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BBepeHue

Mo uncny Gonbwux nHTerpansHbix cxem (BAC) B MnkponpoueccopHOM KOMMIIEKTE
pasnuyarT MUKPOMPOLIECCOPbLI OQHOKPUCTalIbHbIE, MHOTOKPUCTAarbHbIE U
MHOFOKpUCTanbHbIE CEKUMOHHbIE. [Tpoueccopbl gaxe caMblx NPocTbix OBM nmetoTt
CNOXHYI0 (PYHKUMOHASBbHYIO CTPYKTYPY, coaepaTt 60mbLLoe KONMYEeCTBO ATEKTPOHHbIX
9JyIEMEHTOB U MHOXECTBO pa3BeTBIIEHHbIX CBA3eU. MI3MeHATL CTPYKTYpY npoleccopa
HeobxoaMMo Tak, YTObbI NoMNHas NpUHUKUNManbHasa cxema unum ee Yactm MMenu
KONIMYECTBO 31IEMEHTOB U CBA3EN, COBMECTUMOE ¢ BO3MOXHOCTsIMU BUC. pn atom
MMKPONpOLECCOopbl NpnodpeTatoT BHYTPEHHIOK MarncTpanbHY0 apXUTEKTYPY, T. €. B HUX K
edNHOW BHYTPEHHEN MH(POPMALMOHHOW MarucTpanun nogKnoyarTca BCe OCHOBHbIE
dyHKUMOHaNbHbIE 6MnokM (apUdMETUKO-NOrMYECcKnin, paboumx permcTpoB, CTeEKa,
npepbiBaHUN, UHTEPENCA, yNpaBNeHNs U CUHXPOHU3aUMn 1 apyrue.). [lna obocHoBaHuA
Knaccudgomkaumm mukponpoueccopos no uncny bC Hago pacnpenenntsb Bce
annapaTHble 610K1 npoueccopa Mexay OCHOBHbIMU TpeMSA OYHKLMOHANbHLIMW YaCTAMM:
ornepaunoHHON, ynpaBnsoLwen n nHtepdencHon. CnoxXHoOCTb onepaumoHHON U
ynpaensoLen Yactemn rnpoLeccopa onpenenserca ux paspsagHoCTbio, CACTEMON KOMaH U
TpeboBaHUAMU K CUCTEME MPEPbIBAHUN; CIIOXHOCTb MUHTEPAENCHON YacTu pas3psaHOCTLIO
N BO3MOXHOCTAMW NOAKITIIOYEHUS ApYrnx ycTponcts OBM (namaTtu, BHELHMX YCTPOUCTB,
OAaT4YMKOB N UCMNOMHUTENBbHbIX MEXaHN3MOB 1 Ap.). HTepdenc npoueccopa CoaepXxuT
HECKOSIbKO OeCATKOB MHOPMaUMOHHbIX WKH aaHHbix (LWAO), agpecos (LWA) n ynpaBneHus
(LLY). OgHokpucTanbHble MUKPOMPOLIECCOPBI NOSy4atoTCs Npu peanmsaunm Bcex
annapaTHbIX cpeacTs npoueccopa B Buae ogHon bUAC nnn CBUC (cBepxbonbLuon
NHTErpanbHON CXeMbl).



[na nonyyeHna MHOroKpUcTasribHOro MMKpornpoLeccopa Heobxoanmo npoBecTn pasbueHne
ero NTIorm4eckon CTPYKTYpbl HA PYHKLUMOHANbHO 3aKOHYEHHbIE YaCcTu 1 peanu3oBaTb UX B
Buge bNC (CBUNC). dyHkunoHanbHasa 3akoH4eHHOCTb BUC MHorokpuctanbHoro
MMKPONpoLeccopa 03Ha4YaEeT, YTO €ro YacTu BbIMOMHSAT

3apaHee onpegeneHHble PyHKUMN U MOryT paboTaTb aBTOHOMHO.

Ha puc. 1.1,a nokasaHo oyHKUMOHanNLHOe pa3dbuneHmne CTpPyKTypbl Npoueccopa npu co3gaHum
TPEXKpUCTarbHOro Mmkporpoleccopa (MyHKTUPHbIE TMHUN),

cogepxawero BAC onepaunonHoro (OI1), BUC ynpaenstowero (Y1) u BUC nHtepdencHoro
(AIT) npoueccopos.
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Puc. 1.1 dyHKUMOHanNbLHaga CTpykTypa npoueccopa (a) n ee pasbueHne ona peanmsaumm
npoueccopa B Buae KoMnnekra cekumoHHbIx bUC.



" JE
OnepaunoHHbIN NPOLIECCOP CRYXUT ANns 06paboTku AaHHbIX, YyNpaBnsoLWmMn NpoLeccop
BbINOSTHAET PYHKLMN BbIDOPKKN, AEKOANPOBAHUS N BbIYUCIIEHUS aapecoB onepaHaoB U
Takke reHepupyeT nocnegoBaTenbHOCTU MUKPOKOMaHg. ABTOHOMHOCTb paboThbl K
bonbwoe 6bicTpogencTene bC YI1 no3sonsaeT BoibUpaTb KOMaHAbl U3 NaMATU C
BonbLuen CKOPOCTbIO, YeM CKOpOoCTb nx ncnosHeHust BUC Or1. Tpu atom B YT
obpasyeTcs ovepenb eLle He UCMNOSTHEHHbIX KOMaHL, a Takke 3apaHee
noaroTaBnmnBaloTCsa Te AaHHble, KoTopble NoTpebytotca Ol B cnegyrowmx uyknax
paboTbl. Takas onepexatowas Bblbopka komaHg akoHoMUT Bpemst Ol Ha oxuagaHue
ornepaHaoB, HEOOXoAMMbIX OS5 BbINOSTHEHUS KOMaHA nporpamm. IHTepdencHbln
npoueccop (M) no3sonsieT NogKNIYUTL NAaMATb U NepudepurHble cpeacTaa K
MMKPOMPOLIECCOPY; OH, MO CYLLECTBY, ABIIAETCH CNOXHbIM KOHTPOSSIEPOM ANA YCTPONCTB
BBoAda/BbiBoAa nHdopmauun. bBAC UM BeinonHAET Takke OyHKUMKM KaHana npsiMoro
aocTyna K namsitu. Belbnpaemsble n3 namsatn KomaHAbl Pacrno3HaloTCs U BbINOSTHAKTCA
KaXgom YacTbio MUKpOMpoLieccopa aBTOHOMHO, Y MO3TOMY MOXET ObITb obecrneyeH
pexum ogHoBpemMeHHon paboTtkl Bcex BAC M1, T.e. KOHBEMEPHbIN MOTOYHbLIN PEXUM
MCNOSTHEHUS NOocNneaoBaTeNlbHOCTN KOMaH, NporpamMmmsbl (BbINOSTHEHME
nocnegoBaTefibHOCTU C HEDONbLLIMM BPEMEHHLIM CABUIOM). Takon pexnum paboThl
3Ha4YNTENbHO NOBbLILLAET MPOM3BOANTENBHOCTL MUKporpoLleccopa. o HazHavYeHuo
pasnuyalroT yHMBepcarsnbHble U crneumannu3npoBaHHble MUKPOMPOLIECCOPHI.
YHuBepcarsbHble MUKPOMPOLECCOPbl MOTYT BbITb MPUMEHEHbI AN PELUEHNS LUMPOKOTO
Kpyra pasHoobpasHbix 3agad. [1pn aTom nx acpdekTnBHas Npom3BoAUTENBHOCTL cnabo
3aBuUCUT OT NpobrnemMHon cneundurkn pelaemMolx 3agad. Cneunanundauus Ml T.e. ero
NpobnemMHasi OpueHTaumnsa Ha YCKOPEHHOE BbINOSTHEHME OnpeaenieHHbIX QYHKLNN
NO3BOMSAET PE3KO YBENUYNTL 3PMPEKTUBHYIO NPON3BOAUTENLHOCTb NPU peLUeHNN TOSbKO
ornpenesnieHHbIX 3agau.



