMPOBAHE B K3tax HIDKeaeXalllMX ypOBHELA.

Hurkawsuenwid Ko — Korga mofasd WHQOpMaIMsa, XpaHA-
1IaAcA B K3INaX BLICHIMX YPOBHEH, XyOnHpyeTcd B KI-NAMSTH.

IIpumeHeHne KamHpOBaHUS 0coOeRHO PdheKTHRHO, KOTIa 10-
CTYII K AaHHHM OCYILECTBAACTCA NMPEHMYINECTBEHHO B MOCICIOBA-
TeJkHOM nopsanke, TOTAa nmocne nepBore 3anpoca Ha YreHHe NaHHHIX,
PACTIOIOXKEHHBIX B MELNEHHOM (K3LUMpYeMOit) maMaTH, MOXHO 3apa-
Hee (ynpexcOmowee ymexnte) BHRINONHATH YTEHHE CNERYIOMNX O/I0KOB
OAHHBIX B K3IL-NAMATE 1A TOTO, YTOOR MpH CACHYIOLIEM 3aMpoce Ha
YTEHME NAaHHBIX NOYTH MIHOBEHHO BHIZATH HX H3 K2IU-TIAMATH,

Cmpamezuu ynpasneHus uepapxuyecxoil namMamsno

TpH MOCTPOCHHH CHCTEM € HEPAPXHYESCKON MaMATHIO LIEJIBIO SB-
J9eTcH MONYyYeHNe MaKCHMAJbHOK APOHMIBOAUTEABHOCTH MOACHCTE-
MH MaMATH NPH €€ MUHHMabHOH CTORMOCTH. DPPEeKTUBHOCTL TOH
WIH MHOH CHCTEMB! KB3ILI-TAMATH 3aBHCHT OT CTPATErHA YHPaBIeHHS
naMATeio. CTpaTeris ynpaplcHHUA IaMAThIO BKJIKYAST.

¢ METOH OTODpPaXeHHS OCHOBHOM AMSITH HA K3III;

s MIOPAOOK 3aMelcHHA KHQOPMALIUH B K3LLe;

¢ AITOPUTM B3ANMOIECHCTBHA MEXAY OCHOBHOR H KILI-IAMSITBIO.

OmoGpadcenue namamu na 3. CyIIecTByeT TPH OCHOBHEIX CHO-
coba pasMelieHUR 610KOB (CTPOK) OCHOBHOM NMAMSITH B K3IIe:

e K31I-AaMATh ¢ TPIMBMM oToOpaxerueM (direct-map-

ped cache);
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¢« MOJHOCTHIO ACCOLHATUBHAY Kam-naMarh (fully asso-
ciative cache);

s YaCTHUYHO ACCOUNHATHBHAA (WIH MHOXECTBEHHO aCCO-
IHMAaTHBHAs, partial associative, set-associative cache) xksm-ma-
MATE.

Hamame c npameem omobpaxenuem B 3ToM cnydae Xa-
X ONOK OCHOBHOM MAaMATH MMEET TONMBKO ONHO (MKCHPOBaHHOE
MECTO, Ha KOTOPOM OH MOXKET NOSABHTLCA B K2II-TTAMATH. Bee Giiokm
OCHOBHOM IIaMATH, HMEIOIIHMe ORHHAKOBBIE MIAMUME paspsnbl B
CBOSM aapece, NomanaloT B oOWH OMoK K3mi-mamsatd. TIpu Takom
NMOAXOAE CIPABSINIHBO COOTHOIICHHE:

{Anpec Onoka k3m-namATH} = (Agpec G6yoxa OCHOBHOM
namaTH} med (Yucno BIOKOB B KOW-TIAMATH).

DTOT THN TAMATH HanOomee MpoCT, HO H HauMeRee 3ddexTH-
BEH, TAK KaK JAHHEBIE U3 pasHeX obnacredt mamsryn MoryT KoHdIHk-
TOBaTH M3-33 SIMHCTBEHHONR CTPOKM X3ilIa, THE OHHM TONHKO W MOTYT
OHNTE pa3MeIneHBI.

IToanocmobiw accoyuamuenas namams MOXer oTobpa-
XKarh conepokuMoe 0G0t obnacTn naMaTH B A00y1I0 ofacTs Koma,
HO TIPH 3TOM KpaiiHe CIOXHA ¢ TOUKM 3PEHMA CXeMOTEXHWYECKOM
peanH3aLiH.

Jacmuuyro accouuamuersli K31 ABIACTCA Hanbolee
PacHpOCTPAHCHHBIM B JaHHEIR MOMEHT CPEIH TIPOLECCOPHBIX apXM-
TeKTYp. XapakTepu3yeTcs TeM WIH HHBIM KOJMISCTBOM # «KaHaJOB»
(CTeneHbI0 aCCOLMATHBHOCTH, «Nn-way») H MOXeT oTofpaxarsb colep-
XKUMOe AAHHOH CTPOKM NMAMATH HA KAXAYIO W3 #2 CBOHX CTPOK. DTOT
BAapHaHT ABIACTCA Pa3yMHBIM KOMIIPOMHCCOM MEXAY TONHOCTBIO ac-
COLIMATHBHBIM 1 KDILIEM «[IPAMOTO OTOOPAXEHNA»,

B coBpeMeHHBIX NpoLeccopaX, KaK NPaBMao, NCIIOIb3yeTcA THGO
KS1I-NaMATE ¢ MMPAMEIM OTO0paXeHHeM, MO0 NBYX- (YeThipex-) Ka-
HaJbHaA MHOXCCTBCHHO ACCOLMATHBHAA K2UI-namars. Hampumep,

" B apxurexrypax K7 u K8 npuMmenserca 16-KaHaTBHBIH JacTHIHO ac-
COLIHATHBHBIA xouI L2.

Hopadox 3amemenus ungpopmayun B K311¢e onpenenser 610k, moa-
JIeKALIHI 3aMEIIEHWK NIPH BO3HHKHOBEHHM npoMaxa. ITpoctora npu
UCTIONBL30BAHHM XJIHA ¢ NPAMKEIM OTOOpaXeHHEM 3aKiovaeTca B
TOM, YTO anmapaTHEE pelleHHsT 3ech HauGoJlee NPOCTHIE: JIeTKO
peaTHilyeTcA caMa annaparypa, JIETKO NpPOHCXOONT 3aMElIcHHE JaH-
HelX. IIpn 3aMellleHHH MPOCTO HeYero BEIOHMPATH — Ha NONMAfaHme
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MPOBEPACTCA TOJMLKO OMHH BJIOK M TOABKO 3TOT GJIOK MOXET GLITh 3a-
MeIneH.

IIpy nOAHOCTBIO KMIH YacTHYHO acCOLMATHBHOH OpraHW3alui
K3II-TIAMATH HMEIOTCS HeCKOJBKO GJIOKOB, M3 KOTOPRIX HaJO BbI-
Opate Kangupara B cayuae mpomMaxa. Kak mpapwio, I 3aMellUeHHsA
G/I0KOB TIPMMEHHAIOTCS AB¢ OCHOBHEIC CTpaTerdu:

ecayualinana (Random) — GnoKH-KaHAMIATE BRIGHpAIOTCS

cnyyaiiHo (MToOB MMETE pABHOMEPHOE pacrnpegeneHne). B He-
KOTOPBIX CHCTEMAaxX MCIOAB3YIOT NCEBIOCNYWaMHKMN anropurM

3aMeLeHU;
e 3aMelIaeTcd TOT OMOK, KOTOPEIE He HCHOJAbB30OBAJCH
Aonbmie BceXx (LRU — Least-Recently Used).

B srom cnydae, yToObl YMEHBIUHTE BEPOSITHOCTE VAAJICHHSA HH-
<opManTHi, KOTOpasd CKOpPO MOXET HoTpedoBaThCcs, BCe o0pa-
HieHUA K GmokaM PHKCHpyIOTCS.

JocTorHCTBO CMydaiiHoro crocodba 3aKmoYyacTcd B TOM, 4TO €ro
Ipollle pealH3oBaTe B amnapatype. Korma xonmuectso G10KOB yBe-
mmunBaercs, anropurd LRU cranosutes pee Gonee 0poruM M 4acTo
TONBKO NMPHAGIICKEHHEIM,

Aszopuntvbt ofmena ¢ x3u-namamsio (CEOREHZA) PKITIOYAIOT Cle-
JOYIOLINAE Pa3HOBHIHOCTH:

s aNTOpUTM CKBO3HOH 3ammcu (Write Through) unm cKBO3HOIO

Hakormenus (Store Through);
& AITOpUTM NpocTOro ceomMHIa (Simple Swapping) wan obpat-
Hoil zanmucH (Write Back);

» anroput™ ceornuHra ¢ naramu (Flag Swapping) wir obpaTHOi

3a0HCH B KOHQIHMKTHHX cuiyalssax ¢ dnaramu (CUX):

* aNrOPHETM PETHCTpOBOrO cBomHHTra ¢ dnaraMu (FRS).

Asrcopumm ckeo3noli 3anucu — caMmblii IpPOCTOH anTo-
pHTM CBoTIMHTra. Kaxauifl pas npy nospleHHW 3arpoca Ha 3alich TIO
HEKOTOPOMY ajipecy OOHOBNAETCA COHEPKHMOE OOJIACTH MO 3TOMY
agpecy Kak B OBICTpOM, TAK H B OCHOBHON IMaMSATH, NaXe eCaH KOIMHA
COIEPXUMOro M0 3TOMY 3/ApecyY HAXOAHTCA B OuicTpoM Gydepe. Ta-
KO€ HOCTOAHHOE OGHOBJICHHE COOCPXHMMOIO OCHOBHOH MaMATH, KaK
H Oydepa, npH KaXnoM 3anpoce Ha 3alHCh JI03BOJACT NOCTOAHHO
TIOANEPXHBATE MHGOPMALIED, HAXOOMILYIOCA B OCHOBHOM MaMsITH, B
OOHOBJICHHOM COCTOSHHM,

ITosToMy, KorAa BOSHMKAET 3a0pOc HA 3alACh 0 AAPECY, OTHO-
cAmeMycsl K offacT, cogepxHMOe KOTOpOH He HAXOOMTICS B JaH-
HBIH MOMeHT B OHcTpoM Oydepe, HoBast HH(OpMaIHA 3aMHCHIBAaeTCA
NPOCTO Ha MecCTo GJIOKa, KOTopoe TpeAronaraercs repeciars B OC-
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HOBHYK) MaMATh (6c3 HeoOXOXMMOCTH TIepeCEUTKH 3TOTO CJIOBA B OC-
HOBHYIO NMaMS$ITh), TAK KaK B OCHOBHOH MaMSAITH yXe HaXOIHTICH ero
JOCTOBEpHAA KONHA.

JaHHHN aaropuT™M HECAOXKCH A PealN3alMH H FOHNIMAaHWA,
MO3TOMY OH GBUI 1MHPOKO PaciipOCTpaHeH B CHCTEMaX ¢ K3II-ITaMA-
Thi0. JIaHHEIA ArOpHTM TAKKe MPOCTO MO3BOJIACT Peald30BaTh KO -
repeHTHOCTD ITAHHBEIX L9 MYJIETHIPOLECCOPHBIX CHCTEM ¢ pa3-
JeABHEIMH K3IIaMH H O0IIeH MaMATBIO.

Aneopumm npocmozo ceonunza. OOpalicHHA K OCHOB-
HO TTaMATH HMEIOT MECTO B TeX CAydasX, Korna B OricTpoM Gydepe
He oOHAapyXHMBacTCA HYXHOE CAOBO, DTa CXEMa CBOITMHTA NOBLIHACT
MMPCH3BOOHTEILHOCTh CICTEMEL IAMATH, TAK KaK B Hell obpalieHns K
OCHOBHOW NaMATH He MPOHCXONAT NMPH KaXIOM 3arpoce Ha 34MHCEh,
YTO AMEET MECTO IIPH HCIIONB3OBAaHWM aNrOpuTMa CKBO3ZHOMN JAITHCH.
OamHako B CBA3M C TEM, YTO CONECPXMMOEC OCHOBHOMH MaMATH He NOJ-
JepXWBAETCA B IIOCTOAHHO OOHOBICHHOM COCTOSAHMH, €C/IH HeobOXxo-
JAMoro ciosa B OncTpoM Gydepe He ofRapyxmuBaercs, U3 Oydepa B
OCHOBHYIO AIAMATEL Hal0 BO3BPATHThL Kakoe-JINGO yCTapeBllee CHOBO,
yTo6H OCBOGORMTE MECTO IUB HOBOrO Heobxoanmoro ciopa. IToaro-
MY U3 Oydepa B OCHOBHYIO MAMATH CHAYalla MEPEChLIACTCA KAKOS-TO
CJIOBO, MECTO KOTOpOIo 3aHHMaeTr B Oydepe HyxHoe ¢noBo. Takum
00pa3soM, TMPOHCXOAMUT ABE MEPECHUTKH MEXAY OBICTpRIM OydepoM H
OCHOBHOM MaMATEHIO.

Azzopumpm ceonunza ¢ paazamu. JanAauil anropuT™ 98-
JAETCA YNYYIICHAEM alrOpPHTMa NpPOCTOTO CBOMHHra. B anroputme
MPOCTOTO CBOITHHTA, KOIrIa B K3UI-NIAMATH He COHapyXuBacTCd HYX-
HOE CJIOBO, IIPONCXONHT ABa OOpalicHNA K OCHOBHOHM MaMsTH — 3a-
MACE YIATACMOTO 3HAYCHHSA M3 K3IUa U WICHHE HOBOTO 3HAYCHMSA B
311, Ecnu cnopo ¢ Toro MOMEHTa, KaK OHO monano B 6ydep H3 oc-
HOBHOI TTaMATH, He MOABEPTATOCh: H3IMCHEHHAM, T. €. [I0 €10 aupecy
He IPOH3IBOAWIACE 3allHCh (OHO MCIIONBIOBANIOCH TONBKO A YTE-
HHA), TO HET HEOBXOOMMOCTH NMEPECEIIATh ¢ro 00paTHO B OCHOBHYIO
aMsATh, MOTOMY YTO B Hell M TaK MMEETCS JOCTOBEpHAas €0 KoM,
570 0OCTOATENLCTBO NMO3BONSET B psane ciuydaeB oboltruck Ge3 obpa-
eHnit K OCHOBHOH nmaMath. Ecium, ogHako, ¢1oBo MOABEPTanocs H3-
MEHEHHAM C TeX MOp, KOraa ero Komnus 6buta B HocAeTHHH pa3 3allu-
caHa o0paTHO B OCHOBHYIO NaM#Th, TO NPUXOAUTCH [MEepeMeHaTh ero
B OCHOBHYIO NaMATh. OTC/EXKNBaTE H3IMCHEHHA CIIOBA MOXHO, HOMe-
THB ¢JIOBO (O/I0K) NOMONHATENBHBIM (mar-omToM. BapeMpys
sHaucHHEe ¢iar-6HTa NpH M3MCHEHHWH CJ10Ba, MOXHO ChOpMHPOBATE
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HHPOPMALHIO O COCTOAHMHA cJIOBa. [lepechUraTe B OCHOBHYIO TAMATE
HeoOXOOUMO JIMILUE TE C/IOBA, (hJIarH KOTOPEIX OKa3HBAIOTCA B YCTa-
HOBJICHHOM COCTOSHHMH.

Anreopumm pecucmpoeozo ceonunza c paaecanu llo-
BeIlIeHHe 3 EKTHBHOCTH &INOpPHTMA CBOMHHTA ¢ (IaraMH BO3MOX-
HO 33 CUCT YMeHbIIeHNA 3{peKTHBHOrO BpeMEHH LIMKIIA, YTO MOXHO
TIOJIYMKHTh HpPH BBEOSHMH PETHCTpa (PErHCTpOB) BpeMEHHOIO XpaHe-
HHA MEXIY K3LI-MaMATHIO H OCHOBHOH mamaTeio. Teneps, ecnn naH-
HBle OOJDKHB OBITE Mepeaansl H3 GpicTporo Oydepa B OCHOBHYIO [Ia-
MATH, OHH CHaYaja EPEChUIAIOTCA B PETHCTP (PETHCTPH) BpEMEHHOTO
XpaHEHHS; HOBOE CJIOBO CPa3y Xe mnepecelnactca B Oydep H3 OCHOB-
HOM IIaMATH, @ YK€ TOTOM CJIOBO, BpEMEHHO XpPaHMBILEECA B PETHCT-
pe, 3anmMceiBaeTcad B OCHOBHYIO TaMaATh. deiicrena B LI1 HawnaHaloT
OMNATH BHITONHATHCH, KAK TONBLKO 1A ITOTO BOIHHKACT BO3MOXHOCTD.
ANropHT™ 06ecTIeYHBAET COBMEILICHNE OREPALINii 3aHCH B OCHOBHYIO
NaMATh ¢ OGRIMHBIMH OTIepallMaIMH Haa OydepoM, YTo oDECIIETHBAET
cuiie OosplIce MOBHILICHAE MPOH3BOIHTCTBHOCTH.

Coxpanenue Kozepemuocmu (COZAGCOBANHOCII) KIU=-RAMRMY 6
MHOCONPOKECCOPHbX cucmemax. PacnpocTpaHeHHEIMH TIPOTOKONAMH
MIONAEPXAHMA KOTePEHTHOCTH K3UI-MIAMATH ABASIOTCA CRedyiolue.

M ES I (Modified, Exclusive, Shared, Invalid) — mporoxon moa-
OepXaHWA KOTEPCHTHOCTH K3LI-TIaMATH. [lpoueccop pasnMyacet
K3LI-CTPOKH, KOTOPHIX HET B K311ax ApyrHx nipoueccopoB (Exclusive)
H TIPHCYTCTBYIOLIME Gonee ueM B ogHOM Kaiue (Shared). Ecnu name-
HaeTca Shared-crpoka, To apyraMm LIT xoMnboOTepa nepeaaeTcd CHr-
HAaJ TIPOBEPUTE CBOM K3IIH U COSAATE HANPOTHB CBOMX 3anmucel B K3-
1IaX MOMETKY «HenpasibHe» {Invalid). Ecnn namensgerca Exclusive-
CTpOKa, TO B 3TOM HeT Heobxonumoctu, B moGom cayuae crpoka no-
Medaercd Kak Modified, HO HOMHTOK HEMENIEHHO 3aNUCaTh B onepa-
THBHYIO TIAMATE 3TY CTPOKY He NPEANPAHAMASTCS.

MO E ST (Modified, Owner, Exclusive, Shared, Invalid). 3aecs
Modified, Exclusive, Shared, Invalid coorBeTCTBYIOT NpPOTOKOAY
MESI. Owner cCOOTRETCTBYET H3MEHEHHOM CTpOKe, comepXalueii JaH-
HEIE, KOTOpBIE €ili¢ He 3aNMCaHBl B ONMEPATHBHYIO MaMATL H KOTOPBIC
€CTb B K3IIIaX KPYTHX T1poileccopoB, B To Bpems kax B MESI nponec-
COpHI TIOUTH He Hemonb3yioT kawm apyrux [I1, » nporokore MOESI
nobas onepaiyia 9TCHUA CONMPOBOXAACTCA NMPOBepKOi kx3tueli ApyrHx
LIT — eciu HyXHBIC JAHHBIE HAXORATCA B OOHOM M3 HHX, TO YHTAIOT-
Cf NPSIMO OTTYAR; TIPHYEM COXpPAHEHHE HTUX KaHHBIX B OI1 He npous-
BOOMTCA, & B KIIL-TIAMATH Je/acTCa NOMeTKa «Ownep.
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4.2, KonkpeTHbie CHCTEMBI NAMATH

PaccMOTpHM BKpATHE OCHOBHBIE THIEI CUCTEM ITAMSTH.

B GoNbIIMHCTEE cIyyaeB OCHOBHas oONepaTMBHAA IMaMiITh —
RAM (Random Access Memory, T. e. HaMATE C NMPOH3BOJIBHHM JO-
cryrioM) TI3BM crpoutcd Ha MHKpOcXeMaX EMHHAMHYECKOTO
tuna (DRAM — Dynamic Random Access Memory),
Iie B KAYeCTBe 3aMOMHHAKIIIErO 37eMenTa (33) HCnonp3yeTcd npo-
creiiiiag cBopka, cocTOSUIAA M3 TpaH3MCTOpa MW KOHZEHCATOPA.
OCHOBHMMH NpUIUHAMHM WIMPOKOTC NMPUMCHEHHA 3TOM NaMATH AB-
JIAETCA BEICOKAA ILTOTHOCTR HHTETpalMM (YBeMMUYSHHE YHCIa 3D Ha
9HN M COKpAIEHHe YHCIA YHIOB, HEOOXOAMMEIX I ONHOTO MOXY-
J1A1), Maaoe HoTpeblicHRe JHEpTHH (TPaTHTCA MMHHMYM SHEPTHH Ha
XpaHeHHEe OXHOro OMTa, YMEHBWIacTcsd norTpebnaeMad cHCTeMOMN
MOIITHOCTh, CHIXA3ETCHd CTOHMOCTB) M T. I

Kaxapit OMT Takoll NaMsaTH TIPELCTABISETCS B BUAE HAMHYMSA
(W1¥M OTCYTCTBHA) 3apffa Ha KOHAEHCATOpe, 00pa30BaHHOM B CTPYK-
TYpe NOMYNPOBOOHHKOBONO KpHcTawia. KoHIeHcaTop YIpamRIseT
TpaH3ucropoM. EcM TpaH3UCTOpP OTKPHIT M TOK WIET, 3TO COOTBET-
CTBYET «l», eclH 3akphT — «0». C TedeHHEM BpEMEHH KOHACHCATOP
paspsKaeTCd, H €ro 3apA] HYXHO TTePHOIHYECKH BOCCTAHABIHBATD.

Mexay mepHOZAMH AOCTYIIA K IIAMSTH TOCBIJIAETCA 3MeKTpHye-
CKHit TOK, OOHOBIAIOIINI 3apAI Ha KOROECHCATOpax I MOARepXa-
HHS LETOCTHOCTH JAHHBIX (BOT IOYEMY JAHHBIA THII MaMSTH HA3BI-
Baetrcst AMHaMudeckuM OIT). DroT npoliecc Ha3pBaeTcs pereHe -
paonueilt naMATH.

Hneerca gpyroit BHZ NMaMsATH, KOTOPHIH JIHIIEH 3TOre HEZOCTaT-
Ka. DTa DaMaTh HazbkBaeTcs ctaTtHdIeckod (Static RAM —
SRAM), roe B kavectBe 32 UCMONB3YETCA TaK Ha3HBacMHIi cTAaTH-
YecKHil TPHUITEp, KOTOPHA MOXET XpaHWUTh JAHHEE, MOK3 [MHTAHHE
MOJACTCA Ha CXCMY. JTO OT/INYAET e¢ OT ANHAMWIECKON ONepaTUBHOH
MaMATH, KOTOpasl KOKHA PETeHEePHPOBATLCH C BHICOKOH 4acTOTOMA.

SRAM wuzroToBIseTcd MO TEXHOJOTHH, MOAOGHOH mponeccop-
Ho#t, — tororpapupopanme KpeMHua. Kaxnniit 6ur SRAM Tpebyer
OT YeThipex O LIECTH TPaH3UCTOPOB, YeM U OOBACHAETCH TO 00CTOM-
TeNsCTBO, TT0 SRAM 3aHMMaeT HaMHoro Gonbilie MecTa IO CpaBHE-
Huo ¢ DRAM, xoropas tpebyer TONnKC OAMH TpaH3WCTOp (ILMIOC
KOHIEHCATOp) HA pa3paz.

CnenopatensHo, ecnd 661 SRAM ycTaHARIMBATACE B KauecTBe
ONepaTMBHON NaMaTH, TO NPHBEAO OBl K YBEAWYEHMIO OpicTpOnEii-
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crBus IIK, omHaxo NMpH 3TOM CYLIECTBEHHO YBeJMMWIach GBI ero
CTOMMOCTB, TMOCKONbKY CTOMMOCTE MHKpOcxemMbl SRAM 3HayuTens-
HO BellIe cTomMocTH DRAM.

Kaxaas nmepegavya TaHHBEIX MEXIY POLIECCOPOM H [TAMATHIO HA-
SWBAETCA MU KAOM Wl M H 5. KonuaecTso GHT, KOTOpOE MpOLIECCOp
MOXeT NepeAaTh 3a OJMH IHMKI LIHHBbI, BJIHACT HA HPOH3BOONTEIb-
HOCTh KOMIIBIOTEPA W ONPENCIAET, Kakoi Thn nmaMATH Tpebyercs.

Adna onmmcaHus XapakTepUCTHK OBICTDONEHCTBHA OMEpPaTHBHOMN
TIAMATH B MAKESTHOM pPeXHMe NPHMEHAIOTCA TaK HAa3blBacMbIe LI H K -
AB YTEHUA/3anmUCH (WM BpeMeHHAs CXeMa mMakKerTa).
DTR 4HCia OTHOCATCH K KOJIMYECTBY TAKTOB NpoLieccopa TS KaxIo-
ro JOCTYNA MpH YTeHMH. esio B TOM, YTO NpH O6palleHHH K MAMITH
HA CYMTHIBAHWE HJIH 3alHCh MEPBOTO MAIMHHHOTC CJIOBA PAcXONYETCA
Gonpilic TAKTOB, YeM Ha o0pallicHHe K TPeM FOCCIVIOUIHM CIIOBAM.
Tak, ana acuuxpodHoit SRAM (oGecneuriBaeT GeicTpOneticTHe o7
12 o 20 nc npu yacrote mwuk LIT ot 50 ao 66 MT1 ) yrenne on-
HOTO CJI0BAa BEIMOJHAETCA 3a 3 TaKTa, 3alMiCh — 33 4 TAKTA, YTeHHE
HeCcKONBKNX CINOB Onpeensercs HocnegosaTenbHOCTIO 3-2-2-2 Tak-
Ta (4TO ©O3HAYacT, YTO YTcHHe [-ro 37IcMCHTA HaHHHX 3aHHMAacT
3 takra III, sxmoyasa 2 TakTa OXHMAAHHA, a UYTeHHE NOCASHYIO-
X — 7O 2 BpeMEHHKX TAKTa), a 3aMck — 4-3-3-3,

Runanuveckan namams

Jnnammueckan nmamath (DRAM) B coppemennnix TK Henonnsy-
eTcA OORMMHO B KAYeCTBE ONEPAaTHBHON MaMATH oflero Ha3HAuYeHH,
a TaKXKe KaK NaMmAaTh JJIA BHACOaAanTepa.

TTpunyunw rocmpoenus. MUKpocxeMa MaMsiTH 3TOTO THIIA Mpe-
CTaBIAET cobol NMPAMOYTOIbHBIN MACCHB STUEEK CO BCIIOMOTATENBHEI-
MH NOTHYECKHMH CXEMAMH, KOTOPBIE MCITONLIAYIOTCA AN YTEHUS MU
3alMACH JAHHBIX, A TAKXKE BK/JIIOYAT LENH pEreHEpPaiHH, KOTOpHIS
TIOIIEepKUBAKOT OENOCTHOCTE NaHHBIX. MaccHBLl MaMsTH OpraHmzo-
BAHBL B cmpoKu (row) U cmoabuysi (colimn) AdeeK MaMATH, HMEHYye-
MBble COOTBETCTBEHHO NHHHMAMH 08 (wordlines) m NUHUAMH Oum
(bitlines). Kaxnaa suyeifka maMsaTH HMeeT YHHUKANBHBIN aapec, 3ama-
paeMbIl nepecedeHHeM CTPOKHU U cTonbua. lenw, noaaepxusaiomme
paboTy NaMATH, BKMIOYAIOT:

¢ YCHIMTENH, CYMTHIBAIOIINE CHTHAN, O0OHAPYXECHHHI B A4ciike

TIAMATH;
* CXeMBl agpecaliH JUIA BEIGopa cTpOK H cTOAGLOB;
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cxeMH BeIOopa agpeca cTpokM (Row address select — /RAS) u
croabia (Column address select — /CAS), yro6b OTKpHIBATh H
3aKpLIBaTh aapeca CTPOK M cTOJOIOB, a TAKXE HAYHHATL W 33-
KAHYHBATD OMEpallHH TTCHUSA U 3aMHCH,

LIETTH 3alTHCH M 9TeHUA MHGpOpMallHu;

BHYTPEHHME CYCTYMKH MK DPETHCTPHE, CASHSIINAE 33 LIHKIaMM
pereHepalli JaHHLIX;

cxeMH paspemiends peixofa (Ouiput enable — OFE).

HHTeppat pereHepalluy H3MepsAeTCA B HAHOCEKYHIAX (HC), H 3T0
TUCIO0 OTpaxaeTr «cKopocTe» OV BonsmmacTeo TTK Ha ocHOBeE Nipo-
neccopop Pentium #cnonpayor ckopocte 60 wm 70 He. Ilporecc
pereHepalii CHHXaeT CKOpPOCTh JOCTYNAa K JAHHEIM, NMO3TOMY HO-
crynl K DRAM 00BMHO OCYLIECTBINETCA Yepes KAU-namMsaTe. OIHaxo
Koraa GHCTpomeiicTBHe MpoleccopoB NMpeBHcivio 200 MIm, xsH-
POBAHHE TEPECTANO CYIeCTBEHHO BIMITE Ha MNpHcymyilo DRAM
HH3KYK> CKOPOCTb H BO3HHKIA HEOOXOOMMOCTh HCIIOJB3OBAHHS JIPY-
rux Texsonoru# OIT.

IInkn wTeHHA BKIIIOYaAeT CASHyIOUIMe coOulTHA (pHc. 4.5, mna
EDO DRAM):

BHGOp CcTpOKH. AKTHBH3aIMA nend /RAS Hcmombzyercsa mpnd
CBA3BIBAHNUA CO CTPOKOHN IMAMATH M MHHIWALMHE IHKJIA TTaMSTH.
310 Tpebyercsd NMpH Hauale Kaxaolk onepaliyi ¢ MaMATHIO. AK-
THBHOE cocTosiHne /RAS 3anaercsi HU3KMM YpOBHEM HampsDKe-
HUA Ha JHHHUM, T. ¢. CHrHan /RAS coOTBeTCTBYET Mepexony oT
BBICOKOTO HANPSDKEHHA B Iemd K HH3koMy. CurHan /RAS mo-
XeT TaKKe UCIONAB30BATHCA IS 3alycKa ITNKTA peTeHEpaLiy;
BEIGOp cronbua. Curran /CAS uMcnmonb3yeTcs Uil CBA3BIBAHNAA
CO CTO/IGIIOM MaMATH H MHHLHMALIMK OTCPallHK 3aHCH-YTEHHUS.
AxtpHOe cocrosHRe /CAS Takoke 3agaeTcd HM3KUM Hampske-
HHEM Ha JHHHUHK,

paspemieHue 3anuck {Write enable /WE). CurHan /WE 3anaet
THN ONEpAllHH, BBICOKHI VPOBEHb HATIPKEHHSA OMNpEOe/scT
OTICPAIHIO 3AITHCH, HHIKAN — 9TeHHA HH(pOpPMauWH;
paspemieHe BeiBosia (Output enable /OE). Bo Bpems omepa-
UNA YTCHHA H3 MAMATH 3TOT CHYHAT IIPESIOTBPAIACT MOABIE-
HHe OAaHHBIX Tpexiae BpeMeHH. Eciu ypoBeHb HANpsDKEHHS B
LeNH HH3KWIL, TO JaHHBIE NEpPegaloTcd Ha BHIXOAHEBIC JIHHWH,
KaK TONBEKO 3T0 OymdeT Bo3MOXHEIM. TIpH 3amkcH B MaMsaTh 3Ta
JIMHAA ATHOPHPYETCSH,

BBOA-BHBOJA AAaHHHX. BeBoan D) (takke HMeHyeMBiE BXO-
JEO-BHMXOOHBIMHA WIH 1/0s) Ha 4Mne MaMATH TpeAHaIHA4YeHH
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IS BBOAA W BEIBOZA. BO BpeMs OMEpAUHH 3amMCH BLICOKOE
(«1») win Hu3koe («0») HampsokeHwe noaaerca Ha DQ. Ilpu
YTeHHH JAHHbIE CYHMTHIBAIOTCA M3 BHIOpAHHOM sueiky H nepe-
aaorcs Ha DQ, ecmu goeryn ocywectsieH H /OE orkpert. Bee
~ocTanbHoe BpeMa DQ HaxoIsiTcs B 3aKpRITOM COCTOSHHH (BEI-
COKO€ BXOAHOE COMpPOTHBICHHE) — OHH HE no1‘pe6uam MeK-
TPHYECCKNN TOK M HE BEINAIOT CHIHANOB.

PaccMOTpUM HEKOTOpbBIe KOHCTPYKLHM CHCTEM AWHAMKYCCKOH
ONICPATHRHON NMaMATH.

FPM DRAM (Fast page mode DRAM) npeacrasmsier cofoit
CTaHIAPTHHIA THN NaMaTH, BuICTpoaeicTBHe KoTopolt cocrapmaeT 60
wie 70 He. CHcTeMa YIIpaplIeHHNA NAMATHIO B MTPOIIECCE CUUTHIBAHUA
AKTHBHPYET apeca CTPOK, CTONOLOB, OCYIICCTBIACT NPOBCPKY HaH-
HBIX M Tnepenavy HHPpopMalH B cucreMy. CronGiel mocne sToro ge-
AKTHBHPYIOTCH, YTO NMPHUBOJMT K HEXENATENLHOMY COCTOSTHMIO OXN-
JaHHA MPOLEccopa B HEKOTOPHIX COYCTAHMSIX ONlepaluil ¢ NAMATLIO,
B HaunyuyuieM caydae JAHHHIM peXuM peaTn3yeT BPEMEHHYIO CXeMy
nmaketa Buga 5-3-3-3.

EDO RAM (RAM c pacimmpeHHHM BHXomoMm). O0pauieHue Ha
yTeHHe OCYUIECTRIAETCS TAKHM Xe 0Opadom, kax U B FPM, 3a uc-
KAKIOYeHHeM TOTO, YTO BHICOKHH ypoBeHB /CAS He cOpachiBacT BbI-
XOIHHE JaHHBIE, 4 HCMONBL3OBAHHE TPUITEPA MO3BONKET COXPAHATDH
JAHHEIE TO TeX Mop, moka ypoBeHb CAS CHOBa HE CTaHET HHU3KHUM.
TeM caMEBIM He TIPOHCXOIHT ¢Opoca aapeca cTONGLOB nepel Ha%anoM
clenyiomeit onepanyn ¢ MaMATHIO.

VnpoieHHas cxema paborsr EDO noka3saHa Ha puc. 4.5, Bexoa-
Has BeJIMMHHA FOJLCPAMBACTCA NOCACHOBATCIBHOCTHIO CTPOOHPYIO-
WAX HMIOYICOB A0 TeX Iop, Noka oHa He Oymer cumtaHa CPU, 4to

i e P e 5
cas Bui6op cronbua \__/-!_\_/_\._/—\_/_\_
S ) S Dy ED)~~~(Go) - Gy (G
Tpoxa : : :
e I mmmm """" D """" D*’ ) R O
' Dl DATA1 DATAZ DATA3 : DATA4
n—-—h—s-h daHHwe :

Puc. 4.5. Bpemennds anarpamma EDO DRAM
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ocoBEeHHO BaXHO Uil OHICTPRIX TIpolieccopoR HamogoGwe Pentium;
9Ta MaMATEH obecleyHBacT AYYLIHE NMapaMeTpbl LA cephH OBICTPHIX
MOCIENORATENLHBIX CYNThHIBaHWi, yeM FPM RAM. Teopernaecku Gui-
CTpoeiicTBHE TAKOW NaMATH Ha 27 % Bhime, yeM 1nd FMP DRAM.

HaHuuri Byn mamsTu ABIsercs Momuduxanmedt THroso#t FPM
RAM ¢ HeGOMBUIMME OTIHYHSAMHE BO BpEMEHHOM TIOCHCIOBATCIEHO-
¢t /CAS H BeIXoAHHX maHHHX. EDO DRAM obecneunpaer Gonee
YAcTYIO BHIAAYY BHIXOOHEIX HAHHBIX, UeM cranaaptHad DRAM. Hau-
Goapiaa ckopocts EDO RAM B HHKmax mponeccopa — 310 5-2-2-2
A TaKeTa YTeHHA H3 YeTsipex BenudmH (Gaiit/cnoeo/nBoiiHoe clo-
Bo). ITaMATL BHTIYCKAeTCA B TpeX BapuaHTtax — 70, 60 u 50 uc. EDO
RAM He wmoxer paboTaTh TPH YaCTOTE IHMHB, TPEBBINZIOIIEH
66 MI'n, a 2TOT npenea yXe JOCTHTHYT.

BEDO RAM (Burst extended data out DRAM — nakerHada ¢ pac-
IIMPEHHBIM BHXOOOM), YHTACT DAHHEIC B BHIC MaKeTa, YTO O3HAYaeT,
YTO MOCHE MOMYyICHHA alpeca Kaxaas H3 CIACHYIIIHX TpeX ¢OHMHHL
#HbOPMAIMN TUTAETCA 33 OOHH LMK TaiiMepa, a MpoLeccop CYHTHI-
BaeT JaHHME B BHAe nakera 5-1-1-!, BeicTponelicTBHe CHCTEMEI HA
100 % npesocxomur FPM # Ha 50 % — EDO DRAM.

SDRAM (Synchronous DRAM — cHuXpoHHas IWHaMHMecKas
MaMaTh), DTOT THO MaMATH HCHOAB3YET TO OOCTOATENBCTBO, YTO
GonBIIMHCTEO OGpaIeBHH K MAMATH ABTIIOTCSH TIOCHEIOBATEIBHEIMHA
K CHPOEKTHPOBaH TaK, YTOOBI I¢peliaTh Bee OMTHI IIaKeTa HAHHEIX
KaKk MOXHO OpicTpee (Korda HauMHACTCA Nepefadya NMakeTa, BCe MMO-
cnenyiompe 6HTH mocTynaioT ¢ uHTepBasioM 10 He). SDRAM conep-
XHT B CBOEM COCTaBe CYETYHK INAKETOB, KOTODEIN ABTOMATHYECKH
YBEeNMMHBAaeT aapeca H obecliedvBaeT OHICTPYIO MOCASNOBATENBHYIO
BEIOOpKY. KOHTpOLIED TaMSITH O0ecIicdHBaeT JOKANU3aluo Tpedye-
MoOTO JI0Ka NaMATH ¢ MaKcHMalbHOH ckopocThio (pHC. 4.6). laHHaA
CHCTEMa TMaMATH MOXeT IpeBOCXOOHTE Mo 6wicTpoaeiicteuio EDO
RAM Ha 18 %.

DDR SDRAM (SDRAM IT). TpanuIIHOHHO B YCTpOIHCTBaX ¢ CHH-
XpoHM3anMell JaHHHE MepeaalTca no GPoHTY HMIOVIECA CHHAPOHH-
saumH (clock tick). Tak Kax cCHrHan reHepaTopa UMITYIBCOB H3MEHA-
eTcs Mexay «1» B «0», naHHEe MOTYT NEepeNaBaThcd KAK 10 TepeHe-
My (DpoHTY HMIynbca (M3MeHeHHe ¢ «0» Ha «1»), TaK H o 3aJHEMY
(¢ «l» Ha «0»). B cucremax DDR (Double Data Rate) SDRAM 1w
SDRAM Il nepenaua JaHHHEX OCYHISCTBISETCS MO 060oMM poOHTaM
TAKTOBBIX HMITYJIBCOB, 3THM JOCTHracTCS YOBOCHHE CKOPOCTH Tepe-
Ia¥M TpH ToM Xe TakToBo#l YacToTre (Tabda. 4.1).
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Banx Bank BaHK Banx
0 1 2 3
- OarHoe
DOM
Kourponnep
NaMATH d
Anpec/
CHHXPO-
HUASAUMA
KoHTpone K .
Koutpons
KoHTtpone

Puc. 4.6, Oprannsauna SDRAM

DDR2 SDRAM. K auncny ocHOBHBIX oTmwuuii TexHonorud DDR2
oT npeasaymero papuanta (DDR1) orHocHTCS TO, YTO B Hell pas-
Mep BRIOOPKHM AaHHEIX YRENHYEH BAB0Oe — ¢ 2 Io 4 GHT, a 3HA9WT, BO
CTOJIBKO X€ pa3 BO3PacTacT H CKOPOCTh mepelayk naHHbX. Hampu-
Mep, npu 100 MTu ona cocraput 400 M6aiit/c.

DDR3 SDRAM — cHHXpOHHasA NaMATH ¢ MPOHIBOJBHBIM IOCTY-
NIOM H YABOSHHOM CKOPOCTBIO TIepelaud ZaHHEBIX (BepcHd 3), apasger-
cs paneHeiinmm paspurneM DDR2 SDRAM.

OcHOBHOC NPEHMYILECTBO 3aKAIOMAETCd B TOM, YTO HacToTa
IIMHB BEOJA-BHIBOZA B 4 pa3a (TaGn. 4.1) BHille OHCTpOmEHCTBHA
AYEEK MaMATH, YTO NOBHILACT MHKOBYIY CKOPOCTD NEpeaadnl JaHHEIX.
OnHAKO 3TO JOCTHraeTcd LIEHOM BO3PACTAHHA 3ajepikek (JIATeHTHO-
cti nmamaru). Crannapt DDR3 npexycMaTpHBaeT eMKOCTE YANOB OT
512 Mib no 8 Gib, mo3Bonaa cTpoHTh MOOYIH ¢ MAaKCHMMAJIBHON €M-
KocTteio 16 GiB.

Cucremel DDR3 ponxHel Ha 30 % yMeHBIUMTE TOTpeOlIcHHE
3HEepTMH 3a CYeT CHIDKeHHA HanpsDReHWs nuTtadus o 1,5 B (1,8 B
ma DDR2 win 2,5 B ana DDR). 1o cHHXeHHE COYETAETCA C Tepe-
XOIZOM Ha TeXHONMOrMYeCcKHi npouecc 90 HM, 10 KOTOPOMY H3NOTOB-
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Tatiruya 4,1 Yama u woxymm DDR SDRAM, DDR2, DDR3

Yink RAMATH Monynn
Tun yna mﬂ: Liskn, ne umu m&% {_n;hm:;;?: c}e- H:?):"m:' I;ﬁu?ﬁ:;?;n:::
DOR (DDR1)
DDR-200 100 10 100 200 PC-1600 1600
DDR-266 133 7.5 133 266 PC-2100 2133
DDR-333 166 6 166 333 PC-2700 2667
DOR-400 200 5 200 400 PC-3200 3200
ODR2
DDR2-400 100 10 200 400 PC2-3200 3200
DDR2-533 133 75 266 533 PC2-4200 4264
DDR2-667 166 6 333 667 PC2-5300 5336
DDR2-800 200 5 400 800 PC2-6400 6400
DDR2-1066 266 37 533 1066 PC2-8500 8500
ODR3
DDR3-800 100 10 400 800 PC3-6400 6400
DDR3-1066 133 79 533 1066 PC3-8500 8533
DDR3-1333 166 6 667 - 1333 PC3-10600 10 667
DDR3-1600 200 5 800 1600 PC3-12800 12 800

aderca OompmMECTBO Mo DDR3. Hekoropbie NpOH3BOIUTEIH
MpeINONATAI0T B JATbHEHISeM VMCIIONS30BaTh TPAH3IHCTOPH © ABOW-
HBIM 3aTBOPOM, YTOORI CHH3IUTE TOKH YTSTKH.

Bonee umpokaa nonoca mponyckanus DDR3 oBycnoraHBaercsa
TaKXKe HCMoNb3opaHHeM 8-paspsaHoro Gydepa npegssiGopial (B DDR2
310 4, a B DDR — 2 6uTa).

TeopeTHueckH Takue MOIYJAH MOTYT NEpeIaBaTh JAHHEE CO CKO-
pocteio 800—1600 MT/s (MWIATMOHOB Mepeliad JAHHBIX B CEKYHAY),
HCOAE3YA 00a (poHTA HMIIYIBCOB TAaKTOBOTQ IeHepaTopa IUWMHLE
BBOAIA-BRIBOAA 11pH yactore 400—800 MI'u (DDR2 — 400—800 MT/s
nmpn 200—400 MI'm wmuel wnn DDR — 200—400 MT/s mpu
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100—200 MTI'y wHusr). Takad cKopocThk nepefaur BocTpeOOBaHA B
OCHOBHOM Ha COBPEMEHHOM PHIHKE rpadUyecKHX IPWIOKEHHUH.

ITepBrie oGpasusl cucteM 6butH o6baBiIeHs B 2005 1., a NpoayK-
TH NOABIINCH HA pHIHKE B cepennHe 2007 r. B opMe CHCTEMHEIX
mwiar Ha Gaze yuncera Intel P35 «Bearlake» u Momymeil maMsaTH
DIMM co cxopocteio DDR3 1600. Moxymn DDR3 DIMM umesor
Taicke 240 koHTakToB, Kak H DDR2, M TOT X¢ pa3Mep, OOHAKO IJICK-
TPHYECKH HECOBMECTHMH ¢ HHMM, YTO NMOANEPXUBAeTCH APYTUM pal-
MEILEHHEM K/K0Ya.

Hpeumyuectea DDR3 no cpasuennio ¢ DDR2:

« Gonee BhicOKas Mmojoca mponyckanusa (5o 1600 e nepemay B

CeKYHIY);
* TMOBbIICHa 3(Q¢eKTHBHOCTE pabOTH NP MaNOM SHEPTOMO-
TpebneHuN (Gonee mIHTeNbHaA pabora OaTapeil B HOYTOYKAX);

o YAVUILCH TEpMHMECKH ON3aiH (Kynep).

Henocratxy no cpapHermnio ¢ DDR2:

« Gonee BEICOKAA 3amepXKa curaana CAS;

« o0laA CTOMMOCTL BRHIIIE, YeM JUIf DKBUBWICHTHON ITAMATH

DDR2.

SLDRAM (Synchronrous linked DRAM), 11oBuiLlIcHUE NPON3BOTH-
TEJILHOCTH JOCTHTAETCSA 34 CYET PacTIpPOCTPAHSHHMA NMAKETHOTO MPOTO-
KOJIa MIEPENayYd NAaHHBIX HA CUTHANKI YMPABJIEHHS (OTYEro H NMOLUIO
Ha3BaHHME 3TOro THMa namaTh — Linked SDRAM). B SLDRAM az-
peca, KOMaHbl, @ TAKXKE CHTHANbI YIIPABNECHHA NEPeAaloTCA B NaKeT-
HOM peXHMe N0 ONHOHanpaeneHHoH wrHe Command Link.

ESDRAM (Enhanced SDRAM — ynyumenHan SDRAM) — Go-
Jiee OuicTpad BepcHa SDRAM, caenaHHAas B COOTBETCTBMM €O CTaH-
naproMm JEDEC xomnanueir Enhanced Memory Systems (EMS).
C TOYKH 3peHMs BpeMEHH JOCTYNa npon3poputensHocts ESDRAM
B 2 pa3a BHIIEe NO CcpaBHeHHI0 co cTaHEApTHOH SDRAM. B Gons-
mHHCTBe npunoxeHnit ESDRAM, Gnarogapa 6onee GLICTpOMY Bpe-
MeHHM gocTyna K Maccupy SDRAM H HannuMio k3ma, obeciieudBacT
Haxe GOABLIVIO MPOHABOAMTENBHOCTE, YeM DDR SDRAM.,

CDRAM (Cached DRAM — DRAM ¢ K3LI-aMATLIO) Tipea-
crapmger coboil ymyumenHsit BapHaHTt ESDRAM. Cached DRAM
HMEET pa3aeibHBIC agpecHLIC JIHHHH UIA CTATHYCCKOro Kalla H IH-
HaMHueckoro anpa namMard. HeolxomuMoCTh YIpaBIATE Pa3HOPON-
HBIMH THIIAMH TAMATH YCHOXHSACT KOHTPOJUIEp, OAHAKo 3tdexTHa-
HOCTb K3II-TAMATH, pa3sMellleHHOH «BHYTPM» MHKDOCXEMEI, BRIIe,
YyeM MpH TpaguUHoHHO# apxurekType T1K, TaK Kak nepeHoC B KaHI
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OCyLIeCTRAsIeTc OnmokaMu, B 8 pa3 QompiInMH, YeM TIDH EBRAYe
<HApYXY» H3 MUKpocxeME! o0srHO DRAM.

