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Npeancnosue

Ota KHHWra cozjaBajlach Kak y4eOHOe TMOCOOHe IO apXUTEKType MpOIecCOpPOB
u OBM. Marepuan KHUTH OPHEHTHPOBAaH Ha CTYJAEHTOB MH)KEHEPHBIX CIIELHANIb-
HOCTEH, 00yJaroImuXxcs B 00JaCTH pa3padOTKK MPOrPaMMHOI0 00ECIICUCHUS U MH-
(OpMaLIMOHHBIX CUCTEM, JUIS KOTOPBIX "KOMITBIOTEPHOE JKeJie30" He SBISEeTCs Oc-
HOBHBIM TIPEIMETOM H3Y4eHHs, HO KOTOpbIC XOTAT (M JOJDKHBI) 3HATh OCHOBBI
MTOCTPOEHHUS TPOIIECCOPOB, OPraHU3AIMI0 B3aWMOJIEHCTBUSI OCHOBHBIX YCTPONCTB
3BM, mnporpaMMupoBaHHe Ha HU3KOM ypoBHe. KHHra MOKeT OBITh TOJIE3HOM
U CTYACHTaM MeAarorHuecKuX CHeNruanbHOCTEH, B yUeOHBIX TUIaHaX KOTOPBIX Ipe-
JyCMOTPEHBI KYpPCBHI 110 U3Y4eHHIO apXUTeKTypbl DBM ((usuka, matemaTrka, uH-
bopmaTrka).

UwurarensiMm HEOOXOIUMO BIAAECTh HAYANFHBIMUA 3HAHUSMH B 00NacTH mudpoBoi
cxeMoTexHUKH (OyneBa anreOpa, JOrMUECKUE DJIEMEHTbI, TPUTTEPBI, ONEPauOH-
HEBIE DJIEMEHTEI).

B 0CHOBY KHHTH TOJOKEHBI MaTepUallbl KypcOB JICKIWH, YATAEMBIX aBTOPOM Ha
kadeape BHIUMCINTENHEHON TeXHUKH KypcKoro rocyaapcTBEeHHOT'O TEXHHYECKOTO
yuusepcutera (KI'TY) u kadenpe nporpaMMHOTO 00€CIICUCHUS M aIMUHUCTPHPO-
BaHus nH(popMaimonHbix cucteM KI'Y. Kuura o0beaunser B cebe TeOpeTHUSCKUi
MaTepHal, UK J1a00opaTopHBIX padoT U 3aJjaHus Ha KypCOBOE MPOEKTUPOBAHUE.

[TocoOue cocTouT U3 Tpex JacTeit.

B uacmu | paccmarpuBaroTcst o0mrie TpUHIUTIBL Opranu3anuu DBM, Bkitodas nx
(YHKIMOHANBHYI0O W CTPYKTYpHYIO oOpraHuzamnuio. JlocraTo4Ho moapoOHO pac-
CMOTpEHB! apudmeTnueckue ocHOBbl OBM, mpencrtaBieHue yucen B pa3iMyHbIX
KO/Iax M aJTOPUTMBI BBHIIIOJHEHUS apu(PMETHYECKHX OINepanuil. Y aeIeHo BHUMa-
HUE KOIUPOBAHUIO NECSTUYHBIX YHCEN M JECSITUYHOM MalIMHHOW apudmeTHke,
a TakXKe CUCTEeMaM CUHUCICHHs B OCTaTOUHBIX KiaccaX. Jlajnee paccMaTpUBarOTCs
MPUHLIUIIEI TIOCTPOEHHS yCTpOoHCTB DBM — KOHIeIHs ONepannoHHOTO U YIpaB-
JIAIOUICT0 aBTOMATOB, NOAXOJbl K UX CUHTE3Y. PaCCMOTpeHLI YHpaBJIAONIME aBTO-
MaThl C JKECTKOH W IMporpaMMHUpyeMol JIoTukoid. OTnenpHasi TiaBa TOCBSIIEHA



2 lpeducnosue

OpraHu3alid MHOTOYpOBHEBOM mamsatu DBM, BompocaM B3auMOJEHCTBUS yCT-
POICTB maMsTH pa3HbIX YPOBHEH.

Yacme || mocesieHa oOCYX)ICHUIO 0a30BOH apXWUTEKTYpPhl CHCTEM Ha OCHOBE
MuKpornporeccopoB x86. Kpome BHyTpeHHEH CTPYKTYpPBI MHKPOIPOIIECCOPa U €T0
uHTepdeiica paccMaTpuBaeTCsl OpraHu3alys BBOJa/BbIBO/IA, TPEPHIBAHMIA, TPSIMO-
ro J0CTyIa B maMsITh. KpaTko paccMOTpeHa 3BOIONHNSA apXUTEKTYPhI MMPOIECCOPOB
cemeiicTa x86.

Yacme |1l comepxuT mabOpaTOpHBIN MPaKTUKYM W KypCOBOE MPOEKTHPOBAHHE.
JlabGopaTopHBIi MPaKTUKYM BKITIOYAET B ce0s1 OOIBIMUHCTBO TeM uacmu |. J1ns BeI-
MIOJIHEHUS JIA0OPaTOPHBIX paboT mpeiyiaraeTcst psii NpOrpaMMHBIX MOJENEH, pas-
MEIIEHHBIX Ha KOMIAKT-AucKe. IIporpamMmHble MOAenyn apupMeTHKO-IOTHIECKUX
YCTPOMCTB TO3BOJISIIOT pa3pabaThiBaTh M OTIAXKUBATh aJTOPUTMbI apudmeTnyie-
CKUX U JIOTHYECKUX MpeoOpa3oBaHMi, 3HAKOMHUTHCS CO CTPYKTypaMH OIEpaLlMOH-
HBIX aBTOMAToOB, IPOCKTUPOBATh YNPABISIOIINE aBTOMATHI 10 3aJaHHbIM (pa3pa-
OoTaHHBIM) MHKpomporpamMmam. Ha 6ase mporpammuoil mojenu ydebunoir DBM
MOXKHO TIO3HAKOMHTBECS CO CTPyKTypor DBM, cucremMoii KOMaH], pOTrpaMMHPO-
BaHHEM Ha ypOBHE acceMOiiepa, U3y4IUTh NPUHIIMIIBI B3aUMOJICHCTBHUS IIpoLeccopa
C BHEIIHHMH YCTPOMCTBaMH, OPTaHHU3AIMI0 MHOTOYpOBHEBOW mamatu DBM. [l
KaKJOW U3 JIecATH 1ab0paTOpHBIX paboThl CPOPMYITHpPOBaHA TENb, HHIUBUIYab-
HBIE 3aaHusl, TPeOOBaHUA K OQOPMIICHUIO OTYETa U KOHTPOJIbHBIE BOIPOCHI; IS
HEKOTOPBIX 3aJJaHUH IPUBEACHBI IPUMEPHI BHIIIOJTHEHUS.

ConepxaHneM KypcoBOi paboTHI siBiIseTCs pa3paboTka apu(QMETHKO-TOTHUECKOTO
YCTPOMCTBA, peaInu3yIoIero 3aaHHbli Ha0Op Onepanuil ¢ y4eToM OrpaHHYeHHN
Ha KOJ BBIMOJHEHHs ONepanuidi U crnocod MOCTPOCHHUS YIPABISIOIETO aBTOMATa.
CdopmynupoBaHbl WHAWBUIYaJIbHBIC 3aJlaHUsl, ONPEICICHBI ATAIlbl BBITOJHEHUS
paboThI U CO/IEPIKAHUE MOSCHUTEIBHON 3aIUCKH.

B pabote Hajg KHUTOH TMpUHUMAN ydacTHe KaHI. TeX. HayK, HomeHT A. M. ®pym-
KHH, COBMECTHO C KOTOPBIM Hanucansl paszo. 8.1, 10.1 u 10.2.

ABTOp 0JaroJapuT CTYIEHTOB U BBIMTYCKHUKOB (PaKkyinbTeTa HHYOPMATUKU U BBI-
yucnutenbHoi Texuuku KI'Y B. Ky3smunosa, A. Unbuna, A. AndepoBa, pyKoBo-
JUTENST OTHeNIa apXUTEKTYpbl Kopropauuu SKyros WM. JKmakuHa, NpUHUMABIIHX
aKTHBHOE y4yacTHe B pa3padOTKe W OTJIAJAKE MPUBEACHHBIX B KHUTE MPOTPaMMHBIX
Mozeneit AJIY u OBM.

ABTOp BBIpaKaeT MCKPEHHIOIO TPH3HATEIBHOCTh 3aBeyloleMy Kadeapoil cuc-
TeMHOro mporpammupoBanus Crol'Y, mpodeccopy, mokropy ¢uz.-mar. Hayk
A. H. TepexoBy u foueHTy, kKanz. ¢us.-MaT. Hayk B. A. KoctuHy 3a nieHHbIe 3ame-
YaHWs, CJeTIaHHBIC TIPU PEIIEH3NPOBAHUN KHUTH.
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4 Yacme 1. MNpuHyunsi opeaHusayuu 3BM

[Ipunsaro cunrtaTh, yTo 9BM — "crnoxnas cucrema”. JTO MOHIATHE UMEET MHOTO
TPaKTOBOK, B T. Y. M TaKyIO: "CIOJNCHYIO CUCEMY HEBO3MONCHO A0eK8AMHO ONu-
cambv Ha o00HOm sA3vike". OObpryHO DOBM paccMaTpuBalOT Ha HECKOJIBKUX
YPOBHSIX:

0 noruYecKHe dJIEMEHTHI,

0 omepalMoHHBIE IEMEHTHI (y3JIbI);
O ycTpoicTBa;

3 crpykTrypa OBM u cuctema KoMaHI.

Ha kaxJ1oM 13 ypoBHEW HCIOJIB3YIOTCS CBOU SI3bIKM omnucanus. U "Beime", u "Hu-
ke TPUBEIICHHBIX 3JICMEHTOB CIIMCKAa MOXKHO BBUICIUTH JPYTrUe YPOBHHU, HO UX
PaCcCCMOTPEHUE JIKUT 3a MpeIeaMu STON KHUTH.

[Ipuctynas K U3y4EHUIO BOIPOCOB apXUTEKTypbl DBM, unutarenp JOIKEH UMETh
MPEICTABICHUE O JIOTHYECKUX M OINEPALMOHHBIX 3JIEMEHTaX LHU(POBOH TEXHHUKH
(KOHBIOHKTOPBI, HHBEPTOPBHI, ..., TPUITEPBI, PETUCTPBI, MYJIBTUILIEKCOPHI, Ieund-
paTopbl, CyMMaTOPbI U T. 11.).

HentpanpabiM B cTpyKType DBM siBnsieTcs, HECOMHEHHO, IIPOLIECCOD, a TJIABHBIMU
ycTpoiicTBaMu J1F000T0 TpOILIecCOpa MOXKHO CHUUTATh apupMemuxo-10cuieckoe
yempoiicmeo (AJIY) u yempoiicmeo ynpaenenus (YY). Jlanee Mbl moapoOHO pac-
CMOTpPUM MpPUHIMIEI U crocoObl opranuzauun AJIY. Ilockonsky AJIY pazpaba-
TBIBACTCS JUIS PEATU3AIMN ONPE/ICIICHHBIX AITOPUTMOB apu(METHICCKON M JIOTH-
YeCKOW 00pabOTKM JaHHBIX, TO HEU30EKHBIM CTAaHOBUTCA W PACCMOTPEHUE
Pa3IUYHBIX BAPUAHTOB TAKUX aJITOPUTMOB.



NnaBa l

HavyanbHble cBeaeHuss 06 ABM

1.1. AcTtopusa pa3BuTtus
BbIYUCIIUTESIbHON TEXHUKMU

C Tex mop Kak YeJ0BEYECTBO OCO3HAJNIO MOHSATHE KOJMYECTBA, pa3padaThiBAUCh
¥ IPUMEHSUTHCH PA3IHMYHbIEC TPUCIIOCOOTCHHS [T OTOOPAKEHHST KOJMUECTBEHHBIX
SKBHUBAJICHTOB M Omepanuil Haj BenmduHaMmu. OTOPOCHB PacCMOTPEHHE " JIOUCTO-
puyeckux" ¢ TOYKH 3PEHHS BBIYUCIMTEILHON TEXHHUKU CpeiCTB (KYYKH KaMHEH,
CUCTbI U T. I[.), paccMOTPUM KPATKO UCTOPUIO PA3BUTUA BEIYUCIIUTCIIBHBIX MAllIWH.

[Moxxanyii, mepBoil peasbHO CO3aHHOW MAITUHOMW JJIsi BHIMOJIHCHUS apudMeTHie-
CKUX JCUCTBUH B IECSTUYHOIN CUCTEME CUHMCIICHUS MOXKHO CUHUTATh CYUEMHYIO Md-
wuny Iackana. B 1642 . b. [lackans npogeMoHcTpupoBan ee padoTy. Mammna
BBITIOJTHSJIA CYMMHPOBaHHE Yuces (BOCBMUPA3PSIHBIX) C MOMOIIBIO KOJIEC, KOTO-
pble Tpu A00aBJICHUU €IWHHIIBI TOBOPAYMBAINCh HA 36° W NMPUBOIWIN B IBUKE-
HHE CJIe/IyIolee N0 CTapIIMHCTBY KOJIECO BCAKMI pa3, koraa mudpa 9 nomkaa ObI-
na nepeiitu B 3HaueHue 10. Mammna [lackans momyunia U3BeCTHOCTh BO MHOTHX
cTpaHax, ObUTO H3roToBIeHO Ooliee 50 3K3EMILISPOB MAIIUHBI.

Brpouewm, eme no ITackans maivHy, MEXaHHYECKH BBIOIHSIONIYIO aprdMeTnye-
CKHe omepaimu, n3o0pasun B scku3zax Jleonapno na Bunum (1452—1519). Cywm-
MHpYIOLIasi MallliHa [0 ero 3CKW3aM BBIIOJIHEHA B HAIM JIHU M JJ0Ka3aja CBOIO
paboTOCIIOCOOHOCTD.

B cpennue Beka (paciBer MEXaHHKH) ObLIO MPEIOKEHO U BBIOIHEHO MHOTO pa3-
JIMYHBIX BapuaHToB apudmernyeckux marmi: Mopmun (1625—1695), K. Ileppo
(1613—1688), SAxobcon, Yebbimes u ap. [lepByto MamiuHy, ¢ TOMOIIBI KOTOPOH
MOXXHO OBUIO HE TOJNBKO CKJIAJbIBaTh, HO M YMHOXaThb M JIEIHTH, pa3padoTai
I'. JIeiiouun (1646—1716). OnHako OOJBIIMHCTBO MOJOOHBIX MAIIMH M3TOTABIIH-
BAINCHh aBTOPAaMH B EIMHHYHBIX JK3EMIUIApax. YJadyHOe peIIeHHe HHXeHepa
B. Onnepa, pa3paboTaBLIero Kojaeco ¢ NEPEMEHHBIM YHCIOM 3YObeB, IO3BOJIMIO
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MOYTH BEK CEPUITHO BBIMyCKaTh apupmomerpsl (Hampumep, "demukc” Kypckoro
3aBoga "Cuermain'), sIBISIBIIMECS OCHOBHBIM CPEJICTBOM BBIUHCIICHHUI BILUIOTH JIO
snoxu [I9BM u KanbKynsTOpOB.

Bce ynomsiHyThIE BBIIIE MEXaHM3MBI 00JIaadd OXHOW OCOOCHHOCTHIO — MOTJIH
ABTOMATUYCCKNU BBIIIOJIHATH TOJIBKO OTACJIBHBIC ILCI\/'ICTBI/ISI HaJd 4YucjiaMH, HO HE
MOTJIN XpaHI/ITL HpOMe)KyTO‘lHI)IG pe3ym)TaTI>1 H, CJIICO0BATCIIbHO, BBLIIIOJHATH IIO0-
CJICIOBATEIILHOCTD ACUCTBHI.

ITepBoii BEIYUCIUTENBHONW MAILIMHOM, pEATU3YOLIEH aBTOMATHYECKOE BBIIIOJHEHUE
MOCJIEZI0BATENIbHOCTH  IEUCTBUI, MOXHO CUYUTAaTh PA3HOCMHYIO  MAWUHY
Y. bebbeoxca (1792—1871). B 1819 1. oH U3rOTOBHII €€ ISl pacyeTa acTpOHOMHU-
YECKUX M MOPCKUX Tabiui. MamnHa oOecrneunBaia XpaHCHHUE HEO0OXOIUMBIX
MPOMEKYTOYHBIX 3HAYEHHH W BBHIMOJIHEHHE IOCIIEAOBATEIBHOCTU CIIOXKCHUN IS
MoJTyueHus: 3HaueHus: GyHKIuK. B nanpHeimem beGOemk Mpeaaokuil Tak Ha3bl-
BaEMYIO QHAIUMUYECKY0 MAawuHy, IPpeAHa3HAYCHHYIO JUIS PEIICHUs JIIOOBIX BBI-
YUCIIMTENIbHBIX 3a11a4. [Ipu sxenanuu B aHanuTHYECKOUW MamHe beb0Oemka MOKHO
HaiTH MPooOpa3bl BceX OCHOBHBIX YCTPOWCTB coBpeMeHHOH DBM: apudmernye-
ckoe yctpoiictBo ("menbHuia"), namarh (“cknan"), ycTpoicTBO ympaBieHHs (Ha
nepgokaprax), MO3BOJISIONICE BHIOUpPATh PAa3IMYHbIC MYTH PELICHUS B 3aBUCHMO-
CTH OT 3HAYEHHWH HMCXOIHBIX JaHHBIX U MPOMEXYTOYHBIX pe3ynbTaToB. [Ipoekt
aHAJIMTUYECKOW MamuHbl beOOemka Tak ¥ He ObLI peaar30BaH — H3-32 HECOOT-
BETCTBHUS UJIEH U DIIEMEHTHOH 0a3bl.

Jaxxe BbIyCKaeMmble OOJBIIUMH CEPUSMH JIIEKTPUUYECKUE pejelinble MAuUHbl
Xoanepuma (1860—1929) — mabynssmopsr — He TPOU3BETH TIEPEBOPOTA B CPEI-
cTBax 00pabOTKK MH(OPMALIMH, XOTS U IIMPOKO UCIOIH30BAIUCH JJIs 00pabOTKH
CTaTUCTUYECKOH MH(pOPMALUH BIIOTE 10 70-X TO0B MPOIIIOTrO BEKa.

Wneun anamutuueckoil MamunHbel beOGOemka ObLITM UCIONIB30BAHBI B PEICHHBIX Ma-
muHax, BeimyckaBmmxcs B 30—40-x rogax XX Beka. TeopeTrueckoil 0CHOBOW
pa3paboTKH peNeifHO-KOHTAKTHBIX CXEM SIBUJICS almnapaT OyJeBoi anreOpsl, KOTO-
pBIH B JanbHEHIIIEM UCTIOIB30BaJCS aJis cuHTe3a cxem DBM. OnHako u 31eKTpu-
YEeCKHUE pesie KakK dJIEMEHTHast 0a3a BHIUMCIMTEIBHON TEXHUKU HE YIOBJICTBOPSIIN
MOTPEOHOCTSIM 3TOM TEXHHKH IO BCEM OCHOBHBIM TapamerpaM (OBICTpoeiicTBIE,
HAJIeKHOCTD, TIOTPebIsieMas MOIIIHOCTh, CTOMMOCTh, Ta0apHTHI U JIp.).

TonbKo OCBOCHHE DIEKTPOHHBIX CXEM B KA4eCTBE AJIEMEHTHOW 0a3bl MOJIOKHUIIO
Hayajo JEeHCTBUTENFHO MAacCOBOMY BHEAPEHHUIO CHaudajda BBIYMCIUTENBHOM, a Mo-
TOM U WHQOPMAIMOHHON TEXHUKH BO Bce Cepbl YETOBEUECKOH NESATETHHOCTH.
[TepBbie AeKTpOHHBIC HU(BPOBBIC BHIYUCIUTENbHBIC ManuHbl (OBM) Obutn pas-
pabotaHbl U BhIMymieHbl Ha pyoOexe 40—50-x romor mponutoro Beka B CIIIA,
Amnrnuu 1 yyTth noznuee — B CCCP.



aea 1. HayarnbHbie ceedeHusi 06 IBM 7

1.2. UncpoBblie n aHanoroBble
BbIYUCIIUTESIbHbI€ MALUMHbI

Bce npuBeneHHbIe paHee (akThl OTHOCATCS K MCTOPHUHM TaK HA3bIBAEMOU yugpoeoll
BBIUHCIIUTENBHON TEXHWKH, B KOTOPOH WH(OpMAamus IpeACTaBiIeHa B JUCKPETHON
dopme (B hopme yrcen, KoJ0B, 3HaKOB). OIHAKO OONBITHHCTBO (QH3UUECKUX BETUUHH
MOKET IPUHUMATh 3HAYEHHUE U3 HETIPEPhIBHOTO MHOXECTBA — KOHTHHYYyMa. CyiecT-
BYIOT BBIYMCIIUTENBHBIE YCTPOMCTBA, ONEPUPYIOIIME HENpepbIBHOH HH(pOpMarrei
(mpumep — norapudmuyeckast JMHelKa, rae HHGopMaus MpecTaBiIeHa OTPE3KaMu
JmHbD). CyIIecTByeT M HENbIA KIIACC IEKTPOHHBIX BBIYMCIUTEIBHBIX MAIIMH — TaK
Ha3bIBAEMBIE aHAI0206ble, NH(POPMALUS B KOTOPBIX MPEICTaBISIETCS] HETIPEPhIBHBIMU
3HAYEHUSIMU DJIEKTPHYECKOTO HANPSDKEHUsT WM ToKa. [IpuHumm paboTel Takux Ma-
LIMH — B TIOCTPOEHUM 3JIEKTPUYECKUX ILIEMeH, MPOLEecchl B KOTOPBIX OMNMCHIBAIOTCS
TeMH AuQQepeHIaT-HBIMU YPaBHEHUSIMH, KOTOPBIE TPEOyeTCsl PELIUTh.

SR

m
o

a

Puc. 1.1. Moaenb: a — MexaHH4ecKas CHCTeMa; 6 — "aHalornyHas" ei aJIeKTpuyecKas Ierb

Knaccrueckuii mpumep Takoro moaxoza mokaszad Ha puc. 1.1. Hampumep, TpeOyercs
M3y4YHUTh MOBEJICHUE MEXaHMUYECKOM KOJICOATeIbHOM CUCTEMbI, ONMChIBACMOM Judde-
peHrabHbIM ypaBHeHueM (1.1). TlogbepeM 3IeKTpUUYeCcKyTo [eTb, MPOIECChl B KOTO-
poii ONHCHIBAIOTCS TeM ke AU dhepeHIHAIBHBIM YPaBHEHHEM C TOYHOCTBIO 10 000-
sHauenui (1.2). Mexny mexanndeckumu Bermmanaamu (puc. 1.1, @) u anekTpruaeckuMu
(puc. 1.1, 6) cymectByet coorBercTBUE (CcpaBHuTe ypaBHeHus (1.1) u (1.2)).

t
m%:mg—jx-dt—kx. (1.1)
dt !
Lﬂ—u—}i-dt—Ri (1.2)
& . :

0
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Takum 00pa3oM, A MEXaHMYECKOI'O YCTPOMCTBA MOXKHO 1OA00PATh 3IEKTpUye-
CKYIO IIeIlb, IPOLIECCH B KOTOPOIl OMHUCHIBAIOTCS aHAJIIOTHYHBIMU AuddepeHnans-
HBIMU ypaBHeHusMH. Wy, [uist 3a1aHHOro AndQepeHnnaibHoro ypaBHeHus (cuc-
TEMbI) IOCTPOUTD JIEKTPHUECKYIO LIEMb, KOTOPAsi OMUCHIBACTCS ITUM YPABHEHHUEM.

CylIecTBYIOT XOpOIIO OTpabOoTaHHAs METOJNKA CHHTE3a TaKWX Ilereil U HabOphI
(byHKIHOHANBHBIX 0710k0B (ABM), mo3Bosstore coOOUpaTh M UCCIIEAOBATh CHH-
TE3UPOBAHHBIE IICTIH.

Llocmouncmea ABM: npocToTa MOATOTOBKY PELIEHMS], BEICOKAst CKOPOCTh PELLICHUS.

Heoocmamku ABM: neyHuBepcaibHOCTh (MpeJHAa3HAYCHBI TOJBKO IS PEIICHUS
i hepeHInaTbHbIX YPaBHEHHI) U HU3Kasi TOYHOCTh PEIICHUS.

B nacrosimee Bpems ABM HaxomsT MpuMeHEHHUE JIAIIh B OTPaHUICHHBIX 00JIaCTIX
TEXHUYeCKOoro mogenuposanus. [lostomy B manpHelmeM OylaeM yHoTpeOasSTh
tepmuH "DBM", iMest B BUAY TOJNBKO IU(PPOBBIC BEIYUCIUTENBHBIE MAIIMHEI, KaK
3TO MPHUHATO B COBPEMEHHOI TEPMUHOJIOTHH.

1.3. BapuaHTbl knaccucgpukauum 3BM

3a CBOIO MONYBEKOBYIO HcTOprio DBM U3 eAMHUYHBIX SK3EMIUIIPOB WHCTPYMEH-
TOB YUYEHBIX IMPEBPATIIINCH B MPEAMET MacCOBOro noTpednenns. CreKkTp mpume-
HeHUs OBM B coBpeMEHHOM OOIIECTBE YPE3BBIUAWHO IIUPOK, MPHUYEM HUMEHHO
o0nacTh TPHMEHEHUS HAaKIIJhIBA€T OCHOBHON OTIEYaTOK Ha XapaKTePUCTHKH
OBM. IlosToMy B GONBIIMHCTBE MOAX0A0B K Kiaccupukammm IBM umMeHHO 00-
JaCTh MPUMEHEHUS SBISIETCS OCHOBHBIM MTapaMeTpoM Kiaccu(puKammm.

Wznenust coBpeMeHHON TEXHUKH, 0COOEHHO BBIYMUCIUTENBHON, TPAAUIIIOHHO MPHU-
HSTO JICTUTh Ha ToKoJeHus (Tadu. 1.1), mpudeM OCHOBHBIM MPH3HAKOM TTOKOJICHUSI
OBM cuutaercs ee 3neMeHTHas 0a3a. CieyeT MOMHUTh, 4TO Jito0as KiacCu(puKa-
s He siBisieTcst abcoMoTHOM. Beerma MoskHO OTBICKaTh 00BEKT KiIacCH(PHUKALINY,
KOTOpBIA MO OJHUM IIapaMeTpaM OTHOCUTCS K OJHOMY KJaccy, a Mo APYTuM —
K JpyroMy. 3To B OOJNBIION CTENIEHH OTHOCHUTCS M K KiacCH(UKAIMH MOKOJICHUH
DBM: HEKOTOpbIC aBTOPBI BBIACISIOT TpH MokojeHus DBM (nanbHeiiiee pa3Bu-
tie DBM mzet kak Obl BHE MMOKOJICHHH), IPyTrUe HACYUTHIBAIOT IIEJIBIX IIECTh.

B pamkax nepsoco noxonenuss IBM He BO3HHKala HEOOXOAMMOCTH B Kiaccu(pw-
KaIiH, T. K. MAIIUH OB CYMTAHHBIC €MHUIBI M MCIIOIb30BAIMCH OHU, KaK Ipa-
BWJIO, JUISl BBINOJHEHMS HAyYHO-TEXHHYECKHX pacderoB. OTIeNbHbIE MAIIUHEI
XapaKTePU30BAKCh OBICTPOICHCTBUEM (YHMCIIOM BBIMOJHSAEMBIX ONEpALHid B Ce-
KyHIy), 00bEMOM MaMsITH, CTOUMOCTBIO, HaISKHOCTBIO (HapaboTKa Ha OTKa3), ra-
0apUTHO-BECOBBIMH XapaKTEPHUCTHKAMH, MOTPEOISIEMON MOITHOCTBIO M APYTUMH
napaMeTpamH.
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Taonuua 1.1. Iloxonenus IBM

T'oawbt
IMokoJenune | DaemeHTHas O6a3a O6JacTH NpUMeHeHus!
CYIIIeCTBOBAHMSI
IlepBoe OnexktpoHHblie JaMibel | 50—60 Hay4Ho-TeXHHYECKHE PaCUEThI
Bropoe Tpanzucropsl, 60—70 HayuyHo-TexHu4eckue pacueTsl,
(beppuToBbIe cepred- IUTAHOBO-OKOHOMHYECKHE pac-
HUKH YETHI
Tpetbe Wuterpanbhbie cxembl | 70—80 Hay4Ho-TeXHHUYECKHE pacyeTHl,
IUIAHOBO-9KOHOMHUYECKHE pacye-
TBI, CHCTEMBI YIIPABICHUS
Yerseproe | CUC, BUC, CBUC 80 u o ceit nens | Bee cdepsl gesrensHOCTH
AT I

Hcnonp3oBaHne TpaH3UCTOPOB B KaueCTBE AJIEMEHTHOW 0asbl mopoco nokoie-
HUs TIPUBENO K YIYYIIEHUIO MPUMEPHO Ha MOPSAJOK Ka)JIOTO M3 OCHOBHBIX Ma-
pameTpoB OBM. D10, B CBOIO OYepens, Pe3KO pacmiupuio cepy mpuMeHEHHS
OBM, mpuueMm B pa3HbIX 00JacTsIX MpuMeHeHuss kK OBM mpenwsBismch pas-
nuaHble TpeboBaHus. Tak Ha3pIBaeMble "HayYHO-TEXHHUECKHE pacueThl” Xapak-
TEPU30BAJIMCh OTHOCHUTEIBHO HEOOJBIIUM OOBEMOM BXOJHOW M BBIXOJHOMN
nH(POpPMAIUH, HO OYEHb OOJNBIIUM YUCIIOM CIOXHBIX OTEpalyil ¢ BBICOKOH TOY-
HOCTBIO HaJl BXOAHOW MH(pOpMaIue, a "MmIaHOBO-3KOHOMUYECKUE paC‘-IeTI)I"l —
HA000POT, MPOCTSHITMMHU onepanusiMu (CIOKeHHEe, CPaBHEHKE) HaJl OTPOMHBIMH
o0bemamu HH(pOpPMALIKH.

CoOTBETCTBEHHO B paMKax BTOPOTO MOKoJeH!s DBM BBIIEISITUCE!

O 9BM 1715 HayuHo-mexHuuecKux paciemos, XapakTepu3yroIrecs: MOIIHBIM ObI-
CTPOJCHCTBYIOMIMM IMTPOIIECCOPOM C PA3BUTON CHCTEMOM KOMaH I (B T. 4. peaiu-
3yromeil apuMETHKy ¢ TUIABAIONIEH 3amsaToif) ¥ OTHOCHUTEIBHO HEOOJBIION
BHEIITHEH MaMAThIO 1 HOMEHKJIATYPOH YCTPOMCTB BBOIa/BBIBOIA,;

O 3BM st niano8o-3K0HOMUYECKUX paciemog, XapaKTepU3yIOIIUecs], MPex/Ie
BCero, OOJBINONH MHOTOYPOBHEBOW MaMSATHIO, PA3BHTON HOMEHKJIATYpOH yCT-
poiict BBOa/BbIBO/Ia (YBB), HO OTHOCHTENILHO MPOCTHIM U JICIIEBBIM MPOIIEC-
COpOM, CHCTE€Ma KOMaHJI KOTOPOTrO BKJIIOYAeT MPOCThie aprH()METHYECKUE KO-
MaH/iblI (CII0XKEeHHe, BEIYUTaHKE) ¢ (PUKCHPOBAHHOI 3aIIsTOM.

XapaKTepHO, YTO U SI3BIKM MIPOTPaMMHUPOBAHHS "BTOPOTO MOKOJICHUS" TaK ke pas-
nemsumick Ha "Maremarnueckue” (FORTRAN) u "sxonomudeckue” (COBOL).

1
31eck UCHOIB3YyeTCS TEPMHUHOIIOTHS, IPUHSTAS B TOABI CYyIIECTBOBAHUS BTOPOTO MOKOJIE-
Hus DOBM.
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Onnako o Mepe pacmmpenus: cepsl npumeHeHus IBM, ynydiieHuss UX OCHOB-
HBIX XapaKTEPHCTHK, MOSABJICHHS HOBBIX 3a]a4, FPAHULBI MEXAY BBIICICHHBIMH
KJIacCaMH CTaJI pa3MbIBaThCs. YK€ B paMKax BTOPOTO MOKOJIEHHs CTald BbLe-
JSTh Tak HasbiBaemble OBM o00wezo masnauenus, OJUHAKOBO XOPOILIO IPHUCIO-
coOJIeHHBIE I pelleHHus pa3HooOpasHbIX 3aaad. Takue MalMHbBI O0O0bEIUHSIH
B ce0e JIOCTOMHCTBA "HAyYHO-TEXHUYECKHX W "TUIAHOBO-3KOHOMHYECKHX' ODBM:
MOIIHBIH TIpoIieccop, OGOJBIIYI0 MaMATh, MIMPOKYI0 HOMeHKIaTypy YBB (B TO
BpeMsi 3TO YK€ MOKHO ObUIO ceOe 1mo3BosinTh). Takue MallMHbl MOTIIM PellaTh
3a7a4, HEJOCTYHbIE MpeAbIayIIuM MoaensaM. Ho mis peuenus OoJtee IIPOCTBIX
3aJad MX PECypPCHl SIBISUINCH M30BITOYHBIMHM M, CJIEIOBATEIbHO, PEIICHHE 3TUX
3a7a4 IKOHOMHYECKH He ompasiaHo. [loatomy OBM obiero nasHauenusi (yHH-
BepcasibHble DBM) cTaiM BBIMYCKAaTh PA3IMYHON BBIYHUCIMTEILHON MOIIHOCTH
(1, cnenoBaTenbHO, CTOMMOCTH): DoabulUe, CpeOHue i Manvle.

B pamkxax OBM mpemveco noxonenus crTanm yCWIEHHO pa3BHBATHCA HOBBII
knacc — ynpasnsgiowue IBM. K DBM, paboTaromium B KOHType yIpaBieHUs 00b-
€KTOM MJIM TEXHOJOTHYECKUM IPOLIECCOM, MPEIBSBISIOTCS CcrelupHUecKue Tpe-
OOBaHHMS: MPEXKJIE BCETO, BHICOKAS HAJIE)KHOCTh, CIOCOOHOCTH paboTaTh B DKCTpe-
MaJbHBIX BHEIIHUX YCIOBHUSX (Teperajabl TEeMIepaTypbl, NaBJICHHs, MUTAIOIINX
HAIpPSHKCHUH, BHICOKUI YPOBEHb 3JICKTPOMArHUTHBIX MOMEX H T. I1.), ObICTpasi pe-
aKIs Ha U3MEHEHHs COCTOSHMS BHELIHEH Cpelbl, Mayible rabaputrhl U Bec, MPo-
cToTa o0cinyxuBaHusl. B To e BpeMs K TaKMM XapakTepUCTHKaM, Kak ObIcTpoaei-
CTBHE IPOLIECCOPA, MOIIHOCTh CHUCTEMBI KOMaHJA, OOBEM MaMmsiTH, 4acTo He
MNPpEABABIAINCH CIMIIKOM BBICOKHX Tpe6OBaHI/H71, 34TO pCHIarOIIUM CTAaHOBHIICA
(hakTop CTOMMOCTH. DTH OCOOCHHOCTH MPUBENH K TOSIBIIEHUIO KJIacCa TaK Ha3bl-
BaeMbIX Munu-IBM, a 3atem u mukpoIBM, X0Ts B NadbHEHIIIEM U MUHU- U MUK-
poOBM ucnons30BaNKCh HE TOIHKO B KAUeCTBE YNPaBISIOMUX. MIHOTIA 3TH KiTac-
Cbl 00BEIUHSAIN IOHATUEM NPOOIeMHO-OpUeHmupogantvie IBM.

Hapsiny ¢ ynomsayThiME KilaccamMu DBM MIHMPOKOTO MPUMEHEHHUS! BCETa BBIITYC-
KaJIUCh MAIUHbI, KOTOPbIE MOXKHO OBUIO CUUTATh CHEyuaiu3upoS8anHvimMu. IT0,
BO-TIEPBBIX, TaK Ha3bIBaeMble cynepIBM, BbIIIyCKaeMble B €AMHUYHBIX IK3EMILIS-
pax U Npe€aAHa3HAYCHHLIC JIA PCHICHUA 3ada4d, HEAOCTYIIHBIX IJId CCpI/II\/'IHOI‘/'I BbI-
YUCJIHUTEIbHON TEXHUKU. JIJIsl psiia NPUMEHEHUN CO34aBajluCh CIEUUAIU3UPOBaH-
Hble DBM, apxuTekTypa 1 CTpyKTypa KOTOPBIX ONTHUMHM3UPOBAIACH MOJ] pEeIIeHUE
KOHKPETHOHW 3amadu. Ty e 3a7ady MOXKHO OBIJIO PEIIUTh W Ha YHUBEPCATHHOMN
OBM noaxoasiiero kjaacca, HO €O 3HAYUTENBbHO 0o0Jee HU3KUMHU IOKa3aTeNsIMU
KadecTBa. B To e Bpems pelieHne Ipyrux 3aj1ad Ha clienuann3upoBaHHoin DBM
Obut0 MO0 HEBO3MOXKHO, JHO0 KpaitHe HeaddekTnBHO. OnHA M3 BO3MOMKHBIX
knaccugukanuii 9BM Ha pydexe 3—4 nmokoneHui mokaszaHa Ha puc. 1.2.

Eime omHUM Ba)XHBIM SBICHUEM, MPOSBUBIINMCS NIPU Pa3BUTUH TPETHETO MOKOJIE-
Hust OBM, craso nossienue cemeticme IBM. B pamkax oHOro ceMeicTBa, 00be-
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JMHEHHOTO OOIIMMHU apXUTEKTYPHBIMH, CTPYKTYPHBIMH, @ HHOT/Ia — U KOHCTPYK-
TUBHBIMH PEILICHUSMH, BBIITYCKAJIMCh HECKOJIbKO (MHOT/Ia — OoJiee JecsTKa) Kiiac-
coB DBM: mansie, cpeqaue, "noaycpenaue”, 60nbpiIne, O9eHb OOIbIINE U T. 1.

5BM
I l
OBM [Ipo6nemHuo-oprenTnpoBanusie | [ Crnenuann3npoBaHHbIE
0011ero Ha3HAuYCHUS 5BM OBM

Cpennue

CynepOBM

MukpoOBM Crnen. OBM

Puc. 1.2. Bapuanr xnaccudukarnuu 9BM

OO0mmMu 11 OONBIIMHCTBA CEMENCTB SIBISIOTCS

0 BHYTPEHHHIA A3bIK, YTO MO3BOJISIET OCYIIECTBIIATH COBMECTUMOCTD IPOrPaMM Ha
ypoBHe MarHHbIX K008 (IBM-360, EC DBM) nubo cucteMsl Komam 1, o0Jia-
JIAfoIe COBMECTUMOCThIO "cHu3y BBepXx" (PDP-11), korma crapiiue mnpeacra-
BUTEJIA CEMENCTBA PeaTM3yIOT BCe KOMaH bl MIIAJIIMX MOJIENIEH TUIIOC eIle He-
KOTOpBIC KOMAH/IbI;

O ¢opmMaTsl JaHHBIX;
O ¢dopmartsl 3anucy Ha BHEIIHUH HOCHTEIB,

O wunTepdeiic, UTO MO3BOJIIET UMETh CIMHYI HOMEHKJIATYPY BHEIIHUX YCTPOWMCTB
JIJIs1 BCEX MPEJICTaBUTEIIEN CEMENCTBA;

0 mpeeMCTBEHHOCTH MPOrPaMMHOTO obectiedeHns (Kak MpaBMIlo, Ta e COBMEC-
TUMOCTh "CHHU3Y BBEpX').

Jis pemieHuss KOHKPETHOM 3a/a4yd TOJIb30BaTelb MOAOUpPANT COOTBETCTBYIOIIUIA
9K3EMIUISIP CEMEHCTBA, a M0 Mepe YCIOXKHEHHUS 3aJaud OCYIIECTBISUICS MEPEeX0i
Ha OoJiee cTaplivMe MOJEIH CeMEWCTBa, IMPUYEM YK€ OTIaXKCHHbIE Ha MIIAJIINX
MOJIEIISIX MIPOTPaMMBbI, KaK MPaBUIIO, HE TPeOOBaIH JOPAOOTKH.

Haubonee n3pectHpiMu ipuMepamu cemeiicTB DBM MOTYT CITyKUTh!

O cemeiicTBo yHHBepcaibHbIX DBM Tpersero nmokonenus IBM-360 u ero coset-
ckuii anaiior — EC DBM, Bximrouaromee Mansle Mamrasl EC-1010 u EC-1020,
cpenaue EC-1022, EC-1030, EC-1035 wu mp., 6oasmue EC-1050, EC-1060,
EC-1065;
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O cemeiictBo Muau-9BM PDP-11 u ero coserckuii anamor — CM DBM (iums
4acTh npejcTaBuTeseit cemeilicrea — CM-3, CM-4, CM-1420);

O cemeiictBo MukpoIBM LXI-11 (Dnekrponnka-60 u ee Mmoanukanum);

O cemeiicTBO MHEKpoITpoiieccopos i 80X86.

1.4. Knaccnyeckas apxutektypa 3BM

CunTtaercs, YTO OCHOBHBIC HJIEU MOCTPOCHUs coBpeMeHHbIX DBM B 1945 r. cdop-
MyJIUPOBaJl aMepuKaHckuii marematuk J[x. ¢on HeiimaH, ompenenuB ux Kak
NPUHYUNBL RPOSPAMMHO20 YRPABLEHUSL.

1. Nudopmanus koaupyercss B JBOMYHOU (popme m pasaensercs Ha eQHMHUIB —
CIIOBA.

2. Pa3sHOTHUIHBIE 1O CMBICITY CJIOBA PA3JIMYAIOTCS MO CHOCOO0Y HMCIIOIb30BAHMS, HO
HE 10 croco0y KOAUPOBAHMUS.

3. CnoBa uHoOpManuy pa3MeIaloTcs B sSUYEHKaX NaMsITH U WIACHTUQHUIUPYIOTCS
HOMEPaMH sTYeeK — aIPecaMu CJIOB.

4. Anroput™m mpencTaBusieTcs B (QOpMe TOCIENOBATEIBLHOCTH YIPABISIOIINX
CJIOB, HAa3bIBAEMBIX Komanoamu. Komanna ompenenser HauMEHOBAaHUE OIepa-
UMM U clIoBa MH(OpMAlMHM, YYacTBYIOUIME B HEi. AJTOpPUTM, 3alHMCaHHBIHA
B BHUJIE TI0CJIEA0BATEIbHOCTY KOMaH, Ha3bIBACTCS HPOZPAMMOU.

5. BrinonHeHue BBIYUCICHUH, TPEAITMCAHHBIX AITOPUTMOM, CBOIAMUTCS K IOCIEA0-
BaTEJIbHOMY BBIIIOJIHEHUIO KOMaHA B IOpPSIKE, OTHO3HAYHO OIPEICICHHOM
porpamMmoi.

IToaToMy KJIacCHYECKYI0 apXMTEKTypy coBpeMeHHbIX OBM, mpencraBieHHyO

Ha puc. 1.3, yacTo Ha3bIBatOT "apxuTekTypoil hon Heiimana".

[Ipoueccop

ALY

VBs VB&riB

Puc. 1.3. Knaccuueckas apxurekrypa 9BM
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ITporpamma BbruucieHui (00pabOTKH MH(MDOPMAIMH) COCTABIISIETCS B BUJIE MOCIIE-
JIOBAaTEJIbHOCTH KOMaHJl M 3arpy’kaercsi B MaMsAThb MAIIMHBI — 3anoMuHaouee
yempotuicmeo (3Y). Tam e XpaHsITCsl HCXOAHbBIC TaHHbBIC H IIPOMEKYTOYHbIE Pe3yIlb-
Tatel 00paboTKH. [Jenmpanvhoe ycmpoticmeo ynpasienus (LIYY) nociemnoBatenbsHO
W3BJIEKAET U3 NaMATH KOMaHIpbI IPOTrpaMMbl M OPTaHU3YET UX BBINOIHEHUE. Apugh-
memuko-r1oeuveckoe ycmpotuicmeo (AJIY) npeaHasHaueHO T peain3aliu onepa-
Uil mpeoOpaszoBanus uHopmManuu. [Iporpamma n MCXonHbIE NaHHBIE BBOISATCS
B IaMATh MAIIWHBI Yepe3 ycmpoucmea 6ésooa (YBB), a pesynbraThl 00pabOTKH
NPEABSBISIOTCS Ha ycmpoticmsa 6b1600a (YBBIB).

XapakTepHO 0COOEHHOCTBHIO apXHTEKTyphl (poH Helimana siBisieTcst TO, 4TO ma-
MSITh NIPEJCTaBIIACT COOOM eMHOe aipecHOe IPOCTPAHCTBO, IPETHA3ZHAUCHHOE IS
XpaHEHUs KaK Nporpamm, Tak U JaHHBIX.

Takoi#t moaxomd, ¢ OIHOW CTOPOHBI, OOecIeYnBaeT OOJNBIIYI0 THOKOCTh OpraHu3a-
Jaasest BBIYMCJIEHUH — BO3MOXHOCTh nepepacnpeacjaCcHusd naMiaTu MEX1y porpam-
MOH WM JaHHBIMH, BO3MOXKHOCTH CaMOMOJHM(HKAIIMK MPOrpaMMBbl B IIPOIIECCE ee
BbimosiHeHus1. C Ipyroi CTOpOHbI, 0€3 MPHUHATHSI CHENUANbHBIX MEp 3alllUThl CHU-
KaeTcsd HAJEKHOCTh BBIOJHEHHS IPOrPAMMBI, YTO OCOOCHHO HEIOITyCTHMO
B YIIPaBJIAIOIIUX CUCTCMAX.

JIeCTBUTENBHO, TOCKOJIBKY M KOMAaHIbl IPOrpaMMbl, M JaHHbIE KOAUPYIOTCS
B OBM ABOWYHBIMU YHUCIAMH, TEOPETHYECKH BO3MOXKHO KaK pa3pylleHHEe Mpo-
rpammsl (TIpu 0OpaiieHny B 00JacTh MPOrpaMMbl KaK K JJaHHBIM), TaK U HOIBITKA
"BBIMOJHEHHUS" 00JAaCTH JaHHBIX KaK MpOrpaMMbl (IPU OIIMOOYHBIX MEepexojax
HPOrpaMMBI B 00J1aCTh JJAHHBIX).

AnpTepHaTUBHON (DOH-HEITMaHOBCKOW SIBISIETCS TaK Ha3bIBaeMasi 2ap8apocKas
apxumexkmypa. 9BM, peann3oBaHHbIE 110 3TOMY INPUHILNITY, UMEIOT JBa HEMepe-
CEKaILMUXCs aIpEeCHbIX MPOCTPAHCTBA — MJIS IPOTpaMMbl U AJIS AaHHBIX, IPU-
4eM NpOorpamMMy HeNb3sl Pa3MECTHTbh B CBOOOJHOW OOJACTH MaMATH JaHHBIX
n HaoOopot. ['apBapackasi apXUTEKTypa NPUMEHsSETCS TJIaBHBIM OOpa3oM B
ynpasngomux IBM.

1.5. Uepapxunyeckoe onucaHue 3BM

OBM Kak CIIOKHas CHCTEMa MOXKET OBITh aJICKBAaTHO OIlMCaHa Ha HCCKOJbKUX
YPOBHAX C IPUMCHCHHUEM PA3JINYHBIX A3bIKOB OIIMCAHUA HAa KAXK/I0OM U3 ypOBHCfI.