Cpeaun cneunannampoBaHHbIX MUKPONPOLECCOPOB MOXHO BblAEMUTL PasnuyHble
MUKPOKOHTPOMSEPLI, OPUEHTUPOBAHHbIE HA BbIMNOSTHEHMNE CIOXHbIX
nocriegoBaTefibHOCTEN NnorMvyeckux onepauumn, maremarnyeckne Mr1, npeaHasHaYyeHHble
A4 MOBbILWEHNS NMPOM3BOANTENBHOCTM NPU BLIMOMHEHUN apnudMETUYECKUX onepaumin 3a
CYET, HaNpuUmMmep, MaTpUYHbIX METOAOB UX BbiNonHeHns, Ml ona obpaboTku AaHHbIX B
pasnnyHbIX obnactax npuMmeHeHun u 1. 4. C nomowbo cneunannampoBaHHbix MIMT MoXxHO
9 hEKTMBHO peLlaTb HOBbIE CMOXHbIE 3a4a4un NapannenbHon obpaboTkmn OaHHbIX.
Hanpumep, KOHBONOLMS NO3BOSISIET OCYLLECTBUTL Bonee CRoXHy0 MateMaTUYeCKYyHo
06paboTKy cMrHanoB, YeM LLUMPOKO MCMOSb3yeMble MeToabl Koppensaumn. NocnegHune B
OCHOBHOM CBOZSATCS K CpaBHEHUIO BCEro ABYX CEPUN OaHHbIX: BXOOHbIX, NepeaaBaeMblX
dopmon curHana, n PUKCMpOBaHHbBIX ONMOPHbLIX N K ONpeaeneHunto nx nogoodums.
KoHBoOnouus gaet BO3MOXHOCTb B pearibHOM MacluTabe BpeMeHN HaxoanTb
COOTBETCTBME AS19 CUrHANoB N3MeHsaLWencs opmbl NyTeEM CpaBHEHUSA UX C
pPasnnUyHbIMN 3TANOHHBLIMU CUrHaNamm, YTo, Hanpumep, MoXeT No3BoNNTb 3PPEKTUBHO
BblOEMNTbL NOSE3HbIN CUrHan Ha (ooHe Wwyma. Pa3paboTaHHble OOQHOKPUCTamNbHbIE
KOHBOJSIbBEPbLI UCMNOSb3YHTCS B YCTPOMUCTBAX OMNo3HaBaHMA 06pas3oB B TEX Cryyasix, koraa
BO3MOXHOCTM cbopa AaHHbIX MPEBOCXOAAT CNOCOOHOCTN cucTeMbl obpabaTtbiBaTb 3TH
AaHHble. [1o Buay obpabatbiBaeMbIX BXOAHbLIX CUrHaNoB pasnnyatoT unudpoBble U
aHanoroBble Mukponpoueccopbl. Camn Mukponpoueccopbl LMdpPoBLIE YCTPOMUCTBA,
OOHAaKO, MOTyT UMETb BCTPOEHHbLIE aHasroro-undposble 1 Lndpo-aHanorosble
npeobpasoBartenu. [NoaTomMy BXxogHble aHanoroBble curHasnel nepegatotcsa B Ml yepes
npeobpasoBartens B Ludposon hopme, obpabaTbiBatoTcsa 1 nocrne obpaTHoro
npeobpasoBaHus B aHanorosyto doopmMmy NOCTynarT Ha BbIXOA.



C apXMTEKTYPHOM TOYKN 3PEHUS TaKMe MUKPONPOLLECCopbl NpeacTaBnstoT cobon
aHanoroBble OyHKUMOHanNbHbIE NpeobpasoBaTeny CUrHanoB U Ha3blBaOTCS
aHanorosbiMn Mukpornpoueccopamn. OHKM BbINOMHAT YHKLMN NHOOON aHanoroBou
cxeMbl (HanpumMep, NPoM3BOAAT reHepauuto KonebaHuin, Moaynsauuo, CMeLLLEHNE,
domnbTpauunto, KogUpoBaHUE N AEKOAUPOBaAHUE CUTHAMNOB B peanbHOM MacLuTabe
BPEMEHU U T.O., 3aMEHSA CITOXKHble CXEMbI, COCTOALLME U3 ONepaumOHHbIX yCUNuUTenen,
KaTyleK MHOYKTUBHOCTW, KOHOEHCATOPOB 1 T.4.). [1pn 3TOM NnpuMeHeHne aHanoroBoro
MUKponpoLeccopa 3Ha4YnTeNbHO NOBLILLAET TOYHOCTb 0O6pPabOoTKM aHANOroBbIX CUrHaANOB
N X BOCMNPOU3BOANUMOCTb, a TakKe pacLuMpseT PyHKLMOHAlbHble BO3MOXHOCTU 3a CYET
NporpaMmmMHON "HacTPoOMKN" LMdPoBON YacTU MUKPOMNpPOLIECCOpPa Ha pasnuyHbIe
anropntMmbl 06paboTku curHanoB. OBbIYHO B cocTaBe OgHOKpUCTarbHbIX aHanorosbix Ml
MMEETCHA HECKOMNBLKO KaHanoB aHanoro-undpoBoro n uugppo-aHanoroBoro
npeobpasoBaHus. B aHanoroBom Mmkponpoueccope paspsagHocTb obpabaTbiBaeMbIX
OaHHbIX gocTuraet 24 6ut n bonee, 6onbLLOE 3HAYEHNE yOENSETCA YBENMNYEHUIO
CKOPOCTU BbINOMTHEHNS apudMeTUYeckux onepaumn. OTnuumTenbHas YyepTa aHanoroBbIX
MMKPONPOLECCOPOB COCOBHOCTL K nepepaboTke 6onbLIoro o6bema YMCOBbIX JAHHbIX,
T. €. K BbINOMHEHMIO ONepaunmr CAOXEHUS N YMHOXEHNSA C BOMNbLLION CKOPOCTbIO Npu
HeobXxoaMMOCTN Aaxe 3a CYET OTKasa OT onepauuini NpepbiBaHNn 1 NEPEXOOOB.
AHanoroBbI curHan, npeodbpasoBaHHbIN B LMdpoByto popmy, obpabaTbiBaeTca B
peanbHOM MacluTabe BpeMeHn 1 nepegaeTcsa Ha Bbixod 0Obl4HO B aHanorosown oopme
yepes undpo-aHanorosbi NnpeobpasoBaTens.



CpaBHeHune uMdppoBbIX MUKPOMNPOLECCOPOB MPOMU3BOANTCA COMOCTABIEHMEM BPEMEHMU
BbINOSIHEHUS UMW CMUCKOB onepauun. CpaBHEHME Xe aHanoroBbiX MUKPOMNPOLECCOPOB
NPOM3BOAMUTCS MO KONMYECTBY 3KBUBANEHTHbIX 3BEHLEB aHANOro-UmM@poBbIX OULTPOB
PEKYPCUBHLIX OUNLTPOB BTOPOro nopsigka. NponsBoanTenbHOCTbL aHanoroBoro
MUKponpoLeccopa onpeaensieTcsi ero CrocobHOCTbIO BbICTPO BbINOMHATL onepawmn
YMHOXEHUS: YeM ObICTpee OCyLLECTBAAETCHA YMHOXEHME, TeM DonbLUE 3KBUBANEHTHOE
KONM4YeCTBO 3BEHLEB OUINbTPa B aHanoroBom npeobpasoBarene n tem 6onee crnoXHbln
anroputMm npeobpasoBaHUs LMGPOBLIX CUTHANOB MOXHO 3a4aBaTb B MUKPOMNpPOLECCOpeE.
OgHnM 13 HanpasneHnn ganbHeNLWero CoBepLLEHCTBOBAHNA aHanoroBbIX
MMKPOMNPOLECCOPOB ABMNSAETCA NOBbILLEHNE NX YHUBEPCASIbHOCTN U rTMBKOCTU. [oaTomy
BMECTE C MOBbILLEHMEM CKOPOCTN 06paboTkm 6onbLLoro o6bema uMppPoBbIX AaHHbIX
OyayT pa3BmBaTbCs cpeacTBa obecrneyeHnst pasBUTbIX BbIYUCIIUTENbHbLIX MPOLECCOB
0b6paboTkn undpoBoM MHPOpMaLIMK 3a CHET peanu3aumn annapaTHbIX 6NOKoB
npepbiBaHUS NporpamMm 1 NporpaMmMHbIX nepexonos. 1o xapaktepy BpeMeHHON
opraHusauum padoTbl MMKPOMPOLIECCOPbLI AENAT HA CUHXPOHHbIE U ACUHXPOHHbIE.
CUHXPOHHbIE MUKPOMPOLLECCOPbl - MUKPOMNPOLIECCOPbI, B KOTOPbIX HA4Yano 1 KoHeLl
BbINOSTHEHUS onepauun 3agatoTcsl YCTPOUCTBOM ynpasreHus (BpeMs BbINOHEHNS
onepaunn B 3TOM Criydae He 3aBUCUT OT BMAa BbINOSTHAEMbIX KOMaHA W BENTUYNH
onepaHaoB). ACUHXPOHHbIE MUKPOMPOLECCOPbI MO3BOSIAOT Ha4ano BbINOMHEHNS KaXXao0m
creaywoLlen onepaunmn onpeaennuTb No curHany gakTnyeckoro OKOHYaHUs BbINOSTHEHWS
npeablaywen onepaumn. ns 6onee addeKTUBHOIO NCNOSIb30BaHUS KaXXaoro
YCTPONCTBA MUKPOMNPOLIECCOPHOM CUCTEMbI B COCTaB aCUHXPOHHO paboTaroLmx
YCTPOWCTB BBOOAT SNEKTPOHHbIE Lenn, obecnevmBaroime aBTOHOMHOE
dOYHKUNOHUpPOBaHNE YCTPOWUCTB.