Direct Rambus (DRDRAM). OGndHan apxwrektypa DRAM no-
CTHTa&T CBOLTO NPAKTHYECKOTO MOTONKA npy yactore 1111 B 300 MI'y,

DRDRAM — BBICOKOCKOPOCTHAS TUHAMHUECKAS TTAMATE ¢ PO~
HIBOJILHBEIM AOCTYIIOM, pa3paboranHad Rambus Inc. Ona obecrnieun-
gaeT GoJiee BEICOKYI0 IPOMYCKHYIO CHOCOOHOCTE MO CpPaBHEHHIO C
OonpIIHHCTROM IpyTHX DRAM. Direct Rambus DRAM npencrapns-
€T HHTETPUPOBAHHYIO HA CHCTEMHOM YPOBHE TeXHOJOTHIO (puc. 4.7).

INoxcucTteMa nmaMaTH Rambus cocTOMT M3 CACTYIOIIMX KOMITIO-
HEHTOB:

« ocHOBHOro Kexrposuiepa (RMC — Rambus Memory Cont-

roller);

s xaHana (RC — Rambus Channel);

« paszbema s Monyneif (RRC — Rambus RIMM Connector);

o Moayna maMatn (RIMM — Rambus In-line Memory Module);

« TeHepaTopa JudxhepeHIHansHEIX EMITynbcoB (DRCG — Direct

Rambus Clock Generator);

s MAKpocxeM mamaTh (RDRAM — Rambus DRAM),

MDRAM (Multibank DRAM, myssmubanxosans namams) nipuMe-
HEET MPHHOUI o0pailicHHA K TAMATH ¢ NEPEKPHITHEM I peatH3a-
LIHMH X31Ia 2-10 YpOBHA B KayecThe Gonee neuicpoif U GpicTponeticT-
pyolle# ameTepHaTuBel SRAM. ITamaTe pacimeriserca Ha HeGonb-
nme GmoxH (o 256 KGaitt), n ofpalleHHe OCYIIECTBISICTCH K OBYM
PasANYHEIM OGaHKaM TAMSTH 33 ONMH LWHKN mpolieccopa. JJaHHEIH
THIT [IAMATH NSPBOHAYANBHO HCIONBIOBANCH B rpadideckvx Kaprax
¢ ynncetamu Tseng Labs ET6x00 u poimmyckancsa B MoSys.

PSRAM (usu PSDRAM — Pseudostatic RAM, nceedocmamunecran
RAMAML) — CHCTeMa THHAMMYECKON [IaMATH CO BCTPOCHHBIMY UEIA-
MH percHepalli H YIIPaBAcHMS BRIGOPKOM, KOTOpHE ACAIOT €€ Mo
X0XeH Ha cTaTrdecKyio naMsaTk (SRAM). 3neck KOMOMHHUPYETCS BH -
COKafd IUTOTHOCTS JAHHBIX, XapaktepHasa mia DRAM, #@ npocrtora
ncnoas3opadng SRAM. Hexkotopeie xoMmmnoHeHTH DRAM umeior
PEXHM <«ABTOPETCHEpALIN», KOTOPHH SKBHBANCHTCH DEXUMY OXH-
JaHUA, MpH KOTOPOM KOHTPOJUIEP MAMATH He NOoTpelasdeT MeKTpo-
SHepruH, Ho Ge3 paspylleHUs AaHHBIX.

IT DRAM (onHOTpaH3HCTOPHAA THHAMMHYCCKAS TIAMATH) TIpel-
CTaRyifeT €060l ANsTepHATHBHENI THOAXOA X TIOCIPOSHHIO M4eeK na-
MATH, KOTOPEIE B 3TOM CJIyYae He CONEpXAT BCTPOSHHBIX KOHECHCA-
TOPOB, HO MCNOJB3YIOT «[IAPa3sHUTHHE eMKOCTH» (KOPIYC TPaH3HCTO-
Pa COBMECTHO ¢ N30MHPYIOIISH HOITOXKOH 00pa3vioT KOHIEHCATOP),
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POZHHKAIOUIME B TPAH3HCTOpaX, CO3ABacMHX MO TexHomormu SOI
(Silicon on Insulator).

HecMoTpa Ha TO, ¥TO 30€CE COXpaHAETCH HEOOXOMMMOCTE pere-
HEpaLNY MAHHBIX, CYNTHIBAHME JAHHEIX He pa3pyllaeT HHGOpMaLMio
3a cler adibexTa «mapaloumx 3apsaaos> (floating body effect), xoro-
pPHE 3aAPAIOT TPAHIUCTOPHL.

IT DRAM summryckaercs Innovative Silicon Inc. moa Toprosoi
mapxoii Z-RAM (ot «Zero capacitor RAM»).

TTRAM (Bein Transistor RAM — deyxmpansucmopran ounamune-
CKaR naMAams) — sg4eiika TIaMaTH aHaloTH4YHa o6kwyHoli DRAM, co-
crosineii U3 OAHONO TPAaHIUCTOPA H OTHOTO KOHICHCATOpa, OXHAKO
POk KOHJICHCATOpPA 3MECh MIPaeT BTOPON TpaH3UcTOp (TOYHEE, €ro
Mapa3uTHas eMKOCTh — MEXOY KOPIYCOM M KPeMHHCBOA OCHOBON).
TToCKONBKY TPaH3HCTOP, CO3MAHHBIA Mo TexHomorHu SOI aHaYHUTETB-
HO MEHBIIIE TI0 pasMepy, YeM KoHaeHcatop, TTRAM moxer obecne-
IHTE OONBIIYI) TWIOTHOCTb XPAHCHUA JaHHHX, Hexean DRAM. On-
HAKO HEOOGXOIHMOCTH BBIITYCKA TAKMX YMIMOB Ha MPOH3IBOACTBEHHBIX
muangx KHH (SOI), xorophie ABRIAKOTCA TOMAHHPYIOIIHMH B Ha-
CTOALIECE BpeMsl, AEACT 3ATPYAHHTEIbHBIMHM MPOTrHO3B O CTOMMOCTH
MoHynell nmaMsTH HAHHOH TEXHOJIOTHH. JaMeTHM, YTO ONNCaHHAas
Beie Z-RAM ananormgHa TTRAM, xoTd HCIOIL3YET TONBKO OTHH
TPaH3HCTOp W, CMCAOBATE/IBHO, MOXeET obecneunTs Aaxe Gosee BH-
COXYIO TIOTHOCTh, YeM TTRAM.

VCM (Virtual Channel Memory) — TeXHONOTHA, NO3BOAIOILAT
ONTHMH3NPOBATL AOCTYN K OMEparuBHOH NMAMATH HECKONBKHX Hpo-
HeccoB (3amHch JAHHHX HEHTPanbHBEIM MPOLECCOPOM, HEPEHOC CO-
JEpXHMOTO ONMEepaTHBHON NaMATH Ha XECTKHI INCK, oOpammeHus
rpaduaeckoro Npoeccopa u T. 11.) TaKUM O6pa3oM, YTO NEpPexIode-
HHE MEXIY MpOIEcCaMH HEe NMPHBOANMT K AACHWIO HPOH3IBOIUTCID-
HOCTA. B oTnMuMe OT TPaAMUHOHHON CXEMBI, KOTIA BCE TIPOIIECCHE
IEeJIAT OOHY U TV Xe IIMHY BBOJa-BEIBOAA, B TexHomornn VCM Kax-
IbIH M3 HHX UCTIONB3YET «BHPTYANBHYIO» UIMHY.

ITpu paGote oberiHOM naMaTH Memory Master (mioGoe akTHBHOE
CHCTEMHOQE YCTPORCTBO, KOTOPOMY MOHAZOGHICA HOCTYIN K CHCTEM-
Holt mamaTn, — KoHtpomnep PCI wm AGP, xsm mpomeccopa L2,
BHOEOKApPTa M T. 1.} BELIAET 3alpoc, o0nagaionHil YHHKaIEHBIMH Xa~
PAKTEPHCTHKAaMM, — afpecoM, pasMepoM 6/10Ka JaHHBIX K T. 1.

IIpu HanwuMM HECKONBKMX YCTPOHCTB, ONHOBPEMEHHO BHITION-
HAIOIMX 3alpochl B padHble o0sacTh namaTH (NpuUdeM, JOCTYI B
OXUH MOMEHT BpeMEeHM MOXeT HMEThb TOJBKO OXHO H3 HHX), 0 Oonb-
wok 3thdeKTHBHOCTH pabOTHI TOBOPHUTE HE NMPUXOINTCA.
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B cootBercTeHH ¢ TexHoNoTHeH VCM B VC SDRAM aktHBHOE
YCTPOICTBO {memory master) MoOXeT cCIeNarb 3afpoc MOCpeacTBOM
BHPTYaJbHBIX KAaHAIOB,

{To 310 TEXHOJIOIHH MpPH 3aNKCH JaHHEIE HE Cpa3y 3aHOCATCA B
naMAaTh, a MOMeNATCa B Oydep — BHPTYANBHBIN KaHaT — H Xpa-
HATCS TaM OO TeX Mop, MOKA IaMAThL He OYIZEeT roToBa HMX NPHHATD
(oHa, HanpUMep, MOXeT OBITE 3aHATA pPereHepaNreil wil oOGMeEHOM ¢
IPYTHM YCTPOWCTBOM) — pHC. 4.7,

B,
':f;’,;
(Garpoy—] Bon
Buer. L

Puc. 4.7, Opranuzamus gocryna k VCM

Active Link — pa3pabotka NEC, Koropaia ucrionsayer B DRAM
apxupauuio (cxarne HHQOpMaLMKM — HpMMEpHO B 4 pasa). YroOm
He 3arpyxathb 310l paborToii npoueccop, PYHKIIMH KOMITpECCHH/Ie-
KOMIIPeCCHH JAHHBIX BO3Naraioresd Ha MukpocxemMbn DRAM. B pe-
3Y/IETATE HECKOJBKO PaclUMpHIOCE OOpaM/icHHe KpMCTaUia, HO O-
JIydeH ABOMHOM BRIMIPHIN — HeoOXOOAMMA MEHBIIAA N0 KONHYECTBY
sgeek MUKpocxeMa DRAM, a2 Takke n0CTYN K MHGOOPMAITHH NPOHC-
xonHT OBIcTpee, YeM OORRIHO.

IRAM (Intellectual Random Access Memory). ItaBHag uaes Tex-
Honornu IRAM 3akmiouaeTca B pasMelleHAN npoueccopa H DRAM
B OAHOM YHMIE. DTO JaeT BOSMOXHOCTh CYHTHIBAHMA H 3aIlMCH JaH-
HHX JTMHHBIME cloBamu (B npeaenax 128—16384 Gur), obecneyn-
Basi BHICOKYIO MPOIYCKHYIO CITOCOOHOCTh MaMATH. PaHple 310 OLUIO
HEBO3MOXHO — BCE YIIMPANOCk B HEMpHeMIeMO GOJBILOE YHCIO BhI-
BonoB MHKpocxemul. Cpennsia ckopocTe RAC/CAS pasHa mpufan-
surenbHo 10—30 He W Momyneit eMKocThio 64—256 MbaikT IRAM.

Maznumnan onepamusnan namams. CleayeT OTMETHTB, YTO TIEP-
Beie obpasusl OVl ORH TOCTPOEHM HAa MArHUTHHX (PeppUTOBRIX
CcepOCTHHKAX, KOTOpHIE MPOHM3LBAIN afpecHEe B HHbOPMaLMOH-
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HBle IHHHEE (MpoBofa). EMKxocTE: Takux 3Y 00GbYHO He NPEeBOCXOIHIA
64 KGaiitr. B nocneayoineM B TeueHHe JTATEIFHOIO NEPUOIA BpeMe-
HH ycrpoiictea OIl BEINOAHAINCH Ha KpPeMHHEBEIX HOJIYIIPOBOXHH-
KOBBIX 3JIEMEHTAX.

B 2600 r. IBM u Hemelikas ¢pupMa 1O IMPOH3BOACTBY MOAYIIPO-
sogHEKOB Infineon Technologies AG o6baBuAM NpOrpaMMy paspa-
ootk MRAM (Magnetic Random Access Memory). IIpuHumn opra-
HH3ALIMH 3JIEMEHTOB [IAMATH — MATHHTHasi Cpelia, 3aKMIONCHHAA Me-
XIY META/UIMYCCKHMH IUCHKAMH, 00pasyiOIFiMH JMHWN 3allHCH H
yTeHHs JaHHBIX (pHc. 4.8).

3annce «1»
3anwes «0» i

a

Prc. 4.8. Mpyrunn $yHKuRoHApoBanHE MRAM;
a — 3annch TAHHLK, § — CYMTHBAHNE

IIpenMy1IecTBa TEXHOJIOTHA — BHICOKaA €MKOCTE M CKOPOCTD,
HH3Kasd CTOMMOCTh, BO3MOXHOCThL [MPHMEHEHHMS KaK B (OpMe CTaTH-
YEeCKOi, TaK H IMHAMIYECKOM NaMiITH, Oollee HH3KOe dHEpronoTped-
JIeHHE.

Cmamiuseckas namams

Crarnyeckas maMath (SRAM) OORYHO NPHMEHAETCH B KAYECTBE
K3II-TIAMSTH BTOpOoro ypoBHs (L2) njid K>3HIHpOBAHHA OCHOBHOTO
obpeMa OIl. CraTHyeckas NaMATE BRIIOIHAESTCH OORIYHO HAa OCHOBE
TTJ-, KMOII- mmm BrKMOTI-MukpocxeM H o ciocofy aoctyna K
JAaHHBIM MOXeT OHTh KaK acHHXPOHHOI, TAK W CURXPOHROU. ACHH-
XPOHHLIM HAa3HBASTCA JOCTYN K XAHHBIM, KOTODBIH MOXHO OCYIIeCT-
BIATH B MpPOM3BONBHBI MOMEHT BpeMeHW. AcCHHXpoHHasa SRAM
NPHMEHINACH HA MATEPHMHCKHX IUIaTaX JAd TPEThEro — IATOTO Mo-
KOQJIeHHH mpoueccopoB. BpeMsa mocTyna K syelKaM Takod NaMsaTH
cocTapmsuo ot 15 e (33 MI'u) ao 8 ve (66 ME).
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CHHXpOHHAA NaMATh obecrnevmBaeT JOCTYI K AaHHEIM He B Mpo-
M3BOJIbHEIE MOMEHTH BPEMEHH, 2 OHOBPEMEHHO (CHHXPOHHO) C TaK-
TOBNMH HMIYIbcaMH. B mpoMexyTKax MeXIy HHMH IAaMATh MOXET
FrOTOBUTE 1A JIOCTYIA CEAYIOUIYIO MOPIHIO AaHHBIX. B GOMEMHHCTRS
MATEPHHCKHX ITUIAT NATOTO MOKONeHUA MCIIONB3YeTCd Pa3HOBHIHOCTE
CHHXPOHHOH MaMATH -— CHHXpOHHO-KoHBelepHasas SRAM (Pipelined
Burst SRAM), ans Kotopoit THIHYHOE BpeMa ONMHOYHOMR ONepallyH
YTCHUS/3aNACH COCTARIET 3 TAKTA, a [PYIIOBasA OTiepalns 3aHHMa-
eT 3-1-1-1 Takra npM neppoM obpaiecHuH U 1-1-1-1 1IpH nocnaenyo=
mEx o0pallcHUAX, YeM H 00eCIeUMBAcTCA YBEAHYECHHE CKOPOCTH
nocTyma Gonee yeM Ha 25 %.

IHpunnunwt nocmpoenun. Kaxaplh OMT B MaMATH cHcTeMH SRAM
XpaHHTCA Ha 4eThIpex TpaH3ucTopax (puc. 4.9), xortophle ofpa3yioT
nBa uHBEpTOpa (@ W () C TMEepEeKPEeCTHHMH CBAAMM (WIH CTaTHqe-
CKMIA TpHurTEp, cM. pHc. 1.12). Aueiixa nosroMy HMeeT 2 cTAGHIBHEBIX
cocrogumst, 00o3HauaeMBIX Kak «l» m «0», I{Ba DOMOMHHTENBHEIX
TPAH3HCTOpA JOCTVIIA KOHTPOJHPYIOT ONICpallAM 3aITHCH M YTCHHA.
TaxnM obpasoM, Heobxoxumo 6 TpaHaucropos (MOSFET) nms 3a-
mmicH GUTa TTaMAaTH.

Twnus cnoB (agpeca) — WL
Vad

2 | A ”°'I:T‘
3 a QT T
s *3
E T‘ZII— L[
5 3
g :

Pre. 4.9. Cxema saeiixu namsarh SRAM

JocTynm K auefike paspellacTcs Homadeil CHrHaina Mo <«THHUH
cnoss (anpeca, WL), kxoropasd KOHTPOAMpYET JBa TPaH3HCTOpA
yTipaBlieHMa fgocrynoM (7 u T.), KoTophle B CBOIO o4Yepellb omnpefe-
JAIOT, AO/DKHA JIH fAYelKa MOACOSAMHUTLCA K JIMHUAM OHTOB (maH-
HEIX) — mpamoii (BL)) » uuBepTApOBaHHOI (BL), KOTOpLIE HCTIOAB-
3YIOTCA NSl AiepenaYd NaHHBIX KAK IPH 3alHMCH, TAK ¥ MPH YTEHAH.
Xo1a MOXHO OO OBl OTPARHYHTECA H OOHOH GHTOBON MHHHEEH, TO-
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Java [PAMONQe H MHBEPTHPOBAHHOTO CHIHAIOB NOBHIUACT MOMEX03a-
[HAIICHHOCTD.

Pasmep mamamy SRAM ¢ m 1HHHAMA anpeca B 7 THHWAMH JaH-
HBIX cocTaRMsieT 27 c)ioB WK 27 x 1 6UT.

Syeiika SRAM MOXeT HAXOMUTECA B TpeX pa:mmux COCTOSHH-
AX — oxmaanuAa (standby), xorma UenH cBOOOIHH, YTEHHA, KOIAa
BAHHEIE 3alIPOLMICHE], M 3aMMHCH, TIPH OGHOBIEHWH CONEPXHMMOrO:

e oxXxwpaHue. Ecny mocTyna K CROBY He IIPOHCXOANT, TPaH3HCTO~
po poctyna 7, u T, OTCOCOMHAIOT AYEHKY OT OUTOBLIX JIHHMIH,
Tpurrep, cocrosaumit U3 TpaHsucTopos 7,— 7,, coxpaHseT cBoe
COCTOAHHE;

o yreHHE. [IpennonoxuM, Yo COAepXKAHME TIAMATH ecTh «l»,
Xpausmasaca B Q (T. e. puixoa @ pasen «1»), lluxn yreHHa Ha-
YHHAETCA ¢ MPEIVCTAHOBKH ofenx OWTOBRIX JMHMI B JorHdye-
cKyIo «1», a 3aTeM JMHAA anpeca WL nonysaer goctyn K o0onM
TpaH3ucropaM T, n T . Crnexylomu#i mar COCTOMT B TOM, YTO
BeJINIMHE], XpaHaInuecs B (0 1 @, reperaloncd Ha OHTOBLIe -
HHH, ocTarIAss BL B MpeoycTAHOBICHHOM COCTOAHMH H cOpa-
cuiBasg BL yepes M, u M; B jnormuecknit «0». Co croporst BL
TpaH3ucTOpH T, 1 7 ycTaHaBIMBAIOT HAa JIHHWH GUTOB HampsA-
xeHue Vi, COOTBeTCTBYIOUIee Normyeckoi «1». Ecnu cogepxa-
HHe suelku _Obuno «(», OCYIECTRIAIOTCS NMPOTUBOTIONOXHEIE
deticteua — BL ycTaHapiiMpaeTca B «1», a BL — B «0»;

» 3anuce, MK 3anucy HAYWHAETCA © TOTO, YTO 3aIMHCHBAcMas
BEJIMYHHA MoJaeTCs Ha OUTOBLIE JIHHUHU. EcliH HeoOXoauMo 3a-
nmucath «0», 10 momaerca «0», ycraHasnueas BL B cocTogHHe
«l», a BL — B «(», D70 aHATOrAIHO TMONA9e HMTIYALCA Ha
T-TpurTep, uro 3acTaBnfeT ero mnepebpachBaTLCA B NMPOTHBO-
MONOXHOE COCTOSIHHE. 3anncek «l» ofecreunBaeTcd MHBEPTH-
POBaHHEM 3HAYCHMH Ha OWTOBBIX JIMHHAX.

CratnueckMil THIT maMaTH objiamaeT Gofiee BHICOXMM GRICTpO-
neHCTBUEM U HMCMONB3YETCH, HanpHUMEp, LU OPraHH3alAN KIlI-Ta-
MATH. PaccMOTpHM PasHOBMIOHOCTH CTATHYECKOH NaMsaTH.

Async SRAM (acHHXpOHHAs CTaTHYECKad MaMATh). DTO KIII-IMa-
MATB, KOTOpad HCMIOJABIYETCA B TCUCHHE MHOTHX JIET ¢ TeX MOp, Kak
TIOABIIICS TIEPBRIX 386-i KOMIBIOTEP € K3IU-NIAMSITEIO BTOPOTO YPOB-
R, ObpalieHHe K Hel ocyllecTBIAeTca OuicTpee, 1eM K DRAM, n
MOXET, B 3aBHCHMOCTH OT CKOpPOCTH Iponeccopa, HCNMONMs30BaThL Ba-
PHaHTH ¢ 20-, 15- w 10-Hc mocTynoM (YeM MeHbille BpeMs obpalne-
HHUA K JaHHKIM, TeM GRICTpee NaMATL M TeM Kopoue MOoXeT GHTE Ma-
KeTHEIH XocTyn K Helf), TeM He MeHee, KaK BUIHO H3 HAZBAHHMA, 3Ta
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NaMATE ARIETCA HEZOCTATOUHO OHICTPOM JUI CWHXPOHHOTO HOCTYTIA,
970 O3HaYaeT, YTo npn obpaleHMH Mpoleccopa Bee-Takn Tpebyerca
OXJMAaHHE, XOTH U MEHbIIIEE, YeM TIPH HenoMb3oBaHHH DRAM.

SyncBurst SRAM (Synchronous Burst Static RAM — curxpoHHas
MAKETHad CTaTWYecKad mamsith). FIpH YacToTax HIMHBEI, HE IIPEBBI-
wiafomux 66 MI'u, cuaxponnas nmaketHada SRAM smnsercss HauGo-
Niee GRICTPOM M3 CYIIECTBYIOIMX BHAOB nmamMATH. IIpuunHa 310T0 B
TOM, ITO €CAM MPOIIECCOop paboTaeT Ha He cIUKOM Gonelol yacTo-
Te, CHHXpOHHad naketHad SRAM wmoxer obecnednTs MOTHOCTHIO
CHHXPOHHYIO BHIAYY BAHHBIX, YTO O3HAYAET OTCYTCTBHE 3alEPXKH
[PH HAKETHOM YTEHMH MpoiieccopoM 2-1-1-1, 1. e. CHHXpOHHAA Ma-
xetHas SRAM BumaeT paHHBE B nakeTHoM ke 2-1-1-1. Korma
YacTOTa MpoIleccopa CTaHOBHTCA Gonbiie 66 MI'n, cuHXpoHHas na-
KeTHaa SRAM He cripasisieTcst ¢ Harpy3kol B BEITAET JAHHBIC TTAKe-
TaMH 110 3-2-2-2, 4TO CYHIECTBEHHO MENICHHEe, YeM NMPH UCIMONL30-
BAHHM KOHBeiepHo# makerHo#ii SRAM. K HegocTarkaM OTHOCHTCS H
TO, YTO CHHXPOHHAaA nakeTHasd SRAM npoun3sonuTcs MEHBIIMM 4HC-
JIOM KOMIAHHH M MO3TOMY CTOHT Bopoxe. CHHXPOHHas NaKeTHas
SRAM mMeeT BpeMa agpec/IaHHBReE ot 8,5 Ao 12 He.

PB SRAM (Pipelined Burst Static RAM — KonBbeiiepHas naker-
Has cTaTHiecKasa naMATh). KoHBeHep — 3T0 pachapa/ulefHNBaHHe
orepanuit SRAM ¢ MCnoJb30BaHHEM BXOODHHX W BMXOAHBIX peru-
CTPOB.

bnaromapa 3ToMy Takasg NaMATh ABmIerca HaubGonee GuicTpoi
K3II-TIAMSAITRIO AfS CHCTEM C MIPOH3BOIMTENBLHOCTBIO IIMHHW Oonee
75 MI'u. PB SRAM moxer paboTars npy Yactore IMHHE 10 133 M.
OHa, Kpome Toro, paGoTaecT He HAMHOIO MEIJICRHEE, YeM CUHXPOHHAA
nakerHad SRAM npH HCNOJABE30BAHHH B MEAICHHBIX CHCTeMax: OHa
BHIACT JAHHEIC BCE BpeMA TakeTaMH mo 3-1-1-1. Hackombko BRICOKA
NMPON3BOANTEIBHOCTE 310 NAMITH, MOXHO BHAETH IO BPCMCHH ajl-
pec/IaRHEE, KOTOpoe cocTarimser ot 4,5 o 8 He.

I-T SRAM. Kax yxe OTMEHaJIOCh paHee, TPANHIHOHHLIC KOHCT-
pykau SRAM Henons3ylor cTaTHNECKHN TpHITEp A5 3aNOMHHAHUY
OFgHOrO paspana (sueinkm). g peanu3aiui oAHoOM Takol CXeMBl Ha
TUIaTe JOJDKHO GHTH pa3sMelleHo oT 4 1o 6 Tpansucropos (4-T, 6-T
SRAM). ®dupma Monolithic System Technology (MoSys) obeaswia o
CO3NAHWH HOBOTO THIA NMaMATH, B KOTOpold KaXnwuill paspan peanu-
30BaH Ha ofqHoM TpausucTope (1-T SRAM). dakTiueckd 30ech rpu-
MeHseTca TexHonormas DRAM, NOCKORMBKY MPHXOAHTCH OCYILECTB-
JNATH TEPHOOHIECKYIO pereHepauuio maMaTH. OmHako uHtepdeiic c
NaMATHIO BEIMONHEH B cTaHmapTe SRAM, mpy 3TOM LHKIN percHe-
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pallHM CKPHTH OT KOHTpoiepa namsaTH. Cxemme 1-T no3sonsior
CHH3HTHL pa3Mep KPeMHHEBOTO Kpuctauia Ha 50—80 % mo cpapHe-
HMIO C AaHAJIOrHYHBIMH IS TPaOMHHOHHIX SRAM, a nmorpeGneHne
IEKTPOIHEPTHH — Ha 75 %.

-

Peanusayun cucmem ocHoBHOl namamuy

MoaynmH naMsATH XapaKTepU3YIOTCA TAaKHMH NapaMeTpaMM, Kak
obbeM (16, 32, 64, 128, 256 win 512 MOGaitT), 4MciIo MHKpPOCXEM,
nacnoptHas 4acrora (100 wim 133 MI'n), BpeMs JOCTYIIA K JaHHKM
(HC) w yHcno xoHTakToB (72, 168 uan 184). B 2001 r. HavancA BHI-
MycK Monynrei mamaTtd Ha 1—2 I'Gatir.

Modyau DIP. Mukpocxemst DRAM ynakopsiBaioTcs B TAK HA3bI-
paemblit DIP-kopnyc, npu 3tom DIP oGo3nauaer Dual In-line
Package (Kopmyc ¢ ABYXDAOHBIM DACIOAQXEHUEM BBIRONOB). DTOT
TepMHH OTHOCHTCA K KOpIycaM TaMSTH, Y KOTOPHX BBIBOIBI (pins)
pacnofokeHs Mo GokaM (HaNmoMHuHAWT Xyka) — puc. 4.10, a. Cam
KPHCTA/UT, HA KOTOPOM pa3sMEIICHBl MICHKMA NaMATH, CYIUECTBEHHO
MeHbilte, YeM Kopiryc. JlaHHasi KOHCTPYKI(HS Kopnyca o0ycloBIcHa
TAKMMH TpeOOBaHWSIMH, KAK YZOOCTBO MEYaTHONO MOHTAXA M yCTa-
HOBKH MHKDOCXCMBL B IMTAHCNIBKH Ha CHCTEMHOH [naTe, a Takxe Co-
OmomeHHe TeMNIIEPATYPHOIO peXHMa paGOTH ATEMEHTOB.

BospuiMHcTeo Moayned DIP WMeloT HHTepBansl MEXAY BHIBOAA-
MH B pany 2,54 mm (0,1"), a paccTodanne Mexmy psaamu — 7,62 MM
(0,3" - «Skinny DIP», «Towwmit DIP») nim 15,24 mm (0,6™). Tunmu-
HO€ YHCJIO KOHTAKTOB PaBHO 8 MK AI0GOMY APYTOMY YETHOMY YHCITY
or 14 no 24 (pexe — 28) gns kopriycos Ha 0,3" u 24, 28, 32 maum 40
(pexe 36, 48 wm 52) nna xopnycos Ha 0,6". Ha Teppuropym GuBine-
ro CCCP HCNOAB3VIOTCH aHANOIMYHEIE KOPHYCa, HO C pasMepaMH,
BBICPXAHHBIMH B METPHYECKOH CHCTeME Mep (HanpuMep, HHTEpRal
BHIBONOB 2,5 MM BMecTO 2,54 MM/0,1%).

H3eecTHM pasiHiHEE BapnaHTH kopnycos DIP, B ocHoBHOM
PASHAYAIOMIHECS MATEPHAIOM H3TOTORICHH:

« Kepamuueckide (Ceramic Dual In-line Package — CERDIP);

¢ mAacTMacconbie (Plastic Dual In-line Package — PDIP);

s InacTMacconbie yroTHewHMe (Shrink Plastic Dual In-line

Package — SPDIP) — ymnornennas sepcus PDIP ¢ untepna-
noM eeieomos 1,778 mm (0,07).

BaxHeifimiMH nmapaMerpaMi MukpocxeM DRAM seasmorca em-

KOCTYh H OpraHM3anmsl naMaTi. SneMedtt DRAM B BHiIe OTOEISHEIX
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Puc. 4.10. Buemnuil BMA MOAYNCH MaMATH:
a — xopnyc DIP-14; 6 — monyn: SIP; ¢ — monyns ZIP; 2 — SIMM na 72 xonTtakra;
d — DDR SO-DIMM (PC270{0, 200 xoHTaKTOE)

MHKpOCXeM OOBIYHO YCTaHARIHBAIKCE HA CTAPHX MAaTEPHHCKHX IAa-
Tax. B Hacrosiee BpeMsl 9TH MHKPOCXeMEL HCIIONB3YIOTCA B KauecT-
BE COCTABHBIX /IEMEHTOB MOLYJNEH MaMATH, Takux, kak SIP-, ZIP-
H SIMM-Moaynm,

HudopMaiimst 0 MHKpoOcXeMe B ¢¢ 00O3HAMEHHMH COCTOWT, KakK
MpaBWIO, H3 HeCcKONBKKX Toneli. [TlepBoe none comepxut nHbOpMA-
OHIO ¢ IIPOU3BOAHTENE H THIIC OTOPAKOBKM IIPH HM3TOTOBACHHHM MHK-
POCXEMBI, CACKYIOLIEE XAPAKTEPH3YET EMKOCTE, 4 JarkHellee — Ma-
TepHan, U3 KOTOPOrO M3TOTORJICH KOPITYC, H BpeMA JOCTYIIA.

Hanpumep, ang MHKpocxeMm ¢bHpMu Mostek nepseie qee GYKBH
MK spmmoTest o6osHadedneM dupmMb, MKB o3Hagaer, 410 JaHHAasd
MHKpocxeMa ¢pupMu Mostek orOpakoBaHa coracHO BOGHHOMY CTaH-
Japry (MIL STD-833), a mukpocxeMa MKI npoua orGpakopky
B COOTBETCTBHH ¢ TIPOMHULICHABIM JHana3zoHoM Temmeparyp. ud-
pa 4 TOBOPHT O TOM, UTO MHKpOCXeMa ABJsfeTca MeMeHToM DRAM,
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Cienyromas 3a Heit ungpa 0003HadaeT KOMHYIECTEO HHPOPMALTHOH-
HEIX paspsanoB: 1 — oauH pa3lpan, 4 — ueTHpe paspsaga. [pynma
mudp, cremyowan ganee, 0003HAYACT KOIMYECTBO WHPOPMALIHOH-
HEIX pa3psauoB B kioGuTax (64 — 64 K6ur, 256 — 256 K6ur, 1000 —
I MourT). Hanee Oykpo# yKaspBacTCH TAN Kopnyca (Hanpumep, P —
TUIACTMACCOBBIH, XOTA THI MOXeT OHThH H He yKa3aH). Uepes gediuic
YKa3b[BacTCHA BpeMs IOCTyna B HaHoceKyHnax. Takvm obpa3zoM, mo
oboaHadyeHmio MKB44256-70 MOXHO Jerko onpelelMTb, YTO 3TO
MHKpocXxeMa apMsl Mostek, mpoiuemiias oT0pakoBKY COIJIACHO BO-
€HHOMY CTAHIAPTY, HMEET eMKOCTh 4 paspsina 1o 256 K6MT KaxXnsni H
BpemMs goctyna 70 He,

SIP-mooyau. MuxpocxeMal DRAM [0BONBHO JISTKO H NPOCTO
ycraHaBieath B [TK, ogHako OHH 3aHHMAalOT MHOTO MecTa. C LeIbio
yMeHbIIeHHna pasmepos KoMroneHTor I1K, B ToM wmcie M aneMeH-
TOB OINEPATHBHOM NaMATH, ObUI pa3paCGoTaH psal KOHCTPYKTHBHBIX
pelfeHuit, NpHBeRIIMX K TOMY, YTO KAXNRIN 3MeMeHT nmaMsTH 6oms-
Iic H¢ YCTAHABIHMBAJICA B OTAC/HBHYIO IIAHENb, 3 COBMECTHMHS 3JI¢-
MeHTH DRAM ofbeAnHEHE B OAMH MOAYJb, BHNOJIHEHHBI Ha He-
OOTBUION TeYaTHOH TUTaTe.

TexXHOMOTHA, PEANH3YIOINAS TAKYK) KOHCTPYKLMKO 3A¢MEHTOB Iia-
maTH, HasbiBaetct SMT (Surface Mounting Technology), mocnoBHo
NepeBOIHMAA KAaK TEXHOJIOIUA NOBEPXHOCTHOTO MOHTAXA.

B kadecTRe peanu3anyi TexHonornn SMT MoxHO HasBate Tak
HasnlpaeMmble SIP-MOOyNMH ¢ ONHOPSIHBIM PAcIONOXeHHEM BLIBOLOB
(Single In-line Package — SIP). SIP-Moxyny npencTaBigioT cobhoi
HeOO/BIIYIO ATy € YCTAHOBJICHHHMH HAa HEl COBMECTHMBIMH 9H-
naMu DRAM (cM. puc. 4.10, 6). Takaa mnara umeer 30 BHBOHKOB,
Pa3sMepEl €¢ B AIHHY OKOMO 8 CM M B BRCOTY OKono 1,7 ¢M.

SIP-MonynH YCTAHABJIHBAIOTCH B COOTBETCTBYIOIIHE pasheMhl Ha
cHCTeMHOH rraTe. OTHAKO NMPH YCTAHOBKE H U3BJICYEHHM TaKUX MO-
IOyaeil TOHKWE IITHPEKHM BRIBOAOE YacTO 00N1aMBIBAIOTCA, H KOHTAKT
MEXAY LITHPEKOM H paybeMOM HEHaleXeH. DTO NPHBENO K JaNb-
HeHlIeMy pa3BUTHIO MOOYIeH maMaTH H nospieHHD SIMM-Mo-
oynei.

ZIP (7ig-zag in-line package) — HeAOANO NPOCYIIECTBOBABIAA TEX~
HOJIOTHS HHTEIPATHHRIX cXeM, B YyacTHOCTH, YunoB DRAM. Ona 6nina
paspaborana nng 3aMedsl DIP. Unrerpansran cxema ZIP 3aknmwdaer-
CA B IUTACTHKOBHIH kopiyc, 00eraHO pasMepoM 3 x 30 x 10 mM. Briso-
LBl YCTPOWCTBA pacliofioeHb B 2 PANA Ha OTHOW H3 CTOPOH KOpIIyca.
BTH paapl HAXOIATCH Ha paccTosanm 1,27 MM (0,05”), apyr ot Apyra B
WAXMATHOM TIOPAIKE, YTO JACT BOIMOXHOCTh MX GoJiee KOMITAKTHOTO
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pasMelleHnsd, YeM OORMHAA npsMOyTanbHad peluerka (pHc. 4.10, ).
Kopnyca cxeM npd 3T10M MOTYT pacrionarateCa Ha nnare Hosee muor-
HO, HeXenH dYeM TIpH cxeMorexsyike DIP, mpH TOM Xe pa3Mepe.
ZIP 6nm B DadbHeMIIEM BRITCCHEHW TaKMMM KOHOHUTYPAIHAME,
kak TSOP (thin smail-outline packages), ucmonmesyemMpiMd B SIMM
(single-in-line memory modules) u DIMM (dual-in-line memory mo-
dules).

SIMM-modysu. Koroa peus unmer o SIMM-Mmonyne, umeior B
BHAY TINATY, KOTOpasA MO CBOMM pasMepaM MPHUMEPHO COOTBETCTBYET
SIP-monymo. Painnave npeXae BCero, COCTOMT B KOHCTPYKUMH KOH-
rakron. B ornuyie ot SIP-momyna seieopn mist SIMM-monyns 2a-
MCHEHH TaK Ha3HBaeMHMHM KOHTakTaMM Thna PAD (punka). DtH
KOHTAKTHI BHIMOJHEHB MEYATHHM CIOcO0OM M HaxXo#sTcd HA ONHOM
Kpale TiaT, KoTopeiM SIMM-Monynn ycTaHaBIMBAIOTCA B CIHOTH
Ha CHcTeMHOM ate (puc. 4.10, 2).

KpomMme Toro, ynobraa koHcTpyKumAa SIMM-Monyneit nossonser
MOAL30BATE/IAM CAMOCTONTCIIBHO MEHATh B J0GaBNATL JMEMEHTM Ta-
MSATH, HE OTIacasch MOBPEARTb BHIBOARL.

B PC ¢ CPU 80386 n pannwx moaensx ¢ CPU 80486 ucnons3so-
panck 30-koHraktHeie SIMM-Moaymu mamsara (DRAM), # uHcio
CHOTOB Ha CHMCTEMHOH rnare konebanock or 4 a0 8. B HacTosmee
BpeMsT HATH B Npogaxe MoxobHBe MOIYIN BeCbMa He npocTo. B 6o-
nee moapgHux Moaenax PC ¢ CPU 80486 u Pentium cranu ucrions3o-
BaTecsl 72-koHTaktHeie SIMM-monynu namata (FPM DRAM).

DIMM-modyss. B manbHeiiiieM Ha MHOTHX CHCTEMHBX IUIATaX
MIOABMITHCH CIOTH fisa 168-KOHTaKTHRX Momyneil mamarm DIMM
(Dual In-line Memory Module). Monymm DIMM oGnaanaor BHyT-
peHHel apxuTeKTypoli, cXxoxe# ¢ 72-KOHTaKTHHMH SIMM-Monynsa-
MH, HO Omarozaps GoJiee IMMPOKOH UMHEe COSCIeMUBalOT TOBBILEH-
HYIO TIPOU3BOAMTENBHOCTE: NoAacHcTeMM «CPU-RAMs,

Jns npapHAsHOro noannuorupoanna DIMM-monyneit npu ye-
TAHOBKE B CJIOTH HA CHCTEMHOM ILaTe B HX KOHCTPYKUWH YIpeny-
CMOTPCHI [BA KITIOYA:

« TEPBHI KNI0Y pacnoNoxeH Mexay KOHTakTaMn 10w 11 u cny-
XKHT IS onpeaeacHHsas THNA mamatnm moayas (FPM DRAM
wm SDRAM);

+ BTOPOH KIIOY PACNIOACKEH MEXIY KOHTakraMm 40 v 41 u cny-
XHT Jng ofipeneieHNs HANPAXCHHA NMATAHAA MoIyasa (5 win
3,3 B).

RIMM. C nossiaennem Direct RDRAM (DRDRAM) 8 1999 r.

nmogsngiorca Mogymn RIMM (HassaHMe — HE COKpallicHUe, a TOpro-
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pag Mapka Rambus Inc). Pazeemnr RIMM umeoT TMIOpa3Mepsl, No-
nobHbie DIMM, H MOTYT YCTRHABIHBATLCA B MpEaeaax Toi Xxe caMoft
oGAACTH cucTeMHOM [1aThl, Kak © DIMM. Ol uMelor 184 mITHpEKA
1o cpaBHEHHK ¢ 168 s DIMM, HO HCIIONE3YIOT Ty Xe€ CrieIHdHKa-
M0 rHeana, Kak ¥ ctaHaapr DIMM nHa 100 MTu. BIOS ITK cmoco-
GeH onpeneJuTh, Kakasi ONEpaTUBHAA [AMATH YCTAHORIEHA, TaK YTO
SDRAM-Momymu Ha 100 M1 aomxHel pabotats B RIMM-coBMec-
THMOY CHCTEME.

SO-DIMM (Small Outline Dual In-Line Memory Module) nipen-
cTaR/IAeT COOOH THI HHTEIpalIbHBEIX CXCM OICPAaTHBHOH NMAMSITH KOM-
neiotepa. SO-DIMM apimorca ManoraGapuTHON ansTepHATHBOMN A
DIMM # o0kdHO 3aHHMAIOT OKOMO MONOBHHEI NIPOCTPAHCTBA, TPe-
6yemoro wis obbaHeX Moaynci DIMM (puc. 4.10, d). B pe3yapTare
SO-DIMM B 0CHOBHOM HCTIONB3YIOTCA B TAKMX YCTpOHCTBAX KAK HO-
y10ykui, HeGonbime Hacronbanie TIK (¢ mtatamu Tana Mini-1TX),
BEICOKOKAUCCTECHHBIC MIPHHTEps] H ceTeBoe obopyaopaHMe (HampH-
Mep, MApIOPYTH3ATOPH).

Monynu SO-DIMM wmoryt umers 72, 100, 144 unu 200 KOHTaK-
TOB, NMONAEPXHBAA NEPEHavYy RAHHBX, COOTBETCTBEHHO Ho 32 OHTa
(100) u 64 6ura (144 u 200). O6punrre DIMM numetor mo 168, 184
any 240 ¥ Bce NONAEPXKHBAIOT 64-6GHTOBYIO NEpeavy JAHHBIX.

Paznuunsie ™Mo SO-DIMM pacrniozHaiorcs nio pa3sMellleHHIo
«Kmodeit» — Mmomymu Ha 100 KOHTaKTOB UMEIOT JBa Kimioda, 144-KoH-
TakTHEI SO-DIMM nMeeT omvH Kmod GIM3KO K USHTPY Kopmyca,
200-konTakTRENT SO-DIMM — oniH Kmoy Biimke K Kpalo KopIyca.

SO-DIMM npaMepHO COOTBETCTBYIOT (MNH MeHbllle YeM) IO
mosHocTH DIMM, u obe Texsonorni SO-DIMM u DIMM obecne-
YHBAIOT NMPHMEPHO PABHEIC CKOPOCTHM (TAKTOBas 4acToTa, HaIIpHMeEp,
400 MTI't s PC3200 w natedtHOCTh CAS BemimnHoi 2,0, 2,5 u 3,0)
H eMKocTs (512 M6Gaiit, 1 I'Gaiir # np.). Bolee coBpeMeHHBE MOIY-
i DDR2 SO-DIMM umMelor uactoty Ao 800 Mo PC6400 n npea-
MOAATAETCS, YTO AOCTHUTHYT YacToTh 1066 MT'u PC8500.

FB-DIMM (Fully Buffered DIMM) — nonHoctoio GydepH3opal-
He DIMM, TexHonorus, npeAHasHAYeHHas IS MOBLINEHHs Ha-
IeXHOCTH, OGhicTpomelcTBMA H eMKocTH cHcteM OII. B OORITHBIX
KoHcTpyKIasiX Ol miHMH NAHHBEIX, HOYILHAE OT KOHTpMUIEpa MaMs-
TH, coemuHAloTca co BeceMM DIMM-momyasmu. Tlpuw BospacTanmy
afeKTpHYecKoli Harpysku (YBenHYeHHe YMCaa MOTYNeH HIH Xe pas-
PATHOCTH NMAMATH), 4 TAKKE ¢ [MOBWILCHHEM YacTOThl AOCTYNA TIPO-
XONSIIEMe CHTHANB HAYWHAIOT MCKAKATBCA, YTO OFpAHMUMBAcT 3¢-
(eXTHBHOCTE CHCTEMHE B LIE/IOM.
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Apxutektypa Fully Buffered DIMM mnipemycMaTpHBaeT npoMexy-
Toyublii Oydep (Advanced Memory Buffer — AMB), ycraHasnHBae-
MBIl MeXIy KOHTPOIIEpOM N MOIV/eM InaMsaTH (prc. 4.11). B omm-
qne OT MapanleNbHOH IIMHHON ApXHTEKTYpH A TPAXWIHOHHEIX
DRAM, FB-DIMM wmMeeT mocnenoBaTeNbHBIH WHTEpdeiic Mexmy
KOHTpoUiepoM H AMB. 310 mMo3p0/IfeT NOBHICHTE Pa3PITHOCTD IMa-
MATH 0e3 YBeTHYEHHS KONHYECTBA JHHHH KOHTPOJLIEpa MaMATH.

Paxbem DDR2 ¢ yHMKANEHLIM KNIOMOM

flo 8 Maayneh
DIMM

* + »

«Kmhadik myTes
{10 Bor)

. «CopepHiti MyTo»
{14 6uT)

Puc. 4.11. Apxutextypa nmamarn FB-DIMM

KonTponnep He nepegaeT CHrHal HEMOCPENCTBCHHO HA MOIYNb
NaMATH, a JelicTByeT uepes 6ydep, KOTOpRI BOCCTAHABIMBAET dop-
My CHIHama M mnepenaer ero nanesime. Kpome toro, AMB Moxer ocy-
WICCTBAATE KOPPEKLMIO OIINGOK, pa3rpyxaa oT 310l (GYHKIHH Ipo-
IeCCOp H KOHTPOIUIEp MAaMATH. DTO CONPOBOXAACTCA, OAHAKO, TO-
BEIIICHNEM JaTeHTHOCTH OIT.

Cyiiecteyer craHmapt (nporoxon JESD82-20), onpenensiionnsii
uHTepdetic AMB ¢ mamareio DDR2. Kanan FB-DIMM coctonT #H3
14 6uroBeX HEHE «CeBepHOTO NMyTH» («northbound»), e xOTOpEIM
JaHHBE MepenaloTcs M3 NaMATH Ha Ipolieccop, H 10 mmamit «KOxmHo-
10 nyTH» («southbound»), TIpeIaOIINX KOMaHIB W TAHHBIE H3 MPO-
meccopa.
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Kaxnriit 6uT nepegaercda Ha JacToTe, B 12 pa3 Gonblieii, yem 0a-
30Bad 4acTOTa namMsITH (B 6 pas, ec/iM NCIOIb3YETCH YIBOCHHANA CKO-
pocts, DDR—DDR3). Hanpumep, ang guna DDR2-667 DRAM-ka-
Han Oymer paborats Ha 4actore 667 x 12/2 =4000 MI'u. Kaxnne
12 muxkioB obpasyior Kaimp: 168 Gur «CesepHoro myth» (144 6urta
JaHHBIX, NepepaBaeMeix 72-6utoBofi DDR SDRAM mmoc 24 6mura
s CRC-xoppektinn) u 120 onr «lOxuoro» (98 nonesHeix 6UT W
22 CRC-6ura). U3 98 6ut 3mech 2 3a7al0T THI Kajpa, 24 — KOMaHIa;
B OCTaBUIHXCA GUTAX MOTYT COAEPXATECA (B 3aBMCHMOCTH OT THIIA
Kaapa) qubo 72 OuTa 2anMchBaeMBIX NaHHBIX, JHOO Ape WM Gomee
24-6UTOBEIX KOMAaHI, JMGO ofHa WK §ojee KoMaHma rmoc 36 6uT
3anMCHIBACMBIX JaHHBIX,

ITocKoIpKY 3anMCHBacMBIE JAHHEE NOHAIOTCH MERIEHHEE, 4YeM
ato Heobxomumo it OI1 DDR, onn Hakamnupawtea B AMB, a 3a-
TeM 3alMCHIBAIOTCA B OAHOM TakeTe (0OBMHO 1O YETEIpe Kalpa
JAHHBIX).