[IpuHIUTIBI CTPYKTYPHOTO OIMUCAHUS MPEJIOJaraloT BBEICHUE CIEIYIONIUX II0-

HATHH.

O cucmema — COBOKYITHOCTH DIIEMEHTOB, OOBEIMHEHHBIX B OJTHO IIEJI0€ TSI T0C-
THKEHHSI OTIPENIeICHHBIX 1elieil. J{JIs moTHOTo OnMMcaHus CHCTEMBI CIIEAYET OIl-
penenuTs ee GYHKINH U CTPYKTYPY;
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O cmpyxkmypa cucmemsbi — (PUKCUPOBAHHAS COBOKYITHOCTH 3JIEMEHTOB CHCTEMBI
U CBSI3€ MEXIY HUMU,

O snemenm — HefenMMasl 4acTh CUCTEMBI, CTPYKTYpa KOTOPOI'O HE paccMaTpuBa-
eTcs, a ONPENeNIAIOTCS TOJIBKO €ro (YHKLUH.

DYHKIMK CHCTEMBI CTPEMSTCS OMKCHIBATh B MATEMATHYECKO# (opme, HHOTIa —
B cJI0BecHOU (cozepxarenbHoit popme). CTpyKTypa CUCTEMBI MOXKET OBITh 3a/1aHa
B BUJe rpada WM SKBHBAICHTHBIX eMy MareMatiHdeckux (opm (marpui). Mmke-
HepHOiT popMoii 3aaHus CTPYKTYPHI sBJISETCS cxema (OTIHYaeTcs OT rpada Tojb-
KO (opmoii). Pa3nuvHBIM ypOBHSIM MPECTABICHHUS CHCTEM COOTBETCTBYIOT pas-
JIMYHBbIC BUbI CXEM.

CBolicTBa CUCTEMBI HE SIBIISIFOTCS] IPOCTONH CyMMOMN CBOMCTB BXOJIAIIMX B Hee die-
MEHTOB; 32 CUET OpPraHM3aLUH CBSI3EH MEXIY AJIEMEHTaMH MPUOOpETaeTCcsa HOBOE
Ka4ecTBO, OTCYTCTBYIOIIEE B aneMeHTax. Hanpumep, pauOKOMIIOHEHTBI — JIOTHU-
YECKHUE IJIEMEHTBI — CyMMAaTop.

Jisl CIOXHBIX CHCTEM XapaKTEpPHO, YTO (DyHKUHMS, peaju3yemasl CHCTEMOH, He
MOJKET OBITh MpEJCTaBlIeHA KaK KOMMIO3UIMs (YHKIWH, pealn3yeMblX HauMEHb-
IIUMH 3JIEMEHTaMH CHCTeMbI (MHa4e TOBOPsi, QYHKIIMIO CIOKHON CHCTEMBI HENb3s
aJIeKBaTHO OMHUCATh HAa OJTHOM si3bIke). JleiicTBUTENbHO, PpyHKIIMOHMpOBaHHe DBM
HENb3sl ONHCATh JIMIIb HA SA3BIKE DIIEKTPUYECKHUX INPOLECCOB, B HEH MPOMCXOIS-
umx. Oynkinuun OBM kak cucTeMBbl BBISABIAIOTCS JHIIb IPU PACCMOTPEHUH HH-
(hOpMaLIMOHHBIX U JIOTHYECKUX ACIEKTOB €€ PaOOTHI.

[TosTOMY B ONHMCAaHUM CIOXKHBIX CHCTEM HCIIOJIB3YIOT HECKOJBKO (POPM OMHMCAHUS
(A3bIKOB) (DYHKIMI U CTPYKTYPbl — Hepapxuio QyHKIMA u cTpyKTypbl. Mepapxu-
YECKUI TOAXOA K ONHCAHHUIO CIOKHBIX CHCTEM MPEATNONAracT, YTO Ha BBICHIEM
YPOBHE HEpPapXUU CHCTEMA PACCMATPUBACTCS KaK OJUH JIEMEHT, UMEIOIIHUNA BXO-
Il ¥ BBIXOJBI AJIs1 CBSI3U C BHEIIHEH cpenoil. B aTom ciydae QpyHKIMA HE MOXKeT
OBbITh 3aaHa MOJAPOOHO U MPEACTABIAETCA KaK OTOOpa)XKEHHE COCTOSHUI BXOJOB
Ha COCTOSIHHE BBIXOJIOB CHCTEMBI.

UTo0BI pacKpBITh YCTPONCTBO U MOPSIIOK (PYHKIIMOHUPOBAHUS CHCTEMBI, TII00aITb-
Has (QYHKIUS ¥ camMa CHCTeMa Pa3JIe/IsoTCs Ha YacTH — (PYHKIIUU U CTPYKTYPHBIC
AIIEMEHTHI CIIEYIOIETo Ooiee HU3KOTO YPOBHS HEpapXuH H T. . 10 TeX TOp, ITOKa
(YHKIWHU ¥ CTPYKTypa CHCTEMBI He OyIIyT PacKpBITHI MOJHOCTHIO, C HEOOXOAUMOMH
CTENEHBIO JIeTAIN3AIHH.

B atom cimydae ameMeHT — 3TO, Mpek/e BCEro, yAoOHOe MOHSTHE, a He (Qu3ude-
CKO€ CBOICTBO, T. K. OJJMH U TOT K€ (PUINUECKUI 0O0BEKT MOKET pacCMaTPUBATHCS
Kak 3JeMEHT Ha OJHOM YpPOBHE HepapXuH M Kak cucreMa — Ha Japyrom (Oosee
HH3KOM) ypoBHe. B Tabm. 1.2 mpencTtaBieHbl OCHOBHbIE YpoBHH DOBM u SI3BIKH
ONMCAHUS 3TUX YPOBHEM.
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Tabnuua 1.2. Yposnu onucanus 9BM

Yposens, O0BexT CTpykTypHBIii 6a3uc | SI3bIk onucanus
onucaHus
Onexrprueckue | Jlormueckue u 3amomu- DnexTpoHHBIE U pagno- | COOTHOLIEHHS TeO-
CXEMBI HAIOII[UE JIEMEHTBI KOMIIOHEHTBl — TPaH- | UM DJIEKTPUYECKUX
3UCTOPHI, PE3UCTOPBI nenei
U 1Ip.
Jlornueckue OnepannonHbie 3neMeHThl | Jlornueckue u 3anomu- | bynesa anre6pa,
CXEMBI (cueTumKH, CyMMaTOpBbI, HAIOIIME 3JIEMEHTBI TEOpHs KOHEUHBIX
e (paTophl, pETUCTPHI ABTOMAaTOB
U T. JI.), MUKPOIIPOTPAMM-
HBIE aBTOMATBI
Onepaunonnsie | OnepannoHHbIe YCTPOKCT- | OniepanioHHbIe HJie- S3bIKkK onMcaHus
CXEMBI Ba: (apudmeruko- MEHTBI, MUKPOIIPO- MUKPOOTIEpaIHit
JIOTHYECKOE YCTPOHCTBO, | rpaMMHBIC aBTOMATHI
YCTPOMCTBO YIpaBICHHUS,
3allOMHUHAIOLIEE YCTPOUCT-
BO U 1Ip.)
CrpykrypHble | O9BM u cucremsl OnepanuoHHbIe SI3BIKM MaIIHHBIX
CXEMBI ycTpoiicTBa KOMaHJl, MUKPOIIPO-
rpaMm
IIporpammustii | OnepannonHbie cucteMbl, | KomaHmer n omepaTopsl | ANrOpUTMHYECKHE
YPOBEHb BBIYHCIIMTENBHBIN MpOLECC SI3BIKU




nhaBa 2

PyHKUMOHaNbHas
opraHunsauuna 3BM

Tepmun " ynxyuonanvras opeanuzayus IBM" 9acTo UCTIONB3YIOT B KA4ECTBE CHHO-
HrMa (B HEKOTOPOM CMBICIIE) OoJiee IHUPOKOro TepMuHA — "apxumexmypa DBM",
KOTOPBIi, B CBOIO OYepellb, TPAKTYETCSI pa3HBIMU aBTOPaMH HECKOJBKO B Pa3iIMYHbBIX
cMmbiciax. Hanbornee OMM3KUM K TPAKTOBKE aBTOPA MOYKET CIIYXKHTb OIPE/ICIICHHE Tep-
MmuHa "apxutektypa DBM", nannoe B [7]. [IpuBeaem 310 orpeieieHue.

Apxumexmypa 9BM — 310 abctpakTHOE TipencTaBieHue JBM, koTopoe oTpaxa-
€T €€ CTPYKTYPHYIO, CXeMOTEXHHYECKYIO U JIOTUYECKyIo opraHuzanuio. [lonstue
apxuTeKkTypsl DBM sBIsIeTCSI KOMIUIEKCHBIM U BKITIOUAET B ceOs:

3 crpykTypHYyIO cxemy OBM,;

O cpexacTBa U cOcOOBI JOCTYIIA K SJIEMEHTaM CTPYKTYPHOM CXEMBI,
OPTaHM3AIHNIO U Pa3pTHOCTE HHTEpdeiicoB OBM;

Ha0Op U JOCTYITHOCTb PETUCTPOB,;

OpraHM3aIHMIO M CIIOCOOBI a/Ipecalny MaMsTH;

cnocoObI mpeacTaBieHus u hopMaTsl JaHHBIX DBM;

Ha0Op MamMHHBIX KoMaHa DBM,;

Qoaooa

(hopMaThl MAITMHHBIX KOMAHI,
O 00paboTKy HEIITATHBIX CUTyaluil (peprIBaHUH).

B pamkax naHHOW KHUTH MBI, B OCHOBHOM, Oy/I€eM paccMaTpHUBaTh IEPEUNCIICHHbIE
BBIIIIE€ BOTIPOCHI.

2.1. KomaHAHbIW LUK npoueccopa

Komanooii HazpIBaeTcs 37eMEHTapHOE JEHCTBHE, KOTOPOE MOKET BBITIONHHUTH IIPO-
neccop 0e3 manbHeimei aeranm3anun. [locaenoBaTeibHOCTh KOMaH]I, BBITOJTHEHUE
KOTOPBIX MPHUBOIUT K JOCTYXKEHHIO OIPENESIICHHON LIENH, Ha3bIBACTCS NPOZPAMMOU.
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Komanzap! nporpaMMbl KOJUPYHOTCSI JBOMYHBIMU CJIOBAMH M Pa3MEIIAOTCS B IaMsi-
™1 DBM. Bces pabora DBM coCTOMT B TOCIEIOBATSILHOM BBIMTOJHEHUM KOMAaH]T
nporpaMMel. JleiicTBUS TIO0 BHIOOPY W3 MAMSTH W BBHIIOJHEHWIO OJHOW KOMAaHJIBI
Ha3BIBAIOTCSA KOMAHOHIM YUKIOM.

B cocraBe nroboro mpomeccopa uMeeTcs crielMaibHas siueiika, KOTopask XpaHUT
aJipec BBIMTOJHIEMOW KOMaHIBl — CYEMYUK KOMAHO WU NPOSPAMMHbBIU CYEeMUUK.
[Tocne BBIMOTHEHUS OUEpeHON KOMaHJbl €ro 3Hau€HHE yBEeINYHBaeTCd Ha €au-
Huiy (eciau KO OJHOW KOMaH/Ibl 3aHUMAaEeT HECKOJIbKO SYEEK MaMsTH, TO COJep-
KHMOE CYETUYMKA KOMAaHJ YBEIIMUMBACTCS HA JUIMHY KOMaHzbl). Takum oOpa3om
OCYIIECTBIISIETCS BBIIOJIHEHUE TOCIEeI0BaTeIbHOCTH KoMaH. CyIecTByIOT crie-
[MaJbHbIC KOMaH[bI (MIepeiaun YIpaBlCHHUsS), KOTOPbIE B MPOILIECCE CBOETO BhI-
MTOJTHEHUST MOAU(DHUIUPYIOT COMEPKAMOE MPOTPAaMMHOTO CYETUHKa, oOecrednBas
nepexo sl mo nporpamme. Cama BBITIOJIHAEMass KOMaH/Ia TOMEIAETCS B pecucmp
KOMAHO — CTIEIUANIBHYIO SIYEHKY MpoIieccopa.

Bo Bpems BBIIIOJIHEHHUS KOMaHIHOTO LUKJIA MPOLECCOP PEANM3yeT TAKyH IOCe-
JIOBATEILHOCTD ICUCTBHIA,

1. W3BnedeHue W3 MNaMsITU COACPKHUMOIO siUCHKH, ajpec KOTOPOH XpaHHUTCS
B MPOrpaMMHOM CUETYMKE, U Pa3MEIICHHE 3TOr0 KOAA B PErucCTpe KOMaH[
(4yreHHre KOMaH/bI).

YBenuueHue coAepKUMOT0 MPOTPaMMHOTO CYETYMKA HA €AUHULLY.
@opMupOBaHUE aJipeca ONEPaHIOB.

N3BnedeHne onepanioB U3 NaMsTH.

BrinosiHeHue 3a/1aHHON B KOMaH/JI€ OTEpaltH.

Pazmernienne pesyabpTaTa onepanuu B IaMsITH.

N o gk~ 0D

[Mepexon k m. 1.

[ynakTel 1, 2 u 7 00s3aTEIBHO BBIMOJHSIIOTCSA B Ka)JJOM KOMAaHIHOM IHKIIE, OC-
TaJbHbIE MOTYT HE BBIMOJHATHCS B HEKOTOPBIX KoMaHjaax. Eciu jymuHa Koja Ko-
MaH/Ibl COCTaBJISICT HECKOJIBKO MAIIMHHBIX CJIOB, TO MIl. 1 U 2 HOBTOPSIFOTCSL.

dakTudecku BCs paboTa Mpoleccopa 3aKiiovyacTcs B IUKIMYSCKOM BBITOJIHEHUH
MyHKTOB 1—7 KoMaHaHOTO TMKia. [Ipy 3amycke MalivHbI B CYSTYHK KOMaH][ arl-
MapaTHO MOMeIaeTcs (PUKCUPOBAHHOE 3HAYCHHE — HAYaIbHBIN ajpec Mmporpam-
MbI (qacto O WM TOCIEIHMIA aapec MaMATH; BCTPEUAIOTCS U 00Jice IK30THIECKUE
CIOCOOBI 3arpy3KH HAYaIbHOTO ajapeca). B manbHeieM coaepKuMoe mporpaMm-
HOTO cYeTYrKa MOAUGUIMPYETCs] B KOMaHJAHOM Iukie. [IpekpalieHue BbIIOIHE-
HHUSI KOMAaHJIHBIX HUKIIOB MOXCET HpOH3OI>iTPI TOJIBKO HpI/I BBITIOJTHEHUHU CIICHaJib-
Hol komauae! "CTOIT".
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2.2. Cucrtema KomaHg npoueccopa

PasHooOpa3ue THIOB JaHHBIX, GOPM MX MPEACTABICHUS W JIEHCTBHI, KOTOPHIE
HeoOXOIUMBI Ui 00paboTKu MH(POPMALIMK W yNPaBICHUS XOJOM BBIYHCICHHH,
MOPOX/IaeT HEOOXOANMOCTh MCIIOJIB30BaHMS PAa3JIMYHBIX KOMaHI — Habopa Ko-
Mana. Kaxnplii mporeccop uMeeT COOCTBEHHBIN BIIOJIHE OMpEEICHHbBIN Habop
KOMaHJI, Ha3bIBaEMBIN cucmemou komano npoyeccopa. CucreMa KOMaH/ JOJDKHA
o0ylagaTte ABYMsI CBOMCTBAMH — (DVHKYUOHANLHOU NOAHOMOU U d¢hdexmus-
HOCMbIO.

DyHKYUOHATbHASL NOAHOMA — 3TO JIOCTATOYHOCTh CHUCTEMBI KOMAaHJ JUIs OIHCA-
HUs ro0oro anroputMma. TpeboBanue (HyHKIMOHAIBHOW TIONMHOTHI HE SIBISETCS
CJIMIITKOM JKECTKUM. J[oKa3zaHO, 9TO CBOHCTBOM ()yHKIIMOHAIBHOH ITOJHOTHI 00Ja-
JaeT CHCTeMa, BKIIIOYAIoIast Bcero mpu KoMaHasl (cucrema Ilocra): npuceoenue 0,
npuceoenue 1, nposeprka na 0. OqHAKO COCTAaBICHUE MPOTPAMM B TaKOW CHCTEME
KoMaH/I kpaiine Hea(heKkTHBHO.

Dphexmusnocms cucmemvt KOMaHO — CTEICHb COOTBETCTBUS CUCTEMBI KOMAaH]T
HaszHaueHuo DBM, T. e. kiaccy alrOpUTMOB, JUISl BBITOJIHEHUSI KOTOPBIX MpEHa-
3HauaeTca OBM, a Takxe TpeboBaHUSIM K Mpou3BoauTenbHOCTH DBM. OveBuaHO,
YTO peayn3alysi pa3BUTON CHCTEMbI KOMAaH/I CBSI3aHa ¢ OOJNBIIIMMHE 3aTpaTaMu 000-
PYIIOBaHHS M, CJICIOBATEIBHO, C BRICOKOW CTOMMOCTBIO Ipolieccopa. B To xe Bpe-
Msl OrPaHUYCHHBIA HA0OP KOMaHJ TMPHUBOJWT K CHIDKECHHIO TMPOU3BOJAMTEILHOCTH
M TIOBBIIIEHHBIM TPEOOBAHMAM K TMAMSTH IS pa3MeIleHust mporpammbl. Jlaxe
MPOCThIC U JICHIEBbIE COBPEMEHHBIE MHKPOIIPOIIECCOPHI MOCPKHBAIOT CUCTEMY
KOMaHJI, COJCPIKAIIYI0 HECKOJBbKO NEeCATKOB (a ¢ MOAM(UKAIMIMH — COTEH)
KOMaH]I.

CuctemMa KOMaHZ IIpoLieccOpa XapaKTepU3yeTcss TpeMsl aclekTaMu: ¢Gopmarami,
croco0aMu ajipecaliii ¥ CUCTEMOH omepanui.

2.2.1. PopmMmaTbl KOMaHA

Iox popmamom komanowvl crneayeT MOHUMATH UTHHY KOMAH/IbI, KOJHYECTBO, pas-
Mep, MOJIOKEHHE, Ha3HAYCHUE U CTIOCO0 KOJMPOBKH €¢ MOJIeH.

Komannsl, xak u mobas nabopMmarus B DBM, KoIupyroTcss JBOMYHBIMU CIOBaMH,
KOTOPBIE JJOJKHBI COJIEPIKATh B ce0e CIeAYIONINe BUIbI MHPOPMALIUH:

O Ttum onepanuu, KOTOPYIO cieyeT peann3oBarh B nanHoi komanze (KOIT);
MECTO B MaMSITH, OTKYy/Ia CIIeyeT B3SITh MepBblii orepans (Al);

MECTO B IaMsITH, OTKY/Ia CJISyeT B3Th BTOPOii onepann (A2);

Qaa

MECTO B MaMsITH, Ky/ia CIEAyeT IOMECTUTh pe3yibrat (A3).
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Kaxxnomy U3 3THX BUAOB HH(POPMAIMU COOTBETCTBYET CBOS YacTh JIBOWYHOTO CIIO-
Ba — TI0JIe, & COBOKYITHOCTH MOJIeH (MX JJIMHBI, PACTIONIOKEHNE B KOMAHIHOM CJIOBE,
Croco0d KoaupoBaHHs WH(POpMAIMHU) Ha3biBaeTCs (GopMaToM KoMmaHibl. B cBoOiO
o4epenb, HEKOTOpble MO KOMaHAbl MOTYT AEIHThCS Ha mofmons. dopmar
KOMaH/Ibl, TIONISi KOTOPOTO TIIEPEUMCIICHBI BBIIIE, HA3BIBACTCS MpexaopecHbim
(puc. 2.1, a).

KOIT Al A2 A3

KOII Al A2

KOl A

KOIT

2

Puc. 2.1. ®opmarsl KOMaHA: @ — TPEXaAPECHBIN; O — JIBYyXaJPECHBIIA;
6 — OJTHOA/IPECHBIN; 2 — Oe3aapecHbIi

Komangs! TpexaapecHoro ¢opmara 3aHMMAIOT MHOTO MECTa B IaMsTH, B TO Xe
BpeMs JajieKo He BCErza IO aApPEcOB HCIIOIb3YIOTCA B KOMaHAaX 3G (EKTHBHO.
JleficTBUTENbHO, Hapsily C JBYXMECTHBIMH OIEpalisMH (CIOXKEHHE, IelCHHeE,
KOHBIOHKIIMS U JIP.) BCTPEYAIOTCSI U OJHOMECTHbIC (MHBEPCHS, CABUT, HHKPEMEHT
U 1p.), JUIS KOTOPBIX TPETHI ajipec He HyKeH. [IpH BBIMONHEHHH [ETOYKH BBIYUC-
JICHUH 4YacTo pe3yibTaT Mpelblaylield onepalyy HCIOIb3yeTCsl B KaueCTBE OIle-
panna ans cinenyromeil. bonee Toro, Hepenko BCTpeyaroTcs KOMaHIbI, ISl KOTO-
poix omepanasl He onpeneneHbl (CTOII) wan moapa3yMeBarOTCS CaMHUM KOJOM
onepanuii (DAA, necsiTudHast KOPPEKIHS aKKyMYJISITOPA).

[TosTomy B cuctemax KoMmaH[ peaidbHbIX DBM TpexanpecHble KOMaHABI BCTpeda-
foTCs peako. Yare MCmomb3ylTes dgyxaopechvle komanowl (puc. 2.1, 6), B 5TOM
cilyyae B OMHAPHBIX ONEpalMix pe3ysibTaT MOMEIIASTCsS Ha MECTO OJHOTO M3 Olle-
paHoB.

Jns peanusanuu OfHOAAPECHBIX (hopmaToB (puc. 2.1, 6) B mporeccope mpemy-
CMaTPUBAIOT CHELUANBHYIO IYEHKY — akkymyasamop. 1lepBrlil onepana U pe3yiib-
TaT BCerga pasMeLIaloTCs B AKKyMYJATOpEe, a BTOPOH ONepaHX alIpecyercs
mosieM A.

PeanbHas cucrema kKomMaHz 0OOBIYHO UMEET KOMaHbl HECKOJIBKUX (OPMATOB, MpPHU-
yeM THIl popmara onpeaensercs B mone KOII.
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2.2.2. Cnocobbl agpecauuu

Crioco6 agpecarum ompeAenseT, KakuM o0pa3oM CIIeyeT WCIOIb30BaTh WHGOP-
Maluio, pa3MeNeHHYIO B II0JIe aJpeca KOMaH/Ibl.

He crmenyer aymathb, 4TO BO BCEX ClIydasx B TOJI€ ajpeca KOMaH/bI MTOMEIIAeTCs
anpec omepanga. CymiecTByeT MATh OCHOBHBIX CITIOCOOOB ajpecalriii OIepaHI0B
B KOMaHJax.

O Illpsmas — B 3TOM ciydae B aAPECHOM II0JI€ PAcIojaraeTcsi ajpec olnepaHia.
PazHOBUIHOCTE — mpsamas pezucmposas agpecalys, aApecyromas He S4eHKy
namst, a POH. [lone anpeca peructpa mmMeer B KOMaH/le 3HAYUTEIIEHO MEHbB-
LIYIO JUTMHY, Y€M I10JIE aJipeca MaMsITH.

O Henocpeocmeennas — B TOJIE apeca KOMaH/Ibl PaclojiaraeTcs He ajpec ome-
panma, a cam omepanja. Takod cnocod ymao0HO HCIOJB30BaTh B KOMaHIax
C KOHCTaHTaMH.

O Koceennas — B 1oje aapeca KOMaHIbl PACIojaraeTcs agpec S4eHKU MaMsITH,
B KOTOPO# XxpaHuTcs ajapec onepanaa (“aapec ampeca”). Takoii crocob mo3Bo-
JISIeT ONEePUPOBATh aJpecaMM KakK JaHHBIMHU, YTO 00JIerdaeT OpraHu3aluio MHK-
710B, 00pabOTKYy MaccMBOB AaHHBIX U 1p. Ero ocHOBHOM HEJOCTaTOK — MOTeps
BpPEMEHH Ha JBOHHOE OOpallleHHe K MaMsATH — CHadajia 3a aApecoM, IIOTOM —
3a onepaHnoM. Pa3sHOBUIHOCTE — KoceenHO-pecucmpogas aapecanus, npu Ko-
TOpOii B osie KoMaHAbl pa3memaetcs aapec POH, xpansimiero agpec onepanna.
JTOT c1mocod, MOMUMO TPEUMYIIECTBA OOBIYHONH KOCBEHHOW afpecalliu, Io-
3BOJIIET O0paIaThCst K OOJIBIION MaMATH ¢ MOMOIIBIO KOPOTKMX KOMAaHI M He
TpeOyeT MBOWHOrO oOpaiieHus K mamsTu (oOpalleHue K PerucTpy 3aHUMaeT
ropaszio MEHbIIE BPEMEHH, YeM K MaMSsTH).

O Omuocumenvhas — aapec GOpPMHUpPYETCsS KaK CyMMa JIBYX CllaraeMbIX: 0asbl,
XpaHsIIEeHcs B CIIEUATLHOM peructpe win B ogaom u3 POH, u cmerenus, uz-
BJIGKaEMOT0 M3 MOJIS aapeca KOMaHIbl. JTOT CIIOCOO IMO3BOJISET COKPATHTH
JUTHHY KOMaHBI (CMEIIEeHHe MOXKET OBITh YKOPOUEHHBIM, MPaBJa B 3TOM CITy-
Yae He BCS MaMATh JOCTYITHA B KOMaH/Ie) W/UiK MepeMeniaTh aapecyeMbie Mac-
cuBbl uHMOpMaIK 10 namati (u3MeHss 0asy). PasHoBUIHOCTH — uHOeKCHAs
U 0az080-undexchas adpecayuu. VIHaeKkcHas ajpecaius Mpeanojiaract Hau-
YKie WHACKCHOIO perucTpa BMecto 6azoBoro. Ilpu kaxjaom oOpalieHuu cozaep-
KMMOE WHIEKCHOTO PErucTpa aBToMaTHyecku Moauduiupyercst (0OBIYHO yBe-
JUYUBAETCA WM yMeHbImaercss Ha 1). ba3oBo-WHAEKCHas —aapecars
dbopMupyeT aapec omepaHia Kak CyMMy TpeX ciaraeMbIX: 0a3bl, MHIEKCa
1 CMEIIICHHS.

O besadpecnas — 1one agpeca B KOMaHAE OTCYTCTBYET, a aJlpec OlepaHAa WiIn
HE MMEET CMbICNIA JUIS AaHHOW KOMAaHJbl, WM IMIOIPa3yMeBaeTCsl M0 yMoJI4a-
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Huto. Yacro Oe3zaapecHble KOMaHBI IMOAPa3yMEBAIOT JEHCTBUS HAJ COICPIKU-
MBIM aKKyMyJIATOpa. XapaKTepHO, YTO Oe3aJpecHble KOMaHIbl HEJb3s IPHMe-
HUTb K APYTUM PETrHCTPaM WM siueKaM NaMsTH.

OpHolt M3 pa3HOBUAHOCTEW Oe3aIpecHOro OOpamieHus SBISETCS MCIOIh30Ba-
HUE TaK Ha3bIBACMON Mara3MHHOW MaMsATH Win cmeka. OOpalieHue K Takou
MaMsATH HallOMHHAET 0OpalleHre ¢ Mara3nHOM CTPEIIKOBOTro opyxwus. Mmeercs
¢uKcupoBaHHas siueiiKa, HasblBaeMas eepXyuikol cmexa. [Ipy 4TeHUH CIOBO
U3BJIEKACTCS M3 BEPXYIIKH, a BCE OCTAIBHOE COJCPKUMOE “TIOJAHUMAETCS
BBepX' MOJ0OHO MaTpOHAM B MaraswHe, TaK YTO B BEPXYIIKE OKa3bIBAeTCS Clie-
IyIOIIee 110 TOPSAAKY cl1oBO. OIHO CIOBO HEINb3sl MPOYNUTATH U3 CTEKA JABAXKIBI.
ITpu 3anucu HOBOE CJIOBO MOMENIAETCS B BEPXYIIKY CTEKA, a BCE OCTAIbHOE CO-
JIepKUMoe "oIycKaeTcs BHM3" Ha OAHY Mo3uluio. Takum oOpa3om, CIIOBO, TO-
MEIIEHHOE B CTEK MEPBBIM, OyJeT MPOYUTAHO TOCIEAHUM. [ 0BOPSAT, YTO CTEK
noaepkuBaetr auctuuinay LIFO — Last In First Out (mocnennuii npurien —
nepBbiil yien). Pexxe ucnosb3yercs 0e3apecHas namMsTh THIIA ovepedb C TUC-
urunHoi FIFO — First In First Out (nepBblit npuiies — mepBblii yIien).

2.2.3. Cuctema onepauuu

Bce omepamum, BemonHseMble B KoMaHAax OBM, mpuHSATO AENWTh HA MATh
KJ1aCCOB.

O Apugpmemuro-nocuueckue u cneyuaibHvle — KOMAHIBI, B KOTOPHIX BBITIONHS-
eTcs coOCcTBeHHO npeoOpa3oBanue uHpopManuu. K HUM oTHOCATCS apudmeTu-
YeCKHe OMepalny: CJI0KEHHE, BRIUUTaHHE, YMHOKEHHE U JesieHne (¢ GUKCHpo-
BaHHOW W TUTaBaloIIedl 3aHATOH), KOMAHIBI JECATUYHON apHU(PMETHKH,
JIOTUYECKHE Olepalui KOHBIOHKIUM, TU3bIOHKIIWHA, UHBEPCUU U Ap., CIBUIH,
MpeoOpa3oBaHUE YUCET U3 OJIHOW CHCTEMbI CUMCIICHUS B JIPYT'YIO U TaKUE K30-
THYECKHE, KaK U3BJIICUEHUE KOPHS, pELIEHUE CUCTEMbI ypaBHeHUU U 1ip. Koneu-
HO, OY€Hb pPeaKo BcTpeuaroTcs 9BM, cucreMa KoMaH KOTOPHIX BKIIOYAET BCE
9TH KOMaHIEI.

O Ilepecvinku v 3aepy3ku — 00ECTIEUNBAIOT Nepeaavdy MHGHOPMAIMHA MEXIY Mpo-
LECCOPOM H MaMATBIO WM MEXAY pa3IMYHBIMH YPOBHSMH TIaMSTH
(COBY «» 0O3VY). Pa3HOBUIAHOCTb — 3a2py3Ka pecucmpos u 4eeKk KOHCMAH-
mamu.

O Beoodalevieoda — obecTieUnBarOT miepeaady HHGOPMAIMKU MEXTY IPOIIECCOPOM
W BHEIIHUMH ycTpolcTBamu. [1o cTpyKType OHM OYEHb MOXOXKH Ha KOMAHJIbI
npenpiaymero kiaacca. B Hexkoropeix 9BM npuHIMNMAIBEHO OTCYTCTBYET pas-
JMYHe MKy sYCHKaMH MaMsITH M PErMCTPaMU BHEIIHUX YCTPOWCTB (eauHOE
aJipecHOe MPOCTPAHCTBO) M KJIACC KOMAaH/ BBOZAA/BBIBOJA HE BBIIEIIETCS, BCE
0OMEHBI OCYIIIECTBIISIOTCS B PAMKaxX KOMaH]I TIEPECHUTKH U 3arpy3KH.
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O Illepedauu ynpasnenus — KOMaHIbl, KOTOPbIE N3MEHSIOT €CTECTBEHHBIH HOPSI-
JIOK BBINIOJHEHHUS KOMAaHJ MPOrpaMMbl. OTH KOMaHIbl MEHSIOT COJEPKHUMOE
IIPOTPaMMHOI0 CHYETYHKa, o0ecrieunBas nepexoasl mo mnporpamme. CymiecTBy-
10T KOMaHIbl Oe3yCIIOBHON M YCIOBHOH mepenaud ympasicHHA. B mocnenHem
CiIydae mepeaada yHnpaBJIeHHUs] IPOUCXOANT, €CIIH BBIOJIHIETCS 3a1aHHOE B KO-
Jle KOMaH[Ipl yCIIOBHE, UHAU€ BBIMOJIHAETCS CIAEAYIOUIas Mo MOpsAKY KOMaH[a.
B xadecTBe ycnoBuil 0OBIMHO HCHONB3YIOTCS NPU3HAKH PE3YJIbTaTa Mpeblay-
el omepanuy, KOTOpbIE XpaHATCA B CHEUATIBHOM pErHcTpe IPHU3HAKOB
(¢maxkoB). Yame Bcero (GOpMHPYIOTCS M MPOBEPSIIOTCS MPH3HAKH HYJIEBOTO
pe3ynbpTaTa, OTPULIATEIBHOIO pe3yibTara, HaJWuus IEepeHoca M3 CTaplIero
paspsana, YeTHOCTU YMCJa €IUHML B pe3yibTare u Ip. PasmuuaroT Tpu pasHo-
BUJHOCTH KOMAaH/I IIepeAayl YIpaBIeHUs:

e IIEpEXO[bl;
¢ BBI3OBBI IOANIPOTPaMM;
e BO3BpAThI U3 NOANPOTPAMM.

Komausl nepexodoé momemaroT B MpOrpaMMHBIA CUETUYUK CONEPIKHUMOE CBO-
ero agpecHoro Ioiisi — ajpec mepexoxaa. Ilpm 3ToM cTapoe 3HaYeHWe Mpo-
TpaMMHOTO cyeT4yrKa Tepsercs. B MukpoOBM wacto i 5KOHOMHM JAJIMHEIL
aJ[pecHOTO MOJII KOMaH]I YCIOBHBIX IIEPEX0/I0B ajipec repexona GopmMupyercs
KaK CyMMa TEKYILETO 3Ha4eHHUs! MPOrPaMMHOTO CUETYHKA U OTHOCHUTEIBHO KO-
POTKOTO 3HAKOBOTO CMEIIEHHS, pa3MeniaeMoro B koManse. B kpaifnem ciyuae,
B KOMaHJ]aX YCJIOBHBIX TEPEXOJ0B MOXHO M BOBCE 00OMTHUCH 0€3 aapecHOii
YacTH — TIPW BBIMTONHEHUH YCIOBHS KOMaHAA ' MepenphirhBaeT depe3 clie-
JYIOUIYI0 KOMaHy, KOTOPOi OOBIYHO SIBIISIETCS O€3YCIOBHBINA NIEPEXO/I.

Komanna 6s1306a moamporpaMmsl paboTaeT MogoOHO KOMaHzae 0e3yCIOBHOTO
nepexoja, Ho CTapoe 3HAUeHUE MPOrPaMMHOr0 CYETUYHKA HPEIBAPUTEIHLHO CO-
XpaHseTCs B CIICIMAIBLHOM perucTpe Wi B cteke. Komanaa Bo3Bpata nepenaer
COJIEP)KUMOE BEPXYIIKH CTeKa HJIM CIHEHAIbHOTO PErHCTpa B MPOrpaMMHbIH
cuetunk. KomaHzp! 6v1306a M gozsépama padbotaroT "B mape". [lomnporpamma,
BBI3bIBAaCMasi KOMaH/Oil BBI30Ba, JIOJDKHA 3aKaHYMBATHCS KOMaHIOH BO3Bpara,
4TO 00eCHeyrBaeT N0 OKOHYaHHK PabOTHI MOANPOrPAaMMBI Tiepeaady yripaie-
HHSl B TOYKY BBI30Ba. XpaHEHHE aJpecoB BO3Bpara B CTEKE 00CCIIEYNBACT BO3-
MO’KHOCTh PEaJIn3allii BIOKEHHBIX MTOITPOrPAMM.

O Cucmemnbie — KOMaH/Ibl, BBITOJIHSIONIUE YITPABICHUE MPOIIECCOM 00pabOTKH
rH(pOpMaIUU U BHYTPEHHIUMHE pecypcamu mporeccopa. K TakuM koMaHzaMm oOT-
HOCSITCS KOMaHbl YIPABICHUS MOJCUCTEMOM MPpEphIBaHUsI, KOMAaH/bl YCTAHOB-
KM ¥ U3MEHEHUS [TapaMeTpoOB 3aIUTHI MAMSITH, KOMaH/a OCTaHOBA MTPOTPaMMBI
U HEKOTOphle Jpyrue. B MpocThIX mpolieccopax KiIacC CHUCTEMHBIX KOMaH]I
HEMHOTOYHUCIIEHHBIA, @ B CIIOXHBIX MYJIBTUIIPOTPAMMHBIX CHCTEMax Ipexdy-
CcMaTpUBaeTCs OOJIBIIOE YHCIIO CUCTEMHBIX KOMaH/I.
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be3ycnoBHO, OTHMM M3 OCHOBHBIX HAIIPaBICHUH NPUMEHEHHUS! KOMITBIOTEPOB OBLTH
U OCTaloTci pasHooOpa3Hble BbuucieHus. OOpaboTka 4YHCIOBOW WHPOpPMALIUH
Be/IeTCS W TPH PEIICHWU 3aj]ad, Ha TEpBbIH B3IJISA HE CBSA3aHHBIX C KaKUMH-TO
pacueTaMu, HanpuMep, IIPHU UCTIOJIL30BAaHUN KOMITBIOTEPHOH rpadKky MK 3BYKA.

B cBsi3u ¢ 3THUM BCTaeT BOIPOC O BBIOOPE ONmMUMANbHO20 Npeocmasienus duce
6 Komnvlomepe. be3yciioBHO, MOKHO ObLTO ObI HCTIOB30BaTh 8-0MTHOE (OaliTOBOE)
KOAMPOBaHHE OTIENBHBIX U(P, a U3 HUX COCTABIATH yKcia. OJHaKO TaKoe KOAU-
poBaHne He OyAeT ONTHUMAIBHBIM, YTO JIETKO YBHIETH M3 IPOCTOTO HpPUMEpA.
[Mycts umeercs apyszHauHoe yucio 13. [Ipu 8-OuTHOM KOAMPOBAaHHMU OTIAEIBHBIX
mupp B komax ASCIl ero mpescraBieHue BBITISAUT CICAYIOIMIAM 00pa3oM:
0011000100110011, T.e. koxg umeeT aauHy 16 OUTOB; eciiu K€ ONPEICNIATH 3TO
YKCIIO TPOCTO B JIBOMYHOM KOJI€, TO OTy4uM 4-0uTHYI0 nenouky 1101.

BakHo, 4To mpeacTaBiieHHe ONMpeAessieT He TOIbKO CIoco0 3amucu AaHHbIX (OyKB
WA YHCelT), HO W JOMYyCTUMBINA HAbOp omepanuii HaJ HUIMH, B YaCTHOCTH, OYKBBI
MOTYT OBITh TOJILKO IMOMEIIEHBI B HEKOTOPYIO TOCIEIOBATEIBHOCTD (MITH UCKITIO-
YeHBbI M3 Hee) 0e3 M3MEHEHHsT UX CaMHX, HaJ[ YMCIIaMH K€ BO3MOXHBI onepayuu,
HM3MEHSIOLIME CaMO YHCII0, HAIPUMED, U3BJICUCHUE KOPHS WJIU CIIOXKEHUE C IPYTUM
YHCJIOM.

HpCIlCTaBJICHI/Ie YHUCCII B KOMIIBIOTEPE UMECT ABEC O0COOEHHOCTH:

D Yyuciia 3aliuCbIBaArOTCA B ,HBOH‘IHOP'I CUCTECMEC CUUCJIICHUA (B OTJINYUEC OT HpI/IBI)I‘I'
HOU JIeCATHYHOM);

O s 3anucd ¥ 00pabOTKU YHCEN OTBOAMTCS KOHEYHOE KOJIMYECTBO Pa3psiioB
(B "HekOMIBIOTEPHOI" apudMeTHKE TaKOE OrPAaHUYCHHE OTCYTCTBYET).

CHC[LCTBI/IH, K KOTOPBIM HNPHUBOJAT 3TU OTJINYUA, U paCCMAaTpUBAIOTCA B I[aHHOI\/'I
TJ1aBe.
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3.1. Cuctembl cumcneHus

HauneMm ¢ HEKOTOpBIX OOIIMX 3aMEUaHWN OTHOCHTENBHO mousTHs "uucao" [10].
MOXKHO CYUTaTh, YTO JIFOOOE YMCIO MMeEeT 3HaueHue (comepxanue) u Ghopmy
MpeICTaBIICHUSI.

3HaveHHe YMClia 337aeT €ro OTHOIIEHHE K 3HAYeHHsM apyrux gwcen ("6osbire",
"Menbire", "paBHO") H, CJIEIOBATENBHO, MOPSAIOK PACIIONIOKEHHS YHUCEN HA YHCIIO-
Bol ocu. ®opma MpeCTaRICHUs, KaK CIeAYyeT U3 Ha3BaHUs, ONPEACIAET MOPSIOK
3aIKCH YHCIIA C TTOMOIIIBIO TIPEIHA3HAYCHHBIX IS 3TOT0 3HAKOB. [Ipu 3TOM 3HaAYe-
HUE YUCJIA SBIISCTCS WHBAPUAHTOM, T. €. HE 3aBUCUT OT CIIOCO0a €ro IMpeJiCTaBie-
HHUsA. DTO O3HAYaeT TaK¥XKE, YTO 4YUCJIO C OJHHUM U TEM KE€ 3HAYCHUCM MOXKET 6I>ITI>
3allCaHo T0-pa3HOMY, T.€. OTCYTCTBYET B3aWMHO OJHO3HAYHOE COOTBETCTBHUE
MEX1y MPEACTABICHUEM YHCIIa U €TI0 3HAYCHHUEM.

B cBA3M ¢ 3TUM BO3HUKAIOT BOIIPOCHI, BO-TIEPBBIX, O (hopMax MpeACTaBICHUS
9uceN M, BO-BTOPBIX, O BO3MOXKHOCTH M croco0ax Iepexoaa OT OAHOU (GopMEI
K JIpyroi.

Croco6 mpeACTaBICHUs YUCIIA OIPENIIACTCS CUCEMOU CUUCTIEHUS.

OnpedeneHue

Cucmema cyucneHus — 3TO NPaBWIO 3anncK Y1cen ¢ NOMOLLBIO 3a4aHHOro Habopa
cneumnanbHbIX 3HaKOB — LMdp.

JIfonpMy HCIIOIB30BAIINCH pas3IndHbIC CITOCOOBI 3aITHCH YHnCeJI, KOTOPbLIE MOXKHO
06’be,Z[I/IHI/ITI: B HECKOJIBKO T'pYIII: YHApHas, HCIIO3UIIMOHHBIC U TO3UIIMOHHBIC.

Ynapnas — 310 cuctema cuucieHus, B KOTOPOH ISl 3aMCH YUCEN UCTIONb3YeTCs
TOJILKO OJIMH 3HaK — | (BepTuKaabHas YepTa, manouka). Cieayromiee Yuciao moy-
YaeTcsl U3 MPEAbIAYIIero q00aBIeHHEeM HOBOM MalOYKH: MX KOJMYECTBO (CymMMma)
paBHO caMOMYy 4YHCIy. YHapHas CHUCTeMa Ba)XHA B TEOPETHUYECKOM OTHOIICHHH,
MOCKOJIbKY B HEH YHCIIO NIPECTABIIACTCS HanOOJIee MPOCThIM CIIOCOOOM U, CJIeIO-
BaTeNbHO, IPOCTHI onepanuu ¢ HuM. KpoMe Toro, MMEHHO yHapHas cucTeMa ompe-
JIeJIsIeT 3HAUCHHE 1IeJIOT0 YMCIa KOJIMYECTBOM COAEPKAIIMXCA B HEM €IUHUIL, KO-
TOpOE, KaK OBUIO CKa3aHO, HE 3aBUCHUT OT (DOPMBI IIPECTABICHUS.

U3 nenosuyuonnvix Hanboee pacupoCTPaHEHHOW MOXKHO CUMTATh PUMCKYIO CHC-
TeMy cuuciieHHs. B Hell HekoTopble 0a30Bbie UKcia 0003HAYCHBI 3arIaBHBIMH Jia-
tuHCKMMK OykBamu: 1— |, 5— V, 10— X, 50— L, 100— C, 500 — D,
1000 — M. Bce npyrue yucna cTposiTcs KoMOWHanueil 6a30BbIX B COOTBETCTBUU
CO CJIE/IYIOIIUMH MTPABHIAMH:

O ecnau umdpa MEHBIIETO 3HAYEHUS CTOUT CIpaBa OT OONbLICH TUQPPHI, TO UX
3HAUYCHUA CyMMI/IpyIOTC}I; C€CJIN CJICBA — TO MCHBIIICC 3HAUYCHHUEC BHIUUTACTCA U3
OOJIBIIETO;
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3 mudps |, X, Cu M MoryT cnemnoBaTh OAps HE OoJiee TpexX pa3 Kaxkaas,

O mudpsr V, L u D MoryT ucnonbp30BaThCs B 3allUCH 4MCiIa He 0ojee OJHOTro
pasza.

Hanpumep, 3anmce XIX coorBerctByer umcny 19, MDXLIX — uymeny 1549.
3anuch YMcen B TaKOH CUCTEME TPOMO3JKAa M HEYA00Ha, HO elie Ooyiee HEymo0-
HBIM OKa3bIBAa€TCS BBHINONHEHHE B HEH Ja)Ke CaMbIX MPOCTHIX apU(PMETHUCCKUX
omepauuii. OTCyTCTBHE HYJIS M 3HAKOB JJIs urces Oonbpiie M He MO3BOJSIOT PUM-
CKUMH IU(paMu 3anucath Jr0oe yucio (Xxots Obl HaTypanbHoe). [10 yka3aHHBIM
MPUYMHAM Teleph pUMCKasi CUCTEMa UCIOJb3YeTCs JIUIIb [Tl HyMepalyu.

B Hacrosmee BpeMs 1A IPEACTABIICHUA YU CET IPUMEHAIOT, B OCHOBHOM, nO3UYU~
OHHble cucmemvl CHUCTIeHUA.

OnpedeneHue

TMo3UYUOHHBIMU HA3bIBAIOTCA CUCTEMbI CYMCINEHUHA, B KOTOPbIX 3HAYEHUE KaXaon
uunppbl B M3obpaxeHun yucna onpegenserca ee nonoxeHvem (nosvuven) B pagy

Apyrvx undp.

Haubonee pacpocTpaHeHHON W IPUBBIYHOM SBISETCS CHCTEMa CUUCICHUS, B KO-
Topoit 1 3anucu yucen ucnois3yercsa 10 mudp: 0, 1, 2, 3, 4, 5,6, 7, 8 u 9. Uucno
npencTaBisieT co00i KpaTKyro 3aluch MHOTOWICHA, B KOTOPBIM BXOIST CTEIICHH
HEKOTOPOT0 APYroro YMciia — OCHOBAHMUS CHUCTeMbI curcienus. Hanpumep:

57515=5-10° +7-10' +5-10° +1-10 1 +5.1072.

B nmanHoM umcne nmdpa S5 BcTpewaeTcs TPHKIBI, OHAKO 3HAYEHUE ITUX IUPP
Pa3IMYHO U ONpeneNsieTcss X nosokeHueMm (mosunueii) B uncie. KoaudecTBo
mudp UIS TOCTPOCHUS YHCEN, OYeBHUIHO, PABHO OCHOBAHHUIO CHUCTEMBI CUHCIIE-
Hus. Takke OYeBMAHO, YTO MakKcuMasbHas Hudpa Ha 1 MEHbIIE OCHOBAHHS.
[IpyurHa MUPOKOTO PAaCHPOCTPAHEHHUS] UMEHHO NECSITUYHOM CHUCTEMBI CUHUCIIE-
HUSI TIOHSTHA — OHA MPOHMCXOIHUT OT YHAPHOW CHCTEMBI C MalbIlaMU PYK B Kade-
cTBe "manouex”.