3akoH4YMB paboTy Hag Kakon-nmbo onepauuen, yCTPOUCTBO BblpabaTbiBAET CUrHar
3anpoca, 03HavaroLn ero rocTOBHOCTL K BbINOSMHEHUIO cneayowen onepauunn. [Npu atom
pOJSib ECTECTBEHHOrO pacnpeaenutens paboT NpuHMMAaEeT Ha cebsl NaMATb, KOTopas B
COOTBETCTBUM C 3apaHee YCTaHOBIIEHHbLIM NPUOPUTETOM BbIMOSTHAET 3arnpochl OCTasbHbIX
YCTPOWCTB Mo obecneyeHnto nx KoMmaHgHoOn nHdopmauuven n gaHHoeiMu. o opraHmsaumm
CTPYKTYPbl MUKPOMPOLLECCOPHbIX CUCTEM pasnuyaroT MMKpoIBM ogHo - n
MHOromarucTparsbeHble. B ogHoMarncTpanbHbix MMKpo3BM Bce ycTponcTBa MMeKT
OOVHAKOBbIN UHTEPJdIENC M MOAKITHOYEHbI K €4UHOW MHPOPMaLIMOHHOW MarucTpanu, no
KOTOPOW nepenarTcs Kogbl AaHHbIX, afpecoB U yrnpasnsowmx curHanos. B
MHOroMarucTparsibHbiXx MUKPOIOBM ycTponcTea rpynnamu nogknoyarTCcsa K CBOEU
NHOPMAaLMOHHOW MarucTpann. 3To NO3BOSISIET OCYLLECTBUTL OQHOBPEMEHHYIO
nepegady MHAPOPMAaLMOHHbLIX CUrHaNOB MO HECKOMBLKUM (M BCeM) marmctpansam. Takad
OpraHu3auunsi CUCTEM YCINOXHSAET UX KOHCTPYKLUMIO, OQHAKO yBenMymBaeT
NPON3BOANTENBHOCTb. 10 KONMYECTBY BbINOMHAEMbIX NPOrpamMm pasnunyatoT O4HO- U
MHOronporpaMMHble MUKponpoLueccopbl. B ogHonporpamMmMHbIX MUKporpoLieccopax
BbINOSTHAETCS TONLKO OAHa nporpamMmma. epexon K BbINOSIHEHMIO APYron NporpaMmmbl
NPOMUCXOOMT NOCSe 3aBepPLLUEHUS TEKYLLEN nporpamMmbl. B MHOro- nnu
MYJBETUNPOrpaMMHbIX MUKPOMpPOoLEeccopax OAHOBPEMEHHO BbINOSTHAETCH HECKOSTbKO
(0BbIYHO HECKOSbKO AecATKoB) nporpamm. OpraHusauust MynsTUNpPorpaMmMHon paboTbl
MMKPOMPOLECCOPHbIX YNPaBnAKLLNX CACTEM MO3BOSISIET OCYLLECTBUTb KOHTPOSb 3a
COCTOSIHMEM U ynpaBreHnemM 60MbLLINM YACIIOM UCTOYHMKOB UMW MPUEMHUKOB
NHpopmaLumn



" A
OCHOBHbIE XapaKkTepUCTUKM MUKPonpoLieccopa

Mukponpoueccop xapaktepusyeTca:

1) TaKTOBOW YaCTOTOWN, onpeaenatoLlen MakcumMmarnbHOe BPEMS BbINOSTHEHUS NEePEKTOYEHNS
anemeHToB OBM:;

2) pa3pagHOCTbIO, T.€. MakCMMaribHbIM YMCIOM O4HOBPEMEHHO ObpabaTbiBaeMbIX ABOUNYHbLIX
paspsgoB. PaspsagHoctbe Ml ob6o3HavaeTcss m/n/k/ n BKovaeT: m - paspsgHOCTb BHYTPEHHUX
pPerucTpoB, onpegensaer NPUHaaSIEeXHOCTb K TOMY UMW MHOMY Krlaccy npo n - pa3psgHoCTb
LUNHBI AaHHbIX, ONpeaensieT CKOPoCTb nepeaadn nHdpopmauum; k - paspssgHOCTb LUKHBI
agpeca, onpenensaeT pasmep agpecHoro npoctpaHcTea. Hanpumep, Ml i8088
xapaktepusyetca 3HavyeHnammn m/n/k=16/8/20;

3) apxuTekTypou. NMNoHATME apXUTEKTYPbI MUKPOMpPOLIECCOPA BKIOYAET B CceDS1 CUCTEMY
KOMaHA 1 cnocobbl agpecaunmn, BO3MOXHOCTb COBMELLEHUS BbIMONMHEHUS KOMaH BO BPEMEHWN,
Hannyne OoMONHUTENbHLIX YCTPONCTB B COCTaBe MUKponpoLueccopa, NPUHLKMbLI N PEXUMbI ero
paboTbl. BblogenaT NOHATUS MUKPOAPXUTEKTYPbI U MakpoapxuTekTyp. MmnkpoapxutekTypa
MUKponpoueccopa - 3To annaparHas opraHM3aums 1 normdyeckasa CTpyktypa
MUKpOnpoueccopa, perMcTpbl, ynpasnsowme cxembl, apudMeETUKO-ITOrMYeCcKne yCTpomcTBa,
3anoMunHatroLme yCTpomcTea 1 ceA3biBatoLme nx MHOopMaUumMoHHbIE MarucTparnmu.
MakpoapxuTektypa - 3TO cMcTemMa KoMaHA, Tunbl obpabaTtbiBaeMbIX AaHHbIX, PEXUMbI
agpecaunn n npuHUUnel padotbl MuKponpoLleccopa. B obwem cnyyvae nog apxutektypon 9BM
NOHMMAaETCA abcTpakTHOe npeacTaBfeHne MallnHbl B TEPMUHAX OCHOBHbIX (PYHKLMOHAaNbHbIX
moayrnen, asbika ABM, CTPYKTYpbl AaHHbIX.