KoMaHIs COOTBETCTBYIOT CTAHIAPTHBIM ITHKIAM AcocTyiia DRAM,
HampuMep, BEIOOp cTpoxH (/RAS), npenssiGopka, pereHepallua H Op.
KoMaHIH YTEHHA H 3allHCH CONCPXAT TONBKQ anpeca CTONOLOB
(/CAS) maccupa namsaTH. Bce KOMaHIH COZEpXAT TpeXpaspsiHble
agpeca FB-DIMM, 4ro mnozBOfAET MOTKIIOUATE N0 8§ Momyneit
FB-DIMM Ha | xaHan.

4.3. Buyrpennue unrepgencel

CpsI3b YCTPOHCTE ABTOMATH3UPOBAHHEIX CHCTEM IPYT C APYTOM
OCYILECTRIAETCA ¢ OMOHIBIO CPE/CTB COTIPSDKEHHMS, KOTOPEIe HAa3hIBa-
wTea unmepgeiicamu. Uurepdeiic npeactarigeTr coboil CORBOKYITHOCTD
KOMMYTATOpOB, JIMHHI, CHTHAOB, 3/IEKTPOHHBIX CXEM H ATOPUTMOB
(TIpOTOKOIOB), MPEOHASHAYCHHYIO IUIA OCYLISCTRICHHA OOMeHA HMH-
{opManmeli Mexay ycrpolicteamMu. C ToukH 3peHHSA oboblIeHHOMH
CTpYKTYpH IBM H cHcTeM KOMMYHHKAITHOHHBIE CPENH (CM. pHc. 2.2)
COCTOSIT M3 TPOUECCOPHBIX YCTPOICTE B KOMMYTAaTOp OB, obec-
MeYNBAOLIHX COEAHHEHNA MEKIY HUMH.

Broepssie peammsoBanHas B mMamuHax [IBM PC, IBM PC/XT
u PC/AT xoHuenums oTKpHITON apXHTEeKTYPH Ipeanoara-
€T, 4YT0 nepudepHiiHBIE YCTPOiicTBa cBa3bmBawTes ¢ LY (npoueccop
H OII) mocpencTsOM CMEHHEBIX KAPT paclIdpeHHd (WIN ajanTepoB),
CONEepXalliX 3/CKTPOHEKY, coraacyiomyio IIY H mepudepuio —
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Pre. 4.12. Otkphiman apxHTekTypa IBM PC:
1 — cHereMHas niata (mpoueccop, namaAthk, chipset); 2 — BHyTpeHnH#t HHTepdelic
{ISA, LPC, PCI, AGP, HyperTransport ¥ np.), 3 — maata paciivpedna (aganrep,
urTepheiicHan KapTa, KOHTPOAIEp BREIHETD YCTpoHCTRa); 4 — HHTepdeilc BHelHEerO
yerpoitcrea (RS8-232, Centronics, SCSI, USB, Firewire, nHdpaxpacHnii, ¢SATA,
Bluetooth # nip.); 5 — nepndepnitoe ycTpolicTeo (K1apHATYpa, MCHHTOpP, NPHHTED,
CKaHep ¥ np.)

puc. 4.12. Pa3sirTiie HAH 3aMeHa OJHMX BHEIIHHX YCTPOHCTE Ha ApY-
THE B TAKHX YCIOBHSX CONPOBOXUACTCS MPOCTOM 3aMEHOM KAPThI.

Knaccupuxauun unmepdeiicos

B cooTBetcTBHH ¢ GYHRIMOHKATBHHM Ha3HaueHHeM NHTepdeiicH
MOXHO pa3ne/IuTh Ha CIeAyIolnie OCHORHBE KIACChI:

e CHCTEMHEIC HHTepdekicsl 9BM;

« HHTEpdeilicH nepHpepuitHOrO 000pPYIOBaHMA {(o0inHe H cne-

UHATH3UPOBAHHBIE);

¢ IPOTPaMMHO-YNPaBAACMEIX MOTYABHEIX CHCTEM H NpHGOPOR;

« uHTepdeiicH ceTelt nepedadd JaHHBIX H Ap.

ME npeanonaracM 3acch pacCMOTPETh sNyMpeHrue ukmeppeticht
(ILMHKE); exetnie unmepgheiictt (IOPTEL) W uHmeppeiicsl RPORECCOPOs.

PasaimuHble MHKPOCXEMB! U YCTpoidcTBa, o0pasyIolIMe KOMIIBIO-
TEP, JKOIDKHBI 6bITh COEAWHEHBI JIPYT C APYTOM TAKMM OOPasoM, YTO-
6B OHH HMENIH BO3MOXKHOCTh OOMEHHUBATECA JAHHBIMH M ObUIH LicTie-
HATIDABJIEHHO (CHCTEMHO) YIIpaBAsieMBIMH. JTa npobicMa peiacTcs
myTeM MNpHMeHeHHA yruguuuposannwx wurn, Wcnonesyerca Habop
TPOBOAHWKOB (Ha CHCTEMHOH MIATE 370 IeYarHbie NMPOBOAHHUKH), K
KOTOPLIM MOAKTIOYEHB! pasheMsl — 2ne3da (socket) mmu caomm (slot).
B cnoTel pacllMpcHMR MOTYT BCTABNATHCA IUIATHL amanTepoB (KOH-
TPOJUIEPOB) OTAENBHHX YCTPOMCTB W, 4TO OCOGEHHO BaXHO, HOBHIX
yerpoiticts. TakuM obpazoM, moOoii KOMROHEHT, BCTARICHHEBIH B
CNIOT, MOXET BIaHMOACHCTBOBATE C KAXARM NONKTIOYECHHBM K IIHHE
KOMIIOHeHTOM DBM.
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IlInHa mpencraBaser coboit HaGop NMpOBOMHUKOB (IMHHMIL), co-
COMHSTIOINMIA pa3MMYHEIE KOMITOHEHTEl KOMNBIOTEpa HIA ITOABOAA K
HMM MHTAHEA H 0OMeHa JAHHBIMH. B MIHAMANBHOH KOMILIEKTALIMH
LHHHA HMEET TPH THNA JIMHHA:

e TUHHH (6HMTBI, paspaAB) YIIPaBICHN,

» JIAHAH agpeca;

e TUHNH JAHHHX.

QOOBIYHO CHCTEMEI BKIIOYAIOT ABA THNA LIHH:

* CUCMEMHKAR wiksa, coeanHALman npoueccop ¢ OI1 ¥ xom-na-
MSITHIO 2-TO YPOBHS,

» MHOXECTBO WK 6600a-65i6004, CBS3HIBAIOIEHE TNPOIECCOP C
pPasTHUHBIMUK HepHdepHitHEIME yeTpoiicTBaMHi. TTocnenHne co-
SNUHMIOTCH ¢ CHCTeMHOM IIMHON MocmomM, KOTOPHIN BCTPOEH B
Habop MuKpocxeM (chipset), obecmeunBalomuil GyRKIHOHNPO-
BaHHe npoueccopa (puc. 4.13).

<: BTOPMHHAS WWHA ]

>

Backside bus (BSB)

| et
un Cucromaan 7 | "4m | newers
LiMHa

S ——uaa
Frontside bus {FSB)

(Uil BBOSE-

Nepupe-
SbMeong pHAHBle
[ —

Pue. 4.13. Cucremuuie urTepdeiicH 4 uHTEpdEiCH BBOLA-BHBOIA

CucremHas muHa pH apxutexrype DIB (Dual independent bus)
{H3MMECKH pajaciicHa Ha ABe;

« nepeuyHaA muHA (Frontside bus — FSB), ceasmiBaolnas mpo-

ueccop ¢ OIT » OI1 ¢ nepudepHiiHEIME YCTpOBCTBAMH;

+ BrOopHyHas mHHa (Backside bus — BSB) ana ¢pa3m ¢ K3HI-Ia-

MATEIO.

Hcrnonp3osanue FBOHHON HE3aBUCHMOM IMHLI MOBEILAET IIPO-
H3BOANTEABHOCTD 38 CYET BO3MOXHOCTH IUIA NpoLieccopa Mapauieib-
HO 00palilaThCd K pa3diMYHEIM YPOBHAM MaMsTH. JJOBOIBHO YACTO
TepMHHH «FSB» U «CHCTEMHAsA IIHHA» HCIIONb3VIOT KAaK CHHOHMMEI,

CllegyeT OTMETHTD, YTO TEPMHHOJIOTHA, HCITONb3yeMan B painimy-
HBIX HCTOMHMKAX s ONMMcaHWA uHTepdeiicon, He ARIASTCA BOOMHE
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OIHO3HAYHOM 1 sAcHol. CHcTeMHast IIHHA YACTO VIIOMHHACTCH Kak
«[JlapHas LIHHAa», «IINHA [IpOoUCcCcCopa» WK «JOKaJIbHaA LINHa». dns
IIHH BBOAA-BBIBOOA HCIOABIYIOTCA TEPMHHEI «MIMHA PACUIEPCHH»,

«BHCIUHAA LHIWHA», <XOCT-ITHMHA» B ONATE X¢ — «IOKaNbHAAd 1IIHHA».

Buympentue unmepgeiicel

HnTepihelick, XxapakTepHCTIKM KOTOPEIX MPHBONATCA B Tabn. 4.2,
OTHOCATCH K BHYTPEHHHM.

Totruya 4.2. Ocuontibie XAPAKTePRCTHRE BuyYpesHHX HiTepdelicon

Mkosan n
Crangapt THTHUHO® APYMGHHIG mm“ Mpwaeanon
ISA/ EISA 3BYKOBGLIE KAPTH, MOgeMbl | 2—8,33—33 Mébait/c MpaKT4BCKN HE RCMOMb-
Cemw, apantepul SCSI ayerch, sameujaerca PCI
PCI I'pathu-lecme KapTH, 133 MGaiit/c (32-6uroean |Ctanpapy anm nepwdepwii-
anantepel SCSI, 3pykose |WwiHa ¢ YacToTol 33 MTW) |Hex yeTpONcTE
KAPThE HOBLIX NOKONEHWH
PGI-X YrusepCantHui wetep- |1 Mbair/c (64-Gurosan Pacwwpenwe PCL, npeano-
tedic WhHA C 4aCTOTON wenHoe IBM, HP, Gompag.
133 Mfu) Yeenuyena cKopocTe W Ko~
MHYECTBO YCTPORCTE
PCI Express | YemeepCanenndd wutep-  |[o 16 Mailt/c Paspabotia «untepdeica
heiic 3-ro noxongHwA» (Third
generation
Input/Output — 3GI0),
MOxeT aameHnTs AGP,
flocnenoBarenuHas WHHA
AGP/AGP MpachwaECrme KAPTH, 528 Mbain/c (2-x-mode) | Cranmapr ana Intel-PC na-
PRO 30-rpadwixa 800 MBaiv/c (4-x-mode) |umnan ¢ Pentium Il cocy-
" | mecreyet ¢ PCI
HT (Tunep- | YuueepcansHeii witep- | Lo 32 MGadt/c Paapafotka AMD ana npo-
Tpancnopt) | cheic usccopos K7-K8

HTuna ISA. 1SA BUS (Industry Standard Architecture) — cran-
JaptHele mHHE! IBM XT (8 611) 1 AT (16 6uT).
MMuna XT xapakrepniyerci CASAYIOIINMH TIOKA3aTeIAMH
(puc. 4.14, a):
+ 8-OHTORAA IMHMHA JAHHEIX;
o 20-6MTOBas LIMHA aApeEca, YTO MO3BOJIACT alpecoBaThes K 27 6uT
(1 M6aiit) mamsaTa;
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Puc. 4.14. Pasremum minH ISA (g), EISA (6)

» TPH KaHa/a NMPAMOETO AocTymna K maMsTi (DMA);

s TAKTOBaA 4yacTroTa § MI'H;

s TIPONYCKHaA criocobHocTs 4 Mbaiit/c;

* 62-KOHTAKTHBIA pasbeM.

Muna XT noagepxyBacT HEHTPATH30BaHHBIN MeTon apbuTpaxa,
¢ 3Toit Leneio B Heil uMeloTca oblIme JIMHIAH 3anpoca ¥ oTeeTa. A
obecrneyeHUs: apOMTpaXa BCEM YCTPOMCTBAM NPUCBAMBACTCS (DHMKCH-
poBaHHMH ypoBeHEL NMpHopHTeTa. B HacroAwmee Bpemsa XT npaxkraue-
CKH He TMPUMEHICTCA.

ITuna AT. B xomnaporepax IBM PC/AT wiuny pacumpunm Ao
16 6ur maHHsIXx M 24 GuT agpeca. B TakoM BuWJe OHa CYUIECTRYET H
TIOHBIHE KaK caMas paclpoCTpaHeHHasd INMHHA ANA nepudepHitHbIX
apanTepoB. ITapameTpsl MWHH AT

» 6-OuTORadA IUMHA JAHHBIX;

e 24-OuTOBas 1IMHA ajpeca, YTO [O3BOASET AgPecOBaTh

16 M6aiiT mamaTu;

« § xaHaioB npAMoro aocryna (DMA);

& TakToBas yacrora 8—16 MIw.

MakcuManpHad CKOpPOCTh MEpelavyl JaHHBIX COCTaBIAECT
8 M6aiit/c (8 MI'n x 16 6ut = 128 M6ur/c), 128 M6ut/c : 2 (nepe-
Ja4a NaHHBIX TpebyeT oT 2 g0 8 TakToB) = 64 MOuT/Cc =8 MOaitr/c.
Jna mipHe [SA BEITIYCKAIOTCS OBa THIIA MIAT paciipexus — 16-
M 8-paspamHeIe.
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WMuna EISA (Extended Industry Standard Archi-
tecture). llluna EISA (puc. 4.14, §) ABMNACE «aCUMMETPHUIHBIM
OTBETOM» mpou3poauTeneii KioHoB PC Ha nonuirky IBM noctaBHTE
PHHOK NOA CBoM KOHTposb MyTeM BeIMycKa MCA. OcHOBHEIE Xapak-
TCPHCTHKH 3T0H IIIMHE:

s 32-pazpamHasg Hepeaaua NAHHEIX;

e MaKCHMAaJIbHag MponmycKHas cnocoGHocTh — 33 Mbaitt/c;

e 32-paspapHad anpecauMs NMAMATH (IO3BOJSAET AAPECOBATH A0

4 T'GaiiT);

¢ MONAECPXKA MHOTHX aKTHBHBIX ycTpoiicTe (bus master);

+ BOSMOXHOCTEL 33aNaHHMd YPOBHS JBYXypoBHeBoro (edge-trig-
gered) nmpepsiBaHMA (9TO NO3BOI0 HECKONBKHM YCTPOHCTBAM
HCIONIL3I0BATh OMHO MpEPHBaHHUE, KAK U B CITy4a€ MHOIOYPOB-
Heporo (level-triggered) npepepaHns);

¢ aBTOHACTpOIiKA IUIaT pacLuMpeHns.

LPC. llluga Low Pin Count («MaJiOKOHTAKTHEISi» HHTepdesic),
wm LPC, ncnoneayercs Ha IBM-COBMECTHMLIX MEPCOHANNBHBIX KOM-
TILIOTEpAX TS MONCOSAMHEHUA HH3KOCKOPOCTHBIX YCTPOMHCTB, TaKHX,
KaK «mpeeMcTReHHEie» (legacy) ycTpoiticTBa BROIA-BHEOAA (TIOCNEAO-
BaTeNbHBIA ¥ MapaiieNBHBIA FOPTHI, KNaBHaTypa, MBILIb, KOHTPOI-
aep HIM). Ouanueck LPC o6unYHO NDOCOCAHMHSETCS K YHNY
«lOxnoro Moctas, IllnHa LPC 6pina npennoxena Intel B 1998 r. kak
3aMeHa L1 HHE ISA (psc. 4.15).

Crnenndukanpa LPC onpenenser 7 25ieKTPOCHTHAMIOB AN OBY-
HalpaslIeHHOH NMepenayd JAHHEBIX, 4 U3 KOTOPHIX HECYT MYJIBTHILIEK-
CHpPOBaHHEIE apec W JAaHHBIE, OCTAaBLIHECA 3 — YNPaBAAKILHE CHUT-
Hanel (Kagp, cOpoc, CUHXPOCHTHAN).

IITurna LPC npeaycMaTpuBaeT TOABKO 4 JHHHH BMeCTO 8 WIH
16 gna ISA, HO oHa mmeeT monocy nponyckanuda ISA (33 MTo).
Jdpyrum npenmyiiecteoM LPC sABnsAeTcs To, YTO KOAHUECTBO
KOHTAKTOB WIf NPUCOEAMHAEMBX ycTpoitcTs pasHo 30 BMecto 72
AnA JKeWBaleHTa ISA.

Pre. 4.15. Hureppeiic Low Pin Count IT8705F
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Illuna PCI (Peripheral Component Interconnect bus). Pazpaborxa
sl PCI 3akonymiiack B uione 1992 T. Kak BHYTpeHHHH NPOCKT
xopriopauyd Intel. OcHOBHBIE BO3MOXHOCTH LUHHE CREIVIOLIHE
(puc. 4.16, 4.17).

& CHHXpOHHBH 32- wiH 64-pa3paaHblii oOMeH AaHHBIMH (64-pas-
pRIHAA TIMHA B HACTOSWIES BPEMS HCMONLIYETCHd TONBKO B
Alpha-cuctemax H ceppepax Ha Gaze npoueccopor Intel Xeom).
IIpr 2TOM INs YMEHBIIEHWS] YHCAA KOHTAaXTOB (M CTOMMOCTH)
HCIONB3YETCS] MYNLTHIUIEKCHPOBAHHE, T. €. ajipec W NaHHEIE Te-
PERAIOTCS 110 OXHHM H TEM XK THHHAM;

Mpousceop
o=l ———
1 1
] 1
1
Mpadka =y «ConepHoLi ! MamATs
H MOCTR !
o 1
ol 1
gl 1
' 1
S |
HIKME i i USE 2.0
ATA !
: «HOwrwii :
] 1 NMokanbHbii
s \ BEOR-BLBOA

| =
riv ri
T
W ig

Pazbom 32-paspapuodl mnHL PCY
© HanpsoKeHwea nimanme 5 B

E H 1B
Bl[E
PaToen 32-paapaaHoi KL PCI

€ HANpAESHKeM NWTAHUA 3,3 B

a (]
Pac., 4,17, Paysemul mnHe PCI {g), Tunnanoe PCL-yerpolicTeo (G)

¥ e
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¢ YacTOTA paboTh mmuLl 33 uau 66 MI'u (B pepcrm 2.1) mMo3posis-
er obecreunTh IMHPOKHA THANAZOH HPOIMYCKHBIX CTIOCODHOCTEH
(C WHCIOMIB30BAHMEM IMAKETHOTO pexcMa) — 132 Moaiir/c
(32-6mut1/33 MT'1); 264 MGaiit/c (32-Girr/66 MI'); 264 Mobaitr/c
(64-6u1/33 MI'm); 528 Méaiit/c (64-6ur/66 MI'u). Ipu sToM
Bng paboThl IIMHEI HA YacToTe 66 MI'u HeoGxomuMo, YT0GH BCE
nepH(epHiTHEIE YCTPOICTRA padoTATH HA 2TOH YacToTe,

s TONHAA TIOMIEPXKA MHOTHX AKTHBHBEX YCTPOMCTB (HAINpHMep,
HECKOJNBKO KOHTPOANEPOB XSCTKUX JMCKOB MOIYT OXHOBpeE-
McHHO pafoTaTh Ha IIMHE);

e CEUH(UKARHA LIMHE MO3BONACT XOMOHHHPOBATh A0 BOCHMH
¢GhYHKLMIE Ha OMHOM KapTe (HanpHMep, BUOEO, 3BYK H T. 1.);

H3pecTHrl Takcke Gonmee nmosmgHWe pasHoBHOHOCTH — PCI-X M
PCI-Express, KpoMe TOTO, K JaHHOMY THITY oTHocHTCeH 1 PCMCIA —
CTAHHAAPT HAa IIHHY A1 HOYTOYKOR. OHa [103B0NAET HOOKIIOUATE Pac-
INHPHTENN TIAMATH, MOZEMEI, KOHTPOJUICPH THCKOB M CTPHMCDOB,
SCSI-aparrrepr1, ceTeBHE ananTepel | Ap.

PCI-X PCI-X He TonbKO yBelMHUMBaeT ckopocTh PCI-IIMHEL,
HO TAKXE H YHCAO BRNCOKOCKODOCTHBIX CNIOTOB. B OOBMHOW IUHHE
PCI-caoTnl paboTaior Ha 33 MI'u, a oauMH cioT Moxer paboTaTh NpH
66 MI'm. PCI-X yasauBaeT mpOM3BOAMTENBHOCTh crammapra PCI,
noafepXHBas oguH 64-6uToBBIH cnoT Ha wacrore 133 MIu, a o6-
YO TIPOH3IBOAHTENBHOCTS vhemunBaer no 1 I'Gaiir/c. Hopas cime-
opHKANAA TAKKE NPEIIATAcT PAacCIHHPEHHKN IPOTOKON I YBEIIH-
geHud 3¢@eKTHBHOCTH Iepenadyd JAHHBIX B CHH3HTh TpeGoBaHHA K
3NEKTPOTIUTAHHIO.

PCI Express (PCI-E). Cranpapr PCI-E onpenensier rub-
KHi, MaclTabHpyeMHil, BHCOKOCKOPOCTHOH, NOCNEAOBAaTeNLHBIN,
«Topsyero NoIKAIeHAs» HHTEpdeHC, MporpaMMHO-COBMECTHMBEA C
PCI. B otmumie ot npexmectseHHNKa, PCI-E moagepXiupaeT cucre-
MY CBA3H <«TOYKA—TOYKay, MogobHyio IunepTpancnopty AMD, a He
MHOTOTOUYEYHYIO CXEMY, HCIIONL3YEMYIO B MApA/LTEALHON IUMHHOH ap-
XHTEKTYpe. D10 yCTpaHsSeT NoTpeGHOCTP B IMMHHOM apOuUTpaxe,
o0ecrieqHpacT HH3K0E BpEMA OXHIEAHWA U YIIPOIIAET «IOpSIee» MoM-
KIIOUeHHE-OTKAIOUEHHE CHCTEMHEIX YCTPOMCTB.

OxupaeTcd, 410 OfHUM M3 MOCAESACTBHHA 3TOr0 ByIeT coxpaule-
HHUe TUTOIaan miaTH Ha 50 %. Apxurektypa PCI Express obecrieun-
BAaeT NOJIHYIO NMOJIOCy nponyckanud 16 I'Gaiit/c — Tomonorns IMHBI
PCI-E conepxut rnaeHBEW MocT (Host Bridge) ¥ Heckompko
OKOHEYHBIX NMYHKTOB (VCTPOMCTB BEOAA-BHBOIA). MHOTOKpaTHBIE
COCIMHCHHUA «TOUKA—TOYKA» BBOISIT HOBHIM 3JIEMEHT — MepeKiIioya-
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Tenp (kA04, switch) B TONONOTHIO CHCTEMEI BBOAA-BRIBOAA {(CM.
puc. 4.14, 6).

Hurepdeiic PCI-E BxmouaeT nmapel MmpoBOAOB — KAaHANH
(lane), u oana Takad napa (PCI-E-lane) npencrasnser cobo#
nHtepdesic PCI-E Ix (800 MGaiit/c). KaHansl Moryr GbiTh CoO-
e¢NHEHbl MapaieibHo, W MakcuMyM 32 xasana (PCE-E 32x)
obecneunBaloT TMOJHYID NPOMYCKHYIK crocobHocTe 16 T6ailr/c,
JOCTATOYHYIO, YTOOK! MOANEPRKMBATH TPEOOBAHHUA CHCTEM CBA3H B
ofo3paMoM Byayiem.

OnuuM 3 HanpaeneHu# passutusa PCI-E apngerca sameHa AGP
(cM. puc. 4.18). HeiicteutensHo 8 T'GafiT/c aByHanpamneHHol mpo-
MYCKHOM CHOCOOHOCTH OOCTATOMHO NI NOAOCPXKH TEICBHACHMA
peicokoro paspemenuss (HDT). Ilpeanonaraerca taxxke, uro PCI
Express B KOHEYHOM CUETE CMOXET 3aMCHHTh B YHIICETaX KOHTPOJ-
JICp BHELTHHX YCTpolicTB «southbridge». 3to He noBmHgeT Ha GyHK-
LIHH KOHTPOJUIEpA OTIEPATHBHOMN MaMATH «northbridge».

AGP (Accelerated graphics port). HecMoTps Ha paspsiHOCTE H
ckopoctk HHH PCI, ocTapanacs 3aiada, KOTOpas BEIXOAWATA 3a Tpe-
ekl ee BO3MOXHOCTeR, — mepedavya rpadwyeckoil MHbopManyH.
Ecau amarrrep CGA (4 = 2? useta, 2xpaH 320 x 200 To4ek, 49acToTa
60 Tu) tpebyer nponyckHyiw crocobHocTh 2 x 320 x 200 x 60 =
=7 680 000 6ut/c = 960 K6aiit/c, To ananrep XGA (2" uperos, ak-
paH 1024 x 768 nwukceneil, uyacrora 75 T'm) Tpebyer 16 x 1024 x
x758x75=9433718 400 6nr/c =118 Mbaitt/c. B To Xe BpeMsa
MMKOBadA mnponycKHasa cnocoduocts PCI Toraa cocramsna jao
132 M6aiit/c.

Oupmoit Intel 6e10 npemnoxeHo peieHne B uae AGP —
Accelerated graphics port (IIopT YCKOpeHHOro rpauyeckoro BBRIBO-
na). TMoganensie wHHBl AGP B Havane 1998 r. 6b110 cBOEOOPAZHBIM
npopuiBoM B o6mactH obpaborku rpaduxkwm. [lpu yacToTe WIMHM B
66 MT'u oHa 6n1a cnocoGHa nepenasaTh Oba 640Ka JAHHBIX 32 OIHH
Takt. [lponyckHasd crocoOHOCTE INMHBI cocTaBnser 500 MoGaift/c
(V2.0) mpu mByx pexmMax pabor — DMA u Execute. Ha cero-
HHALTHH TeHb cyulecTByeT cTanaapT AGP 4-x (mopnepxciBaemuiis
HOBBIMH uHnceTaMm Intel H Via), mosponsgiOmKMi AOBLICUTE NMPOITY-
cKHY10 criocoGHocT A0 | I'Gaiit/c.

CxeMpl AGP B3aHMORSHCTBYIOT HEMOCPEACTBEHHO C YETHIPEMA
HcTouHMKaMH uHbopMannu (Quadro port acceleration, puc. 4.18):

+ IPOIECCOpOM (K3LI-MAMATE 2-TC YPOBHA);

s ONEPATHBHOR MAMSITHIO,
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PaHsa MOMLANRGCH A08CH

Prc. 4.18. Cxema paauMOneiCTEHA JMEMEHTOB ¢ HCONL30BaHHeM AGP

» rpadudeckoii kaproli AGP;

 mnnol PCI.

AGP oGyHKIHOHHDYET Ha CKOPOCTH FMpPOIECCOPHOH IIAHE
(FSB). Ilpu TakToBO# 4actore 66 MI'u, nanpuMep (B 2 pasa BEIlLE,
yemM ckopocth PCI), mocTMraercd NMHKOBafA TPONYCKHas crnocod-
HOCTH B 264 MGaiit/c. B rpacdiiecknx Kaprax, CIELMANBHO CIIPOSK-
THpoBaHHHEX a1 AGP, mepepaya MpOHCXCOHT Kak MO MEpeIHEMY,
TaK H 0O 3anHeMy $poHTY TakTOBHIX AMOyAscoB LN, 9o nossonser
npy dacrore 133 MI'm ocywecTBaaTh Nepesadyy €O CKOPOCTHIO
ko 528 Moaiit/c («2-x rpaduka»). B nampreiiiemM Gbl1a BHMYyLIEHA
pepeus AGP 2.0, xoropas nosaepxusana «4-x rpaduky» WAM YeTH-
pexXKpaTHYIO Iepeaauyy BJaHHBIX 3a ommH Takr L.

Kowmpoasep Hyper Transport. ®upMoit AMD (npoueccop Hammer)
Oria mpennioxeHa apxurextypa I'nmmepTpancnopr (HyperTransport),
00eCIIeTHBAIONI2A BHYTPCHHEE COSAMHEHHE NMPOLECCOPOB U SIIEMEH-
TOB THIICETA INIA OPraHH3ALNH MHOTOIMPOHECCOPHBIX CHCTEM.

YcTpoiicTBa, CBA3MBacMbE IO MHe FunepTpaHcnopt, coeaMHs-
10TCS TI0 MPHHIHTIY «TOUYKa—TOYKa» (peer-to-peer), IT0 MOOpazyMe-
BacT BO3MOXHOCTE CBA3NBAHMA B UENOYKY MHOXECTBA yerpolicts Oe3
HCTIONB30BAHAS CHSLHATH3NPOBAHHBIX KoMMYyTaTopos. Ilpomycknas
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cmocobHOCTE 1utn [umepTpadcnopr MeHsgercs or 200 Mé6aiit/c
(gacToTa 200 MT'u » npa 2-GuToBbIX Karana) Ao 12,8 I'Gaiit/c (4acro-
Ta 860 MI'n » apa 32-6HMTOBLIX KaHala) — puc. 4.19.

Pucynok 4.20 neMOHCYpHpYET, HACKOABLKO pa3ssonxa I'mmep-
TpaHcnopT 3KOHOMHYHEE, €M Y TPaAULMOHHBIX INHH — JOCTATOYMHO
CPaBHMTh IUIOLIAAM, 3aHMMAaeMbic Ha CHCTeMHO# mnate mmHOL

AGP 8x ¢ nmpomycxro#i criocobHocThio 2 [Oaiit/c m I'mmepTpanc-
nopt {mo 6,4 I'Gaitt/c).
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LwHa MunepTpaxenopt
Ha 8 Bur — 3,2 MBalivic

Ha soHTponnep

Paswem

AGP
¥

= LinHa AGP
DnemMoenT “Mncera NinepTpaHcnopr 1 , 2 MBadrfc

Kowmponnep AMO 8151 Graphic tunnel
Puc. 4.20. CpasHuTenntEe GH3HMecKHe pasMeptl WHH [unepTpakcnopr 1 AGP

B TaGnuue 4.3 OpHBOOATCA OCHOBHEIE XapaKTEPUCTHKH pa3iH4-
HBIX TOKOASHMH JaHHOrO HHTepdetica.

Tatinuya 4.3. Xapaxrepucrinol sepcnii narepdeitca HyperTransport

10 2001 800 32 12,8
11 2002 800 32 ' 128
2.0 2004 1400 32 224
3.0 2006 2600 32 416
3.1 2008 3200 32 51,2

Humepdgpeiicot YeHMpPanbHouix NPOLECCOPOs

CnocobHocts ITK moagepXHBaTh MHOXECTBO pamINYHBIX MHTEP-
(eiicon, ZONMYCKAKLINX NMOAKNIOYCHHE PAVIMYHEIX K/1ACCOB N00aBOY-
HHX KOMIIOHEHTOB, COCTARAMIONIMX H nepudepHiHBIX YCTPOHCTB,
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6BLJIA OFHON M3 OCHOBHEIX NMPMYHH €0 GRICTPOTO YCHexa, KIo4YoM K
KOTOpOoMYy ObLia CTaHAApPTH3ALHNSA.

OcHoOBa CHCTEMH — IIPOIECCOP — He ABIACTCHA HCKIIONCHHEM B
groM cmeicne. B cymuoctw LIT — nnockwit xsanpaTHBIA ciaoi
KPEMHHS CO CXEMaMHM, BHTPABHPOBAHHLIMH Ha €ro NOBEPXHOCTH.
DTOT eMEHT YKPeIVIeTCH Ha OCHOBE — KepaMH4YecKOH WIH ILIacT-
MaccoBoi, — o0pa3ys MakeT ¢ KOHTAKTAMH, BHITIONTHEHHBIMH KITH 110
IUIOCKO HHXHeH cTOpoHe, WIH MO OOHOMY M3 Kpaes. ITaker IITI
CBA3AH ¢ CHCTEMHON TuraToit yepes pasbeM HekoTOpOH (OpMEI —
rHe3ao0 (Socket) B nepsoM M caoT (Slot) BO BrOpoM ciTydac.

Socket 7, 8. Panuue npoueccopel — 386, 486, xmaccHleckHi
Pentium u Pentiutn MMX — npezcrasmsuni coboit MIOCKMIt KBaapaTt-
HBI# MIAKeT C MACCHMBOM BHBOJOB-IITHIPHKOB HA HIKHEH CTOPOHE, Ha-
sHBaeMBIM MaTpHuedl BeBoaoB (Pin Grid Array, mmm PGA),
KOTODBIH TIpenmoNaran BKMOYeHHe B THe340 HAa CHCTEMHOH TUIaTe.
CaMbIM paHHHM TaKNM KHTepdeiicoM, AN KOTOporo GhJIO CIIPOEKTH-
pOBaHO MHOTO CHCTeMHEIX TUIAT, paboTalclIUX H 110 ceil JeHb (MoToMy
YTO THM MNONAEPXABAIMCE ICHTPANBHBIC IMPOLECCOPEI PAITHIHEIX
H3roroBHTenei), apmaerca Socket 7, IleppoHaansR0 papaboTaHHbIHR
Intel xak mpeeMHHK Socket 5, OH UMEJ TOT Xe caMbIi pa3Mep, HO ApY-
rHe eKTPHYECKNe XapakTepreTuky. Socket 8 Ovim pazpaboran ays
LI1 Pentium PRO. YToGH pa3MeiaTh K311 BTOPOTNO YPOBHS B MAKETE
(HO He B SIpE MPOIECCOpa), HA IUIATe MPHLUIOCH YCTAHARIABATE JO
TpEX OTACABHHIX CXEM, YTO 0KA3an0Ch Ipe3MEPHO TOPOTHM JUIA IIPOH3-
BOICTBA, KOTOpOe H OLLIO HOBOJILHO GHICTPO MpeKpallcHO.

Slot 1, 2. C seesenrem LITT Pentium II Intel nepexmiouMnach K
HAMHOTO §0Jiee JeIeBOMY PEUIEHHMIO YIIAKOBKH YHTIOB, KOTOPHIE CO-
crosuti Gonee ueM U3 oaHoro Kpucramia — SEC (Single edge contact
cartridge) — cm. puc. 3.16, e. Ha kaptpuaxe SEC pasMelneHEs! mecTb
OTIENBHEIX YCTPOHCTB: Mpoleccop, YeTHIpe MOOYIS MaKeTHOW CTaTH-
4eCKOW KOII-TIAMATH BTOPOTO YPOBHS ¥ OXHH MOXY/b JONONHUTENb-
Hoit mamMaTH. SEC-KapTpHIK NMeeT BaXHBIC MPEHMYLISCTBA — pa3b-
eM Pentuim Pro comepxur 387 KOHTakTOB, B TO BpeMs Kak SEC —
TONEKC 242. BT0 coKpallieHH¢ YHCAA KOHTAKTOB Ha TPETh MpOH3O0MI-
II0 BCACACTBHE TOro, Y10 SEC-KapTpAmX coaepxwT JONOEHATENB-
HBIe TEPMHHATOPH {«3aNTYIUKH»), KOTOPEIE 06eCneuuBalOT pazbeau-
HEHAE CHIHAMOB, YTO NIPMBOAWT K YMECHBINCHHUIO KONHYECTBa Tpebye-
MBIX KOHTAKTOB HATIPSDKCHHSA TTMTAHHA.

Iponeccop Pentium II Xeon umen K3lI-mamsiTh BTOPOTO YPOB-
HsA, paboTalolnyio Ha mmofHo# TakTopo# yacrote III1. D10 TpeGoBano
GOABIIETO TEITOPACCeSTHNS, IT0 B CBOK OYepedb TPHBEEAC K GOoMb-
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el BHICOTE KapTpuaXa. PemrenmeMm Ob1 Slot 2, KOTOpHE Takke
uMen toneine coepuHrTeneid, yem Slot 1, uTo JaBano BOSMOXHOCTH
MOIJIEPXUBATE MHOTCTIPOLIECCOPHBIH TPOTOKQII.

Super 7. Korma ¢upma Intel nmpexparwna sumyckars LTI
Pentiom MMX B cepeanne 1998 r., oHa $akKTHUCCKH IOTHOCTRIO OC-
TABWIA NOAe TpuMeHeHusa Socket 7 cBOMM KOHKYPESHTaM, NpEHMY-
mrecTBeHo AMD n Cyrix.

PazpaGoranHas AMD H xmOYeBRIMM NapTHepaMH, apXUTEKTypa
mwiatdopMu «Super 7» YCHINIA BO3MOXHOCTH Socket 7, mobGammn
NoNNepXKy I IIMHHRYX HHTepdeiicoB ¢ yacTorolf 100 n 95 Ml a
Takcke AGP-cienndpukaniio M ApyTHe Beaylipe TeXHOMOTHH, BIIIIO-
yag SDRAM na 100 MT'u, USB, Ultra DMA (Direct memory access)
u ACPL

Mpoueccop AMD K6-2 (sanyiueHHb B KOoHuE Mas 1998 1.) 05-
JIajaN IJHAYHTEIBHEME ApPXHTEKTYPHBIMHM NPEeMMYIIECTBAMH, HCITONDb-
30BT APOHM3BOACTBEHHYIO TEXHOJIOTHIO 250 HM M COOTBETCTBORAN
cneudHKanuaM Super 7.

Siot A. TIpu srmycke 1[I1 Athlon B cepeapne 1999 r. AMD Takxe
MEPENWIa OT PasbeMa «THE3R0» K PAFbEMY «CNIOT», B JAHHOM CAyYac —
Slot A (cM. puc. 3.30, ¢). Pu3MYecKH HACHTHYHEIH pazbeMy Slot 1,
OH MCIOJNL30BaJl COBEPIIEHHO IPYroil HpPOTOKON (fepBOHAYANEHO
coztanHuil DEC nor HaumeHoBaHHeM EV6), koTopHil opranmayer
nepenayy Mexay Ol u LIl Ha gacTrore 200 MI'u. Slot A comepxan
MOAYJL perynsTopa HanpsokeHHs (Voltage regulator module — VRM),
poanarag Ha LEI1 o0a3aHHOCTE YCTAHARMMBATE NpaBunkHoe pabouee
HampsokeHue (B cayyae nenoib3opadng Slot A HIT moxer pabotats B
muanasoHe Mexay 1,3 m 2,05 B).

Socket 370. B 1999 r. Intel Bo3BpawiacTCA K apXHTEKTYpEe HH-
Tepdeiica «rHe3mo» ¢ HAYANOM BHITYCKa npoueccopos Pentium
Celeron. Do kpanpaTHil nmaker PGA, uMeiommit 370 KoHTaKTOB
(Socket 370).

BueaanHoni oTkas ot Slot 1 B monsay Socket 370 BH3Ban notpeG-
HOCTh B azanmepaX, 4yToOn Moxwo 6bbto II1 ¢ nuTepdeiicom PGA
MCTIVIB30BaTh B CHCTEeMHBIX mnarax Tana Slot 1. K cyacTbio, mpo-
MEIMUIEHHOCTh COPHEHTHPOBAJIach H Hayala BHIITYCKATh ANANTEPH
{(koHuBepTephl) «Slot 1 — Socket 370», KoTophic ofecneuMBald He
TOBKO COOTBETCTBYIOIIAE COCOMHEHNA, HO Taioke H npeobpasoBaHue
HanpsDKeHWA.

Socket A. TlonoGuo Skot 1, Slot A dpupMei AMD Takxke HegoaTO
npocymecTeoBan. C  modBneHMeM sAAep npoleccopa Athlon
«Thunderbirds u «Spitfires, AMD Takxe BepHYZACh K MTaKeTaM CTHIA
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PPGA nns vosoro cemeiicrsa rporieccopoB Athlon m Duron. Ouu
COEEHHATIOTCA C CHCTEeMHOM riaToit yepes uHTepdelic AMD, Ha3BaH-
HH Socket A. OH HMeeT 462 KOHTAKTA, M3 KOTOPEIX 453 HCIIOIB3y-
orca LT, v noanepxusaer kak mmAy EV6 (200 MI'n), Tak u ee Mo-
mudmkammio Ha 266 MI'u.

Socket 423, 478. C srinyckoM Pentium IV B xouue 2000 r. Intel
NpeACTABWIA APYTOH pasbeM, a HMeHHO Socket 423. TTokasamenbHbli
Iuist TEHACHIIAA PA3BATHA MPOLECCOPOB B CTOPOHY YMEHBIIEHWUA NO-
TpebnseMoi MOIIHOCTH, pasheM PGA-CTHAA HMEeT 3KCIAyaTallHOH-
HbIl AHama3oH MOIYIA PerymHpoBky Hanpsxennd (VRM) mexgny 1,0
H 1,85 B.

Socket 423 MCnOME30BANCH TONBKO HECKONBKO MECHLIEB, KOTAA
Intel oGssaBHNa 0 BHOYCKE HOBOTO pazbeMa Socket 478. OcHosHOe
Pa3THYHE MeXAY HHM H eT0 NpPEAlIeCTBEHHHKOM — HCIONb30BAHHE
ropasgo Oonee IUIOTHOrO opMara PpacnoJOXeHHA KOHTaKTOB
(pPGA — MHKpOMaTpHIIA BHIBOAOR).

LGA775/Socker T. Unrepbeiic LGA775 ucnoaessyioT mponec-
copui Pentium 4 (¢ sapamn Prescott w Cedar Mill), a Taxoke Pentium
D (¢ sanpamu Smithfield u Presier). B mione 2006 r. Intel peimycTiva
pepcuo mma HacToARHRX TIK Core 2 Duo (Conroe), a noamHee —
Kenisfield Quad-Core IIIl, ucnoneayiomme LGAT75. Uurepdeiic
LGAT75 obecneunBaeT Jyunice OXJIaXacHUS NMpoLeccopa, MO3IBONAA
yBeNTHIHTE: YacToTy FSB. Oxnaxpaiommil MeXaHH3M Teneph MOMHO-
CTBIO 3aKPEIUIAETCH Ha CHCTEMHOM fnare.

Socket AM2. B mae 2006 . AMD BeinyckaeT Hurepdeiic mpo-
neccopa Socket AM2 (derBeproe WMOKONEHHE APXWTEKTYDH, HAYH-
Hasmeiica or Hammer B 2003 r.), npeeMrEnka Gonee paHHHX Socket
754, 939 n 940. B 10 Xe caMoe BpeMf KOMNAHHA 00LABMAA, 9TO 3TO
ABASETCA TIEPEXONOM HMMCEICUINXCA AByXpaaepHnx AMD Athion 64
X2 x wHopoli mwnarhopMe B SONOJAHEHHE K TIPEACTABISHHIO HOBOTO
pana apyxbanepHmx LIIT AMD Athlon 64 X2 Ha 5000+ m 4000+

OcHorHag nHHOoBanMa B LTI, ucnoassylommx AM2, 3akniodyaer-
Csl B PA3MCUICHHM Ha YHIIC MpOLIECCOpa HENOCPEACTBEHHO KOHTPOJI-
Jiepa naMaTH {System Memory Controller Hub — MCH), uto yctpa-
HsieT HeoOXOMHMOCTh HMETh OTACABHEE Northbridge Ha cucTeMHO#
nnate. JIo cMX mop npH 3TOM HCTIONB30BANACH TEXHOJOTHA NaMsTH
DDR (SDRAM 11, B xoropoii nepegada AaHHBIX OCYIHSCTBIIETCS MO
0o0ouM (HPOHTAM TAKTOBHX MMITYIECOB), KOoTOopas K 2006 . HeMHOMO
ycrapena, H HoBeie HIT Ha Socket AM2 HCOAB3YIOT KOHTPOJLIED TMA-
mat DDR-II, xkotopwii paboTaeT B COOTBETCTBYIOUIMX CKOPOCTAX
DDR-I1-667 u DDR-II-800.
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B 3akmioyeHHe pacCMOTPMM HEKOTOPHE TEOCASKHME pa3paborku
Intel n AMD.

Socket F (n3pecten Takke xak Socket 1207, LGA, 1207 koHTak-
TOB} — I MYJIBETHITPOIECCOPHHX cHeTeM AMD, Bcmomb3yiommx
DDR2-SDRAM., 3aMensier Socket 940 mns nipoueccopos Opteron v
Athlon 64 FX.

Socker F+ — npenHasHadeH 1A AMD-cepeepoB H IBYAIIpolec-
copuux Himenuit mmardgopmsl Quad FX apxurexrypal K10, xorophe
nogaepxuBaloT HHATEpderic HyperTransport 3.0 ¢ dacroToi oT
2,6 TTu. Ipentaskaden mis saMensl Socket F (npoueccopsr Phenom
FX Opteron 8300, cepuu 2300, Athlon 64 FX-70).

Socket AM2+ — oyoywmi nutepdeiic AMD mna omHonponec-
COpHHX cHcTeM, moguepxuBaeTr DDR2 u HyperTransport 3.0 ¢ pas-
AeNBEHEIMH JMHHAMH nHTaHUA. 3aMensaer Socket AM2 (PGA,
940 KOHTAaKTOB, MEKTPHUCCKH COBMECTUM ¢ Socket AM2).

Socket AM3 (PGA, 940 XOHTaKTOB) — TIEPCHECKTHBHHI WHTED-
detfic AMD 1y omHOIIpOLIECCOPHEIX CHCTeM, ¢ mopaepxxoii DDR3
u HyperTransport 3.0. Iltasupyerca K Beinyeky B 2008 r. wis 3aMe-
HH Socket AM2+ ¢ noamepxxoit DDR3-SDRAM.

Socker SI (PGA, 638 xonTaxros) — pazpabotka AMD s Mo-
OmnpHBIX maTdhopM ¢ naMaTeio DDR2-SDRAM. 3amenser 754 mna
MOGIIBHBIX TPOLIECCOPOB.

Socket FMI, Socket FM2 n Socket FM3 — nipeprazHadeHH s
OYOYIUMX NMPOLSCCOPOB Ha OCHOBE apXHTeKTYphl «Fusions.

Socker M — tipenHasnaden i Intel Core Solo, Intel Core Duo
H Intel Core 2 Duo,

Socket P — pa3patGotka Intel, s 3aMeHH Socket 479 1 Socket M.

Sockert B (LGA 1366) — nopwiii untepdeiic i OyayVILIMX [Ipo-
neccopoB  Intel, BxmoOYaomx KoHTponnep maMaTH U [ntel
QuickPath Interconnect. '

Socket H (LGA 715) — Gynayinaa sameHa ana Socket T (LGA
775), 6e3 BKMOYeHHA KOHTPOIepa MaMaTH W Oomee HOBHMH BO3-
MOXKHOCTAMH COCOMHCHHS MpPOLICCCOPOR MO NPHHIHIY <TOYKA—
TOYKa».

Socket J (taxxke H3pecteH Kak Socket 771 mnu LGA 771) —
npenHazHaueH jorg HIT Intel Xeon (sopo Woodcrest).

Socket N — mna nsyxwanepHoro nponeccopa Intel Dual-Core
Xeon LV.