OnHako B UCTOPUU YEIIOBEUECTBA UMEIOTCSI CBUJICTEIHCTBA UCIIONB30BAHUS U JIPY-
TUX CUCTEM CUYUCJIEHUSA — ISATEPUUHOM, IECTEPUUHOM, IBEHAUATEpPUYHOM, 1Ba-
HATepUYHON M Jaxke mecTuaecsaTepuuHoid. OOMWuUM Uil YHApHOH W PUMCKOW CHC-
TEM CYHUCIEHHUs SBIAETCA TO, YTO 3HAYEHUE 4YHUCIA B HUX OINpEAeisercs
MOCPEACTBOM OIEpaIvii CJIOKEHUS W BBIYUTAHUS Oa3UCHBIX HUDP, U3 KOTOPBIX
COCTAaBJICHO YHUCJIO, HE3ABUCUMO OM UX no3uyuu 8 4ucie. Takue CUCTEMBI MOJTy4H-
JIA Ha3BaHUE AO0OUMUBHDBIX.

B oTiaumune oT HUX MO3UIMOHHOE MpeaACTaBJICHUE CICAYET CUUTATH aooumueHo-
MYT6MUNJIUKAMUBHBbIM, TIOCKOJIBKY 3HAaY€HHUE 4YHCJIa ONpEACIACTCA OI€palusaIMU
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YMHOXXEHHSI U CIOKEHHs. [ J1aBHOH k€ 0COOEHHOCTHIO MO3HUIIMOHHOIO IMPECTaB-
JICHHs SBJISETCSl TO, YTO B HEM IMOCPEICTBOM KOHEYHOro Habopa 3HakoB (uudp,
paszenuTens NeCATUYHBIX Pa3psIoB U 0003HAYCHHUS 3HAKA YKCIIA) MOYKHO 3arlu-
caTb HEOTPAaHMUEHHOE KOJMYECTBO Pa3IMuHBIX uuces. Kpome Toro, B mo3uiumoH-
HBIX CHUCTEMax ropaszo Jierde, 4YeM B aJJUTUBHBIX, OCYLIECTBISIOTCS OIEpPALH
YMHOXXEHHS U AeieHus. IMeHHO 3TH 00cTosTenbeTBa 00yCIaBIuBa0T JOMUHUPO-
BaHME MO3ULMOHHBIX CUCTEM IIpU 0OpabOTKe YUCEN KaK YEJIOBEKOM, TaK U KOMIIb-
IOTEPOM.

[To MpUHIMITY, MOJIOKEHHOMY B OCHOBY JECATHYHON CHCTEMBI CUHCIEHHS, OYe-
BHUJIHO, MO’KHO TIOCTPOUTH CHCTEMBI ¢ HHBIM OCHOBaHUEM. [IycTh P — OCHOBaHME
cucreMbl cuncienus. Torma nro6oe yncio Z (IoKa OrpaHUYMMCS TOJIBKO IETBIMH
YHCJIAMH), YAOBICTBOPSIONICE YCIOBHIO Z < pk (k>0, memoe), MOXeT OBITH

HPEJCTABICHO B BHJE MHOTOWIEHA CO CTENeHsMH (IIPU 3TOM, OYEBHIHO, MaKCH-
MaJIbHBIH TTOKa3aTeNb CTeneHu OyaeT paseH K—1):

k-1 .
Zy=a P e, PPt pttay p’=Ya pl. (30
=i

U3 ko3 puimenToB @; MpH CTCHEHSX OCHOBAHMS CTPOUTCS COKPALLCHHAS 3aIIHCh

qyucia.
Z, = (18 2-.-ap).

Hunexc P 4ucia Z YKa3bIBaC€T, UYTO OHO 3allMCaHO B CUCTEMC CHHCJIICHUSA C OCHO-

BaHueM P! oOwee 1ucno undp uucna pasao K. Bee kosdpduumentsr a; — ue-

JIBIC YKCIIa, YAOBJICTBOpsitoIue yeiaoBuwo: 0< a j < p-1.

VMeCTHO 3a[aThCsi BOMPOCOM: KaKOBO MHHHMabHOE 3HaueHwe P 7?7 OueBHIHO,
p=1 HeBOo3MOXKHO, MOCKONbKY Torna Bece a; =0 n ¢popma (3.1) Tepsier cmbica.

HCpBOC JOIMyCTUMOC 3HA4YCHUE P = 2 — OHO W SBJISETCS MHHHMAaJIbHBIM JJIA 110~
SUIIMOHHBIX CUCTCM.

CucreMa CUHCIICHUS] C OCHOBaHUEM 2 Ha3bIBaeTCs dgouunot. [ludpamMu nBONUHOM
cuctemsl sBisitoTest O u 1, a hopma (3.1) ctpoutes no crenensm 2. MaTepec nMeH-
HO K 3TOH CHCTeMe CUMCIICHHUS CBS3aH C T€M, YTO, KaK YKa3bIBaIOCh paHee, JTro0ast
uH(pOpMaIUs B KOMITBIOTEPAX IMPEICTABISACTCS C MOMOIIBIO JBYX COCTOSHHNA —
O u 1, KOTOpBIE JIETKO PeaNn3ylOTCsl TEXHUIECKH.

Hapsiny ¢ 1Bon4HO# B KOMIIBIOTEpaX MCHOJIb3YIOTCSI BOCBMEPUYHAs U ILIE€CTHALA-
TepUYHAsl CUCTEMbI CUMCIIEHNS] — IIPUYIMHBI OYAYT pacCMOTpPEHBI Aajiee.
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3.2. NpeacraBneHune yucern
B pPa3fiIM4HbIX CUCTEMAX CYUCTIEHUSNA

OueBUIHO, YTO 3HAYEHHUE I[E€JIOr0 YKCIIA, T. €. 00IIee KOJIUIYECTBO BXOAAIINX B He-
rO CIMHMII, HE 3aBUCUT OT CIOC00a ero MPEJICTaBICHUS U OCTAETCS OIMHAKOBBIM
BO BCEX CHCTEMax CUMCIICHUS; Pa3IMUYalOTCs TOJIBKO (opmbl NpeOCmasieHus OJ-
HOTO U TOTO K€ KOJTUYECTBEHHOTO COJICP>KaHUS YUCIIa.

Hanpumep: [[[lj;= 59 =101, =5;¢.

HOCKOJ’ILKy OJHO MU TO K€ YHCJIO MOXKCET OBITH 3aIIMCAaHO B Pa3iIngHbBIX CUCTEMAX
CUHHMCJICHUS, BCTACT BOIIPOC O MEPEBOAEC NPEACTABICHUA YHUCIIa U3 OIHON CHCTEMBI

B APYTYIO.

3.2.1. MNepeBoAa UenbiXx Yyncen
M3 OOHOW CUCTEMbI CYHMUCIIEHUA B APYryH0

O6o3HaunM mpeoOpa3oBaHue dnciaa Z , MPEICTaBICHHOTO B P -PHYHON CHCTEMe
CUMCIICHHUS B IIPE/CTABICHUE B (| -pHUHO cucteme Kak Z, — Z,. Teopernyecku

BO3MOYKHO TPOM3BECTH €ro Ipw J00bIX U P . OmHako MogoOHBIH MpsSMOil Te-

peBox OyneT 3aTpyQHEH TE€M, UYTO MPHUAETCS BHINOIHATH ONEpPAIHy MO MpaBUiIaM
apuMeTHKH HEeIECATUYIHBIX CHCTeM cuucieHus (mosaras B oOmem ciydae,
yro p, q=10).

[To aToli mpuumne Oonee yNOOHBIMU C MPAKTUYECKOW TOYKH 3pEHHUsT OKa3bIBa-
I0TCsI BAPUAHTBI IPe0OPA30BAHUs C IPOMEKYTOUHBIM IepeBogoM Z, — Z, — Z

C OCHOBaHHUEM I, JJisl KOTOPOTO apruPpMETUUECKHUE OTEePAIMH BBITIOJHUTH JIETKO.
Takumu yqo0HBIME OCHOBaHUSMH siBJsitoTcs =1 u r =10, T. e. nepeBox ocy-
LIECTBIISIETCS YEPE3 YHAPHYIO HIIH IECITUUHYIO CUCTEMY CUHCIICHHUS.

MNpeob6pasoBanune 7, —» Z; — Z,

Npes anropurma nepeBoAa MpeAeIbHO MPOCTA: IMOJ0XKUM HadalbHOE 3HAUEHUE
Zq =0; u3 yucia Zp BbIUTEM 1 MO TpaBUjaM BbIYUTAHHUS CHCTEMBI [, T. €.

4
4

p :=ZIo -1, u nobaBuM ee kK Zq [0 MpaBUJIAM CJIOKEHUS CHUCTEMBI (], T. €.

q=Zq+1. bynem moBTOpATH 3Ty MOCIENOBATEIBHOCTH ACHCTBHIi, MMOKa HE

pocturieM Z, =0. Ilpasuna cnoxenns ¢ 1 (nakpementa) u Borautanns 1 (nek-

peMeHTa) MOTYT OBITh 3alMCaHbl TaK, KaK MpeacTaBieHo B Tabi. 3.1.



28 Yacme 1. MNpuHyunsi opeaHusayuu 3BM

Tabnuya 3.1. [Ipasuna croxcenus u gvryumanus 1

Jlist cuctembl P Jlast cuctembl g
(p-D)-1=p-2 0+1=1
(p-2)-1=p-3 1+1=2
1-1=0 (-2)+1=q-1
0-1=n(p-2 (9-)+1=m.0

IIpumeyanue: T — mepeHOC B CIydyae MHKPEMEHTA WX 3a€M B CIIydae JeKPEMEHTa.

IIpomMexxyTOUHBIN NEPEXO] K YHAPHOU CUCTEME CUUCIIEHHS B TaHHOM Cllydae
OCYILECTBIISIETCS] HESIBHO — HCIIONIB3YETCSl YIIOMUHABILICECS] paHEE CBOMCTBO HeE3a-
BUCHUMOCTH 3Ha4eHHs 4Huclia oT (GOpPMBI €ro mpejcTaBleHus. PaccMOTpeHHBIH
AITOPUTM IIEPEBOJIA MOXKET OBbITh JIETKO PEaJN30BaH IIPOrPaAMMHBIM Iy TEM.

MNpeo6pasoBanue Z, > Z,, — Z,

OueBH/IHO, TIEpBast U BTOpasi 4acTh MPeoOpa3oBaHMs HE CBSA3AHBI IPYT C JAPYrOM,
4TO J[aeT OCHOBAaHWE PACCMATPHBATh UX IO OTICIBHOCTH. AJITOPHUTMBI MEpeBOa
Z,, — Zy BBITEKAIOT M3 CHEAYIOWMX coobpaxenni. Muorounen (3.1) pm Z,

MOJKET OBbITh IPEJICTABIICH B BUJIE:
m-1 .
Z,=2b; q’ =((..-(Bya -G+ bm2)-q+by3)-q+...+by) - q+by, (3.2
j=0
rae M — umeno paspsaos B sanuck Z,, a b (j=0,..,m-1) — uudpsr unc-
na Zg.
Paznienum uncino Z, Ha JiBe 4acTu 1o paspsuty Homep i. Yucno, BKiouaromee

m—i paspsgoB ¢ (M—i)-ro mo i-i, obo3HaYUM 7Y;, a YHCIO C | pa3psuamMu
¢ (i—1) -ro mo 0-it — &, . OueBmzno, ie [0,m-1], 7o =84 = Zy.

Zq = (bwlbwz .. 'bi b|71 .. qbo) .
Yi 5,
[MozaumcTByem u3 sizpika PASCAL oOo3HaueHue nByx omepaiuii: di v — pe-

3yJIBTAT LIEJOYUCICHHOTO AEIEeHUS IBYX LENBIX YHCEeJ U nbd — OCTAaTOK OT Iie-
JIOYHMCIICHHOTO Jienienus (13 div 4 = 3; 13 nod 4 = 1).
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Tenepb ecau NPUHATE Y, q =Dy, To B (3.2) ycmarpuBaercs cieayroiee pe-
KypPEHTHOE COOTHOIICHUE: Y; = Yi 1 + b\, ©3 KOTOpPOro, B CBOIO OYepe/ib, MOIy-
9ar0TCs BBHIPAKEHUS:

Yisa =7 divg; b =v; modq. (3.3)
AHaJOruuHoO, eciu NpuHATh Og = by, TO A1 mpaBoil yacTu uncia Gyxer crpa-
BEVIMBO JPYroe PEKYypPEeHTHOE COOTHOLICHHE: O; :8i,1+b,qi, U3 KOTOPOTO
CIICIYIOT:

b =8 divg; & ;=8 modq . (3.4)

N3 coornomennii (3.3) u (3.4) HemocpeACTBEHHO BBHITEKAIOT JBa Criocoba mepe-
BOJIA IEJIBIX YUCET M3 JNECATHYHON CHCTEMBI CUHMCIEHHS B CHCTEMY C IIPOM3-
BOJIbHBIM OCHOBaHHEM ( .

Cnoco6 1 sBnsiercs cnenctBueM cootHomenui (3.3), mpeamonararommii cire-

IYIOUIMA alropuT™M NepeBoa:

1. lleno4ncieHHO pa3ienuTbh UCXOAHOE Yucio (Z;y) Ha OCHOBaHUM HOBOW CHC-
TeMbl curcienus () ¥ HallTH OCTaTOK OT JAeiaeHus — 310 Oyaer nudpa 0-ro

paspsina yucna Z.

2. YacTHOE OT JCJICHHS CHOBA IICJIOYUCIICHHO Pa3JeliUTh Ha ( C BBIACICHUEM

ocTaTKa; MpolLeaAypy MPOJIOKATh 0 TEX HOP, MOKAa YaCTHOE OT JICJICHUS He
OKaXXeTCsl MEHbIIE ( .

3. OOpazoBaBIIuecs: OCTaTKH OT JIEJICHHs, IOCTaBIEHHbIE B TIOPsAKE, 0OpaTHOM
MOPSJKY MX HOIyYCHUS], U MPEICTABISIOT L.

Mpumep 3.1

Brimonnuts npeodpaszosanue 123,; — Zs . Pesynbrar — Ha puc. 3.1.

123 | 5

120 245

3 20 4
4

Puc. 3.1. Pe3ynbraT BeinoiaHeHus npumepa 3.1
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Ocratku ot jgenenus (3, 4) U pe3ysibTaT MOCIEAHErO LEIOYUCICHHOIO Jele-
Hust (4) oOpasyroT oOpaTHbI MOpsiaok 1mdp HoBoro umcna. CiaenoBaTeNbHO,
123, = 443;.

Heo0Oxoaumo 3aMeTUTh, YTO MOJYYEHHOE YHCIIO HENb3sl YUTaTh KaK "deThIpecTa
COPOK TpH', TIOCKOJIbKY AECATKH, COTHH, THICSYH H MPOYHNe MOA00HBIE 0003Haue-
HUS 9HCEN OTHOCATCS TOJNBKO K JECATUYHOW cucTeme cuucieHus. [IpounThiBaTh
YHCIJIO CIEAYET MPOCTHIM MEPEUHCICHHEM ero IMU(p C yKa3aHHEM CHCTEMBI CUHC-
nenust ("9uCIo YeThIpe, YEThIPe, TPU B MATCPUIHON CUCTEME CUUCIICHHUS ).

Cnoco6 2 BeiTekaet u3 cootHomeHus (3.4), 1efiCTBUS MPOU3BOIITCS B COOTBET-
CTBHUU CO CIEAYIOIIUM aJITOPUTMOM:

1. Onpenenuth M—1 — MaKCUMAaJIBHBIM TOKa3aTellb CTENICHU B MPEICTABICHUU
yucina 1o ¢popme (3.1) wis ocHoBaHuUs (.

2. lles0YNCIICHHO Pa3/eNUTh HCXOIHOE YUCiO (Zyy) Ha OCHOBAaHUE HOBOI CHCTe-

MBI CuHMcaeHus B crenenn m—1 (1. e. qm_l) Y HalTU OCTATOK OT JICJICHHUSI; pe-

3yJIBTAT JAJICHHUs ONPEACIHUT NEPBYO LUppPy uucia Zg.

3. OcraTok OT AeNeHUs IeIOYNCICHHO Pa3/IeinTh Ha gm_z, pe3ynbTaT IeIeHUS

MPUHATH 32 BTOPYIO IH(PY HOBOTO YHCIA, HAWTH OCTATOK; MPOAOJIKATH 3Ty
[I0CJIEI0BATEIbHOCTh ACHCTBUM, IIOKa IOKa3aTelb CTENEHW (| HE JOCTUTHET

3nauenus 0.
[TponeMoHCTpHpYEM JCHCTBUE AJITOPUTMA HAa TOMW JKe 3ajaye, 4To ObLIa PaccMoT-
peHa BhIIIE.
Onpepenute M—1 moxHO MO0 myTeM moabopa (50 =1<123; 5'=5<123;

52 = 25< 123; 53 =125> 123, cnemoBatenbHo, M—1=2), nmubo norapudmMupo-
BaHHEM C OCTaBleHuMeM Ienod wactu uorapupma (logs123=299, Tt.e.
m-1=2).

Hanee:
b, =123div5° = 4 8, =23mod 5% = 23 i=2-1=1
b, = 23div 5" = 4 8o =23mod5' =3 i=0

Anroputmsl niepeBoga Zgy — Z,, SIBHO BBITCKAIOT M3 MPEACTABICHHIL (3.1) wm
(3.2): HeoOxommMoO Z, mpeAcTaBUTh B (pOPME MHOTOUIIEHA U BBINIOJIHHUTH BCE OIE-

palmu 1o npaBuiiaM JAeCATUIHON apu(PMETHUKH.
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Mpumep 3.2

BemmonanuTts npeodpaszosanue 4435 — Z4;.

Pemenne:
443, =4.5 + 4.5 +3.5° =4.254 4.5+ 3.1=123 .

HeoGxomumo emie pa3 mogyepkHyTh, YTO MPHUBEICHHBIMH aJTOPUTMaMU YAOOHO
MIOJTB30BATHCSI TIPU TNIEPEBOAE YUCIA U3 JECATHYHOM CHCTEMBI B KaKyIO-TO HHYIO
i HaoOopoT. OHM paboTaroT U IS MEePeBOAa MEXAY JIIOOBIMU UHBIMH CHCTEMa-
MU CUHCIIEHUS, OHAKO TIpeodpa3zoBaHue OyAeT 3aTpyIHEHO TeM, 4TO Bce apudme-
THYECKHE OIlepalii HeOOXOAUMO OCYLIECTBIATh 10 npasuiam ucxoonou (B mep-
BBIX aJITOPUTMAxX) WIH KOHeyHot (B IOCICIHEM allTOPUTME) CHCTEMbI CUHCIICHHSI.

ITo sroii mpuumHe mnepexoj, Hampumep, Zz —> Zg MpOILIE OCYLIECTBUTH Yepes3
IPOMEXYTOYHOE MpeoOpa3oBaHUe K JIECATHUHOHN cucreme Zz — Zjo — Zg. Cu-
Tyalysi, OJTHAKO, 3HAYUTEIHHO YIPOMIACTCs, €CIIH OCHOBAHUSI HCXOJHOW U KOHEY-
HOM CHCTEM CUHMCJICHHUS OKa3bIBAIOTCS CBSI3aHHBIMHM COOTHOIICHHEM p: ql’ , TAC
r — uenoe uucno (ecrecTBeHHo, Oospiee 1) wim r =1/n (n>1, nenoe) — stu
ciydau OyAyT pacCMOTpPEHBI Jajee.

3.2.2. NepeBoa APOOHLIX Yncen
M3 OAHOMN CUCTEMbI CYUCIIEHUSA B APYry0

BemectBennoe unciio, B 00IIeM cilydae coAepikallee eIyl U APOOHYIO 4acTH,
BCErJa MOXKHO NPEICTaBUTh B BUAE CyMMBI LIEJIOTO YKCIa U MPAaBUIBHONW ApOOH.
[Tockonbky B mpeplAyIIeM paszene mpobdjeMa 3auc HaTypajibHBIX YHCEeN B pas-
JMYHBIX CHCTEMAax CUUCICHMSA YK€ OblIa pelieHa, MOKHO OTPaHUYUTh PaccMOTpe-
HUE TOJIBKO AITOPUTMaMH NIEPEBO/Ia MPaBUILHBIX APOOCH.

Beenem cneayroniie 0003HAYCHUS: TPaBUIBHYIO JPOoOb B HCXOIHOW CHCTEME
curcneHuss P OyaeM 3amuchiBaTh B BUIC O,Yp, npo6s B cucteme  — 0,Y,,

a npeobpazosanne — B Buge 0,Y, — 0,Y;.

[NocnenoBaTensHOCT pacCyKIeHUH BECbMa HATIOMHHAET MPOBEACHHYIO paHee s
HATypaJbHBIX YHCeN. B 9acTHOCTH, 3TO KacaeTcsi peKOMEHJIAIMU OCYIIECTBIISAT
npeoOpa3oBaHKe Yepe3 MPOMEKYTOUHBIN Mepexo K AeCATHYHON CUCTEME, YTOObI
n30exarh HEOOXOMUMOCTH TPOM3BOAUTH BBIUMCIICHUS B "HEMPHUBBIYHBIX CHCTE-
Max CYHCJIEHHUS, T. €. O,Yp —0,Y — O,Yq .
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DTO, B CBOIO O4Yepeqh, pa3OMBaeT 3a/ady Ha JIBE€ COCTABILIIONIME. TpeoOpa3zoBa-
HHUE O,Yp —0,Y;gu 0,Yp — O,Yq , KOKJI0€ M3 KOTOPBIX MOKET pacCMaTpUBATHCS

HE3aBHCHMO.

Anzopummer nepesoda 0,Y;g — 0,Y, BBIBOASTCS IyTeM CICAYIOLMX PACCYXKAC-
Huid. Eciin ocHOBaHME CUCTEMbI CUMCIICHUs ( , mpocTtasi po0b comep Ut N mudp,
u b, — mmdpsr apodu (1<b, <n, O0<b, <n-1), To ona moxer ObITH HpeE.-

CTaBJICHA B BUJC CyMMBI:
n v 1, 1 1 1
0Yy=>b ™ ==( +=(by+...+ = (b +=by)...), (3.5)
k=1 q q q q

0,Yq =(0,bb; ..oy, ... by).
| —
€
Yactb apobu OT paspsiga | 10 ee KOHIA 0003HauMM € U mpumeM €, =Db,/q.
Ouesnano, € =0,Yy, Torna B (3.5) n€rko ycMaTpuBaeTcst peKyppeHTHOE COOT-

HOILIICHUE:
1
&=am+&ﬂl (3.6)

Ecnu BHOBE mo3anmMcTBoBaTh B PASCAL 0603HaueHne QpyHKIMH — Ha 3TOT pa3
t runc, MPOU3BOAALICH OKPYIJICHHE BEUICCTBEHHOTO YHCIIA IMyTeM OTOPaChIBAHUSI
ero ApoOHOi "acTH, To ciaeacTereM (3.6) OyayT COOTHOIICHHUS, TIO3BOJIAIONINE Ha-
XOAHUTH HH(PBI HOBOW APOOH:

b =trunc(q-€;); €., =9-€ —trunc(g-g;) . (3.7)
Cootnomenus (3.7) 3anatoT anroput™ npeodpaszosanus: 0,Y;g — 0,Yy:

1. YMHOXHUTH MCXOJHYIO JIPpOOb B JCCATUYHON CHCTEME CUMCICHMS Ha (|, BbIJC-

JIUTD METYI0 9acTh — OHa OyzeT nepBoi (cTapieit) nudpoit HOBOH apodU; OT-
OpOCUTDH LICNTYIO YacTh.

2. Jlns ocraBuIercs IpoOHON YacTH OINEPANdi0 YMHOXKEHUS C BBIACIEHUEM IIeNIOH
1 ApOoOHBIX YacTel MOBTOPATH, MOKA B JpOOHON dacTh He okaxercs O wimu He
OyzeT JOCTUTHYTa ’KejdaeMasi TOUHOCTh KOHEYHOT'O YHMCIIA; MOSBISIOIUECS IPH
3TOM IleNble OyayT I paMu HOBOH IpoOH.

3. 3anwmcark apoOb B BUJE MOCIEAOBATEIBHOCTH U(p MOCIe HYJS C pa3aeauTe-
JIEM B MOPSIIKE UX MOSBJICHUS B . 1 u 2.
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Mpumep 3.3

Bemonauts npeobpazosanue 0,375, — 0,Y, . PesynbraTr — Ha puc. 3.2,

Taxum o6pasom, 0,375,;5 — 0,011, .

0,375 x2 0, | 750
075 x2 1, [ 50
05 x2

1
P
o

Puc. 3.2. Pe3ynbrar BeINONHEHHS Tipumepa 3.3

[lepeBon O,Yp — 0,Y)g, KaK U B Cllyyae HaTypaJIbHbIX YHCEIN, CBOJUTCS K BBIYUC-

nenuro 3HaueHust popmsl (3.5) B necsatruuHo# cructeme cuncienus. Hampumep:
0011, =0-21+41.22+1.23=0+0,25+0125= 0,375, .

CrnenmyeT co3HaBaTh, 4TO IMOCIE MepeBoja ApoOH, KoTopas ObUTa KOHEYHOH B WC-
XOJIHOH CHUCTEME CUHCIICHHS, OHA MOXET 0Ka3aThbCA OECKOHEYHOM B HOBOW CHCTE-
Me. COOTBETCTBEHHO, PAIllMOHAIBHOE YHCIIO B HCXOJHOW CHUCTEME MOXKET MOocCIe
Mepexo/ia TPEeBPaTUThCA B HppanroHambHoe. CpaBemInBO M 0OpaTHOE YTBEp-
XKJICHUE. YHICII0 UPPAIMOHATHFHOE B ICXOTHON CHCTEME CUMCIIEHUS B HHOM cHCTEME
MOJKET 0Ka3aThCs PaIllOHATBHBIM.

I Mpumep 3.4

Bemmonauts npeobpaszoanue 5,3(3);9 — Yg.

IlepeBon 1en0il 4acTH, O4eBMIHO, AaeT: 55 =12;. IlepeBox npoOHON wyacTH:
0,3(3)19 — 0.1. OxonuarensHo: 53(3);g —12]13.

Kak yxxe ObUIO CKa3aHO, 3HAYCHHUE 1IEJI0T0 YUCIIa HEe 3aBUCUT OT (DOPMBI €ro mpej-
CTaBJICHUS U BBIPAXKAET KOJUYECTBO BXOIANIMX B Hero eauuuil. [Ipocras nmpoOb
MMEET CMBICH JIOJHU SJMHUIIBI, U 3TO "J0JIbHOE" COJIEPIKAHUE TAKIKE HE 3aBHCUT OT
BBIOOpA crioco0a mpejcTarieHus. JIpyruMu cioBaMu, TPETh MAPOra OCTAETCs TPe-
TBIO B JIFOOOH CHCTEME CUHMCIICHHS.
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3.2.3. NepeBog uucen
MeXxAay cucteMamm cumncneHma 2 <« 8 & 16

WuTepec k JBOMYHOW CHCTEME CUMCIICHHUS BBI3BAH TEM, UYTO UMEHHO OHA WCIIOJIb-
3yeTcsl JUIsl IPEJICTABICHUS YKCeN B KoMIbtoTepe. OHAKO JBOWYHAS 3allUCh OKa-
3BIBACTCS TPOMO3JIKOM, MOCKOJNBKY COAEPKUT MHOTO ITU(PP U, KPOME TOTO, TIIOXO
BOCIPUHUMAETCS M 3allOMUHACTCSI YEJIOBEKOM H3-3a 3PUTCIBLHOW OAHOPOIHOCTH
(Bce YMCIO COCTOMT U3 HyJNieH U enuHuI). [I03TOMYy B HyMEpaIlHH SYECK MaMsITh
KOMIIBIOTEPA, 3alIUCU KOJOB KOMaHJ, HyMEpaluu PEruCTPOB U YCTPOWCTB U IIp.
WCTIONB3YIOTCS CHCTEMbI CUMCIICHUsI ¢ ocHOBaHUsIMH 8 1 16. BbiOOp MMEHHO 3THX
CUCTEM CUHCJICHHS OOYCIIOBJICH TE€M, UTO TMEPEXOJ]] OT HUX K JBOWYHON CHUCTEME
1 00paTHO OCYILIECTBIISIETCS, KaK OyZeT IMOKa3aHo Jajiee, BeChbMa IIPOCTBIM 00pa3oM.

Heouunas cucmema cuucienus IMEET OCHOBaHWE 2 M, COOTBETCTBEHHO, JIBE
uudpsr: Ou 1.

Bocvmepuunas cucmema cuucnenus umeet ocHoBanue 8 u tudpwi O, 1, ..., 7.

Lllecmnadyamepuunas cucmema cuucienusi umeer ocHoBanue 16 u umdpsr O,
1,..,9 A, B, C. D, E, F. [lpu aToM 3HaK A SIBIISETCS IIECTHAIIATEPUIHON T -
poii, coorBercTByromeil umcmy 10 B gecaruuHoil cucteme, Big =11,

C16 :1210, D16 :1310, E16 :1410 u F16 :1510 . prrHMI/I CJI0BaMHt, B JTaHHOM

ciny4dae A, ..., F— 310 He OyKBBI JIATUHCKOTO ai(aBUTa, a Yuppovl wecmHaoya-
MePUUHOL CUCEMbl CHUCTEHUSL.

Hoxaxem ase Teopems [10].

Teopema 1. Jlnst npeoGpa3zoBanust uesnoro yncna Z, — Zy B TOM cliy4ae, eciu

CHCTEMBI CUMCJICHHSI CBS3aHBI COOTHOLIEHHEM (= P', rje [ — Iejoe 4ucIo,
Gosbee 1, nocratouno Z,, pa3dHTh ClpaBa HaJCBO HA IPYMNIbI 10 I 1udp U Ka-
JKIYIO U3 HUX HE3aBUCHMO IIEPEBECTH B CUCTEMY ( .

Jokazamenvcmeo. [lycTb MaKCUMAaJIBHBIA TTOKA3aTENb CTENEHU B 3allMCH YUCia ]
o popme (3.1) paBen k-1, mpuuem 2r >k—-1>r .

k-1 k-2 1 0
Zp=(agq.-@@)=a 1 P +a P “+..a-pt+agp.
BriHeceM MHOKUTENb P’ M3 BCEX CIAraeMbIX, y KOTOPBIX j =T . [Tomyuamm:
k=2-r k-2

Z,=(a1p - PP+ pTa - p0)pl 4

+(a_y Pt Ha_y p P ptrag p%)-p’ =b gt +by-q°,
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rIe

k—1-r k—2-r 1 0
b.L:ak—l'p ta P T &P ta-p =(ak—1"'ar)p’

r-1 r-2 1 0
bo=a_1-P " +a 1P “+..8-p +a-p =(a1...8)p.
Takum 00pazom, I -pa3psiTHbIE YMCIIa CHCTEMBI C OCHOBAaHHMEM [) OKa3bIBAIOTCS 3a-

MUCAHHBIMU KaK IU(PBI CUCTEMbI C OCHOBaHHEM (] . DTOT Pe3yJIbTaT MOXHO 0000-

[IATh HAa CHUTYAIUIO MPOM3BOILHOIO K—1>r — B 3TOM Ciiydyae BBIIEIATCS HE
nBe, a 6onbiue (M) mudp uucna ¢ ocHopanueM q . OueBumHo, Zy = (b, ... 0g) 4 -

Teopema 2. [linst mpeoOpa3zoBanust 1esoro uucna Z, —>Z, B TOM ciyu4ae,

€CJIM CUCTEMBI CUMCJIEHHUS CBSI3aHBI COOTHOIIEHHEM P=(' , rae I — Ienoe
qucno, Gonbiiee 1, 1ocTaTovHO Kaxayro Luppy Z, 3aMEHHTH COOTBETCT-

BYIOIIUM [ -pa3psaHbIM YMCIIOM B CUCTEME CUMCIICHHMS (], TOOOJHSSA €ro IIpHU

HEOOXOIMMOCTH He3HAYaIMMH HYJISIMU CJIeBa 10 TPYIIBI B [ UP.

Hoxaszamenvcmeo. IlycTh HCXOTHOE YHCIIO COIEPIKUT ABE IUQPEL, T. €.
1 0
Zy=(qag)p=a;-p +ay-p .
Jns xaxkpoit uudpsl cnpaennuso: 0<a < p-1, u nockonsky p=('

0<a <" -1, To B mpeJCTaBIEHUH STUX IMP B CUCTEME CUUCIIEHUs (| MaK-

cuMasibHas crereHb MHorouwieHoB (3.1) Oymer He Oosee I —1 W 3TH MHOTO-
4JIeHBI OyAyT copepskaTh 1Mo I 1udp:

a=b® g+, g2+ . +b® gt +b{’ - q°;

a=b% g+ g2 +...+0? gt +b? - q°.
Torna
= (@8), =0 -a" ™ +52, -+ .+ g +B ) o + (0 g+
+5% g2+ 409 gt +b g% -q° =b®, - ¥+ bY, - ¥ 2 +
+o 400 g g 0O g 0@ g2
0 1, nO) ~0_ p®p( 00
+b{” - gt +57 - o° = (b, . bO8Y) = 7,

IpUYeM YUCI0 Zy coaepxkuT 2r uudp. JlokasareabcTBo JIerko 0600maercs Ha

Cily4aii IIPONU3BOJIBHOTO KOJIMYeCTBa LUp B uucie Z,
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3.2.4. NMNoHATE 3KOHOMUYHOCTU CUCTEMbI CUUCTIeHUSA

Yucio B cucteMe cumcieHus ¢ K paspsiamu, O4eBUIHO, OyJIeT UMeTh HanOoIb-
1iee 3Ha4eHHe B TOM Clly4ae, eciid Bce HU(PHI YHCIa OKaXyTCS MaKCUMaJIbHBIMH,
T. e. paBHeIMU P—1. Torga

(Zp))™ =< p-1>...< p-1>=p* -1

(3.8)
k uudp

KomnmuecTBo pa3psioB ymcia mpu Nepexoie OT OJHON CHCTEMBI CUUCICHUS K Ipy-
roi B OOIIEM CITydae MEHSETCS.

Ouepuyno, eciu P=q° (6 — He 0643aTeIBHO LIENOE), TO

T. €. KOJTMYECTBO Pa3psAIOB YHCHIA B CHCTEMaX CUHCIEHHS P u ( OymyT pasnu-
JaThbCs B © pa3, IpuiIeM
lo
o= ogp .
logq
[Ipu 3TOoM ocHOBaHWe NorapupmMa HUKAKOTO 3HAYEHHS] HE MMEET, MOCKOJBbKY ©

oTpesensieTcsl OTHOIEHUueM JorapupmoB. CpaBHHM KOJHUYECTBO IH(p B UUCIE
99,9 U ero mpeacTaBiIeHUN B JBOMYHOU cucrteme cuucienus: 99;, =1100011,,

(3.9)

T.€. JIBOMYHAs 3anmuch Tpebdyer 7 1mdpp BMecTo 2 B JECATHUYHOM,
6 =10g10/log2 = 3,322 ; cnexoBaTenbHO, KOIMIECTBO UGP B JCCATUIHOM MPE.-

CTaBIICHUW HYXXHO YMHOXWTh Ha 3,322 U OKPYIIUTh B OOJBINYIO CTOPOHY:
2-3322=6,644~7.

BeeneM noHsTHE 9KOHOMUMHOCTU NPEOCMABNCHUS YUCA B TAHHON CHCTEME CUHC-
nenws [10].

OnpedeneHue

Moa 3KOHOMUYHOCMBIO CUCTEMBI CUMCTIEHUS] ByAeM NMOHMMAaTb TO KONMYECTBO Yncern,
KOTOpPOe MOXHO 3anucaTtb B JAHHOW CUCTEME C MOMOLLbI ONpPeAenieHHOro Konum-
yecTBa LMdp.

Peus B 1aHHOM CiTydae MIET HE O KOJIMYECTBE Pa3psIoB, a 00 00IIeM KOJIHMYEeCTBE
COYeTaHWH mudp, KOTOpPble HHTEPIPETHPYIOTCS KaK pa3nuyHble uucna. [loscHum
Ha TpUMepe. MyCTh B pacnopsbkeHnn nmeetcs 12 nudp. MoxHO pa3duTh nxX Ha
6 rpynmt o 2 mmdpsr ("0" u "1") U MOMYYHTH IECTHUPA3PSIHOE ABOUYHOE YHCIIO;

o0111ee KOJIMYECTBO TAKUX YHUCEN, KaK YK€ HEOTHOKPATHO 00CYKIaloCh, PaBHO 2°.
MosxHO pa30uTh 3aJaHHOE KOJUYEeCTBO NU(P Ha 4 TPYMIIBI IO TPHU IUPPHI U BOC-
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[I0JIb30BATHCS] TPOUYHOM CHCTEMOM CUMCIIEHHS — B 3TOM cllydyae olliee Koyinde-

CTBO pPa3JIMYHBIX HUX COYETaHUM COCTaBHUT 34. AHaTOrM4HO MOKHO IMPOU3BECTHU
Apyrue pa3OUeHHs; IPU ITOM YHCIIO TPYII ONPEISITUT Pa3psIHOCTh YUCa, a KO-
JMYECTBO IMGP B IPyIIe — OCHOBAHHE CHUCTEMbI CUHMCIICHHUS. Pe3ynbraTsl pas-
JUYHBIX Pa30MeHUN MOXKHO MPOWLIFOCTPUPOBATH Tab. 3.2.

Tabnuua 3.2. Pesynomamol pazouenus yudp Ha epynnvi

IMapamerp 3navenust

OcHOBaHNE CHCTEMEI 2 3 4 6 12
cuncenust (p)

PaspsirocTs uncna (K ) 6 4 3 2 1

O6mIee KOMMIECTBO =64 3 =81 £ =64 6°=36 126 =12
pazmuaHbIx gncer (N )

W3 mpuBeeHHBIX OIEHOK BUAHO, YTO HanOoJiee SKOHOMUYHON OKa3bIBAETCS mpo-
UYHAS cuCmemMa CYUCieHus, IPUIeM pe3yibTaT OyJaeT TeM Ke, eCIIH UCCIIEIOBATh
CJIydad C IPYTHM UCXOJIHBIM KOJIIMYECTBOM COYETaHUH IHPP.

TouHOe pacnonokeHne MaKCUMyMa 3KOHOMUYHOCTH MOKET OBITh YCTaHOBJICHO ITy-
TeM CIENYIOIUX paccyxaeHud. Ilycte mMeercss N 3HAKOB I 3alMCU YUCEN,
a OCHOBAaHHE CHUCTEMBI CUMCIICHHUS paBHO P. Torga Konm4ecTBO paspsaoB YUCIA
k=n/p, a obuee kommuectBo ymcea N, KOTOpble MOTYT ObITh COCTABIIEHB,
PaBHO:

n

N<pP. (3.10)

Ecnu cuurate N(P) uenpepwisnoil ¢yynkyuetl, TO MOXKHO HANTH TaKOe 3HAUYCHHE

Py, Tpu KotopoM N mIpUHMMaeT MakCUMajJbHOE 3HadeHue. {1 HaXOXIeHHS
MOJIOXKEHHsT MaKCHMyMa HY)KHO HalTH mpom3BoiaHyro ¢yHkumu N(Pp), mpupas-
HATB €€ K HyJIIO U PEIIUTh ITOJIydeHHOEe ypaBHEHHE OTHOCHTEIBHO P .

n n

1 2

dN = n =n- p67 .(1_ In p) (311)

n no -
d_ -— pp .|np+_. pp
p p p
[TprpaBHKBasl MOJTyYSHHOE BBIpaXXEHHE K HYIIO, onydaeM Inp=1, wm p, =€,
rae e=2,71828... — ocHoBaHWe HaTypaimpHOrOo Jorapudma. bmmxaiimee x €
LeJI0Oe YKCIIO, OYeBHUIHO, 3 — MO JTOHW NMPUYMHE TPOUYHAS CHCTEMa CUHCICHUS
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OKa3bIBaeTCA CaMOl SKOHOMHYHOW IS TIPENICTABJICHUS YHCEN, OJHAKO CIEeAyo-
LIEH 10 YKOHOMHUYHOCTH OKa3bIBAETCS JBOUYHAS CUCTEMA CUMCIIEHMUS.

Taxum 00pa3oM, MPOCTOTa TEXHUUECKUX PELICHUH — HE eTUHCTBEHHBII apryMeHT
B 10J1b3y IPUMEHEHHUS JBOUYHON CUCTEMBI B KOMIIBIOTEPAX.

3.3. NpeacraBneHue nHcpopmauuu B ABM.
NMpsamon koA

B coBpemennbix 9BM ucnosb3yroTcs, B OCHOBHOM, JiBa Crioco0a MpeCTaBlICHUs
JBOMYHBIX YHCEN — ¢ (PUKCHPOBAHHOW U C IIABAIOMICH 3aIATOH, pudeM B (op-
Mmare ¢ ukcupoBanHo 3amaTor (P3) ucmonb3yeTcs Kak 6e33HaKogoe MpPeCTaB-
nenne uncen ("menoe Oe3 3Haka'), TaK W MPEACTABICHHE YHCE CO 3HAKOM.
B nmocienqHem ciyyae 3HaK Takke KOIUPYETCS OBOWYHOW IHM(POH — OOBIYHO
mwirocy coorBercTByet 0, a Mmunycy — 1. [Tox Koz 3HaKa OOBIYHO OTBOJIUTCS CTap-
HIMH pa3psn 8, IBOMYHOIO BEKTOpPA 8,ay ..., , HA3BIBAEMBII 3HAKOBbLIM.

3amsitas MOXeT ObITh (PMKCHPOBaHA IOCIE JFOOOTO pas3psia ABOWYHOTO YHCIA,
OJIHAKO Yallle BCEro MCHoib3ytoTces ABa ¢popmaTta D3: yenvle uucna, KOraa 3amnsras
¢buxcupyercst mociie MIAALIEro paspsaa a,, a AUaNa3oH IPEICTaBICHHS JICKUT

B TIpeJieniax
|AN<2"-1, (312
U OpobHble yucna — 3anaTas GUKCUPOBaHa MOCNIE 8y, a AUAIa30H
|A<1-27". (3.13)

Hanee, eciu He C/IeJIaHO CIIELMAIBbHBIX OTOBOPOK, OyJeM paccMaTpUBaTh IPOOHbIE
JIBOWYHBIE YUCNA CO 3HAKOM, 3aIsITas B KOTOPHIX (PMKCHPOBAHA I1OCIE 3HAKOBOTO

paspsja ag:

ag, ady83...4,. (3.14)
Ouesunno, ecnu apondnoe uncno A=0,a,a,83...a, >0, T0 OHO OyneT npeacTas-
neno B ¢opme (3.14) kak 0,a,8;...a,, a ecmu A=0,aa,33...a, <0, To Kak
1 aa,83...a, . [IpuBesenHoe KoMpOBaHUE APOOHBIX JBOUYHBIX YHUCEN CO 3HAKOM

NPUHSTO Ha3bIBATh npsambiM Kooom yucia (0003HaYaeTCs Kak [A]d ). Utak

[A]d =

A ecmu A=20;

1+|Al, ecin A< 0. (3.15)
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3.4. Anrebpaunyeckoe crnoxeHue/BblYMTaHNe
B NpsiMOM KoAe

Cdopmynupyem mpaBuiia BHIIOTHEHUS ONEPAIid CIIOXKEHUS ¥ BHIYUTAHUS YHCEI
CO 3HaKaMH (Takue OIepalyy MPHUHAITO Ha3bIBATh areeOpauieckumu). Bo-nepBbix,
anreOpanvyeckoe BHIYMTAHHWE BCETJa MOXKHO CBECTH K anreOpandeckoMy CIIoxe-
HUIO, U3MEHUB 3HaK BTOpOro omnepanpaa. [lanee cienyer cpaBHUTh 3HAaKM cllarae-
MbIX. [Ipy OJMHAKOBBIX 3HAKaX CKJIAJBIBAIOT MOAYJIM CIAaraéMbIX U pe3yJbTaTy
npuceausarom 3HaK aro0oro crmaraemoro (oHM oauMHaKoBbie). Ecnu 3Haku ciarae-
MBIX pa3HbIe, TO U3 OOJBIIEr0 MOIYJIS CIAraeMoro 8blYUMAlON MEHBIINN MOIYJIb
U npuceausaiom pe3yiabTaTy 3HaK cIaraeMoro, UMEIoIero OOIbIInN MOIYTb.

BBenem o0o3HaueHU:

A = aoala2a3an ,

B = boblbzb3bn ’
C=A+B=cyCCy..Cp,

rie:

O ay, by — 3HaKOBBIC pa3psiIbl ClIATaCMBIX;

0O Cy — KOZ 3HaKa pe3ynbTara,

0 a,b,q,ie {O, 12.., n} — JIBOUYHBIE IEPEMEHHBIC;

O f — Tun Bemonasemoit oneparmu: f =0 — crnoxenne, f =1 — BeunTanue;

O OV — nmpusHak nepenoiHeHus,

M BBIPa3UM CHOPMYJIMPOBAHHBIN BBIIIC AITOPUTM aIreOpandecKoro CloxeHus/
BBIUUTAHUS B hopme epagh-cxemor ancopumma (I'CA), npuBeneHHoi Ha puc. 3.3.
OtnenbHO ciemyeT paccMOTPETh MpodieMy OOHapyKeHUs (akTa IepenoTHEHUI
Pa3psAIHON CETKM NaHHBIX ¢ (PUKCUPOBAHHOH 3arsATON. DTO MOXKET MPOM30UTH, €CITH
IC|=|A+|B|>1. (3.16)

O‘ICBI/II[HO, IIpU CJIOKCHHUU YHCECJ C pa3HbIMH 3HAKaAMU MEPCTIOJIHECHUE HEBO3MOK-
HO. Ecnu 3Haku ciaraeMbIX OJMHAKOBBI, TIPH3HAKOM MEPEMOJHCHUS MOXKET CITy-
KHUTh TIEPEHOC, BO3HHMKAIONIMA TPH CIOXKEHWH CTapIInX pPas3psAaoB MOyJeit
& +by. Ilpu OTCYyTCTBUM 3TOrO NEpeHoca CIOKEHUE ABYX JIOOBIX 0OUHAKOBbIX
3HAKOBBIX Pa3psIOB JacT B pe3ynbrate Cy =0, a npu NOsBICHHH NEpeHoca u3
nepBoro paspsana Cy =1. Takum 00pa3zom, Mocie CIOXKEHHUs YHCEN ¢ OJJUHAKOBBIMU

3HAKaMU 3HAYCHUE 3HAKOBOTO pa3psjia CyMMbI MOXKHO PacCMAaTpUBaTh Kak MpHU-
3HaK nepenonaenus OV .
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Hauano

Cyi=a,

oV:=0

( Komer )

Puc. 3.3. I'padh) anropurma anreGpandecKoro ClI0KeHHUs/ BEIYUTAHUS

XapakTepHO, 4TO NOIy4YEHHOE B 3HAKOBOM paspsjie Cy 3HAUYEHHE HE SABIIAETCS 3Ha-

KOM pe3yiibTata (anredpandeckoii cyMmbl). VICTHHHOE 3HaYeHHe 3HaKa o0pa3yercs
HE B Iporiecce apudMeTHIecKol onepanyy Haj 3HAKOBBIMHU paspsiiaMu, a Gopmu-
pYyeTcsi HCKYCCTBEHHO.