" A
CTpyKTypa TMNoBOro Mmkponpoueccopa

ApXUTEKTYpaA TUNUYHOM HEBOMBLLOW BbIYUCIINTENBHOW CUCTEMBI HA OCHOBE MNKPOOBM
nokasaHa Ha puc. 2.1. Takas MMKpoOBM coaepxut Bce 5 OCHOBHbIX B1OKOB
LMPPOBOM MaLLUMNHbI: YCTPOMCTBO BBOAA MHGOOpMaLMK, ynpasnatoLlee YCTPONUCTBO
(YY), apudmeTtuko-nornyeckoe yctpomcteo (AJ1Y) (Bxogsauwme B coctas
MUKponpoLueccopa), 3anoMuHaroLwmne yctpounctaa (3Y) n ycTponcTeo BbiBOAA
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MwukponpoLeccop KoopAUHUPYET paboTy BCEX YCTPOUCTB LMPPOBON CUCTEMBI C
NOMOLWbIO WKHLI ynpasneHua (LUY). Nomumo WY nmeetca 16-paspsgHas agpecHas
winHa (LWA), koTopas crnyxuT ans Bbibopa onpeneneHHon s4emkn namsaTm, nopta
BBOAa unu nopta BbiBoda. 1o 8-paspsgHon MHPOpMaLMOHHON LWMHE UK LLUKHE
AaHHbIX (L) ocywecTBnseTca AByHanpaBieHHasi nepechkiyika AaHHbIX K
MUKPOMPOLIeCCopy U OT MUKporpoLeccopa. BaxxHo otMeTnTb, 4to Ml moxeT
nocbinatb MHOPMaUMIO B NamMsTb MUKPOOBM unu kK ogHOMY M3 NOPTOB BbIBOAA, a
Takxke nony4varb MHOPMaUMIo N3 NaMATM UK OT OAHOro 13 NOPTOB BBOAA.
[MocTosiHHOE 3anomMuHatowee yctponcTso ([13Y) B MUKpoOBM conoepXMt HEKOTOPYIO
nporpamMmmy (Ha NpakTuke nporpammy nHuunanusaumm 3BM). lNporpammbel moryT
ObITb 3arpy>XeHbl B 3anoMuHaroLee yCTPOMCTBO C Npomn3BosSibHOM Bbibopkon (3YT1B) n
N3 BHELLHEro 3anomMuHatoulero yctponctaea (B3Y). OT1o nporpammebl nonb3oBaTesis
MMKPONPOLECCOpP BbIMOSMHSAET crieqytowimne yHKUNK: - BbIGOPKY KOMaH, nporpamMmbl
N3 OCHOBHOW NaMsATK; - Aewunpaunto KoMmaHa; - BbINoSIHEHNE apndPMETUYECKUX,
NOrMYECKMX N OPYrMx onepaunm, 3aKkoanpoBaHHbLIX B KOMaHOax; - ynpasreHue
NepecbISIKON MHGOPMaLMM MeXOy PErMcTpaMmm 1 OCHOBHOM NaMATHLIO, MeXay
yCTpoUCTBaMu BBOAA/BbIBOAA; - OTPAbOTKY CUrHasnoB OT YCTPOWUCTB BBOAA/BbIBOAA, B
TOM YuCrle peanusaunio NnpepbiBaHNUN C 3TUX YCTPOWUCTB; - YNpaBieHne n
KoopAanHauuo paboTbl OCHOBHbIX y3rnos MIT.



INornyeckas cTpykTypa MUKpornpoLeccopa

JTormyeckas cTpyKTypa MUKponpoueccopa, T. €. KOHdUrypauusi COCTaBnsAoLLINX
MMKPOMPOLECCOP NMOMMYECKNX CXEM N CBA3EN MeXOy HAMU, onpeaensercs
dYHKLUMOHaNbHbLIM HasHa4YeHneM. IMEHHO CTPYKTypa 3adaeT CocTaB fIormM4eckmx
6r10KOB MUKpOMpoLIeccopa U To, Kak 3Ty 6ok OOMKHbI ObITb CBSA3aHblI Mexay cobown,
YTOObI NOSTHOCTBLIO OTBEYATb apPXUTEKTYPHBLIM TpeboBaHuamM. CpabaTbiBaHme
9NEKTPOHHbIX 610KOB MUKpOMpoLeccopa B onpeaeneHHon nocnenoBaTenbHOCTY
NPUBOAUT K BbIMONMHEHWUIO 3aaHHbIX apXUTEKTYPON MUKponpoueccopa PyHKUUN, T. €.
K peanusaumm BblYUCTIUTENbHbLIX anroputMoB. OgHM 1 Te e PyHKUUM MOXHO
BbINOSTHNTL B MUKPOMPOLIECCOPAX CO CTPYKTYPON, OTnunyaroLencss Habopom,
KONTIMYECTBOM 1 NOPSAKOM cpabaTtbiBaHUS NOrMyYecknx 6r1okoB. PasnuyHble CTPYKTYpPbI
MMKPOMNpPOLECCOPOB, Kak npaBuno, obecnevunBaroT nx pasnnyHble BO3MOXHOCTU, B
TOM YMCIE U PasfINYHY0 CKOPOCTb 06paboTkn AaHHbIX. Jlornyeckme BGroku
MUKponpoLeccopa C pa3BUTON apXUTEKTYPOU NoKasaHbl Ha puc. 2.2.
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Puc. 2.2. OBLwaga norndeckasa CTpykTypa Mukponpoueccopa: | - ynpasnatowas yactb, Il -
onepaunoHHas YacTtb; BYTIK - 6riok ynpaBneHusi nocnegoBaTeribHOCTbO KOMaHA;
BEYBOn - 6riok ynpaeneHus BbinoriHeEHMEM ornepaumin; BY®KA - 6nok ynpasneHus
dopmmpoBaHnem kogos agpecos; bBYBIT - 6nok ynpaeneHnst BUpTyanbHON NaMSATbIO;
B3I1 - 6rnok 3awuTtel namatn; BYTPIp - 6nok ynpaBneHust npepbiBaHMEM paboTbl
npovueccopa; BYBB - 6riok ynpasneHus sesogom/BeiBogom; PrCO3Y - peructposoe
cBepxornepaTtnBHOe 3anomMmuHarowlee yctponcteo; AJlb - apndMeTmnko-norn4ecknm
6nok; bOA - 6nok gononHuTenbHon apupmeTnkn; BC - BNoK CMHXPOHU3aLMN.



YCTpONCTBO ynpaBneHus

Koabl onepaumn komaHg, nporpamMmbl, BOCMPUHMMAEMbIE YNPaBISaoLWEN YacTbio
MUKponpoueccopa, pacwmndgpoBaHHble U NpeobpasoBaHHbLIE B HEW, AAIOT
MHJOOPMAaLMIO O TOM, Kakue onepaumm Hago BbINOSTHUTL, rae B NaMATU PacrosioXKeHb!
AaHHble, Kyaa Hafo HanpaBuUTb pesynbTaT U Iae pacronioXeHa crnegyrollas 3a
BbINOSIHAEMOW KOMaHAa. YnpasnsiLlee YyCTPOUCTBO MMEET AOCTaTONMHO CPeaCcTB AN
TOro, YTOObI NOCIIe BOCMPUATUA U MHTeprpeTaumm nHpopmauum, nosiy4aemomn B
KoMaHzae, obecneunTb nepekroveHne (cpabaTtbiBaHne) Bcex Tpebyembix
dYHKLMOHAaNbHbIX YaCcTEN MaLUMHbI, @ TakkKe On4a Toro, YTobbl NOABECTU K HUM
AaHHble 1 BOCMPUHATL NOonyvYeHHble pedynsrathl. IMeHHO cpabaTbiBaHue, T. €.
N3MEHEHNE COCTOSIHUSA OBOUYHbIX JTOMMYECKUX NIEMEHTOB Ha NPOTMBOMOSIOXKHOE,
MNO3BOSISIET NOCPELCTBOM KOMMYTaLNN BEHTUIEN BbIMOMHATb 3fIEMEHTAPHbIE
norn4yeckme n apudomeTmyeckme JENCTBUS, a TakKe nepegasaTtb Tpedbyemble
ornepaHabl B yHKUMOHASbHbIE YacTn MUKPOIBM. YCTponcTBo ynpaBreHus B
CTpOron nocriegoBaTeribHOCTU, B paMKaX TakKTOBbIX U LMKIOBbLIX BPEMEHHbIX
NHTepBaroB paboTbl MUKponpoueccopa (TakT - MUHUMarbHbIN paboynn nHTepsan, B
Te4YyeHne KOTOPOro CoBepLUaeTca O4HO AfleMEHTapHOEe OAEeNUCTBUE; LMKIT - UHTepBan
BPEMEHMU, B TEYEHME KOTOPOroO BLINOSMHAETCA O4Ha MallMHHas onepauus)
OCYLLIECTBNSAET:



1. - BbIDOPKY KOMaHAbl;

2. - UHTEpNpPETaLUUIO ee C LUenbio aHanmsa dopmaTa, Cny>xebHbiX NPU3HaKoB U
BblUMCNEeHNa agpeca onepaHga (onepaHaos);

3. -yCTaHOBJIEHME HOMEHKNAaTYpPbl N BpeMeHHOVI nocneaoBaTteribHOCTU BCeEX
beHKLI,I/IOHaJ'IbeIX yrnpasnAarwmnx CUrHasioB,

4, -reHepauuio ynpasnsgowmx UMNynbLCoOB 1 nepeaady nx Ha ynpasnsaioLlime WuHbI
dyYHKUMOHaNbHbIX YacTen MUKPOIBM 1 BeHTUNN Mexay HUMU;

5. - aHanu3 pesynsraTa onepauum U U3MeHeHMe CBOEro COCTOSAHMSA TakK, YToObI
onpenennTb MeCTopacnonoXxeHune (agpec) cneayoLlein KomaHabl.