Tabmia 4.4 xapakreprsyeT Bce OCHOBHBIE MHTepeticu HIT co
BpeMeH Socket 1, mepeoro paspeMa OverDrive-nmpoHeccopoB, HC-
none3yeMoro npoueccopamy Intel 486 B nadane 1990-x rr.
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Tabauua 4.4. XAPAKTePHCTHEE HeEOTOPHIX HHTeDdelicon mpolieccopon

HaumeHoBa-

Yncno

WG | KOHTAKTOB Oniecatine
Socket 1/ | 1697387 |Wcnonbaoeannc 8 naatax (486, Pentium OverDrive, Pentium MMX
Socket 8 M Pentium Pro
Slot 1 242  |Monnep»MBaeTCA KHU-NAMATE L1 oo 512 KGaiT, COCTOAWAR U3 IBYX NO
256 KGaiir. Mcnonsaosanca AnA LN Pentivm 11, Pentium |11 w Celeron
Slot 2 330  [Axanorued pasbemy Slot 1, DAHAKO MOXET NORNEPNMBAT: 10 2 MGalT
K3W-NamATH, paliotaiowel Ha vactote UM, Wenonssosanca Ana Pentium
A1l Xeon
Shot A 242 |Paspabotan gna AMD Athion, mexanu4eckn coBMecTHM ¢ pastesom Slot
1, HO NOQKBPXKMBAET COBBPIIEHHD APYIWE 2NBKTPU4ECKNE LEnK
Socket 370 | 370 |3amexner Slot 1 ana LN Celeron ¢ 1999 r. Taoke ucnons3yerca aaa LN
Pentium 1) Coppermine » Tualatin B BAPHAHTAX, N3BECTHLIX Kax FC-PGA u
FC-PGA2 COOTBBTCTBOHHD
Socket 462 | PaspaGotad ans npoiteccopa AMD Athlon {Thunderbird), koTopeiid cogep-
A/462 Kan Ha KprcTanne Kw-namars L2
Socket 423 | 423 | Beene ANA yNOBNETBOPEHHA HOBLIX TpeSonannid Pentium IV, xoropbik
NOAREPIKABAN HOBYID CHCTEMHYK LimHy (FSB). Bxniouaer Tennopaccensa-
Tenb
Socket 603 | €08 |Mpennazxaven ana Pentium IV, fononswTentHble KOHTAKTLI OPHEKTAPOBE-
Hed Ma LM, KoTopbie GynyT CONEPATL HA KPMCTAANG K3W-NAMATS, A TAIKS
ANA AOAKNIOYSHUA APYTHX NPOLBCCONOR B MYTbTHNPOUECCOPHBIX CHETe-
max
Socket 478 | 478 |Pa3paGotan s nopnepxkn TexHonoriid 0,13 mon ana LN Fentium IV
Northwood B 2002 r. Wcnonkayetca TexsonomA PPGA (micro Pin Grid
Array)
Socket 754 | 754 |Beeneq AMD ans 64-paapagHix npousccopoB Athlon 64 ocensio 2003 1,
Socket 940 | 940 |Paapafiorka AMD nna LIN Opteron w Athlon 64 FX. [ina nocnepsero Gun
Jamenéd noanHee Ha Socket 938, koTOpLIR OpHeHTRPOBAH Ha Gones fewe-
BHIB CHCTEMHbH NAtaThl
Socket 939 | 939 |Buwinywew AMD ocedtio 2004 . oA wenonbaosankA kak B Athlon 84 (pa-
Hee — Socket 754), Tak w Athlon 84 FX (panse — Socket 940)
LGAT75/ 775 |Land Grid Array 775 — eseped Intel nerom 2004 r. licnons3ayeTcs WA
Socket T npoueccopoe — Pentium 4, Celeron D, Pentium 4 Extreme Edition,
Pentivm O, Core 2 Duo
Socket 479 | 479  |Taroke w3BecTeH kak mPGA479M » HawGonee pacnpoCTPANEH KaK PasvweM
ana Pentium M {mofuncoudl npoueccop)
Socket AM2| 940 |Buinywen AMD B 2006 r. gna Athlon 64 X2 na 5000+ v 4000+
SocketF | 1207 |Taxe aswieaemelii Socket 1207 — mynuTunpoueccopubil untepteitc
ana npoueccapoe Opteron u Athlon 64 FX
Socket 51 633 |PaapaBotia AMD nnA MOGHNBHLIX CHETEM € MCRONBI0BAHNEM

DDR2-SDRAM. 3amennet Socket 754 ana mobunbhex LN
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4.4, HHTepdeics nepudepuitbIX YCTPORCTB
M BHeWHUWe WHTepdench

PaccMoTpuM 8KpaTIiE Ha3HAYEHWE M HEKOTOPHIE XapaKTePUCTHKIN
unTepdeiicop nepudepniiHeix yerpolicts (moapobHee cM., HAIpH-
Mep, [10, 11, 15, 17]), nepeyeHs KOTOPLIX IPHBOAMTCA B Taba. 4.5.

Tatinuya 4.5. Ocaonuie TunM seprpepuinux yeTpoicTs 8 BX EnTepdelicn

Obmnik emn HaumeHoBIme, THD H HAIHZIEHNE, Gl awn HaumeHoBaHWe, FIN W HAIHAWE-
ofiopyaoBaHNA ukTeptheiic UGOPYAOBAHUA Hae, nHTepeiic
Samsung SE-WiG4L ¢ | Mikon Goolpix 35
BrewHwil Haxonwrens ; Liwthposan choToxzmepa,
Ha CO/DVD, nuurywwii PA3PEWA0MAR CNOCOTHOCTS
DVDzR 16x 6,0 meramaxcened,
3x zoom, sec 1351
USB/SCSI
USB, IEFE1394
Plextor PX-7604 Linksys ADSL2MUE
BCTPOEHHWR HAKOIMTENL: T Monem ADSL2, yeTpolcTBO
Ha CO/DVD, nwuvimii uncbpoBO#H CBAIN NO Tene-
DVD+R 18x OHHON HuHW
HDE/ATAPI/SEST flocnegosarensuii nopr,
uss

| Hitaehi Deskstar T7X250

Brytpexnui HXXM]] (~enHue-
CTap») ANA HACTONbHLLX MK,
dopm-thaktop — 35", em-
KOGTh 10 350 [Gadly

IDE/PATA/SATA/SCSE

Samaung ML-1610

Nasepusiii nprHTep
H3CTORLHLIX MK

Napannemsndk oopr, USE

. | SanDigk Cruzer Micro

DN3i-HAKONHTANL, BMKOCTh
256 MGaiit — 2 lGaiita

HP Scanjet 4690

HaCTONbHA CKAHEP BAA RO~
KYMEHTOB W TINGHOK

Napannonsuiii wrep-
aiic, USB
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Crneyugunayuu PC 98, PC 99, PC 2001

ITo nmmmariee xopnopanmi Intel 1 Microsoft 6eL1H paspaboTta-
HH PeKOMEHHNauMM no koHpuTypnpoaHuio [NK, ux KoMnmoHeHTaM U
XapaKTepHCTHKaM {2, 3].

B uvacTHOCTH, B coOTBETCTBHE ¢O crenmduxamel PC 98, noa-
coeMHAeMble yeTpoiicTra (cM. Tabn. 4.5) pekoMeHmyerca o003HA-
JaTh SIPALIKAMM, NpHBEACHHEMH B Tabi. 4.6.

Tatauya 4.6 OGoxaverns Aan yerpoitcrs u nopron [1K, pexonenayersie
coenndaxanpell’ PC 98

=S Ml Gt Bl -1 B
E% ::'ur:"ﬂu?:u:?: - (((9)}‘ mossaon % %;“mﬂ;icknm
& i | e L)
@ MokuTop O Haythwe @ :::gﬂﬂui
Knzemarypa mﬁm @. (Linka SCSI

Eﬁ, Mbiub %n:l:u:“on;m .%’ 1w USB

@ [T | B i |t
Mumepgeiics: nepudepuiinsix ycmpoicms

IDE (Imtegrated Device Electronics) — wnwtepdetic ycTpolcTp
CO BCTPOEHHHIM KoHTposnepoM (puc. 4.21). TIpM cosmaHHH 3TOTO
nHTepdeiica pajpabOTINKH OPHCHTHDOBAIMCH HA IIOAKIIOYCHHE
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Ll EIDE, PCI,
VL WK CHCTEMHaR
nnara MK

Hakonwrens wa M, CD-ROM wrm XKML,
coemacTmei ¢ EIDE COBMECTUMLHI ¢ EIDE

a

Puc. 4.21. Hurepdeiic IDE/EIDE:
g — 00111aa apXUTeKTYpa; § — NMapamensHuil pavbeM ATA/IDE; ¢ — nocienosarens-
HEIH payeeM ATA

IONUCKOBRIX HAKONMMTeNel. 3a cueT MUHMMANBHOTO VIAICHHA KOH-
TpOJUIEpa OT JMCKAa CYIIECTBCHHO IIOBHIBACTCA OBICTPOACHCTBHE.
B kauecthe cuHonuma wnHTepdeiica IDE npumeHserca TepMHH
ATA (AT Attachment).

Gusmzeckn uHTepdetic IDE peann3onaH ¢ TOMONIBIO TDIOCKOTO
40-3a0115HOTO Kabelid, Ha KOTOPOM Pa3sMEIaloTCA pasbeMBl 11 TION-
KMOYeHHA OXHOIO WM ABYX vcrpolicte. O0mas minHa Kabens He
JOXHA IIPEeBRNNATh 45 ¢M, TpUYeM PacCTOAHME MeXIy pasheMaMH
ACJDKHO OHITH He MeHee 15 oM.

Humeppeiic SCSI. SCSI (udTaeTca «CKa3w») — OTHH W3 IIPO-
MEIIUIEHHBIX CTAHZAPTOB WLIA MOAKTIOUCHHA IepHGbepHiHHX YCT-
pPOACTB — BHHYCCTEPOR, CTPAMEPOB, CMEHHEBIX XCCTKHX M MarHHTO-
OTITHUECKHX ITHCKOBR, cKaHepoB, CD-ROM u CD-R, DVD-ROM
u T o (puc. 4.22). K mmHe SCSI MoXxHO NOTKTIOYHT: IO BOCBEMH
YCTpOHCTB, BKMIOUAA OCHOBHOH KoHTposmiep SCSI (Mnm xocT-amarm-
tep). Kourponnep SCSI ApiisieTcd Mo CYTH CaMOCTOATENBHBIM MpPO-
IeCCcOpOM M MMeeT croio cobcTreHHyw BIOS (koTopas MHorma Mo-
¥eT pasmeliatbed B BIOS MaTepHHCKOH TmaTh).

Harepdeiic SCSI spngerca napamnensHeM U GHINYeCKH TIpei-
crammseT coboii mockuit kabenb ¢ 25-, 50-, 68-KOHTAKTHRIMH Pash-
eMaM¥ U TOOKMIOueHES nepudepuiiHBIX YCTPOKCTB.
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CwETaMHLN
Avck Crpumep

.. . BHaukssi
Mimuyupni ZiP-Haxonwren Cranep
CD-HaronuTens . HXMA

Puc. 4.22. Hurepdeitc SCSI:
a — MOJKIOYeHHe YCTpoieTs; & — aganTep

Breiunue unmepgpeiicss

TIpuBTEpH, MONEMbI M Apyroe nepudepuiiloe o6opyIOBaHHe
TOAKAYAIOTCA K KOMIBIOTEPY Yepe3 CTaHAApTU3HPOBAHHLIC BHTEP-
¢eiichl, UHOTNAa HasMBaeMbie nopmamy. B 3aBACHMOCTH OT criocoba
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nepegayd HAGOPMAUHH (MApa/UISBHOTO WIH MNOCHAEEOBATENLHOTO)
MEXTY CONpATacMEIMH YCTPOMCTBAMH pPa3iHYaloT MapavlcibHEIC H
HocneacBaTeAbHEE AHTEpPdeiCEL

PacnpocTpaHeHHEIMH SRIsI0TCH HATepdeiic Centronics, obecne-
YHBAMIMA pagAaNBHOE TIOOKIIOICHHE ITMPOKOI0 KPyra YCTPONCTE ¢
fapaineapHol mepemadeit nHGopMaiy, 1 RS-232, MaHusle Tpamm-
1HOHMEIE MHTepdeiiChl B HacTOAINES BPeMA BHITECHAIOTCA Bonee Obl-
crponeicTeyiompMA — USB m FireWire (ta6a. 4.7).

Tatsuya 4.7, XapAKTEpECTHRN OCHORELIX BHCIDHYX MATeppeiicos

Craunpapt log Buinycka mn‘?m?ﬁm
MocnenosatensHuii nopt (RS-232) 1960 0.0
flapannensiuii nopt (LPT) 1981 11
usBe 1995 12
FireWire 1995 400
UsB 2.0 2000 480
FireWire 800 2001 850

Hocaedoeameavuwiii nopm cmandapma RS-232-C. OGu4HO nepeo-
HAIBHMIA KOMITBIOTEP OOOPYAOBAH XOTA ON OTHMM TOCICHCBATE/b-
HBIM ACHHXPOHHHM aganTepoM (KOTOPEIA paclioftoXeH Ha CHCTEM-
Hol nnare OO0 OHOPMACH B Ka9eCTRE CMEAHON KapTh), MO-ApPYTO-
MY Ha3HBacMEIM nocredosamenshom nopmom RS-232-C. Nurepdeiic
RS-232-C swmsieTcd CTaHAapTOM gaa coexHHenua DBM c pasnau-
HBEIMM TIOCJIGAOBATENLHEIMH BHEUWIHHMM YCTpOHCTBaMH, B KauyeCTBE
KOTOPBIX NMEPBOHAMAILHO BHICTYIAIM B OCHOBHOM TEPMHHAJNHE U TIc-
qarapume ycrpolictea. B onepallHOHHLIX CHCTéMax KOMMEBIOTEPOB
IBM PC xaxaomy nmopry RS-232-C npHcpaHBaeTCA JIOTHIECKOE AMA
COML : —COM4:.

TlocnegopatensHad nepenava JAHHEIX COCTOHT B MMOGHTOBOH TIe-
pemaye Kaxnoro Gaitra umdpopoit mHbopmarmm B hopme kadpa dan-
HuX, COREPXATEro CHrHaAJI Hadana nepenaqH (Start), CHrHain OKOHYA-
HuA nepenaud (Stop) H HHGOpManuoHase 6urn (puc. 4.23).

HHoraa Hcmonp3yercss KOHTPOAbHBIM GuT P, KOTOpOMY NpHCBaH-
BACTCH TAKOE 3HAYEHHE, YTOOH o0llee YNCNO SAHHNII WIM Hymei
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Craproessi GuT EMTLI gaHHBIX BHT 4eTHOCTH Cronoewie Gursl
{Start) {Pawity) (Stop)
P | 5P
Bpenn -
Prc. 4.23. CTpyKTypa Xanapa DaHHHX TIPR Nepelade GaliTa MAQOPMalMY B CTAHAAPTS

RS-232-C

OBUIO YeTHEIM WM He4YeTHBIM. But (i Outnr) SP CHrHATH3INPYET
00 oKOHYaHHM Tiepenadn OaifTa.

Hcnonszosanue (unm Het) ouTos P, ST, SP 3anaer cdhopuam ne-
pedauu daunbix (kadpa) Ha yposHe RS-232. TpuHNHMalolee 1 nepe-
JalolIee YCTPOMCTBA AODKHB TIPHMEHSTE ONMHAKOBbIE POPMATEL.

Hapaaseapusiii nopm. Tlapaswienbdbiit nopt (Centronics) HCNONE-
3yeTcA NS OJHOBpeMeHHOH mepemaynl 8§ OWTOB HWHQOpMaIHH.
B xommnbioTepax 3TOT ITOPT UCHONBAYETCS TCHaBHEIM oOpasoM Ans
MONKMOYCHHUA [IPHHTEPd, XOTA 3TC0 He HCKIYAaeT BOIMOXKHOCTD
MOAICOSAMHEHHS K HeMy APYTHX YCTpOMCTB, HalpuMep rpadoro-
cTpouTtesicl WM maxe apyrux [ISBM,

KoHcTpyktuBHO 0ObBMHO OdopMieH B Bule 235-KOHTAKTHOTO
pazbeMa tHita D (DB25). UMeercs BoceMb IHMH JAaHHBIX, IJI% KaX-
A0H IHHH JaHHBIX CBOA JIMHAA 3a3¢MJICHAS.

IMapannenbHOES COEAMHEHKE NMPHUMEHSAETCA HAa pACCTOAHHAX HE
Gonee 5 M, HEKOTOphIE HCTOMHHMKM OrPaHHMYHMBAIOT PACCTOAHHE
1--2 M; IpH YBEJIMUCHWH JUTAHKI TIAPATHIENBHBIX IPOBOAOE BO3PACTAET
MEXIpPOBOAHAA ¢MKOCTh, YTO HPHBOIOMT K IEPEKPECTHBIM IIOMEXaM,
KpOMeE TOTQ, PACTYT MaTepHANILHBIE 3ATPATHI HA PEANTH3ALHIO THHWH.

OH pacrionaractcad OOBIYHO HA 3aHHEH CTEHKE KOMIIBIOTEpA KakK
D-obpasHas 25-KOHTaKTHad pO3€TKa. 1aM MOXET Takke WMMETLCH
D-o6pa3Has 25-KOHTAKTHAS BWIKA.

USEB (Universal Serial Bus) — craHmapt, pa3paGoTaHHBIN cOBMe-
ctio ¢upmamu Compagq, DEC, Microsoft, IBM, Intel, NEC u
Northern Telecomn (Bepcns NepBOTO YTBEPXISHHOIO BapHaHTa IO-
ABWIACh HOBONBHO AaBHO — 15 gHBapa 1996 r.) ¥ nmpeqHa3sHauye HHBIM
NSl OPTraHM3alMd COSNMHEHHS MHOTOYMCIEHHBIX M DPasHOTHITHBIX
BHEIIHNX YCTPOMCTB ¢ TIOMOIIBIO ¢IHHOTO HHTepdeiica (puc. 4.24),

OcHoOBHag Lenb CTAHNAPTA, NOCTABACHHAA IIEpel, €To paspabor-
YHKAMH, — CO3JaTh PEAIBHYIO BOSMOXHOCTh IIOJIB30BaTeNAM paGo-
Tath B pexume Plug-n-Play ¢ repndepmitabiMiE yorpolicTBaMH. BTO
O3HAYAET, ITO JO/DKHO OBITh NPEOYCMOTPEHO NMOTKMOYCHUE YCTPOR-
CTBa K paGoTaloiieMy KOMIIIOTEPY, aBTOMATHUECKOE paclio3HABaAHHE
€ro HEMCIICHHO INTOCAC TIOAKNIYCHHSA H HOCHC,D)’IOIJ.[Cﬁ YCTAHOBKH
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o L D i
[lJ |L1| : | |l||"|!"
DwofcTm Mbilik Manem Cranep KonoHm HUB _
N\

Dipyran nepucepus

Prc. 4.24. TIpuMep cocIHHeHHS MepHdepHitHBIX yeTpoiieT B USB-ceth

COOTBCTCTRYIOIIMX ApalieepoB. KpoMe 310ro, XenareiabHO NMATAHHE
I MAaJTOMOIIHHX YCTPOWCTB NONABATh Yepe3 caMy LIHHY.

Crarnapr USB noseonser moncoeanHuTs 10 127 yeTpolicTB Mo~
cJeNOBATSNIbHO WIH HCTIONE3ya KoHUeHTpaTop USB (hub), x xoTopo-
MY TMOACOSOHHAIONCA CEMBb YCTPOMCTB. PaskeMHB cOmEpXaT YeThipe
KOHTaKTa, BKIIOUas MpoBoma mHTaHHA (3 B) ana Takux HeOGOMBIINX
YCTPOICTB, XaK pydHOI CKaHep WM 3BYKOBAsA KOMOHKA.

Humepdpeiic FireWire. Bnicpsrie pasveMH 1EEE 1394 6rimm yera-
HOBNEHEI Ha HAQpoBMX Kamepax DCR-VXI1000 w DCR-VX700
(Sony). Ceromxsn niobGas DV-kamepa ocHamiaeTcss HHTepdelicoM
IEEE 1394,

Hurepdeiic Bo mHoroM nogo6er USB 1.0, Ho sBisgerca Gomee
ORICTPORASHCTBYIOMINM (B PAINHMYHLIX CrelM(MKAIMAX YCTAHABITHBA-
eTca OuicTpoaciicTere oT 12,5 M6mr/c ao 1,6 I'our/c u Gonee). Dro
CO3JaeT BO3MOXHOCTE N coennHeHHA wuHTepdeiicoM FireWire
IBM ¢ TakMMH YCTpoifcTBaMH, KaK aHANOTOBHE M [UdpoBEe BH-
JIEOKAMEPEI, TEIEBH30PH, MPAHTEPH, CSTERRIE KAPTH H HAKOMHTEIH
nHpopMaunu (puc. 4.25).

Hrrepdeiic FireWire nommepxmpaer CHHXpPOHHYIO W aCHHXDOH-
HYIO NIepenady JAaHHBIX H TIPEEOCTABMACT BO3MOXHOCTb TIOOKITIONE-
HuA o 63 ycTpoiticTBE Ha ofuH mopt. IIpH 3TOM mHoiepXHBAETCS
ckopocts mepeaayn 100, 200 u 400 Mownt/c (1. e 12,5, 25,
50 M@aitr/c), npopabaTeBaloTca BapHMaHTH Ha 800 n 1600 Moéur/c.
ITpu 3TOM pamTHIHBE TIAPE YCTPOMCTB MOTYT OOMEHHBATLCA JAHHHI -
MH Ha padTHIHOH CKOpOCTH, HanpuMmep Ha §00 u 400 Mo6wmr/c. ns
CBA3M HUCITOAB3VETCH IIeCTUXHWABHEIN MeIHBIH Kabent MNM OITOBO-
JNoKHO. H3 3THX miecTH NPOBOAOE ABa HAYT K NCTOYHHKY ITHTAHHA, a
qeThipe APYTHX, OPTaHM30BAHHBIX KaK OB¢ IKPAHUPOBAHHHIC BHTHIC
MapHi, ACTIONL3YIOTCA AN Nepenasn AaHHEX. Kabens B mesiom Takcke
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Pac. 4.25. CoeuMHEHHE pasHOTMIIHBIX #YCTPOWCTE B CEThb © MCIOIEIOBAHHEM
1EEE 1394 {a); pasneM (6) 1 xabGens (6)

skpaHnpoeaH. flo MpoBOAaM NHATAHHUA MOXET TMONABATECS HANPSIKe-
Hue ot 8 mo 40 B (Tox mo 1,5 A), 3T0 NO3IBOJIAET OTKA3aTBCA OT HC-
TOYHHKOB NTHTAEHS B nepidpepniHEX YeTpolicTBaxX.

4.5. ApxnteKTypbl Habopa MHKPOCXeM CHCTEMHOM NNATLI
{umuncer)

Chipset, nmi «PClset», — COBOKYIIHOCTE MHKPOCXEM, pa3Me-
IMeHHHIX HA CHCTEMHO# Ij1aTe, KOTOPLIC OPraHd3yIOT NMOTOKH KO-
MaHa H AanHeX B [T9BM. Ciona BXonsT OCHOBHAA NMaMSTh, BTOPHY-~
Had K3II-TIAaMATE H YCTpoiicTBa, cBA3aHHBe ¢ 1HHAMH [SA n PCI.
Kpome TOro, YNncer KOHTPOMMpYeT MOToK|A JaHHMX HXMJ u npy-
X YCTpoiicTB, coe¢OHHeHHEIX ¢ KaHaioM IDE. Uuorma B cocrap
YHIICET BKTIOYAKT H CaM NPpOLECCop.
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Apxumexmypa «Cesepusil mocm — I0xHbi MOCm»

Krnaccrieckiif YAMCeT COCTONT, Kak Mpasuilo, U3 JByX (pexe —
ONHOH HIH TpeX) MHKPOCXEM, B KOTOpPHIX ONHa, MOIACPXKHBAIOIIAsA
KoHTpoJuiep nmaMaTn, AGP, 1 Kaxkyiw-nu60 BCTIOMOTATENBHYIO WHMHY
{PCI 1o mobyio Apyryio) MeXny MHKPOCXeMaMH YUIICETa, OORMHO
HasuBaetrca Northbridge. CoorBeTcTBe KHO, KOHTPOJUICPH BBOIA-BH-
BONA, a B MOCKENHee BpeMs M KOHTponnep mMeE PCI, wHTerpupy-
101ca B Southbridge. Northbridge n Southbridge coeannsioTca To#
Wi wHol mmMHoHA. [TpuMepom Northbridge — Southbridge asagerca
Triton 430 TX (puc. 2.24, 2). Ha puc. 4.26 npuBeneHa CTpYKTypa
guncera AMD 750, XOTOphIli HMEET aHATIOTHYHYIO APXUTEKTYPY M
OpHeHTHPOBaH Ha mpotieccop Athlon. Habop MEKpocxeM cocTonT H3
IBYX YCTPO#CTB: CHCTEMHOTO KOHTpomaepa AMD-751 u KoHTposie-
pa nepudepuiiHbX yerpoiicts AMD 756.

Ulwma PCI Daunnbie 32 Gt

™ KouTponnep
» nepudepun
BIOS
WuHa ISA
- 18 bit data
UDMA/SE

Puc. 4.26. Apxyrextypa «Cepepuniit Moct — FOxumi MocT (uHncer AMD 750)
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OYHKIME CHCTEMHOTO KOHTpoiiepa (Northbridge):

¢ MOAKEPXKA VIMHHOTO MHTepdeiica ¢ MpONECCOPOM Ha YacTOTe
200 MTI'u;

e ongepxka umMHLL PCl 2.2 ¢ nogkmoveHHeM A0 IIECTH YCT-

~ POHCTE;

« niopgepxxa no 768 Moéaiir OI1 SDRAM DIMM;

s COBMECTHMOCTD CO cheimdikaumamMu AGP (1-x u 2-x rpacduka).

@yuknun nepudepritHoro Kosrpoiepa (Southbridge):

« niongepxka verpoiicts Plug-n-Play M craHnapToR ynpasneHUs
nerasdeM ACPI 1.0 u APM 1.2;

» TIOAICPEKKA KOHTPOJUIepa KIABHATYPE H MBILIH;

o pyakuun [IDE-koHTpoiiepa ¢ MOAZCPXKON BOZMOXHOCTEH
Ultra DMA-33/66;

s HHTEIPHPOBAHHBIKH KOoHTpoanep umiHel ISA B Moct ISA-PCI,
YIAORTECTROPAIOWHA cnenudukasa PC-97;

« KoHTpoiep USB 1 KOHOEHTPAaTOp HA YEThIpe IMOpPTA,

Apxumexmypa AGPset

TIpenycMaTpHBaeT YCKOPeHHOE B3aMMONeicTBHE ¢ noptoM AGP
(2-x rpadmxa) ¥ NpegHA3ZHAYCHA WA UCONL3OBAHUA B CepBepax M
pabodnx cTaHIMSX Ha Tipoueccopax Xeon. BrimymueHHHH B OHHO
BpeMd ¢ nipoueccopoM Pentium II Xeon B cepennne 1998 r., aumcer
440G X arngeTca pasBuTHEM GoNlee paHHero BapuadTa 440BX.

Wwsa PCIE 33 MINy
133 MBadivic

Puc. 4.27. Apxurexrvpa AGPSet (unnicet Intel Triton 440GX)
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Ynmcer moaAepXWBacT JBA THHA PajheMOB JUIA Nporeccopa —
Slot t u Slot 2, cnor pacimiaperns 2x AGP, noaxmoverie 2-x HIT n
maxcamMyM 2 TGaiita mamsati (puc. 4.27). IlopaepXHBaeTcH Takxke
paboTta BTOpPHIHON IIHHE Npoleccopa ¢ nonHo# vactoroit LTI, uro
no3eonder KI3H-naMATH 2-10 YpoBHA nponeccopa Pentium IT Xeon
paborats Ha 4actore IIII.

«Heoxnaccuveckue» apximexmypsi dns AMD K8

Kak yxe oTMeuanocs panee, B apxutektype K8 xoHTpOmep ma-
maTn uETerpupoBad B LITT H TeM cambIM yacTh PyHKIHI «CeBepHO-
o MOCTa» BOTUIOUICHBI B Ipoieccope. TIoaTOMy UMIICETY OCTacTCs
TONBEKO PeATM30BaTh KOHTPOJIEpH BBoJa-peiBoga, PCI m AGP.

Vid-yuncem dan npoueccopoe AMD (VIA K8T800) muinonHeH B
MOYTH KJACCHYSCKOM BapuaHTe (puc. 4.28, 4.29) — ¢ «CeBepHbIM
MOCTOM» (He 3arpyXeHHHM B3aHMOJAEHCTBHEM ¢ MaMATEIO) U «HOx-
HBIM», KOTOpHE coemHeHbl IMHON 8X V-Link ¢ npomyckHoll cmo-
cobHocteio 533 MGaiit/c. B kavecTBe «lOXHOro MocTa» HCIONB3YET-
ca yunm V18237, xorophliii MONAepXKHEALT;

« BoceMb noptoe USB 2.0;

» n8a nopta Parallel ATA133/100/66 ¢ monaepXxo¥ 10 YeTHpEX

YCTPOMCTB;
+ 3BYKOBHE pemeHna ot VIA — VIA Vinyl 5.1 & Vinyl Gold 7.1;
« nBa nopta SATA c nognepxxoii RAID;

a (3 ¢

Pac, 4.28, Yuncer VIA KSTS0():
a — «Cepepurniii Mocts K8TE0); 6§ — <lOxHwil mocTs VTB217; ¢ — CHCTEMHAA TNaTa
ASUS K8V Deluxe ¢ unncetom VIA KSTR00
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MR AR R IRBIRRIVEYY
¥ Onepatwanan

NEAMATE: I
PP TRISTARLTIRITT Y

§ Fwnep:T pacnopT
g 1,6 TGadtt/c

3x AGP
oy ST Il o

i

3
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Pre. 4.29. ApxarexTypa sumcera VIA KSTE00

» nHrerpupoBaHubiii 10/100 BaseT ceTeBoit KOHTpOLIEP;

» noOKmMoIeHne koHTpo/nepa Gigabit Ethernet.

Apxumexmypa AMD-8000. AMD pa3paGotana Habop H3 Tpex
MHKPOCXEM, Ha3HBAacMHX TYHHEIAMH, HoA oOIUHM HAMMEHOBAHHEM
AMD-8000. C noMouIpio KOMOHHAIINI 3THX MMKPOCXEM MOXHO CO3-
IaBaTh KaK YHIICeTH A AellleBbIX HACTONBLHBIX MOIeNeH, TaK H 1A
BHCOXONIPOW3BOANTE/IBHBX pabouymx CTaHLMA M JaXe VIS MHOTO-
npoueccopusix cncreM. HaGop Mukpocxem AMD-8000 Moxmo cpaB-
HHATH ¢ HAOOpOM KyOHKOB, H3 KOTOPBIX MOXHO CO3IaBaTh Jolnie mo
CIOXHOCTH peileHns (puc. 4.30).
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a ] e
Puc, 4.30. KoMmonenTst AMD-8000:
a — AMD-8151, HyperTransport-AGP tunnel; 6 — AMD-8131, Hyper-
Transpori-PC1-X kontpomnep; ¢ — AMD-8111, HyperTransport {KoWTpownep BEO-
da-peiBoga, wvHe PCI, BIOS u Bce ocTapiunecs gyvkun — IDE-xouTpowiep,
USB 2.0, cers u mp.)

AMD-8151 Graphics Tunnel npencrapnger cofoil KoH-
tponnep AGP 8x ¢ mponyckHodi cnocobHocTrio 2,1 TGaitt/c. KpoMme
T0r0, JAHHHIA TYHHEAb WMEET JBAa ECTPOeHHHIX nopra Hyper-
Transport — Link A (Bxonmoif) 1 Link B (peixomguosi). Ieppuit 1H-
Tepdetic (Link A) apasercs 16-GHTOBHM ¢ rronocoii mporycKaHHs
6,4 Toalir/c (o 3,2 I'Galit/c B KaXmoM HanpapleHHH). Bropoi
(Link B) — yxe 8-GuToBHIi1 ¢ monoco#i mponyckauwda 1,6 I'Gaitt/c
(o 0,8 T'6aiiT/c B XaXaoM HANpaBIEHHH).

AMD-81311/0 Bus Tunnel — KOHTpONNED UITHHH, Fpel-
Ha3HauYeHHHH U1 MCTIONB3OBAHHA B CEPBEPHLIX CHCTeMaX. TYHHENb
obnapaer apymsi maTepdeiicamu HyperTransport (Link A u Link B),
kaKk 1 B AMD-8151. Cam konrpowtep PCI-X noamepxupaer abe He-
3aBHCHMEIe PCI-X-HIMHBI ¢ BO3MOXHOCTEIO YCTAHOBKH HO IIATH YCT-
POHCTB HAa KaXIYIO.

AMD-81111/0 Hub — xoHTpoLIep BBOAA-BBIBOIA, B3 Xo-
TOPOTO BOOOIIE HEBOIMOXHO MOCTPOUTh CHCTEMY — OH JOJDKEH 064-
3ATENLHO MPUCYTCTBOBATE Ha NMy1aTe, B MHHAMANEHO BOIMOXHOM KOH-
¢bHTYypanNH IJTaTa MOXET cOIepXath JUIb OMAH TYHHeI: AMD-8111
I/0 Hub (npu 3TOM IIpeamnonaraeTcs, u4to cucreMma Oyaer 6e3 momn-
nepxaxy AGP). Tyarems AMD-8111 1/0 Hub obGnamaer onHUM-¢THH-
cTBeHHRIM 8-GuroBbiM MHTEPheiicom Hyper Transport ¢ npornycxHoi
cnocobHOoCTEIO 800 MGaliT/c i comepXxHT Bee BeoGXOMMMBIE KOHTPOI-
JiepH BBOXA-BHIBOAA, KaK M KnaccHyeckuil «FOXHLI MocT» moagep-
xmBaeT X0 BockMH ycrpolicts PCI (32 6u1/33 MI'n), mmects mopron
USB 2.0, apa kanaia IDE ¢ nonnepxxoit ATA 33/66/100/133, cere-
Boit agamrrep 10/100 Mbur/c, MmogeMm AC'97, mecTHKAHANBHOE AYIHO
u LPC-mmnny.

Apxutextypa AMD-8000 nosponsier, KpoMe OTHONPOLIECCOPHBX
CHCTEM, CO3IABATH MHOTONpOLIecCOpHHE (pHc. 4.31, 4.32).
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BRI EEMATH

Mpouyeccop
Optaron

MmnepTpaxcnopy
1,6 NGutic

AMD B131
% KosiTponnep
g FCI-X
Paxuemi
FunepTpaHcnopT
FCIX 1,6 Fowrlc
PCI-X AMD 8131 PCLX
Ko,
PCI-X

Prc. 4.31. Cuctema Ha yeThipex nponeccopax Opteron ¢ HenoasiosanHeM AMD-8000
(apXMTEKTYPa «IIOCKad pelleTKas, cM. puc. 2.41)

NnepTpaHcnopr
1,6 NMouric Npoysccop
Optaran
FunepTpancnopt
" 4@lbwrlc ]
Npoysccap
FunepTpaHenopT Opteron
1,6 FGuvic
FunepTpaHcnopT
1,6 Mwric

AMD B111 |ll1maPCl

Mpacwma |

HoHTpOnRep
SCsi sacaa/emeona | LPC
Knapuarypa
x
Ayano

g

Pastemsl

[Fussr]

Pre. 4.32. CucteMHan 1iata KOMIBIOTEDA € METHPLMA Dpolieccopamu Opteron

B TaGa. 4.8 tpHBOOATCA HEKOTOPHE XApaAKTepHMCTHKH HaGOpOB

muKpocxeM Intel n Via.
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KouTponbHuie BONPOCH!

1.
2.

3.
4.
5.

~
:

10.
11.
12,

13,
14.
15,
16

OxapaKtepnayWTe CTpaTerii yNpaBAEHNA HEPAPXHUECKOH RamMATHIO,
Haiosute gBe OCHOBHHE PAIHOBUAHOCTH NAMATH KOMNLIOTEPA,

“to npepcraenset coboii ON? Hakopo ero HasHaveHwue?

B yeM paznudue mex gy cTaTUMECKOR W AWHAMUYECKOH NaMATLIO?

B 4em cyTe npuHUK®Ra ORHOPOAHOCTM NaMATH! Kakue BOZMOMHOCTH OH OTKpbI-
Baet?

. B ueM zaimwoyaeTcs npuHL N agpecHocTH?

Y10 TaKoe «npAMOi» M «0GpaTHHiD nopagow Gaitros?

. OnuwwTe npuHLMNE OTKPUTONR apxuTenTypw IBM PC,

Y10 Takoe uwTepdeRcn? Kakoeb HX Knaccw?
Napeyncante BHyTpeHHUe HHTapdalick U falTe NX KPATKME XAPAKTEPUCTHUHM.
Nepeyucnute uHTepdeiicy HakonuTenel W AaATE UX KPaTHHE X3PaKTEPHCTHHA.

Aepeyncante HHTEphRHCH BHEWHUX YCTPORCTE M AaATE MX KPaTKWe XapaKTeph-
CTHKMN.

Y10 Takoe NOKanbHLE WHHBIY

OxapaxTepu3yiite pa3HOBMAHOCTH aPXHTEKTYPH YHNCETA.
Y70 BXOAWT B COCTAR YMnceT?

Yro Takoe apxurexktypa Northbridge-Southbridge?



3aknioueHue

KoMnbioTephl B COBpeMCHHOM OOLUICCTBE B3SNH HA ccha 3HAYH-
TENMBHYIO 4acTh paboT, CBA3aHHBIX ¢ WHbopMammeii, Tlo HcTopmie-
CKHM MEpPKaM KOMIBIOTCPHEIC TEXHOJIOTHH 00paboTKn WHGOpMaLHH
ellle O¥YeHh MOJOTE M HAXOAATCS B CAMOM HAYANE CBOCTO Pa3BHTHA,
nipeoOpasyd HIH BBHITECHAA TPAAHIIMOHHBIE TEXHOJIOTHH 0OpaGoTKw
HHPOPMalLHH.

DBM xapakTepH3yIOTCH MHOXECTBOM MOKAATeNed - CHCTEMa
xoMaHn {oGllee KOMHUSCTBO BHITIOMHASMBIX OMepaillin), GLICTpoaeii-
CTBHE IERTPANBHOIO MPONECCopa, €éMKOCTH ONEPATHBHON W BHEN-
Hell maMsTH, KOJHYECTBO M HOMEHKIATYpa OFHOBPEMEHHO NOACOE-
JHHAEMBIX mepubepHUiHEIX YCTpOiicTE, OTpebIAeMan IMEKTPO3HED-
ri2 M gp. Ha Bcex 3Tamax HCTOpHMH paseuTHA DBM cosmatenn
CTPEMWINCH BCE GONBINE MOBBICHTH MX MTPOM3BOAUTEIHBHOCTD, 4 MOMb-
30BaTENIA MCUTANH (M MCUTAIOT) [TOIYYHTL B CBOC PACTIOPAKCHHE €1IIe
Oonee MOMIHBEIE M (PYHKIIKOHANLHO §0j1ee GoraThie BEIYHCIHTELHEIS
cpeactea. IloABWINCHE pa3HOTO THNA BHEMHCIMTEIBHBIE CHCTEMH,
pasHooOpasHEe MHOTONPOLECCOPHBIE APXHTEKTYPEL, B APXHTCKTYPES
CTANIO MPHMMEHATECA MHOXESCTBO PAIMYHEIX (PYHKIHMOHAIBHBIX 37ic-
MEHTOB H Y3JIOB (HAIIpEMED, TAKHX, KAK KA3UI-MTAMITh) H T. A,

Ecnu ke paccMOTpeTh HCTOPHIO Pa3BHTHA HMHGPOPMALMOHHBIX
TEXHOJIOTHI, TO MapalnensHo ¢ pasBuTHeM DBM ycnemso paspusa-
JKCh CYIIECTBYIONIHE N NoABNAANCh HOBHe HT, C noAsncHHeM MHK-
POIpOLECCOPOB B HMCTOPHH BEIYMCIHTEABHOH TeXHUKMH HAvYanach
anoxa MEKpoDBM, a ¢ pasBHTHEM MHKPO3JIEKTPOHHOH TEXHONOTHH
(110 Mepe BO3PACTAHHA CTETICHM HHTErpallid B pacitHpeHHA (yHK-
IMHOHANBHBIX BO3MOXHOCTEH MHKpPO3NEKTPOHHBIX CX€M) CTATH IOSB-
JIATLCA HOBBIC MHKDOTPOLIECCOPH H Ha HX Oa3e Oosiee COBepLICHHEIE
BBM. B xOHEUYHOM CYETE STOT MEPHOL O3HaMEHOBAICS LMpodai-
1AM PaclpoCTpaHeHHEM BO BeeX cdepax 9enoBedeckoi AeATeNBHO-
cTH nepcoHambHEIX SBM (II3BM) H pasBHTHEM TEXHOMOTHH aBTO-
dopManmzanMK 3HaHMWM,
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VBenHYCHNE eMKOCTH CHCTEM HaMATH H MOBHILCHHE ofiueit mpo-
u3popuTenbHOCTH {1IK mpueenn K Gonee WHMPOKOMY pacpoCTpaHe-
HHIO (a3 [aHHLX B PavMIHYHLIX ABTOMATH3HPOBAHHEIX CHCTEMAaX
YIpapneHHA. DTH H Pl EPYTHX (AaKkTOPOB IPHBEIH K TIOBHIUEHHIO
EHHQCTH Pa3sAHYHLIX HHOOPMAHORHBIX pecypcos. IlosBriack He-
00XOmMMOCTE MPEIOCTABHTE JOCTYT K 3THM pecypcaM MHOTHM IOMb-
3oBarensM. BO3RMKIIN TOKANBHEIE BHYHACTATENbHBE ceTH (JIBC), Ko-
TOphle JaNH BO3MOXHOCTE B HEKOTOPOU CTENEHH PELIUTD ITY 3alady,
a TAKKe MOBHICUTh 3HpeKTHBHOCTE HCMOMB3OBAHHMA AOPOTOCTOSALIIMAX
ANMAPATHBIX CPEACTB (HANIPUMEP, IPHHTEPOB, IHCKOB H Ap.).

Pacumipaincs GyHKIHOHANBHBIE BO3MOXHOCTH HoBRIX TTK H on-
HOBpPeMeHHO NOABMSTHCH HOBEIE 3amaum, TpeGyiolue eime Oonee
MOIIHEIX HAKONHUTENEH, MpoueccopoB U T. A, OObeINHEHHE TEXHOIO-
iy c6opa, XpaHeHH, NEpegady M o6paGoTKN MHGOPMALIMHM HA KOM-
NLIOTEPAX C TEXHHKOH CBA3M MPHBENTH K Waee CO3Mapna Gonee Mo~
HEIX H IUHPOKUX rAOGANTBHEIX BHYHCAHTCALHEIM ceTeil. PaspaGaThi-
Banyce Hoebie WT, crassmive cBoM cnenudrueckmne TpeboBaHNA
neped, BWIHCAHTENBHON TEeXHHKON. IJTOT HMHUKIHYECKHH mpolece
TIpOTpecca HEIIPEPHIBHO NMPOAOJIKASTCA.
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fNpunoxenue 1

TROCCApUl TEPMUHOB K COKPALLEHUIA
(PyCCKMit A3bIK)

Adanmep (0T aam. adaptare — NPHAAKHBATD, KOPOME TOBOPH, — <lpH-
cnoco0aeHKe»). YeTpOoHCTBO CONPAXKEHHS LHEHTPAABHOIO ApOLIEccopa H me-
pudepHIiHEIX YCTPOMCTE KOMITLIOTEPA; KPOME 3TOTC, MHOTAA OCYIECTBIAET
byuxunu ynpasaeHUA nepudepriiHeIM yeTpoitcTBoM. OOLMMHO BEINONHEH B
BHIE MUKPOCXeMB H NOMelleH Ha CHCTEMHYK) MNaTy, MOXeT ORITh [IpeacTan-
JieH OTHenbHOMN maaToi. MHorga Ha3piBaeTcd KapToH WIM KOHTPOLTEPOM.

Afpec — HOMEP KOHKpETHOTO BaitTa OnepaTHBHON NMaMATH KOMITBIOTCPA.

Axxymyaamop — 1) yerpoficTee, phipabaThiBaloliee HISKTPHYECTBO My-
TEM NpcoGpa30BAHMA XMMHYECKOH SHEPTHM B JMCKTPHYSCKYWD; 2) aueiika
MAMSATH, HCIIONB3YEMAs A XPAHCHHSA pE3yALTATOB BHMHCHCHHA, OOBIMHO
TAK HA3BBAIOT OAMH M3 PETHCTPOB (CYMMATOD) B apHPMETHKO-JIOTHYECKOM
YCTPOHCTBE MpPOLECCOpA.

Axceccyap (otr ¢hp. accesoire — NPUHALTEKHOCTE). DISMEHT KOMITBIOTEpA
MR MPOTpaMMHON cpeabl, KOTOPHH MOXET OMTE HCMOAL30BAH TONBKC BMGS-
¢Te Co Beell cHeTeMOi, HO MPHOOPECTH M YCTAHOBHTE €0 MOXHO OTAEHBHO.
HanpiMep, K MYLIETUMEIMITHEIM aKCECCYapaM KOMIBIOTEPA OTHOCATCH KOM-
NaKT-INCKH, 3BYKOBbIE ATanmTephl M KOJMOHKM, H Mp.

Aszelpa sozuxy — pazgen MaTeMATHKH, HM3YMAOLIMEA BbICKA3LIBAHHA,
paccMaTpHBaeMele CO CTOPOHB MX JIOTMYECKWX 3HauyeHHit (MCTHHHOCTH WIH
JIOXHOCTH) M NOTHYECKHX OMEpalMil Hal HHMH.

Ateopumm — TNICHATHOE M TOMHOE NpeANHCcaHHe (YKa3aHHMe) HCMOAHHTe-
N0 COBCPLHMTE: OIIPEACICHHYIO IHOCNEA0BATCABHOCTDL ,[[{':ﬁCTBHﬁ, HanpapncH-
HBIX HA AOCTIDKEHHE YKA3aHHON LIENH HAH PElICHHE NOCTABACHHON 3afayM
(MPHBOAAILYIO OT MCXOJHBIX HAHHBIX K HCKOMOMY DeayabTaty).

Axatozoean sumucAEMEIRAR MAWERG — BLMUCIATENEHAA MALTHHA, KO-
TOpast ONEPHPYET JAHHLIMH, NPEACTABICHHBIMH B aHAJIOMOBOM BHAe. AHAno-
rOBbi€ BRIMHCIHTENEHBIE MALHHLI TPAKTHYECKH BCETIIA XECTKC CelManian-
POBAHHL

Angaozo-uudpoeoi npeobpazoeameas (Allll, ADC) — ycrpoiicTso, npe-
obpasyoluee aHanoroBeiit CHrHAK B uMbpoBoit.

Apupmemnro-sozuneckoe yempoiicmeo (AJIY) — uacth mpoueccopa, Ko-
TOpas NPOM3BOAMT BHIONHEHHE ONEpaudil, NPEAYCMOTPEHHBIX JaHHLIM
KOMTIBIOTEPOM.

Apuuemunecxue onepayun — eTHpe AeHcTBHA APHOMETHKH (+, —, ¥, /)
W olepaliud NMOMYYEHHA OCTATKa oT geneHns (%) obpasyior rpymiry apudme-
THYeCKIX onepaumii. Ux BRINONHEHHE He HMeeT KakhXx-1ubo ocobeHHocTeH,
KpOME KaK Npeofpa3oBaHHC THUIIOB NMEPCMEHHEIX TPH MX HECOBMANEHHU,
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Apxumexmypa deviinoli rezasucusod muntt (DIB — Dual independent
Bus) — apxuTeKTYpa NOCTPOEHNA Mpolieccopa, NpH KOTOpol JaHHbIE nepe-
JANTCA MO KRYM IHHHAM HE3aBHCHMO ADYF OT APYTa, ONHOBPEMEHHO M Ma-
pPAMIENbHO,

Apxumexmypa omxpsimans — apxuTexTypa, paspaboranHag ¢pupmMoil IBM
ANA MePCOHANBHEIX KOMNBIOTEPOBR. OCHOBHBE NPH3HAKM: Hamwame obuieit
HHGOPMALIMOHHOM WHHL, K KOTOPOH BOIMOXKHO MOOKAKYEHHE PazIMYHbIX
HOTIOMHKTENEHHX YCTPOMHCTE 4EPE3 PasbeMbl PACHIHPEHHS, MOIYIABHOE MO-
CTPOEHHE KOMIIBIOTEDA.