PaccmoTrpum ciyuait croskeHust 9ucel ¢ pazuvimu 3nakamu. OH CBOIUTCS K BBIYH-
TaHUIO MOJYJIEH claraeMblX, IPUYeM yMEHBIIAEMBIM JIOJKEH CTaTh OONBIINI MO-
Iyab. UToObl n30ekaTh JONOTHUTENLHOW MOYJIBHOM Onepaluy CpaBHEHHsI, MOX-

HO mpou3BecTd "Hayran' Berautanue A— B . [Ipusnakom toro, 4to |A| > |B| , Oynmet

OTCYTCTBHE 3a€Ma M3 HYJIEBOTO B MEpBBIH pa3psa. [lockonbKy paccMmarpuBaeTcs
cnyqaf/i PAa3HBIX 3HAKOB CJIara€MbIX, TO IMPU OTCYTCTBHUU 3a€Ma 3HAYCHUC 3HAKOBO-
ro paspsaa pasHoctu onpenenurcs kak 0—1=1-0=1, a npu Hanu4uu 3aema
0-1-1=1-0-1=0. Takum oOpa3zom, ecnu mpu BerauTaHuNM A—B momyunm
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Co =1, aT0 Oyzmer o3HA4aTh, 4TO |A4 >|B|, W pe3yNbTaTy clieNyeT MPHUCBOUTH
3HaK yncina A (Cy=ay). Ecim okaxercs ¢y =0, To |A4 < |B| , Ml CIIeIyeT Ocylie-

CTBUTH BbluMTaHue B— A, mpucBouB pe3yibrary 3HaK ynucia B (¢ =hy).

3.5. O6paTHbIN KOA U BbINOJSIHEHUE
anredGpanyeckoro CrioXXeHUsl B HemM

[Ipu BeIMONHEHMK anreOGpanyecKoro CIOKEHHsI B MPSMOM KOJE MPUXOAMUTCS, BO-
HEePBBIX, HE TOJBKO CKJIA/IBIBATh, HO U BBIYNTATH JIBOWYHBIE KOJBI, BO-BTOPBIX, KO
3HaKa pe3yibTaTa GOpPMHUpPYETCsS MCKYCCTBEHHO, T. €. 3HAKOBBIE pa3psiabl oOpaba-
TBIBAIOTCS 110 MPABWJIAM, OTJIIMYHBIM OT MPABHI 00paOOTKH pa3psmoB uncia. [l
yCTpaHEeHHs OTMEUYEHHBIX HeIOCTaTKOB B DBM IIMPOKO HCIONB3YIOTCS CHeHAb-
HBI€ TPE/ICTABICHUS ABOMYHBIX YHCEN — TaK Ha3bIBa€MbIE 0Opammubiil N OONOI-
HUMENbHbIU KOObL.

[pencraBienue o6pammnoco Kooa ONPEaCSIeTCS CIICAYOUIMM COOTHOLIICHUEM:

A ecim A>0;
[A], = . (3.17)
2+ A-2", ecimu A<O.

U3 (3.17) cnemyer, 4T0 OOpaTHBI KO MOJOXKUTEIBHOTO YHCJIA PABEH CaMOMY
yuciry! J[ns momydenust o0paTHOTO KO/ia OTPULIATENIFHOTO YUCIa JOCTATOYHO MPH-
CBOUTH 3HAKOBOMY paspsly 3HaueHre 1 M MpOMHBEPTUPOBATH BCE OCTAJIbHBIC pa3-
PSIIBI 9UCTIA:

[-0,aa,...8,] i =L&a,...4a,. (3.18)
HetictutensHo, u3 (3.17) cinenyet, uto npu A=-0,8,8,85...8, OOpaTHBIH KOA
qucia [A]i =2+ A-2". Orkyna [A]i -A=2-2",
lLaa,...a,+0,a,...a,=1+0),(a +a))(@ +ay)...(a, +a,) =
=111..1=2-2"",
yuuThiBas, uto (& +a ) =1.

Jlnst mepexoyia u3 00paTHOro KOJa B MPSIMOM OCYIIECTBISIETCSI CICAYIOIIEe Peoo-
pa3oBaHHe:

[:Lﬁlazan], :lalaz

Q|
=

. [} ] =[Al;.
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3.5.1. AnreGpanyeckoe crioxxeHue
B oOpaTHOM Koae

OYeBUIHO, YTO TIPHU OTCYTCTBHHU MEPENOJHEHUS BO3MOXKHBI YETBIPE CITydas code-
TaHUs 3HAKOB U MOJyJIEH ciiaraembix [9].

a

Cnyuyaii 1.
A>0, B>0, A+B<1.
DTOT Ciy4ail COOTBETCTBYET OOBIYHOMY CIIOKEHHIO TIPSMBIX KOJOB UHCEIN:
[A>0] +[B>0] =A+B.
Cnyuyaii 2.
A>0, B<0, A+B>0.

[A> O]i + [B < O]i =A+2+B-2". HasoBeM 3TOT pe3ysbTaT IIpeaBapHTEIb-

HbIM. VICTHHHOE 3Ha4YeHUe pe3ysibTaTta B pacCMaTpUBaeMOM ciydae (cymMma 1o-
noxutenbHa) Oymer A+ B. CremoBarenbHO, NpeiBapUTEIbHBIA pe3ysbTaT

HYXJIAeTCsl B KOppeKyuu MyTeM BhYUTaHus 2 U 00aBieHus 2 .
Crydait 3.
A>0, B<0, A+B<0O.

[A> O]i + [B < O]i = A+2+B-2". DTOT pe3synpTaT COOTBETCTBYET IIPABMIIb-
HOMY, ITOCKOJIbKY pacCMaTpHUBAETCs CIIydai OTPUIATEILHON CyMMBI.
Cnyuyaii 4.

A<0, B<O, |A+B|<1.

[A<O} +[B<0] =2+ A-2"+2+B-2". 3xech npemBapuTEILHEI pe-

3yJIbTaT HYKJAeTCsl B KoppeKkyuu TyTeM BbIYMTaHUS 2 U 106aBieHns 2, Kak
U B cilydae 2, IOCKOJIbKY MCTHHHOE 3HAa4YeHUE OTPHLATENILHONW CyMMBI, Ipes-

CTABJIEHHOM B 06paTHOM Koje, paBHo A+ B+2-27".

3ameTuM, uTo B ciydasx 2 u 4 TpeOyeTcs oMHaKoBas Koppekuus: — 2+ 2", npu-
YEM TOJIBKO B 3THUX ABYX CIy4asix BO3HUKAET MIEPEHOC U3 3HAKOBOIO pa3psaa. [eict-
BUTEIILHO, B ciiydae 4 00a 3HAKOBBIX pa3psija paBHbI 1, a B ciiyyae 2 3HaK pe3yJibTa-
Ta — O, YTO IIPpU Ppa3sHbIX 3HAKaX CJIara€MbIX MOKET MOJIYUYWUTHCA TOJBKO IIpU
MOSIBJICHUH TIEPEHOCa M3 TIEPBOTO pas3psijia B HyJICBO (3HAKOBBIIT), a CIEI0BATEIBHO,
00s13aTenbHO OyeT epeHoC M U3 3HAKOBOTO paspsaja. Bec 3HaKoBOro paspsaa coot-

BETCTBYET 2°, a Bec nepeHoca u3 Hero — 2. Takum 00pazoM, UTHOPUPYSI TIEPEHOC
W3 3HAKOBOTO Pa3ps/a, Mbl 8blyumaem u3 pe3yavbmama 2, 9To COOTBETCTBYET MEPBO-
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MY WIEHY KOPPEKTHPYIOIIEro BbIpaskeHus. [ yueTa BTOporo 4ieHa cienyer nooa-
BUTH 1 K MITa/IIeMy paspsiy CyMMbI, BeC KOTOPOTo cocTaBiser 2.

B ciyuasx 1 u 3 nepeHoca U3 3HAKOBOTO pa3psijia HE BO3HUKAET U KOPPEKLUs pe-
3ynbTara He Tpedyercs.

Takum 00pa3zoMm, AJs BEIIOJHEHUS ajIreOpanyecKoro CJIOXKEeHUs TBOMYHBIX YUCET,
MpEeICTaBICHHBIX B 0OpaTHOM KOJE, AOCTaTOYHO, HE aHAIM3UPYsl COOTHOIICHHUE
3HAKOB U MOZyJIEH, IPOU3BECTH CIOKEHHE YUCEI, BKII0Yasl 3HAKOBBIE pa3psiabl, 110
MpaBWIaM JBOMYHOW apU(METHUKH, MPUYEM BO3HHUKAIOIIMA B 3HAKOBOM pa3psje
[IEPEHOC JOJDKEH ObITh H0OABJIEH K MIIAALIEMY Pa3psay pe3yJsbTara, OCyLIeCTBIIS
TEM CaMbIM KOPPEKLUIO MPEIBAPUTENILHON CyMMbI. 110JlydeHHBIN KOJ SBISETCS
anredpandeckor CyMMOH claraeMbIX, MPEACTaBICHHON B 00OpaTHOM KOZE.

PaccMoTpuM HECKOIIBKO IPUMEPOB.

Mpumep 3.5

CroxuTh 1Ba Ynclia B o0patHOM Koje. Pesynbrar — Ha puc. 3.4.

A=+01101 [A]l4 =01101 (Al =0,1101
B=-0,0011 [B]y =1,0011 [B], =11100
1« 0,1001

1

C=01010 <« |[c|;=01010 ¢« [C} =01010

Puc. 3.4. Pe3ynbrat BeINONHEHHS Tipumepa 3.5

[IpuBeneHHBIN TPUMEP COOTBETCTBYET PACCMOTPEHHOMY BBIIIE CIIy4aro 2; mepe-
HOC, BO3HHKAIOIIMK B 3HAKOBOM paspsjie, NUKIUYECKH MepeaaeTcs B MIIAAIINH
pasps IpeaBapUTeILHOTO pe3yIbTaTa.

] Mpumep 3.6

CnouTh J1Ba yKcia B o0patHoM koze (ciyvait 3). Pesynbrat — Ha puc. 3.5.
A=-01101 [Al; =11101 [A] =1,0010
B =+0,0011 [B]4 =0,0011 [B], =0,0011
C=-01010 « |[c],=11010 « [C] =10101

Puc. 3.5. Pe3ynbrar BeinonHeHus npumepa 3.6
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Mpumep 3.7

CnoxuTh J1Ba yKcia B o00patHoM koze (ciydvaii 4). Pesynbrat — Ha puc. 3.6.

A=-0,0101 [Al; =1,0101 (Al =11010
B=-0,0110 [B]4 =1,0110 [B], =1,1001
1« 1,0011

1

C=-01011 « |[c|;=11011 <« [C] =10100

Puc. 3.6. Pe3ynbrar BeInonHeHus ipumepa 3.7

Mpumep 3.8 |

CIOXUTh JIBa YKciIa B 00paTHOM Kojie (OIMHAKOBBIC MOJYJIH, HO Pa3HbIC 3HAKH).
PesynbTar — Ha puc. 3.7.

A=-0,0101 [Al4 =10101 (Al =11010
B =+0,0101 [B], =0,0101 [B], =0,0101
C=-00000 <« |[c];=10000 < [C] =11111

Puc. 3.7. Pesynbrar BoInonHeHus npumepa 3.8

Takum 00pazoM, HOJIb B OOpaTHOM KoJie ObIBaeT "MOJOXKHUTEIBHBIM' M "OTpHIA-
tenpHbIM" (0OpatuTe BHMMaHWe Ha BhipaxeHue (3.17)), npuuem pobaBieHHE
K 4uCiIy "OTpUIATeNbHOr0" HyJs, Kak M '"TOJIOKUTENBHOTO", TaeT B pe3yibTaTe
3HaYCHHUE MIEPBOTO CIAraeMoro.

Mpumep 3.9

CroxuTh aBa yrcia B ooparHom koje: 3+ (—0) . Pesysibprar — Ha puc. 3.8.

A=+0,0011 [A]4 =0,0011 [A]; =0,0011
B =-0,0000 (B4 =1,0000 [B] =11111
1« 0,0010

1

C=+00011 <« |[c],=00011 < [C] =0,0011

Puc. 3.8. Pesynbrar BoinonHenus npumepa 3.9
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Teneps paccMOTpUM CiTydau, KOTAa |A+ B| 21, 9TO COOTBETCTBYET MIEPETIOTHEHUIO

paspsaaHoil cetku. O4YEeBUIHO, YUYUTHIBAS, YTO H <lmu |B| <1, nepenonHeHue BO3-

MOKHO TOJBKO IPU CJIOXKEHHHM YHUCENl C OJWHAKOBBIMH 3Hakamu. PaccMoTpum
HIPUMEDBL.

Mpumep 3.10

Crnoxutb aBa 4ucia B obpaTHoM koxe: 13/16+5/16=18/16. Pesynbrar — Ha

puc. 3.9.
A=+01101 [Al; =01101 (Al =0,1101
B =+0,0101 [B], =0,0101 [B], =0,0101
C=-01101 « |[c],=11101 & [C] =10010
Puc. 3.9. PesyibTar BhionHeHns npuMepa 3.10
: Mpumep 3.11

Cnoxuth 1Ba umcna B oopatHom koze: (—11/16)+ (—8/16) = (-19/16). Pesyus-
taT — Ha puc. 3.10.

A=-01011 [Aly =11011 [Al =1,0100
B =-0,1000 [B]y =1,1000 [B], =1,0111
1« 0,1011

1

C=+01100 « |[c]|;=01100 < |[C] =01100

Puc. 3.10. Pe3ynbrar BoimonHenus npumepa 3.11

Takum 00pazoM, MPHU3HAKOM TEPENOJHEHHsSI B OOpaTHOM KOJIE MOXKHO CUMTATh
3HAK pe3yibmama, nPOMuUBONOI0NCHbIL 00UHAKOBLIM 3HAKAM ClA2AEMbIX.

Mpumep 3.12

Cnoxute uucia B obpatHom kome (A>B, B>O0, |A+ B| =1). Pesynbrar —

Ha puc. 3.11.
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A=+0,0111 [Al; =0,0111 [Al =0,0111
B=+0,001 [B]y =01001 [B], =0,1001
C=-01111 « |[c|;=11111 <« [C] =10000

Puc. 3.11. Pe3ynbrar BlnonHeHUs npuMepa 3.12

Mpumep 3.13

Cnoxuth ymcina B ooparHom koae (A<0, B<O, |A+ B| =1). Pe3ynbrar — Ha
puc. 3.12.

A=-0,0111 [Aly =1,0111 (Al =11000
B=-0,1001 [B]y =11001 [B], =1,0110
1« 0,1110

1

C=+01111 « [C];=01111 <« [C]=01111

Puc. 3.12. Pesynbrar BeinonHeHus npumepa 3.13

[Mepenonuenue B coorBeTcTBUH € (3.19) 00HAPYKHBAETCS M B 3THX CITydasx.

Wrak, ncrons3oBaHre 0OpaTHOTO KoJa B ONEpalMiX alreOpamdeckoro CIoxe-
HI/ISI/BI)I‘-II/ITaHI/Iﬂ TO3BOJISACT.

O wucnonb3oBaTh TOJNBKO JEWCTBHE apU(METHYECKOTO CIOXKEHHUS JBOWYHBIX
KOJIOB,;

0 nony4aTsb MCTHHHOE 3HAYCHHE 3HAKA PE3YJIbTATA, BBINOJHAS HaJ 3HAKOBBIMU
pa3psaaMu ONepaHI0B T€ Ke JEUCTBUS, UTO U HAJl pa3psiaMu YUCEN,;

O oOHapyXHUBaTh MEPEIIOJIHEHUE PA3PSAHON CETKH.

EHIC OIHUM NOCTOMHCTBOM IMPUMCHCHUS O6paTHOFO KOJa MOXXHO CYHUTATh IPOCTO-
Ty B3aIMHOTO TIpe0o0pa30BaHUs MPSIMOTO M 0OpaTHOTO KOAA.

OIHAaKO HCIOJIb30BaHHE OOPATHOTO KOJa MMECT OJMH CYIIECTBEHHBIH HEI0CTa-
TOK — KOPPEKIUS MPEABAPUTEILHON CYMMBI TpeOyeT M00aBICHUS SIHUHUIBI K €€
MITAJIIIIEMY Pa3psily ¥ MOXET BbI3BAaTh (B HEKOTOPBIX CIIydasx) paclpoCTpaHCHUE
nepeHoca mo BCeMy YHCITY, YTO, B CBOIO OYepe/ib, IPUBOIUT K YBEITHUCHUIO BIBOE
BPEMEHH CyMMHpOBaHuUs. JIJIsl IPEO0JICHHsI STOr0 HEIOCTATKA MOYKHO HCIIOJIB30-
BaTh BMECTO OOPATHOTO OONOHUMENbHBLI KOO.
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3.6. [lononHnTenbHbIN KOp,
n apucpmMmeTnyeckue onepauumn B HeMm

CBsi3b MKy YUCIIOM M €r0 N300paKEHUEM B JIONIOTHUTEIHLHOM KO ONPE/IeIIsIeT-
Csl COOTHOIIIEHUSIMHA

(3.20)

A, ecimt A=0;
[A]c:
2+ A, ecin A<O.

Takum 00pa3oM, U AOTOIHUTENBHBIN KO MOJOXHUTEIBHOIO YHUCIa PABEH CAMOMY
yuciy (Kak oOpaTHbIA U MpsMOM). JIOMOTHUTENBHBINA KO/ OTPUIIATEILHOTO YUCIIa
donoaHsem UCXOAHOE YHUCIIO 10 OCHOBAHUS CUCTEMbI CUMCIICHUS.

JIONOJIHUTENBHBIA KOJ OTPULATENBbHOr0 4Hciaa o0pa3yeTcs B COOTBETCTBUH CO
CIIETYIOINUM BBIpa)KEHHEM:!

[-0,a3,...8,] . =L &3,...3,+27" =[-0,ya,...a,]; +2".  (3.2)

Heiicturensro, u3 (3.20) crmemyer, 4YTO UL OMpuyamenbHo2o0  YUCIa
A=-0,a,a,a3...8,, AONOJHUTEILHBIA KO [A]C =2+ A, otkyna [A]C —A=2 umn

[Al. + A=2. Torma

133a,...8,+2 " +0,33,...a, = (1+0),(@ + )@, +a,)...(a, +a,+2 ") =
=10,00...0=2,

yauthiBas, 9to (3@ +a;) =1.

Takum oOpaszom, ansi mpeoOpa3oBaHKs OTPHLATEIBLHOTO JBOWYHOTO YHCIA B JIO-
HOJIHUTEIIBHBIN KOJ| Clie/lyeT peodpa3oBaTh ero cHadaia B oOpaTHBI koj (ycra-
HOBUB 3HAKOBBIN pa3psia B 1 U MpOMHBEPTHPOBAB BCE OCTANILHBIC Pa3psi/Ibl YHCIIA)
1 100aBUTh €AMHUILY K MJIaAIIEMy pa3psay 0OpaTHOro Koja.

Hpyroii cnocob mepesBofa MpsIMOrO KOJAa OTPHULATEIBHOIO JIBOMYHOTO YHCIA B
JONOJTHUTENBbHBINA (MPUBOIAIINN, pasyMeeTcsi, K TAKOMY e pe3yJibTary) ompe-
JeJIAeTCsl CIEAYIOIUM MPAaBUIOM: OCTaBUTh 0€3 U3MEHEHMs BCE MIIa[IINE HYJIH
W OJHY MJAJUIYI0 €IWHHILY, OCTalbHbIC pa3psabl (KpoMe 3HaKoBOro!) mpowuH-
BEPTHUPOBATH.

Mpumep 3.14

[IpeobpazoBaTh yrcia B JONOITHUTENBHBIN KOA. Pe3ynpraT — Ha puc. 3.13.
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Yucao IIpsamoii kox OopaTHbIii JononHUTEIb-
KO/ HBIH KO
+00111 = [A];=00111 = [Al=00111 = [A], =0,0111
-00111 = [A];=10111 = [A] =11000 = [A], =1.1001
-01000 = [A];=11000 = [A] =10111 = [A], =11000
-00101 = [A];=10101 = [A] =11010 = [A], =11011

Puc. 3.13. Pe3ynbrar BoinonHenus npumepa 3.14

3.6.1. AnreGpau4yeckoe croxeHue
B OOMOJIHUTENBLHOM Kofe

PaccmoTpuMm Te e YeThlpe ciydasi COYeTaHus 3HAKOB M MOAYJICH OIepaH/IoB, YTO
U TIPH PACCMOTPEHUH CIIOKEHUsS B 00paTHOM Koze B pazod. 3.5.1.

O Caywyaii 1.
A>0, B>0, A+B«<l1.
DTOT ciydail COOTBETCTBYET OOBIYHOMY CIIOKEHHIO MPSMBIX KOJIOB YHCEII:
[A>0]. +[B>0]. = A+B.
O Cayuyaii 2.
A>0, B<0, A+B>0.
[A> O]C + [B < O]C = A+ 2+ B. UctuHHOE 3HauYeHHE pe3yibTara B paccMaTpu-

BaeMoOM ciydae (CcymMMa ToNIoKuTenbHa) OymeT A+ B, u Koppekius 3akioya-
€TCs B BEIYMTAHUH 2.

O Caywyaii 3.
A>0, B<0, A+B<D0.
[A> O]C + [B < O]C =A+2+B. DT0T pe3yapTaT COOTBETCTBYET MPAaBHILHOMY,
IIOCKOJIbKY PacCMaTpUBAETCA Cydail OTPULATENBHON CyMMBIL.
O Cnyuaii 4.
A<0, B<O, |A+B|<L1.

[A< O]i + [B < O]i =2+ A+2+B. 3xece npenBapuTensHBIA pe3ybTaT, Kak U B

ciydae 2, HyX/JaeTcs B KOppeKyuu MyTeM BBIYMTaHUsS 2, OCKOJIbKY HCTUHHOC
3HAYCHHE OTPHULATEIBHONW CYMMBI, IPEICTABICHHON B JOMOJHUTEIFHOM KOJIE,
paBHo A+B+2.
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Kak u B 00patHOM KOJZi€, KOPPEKIHs TpeOyeTcs TONBKO B ciydasx 2 u 4, mpuyem
B JIOTIOJTHUTEIEHOM KOJE KOPPEKIHs 3aKJII0YaeTcsl IPOCTO B UTHOPUPOBAHUU I1e-
peHoca, BO3HUKAIOIIETO U3 3HAKOBOTO pa3psija.

PaccMoTpuM HECKOIBKO IPUMEPOB.
Mpumep 3.15

CrnoxuTth 1Ba YWcia B JonONHATENsHOM Koge: (+13/16)+ (—3/16) = (+10/16).
Pesynprar — Ha puc. 3.14.

A=+0,1101 [Al4 =0,1101 [A], =01101
B=-0,0011 [B]y =1,0011 [B], =11101
C=+01010 <« |[c],=01010 <« |[C].=111010

Puc. 3.14. Pe3ynbTar BblnoaHeHus npumepa 3.15

. Mpumep 3.16
ClIoXUTh [OBa 4YHCIIAa B IONOJHUTEIBHOM KOJIE (cnyqaﬁ 3). PesynpraT — Ha
puc. 3.15.

A=-01101 [Al4 =11101 [A], =1,0011

B =+0,0011 [B]4 =0,0011 [B], =0,0011

C=-01010 « |[c]|;=11010 <« |[C|.=10110

Puc. 3.15. Pesynbrar BeinonHeHus npumepa 3.16

Mpumep 3.17
Cnoxuth 1Ba 4HClIa B JIONOJHUTENBHOM Koxe (ciydaii 4). Pesynbrar — Ha
puc. 3.16.

A=-0,0101 [Al; =1,0101 [A], =11011

B=-0,0110 [B]y =1,0110 [B], =11010

C=-01011 « |[c];=11011 <« |[C],=110101

Puc. 3.16. Pesynbrar BeinosiHeHus npumepa 3.17
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Mpumep 3.18

CJI0XWTH JBa YKCIA B JOMOJTHUATEILHOM Koje (OAMHAKOBBIC MOIYJIH, HO Pa3HbIC
3HaKH). Pe3ynaprar — Ha puc. 3.17.

A=-0,0101 [Aly =1,0101 [A], =11011
B =+0,0101 [B]4 = 0,0101 [B], =0,0101
C=+0,0000 <« [C];=00000 « [C],=10,0000

Puc. 3.17. Pesynbrar BeinosHeHus npumepa 3.18

U3 npumepa 3.18 BuHO, 4TO "HOMB" B JOTMOJHUTEILHOM KOJIE UMEET €JIMHCTBEH-
HOE "TONIOKUTENbHOE" TIpeICTaBIICHHE.

Tenepp paccMOTpHUM Cllydad, KOraa |A+ B| >1, 4TO COOTBETCTBYET NEPEMOTHEHUIO

pa3psaHOM CETKH.
Mpumep 3.19

CII0XHTb J(Ba YMCIIA B JOMOIHUTEIbHOM Koze: 13/16+5/16 =18/16. Pesynsrar —
Ha puc. 3.18.
A=+01101 [A]; =041101 (Al
B =+0,0101 [B]y =1,0101 [B].
C=-01110 « |[c];=11110 < |[C].=10010

=01101
=0,0101

Puc. 3.18. Pesynbrar BeinosHeHus npumepa 3.19

Mpumep 3.20
Crnoxuth 1Ba 4mclia B IOMONHUTeNbHOM Kome: (—11/16)+ (—8/16) =(-19/16).
Pesynbrar — Ha puc. 3.19.

A=-01011 [Aly =11011 [A], =1,0101

B=-0,0011 [B]y =1,1000 [B]. =1,1000

C=+01101 <« |[C|;=01101 < |[c], =101101

Puc. 3.19. Pesynbrar BeinonHeHus npumepa 3.20
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OueBHIHO, IS JOTIOJHUTEIHFHOTO KOJA, KaK M JJIsl 00paTHOTO, CIPaBeUINBO BbI-
paxenue (3.19). Tenepb paccMOTpUM Cilydau |A+ B|:1. J1st TONOKHUTETHHBIX

craraeMbIx rpumep 3.12 MOXXET OTHOCHTBCS Kak K 0OpaTHBIM, TaK U K JIOTIOJHHU-
TEJIBHBIM KOZAaM, HO IIpeoOpa3oBaHHE pe3yjibTaTa — JOIOJHHUTENBHOIO KoZa
B IIPSIMOM NPUBENET K IPYroMy 3HaY€HU0. JIeiCTBUTENBHO,

[C]. =1,0000 - [[C], ] +1=11111+1=1,0000=-0,0000.

Husa cnyqas A<O, B<O, |A+ B| =1 nmeem crenyromee.

Mpumep 3.21

CroXuTh [jBa YMCIia B JONONHUTENBHOM Koxe: (—11/16)+ (—5/16) = (-16/16).
Pesynbrar — Ha puc. 3.20.

A=-01011 [Al; =11011 [A], =1,0101
B=-0,0101 [B]y =1,0101 [B], =11011

C=-00000 <« [C]y=10000 <« [C]. =20,0000

Puc. 3.20. Pe3ynbTar BoinoaHeHus npumepa 3.21

[Tepenonnenre no npusHakam BbipakeHus (3.19) ne oOHapyxeno! OmnHako pe-
3yJIBTAT ONEpPalii — " OTPUIIATEIIBHBIN HOJb", KOTOPHIA HE MOXET UCIOIh30BATh-
csl B IONIOJTHUTENBHOM KoJie. JleficTBUTeNnbHO, ClI0KeHHE B JONOJIHUTEILHOM KOJIe
moboro yucna ¢ "orpunarenbHbiM HyleM' 1,00..0 MeHSeT 3HaK ATOro YMCIa.

Urak, npu A<0, B<O, |A+ B| =1 npu3HaKoM MEPErnoTHEHUs CIY)KUT HE BBI-
paxenwe (3.19), a kox pesynesrara 1, 00...0.

Takum O6p330M, 3HAYCHUE IIpU3HAKa TIEPCIIOJHCHUA B JONOJHHUTECIBHOM KOIE
MOKHO IOJIyYUThb B COOTBETCTBHUH CO CJICAYIOIIMM BBIPAXKCHUCM.

oV = 506000 \2 a0b060 \' Coc_l_éz .. ‘EI"I . (322)

ITogsenem uroru. [IpuMeHeHne IOMOIHUTENBHOTO KO, IO CPaBHEHHUIO C 00part-
HBIM, UMEET OJHO CYLIECTBEHHOE NPEUMYILECTBO — KOPPEKLUs pe3yjbTara CBO-
IUTCSL IPOCTO K OTOPAChIBaHUIO IEpEeHOCca M3 3HAKOBOTO paspsiia U He mpebyem
dononnumenvHuvlx 3ampam epemenu. K HemocTarkaM NpUMEHEHHS JONOJIHHUTEIb-
HOT'O KOJa MOXXHO OTHECTH, BO-IIEPBBIX, OOJiee CIOKHYIO NPOLEAYPY B3aUMHOIO
npeoOpazoBanus 11K <> JIK, TpeOyromyto HOMOTHUTENBHBIX 3aTpaT BpEMEHH, H,
BO-BTOPBIX, MPOOJIEMBI C O0OHApyKeHHEM TiepenonHeHus. /[t Toro 4To0s1 MUHH-
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MU3UPOBATh BIUSHHUE NIEPBOI0 HEAOCTATKA, JAHHBIE B AMATH 4acTO XPaHST B J0-
MOJTHUTENFHOM Koze. B atom ciydae mpeoOpazoBanus 11K <> JIK BeImomHSAIOTCS
OTHOCHUTENLHO PEAKO — TOJIBKO IIPH BBOJIE U BHIBOJIE.

3.6.2. MogucnumpoBaHHble 0OpaTHbLIN
M OONONHUTENbHbLIN KOAbI

JInst onpenesieHuss MEPENOSHEHHsT HCIONb3yoT Bbipaxkenue (3.19) — OyseBy
¢ysKIMIO Tpex nepeMeHHBIX. C 1enpio Oonee y1oOHOTO OOHApYyKEHHUS TIepero-
HEeHUs B 00pPaTHOM U JTOMIOJHUTEIHHOM KOJAaX MOXKHO MPUMEHHUTH TaK Ha3bIBAEMbIC
"MoauQuIMpOoBaHHBIE" UX MPEICTABICHUS:

[A] m A, ecit A= 0; 303

"4+ A-2, ecmm A<O. (323)
A, eciiu A>0;

(Al = (3.24)

4+ A, ecim A<O.

HerpynHo mokasaTh, 4TO MOAWGHUIMPOBAHHBIE KOIBI OTINYAIOTCS OT COOTBETCT-
BYIOIIMX OOBIYHBIX HAJMYHEM JIOTIOJHUTEIHHOTO 3HAKOBOTO paspsiaa: "Turoc” Ko-
mupyerca 00, a "munyc" — 11. Ota cBoeoOpaszHass U30BITOYHOCTH, COXpaHsIs BCE
Ka4ecTBa OOBIYHBIX OOpPATHBIX M JIOTIOJHUTEIBHBIX KOJOB, TO3BOJSIET (pUKCHpO-
BaTh (PaKkT MEPENOTHEHHS 110 HEPABHOZHAYHOCHIU 3HAKOBLIX PA3PA008 pe3yibma-
ma. 3aMeTHM, YTO MCHOJIB30BaHNE MOAM(UIIMPOBAHHOTO JIOMOIHUTEIBHOTO KOJa
He pemaeT mpoOieMbl OoOHapyKeHWs mepernonHeHus B ciydasx A<0, B<O,

|A+B|=1.

3.7. AnropuTtmMbl anredbpanyveckoro CroXxeHus
B OOpaTHOM M AONOJIHUTENILHOM KoAe

B pa30.3.5.1 u 3.6 moapobHO 06Cy)KAanock, Kak BHIMOIHUTH ONEPAUI0 anred-
pPanvecKoro CIOKEHHUS YHUCEN, YKE MPEACTABICHHBIX COOTBETCTBEHHO B 00paTHOM
WiIn OJOIIOJHUTCIIBHOM KOJE. I[J'DI 9TOIro0 A0CTAaTOYHO BBIIIOJHUTH apI/I(bMeTI/I‘-ICCKOC
CJIO)KCHHUEC ABOUYHBIX BCKTOPOB, IMMOJYYUB MCTUHHOC 3HAYCHUC PE3YyJIbTaTa B KOAC
npescTaBieHus onepanaoB. [Ipu omepaiu B 00paTHOM KOJE BO3HUKAIOIIUHA M3
3HaKOBOT'O Pa3psa NEpPEeHOC CIeayeT T00aBUTh K MIIAALIeMy pa3psity cyMMsl. [le-
peroHeHre 00HAPYKHBACTCS COTTacHO BhipakeHuto (3.19).

B ciyuae ecnu cnaraemble NMpeCTaBICHbBI B IPSMOM KOJE, a OIepauus BBIIOIHS-
eTca B OOpaTHOM WM IONOJHWUTENBHOM, MX CIEAyeT CHayaja IpeoOpa3oBathb
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B COOTBETCTBYIOIIHI KOJI, 3aT€M BBHIITOJHUTH CIIOKEHHE U CYyMMY BHOBB IpeoOpa-
30BaTh B MPSIMOM KOJ — KOJ Pe3yJbTaTa BCETJa JOJDKEH COOTBETCTBOBATH KOIY
MCXOOHBIX NaHHbIX. Ha puc. 3.21 npuBeneH nmpuMep anroputMa anredpamdeckoro
CIIOKEHUSI B 00pamuom KoOe HYHCEN, NPEACTABICHHBIX B NPSAMOM KOjE, a Ha
puc. 3.22 — anreOpanyeckoe CI0KCHUE/BBIYUTAHUE YHCET B OONOIHUMENbHOM
Kode.

Hauaio

Hagaio

( Komer )

Puc. 3.21. Anropurm anrebpandeckoro  Puc. 3.22. Anroputm anreGpandeckoro ciaoxeHust/
CIIOKEHUSI B 00paTHOM KoJie BBIYUTAHUS B JOTIOTHUTEIFHOM KOJIE
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IIpu paccMOTpeHHH aNTOPUTMOB HCIIONB30BaHBI Te ke 0003HAYCHHUS, KOTOPHIC
ObUTH BBEIIEHBI B pa3d. 3.4 miis puc. 3.1. JIoNOIHUTEILHO BBEIeM 0003HAUCHUS:

O A=aa,..a,, B =bb,..b,, C'=cc,...c, —moxynu uucer;

0 C_; — mepeHocC U3 3HaKOBOIO paspsja,

g o*= 506000 v aghpCy v CoCCy ...C,y — CUTYyaIMu NEPEroNHEeHUs B JONOIHU-
TEJILHOM KOJIE.

B anropurme Ha puc. 3.22 MOXHO OTMETUTh OJHMH HEeIOCTAaTOK. [Ipy BBIMONIHEHUU
Beryutanus (f =1) HeoOXOQMMO TMOJYYHUTh JIOMOJHEHHE BTOPOrO OIEpaH/a:

B’ :=B’+1, uro sBasercs apugmemuueckoii onepayueti u TpedyeT BPEMEHH, 0C-
TATOYHOTO AJISl MPOXOXKICHUS TIEpeHoca 1o BceM paspsiiaM uncna. s uckitoue-
HUS IOTIONIHUTENLHON apu(MeTHIeCKOl orepaii MOKHO B MIEPBOH OIMEpaTOPHOI
BEpIIMHE OCYIIECTBUTH TOJIBKO MHBEPCHIO (0cuueckylo onepayuro, KOTOpas BbI-
MOJTHSIETCST OBICTPO), & HEIOCTAIONIYIO "eAMHUITY" K MJIaaIeMy paspsay 100aBUTh,
€CITM 3TO HEOOXOJMMO, B Ka4eCTBE BXOJHOTO MEPEHOCa MIIAJAIIETo pa3psiaa B MO-
MEHT CYMMHPOBaHUS ciaraeMbiX. TakuM o0pa3oM, B IBYX MEPBBIX ONEPAMOPHbIX
BEpILIMHAX aIropuT™Ma puc. 3.22 clieyeT IOMECTUTh TAKUE OTIEPaTOPHI:

B'=B"

C=A+B+f.

3.8. AfropuTMbl YMHOXEHUSA

yMHO)KeHI/IC JABOHUYHBIX YHUCEJI CO 3HAKOM yI[O6He€ BCCTrO HpOBOI[I/ITI) B HpﬂMOM
koje. JleficTBUTENbHO, 3HAK IPOU3BEICHHS HE 3aBHCHUT OT COOTHOIIEHHS BETHYUH
MOJIYJIEl COMHOKUTENEH, a 3aBUCUT TOJIBKO OT UX 3HAKOB!

Co =ag ® by = aghy v Agb, (3.25)

a MOJLyJIb IPOM3BEIEHHS PABEH MIPOU3BENEHUIO MOJYJIEH COMHOKHUTEIIEH.
O6Gosznaunm A", B, C’ — Moy COMHOXHTENEH U NMPOU3BEIEHUS COOTBETCT-
BeHHO. Toraa

C'=A"B'=A"(b-21+b,-22+...+b, ;- 2D 4p . 2" =

=A'b,-2"+Ab, -2V 4 AL, 224 AY 2=

=(A'b,- 2D LA 27Dy p A, 2 EAY)- 27t (3.26)

=(A'b,- 2™ L Atb, -2 1 1AL 27 4 AND)- 271 =

=(..(0+A'b) 2 +Ab, )2+, +A'b)- 2+ A) - 27
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Beipaxxenne (3.26) ompenensier mporecc (HOPMHUPOBAHUS TPOM3BEACHUS ITyTEM
BBIYMCIICHHUS. YACTUYHBIX CYMM M CYMMBI YaCTHYHBIX Ipou3BeneHui. HamoMuumM,
uro by — crapmmii paspsan MHoxuTens, a b, — mumagummii. Beraucnss Henocpen-

CTBEHHO 10 popmyie (3.26), crenyeT Ha KaXKIOM Iare:
1. Ilpoananu3upoBaTh ouepenHyo unudpy Muoxurens b . Ecim b =1, To oue-

pelHas yacTH4Hasi CyMMa paBHa A, M oHa J100aBiseTcsl K HAKOIUICHHON paHee
CyMMe YaCTHYHBIX mpou3BeaeHnid S (Ha nmepBom mare S=0), nHade 100aB-
JICHUSI HE TTPOU3BOIUTCS.

2. OcyuiecTBUTh MPAaBBIi CABUT YaCTHYHOTO MPOW3BEACHUS S Ha OIWH Paspsi.

Vumuokenne S-27% COOTBETCTBYET ACNEHUIO Ha 2, YTO B JBOMYHOW CHCTEME
CUHCIIEHVSI PABHOCUIIBHO COBU2Y YUCAA HA 0OUH pa3ps0 8npaso.

3. IlyskTtel 1 1 2 mOBTOPSIOTCS 0 TEX TOP, MMOKa He OyayT ncyepnaHbl Bce MUQPHI
MHOKHUTEIIS.

Hauamno
’=n

1.
C=0

Puc. 3.23. YMHOXEHHE B IPSIMOM KOJIE
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OueBHIHO, YHCIIO IarOB NPH MCHOIB30BAHUH MTPUBEICHHOTO BBIIIE METO/a PABHO
Pa3psAHOCTH MOMIYJIST MHOKHTENS. AJTOPHTM YMHOXEHHS YHCEI, TPEICTaBIICH-
HBIX B TIPSIMOM KOJIe, TPUBE/ICH Ha puc. 3.23.

B m3o0paxenHoM Ha puc. 3.23 anroputMe, B OTIMYHE OT aJrOPUTMOB CIIOXKe-
Husi/BerunTanus, 3HaueHne OV =0 ycranaBimuBaercsi 6e3yciioBHO. JlelicTBUTENb-

HO, A u B — poOHBIe urca; O4eBHUIHO TIPH |A4 <lmu |B| <1 Bcerma |A>< B| <1.

B pesynbrate BhrumcieHus no ¢opmyie (3.26) monydyaercs nmpousBeieHHE pas-
psaaHocThio 2N. Ecnu paccMaTpuBaTh COMHOXKHUTENM Kak JApoOu, TO miaimue N
Pa3psiIOB MOXKHO MPOCTO OTOPOCHTD (OKPYTIICHHE C HEJOCTATKOM) I OKPYTIIHTh
70 N-paspsiIHOTO MOJYIIS MO MPABHIIAM OKPYTIICHHSI.

OueBuIHO, U3 BhipaxkeHus (3.26) J1erko moayuuTh
C'=A.-B=
= (042" A b)) 242" A by) 24+ (3.27)
+27" A ) 242" A b)) 2,

YTO MO3BOJIAET MTPOU3BOJAUTH YMHOKEHUE, HAUMHAS CO CTApIINX Pa3psA0B MHOXKH-
Tenst. [Ipu 3ToM CIBUT CyMMBI YaCTMYHBIX MPOU3BEACHUN OCYILECTBISIETCS 671€80
Ha 00uH paspsio, 9eMy COOTBETCTBYET YMHOXECHUE IBOMYHOTO YUCIia Ha 2.

3.8.1. YMHOXeHue B AONOJIHUTENIbHOM Kopfe

Ecnu Ha 00paboTKy MOCTYHArOT YMCIIA, YK€ TPEJCTaBICHHBIC B JIOTIOJIHUTEIIBHOM
KOAC, TO AJId YMHOKCHUSA UX MOKHO IICPECBCCTU B HpﬂMOﬁ KOA UJIM YMHOXAaThb Cpa-
3y B JOMOJHHUTEILHOM KOje. B mocienHeM ciiyuae B YMHOKEHHH YYaCTBYIOT H
3HAKOBBIC pa3psAdbl COMHO)KI/ITCJ'ICI\/'I, IMpUYCM 3HAK MNPOU3BCIACHUSA I10JIYyHACTCA B
TOM JK€ ITUKJIE, YTO U Pa3psasl MOAYIS mpousBeaeHus. OJHAKO B HEKOTOPHIX CIIy-
gasx TpeOyeTcss KOPPEKIUs MPeaBapUTeILHOTO pe3ynbTata. Mel He Oyaem pac-
CMaTpHUBaTh 3/I€Ch CIIyYad YMHOXEHHS B JOMOJHHUTEILHOM Koje. JI'0003HATEb-
HBIM PEKOMEHIyeM COOTBETCTBYIOIIYIO TUTeparypy, Harpumep [9].

3.8.2. MeTOoAbI YCKOPEHUA YMHOXEHUA

MeTo/1pl YCKOpEHHsI yMHOXKEHHsSI IPUHATO AeauTh [6, 9] Ha anmapaTHbIe U JOoruYe-
ckue. Kak Te, Tak u apyrue TpeOylOT JOMOJHHUTEIBHBIX 3aTpaTr 00OpYIOBaHMS.
[Ipu ucronb30BaHUM aNImapaTHBIX METOAOB IOIMOJHHUTENBHBIE 3aTpaThl 000py/I0-
BaHUS MPSMO MPOMOPIUOHATIBHBI YHCITY pa3psA0B B ONepaHaax. ITH METObI BbI-
3BIBAIOT YCJIOXKHEHHE CXEMBI OllepallioHHOro aBTomara AJIY.

JlononaHUTENBHBIE 3aTpaThl 000PYIOBAHUS MPH PeaH3alyu JOTHUYECKUX METOIOB
YCKOPEHHUSI YMHOXKEHHUSI HE 3aBUCSAT OT Pa3psIHOCTH OINEPAHAOB. Y CIOXKHSIETCS
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B OCHOBHOM cxeMa yrpasieHust AJIY. B OBM nmns yckopeHus: yMHOXEHHS 4acTo
UCTIOJIB3YIOTCS KOMOMHALIMY 3THX METOIOB.

K anrapaTHbIM METOJaM YCKOPCHUSA YMHOKCHHA OTHOCATCA YCKOPCHHUE BBIINIOJIHE-
HUS OIepalyii CIOKEHHs M CABWTA, BBEICHHUE MOIOJIHHUTEIBHBIX IIENel CIBUra,
MO3BOJISAIONIUX 3a OJIMH TAKT MPOU3BOJUTH CIABUT MH(OPMAIIUU B PErUCTpax cpasy
Ha HECKOJIBKO Pa3psIoB, COBMEIICHNE BO BPEMEHH Olepanuii CJI0KEHHS U CIIBUTa,
MOCTPOCHNE KOMOMHALMOHHBIX CXEM MHOKHMTENIBHBIX YCTPOHCTB, PEaln3yIOIINX
"TabnmuuHoe" u "MaTpudHOE" YMHOKEHHE.

[Mpumep peanu3anuy YMHOKEHHSI C HCIIOJNB30BAaHHEM N-BXOJIOBOTO CyMMaropa
MmoKa3aH Ha puc. 3.24.

3nechk yacTHYHBIE TPOM3BENCHUST (POPMUPYIOTCS HAa cXeMax N-pa3psiIHBbIX KOHB-
IOHKTOPOB OJJHOBPEMEHHO M TOAAIOTCS Ha BXOJBI N-BXOJOBOTO CyMMAaropa, IpH-
94eM B CyMMAaTOpe 3a CYET COOTBETCTBYIOIIEH KOMMYTAIIMH LETel OCYIIeCTBIISIOT-
Ciad CABUTH YaCTHYHBIX HpOH3BCZ[CHHI7[ (KaK IIpYU BLINIOJIHECHUM YMHOXCHHUA Ha
Ooymare "B cTosiouk”). Ha BbIX0o/e cymMMaropa mojy4aercsi 2N -paspsaHoe Mpous-
BEJICHHE.

Meron TabnuuHoro ymHoxenust (puc. 3.25) M03BOJSIET MOJIYYUTh MPOM3BEICHUE
3a OJJMH TAaKT NP YCJIOBUH, YTO BCsS TaOJMIA YMHOXEHUs! (pe3ysbTaTbl YMHOXE-
HHsI BCEBO3MOXKHBIX Map N-pa3psiIHBIX COMHOXHTeNei!) OymeT pa3melieHa B ma-
MaATH. O4YeBUIHO, IS STOTO MOHAIOOUTCS 3aIlIOMHHAOIIEE YCTPOHCTBO 00BEMOM

22" 2n -paspsaHBIX CIIOB (TOYHO TAKHM K€ CIIOCOOOM MOKHO BBITTOJHSTEH M APY-
rue "uIMHHBIE" onepaluy — JefieHue, Bhiunciienne Gpyukimit). Tak, 1is opranu-

3anuu 8-pa3psIHOTO YMHOXKHTENSI IOTPeOyeTcs maMsaTh 00beMOM 26 %16 Gur =
= 128 KbaiiT, uTo A7 COBPEMEHHOTO YPOBHS Pa3BUTHUSI MHTETPAIBHON TEXHOJO-
THHU HE Ka)KEeTCS YpE3MEPHBIM.

Onnako ans 16-paspsgHoro AJIY yMHOXKHTENb "TIOTSHET' yXKe Ha 232 %32 6ur =
= 16 I'6aiit! YUto kacaeTcs COBpEMEHHBIX 32-pa3psHbIX MPOIECCOPOB, TO K pac-
4eTy MOTPEeOHOCTH B MaMATH AJIS TAKMX YMHOXKHUTENEH Nla)ke CTPallHO MPHUCTY-
narb.

B 3TOM ciydae MOYKHO BOCIIONIb30BAaThCS TaOIHMIIEH YMHOXKEHHST MEHbBILEH pa3psi-
HOCTH, MOJTy4as ¢ €€ MOMOIIBIO YACTUYHBIC IPOU3BEICHHUS, a IOTOM IIPOCYMMHPO-
BaTh UX, IPEJBAPUTENIBHO CABUHYB Ha COOTBETCTBYIOLIEE YHUCIIO Pa3psA0B.
PaccmoTpum 3T0T cnoco® ymHOeHHs moapoOnee. Ilycte N — uernoe. Toraa
KaXJblil U3 JIBYyX COMHOXKHUTEJIEN MOXHO IMPEICTaBUTh KOHKaTEHALMEN ABYX IO-
nei omxuHaKoBOi paspsaHoctH n/2: A= A A, B=B,B,. B atom ciyuae mpo-
M3BEIECHUE MOXKHO MPEJCTAaBUTh CIEAYIOIINM BBIPAXKECHUEM:

n n

AxB=A B +22 A -B +22-A B, +2"- A By, (3.28)
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| MHuoxxumoe MHOXUTEIb
12 co.o.on=1f |n

n A
\4

Voo V

MHOTOBX0/10BO#
CyMMaTop

2n¢

[TpounsBenenue

Puc. 3.24. Marpu4yHoe yMHOKEHHE

MHoxumoe | | MHuoxureib

nl ni

4 v

I3y

[Ipoussenenue

A D 211;

A4

RD

CS

Puc. 3.25. TabnuuHOe yMHOKEHHE

Takum oOpasom, pacrionarasi, HanpuMep, TaduIel YMHOXKeHHUsT 8X 8, MOXKHO T0-
JIYYHUTH TIPOM3BEACHHE IBYX 16-paspsAaHbIX COMHOXKHTEEH, CIIOKUB (C COOTBETCT-
BYIOLIMM CIBHIOM) BCero 4 ciaraembiX. [IpOMIUTIOCTpUpPYEM ITOT METOJ Ha MPO-
CTOM IIpUMEDE.