" A
OcobeHHOCTN NPOrpamMMHOro 1 MUKPONPOrPaMMHOIo YRpaBrneHus:.

B MukponpoLeccopax Ucnosib3yoT ABa MeToAa BbipaboTKM COBOKYMHOCTHU
PYHKLNOHANbHbLIX YNPaBnAAoLWUX CATHANOB: NPOrpamMMHbIN U MUKPOMPOrpaMMHBbIN,
BbinonHeHne onepaumin B MalLlMHe CBOAUTCA K 3rieMeHTapHbIM npeobpasoBaHUsM
nHdopmMaumn (nepegada MHopmauum Mexay ysnamm B 6rnokax, caBur MHopmauunm
B y3nax, fiormyeckue rnopaspsagHbole onepauuu, npoBepka ycrosum 1 1.4.) B
NOrMYyecKknx aremeHTax, yanax n bnokax nog Bo3gencrenemM pyHKUNOHaNbHbIX
ynpasnsaoLLnX curdanos Orokos (YCTPOMCTB) yrpaBneHus. AreMeHTapHble
npeobpasoBaHus, HepassoXumMbsle Ha 6onee NPocTble, BbINOSTHAOTCH B TEYEHNE
OLHOro TakTa CUrHaroB CUHXPOHU3aLMKN U Ha3bIBaOTCA MUKpoonepaumamu. B
annapartHbIX (CXeMHbIX) YCTPOMCTBaXxX yrnpaBfeHNd KaXxaon onepaumm COOTBETCTBYET
CBOM HabOp JIOrnM4yeckmx cxem, BbipabaTbiBaloLLnX onpenerneHHble PyHKLMOHarbHbIe
CUrHarnbl 4ns BbIMNOSIHEHUSA MUKPOONepaunn B ornpeaesieHHble MOMEHTbI BPEMEHM.
[Mpn aTom cnocobe NOCTPOEeHUS YCTPOMCTBA yNpaBrieHNs peanu3auns
MUKpOOnepaunn JOCTUraeTcs 3a CHET ogHaXx bl COEANHEHHbIX MeXay cobom
rnormyeckmnx cxem, noatomy IBM ¢ annapatHbIM YCTPONCTBOM ynpaBSieHNA Ha3biBatoT
OBM c »keCTKOoWn NOrMkon ynpasneHus. OTO NOHATME OTHOCUTCS K pukcaumm cCucTtemMsl
KOMaH[, B CTPYKType cBA3en OBM n o3HayaeT npakTuyeckyro HEBO3MOXHOCTb KaKnX-
nmbo n3meHeHnn B cucteme komaHg OBM nocne ee n3rotoBrneHus.



[Mpy MmnKponporpamMmHON peanusaumm yCTpomMcTBa yrnpaslieHUd B COCTaB NnocrengHero
BBOAUTCA 3Y, Kaxabl pa3ps BbIXOAHOIO kKoda onpenensieT nosasneHmne
onpeneneHHoro yHKUnoHanbHoro curHana ynpasneHus. Noatomy kaxxgom
MUKpoornepaunm CTaBuTcs B COOTBETCTBME CBOM MHAOPMALMOHHbIN KOJ, -
MUKpoKoMaHga. Habop MukpokomMaHa 1 nocnefoBaTenbHOCTb UX peannsaunm
obecneunBaloT BbINOMHEHNE NOBON CrioxxHou onepaunn. Habop mukpoonepauum
Ha3bIBalOT MUKpornporpammamu. Cnocob ynpasneHns onepaunsammn nytem
nocnegoBaTesibHOroO CYMTbIBAHUA M UHTEprpeTaumm Mnkpokomang ns 3Y (Hambonee
4YacTo B BMAe MUKponporpaMmmMmHoro 3Y UCronb3yT ObICTpoaenCTBYOLNE
nporpaMmmMmmpyemblie JIormyeckne MaTpuubl), a Takke UCnorib30BaHMA KO4OB
MMKPOKOMaHZ, 4S5 reHepaumn oyHKLMOHAaNbHbIX YNpassiowmx CUrHanoB Ha3biBaoT
MMKPOMNPOrpamMMHbIM, a MUKPOOBM c Takum cnocobom yrnpasrieHus -
MMKPOMPOrpaMMHbLIMU UNU C XpaHnMon (rmbkomn) nornkoun ynpaeneHuns. K
MUKponporpammam npeabaBnsatoT TpedoBaHMsa PYHKLUMOHANBHOW MOMHOTHI K
MUHUMarnbHoCcTU. [NepBoe TpeboBaHne HeobxoaMmMo ans obecnevyeHmnsa BO3MOXHOCTH
pa3paboTkn MUKponporpamMmm fodbiX MaLLUMHHLIX orepaunn, a BTOpoe CBSA3aHO C
XenaHnem yMeHblWnTb 06beM ncnosibdyemoro obopyaoBaHus. YUeT dpaktopa
ObICTPOAENCTBMA BEAET K paCLUMPEHNIO MUKPOMPOrpamMmm, NOCKOSIbKY YCNOXHEHNE
NocneaHnx NO3BONsSeT COKPaTUTb BPEMS BbIMOSTHEHUS KOMaHL NporpamMmbi.
[MpeobpasoBaHne MHGOPMaL MK BLINOMHAETCA B YHUBEPCANIbHOM apnddMeTUKO-
nornyeckom 6noke mukponpoueccopa. OH 06bI4YHO CTPOUTCS HaA OCHOBE
KOMOUHAUMOHHbIX JTOrMYECKUX CXEM.



[nsa yckopeHusi BbINOSTHEHUS onpeaesieHHbIX onepawumin BBOAATCS AOMONHUTENBLHO
cneumanbHble ornepaunoHHble Y3rbl (HanpuMmep, LMKnmdeckme casuratenmn). Kpome
TOro, B coctaB MukpornpoueccopHoro komnnekta (MINK) BUC BeoasaTtcs
cneumanmnanpoBaHHble onepaTuBHble BIIOKN apUdPMETUYECKUX pacLLUMPUTENEN.
OnepaunoHHbIeE BO3MOXHOCTM MUKPOMpoLeccopa MOXHO paclIMpUTb 3a cYeT
yBENUYEHNS Ynucna pernctpos. Ecnu B pernctpoBom bydepe 3akpenneHne pyHKUnm
PErnMCTPOB OTCYTCTBYET, TO UX MOXXHO MUCMNOSb30BaThb KakK AS1s1 XpaHEHNA OaHHbIX, TaK K
Ons XxpaHeHnsa agpecos. [NogobHble perncTpbl MUMKpONpoLeccopa HasblBatoTCA
pernctpamu obuiero HasHadveHnsa (POH). No mepe pa3BuTtus TEXHONOrMM peanbHO
OCYLLIECTBNEHO NU3roTOBrEHNE B MUKponpoLleccope 16, 32 n bonee pernctpos. B

LefioM XXe, NPUHUUN MUKponporpammMmHoro ynpaeneHuns (NMMY) sBkntoyaeT cnegyrowime
no3nuyun:

1) nobas onepauud, peasindyemas yCTpOIZCTBOM, ABJITIAETCA rnocneanoBarteribHOCTbO
ArneMeHTapHbIX AenctBnnn - MUKpoonepauunu,

2) Ans ynpasneHus NopsakoM crieaoBaHUs MUKpoonepauuin UCNonb3yTcst TIorMyeckne
YCINoBUS;

3) npouecc BbINOSIHEHUS onepauun B YCTPONCTBE ONUCbIBAETCS B (popme anroputma,
npeacraBndeMoro B TepMmHax MMKpoonepaunm n normdeckux yCnoBum,
Ha3blBaeMOro MMKpPONpPOrpamMmon;

4) MyKponporpamMmmMa Ucnonb3yeTcs kKak dopmMa npeacTtaBneHns dyHKUMM YCTPOWCTBA, Ha
OCHOBE KOTOPOW ONpeaensoTcs CTPYKTypa, U Nopsaok PyHKLNOHNPOBaHUS
YCTPOWCTBAa BO BPEMEHM.