Apxumexmypa npoueccopd — KOMIUIEKC €70 ANNapaTHHEX ® NpPOrpaMMHBIX
CPeAcCTE, NMPesoCTARIMEMBIX TONb30BATENIO. B 310 061iee NOHATHE BXOIMT HA-
Gop NpOrpaMMHO-JOCTYNIHEIX PETHCTPOB M HMCIOJHHTENBHBIX (OMepanMoH-
HHIX) YCTPOHCTR, CHCTEMA OCHOBHEIX KOMAHZA H cNOCODOB ajpecaunH, ofbeM
H CTPYKTYDA ANPECYEMOM NaMsTH, B K criocobn 00paboTKM nmpepHBaHMii.

Apxumexmypa orr Helimana — apxuTeKTypa KOMIBKIYTEPA, HMEIOUIETO
ORHO apHMMETHKO-N0THYECKOE YCTPOHCTEO, Yepe3 KOTOpoe MPOXOIUT ITOTOK
OAHHEIX, H OAHO YCTPOHCTBO YMPABNEHHA, Yepe3 KOTOpOe MPOXOTHT MOTOK
KOMAH],

Apxumexmypa 3BM — obluge onncaHWe CTPYKTYPH H dyeKupH 3BM
Ha YpOBHC, BOCTATOYHOM 14 NMOHHMaHMSY NPHHIHIIOB paﬁon.l H CHCTCMEL
KoMaHo 9BM. Apxurexrypa He BKTIOHACT B cebf onmcaHMe AeTaneil Tex-
HHYECKOTO M GM3NUYECKOTO YCTPOiicTBa KOMMBIOTepa. OCHOBHHBIE KOMINO-
HEHTH apXMTeKTypH DBM: npolieccop, BHYTPEHHSAS (OCHOBHAA) NMaMATD,
BHENIHAA TAaMSATb, YCTPOHCTBA BBOIA, YCTpOiicTBa BRIBOIA.

Acunxponnan nepedana dannnx — cnocob nepesadid 1 METOI M3BASYSHUA
FAHHBIX M3 HENPEPHBHONO MOTOKAa cOUOINEHHH, NPH KOTOPHE NMepelaicilan
CTOpOHA B KAXKZOE JAHHOE BBOJHT CTAPTOBHIA M CTONOBHII OHTBI, YKAIHIBAKD-
IIHe, [ AaHHOS HAYHHASTCH H ¢ KOHYAETCH.

Baiim — mamuHHOE CNOBO MUHHMMAJILHOW pasMEPHOCTH, afpecyeMoe B
npotecce oOpaGoTKH AAHHBIX.

Deaycroenan nepedava ynpacsenus TIPOWSBOANTCH KOMAHOOH JMP, KOTO-
past 3arpyxaet B nporpaMmuniii cyetank CaAK HoBOE COnEpKHMMOE, RBAAIO-
LieecH ampecoM cleaylei ppmontgeMoil KoMasiap. JToT agpec JnGo He-
NOCPEACTECHHO YKA3BIBaeTCA B KOMaHae JMP {npsamas agpecauwsa), JuGo Bhi-
UHCIAETCA K4K CYMMa Tekyniero comepxmmore CyAK o 3agaHHOro B
KOMaHI€e CMELLEHNs, KOTOPOE ABMIETCA YHCEOM CO 3HAKOM (OTHOCHTEIbHAS
aapecaums).

Bam (or anze. Blnary digiT — asoudHas egnHNEA) — SAMHMLA H3MeEpe-
HEA KOMMMecTBa HHPOpMAaLHHN, paBHAsS KOMMUECTBY HHGOPMALMH, ColepXa-
IeMycs B ONbITe, HMEIOLUEM OBa PABHOBEPOATHHMX HCXOZA. IT0 HaHMEHb-
mad eAMHHIA HHpOPMAUHM B HHAPOBOM KOMIBIOTEPE, NPWHUMAIOIAS 3HA-
yeHust «0» wam «l».

Baox-cxema — 1) rpadudeckoe NpEACTARNCHUE AITODHTMA, MOBEINAK-
mee HarmaaHocts amroputma. CocraBneHue GIOK-cxeM OCOBEHHO NOJNE3HO
HAYHHAIOLUHM TIporpaMMMCTaM; 2} rpaduuecKoe NpeIcTaBAeHHE COCTaBd
TEXHHYECKHX CPEICTE WIH CTPYKTYDH CHCTEMDI.
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Bod (baud), bumjc (bps) — eauHHLA M3IMEPEHMA CKOPOCTH NEpEHadH
AAHHBIX.

Byaseaa aszebpa — paipen MaTeMaTHYECKOH NOTHKH, H3Y4alOmM BuICKa-
3BIBAHHA H ONEpallMH Hal HHMW. Hall BRiCKASHIBAHMAMH BO3MOXHBI OTIEpa-
IMH: M (KOHBIOHKIHA &, A); WM (AM3IBIOHKOMA, V), «eciu ..., TO®
(MMIUTHKALINA, —); ABYCTOPOHHSSA WMIUIMKAUMA (SKBHBANCHTHOCTh, ~); HE
(OTpHLIAHHE, ~).

Bygep — 1) aonoaAHNTEN HAS HAMATH ANA BPEMEHHOIO XpPaHEHHMS HOaH-
HeiX. Bydep npenHa3HayeH IS KOMNeHcaUlH Bonee HM3KOM CKOpOCTH pa-
GOTRI BHIXOTHOTO YCTpOKCTBA 10 CPABHEHMIO CO CKOpPOCTAMH paboThl mpo-
Heccopa H onmepaTMBHONA naMatH. Bydep MHOTHX Na3epHEIX IIPHHTEPOR, Ha-
NMpHMep, cocTanager oT | 10 HECKOARKHX Merabaiir, 2) yacTh onepaTHBHOMK
MAMATH, HCTONBAYEMass CHCTeMOH LIa BpeMEHHOrO XpaHeHMs JAHHBIX NMpPH
BHITIONHEHHM OMepanuii KOMHMpOBAHHA H NepeHOCca.

Buicmpodeificmsue naxonumesn — CKOPOCTh YTEHMS/3allHCH AAHHEIX B
Hakonmurene, OnpeAcnaeTca OBYMA TApaMCTPAMH: CPEAHHM BPEMEHEM J0C-
TYNa ¥ CKOPOCTHIO NepeladH JaHHBX.

Boicmpodeiicmene npoyeccopa — CKOPOCTL BHIOIHEHHA ONEPALHIA HIpo-
meccopoM. Tak Kak CKOPOCTH BHITOJMHEHHA OTRENBHBIX onepalHii y npolec-
copa pa3Had, TO 33 CKOpocTk paboThl Beero mpoleccopa NpHHUMaKT aubo
CKOPOCTh BRIMOJIHEHHS KOMAHN <«pPerHCTp-—perHCTp», NHOO0 CKOPOCTH BHI-
NMOAHEHHA KOMaHA Ham YHCAaMK ¢ ILTaBapowieit samaroit. Tlocnenuas nMeer
cneumanbHoe HaspaHMe — ¢aonc (oT Flops — FLoating point Operations
Per Second). TummsHeIMM MepaMH OnicTpoaeiicTeua asngiorca 1 ['mrag-
gonc (10° on./c) m 1 Tepaguonc (10'2 on./c). O606UIEHHANM TOKA3ATENEM
CKOPOCTH MPOLECCOPa SBIETCH TAKTOBadg YacTOTa M TN mpoileccopa. Ha-
TpHMep, MpH TakToBo# 4Yactore 66 MI'n ¥ mpoueccopa 486-DX ckopocTh
54 maH XoMmaua/c; y Pentinm npu To# %e¢ wacTtotre — 112 MaH KoMaHa/c.

Reod — cuMTHIBAHME W Nepenaya HHPOPMALHH ¢ BHEWIHETO YCTpOHCTBa
B NaMATh KOMIBIOTCPA.

Bewecmeennoe wuca0 — THN NAHHBIX, COACPXKALUMA YMCna, 3aHCAHHEIE
C JECATHYHOM TOYKONA H (MIH) C JECHTHYHBIM MOPHIKOM.

Bupmyasenas namsms oTnugaerca or obpigHOM OIl TeM, uT0 Kakue-To
£¢ PEAKO HCMONb3YEMHE (PPArMEHTH MOTYT HAXOAMTECA Ha JUCKE M TIOATPY-
*xateca B peadbHyio OIT mo mepe HeoGxoaumocTH.

Brewnue pecmpoiicmea (BY) nogkmiovaiores K CHCTEME ¢ [TOMOIILIO HH-
TepheiicoB, peandiyOUMX OIpegeAeHHLIE TIPOTOKONE NApA/LIENLHOTO HIN
nocnegoparensHoro obmena. K BY oTHocATes — KiIaBMaTypa, MOHMTOD,
BHEUIHHE 3aNOMHHAIOLME YCTPOHCTBA, HCIONE3YIOUIME THOKHE WIH XeCTKHE
MAarHWTHBIC JMCKH, OnmTHYeckie FHCKH (CD-ROM), MarHHTHHIC NEHTEL H
APYTHE BHABI HOCHTeneil uHdboOpMalMM, AATIMKM H npeobpazoBaTeNd HH-
dopmanmn (aHaTOrO-UHPPOBHIE WIH UHPPOAHANOTOBbE), HCIOAHUTEIbHbBIE
yeTpoiicTBa (HHOHKATOPHL, MPHHTEPH, WICKTPOABUIATEIH, pelie H ApYTHe).

Bocemepumpag cucmema cHucAeNys — TMOSHLMOHHAA CHCTEMA CHHCICHUA
¢ ocHoBauueM 8. Hanpumep, 123g=1-82+2-81+3-80=64 + 16 + 3 = 83),.
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Boigog — peayneratl paGOTH MPOTPAMMBI, BHAABASMBE KOMITBIOTEPOM
NONBL3OBATENIO, APYTOMY KOMIIBIOTEPY WIH BO BHELIHIOW NAaMATS.

Buckassieanne — NOHATHE MATEMATHYSCKOH NOMNMKH, ONpelesIeMOe KaK
TMIOECCTBOBATCIIEHOE TIDEAJIOKCHHME, KOTOPOS MOXET OBITh HCTHHHHM HITH
JIOXHBIM, HO HE MOXET OMTH HCTHHHBIM M JIOXITHIM OAHOBPEMEHHO. Ha.u
BHICKAAMBAHMAMNE BO3MOXHO MPOMIBOINTE NOrHYeCKHe onepauun. Ha mpo-
CTHX BBICKABHIBAHHH CTPOATCA CIIOXHBIE, .

Tapeapdcxan apxumexmypa Xapakrepuzyercs QHIMYSCKHM pasieieHHeM
TAMATH KOMaHA (NpOTpaMM) H MAMSTH JaHHHX, YTO HO3BOASET OJHOBpE-
MEHHO ¢ YTEHHEM-3aNHCEIC HAHHEIX MPOM3IBOANTE BBIGOPKY H AEKOIHRPOBA-
HHe clienyloiied KoMaHmu.

Tenepamop maxmoeoii wacmoms — yctpolicTBo nia BHpaBOTKH Yepe3
PABHHIE OTPE3KH BPEMEHM NMOCHEHOBATE/ILHOCTH HMOYALCOB. Bpemsa Mexiy
OBYMA MOCHEROBATEILHBIMM MMIIVABCAMH HA3BIBACTCA TAKTOM.

TuOxusi maznumnsili duck — IWCK H3 THOKOH mnacTMacce! B 3allIHTHOH
ANACTMACCOBON YNMAKOBKE, B KOTODOH IIPOpe3aHBl OTBEPCTHA WA TOAXO0a
MarHUTHHIX TOJIOBOK BBOJA-BHIBOAA. JIHMCK MOKPBHIT MarHUTHEIM COCT3BOM.
YacTo HasbBaeTcA (NONIMH-IHCKOM HWIM DMcKeroii. HMcmonesyores AMCKM
miaMeTpoM 5,25 u 3,5 moiiMoE.

Tuzabaiim (I'0aiiT) — egMHMUA M3MEpPeHMA KOJMYECTBA IAHHBIX I
obpeMa naMATH, pabHas 10° GaHT. AnpTepHaTHBON ABASETCA NPeIAOKEHHEI
IEC meowdHbit raraGait — GiB (GibiByte) = 230 6aiir = 1024 MiB. Pacxox-
IeHHe cocrasnger 2,4 %.

Tiaenan, (enympennan, onepamuanan) nEMRING KOMITBIOTCpA — YIIOPARO-
YyeHHAs [MOGISIOBATEIBHOCTE (MaccHs) G6aliTOB WIH MAIHHHHEX COB (A4eeK
mamsatH). HoMmep SaliTa WIH ¢10Ba MaMATH, Y€pe3 KOTOPHId OHO JOCTYIHC
KAK M3 KOMAHJ KOMIIBIOTEPA, TAK H BO BCEX APYTHX CAy4YadaX, HAILIBACTCA a0-
pecoM. EcnH B KOMaHge HENOCPENCTBEHHO COOEPXKMTCHA agpec NAMATH, TO
TAaKOH JOCTYII 3TOMY CHOBY NMaMATH HA3HBa3eTCA NpaAMol ampecalnen.

Hdamuux — ycrpoiicTbo, cofecneyupaloliee periCTPALMIO Kakoi-mubo
dH3muecKoil BEMYHHBL, NPeOOPa3OBaAHHE ée B CHIHAE {ODBIMHO 3NEKTPH-
YEeCKUE) M nepefaqy STHX CHrHanoe ana obpaloTku B CHeTeMy YNpaBlieHHA.

Heouunas cucmema cHHCACHEA — TIOZNUHOHHAA CHCTEMA CUMCIEHMS C
OCHOBaHHeM 2. JINA 3aIMCK YMCceN UCIONb3YIOTCS RBOHYHBIE HHGPH O H 1.
Hanpumep, 101101, =1-254+0-24+1-25+1-2240.2' +} . 20=45;4. W3-
BECTHH TAXKE TIPOM3BONHBIC CHCTEMbI CUMCHEHHs (CTEMeHH 2) — BOCBME-
PHUHAA M INECTHAANATEDHYHAA.

Jeolinar mownocms (Double) — uncioroe maHHoe (C (GHKCHPOBAHHOMN
MM IUIABAKOLHEH TOYKOM), pa3MEINEHHOE B ABYX MAILMHHEBIX COBAX, Tpebyer
MOMAEPKKH OMepauMii cHelManbHOH# apHPMeTHKH.

evlinoe ca080 — MaIIHHHOE CAOBO ABOIHOH LTHHBI, HCTIOAB3YETCA ANA
VECIHYEHNA JUANA30HA NpeacCTaRAeHHA LeJBIX yicen. JIpoiiHue cnopa obpa-
OaTHRalOTCH MO0 OTHCNEHEIMH KOMAHAAMM NEpoleccopa, THHO mporpaMMHO
(3Mymamma).

Junamunecxan onepamusnas namams (ot grza, Dynamic Random Access
Memory — DRAM — IMHaMHYyecKad IaMsTh ¢ NPOH3BOJBHBIM JOCTY-
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MOM) — THI AQIYNPOBONHHWKOBOH OMCpaTHBHOH mamMarTh. Kawnwit mmomy-
Hblil paspaa (OUT) XPAHHTCA B CXEME, COCTOAIIEH M3 TPAHINCTOPA M KOHICH-
caropa.

Huex — HOCHTENDL JAHHBIX B (opMe KpyTaoil MNacTHMHM, Ha KOTOPYIO
OCYILECTRASACTCA 3aNHChL pa3HHMH crnocobaMn. YerpolicTBo, KOTopoe 3anu-
ChiBaeT (YKTaeT) HAHHHE Ha/C HMCK/a, HA3bIBACTCA HAKOMMTEREM IAaHHBIX.
Jucku pazanualoTed no cnocofy 3amucH/9TeHUA AAHHB, BOSMOXHOCTH HX
3AMEHH, TOIOTHOCTH 3anucH. Tlo cnocoby 3anucH/urenus JHCKH OJensaTcs Ha
MATHUTHBIE, JAa3sepHbHe (ONTHYECKHE), MAarHHTOONTHYeCKHe. MarHuTHBIE
OHCKH, B CBOIO OMCpEnb, ACHATCA HAa FHOKHE M xecTkme. Macro mox <auc-
KOM» [IOIPA3YMEBASTCS HECKONBKO AMCKOB, OOLEIMHCHHBIX B MAKET.

Hucxoeod — ycTpoiicTBO, YRPABIAIOIIEE BPALICHUEM MArHHTHOTO/ONTH-
YeCcKOro JWCKa, YTeHHeM M 3alMCBHI0 JAHHBIX Ha HEM.

Jlucaunsuna obesyxncusanus FIFO (First In First Out) — obBcnyseaHue B
NOpsAgKe NOCTYTUICHHA: «NEpBHM TIPHIUEA — MepBHM OGCITYXKUBACTCA».

Hucaunauna obcaymensanun LIFO — obcayxupaHHe B IopagKe, obpar-
HOM NOPAIKY NOCTYIUICHUS: <ITOCASOHWM NPHLIEA — NMEPBHM OOCTyXHBACT-
car» (Last In First Out), UcnoneiyeTcda nmpH 06MEHE CO CTEKOBOM MAMSATELD.

Honoanumesvusiii xod — 6e33HaxoBaA GopMa NPeACTABNEHHA YHCCA CO
3HaKoM. B mBOMYHOM CHCTEME CYNCNIEHHR JOTONHCHME Kaxmoil undpsl BH-
IIRAKT XKaK MHESPTHPOBAHHE NBOMYHOTO pa3psana, T. . 3aMeHa 0 Ha | M Ha-
obopor. EcM Xe 3HAK YMCNA MPeacTaBisaeTcs CTAPUIMM pa3paloM MallvH-
HOTO CNIOBa, TO NOIYYACTCHA MPOCTOil cocol MpeACTaBICHHA OTPHLUATENBHO-
0 YHCJIA — B3ATh aBCOMOTHOE 3HAYeHWe YHUIA B JBOMYHON CHCTEME;
WHBEPTMPOBATL BCE PA3pANH, BKMIOMas 3HAKOBHIA; JoDaBHTH 1.

Jpaiigep (Driver) — pedMACHTHRI NPOTPAMMHEHIN MOXY/Mb, OCYIIECTB-
JAIOWME YIIpARICHHE BHEITHHM YCTPOHCTBOM M CBASE ¢ ONMepalHOHHON cHC-
TeMOi M MPHKIATHHMH pOTpaMMAaMM.

Kecmunii mgzrnmuwi duex (KM, HAMI) — nucx mna gonrospeMes-
HOTO XpaHEHHA JaHHBIX HA KOMNbOTepaX. B ornH4yMe oT rHOKoro MarHMTHO-
I'0 A¥CKA, KOTOPBIF ABNAECTCA CBEMHBM, XecTKHH MarHMTHBIA THCK cOCTaB-
JSET CAHHOE LEN0E ¢ NUCKOBONOM.

Sanomunaromee yempoticmeo (3Y) — yCTpoiCTBO IUTA 3aITHCH, XPAHCGHWS
H BHAAYM JaHHBIX. PasnHyaloT ycTpoficTRa AOATOBPEMEHHOIC H ONEPATHB-
HOTO XpaHCHMA JaHHBLIX, OHH X¢ 3HEPrOHC3ABHCHMBE M 3HEPro3aBHCHMEIS,
TOIBKO WA YTEHMA NaHABIX (NOCTOAHHOE 3aMOMHHANILECEe YCTPOHCTBD —
M3Y, KOMMAKT-AWCKH) H KaK J/1A YTeHMA, TaK M IH1S 3aAHCH. B 3aBHCHMO-
cTH oT GH3MYCCKIX MPHHIIHIIOE XPaAHEHHs AaHHKIX PAlIMYAKIT MATHHTHEIC,
MATHHTOONTHYECKHE, ONTHUECKHE M NOJIYIPOBOAHHKOBME (CXEMHEIE) yeT-
poHcTRa.

3amuma ramamu ocyliecTRIICTCA NyTeM GNOKHPOBKN JOCTYNA K MaMfi-
TH IPYTHX nponeccob. OOHH M3 cnocoBOB — BeA NMaMATh ACAHTCH Ha CTpa-
HHIHB, H ¥ KDKI0H ecTh 3aMCK — 4-GHTOBBIH MPH3HAK, KOTODHIH MOXHO yC-
TAHOBHTh TOJABKO TPHBHIETHPOBAHHON KOMaHIOM.

Fawumennviid pewcum (protected mode) — pexum paboTel npolEeccopa
Intel 386, npH KOTOPOM OH BHITIOTHACT MHOXSCTEO NMPOBEPOK KOPPEKTHOCTH



Inoccapwil TEpMUHOS W COKPaULeHWH {PYCCHIIA A3LIK) 469

obpamesnit X IaMAaTH, BBIZ0BOB (PYHKIIMIA, JOCTYNA K MOPTaM BBONA-BHIBOIA
H T. 4. Taxas 3aNMUEHHOCTS TIO3BOMSET ONEPALHOHHOH cCHCTeMe 06padaThI-
BaTh OlHGouHKEe onepallH. JIng Toro 4To66l NMETE BO3MOXHOCTL HCMONS-
30BaTh BCE QOPECHOE MPOCTPAHCTBO H MPEHMYIIECTBA BHPTYATBHOW TMaMATH
npoueccopa Intel 386, nNpuaoXeHHe AOMKHO paboraTh B 3AMHINEHHOM pe-
KAMe.

Humezpatonan cxema (UC) — peanmniaunsa 3MEeKTPOHHON CXEMEL, BRI~
HaI0WIel HeKOTOPYIe OYHKUNIO, B BHIE ¢AMHOTO MOMYRPOBOOHHUKOBOTO KPH-
CTANMA, B XOTOPOM H3TOTOBNEHH BCE KOMIIOHEHTH, HEOOXOIHMEIE JUTS OCYIIle-
CTRIEHNS 3Tol GYHKLIHH. Braiouaer COBOKYITHOCTb TPaHIHCTOPOB, AHOMOB,
KOHIEHCATOPOB, PEIUCTOPOR H Ep. CBA3AHHBIX MeXIy coboif MHKPONpPOBOAHH-
kamMu. UC MIroTaBnMBaeTcA MO TEXHOMOTHH, OOSCTIEMHBAIOIIEH TDEASIbHO
Mankbie pasMePH H BRICOKYIO HageXHocTs. 1o konHuectey anementos UC yo-
JNOGBHO mensaT Ha maneie (MHUC) — ¢ KOTHYECTBOM 3/1€MEHTOB B KPHCTA/LIE
no 102, epename (CHC) — mo 103, 6onpume (BUC) — no 104, ceepxBonmbmue
(CBHC) ~— mo 105, ynstpabonbiune (YBUC) — mo 10° n ruraGonsiime
(TBUC) — Gonee 10° aneMeHTOB B KPHCTATLIE,

Humepgheiic (or anza. inter — mexcay u face — nuuo) — 1) pzaumonei-
CTBHE MEXAY MIEeMEHTAMH CHCTEMBL WIH CHCTEMaMH; 2) COBOKYIIHOCTL
CPEACTB, CTAHAAPTOB, CHIHAJNOB, PayneMOB, ODecnevHBalowWas oOMeHn JaH-
HBIMH MEXIY YCTPOHCTBAMM, 3) B3aUMOACHCTBHE MEXIY YENMOBEKOM H KOM-
NILIOTEPOM.

Hugopmanur, edunuyst uzmepenua, DNeMeHTapHoI egnHUNIEH nHdopMa-
HIHH ABNAETCH GHT — 3TO OAMH ABOWYHBIA paspsaa, 8 GuT obpasyior | Gaiir.
Bonee KpyHHBMH SIHHHUAMH ABIAIOTCH: 1) SAECATHYHDIC SHHHMIEI, 3 RMEH-
Ho — 1 K&éaiir = 103 Gaitr, 1 M6aiit = 103 K6aitr, 1 [6aiir = 103 Mo6aitr,
1 T6aiit = 103 [Baiit; 2) OuHapHbLIe enuaAs, B ToM yncne 1 KiB = 1024 Gaiir,
1 MiB = 1024 KiB, 1 GiB = 1024 MiB, 1 TiB = 1024 GiB.

Hexarouenus (exception) — HelUTaTHBIE CHTYALIMH (OWHOKKH), BOZHHKAID-
e npd pabore npoueccopa.

Hcexoonuii xod npozpammss — Kol, HAMHCAHHBIN Ha A3b1Ke MPOTPAMMH-
POBAHHA.

Kapmpudwe (oT anzs. carttige — TNIATPOH, KACCETA) — CMEHAEMAst acTh
ycTpoiicrsa. OGHIYHO T0 KacceTa, B KOTOpo# XpaHHTCS Kpacsllas IeHTa And
OPMHTEPOB, TOHEP ANA NA3¢PHLIX NMPHHTEPOB WM MHOXHWTC/ALHEDL Anmapa-
TOB, YepHWIA 1) CTPYHHBIX TIPHHTEPOE W Np.

Kusobaiim (KGaiit) — cIWHMIA W3MCPEHHS KOAMYECTBA NAHHHX HAH
ofbeMa namath, pasaas 107 6aidT. ATETEpHATHBOH SBISETCA NPENAOKEHHBIA
IEC aponynmi#t kmnobaitt — KiB (KibiByte) = 210 Gaiit = 1024 Gaitr. Pac-
XOXIeHHE cocTapader 2,4 %.

Kod ASCH (or agw2n. American Standard Code for Information
Interchange -— AMECpHKAHCKK# CTAHAADTHEIA XKOA AnA oOMeHa MHGOPMamm-
eif) — craHaapr KOAHPOBAHHMS CHMEBONOB JIATHHCKOrO andasuta, undp n
BCIIOMOTATENBHEIX CHMBONOB MNM gelicTErit B Buze onHobaliTOBOIO ABOMY-
HOTO Koaa (1 Gadt =8 6ur). IMepBoHayanbHO CTAaHAAPT OMpEneisUI TOJNBKO
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128 cumBonor, Hcmonkesya 7 6T (ot 0 mo 127). Henonp3osadue Beex 8 OMT
TIO3BORAET KOAMpOBATh cine 128 cumBonoe. B srom cmywae rosopar o pac-
mmpeHHOM ASCIlI-kope. JonomHHTensHble CHMBOAB MOTYT GHITH JIOOBIMH,
HM OTBOmATCH KoaH oT 128 mo 255, CUMBOAM KMPWIMHUL KOOHURYIOTCH
uMcHHO B 310l wactm ASCII-kona.

Kod Unicode — craHmapT 1nsi MpeICTabBAeHIsT CHMBOJMIOB C HCTIONL30Ba-
HHeM 16-pa3paaHuix konop (2 Gaiita). Homyckaer 635 536 cuMponoB.

Koduposanue (Coding) — ycTaHOBNIEHHE COINACOBAHHOIO (Y3aKOHEHHO-
TO) COOTBETCTBHA MeX Ay HA0OpDOM CHMBOQJIOB M CHTHAMAMH MMM OGUTOBRIMH
KOMOHHALKAMS, NPSICTARMMIOIIMME KAKIRE CHMBOL and LieAelk nepegadaw,
XpaHeHHs HAH o0paboTKH JaHHBIX.

Komarde npepctapnaer coGoil DBOMYHOES YHCIO, KOTOPOE COCTOMT M3
HAByx wacreil (noaeit) — kona onepauun (KOII) u aapecnolt yactn (AJY).
Koa omepauMH 3a0acT BHA OTIEpPallMHM, BHMOMHACMON NaHHOH KOMaHpmo#, a
Al onpenmensier emfop onepaHaoR (Cnocod agpecallMk), HAL KOTOPHMH
NMPpOM3BOTHTCA 3aNAHHAA ONepallda. B 3aBHCHMOCTH OT THNA MUKPONPOLICC-
COpa KOMAaHI2 MOXKET COACPXATE PATMIHOE YNCHO pa3psanos (Gaiiros). Ha-
npuMep, KOMaHabl npoueccopob Pentium coaepxat ot 1 ao 15 Gaiitos, a
GoNBIIMHCTBO MpolieccopoB ¢ RISC-apxurekTypoil Mcmonksyer (MKCHpO-
BAHHHIH 4-0aiiTopsmi GopMar WA MOOLIX KOMaHK,

Komanda mecmuposanus TST SABNACTCA ONHOONEPAHAHHIM BapHAHTOM
KOMaHIB cpaBHeHMA. TIpH BLUIOMHEHHH 5TOR KOMAHIBI YCTAHABAMBAOTCS
NpH3HAKH N, Z B COOTBETCTBHH €O 3HAKOM H 3HauyeHHeM {paBHO WAH He
PaBHO HYTIO) aApecyeMoro onepaHia.

Komanos: apudpmemunecxux onepaynii. OCHOBHEIMH B 3TO# TpyNne ABNA-
I0TCH KOMaHILI CHOXEHHs, BHIMMTAHMA, YMHOXCHHA H JeNIeHHA, KOTOpHE
HMEIOT pan BapHaHToB. KOMaHAB! CNOXeHHS ADD M BHYHTAHHA SUB BHIIOI-
HAIOT COOTBETCTRYIOIHE OMCPallH ¢ COASPXMMBIM NBYX DETHCTPOB, PETHCT-
pa M AYCHKM MAMSTH MNH ¢ UCITONBIOBAHHEM HEMOCPEACTECHHOTO ONEpaHaa.
KoMaHIH ADC, SBEB NPOM3BOIAT CNOXEHHE H BHYHTAHHE ¢ YYETOM 3IHadve-
HMAS MpPH3HAKA C, YCTAHABIMBASMOTO TIIpH GODPMHPOBAHHM NEPEHOCA WIN 3a-
€Ma B NMpoHecCe BHIMOMHEHHA npeabnyineii onepaunn. KoManaa NEG HamMe-
HAEeT 3HAK OTepaHfa, NEpeBoad €ro B SOMOJHMTENEHBE Kot Onepaunn yMm-
HOXeHHs M HeleHHA MOryT BHIIONHATECA HAJ YUCAAMH €O 3HAKOM
(KoMaHaK IMUL, IDIV) wid Ge3 3HaKa (KoMaHibl MUL, DIV), OauH U3 omne-
PavaoB BCETAA pa3’MEINacTCa B PETUCTPE, BTOPOI MOXET HaxOOHTLCH B Perd-
cTpe, AucHKe MaMSTH WIH OHTL HEMMOCPESACTBEHHEM OmepaHooM. Peaynbrar
OIEpallMH PACTIONAraeTcd B pericTpe.

Komanoe: Oumoctix onepaumii. DTH KOMAHABL TIPOH3IBOAAT YCTAHOBKY
JHAYECHHUA NPHIHAKA C B PETHCIPE COCTOAHWIA B COOTBETCTBHM CO 3HAYEHHEM
TecTHpyeMoro 6uta b, B agpecyeMoMm omnepaHie. B HEKOTOPHIX MHKPONpo-
ueccopax e pesyabTaTy TeCTHpoBaHuA GHTA MPOM3BOLUTCA YCTAHOBKA NPH-
3HaKka Z. Homep TecTHpYyeMoro GHTa # 3agaercd JHOO CONEPXWMBIM YKa3aH-
HOTO B KOMAHAC PETHCTpa, JM00 HEMOCPCACTBCHHBIM ONCPAHOOM.

Komanodvt eaooa IN u swieoda OUT peannsyior nepechUIKy JaHHBIX H3 pe-
THCTPa Mpolieccopa BO BHELUHee YCTPONCTEO WIH TNpHEM JAHHHX H3 BHEID-
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HETO YCTpO#icTBa B perHcTp. B 3THX KOMAHAAX 3alaercs HoMep MHTepdeiic-
HOTO YCTPOMCTBA (HOPTA BBOJA-BHIBOIA), UEPe3 KOTOPOE NMPOM3BOAWTCHA Tie-
penasa DaHHRIX.

Komardw soauveckux onepaumi. TlpakTHYeckd Bee MPOLECCOPH NIPOM3-
BoaaT norpdeckye onepaunn <H», «HUJIH», sMcxmovaomee UJIH», xoro-
PEI¢ BHEIIONHAKYTCA HAA OSJHOMMEHHEIMHM Pa3pAfaMM ONEpPaH/ICR ¢ MOMOUIBI;
KOMaHx AND, CR, XOR. OnepailMy BHIIONHAKTCA HAL CONEPXHMEM OBYX pe-
THCTPOB, PETHCTPA M AYEHKH MaMiTH UAM ¢ HCNOJbL30BAHMEM HENocpeacT-
BEHHOrO onepaHna. KoMaHaa NOT WHBEPTHPYET 3HAYSHKC KAXJIOTO paspana
onepaHaa.

Komardw op2onuiauun npo:paMMNBIX KHKA0E OCYILECTBIUIIOT YCIOBHEIA
nepexon B 3aBHCHMOCTH OT 3HaYeHMA COOSPXHMMOTO 3aJaHHOTO pPeTHCTpa,
KOTOpBI HCNONBIYETCA KaK CYeTYHK IMKnoB. Hanpumep, B mponeccopax
Pentium ans opraHM3auMH LHHKNOB MCNONB3YETCA KOMAHAa LOOP M PerncTp
FCX. KoMaHaa LOOP YMEHBIIAET CONePXHMOe ECX Ha | (ZeKpeMeHT) H npo-
BEPAET MOMYYeHHOE 3HaucHHe, Ecnu comepxumMoe ECX # 0, TO BRENOAHACTCSH
nepexol K KOMaHOe, aapec KOTopOoil ONpenenieTed ¢ MOMOLIBK) OTHOCHTE b-
HOM aapecaunH (cMelleHHe 3a8aHO B KoMaHae LOOP). Ecam ECX = 0, To
BRIIQJHACTCA CACAYIOMIAS KOMAHAA TIPOTPaMMEL.

Komands: nepecoraxy. OCHOBHOH KOMaHZOM STOH rpynnsl SBAFETCA KO-
MaHIa MOV, koTopad o0ecneyHBACT MEPEChUIKY JAHHBIX MeXIY ABYMs perH-
CTPAaMM HJAH MEXIY PerBMCTpOM M S4elKOoH maMsTH.

Komanow npepoieanufi INT oGecneyHBaloT nepexol K OofHOH M3 mpo-
rpaMM OOCTYXKMBAHHWA MCKAIOUEHHH M NpepHBarHH.

Komangw pacuupenus SIMD («Single I[nstruction-Multiple Data» —
«Onna Komanga — Muoxectso JauHpixy). Takue onepauHH LIMPOKO MC-
HONB3YIOTCA 471 0OpaboTKH H300paxeHHli, 3BYKOBBIX CHIHANIOB M B APYTHX
TMPHNOKEHWAX, JIAS BHIMOJHEHHA 3THX OIEpallHi B COCTAB TIPOUECCODPOB
BBSIEHBI OAOKH, PEANMHIVIOUIHE COOTBETCTBYIOINME HabOpH KOMAHIL.

Komanow coeuza. CaguracMerii onepaHt MOXET HAXONHTECA B DETHCTPE
WIH myefiKe MaMATH, YUCNIO paspsiolb CABHIA 3a0aeTCsa ¢ NOMOIUBIO HEmo-
CPEICTBEHHOID ONepaHia, CONSPXALIErocd B KOMaHAS, WIH ONpeIciaeTes
CONEPXHUMEIM 3aJAHHOTO PeTHCTPa. B peanwsaumH copura oGeMHO yYacTByeT
IpH3Hax nepenoca C B perucrpe cocTosHHA (SR MM EFLAGS), B KOTOPOM
pacnonaraetcd NOCNEIHWN paspsal ONepaHna, BBUIBWMIAacMEIH W3 PerucTpa
WK A4eHKH NaMATH.

Komandw cpaswennun u mecmupoeanus. CpaBHCHHS ONEPAHOOB OGLIMHO
OCYILECTRIISETCA ¢ [TOMOIIEI0 KOMAHOM CMP, KOTOpas NPOR3BOIWT BEIYHMTA-
HHE OTEepaHIOB ¢ YCTAHOBKON 3HauYeHH nmpH3HakoB N (3Haka), Z (Hoas), V
(mepemonycHER), C (IICpeHOCa) B PETHCTPE COCTOAHHS B COOTBCTCTBHH C IO~
AYYCHHHM pe3vasTaToM. IIpH 3TOM pe3yabTAT BHMHTAHMA HE COXpAHACTCA,
H 3HAY9CHHA OMEpaHIoE He MaMeHATcd. Hocaemylomui ananus momyueH-
HBbIX 3Ha4Ye¢HHH NMPH3HAKOB TO3BOAET ONPEISIUThE OTHOCHTEILHOS 3HAYCHHE
(>, <, =) OIEpaHOOR CO 3HAKOM WM Oe3 3HaKa.

Komandw ynpacsenun npuanaxamy o6ecneqMBAIOT 3aMHCh-YTCHUE COREp-
AKHUMOTO PETHCTPA COCTOSHHA, B KOTOPOM XpaHsTCA MPH3HAKH, 3 TAKKE H3IMe-
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HeHMe 3HadeHMil OTAALHEIX NpHaHakor. HanmpuMep, B mpoueccopax Pentium
PeATAZYIOTCA KOMAHAL LAHF M SARF, KOTOPHIE BHIIQJHAIOT 3arpy3Ky M-
mero Gaiita, roe ComepXarcd NMPH3IHAKH, M3 PETHCTPA COCTOAHMA EFLAG B
Mnamuni 6aiT perucTpa EAX M 3anojHeHHe Maanmero Safra EFLAGS M3 pe-
THCTpa EAX.

Komanow ynpacienan npoueccopom — KOMAHIH OCTAHOBA, OTCYTCTBHA
OMEpallHM W pAf KOMaH[, ONPCIeNsIOmMX peXuM pabors mpoueccopa Kiu
ero oraeiaesisix 6nokos. Komanaa HLT MpeKkpaliaeT BHITONHeHHE [pOTpaM-
MBIl M HEPEBOAUT MPOLECCOP B COCTOAHHE OCTAHOBA.

Komanou yeaoensix nepexodos (BeTENEHHH NpoTpaMMBl) TIPOM3BOAAT 3a-
py3ky B CaAK HOBOro conepxmmoro, eCAH BEIMOAHAIOTCH ONpeneesHble
YCAOBHA, KOTOpEIE OORIYHO 3a0a10TCA B COOTBETCTENH C TEKYIIHM 3Ha4eHHeM
PANHYHEIX NPH3HAKOB B PETHCTPE COCTOAHNA. ECIn yoIoBHe He peanmusyeT-
Cfl, TC BRIMONHACTCH CACAVIOINA% KOMAHAA TPOTpaMMbl.

Komnaxm-9uck — IUCK ANA NOCTOAHHOTO XPAHEHWH OaHHEIX, TPeACTaR-
AmOUME coBoit KPYT H3 MAACTHKA WIH ANOMHHHEBOTO CIUIAPa, IMOKPHITHIH
33MTHOH Hpo3padHOod TLAeHKOM.

Konmpoasep (or awza. control — ynpaBiATB) — YCTpOWCTBO, KOTOpOE
cBA3HBaeT nepHbepHiiHoe obOpYIOBAaHHE HAH KaHANB! CBA3IH C UEHTPANb-
HEIM [IPOLECCOPOM, OCBODOXAAA MPOLECCOD OT HEMOCPEACTBEHHOIO YIIPaB-
NeHHA PYHKUMOHHPOBAHUEM JaHHoro obopymosaHuna. KOHTpOMLIEp BHINGIT-
HAeT MHTEPIIPETALHI0 KOMAHH IpoLeccopa NS OTAENBHBIX YCTPOMHCTB.

Koceennas adpecayus — c/iydai, KOTNa MAlIMHHOE CIOBO COOEDXKUT afg-
pec APYTroro MammHHOro cropa. Torda HocTynm K JaHHMM BO BTODOM Ma-
INHHHOM CJIOBE Yepes NepBoe HA3HBAETCs KOCBeHHOM ampecanmefi.

Kow-namams — cBepXOnepaTMEHAA MaMATh, obpalileHHe K KOTOpo# Ha-
MHOro 6picTpee, 4eM K ONepaTHBHOM, H B KOTOPOH XpaHaTca HaMbonee 4ac-
TO MCHONbL3YeMBe YYACTKH NocaenHetd,

Jozumeckue onepauuy. Hag 3HaYeHMAMH YCIOBHBIX BHIPDAXEHHMH MOXHO
BHIMOMHUTL norwueckue onepaunn «H» (&, AND), «<HJIH» (|, OR) n «<HE»
{!, NOT), koropble 06beAHHAIOT 110 NMpaBHAaM JOTHKH HECKOABKO YCIOBHI B
ogHo. baarogapda ToMy, uTo mobas JormyecKad onepauns MoxXer OuiTh npea-
CTaRIeHa ¢ MOMOIIBLIC TPeX OCHOBHBIX JOTHYeCKMX onepaliuii, Habopa ane-
meHTOB «H», «<HJIH» 1 «HE» B npHHLHITE JOCTATOUYHO LA MOCTPOSHMA M10-
Goro ycTpoiicTBa NMpoleccopa KOMNBIOTEPA, A TAKXKe WiA OMHCAHMA JIOCHX
ANTOPUTMOB,

Jozwmeckuil 3aemenm (6enmuas) — 4acTb MEKTPOHHOM ToruyecKkodl cxe-
MH, BHNOTHAWINGS 1eMEHTAPHYIO JIOTHYECKYK: DYHKIHIO.

Jozimeckoe evtcxasseange — J0OOS TNpEioXKeHHEe, B OTHOWEHWH
KOTOpOr0 MOXHO OJHO3HAYHO CKA33Th, HCTHHHO OHO HIIH JIOXHO.

Jinmon (HaKONEHHWK — laptop) — NMOPTaTHBHAKI KOMIBIOTED, MO CBO-
HM pasMepaM Gmuskuii K moprdemo. Ilo SHcTponciicTEMIO H MAMATH NPH-
MEPHO COOTBETCTBYET HACTOABHBIM MEPCOHANBHBIM KOMIBIOTEpaM.

Mazucmpasnno-modyssnas cmpyxkmypa — pacnpocIpaHesiHas CTPYKTYpa
OBM, B XoTOpOIi OTOENbHBEE YCTpOHCTRA (MOOYIIH), BXODALIHE B COCTAR CHC-
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TeMH, oGMeHHBaloTC MHMOpMaUHei mo obuleli cucreMHuolf mHHe — Marn-
CTPaiH.

Macaomatupyemocms — CBOHCTBO CHCTEMEI WIM €€ OTHENbHBIX yacTel,
XAPAKTEPH3YIOIEEe BOZMOXKHOCTE CUCTEMBl MIPHCIOCAGIHMBATECE K YMEHBILE-
HHIO HIH YBEIMMEHHMIO e¢ OTHeNbHMbLX MapameTpob. Hanpsmep, onepaumos-
Hble cHcTeMbl Windows AMeloT MacluTabupyeMulit MONB30BATENBCKHMH HHTED-
¢etic, xoropsit obecreuHBacT COIMHAKOBEIA BHEHIHMI BHA NPH HCIIONB3OEA-
HHMH HMCIUIECH PA3HEIX pPa3MEPOB.

Mamemanumecxuil conpoueccop — WHTETPATBHAA CXEMa, AOMONHHTETb-
Had K TAaBHOMY (UEHTPAABHOMY) NMPOLECCOpPY, KOTOPad BHIMNOMHACT KOMaH~-
Ibl, paboTalolive ¢ YACIAMHM, NMPEenCTABIEHHHIMH B ¢opMe ¢ MIapaloibed
TOUKOH (3anAToif).

Mawunnoe capso (MC) — ynmopagoucHHOE MHOXECTBO ABOHYHHIX pa3-
PALOE, UCTIONLIYEMOE WA XPAHEHMA KOMAHA NMPOrpaMMEl B obpabaTeinac-
MBIX JaHHEX. Kaxaelil paspan, HasblBaeMBi OMTOM, — 3TO ABOHYHOE YHC-
10, IPUHKMAIOIEE 3HAYCHHA TOMBKO «0» WiH «1». Paspanw 8 MC obpiuno
HYMEpYIOTCA CcripaBa Haneso HaynHad ¢ (. KonmuectBo paspsagos B MC Ha-
apiBacTca pasMmepHocteld MC nnm ero paspsaHocTeio. THmoBas mIHHA
MC — 16 wm 32 Gura.

Mawnnnsiii 2308 — COBOKYTTHOCTL MAIUMHHBIX KOMAHA KOMIILIOTEpA.

MIAH-cmpykmypa — CIPDYKTYPa «MeTAUI—IN3NEKTPUK-—NOMYTIPOROA~
HMK*», HCTIOJIB3YeMasd NPH COJIAHWH 3MeKTPOHHBIX NpHOOpOR, B TOM YHCAe
MHKpPONPOLIECCOPOB, MAMATH A8 KOMABKSTepoB, [Ipencramnaer coboii yno-
PANCYEHHYIO COBOKYITHOCTH O4eHBb TOHKHX {M€Hee | MKM) CJTOGB METANIA K
ON3NEKTPHKZ, HAHECEHHBIX HA MOJYNPOBOAHHKOBYIO ILtacTMHY. Ecad B xa-
YecTBe OHINEKTPHKA HCNOABIYICTCA OKCHOH (CKCHA aNIOMHHHSA, THOKCHR
KpeMHui), To obpasyercas MOII-cTtpyxTypa (¢MeTaNnA1—OKCHI—ROAYIPOBOI-
HHUK»). MeTon co3gaHHs NpUBOPOB HA OCHOBE TAKHMX CTPYKTYP HA3EIBACTCH
MAII- wim MOII-TexHonornest.

Mezabaiim (MBaiit) — egMHBBA M3MEPEHMS KOJIHYECTBA JAHHBIX IWIN
obbtMa MaMATH, paHas 108 Gailr. AnbTepHATHROM ARNACTCA NPELNOXEHHBIN
IEC aBowvnmiii merabalit — MiB (MibiByte) = 1024 KiB. PacxoxacHHe co-
crabnger Gonee 4.8 %.

Muxpokomanda — 3neMeHTapHOe acHCcTBHE, 00ECIICUHBAIOIIES BHITIOUI-
HeHHe TpolleccopoM 3aJaHHOH omepauns, YY mnpoueccopa reHepupyeT ro-
CRACAOBATENRHOCTE MHKDOKOMAHI B COOTBETCTBHH C KOIOM IOCTYIMBILEH
Komanakl. Kakgas MMKPOKOMAHAA BRHMOMHACTCH B TCYEHHE OQHOTO MAIIHH-
HOTO TaKTa.

Muxpomemp (Mxm) — 10-6 M, 1000 HaHOMETPOB (HM).

Maxpoonepowun  (micro-operations, micro-ops, upops) — TpPOCTHE
RISC-nonoSHele xoMaHIE MHKpOTpOLIECCOpa, HCTIONb3yeMble B HEKOTOPBIX
CISC-npoueccopax i peanqsaiie 60mee CAOKHBIX KOMAaHI.

— YCTpOlCTBO, CCYLIECTRIMONCE 00PAGOTKY HAHHEIX H
YOPABNAIOMEe YCTPOHCTBAMM, BHITOJIHEHHOE B BUEE OXHOH HNN HECKOMBKHMX
CORBITHX (CBepXOONBIIHMX) HHTSIPANbHHX cXeM. MHKponpouieccepbl BCTpaK-
BAIOTCA B yCTpOHCTBa YIIPaBAEHHS H BXOOAT OCHOBHOM YacTHI0 B KOMITBIO-
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Tep. Hanpumep, B aBroMoOmne Mapku «<BMB» ycranoBaeHM 54 unrerpams-
HBIE CXEMBI, KOTOpbi¢ YNPAamIgioT TOPMO3aMM ¢ aHTHGIOKMpOBKOH M BO3-
OVIIHEIMH NOJyIIKaMH GezomacHocTH. B cocTaB MMKpompolleccopa BXOIAT
ApHPMETHKO-NOTHIECKOS YCTPOICTBO, BRITONHSAIOME: APHGMCTHUCCKHE H
JOTMYECKHE onepaumy; GNoK YIpaBIeHHA H CHHXpOHHM3aumH; GIOK BBO-
Ja-BHEBOJA; PETHCTPRI K np.

Muxpocexynoa (mc) — 106 ¢, 1000 manocexyng (HC).

Muoeozadaunocms — peXHM OTHOBPEMEHHOTO PeIICHHA HECKONBKHX 3a-
Jav Ha kommeioTepe. IToa 3amaueii B JAHHOM CAYYae MOHWMAETCH YACTH pa-
GOTH, BHIIONHAEMOH MPOLECCOPOM.