[Iycth TpeOyercs mepeMHOXKaTh 4-pa3psaHble uncia 0e3 3Haka. [loctponm Tabmwiy
yYMHOXeHUsT 2X2 (Ipu pacCMOTPEHUH MpuMepa He OyJeM BKIIIOYaTh B HEE Haphl
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COMHOJKHUTEJIEH, KOT/la OJIMH M3 HUX PaBeH HYIIIO, a TaK K€ IMapbl COMHOXHTEICH,
CHMMETPUYHBIE YK€ BKIFOUEHHBIM) — pHC. 3.26.

01 x 01 = 0001 10x 10 =0100
01 x 10 = 0010 10x 11=0110
01 x11=0011 11x 11 =1001

Puc. 3.26. BcnomorartenbHast TabJIMLAa YMHOXKEHUS

Mpumep 3.22

Bemomamv ymHoxkerne 6x10 = 60 wm B gonaHoM xoxe 01.10%x10.10=00111100.
W3 tabmunpl momyuaeM wacTuuHble mnpousBenenus: A x B =10x10=0100,

A x By, =10x10=0100, A, x B =01x10=0010, A, x B, =01x10=0010.

Temnepp CI0KUM YaCTUYHBIC POU3BE/ICHUSI, TPEIBAPUTEIIHLHO CIBUHYB HX B COOT-
BetcTBHH C (3.28). Pesynbrar — Ha puc. 3.27.

0100
01 00
00 10
00 10

00 11 11 0O

Puc. 3.27. Pe3ynbTat BeINOIHEHUS IpuMepa 3.22

Mpumep 3.23

Beimonmanm ymHoxkenue 7x11= 77 v B neoryroM koae 01.11x10.11=01001101.
W3 Tabmuubl moiydaeM dYacTW4Hble mpousBeneHus: A x B =11x11=1001,
A xB;, =11x10= 0110, A,xB, =01x11=0011, A, x B, =01x10=0010.

TCHCpI) CJIOKMM YaCTHYHBIC NPOU3BCACHUA, MPECABAPUTCIIBHO CABUHYB UX B COOT-
BetctBHH C (3.28). Pesynbrar — Ha puc. 3.28.

10 01
0110
00 11

00 10
01 00 11 01

Puc. 3.28. Pesynbrat BeINONHEHUs puMepa 3.23
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Cpenu noeuueckux HanboJiee pacrpoCTPaHEHbI B HACTOSAIIEE BPEMsI METOJbI, T10-
3BOJISFOIIME 32 OJMH IIIar YMHOXEHHUSI 00paboTaTh HECKOJIBKO Pa3psiiOB MHOKHUTE-
sis1. PaccMOTpuM oMH M3 CITOCOOOB YMHOKEHMS Ha JiBa pa3psa MHOXWTEINS, Ha-
YUHAs C €ro MIIQANIMX Pa3psaoB. B 3aBHCUMOCTH OT pe3ysibTara aHajau3a Mapbl
PaspsaI0B MHOXKHTEIS TPEIYCMATPUBAIOTCS Clieayromue aeicTus (Tadi. 3.3).

Tabnuua 3.3. [eticmsus

Komounauus | JeiictBue Jlo6aBjieHO
00 Cnsur — Casur 0
01 Crnoxenne — Cusur — Casur A
10 Cnpur — Cnoxxerane — Casur 2A
11 Cnoxenne — Cusur — Croxxenne — Crasur 3A=4A-A

Taxum 06pa3om, st yMHOXKEHHS Cpa3y Ha J[Ba pa3psiia MHOXKHTEIS JOCTaTOYHO:

O npu 00 npocTo NpOU3BECTH CIIBUT HA J[Ba pa3ps/a;

O npu 01 npubaBUTh K CyMMe YaCTHYHBIX MPOU3BEICHUN MHOXKUMOE ¥ TIPOU3BE-
CTH C/ABHWI Ha JIBa paspsija,

O npu 10 npubaBuTh K CyMMe YaCTUYHBIX NMPOU3BEACHUI yIBOGHHOE MHOKHUMOE
Y TIPOM3BECTH CJIBUT Ha JIBA pa3psa,

O npu 11 BeIYeCTh W3 CYMMbI YaCTHYHBIX MPOU3BEACHUN MHOXHMOE (Min 100a-
BUTb OOpaTHBIN (IOMOJHUTENBHBIIN) KOJ MHOXXHMOTI0), MPOM3BECTH CIBUT Ha
JBa paspsiaa u 100aBuTh 1 k ciemyrorieit (crapiieit) nape udp MHOKUATEIIS.

[Ipu kaccryeckoM METole YMHOXKEHUS ABOMUYHBIX N -pa3psiIHBIX YUCET COTTIacHO
BeIpakeHuio (3.26) morpedyercss N CABMIOB CyMMBl YaCTHYHBIX MPOM3BEACHUI U
n/2 (B cpemHeM) CIOXKEHUH MHOXHMOTO C CyMMOI YaCTHYHBIX TPOU3BEICHHMIL.

OnuH U3 METOI0B YCKOPEHHMS OIepallii YMHOXEHHUS — aHAIN3 cpasy ABYX paspsi-
JIOB MHOXKHTEIISI. ITO TO3BOJIMT TIOJNYYHUTh PE3YIbTAT, IPUMEHSSL N/2 CIBUIOB M

(B cpemtem) 3n/8 crokeHui/BBIYHTAHHMIA.

3.9. AniropuTtmbl geneHus

3HaK YacTHOTO, KaK W 3HAK MPOU3BEICHUS, HE 3aBUCUT OT COOTHOIICHHUS MOIYJICH
OIIEPaH/IOB M OIPEICIIACTCS B 3aBUCHMOCTH OT 3HAKOB OIEPAHIOB 110 BBIPAKCHUIO
(3.25). TToaTOoMy paccMOTpPHUM CHayasia MPOIECe deleHuss MOOYel TBOUIHBIX YHCET.

Ilycte A — nemumoe, B — nemurens, C —uactHoe, W — octaToxk.
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OueBuIHO, TIPY TPEACTABICHUH YHCEN ¢ PUKCHPOBAHHOH 3amaTol Kak APOOHBIX,
JIOJDKHO COOJIFOJIATHCS YCIIOBUE

|A<|8, (3.29)
nHaye C >1, 9T0 COOTBETCTBYET MEPENOTHEHHUIO Pa3PSIHON CETKH.

[Ipomecc aeneHuss ABOWYHBIX YMCEN MOXET OBITH CBEJNIEH K ITOCIIEOBATEIHHOCTH
BBIYATAHUI ¥ aHAJIM3a 3HAKOB MOTYYaIOMINXCs 0cTaTKoB. CHopMyIHpyeM cloBec-
HBI aJITOPUTM JIEJICHHS CIEIYIOIUM 00pa3oMm:

1. BeuuraroT U3 1enumoro aenutenb. Eciu 3Hak pasHoctu O, TO JejeHue HEBO3-
MOXHO B cuily HapyuieHus ycnosus (3.29), u cienyer, ycranosu OV =1, 3a-
BEpIINTH OMNEPALNIo; WHAYe B pas3ps IEJIOoH 4acTh YacTHOro 3amuchiBaioT O
(B KOHIIE OTEpaIMK B 3TOT pa3psil MOMEIIASTCS 3HAK YaCTHOTO).

2. Tak kak ocrartok (pasHocts A—B) oka3zancs oTpuiaTenbHbIM, BOCCTAHABIH-
BAIOT OCTATOK IyTeM 100aBJICHUs JEIUTENS K OCTATKY.

3. CaBuraroT BOCCTaHOBJIEHHBIH OCTATOK BJIEBO Ha OJWH pa3psl.

4. BBIYUTAIOT U3 CABHHYTOI'O OCTATKA JEJIHUTEIb, €CIIH MOJyYeHHAs Pa3sHOCTh I0-
JIOKUTEIbHA, TO OYepeaHON nudpoi yacTHOro craHoBuTcs 1, u ciemyer me-
peiiTa K 1. 3; nHade ouepenHas mudpa gactaoro — O 1 mepexoasT K 1. 2.

[yHKTBI 2—4 OBTOPSIIOT CTOJBKO Pa3, CKOIBKO IU(p TpedyeTcs MOMyYnTh B YACTHOM.

Mpumep 3.24

Jlenenne apoOHbIX monoxkutensbHbix unced + (3/16): + (12/16) =+ (1/4) = + (4/16)
MpUBEICHO Ha puc. 3.29.

YacTHOE

0,0100.. ~ 0011
1100
@o111
1100
<~ 001 CIBHI'
0110
— BbIYUTAHUE
1100
@1o010
+ BOCCTAHOBJICHUE OCTATKa
1100
0110
1100
1100
04,0000 ocrarok =0
— 1100 BbIYUTAHUE
L (o100
1100
0000 ocrartok =0

0000 wurT

BBIYUTAHUC

BOCCTAHOBJIEHHE OCTaTKa

C/IBHT

BOCCTAHOBJICHHUC OCTATKa

Puc. 3.29. Tlpumep neneHus
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3.9.1. leneHue 6e3 BOCCTAaHOBJIEHNA OCTaTKa

[puBeneHHBIN paHee METO T JACICHHs Ha3bIBAETCSI METOIOM JICJICHHS C 60CCIMAHO6-
nenuem ocmamxa. TIpy MOMyYeHUH OTPHUIIATEIFHOTO OCTATKA HA OYEPEIHOM IIare
JICTICHUST HEOOXOAUMO Tepejl JIEBBIM CABUTOM BOCCTAHOBHTH OCTATOK MyTEM JI0-
0aBneHUs K HeMy aenuTess. IIpu 3TOM s TOJMydeHHst N-pa3psiiHOTO YacTHOTO
TpebyeTcst B cpeHeM 15N IMKIIOB CI0KEHHUS/BEIYMTAHS.

CylIecTByeT alrOpuT™M IEJICHUS 06e3 80CCMAHOGIEHUs. OCMAMKA, TO3BOJISFOIINIA
KOPPEKTHUPOBATh OTPHULATEIbHBIE OCTATKU 0€3 JOMOIHUTELHOIO LHKJIA CIIOXKe-
Husl. PaccMOTpuM [efCTBHS, IPOU3BOIMMBIE C OCTATKAMH B IIUKIIC JICJICHHS B 3a-
BUCHMOCTH OT IOJY4EHHOTO 3HaKa ocTatka (Tadu. 3.4).

Buano, 4TO ecnu Ha OuepeAHOM Iare OCTATOK MOMYYMJICS OTPUIIATENBHBIN, €ro
MO>KHO HE BOCCTaHABIIMBATh, HO Ha CJIEAYIOIMIEM IIare B 3TOM ClIydae Hy»KHO BMe-
CTO BBIYMTAHUS JCIUTEIIS U3 CABUHYTOTO OCTaTKa JOOABHUTH JCIIUTENb K CIBUHY-
TOMY OCTaTKy.

Tabnuya 3.4. [Jeticmsus, npousgooumsie ¢ OCMAMKAMU 8 YUKIIe OeleHUs]

Homep mara | JleiictBue W=>0 W<0
1 BoccranoBnenue ocrarka Her W+B
2 Casur BICBO 2w 2-(W+B)
3 Brruuranue nenurens 2V-B 2-W+B)-B=2W+B

HeiictBurensho, ecmu W — B < 0, To ciemyeT BOCCTAHOBICHUE OCTAaTKa U CABUT BOC-
CTaHOBIICHHOTO ocTaTka BieBo (ero yasoenue) 2- (W — B+ B) . Ha cienyromem mare

BbIUMTaeM nenurens u nomydaeM 2W — B . Tor ke pe3ynsTrar MOKeT OBITh TTOTydeH,
€cJM CIBUHYTb HEBOCCTAHOBJIEHHBIN OCTaTOK, HO Ha CIEAYIOLIEM IIare BMECTO BbIUM-
TaHus npou3BecTy godasnenue aenurenst: 2-(W -B)+B=2W -2B+B=2W +B.

3.10. ApucpmeTnyeckme onepaumm c YMcriamm,
npeacTtaBrieHHbIMU B hopmarte
C NnaBawoLieun 3ansaTon

B TakoMm ¢opmare yuciio onpenenseTcs 3SHAYCHUSIMA MAaHTHUCCHI B TIOPSIJIKA:
N=m-qgP, (3.30)

rage M — MaHTHCCaA Yyucia, P — NOpsJa0K,  — OCHOBaHME.
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ManTtucca u TMOPAAOK MOT'YT UMETh CBOU 3HAKHU, MPUIEM 3HAK MAHTUCCBHI COOTBET-
CTBYCT 3HAKYy 4uCJIa. OcHoBaHue g MOXKET HE cOoBINajgaThb C OCHOBAHHUEM CHCTEMBbI

CUHCJICHUA. HpI/I onepanuax ¢ IBOMYHBIMU YHUCIIaMH 4aCTO IJIA paCIIUPECHUA AUa-

Ma30Ha MPEICTaBICHNUS YHCEN BEIOUPAIOT ( = 2%, Hanpumep, =16.

B mMammHHOM mpezcTaBieHuH GopMmar yucia ¢ miaBarolnei 3amsatoit (puc. 3.30)
3a/1aeTCsl ABYMsI MOJISIMH — [OJIEM MaHTHCCHI M ¥ TOJIeM HOpsiIKa [, IpHYeM

Ka)XKJI0€ 10JIe UMEET CBOM pa3psil 3HaKa. 3HaueHHE Mopsjika B (hopMaTe duciia He
YKa3bIBACTCSI — OHO MOJ[Pa3yMeBaeTCs OJIMHAKOBBIM JIJISl BCEX YHCEI.

ManTrcca U TOPAIOK TPECTABISIOTCA B QopMmare ¢ (PUKCHpPOBAHHOM 3amsiTOH,
npudeM OOBIYHO MOPSIOK — IIEJI0e YHCIIO CO 3HAKOM (3amsTast (PMKCHpOBaHa I0-
clie MJIAJIIIEro paspsiaa), a MaHTHcca — MPaBUIIbHAS ApoOb (3armsiTast GUKCHPOBa-
Ha MEXJy 3HAKOBBIM Pa3psioM M CTapIIUM pa3psaoM monydis). C 1enbio yBesu-
YeHUS TOYHOCTH IPEACTAaBICHHUA 4YHCIa B 3aaHHOM ¢opMare MaHTHCCY
HpPEACTABISIIOT B HOpMAnu308anHou GpopMme, Korjaa crapuil paspsa MOayis MaH-
THCCBI — He HOJIb (7151 IPSIMBIX KOIOB). JleiicTBUTENBHO,

0,2364-10* = 0,0024-10°,

O/THAKO B ITOCJICAHEM CIyda€ MaHTUCCAa HE HOpMaJIM30BaHa U TOYHOCTb IPEACTaB-
JICHU YHMCJIa — BCCTO ABa ACCATUYHBIX paspsdaa.

0 1 ko 1 K
3H. » 3H. m
p m

b b

Puc. 3.30. ®opmar yncia ¢ nuaBaroouien 3ansaToi

Cy1ecTByIOT U apyrie (HopMaThl MPEJCTABICHUS YKHCEN C IUIABAOIICH 3aIsIToM.

1 v o
Tak, craumapt |IEEE", xoTopslii, KCTaTH, TOAAEPKUBAIOT (CO)MPOIECCOPHI CEMEH-
crBa x86(87), npexycMarpuBaeT yncia ¢ OJAWHAPHON U IBOHHOW TOYHOCTHIO.

@dopmarsl IpeACcTaBICHBI TPEMS OSIMHU:
0 s — 3HaK 4uCIa;
0 € — XapaxkTepUCTHKa,

O m — manTHucca.

Y Institute of Electrical and Electronics ENgineers — MHCTHTYT MHKEHEPOB IO IEKTPOTEXHHKE H
3JIEKTPOHHKE.
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dopMaT ¢ 00uHaApHOU MOYHOCMbIO 3aHUMaeT 32-paspsaHOoe JABOHUYHOE CIIOBO,
npUYeM 3HaK S pa3MeIlaeTcss B €ro CTapiieM pas3psije, XapaKTepHCTUKa € —
B Clleqyromux 8 paspsjaax W, HakoHell, 23 MIIA[IIUX pa3psjia 3aHUMAeT MaH-
THCCA M.

[lopsimox P, Moa KOTOPBIA OTBOIWTCS OAWH OalT, MOXKET MPHHUMATH 3HAYCHUS

B auanazoHe +127. Xapaktepuctuka B ctangapte |EEE nmomyuaercs xak mopsigok
¢ uzbpimrxom 127: e= p+127. Tlpu 3TOM XapaKTEpPUCTHKA BCETIa TIOJIOKHUTEIIbHA,

YTO yIpoulaeT BHIIOJHEHUE apH(METHUECKIX ONepaIyi.

ManTtucca uucna B cranjnapre |EEE nopmanusoBana u nexutr B auamna3zoHe
1<m< 2. llenas yacTh MaHTHCCHI BcerJa paBHa 1, mosToMy 3HaYeHHE LETON
YacTH HE XpaHMUTCS B (opmaTe uucia, a mojapasymeBaercsi (Tak Ha3plBaeMas
"ckppiTas enuHuna"). J[poOHast yacTh MAaHTHCCHI XpAaHUTCS B 23 MIIJIIUX pa3-
psanax ¢popmara.

dopmar ¢ 060UHOU MOYHOCMbIO OTIUYACTCS [IMHON TMOJIeH XapaKTePUCTHKHU
(11 6utoB ¢ usbermrxom 1023) u mantuccel (52 6ura) u pasmemaercs B 64-pas-
PSIAHOM JBOMYHOM CJIOBE.

[MTonpoOyiiTe caMOCTOATENBHO OLIEHHUTH JNAIIa30H MPEICTaBICHUS Jrcel B (hopma-
tax |EEE. ITogpoOHOCTH O BBHIMOTHEHUHW ONEpauuii ¢ 3TUMH (opMaTaMH MOKHO
nocMmoTpeTs B [3, 11].

3.10.1. CnoxeHwue u BblYyUTaHue

Panee mMbl ZOroBOpHIIHCE, YTO anredpanvyecKkoe BBIYUTAHUE JIETKO CBECTH K amired-
pandecKkoMy CIIOKEHUIO IIyTeM 3aMEHbl 3HaKa BToporo omnepanpa. Ilosromy pac-
CMOTPHM IIpoLiecC aredpandeckoro cioxeHus. st ysiIcHeHus IpUHIKIA BbIIOJIHE-
HUS CIOKEHHUS YHcesl C IUIaBarolllell 3arsiTod pacCMOTPUM IpPUMEP B AECATUYHOMN
cHCTEME.

: Mpumep 3.25 ]

CnoxuTh J1Ba YKCia, PEJICTAaBICHHBIC B (popMaTe C IiaBarolieii 3amsToi:
A=0,315290-10"2, B =0,114082-10*2.

O6patuTe BHUMaHHE, MAaHTUCCHI YUCEN HOpMalU30BaHbl. OUEeBUIHO, IPEKIEC YEM
CKJIa/IBIBaTh MAHTHCCHI, TpeOyeTcs Mpeodpa3oBaTh YHCIa TAKUM 00pa3oM, 4TOOBI
OHU UMEIN 00UHAKOBble NOpsAOKU. BrlpaBHUBaHUE TOPSIIKOB MOXHO BBHIMOJIHHUTD
IBYMsI CIIOCOOAMH — yMEHBIIEHHEM OOJIBIIETO TOpsAKa O MEHBIIETO W yBe-
JMYSHUEM MEeHbIero 10 oonbiero (puc. 3.31).
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A= 0,315290-1072 A= 0,000031(5290.10*2

B = 1140(0,820000-102 B= 0114082 -10*2

C= 1,135290-1072 C= 0114114 -10%2
a o

Puc. 3.31. BrlpaBHUBaHUE NOPAIKOB

B nepBom ciyuae 3a pa3psiHYIO CETKY BBIXOAST CTaplINe pa3psiibl CABUTaeMOU
MaHTHCCHI U pe3yJbTaT CI0KEHMs OKa3blBaeTcsl HeBepHbIM. Bo BTOpoM ciydae
IIPU COBUTE TEPSIIOTCS MIIAJIINE Pa3psiibl MAHTUCCHI, YTO HE BJIUSAET HA TOYHOCTh
pesynbTaTta. Il03TOMY THpH BBIpaBHHUBAaHUU TOPSAKOB BCETNA CIEAYET yGenu-
Yyygamsb MeHbUUL NOPAOOK 00 OOAbUIe20 TP COOTBETCTBYIOLIEM YMEHBIICHUN
MaHTHUCCHI.

Jlnst BBIpaBHUBAHUS MOPSJIKOB CIIEAYET ONPEIeNIUTh Pa3HOCTh MOPSAKOB ciarae-
MBIX U CABHHYTh MaHTHCCY YHCJIa ¢ MEHBIINM MOPSJIKOM BIIPABO HA BEIHYUHY
9TOK pasHocTu. Ecin pa3HOCTh MOPAIKOB MPEBBIIIAET Pa3psiAHOCTH OIS
MaHTHCCHI, TO 3HAUYCHUE CJIATaeMOTO C MEHBIIIUM MOPSIKOM MOXKET OBITh PUHS-
To 3a 0, a pe3ynbpraT CyMMUpOBaHUsl OyIeT paBeH ciaraeMoMy C OOJIBLINM IIO-
PAIKOM.

ITociie BbIpaBHUBAHHUS TIOPSIIKOB CICIYET CJI0XKUTh MAHTHUCCHI M OTPEICIUTh B Ka-
4ecTBE MOPSIIKA pe3ysbTaTa MOPSAA0K JF000ro U3 ciaaraeMpix (MOCie BhIpaBHHUBA-
HUS TIOPSJIKK CIaraeMbIX paBHbI). Eciu mpu ClI0K€HHH MAHTHUCC BO3HHUKAET Tepe-
MOJTHEHHUE, TO PE3YJIBTAT MOXKET OBITH UCTIPABIICH MMyTEM CABHTAa MAHTHCCHI CYMMBI
Ha OJTMH Pa3psi/l BIIPABO U J0OABJICHHS €IUHUIBI K TOPSIIKY PE3yIbTaTa.

OnHako eciay B pe3ysbTaTe 3TOr0 JT0OABICHHUS MPOHM30MIET MEeperoIHeHne pas-
PSTHOM CETKH MOPSAKOB, TO PE3YJIbTAT OKAKETCSI HEBEPHBIM — HMMEET MECTO TaK
HaszbIBaeMoe nonoxcumenvroe nepenoanenue. OV =1 (puc. 3.32).

A=0,96502-10"2 A=0,96502-10"?

B =0,73005-10"! B =0,07300-10"?
C =1,03802-10"2  — nepenonnenue manTHcc!
C=10380-10"  — npaBubHbIii pesysbTar

Puc. 3.32. [TonoxuTenbHOE MepenoIHeHe
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B pesynbrate anreOGpandeckoro CIOXKEHHs MAaHTHUCC PE3YJIbTaT MOXKET OKa3aThCs
HCHOPMAJIM30BAHHBIM. I[H)I HOpMaJIM3alluu pe3yJibTaTa HCO6XOHI/IMO CABUT'aThb
MaHTHCCY pe3yJibTaTa BICBO IO TEX HOp, MOKa B CTApIIEM 3HAYAINIeM pa3psae He
okaxxetcs nudpa, orauuHas oT O (B 1BOMYHO# crucTeme 310 1), compoBoXkaast Kax-
Il CABUT yMeHblleHHeM Ha 1 mopsiaka pesyibrata (puc. 3.33). OtoT mporecc
Ha3bIBACTCS HOpMALU3ayuell pe3yibmamd.

A=0,24512-10"8
B =-0,24392-10"8

C=0,00120-10%  =0,12000-107%°

Puc. 3.33. [TonoxuTenbHOE MEpenoTHEeHHE

B mporiecce yMeHbIIEHUS TMOPSJIKA TPU HOPMAJIM3allMd MOXET OKa3aThCs, YTO
MOJyJIb TIOPSIJIKA MPEBBICHI MAaKCUMAaJIbHYIO BEIMYHHY, pa3MeNacMyro B MoJie To-
psaaka. DTOT cioy4yail Ha3bIBAIOT OmpuyamenbHuiM nepenoinenuem. ETo MOKHO
n30eKaTh, OCTaBUB PE3yJIbTAT HEHOPMAIM30BAaHHBIM, OJHAKO TPUHATO CUHTATH,
YTO COXPAHATh HEHOPMAJIU30BaHHBIN PE3yJbTAaT B MAMATH HEJOMyCTUMO. [loaTOMy
B Cly4ae OTPHIATCIILHOTO IEPEIOJHEHHs pe3ysbTaT MPUHUMAET 3HAYeHHE ''Ma-
IIWHHBINA HOJIB".

Urak, mponenypa anreOpandeckoro CIOXKEHHS YUCENl C IUIaBaIOIel 3arsTou
CKJIaJBIBACTCS U3 CICAYIOIUX HTAIOB!

1. BrIpaBHUBaHHE OPAIKOB.
2. Anrebpandeckoe CI0XEHHE MaHTHCC KaK YUCell ¢ PUKCHPOBAHHON 3aIIATOM.
3. Hopmanusanus pesyibraTta.

ANTOpPUTM oOmepaluy CIOXKEHHS C IUIABAIOIEH 3amsiTod IpencTaBlIeH Ha
puc. 3.34. [lepBas yacTb anropuT™Ma — 6bIpAGHUBAHUE NOPAOKOS, TIPEACTAaBICHA
JOCTaTOYHO TOAPOOHO, XOTS MOKHO MPEUIOKHUTh HECKOIBKO PA3IMIHBIX CIOCO-
0OB peanu3anuu 3TOH mpoueaypsl (B 3aBUCHMOCTH OT CHOCO0A KOIUPOBAHHUS
MTOPSIIKOB, TpeOOBaHMUS K OBICTPOACHCTBHIO W DKOHOMUYHOCTH apH(DPMETHIECKO-
TO YCTPOWCTBA). Aneopumm aneebpauieckoco crodcenus manmucc (Kak 4ucen
¢ (hUKCHUPOBAHHOM 3arsITOH) MoaApoOHO obCyxmancs panee (cm. pazo. 3.4—3.6,
puc. 3.3, 3.21, 3.22), no3ToMy B pacCMaTpHBaeMOM aJrOPUTME OH MPE/ICTaBIICH
oqHUM OnokoM. Hopmanusayusa pesynvmama TIpUBEIEHA IS CIIydasi TIpeICTaB-
JICHUSI YMCEIT B TIPSIMOM KOJIE.
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Hauano

7]

Kak yuces ¢ @3

VYerpaneHne nepenonHeHust
MaHTHCC

Puc. 3.34. Anroputm onepanuy CI0XKEHUs YUCEN ¢ IIaBatollei 3ansIToi

B bIpaBHUBAHUEC IIOPAOKOB

Airebpanueckoe
CIIO}KEHHE/BEIYUTAHUE dopMupyroTcs
mantuce | | <TTTTC m,u OV,
3

Hopmanuzanus pesynasrara
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3.10.2. YMHOXeHue n peneHune

[Tonoxum
A=m,-qPA;
B=mg-q";
C=m.-q";
D=mp-q™.
Torna

C=AxB=(myxmg)-q”A"Pe 1 e. mc =myxmg, pc = Pa+ Pg-
D=A+B=(my+mg) q°A ™, 1.e. My =my+mg, Pp = Pa—Pg-

Takum 00pa3oM, YMHOXKEHHUE YHCEN C IJIABAIONICH 3ansITONH CBOJMUTCS K JIBYM OIIe-
paiusiM (YMHOXXEHHE MaHTHCC M CIIOKEHHE MOPSIKOB) Haa YHUCIaMH ¢ (GUKCHPO-
BaHHOM 33H$1TOI>'I, a JCJICHUC — K ACJICHUIO MAHTHUCC U BBIYUTAHUIO MMOPAAKOB —
TaKke K JIBYyM OlepanusM ¢ (PUKCHPOBAHHOW 3aIsITOM, KOTOpble ObLTH TOAPOOHO
paccMOTpEHBI paHee.

3.11. ApucpmeTnyeckmne onepauumm
Hag AeCATUYHbIMU Yucriamun

3.11.1. KognpoBaHuMe AeCATUYHbIX Yncen

[Ipu ucnons3oBannu B OBM necsaTHUHBIE YMCIa KOJUPYIOTCS TPYNIION JBOUYHBIX
pa3psa0B. YUUThIBas, 4TO

log,10 = 3,32, (3.31)

JUIS TIPE/ICTaBIICHUS OTHOW JECATUYHON HUPPHI TpeOyeTcs He MeHee YeThIpex
JBOMYHBIX pa3psaoB. COOTBETCTBHE MEXIY JECATHYHON ITU(PON U ee TBOUYHBIM
MPEJICTABICHUEM HA3bIBAIOT OBOUYHBIM KOOOM Oecamuunou yugpul. Haubomee
€CTECTBEHHBIM TPEICTABISACTCSA KOJUPOBAHUE MECATHUHBIX UMD MO3UIIMOHHBIMH
JIBOMYHBIMU KOJaMH C €CTECTBCHHBIMU BeCaMM pa3psIoB. Takoi KoJ MPUHATO Ha-
3bIBaTh Kodom "8421".

SIcHO, 9TO 3TO TANEeKO HE €AMHCTBEHHBIN CIIOCO0 KOIUPOBAHUS TECATHIHBIX IUQD.
Hcnonb3ys TONBKO YeThIpeXpa3psHbIe ABOUYHBIC KOJBI, cieayeT BoiOpath 10 u3
IIeCTHAIIIATH BO3MOXKHBIX KOMOWHAIMi uist mpenctaBienus mudp. KommgectBo
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CIoco00B, KOTOPHIMH MOTYT ObITh BhIOpanbl 10 koMOWHAIMA U3 16, paBHO YHCTY
couetanuii u3 16 mo 10:

|

10!- 6!

ITocne Toro xak BeIOOp KOMOMHAIMH clenal, MoxHO P =10 cnocobamu comnoc-

TaBUTh KOMOMHALIMIO JecITHYHON udpe. Takum oOpazom, odiee Ynucio pa3aud-
HBIX YETBIPEXPa3psIHBIX KOJIOB JIECITUYHBIX [IU(P COCTABISET

16! 16!
e =C-P,=——-10=—"=3.10".
R 1006l 6!
[IpakTideckn muIbp 5—6 pasTUYHBIX KOJOB HCMONB3YIOT B OBM mis mpencras-
JICHUS ACCATHYHBIX TUPP.

OCHOBHO# HEIOCTaTOK KOJMPOBAaHUS JECATUYHBIX 1Hpp B kome "8421" cocrout
B HECOOTBETCTBUM Beca JCCATHYHOIO W IIECTHAIIATEPUIHOTO TiepeHocoB. Jeiict-
BUTEJIBHO, MIEPEHOC M3 TETPAJIbl IICCTHAAIIATEPUYHON ITU(PHI nMeeT Bec 16, a jie-
caTnuHbIi nepeHoc — 10.

JInst ycTpaHeHHs 3TOro MPOTUBOPEYHS MOXKHO BBIOpATh JPyrHe CHOCOOBI KOIUPO-
BaHMs JecaTuyHbix 1udp. Hanpumep, kox "8421+3" (uHOrnma ero Ha3bIBalOT
KOOOM ¢ u30blmkoM mput) TIO3BOJISIET TIPU CIIOKEHUH MOJTydaTh CyMMY "C H30bIT-
KoM 6", TIpH 5TOM Bec MepeHoca COOTBETCTBYET JIECSITUIHOMY .

MoxHO Mog00paTh TaKUE Beca JIBOMYHBIX Pa3psiOB MPU KOAUPOBAHUU JIECS-
THYHBIX TGP, 9TOOB UX cymMMa paBHsuack 10. Hampumep, kon "5211" o6ia-
JaeT MMEHHO TaKuM CBOWCTBOM. [Ipu 3TOM, OAHAKO, HapylIaeTcs CBOWCTBO
(YHKIIMOHAIBHOCTH COOTBETCTBHS JECATHYHBIX HU(PP M UX JBOUYHOTO IPEJ-
crapieHus. Hanpumep, nudpa 7 moxer ObITh npeacrabieHa kak 1100 wnu
kak 1011. Jlnsg mpeonofieHHus 3TOr0 HENOCTaTKa JOCTATOYHO JOTOBOPHUTHCS,
9TOOBI B MOAOOHBIX CUTYallUAX BCEr/a CHayaua 3aloiHSIUCE Miaduiue pa3psi-
IIBI KOJIa.

B Ta6:. 3.5 npuBecHbI yIIOMSHYTHIC JBOUYHBIC KOJBI ACCATHYHBIX ITUDP.

Apudmernueckue ornepaniy HaJa ASCITHIHBIMHA YHCIaMH MOYKHO BBITIOJTHATH KaK
Ha CICIUAIBHBIX JCCATUYHBIX CyMMaropax (B 3TOM Cilyyae MOXHO MPHUMEHSTbH
JT00YI0 KOIUPOBKY IECATHYHBIX LU(P), TaK U HAa OOBIYHBIX JBOUYHBIX CYMMATO-
pax. B mocneanem ciyyae necsTHdHbIe yrcia 00pabaThIBAIOTCS 10 Npaguiam 080-
UuHOU apugmemuxu, N NECATHIHBIN pe3yabTaT ONEPallii, €CTECTBEHHO, HY)KIaeT-
csl B KOPpEKUUH. B 3TOM ciydae CI0KHOCTh KOPPEKLUHH U JUTMTEIBHOCTH €€
peaT3aliy CYIIECTBEHHO 3aBUCAT OT BHIOPAHHOTO KO/IA.
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Tabnuua 3.5. [Jsouunsie k00wl decamuyHvix yu@p

Hudpsr Kopn " 8421" Kopn " 8421+3" Kopn " 5211"
0 0000 0011 0000
1 0001 0100 0001
2 0010 0101 0011
3 0011 0110 0101
4 0100 0111 0111
5 0101 1000 1000
6 0110 1001 1001
7 0111 1010 1011
8 1000 1011 1101
9 1001 1100 1111

3.11.2. ApucdbmeTnyeckue onepauum
Haa AeCATUYHbIMU YUCIaMu

PaccMoTpuM BBINOIHEHUE ONEpaIVK CIIOKEHUS JCCITUYHBIX Yncen B koje "8421"
IO MpaBWJIaM JBOUYHOMN apu(hMETUKH.

Mpumep 3.26

PesynbTar — Ha puc. 3.35.

A = 4754 = 0100 0111 0101 0100
B = 2917 = 0010 1001 0001 0111
C = 7671 = 0111 | «0000:0110:1011 !

7 0 61

Puc. 3.35. Pe3ynbrar BeinonHenus npumepa 3.26

M3 paccMOTpEeHHOro mpuMepa BHIHO, YTO TETpaibl pe3yibrara (Ha30BEM €ro
npeBapuTeIbHBIM), 00paMIICHHBIE PAMKOM, HYXIAIOTCA B KOppeKimu. JleicTBu-
TEJIBHO, €CIIM CyMMa TeTpall, NPEeACTaBIISIONINX COOTBETCTBYIOIIUE IECSTUYHbIE
paspsbl ciaraeMeix, Oombire 9, HO He TpeBbImaeT 15, TBOMYHBIN MTEPEHOC B Clie-
IYIOIIYI0 TeTpaxy He gopmupyerca. B aTom ciydae TpeOyeTcst BRIpabOTaTh HC-
KYCCTBEHHBIN TIepeHOC U yAaduTh u3 TeTpanbl 10, 4To COOTBETCTBYET M0OaBIECHHUIO
mrecrepku (0110) u mepemade 00sA3aTEIBHO BO3HUKAMOMIETO TPH 3TOM IMEPEHOCA
B CIEAYIOIINNA CTapIIMid pa3psii.
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Ecnu u3 Tetpaasl ObLT JBOMYHBIN MEpEHOC (B MPUMEPE OH OTMEYEH 3HAKOM <—), TO
oH "yHec" m3 Terpanasl 16, B TO BpeMs Kak ACCATHUYHBIA MEPEeHOC JOJKEH ''YHO-
cuth” Tonbko 10. 3HAUUT, B TaKWe TETPaJbl, U3 KOTOPBIX OBUI MEPEHOC, CICAYET
no6asutk mecrepky (0110).

Takum 00pa3oM, KOppeKIHs NpPeIBAPUTEIbHON TBOUYHONW CYMMBI TIPH UCIIOJIB30-
BaHUM Koja "8421" 3akmiodaercs B nodasneHun koma 0110 ko BceMm Terpajam
HpeHBapHTeHBHOﬁ CYMMBI, 3HAYCHUEC KOTOPLIX MPECBLIIACT 9 HJIN U3 KOTOPBIX 6I)IJ]
JIBOMYHBIA TIepeHoc. Bo3HuKaromme mpu KOPPEeKIHH MEPEeHOCH TOJDKHBI 00s3a-
TENIFHO TepenaBaThCsl B CICAYIOIIYIO CTapIIyl TETpaay. BhIMoNHHM omepaimu
npumepa 3.26 ¢ yuetoM chOpMYIMPOBAHHBIX TPABIIT KOPPEKITUH.

Mpumep 3.27
Pesynprar — Ha puc. 3.36.

A =4754 =0100 0111 0101 0100
B =2917 = 0010 1001 0001 0111
C=7671 0111 0000 0110 «1011
0110 0110

=0111 0110 0111 0001

7 6 7 1

Puc. 3.36. Pe3ynbrar BeinonHenus npumepa 3.27

Paccmotpum etie ouH npumep apuGMeTHIECKOro CIOKEeHUS B Koje "8421".
Mpumep 3.28
Pesynprar — Ha puc. 3.37.

A =3852= 0011 1000 0101 0010
B=5179 = 0101 0001 0111 1001
C=9031 1000 1001:«110:101:

= 1001 0000 0011 0001
9 0 3 1

Puc. 3.37. Pe3ynbrar BoinonHeHus npumMepa 3.28
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U3 npumepa 3.28 BUIHO, 4TO MEKTETPAJIHbIC IEPEHOCHI, BOZHUKAIOIINE B MpOIlec-
ce KOPPEKLHH IPEIBAPUTEIBLHON CYMMBI, MOI'YT TaKUM 00pa3oM W3MEHHTh CTap-
[IME TETpajbl, YTO MX TaKXKe MOTpedyeTcs KOPpPEeKTHpOBaTh. B Xymmiem ciydae
KOJIMYECTBO MOCIIEI0BATEIBHBIX KOPPEKIHIA OyAeT PaBHO Pa3psiJHOCTH CIaraeMbIX
(pacecmotpute mpumep ciokerns 9999 + 1 B koze "8421").

Ha ocHOBaHWM BBIIIEH3IOKEHHOTO MOXKHO OTMETUTH CIEAYIOIINE HEJOCTATKH
npuMeHeHus kona "8421":

O Heo0X0AMMO OTCIEKUBATh HE TOJBKO IIEPEHOCHI U3 TETPa, HO U 3HAUYCHUS MO-
IyJiel TeTpal NpeaBapUTEIbHON CyMMBI,

O B 00mIEeM CiTy4ae HEBO3MOXKHO MTPOU3BECTH OJIHOBPEMEHHO KOPPEKIIMIO BO BCEX
TeTpasiax, TJIe MOXKET MOTPeOOBATHCS KOPPEKIIHSI.

JI7st mpeo1oNeHnsl OTMEYEHHBIX BBIIIE HEZOCTATKOB MOXKHO MCIOJIB30BATh IPYTHE
Kozbl, Hanpumep " 8421+3". Ilpu KogupoBaHUM C U3OBITKOM TPH Ka)aas IeCATHYI-
Has nudpa npejacrasnsercs kak & = a + 0011, rae & — xox "8421" wudpsi.

Torna npu ciioXeHun
o' =(a +3)+(B +3)+ Py =2 +b + Py +6, (332)

e ¢ — npeiBapuTeNbHas CyMMa, B TeTpaje Bceraa Oyner GopMUpoOBaTLCS HcC-
THHHOE 3HAYEHUE JIECATUYHOIO MEPEeHOca — JUI BCEX KOMOMHALMM NEeCATUYHBIX
craraeMblx, s KOTopeix & +b, + pi_; >0, 3nauenne & +b' + p,_; >15. Oxnako

eclii TiepeHoca u3 TeTpajbl He ObLIo, TO pe3ynbTaT chopMupyercs ¢ U30BITKOM
6", mosToMy moTpedyeTcs KOppeKIHs TeTpaibl IpeABAPUTEIBHON CyMMBI — ya-
JICHUE U3 TeTpajbl JIMIIHEW Tpolku. Berunranue (—3) MOXKHO 3aMEHHTH CIIOXKe-
HHeM ¢ jponoiHeHreM 10 3 — (+13). O6s3aTebHO BO3HUKAOIIAN IPH 3TOM Tie-
peHoc He mepenaercs B cieaylollylo Terpany. lloreps mepeHoca paBHOCHIIbHA
norepe 16, T.e. —16+13=-3.

Ecnmm nepenoc u3 terpanbl ObLI, TO €ro BeC paBeH 2% =16, Takum oOpa3om, u3
Terpansl ynansercs 16, a Bec necsatuunoro nepenoca — 10. [TosTomy nepeHoc u3
TeTpaabl B kone "8421+3" yHocHT W3 TeTpaipl JHIIHIOK LIECTEPKY, KOTOPYIO
M HYXKHO 100aBuTh mnpu Koppekuuu. Ho cormacHo (3.32) cioxkenue Terpaj
"c n30bITKOM 3" MPHUBOAMT K MOJyYEHHIO CyMMBI "¢ M30BITKOM 6", moaToMy BMe-
CTO JJ0OaBJICHHS IIECTEPKH JIOCTATOYHO JOOABUTH TPOUKY.

Wrak, xoppekiuu npu cioxkeHu# B kozae "8421+3" mojuiexaT Bce TeTpaabl Mpej-
BapUTEIbHON CYMMBI, IpHYEM K TeM TeTpajaM, U3 KOTOPHIX c(OpPMHUpPOBAJICS Iie-
peHoc, cnenyer mobasuth KoHCcTaHTy 0011, a k Terpamam, W3 KOTOPHIX HE OBLIO
neperoca, 106asuth kKoHcTaHTy 1101. Bo3HuKaromiyie Npu KOPPEKIIHHA MEXTET-
paHbIe IEPEHOCHl UTHOPUPYIOTCS!
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Takum 00pa3oM, KOppEKIUs TpH clioKeHnd B kone "8421+3", Bo-mepBbIX, Ompe-
JEJSIeTCS TONBKO 3HAUECHUSMH NEPEHOCOB U3 TETpaj NMPeaBapHTEIILHON CyMMEI H,
BO-BTOPBIX, MOKET POBOIUTHCS MAPAJUIEITEHO BO BCEX TETPAIAX.

Mpumep 3.29

Pesynprar — Ha puc. 3.38.

A = 3852 0110 1011 1000 0101
B =5179 1000 0100 1010 1100
C=09031 1111 <0000 0011 0001
1101 0011 0011 0011

= 1100 0011 0110 0100

12-3=9 3-3=0 6-3=3 4-3=1

Puc. 3.38. Pe3ynbrar BoinonHenus npumepa 3.29

Eme omanM noctouHcTBOM Kona "8421+3" sBisieTcsi IpOCTON Crocod MOydeHHs
JOTIOJTHEHHUS 10 9 — J0CTaTOYHO MPOCTO MPOMHBEPTHPOBATH Pa3psiAbl KOJA.

JleficTBUTENBHO, IPOMHBEPTUPOBAB BCE PA3PSABI YETHIPEXPA3PAIHOTO JBOMUYHOIO
qucia a, Mbl HOIMy4uM ero gononHenue o 1111=15,,, yro B koae “c u30ObIT-

koM 3" coorBerctByer 15— (a+3)=(9—-a)+3.

DTO CBOMCTBO MO3BOJSET JOBOJBHO MPOCTO PEaTnu30BaTh OMEPALMI0 BHIYUTAHUS
yepes CI0kKeHHe B 00paTHOM WU IOTIOJHUTEIHHOM KOJIE.

3.12. MawmHHana apudpmeTnka
B OCTaTO4YHbIX Knaccax

OpFaHI/I‘IeCKI/IM HEJOCTAaTKOM HIO6OI>'I HO3I/IHI/IOHHOI>'I CHUCTEMBbI CHUCIICHUSA ABJISICTCA
HAIIMYUE MedCpaspsionblx cessetli. JIeCTBUTENbHO, pe3ysbTaT CIOXKEHHS B | -M
paspsiie 3aBHCHUT HE TOJIBKO OT 3HAYCHHH | -X Pa3psIoB CllaraeMbIX, HO U OT Iepe-
Hoca u3 i —1 paspsijia u, B KOHEYHOM HTOT€ — OT 3HAUEHWH BCEX MIIIINX pasps-
noB ciaaraembix: i—1, i—2, ..., 1, 0. [TosTOMy BBIYHCICHHE Pa3PsIOB CYMMbI MO-
KET TMPOXOAUTH TOJBKO MOCIIEA0BATENBHO (C yueToM GOpMUPOBAHHUS MIEPEHOCA U3
npeapiayiiero (Miaaamero) paspsaa). ITo 0OCTOSATENBCTBO MPEMITCTBYET pacra-
paJIENMBAHUIO MPOLIECCa BHIYKMCIICHHUS U, €CTECTBEHHO, CHIDKAET ObICTPOICHCTBIE
nporeccopa.
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B paMkax MO3UIIMOHHBIX CHCTEM CUHCIIEHUs M3BECTHO [6, 7, 9] HeCKOIBKO CIoco-
OOB JIOTHYECKOTO M CXEMOTEXHHYECKOTO YCKOPEHUS apH()METHUYECKHX ormepa-
U — TapauieTbHbIA MepeHoC, MAaTPUYHAS U TaONu4YHAs apupMeTuKa u Jp., OJi-
HAKO BCE OHH TPEOYIOT BECbMa 3HAYUTEIIbHBIX aMapaTHbIX 3aTPaT.

[onck HOBBIX myTei MmocTpoeHus: apupMeTnieckux yctpoicts DBM, nosBosio-
LMK MCKITIOYXTh 3aBUCUMOCTh MEKAY pa3psAaMu MPH BBHIIOJIHEHUH apupMeTHye-
CKMX OIepauui, MpuBed K NPUMEHEHUIO B MAaIIMHHOW apu(MeTHKe ammapara
meopuu 6vluemoe — OJHOI0 U3 pa3JleloB TEOpUU yucen. B pamkax sroro amnmapa-
Ta pa3zpaboraHa [1] HEMO3UIMOHHAS CUCTEMA CUUCIICHUS — CUCEMA CYUCTIeHUS.
6 ocmamounwix knaccax (COK).

3.12.1. NpeactaBneHne yucen
B CUCTEME OCTaTO4HbIX KJlaccoB

Byzaem roBoputh, 4TO 0L €CTh OCTATOK yKcna A 1o Moayiar P (MHOTAa roBOpST,
4T0 A CPaBHHMO C O 110 MOAYJIIO P ), €CIH HMEET MECTO CIIE/IYIOIIee PAaBEHCTBO:

A
oa=A-|—| p, (3.33)
p
A y y
rae | — | — Oejasd 94aCTb 4aCTHOT O A/ p, HpI/I‘ICM d — HAMMCECHBIIIUU II€JIbINU

OCTaTOK OT JiejieHnst A Ha .