[MMY obecnevnBaeT rMObKOCTb MUKPOMPOLIECCOPHOW CUCTEMbI U NO3BOMSAET
OCYLLECTBNATb MNPOBIEMHY0 OPUEHTALNIO MUKPO - U MUHUOBM.



" JE
Cucrema KomaHa,

Cucrtemy KomMaHa nHorga onpeaensitoT Kak COBOKYMNMHOCTb KOMaHL, KoTopasi
yOoBreTsopsaeT TpeboBaHNAM Npo61eMHO-OPUEHTUPOBAHHLIX NMPUMEHEHUN TaKUM
obpasoMm, YTO N3OLITOYHOCTb annapaTHbIX U annapaTHO-NPOrpaMMHbIX CPEACTB Ha
peanusaunto peako Mcnosib3yeMblX KOMaH, OKa3blBaeTca MUHUMarnbHon. B
pasnnyHbIX Nnporpammax ABM vactota nosiBNeHnst KOMaH4 pasnnyHa; Hanpumep, rno
AaHHbIM pupmbl DEC B nporpammax ans 3BM cemencrtesa PDP-11 Hanbornee 4acTo
BCTpeyaeTcsa komaHga nepegaydn MOV(B), Ha ee gonto npuxogntcsa npubnmsanTernsHo
32% BCex KoMaHA B TUMWYHLIX Nporpammax. Cuctemy KomaHz crnegyeTt BolbupaTtb
Takmm ob6pa3om, YToObI 3aTpaThl HA PEAKO NUCMONb3yeMble KOMaHAbl Obln
MUHUManbHbIMW. [1pyn HAaNUYMM CTaTUCTUYECKNX JAHHBLIX MOXHO pa3paboTtaTtb
(BbIBpaTth) OBM c adpdekTnBHoOM cnctemon komarg. OgHUM M3 Noaxonos K
OOCTUXXEHMIO AaHHOW Lienun siBnsaeTcs pa3paboTka KomaHg 4SIMHOW B O4HO CNOBO U
KoOMpOBaHME UX Takum 0b6pa3om, YTOObI pa3psigbl TAKMX KOPOTKUX KOMaHL,
MCMNONb30BaTb ONTUMAarbHO, YTO MO3BOSIUT COKPATUTb BPEMS peannsaunm
nporpamMmbl 1 ee AnunHy. [pyrmm nogxoqom K onTuMmusaumMm CUCTEMbl KOMaHA
SBIISIETCS UCMONb30BaHNE MUKPOUHCTPYKUUI. B aTOM crnyyae otaenbHble OUTbI Unn
rpynnbl BUT KOMaHAbl UCNOMb3YTCA A9 KOOUPOBAHNSA HECKONBbKNX ArieMeHTapHbIX
ornepaunn, KOTopble BbIMOMHATCA B 04HOM KOMaHAHOM LMKIEe. OTU 3fiEMEHTapPHbIE
onepaunn He TpebyloT obpalleHns K NamMsaTn, a nocneaoBaTesibHOCTb X peanu3ayum
onpegendeTcs annapaTtHon nornkon. CokpalleHne BpeEMEHN BbINMOMHEHNS NPOrpamm,
N €MKOCTU NaMATU OOCTUTraeTCs 3a CYET YBENUYEHNS CITIOKHOCTU JIOTUKK YrpaBIieHUSI.

Ba)kHOW XxapaKkTepucTuKom kKoMaHabl ABnseTca ee bopMar, onpeaensoLLnii CTPYKTYPHbIE
ANEeMeHTbl KOMaHabl, KaXabl U3 KOTOPbIX MHTEPNPETUPYETCS OnpeaeneHHble
o6pa3om npu ee BbINonHeHnn. Cpeaun TakMx aneMeHToB (norei) KoMmaHabl BblAensaoT
crnegyoLme: Ko onepaumu, onpeaensowunin BbINoNHAEMoe AeNCTBUE; aapec A4Yenkn
naMsiTu, permcTpa rnpoLeccopa, BHELLHErO YCTPOMCTBA; PEXUM agpecaumnn; onepanHa
MPY UCMONb30BaHNN HEMOCPEACTBEHHOW aApecaLun; Koa aHannsanpyeMbix Npru3HakoB
AN KOMaHA YCIOBHOro nepexoaa.



" JE
Knaccndmkaumns kKomaHg no oCHOBHbIM MpuU3Hakam npeacrasreHa Ha puc. 2.3.
BaxkHenwmnm CTpyKTypHbIM 3arneMeHToM cbopmaTa nobdor KoMaHabl ABNSETCA KOA
onepaunn (KOIT), onpeaensitollen gencTame, KOTopoe AOMMKHO BbITb BbIMOTHEHO.
Bonblioe yncrno KOl B npoueccope 04eHb BaXXHO, TaK Kak annapaTtHas peanusaums
KOMaHg, 9KOHOMUT namsaTb 1 Bpems. Ho npu Beibope OBM Heobxognumo
KOHLEHTPUPOBATb BHUMAHWE Ha NOSTHOTE onepaunn C KOHKPETHLIMU TUNAMWN AaHHbIX,

a He TONMbKO Ha YMcne KoMaHa, Ha AOCTYMHbIX pexnmMmax agpecaumn. Yucno owur,
otBoamnmoe nog KOTI, apnseTtca gyHKUMen nonHoro Habopa peannsyemMbiX KOMaHA.

Puc. 2.3. Knaccuukaumns komaHg,.

Komanmel
ITo dyrEamoHaIs- o uHemy ITo criocofy ITo mooe ITo criocofy
HOMY HasHaeHHI0 ampecos KOIHp OF aHHA KOMAHITEL anp e calmMH
KOMaHT
IMepemava BezagpecHele TIDHOH B OITHO
— — C drxcHpoBax - =
TIE aIp & CHELE
TAHHBIX (yTm anp y, Shontri e cToBo (AaKT)
KOII
|| O6pafoTka !} IIomoH B OBa
HaHHEDK Omoanpecrzie | coBa (Baiira))
C pacLmpsIEo-
— LpMCA NoNTem :
Mepenava KOTI HrooHodi B TpH
L1 e e CHEIE L 5
VTP ABTIe HHA Asyxanp cloBa (baMra)
T OTTOTTHHT e TI5-
— HEIE




[Mpun ncnonb3oBaHn mKcMpoBaHHOro Yncna out nog KOl ans kogupoBaHmsa BCeEX m
komaHg Heobxoaumo B none KOl BbigennTb ABOUYHbLIX pa3psigos. OgHako,
YyUUTbIBas OrpaHNYEeHHYI0 OMNHY CroBa MUHU- U MUKPOOBM, pasnunyHoe
dYHKUNOHaNbHOE Ha3Ha4YeHNne KoMaH, UCTOMHUKN U NPUEMHUKN pe3yrbraToB
ornepauumn, a Takke To, YTO HE BCe KOMaHbl coaepXXaT agpecHyo YacTb Ans
obpalleHuns K namMsaTn U nepudepumnHbiM ycTponcTeam, B Manbix 3BM ansa
KOAMPOBAHUA KOMaH LUMPOKO NMCMNOSb3yeTCs NPUHLMN KOANPOBaHNSA C NEPEMEHHbLIM
yucnom 6ut nog none KOI gnsa pasnuyHbIX rpynn KomaHa. B HeKOTOpbIX KOMaHaax
Heob6xoaMM TOSbKO OOMH OonepaHd, U OHM Ha3blBaKOTCS ogHooMNepaHaHbIMU (Mnn
O4HOA4pPECHbIMW) KOMaHgaMu B OTNMYMe OT AByXonepaHaHbIX (M1 AByXadpecCHbIX),
B KOTOpPbIX TpebytoTca ABa onepanaa. [pn Hannyum aByx onepaHgoB KOMaHOoM
0ObI4YHO M3MEHSIETCA TOSMBbKO OAMH U3 HUX. Tak Kak MHpopmauus 6epeTtcsa TONbKO U3
OLHOMN SIYENKN, ITY SAYENKY HA3bIBAOTCA UCTOYHUKOM; S4enKa, CO4epXMMOe KOTOPOW
N3MEHSAETCH, Ha3bIBAETCH NPUEMHUKOM. Hmke npmnBeaeH hopmat AByxaapeCcHON
(aByxonepaHaHon) kKomaHabl npoueccopos CM.