MOI-cmpyxmypa — cTpyKTypa MaTepnaia, U3 KOTOPOTQ W3TOTORIAIT-
Cs TPAH3MCTOPBL, KOHIEHCATOPE H AD. 3AeKTPOHHEE npubopu. Cokpaile-
HHE OT $METAT—OKCHA-—NONYNPOBOIHHK?,

Myspmumetua — coONpaTeNbHOS MTOHATHE MIS PAMIUMHBIX KOMILIOTEp-
HHIX TEXHOMOTHIA, MPU KOTOPHIX HCTIOAB3YETCA HECKOIBKO HHPOPMALMOHHBIX
cped, TAaKMX, KaK rpaduka, TeKcr, BHaco, botorpadus, nprxynnecs obpasul
(aHuMaims), 3ByKOBRIC 3(deKThi, BHICOKOKAYECTBEHHOE 3BYKOBOE COMPO-
BOXKICHHE.

Miinghpetin (0T arza. main — rnasHei, frame — coopyxeHue, GyRcHp,
TAraY) — GONbiloH, OYeHL MOLHHBIEA KOMOBIOTEP OOLUETO HAHAYCHHH, HC-
NoNb3yeMblif AnA paGoThi B KAYECTBE CYNEPCEPBEPOB B MOLIHBIX CETAX H
of0beMHHX HaydHbIX pacucTax. Madd¢pelMH 3aHMMAIOT TPOMEXYTOYHOE
MECTO MEXIY NEPCOHABHBIMH H CYNICPKOMITBIOTCPAMH.

Haxonumeav na 2ubxom mazrumuom ducke (HITMI) — yerpoiictho 118
SAMHCH/YTEHNA JAHHEIX HA THOKMIA [IACTHKOBHIA JUCK, MOKPEITEIA MArHNT-
HbM CloeM. YCTpolCTBO COCTOMT H3 BBYX ABMrateneil, ouH M3 KOTODHIX
BpalaeT auck (360 o6/MHH), a Apyrofi (WaroBwiit) MepegBHTaeT TONOBKH
YTEHW$,/3ANACH 11O KOHIIEHTPHYECKHM OKPYXHOCTAM (Tpekam). Jfucku cBo-
GogHo Berapnsiored B yorpolicTeo. HIMJ yacTo Ha3elBalOT OUCKOBOOOM.

Haxonumess ra wcecmxom mazunmuon ducke (HXKMI) — yerpoiictso
N 3anmdcH/YTeHHS JAHHHIX Ha KeCTKOM JHcKe (MHOIIa Ha3bBaloT «<BHHYE-
crepos»). HAKMJ1 Bnepsnie MCMONB30BAH B NEPCOHAABHOM KOMITBIOTEPE B
1983 r. ¢pupmoit IBM. Hambonee maccosoe 3anoMHHaoLee YCTPoHCTBO
QoAbIICH eMKOCTH, B KOTOPDOM HOCHTETAMH HHGOPMALMH ABRIAIOTCH KpyT-
JIN¢ ATIOMMHHEBBIE TLTACTHHEL — ILIATTCPEL, obe MOBEPXHOCTH KOTOPHIX TTO-
KPHITH CI0€M MarHMTHOro Matepuana. Hcnonssyercs st HNOCTOSHHOTO Xpa-
HCHUA Oonbuminx 00bpeMOE HHGOPMAUHM.

Haxonumeas na xomnaxm-oucxe (CD-ROM) — onTudeckuii Hakomu-
TeAb, OONYCKAIHA TOABKO CYHMTHIBAHME IJAHHHX ¢ HocHTena (Compact
Disk Read Only Memory — namsaTh TONBKO JUTA YTCHHA HA KOMITAKTHOM
aucke). ComepXUT IPHTATENE AAA BPALICHHWA OMCKA, FEHEPATOp JA3EPHOro
ay4a H NpeoSpasoBaTefib OTPAXEHHOTO JIA3EPHOIO Jy4a B 3EKTpHUECKHE
CHTHAIH, COOTBETCTBYIOIIHE «0» M «l».

Hanomemp (1v) — 1079 m = 0,001 Muxpomerpa (MxM).

Hawnocexynda (nc) — 10-? ¢ =0,001 MuxpocexyHosl (Mc).
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Hanomexnoso2ua — TeXHOMOTHS N3TOTOBAEHHA HHTETPANBHBIX CXeM, KO-
Topas GazHpyercs Ha BeNTHYHHAX, COOTBETCTBYIOIUHX HAHOMETPaM H HaHOCe-
xyHAaM. Hampnmep, BupaxcHue <texHonorns (npomecc) 130 vM (wmu
0,13 MKM)» 03IHAYACT, YTO PA3MEPH CTPYKTYPHAIX ITEMEHTOB MHUKPOCXEMB
He mpepocxondr 130 Hm.

Hdaym@yx (6aoxnom) — TIOPTATHBHLIA KOMIILIOTED, MO CBOMM pa3McpaM
OMU3KHI K KHATE KpymHOTO dopMara. OSBYHO KOMIDIEKTYETCH MOAEMOM H
cHabxaerca npusogom CD-ROM.

Onepamusnan namams (OI1) (To Xe, YTO ONEpPaTHBHOE 3AMOMUHAIOLIEE
yerpoiicrso — O3Y) npegHasHaueHa LI XpaHeHHA MporpaMM B JAHHEIX,
KOTOPHIMH OHM MABHNYMHPYIOT. WH3HYECKH BHITOAHEHA B BUAE HEKOTOPOTO
yHcna MHKpocxeM. JlornueckH OI1 MOXHO NpPCACTABHTE KAK JHHCHHYIO CO-
BOKYNHOCTh SNCEK, KaXAasd W3 KOTOPHX WMEET CBOW HOMED, Ha3bBacMHI
agpecoM (HWIH MaTpPHLY, fEpecedcHHe CTPOK M CTOAOLOE KOTOpOH onpenens-
€T KOHKpeTHbI OGHT naMaTH).

Onepanuu ynpacienus npozpammoli — KOMAHIB GE3ycHOBHOH nepeladu
YIOPABJACHNA; YCIOBHLIX (EPEXONOR; OPraHH3aUMM HPOTrpAMMHBIX LHKTOB;
KOMaHIH NMpephBaHHA; KOMaHAE H3MEHEHHS MPH3HAKOB.

Ocnosanre cucmeMs CHBCREHUR — KOJNHYECTBO paVIMMHBIX LHHGp, HC-
MONB3YEMEBIX WIS H300pakeHHs 4HMcen B JAHHOH CHCTEMEe CUHCNeHHSA.

Iasmmon (HATAmOHHHK, palmiop) — caMbili MaTeHBKHH COBpeMeHHBI
NepCOHANBHBIA KOMIBIOTEP, MATHNTHHE AHCKH B HeM 3aMEHSAET 3HEPIOHe-
33BHCHMAA NaMsTE.

Hoxosenua xomnslomepos — YCIOBHAA, HecTporaa KnaccHgpHxauud Bhbl-
YHCIHTENBHBX CHCTEM M0 CTCMEHM DA3BHTHA ATMMAPATHRIX M NMPOTPAMMHEIX
CPENCTR, 8 TAKKC CcnnocoboB OOLIEHHSA ¢ HHUMH.

Hopmu yempoiieme — 3NEKTPOHHBIE CXEMEl, COACPXAINNE ONWH WIH He-
CKONBKO PETHCTPOB EBOIA-BHIBOAA M MO3BO/MIOIME MOAKNKYATE MepHde-
PHHHKE YCTPOICTBA KOMMBIOTEPA K BHEHIHMM IIMHAM MHKPOIIPOLIECCOpA.
TMocnenosaTensHbii NOPT OGMEHHBAETCH JAHHHMH C MPOLECCOPOM roBaliT-
HO, 2 ¢ BHELIHUMM yeTpolicTBaMH — MOBHTHO. IMapanneabHHil MopT HoMy-
YaeT ¥ NOChUIaeT JaHHHE MoGalTHO.

Hocmonnnoe sanovunarouiee yempoiicmeo (I13Y) coyXuT Ot XpaHEeHHsS
KOHCTaHT H CTAHZAPTHHIX (HEH3MeHsAeMblx) nporpaMm. B I3V oberano 3amm-
CHIBAKTCH MPOTPAaMMBI HAYANTBHOH HHHIHANHAALHY (3arpy3KH) CHCTEM, Tec-
TOBME H AMATHOCTHYECKHE MpOTpaMMBl M Apyroe cinyxefHoe NMpOrpaMMHOS
ofecneyeHue, KOTOPOE He MCHACTCH B MPOLECCE JKCIUYATANHM CHCTEM.
B MHKPONpPOLECCOPHEIX CHCTEMAX, YITPARTAIOLNX OMpeacaeHHHEMHE 00beKTa-
MH ¢ HCMONBAOBAHHEM (PHKCHPOBAHHEBIX HIH PEIKO U3IMEHACMEIX MPOrpaMM,
JIA MX XpaHeHHA Takke oOwuHo wmenomsayerca [13Y (mamsrs ROM —
Read-Only Memory) unn penporpammupyeMoe I13Y (namsate EEPROM —
Electrically Erased Programmable Read-Only Memory win ¢nam-naMaTs).

Ilpepviganun (interruption) — cHTYaUMM, BO3HHMKAIOLWIME TIPH [TOCTYTLIE-
HHMM COOTBETCTRYIOIIMX KOMaH (MporpaMMHEIE NPEPHIBAHHSA) MU CHIHANOB
OT BHCHIHHMX YCTPOiicTB (annapaTebic nmpephisaHma). Ilpu atoM npoteccop
OCTAHARTHBACT BCAKYIO NPYTYIO ASATCIBHOCTE H BHISHIBAET (IpOrpaMMy obpa-
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omuux npepotaanun. T1o OXOHYaHWK ee paGoTH OH NMPOLOJIKAST NPEPBAHHYIO
paboTy ¢ TOrO MECTA, rié OHA OCTAHOBWIACH.

Hpancmonckan apxumexmypa (4acTO Ha3HIBAETCA APXATEKTYPOill (oH
HeliMana) xapaktepnsyercs HCOOAR3OBAHMEM OOMIEH OMEPATHMBHOH NaMATH
11 XpaHeHHMd MpOTPaMM, NAHHEIX, 4 TAKKE DA OPraHM3aLMM CTeKa.

Hpenmep — micuatTaloOIliee YCTpOMHCTBO, NMpeobpasyeT 3aKONMPOBAHHYIO
HAGOPMALIMID, BEIXOAAILYIO H3 NMpoueccopa, B dhopMy, YaobHYIO A1 MTEHHA
Ha OymMare.

Hpungunwt don Heiimana Bno4alor B CE0H: NPUHLUR NPOZPAMMHOZ0
ynpaasenun. TlporpaMma cOCTOHT M3 HabGopa KOMaH!I, KOTOPHE BRMOHAIT-
CA NpOLECCOPOM ABTOMATHYECKH APYT 33 APYrOM B OMpefeNeHHON mociaeao-
BaTebHOCTH; Mpunuun adpecrocmi. OCHOBHAA TIAMATE COCTOMT H3 MNEpeHY-
MEPOBAHHKX AYCEK; MPOLECCOPY BPEMEHM n0CTYNHA mobas Aveiika; npunuun
ogdnopodrocmu namamu. TIporpaMMsl ¥ JaHHBIE XPAHATCA B OOHOH U TOH Xe
MAaMATH H HAL KOMAHIAMH MOXHO BHIHOIHATD TAKHC X¢ ACHCTBAA, KaK H
Hal JAHHBIMM,

fMpoyeccop — ueHTpanbHOE YCTPOWCTBO KOMNBOTEpa. BoaMoxHocTH
KOMNBIOTEPa KaK YHHBEPCATEHOTO HCTIOAHHMTENA N0 patote ¢ uHdopMauueit
ONPENENAIOTCA CHCTEMOM KoMaHy npoueccopa. OraenbHad KOMaHaa onpeae-
NISET OTACIBHYIO ONEpalHio (feiicTBHE) KOMINBIOTEPA. 374 CHCTeMa KOMaH[
npelcTanifgeT co00H A3BIK MAIUWHHLIX KOMAHA, KOTOPHIH COAEPXMT KOMAH-
OH apHMMETHYCCKMX H JOTHUCCKHN ONEpauMii, oncpaunil ynpasieHUs no-
CNEAOBATENLHOCTELIO BEIMOMHEHHA KOMAHA, NepejadH JAHHBIX H3 OIHMX YCT-
pONCTE MaMATH B APYTHe W mp. B cocras npoueccopa BXORAT yCTpORCTBO
ynpasneHna (YY), apudMeTHKO-10THYecKHe yeTpoiicTro (AJTY), permcrpht
NMPOUECCOPHOH MAMSTH.

Hipamoii docmyn x namsme (DMA — Direct Memory Access) HCIONb3Y-
ercs Ans MepechUlKM 3HAYKTeAbHOTo Maccuea wHbopMamnn Mmexgy OII u
KaKMM-JTHOC BHELIHHM YCTPONUCTBOM, KOTOPOE NMOJACT B CHCTEMY COOTBETCT-
BYIOIUMi 3anpoc. Peanniauua Takoil Mepechlakyl ¢ NOMOWBIO COOTBETCTRYIO-
wiefl mporpaMMel o6MeHa TpebyeT BHIONHEHM OTIAEIbHON KOMaHERL Iepe-
CBUIKM T4 fiepedadyl Kaxaoro Gaiita win croea. Ilpn stoM HeebxoauMm oin-
pefcncHHBEI 00BEM TaMATH ONA XpaHEHHA NporpaMMel M TpebGyeTca
SHAYHTENBHOE BPeMA JINA €¢ BHIMONHEHN.

Peqronsiii pexcusms (real mode) — pexum paGoret npoueccopa Intel 386,
cOBMECTHMEIH ¢ npoueccopom Intel 8086. B peanbHOM peXHMC HCBOIMOK-
HH DOCTYIL K @UPMYGASHOMY GAPecHOMY npocmparcmay npoueccopa 386 wim
TAKUC BO3IMOXHOCTH, KaK 3JGMEleHle CMPAHRY HO mpeboeanuro.

Pezucmp — 33aNOMHHAKUIMY 3NCMEHT MNPOLECCOPA, BbINONHAIOUIMI
(GYHKUHH KPATKOBPEMERHOIO XPAHEHHH YHCE] WIH KOMAHI M BHNOMHEHKA
Ha HUMH HEKOTOPMX ONEepaLiHii.

Pezicmp xomand — peructp YY 01 XpaHeHHA KOAQ KOMaHIB Ha NEPH-
0 BpeMeHM, HeoOXOOHMBIH ANS €€ BRIMOTHEHHSA,

Pezucmp cocmonnun (State Register, SR — B MuKponpoueccopax Pentium
Ha3uBaercss EFLAGS) onpemeaser TeKyllee COCTOAHNE NMpolieccopa NpH BH-
NCJIHEHHH NMporpaMMel. PersicTp coaepixMT GHTH YNIpapAcHHA, 3afal0IHE pe-
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xuM paboTH mpoueccopa, M OWTH MPU3HaKOB ((narw), yKaspisalouiHe Xapax-
TEPHCTHKH pe3y/bTaTa BHITOMHEHHOMN onepatiun: N — NPH3HAaK 3HaKa (cTap-
i GUT pe3yibTaTa), N = {0 — TPH NOAOXHTCABHOM PE3yNETaTe, N = 1 —
NpH OTPHUATENABHOM pe3yNbTaTe; C — MPH3IHAK MepeHoca, C = 1, ecnH ApH
BHITIOJTHEHWH ONEpaltii 00pa3oBajICA MepeHOoC W3 CTAPIIETO paspala peayib-
TATA, V — TIPH3IHAK NIEPCAONHEHNA, V = 1, CNH NPH BHNOIHEHHH OTIepauii
HAI YHCNAMM CO 3HAKOM NPOHIOLUIO MEPENOIHEHHE PA3PEAHON CETKH Npo-
Leccopa; Z — NMPU3HAK HYAd, Z = 1, eC/iH Pe3yNbTaT ONepaiuiy papeH HYIIO.
HekoTophe MUKPONpOLecCOPh (HHUKCHPYIOT TAKXKE APYTHE BHIH MPHSHAKOB.

Cumeosonoe darnoe (Character) — THIN JAHHLIX, HIPEAHAZHAYCHHBIH NS
BROHOA M orobpaxeHnHs andapHrHOW, mHdbpOoBOA U cnelCHMBOREHON HH(Op-
MALMH; THITY COOTBETCTBYIOT ONPENCNCHHNE ONCPAaLMH HAA NCPEMEHHBIMU H
GYHKIHH (CTPOUHEIE).

Ciemema xomand. TIpoueccophl BHNOAHAWT Ha0Op KOMaHI, KOTOpHE
PEATHIVIOT CCAYIOINHE OCHOBHEIC TPYINAI ONEpauMii — nepechiiku; apug-
MCTHYECKHE; NOTHYECKNE; CIBMIA; CPABHEHMS M TECTHPOBAHMA; GHTOBBIC
OIIepallNK; YIPABACHHA NPOrpaMMoll; YIIpaBRIEHKA MPOLECCOPOM.

CHECAENES — COBOKYITHOCTE NPABH HAWMEHOBAHHA W H300pa-
HEHHA dHCe)l ¢ TOMOILEI0 HAbGopa CHMBOAOB, HaskiBacMHX nHMdpamu. Cue-
TeMBl CHHCICHUA JENATCA HA TNOZHLMOHHBIC H HenolMEHoHHHE. TIpumep
HEMOIMMUHOHHOM CHCTEMEl CYNMCIICHHA — DHMCKaA, K MO3HIHOHHHM CHCTE-
MAaM CUHCICHHA OTHOCHTCA ABOMYHAA, JECATHYHAN, BOCHMEpHUHAA, HIECTHA-
ALATEPHIHASA.

Cucmemnas tmmna CONSPXHUT HECKONBKO AECATKOB (B COXHBIX CHCTEMaX
Gonee 100) NporOIHHKOB (JIWHHIA), KOTOPHE B COOTBETCTBHH C WX DYHKIIHO-
HANLHHM HAZHAYCHHEM MOAPA3NENAIOTCA Ha OTICIbHHE IIHHE — anpeca A,
HNAHHEIX D ¥ yipasieHusi C. LMHa A cAyXuT And Nepefady aapeca, Koropoil
thopMHpYETCA MHKPONPOILIECCOPOM H MO3BOMET BHIOpaTh HeOoOXOAHMYIO
guetiky OI1 (f13Y) unu agpec npu ofpallleHWH K BHEUIHEMY YCTDOWCTBY.
IuHa D cmyxur gna eebopkyn xoMmang, moctymapmnx w3z O unu T3V B
¥V mHKponpoleccopa, H I8 nepechlikH obpabarbiBaeMbiX JAHHBX (OTe-
paHmoB) Mexmy MukponpoueccopoM H OIl uan BHeIIHMM ycTpoficTBoM. TTo
LIHHE C MEPEOAIOTCA YIPABMMIOIIHEG CHIHANK, OTPSACAAIOIIHE PEXHMMEl pa-
GOTH MaMATH (3aNMCh HAM CMMTHIBAHHE), HHTepdelicHEX yeTpoiicTR (BROA
WIH BHBOA MHGOPMALIME) H MHKDPONPOLIECCOPa (3afiyCK, 3aNpOCH BHELIHHX
yCTpOKCTB Ha ofcnyXuBaHMe, HHGOpPMALMA O TEKyllleM pexnuMe paboTe
OpYTHE CHTHANbI).

Ckanep — ycTpOHCTBO 1A BBOJA B KOMITBIOTEP TOKYMEHTOB — TEKCTOB,
yeprewett, rpadukon, pucynkos, dqororpaduit. Codgaer ommdpoBaHHOS
H300paKeHNe NOKYMEHTA M MOMELLAET ero B RaMATh KOMNLIOTEPA.

Cmandapmuoe MARUNNOE 4060 — MAIKUHHOES CJOBO, PAIMEPHOCTH KO-
TOPOTo COBMANAET € PAIPATHOCTLIO Mpolleccopa. BOMBUUKHACTBO KOMaHA, NTPO-
Ueccopa MCIIONB3yeT IAF 00paGoTKH JaHHBIX CTARIZAPTHOS MAUWIMHHOE CJIOBO.

Cmex — COBOKYTIHOCTh fMEEK MAaMATA, KOTOPHIE JOCTYITHE HE B MPOH3-
BOJIBHOM TIODANKE, 3 TOABKO B CTEKOBOM («MarasHHHoM»): LIFO — «no-
CMEOHUM BOILCA — TMEPBRM BHIIC», MOAOGHO NATPOHAM B oBo#Me (Marasu-
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He) BUHTOBKH {23BTOMATa), HaNpPHMEP Cpela INA pasMEIICHHA NAHHEIX LA
BO3IBPATa H3 MOANPOIPAMM, 4 TAKXE HMX APrYMCHTOB.

Cmpumep — YCTPOWCTEO INs Pe3€PBHOTC KOTMPOBAHHA GONBIIMX 0OBE-
MOB HHpopMalmH. B xayecTBe HOCHTENR NPHMEHAKTCH KACCETH ¢ MATHUT-
HOU neHTol eMxocTeid 1—2 TI'Gaitta 1 Goibiie.

CymMmameop — 3ICKTPOHHAA JIOTHMECKAS CXGMa, BEITOMHAIOLIAN CYMMH-
POBRHHC HBOWYHEIX YHCEJL

Cynepromnsionmep — CYCHb MOUTHB KOMIBIOTED € MPOKM3BOOMTENLHO-
cTei0 cBume 100 meragmonos (1 Meradumon, Mdémon, Mflop —~ munnuon
onepanmit ¢ TUaBaoUIcHt Toukoit B cexynny). Ilpencrarnser coboit MHOrO-
NPOLECCOPHBIH H (WIH) MHOTOMAUIMHHEIR KOMIUIEKC, paSoTalonmil Ha 06-
Y10 MAaMATE H o0llee moJie BHEITHHX YCTPOHCTE, APpXHTEKTYpa OCHOBAHA HA
HIeqax MApaIeNH3IMa H KOHEBEHEepH3alMH BhiYMCNEHHIA.

Cynepexasnpran conpykmypa rpoxeccopa o0ecTieuHBaeT MOBBIKIEHUE [IPO-
H3BOIMTENBHOCTH APOLIECCOPa MYTEM BBEICHHS B CTPYKTYPY MpoUeccopa He-
CKONBKHMX MAPAUIEIBHO BKIIOYEHHHX ONEPALMOHHBIX YCTpolcTB, ofecneun-
BAalOMX OJHOSPEMEHHOE BRINIOJIHEHHE HECKOALKHX onepauni. B taxmx
MpoLeccopax peanr3yeTcd NapajUle/ibHag paboTa HECKONBKHX HCIOIHHTENb-
HBIX KOHBEHEpOB, B XKAXALIA M3 KOTOPHX NMOCTYIIAET 1A BEIIOIHCHUA ONHA
H3 BEIODAHHHIX W JACKONMPOBAHHBLIX KOMAHI.

Cuemunx adpeca xomand (C4AK, nnu pernctp aapeca koMana — PAK;
HIH NMpOTrpaMMHBIA cdeTaHk — Program Counter, PC; B x86 — Instruction
Pointer, IP) — perncTp npoleccopa, KOTOPHIH CIYXHT /1A XpaHeHHA afpeca
OYepeaHOH KOMAHIR W COEEPXPMOe KOTOPOTO aBTOMATHYCCKU YBETHIWBACT-
cAa Ha 1 mocne BEIGOPKH cacayowei koManas:. Taxum o0pazoM obeciieynpa-
€TcA NoCcAeIORATeIbHASZ BpIGOPKA KOMAaHI B [TpOLIECCe BHIITOHEHUR NPoTpaM-
MH. IIpu BHIGOpKe 0YepemHOi KoMaHEH cogepxxumMoe PC moctynaeT Ha niuHy
anpeca, obecneunBas cuMTeiBaHie u3 OTI cnelyionielt KOMaHIE! BHIMOAHSE-
moif nporpaMmel. ITpi peanH3aliu Ge3YCTOBHEX WIN YCIOBHHX TNEPEXONCB
(peTRIIEHHH) MIIH OpYIrIX HIMcHEeHWH MOMICAOBATEARHOCTH BEINTOIHEHHS KO-
MAHI MPOM3BONKTCA 3arpy3Ka B PC HOBOTO COTEPXHMOTID, B PE3V/ILTATE OCY-
WEeCTBAETCA Nepexod K ApyToil BeTBH NMpPOTPaMMEI HTH MOATIPOTPaAMME.

Cuemunx BIsieTCA YOTPOHCTBOM, KOTOPOE€ HA CBOMX BBRIXONAX BEIAACT
(B IBOMYHCI (hopMe) CYMMY UHMCIa HMIYIECOB, MTOSABAEMEIX HA €10 ENUHCT-
BEeHHEDH BX0og, MakcnMansHoe unciao HMITYILCOB, KOTOPOE CYETYMK MOXET
[IOOCYMTATD, HAIBIBAECTCH €r0 EMKOCMbIO,

Tabauua wcrmunrocmy — TabNHYHOE NPEACTARNCHHE NOTHMMECKON CXCMH
(omepaimu), B XOTOPOM NMEPCYNCICHE! BCE BOIMOXHEIE COYETAHMSA 3HAYCHUWI
MCTHHHOCTH BXOIHHX CHrHAIOB {OMEepaHAOB) BMECTe CO 3HaYeHUeM MCTHH-
HOCTH BHXOOHOTO CHTHAAA (pe3y/ibTaTa ONepaluHH) And KaXAore H3 3THX Co-
YeTaHuH.

jim (TOaliTy — emMHMUA HIMepeHHH KOJAHYECTBA AAHHEIX, paB-
Han 10° T6aiit. B kauectse asomunoii ansrepHatmen IEC mpegioxwia B
1998 r. TiB (TibiByte) = 1024 GiB (GibiByte).

Tun dannsex — HoOpMa TPEACTABNEHHA N3HHKIX, KOTOPAK XAPAKTCPHIYET-

cd cnocoGoM OpPraHM3auMH JaHHBIX B [MAMATH, MHOXECTBOM JOMYCTHMEBIX
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3HaueHM, Habopom omepaumii. HHade ropops, THN JaHHBIX — 3TO CXeMa
ONpeaeNIcHHOIO BHIA NMEPeMCHHELX, 3aN0XeHHasa B TpaHCAATOp. THI AaHBBIX
INTEGER (int, FIXED M mp.) 3ajJaeT CBOICTBa LerOli mepeMeHHON — oHa
MOXET NPUHHUMATE TONBKO LENLIE 3HAYCHHA B ONPEASNCHHOM OHATAIOHC,
3ABUCAILIEM OT PaspsIHOCTH TIpOLIeCCOpa, HAMpUMep, —32767...+32767.
THR AaRHBIX REAL {double, FLOAT MW Mp.) 3alacT CBOHCTBA MepeMeHHOH ¢
mnapaiomeil Toukoil. Yucno ¢ maasaiomedl ToukoH (WM BelIeCTBEHHOE,
AeHCTBUTENRPHOS YHCIO) MOXET NPHHMMATHE JHAYeHWA JCCATHIHOH JpobH
(Hanpumep, 287,3) H UMEET OIPAHMYEHHA HA KONHYECTBO 3HAvALnnx pdp
(TouHOCTL NpeacTasneHHA). EcH Xe B onepauii NPHCYTCTRYIOT NEpeMeH-
Hble ODOHX THIIOB, TO MEepBHi THIT Mpeobpalyercs BO Bropol (Lenoe YHCIO B
BELECTBEHHOE).

Tpuzzep — 3ncKTPOHHAAL CXEMa, TIPHMEHACMAA B PETHCTPAX KOMITHIOTEPA
Afs 3alOMMHAHWA OOHOrO 6MTa MHbopMauHd. MMeer apa yeroifyuBaix cO-
CTOAHHA, KOTOPHE COOTBETCTBYIOT ABOMYHEIM «l» H «D».

Yempoiicmeo ynpasaerus (YY) — 4acTe npolleccopa, BHIMOAHAIONIAL
dYHKIIMH YIPpABACHHA YCTPOMCTBAMM KOMIBIOTEpA.

Paiis (file) — MMEHOBAHHLI OPraHH30BAHHBH HA0OP JAHHHEX OTIPEOE-
JIeHHOTO THNA U HasHaYeHWd, Haxoaamiica nog ynpasiaeHHeM OnepatMoH-
HOH CHCTEMBI. DTO OMHOPOOHAA M0 CBOCMY COCTABY H HA3HAYEHMIO COBOKYTI-
HOCTh MHGMOPMALIHM, XpAHANIAACH HA HOCHTENE MHAOPMALMHM H HMCIOLIAS
HMA.
Puxcuposannar mouxg (fixed) — npocTEHIIHA THN YHCIIOBHX AaHHEIX,
KOIda YHCNO pasMelieHo B MalUHHHOM CJIOBE, a JHANa30H 3HA4YeHHH 3apu-
CHT TOJNILKO OT PA3PAIHOCTH CHOBA.

Daonnu-duck (IMCxeTa) — CheMHbIH T'MOKHH MATHHTHHBIA IMCK.

Yucao ¢ nracarowelf moyxod (float) — yncIoBOE NaHHOE, PasMELICHHOE
B MAIHHHOM C/10BE B OPME MAHTHCCHBI M NOPAAKA, YTO MOIBONAET NpPEA-
CTARNATh LIHPOKHA THANA30H 3HAYEHHH; NpeAaroNaracT HAIMMHME BCTPOSH-
HOH WM 3MymMpyeMmoil apudmeTHKH (onepauHH c MABaloIeH Touko#).
Jia MCIONbL30BaHNA uMcen ¢ Jpo0HOi YacTRIo, 4 TAKKe LIS pacluMpeHHs
JMMATIAOHA MCIOIB3YEMEX MHCAOBBIX JAHHHX BBOIHTCA HOpMa NpEACTaRme-
HMA BEIIECTBEHHHX YNCET MM YHCEN ¢ IMAaBaloiedl Toukoil: X'=mx 102,
Harpumep 25,4=0,254 x 102, e 0,1 <m< 1 — 3Havamiad 4YacTh YMCHA,
mpuBeaeHHad K HHTepBany 0,1 ... |, HasniBacMas MaHTHCCOI, a p — nenoe
YHCAO0, HAa3BBAaeMoe NMOPAAKOM, AHANIOTHNMHO, €C/IH B3ATE OCHOBaHHE CTele-
HH 2, To moaydumM: X =m x 27, rae ,5 < m < | — MaHTHCca, a p — ABOHIHEH
NOpADOK.

Mk accembaepa — cucTeMa 0003HAYEHHHA, MCTONb3yeMast ANA Mpen-
cTamieHHs B y1o0ouyHTaeMoll ¢opMe nporpaMM, 3allHCAHHBX B MAlIHHHOM
koge. flepepoa mporpaMMe ¢ sS3biKa acceMGnepa Ha MAIIMHHKI A3WK OCY-
WECTRASIETCA CHeUHANbHOH MporpaMMolt, KOTopasd Ha3hiBACTCA acceMbtepom
H ABRSETCA, IO CYTH, NMPOCTeHIINM TPAHCAATOPOM.
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3IDNow! — HauMeHOBAHNE MYNLTHMEAHIFHOIO pacliHpeHBA TPATHLHOH-
HON cHcTeMBl koMaHJ (x86), ucroabayemoro AMD B CBOMX Mpolleccopax,
HayHHaA ¢ K6-2 B 1998 r. 310 SIMD-uHcTpykimu, noeuawiine agdex-
tuBHocTs LT ripH onepauusx Han BeXTOpamy, THNHYHBIMH s 00paboTKH
rpadburyeckoit HHpOpMaLHN.

ADC (Anaiogue-to-Digital Converter) — asanore-uudporolt npeobpaso-
pareas (ALIIT) — ycrpoficTeo, mpeobpasylomiee HENPCPLIBHRI aHANOTOBWIA
CHIHAA, KOTOpbLil 1OCTYNAET OT (PM3HYECKOr0 JATEHKA W COOTBETCTBYET CKO-
POCTH, TeMNepaType, HHTEHCHBHOCTH 3BYKa, CBETA M MIp., B OGMHApHEIE Koo
IJiA BBOZA B KOMNBIOTED (KAKIOMY 3HAYEHMIO HANpPKEHHA BXOAHOTO aHa-
JNOTOBOTO CHTHAJIA COOTBCTCTRYET OMPCACACHHOS 3HAYEHHE BRIXOIHOTO LiHt-
POBOMO KOma).

APIC (Advanced Programimable Interrupt Controller) — ycobepmueHcT-
BOBAHHBE! NPOrpaMMUpYeMblii KOHTpOANEP NpepuiBaHKi. BeTpOeHHEIR KO-
TpOANEp NpcpHBaHHA B mpoucccopax Pentium/Atom gns CHMMETDHUHOMN
MHOTORPOLEGCCOPHOM 0DpaGoTKH.

ASCII (American Standard Code for Information Interchange) — paapa-
0oTaHHMiH American National Standards Instituie (ANSI) cranaapr npen-
CTamIeHHs CMMBONbHOR Hudopmaund B DBM. Cumponn ASCII comepxar
128 cumponioB ¢ xonamu ot 0 1o 127 W akmwwawT uudpH, 3HAKH NYHKTYa-
UMH, BYKBEI U YNIPABIAKIMUE KOAH, TAKME, KAK KOHEL CTPOKH WIH TIEPEBOL
CTPAHHLIE!.

Bardwidth (nonoca nponyCckaHng) — KOAHYSCTRO HHGODMAlUMH, KOTO-
poe MOXET OLITE NEPElaHo Yepe3 KOHKPEeTHB HHTepdeiic 32 JaHHRI nepu-
Ol BpeMeHH, HaTipHMep IWiHHa naMatH SDRAM Ha 64 6uta 1 100 M1 uMe-
€T noAocy nponyckaHua 800 Moair/c.

Banks — Ganku (namaru).

BEDO DRAM (Burst EDO DRAM) — EDO DRAM ¢ nakeTHnM g0-
CTYTIOM.

Bit — ppoHyHaA eguHMUA, Ga’0pas Mepa A MIMEPEHHA KOAHMMECTBA
JaHHHX. HMeer 3HaueHHe «1» WK « Os. Jlna pasMenicHEka 1 Gafita Tpebyer-
ca 8 6uT.

BPI (Bits Per Inch — OuT Ha a10iiM) — MEpa H3MCPECHMA [LIOTHOCTH HH-
¢dopMaLMK Ha 3aMOMHHAIOIIEM YCTpPOHCTBE.

Branch prediction — npeackasaHue MEpEXONOB, OOMH W3 METOIOB TMO-
BoitiieHHa npouspogutenbtocT I, OOHYHO KOMIMIATOP TpaHCRMUpYET
ONCPATOP BETRISHHA (HanMpHMep, if-then-else} B OJOKH MAILHHHOTO
KOja, PAcHONOXEHHEC MOCACAOBATENbHO B NoTOKe. COBpEMEHHBIE NpO-
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LECCOpPH CTAPAlOTCA NPEACKAIATH PE3YNbTAT BHUMCICHHA YCIOBHIE BETRIEG-
HHME M NPEABAPHTEALHO BHIIOAHAKT NpeacKasaHHei Oiok.

Buffered Write Through — OydepnanpoBaHKras CKBO3HA# 3JANHCH
{B E3LI-NAMATH).

Bus (nHa) — AMHAA Nepenadd WHOOPMALHH NOCPESACTROM MIEKTpHYE-
CKHX CHFHAIOB OT OQHOH MHKpocXeMul (ycTpolicTea) k Apyroit. HaubGomee
YACTO YIMOMHHECTCHA B KOHTEKCTE KOMMYHHUKALMH MEXAY MPoueccOpoM M
APYTHMH KOMIIOHEHTAMH CMCTeMbl. HMapecTHel pa3INYHBE THMOb [IHH,
pxiouaonde ISA, EISA, LPC n cranzapts AokaneHEX WHH PCI n VL.

Byte — poceMb ONT, PacCMATPHBASMLIE KAK €OHHOE LIENI0C W NMPECACTAaB-
NAKIIHKE, HAMPHMEp, cuMBon kKoma ASCIL

Cache Level-1 (L1) — ka1 nepeoro ypoeHA (BHYTPCHHAA NAMATh APO-
meccopa, OoOBMHO HAXOOHTCHA HIM Ha KpHcTawuie — on-die, MaM Ha rmare
npoleccopa — on-chip).

Cache Level 2 {L2) — k311 BTOpOro YPOBHA (BHEIWHAA MAMATH, OOKWMHO
HaxXOAHTCA Ha IUIaTe NMpOLEeccopa WIH HA CHCTEMHON mare).

Cache Memory (K211-NaMATE) — faMATE, HEOOXOAHMAadA U TOTO, YTOOM
IEHTPaNLHEIA NpPOleCCOp MCHBINE MPOCTAMBAN M3-3a HHIKOTO OuicTpoaeficr-
BHA OCHOBHOM [MAMATH, PACIONIOXEHA MEXAY NPOLECCOPOM M OCHOBHOHN na-
MATEIO. O6BeM H GHICTpOREHCTBHE KAI-NAaMATH SRIAIOTCH ONpeIeAIRIIHMM
mapaMeTpaMH GHICTPOICHCTBMA CHCTEMHON MIaThl H/MIH LEHTPAIEHOIO
MPOLECCOPA 1A MOAABNAIONIEO GONMBIUMHCTRA 33044, PEHIASMENX HA KOMIth-
oTepe.

Call Fer — nanbnamit B30B (B accembnepe).

CAS (Column Address Strobe) — curuan BeiGopky cronéua anpeca B
DRAM.

CCI4 (Computer and Communications Industry Association) — acco-
UHALHA GUPM-NPOH3BOIMTENCH KOMMLIOTEPOB H CPeACTB KOMMYHHKALIMH,
NpeICTABMIAIONIaN HX HHTEpPECH B 3apyDexHO M HaLNoOHATBHON TOproBne, a
TaKKe pa3pabaTHBalollas COOTBETCTBYIOINUE CTAHAAPTEL.

CD-DA (Digital Audio) — xnaccuveckuii aymwonuck. [Noanepxupaerca
NpakTUYECK#H BCEMM YIPHBOIAMH.

CD-ROM (Compact Disk Read Only Memory) — ycTpoiicTBo ans cum-
THRBAHHA KOMMOAKT-gHckoB (CD). Huck hHamerpoM 5 DI0HMOB €MKOCTBIO
640—700 Mbailit uMeeT OIHY CRHPANbHYIO JOPOXKY. Bpema nocTyma oTHO-
CHTEJILHO BENMKO (Y AYYIINX Moaeneii — 80 Hc), yyBCTBHTEICH K BHOpaLM-
aM npu pabore. Hurepdesicu: SCSI, IDE (E-IDE, IDE ATAPI). Henonne-
HHe — BHYTIpeHHee H BHemilee (SCSI, LPT-noprt).

CD-RW (CD ReWritable) — nepesanuchibaeMBie TMCKH, OITHYECKHe
JIHCKH, JIORYCKalolUIHe MHOTOKDATHYIC 3anNCk HHGOpMalm#, Kak mpasno,
BOIMOXHCOQ BRIMTOAHHTE A0 1000 LHUEKA0B 3aMUCH HA OOHH AHCK.

— Habop MHKpOCxKeM (OOBMHO A CHCTEMHON MNaThi).

CISC (Complex Instruction Set Compuier) — apxuTexTypa, AN KOTOPOit
XapakTepeH Gonbloit Habop pasHOOPMATHRIX KOMAHI ¢ MCIIONb3OBAHMEM
MHOTOYMCASHHLIX CMOCOGOB agpecauMH. JTa KRACCHYECKAd apXMTeKTypa
NIpOLIECCOPOB, KOTOpad Hayana cBoe pa’sBuTHe B 194(-x rogax c noAEAeHHEM
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TIePBHX KOMNEIOTEpoB. THnmyHeM npuMepoM CISC-npoueccopos ssasiores
MHKpONpoUeccophl ceMefictea Pentium. Onl BrnonHAoT 6onee 200 koMaHa
pazHoil cTeneHH CAOXHOCTH, KOTOpHIe MMeloT pasMep ot 1 go 15 Gaiit u
obecneunsalor Oosiee 10 pamIHIHHX CrocoboB ampecamiH.

Clone — KOMMNBIOTEPHHE CHCTEMBEl, COBMECTHMHE CO CTaHAAPTOM
IBM PC.

CMOS RAM (Complimentary Metal Oxide Semiconductor Memory) —
KMOII-namsTe.

COM Port — passeM M COOTBETCTBYIOUIHME SJCKTPHYCCKHME LICTIH, KOTO-
PBi¢ NO3BONSIOT MOCNEIOBATEBHEIM YCTPOMCTBAM (TAKNM, KaK MOIEM), TIDH-
coeanEATECA K DBM. KoOMMYHHKALIMOHHBI NOPT TakXe HA3BREBAETCHA MOCTe-
IOBaTe/IBHHM TIOPTOM H B ONEPALHOHHBIX CHCTeMaxX O003HAJacTCH MMCEHA-
MM, HaudHAKMEMKACH ¢ COM (Hanpumep, COM1 uwmn COM2).

Controller — XOHTpOAAEP, CIIEIHANTKINPOBAHHHIN MpoLeccop yIpaBie-
HHA OOMEHOM ¢ BHEIIHHMMK YCTPOHCTBAMH.

CP-866 — ctangapt IBM ana veETeprnpeTaliny 2-if nonoBHHm (128—256)
Koma ASCII, TaGiuIa npeaHa3HAYeHa O PYCCKOM KMPHJUTHLIEL.

CPU (Central Processing Unit) — IeHTpalbHHH TIpoLeccop.

CRC (Cyclical Redundancy Check) — uMKnMueckas KOHTPONBHASA CYM-
Ma — MaTeMaTHYeCKMH MeTOH, MO3BONSIOIMN OGHAPYXHTL OIHOKY B JUIHH-
HOM GNOKE JAHHBIX ¢ BBICOKON TOMHOCTHIO.

CS (Code Segment) — KO cerMeHTa (COOSPXHT HaYaMBHHN agpec cer-
MCHTa MaMATH).

CYL (CYLinders) — umaHHEApDHL.

DAC (Digital-to-Analogue Converter) — undpoaHanorossiil npeotpalo-
parens (LIATT), yerpoiictBo (Kak nMpaBuno, Ha OSHON MHKPOCXEME), KOTOpPOeS
npeobpa3yer 1HdpoBHe FaHHBIC B AaHATOTOBHIM cHrHan. OGBMHO comepxar-
¢ B rpadMyYecKMX Kaprax, BHIEOKApTax, MOASMax W Ap.

DD (Double Density) — ABoiiHAS NJIOTHOCTH 3aIMMCH (HA JHCKETAX).

DDR SDRAM (Doubie Data Rate SDRAM) — SDRAM c yapocHHOM
CKOPOCTEIO OOMEHa JAHHHMEM, BHA, naMAaTH. Kak BMAHO U3 Ha3BaHHA, Npo-
nmyckHad cocoGHocte DDR SDRAM B 2 pasa Buille OGRYHON. DTOT BHA
TTaMSTH TakKxe MHOrAA HaspBaercs SDRAM IL

Device — ycTpoiicTBo.

Device Driver — ppaiisep ycrpoiictea. [IporpaMMuoe obecneueHue, co-
eIHHAIISE BHEUIHEE YCTPOHCTBO ¢ onepallnoHHOH cHcTeMoi. Jlpaiipep BEI-
CTYNAeT B KAUeCTBE <MEPEeBOAYHKA» MEXKY KOMAHIAMH YCTPOHCTBA M INpO-
TPAMMHBIX TIPHJIOXEHMIA.

DIMM (Dual In-line Memory Module) — mayxcTtopoHHuit Mozyns ria-
MATH, KOHCTPYKTHB MOIY/A NAMATH, HMEeT 1o 84 BRIBONA ¢ KXo cTOPO-
HH. CoGCTBEHHO MIAMATh, pasMellleHHad Ha MOIyne, MoXeT OHTh kax FPM
win EDO, Tak n SDRAM. [lamsme B DIMM uMeet paspaanocts 64 6uta (¢
YETHOCTBIO 72} U MOXKET HCIMOML30BATECA NOOOHHOYKE, a HE NapaMH, Kak
obpyrble SIMM.

DIN connector — epponeiickuii (TogHee, repMaHCKH) CTAHAAPT pazbe-
Md, HCMOIEIYEMBIA B OCHOBHOM JUIA MOIEKTIOMEHHS YCTPOMCTE 3afHCH-BOC-
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npoH3BedeHNA 3BYKA. PazpeMbl DIN HchmoassywoTca sl MoACOSINHEHNA K
KOMITRIOTEDY KIABMATYpRl, MEIH PS/2 w np.

Direct-mappad cache — ¥x3u npaMoro oToGpaxeHMs.

DMA (Direct Memory Access) — npAMOl FOCTYI K BAMATH, PEXHM 00-
MeHd HMAHHEIMH MEXAY MAMATEK) H YCTPOMCTBOM BBOMAA-BHIBOAA, YIPARIHAC-
MeIii clleuManbHbiM yeTpoiicTBoM (KoHTposepom DMA) u BemonHseMuii
Ge3 yyacTHS IEHTpajdbHOTO Mpolieccopa. HMCMons3oBaHMe 3TOM0 peXHMa
ZHAYNTEABHO YCKODSIET MEePEChUTKY JAaHHBIX, TAK KAK HCKITIOYAET NepechUIKH
JaHHBIX B HPOLECCOp M OOPATHO.

DPI (Dots Per Inch) — paspemaiomas cnoceGHOCTE YCTPOHCTE oTOGpa-
XCHHA M IICJaTH, oBO3HAYAETCH TAIOKE KaK «THN» — <«TOYCK Ha I[lOﬁMb.

DRAM (Dinamic Random Access Memory) — JHHaMHYecKas TAMATH
OpaEMOrg DOCTynma — INaMAaATh, CXEMOTCXHHMYCCKH BRITONHCHHAA B BHIC
JBYMEPHON MAaTpHLH (CTPOKH x CTONOUER) KoHAeHcaTopoB. OdeHB ACIIC-
Ba, HO TpeGyeT MocTosHHOK pereHepalHy (refresh) 3apapa Ha KoHpeHca-
TopaX. PereHepalds BHIONHACTCA KAaK <NYCTOE» YTeHHe NAMATH. DTOT
NMpPOIECC OTHHMAET 3HAYHWTCIBHOE BPEMA, TAK KAK B 3TOT NMEpHOH HHWKa-
KOE€ YCTPOHMCTBO HE MOXCT MOJYYMTB AQCTYN K MaMATH, KPOME KOHTPOI-
nepa pereHepaliHu.

DITR (Data Transfer Rate) — ckopocTh nepesayn JaHHREX, OOBIYHO YKa-
anpaemMand B KBps (KGaiic/c) wan MBps (M6aiit/c), HHorga — B MB/min
{Moaitr/MuH). Yale Beero XapaxTepH3yeT MaKCHMANBHYK (TMKOBYIO) Npo-
MYCKHYIO CIIOCOOHOCTE.

ECC (Error Control Correction) — pexyM KOHTpOIA GYHKHHOHHPOBA-
HHMA [TAMSTH ¢ BOCCTAHOBIEHHEM OWMOOK. TIpHMEHAETCA B HEKOTOPRIX CHC-
TEMHEBIX NJIATaX ¢ COOTBETCTBYIOLUMMH HabopaMH MHKpoOcXeM ana ocobo
KPHTHYHBIX K HATEXHOCTH (PYHKIIHOHMPOBAHHA KOMIEIOTEPOB. B OCHOBHOM
3TO CepBEpPhl H MOWUHEIE rpadHUECKHe CTAHIMK ¢ DOMbIUAMH ofbeMaMK Na-
MATH. 15 3Tor0 00A3aTeNIbHO JO/LKHE OHTbL YCTAaHOBIEHH IUIAHKH MaMATH
¢ MCTHHHOM YCTHOCTEID. B 3TOM pexMMe BO3MOXHO HCHPARIEHHE TOJABKO
OOMHOYHBIX OLINGOK.