YacTo 3TO COOTHOILICHNUE 3aIUChIBAIOT TaK:

o=A(modp) . (3.34)
Juis npencraenenus yucen B COK HeoOX0uMO BbIOpaTh Tak HA3BIBACMYIO ClUC-
memy 0CHO8aHULl — MHOXECTBO LEIbIX Yucell Py, Pa, ..., P,. Toraa moboe uuc-

1o A moxert 06Tk ipencrasieno B COK crienyromum o6pazom:
AZ(OLl,OLz,...,OLn), (335)
rae o= A(modp) .

O003HauMM MPOU3BEACHUE

n

[Ipi=p1-po..-ph=P. (3.36)
i=1

MoskHo noka3zats [1], 4To eciam Bce OCHOBaHUS [)j — B3aUMHO-IIPOCTBIE YHCIIA, TO

mexay uuciaamu 0, 1, 2, ..., (P—1) u uncnamu, npencrasierasivu B COK cormnac-
Ho (3.35), IMeeT MeCTO 83aUMHO-00HOZHAYHOE COOMBEMCMBUE.
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Mpumep 3.30

IIycte p; =3, P, =5, pP3 =7 — B3aUMHO-IIPOCTHIE YHCIIA.

P=3.5-7=105.

[IpencraBum B COK HECKOIBKO I€CATUYHBIX YHCE:

17 = (2,2,3) 1=(1,1,2) 100 = (1,0,2)
63 = (0,3,0) 0 = (0,0,0) 105 = (0,0,0)
55 = (1,0,6) 11 =(2,1,4) 106 = (1,1,1)

3ameTHM, YTO TIPH BBHIXOJIE 32 Mpeneibl Jruama3ona [O, (P —1)] HapyIIaeTcsl B3anM-

HO-OJTHO3HAYHOE COOTBETCTBUE MEXKY MPE/JCTABICHUEM YHCENl B TO3WUIMOHHOM
cucteme cuncienus u COK. JlelicTBUTEIBHO,

0=105=210=...=(mod 3), (mod5), (mod7);
1=106=211=..=(mod 3), (mod5), (mod7)

u T. 1. O4eBUAHO, IS pacUIMpeHus Auana3oHa npeactasienus yucen B COK cie-
AYCT YBEJIUYUTH YUCIIO I/I/I/IHI/I 3HAYCHUS OCHOBAHMI.

3.12.2. ApucdbmeTnyeckue onepauum
C NOJIOXKUTENbHLIMU YUCamMm

PaccmoTpum mpaBuna BBINOSHEHUA omnepauuii croowcenus M ymuoxcenus B COK
B CcITy4ae, ecii 00a orepaH/ia U pe3yabTaT Ollepaliy HaXOAATCs B AUAITa30He [O, P).

ITycTts
A= (0,05, ...,0,),
Bz(BbBZ"--’Bn)’
A+B=(Y1,72, -4 n);
A-B=(81,9,,...,9,),
Y TIpY 3TOM nMeeT Mecto cooTHomerne A< P, B<P, A+B<P, A-B<P.

IMoxaxkem [1], uTo
Yi = (o +B;) (mod ),
8 =(a; -B;) (mod p;),
[pH 5TOM B Ka4yecTBe HU(PbI pe3ysibrata OepeTcst HAMMEHBLIN OCTATOK
o +B:
Yi =0 +Bi - IpBI'pi’ (3.37)
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0 =0y - B —OciT._Bi' P - (3.39)

JleticTBuTenbHO, Ha ocHoBaHNH (3.33) MOXKHO HanMcaTh

Yi =a; +P; —M

P, i=12 ...,n.
W3 nmpencrasiaenuss A u B crnenyer, uto
rae ki u |; — nensle HeoTpunarensuele yncna. Torxa

A+B=(k +1;)pi +o; +B;,

{A—i_ B}:ki +1, +{O€i—+ﬁi] i=12, ...,n.
Pi B

Yi =0 +P; —{%—4_6'} Pi
Pi

Otkyna

uro 1 Hokaseiaer (3.37).

B ciiydyae ymHOX€eHUs

Si =AB—|:£:| pi’ |=1, 2, ...,n .

VYuaureiBas (3.39), nonydum
A-B=kil; p? + (ol +Biky)k + 0,
o; By

{ﬂ}:kili pi + ol +Bik; 4{

}, i=12, ....,n.

CrnenoBarenbsHo,

& =0 -B; —{OC'—B'} b

4r0 1 JokasbiBaer (3.38).

PaccMOTpuUM  HECKOJIBKO TNPUMEPOB, WUIIOCTPUPYIOIIMX IIPUBEACHHBIE BBIIIE
HpaBuia.
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Mpumep 3.31

Beimonuaum cnoxkenue yrcen, npencrapieHabix B COK. Pesynbrar — na puc. 3.39.

17 =(2,2,3) 55 = (1,0,6) 55 = (1,0,6)
63=(0,30 + 17=(22.3) 63=(0,3,0)
80203 11 = (2,1,4) 118 =(1,3,6) = 13=118—P
83 < (2,3,6)

Puc. 3.39. Pesynbrar BeinonHenus npumepa 3.31

OOpaTuTe BHUMaHKE, €CITH Pe3yJIbTaT BBIXOAUT 3a MpPEAEbl JOMYyCTHMOTO JUara-
3oHa (A+B2>P), ro B COK on Heotninuum ot A+ B—P (myrem Bechma ciiox-
HBIX YXUIIPEHUIH MOKHO OOHApyHUTh nepenonHenne cymmsl B COK [1]).

Mpumep 3.32

Bemonanm ymHOXeHue uymcen, npencraBilieHHbIx B COK. PesympraT — Ha
puc. 3.40.

17 = (2, 2,3) 78 = (0,3,1) 18 = (0,3,4)
6=(016) 1=(1,1,1) 5= (2,0,5)
102« (02,4 78<(031) 90« (0,0,6)

Puc. 3.40. Pe3ynbrar BoinonHeHus npumepa 3.32

Oneparus sviuumanus B obmem ciaydae B COK ne ompenenena, T. k. B COK or-
CYTCTBYIOT OTpHIIaTenbHble Yrcna. OJHAaKO B YacCTHBIX cilydasx, korma A, B,
(A-B)e|o, P), MOXKHO 3amucaTh

Ai =0y =P _{%;Bi } Pis

Ki:(ui—ﬁi) (mOd pi), |::L 2,...n.

Ormepanysi BBIYUTAHHUA B TEX CIydasx, KOTAA €€ pe3yibTaT IOJIOKHUTEIICH, BBIIOI-
HETCS BBIYMTAHHEM COOTBETCTBYIOUIMX IU(P Pa3psIoB MO MOIYIIO COOTBETCT-
BYIOIIIETO OCHOBAHUS, T. €. €CIIM IU(pa YMEHBIIAEMOTO MEHBIIIE COOTBETCTBYIOIIEH
u(ppsl BEIUUTAEMOTO, TO K IMUGPE YMEHBIIAEMOTO M00aBISETCS COOTBETCTBYIO-
11ee OCHOBaHHE.

(3.40)
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Mpumep 3.33

Paccmotrpum Beuntanue A-—-B gns ciysaes A>B. Pesynbrar — Ha
puc. 3.41.

17=(223) 78=(0,3,1) 98=(2,3,0)
6=(0,1,6) 41=(21,6) 55=(1,0,6)
11e(21,4) 37< (122 43« (1,31)

Puc. 3.41. Pesynbrar BeinonHeHus npumepa 3.33

3.12.3. ApudmeTnyeckue onepauum
C oTpuuaTenbHbLIMU YUCNIaMun
Ecmm HCO6XO,Z[I/IMO ONEpHUpPOBaATH OTPULATCIIBHBIMHU 4YHCJIaMH, MOXHO BBECTHU TakK

HasbIBaeMble ucKyccmeennvie gpopmul ipencrasienus yncen B COK. Breipaxkenue
(3.36) ompenensier nuanasoH npeacrasienus ynucen B COK ¢ ocHoBaHusIMH Py,

Py, ..., Pp- IlycTh 0OJHO M3 OCHOBaHMI CHCTEMBI PaBHO 2, HAIPUMED, IS OTIpe/ie-

JIEHHOCTH Py =2.

O06o3HaunMm depe3 /i BETHIUHY
P

P
h=—=—=p,-p;-...p; =(1,0,0,...0) .
27 p PPy P = )

Bynem omepupoBaTh unciiamu, Jexamumu B nuanazone 0 < | N| <h.

[Tpumem B kayecTBE HyNs YUCIO /i U Oy/AEeM MPEACTABIATH TOJOKUTEIbHbIC YHCIIA
N = |N| B Buge N'= h+|N| , a orpumarenbHble uuciaa N = —|N| B BHUJE
N =n —|N|. Torma mpu anreOpanveckoM CYMMHPOBAaHHH TOyYHM CIIEIYFOIIUI
BUJ] IPEACTABIICHUS MTOJIOXKUTEIBHBIX U OTPULATEIBHBIX YHCEI:

N'=n+N.

9T0 03Ha4acT, 4YTO B HNPHUHATOM IMPEACTABICHUHU MbI BCCr/a 6yI[CM UMEThb ACJI0
C TIOJIOXKHUTELHBIMU YUCIIAMH, OJIHAKO YKCIa B MCKyccTBeHHOU (opme N’ B mH-
TepBaJe [O, 1) GymyT 0TOGpaXKaTh OTPUIATEILHBIE YNCIIA, 3 B MHTEpBAIE [h, P) —

TIOJIOKHUTCIIBHBIC.
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OpraHunsauusa yctpoucts 3BM

4.1. NpnHUMN
MUKpPOMNPOrpaMmMHOro yripaBneHus

Jlnst BBINOJIHEHHMSI onepauuii Hal uHpOpMaLued HCHOJIb3YIOTCS onepayuonHbvle
ycmpoiicmeéa — apu(pMeTHKO-TOTHuecKre, YIpaBiIeHus, KOHTposuiepsl BY u . .
@yHKIMEH ONEPALIMOHHOIO YCTPOMCTBA SBISETCA BBHIIIOJIHEHHUE 38JaHHOTO MHOXKE-
ctBa omeparmit F ={f}, f,,..., f } Han BXxOmHBIME crOBamu 3 MHOXecTBa D,

C IOCJIBbIO BBIYHCJIICHUA BBIXOJAHBIX CJIOB M3 MHOXKCCTBA DO , IPEACTABJIAIOMINX pe-

3ynbTathl onepanuii Dg = f (D)), k=1,..., K.

@OyHKIHOHAIBHAS M CTPYKTYpHAsl OPraHM3alUs ONEPalIOHHBIX YCTPOMICTB, Ompe-
JeTsonas NopsiaoK (pyHKIMOHUPOBAHUS U CTPYKTYPY YCTPOMCTB, O6azupyercs Ha
NPUHYUNE MUKPONPOSPAMMHO20 YNPAasieHus, KOTOPbI COCTOUT B ClIeIyIomeM [7]:

1.

Jlrobast omepanmst f,, peamusyemast yCTpPOWCTBOM, paccMaTpuBaeTcsi Kak

CJI0XHOE JIEHCTBHE, KOTOPOE pa3zelsseTcsl Ha MOCIeA0BaTebHOCTh IeMEHTap-
HBIX JICUCTBUH HAJl CJIOBAMH MH()OPMAIIUHU, HA3BIBAEMBIX MUKPOONEPAYUSMU.

Jns ynpaBiieHHsT TOPSIIKOM CIIEIOBAHUSI MUKPOOTIEpanii HCIIOIB3YIOTCS 102U~
yeckue ycao6us, KOTOpble, B 3aBUCUMOCTH OT 3HAUE€HHUH CJIOB, IPeoOpa3yeMbIx
MHKPOOTIEPAIMSAMHE, IPHHAMAIOT 3HaueHHs "uctuHa" mwin "noxks" (1 wim 0).

[Iporecc BBITOMHEHUS OMepalyii B yCTPOWCTBE OINMCHIBaeTCA B (opMe amro-
pUTMa, IPEACTABIAEMOTO B TEPMUHAX MUKPOOTIEpAllMi U JIOTHYECKUX YCIOBUH
U Ha3bIBAEMOT'0 MUKpPOnpocpammou. MUKpornporpaMma OmnpeneisieT HOpsIoK
MIPOBEPKU 3HAUYEHUH JIOTHYECKUX YCIOBUU M CJIEI0BaHHUS MUKpOOIEpalui, He-
00XOAMMBIH AT TOSy4eHUs TpeOyeMBbIX Pe3yIbTaToB.

MukponporpaMmma HCIOJIB3yeTcsl Kak (opMa IpeacTaBieHUs (QyHKIUU YCT-
POICTBa, HA OCHOBE KOTOPOM ONpEAEISIOTCA CTPYKTYypa M MOPSAAOK (PyHKIHO-
HUPOBAHUS YCTPOUCTBA BO BPEMEHHU.
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Cka3aHHOE MOXXHO paccMaTpuBaTh KaK COAEP)KaTeIbHOE ONMCAaHWE NPHHLUIA
MHUKPOIPOTrPaMMHOI0 YIPAaBJIECHUs!, U3 KOTOPOIO CIEAYET, YTO CTPYKTypa U Iops-
JOK (YHKIIMOHMPOBAHUS OIEPALIOHHOIO YCTPOWCTBA NPEAONPEACISIIOTCS aleo-
pummamu euinoanenus onepayuti uz F .

4.2. KoHuenuusa onepayuoHHOro
W ynpasrsoLwero aBTomaTon
B ¢yHKIMoHaTEHOM W CTPYKTYpPHOM OTHOIIEHHWH OIIEPAlHOHHOE YCTPOMCTBO,

Bxozsiee B coctaB DBM, ymo0HO MpeacTaBuTh pa3/ielIeHHbIM Ha [[BE YaCTH: OIle-
PaIMOHHBIN U yIpaBIsonii aBTomMatsl (puc. 4.1).

Dl AO D()

i} i

C g
> VA

Puc. 4.1. YcrpoiicTBO Kak KOMIIO3UIMS aBTOMAaTOB

Onepayuonnviii asmomam (OA) CIyKHUT JUTS XpaHEHHUS! CIOB MH(MOPMAIIUH, BbI-
MOJIHEHUST HabOpa MUKPOOMEpAIMii ¥ BBIYMCICHHS 3HAYEHUH JIOTUYECKHX YCJIO-
BUi, T. €. ONEPALMOHHBIA ABTOMAT SBJISETCS CTPYKTYpPOM, OPraHU30BAaHHOU IS
BBITIOJTHEHUS IeHcTBUM Haja nHopmanueid. Ha Bxon OA momarTcst BXOJHBIC JaH-
Hele D;, koTOpble B COOTBETCTBHM C QJITOPUTMOM OIEpaluyu MpeoOpasyroTcs

B BBIXOHBIE JaHHble Dg . Kpome Toro, OA BEIpaGaTHIBAET MHOKECTBO {X} OCBe-
JOMUTEIBbHBIX CUTHAJIOB (nornqecxnx yCHOBI/Iﬁ) JUISL YIIPABIISAIOIIErO aBTOMATA.

Vnpasnsiowuti asmomam (YA) reHepupyer MoCiIeA0BaTEILHOCTD YIIPABIISFOIIMX
curnanos {y}, oecreunBaroniyio BBIIOJHEHHE B ONEPALMOHHOM ABTOMATE 3a-

JIAaHHOM TOCIIe0BATEIbHOCTH IEMEHTAPHBIX JEHCTBUM, KOTOpas pealu3yeT ajiro-
PHUTM BBITIOJHAEMON Onepanyy. Y IpaBisiomias ocie0BaTeIbHOCTh TeHEPUpPYeT-
Csl B COOTBETCTBUH C 33JaHHBIM aJITOPUTMOM M C YYE€TOM 3HAYEHUH JIOTMYECKUX
ycnoBuit X, popmupyembix OA.

YacTo ornepainroHHOe YCTPOHCTBO MOXKET BBITIOJIHATH HECKOJIBKO Pa3IMYHBIX OIe-
pauuii (Hampumep, apuOMETHKO-TOTHUECKOE YCTPOWCTBO MOXET BBITOJIHSTH Ue-
ThIpe apu(PMETUYSCKUX JEHCTBHS M HECKOJIBKO JIOTUYECKHMX OIEpallvii HaJl BXOJ-
HbIMH cloBamH). B 3TomM cnydyae Ha Bxon YA mocrymaer komanma C,
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OIIpeIeIISOIAst TUII BBITIOJHIEMOH onepaunu. Kpome Toro, HocKoJIbKy pa3jindHble
OIlepalyy HaJ pasjInYHbIMU JaHHBIMHU BBIIOJHAIOTCS 3a pazHoe Bpems, YA ¢op-
MHUPYET CUT'HaJl ( , OTMEYaIOUINK OKOHYaHHE ONEepaly U TOTOBHOCTb BBIXOTHBIX

JTAHHBIX.

Takum oOpa3om, J1r000€ ONEpalMOHHOE YCTPOWCTBO — Tpoleccop (KOTOpbIit
00BIYHO, B CBOIO OYepe/b, MPEJCTABISIOT COCTOSIIMM W3 JIBYX OIEpallMOHHBIX
ycTpoiictB: AJIY — apudmMeruko-norudeckoro ycrpoiicrea u L[YY — nenrpains-
HOTO YCTPOWCTBa yNpaBJIeHHs), KaHal BBO/Ia/BbIBOA, KOHTPOJLIEP BHEIIHETO YCT-
poiicTBa — MOXKHO TPEJICTaBUTh KaK KOMIIO3UILHIO ONEpayuoHHO20 U YNpaesio-
wezo asmomamos. ONepalluOHHBIA aBTOMAT, peanusys JEHCTBUS HaJ CIOBaMHU
WHPOPMALUH, SIBISECTCS MCIOMHUTENBHONW YacThbl0 YCTPOWCTBA, paboTy KOTOPOTO
OpraHu3yeT YNpaBJISIONNI aBTOMAT, TeHEPUPYIOMIUH HEOOXOJMMBbIE MOCIe0Ba-
TEIHHOCTH YIPABISIOUINX CUTHAJIOB.

Takoit momxon mo3BoisieT pa3paborath 3¢ deKkTuBHBIE Tporenypbl cuHTe3a OA
u YA, dopManm3oBaTh 3TH NMPOLEIYPHl U, B HEKOTOPBIX CIIy4asX, aBTOMAaTU3UPO-
BaTh IPOLIECC CHHTE3a MU(PPOBBIX YCTPOICTB.

4.3. OnepauMoOHHbIN aBTOMAT

HcxoaapiMu it pa3pabOTKH CTPYKTYphI orteparinonHoro asromara (OA) sBiasroTes:

0 omnmcaHue BXOJHBIX ¥ BBIXOAHBIX clioB OA (MHOxecTB D, n Dg);

O cnucok MHOXKecTBa omepanuii n3 F , KoTopble HOIKHBI BBITIOTHATHCS Hall
CIIOBaMH.

[pouecc paszpabotku OA, Takum 00pa3oM, CIEAyeT HAYMHATH C OMPEICIICHUS
hopmamos 6X00HBIX U BLIXOOHBIX €106 W Pa3pabOTKU aJTOPUTMOB BBITOJIHEHUS
orneparnuii B TEpMUHAX CJIOB M CTaHAAPTHBIX JACHCTBUII HaJa CIIOBaMH (CIIOKEHUE,
KONUPOBAaHUE, WHBEPCHUsS, COBUI U T.J].). Pa3paboTaHHBIC aJrOPUTMBI yIOOHO
npeiCTaBuTh B popme epag-cxemor arcopumma (ICA).

Hanee nHeobxonumo pazpabdorats cmpykmypy OA. OnepallnoHHBIN aBTOMAT CTPO-
uTCs Ha 0as3e OINEpPAIMOHHBIX M JIOTHYECKHUX >JIeMEHTOB. [IpemoxkeHHbIE Tpo-
uenypsl GopmansHoro cunresa OA [7] He MOMYYMIH LIMPOKOTO PACIpOCTpaHe-

wn

HUS, OOBIYHO HCIOJIB3YIOT TaK Ha3bIBaEMBIN "CO,I[ep)KaTCJ'ILHHI/I MCTOJ CHHTC3a.

Pa3pabotaTh CTPYKTypy — 3HAUUT onpeodenums HAOOp 31eMeHmOo8, BXOISIIUX
B HEE, U YCIMAHOSUMYb 653U MEXy 3TUMHU 31eMeHTaMu. CTpyKTypa peausyercs,
UCXO0lsl M3 pa3paOOTaHHBIX HA MpPEIBIAYIIEM dTare alrOPUTMOB TakuM 00pa3oM,
9T00BI 00ECNEUNTh peau3alfio BceX NEHCTBUH, MPETyCMOTPEHHBIX B OIEpaTop-
HbIX BepmuHax ['CA.
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HeiictBus B ctpykrype OA BBIOTHSIOTCS IO YIIPABICHHEM MHKPOOIEPAIINH,
no3ToMy npu paspabdorke OA cieayeT ONpenesuTb NOAHbIN CNUCOK MUKPOONnepa-
Yuii, HATMYUe KOTOPBIX 00ECIICUUT BBIIIOJHEHUE B pa3pabOTaHHOH CTPYKType Beex
MIPEOYCMOTPEHHBIX B aJITOPUTMAaX NMPeoOpa30BaHUi CIIOB.

Hakowneri, ¢popmMupoBaHue NOCISI0BATSILHOCTA MUKPOOIIEPAIUN B YITPABIISIONIEM
aBTOMAaTe OCYIICCTBIISETCS C YYETOM 3HAYCHUH JIOTMUCCKHUX YCIOBHIA, KOTOPHIC
¢dopmupyrorcs B OA. [losromy mpu pazpadorke OA crnemyer copMHpPOBAThH
CRUCOK T02UYeCKUX YCNOUl, OTIPENIENIIEMBbIH COACP)KUMBIM YCIOBHBIX BEPILUH
I'CA, u nmpexycmotpets B cTtpykType OA (eciau 3T0 HEOOXOAMMO) CIIEIHaIbHbIE
AJIEMEHTHI 111 (POPMUPOBAHUS ITUX JIOTHUCCKUX YCIIOBUH.

Urax, nporecc pazpabotku OA MOXHO MPEICTaBUTH COCTOSIIAM U3 CIETYIOIINX
3TAIIOB!

Onpenenenne GOpMaTOB BXOAHBIX M BBIXOIHBIX JaHHBIX (CIIOB).
Pa3pa6otka ['CA BBITIOTHSAEMBIX OnIepaItuii.
Paspabotka cTpykTypsl OA — BBIOOp 3JIEMEHTOB M OpTaHHU3AIIHS CBS3CH.

Onpenenennst MHOXKECTBA {y} MHUKpooTnepaluii, BeInoiaHseMbIx B OA.

o M Wb

Orpe/eNIeHHst MHOYECTBA {X} JIOrMUecKHX YCIoBHi, hopMupyemsix B OA.

4.3.1. NMpnmep NpoEKTUPOBaHUA
onepaunoHHoro astomarta AJlY
B kadecTBe mpuMepa pacCMOTPUM pa3pabOTKy ONMEPaMOHHOTO aBToMara apudme-

TUYECKOTO YCTPONCTBA, PEAM3YIOIETO OMEpaIvio JCICHUsS YKcel ¢ (PUKCHUPOBaH-
HOU 3amsTOM, NPEACTABIECHHBIX B IIPSMOM KOJIE.

OnpepeneHue popmaToB AaHHbIX

Bynem cuntats, 4To B apu()METHIECKOIN ONepaliy AJICHUS yIacTBYIOT OIIEPaHIbI
A — nemnmoe u B — pmenmutens. Pesynmprar omeparmmun C — wactHoe. Kpome
TOT0, YCTPOHCTBO AOJKHO (POPMHUPOBATH IPU3HAKU Pe3ybTaTa — 08OUUHbIE Ne-
pemeHHble:

0O Z — npu3HaK HyJIEBOTO Pe3yJIbTATa;
O S — mpu3HaK OTPUIATENBEHOTO PE3yJIbTaTa,
O OV — npu3HaK nepenojHeHusl.

Anroput™M ormepanuu anredpandeckoro JelieHus paspabarbiBaeTcs Juis 16-pas-
PSAIHBIX JBOMYHBIX YHCE C (PUKCUPOBAHHON 3aISITOM, MPEACTABICHHBIX B IPIMOM
Kode. 3HaK 4YMCIIa KOIUpYeTCs B crapuieM (HyJeBOM) paspsje 4Hcia, 3arsras
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(hMKcHpoOBaHa TOCTE 3HAKOBOTO pa3psijia, TAKUM 00pa3oM, BCE UHCIa MOTYT OBITH
TOJIBKO JipoOHBIMHE (pHC. 4.2).

0 1 15

3Hak Mogysnb uncia

Puc. 4.2. Tlpeacrasienue 4ucia B MPsSMOM KOJIE

Hrak, B onepanusx y4acTByOT CIIEIYIOIIHE IEPEMEHHBIC:
O A=ayaay...a5 — nepsblii onepans (1emumoe);
O B=Dbybb,...b,5 — Bropoii onepaunn (zenurens);

O C=cyCCy...C5 — pe3yabTaT onepanuu (4acTHOE), B MPOLECCE BBIMOIHEHHS
anroput™a nepeMenHass C HMCIONIBb3yeTCs I XpAaHEHHs OCTaTKa,

O D =dyd;d,...ds — nepemenHas, B KOTOPOii B Tpolecce JeleHUs] HaKaIuTiBa-
10TCS UG PBI 9aCTHOTO;

O ay, by, ¢y — 3HAKOBBIC pa3psbL.

PaspaGoTka anropuTma geneHus

B npsiMbIx Koziax yio0OHee JeUTh MOLYJIM YKCEll. 3HAK Pe3yJibTaTa He 3aBHCHT OT
COOTHOIIIEHHST MOJYJEH HETMMOTrO0 W JENUTENS W ONPENEISEeTCs IO BBIpaKe-
uuio (4.1).

Co = agbo v Bl (4.1)
Jenenne ancen ¢ GUKCHPOBAHHOM 3aIATON B 3aaHHOM (hopMaTe HEBO3MOXKHO, ECITH
MOJyJIb AETHMOI0 HE MEHbIIEe MOAYJs fenutens. [lostoMy cHadana cienyer mpose-
PHUTh COOTHOILEHHE OIEPaHJOB IIyT€M BBIYMTAHUS AEJIUTENd u3 Jenumoro. Eciu
Pa3HOCTb OKAXKETCS MOJOXKUTEIBHON, TO MOYKHO (POPMHUPOBATH IIPU3HAK MEPEIOJIHE-
nust OV =1 u 3aBepmiars onepanuio. B mIpoTHBHOM cilyyae MOJYJb YaCTHOTO OKa-
3bIBACTCA MCHBIIIC 1, T. €. IICPCIOJIHCHUEC OTCYTCTBYET U ACJICHUC BO3MOKHO.

ANTOPUTMBI JICNIEHHUS C 80CCMAHOBNEHUEM OCMAMKA U 6e3 80CCMAHOBIeHUsl OC-
mamka TMoAPOOHO PacCMOTPEHBI B pa30. 3.9. YUHUThIBas MPUBEJICHHBIA TaM CpaB-
HUTEJIFHBIM aHAIN3 aJTOPUTMOB, BEIOEpEM METOJ JieNeHnsT 0e3 BOCCTaHOBIICHUS
OCTaTKa.

I'CA nenenus 6e3 eoccmarnosienusi ocmamka npeacTapieHa Ha puc. 4.3. Auro-
puTM TpexycMmarpuBaeT (OpPMUpPOBAaHHE 3HaKa pe3yJbraTa corjiacHo (opmyie
(4.1) u coxpaHeHHE €ro BPEMEHHO B MepeMeHHo# S . [Tocie 3Toro mpou3BOAUTCS
JieJIeHre MOy IeH uncen (3HaKH ONepaH/10B OOHYJISIFOTCS).
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( Konen )

Puc. 4.3. I'pad-cxema anropurma eseHus
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CHavana mpou3BOIUTCS MPOOHOE BEIYMTAHHE JENUTENS U3 AenuMoro. Ilockombpky
3Haku onepannoB — O, To mosBieHNe 1 B 3HAKOBOM pa3psijie Pa3HOCTH O3HAYAET,
yro A< B, 1 MOXKHO Mpo1o/KaTh jaeneHue (menas 4acth 9acTHoro pasua 0).

ITpu ¢y =0 neneHue HEBO3MOKHO — (POPMHUPYETCS NPU3HAK IIEPENOTHEHHUS.

B npouecce nonyuenust udp 4acTHOrO 3HaAYEHUE OYEPETHOTr0 OCTaTKa MpUHUMA-
et nepemennas C . HezaBucuMo oT 3Haka octaTka oHa KOMHUPYETCs B TIEPEMEHHYIO
A, KoTopas 3aTeM YBEIHYMBACTCS BJBOEC IyTEM CJBHIA BJIECBO HA OJUH Pa3psil.
B 3aBucumoctu ot 3Haka nepemennoir C (3Haka ocratka) Gopmupyercs: ouepe-
Has udpa nepemeHHoit D (4acTHOro) M MpUHMMAETCS PELICHHE O JACHCTBUHM Ha
CIIEAYIONIEM HIare — A00aBISATh WM BBIYUTATh JETUTENb U3 CIBUHYTOTO OCTaTKa.
[Mocne apudmeTnyeckoii onepalMy BBINOIHACTCS CIBUT BieBO dacTHoro D (oc-
BOOOXIAETCSl MECTO U O4YEPeJHOW LU(PBI YACTHOTO), U3MEHSCTCS CUETYMK
IUQp YaCTHOTO M MPOBEPAETCS YCIOBHE BBIXOJA U3 LIMKJIA — MOJY4YEeHHUE IIeCTHA-
IuaTv nmudp 4acTHOro, BKIIIOUas camyro nepByro nuppy — "0 mensix”, Ha MecTo
KOTOpPOM KOMUPYETCSA 3HAK YaCTHOTO U3 IEPEMEHHOM S .

Pa3spa6oTka CTPyKTypbl onepauMoHHOro aBTomarta

Ananu3 anropurma jgenenust (cMm. puc. 4.3) mo3BosisieT pa3paboTaTh CTPYKTYPY
OIIepallMOHHOTO aBTOMAaTa. YUMTHIBAs JEHCTBHUS, KOTOphIE TpeOyeTcs BBIOJIHUTD
JUISL peaNn3aliy alropuTMa, BKIIOYMM B COCTaB ONEPALMOHHOTO aBTOMara ciie-
JYIOIIHE HJIEMEHTHI:

O nBa mecTHaguatupaspsaaHeix peructpa Pr 4 u Pr B nnsg XxpaHeHus BXOJHBIX
OTIEepaH/IOB U MPOMEXYTOUHBIX PE3ylbTaTOB, MpHUYeM peructp Pr A gomxen
o0ecneunTh BO3MOXKHOCTD CABUTA CBOETO COEPAKHUMOTO BIIEBO;

O wectHaauaTupaspaaasiil peructp Pr C nist pasmenenus pesynprata apugme-
THYECKOM ONEpaliy CIOKESHHsS WM BEIYUTaHKs (B HAILlIeM Cydae B 3TOM per-
ctpe (GOpMHPYETCsl OCTaTOK): B KOHIIE ONEpaluyd B HEM OyAeT pa3MelleH pe-
3yJIbTaT — YacTHOE;

O wecTtHaanaTHpa3paaHbIi peructp Pr D ¢ BO3MOXKHOCTBIO JIEBOTO CIIBUTA KOJA
IS pa3MeIleHHsl YaCTHOT'O B IIpolecce ero popMUpoBaHus;

O miecTHaAUATHPA3PS/IHBINA IBOWYHBIA MapauIeIbHbI CyMMAaTOp/BBIYUTATEN
Cym/Bbiy;

O derhipexpa3psAHbIN BhauTaronuii cueTynk Cu N mo moyito 16 ms mojacyera
oUQp 4acTHOTO;

3 tpurrep nepenomnenus Tr OV st XpaHeHHWs] NMpHU3HAKA NEPEroNHEHHS pas-
PSAOHOM ceTKy;

O Tpurrep 3Haka Tr S 111 BDEMEHHOI'O XpaHEHUs 3HAKA YaCTHOIO;
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O cxema cpaBHEHHS Ha "PaBHO" 3HAKOBBIX Pa3psIOB HCXOTHBIX OMEPAHIOB;

O neumdpparop DC"0" uyneBoit komOunHaimu B paspsmax C[1: 15], dopmu-
PYIOIINI MPU3HAK HYJIEBOTO pe3ynbrara Z .

Casi3u MCXKAY MNEPCUMUCICHHBIMU BBILIC 3JICMCHTAMU, a TAKXKE YIPABJIAIOINE UMU
Mukpoonepayuu Toka3aHel Ha puc. 4.4, a B Tabm. 4.1 mpuBeeH MOIHBIA CIHCOK
MHUKPOOIIEPAINH 1 IOTHUECKUX YCITOBHUM.

BuuMatensHo mocMoTpuM Ha puc. 4.4. O4eBuaHO, T0ObIC AeHCTBUS, 0003HAYCH-
HbIC B ONEPAaTOPHBIX BEPLIMHAX aJrOpUTMa, MPUBEIACHHOrO Ha pHC. 4.3, MOryT
OBITH peaM30BaHbl Ha Pa3pabOTaHHOIT HaMu cTpyKType (cM. puc. 4.4).

Tenepsr ompenenum, Kakas MOCIEAOBATEIBLHOCTh MUKpOOnepayull NOMHKHA OBITH
peanu3oBaHa B pa3pabOTaHHON CTPYKType, YTOOBI BBIIOJIHUIIACH OIEPALs Jiee-
HUS, TIpenycMoTpeHHas anroputmoM puc. 4.3. [lpocTteiiiiee pemieHne — coxpa-
HUTh TOHNOJIOTHIO Tpada anropurMa U 3aMEHUTHb COICPKHMOE €0 ONEpPaTOPHBIX
BEpIIMH HA COOTBETCTBYIOIME MHKPOOIEPALMH, a COJIEPKHMOE YCIOBHBIX BeEp-
LIMH — HA COOTBETCTBYIOIIUE JIOTHYECKHE yCIOBUS.
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Tabauya 4.1. Cnucox mukpoonepayuil u 102UecKux yciosuil

Muxkpo- . Muxkpo- . Jloruyeckoe

omepaus HeiictBue omepanus HeiicTBne yeoBHe OTHomIeHNe
Y s=0 Yio A=L1LA) X ag = bo
Ya s=1 Vi D[15] =1 X, G
Y 8,=0 Yoo D[15] =0 X Cun=0
Ya =0 Yia C=A+B
Ys C=R+S Yia D =LYD)
Ys oV =0 Yis Can=Cu-1
b\ ov =1 Yis C=D
Ys n:=16 2 G =S
Yo A=C

[Nony4enusiii TakuM 00pa3oM rpad IPUHITO HA3BIBATH MUKPONPOSPAMMOL U pac-
CMaTpHUBaTh B KaUYeCTBE MCXOAHBIX JAHHBIX TPU MPOSKTUPOBAHUU YNPAGIAIOUE2O
(mMuxponpozpammnoeo) asmomama. Ilpu 3TOM coAepKUMOE ONEPATOPHOH BepIIn-
HBI Tpada COOTBETCTBYET OelicTneusM, BHITOIHSIEMBIM YCTPOUCTBOM B OJUH TaKT
JTUCKPETHOTO BPEMEHHU.

IIpu npoekTupoBaHUU HU(POBBIX YCTPONUCTB OOBIYHO CTPEMSATCS] JOCTHYb MaKCHU-
MaJbHON CKOPOCTH WX paboThl. ONWH U3 MyTeH HOCTIKEHUS dTOW IeTH — Tapai-
JenbHOe (BO BPEMEHH) BBINOJIHEHHE HEKOTOPBIX oneparuii. [loaToMy mnpu npeos-
paszoBaHum rpada anroputMa B Tpad MHUKPONIPOTPAMMEI CIIEAYET OOBEIUHSATH B
OJTHOM OTIEpaTOPHOW BEPIIMHE T€ MUKPOOIIEPAIINH, KOTOPbIE MOTYT OBITh B JAHHO
CTPYKTYpE BBINOJIHEHbI OJHOBPEMEHHO C Y4eTOM peanu3yemoro ainropurma. Co-
BOKYITHOCTb MHKPOOIEPALMH, BBIIONHAEMBIX OJHOBPEMEHHO B OAMH TakT AMC-
KPETHOTO BPEMEHH, Ha3bIBACTCS MUKPOKOMAHOOU.

Hanpumep, anamzupys I'CA puc. 4.3, MOXXHO OTMETHTB, YTO ONEpaTopsl ay =0;
by =0 MOXHO BBIONHUTH B CTPYKType, M300pakeHHOW Ha puc. 4.4, O1HOBpE-
MeHHO. To ke MOXKHO cka3aTh 0 mape omneparopoB D :=L1D); n:=n-1 u Heko-
TOpBIX Apyrux. B To sxe Bpems, onepatopsl A'=C, A:=L1(A) Henb3s BBINOIHATH

oaHoBpemeHHO. ([l yckopeHus 3Toi mporeaypbl MOXKHO TepenaBath HHPOpMa-
miro u3 C B A co caurom: C:=L1(A), HO 3TO yXe OymeT apyrasi CTPyKTY-

pa OA.)
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Puc. 4.5. MukponporpamMma JieJaeHus
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[Ipoananu3upoBaB ¢ 3TOM TOUKH 3PEHHSI UCXOIHBIM aIrOpPUTM, INOJYYUM MHUKPO-
MporpaMmy, TpUBEIeHHYIO Ha puc. 4.5. Mukponporpamma omnpezenser, B Kakoi
[IOCJIEI0BATEIbHOCTH M B 3aBUCHMOCTH OT KaKHX YCJIOBHM JOJDKHBI BbIIABATHCS
MUKPOKOMAHObL, 9TOOBI peamn30Ballach Omeparus JelleHus Ha pa3paboTaHHOM
cTpykType (cM. puc. 4.4) onepaiioHHOr0 aBTOMATa.

Crnenyromas 3agada — MOCTPOUTh YIPAGAOWULl agmomam, 00ecTieunBarOIIUi
BBIJIa4y MUKPOKOMAaH/ B 3aJaHHOW MUKPOIIPOTrPaMMOM MOCIEI0BATEILHOCTH.

4.4. YnpaBnsirolin aBTomart

WcxoaHbIM 1711 IPOSKTHPOBAHUS YIpaBIsitoliero apromMara (Y A) sIBISCTCS MUK-
porporpaMma, pejcTaBieHHas, Hanpumep, B popme ['CA.

Pa3nn4aroT 7Ba Ki1acca ynpasJisoIinX aBTOMAToB [2, 7]:
3 c "xecTKoU" JIOTUKOM:

e aptoMar Mypa;

e aBTomaT Muu;

e (C-aBrOMar;

O c nporpaMmMupyeMoOi JIOTUKOM.

4.4.1. YnpaBnsowmn aBTomMaTt C "XKeCTKON" NOrmkoun

ABTOMATHI C "JKECTKOM" JTOTUKOHN MPOEKTUPYIOTCS KaK OOBIYHBIE KOHEUHBIE CTPYK-
TypHBIE aBTOMaTHI [2, 7, 8, 12].

Chauana HeoOxonumo niepeiitu ot 'CA MUKponporpaMMel K Tpady aBTomara, Jis
4ero ciemyer:

1. Pa3MeTHTh HCXOIHYIO MUKPOIIPOTPAMMY.
2. TlocTpouThb 10 pa3sMEYEHHOW MUKpOIporpaMme rpag aBromara.

Jlanee peanu3yroTcsi CTaHIapTHBIE MPOLEAYPHl CHHTE3a CTPYKTYpHOTO aBTOMATa,
3a/1laHHOTO Tpadom:

O xoaupoBaHue an()aBUTa BXOJHBIX U BBIXOJHBIX CUMBOJIOB aBTOMATa JIBOUYHBI-
MU KOJaMHU,

KOJIMPOBAaHHE BHYTPEHHUX COCTOSHUI aBTOMATA;
BBIOOD DJIEMEHTA MaMsITH (THIIA TPUTTEPa);
HOCTPOCHHE aBTOMATHOM TaOJIUIIBI IEPEXO0/I0B;

CHHTE3 KOMOMHAIIMOHHOM CXeMbl, peanu3ylomei QyHkuro nepexogoB KCx 1;

Qoaoaooaa

CHHTE3 KOMOMHAITMOHHON CXeMBblI, peaiu3yrolnield pyHKIuio BerxonoB KCx 2.
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I[Ipouenypa pazmemku MuKponpocpammsl CTaBUT B COOTBETCTBHE CHMBOJIAM CO-
crosHuil aBromara (&, 8,,.., dy ) HEKOTOpPbIE OOBEKTHI MHKPOIPOTPAMMBI.

CriocoObl pa3METKH MHKPOIPOTPaMM Pa3iNyYaloTCs JUIi aBTOMATOB Pa3IMYHBIX
THUIIOB.

Jlnst aBTomara Mypa pa3mMeTKa BBITTOTHSIETCS 110 CIeAYIOIIUM IpaBuiaMm [2]:

O cuMBOJIOM @; OTMEYaeTcs HadaibHas U KoHeuHas BepunHa ['CA,;

O pa3nuuHble OnepamopHvle BEPUIMHBI OTMEYAIOTCA Pa3HbIMHU CHMBOJIAMHU CO-
CTOSIHUIA;

O Bce omnepaTopHbIE BEPIIUHBI JOIKHBI OBITh OTMEUEHBI.

Jliist aBTomMata Munu pa3MeTKa BBITIOJTHASTCS TI0 CIIEAYIOIINM mpaBuiam [2]:

O cUMBOJIOM & OTMEYAETCA BXOJ| BEPIIMHEI, CIEAYIOIIEN 32 HAYAILHOM, a TAKKE

BXOJl KOHEUHOW BEPILIHHBI;

O 6x00b1 6cex gepuiut, CredyVIOWUX 3a ONepamopHbiMU, TOHKHBI OBITH OTMEUYEHBI
CHUMBOJIAMH COCTOSIHHM,

O ecnu BXOJl BEPIIMHBI OTMEYACTCs, TO JIMIIb OJHUM CUMBOJIOM,

O BxozbI Ppas3IMYHbIX BEPIIUH, 3a UCKIIIOYCHUEM KOHCHHOﬁ, OTMEYAIOTCA pa3jIny-
HBIMH CUMBOJIaMU.

Mpumep npoekTupoBaHusa YAXIJ]

PaccmoTpum npumep mocTpoeHust ynpasasiowezo agmomama Mypa ISt yCTpOHCT-
Ba, PEATU3YIOLICTO omnepaiuio aeieHus. OnepaironHblid aBToMar (cM. puc. 4.4) u
I'CA mukpornporpammbl (cM. puc. 4.5) 3Toro yctpoicTBa ObLIN MOCTPOCHBI paHee.

Hlar 1. BemoaauM pazmemxy Mukponpoepammsi. JI7s 3TOro COmoCTaBuM KaXKI0H
oneparopHoit Bepimuae 'CA B mpoU3BOJIBHOM TOpsiKe (HarmpuMmep, clieBa Hampa-
BO M CBEPXY BHH3) CHMBOJ COCTOSHMS aBTOMATA H3 MHOYECTBA {@y,az, ..., 8y4 ).

HaanII)HYIO U KOHCUHYIO BEPIIHMHBI COIMMOCTAaBMM C Ha4YaJIbHBIM COCTOSAHUEM aBTO-
MaTa & . Takas pa3meTka IokasaHa Ha puc. 4.5.

Hlar 2. [ToctpouMm epag asmomama, 3alaHHOTO Pa3MEUCHHONH MHUKPOIIPOrpaM-
MOM, KOTOPYIO TONYYWJIM Ha mpensiaymieM mare. [yis storo BepmmHbl Tpada
COIIOCTaBHM C COCTOSIHUSIMHM aBTOMaTa 8y, 8y, ..., 844 . COEIMHUM OpUEHTHPOBAH-

HBIMH peOpaMu Te mapbl BepmuH rpada, Mexay xoropeimu Ha ['CA mMukpompo-
rpaMMBI CYIIECTBYIOT MEPEXO/bl, IIPHYEM MOMETUM pedpa rpada cOOTBETCTBYIO-
MIUMH yCIOBHSAMH TIiepexoja. Eciam mepexon MeXIy IBYMS OIEpaTOPHBIMHU
BEpIIMHAMH MHKPOIPOTPaMMBI OCYIIIECTBIISIETCSI O€3yCIIOBHO, TO YCIOBHE MEPEXO0-
na Ha pebpe rpada — koHcTanTa 1.
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[ToctpouB Takum obOpa3om rpad, Mbel pakTHUECKH 3a7aeM ajapaBUTHl BHYTPEHHUX
COCTOSIHMI M BXOJHBIX CUMBOJIOB M OlpesesnsieM (QyHKIHWIO nepexonos. s 3ana-
HUsl anaBuTa BHIXOIHBIX CHMBOJIOB M (DYHKIMH BBIXOAOB (misi aBTomaTa Mypa
(YHKIHS BBIXO/IOB 3aBUCHT TOJILKO OT €r0 COCTOSIHHIA) CIICTYeT COMOCTABUTh KakK-
JIOM BEpILIMHE aBTOMAaTa B KaU€CTBE BBIXOAHOTO CHMBOJIA COJEPKUMOE COOTBETCT-
Byromeil onepatopHoii BepumHbel ' CA Mukponporpammsbl. Takum oOpa3zom, moiy-
9UM rpad MEKpOIIPOTPaMMHOTO aBTOMATa, KOTOPHIN MIpHUBEJIeH Ha puc. 4.6.

y149y15

Yo Vs

yll7y5

Puc. 4.6. I'pad mukpomporpaMMHoro aBromara Mypa

Hlar 3. Koduposanue anghasumos 6x00HbIX U 6bIXOOHBIX CUMBOJI08 ABTOMATA JIBO-
WYHBIMHU KOJIaMd. AJI(DaBUT BXOIHBIX CHMBOJIOB COCTABIISICT MHOKECTBO OBOUUHBIX
nepemennvix X ={%, X5, X3}, Mo3TOMy TIpO6IEMA KOAMPOBAHHS BXOIHBIX CHMBO-

JIOB IBOMYHBIMU IIEPEMEHHBIMU 3CCH HE CTOUT. Yro xacaeTcs KOAWPOBAHUA CUM-
BOJIOB BBIXOJTHOTO ajiaBUTa, TO OTIIOKUM OOCYXKAEHHE ITOTO BOIpoca o Irara 8.