dopmat komaHg, npoueccopoB CM: a [15 11110 B 6115 11|10 0

()]
(-

a) AByxagpecHas koMaHaa;
6) oaHoaapecHad KoMaHAa. KOM | Mctounuk | MpuemHuk KOM | MpuemHuk




YeTbipexouTtHbin KOI (butbl 15-12) kKognpyeT pag AByxonepaHaHbIX ornepaunn,
npueeaeHHbIx B Tabnuue 1. butel (11-6) u (5-0) Ans kKomaH4 4aHHOro Tuna
onpenensoT agpeca UCTOYHUKA U NPUEMHMKA AaHHbIX. Kak BuaHO U3 Tabnuupbl,
kombuHauumm 0000 1 1000 nonsa KOIT onpegensatoT rpynnbl 04HOAL4PECHBIX KOMaHA
(puc 1,6). KOI 1 (6utel 15-12), cooTtBeTcTBYtOWMM kogam 0000 n 1000, onpenensiet
rpynny ogHoagpecHbix komaHad, a KOl 2 (butbl 11-6) KogupyeT KOHKPETHYHO
ornepaumio KoMaHa JaHHOM rpynnbl. Takmm obpas3om, KoMaHabl, NCNOoSb3YyloLwne OanH
onepaHg, kogupytotca 10-6utHeim KOIT (butel 15-6). Hanbonee rmbkas komaHga
TpebyeT OO YeTbipex onepaHaoB. Hanpumep, KOMaHaa CIOXeEHNA MOXET yKasblBaTb
agpeca criaraemMblX, agpec pesynsrata u agpec cregyowen komaHabl. Ecnun ans
3agaHuna agpeca Tpebyetcsa 16 O6uT, To YeTbipexonepaHgHaa KomaHaa 3anmet 8 6ant
namMAaTK, He yunTbiBas kog onepaunun. CriegoBaTtenbHO, MOMYy4YnUTCS
MeasieHHogeuncTseyowas IBM ¢ orpomHon namaTblo. [Noatomy B 6onbLUMHCTBE
MUKPOoOBM ntobon komaHge Tpebyetca He 6oriee ABYyX onepaH4oB. ATO AOCTUraeTcs
cnegyowuMmm npuemMamu:

1. Agpec cnegyrolen KOMaHabl yKasblBaeTCs TOSIbKO B KOMaHA4ax Nepexonos; B
OCTarbHbIX Crny4yasax o4yepenHas komaHaa BblbMpaeTca U3 ss4eek namsaTh, cneaytowmx
3a BbIMNOTHEHHOW KOMaHOOMN.

2. Vlcnonb3oBaHne SA4enkn, B KOTOPOM HaXoaUTCs O4MH N3 onepaHaos, ANs 3anoMUHaAHUA
pesynbraTa (Hanpumep, Cymma 3arnoMmMHaeTCs B A4enku NepBoro onepaHaa).



JTlokanusauuto n obpalleHne K onepaHgam obecneumBatoT pexnumsl agpecaunn. MNpu
BBEEHUN HECKOSTbKMX PEXMMOB agpecaunmn HeobxoamMmMo oTBECTU B KOMaHAe buThl,
yKasblBaloLLMe pexumbl agpecauumn ansg Kkaxgoro onepanga. Ecnv npegycmotpeHo
BOCEMb PEXMMOB agpecaumn, To Ana 3agaHna Kaxkaoro U3 HUX HY>KHO Tpu buTa.
[MouTn BO BCcex popmatax KoMaHa nepeble 6BUTblI OTBOAATCS AN Koga onepaunmn, HO
nanee copmaTtbl KOMaHA pasHbix OBM cunbHO oTnnyatoTcsa gapyr oT gpyra.
OcTanbHble 6UTbI OMKHBI ONPeAensaTb onepaHabl UNn Ux agpeca, n NO3TOMY OHU
NCNOSb3YTCA ANS KOMOMHALUUK PEXNMOB, aApeCcoB PErMcTpoB, agpecoB NaMATH,
OTHOCUTENbHbLIX aapPECOB N HENOCPEACTBEHHbIX ornepaHaoB. OObIYHO AnNnHa
KoMaHAabl BapbupyeTca oT 1 oo 3 u gaxe 6 6aunT. o dpopmaram KomaHZ MOXKHO
CyauTb O BO3MOXHOCTAX OBM.



" A
Pexumbl agpecauunn.

[na B3anmoaencTema ¢ pasnmyHsiMu moaynsmm B 9BM gonxHel 6b1Tb cpeacTaa
NOoeHTUUKaunum syeek BHELLHEN NaMATN, A4eeK BHYTPEeHHeEN namsaTu, pernctpos M
N PEMMCTPOB YCTPOMUCTB BBOAA/BbIBOAA. [103TOMY KaX4oW 13 3anoMuUHaloWmx s4eek
npucBamBaeTcs agpec, T.e. oAHO3Ha4YHass KoMobnHauus 6ut. KonndecTtso 6ut
onpeaensieT Yncno ngeHTnuumpyemolx sdyeek. ObolivHo OBM nmeet pasnuyHbie
agpecHble npocTpaHcTBa NamaTu n pernctpos MI1, a nHoraga - otaesribHble agpecHbie
NPOCTPaHCTBa PEMMCTPOB YCTPOMCTB BBOAA/BbIBOAA N BHYTPEHHEN NamMATU. Kpome
TOro, NaMATb XPaHUT KaK AaHHble, Tak N kKoMaHAabl. [Moatomy ans 9BM paspaboTtaHo
MHOXECTBO CrocoboB obpalleHns K naMAaTU, HasblBAEMbIX PEXUMaMU agpecauun.
Pexnm agpecaummn namatu - 3To npoueaypa unm cxema npeobpasoBaHnsa agpecHoOu
nHdopmauum ob onepaHae B €ro UCMOSTHUTENbHLIN agpec.

Bce cnocobbl agpecalmm naMaT MOXHO pasfenuTb Ha:

1) npssMon, Korga UCNonHUTENbHbBIN agpec 6epeTca HenocpeaCTBEHHO U3 KOMaHAbI UK
BbIYMCNSAETCA C UCMOSIb30BAHMEM 3HAYEHUSA, YKa3aHHOro B KOMaHae, U COOAepPXXUMOro
Kakoro-nnbo pernctpa (npsimasi agpecaums, permctposasi, 6asoBasi, UHOEKCHas U T.
A.);

2) KOCBEHHbIN, KOTOPbLIW npeanonaraeT, YTO B KOMaHAe COAEPXUTCA 3HaYeHNe
KOCBEHHOro agpeca, T.e. agpeca a4enku namMmsaTu, B KOTOPOM HaxogmuTcA
OKOHYaTesbHbI UCNOSTHUTESNBbHBIN aapec (KoCBeHHada agpecaums).

B kaxoon MI/IKpOSBM pealin3oBaHbl TOJIbKO HEKOTOPbLIE pPEXNMbl agpecaLlinu,
NCNOoJ1b30BaHNE KOTOPLbIX, KaK NnpaBuio, ornpegendaercd apXI/ITeKTypOIZ MIT.



" A
Tunbl apxXUTEKTYP.

CyLuecTByeT HECKONMbKO NOAX0A0B K Knaccnudumkaummm MMKpONpoLLECCOPOB MO TUNY
apxutektypbl. Tak, BbigenatoT Ml ¢ CISC (Complete Instruction Set Computer)
apXNTEKTYPON, XxapakTepnayemon nonHeiM Habopom komaHg, n RISC (Reduce
Instruction Set Computer) apxutektypon, kotopasi onpeaensier Cuctemy c
COKpaLleHHbIM HabopoM KoMaHA 0AMHAKOBOro popmaTa, BbINOSTHAEMbIX 3@ OAWH
TakT MI. Onpegenssi B KayectBe OCHOBHOM Xapaktepuctukm Ml paspaaHoCTb,
BblOensoT crenyowwmne tunol Ml apxuTekTypbl:

1. - ¢ PUKCMPOBAHHOW Pa3psiAHOCTBLIO U CMIMCKOM KOMaHA (0OaHOKpUCTanbHbIE);

2. - C HapallnBaeMon pas3psaHOCTbIO (CEKLMOHHbIE) 1 MUKPOMPOrpaMMHbIM
yrnpaBreHneM.