EDO DRAM (Extended Data Quiput DRAM) — DRAM ¢ yMeHbuIeH-
HHM BpeMeHeM HocTyna K JaHHBM. Extended Data Output DRAM npu pa-
fOTe Ha 3JamHCh HE A3CT HHKAKMX TPSHMYNIECTE MO cpasHeHHw ¢ FPM
DRAM, He TpedbyeT CYIUECTBEHHO MEHBIIE BPEMEHH HPH YTEHHH 34 CYeT
TOrO, YTO JAHHBIC YAEPKHBAOTCd Ha BHXone MHKpocxeMbi EDQ DRAM
ponsine, yeM B FPM DRAM. EDO (kax 1 FPM) He AaeT HUKAKHX MIPEHMY-
IBECTE [IPH NPOM3BOAbHO BBOpKe NAHHBIX H3 HaMATH, HO TAKAs CHIYALIHA
BO3HHKaeET KpailiHe peako. Ha MukpocxeMax EDO DRAM yka3bpaeTcd Bpe-
MA NOCTYNA B HAHOCEKYHAAX K NAHHHM B CNyYaliHOM Nopsgke.

EDRAM (Enhanced DRAM) — ycoBepuicHCTBORaHHaA DRAM,

EEPROM (Electrically Erasable Programmable ROM) — aeKTpHYeCKH
CTHpaeMmoe mnporpaMmupyemoe 113V,

EIA (Blectronic Industries Association) — accouWaisa NPoH3BOIHTENEH,
NpeICTABNAIOIAX BHICOKOTEXHONOTMYHEE npoussoncTea CHIA, ocHopanHas
B 1924 r. xak Radio Manufacturers Association. EIA, B 4acTHoOCTH, paspabo-
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TaHH TAKHE CTAHAAPTH NOCJENOBATENBHEIX YCTPOHCTE, Kak RS-232, RS-422
u RS-423.

EIDF-xoutponnep (Enhanced IDE) — ynyqwennenit EIDE-xonmpoimep.

EPIC (Explicitly Parallel Instruction Computing) — mnapamnensHoe
BHITONHCHHE KOMAHA — MapagHIMa BRIMMCICHHH, npeitoxeHHas Intel n
HP u peannsoBaHHad B apxutexkType Intel IA-64 (npoueccopis Hanium u
Itanium 2). Leapio EPIC apnserca nopbRlieHHe CMIOCOOHOCTH NpOLICCCO-
POB BBHINTOJIHATE KOMAHJH NapaLIeibHO, HCAONLRIYA KOMIMAATOP BMECTO
IMEKTPOHHHX HENei mpoLeccopa, ANA TOro, YTO0H BHABHTH B NpOrpaM-
Me W pealH30BaTh BOIMOXHOCTH TMapaUuleNbHHMX BHYNCAeHHH. Texnono-
w0 Intel BrinonHeHns KoMaHn B dopmare [A-64 (koMaHEH YHaKOBaHBI
no Tpu B 128-6HTOBLHI MAKET-«CBAKY» N8 MapaensHoll obpaboTku)
oberuHo HasmBawT «LIW encoding» («koaupoBaHHe B ANMHHHE CROBA
KOMaHI»).

EPROM (Erasable Programmable ROM) — nepe3anHcHBaeMoe Mpo-
rpaMmHpyeMoe [13Y. Hepaspymaemas nmaMAaTh, NPCEHAIHAYCHHAA 1A Xpa-
HEHHA JAHHEIX TOCNE BHICTKMCHMA THTAHHA JTO0 MACCHB TPAH3HCTOPOB C
TLIABAIOIHM JATBOPOM, NPOFPAMMHPYEMEIX HyTEM NpHiokeHns Gonee BLICO-
KOO HAMpPSKEHHSA, yeM 310 Heobxomnmo o paboTel yerpoiicrsa. HHpop-
MaIfHA MOXeT GHTh yrasieHa nyreM Y@®O (nauHa ponHBM 0OEMMHO 235 um).
Yun EPROM perko pacno3HaTh M0 HANMYMK NPO3PAYHOrO KBAPLEBOTO
OKHa, TMPEIHATHAYCHHOTO BN Mponycka Y@®O.

Expansion Card — xapta paciiupenua. [lnara ¢ aAeKTpoLenIMH H MHX-
POCXEMAMH, KOTOpasds BCTaBAseTCH B pazbem paciimperus [MK M peanHayer
ONpeaeReHHYI0 A00aBoYHY10 OYHKUNID (HalpHMep, MOIEM, 3BYKOBAag KapTa,
uHTepheiic SCSI u np.)

Execute Disable Bit (XDB), unn No-eXecute bit (NXB) — dyHkuna, ko-
TOpas MPH NOIACPXKKE ONEPALMOHHON CHCTEME MO3BOJSICT ITOMEYATH obnac-
TH NaMATH KaK BHIOMTHHMBE HIH HEBHINONHHMBIE, ECTH ApOM3BOOKTCSA NMO-
MHITKA BHIMOJHEHNS KOZA B HEBHINOAHHMOH o0NacTH, mpolleccop nepefact
OC coobuigHue 06 oumdke. 313 DyHKIMA MOXET NPEOOTBPATHTE aTakKK He-
KOTOPBIX KAacCOB BHPYCOB MAM yepBell, HATIpABNeHHHE Ha TEepenoiHeHHe
Oydepa, H MO3BOJAET NOBHCHTDL ODLIYI0 Ge30MACHOCTE CHCTEMH.

FAT (File Allocation Table) — rabnuua pasmeiueHus daitnon.

FDD (Floppy Disc Drive) — HakonWTeJib Ha THOKHX MarHHTHEX
JHCKAX,

Fetch — BHIOOpKa xoMaHas u3 OIl B nponeccop. B cOBpeMEHHBIX WpO-
IeccOpax Yallle TPaXTYeTcA KaK BHIOOpDKa KoMaHAM W3 k3m-namarn LI B
mexogep WHceTpykumit. Bubopka xe w3 OIl 8 xam UHIT wasssaerca
prefetch (nmpegsmbopxa). Ilpuuyem B HII AMD K8 paznwuawrca:
prefetchnta — nepeMelleHHe AaHHHX B Ll1-kam, munys L2-xoun
prefetcht) — B Ll-xaws u L2-x3wm; prefetchtl — ronsko B L2

FIFO (First Input First Qut, «nepBHM BOINEA — NEPBEIM BHILETS) —
CIIOCO0 OPraHM3AlHH MAMATH, MPH KOTOPOM 3aMMHCAHHME OAHHLIC COBHTa-
I0TCA BIIEped MPH AOCTYIVIEHHH HOBBIX JAHHEX. KaK TIpaBHIO, TAMATE C Ta-
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xoii opraHnzaliiell Hcnoab3yercst B KadyecTse OydepHOl NMPpH NpHeMe-mepe-
ga4ye NaHHBIX. )

Firmware — II3Y (nocTofAHHOE 33NMOMHHAIONICE YCTPOIMCTEO).

KRash Memory — dnaw-namare, xpaHsas HHPOPMAUMIO TIPH BRIKIIO~
YEHHOM ITHTAHMH.

Hops (Floating point operation per second) — BuiCTpOACHCTBIES B KOAH-
qecTse onepalMii ¢ ilnaBalolled TOMKOH, BHIOAHAEMBIX B ceKyHay. Ilpo-
#3poaHbie enuuHun — Mflops (10 omn./c), Gflops (10° om./c), Tflops
(10'? on./c). ¥norpebnsored Takke TpascanaTepanmn: duionc, Meradmnone,
Turadgmone, Tepaduonc.

FPAM (Fast Page Mode) — OnicTphIii CTpaHHYHBIA MeToA (BHA TIAMATH
DRAM).

FPU (Floating Point Unit) — ycrpoiicrso/6nox pis sBuMnolHeHua apud-
METHYECKHX Onepaliii ¢ IaBamollel Touxoil.

Fully associative cache — NONHOCTHIO ACCOIMATHBHAA K3LI-NAMATH,

GB (Gigabyte) — ruraGaliT, eJHHMIA HW3AMEDEHHA, COAECpXalas
103 MGaitt. B xauecTBe nBOM4HOMN ankTepHaTuek IEC npepnoxmna B 1998 1,
GiB (GibiByte), 1 GiB = 1024 MiB {MibiByte).

GBps (Gigabytes per second) — ruraGaiit B ceKyHIy, CKOPOCTD NepeIayH
HHpopManHH.

HDD (Hard Disc Drive) — HAKONHTSIE HA XECTKMX MATHMTHRIX JHCKAX
(BEHYECTED).

Gigatransfer (GT) u Megatransfer (MT) — TepMMHEI, OTHOCALUMECA K
KOJHYCCTBY ONEPANHil o nepegaue nanHux. Hanbonee 4acTo HCMONLIyIoT-
cd A M3MEPEHKA MHCHA Nepenad ZaHHRX B cekyHay (GT/s mnn MT/s).
1 GT/s o3navact 10% unm onMH MEUTHApA Nepeaaq 3a cexyHay, 1 MT/s —
106 Ny onMH MUANHOH Nependd. DTH €THHHIE XAPAKTEPHIYIOT PEbHOE
(>dpekTHEHOE) KONHUECTBO Mepenad NaHHBX, OCYIWECTEAREMBIX MO IUHHE
WIH ApyroMy HHrepdeticy. B yacTHOCTH, ecad 1IHHA namMATH paboraer ¢
JBOHHON ¥acTOTOI Mepeaaul JAHHKX (MHOOPMAIIMA NepeaacTcd KAK Mo 1e-
pesHeMY, TAK H MO 3amHeMy (PPOHTY HMAYJALCOB 3aAIOLIETO TeHepaTOpa —
cucreMs naMate DDR), To npH yacTore reHepaTopa B 100 MI' sdgexris-
Has cKopocTh cocTaBuT 200 MT/s. Emvunmua MT/s vame accomumpyerca c
TakuM HHrepdeiicom, kak SCS1 (Small Computer Systems Interface), B 10
ppeMa Kak GT/s — ¢ cHcreMaMu PCI Express win HyperTransport.

Huffinan Coding — xon XatgubmaHa, OCHOBAHHEI HAa HCMIONBE3IOBAHWH
KODOTKAX KOOOBHX MOCACACBATENLHOCTEH A Gomet 4acTo TIOAWBOITHKCH
CHMBOJIOB H Oonee mauHHLIX 1A peaxksx. Koa XadwbManHa MHHHMHIHpYET
cpeHee KOIHYECTBO OMTOB AN MpeACTaBneHHA 3a0aHHONO TOTOKA CHMBO-
TNOB TEKCTA.

Hz — Tu (repu), Mepa 4acTOTH B UMKIAX B CeKyHEY (1/¢).

IBM PC — cbupma IBM sisinace OIHHM H3 OCHOBATeNICH HHAYCTDPMM
1K, suoycrne IBM PC B 1981 r. 3areM Grinu paspaborammt PC XT, AT
H 1p.

IBM POWER (Performance Optimization With Enhanced RISC) — on-
THMH3aUMA 3¢hdekTHRHOCTH myreM pasBuTHs RISC, Ht1o Habop RISC-no-



486 Mpunoxenue 2

NOGHHEX KOMaHa, NpemIcxkeHHEH dupMolk IBM, a Takke HaMMEHOBAHHE Ce-
pHH MHKDPONPOLIECCOPOB, KOTOPHIC MOANCPXMBAIOT 3TH KoMauAkl IIpougc-
copul cepun POWER wucnonssyiores kxak LI B painyuHEX MalmwHAX
dupMu IBM — ceppepax, paGousX CTAHUHAX, MUHB- H CYNIEPKOMIBIOTEPAX
{cM. TaGuL. 2.9). S0 Geumn LIT1 — POWERI (RS/6000, win RIOS, nosnhee
«RIOS I», 1990 1., DBM PowerPC); POWER2 (1993 r.); POWERS3 (1997 1.
64-paspanHas apxwurextypa); POWER4 (2001 r., DBM PowerPC 2.00),
POWERS (2005 r.) — AByXBAZEPHEIA NpoLEcCop, MOLASPXHBaBIIMi 4 JTOrH-
YECKHX MOMIPOoLEcca.

iCOMP (Intel Comparative Microprocessor Performance) — tecr ans
BHMHC/IEHHA TPON3BOIHTENEHOCTH MHKPCGIIPOLIECCOPOB.

IDE-koutponnep (Integrated Drive Electronics) — WHTErpMPOBIHHAA
SMEKTPOHHKA HAKOIIMTENA,

IEC (International Electrotechnical Commission) — mexayHaponHas
OPraHH3ALMS MO CTAHNAPTHIAUHH B OONACTH MEKTpOTEXHHKKH. B 4acTHO-
cri, B 1998 r. IEC npeanpnHaia MONBITKY YCTPAHHTb PA3HOUTEHHs B Tpak-
ToBke 1 MGaitra kak 1000 Gair (mecarmyubii Merabaiit) n 1024 Gair (Gu-
HAPHBIH MerabaiT), npeanoxus obosHaueHud — | Megabyte u 1 MibiByte,
COOTBETCTBEHHO. AHanormyHo 6uuim onpegencHu 1 KibiByte = 1024 Gaiir,
1 GibiByte = 1024 MibiByte u 1 TibiByte = 1024 GibiByte.

IEEE (Institute of Electrical and Electronics Engineers) — ofuiecTeeHHan
OpPraHM3aHHs, KOTopasa OOLEAMHSET CHCUHANHCTOB, YYCHHX, CTYICHTOB H
JpYTHX JHL[, 3aHHTEPECOBAHHEIX B 3NEKTPOHHMKE H CMeXHEIX obmacrsax. M3-
BecTHa DGoJiee KaK pa3paboTMHK M NONYRAPH3ATOp CTAHZAPTOB B BHIYHCIH-
TempHOH TexHuke H ceaA3d, HanpuMep IEEE 802 — cranzapt Ans ROKANBHHX
CceTel.

IFEE floating-point standard vicnionnayer dopMmy apudMeTHKM HACHILIE-
HHA 1A paGoThl ¢ AeHCTBUTENBHHMH YHCHIAMH, THE MPH NMePEOJIHEHNH pe-
3YNLTAT YCTAHARMHBAETCH B «+oo» WIH «—o» H JIOOBE FaAbHeHIIHe omepa-
HMN HE M3IMEHAIOT MONYYCHHOIO «3HaudcHus». Hampumep, 32 Oura — oam-
HapHeii ¢opmar [EEE-754 — Bxmiovaer 1 aHakoBHil paspan, 8 paipagop
MopAgka ¥ 23-pa3pafHyI0 MAHTHCCY YHCIA ¢ OIHHM CTIPATAHHBIM Pa3panoM
(B uwrore 24 pa3spaia TOTHOCTH).

Imteger — THI uMceN, npeacTapnseMiblit B namatn 3BM B dopmare ¢
(dHKCHpoBaHHOH 3amAToM/Toukolt (uenbili, FIXED). Yncno 3aHMMaeT Ma-
ITUHHOE cnoBo. BapuaHTH — uncia ARGi{HOK IAMHH (IBa MAIIHHHBEX CNO-
Ba) — DOUBLE FIXED, LONG FIXED u nonopuneoit (0,5 cnosa) — SHORT
FIXED.

IP (Instruction Pointer) — ykasarens KoManaw (peructp 8 MII, xpans-
WM agpec BRMNOAHAeMOH KomaHan). OH Xe CYeTYHK anpeca KOMaHa —
CuAK.

ISA (Industry Standard Architectute) — cTaHIAPT CHCTEMHOM LIHHH.

IS0 (International Standands Organisation) — MexayHapogHasa OpraHH-
3auist mo craHgaprhzaund (MOC) — MexmyHaponHHH OpraH, GTBETCTBEH-
HEI 33 CO3LAHME M KOHTPONb OEATENBHOCTH PAVIHYHHX KOMHTETOB 1O
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CTAHAAPTH3ALINK M PaGowmMX rpynn, paboTAIOMMX HAJl CTARIAPTaMH 06padoT-
KH JaHHBIX (HampHMep, ¢XaTnda Hiobpaxenmit u np.).

KB (Kilobyte, Kbaltry — xunoGaiit, Mepa xonndecrsa HHPOpPMAIIMH B
10° GaliT. AnbTepHaTHBol apisercs npeanoxernHas IEC npoHuHan eqMHMLA
KiB (KibiByte); 1 KiB = 1024 Gaiit.

Kbir (Kilobit, Kéur) — xunobur, endHALA H3MEpeHHA obbeMa JaHHHX,
pasHad 1024 61T, 9acTo ynoTpeGaseMas s H3IMEPEHHA CKOPOCTH NIePenadyn
JanHex (Kout/c).

KBps (Kilobytes per second) — Kwio6aiiT B CeKyHIY, Mepa CKOPOCTH Ie-
pemauH XAHHBIX.

LIFQ (Last in First Out) — <nocnegHHM BOWIeN — NepBHM BbIlLIET»
{(aMcOMITMHA OBCAYXUBAHHA CTEKOBOH MaMATH).

Linpack Benchmark (tect Linpack) — H3MepeHHe IPOH3BOINTENLHOCTH
BHMMCIHTENbHOH CUCTEMH (Rpg,). Ucnomeayer nporpaMmuyo GHOAHOTEKY
Linpack, HanmMcannyo Ha fa3nke @oprpad (J. Dongarra u gp.). Tot daxr,
YTO pelieHNe CHCTEMBI /1 YPABHEHMIT ¢ # HEM3BECTHHMH (A x X = b) MeTomom

T'aycca TpeGyer 3"3 + 1 onepaumit ¢ I13, NO3BOIAET OLEHNTHL NPOMIBOIH-

TeABHOCTh CHCTEMBI, H3MepAeMylo B Meradvionce (MWUTHOHBI onepanii ¢ 13
B CeKyHAy).

Macintosh (Mac). Bunymecuawii Apple Computer B 1984 r., TIK
Macintosh aswnca toprosoit mapkoii ana IIK, ucnomssyomero rpathiue-
ckuit HaTepdeiic nonezoparens (GUI), KoTopHt BKNKOYAET OKHA, APIRKH
M MAHHNYAATOP «MBIIb>. Ycmex Macintosh GUI oTkphin HoBui# nepuox
pa3BUTHA HHTEpdeitcoB 1 OC, Gasupywinuxca Ha rpaduke. B mansHeii-
weM Microsoft B cpoelt OC Windows ckofiMpoBasa MHOTHE BO3MOXKHOCTH
Mac,

MB (Megabyte, M6aift) — serabalit, equHNIIa M3IMEPEHHA KONMHYECTBA
unGopmaiy, pasHas 1000 KGaitT. AnpTepHaTHBOM ABRIAETCA NMpEANOXKeHHAR
IEC ppomumas couanua MiB (MibiByte), 1 MiB = 1024 KibiByte.

Mbit (Megabit, MOuT) — MeraOuT, ¢AHEMIIA HIMEpDEHHA, paBHaA
1024 Ko6ur.

MBps (MecgaBytes per second) — meraGaiit B cexyHmy (Mbaitt/c) —
Mepa CKOPOCTH TIEPLAAMH HAHHHIX.

MDRAM (Multibank DRAM) — wmympTHGaHKOBaRA DRAM.

Memory refresh — percHepallua NaMATH,

Mylops (Megaflops) — mepa npouspogurenpdoctH DBM, 1 mwurHon
onepauMii ¢ nnapaomeil Toukol (3anATol) B CeKyHIY.

MHz (Megahertz, MI1) — Merarepll, Mepa YacToTH B | MsULIMOH LIMK-
JNOE B cekyHay (1/c).

Microcode (MMKpoOKOA, MUKDOKOMAHIA) — CHCTEMAa KOMAHE HHXKHEro
(anmapaTypHoro) YpoBHs, KOTOpaA HANPAMYIO YINPARIAECT MHKDOTPOIIECCO-
poM. OTaenbHad MalMMHHAA KOMaHaa (MHCTPYKLIMA) O0OLYMHO TPAHCINMPYETCA
B HECKONBKO MHKPOKOMaHI. OOHYHO MMKpPOKOMAHEH BCTpoeHBI B I13Y H
Heé MOTYT OBITh MEPENMPOrPaMMHPOBAHH.
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Micron (um, MHEKPOH, MHKPOMETP, MXM) — SOHHHMLA H3MEpeHWd, paB-
HaA ofHOH MWLIHMOHHOH Ioae MeETpa.

Microsecond (ps, MHKPOCEKYHIA, MKC) — OIHa MHTHOHHAS OONA Ce-
Kysan: (0,000001 c).

Millisecond (ms, MWEIHCEKYHIA, MC) — OINHA THICAYHAA CEKYHAH
(0,001 c).

MIPS (Millions of Instructions Per Second) — MWUIMOH onepauuii B
CeKYHIY, Mepa TNpPOH3BOOKTENIBHOCTH, HCIIONb3YeMan [JIA COMOCTABNEHHSA
PA3NMHYHHX MNPOLECCOPOB.

Moore’s Law (3ax0H Mypa). TopooH Myp B 1965 r. 3a 3 roga 1o ocHOBa-
Hus Intel Corporation (rae oH 6B cOyUpEIUTENeM) BHICKA3aN 3HAMCHUTOE
MPEACKA3AHUE ¢ TOM, YFC KONWYECTBO TPAH3HCTOPOB B MPKPOCXEMax Gymer
yABANBATECA Kaxame 18 mecanes.

NaN (win NAN — Not-a-Number, «He-yncnos) — 3HaueHHe YHCIA ©
I13 B MaTeMATHYECKHX CONPOHECCOPAX, O3HAUAIOINES, ITO MPEALAYILAR Ma-
TEMATHYCCKAS ONEPALNA  32BEPUIHIACE HEONPEACTEHHBEIM  PE3YIIBTATOM.,
K onepaimaM, NpUBOAAIIHM K MOARICHUIO NaN B pe3ynpTarTe, OTHOCSTCA:
JeNeHHe Ha HOJb, BHMHCHACHME XBAIPATHOIO KOPHA H3 OTPHLATEIHHOTO
ynena, Pasanuator weteipe puma NaN: 1SNaN — «CHrHaaARIHPYIOIHE
He-gHcna» (signaling NaN), BpishBaomue NpepuBAHHE, €CIH ¢ HUMH IBI-
TAOTCA BHIIIOHATH apHbMeTHdeckde melicTeua (mopagox 111...111, man-
THeea 1,(hoxx...xx, Heryaepas); TQNaN — «rixne He-uHcaa» (quiet NaN)
HE BBI3HBAIOT HCKIKMEHHH TNPH apHOMETHYECKHMX onepaudiax (MOpAEOK
111...111, mauTHceca 1,1Xxx.. XXX, HeHYACBan).

Nenometre (o7 zpew. nanos — KapAvK, nm, v, HAHOMETD, HM) — OTHA
MWLTHapAHaa Jona Merpa (1079 ).

Nanosecond (ns, vs, HAHOCEKYHAA, HC) — OFHA MWUIHApIHAA AONA ce-
kyrpe {0,000000001 c¢). Ceer npoxoauT oxono 8" 3a 1 He.

NIC (Network Imterface Card) — cerepaa HHTepdelicHan Kapra.

NorthBridge («CesepHblif MOCT») — TEPMHMH, NPHHATHIA CPEaH M3rOTO-
pureneii chipset (HaGopoB MHKpocxeM), o003HAYAKOIMHA CHCPeMHBIH KOH-
TPOJUIEP, B KOTOPHIT BXOAKT KOHTPOUIEP CHCTeMHON WHHNM, wHH AGP »
PCl, namsat 1 xom-namMara (s HaGopos moa oberaneii Pentium). Kak
MPABHIO, 3TO OQHA MHUKPOCXEMA H HMEHHO Mo Heilt HasMBaeTcs Bech HaBOp.

NX bit (No eXecute) — TtexHonorus, ucnoansycmana B IEH AMD mia
TOro, TTO0R M30MHPOBATE 00NACTh MAMATH, B KOTOPOH HE MOTYT HAXOIWTECH
KOMaHAbl KCNOJNHAEeMOM TIporpaMMB. ECAH ceXUMA MaMATH MOMEYeHa aTpH-
OyroM NX, 3TO 3HAYHT, YTO OHA HCOOIL3YETCA TOABKO VI pa3MelllcHHA
JanHeX. DrpMa Intel obo3HauaeT JAHHYIO BO3MOXHOCTE Kak XD bit
(eXecute Disable), ognaxo xak XD (Intel), Tak 1 NX (AMD) smmonaswor
OAHHAKOBRIE 33a¥H H PasiHyaloTcd TOJMBKO B HA3BAHHSX.

OTROM (One Time Programmable ROM) — 0oZHOKpaTHO NpOrpaMMu-
pyemas ROM. .

Out-of-order execution — BHITONHEHHEe KOMaHI ¢ W3MEHEHHEM eCTecT-
BEHHOTO NOPAAKA (<BHE OuepeiM», <BHCOUEPENHOE BHIIORHEHHE») — OIHH
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H3 METOIOB AHHAMHMYECKOTO BRINOIHCHHA, ODECIEYMBAIOLMA pacnaparnie-
JTHBAHME BRINHCIICHHH.

PCB (Printed Circvit Board) — nieuatHas cxeMa (iara), Ha KOTOpYyio
HaHECeHH CIOH METAUIHYECKHMX MPOBOJHHKOB, COCIHHAIONINX YCTaHOB-
JleHHHe Ha Hell MHKDOCXeMH.

PUI-bus — paspaboranHas Intel mwmHa, KoTOpas NPEIHAIHAMCHA AT
MOINEPKKH BHICOKOCKOPOCTHOrO 32-paspsiHoro obMeHa JaHHBIMH MeXITY
YCTPOUCTBAMH, MAMIATLIO H MPOLECCOPOM.

Peripheral — BHelHee ycTpolicTeo, Takoe, kax HTMJI, HXMI, crpu-
MED, NMPHHTED HIM MOIEM.

Pipeline Burst — xoHpeliepHad nmakeTHas (THMN KSLI-NAMATH).

Pixel (Picture Element) — mMKcenb (TOMKA 3KpaHa MOHMTOpa B rpadm-
YECKOM PEXKHME).

POP — accembnepHaa KOMaHAA CYMTHIBAHMA M3 CTEK3.

Predication (NpemMRALAE) — TEXHONOIHMA «OTMEYEHHBIX KOMaHI» LI
YCTPAHEHHA HOTEPh NPOH3BOAHTEALHOCTH M3-31 HenpaBWIBHO NPEeACKAZAH-
HHIX NepexoloB H HeoOXOMMMOCTH NPOITYCKA YYacTKOB KOZA MOCHE BETBIE-
Huil. Koria npoHeccop BCTPEYaeT «OTMEUEHHOC» BETBIEHHE B IPOLIECCe Bbi-
MONHEHHA MPOTPAMMEIL, OH HAYUHACT ONHOBPEMEHHO BHITOMHATH BCE BETBH.
Tlocne Toro Xak Oyger onpeaeneHa <HCTHHHANA» BETBb, POLECCOP COXPAHACT
HeoOXOAHMBE Pe3yIETAaTH M cOpacHBACT OCTANMBHEIC.

Processor Performance Rating (P-peiimvur) mcnonn3yercs ansg OLEHKH
MPOH3BOOHTENBHOCTH Nponeccopos (obosnaucHue P1000+, HanpuMmep, cHM-
BONH3NPYET TNPOHIBONHTEIBLHOCTh, SKBHBANCHTHYIO Pentium ¢ wacrotoit
1000 MIu).

Programmable ROM — nporpaMmupyeMas ROM.

Protected Mode — 3anmmmeHHbHH pexuM (B MIT). Cncrema agpecaipu
MaMATH, MOABEPXKHBaORAA 32-0HTOBEIC KOMaHAR! npoueccopa. [Tamars pas-
JeNeHa MEKIY HECKOJbKHMH MPOrPAMMAME, KOTOPHE pPaboTaloT OZHOBpE-
MEHHO M Pa3MEleHsl BEHYTPH BHAENEHHBIX Pasgenos.

PS/2 — cepHd NepcOHANBHHX KoMmmblovepop IBM, BhinmylieHHas B
1987 r. ans samemieHua PC (XT/AT). Brepepie peeaeant HIMJ ua 3,5",
rpadnueckuii amanrep VGA m wnaa Micro Channel (MCA), kotopas B
pansueiiniem Obina sameneHa Ha PCL

PUSH — accemOnepHass KoMaHia 3aiHCH B CTEK.

RAM (Random Access Memory) — onepaTHBHOE 3aNOMMHAIOUICE YCT-
poiicTBO (C NMPOHIBOIBHBIM AOCTYTIOM).

RAS (Row Address Strobe) — cTpob aspeca CTPOKH B MHKDOCXEME
DRAM Han Xxe CHIHan B HaMATH.

RDRAM (Rambus DRAM) — oaHa W3 pasHosHaHocTeit DRAM.

Real — Thm uncen, npencragnsemerit B maMarn 3BM s dhopmare ¢ mna-
BAIOWICH JANATON/TOUKOH, B BUIOC <MaHTHCCA—TIOPAAOKs (IeHCTBHTENbHLII,
BelecTBeHHMH, FLOAT).

Real Mode — peanptuii pexuM (B MII).

RegRen (register remame) — nepeMMEHOBAHNE, WAH POTALHA PETHCTPOB,
MEeTOI MOBBLILUCHHA NMPOH3BORHTEILHOCTH Mpoleccopa, BIEPBLIC BBCACHHHINH
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B apxuTekType P6. BMecTo mepechliKH JaHHBIX MeXIY PETHCTPaMH OCyllle-
CTBJIACTCA HX NEpPEHA’3HAYEHHE, B Pe3YNBLTaTe 3TOT0 KOMaHma (MITd MHK-
PO/MaKpoONepAUHA) Cpaly MOJYYAeT JOCTYN K HEODXOIMMEIM JAHHEIM.

Ret Far — aanvHuil BO3BpAT.

Retirement («OTCTaPKar) — 38BEPIUCHHE MAKPO- HIIH MKKpOOMEpauuii B
MpoLeccope # 0CBOGOXIEHHE PecYPCOB NOCAE HCMOMHEHM, COTIPOBOXIAD-
HIeecs OKOHYATSIBHOH 3aNHChI0 pPe3y/sTaTOB B DETRCTPOBRLIH (daiin npomec-
copa.

RISC (Reduced Instruction Set Computer) — apxuTeKTypa, XapaKTepu-
3YIOIIASCA OTPAHHYUCHHHM HabGopoMm komann dukcHpoBaHHOTO OpMaTa.
RISC-npoueccopbl 06bIYHO peanHayioT okono 100 koMaHa, KMelomHx GbHK-
CHpoBaHHBIN dopMaTr JmuHoi 4 Gaiita. O6uyHO B RISC-nponeccopax Bce
KOMaHAB 00pabOTKH AAHHBIX BRIIOAHAKTCA TONBKC C PETHCTDOBON WIH HeE-
nocpencTeeHHON aapecatidei.

Rmax (Ryax) — NPOH3BOINTENLHOCTD cynep:-)BM OlieHeHHasA Ha OCHO-
pe Tecta Linpack Benchmark,

ROM (Read Only Memory) — BOCTOAHHOS 3aTTOMHHAIONIEE YCTPOICTBO
(TOMBKO OAA YTCHHA).

Rpeak (Ryeqx) — TeOpeTHYECKAA MEPa NPOH3BOAMTENLHOCTH CYHEpPKOM-~
NBOTEPOB, CLEHHWBAEMAsA NYTEM CYMMHpPOBAHMS NPOH3BOAMTENBHOCTH Npo-
HECCOpPOB cHeTeMel. Jing mpuMepa, TeopeTHYECKas MUKOBAA TIPOM3BOIMTEh-
HocTh ( ) ozHompoLeccopHO#t cucTembt Ha Oase npoueccopa Intel
Pentium ¢ yacTotoii 200 MI'u He mpeBBliaeT BeIHYHHK 62 Mdnonc.

RS-232 nopm (RS-232-C serial port) — crangapt (nporokona, dopmar)
coeauHeHHA IBM ¢ nocneaoBaTeNbHBIMH BHEUIHHMH yYCTpodcTBaMu (Mofe-
MEI, HEKOTOPBIC NMPHHTEPH, TCKCTOBHE TCPMHHANBI).

RTC (Real Time Clock) — yacH peansHOTO BpeMeHH (ONMMH U3 610KOB
uHbopMaunK, xpaHuMuii B CMOS RAM).

Saturarion arithmetic — SARITH («apudmeTnka HACHIHCHUA») — BEP-
chA apdMETHKH, B KOTOPOH pe3yNbTaT onepaliil THIA NepeMHOXEHNA WIH
CYMMHPOBAHHA OIPAaHHYEH WHTEPBANOM MEXIY MAaKCHMAaNLHEIM M MHHH-
MANBHBIM 3HAMCHHAMH.

SCST (Smal! Computer System Interface) — uHTepdeiic MATHX KOMIIb-
KTEPHHEX CHCTCM.

SDRAM (Synchronous DRAM) — cunxpoHHaa DRAM, A naMmsaTH,
KOTOPEI HMMEET NMPEHMYLUECTBA TONBKO NMPH NOCHEOOBATENRHON BBIOOpKE
EAHHBIX 13 maMaTti. Ho npu nocnegosatensHoi BeIGOpKe (MK IIOTOKE, KOH-
Beliepe — burst) yreHHe/3aMMCH BHHIOJMHAIOTCA B 2 pasa OuicTpee, YeM Ing
EDO DRAM. Ha mHKpocxeMax SDRAM yKasnBaeTcd BpeMst JOCTYIIA B Ha-
HOCEKYRIAX K JAHHHM NpH NOCICIOBATCIBHON BBIGODKE.

Set-associative cache — YAaCTMYHO ACCOLMATHBHAA KU-TIAMATE.

SIMD (Single Instruction Multiple Data — OnHa xoMaHIa ¢ MHOXECT-
BOM JAHHEIX) — OCHOBHBIH NpuHIMN nocTpoeHna MMX-xoMakn ansa MuK-
POTIPOLICCCOPOB. 3TH KOMAHIK B KaYeCTBe ONCPAHAOBR HCIIOMB3YIOT PErHCT-
PH CONPOIIECCOPa, MPSAHAZHAYCHHBIC IUIA XPAHCHHA ONMepaHnos B 80-pas-
pIOHOH ceTKe.



Fnoccapuii TepMUHOB (BHTAKACKMIA A3LIK) 491

SIMM (Single In-line Memory Module) — ogHOCTOPOHHHIT MOSY/b Na-
maTH. Mmeer 72 BHIBOAA ¢ KAXKOON CTOPOHBI, HO NApH BHBOROB C OAHOMH H
APYroil CTOPOHH 3aMKHYTH MEXAy co00H, MO3ITOMY OHM CYKTAOTCA OHHO-
cropoHHuMH. Co0CTBeHHO NaMAThH, pasMelleHHas Ha MOIyNe, MOXeT OHTE
kak FPM, Tak u EDO. [Mamare B SIMM uMmeer pazpgasocts 32 (¢ 4eTHO-
CTBIO = 36) GHTa M MOXET WCTIONB30BATECA B KOMNBIOTEPAX C MPOLIECCOPAMH
Pentium ToABKO mapaMu.

SMP (Symmetric Multi-Processing) — cHMMeTpHYHas MHOTOTpOLEC-
copHas o0OpaboTka; MeTom, NO3BOAICWNA Gonee yeM OJHOMY NMPOLECCODPY
pPacIipede/iTh MeXay co0oil BHYMCAMTENbBHYIO HATPY3KY.

SMT (Surface Mounting Technology) — TeXHONOTHS MOBEPXHOCTHOTO
MOHTXA. '

SouthBridge («IOxHBIT MOCT») — 0003HaYeHHe nepHbepHHOTO KOH-
Tpoiepa B chipset {HaGope MHKpPOCXEM), BKIIOYAIONETO ODBIYHO KOHTPON-
nep EIDE, knasnaryph, Mocta PCI-to-PCI, nocaenosareabHbix/napaneis-
Horo moptok, WHHH USB » apyrux nogoOHEIX YCTpPOKCTE.

SP (Stack poirniter) — ykaszarenr crexka (OOMH H3 PETMCTPOB-YKA3ATEACH
B MII).

Speculative loading — onepexaiolilee CUHTHBaHWEe AaHHBIX H3 OI1 B pe-
rucTpsl nponeccopa. Kommeuaropu apxurextypu [A-64 monkuer mpocMar-
PHBATE MCXOAHHH KOA ¢ LENbIO MONCKA KOMAHI, HCIIOAbL3YIOIHX JAHHHE U3
nmamaTd. Haliaa takyo KoMaHIy, OHH A0o0apAsgioT mapy KOMaHN — TIpeaBa-
pHTenbHoe YTeHHe (speculative loading) Ha mocTaroyHO GONBIIOM paccTos-
HHMM TNiepell KOMaHZo#, HCTONMb3IYIONell JaHHEIE, H MPOBEPKY CUMTHIBAHMA
{speculative check) HemocpeACTECHHO mepeld KOMaHBOH, HCnonb3yiolled
JaHHbie. Bo BpeMd BHINOAHEHHs NMPOrpaMMH TIEpBas U3 KOMAH 3arpyXxaer
JaHHHEe B PeTHCTPH OO TOTO, Kak OHM moHaaobarcs mpougccopy. Bropas
KOMaHMa MPOBEPAET, YCICIHO AH MPOM30LLUIO YTeHHe, meped TeM, Kak pas-
pemwrntes LI uenons3oBarh 3TH JaHHBIe. Onepexalollee YTEHHE NO3BOISET
YMEHBIUHTb NMOTEPH NPOH3BONWTENBHOCTH H3-3a 3alEPXEK NpH AOCTYNE K
MaMAaATH, a4 TAXKE MOBHEICHMTE NMAPAIUTCAH3IM.

SPP (Standard Parallel Port) — craHzapTHBIi Mapa/UenbHblii TOPT, KIac-
cHMeckuit npuHTepHH nHTepdeiic, Ha3MBaeMbi, Kak Mpasuno, Centronics,
o HMEHHM JasHO JMKBHAHPOBaHHOH dHpMH, paspaborapmieli >TOT HHTEP-
deitc. MHTepdeiic nossonger nepenapars JAaHHEIE O GaikTy co CKOPOCTBIO 10
80 Kéaiit/c. ITpn HeobGx0MWMOCTH TIpHEMa JAHHEX MOXHO HCIIONB30BAThH He-
THIpE THHHH CHTHANA OT NMpHHTepa (06puB OyMaru, Oydep NpUHTEpa NOJOH
H T L)

SRAM (Static RAM) — crarnueckas RAM.

SSE (cucrema xomana Streaming SIMD Extensions) — pacillipeHne
nabopa komann x86. Mpeanoxena Intel B 1995 r. mna npoueccopa Pentium
III Xak OTBeT Ha BHINVIUCHHYIO TOAOM paHee apXMTekTypy AMD 3DNow!.
SSE BROIAT 80 AONOIHHTENBHEIX KOMaH, KOTOPHIE HMETH KOOOBOE HAHME-
HopaHHe KNI (Katmai New Instructions). AMD pxmounna noagepxxy SSE
B CBOH MNpoueccopH, HauuHaa ¢ Athlon XP.
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SSE2 — paseuTne KoMaHa SSE (HHOTOA HasHBaeMBX Tenepb «SSEl»),
ppegeHHoe B 1111 Pentium IV, SSE2 comepXuT HOBbE MaTeMaTHYeCKHe olle-
paunn Haa uuciaaMi I13 gpofiHolt TouHOCTH (64-paspsna) K Han 8/16/32-paa-
PAOHBIMH YicaaMi D3, KoTOphie Bee BRHIMOAHAIOTCH B MaccuBe 128-paspan-
Huix perucrpos XMM (panee nossubumxcs B SSE).

SSE? — xonoroe HavMeHopaHHe Prescott New Instructions (PNI), pas-
BHTHe SSE2 mnyrem BmoueHMsa koMaHn uHppowolt obpaboTxH curnanos
(DSP) u xoMaHA YIpaWIeHMA MOONPOUECCaMM («HUTAMK», thread).

SSE4 — nporHosnpyeMoe oORopncHHe SSE3 myrem goGamneHua pana
KOMaHI Hal LENHMH YMCNaMH H np.

SSSE3? — obuoBacHue cucTeMer komaHa SSE3 mytem mobamnenus 16
HOBBIX KOMaHJ {opcodes), B TOM YHCTE — NEpecTaHOBKAa GHTOB B CNOBE, TS~
peMHOXeHHe 16-pajpaaHBX UEABIX UMCEN C OKPYTACHHEM PE3YALTATA H OIc-
PalMHM BHYTDH CJIOBA.

Stack — cTeKoBasd NaMATD.

Star processors — ceMeitcTBo npoueccopos AMD apxurektypm K10, Ha-
HMEHOBAHHA SAep KOTOPHYX BLIOpAHEI N0 HMEHAM 3Be3n — Agena (B Lenras-
pa), Deneb (¢ febens) Heka (L Opmuona), Kuma (v [pakona), Propus
(n Bauaneuos), Rana (3 Dpunaxa), Regor, (y Ilapyca), Spica (o. [IeBH) H T. IO.

Synchronous Burst — cHHXpOHHAA TaKeTHa#dA (TMH K31H-TIAMATH).

Synchronous DRAM (SDRAM) — BUA NMaMATH, KOTOPEBIt NMEET MpenMy-
WIECTBA TOALKO ITPH MOCHEHOBATENBHOM BuIBOpke JaHHHIX W3 mamsatH. Ho
IIpH MOCHedoBaTeqbHOH BHIOOpKe {MNH HOTOKe, KOHBeilepe — burst) 4re-
HMe/3a3MHCh BHINTOAHAIOTCA B 2 pasa Omictpee, yeM mna EDO DRAM. Ha
mukpocxemax SDRAM ykazbiBaeTcs BpeMs QOCTYIIA B HAHOCEeKYHIaX K JaH-
HEIM Npd nocncfosarenbHodl Bribopre. Peanbtio xe umdpu Ha xopirycax
MHKPOCNEM CHHXPOHHOH namard (PAKTHUCCKH COODIIAKT MAKCHMAIEHYIO
TAKTOBYW) Ya¢TOTY CHCTEMHOW LIMHbI, HA KOTODOH HAHHAA NAMATH MOXET
pabotath. SDRAM Eeinyckaerca cefiyac Tojssko B 168-BhIBOgHEIX 64-pa3-
panapx Moayasax DIMM. B ortanume ot o6musbx Moayneit SIMM 3t mMo-
[YT YCTAHABJMBATLECA HA CHCTEMHOH ILTaTe MOOAHHOYKe. B COOTBETCTBHH C
JEDEC-crangapToM Ha soayie DIMM poaxha 6uITh yCTaHOBACGHA CNeLM-
ancHas MukpocxeMa SPD yerpoiicTtea. Hekoropeie COBpeMEHHEIE CHCTEM-
HEI¢ TNaTel, HanpuMmep $upms Intel Ha Habope 440LX, we 3amyckawrcs,
€C/IH yCTaHOBNieHa nmnaHka mamatd 0e3 SPD. Muxkpocxemu SDRAM rtakxke
UIMPOKO WCMOJBIYIOTCH B K2UeCTBE JNOKANBHOH IAMSTH BMACOKApT.

Targer Buffer — Gydep xauiupoBaHua GIOKOB.

TB (Terabyte, TepaGaiiT) — eaMHMLA H3MEPEHHA €MKOCTH NAMATH, CO-
mepxamaa 1000 Ioaiir. B xauecrpe anbTepHATHEHOH OHHApHOH eZUHMLEL
TIEC npennoxmaa » 1998 r. TiB (TibiByte), 1 TiB = 1024 GiB (GibiByte).

TDP (or anza. thermal design power) — BeIMMHMHA, NOKASHBAOLIAA, Ha
OTBOA KAKOH TEIUIOBOHMOIHOCTH ROMXHA OHTL PACCHHTAHA CHCTEMA OXNA-
XKACHHA MPOLECCOopa MM APYTord NOTyNpOBOSHUKOBOrO npubopa. K npu-
Mepy, ecIH CHCTEMa OXNIAXACHHA Tpoieccopa paccuutada Ha TDP 30 Br,
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OHa JODKHA OLITH B COCTOSHMM orBecTH 30 BT Tenna mpH HEKOTOPHX 3aj1aH-
HBIX YCIIOBHSAX.

TLRB (coxpaenne ot Translation Lookaside Buffer) — Gydep GuicTporo
npeobpazosanna agpeca (BIIA), mpenacramnmoinii CoBoH cnElHANBHRYIO
K3II-MAMATE; NCAOAB3YETCH MAA YCKOPEHHA CTPAHUYHOTO NpeospasoBaHus.

FOFP 500 (500 nanGonee npou3BoanTeRbHEX SBM Mupa). Ing nomyde-
HHMA JOCTOBEpHOH WHGOPMAIMKA B HCCASIOBAHHHM H ONpede/ieHHH NYyJIUHX
CYTIEPKOMITBIOTEPOB MHpa Gbin Hawat npoekT Top 500. [eppaa nyGnHkamms
opuuHanLHo#i pepcHH Top 500 cocromnacs 5 HogBpa 1998 r., u obHOBIEHHE
OCYIIECTRIIETCA ABaxan B rof. Peiriry yCTAHARTHBAIOTCA B 3aBHCHMOCTH
oT pesyiabrata (Rps), MOKAZZHHOND CHCTEMOH INpPH TIDOBEACHWH TeCTa
Linpack 1 TeopeTHueckod NMHKOBOH NWPOHIBOAMTENLHOCTH Rpeak.

Torremza — obpasneHHads AMD nHunmaTHsa, HanpapieHHas Ha MOg-
JepXKY MHTEIPALKHH CNIEUHANH3HPOBAHHLIX CONPOLIECCOPOB B BHYHCANTEINb-
Hble MALIHHH H CHCTeMB, Ga3sHpyiommMecs Ha nmpoueccopax AMD Opteron.
Torrenza He CBA3AHA C KAKWMH-TMGO KOHKPETHBIMH NMPOAYKTAMH WIHM TeX-
HONOTHAMH, BBIIBHTAS TOJLKO KOHUEMIMI HHTErpauHy COMPOLECCOPHBIX
YCIPOHCTE B CHCTEMM NyTeM COMpkenHd uepes noptet HyperTransport ¢
1T Opteron u uepes uuTepdeiic PCI Express ¢ apyriMu ycrpolicTBaMi.
HHpupaTHBa WMeeT LEIBI0 YCHANTE TEXHHHMECKYI0 H TEXHOMOTHUCCKYIO TION-
ACPXKY BHEIIHHX Ppa3paboTUMKOB CONMPOLECCOPHLIX YCTPOHCTB, CHH3NTh
CTOMMOCTE HCTOuIb30BaHKA wHTepdeiicop HyperTransport aas STHX yeT-
POHCTE M MOBLICHTE OCIUYI0 IKPEXTHEHOCTL HHTETPHPOBAHHBIX CHCTEM.

VLIW (Very Large Instruction Word) — apxurexrypa, Mcols3yionas
O4eHb ANHHHBE KOMaHAR (A0 128 6uT M Gonee), oraenbHBE [ONA KOTOPhIX
CONEPXKAT KOOM, 00eCHeYHBAIOIINE BHRONHEHHE PAIMYHKIX ONcpadui ma-
PAaIEnLHO B HeCKOABKHX HCHONHHTCNBHBYX YCTPOWCTBAX, BXOASINHUX B
CTPYKTYPY MuKponpoueccopa. [1pu TpascnamMu nporpaMm, HAMCAHHEIX HA
S3LKE BRICOKOIO YPOBHSN, COOTBETCTBYIOIMEA KOMIMMAATOP MPOHIBOAUT (Hop-
MUPOBAHHE «IIHHHbIX» VLIW-KOoMaHa, Kaknas H3 KOTODHIX BhI3bIBAST pea-
JH3AUHIO NPOUECCOPOM LIENOH Npoueaypsl HIH TPYNNEL Onepami.

Volume — TOM, WIH JOTHYECKHH HOCHTENb JAHHBIX, COACPAILHA MHO-
xectBo Guaiinos. B cmysae HXXM]E obnitiio ToOM pa3MelliacTca B pasgene quc-
Ka, dopMaTupyerca A nossepxku daitopoil cHcrembl (FAT unu NTFS)
H eMy Ha3HavaeTcs HAeHTHOHKaTop (DYyKBa — C:, D: M np.).

VTOC (Volume Table of Contents) — 1abnuuu comepxaHus ToMa (CHC-
temHas wacth CD ROM).