Ilar 4. B nponecce koouposanus 6HympeHHUX coCMOosHUlL asmomama MOTYT pe-
mIaTbCs HpO6HCMI)I HCKIIFOUECHHUA T'OHOK B aBTOMATE, HpO6HCMI)I MHUHUMU3aAIUN
KOMOHWHAIIMOHHOMN CXEMBI, 00eCcTIeunBaroleil (YyHKIHIO IEPEeX00B aBToMaTa. Jis
pelleHns THX 3a/a4 pa3padoTaHbl JOCTATOYHO CIOXKHBIE AITOPHTMBI, KOTOpBIE
OIKCAaHbI B JINTEpAType, HanpuMep, [2, 5]. 31ecs MbI He OyIeM KacaThCst 3TOH CTO-
pOHBI IPOLIEAYPHI CHHTE3a aBTOMATA.
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Crienyer OTMETHUTB, YTO MPOOJIEMbI TOHOK MOTYT OBITh MOJHOCTBIO PEIIeHBI MPH
WCTOJNIb30BaHUN B aBTOMAT€ JABYXTaKTHBIX JJIEMEHTOB MaMSTH, MPHYEM CIIOCOO
KOJMPOBaHHS COCTOSIHUHM B 3TOM ciy4dae ponn He urpaet. [IpaBaa, 3aTpaTsl o0opy-
JIOBaHUS MPH TaKOM pEIICHHH HECKOJIBKO BO3PACTAaIOT, MO CPaBHEHHIO C WCIIOJb-
30BaHMEM METO/a MPOTHBOTOHOYHOTO KOAMPOBAHMsS, HO BO-NEPBBIX, 3(dexTus-
HOCTh METOAa 3aMETHO MPOSBUTCS JIMIIb MPH AOCTaTOYHO OONBIIOM 4YHCIE
cocrosiHuii aBromara (25—40), a BO-BTOpBIX, OOJIBIIMHCTBO COBPEMEHHBIX HHTE-
TPaJIbHBIX AJICMEHTOB MaMSTH (TPUTTEPOB) BBIMYCKAIOTCS MMCHHO JIBYXTaKTHBIMHU.
[IpuMeHeHune crennanbHBIX METOIOB KOIUPOBAHHUS "'C YIETOM CIOKHOCTH KOMOU-
HALMOHHBIX cxeM" [2] Tak ke obecrieunBaeT 3aMeTHbIH 3 (EeKT UL Ui JoCcTa-
TOYHO TPOMO3JIKUX ABTOMATOB.

B namem npumMepe BOCHOJIB3yeMCsS MPOCTEHUIINM METOIOM KOIUPOBAHHS COCTOSI-
HUI aBTOMara, KOrJa KOJI COCTOSIHHS COBIAJIAET C JBOMYHBIM YHCIIOM, COOTBETCT-
BYIOIIUM HOMEpY COCTOSHHMA. B paccmarpuBaeMoM aBTOMAaTe HACUHMTBHIBACTCS
14 cocrostamii (cM. puc. 4.6), TO3TOMY JJIsl KX KOJMPOBAHUS TPEOYETCS YEThIPEX-

paspsiaubil aomuHbiii kox (2% >14; 2% <14) — tabn. 4.2.

Tabnuya 4.2. Koouposanue cocmosiHuti agmomama

CocTosiHue aBTOMATA Kon T, T, T3 T, Cocrosinue apromata | Kog T, T, T3 T,
a 0001 ag 1000
a 0010 ag 1001
a3 0011 a0 1010
a 0100 an 1011
as 0101 an 1100
Qs 0110 a3 1101
a; 0111 Ay 1110

Ilar 5. Buibop snemenma namsamu (tuma tpurrepa). [Ipu BEIOOpE d71eMEHTa Mamsi-
TU CJIEJIyeT YUUTHIBATh MPOCTOTY yrparieHus uM. C 3Toil Touku 3peHus ynoOHee
BBIOMpATh TPUTTEPHI, YIPABISIEMBIC TI0 SIUHCTBCHHOMY WH()OPMAIMOHHOMY BXO-
Iy — K TakuM oTHocaTcs D- u T-tpurrepsl. B Hamem npumMepe B KauecTBe dJie-
MEHTa MaMATH aBTOMAaTa BhIOEPEM CHUHXPOHHBIN NBYXTakTHBIM D-tpurrep. Oue-
BUJTHO, JIJISl peaI3alliy HAIIETO aBTOMAaTa NMOHa00sTCs yeThipe D-Tpurrepa.

Ilar 6. [Toctpoenue asmomammuoti mabauyvl nepexodos (tadim. 4.3).

Ota Tabnuia MpakTUYECKH OMUCHIBaeT (DYHKIIHIO MEPEXO0J0B aBTOMAaTa, CTPO-
UTCS 1O Trpady aBTOMaTa M ONpeNeNsieT, Kakue 3HA4eHHs HeoOXOAWMO MOjAaTh
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Ha YIPaBISIONINE BXOBI TPUITEPOB HA KAXKIOM IIepexo/ie aBTOMaTa B HOBOE CO-
crositare. CTpoka TaOJIUIBI COOTBETCTBYET OJHOMY II€pPEeXojay aBToMaTa. Takum
o0pa3om, aBTOMaTHas TabIHUIA COJIEPKUT CTOIBKO CTPOK, CKOIIBKO pedep B rpade
aBTOMaTa (BKJIIOYAs M TIETJIH, €CITH OHU UMEIOTCs B rpade).

Tabnuya 4.3. Asmomamuas mabauya nepexo0os

Hcxoanoe YciaoBue CocTosinue PyHKUHH BO3OY:KIeHHUA
COCTOAAHUE nmepexoaa nepexoaa D1 D2 D3 D4
(&) 0001 X, (a,) 0010 0 0 1 0
%, (a,) 0011 0 0 1 1
(a,) 0010 1 (a,) 0100 0 1 0 0
(a,) 0011 1 (a,) 0100 0 1 0 0
(a,) 0100 1 (a) 0101 0 1 0 1
(a) 0101 X, (a) 0110 0 1 1 0
%, (a,) 0111 0 1 1 1
(a;) 0110 1 (3) 1000 1 0 0 0
(a,) 0111 1 (a) 0001 0 0 0 1
(&) 1000 1 (a) 1001 1 0 0 1
(a) 1001 % (a,) 1011 1 0 1 1
% (a,) 1010 1 0 1 0
(a,) 1010 1 (a,) 1100 1 1 0 0
(a,) 1011 1 (a,) 1100 1 1 0 0
(a,) 1100 X, (a,) 1101 1 1 0 1
%, (a,) 1000 1 0 0 0
(a,) 1101 1 (a,) 1110 1 1 1 0
(a,) 1110 1 (a) 0001 0 0 0 1

Hlar 7. CuHTe3 KOMOMHAIIMOHHON CXEMBI, PeaU3yIOMIeH (yHKYUI nepexodos
aBToMara. JTa KOMOMHAIIMOHHAS CXE€Ma B HAIlleM CITydae peaju3yer 4eToipe Oyire-
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Bol Qpynkuuu D;, D,, D3, D,, 3aBucsuiye oT 4eThIpexpa3psiiHOrO JBOMYHOIO
KOJa cOCTOsIHMA aBToMaTa T;T,T3T, M TpexOMTHOro BEKTOpPa BXOJIHBIX CHMBOJIOB
X1 XoX3 . KomOMHaIMOHHAs cxeMma, OMUCBhIBaeMasi CUCTEMON 4eTbIpeX OyJeBbIX
(YHKIMA OT CeMM TEPEeMEHHBIX, JIOJDKHA OO0CCIeYMBATh IEPEXOJbl aBTOMAaTa
B COOTBETCTBHH C Tpadom puc. 4.6.

JUi1st TOCTPOEHUsI 3TOI CXeMBbI MOXHO IOCTPOUTH ueThipe kapThl Kapuo mna D,
D,, D3, D, mo Tabiunam MCTUHHOCTH, 3a[JaHHBIM COOTBETCTBYIOLIMMH CTOJIO-

[JaMU aBTOMATHOW TaOJIUIIBI TIEPEX0/I0B, U MUHIUMHU3UPOBATh 3TH QyHKINU. Menee
TPYAOEMKHI cIOc00 COCTOWT B MPEABAPUTEIBHON Jemmndpaiy COCTOSHIA aBTO-
Mmara (OyaeBbl GYHKIMH YE€THIPEX MEPEMEHHBIX) U 3aUCH (QYHKIUN BO30YKICHHUS
yepe3 3Ha4UeHUs @ U X, . Bocrmomb3yemcs mocienHuM crocodom, TeM Oosiee, 4To

AemnGprpoBaHHbIE COCTOSHUS aBTOMAaTa NPUTOAATCS HaM M Ha ClIeyIOIIEeM H1are
npu GopmMupoBaHUH (QYHKIHH BBIXOJIOB.

Hrax, npexycmorpum gemmdpaTop, Ha BXOABI KOTOPOTO HOCTYNAET JBOMYHBIN
KOJI COCTOSIHUS aBTOMAaTa 'I-:l:l:z'lzﬁl, a Ha BBIXOJaX (pOPMHPYETCS YHUTAPHBIH KO
,..8_13ad, 1.4 . KcraTn, nockonpKy Ha BXojax Jemudparopa He MOTYT HO-

sBuThcsi komOuHanmu 0000 u 1111 (MX MbI HE HCIOJIB30BAJIH MPU KOJUPOBAHUU
COCTOSIHHIA), TO cxeMy Jemrdparopa MokHO MuHUMU3UpoBaTh. (Kak? [TompoOyii-
Te MOCTPOMTH TaKoil Aemmdparop camocTosTenbHo.) Paccmorpum cronber; D

aBTOMAaTHOW TaOJMLBI NEPEXOAOB, OTMETUB T€ HAOOPBHI BXOAHBIX ME€PEMEHHBIX
byHKIMU BO30OY)ACHUS (U3 {a} u {X}), Ha KOTOpbIX D; ImpuHMMaeT eNMHUYHBIE

3HauYeHHsA. MOXKHO 3anucarh:

Dl:aG\/aB\/ag\/alo\/all\/alz\/alg’. (42)
OGpatute BHUMaHuUe, 4To GyHKIMsA D; HE 3aBUCHUT OT BXOJHBIX IEPEMEHHBIX {X}
(qacTtHBIi cimydvaitl). [leficTBUTENBHO, IEPEX0, HAIPHMED, U3 COCTOSIHUS g B 3a-
BUCHMOCTH OT 3HAUEHHsI X, MOKET IIPOM30MTU B &yq WIIM B &1, HO B 00OMX STHX
COCTOSIHMSIX 3HA4E€HUE CTapIIero paspsana KoxoB onuHakoBo. To xe anst D; mox-
HO CKa3aTb M 000 BCEX OCTaJbHBIX IEpPeXoJax, 3aBUCSIIUX OT BXOIHBIX CUMBOJIOB
(13 &, as, &)
Teneps 3anumiem OyneBbl BBIPAKEHNUS AJIS1 OCTAJIbHBIX (YHKLUHN BO30YKICHNUS.

Dy=a,vagvayvagVvagVayV XV as. 4.3

D4 :alil\/all\/ajsiz \/a7 \/a.g\/agXZ \/a12X3\/al4. (45)
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Hlar 8. CuHTe3 KOMOWHAIIMOHHOW CXEMbl, PEANTU3YIoIed (YHKYUIO 8blX0008.
@DyHKIUSA BBIXOJ0B aBTOMaTta Mypa 3aBUCHUT TOJIBKO OT €ro BHYTPEHHETo COCTOs-
HHUS ¥ 3a]1aHa HETIOCPEICTBEHHO Ha rpade aBromata (cM. puc. 4.6). Beixogamu Muk-
pOIPOrpaMMHOIO aBTOMATa SBJAIOTCA MuKpoonepayuy, MOCTYNAOLUIME B TOYKH
YIOPaBJICHUs ONEPallMOHHOIO aBToMaTa. I[103TOMy BBIXOIHBIE CHMBOJIBI MUKPO-
MPOTPaMMHOTO aBTOMaTa OOBIYHO HE KOAUPYIOT, a GOPMHUPYIOT Ha BBIXOJE 3Haue-
HUE BeKTOopa MHKpoomnepamnuii. [Ipn Oonpimiom ducie MUKpoomeparuii ¢ eiIbio
yMeHbleHHs cBA3HOCTH Mexay OA u YA Ha Bxoa OA mepeaatoT He BEKTOP MUK-
poomepalinii, a HOMep aKTHBHOM B JaHHOM TakTe Mukpoorepanuu. [lonpobree 06
3TOM — B CIIEAYIOILEM pa3feie.

U3 rpada aBromara (cM. puc. 4.6) BUIHO, YTO MHUKPOOIIEPALHs Y; JOJDKHA BbIpa-
OaTHIBATHCSl AaBTOMATOM, KOTJa OH HAXOAUTCS B COCTOSHHU &y, MUKPOOTIEPALHS
Y, — B COCTOSIHMHM 8z U T. I. MuKpoormnepanus Ys I0JDKHA BbIPaOaThIBATHCS aB-
TOMATOM, HaXOJSIIUMCSA B COCTOSHUH 85 U 8y . 3anumeM (YHKIUIO BBIXOTOB
ABTOMATA B BUJIE CUCTEMBI OyJIEBBIX (yHKIHIT

Y1=80,Y2=283,¥3=8y, Y4 =384, Y5 =85V &y, Yg =38, Y7 =87,
Ys =85, Y9 =g, Y10 = 89, Y11 = &0, Y12 = 311, Y13 = &1, Yia = 42,  (4.6)
Y15 =812, Y16 = Q43, Y17 = Q4.

Iar 9. Teneps H300pa3suM @YHKYUOHATLHYIO CXeMY YRPAGIAIOUe20 asmomamd,
UCTIONB3Ys BeipakeHus (4.2)—(4.6) ¢ y4eToM BRIOPAHHOTO THIIA 3JIEMEHTA MaMSTH.

Vpapisiionuii  MUKPOIIPOTPAMMHBINA  aBTOMAT C JKECTKOW JIOTMKOW (aBTOMAT
Mypa), n300paxxeHHbIH Ha puc. 4.7, IMeeT TPU ABOUYHBIX BXOA Xi, Xp, X3, BXOX

taktoBoro curiaia CLK u ceMHajaTh JTBOMYHBIX BBIXOJ0B — MHUKPOOIEPAIIUU

Y1) Y. Vi7-

[TamsTh aBTOMATa MPEACTABIICHA YETHIPHMS IBYXTAaKTHBIMH CHHXPOHHBIMH D-Tpur-
repamu, o0bequHeHHbIMU 00mIel 1enbio cuaxponusanuu (CLK). Beixonsl Tpur-
repoB MocTymaroT Ha Bxon jaemmdparopa DC "4 — 16", Ha BBIXOJAX KOTOPOTO
(bopMHUpyeTCs YHUTAPHBIN KO TEKYIIEro COCTOSHKS aBToMata. [I0CKOIbKY MpoeK-
THUPYEMBI aBTOMAT SBIISIETCS aBTOMaTOM Mypa, BbIXob!I AemmppaTopa dakTide-
CKHU SIBIISIIOTCS BBIXOJIaMH YIIPABJISIOLICTO aBTOMAaTa (3HAYCHUSIMH MHUKpOOIEpa-
). MckinodeHne cocTaBisieT MUKpoornepanus Ys, KoTopas GopMupyercs: Kak
IM3BIOHKINS JABYX PA3IMYHBIX COCTOSHHH aBTOMAra, MMOCKOJIBKY 3Ta MHKpPOOIIepa-
IUS IPUCYTCTBYET B JIByX Pa3IMYHBIX ONEPATOPHBIX BEPIIMHAX UCXOJHONH MHKPO-
nporpammsi (cM. puc. 4.5).

1HaHOMHI/IM, 4YTO NEPEMEHHBIE d1, dp, ..., d14 SABIAIOTCA 6yJ'ICBLIMI/I, MPUHUMAIOIIUMHA €AUHUYHOE
3HAYCHUE, KOrJa aBTOMAT HAXOAUTCA B COOTBETCTBYIOIIEM COCTOAHUU, U HYJIEBOE 3HAYEHUE — BO
BCEX OCTAJIBHBIX ClTydasXx.



96 Yacme 1. MNpuHyunsi opeaHusayuu 3BM
X, 15 21
| E 16 |°
8 1
17 1
X, 2 D [TT
1 18 4 10
11 c 2
X o ‘]’
200 ;
21
CLK 2
3 1 STrrl_s
4
5 4
5 L 1
10 |
11
13
12
19 &I
p|TT—3
! 6
5 1 —C (r—
9
13
1
16_|*
2 1 p|TT|_7
e
18 3
— C
7 T ) y,
>
17 & 3 Vs
—>
4 Vs
l—>
14 ] 4 %
—>
5 s
10
1 s Ve
DC -1 yf
2 3 6 Vs
—>
4 8 Yo
3 s————
9 Yo
4 s—
7010 Yu
S s Yo
4 B Vs
6 —>
10 12 Yu
11 —»>
7 ry B
3 1313 Vis
140 14 Y

Puc. 4.7. MukponporpaMmHBIii aBTomMat Mypa — (QyHKIIHOHAIbHAS CXeMa
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®DyHKImY BO30OYKAEHUS TPUITepoB (GopMupyloT 3HaueHus D;, ie {,2,3 4} ua
BBIXOJIaX OJJHO- WJIM JIBYXYPOBHEBBIX CXEM, IIOCTPOCHHBIX COTJIACHO BBIPAXKEHUSIM
(4.2—(4.5). O6parture BHMMaHKe, 4TO B BhipakeHusix (4.3) u (4.5) umeercs oau-
HaKOBBII TepM — 8y,X3. Ha QyHKIMOHANBHON cXeMe BBIXOJ KOHBIOHKTOpA, pea-

JM3YIOIIEr0 3TOT TEPM, MOCTYNAaeT Ha [Ba BXOJa Pa3JIMYHBIX JH3BIOHKTOPOB,
"o0ecneunBas” 0HOBPEMEHHO JBe (pyHKuuH Bo30yxaeHus — Dy, u Dy.

Cxewmsl, peanusyromue (QYHKIUA BO30YKISHHS, MOXHO IOCTPOWTH WHade. J[is
npumepa paccMoTpuM BbipakeHue (4.4). CoCTOSIHUSI aBTOMATa, BXOMAIINE B ATO
BBIP@)XEHHE, €CIIM BBIPA3UTh UX Y€Pe3 3HAUEHHsI COCTOSHUM TPUITEPOB, OKAXKYTCS
coceOnuMUy M CKIICHBarOTCs. JleliCTBUTENBHO:

D= vagvagvas=

e — —— — — 4.7
= T1T2T3T4 \Y T1T2T3T4 \Y T1T2T3T4 \Y T1T2T3T4 = T3T4 . ( )

OueBHIHO, CXEMa, peaM30BaHHast 10 BeIpaxeHuo (4.7), OyxeT mpoiie, 4eM cxema
(4.4). TlpoBepbTe, MOXKHO JIM MOJOOHBIM 00Pa30M MHUHHMHU3HPOBATH BBIPAKCHUS
OCTaJbHBIX (PYHKIINH BO3OYKICHUS.

Wrak, MBI TIOCTPOMIN MUKPOIPOTPaMMHBIA aBTOMAaT C "KeCTKOW Jorukoil. Jla-
BaiiTe MpPEJCTaBUM, YTO HaAM MOHAJO0MIOCh HE3HAYUTEILHO U3MEHUTh HUCXOAHYIO
MHKpOIIPOTpaMMy, Hampumep, J00aBHTh €IIe OAHY ONEpPaTOPHYIO BEpIINHY.
[IpakTnyeckn 3TO TpUBEAET K HEOOXOOUMOCTH HOIHO20 HEpenpoeKmupo8amisl
BCel CXeMbI aBTOMaTa. JTa OCOOCHHOCTh aBTOMATOB C ")KECTKOW' JIOTUKOH SIBIIS-
€TCA UX CEPHLE3HBIM HEAOCTATKOM.

Jlyis TOro 94T00bl YMEHBIIUTh 3aBUCUMOCTh CTPYKTYPBI aBTOMATa OT Peallu3yeMbIX
MM MUKPOIIPOrPAMM, HCIIONB3YIOT YIPABJISIOLIME aBTOMAThI C IPOrPaMMHUPYEMON
JIOTUKOM.

4.4.2. YnpaBnsowum aBTomar
C NnporpaMmMupyemMom JsIormKomn

anIHLI,VIan opraHnsauunm

3ameTuM, uTO (HYHKIUS JIHOOOTO YIPABJISIOIIECTO aBTOMAaTa — T'CHEPUPOBAHUE T10-
CJICIOBATEIIBHOCTH YIPABJISIOMNX CJIOB (MUKPOKOMAHI), ONPEICICHHON peau-
3yEMbIM QJITOPUTMOM C YUETOM 3HAUCHUI OCBEOMUTEIILHBIX CUTHAJIOB.

Ecnu 3apanee pa3MecTuTh B 3alIOMHHAIOLIEM YCTPOMCTBE BCE HEOOXOOMMBIE VIS
peau3alyy 3aJaHHOT0 anroputMa (TPYIIbl aIrOPUTMOB) MUKPOKOMAH/IBI, & I10-
TOM BBIOMpATh MX M3 HaMSTH B MOPS/KE, MIPEIyCMOTPEHHOM alrOpuTMOM (C yue-
TOM 3HAYCHHSI OCBEIOMUTENIBHBIX CUTHAJIOB), TO MOJIYYHM YIPABIISIOLINI aBTOMAT,
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CTPYKTypa KOTOPOTO cJ1ab0 3aBUCHT OT PEAIN3yEMbIX AJITOPUTMOB, a IOBEICHHE
B OCHOBHOM OIIPENEINIAETCS COOEPHCUMBIM 3ANOMUHAIOUE20 YCMPOUCTEA.

IIpyn u3MEHEHUsX peanu3yeMoro ajaropuTMa B JOCTATOYHO IIMPOKUX Mpenenax
CTPYKTypa Takoro aBTOMara He MEHSETCs, JOCTaTOYHO JINIIb U3MEHUTh COJEPKU-
MO€ S[4EEK 3allOMMHAIOIIETO YCTPOMCTBA. YNPABISIOIIMA MUKPOIPOIPaMMHbIN
aBTOMAT, IIOCTPOEHHBIA 10 TaKUM IIPUHILIMIIAM, Ha3bIBAETCS YIPABJISIOLIUM aBTO-
MAaTOM C APOSPAMMUPYEMOU TO2UKOU.

CTpykTypHasi cxemMa Takoro aBTOMara B CaMOM OOIIeM BHIE NpHBEJCHA Ha
puc. 4.8. ABTOMAT BKIIOYAET B ce0s 3anomunaroujee yCmpoucmeo MuKpOKOMAaHo
(o6branO peanmzyemoe kak I13Y), pecucmp mukpokomand u ycmpoiucmeo popmu-
PpOBaHUs aopeca MUKPOKOMAHOBL.

B kaxaoM TakTe AWCKPETHOTO BPEMEHH M3 MAMATH MHUKPOKOMAH] CUMTHIBACTCS
OJIHa MHUKPOKOMaH/1a, KOTOpas MOMEIIIAeTCS B PETUCTP MHUKPOKOMaHI. MHUKPOKO-
MaH/a COMEPXKHUT JBa MOJA (ABE TPYMIbI MOJEH), OJHO U3 KOTOPBIX OMpPEEIseT
Habop Mukpoonepayuii, KOTOpble B JTAHHOM TaKTe IMOCTYNAIOT B ONEPAIlMOHHBI
ABTOMAT, a JPYTroe COJEPKUT MH(GOPMAITUIO [Tl ONIPECICHUS adpeca cledyrouyell
MUKPOKOMAHODL.

[Ipyn mpoexkTUpoBaHUM YHPABIAIOMIETO aBTOMAara C MPOrpaMMUPYEMOH JIOTUKOU
(YAILI) Heobxoaumo BeiOpaTh Gopmar (hopMaThl) MEKPOKOMaH (MHUKPOKOMAH-
JIbI), CIOCOOBI KOJUPOBAHUSI MHKPOOTIEPAIMil U apecaliii MUKPOKOMAH/T.

0l WAL

Perucrp MukpokomaHs

VYerpoiicTBo
D, (hopmupoBaHus
azmpeca
MHKPOKOMaH{
CLK 3aroMUHAaIoIIEce
— RD  ycrpoiictso
MHKPOKOMAH]I A
A

Puc. 4.8. MukponporpaMMHBIi aBTOMAT ¢ TIPOrPaMMHUPYEMO¥ JIOTHKO#
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Apnpecaumns MUKpOKOMaHA

Ucxonupimu ganasiMu Juist ipoektupoBanus Y AILL sensercs, kak u mos Y AXKII
(ympaBnstoruii aBToMaT ¢ ")KECTKOH" JIOTHKO#), MUKPOIIPOrpamMMa, MpeICTaBIICH-
Has, Hanpumep, B popme I'CA. Kaxnas omeparopHasi BeplIMHA JOKHA Peaji30-
BaThCS B OJIMH TAKT MAIIMHHOI'O BPEMEHH, IPUUYEM TOCIIE ONIepaTOPHON BEPIIMHBI
B I'CA MOXKET c1e10BaTh.

O omneparopHas BEPIIMHA,

O ycioBHas BepiinHa, 00a BBIX0/Ia KOTOPOH WM OJMH U3 HUX COCIUHEHBI C OIe-
paTopHBIMHU BEpIIMHAMH, HAIPUMED, KaK mokazaHo Ha puc. 4.9, a;

O uerodvka U3 ABYX WK OOJiee YCIOBHBIX BEPIINH, BBIXO/IBI KOTOPBIX COETUHCHBI
¢ ycnoBHbIME BepinnHamu (puc. 4.9, 6).

Puc. 4.9. ®parmentsl I'CA-MukponporpaMm

B nepBoM ciydae OCYIIECTBISIETCSI 6e3)Cl06Hblll TIEPEX0]] K CIeAYIoLed MUKPO-
KOMaHJIe, ¥ aJIpec 3TOU eOuHcmeeHHoi MUKpOKOMaH bl (Al) moimkeH pa3MenaThb-
Cs B IIOJIC aJipeca BBITIOTHSIEMOM MUKPOKOMAH/BI.

Bo BTOpOM cityuae HEOOXOAMMO ClieNaTh BHIOOP 00HO20 U3 IByX BO3MOXKHBIX ClIe-
JYIOLIMX aapecoB. B mose aapeca MUKPOKOMAaH bl HAI0 Pa3MECTUTB!

O HOMEp X JIOTMYECKOTO YCIIOBHS, TI0 3HAYEHHIO KOTOPOTO OCYIIECTBIISETCS BBIOOD;

O agpec Al MUKpPOKOMaHIbI, KOTOpas OyIET BBHIMONHATHCS, €CIH yKazaHHOE
yCJIOBUE HCTHHHO;

3 ampec A0 muKpokomaHAbI, KOoTopas OyAeT BBIONHATHCS, €CIH yKa3aHHOE
YCIIOBHE JIOKHO.
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B Tperpem ciydae KOJHMUECTBO HPOBEPSIEMbIX B MUKPOKOMAHJE YCJIOBHH U ampe-
COB IIEPEXOJI0B MOXET ObITh MPOU3BOJBHBIM, B T.4Y. M JOCTATOYHO OOJBIINM.
B sTOM citydae niMHa MUKPOKOMAaH[IbI MOXKET ObITh BECbMa BEJIHKA.

[Ipu BEIOOpPE PopmMaTa MHUKPOKOMAaHABI HYKHO YYUTBIBATH CIEIyIOIIHE 0OCTOs-
TEIbCTBA:

O nwamo 3¢ ¢deKTHBHO HWCIONB30BATh Pa3psiAbl MO, 00ECIIEYNB IO BO3MOXKHOCTH
€20 MUHUMATILHYIO ONUHY,

0 >kenareibHO OrPAaHUYHUTBCS eOUHCMEeHHbIM (HOPMATOM MHKPOKOMAH/BI, B Kpaii-
HEM cily4ae, BEIOMpaTh MUHUMAaJIbHO BO3MOXKHOE pa3HooOpasue hopMaTos.

CripaBeiTMBOCTH TEPBOTO TpeOOBaHUs OYeBHAHA. OTHOCHUTENBHO BTOPOU TPEATIO-
CBUIKM MOYXHO 3aMETHTh, YTO HpH OOJBIIOM dHucie (OpMATOB COOTBETCTBEHHO
YCIOXKHSETCS CXeMa JIeKONPOBAHUS MUKPOKOMAH/IBI.

3HAYUT, €CIIU B PAMKAX OOHO20 (hopMama MUKPOKOMAaHIBI 00CCIICUHTh peain3a-
U0 BCECX BO3MOJKHBIX BAPHUAHTOB CJICAOBAHWA BEPIIMH, TO B TPETHEM CiIydac I10-
TpebyeTcsl MpeayCMOTPETh B MUKPOKOMAH/IE HECKOJIBKO TOJICH HOMEPOB JIOTHYE-
CKHMX YCJIOBHH M CTOJIBKO )K€ IUIIOC OJIHO TI0JIE aJpEeCOB MUKPOKOMAH/I. Y YUThIBAs,
49yTO B 6OJILIHI/IHCTBC AJITOPUTMOB JJIMHHBIC LCIIOYKH JIOTUYCCKHUX BEPIINH BCTPC-
YaroTCs JIOBOJILHO PEIKO, OpraHu3aius nojgo0Horo GopmMara MUKPOKOMAaHbI 0Y-
JeT BecbMa Hed(QEeKTHBHA — BeAb JJIS BTOPOTO ciydas OyIyT HCIOIBb30BaThCS
TOJILKO OJTHO TI0JIE JIOTHUECKOTO YCJIOBHSI U JiBa MOJIs ajpeca, a JUlsi IEpBOro Ciy-
Yasi — TOJIKO OJIHO II0JIe ajapeca.

UYame Bcero B OpicTponeiicTBytomux Y AILJI ucronesyercst hopMaT MUKpOKOMaH-
IIbl, IpuBeneHHBIN Ha puc. 4.10. Takoii crmocob ampecannun MUKPOKOMAaH/I IPUHSITO
Ha3bIBaTh NPUHYOUMENbHBIM, 3ECh SIBHO YKA3bIBalOTCS 00a BO3MOXKHBIX aapeca
nepexosa, MpuYeM PacloIoXKEHUE MUKPOKOMAH] B SYCHKaX NaMATH MOKET ObITh
MIPOU3BOJIbHBIM.

v,|v| |7 x Al A2

<— Ilome mukpoonepanuf —>k—————  Ilome agpeca ——>

Puc. 4.10. ®opMaT MUKPOKOMAH/IbI TP MPUHYAUTEIBHOMN aapecanuu

Ecnu B TCA BcTpevaroTcs nernouku u3 K mocienoBaTebHBIX YCIOBHBIX BEPIIKH,
MoCeIHss U3 KOTOPHIX CBSI3aHa C ONEPaTOPHOM BEPIIMHOMN, TO I UX pPeann3aluu
B paMKax (opmaTra MUKpPOKOMaHbI, peacTaBieHHol Ha puc. 4.10, morpebyeTcs
k mukpoxomans (a ciaemoBarenbHO, K TakTOB), B KaXXI0W M3 KOTOPBIX, KpOME
TIOCJIE/THEH, TT0JIe MUKpoonepanuii OyaeT mycToiM. [Ipy BBIOJTHEHNN TaKUX MHUK-
POKOMaHJI B OIEPAIMOHHOM aBTOMATe HHUKAKUX MAEHCTBUH HE BBIIOIHSAECTCS
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(on "mpocrauBaet”!), a ynpasJstroruii aBroMaT TpaTutT K—1 TakTOB Ha ompeene-
HHE CIISIYIOIIEero ajpeca.

Korma B I'CA BcTpeuaeTcst 00NbIIOe YHCIO TaKUX IETI0YEK, CHIDKEHHE TPOHU3BO-
JUTENBHOCTU CHUCTEMBl CTAHOBHUTCS CYLIECTBEHHBIM. B 3TOM cilyuae MCHONB3yIOT
Ipyrue HoAxonsl K (POPMHUPOBAHMIO CIEAYIOIIETO aapeca MHUKpokoMaHzabel. Ha-
npumep, Ha puc. 4.11 mpencrasien ¢parment I'CA, nmpu peanusamui KOTOPOTO
HEO0XOIUMO IOCJIEI0BATEIBHO MPOBEPUTH TPH JIOTHYECKUX yciioBus. s ObicT-
poif peanm3aiii 3TOro pparMeHTa JOCTaTOYHO BEIOpATh HEKOTOPHIHA 0a30BBIMA ajI-
pec (B 1aHHOM cllydae OH JOJDKEH ObITh KpaTHbIM 8), HaunHas ¢ kotoporo B [13Y
MHKPOIIPOrpaMM PacCIOJIOKUTh n0C1e008amenbHO OI0K MUKPOKOMAHI Yq3...Yoq-
Jlnst onpeneneHus aapeca OdepeHON MMKPOKOMAHJbI JOCTaTOYHO K 0a30BOMY
anpecy nprbaBuTh (MIPUIKCATH CIPaBa) 3HAYCHHE BEKTOPA JIOTMYECKHUX YCIOBHIt
X XpXg . AIpec creyroneli MEKPOKOMAaH/IBI ONPEAEIAETCs, TaKMM 00pa3oM, 3a
OJMH TaKT, HO Pa3pabOTUHK JHIIAETCS] BO3MOKHOCTH IIPOU3BOJIBHOTO Pa3MEILCHHS
MHUKPOKOMAaH/ B HaMSTH.

[Cvs L v D v L e L 2o L 2 I 20 | ] 20 |
| | | | | | | |

Puc. 4.11. ®parment 'CA MUKpOTIPOTPaMMBI

Ecmm B I'CA wumeeTcst O0NbIIoe YUCIIO JIMHEHHBIX YYAaCTKOB M, CIIEOBaTENbHO,
0e3yCIOBHBIX TEpPEeXOOB, TO IMPHUMEHEHHE TNPUHYAUTEIHHON aapecalid BeIeT
K Hed(h(DEeKTHBHOMY HCIONB30BaHUIO MaMsTH. JleificTBUTENpHO, TIpH 0E3yCIOBHOM
nepexojie UHPOPMATUBHBIM SBJISICTCS TOJIBKO MOJIE afpeca nepexona Al, a mous X
n AO — He HCTONB3YIOTCS.

B mensix yMeHbIIEHHS JUTHHBI TIOJIS apeca MUKPOKOMAHIbl MO>KHO HCITOJIB30BaTh
TaK Ha3bIBACMYIO ecmecmeennylo aopecayuio (puc. 4.12), HaMOMUHAIONIYIO MeXa-
HHU3M ajipecaliii KOMaHJ B mporpamMe. B sTom ciydae B cocraB ycrpoiicTBa ¢op-
MHPOBAHHUS aJ[peca MUKPOKOMAHJIBI BKIIIOUAIOT pecucmp-cuemuux aopeca Mukpo-
KOMaHO, a B aJpeCHOM I0JIe MUKPOKOMaH bl — ABa noiist: X u Al. Eciu 3aganHoe
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MoJieM X yCJOBHE UCTUHHO, TO BBHIMOJHSAETCS MUKpOKOMaH A no aapecy Al, uHa-
4e — MUKPOKOMaHJa M0 TEKyLIEMYy 3HAYE€HHIO CUETUMKA aJpeca MUKPOKOMAHI,
[IPEABAPUTEIILHO YBEJIIMYEHHOMY Ha €IMHHUILY.

Taxkum obpazom, YAII c ecrecTBeHHOI amgpecarneii paboTaeT ¢ TOH e CKOpO-
cThi0, uTo U YAIUI ¢ mpuHyauTenbHOU anpecanuei, Ipu 3TOM JUIMHA MUKPOKO-
MaHAbl YMEHBINAETCS Ha [UIMHY OJHOIO agpecHOro IoJisi, 3aT0 B CTPYKType
YOAMK HE0OX0IUMO OTIONHATENBHO MPEAYCMOTPETh PETUCTP-CUSTIHK.

Yol Lo e | G| ox i Al
[Tone Mukpoonepauuit ITone anpecanuu
a
0| ¥, Y, f--- Y, OrneparopHasi MUKPOKOMaH 12
1 X i Al MukpokomaHa nepeagpecanum
0

Puc. 4.12. Paznuunbie GopMaThl MUKPOKOMAH]T TIPH €CTECTBEHHOM ajjpecanuu

CTpyKTypHas cxeMa MHUKpPOIPOIpaMMHOI'0 aBTOMaTa C €CTECTBEHHOM aapecalnueit
npuBeneHa Ha puc. 4.13. Cuurannbie u3 [13Y MUKpOKOMaH]I CI0Ba MOMEIIAIOTCS B
peaucmp muxpokomano (Pr MK), mpuyeM 4YacTh MHKPOKOMAHIHOTO CJIOBa JIe-
mmdpupyercs 11 BIpaOOTKH MUKPOOIIEpaIid, a ToJe aapecaly, eCTECTBEHHO,
UCTIONb3yeTcs A GOPMUPOBAHMSA ajpeca CIeAyIoIel MUKPOKOMaHIbsl. MymbTu-
IUIEKCOpP BHIOMPACT U3 MHOXECTBA JIOTHUECKUX YCIOBUI MEPEMEHHYIO, 3aJaHHYIO
HoJIeM X, a 1oJjie i TO3BOJISIET IPH HEOOXOJMMOCTH TIPOMHBEPTUPOBATH 3HAYCHHE
BBIOPaHHOI'O JIOTHYECKOT'O yCIIOBUSI:

X, npu i=0;

Xk (‘B| = .
X, npu i=1

Ecau 3nauenue BI)I6paHHOFO JIOTUYCCKOT'0 YCJIOBUA MCTUHHO, TO OCYHICCTBJIACTCSA
Hepexo/ M0 MUKPOIIpOrpaMMe. MPH €AMHUYHOM 3HAYCHHHU Ha BBIXOJE CyMMaTOopa
MO0 MOJYJIIO JIBa B peaucmp-cuemuuxa aopeca muxkpoxomanost (Pr Cu A MK) 3a-
rpy’aetcs 3HadeHue noisi A1l MuKpoKoMaHzbl, coxepkallee aapec nepexona. Ec-
JM yCJIOBHE HE BBIIOJHSAETCS (JI0XKHO), TO 3arpy3ku HoBoro aapeca B Pr Cu A MK
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HE TMPOU3BOIUTCA, 3aTO €ro MpeKHEee 3HAUYEHHE YBEIWYMBACTCS Ha EAMHHUILY.
B ciydae 6e3ycnoBHoro nepexoza (mocie onepaTopHoi BHOBb CIIEyeT ONepaTop-
Has BEpLIMHA) TaK K€ CJIEJyeT MPOCTO YBEIMYHTh HA EAMHHILY COICPIKHUMOE
Pr Cu A MK. [lng aTOoro JOCTAaTOYHO CpEeAM MHOKECTBA JIOTMUYECKHX YCIIOBUH
umeTb koncmannmy O (TOKIECTBEHHO JIOKHOE JIOTHYECKOE YCIOBHE) M UIMEHHO €
HOMeEp yKa3bIBaTh B [I0JI€ X B cIydae 0€3yCIOBHOIO Iepexoja.

Yy Yy Xy oo XX,
MS
DC*

Pr MK MO X i Al
D

CLK g

—RD I3V MK Pr Cu A MK

A

A

Puc. 4.13. MukponporpaMMHbIii aBTOMAT ¢ €CTECTBEHHOW aJipecariueit

Urak, nns peanmsanum (opMaTa MUKPOKOMAHIBI C ecmecmeeHHOU aopecayuell
(puc. 4.12, @) MOXKHO WCIIONB30BaTh CTPYKTYpY YA, moka3anHyio Ha puc. 4.13.
Opnako He Bcerma TakoW (opMar 0OOecTeyWT ONTHMAbHBIE XapaKTePUCTHKH
YIPaBISIONIET0 aBTOMATa.

JleficTBUTENBHO, Ha MPAKTHKE YacTO BCTPEYAIOTCS alrOPUTMBI, COAEpIKallie B Oc-
HOBHOM JIMHEWHBIE YYacTKH M JIMIIb M3peKa — YCJIOBHBIE BEpIIMHBL Torma it
OOJBLIMHCTBA MUKPOKOMaH] (1711 TeX, 3a kotopeiMi B 'CA cienyer oneparopHast
BEpIIIMHA) 10JIsI Tiepeaapecanuu popmara puc. 4.12, a ucroabp30BaThCst He OY/IyT.
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B sTOM ciydae mmeeT CMBICH BBEIEHHE ABYX Pa3jIM4HBIX (POPMATOB MHKPOKO-
MaHJ1, TOKa3aHHBIX Ha puc. 4.12, 6. OnuH hopMaT COAEPKUT TOIBKO HHPOPMAITHIO
0 MHUKPOOIEpaMAX U MOCIE BBIIOIHEHHS TaKOH MUKPOKOMaH/IbI BCera 100aBiisi-
ercs enuaUIa K Pr Ca A MK — Takum 00pa3om peanu3yercst TNHEHHBINH yIacTOK.

Komangs! apyroro ¢opmara nmpuMEHSIOTCS TOJIBKO B Clydae peaqu3alld yCiIoB-
HoH BepmmHBI. Kak 00BIMHO, MPOBEpSAETCs 3HAYCHUE 3aJaHHOTO JIOTHYECKOTO yC-
noBust (MM €ro MHBEPCHHM), U eciii OHO McTHHHO — B Pr Cu A MK 3arpyskaercs
3HaueHue nojisi Al MmukpokoManspl, nHaue Kk Pr Cu A MK nobaBnsieTcst eiMHUIIA.
[Ipu 3TOM HUKaKUX MUKpoonepaluii YA B 3TOM TakTe HE BBIJACT U HUKAKHUX Jei-
ctBuii B OA He BBITIOJHAETCS.

3adaHue

Monpobynte M3MEHUTb CTPYKTYPHYI0 cxemy puc. 4.13 ana paboTbl ¢ MUKPOKOMaH-
aamu cbopmatoB puc. 4.12, 6.

Takoe pemreHue MO3BONSET 3HAYMTENHHO d(PdekTuBHEH ncmons3oBaTh 3Y MK,
OJIHAKO TPOU3BOAUTENHFHOCTh YCTPOWCTBA HECKOJIBKO CHWXKaeTcs. EcTecTBeHHO,
€CJIM KOJTMYECTBO YCIOBHBIX BEPIIHH BEIIMKO, TO BEIMKO OYJET M YHCIIO "MyCTHIX
(w1t OA) TakTOB TUCKPETHOTO BpeMeHH. ECITH 3TO OKaXeTCs HEePHEMIIEMBIM 10
COo00paXeHUsIM OBICTPOAEUCTBUS, TIPHUIETCS BO3BPAIIATHCS K (POpMATy MHUKPOKO-
Maupl puc. 4.12, a.

KoanpoBaHme mukpoonepauum

Tenepb paccMOTpHUM, Kak MOKHO HCIOJIB30BaTh Paspsibl MOJISI MHUKPOOIEPAIHit
(MO). Paznuyator [2] Tpu ciocoba KOAUPOBAHUS OIS MUKPOOTIEPAITHii:

0 ropu30HTaIbHBINH;
0 BepTUKAIBHBIY;
0 cMelaHHBIN.

Panee MBI roBopumiM, YTO YIPAaBIAIOIUNM aBTOMAT IPOEKTUPYETCs MU BbLAAYM
B 33/1aHHOH IIOCJIEIOBATENBHOCTH HAOOPOB MUKPOOIIEPALIUil U3 HEKOTOPOro Harie-
peJ1 oIpeIeIeHHOTo MHOKECTBa MuKpoonepammii Y ={y;, Yo, ..., Y, |-

IIpu  eopusonmanvuom cnocobe KOIUPOBaHMSA KaXIOW MHKPOOIEPALH
Y. € {1, .., ¥} CTaBHTCS B COOTBETCTBHE Pa3psil MOJS MHKPOONEPAIHii MHKPO-

KOMaHJIHOTO CJIoBa. B 3TOM ciydae Konn4ecTBO pa3psaoB MOJS MUKpOOHepanuil
N paBHO YMCITy N pa3IMYHBIX MEKPOOIIEPAIINiA, BEIpaObaThIBaeMbIX Y A.

,Z]OCWIOMHCH’IGQMM TOPU30HTAJILHOT'O crocoba KOOUPOBAHUS SIBJISIFOTCS.

O BO3MOXXHOCTH (POPMHPOBAHHMS ITPOM3BOJILHBIX MUKPOKOMAH]] U3 33JJaHHOTO Ha-
00pa MHUKpOOTIEpaIn;
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O npocToTa peanuzauud cxeM (GpOopMUpPOBaHMS MUKpoonepauuii, GakTHIECKH —
UX OTCYTCTBHE, T. K. BBIXOJl K&XKJOI'0 paspsiza MoJii MUKpPOOIepaunil perucrpa
MHKPOKOMAH/I SBJISIETCSI BBIXOAHOM JTUHUEH YA — COOTBETCTBYIOIIEH MHKPO-
ornepanuei.

Heoocmamox — wyame Bcero Hed(h(HEKTUBHO HCHOJIB3YETCS MaMSATh MHUKPOKO-
MaH. JleficTBUTeNnbHO, ecu 4uciio Mukpoorepamnuii YA cocrasiser 80, a konu-
YECTBO BBIMIOJIHSACMBIX B MUKPOKOMaHJIe MUKpoomepanuii — He 6osiee 6 (Tunny-
Hble xapakrtepuctuku s YA AJIY), To B BOCBMHUJIECATHUPA3PSIHOM IOJIE
MHUKPOOTIEpaIUi KaXI0T0 MUKPOKOMaHIHOTO CJioBa OyJieT He Oojiee 6 enuHuIl.

[Ipu BepTHKanbHOM crIOcOO€ KOAWPOBAHMS B I10JIE MUKPOOIEpalUid OMEIaeTCs
HOMEp BbINONHAEMON MuKpoonepanuu. [Ipu 3Tom xonuuectBo paspsgoB N, Ko-
TOpOE cielyeT HMPeJyCMOTPETh B I10JI€ MUKPOOIEPALUi, OIpEeAeseTcsl BbIpaxKe-
auem: N =k=>log, n. Jocmouncmeo crnocoba B SKOHOMHOM HCIOJb30BaHUU

HaMATH MUKpOKOMaHA. Hedocmamok — B HEBO3MOKHOCTH PEaIM30BaTh B MUKPO-
KoMaH ie 0oj1ee OHONH MUKPOOIIepaLiH.

Ecnmu peanuzyemble anroputMbsl U cTpykTypa OA TakoBBI, YTO B KaKJOM TakKTe
JMICKPETHOTO BPEMEHH BBITIONHAETCS HE 00Jiee OHOM MUKPOOIIEpaluH, TO gepmu-
KanbHblll CnOcod KoOupogaHusi — ONTHMAIBHOE pelieHue. B WHBIX ciydasx MOX-
HO TIOTBITATHCS TPE0OPa30BaTh UCXOIHYI0 MUKPOIIPOTPaMMy K TAKOMY BUAY, UTO-
OBl B Ka)XXJIOM TaKTe BBIMOJHSUIOCH He Ooyiee oAHOM MuKpoomepanuu. Hanpumep,
ecau B MuKporporpamme (mpezacrasienHoi B popme 'CA) umeercs: oneparopHas
BEpIIMHA, B KOTOPOH YCTaHABIMBAIOTCS B UCXOIHOE COCTOSHHE HECKOJBKO SUEeK
(smemenToB) mamstu (¥, CleAOBATEIBHO, OHA BKIIOYAET HECKOJIBKO MHUKPOOTIEpa-
IMi1), TO €e MOYKHO 3aMEHHUTh Ha HECKOJIbKO BEPILHH, B KaXK/0H M3 KOTOPBIX yCTa-
HaBJIMBAECTCS TOJBKO OJMH DIIEMEHT C MOMOIIBI0 OJHONH MUKpoornepauuu. Temnepsb
MOKHO NPUMEHUTH BEPTHKAIBHBIN CIOCOO KOAMPOBAHMsI, MpaB/a, Py 3TOM yBe-
JUYUBACTCS BpEMsl peaii3alii ajlropuTMa.

OnHako BO MHOTHX CIIy4dasiX CTPYKTypa ONEpalMOHHOI'O aBTOMAaTa HE JOIYCKaeT
BO3MOXHOCTH Pa3HECCHMS BO BPEMEHU HEKOTOPBIX IACHCTBHM, YIPaBIsEMbIX pa3-
JUYHBIMH MUKpooIepauusiMi. Torga BepTUKaJIbHBIM CHOCOO KOAMPOBAHUS MO
MHUKPOOIIEPALNH HE TPUMEHHM.