AHanusupys agpecHble NpocTpaHcTBa nporpaMmm U AaHHbIx, onpegendaiot Ml ¢
apxuTekTypon ooH HenmaHa (namsaTb NporpamMm M NamaTb AaHHbIX HAXOOATCH B
e4VNHOM NPOCTPAHCTBE U HET HUKAKNX NPU3HAKOB, yKa3blBaloWMX Ha TUN
nHdopmaumn B syernke namsatn) n Ml c apxmutektypon NapBapackon nabopatopum
(mMamaTb NporpaMm 1 NamaTb AaHHbIX pasfeneHbl, UMEKT CBOU afpeCHble
MPOCTpPaHCTBa N cnocobbl gocTyna K HUM). PaccmoTtpum 6onee nogpobHo
OCHOBHbIE TUMbl aPXUTEKTYPHbIX PELLEHUN, BblAENss CBA3b CO cnocobamu
agpecauum namaTu.



" A
1. PeructpoBas apxuTekTypa onpenensercsa Hanndnem goctaTtodHo 60sbLoro
pernctpoBoro dganna BHyTpu MI1. KomaHabl nony4vatoT BO3MOXHOCTb 00paTUTbCS K
ornepaHgam, pacnosioXXeHHbIM B O4HOM U3 ABYX 3anOMUHAKLLNX cpes: onepaTtuBHON
namaTn unu pernctpax. Pasmep pernctpa obbl4HO OMKCMPOBAH M COBMagaEeT C
pasMepom crioBa, (hnsmyeckn peannmsoBaHHOro B onepatneHom namatu. K nobomy

PErncTpy MoXxHo obpaTnTbCsl HENOCPEACTBEHHO, NMOCKOSIbKY PErMCTPLI NPeaCTaBEHbI
B BMAE MaccuBa 3anoMnHarLLmMX 3NIEMEHTOB - PperncTpoBoro dauvna.
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TUNUYHBLIM SBNSAETCS BbINOSTHEHNE apUPMETUYECKNX Onepauun TONbKO B perncTpe, npu
9TOM KOMaHAa CoaepXuT aBa onepaHaa (oba onepaHaa B perucTpe i oauH
ornepaH B perncrtpe, a BTOpon B oriepaTtMBHON namatn). K gaHHomy Tuny
apXUTEKTYpPbl OTHOCUTCA MUKpornpoLueccop doupmbl Zilog. MNMpoueccop Z80 - getuwe
dompmebl Zilog noMmMmo paclnMpeHHOn CUCTEMbI KOMaH, O4HOrO HOMMHaNna NMTaHusa n
CNOCOBOHOCTWN UCNOMHATL NPorpamMmmel, HannucaHHble ans i8080, men apXUTEKTYpPHbIEe
"n3toMmnHKN". B gonosiHeHne K ocHoBHOMY Habopy POH, B kpucTansne 6bin
peann3oBaH BTOPOW KOMMIEKT aHanorMyHbiX PermMcTpoB. OTO 3HAYNTESTbHO
ynpotuano paboTy npu BbI3oBe NognporpamMmm unu npoueayp obcnyxunsaHma
npepbiBaHUI, NOCKOSIbKY MPOrpamMMUCT MOT UCMOSNb30BaTh 4S5 HUX anbTepHaTUBHbIN
Habop perncTpoB, nsberasa coxpaHeHnsa B cteke cogepxmmoro POHoB ang ocCHOBHOM
nporpamMmmbl ¢ nomoLubio onepauun PUSH. Kpome Toro, B cuctemy kKomaHz 6bin
BKJTHOMEH psAf crnieumarnbHbIX MHCTPYKUNW, OPUEHTUPOBAHHbLIX HAa 00paboTKy
OoTAEenNbHbIX BUTOB, a AN NOAAEPXKKU pereHepaumn AMHaMM4eCcKon NamsaT B CXeMY
npoueccopa BBeAeHbl COOTBETCTBYHOLLME annapaTtHble cpeactaea. Z80 npumMmeHsancs B
MawumHax Sinclair ZX, Sinclair Spectrum, Tandy TRS80. NpeaenbHbIM BapuaHT -
apxuTeKkTypa c agpecaumen NnocpeCTBOM akKyMynaTOpPOB (MeHbLUMW Habop KomaHA).

MTI1 oupmbl Motorola nmen pag cyuiecTBeHHbIX NnpenmyLlecTs. [pexae Bcero, Kpuctann
MCG6800 TpeboBan ans paboTbl 0AHOr0O HOMUHAarNa NUTaHug, a cMuctema KoMmaHa
OKasanacb BeCbMa npo3padHon ans nporpammucta. Apxutektypa Ml Takke nmena
psia ocobeHHOCTEN.
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Mwukponpoueccop MC 6800 cogepxan aBa akkymynartopa, u pesynesrat onepauun AJTY mor
ObITb NOMeLLeH B Ntobon 13 HMx. Ho cambiM LeHHbIM kayecTBoM CTPYKTYpbl MC 6800 6bino
aBTOMaTU4YeCKOE COXpPaHEHNE B CTeKe COOEepPXKMMOro BCEX PErncTpoB rnpoLleccopa npu

obpaboTke npepbiBaHnn (Z80 TpeboBanock Anga aToro Heckornbko komaHg PUSH). MNMpouenypa
BoccTaHoBneHnss POH 13 cteka Toxe BbINOSIHAMAChk annapaTHo.



2. CTekoBasi apxMTeKTypa AaeT BO3MOXXHOCTb cOo3aaThb none naMmsatu ¢ ynopsaodeHHON

nocnenoBaTesibHOCTLIO 3anncu N BblIbopkn MHdopmaunn. B obuiem cnyvyae KomaHgbl
HEABHO apecyoTCs K 9NeMEHTY CTeKa, pacnosioKeHHOMY Ha ero BepLUMNHE, UK K ABYM
BEPXHMUM 3NIEMEHTaM CTeKa.

3. Apxutektypa MI1, opueHTMpoBaHHaa Ha onepaTuBHYO NamMsTb (Tuna "namMsaTb-namMsTb"),

NS o D=

obecrnevnBaeT BbICOKYH CKOPOCTb paboThbl U BOMbLLYH MHAOPMALIMOHHYIO EMKOCTb
paboymx perncTpoB 1 cTeka Npu UX opraHn3aLmm B onepaTnMBHOM NaMaTn. ApXUTEKTypa
3TOro TUNa He NpeanonaraeT ABHOro onpeaeneHust akkymynsatopa, Permctpos obLLlero
Has3Ha4YeHNs NN cTeka; Bce onepaHabl KOMaHa agpecytoTcs K 06nacTn OCHOBHOM
namaTn. C TOYKM 3peHUst BaXKHOCTM AN NoNb3oBaTens-nporpaMmMmmncTa nojg
apXMTEKTYpPOI B 00LLEM CIyYae NOHMMAaOT COBOKYMHOCTb CIEeAYHLLUNX KOMMIOHEHTOB U
XapaKTepPUCTUK:

- pa3psiAHOCTU aapecoB U AaHHbIX;
- COCTaBa, MMEH 1 Ha3Ha4YeHUs NporpaMMHO-4OCTYMHbIX PErMCTPOB;
- dbopMaToB 1 CUCTEMbI KOMaHA;

- PEXNMOB agpecaunn namsaTy;

- CNocoboB MaLLMHHOIO NPeaCcTaBnNeHnsa AaHHbIX pasHOro TMna;

- CTPYKTYPbl aApPECHOr0 NPOCTPAHCTBA;

- cnocoba agpecauunmn BHELHNX YCTPONCTB 1 CPEOCTB BbINONMHEHNS onepauunn
BBOAa/BbIBOAA;

- KNaccoB NpepbIBaHNN, 0COOEHHOCTEN NHULIMMPOBAHNS 1 06paboTkn NpepbiBaHUI;