WORM (Write Once Read Many) — namsTe ¢ ODHOpPa30BOMH 3aNHCHIO H
MHOTOPA3OPHIM MTEHHEM (Ha KOMIAKT-AHCKAX).

Write Back (obpaTtHas 3anMch) — TEPMHH NPUMEHAETCA NMPH OMMC2EHHH
yeTpoiicTe kam-namaTi. Ecou yCcTaHOBRRCH pexiM OOGpPAaTHOI 3amMcH, 10 B
CITy4ac H3MEHEHWA JAHHEIX, HAXONAIIMXCA B K3IUI-TIAMATH, NPOLECCOP MeE-
HAET HX TOABKO B K31I¢, HO He B OCHOBHOH NaMiTH. TOMBKO TIPH 3aMeHe Of-
oM o0MacTH SAHHBIX B K3Ie HA APYTYIO [IPOUECCOp COXPAHAET HAHHBIE N3
K3MI-RAMATH 8 OCHOBHYIO TIaMTh. PeanbHo 3T0 03HaYaeT, YTo JaHHHE K3-
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LIMPYIOTCS Ha 3alMCh U HAa YTEHUE, ¥ UMEHHO TaKOH pEXHUM MPUMEHseTCS
ceifyac B MoAaBSIOWIEM OOJIBIIMHCTBE KOMIILIOTEPOB.

Write Combining — obveauHeHHasi 3allUCh, TEPMUH MPUMEHSAETCS NMPU
OMHUCAaHWUU YCTPOMCTB K3IU-MAMATH W O3Ha4YaeT HaKOIUIEHUE 3anMChIBaeMOi
UHGOPMaLMM B K3LI-TAMATU C MOCHEAYIOLIUM «BBLICTPEJIMBAHUEM» TOTOBOTO
MakeTa JaHHBIX Ha IUMHY.

Write Through (cxBo3Hasi 3alMCb) — TEPMHH NMPUMEHSETCS NMPU ONMUcCA-
HUM YCTPOMCTB K3LI-NaMATH. ECJIM yCTaHOBJIEH PEXUM CKBO3HOM 3alMCH,
TO B Cllydyae U3MEHEHHUs JAHHBbIX, HAXOASLUMXCS B K3LI-MAMSTH, MPOLIECCOP
OIHOBPEMEHHO MEHSET HX KaK B K3lIe, TAK H B OCHOBHOM IaMSATH.

x86-64 — 64-OMTOBasi apXMTEKTypa MMKPOIPOLIECCOPOB UM COOTBETCT-
ByIOLIMI Habop KoMaHI (HamMHOXecTBO KomaHz Intel x86, KoTophie Takxe
3ech nomuepxuBaiorcs). Beenena AMD B nponieccopax AMD K8 u 3arem
neperMeHoBaHa B AMDG64. Dto mnepBslii ciyyail, koraa He Intel, a apyras
KOMIIaHHS TIPeIOXMIIA CYLLIECTBEHHBIE JONoJHeHUA K 1A-32. Intel 6pL1a BbI-
HYXJIEHa «IOTOHSTb», CPOYHO BBOJs1 HOBbIE MpoLieccopbl ceMeiicTBa NetBurst
(mepBoHayanbHO Ha3BaHHble «IA-32e»). Cucrema x86-64 B nanbHeiilieM
npuHara Intel nox umenamu EM64T, 1A-32¢e wiu Intel 64 ( moyTH TOYHass
xonua AMD64). O6a paciuupenusi (AMD u Intel) 06paTHO COBMECTUMBI C
KoJoM Ha 32 Ourta 6e3 norepu 3¢pdexTuBHocTH. Hanpumep, «PykoBoxactsa
pa3paboTuMKoB», Bbilyckaembie Intel mis apxurtektypnl IA-32, oTHocsATCcs
takxe ¥ K [A-32e. HaumeHoBaHus «x86-64» wiM «x64» MHOTAA MUCIIOJIB3YIOT-
c KaK HeHTpalbHBIE IJIsi OOLIEl CCHUIKM Ha 3TH JIBE IOYTH HIECHTHYHBIE
(AMD u Intel) peanusaiuu.

x87 — pacuuupeHue HaGopa koMaHz (x86) npoueccopos Intel myTeM BBO-
J1a «MaTeMaTHYECKHX» (HalpuMep, C TUlaBaloliei 3amnsaroi) onepauuii. Ilep-
BOHAYaJIbHO MOSBJISIOTCS KaK KOMAaHIbl COMPOLIECCOPOB, Ha3BaHUE KOTOPBIX
3aKaHyMBaeTcs Ha «x87». Kak u apyrue pacuiMpeHus 6a3oBoro HaGopa x86,
He 0053aTeJIbHBI JUIsi HOpMaJIbHOTO PYHKIIMOHHPOBaHMS MpOLIECCopa, OMHAKO
SIBJIAIOTCS anmapaTHHIM obecriedeHHeM MaTeMaTHYECKUX PacCUeTOB M CYILECT-
BEHHO MOBBIIIAIOT TPOU3BOAUTEILHOCTD, TOCKOJIBKY 3alauyl PELUalOTCs] MEHb-
LIMM YMCJIOM KoMaHA. B yactHocTH, X87 comepXHUT KOMaHAbLI BbIYMCIICHHUS
CMHyca (sin) ¥ KocHHyca (Cos).

XMS (eXtended Memory Specification) — cneuMduxkanus pacuiipeH-
HOHN namsaTu.

ZIF (zero insertion force, HyJieBoe YCHJIME BKJIIOUEHHS1) — MPHHLMIT KOH-
CTPYMpPOBaHHMSI pa3beMOB (B OCHOBHOM, HHTepP(EHCOB MUKPOMPOLIECCOPOB),
MPU KOTOPOM He TpebyeTcs yCwiuii (0ObIYHO AOCTATOYHO Beca MMKpPOCXe-
Mbl), Ui MOMEILEHUsI MUKPOCOOPKH B KOHTaKTHOe rHe3no. [lepen Bkioue-
HMEM MHKpPOCXeMbl BCIIOMOraTe/ibHbie phiYyard OTBOASAT KOHTAKThI 'He3da OT
HX OOBIYHOTO MOJIOXEHHUS, B CBA3M C YEM T€ HE OKa3biBAIOT AABJIEHUS Ha BBO-
JIHMBbIE IITHIPbKH pa3beMa, a 3aTeM KOHTAKThl OCBODOXAAIOTCS U NMPUXOIAT B
CONMPHMKOCHOBEHHE CO 1IThipbKaMu. ZIF-pa3beMbl 6osee 1oporu, yeM oObr4-
Hble KOHCTPYKIIMH, a TaKXe Tpe6GyIoT Gosiblie CBOOOIHOro MeCTa Ha Iulare.
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Habop komaug x86

B ta6n. T13.1 npHBOXHTCA TIPAKTHYECKH TIONHEIH Habop KOMAHA
x86 (nmpoiteccopos 8086—8088), GONBPIIMHCTBO N3 KOTOpHIX (PYHK-
IMHOHNPYIOT B 32-pa3psaHLIX TpoLeccopax, HMcrnonb3ys 32-6uToBbie
perHcTprl (EAX, EBX M Mp.) M BEJIHYHHH, BMECTO MX 16-GUTOBBIX
(AX, BX M IIp.) AHAJIOTOB.

Tatiauya 113, 1. HexoTopae a3 mexonmarx xomaan nafopa 8086—8038

Komanpa Pacumcbposka [le#cTemne

ARR ASCII adjust AL after addition | BepasHuBanWe CHMBOIIOB NOCTE CNIOMEHNA

AAD ASCH adjust AX before division | BupasHMBaHKe CHMBONOE NEPEN NEOHWEM

AAM ASCI| adjust AX after BuipapHueaHue CHMBONOB NOGNE NepeMHONe-
multiplication HHA

ARS ASCII adjust AL after BupasHueatie CHMBONOB NOCNE BLIYMTAHWA
subtraction

ADC Add with carry Cnoxesue ¢ NEpeHOCOM ENWHHLB

ADD Add Cnoxenwe

AND Logical AND TloruyecKan ongpauwa i

CALL Call procedure Bri308 npouenypel

CBW Convert byte to word Mpeobpazoeanme Baikta 6 CnOBo

CLC ’ Clear carry flag OuncTka donara nepenoca

CcLD Clear diraction flag OuncTKa thnara HaNpasnReHnA?

CLI Claar interrupt fiag: QuwcTra thRara NpepHIBARUA

CMC Complement carry flag Joncnuexwe gonara nepexoca?

CMP Compare operands CpapHeHne OnepaHnos

CMPSE Comepare bytes in memory CpasHeHHe ONEpaHns B NAMAT

CMPSW Compare words CpaeHetwe choe

CWD Gonveart word to doubleword | Tpeodpascears choso B NBOHHOE CNORO
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DAR Decimal adjust AL alter addition | BuipasHneanie REOWYHO-ISCATWIHOTD NoCNe
CROAEHNA

Das Decimal adjust AL after BripaBHNBaHNE JROMYHO-AECATHYHOM NOche

subtraction BGIYWTAHWA

DEC Decrement by 1 YseHbwenws Ha 1

DIV Unsigned divide [enexne yncen Ge3 aHaxa

HLT Enter halt state OcranoesTs npoueccop

IDIV Sigoed divide [lenaHne YNCen O 3HAKOM

IMUL Signed multiply nej:eunomenne YNCEN CO HAKOM

IN Input from port Beon ganHbIX W3 ROpTA

INC Increment by 1 Yeenanue Ha 1

INT Call to interrupt Bri3oB No BpapLIBaHNG

INTO Call to interrupt if overflow Bbraog N0 nepenpnHeHN

1IRET Retum from interrupt BOIBPAT U3 NPEPLIBAHMA

Jxx {(JE, JG, [Jump if condition Yonoshulil nepexon (JE — nepexofl, 8Chu

J% ¥ T. Aa.), «paBHo», JG — Nepexoq, echw Gonowe, JZ —
nepexod, ecnu «0», wnp.}

JHP Jump BezycnosHwil nepexon

LAHF Load flags into AH register Sarpyswume (narw B pervcTp AH

LDs Load pointer using DS 3arpysuts yKadaTetic, WCTIONb3YA CETMEHT faH-
HbIX {DS)

LODSB Load byte SarpyawTs (B parwctp) Gaifr

LODSH Load word 3arpyauts cnoso

LOOP/LOOPx }Loop control Ynpasnexue unxnod <B0/FOR» {LOOPE —
NOBTOPHTL, SCIW «PaBHO», LOOPNE — NOBTO-
PHTh, 6CIM <HE PABHO», LOOPZ —~ NDBTOPWTS,
8GN «0», W np.)

MOV Move Nepecnars

MOVSE Move byta from string to string | Mepecnare SalT K3 CTPOKW B CTPOKY

MOVSHW Move word from string to string [ Mepecnats CNOBO W3 CTROXM B CTPOKY
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MUL Unsigned multiply Nepemiomenne uncen Go3 3Haxa

HEG _ Two's complemant negation flononHenme K oTpILAHMD

NOP No operation Her onepaunw

NOT Negats the operand, logical NOT | WHESPTAPGBATE ONEpanA (OTHHECKOE OTPU-
Udnwe)

OR Logical OR TNoru4ecxos rm

ouT Output to port Buisect B NOpT

POP Pop data from stack . [PURATL {<NOQHATL>) AAHHLIE M3 CTEKA

POPF Pop data from flags registér TIpMHATD flaHHLe K3 POruCTRa Qaros

PUSH Push data onto stack MOMECTHTL {«ONYCTHTL®) fAHHLE B CTEK

PUSHF Push flags onto stack MosteCTHTL hnamt B perwcTp raroe

RCL Rotate left {with carry) Linknwqackni énsar BNEBO (C NePEHOCOM)

RCR Rotzte right {with carry) Lininiseciotii CUBAF BPABD {C NPSHOCOM)

REPxx Repeat Ynpasnexma Lunom «[0KA/WHILE»
{REPE — NOBTODWTL, ECAN «PABHO»,
REPNE — MOBTOPMTS, BCIM «HE PABRO®,
nr.4a.)

RET/RETN. |Return from procedure Boaspar u3 npouenyp

RETF

ROL Rotate left Limoinueckuid CRBEr BNeso

ROR Rotate right Linknanqeckiil CABKI BNPaBo

SAHF Store AH inta flags TYoMECTHTL perwcTp AH BO ¢|mn|

SAL Shift Arithmetically left ApncpmeTivackwii cABMT BABRO (PAPEMKD-

(multipty) XOHME}
SAR Shift Arithmetically right AprthMETIYECIONE CIIEWT BIDatD
(signed divide) {penedue ¢O 3HaKOM}

SBE Subtraction with borrow BonTaHne ¢ 33AMOM SIIWHALL

SCASE Compare byte string Cpasrnts Snroebie CTPOKN

SCRSW Compare word string CpaBHRTL CTPOKM CNDB

SHL Shift keft (multipty) Cienr BN8BO {NEPEMHONEHNE)
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Komatina Pacumdpoesa igicTeng
SHR Shift right {unsigned divide) Cheur Bnpaso (6833HAKOBOR NENEHAE)
8TC Set carry flag YcTanoBuTe thnar nepexoca
STD Set diraction flag YcTanoeuTe hnar HaRpaBneHMA
STI Set interrupt flag YCTaHoBuTL (hnar NpepbisaHiA
STOSB Store byte in string MNomecTare Galr B cTpOKY
STOSW Store word in string MoMecTATS CROBY B CTPOKY
SUB Subtraction BormTanne
TEST Loglcal compare {AND) TlornyecKoe cpasHeHwe (1)
WAIT Wait until nat busy Ouaare, NOKA NWHKA BUSY # He 238HATA (MC-
nonbayeTca ¢ Gnoxom N3)
XCHG Exchange data O6meh paHHb M1
XLAT Tahle look-up transiation Wcnonb3opakue TAGNUUL TPAHCAUTOPALIMK
XOR Exclusive OR Wekniowaiouwee v

MMX-xomands: VCIIOMHAIOTCA B TOM X¢ peXHME TNpOIeccopa,
YTO M KOMaHAH ¢ Ivapamoueii 3amaroii. [ToeToMy NpH HCIOTHEHHH
pcex MMX-komaun (kpome EMMS) «aroprurcd» ¢l0BO COCTOAHHSA
PErUCTPOR ¢ IJIaBaIueH 3anarod. B Tada, [13.2 nprBeneHs nprMe-
PH HeKOTOpHX XoMana (3meck MP — MMX-permctp; n32, ne4 —
32- u 64-paspagapie cnoea B OIl; HO — HemocpeACTBeHHEI ome-
paHI; P32 — LENOYHCACHHRIK PEerucTp).

Hoanwi cnucox MMX-uxcmpyxunii;

EMMS, MOVD, MODQ, PACKSSDW, PACKSSWB, PACKUSWB, PADDR,
PADDD, PADDSB, PADDSW, PADDUSB, PADDUSW, PADDW, PAND,
PANDN, PCMPEQB, PCMPEQD, PCMPEQW, PCMPGTB, PCMPGTD,
PCMPGTW, PMADDWD, PMULHW, PMULLW, POR, PSLLD, PSLLQ, PSLLW,
PSRAD, PSRAW, PSRLD, PSRLQ, PSRLW, PSUBB, PSUBD, PSUBSB,
PSUBSW, PSUBUSB, PSUBUSW, PSUBW, PUNPCKHBW, PUNPCKHDQ,
PUNPCKHWD, PUNPCKLBW, PUNPCKLDQ, PUNPCKLWD, PXOR.

Bce koManan MMX omeprpyioT ¢ ABYMA OIepaHIaMH — M C -
TOYHHK ¥ OpHeMHUK B obSosHaueHNsIX KOMaHAE TIPABLI One-
PaHI ABRIACTCA NCTOTHHKOM, a JICBEIH — IIPHEMHHKOM.
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OnepaHi-TIPHEMHAK MOXET Takke ObITb M BTOPHIM ONEpaH-
JOM-HCTOUHMKOM. KOMaHIH 3aIMCHBAOT B MPHEMHHAK PE3YJILTAT.

OnepaHI-HCTOTHMK A1 Beex KoMaHn MMX (kpoMe KoMarz, epe-
CBUTIOK) MOXET PACTIOJIATATHCS JTWOO B MaMATH, G0 B perucrpe MMX.
OnepaHn-MpUeMHIK JODKeH pacriolaraTecd B perucrpe MMX.

JInd KoMaHI TMEpechUIOK OTEpaHAaMM MOTYT TAKKE BEICTYIIATh
uenouncnendele POH o saeiixu mamatH. Bee 57 MMX-xoMasa
pa3ue/IeHsl Ha CeaylolMe KNacch — apubMeriyeckue, CpaBHEHNA,
npeoOpa3oBaHHs, JIOTHYECKHE, CABHTA, MEPECEITKH I CMeHBl COCTOA-
nuit, OcHoBHEe ¢dopMaTH npexcrasicHbl B TaGa. I13.2 (me mpen-
CTaBJICHM KOMaHAbl CPABHEHWS, JIOTHYECKWE, CABHIA U CMEHBI CO-
CTOSHIIH).

Tabsuya 173.2. Hexoropiie EoMangst Texnotorme MMX

MHemMoHWKA DeilcTene
ARNPIETHYOCKNE
PADD[B, W, D] Cnowenne ¢ oxpyrnednem [byte, word, doubleword]
PADDS[B, W) {noMmT> IHAKOBLIG C HACHILBHNEM [Dyte, word]
ADDUS [B, W] CnowmTh GeasHaKoBble ¢ HackitiaHneM [byte, word]
PSUB[R,W,D] BuiuecTs ¢ okpyrnenmeM [byte, word, doubleword]
PSUBS[B, W) Bbi4eCTb 3HAKDALI ¢ HACKWBHWAM [byte, word)
PSUBUS[B,W BbiuecTh 5E33HAK0BLIE C HACHIWEHWEM [byte, word)
PMULHW YNakoBAHHOE YMHOKAHWS, CTApWSE NNA CAOB
PMULLW YNaxoBaHHOS YMHOKEHWE, MRAAIes KA CNoB
PMADDWD YNaKOBaHHOE YMHOKEHWE CNOB W CTIDEHMD DO3YRLTHDYIBUMX Nap
_ Mpeolpasosama
PACKUSHWB Ynaxoexa cnop & OaiTe (§e33HaK0PARA C HACKILIGHWEM)
PACKSS [WB, DW) Ynakoexa cnos B 6aifT, QEOANBIX CROB & CNOBA (3HAKOBARA € HACKILE-
HHOM)
PUNPCKH [BW,WD,DQ] |PacnaxoBka ¢ pactnoesvweM, cTapwsan vyacTs [bytes, words,
doublewords]|
PUNFCKL [BW,WD,DQ] |Pacnaxosxa ¢ paccnoeHMeM, MNARIan 4acTh [bytes, words,
doublewords]|
Mepechinxa
MOV [D, Q] ll'lepecunna [doubleword, quadword] 8 HAW n3 MMX-perncTpa
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Texnoso2un 3DNow! nipenniaraer Ins BHIIOJIHCHHS BEKTOPDHRIX
MMX u 3DNow! onepanmii HeCKOJBKO YCTpoitcTn (apa yMHOXMTE-
Jiel, CyMMaTopoOB H T. A.). Bece xomaHae JDNow! uMeoT AnHTeNb-
HOCTB HCTIOTHEHHA 2 TaKTa H MOJIHOCTHIO KOHBEHEPHIHPOBAHbL. '

TMonuent cnucoxk 3IDNow!-HHCTpYKLAii:

e geedents ¢ npoueccopamu K6-2 — FEMMS, PAVGUSB, PF2ID,
PFACC, PFADD, PFCMPEQ, PFCMPGE, PFCMPGT, PFMAX, PFMIN,
PFMUL, PFRCP, PFRCPIT1, PFRCPIT2, PFRSQITI1, PFRSQRT,
PFSUB, PFSUBR, PI2FD, PMULHRW, PREFETCH, PREFETCHW,

« ggedenst ¢ npoueccopamu Athlon — PF2IW, PFNACC, PFPNACC,
PI2FW, PSWAPD.

dopmar komaHx IDNow!:

| mnemonic mmregl mmreg2 /meméd

OnepaHI-nipAeMAHK nockeH Owre MMX-perucrpoM (MMO—
MM7). OnepaHa-HCTOUHKK MoXer GRITE Kak MMX-perucTpoM, Tak u
onepaHIoM B maMsaTH. Hcnonme3yeMEle COKpalleHHA B MHCMOHHUKS
KOMAHI; P ~ Packed (YNakoBaHHMIf), F — Fleoat (BellleCTBEH-
HB), I — Integer (LEMOUHCICHARIA). CNHCOK KOMaHA NpeAcTaB-
JieH B Tabn. I13.3.

Tabauya 113.3. Cacrema xoMana IDNow!

Komanna Deicriwe
PAVGUSB YnaxoganHoe NoGARTHOR LENOYHCHEHHOS YCPEAHaHNE
PFADD YNaxKQBaMHOs BROBCTEEHHOR CONEHIE
PFSUB YNaKoBaHHOE BELGCTHEHHOE BLIMHTAHNE
PFSUBR YNaKosanHoo BemecTaeHHoe 00parHoe BoluWTaHNe
PEACC YNaKOBAHHOE BOUIBCTREHHOS CCXEHUE ¢ HAKONMNEHWEM
PFCMPGE YNaKOBAHHOE BEECTBEHHOE CPABHEHNE, >=
PFCMFGT YNaxoBaHHOE BEWECTREHHOE CPABHEHNe, >
PFCMPEQ YNaKoBaHHOE BEANECTBEHHOES CPABHEHNE, =
PFMIN YnaKoBaHHuIN BOECTBEHHLIN MIHAMYM
PFMAX YNaKOEaHHLIA BRBCTBEHHLIN MaNCHMYM
PI2FD Mpecbpazosaiig 32-5HTOBBIX LBNLIX B BRULCTRBHHLIE YHCNE
PF2ID Npec6pasoBanne PRWECTEBHHDIX YNCEN B 32-OHTOBLIE LERLE YHCNA
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Komanpa [lefcrene
PFRCP Mpwinuxentcs opatHoe sHaEHWE
PFRSGRT [prGAUXEHHDE DOPATHOE 3HA%EHUE KEANPATHOTD KOPHA
PFMUL YRaKoBaHHOE BOWECTIEHHO ymomua
BFRCPIT1 Nepeoid war naxdmua 0OPATHONO 3HANRHMA
PFRSQIT1 Nepswi war HaxoXaen A oGpaTHOTD JHAYEHNA KBARPATHOTO KOPHA
PFRCPIT2 mmgoﬁm’?uan 0BPATHOrD SHAMEHWA WK 0BPATHORD SHaYEHNA
PMULHRW YNaKosaHHOS YMHOKEHHE UENCUMCNEHHEIX CTOB C OKPYTNEHMOM
FEMMS BrcTpan cmana MMX coctoaur M FPU xB7

PREFETCH

npennuﬁoplé HAK MuHIMYM 32 GaifT B k2u nanssix L1

SSE. CucreMa woMaHg -Streaming SIMD Extensions — Habop
KOMaHJI, KOTOphe 00pabaTsiBaior ToabKo 3HayeHud ¢ 113, nogobHo

IDNow!.

SSE peoaut HOBHE 128-OMTOBHIC DErMCTDM, H3BECTHHIE Kak
XMMO — XMM7. Kaxnaplii perucTp nosponser obpaboTaTh yeTHpe yTIa-
KOBaHHHIX 32-6HToBBX uncna 113 omnHapHOH TOYHOCTH.

[Monneiii crivcok SSE-uHcTpykumil (cM. Takxke Tadn. I13.4):

» onepayuu ¢ [13 — ADDPS, ADDSS, ANDNPS, ANDPS, CMPPS,
CMPSS, COMISS, CVTPI2PS, CVTPS2ZPI, CVTSI2SS, CVTSS8251,
CVTTPS2PI, CVTTS8S281, DIVPS, DIVSS, LDMXCSR, MAXPS,
MAXSS, MINPS, MINSS, MOVAPS, MOVHLPS, MOVHPS, MOVLHPS,
MOVLPS, MOVMSKPS, MOVNTPS, MOVSS, MOVUPS, MULPS, MULSS,
ORPS, RCPPS, RCPSS, RSQRTPS, RSQRTSS, SHUFPS, SQRTPS,
SQRTSS, STMXCSR, SUBPS, SUBSS, UCOMISS, UNPCKHPS,
UNPCKLPS, XORPS;

» onepavuu ¢ O3 — PAVGB, PAVGW, PEXTRW, PINSRW, PMAXSW,
PMAXUB, PMINSW, PMINUB, PMOVMSKB, PSADBW, PSHUFW.

SSE2 nobGapndger koMaHIp obpaborku amcen T3 npoitHoll Tok-
HOCTH {64 6uT) 1 8/16/32-6WTOBBIX LENLIX YUCEN € UCTIONBE30BARHEM
daitna Tex xe 128-onroprix XMM-peructpos.

HonHei# cicok SSE2-HHCTpYKIMIA:

e onepayuy ¢ I3 — ADDPD, ADDSD, ANDNPD, ANDPD, CMPPD,

CMPSD, COMISD, CVTDQ2PD, CVIDQ2PS, CVTPD2DQ, CVTPD2PI,
CVTPD2PS, CVIPI2PD, CVTPS2DQ, CVTPS2PD, CVTSD2SI,
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Tatiauna 113.4. Hexoropsie xomanas uabopa SSE

Komanpa Pacuwwhposxa eiicvene
ADDPS Packed Single-FP | CymmMpyeT 162 BEKTODHIX ONEPAHOA (ND YeTwpe 32-paapan-
ADD HeX Yncna N3)
ADDSS Scalar Single-FP  [Cymmunpyer uncna (32 paspapa ¢ 13), pacnonoxesxsie B
ADD MTAMIKX YETBEJTAX PETWCTROR
ANDNPS Bitwise Logical AND | No6nT0BaA onepauwa AND HAf ORBpaHJaMM, ONMH WX KOTOPbIX
NOT npeAsapuTanLHO DHpaLien (NOT)
ANDPS Bitwise Logical AND | TloGMToBan onepaumA AND
CMPccPS  |Packed Single-FP | CpagnweaeT BasTopst (N0 YeTuipe 32-paspannsix yucna N3}
Compare )
CMPccsS  |Scalar Single-FP | Cpasnweaer yncna (32 paspana ¢ N3), pacnonowenHE B
Compare MNARIWNX HYeTBEPTAX PETWCTPOS
COMISS Scalar Compare and; Cpagnmeaer yncna (32 paspaaa ¢ N3), pacnOROWeHHEE B
) Set EFLAGS MNAZWNX YeTBEPTAX PEFWCTPOR, W COOTBETCTBEHHO YCTAHABNW-
8aeT dhnaru NPOLECCOPa. BuipalaTBaeT CUrHAR HCKNDYAHWA,
BCAW ONMH W3 ONepanaos pased SNaN unw ONaN
CvTPI2Ps |Packed Integerto | Koneeprupyer napy 32-0uTOBbIX UenbIX Yncen 8 32-OHTORLE ¢
Floating-Point M3, peaynbTar 23NUCHIBAGTCA 8 MNAQWNE 64 Pa3pARA PEMWCTDA
Gonversion paaynbTaTa
CVTPS2PI |Packed Kowsepmwpyer napy 32-O6utosbix wacen ¢ N3 p 32-6uroese ¢
Floating-Pointto  |®3
Integer Conversion _
CvrsI2ss |Scalar Integerto | KoneepmipyeT Yweno (32 paspaa ¢ $3) e 32-Guroece N3, 2a-
Floating-Point NNCLIBAOT ero B MNAAWYIO HeTRAPTL PETMCTPa PeaynLTaTa
Conversion
CVTSS2SI |Scalar KoneepTpyeT uncno (32 paspana ¢ N3) e 32-Guroece &3
Fipating-Point to
Integer Conversion
FXRSTOR |Restore FP, MMX |Boccranasnweaer coctoanue npousccopa (FP, MMX wnu SSE)
and SSE States MG QAHHbIM B NAMATH, NPEJIBAPHTENLHO COXPAHEHHBIX KOMaH-
noil FXSAVE
LDMXCSR | Load MXCSR CuuTeiBaET M3 NaMATH 32 Guta u 3aHOCUT Hx & MXCSR (pe-
rHETp cTatyca SSE)
MAXPS Packed Single-FP | CpaenwBaioTcA fBa BakTopa no 32 Guta {13} n MaKcamMyme
Maximum 33aHOCATCA B COOTBETCTBYINYMA HETEEPTH PErWCTpa PE3YNLTaTa
MAXSS Scalar Single-FP 1 OnpenenAeTcA MakcHmym w3 yncen (32 paspana c I13), pacno-
Maximum NOMEHHLI B MNANNIMUX YETBEPTAX PErwCTROB
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Komanga Pacancpooa DeiicTone

MINPS Packed Single-FP | Cpassusaotca aea sextopa no 32 6uta (N3) w MAHUMYME 33-
Minimum HOCATCA B COOTBATCTBYIOWME YeTBBPTH PErHCTPa pesynLTara

'MINSS Scalar Single-FP | OnpepenneTcA MyuHEMyM 13 uncen (32 paapaga ¢ N3}, pacno-

. Maximum NOMEHMLIX B MAAWWX YETBOPTAX PErMCTHOB

MOVHLPS |Move Highto Low |[lomewaer 8 Gailt w3 Bepxneill NONOBMHLY HCXOAHOTO perwcTpa

_ 8 MIUEYIO NONOBAHY PErwCTPa peaynsTaTa
MOVHPS Move High MNepeseitast 8 62T W3 NAMATH B BEPXHICID NONOBHHY PErHCTPa
MOVLHPS |Move Low to High |Tlomewaer § GaiiT u3 HinkHell NONOBKHL KCXOGHOFO PErWGTRA
B CTAPWYID NONORUHY PErnCTRA PeaynLTata

MOVLPS Move Low MNepemetuaet 8 GalT W3 NAMATH B HKHIID NONOBMHY PETWCTPA

ORFS Bitwise Logical OR .| NaGurosan onepauwa OR

RCPPS Packed Single-FP | [Ina kaXnoro u3 4eTbipex sé-wosux 3HayeHwid ¢ N3 ebivnc-
Reciprocal RACTCA NPUBAWXEHHOE 3HAMeHW? OpaTHOR BeANMMHY (C TOY-
Approximation HOCTLIO 3/8192) M 2aNUCHBASTCA B COOTROTCTEBYIOLING YETBEPTH

perucTpa pesynbrara

RCPSS Scalar Single-FP | Bymcnaerca npwbnKeHHOE 3HAYeHMe 0OPATHON BENWYHHYI
Reciprocal ana yucna (N3) 8 MaagwWeR YETEAPTH PErCTPOR
Approximation

STMXCSR |Store MXCSR KonwpyeT perucTp (perucTp cTatyca SSE) 8 namATh

XORPS Bitwise Logical XOR | NoGurosan onepauma XOR

CVTSD28S, CVTISI28D, CVTSS2SD, CVITPD2DQ, CVTTPD2PI,
CVTPS2DQ, CVTTSD2SE, DIVPD, DIVSD, MAXPD, MAXSD, MINED,
MINSD, MOVAPD, MOVHPD, MOVLPD, MOVMSKPD, MOVSD, MOVUPD,
MULPD, MULSD, ORPD, SHUFPD, SQRTPD, SQRTSD, SUBPD,
SUBSD, UCOMISD, UNPCKHPD, UNPCKLPD, XORPD;

» onepayuu ¢ D3 — MOVDQ2Q, MOVDQA, MOVDQU, MOVQ2DQ,

PADDQ,

PMULUDQ,

PSHUFHW, PSHUFLW, FPSHUFD, PSLLDQ,

PSRLDQ, PUNPCKHQDQ, PUNPCKLQDQ.

OaHaKo HONOIHMTEAbHOK TPYIHOCTHIO SBUIOCH TO, YTO ONEPAIIA-
OHHBIE CACTEMH JOJCKHHE ORUTH «yMeTh» 00pabaThIBATE KOM2HAE 3TO-
ro HOBOTO Habopa, YTO6E COXPAHATh COCTOAHUA MX perucTpoB. Intel
NPEIUTOXHIA HEMHOTO H3MEHEHHYIO BEPCHIO 33UIMIEHHOIO PexXuMa,
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HA3BAHHYIO YAYUIIeHHHM pexXHMoM (Enhanced mode), koTo-
PHii AonycKaeT Wcnonb3opanue xoMaHn SSE (B To BpeMsa Kak oHM
OMOKHpPYIOTCT B OOHYHOM 3alMICHHOM pexame). OC, xoropan
«3HaeT™» 0 SSE, apToOMaTHUYeCKH TepekiioyaeTcd B VIYUIIeHHEIH pe-
XUM, ToTHa Kak «OC-He3HalKa» Bo#AET B TPATHIINOHHHI 3alHICH-
HEI pexIM.

SSE3 — uaGop xoMaHI, Takxe H3BeCTHEIM Kak Prescott New
Instructions (PNI), smisiercs TpeTweit mTepaumelt HaGopa KomaHn
SSE mns [A-32 (ta6m. I13.5). Intel ncmomsayer SSEJ ¢ Havana 2004 r.
B IITT Pentium IV Prescott. B anpene 2005 r. AMD r1axke pxmiodaet
SSE3 B III1 Athion 64 (Bepcst E — Venice u San Diego). SSE3 He
TpeOyeT HOMOMHHTEILHRX PETHCTPOB.

Tabauya I13.5. Hexoropsie xowanzm SSE3

Komanna Pacuwippoexa Hexopume RanHse Peaynsrar
«BepTnxanuians apagmoTa
ADDSUBPD |Add-Sublract-Packed- | P, = {4,A)), P, = {B,B)} |P, = {4, — By, A, + B}
Double
ADDSUBPS |Add-Subtract-Packed- {44, 4,4,}, { B, B,B,8,} {4, - By, A, + B,
Singla A, - By, A, + By}
«FOPNIONTANLKEA» GPRDMETING
HADDFD  |[Horizontal-Add-Packed- [{A,A}, { B, 8} {B,+ B, A, + A}
Double
HADDPS  |Horizontai-Add-Packed- |{A,A,4,A.}, {B, B B,B,)} {B,+ B, B, + B,
Single A+ A 4, + A}
HSUBPD | Horizontal-Subtract- {A,A}, {B, B} {A, - A, B, - B}
Packed-Doubie

HSUBPS | Horizontal-Subtract- {4, A A A}, (B, BB, B} {Au A.,Aa Ay,
Packed-Single B,- 8,8 - B}

fipowme xOMANAL

LDDOU darpyaxz 128 GuT HEBLIPORHEHHLIX NAHHEAX N3 MAMATH
8 perncTp XMM, C NpeROTBAIBHIES NBPECAHEHHA
TPAHMLIB! CTPOKM K33
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Oxonvanie matin. 13.5

KomaHga Pacunsppopxa WexonHue faHHLEe PeaynTat

MOVDDUP, MOVSHDUP, MOVSLDGP | MCNOAL3YIOTCA NPA CREPALMAX HJl KOMANSKCHLIMN
_ 4MCRAMA UK Npu ofipatioTke 3BYKOBLIX CHTHANOB

FISTTP FISTTP — npeofipazoBaiwe BAMICTBEHHOTO YRENA B -
LIBNGE C COXPAHEHWEM LIBNOHHCIBHHOMD SHAYEHAR R OK-
PYNBHREM B CTOPOHY Kyna

MONITOR, MWALT ONTIAM3APYIOT MHOTONPOLIECCHBIE NPINOKEHNA

{malti-threaded), yeenmwBanT NpoN3a0aMTERLHOCTL
npouesccopas B pakume Hyper-Threading

SSSE3 — Supplemental Streaming SIMD Extension 3 (nononnm-
eABHOS pacllHpeHHe MOTOKOBBIX KoMaHa SIMD 3), waspaHme Her-
ieproi wrepauys ans Habopa xkomanaw SSE (Imtel cuMraeT sTo npo-
1o nepecMoTpoM SSE3). B koMaHIB Takke M3BeCTHH Kak TNI
Tejas New Instructions) wim MNI (Merom New Instructions) nmo
1epBEIM NpoLeccopaM, KOTOPhie BOJDKHBI OBUTH HX HONIEPXWBATE,

Ipencrapnennnil B Makpoapxurexrype Intel Core, naGop SSSE3
[OCTYNIEH B nipotieccopax Xeon 5100 (cepsepbl M paboumne CTAHIIMH)
1 Intel Core 2 (HoyrGyku H HacTompHEE ITK).

SSSE3 conepxHT 16 HOBHIX KoMaHa cpaBHATEABLHO ¢ SSEJ (Intel
'IHTACT FTO KaK 32, TaK KaK Kaxaas KOMaHAa HMeeT OBe GopMB —
s 64-6mroBeix perucrpoB MMX w 128-6nroprx XMM).

B 1abn. 3.6 ¢pyHruma satsw (X) (saturate to signed
vord — HACHIIEHHEe K CJIOBY CO 3HAKOM) O3HAYAeT, YTO LENOE CO
HAKOM X mNpeobpasyercd B —32 768 (el OHO MeHBINE, deM
-32 768) nubo B +32 767 (ecau oHo Gonbuie, 9eM 32 767), U ocraB-
isercst 63 M3MeHeHHs B MPOTMBHOM ciyvae. «Pernctps (P) orHO-
'HTCS K BEKTOPHMM pernctpaM MMX mwim XMM,

SSE4 — nabop KOMaHA, HCMIOAB3IYEMEIX B MPOLECCOpPAX ¢ MHUKPO-
ipxurexTypamMi Intel Core u AMD K10 (K8L). Cucrema xomMaHn
ibia obwansneHa 27 cenrabps 2007 r. Ha PopyMe paspaboTunKoB
ntel.

Intel SSE4 pkmogaer 54 xomaHaw. [ToaMHoXecTBO, cogepxantee
7 xoMmaHg, H3asecTHoe Kak SSE4.1, pneperie moapnserca B LTI
Yenryn. HomonHenue — SSE4.2, BKmioyaer eile 7 KOMaHi, BIIEPBHIC
ICTIONE30BanHbIe B AApe Nehalem.

AMD Taxke BBORHMT pal HOBHX SSE-HHCTPYKIWH (C BRNYCKOM
ipoueccopa Phenom), HasmBaa ux SSE4a. Dri koMaHRB He MOI-
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repxupaorca LT Intel-SSE4.1 B Haobopor, npouieccopul AMD He
nognepxupaioT Intel-SSE4.1 (ta6n. I13.7).

Tafizuya H3.6. Komangm SSSE3

Komanpa Pacumdiposka folicTeng
PSIGNE, PSIGNW, |YNAKOBKA CO IHAKAMM JlofasnAer aHaK «—» K NEMEHTaM (W, B, D
PSIGND {Packed Sign) ¥ Np.) B perMcTpe, eCTIW COOTRETCTRYIOLNE
ANEMEHTH APYTOTO PECHCTPA OTPHATENBHI
PABSE, PABSH, YnaKkoexa aGCOMDTHLIX Be- | 3an0AHART HIBMBHTLI PErweTpa (W, B, D W
PABSD nwqunt (Packed Absolute [ Np.) COOTBETCTBYIDIMMY 2NEMBHTAMK NPY-
Value) roro perncTpa
PALIGNR Ynaxkoexa ¢ ebipaeHuBacm | COBLUHAET COREPKAHNE NBYX PErWCTPOB,
enpaee (Packed Align 3aTem NORCTPOKA C ANMHON PErwcTpa CABM-
Right) A8TCA HA BENWYNHY, SANAHHYI0 HEROCPERCT-
BEHHLM DNEPAHAOM
PSHUFB YNaKkosKa ¢ NOpecTaHoBkoil | BxonHLe perncTpel:
Gairoe (Packed Shuffle [P, = {A4,, 4, 4,, ...},
Bytes) P, ={B,, B, B,,...}-
Pesynbrar: Py = {d, , Ag, Ap,5 ...}
PMULBERSW Nepemuoxenwe ynaxoean- |Paccmarpmeawtca 16-Gutoewe cnosa perw-
HbiIX ¢ OKpYFNEHMEM cTpog P, n P xax uncna $3 15 6ur co ana-
{Packed Multiply High with |kom {Mexqy —1 ¥ +1) W NEPEMHOKANTCR C
Round and Scale) OKPYTNOHWEM
PMADDUBSH CymmupoeaHue w hepe- Bx0nHBE PerncTpL;
wmHomedne (Multiply and | P, = {4,, A, 4,5, ...},
Add Packed Signed and P,={8,8,8,..}
Unsigned Bytes) Pesynurar:
{satsw(A, B, + A B,),
{satsw(4, 8, + 4,8,), ...}
PHADDW/PHSUBW,  [TOPM3OHTANBHOE Cnoe- | BXOQHBIE perneTpei:
PHADDD/PHSUBD wwe/eoimvanme (Packed | P, ={A4,, 4. 4,, ...},
Horizontal Add/Subtract — [P, = {5,, 8, B,,...}.
Words or Doublewords) | Pesynerar:
{Agt A A, £ A, ...
BB, B+ B, ..}
PHADDSW/PHSUBSW |[opuaoHTanbHoe cnoxe-  |Mopobxa PHADDW/ PHSUBW, HO pesyabTar;
HUB/BLINWTaHNE ¢ Hacwie- |{satsw(Ad, + A ), salsw(d, + 4,), ...
nuem (Packed Horizontal  |... satew(B, - B,), ...}
Subtract and Saturate
Words)
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Tatruya 173.7. Hexoropeie xoMaum SSE4
Komatga Paciwdposwa DodicTene
Haffop $SE4. 1
BLENDPD, BLENDPS, Blend Packed Double and Ycnossoe xonuposanne ywncen M3
BLENDYPD, BLENDVPS,  |Single Pracision Hoating-Point | ppocToil wan ABORHOR TOHHOCTH
FBLENDVE, PBLENDW Values W3 ORHOTD MECTA PA3MEILIEHIA B
Apyrog

DPPD, DPPS Dot Product of Packed Double | CkanApHOe NPOMABENBHKE YNAKD-

and Single Precision BaHHbIX yncen N3 cObMHOR W

Floating-Point Valua ABoHOA TOMHOCTA

EXTRACTPS, INSERTPS

Extract and Insert Packed Single

WaBnayenne W BLTABKA YNAKOBaH-

PMAXUD, PMAXUW,

Precision Floating-Point Value | sbix uncen N3 ou4HOR TONHOCTH
MPSADBW Compute Muitiple Packed Sums | Beuwcnwrs aGConoTHyo pasHocTs
of Absolute Difference HECKONBKUX YRAKOBAHHBIX CYMM
PACKUSDW Pack with Unsigned Saturation | Ynaxosath ¢ HaCKIEHWEM Gaa
3HaKka
PEXTRE, Extract Byte, Dword/Qword, and | iaenesb GaikT, cieoeHHoe/cHeTBE-
PEXTRD/PEXTRQ, PEXTRW |Word PAHHOA CROBD M CNOBY
PHMINPOSUW Packed Horizovtal Word TOPU3OHTANLHBIA MUHUMYM YNa-
Minimum KOBAHHELX CAOR
PINSRB, PINSRD/PINSRG |Insert Byte and Dword/Qword | Berasnte GaikT wnn csoen-
HOB/CHETEOPEHHOR CNIOBO
PMAXSB, PMAXSD, Find Minimum and Maximum of | HaRTH MUHIMYM W MAKCHMY M

Packed Signed, Unsigned,

YNAKOBAHHBX, CO IHAKOM Unk (83

PMINSB, PMINSD, Dword and Word-length LenbX 4Hcen ofbHi W NBRoRHOH
PMINUD, PMINUW integers ANHHBE
PMOVSX, EMOVZX Packed Move with Sign and NepemaiweHne yNaKoBaHHLIX Ba-
Zero Extend AWYHH PAZARYHLIX THNOE (CROEA B
ABOWMBIE CNOBA W NP.)
FMULDQ, PMULLD Multiply Packed Signed Dword | MapemHoxeHe LENHX ABOHNGI
Integers and Store Low Result | MAKKBE CO 3HAKOM M 33MMChL MRA-
WX PaspRIOB
PTEST Logical Gompars fNormuyeckos cpaBHeHWe
ROUNDPD, ROUNDPS, Round Packed and OxpyrneHwe ynaKkoBaHHbix ywcen
ROUNDSD, ROUNDSS ScalarDouble and Single M3 RO Wenbix IHA4EHNA
Precision Floating-Point Values
Habiop 5SE4.2
CRC32 Accumulate CRC32 Value Haxonnenwe KOHTPORLHON CYMMbI
PCMPESTRI, PCMPISTRI [Packed Gompare Explicitand | CpasHuTh YNaKosaHHke CTROMM
Implicit Length Strings, Return | pagHoil oy pasnwuHol ANMHLS,
Index BLDATL ¥Ka3aTeNk
PCMPESTRM, PCMPISTRM |Packed Compare Explicitand  { GpasHuTb YNAakoBaHHHIG CTRO®
Implicit Length Strings, Return | paeHoil unu paanwsHoOR ARRHL,

Mask

BbidTh MaCKy
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Oxonsarue matip. I13.7

Komanna Pacwsdpossa [leifcTere

PCMEEQQ, FCMPGT(Q Compare Packed Data For Equal | CpaBHTS YNaKoBAHHEE NAHHBE
or Greater Than HA «PABHO» WA «Gonbwe>

POPCNT «Population Count- {Return the | NoncueT konuuecrea Gnros (Ha-
Count of Number of Bits Setto 1) | npumep, YCTAHOBNEHHBIX B «1»}

Habop SSE4a
LEZCNT Leading Zero Count EwT-maHumynacun. Mogcyer espy-
HIuX Hyned cnosa

POPCNT Population count (count BuT-msanumymauun. Noacyer wy-
number of bits set to 1) nel NNV eGWHNL B CROBE

EXTRO/INSERTQ Combined mask-shift Komangs KOMORHHPOBIHHOMO
instructions MACKAPOBAHWA/CABAFA

MOVNTSD/MOVNTSS Scalar streaming store Komanab noToxoeod 3annce aaH-
ingtructions HbIX

SSES5 (coxpamenne ot Streaming SIMD Extensions, BepcHa 5) —
obsasneH AMD 30 apryeta 2007 r., nipeactasnsieT coboit Habop no-
nonHUTENbHMX [28-paspamHeix koMaHn ans AMD64 ans npouec-
copHoro saxpa Buildozer, HamMeualolerocsa K Buixoxy B 2009 r.

SSES Bxmouaer 170 xoMaHI (B TOM uncke 46 OCHOBHBIX KOMAHI),
MHOTHE H3 KOTOPMX NIPSAHASHAYCHEI A YCKOPEHHS Tapamie/ibHOMH
obpaborky. Hekotoprie n3 SSES-koMana ARASIOTCA TPEXaApeCHBIMA,
HO npHcnocoOIeHHBIMHA K yeaopuaM RISC-npoueccopoB, 1 HX MC-
NOABIOBAHME CHIXKAET CPEAHCE YMCIO KOMaH/ Ha LMK g obpabor-
KH KooB X86. OCHOBHEIE HOBBIE HHCTPYKLHH BKJIIOMAIOT:

s KOMAHAR CMCIHAHHOIO [EPEMHOXESHHA C HAKOILIEHHEM

(FMACxx); .

* KOMAHAB LEJOYHCIEKHOTO YMHOXKEHHA C HAKOIUIEHHEM
(IMAC, IMADC)

e KOMaHOB IEepecTaHOBOK (PPERM, PERMPx) H YC/IOBHHX Ilepe-
ChUIOK,

* KOMaHIH YHAPABICHUS TOYHOCTBIO, OKPYIVIEHHEM H Hpeolpaso-
BaHMA JAHHRIX.

Cnemmangctal AMD noaarawor, 9o SSES cymecTBeHHO NOBH-
cHT 3peKTHBHOCTb, OCOOEHHO B BHICOKOCKOPOCTHHIX BHMHMCICHHAX
(High Performance Computing — HPC), MmyarraMexuiiHbX npuno-
XCHUAX ¥ JaMATe JAHHKX, BKNIOYad S-KparHoe noBuueHRe 3¢dex-
THBHOCTH KOTHpOBaHHA (Ha mpHMepe aaroputMa DES) H He MeHee
yem Ha 30 % nossnuenne 3dupekTmBHOCTH HHbPOBOH 06paboTkH
CHTHAIOB BHACOHOTOKA.
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