BepTukaibHblii ¥ TOPU3OHTAIBHBIH CHOCOOBI KOAWPOBAaHHS — JIBE KPalHOCTH.
Hctuna o0braHO nEeXuT "miocepenuHe”. PaccMoTpuM cumewantuiii cnocob Kooupo-
6aHUsl, UJESl KOTOPOI'O COCTOMT B ciexyroueM. Eciau Bo BceX MUKpPONpOrpaMMax,
peanu3yemMbIx YA, HET MUKPOKOMAHBI C OOJIBIIMM, Y€M S, YUCIOM MHUKpPOOIIepa-
LW{, TO B MOJIE MUKPOOIIEpauuil MOKHO MPEAYCMOTPETh S MOJIOJIEH pa3psaHO-
cTbi0 K, B KaXIOM M3 KOTOPBHIX INOMEIIaTh HOMEp HY)KHOW MHKPOOIEpaIlnH.
Takoii crmoco® mo3BossAeT B MH000H MUKPOKOMaH/E Pealn30BaTh MPON3BOJIBLHYIO
S-Ky MHUKpPOOIEPAIHid, T. €. COXPAHUTh THOKOCTh TOPU3OHTAILHOT'O KOJHPOBAHUS,
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[PH BO3MOYKHOM 3HAYUTEILHOM COKPAIIEHUH Pa3PsAHOCTH TIOJISI MUKPOOIIEPAITHIA:

N =s-k =slog, n. Tak, mia npuseneHHoro Beime npuMmepa (N=80, S=6) omn-
2 p pumep

peaenmum K=72>109,80, N =7-6=42 (ToXe, KOHEUHO, HEMAJIO), YTO TTO3BOJIUT

MIOYTH BJBOE COKPATUTh Pa3psiAHOCTH IMOJII MUKPOOIEpaIuil o CPaBHEHHUIO C I'O-
PHU30HTAJIBHBIM CIIOCOOOM KOANPOBAHMS.

O} dexTHBHOCTS PUMEHEHHSI CMENIAHHOTO KOJUPOBAHUS CYIIECTBEHHO 3aBUCUT
OT 3HAaUEHUsl S, KOTOPOE MOXKET JekaTh B Auana3zone 1<s<n. I[lpu S=1 umeem
Cllyyail BEpTUKaIbHOIO KOAUPOBAHMSA, IPH S = N — TOPU30HTAIBHOTO.

KaHnonnveckuii crmocod CMENMIaHHOTO KOAWPOBAHHMS, HJCsI KOTOPOTO IMpPECTaBIeHa
BBIIIE, TIPEAIONIAraeT, YTO KakI0oe W3 S TOAINOJEeH MHKPOOIEpaIfii COAEPKUT
K paspsmoB, cieaoBaTeNbHO, B JIFOOOM TIOAMONE MOYHO 3aKOJMPOBATh JHO0YIO
Mukpoonepanuio Y€ Y . Bo3MokHO, HarmpuMep, IOCTPOSHHE MUKPOKOMAH[IBI, CO-

Jepkalle S OJMHAKOBBIX MHKpOONEpanui V;V;...Yj, 4TO SIBISETCS SIBHO Oec-
CMBICIIEHHBIM.

C wenpro COKpallleHHs pa3psaHOCTH IMOJIEW MUKpOOINEepauuil MHOKECTBO MHKPO-
onepaiuit Y pasbuBaercs Ha moAMHOKeCTBa Yi, Y, ..., Yy, Takue, 4to

p
UYi=Y; V(VNY;=0) npui=j. (4.8)
i=1
Kaxxnoe mozmosne 1mosst MEKpOONeparuii KoIUpyeT MUKPOOIIEPALlU TOJIBKO OJTHOTO
noamHoxectBa Y; C Y . [Tockombky V|Yi | < |Y| , Pa3psAHOCTD K; Ka)X1oro u3 moj-

nosieii Moxetr ObITh MeHbiie K. OueBuaHo, npu "ymadaoM” (IMOKa CKa)keM Tak)
pacrpenesieHM MUKPOOIIEPALUil 110 MOJAMHOXECTBAM MOXKHO OyJeT peaan30BaTh
mo0yro omepaTopHyto BepmuHy [ CA MUKpONIpOrpaMMBbI € TIOMOIIBIO OJHON MHUK-
POKOMaH/IbI (T. €. TOCTUTHYTh OBICTPOJCHCTBHUS, XapaKTEPHOTO Uil TOPU30HTAITb-
HOro crocoba KOIMPOBAHWUS), MPH TOM 3HAYUTEIbHO YMEHBLIUTH Pa3psaHOCTh
MOJIS1 MUKPOOTIEpALUil aXke 10 CPAaBHEHMIO ¢ KAHOHMYECKHM CIOCOOOM CMeEIIaH-
HOT'O KOIMPOBAaHHS.

"V nauHoe" pa3z0ueHre NCXOAHOTO MHOKECTBA MUKPOOTIEpAIiil CBA3aHO C MOHATHU-
eM coemecmumocmu (Hecoemecmumocmu) Mukpoorneparnuii [7]. Hekotopsie u3
UCIIOJIb3YEMBIX B MHKPOIPOrpaMMe MUKPOOIEPAIIHii MOTYT BBINOJIHATHCS Mapai-
JIEJIbHO BO BPEMEHHM, B TO BPEMs KaK JPyrHe — TOJIBLKO I0cienoBaTenbHo. CBO-
CTBO COBOKYITHOCTH MHKPOOIIE€pAIHii, TapaHTHPYIOIIee BO3MOKHOCTh MX OJIHO-
BPEMEHHOTO BBIMOJHEHHUS, Ha3BIBAETCS CO8MECMUMOCMbio. MHUKPOOTIEpAIInH, HE
00JIa1aroIre YKa3aHHBIM CBOWCTBOM, Ha3bIBAIOTCS HECOBMECTHUMBIMU.

PaccmarpuBatotcs aBa acniekTa coBMeCTUMOCTH. COBMECTUMOCTD, 00yCIOBIEHHAS
COAEP)KAaHUEM ONEPATOPOB, PEAIMIYEMBIX IO JEUCTBUEM MHUKPOOIEpALUid, Ha3bl-
BaeTcs @yuxkyuonarvHou. IlpumepoM IBYX (YHKIIMOHAIBHO HECOBMECTHUMBIX
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MHKpPOOIIEpalliii MOryT ciayxuThb ciepytomas mapa: (Yg:Cun:=0) wu
(¥45: Ca n :=Cu n—-1) u BoOOWIE IOOBIE MHKPOONEpPALUH, MPUCBAUBAIOIIIE
pa3iuYHbIe 3HAYECHUS OAHOU U TOU K€ NEPEMEHHOM.

Ecnu  HEBO3MOXXHOCTH  OJHOBPEMEHHOI'O  BBIIIOJHEHHMS MHUKPOOIIEpAaLUi  CBS-
3aHa C OTPAHMYEHHSAMH BO3MOXKHOCTEH CTPYKTYphl OINEPAIlMOHHOTO aBTOMATa,
TO Takas HECOBMECTHMMOCTh HasbIBaeTcs cmpykmypuou. Hampumep, omnepaTopsl
(Pr C:=Pr A) u (Pr D :=Pr B) byHKIHOHAIBHO COBMECTUMBI, HO €CIIH B KOH-
KpeTHO# cTpykType OA CBSI3b MEXKIY 3THMH PETUCTPAMH OCYHIECTBISETCS Yepes
00LIYI0 MarucTpap (IIMHY), TO OHU CTPYKTYPHO HECOBMECTHUMBI.

Bepraemcst k crmocobaMm pa30MeHHs] MCXOAHOTO MHOXKECTBA MHKpOOIEpanuid Ha
oAMHOecTBa. O4eBHIHO, B KaXKJI0€ MOAMHOMXECTBO CJIEIyeT BKIIOYATh TOJIBKO
B3aMMHO HECOBMECTHMBbIE MUKpoorepanuu. [Ipu npoekTrupoBaHun YA BO3HUKAET
BOTPOC: KAKOH THII COBMECTUMOCTH MHUKPOOIEPAIi YUUTHIBATh MPH pa3OHEeHUH
HCXOJHOTO MHOKeCTBA Y Ha ITOJIMHOKECTBA?

Ecnu HECOBMECTUMBIMH CUMTATh TOJIBKO T€ MUKPOOIIEPALIH, KOTOPbIE IPUHIUIIN-
aJIbHO HEJb3sl peaji30BaTh Ha 3aJlaHHON (CrpoekTHpoBaHHOM) cTpykType OA, TO
TaKUX IMap OKaXeTCsl HEMHOTro, OOJBIIMHCTBO MHUKpOOIEpanuid OyayT MONapHO
COBMECTHMBIMH, CIIEOBATEIBHO, UX HEOOXOAMMO BKIIIOUATh B pa3Hble OAMHOMXKE-
crBa. [Ipu 3TOM 4MCIO NOAMHOMKECTB [P MOXKET IPEBBICUTH 3HAYCHHE S W IPH-

OnmKaTtbCsa K N.

Ecnm paccmarpuBath B Ka4eCTBE COBMECTUMBIX TOJIBKO T€ MHUKPOOIIEPAIHH, KOTO-
pBle pa3MelialTcsl B OJHOIM ONepaTopHOW BEpUIMHE PEaln3yeMbIX alTrOpUTMOB,
a BCE OCTaJbHBIE CYMTATh HECOBMECTHMBIMH, JIaK€ €CIIM MX MOYKHO BBIIIOJHHUTH
OJHOBpeMeHHO B CTpykType OA (HO He TpeOyeTCs MpH pean3auy JaHHBIX aliro-
puTMOB), TO P — S, 3()HEeKTHBHOCTh KOJMPOBAHUS OYAET 3HAYMTEILHO BBIIIIE.

[IpaBna, ecnu motpedyercss MOTUPHUIMPOBATH PEeaTU3yeMblil AITOPUTM WM J100a-
BUTb €Il TPYIITy aJITOPUTMOB JJIsl peau3aliy, 1 B OHOW ONEepaTOPHOI BepIINHE
OKa)KyTCSl MUKPOOIIEpalliy, BKIIOUEHHBIE paHee B OAHO TOAMHOKECTBO, MPUIETCS
3aHOBO MEPENPOEKTUPOBATh Y A.

Pa3paboTaHo HECKOIBKO (OpPMATBHBIX METOMOB [7] pa3OMEHUS MHOKECTBA MHK-
poonepauuii Ha NOJMHOXECTBA. B mpocTeiiliemM ciydyae MOXKHO BOCIIOJIb30BaThCs
METOJIOM "TPSAMOTO BKIIOUEHHUs . PaccMoTpuM mpumep mpoektupoBanus Y AITJL
10 33JJaHHOW MHUKPOIIPOrpamMe.

Mpumep npoekTupoBaHusa YA

Mp1 yXe TOBOPHJIM, YTO MCXOIHBIM JUIS NPOEKTUPOBAHUS YA SIBISIETCS MHKPO-
mporpaMma, mpeacrasieHHas, Hanpumep, B Gpopme I'CA. Ha puc. 4.14 uzobpaxe-
Ha HEKOTOPasi MEKPOIPOTpaMMa, KOTOPYIO MBI OyZIeM CUATATh HCXOIHOH JUIs TIPO-
EKTHPOBaHUS HAIIETO aBTOMATa.
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3ameTuM, 4TO Ha 3Tare NMPOEKTUPOBAHMS YIPABISIONIETO aBTOMAaTa CEMaHTHKA
I'CA He paccmarpuBaetcs: ceifuac Hac yKe He MHTepecyeT ''MpaBUIbHOCTD" MHUK-
ponporpaMMbl OTHOCHUTEIBHO peanu3yeMoro aiaroputma. [Ipocto mmeercst cumu-
makcudecku npasunvro nocrpoerHas I'CA u tpebyercs pa3paboTaTh yCTpOUCTBO,
peanuzyomiee 3To IIOBECHHUE.

B xauectBe ympaBISIOIIEro YCTpOHCTBa OyIeM MpPOEKTUPOBATH VNpAGIAOuull
MUKDPONPOSPAMMHDBIL AGIMOMAM C RPOSPAMMUPYEMOU I02UKOTL.

OO01mas CTpyKTypa Takoro yCTpoicTBa npejcTapiieHa Ha puc. 4.8. Mcxoas u3 omnu-
CaHHBIX BBIIIC BAPUAHTOB OPTaHU3AIMU aJ[PECAIlMU B CIIOCOOOB KOJAMPOBAHHUSI TIO-
JIS. MEKPOOTIEpaLUi, BBIOEPEM ecmecmeeHHyio aopecayuio U CMeuanuslil cnocoo
K0Oupoeanuss MAKpoorepanuii. OrpaHu4IuMCsl eTUHCTBEHHBIM (OPMATOM MHUKPO-
KOMAaHIbl.

0
0 1

1 [VeVe)r] [V v »| 7
2 8

3

4 | ViV )i

5

6

Puc. 4.14. VicxoaHass MEKpOIIpOTpaMMa JUTsl IPOSKTUPOBAHKS aBTOMATa

Tro45464164 OTOTA0A TeedTETIATAD

Ha pa3psaHocTh 1oneil MUKpOKOMAH/IBI BIMSIOT CIEAYIOIUE IapAMETPBI:

O KOJAMYECTBO Pa3NMUYHBIX MHKpooNepanuid, GopMHpPYeMbIX YA, B KOHEUHOM
UTOTe ONpeAeNseT (C y4eToOM BBIOPAHHOTO CIoco0a KOIUPOBAHUS) JJIHUHY OIS
MHUKPOOIIEPALINN;
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O KOJIMYECTBO Pa3IMYHBIX JIOTHYECKUX YCIOBUH onpenenseT [JUIMHY HOos X,

O xommyectBo BepmnH ['CA cBsi3aHO ¢ OOMIMM YHCIIOM MHUKPOKOMAH]I, a CJeNo-
BaTENIbHO, C 0OBEMOM MaMATH MUKPOIPOTPaMM M PaspsOHOCTHIO MOJS agpeca
MHUKPOKOMAaH/IBI.

MmHoxxecTBO MUKpoonepanuii Y, wucnonslyemeix B 3agaHHod ['CA —

Y={y1, Yo, y13}, MOIIIHOCTb MHOECTBA |Y|:13. IIpy TOpU30HTAIBHOM KO-

JIMPOBaHUM TI0JIe MUKpoorepanuii Oynet 3anuMath 13 paspsinos. BepTukanbHblit

Croco0 KOJIMPOBaHUs MUKpOOTiepanuii K 3aaanHoi ['CA HemprUMEeHUM, TOCKOJIbKY

I'CA conepxuT BepIIMHBI ¢ ABYMsI U TpeMsi Mukpoorepausmu. [lonpoOyem pea-

JM30BaTh pa3dueHre MHOXKeCTBa Y Ha TOJAMHOMKECTBa HECOBMECTHMBIX MHUKPO-

ornepanuii. BocmonbzyeMcsi METOIOM MPSIMOTO BKJIFOUEHHS, YYUTHIBAsl, YTO OTHO-

IICHHE COBMECTHMMOCTH 3aaaHo Ha camoii 'CA. Ctporo roBopsi, CieIoBajio Obl

MOCTPOUTh MAaTPHILy COBMECTHMOCTH MHUKPOOIIEpaluii, HO B paccMaTpHBaeMOM

npuMepe HeOOJIBIION pa3Mep alroOpuUTMa MO3BOJISIET ONPEACATh OTHOLICHHE CO-

BMECTHUMOCTH HemocpeacTBeHHO 1o ['CA.

Ha ckonpko moaMHOMXKECTB cienyeT pa3OMBaTh MCXOAHOE MHOecTBO? Ilo MeHb-

meit Mepe, Ha S=3 B HamieM ciaydae. OOpasyeM Tpu HOAMHOXeCTBa — Y, Y,,

Y3 ¥ pasMecTHM B HUX MHUKPOOIEPALUH ONEPATOPHOM BEPLIMHBI, UMEIOLIEH S

mukpoonepanuii. Ecmm B 'CA Takux BepmIMH HECKOJBKO — BBIOEpEM JIF00YIO

U3 HUX.

Yi={yi}, Ya={va}, Ys={y7}.

Teneps pa3MecTuM MO MHOXKECTBAM MHKPOOIIEPALUH CIEAYOIIeH BEPIIUHBI, CO-
nepokaineit (B HameM ciiydae) TpH MHKPOOTIEPAITHH:

Yi={yit, Yo={Va,¥s}, Ya={y7,Ys}

3aMeTuM, 4TO MepBas MUKpOOINepalis BTOPOH paccMaTpuBAaeMOW BEpIIMHBI COB-
najaeT ¢ MEepBOM MHUKpoonepauueid nepBod BepmIMHbI. OHa yKe MPUCYTCTBYET
B MHOXecTBe Y; (Y4 € Y;), modTOMy He BKiIIO4aeTcsi BropuuHo. Hakower, pa3mec-

TAM MHUKPOOTIEpAINH TPEThel "TPOHHOW" BEPIITHHEIL:

Yi={y1, i}, Y2={V¥s V5. Y12}, Yz ={¥7,Ys Y13}

Teneps HepacnpeeIeHHBIMH OCTAINCh MUKpOoIiepauy (HeKOTopbie) " IBOWHBIX"
1 "onuHapHBIX" BepiinH. Bepmmua (Y, Yg) — 00e MHKpooOIeparuy HecoBMec-

TUMBI C YK€ paclpeneleHHbIMH, II03TOMY MOTYT pacHojaraTbCs NPOU3BOJIBHO,
T ObI OHY HAXOJWIIUCH B PA3HBIX MOJAMHOMXKECTBAX:

Yi={Y1, Y11, Y2}, Yo ={V4:¥5:Y12: Y6} Yz ={Y¥7,¥s Va3}-
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BCpH.H/IHa ( Yo, yg) —_— yg HEJIb34 IIOMECIIATh B Yl , IOCKOJIBKY COBMECTUMaAs C HeHn
Yo € Yl' ITonMHOXKEcTBa JIy4IlI€ 3ar0JIHATh PABHOMEPHO, IIO3TOMY Pa3MECTUM Yq
B Y3

Yi={Y1. Y11, Y2} Yo ={V4:¥5:Y12: Y6}, Yz ={Y¥7.Ys: Y13: Yol -

Ocranuch ABC HEpACHIPECACICHHBIC MUKpPOOIICpallid — n , IEpBas U3 KOTO-
3 10
pBIX COBMECTAMA C Y5, TO3TOMY €€ HEJIb3sl IOMEIIATh B Y2, a BTOpasa HECOBMEC-

THMa HU C KaKUMHU JAPYTUMH U MOXKET pasMEIIaTbCAa NMPOU3BOJIBHO. ITomectum nx
B MHOXXECTBO, UMCIOLICEC ITOKAa HAMMCHBITYIO MOIITHOCTb — Yl .

Y1 ={Y1, Y11: Y2, ¥3: Yo} Y2 ={V4:¥5:Y12: Y6}, Yz ={¥7.Ys: Y13: Yol -

Bce 13 mukpoorneparuii pacipeaeiineh M0 TPeM IMOJMHOXKECTBAM, TPH 3TOM
BBITIOJTHAIOTCS ycioBus (4.8) (1. e. uMeeT MecTo pa3OHeHHe HCXOIHOTO MHOXKECT-
Ba Y ), omHako YA OOBIYHO JOJDKEH BBIPAOATHIBATH €Ie OJHY MHUKPOOICPAIIHUIO,
CBHJICTEJILCTBYIOIIYI0 00 OKOHYAHWU BBIMOJHEHHUs aITOpUTMa M IpeIHA3HAYCH-
HYIO JIsl UCTofib30Banus He B OA, a B yIpaBJsIFOIIIEM aBTOMATe BEPXHETO YPOBHSI
uepapxuu. Ha3oBeM 3Ty MHKPOOIEPAIMIO Y, M BKIOYUM B MPOU3BOJBHOE MHO-
xectBo (Hampumep, B Y, ), MOCKOJIBbKY OHA, €CTECTBEHHO, HECOBMECTHMA HHU C OJI-

HOH MuKpoornepanueil. Itak, umeem ciieiyroniee pacupeaeieHue:

Y ={¥1: Y11, Y2, ¥3: Yio}: Yo ={VY4.¥5.¥12: Y6, Yk}, Ya={Y7.Ys: Y13 Yo}-
JUJis KOTUpOBaHUS 3JIEMEHTOB KaXJOTO M3 TPEX IMOJAMHOXKECTB MOTPEOYETCs 10
TpI/I ABOUYHBIX pa3p$ma. MO)KCT IIOKa3aThbCA, 4YTO JIA Y3 XBaTUT U ABYX, BE€b
|Y3| =4= 22, OJIHAKO CIICAYET YYECTh, YTO B KAXKJOM IOJIMHOKECTBE HEOOXOUMO

MPESYCMOTPETh OJUH KO JUISl Clly4yasl OTCYTCTBHS MHKPOOIIEpalUy U3 3TOrO MOJ-
MHOX€CTBA B MUKpOKoMaHJe. ONTHUMalIbHBIM pa30MeHNEeM HCXOIHOTO MHOKECTBA

OyneT Takoe, Koraa ‘v’|Y, | =2r -1, e r — HaTypaJbHOE YHUCIIO.

B noamHokecTBe Y; Beero ojHa “JIMIIHSA" MUKpOOIEpanys, a cpeiu KogoB Y, u Yo
ecTb cBoboxHble. Ilonpobyem mepeHecTH OIHY M3 MUKpoonepanuil u3 Yz B Jpyroe

MOJIMHOXECTBO, COXPaHss, ECTECTBEHHO, TPEOOBAHUE K IMOMAPHON HECOBMECTUMOCTH
BCEX MUKPOOTIEPAITNI OHOTO MOAMHOXKeCTBA. OUEBUIIHO, TIEPBBIC TPH JIEMEHTA MO
MHOKECTBA Yz HENb3sl IEPEHECTU B PYroe, T. K. OHU SIBIIFOTCS. MUKPOOIIEPALIAMU U3

"TPOMHBIX" BEPIIMH. 3aTO MUKPOOIEPALMS Yg COBMECTUMA TOJIBKO C Y, € Y, II0ITO-
MY Y9 MOXKHO nepeHecTd B Y, . OKOHYATEeNbHO MOIy4UM, NIPEABAPUTEILHO YHOPSIO-
YUB 3JIEMEHTHI TIOJIMHOYKECTB B TIOPSIIKE BO3PACTAHNS MH/ICKCOB!

Y ={¥1,¥2, Y3, Y10: Yiu}: Yo ={ V4. Y5 Y61 Yo: Va2, Yk} Yz ={Y¥7.Yg: Y13}
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Teneppr Mbl MOXEM OINPENECIUTh pa3Mepbl Nojeil Mukpokomanasl. Ilone mukpo-
oneparuii Oyaer coctosTs U3 Tpex noanoieii — Yi, Y,, Y (Ha3oBeM uX 10 uMe-

HaM COOTBETCTBYIOLIMX IOJMHOXKECTB), pa3mMepoM B 3, 3 U 2 TBOMYHBIX pa3psiioB
COOTBETCTBEHHO.

[Tomre HOMEpa yCIIOBUS X JTOJDKHO COAEpX aTh HOMEP OJTHOTO M3 JBYX JOTHIECKHUX
yCIoBUit — X, Xo (OAMH pa3psia?), OMHAKO JUIs MOBBIILICHHUs THOKOCTH TpoIiecca
MHUKPOTIPOTPaMMHUPOBaHUS YAOOHO MMETh BO3MOXXHOCTH BBIOMPATH €IIle U 1MOodiC-
0eCmeeHHO UCTMUHHOe U MONCOECHEEeHHO o cHoe ycnoBus. WTak, mone X 3aHH-
MaeT JiBa pa3psa.

Haxkowner, mome agpeca ompenensieTcss 00beMOM MaMATH MUKpoIporpamM. Ecmm
B HaIlleM IpUMepe MBI OyJIeM CUUTaTh, YTO pa3padareiBaeM Y A TOJIBKO IS pean-
3alUl MHUKpONporpaMmsbl puc. 4.14, a oHa comepxuT 8 BepIiluH, HE cCUMTas Ha-
YaJbHOW, KOHEYHON M YCIIOBHBIX, KOJIMYECTBO MHKPOKOMAaH/ (KaXaas MHKPOKO-
MaH/a — sueiiKa MmaMsITH, IMEIOIasi CBO# ajapec), BhlaBacMbIx Y A, OyaeT HUKaK
He Mmenee 8, a peanbno — (1,2, ..., 1,3) X 8, To m1st mosnst ajpeca B MUKPOKOMAaH IE

cnenyet orBect 4 paspsia ( 24 =16>13x8= 11).

B none agpeca Oyzmer pacnonaratscs ajipec aMsITH — JBOUYHBIN HOMEp S4YeiKH,
a B HOIX Y; ¥ X — KOJbl MHKPOOIIEpaluii 1 JIOTHIeCKuX yciaoBuil. OKOHUATENb-

HO (popMaT MUKPOKOMaH bl OYAET UMETh BH/I, IPUBEACHHBIN Ha puc. 4.15.

Y, Y, Y, X Al

3 3 2 2 4

Puc. 4.15. ®opMaT MUKPOKOMAH/IbI

ETASHTA8A TEE0TTTA0A0E & 8Tie-AMees ofeTaeé
3/ech MOXET OCYIIECTBIATHCS MPOHM3BOJIBHO, HANPUMEP TaK, KaK MOKa3aHO
B Tabi. 4.4.

BriOpaB KOIUPOBKY, MOKHO Ha4MHATh MHCATh MHUKPONPOrpaMMy B MaIIMHHBIX
Mmukrpokooax. Paxtuueckun Mbl GopMmupyeM coaepxkumoe [13Y mukpormporpamm
(tabm. 4.5).

Anamsupyst [CA mukponporpamms (cM. puc. 4.14), yBumum, 4To B IEPBOM TaK-
Te pabOThl aBTOMAaTa JOJKHBI OBITH BBIIAHBI MUKPOOHEpALUH Y, U Yg. YUUTHI-
Bas, YTO B HA4aJIbHOM cocTosiHuu aBromara Pr Cu A MK yno6Ho ycranoBuTh B 0,
MHUKPOKOMaH/a, PacloJIOKEHHAsl MO0 HYJIEBOMY ajpecy, AOJDKHa CPOPMUPOBATH
MHKpoornepauuu Y, u Yg. 13 tabn. 4.4 cnenyer, uro Y, € Y; u umeer kox 010,
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a Yg€Y, (xog 011). Mukpoonepaluy, BKJIIOYCHHBIE B MHOXKECTBO Y3, B 3TOIii
MHUKpPOKOMaH/Ie OTCYTCTBYIOT. Torma Imoje MHKPOOIepanuii MHKPOKOMAaH/IbI
JIOJIKHO cojiepkaTh cieayronuit koa: 010 011 00.

[Tocne mepBoii oneparopuoit BepmuHbl ['CA ciemyer yclioBHas BepIInHA, CO-
Aep)kKamas JIOTHYECKYI0 TepeMeHHYI0 X;. CieoBaTenbHO, B MHUKPOKOMAaH[E
JOJDKHA aHAJIM3UPOBATHCS IepeMeHHas Xi. [Ipu X; =0 cnenyromieit 10mKHA BbI-
HOJHATBCS MUKpokoMmanza ( Yy, Y4, Y7) 1o aapecy 1, nHade — MHKpOKOMaHa
(Y1, Y5, Yg) IO HEM3BECTHOMY IOKa aJipecy. 3aroIHAM CTPOKY TaOJHIIbI ISl Hy-
JIEBOU sueliku mamsatu cienyromuM kogom: 010 011 00 01 ??77?. K atoit cTpoke
HaM ellle NPUIETCS BEPHYThCS JJIs 3aI0JIHEHHS TIOJIS ajjpeca Mepexoa.

Io aapecy 1 nomkHa pacmoyiarathCsi MEKpOKOMaH 1, GOpMUpYOIIas MUKPOOIIe-
patmu (Y, Ya, Y7) ¥ O€3yCIOBHO Hepeaarolas yrpaBieHHe ClIeIYOIed MUKPO-
komaHze (Ys, Yg). 3aloiHSAEeM CTPOKY TAOJNMIBI JUIS IIEPBOM SUCHKH HMaMSTH:

001 001 01 00 xxxx. B mose x 3toit mukpokoManapl ko 00 yka3biBaeT Ha TOXIe-
cTBeHHO JioskHOe ycioBue (koHctanty 0) — k Pr Cu A MK Oyzaer mobasnena 1,
a CoZIep’KUMOe TIOJIA aJipeca Tiepexo/ia He UCTIONb3YeTCsl.

Taonuua 4.4. Tabruyvi KOOUPOBAHUS MUKPOONEPAYULL U TOSUYECKUX YCAOGULL

Kon Y, Y, Y; Koa X

000 % ] @ 00 KOHCS anTa

001 Y1 Ya Y; 01 X

010 Y, Ys Ys 10 %
Komncranra

011 Ys Ys Y13 11 1

100 Yio Yo

101 Y Yo

110 — Yi

111 — —

JleiicTBysl aHAIOTUYHBIM OOpPa30M, 3aIMONHSIEM CTPOKH Taldi. 4.5, cOOTBETCTBYIO-
mue agpecam [13Y 3, 4, 5, 6 (Ha puc. 4.14 psaom ¢ onepaTopHbBIME BEpPIIMHAME
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0003HauCHBI aJpeca COOTBETCTBYIOIINX MUKPOKOMaH[). B MHKpokoMaHe 1o aj-
pecy 4 BBIIIOJTHIETCS YCJIOBHBIM NEPEXO MO MEPEMEHHON X, , IPUUYEM aJpec Ie-
pexona npu X, =1 moka Taxxe HeusBecteH. 1o anpecy 6 pa3meriaercsi MUKpOKO-
MaHjla, COOTBETCTByMoMIas KoHeuHou BepmmHe ['CA, 3aBepmiaromas padoTy
MHKpOIIPOrpaMMbl MUKpoonepauuei Y, . Takum oOpa3oM, 3aBepIIeHO MUKPOIPO-
rpamMmmupoBanue ydactka ['CA oT Ha4ambHOW 10 KOHEYHOW BEPIIMHBI, COOTBETCT-
BYIOIICTO HYJICBBIM 3HAYCHUAM JIOTUYECKUX ICPECMEHHBIX.

Tenepb MOXKHO BEPHYTHCSI K JIOTMYECKOH BepIIWHE, Pa3MEUICHHOW MOCie MepBOM
OnepaTopHOil. MUKpOKOMaH/Iy, CIIEIYIONIYIO 32 €€ eIMHUYHBIM BBIXOAOM ( V¢, Ys,
Yg), MOXHO PasMecTUTh IO cienyrouiemy cBoboxHomy (7) aapecy. ITostomy B
roJie anpeca nepexoxa siaeriku O Temeps MoxkHO TToMecTuTh kKoa 0111. Cama Muk-
pokomanja 1o azapecy 7 GopMHUpPYET TPU MHUKPOOTIEPAIUN U TIEPEXOJUT K MUKPO-
komas/ie 1o ajpecy 8: 001 010 10 00 xxxx.

MukpokoMaH1a 1o ajipecy 8 He CBsA3aHa ¢ JJOTMYECKOH BepIIUHON, HO OHA J0JDKHA
nepenaBaTh yrpaBJieHUE yxe cyluecTByromiei (o aapecy 3) mukpokomanze. [1o-
aToMy ee noje X=11 agpecyeT TOXIECTBEHHO HCTHHHOE YCJIOBHUE, a B IOJIE
nepeagpecannu ykaszaH aapec 3.

Tabnuya 4.5. Cooeparcumoe 113V muxponpozpamm

Axpec Y1 Y, Y3 X Al
0 010 011 00 01 0111 (7)
1 001 001 01 00 XXXX
2 011 010 00 00 XXXX
3 000 001 00 00 XXXX
4 101 101 11 10 1001 (9)
5 100 000 00 00 XXXX
6 000 110 00 00 XXXX
7 001 010 10 00 XXXX
8 010 100 00 11 0011 (3)
9 000 000 00 01 0111 (7)
10 000 000 00 11 0001 (1)
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Haxkonen, ocrajcs HeollpeJeNeHHbIM aJpec Iepexoja B MUKPOKOMaHJE 10 aape-
cy 4. Ceituac yxe BceM onepatopHbiM BepuimHam ['CA (BK/IIOYask KOHEUHYIO) CO-
OTBETCTBYIOT MUKpOKOMaH/bI B sueiikax 113Y. Ha kakyio u3 HUX ciemyeT mepe-
JlaTh YIPaBIEHUE MOCIIE IPOBEPKHU YCIOBUSL X, , €CIIM OHO OKAXKETCS HICTUHHBIM?

______________________________________ "0'o— 1 [MS
1 X, ot———2
i x, ob—— 3
E OA v“no_ 4
E Vi Yo Vs Vi Yy Vs Ve Yo Vi Y Vs Vis i Z:)
L
X Al Pr MK
Ilyck
D
D [c|+1]|RrR
— RD 3Y MK Pr Cu A MK
A

-

1

CLK  Iycx y,

Puc. 4.16. CTpykTypHas cxeMa yIpasJIIOLIEro aBToMara
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W3 I'CA BuIHO, 4TO TOrJa CleLyeT NIPOBEPUTh YCIOBUE X; — CIydail IBYX MOJ-
P PacIoNIOKEHHBIX YCIOBHBIX BepunH. Ilepenats ynpasienue Ha anpec O, rae
npoBepseTcs 3To ycnosue? Ho Torna BRIIONHATCS 1 MUKpooniepatu Yy, Ya, Y7,
a 3TO MHUKPOIIPOTPaMMOH He mpenycMoTpeHo. OYeBHIHO, B MUKPOIPOTPaMMYy
ClielyeT BKJIIOYUTH JOMOJHUTEIFHO MUKPOKOMAH/bI (B HAIIEM Cilydae — I10 aj-
pecam 9 u 10), koTopbie HEe HOPMHUPYIOT HUKAKUX MHKPOOIEpAIHii, a 00ecrneyn-
BAaIOT TOJIBKO Iepenady ynpasieHus. IlepBasi ocyiiecTBIsSi€T yCIOBHBIN NEPEXOX
0 IIepeMEHHON X; Ha ajpec 7, Bropas (KoTopast OyAeT BBINOIHATHCS TOJBKO MPU
X, =0) — 6Ge3ycnoBHo Ha agpec 1. Temepp KO MHUKPOIPOrPaMMbl HOJHOCTBIO
chopMupOBaH.

Ocranoch n300pa3uTh CTPYKTYPHYIO CXEMY Pa3paOOTaHHOTO YHPaBIAIONIETO aB-
tomara (puc. 4.16).



naBa 5

OpraHusauua namatu B 9BM

OBM, peann3oBaHHas MO KIacCHYECKOH (HOH-HEHMAHOBCKON apXHUTEKType, BKITFO-
qaeT B ceOs:

3 mnporieccop, coaepKamuii apuGMeTHKO-TOTHYecKoe yeTpoicTBo (AJTY) u 1ieH-
TpanbHOe ycTpoiicTBo ynpasienus (IIYVY);

O mnamsTh, KOTOpasi B coBpeMeHHbIX DBM moapaszensercs Ha oneparuBayto (OI1
uu O3Y) u ceepxomneparusyio (CO3VY);

0 BHeUIHHE YCTPOICTBA, K KOTOPHIM OTHOCAT BHEIIHIOK namsath (B3Y) u ycrpoii-
crBa BBoza/BeiBoa (YBB).

B 510i1 rmaBe paccMOTpUM OpraHU3ALMIO YCTPOUCTB NamsATU. IIpuHIUIIBI B3auMO-
NEHCTBHS qPYTUX yCTpoiicTB DBM ¢ mporieccopoM paccMOTpEHBI B pa3d. 6.3.

5.1. KoHuenunsa MHOroypoBHeBOU NamMmsTn

N3BecTHO, uTo mamsaTe DBM mnpenHazHadeHa A XpaHEHUS MPOrpaMM M JIaHHBIX,
npudeM 3¢ GheKTUBHOCTh paboTel OBM Bo MHOTOM oOmpenensieTcs XapaKTepUCTH-
KaMu ee nmamsTH. Bo Bce BpeMeHa K MaMsTH NMPEIbsIBISUICE TPH OCHOBHBIX TPeOo-
BaHMs. OONBIIONW 0ObeM, BBICOKOE Obicmpoldeticmeue W HU3Kas (yMepeHHas)
CMOUMOCHIb.

Bce mepeuncnennble Bbllle TpeOOBaHUS K MaMSTH SBISIOTCS B3aMMHO-TIPOTHBO-
PEUUBBIMH, [IOTOMY II0Ka HEBO3MOXHO PEeajiM30BaTh OAWH TUN 3Y, OTBEYAIOIIUIl
BCEM Ha3BaHHBIM TpeOoBaHMsM. B coBpeMeHHbIX DBM OpranmsyroT KOMILIEKC
pasHOTHITHBIX 3Y, B3aNMOJIEHCTBYIOIINX MEXAY CO0OW W 00ECTIeunBAIONINX MTPH-
eMJIEMbIE XapaKTepUCTUKH MaMATu OBM a1 KkaXka0ro KOHKPETHOTO IPUMEHEHHUS.

B ocHoBe GompiinacTBa DBM NEKUT TPEeXypOBHEBAS OpPraHU3AIMs TAMSTH: CBEPX-
oneparuBHas (CO3Y) — oneparuHas (O3Y) — BHemmnsis (B3Y). CO3Y u O3V
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MOTYT HETIOCPEICTBEHHO B3aUMO/IEHCTBOBATE ¢ mporeccopoM, B3Y B3aumoneiict-
ByeT Tonbko ¢ O3VY.

CO3Y obnamaer MakCUMAJIBHBIM ObICTpOACiicTBHEM (PaBHBIM MPOIECCOPHOMY),
HebonmbmmM o0bemoM (10—10° GaiiToB)  pacronaraercsi, KaK IpaBHilo, HA KPH-
craie npoueccoproir BUC. dns obpamenns k CO3Y He TpeOyroTcsi MarucTpanb-
Hble (MammHHbIe) 1UKIBL. B CO3Y pasmemniaroTcs Hanboiee 4acTo MCHOJIb3YeMbIe
Ha 3TOM Y4aCTKe MPOrPaMMbI IAaHHbBIC, @ HHOT[a — U ()parMeHThI IPOrPaMMBI.

BeictponeiictBre O3Y MoxeT ObITh HIKE TporieccopHoro (He Oojiee 4eM Ha Imo-
psinok), a o6bem cocramsier 10°—10° Gaiitos. B O3Y pacromaraiorcs moesKa-
e BBHITIOJHEHUI0 TIporpamMMbl B oOpabaTeiBaeMble JaHHBIE. CBSI3b MEXAY TPO-
neccopoM u O3V ocymecTBiIseTCs M0 CHCTEMHOMY WIJIH CIICIHAITN3UPOBAHHOMY
uHTepdeiicy 1 TpedyeT It CBOETo OCYIIECTBICHHUS MAITMHHBIX IIHKIIOB.

WNudopmanus, Haxogsmasics B B3Y, He MoxkeT ObITh HEMOCPECTBEHHO UCIOIB30-
BaHa mpoleccopoM. sl NCTONB30BaHMS MPOTPaMM U JaHHBIX, PACIION0KEHHBIX
B B3V, ux Heobxoaumo mpenapurensHo nepenucats B O3Y. Ilpomecc oOmena
uHpopmanueir mexay B3Y u O3V ocymiecTBusercs: cpeacTBaMu CIEIHAIBHOTO
KaHana win (pexke) — HEMOCPEACTBCHHO IMOJ] YIpaBieHueM mpoieccopa. Oobem
B3Y mnpaktuuecku HeorpaHuueH, a OBICTPOJECHCTBHE HAa 3—6 MOPSIKOB HIKE
MIPOIIECCOPHOTO.

CxeMaTHYecKH B3aMMOJICHCTBHE MEKIY MPOLIECCOPOM U YPOBHSIMH MAMSATH TpeN-
CTaBJIeHO Ha puc. 5.1.

VYupapnenue
JlanHbie l
IIponeccop -
o3y 1 B3y
<= cosy = Kaan K=
1
P |

Puc. 5.1. B3aumopeiicteue 3Y pa3iaudHbIX ypoBHEH B coctae OBM

CrnenyeTr mOMHUTH, 4TO nosiokeHre 3Y B uepapxuu namsatu OBM omnpenensercs
HE 3JIEMEHTHOU 0a30#f 3amOMHUHAIONINX siueek (M3BECTHRI CiTyuau peanusarmu B3Y
Ha BUC — "anexTpoHHBId AuCcK” 1, HAOOOPOT, OPTaHU3AIHS OTIEPATUBHOMN MaMSITH
Ha 3JeKTpOMeXaHHUeCKuX 3Y — MarHuTHBIX Oapa®aHax), a BO3MOXHOCTBIO JOC-
TyIla Mpoleccopa K JaHHBIM, PaclloOKEHHBIM B 3ToM 3Y.

ITpu opranuzaiuu mamsatu coBpemeHHbIx DBM (MIIC) ocoboe BHUMaHUE Yaes-
€Tcs CBEPXONEpPaTHBHOW MaMsITH M NPHHLUUIAM OOMEHa HH(pOpMaLUed MEeXIy
O3V u B3YV.
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5.2. CBepxonepaTMBHasi NaMATb

[Ipumenenne CO3Y B mepapxuveckoil mamstu IBM MoxeT 00ecreuuTsh MOBBI-
IICHUE TPOU3BOAUTEILHOCTH DBM 3a cUeT CHIKEHHUS CPEJAHEr0 BPEMEHH 00-
palieHus K mamsata 1 npu ycinoBud, uto Bpems mukia CO3Y T. Oyzaer (3Hauu-

TeNbHO) MeHbIle Bpemenu nukna O3V Ty. OgeBuaHo:

T=pc -Tc+@-pc) To, (5.1
rne pc — BeposTHocTH oOpammenus k CO3Y. O6o3HaunM Tak xe. Py — BEpo-
sTHOCTH oOpameHus k O3Y.

W3 (5.1) criemyert, 94TO MOBBIMICHUE POU3BOAUTEILHOCTH IBM MOXET OCyIecTs-
JIATBCA ABYMA HyTSIMI/I:
Te.

0

a YMEHBIICHUEM OTHOUICHU A

O yBenu4eHHEM BEPOSTHOCTH P oOpamenus B CO3Y.

[lepBbIii yTh CBsI3aH, NPEXIE BCErO, ¢ TEXHOJIOTMYECKMMU OCOOCHHOCTSAMH IIPO-
n3BojctBa BUC u 3neck He paccmaTpuBaeTcs.

Ecnu cunrats, uto unpopmanus pazmemaercs B CO3Y u O3V cnyuaiiHeiM o6pa-
30M, TO BEPOATHOCTH Pc U Pp MPOHOPLUOHAIBHEI 00bEMaM COOTBETCTBYIOLIUX
3V. B atoMm cinydae Pe << Py u Hamuuue B OBM CO3Y npakTuuecku He BIUSET

Ha €€ MPOU3BOANUTEIILHOCTD.

T
To e MOXHO ObLTO OBI CKa3aTh U O CUTYallMH, KOIJIa OTHOILICHHUE € = 1, HO He
0

cienyeT 3a0biBaTh, uTo Hanmmure B OBM CO3Y ¢ npsmoit anpecanueii (POH) mo-
3BOJISIET BKJIFOYATh B CHCTEMY KOMaH]| KOPOTKHE KOMAaH/Ibl, HCIIOIb30BaTh KOCBEH-
HO-pCTUCTPOBYIO aApeCalluio U, B KOHCYHOM UTOIC, YBCIIMUMUBATL IPOU3BOAUTECIIb-
HocTh OBM naxe npu T =Tj.

Wraxk, st apdexruroro npumenenuss CO3Y cienyer TakuM o0pa3oMm pacrpeje-
TTh WHGOPMAITHIO 10 YpOBHAM maMati DBM, ato6sr B CO3Y Bcerma pacmornara-
JICh HanboJiee YacTo UCTIONIb3YeMbIEC B JaHHBIH MOMEHT KOIBI.

[MpunsTo paznumuate CO3Y mo crnocoly nocTymna K XpaHUMOW B HEM HH(GOpMaLnH.
W3zBectHBI 1Ba 0cHOBHBIX Kitacca CO3Y 1o 3TOMy MPU3HAKY:

O c OpsMBIM AOCTYIIOM;

3 c accolMaTUBHBIM JTOCTYTIOM.
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5.2.1. CO3Y c npsAMbIM JOCTYNOM

CO3Y ¢ npsmvim docmynom (POH — peructpbl o0111ero Ha3HAYCHHUS) TOIYUHIIO0
LIMPOKOE paclpoCTpaHeHHue B OOJBIIMHCTBE cOBpeMeHHBIX OBM. ®dakTuuecku
POH — 570 HeOoMbIIast perucTpoBas HaMATh, TOCTYI K KOTOPOH OCYIIECTBIISETCS
crienMadbHeIME KoMaHgaMu. Ctparerus pasmernieHus naHHbix B POH nemmkom
omnpezaenseTcss nporpaMmuctoM (kommuisitopom). O6srga0 B POH pasmermaror
MHOTOKPATHO UCTIONb3yeMble ajapeca (0a3bl, MHACKCHI), CYCTYMKH IUKIIOB, JaHHbIC
aKTHUBHOTO (hparMeHTa 3aJadu, YTO HOBBIIIAET BEPOSATHOCTh OOpAIIECHUS B SYEHKH
POH 1o cpasuenuto ¢ suerikamu O3Y.

5.2.2. CO3Y c accounmaTtMBHbLIM AOCTYNOM

[Mpumenenne CO3Y ¢ accoyuamugnvim 00CHynom TO3BOISET aBTOMaTH3HPOBATh
mporiecc pasmemenuss AanHbix B CO3Y, obecneunBas "mogMeHy' aKTHBHBIX
B faHHbIM MOMeHT siueek O3Y sueiikamu CO3Y. Dh(heKTHBHOCTh TaKOTO MOIX0/1a
CYIIECTBEHHO 3aBUCHUT OT BBIOpaHHOU crparernu 3amenbl mH(popMmarmu B CO3Y,
MpUYeM HcIob30Banue accoruaTuBHOro CO3Y mMeeT CMBICH TOJNBKO MPU YCIOBUH
Te << Ty.

ITpuHnun acconuaTuBHOrO AOCTYIA COCTOMT B ciedyromeM. Hakonurens acco-
[MaTHBHOTO 3amoMuHaromero ycrpoicrsa (A3Y) pa3OuT Ha 1Ba MOJS — HH-
¢dopmanmonHoe W mpusHaKoB. CTpykTypa WH(GOPMALMOHHOTO TOJSI HAKOTHTEINS
COOTBETCTBYET CTPYKType 00brdHOro O3Y, a 3amoMHHAIONINI IEMEHT IO TpH-
3HAKOB, TOMUMO (D)YHKIIMH 3aIMCH, YTEHHUS U XpaHeHUs1 OUTa, 00eCcIieYnBaeT Cpas-
HEHHE XPaHUMOH HH(OPMAIMY C MTOCTYMAIOIIEH U Bblady [IPU3HAKA PABEHCTBA.

[Tpu3Haky paBeHCTBA BCEX AIIEMEHTOB OJHOW SYEHKH MO NPU3HAKOB OO0bEIHMHS-
torcsa o "U" m ycranaBmmBaroT B 1 mHnukarop cosmanenus MC, ecnu uadopma-
s, XpaHUMasi B TOJIe IPU3HAKa SYCHKH, COBNANAeT ¢ MH(opMalueH, mogaBaeMoit
B KaUeCTBE MPU3HAKa Ha BXOJ P HAKONHTEs.

Bo BTOpOit haze obpamienus (pu YTeHUH) Ha BBIXO JaHHBIX D mocnenoBaTenbHO
MIOCTYTIaeT COJeP)KUMOe HH(POPMAIIMOHHBIX OJIEH TeX sYeeK, MHIUKATOPHI COBIIA-
JICHUsI KOTOPBIX YCTaHOBJIEHBI B 1 (€ciiM TaKOBbIC HAMIYTCS).

Crioco6 wucronb3oBanusi A3Y B KadecTBe CBEPXOINEPATHBHOTO HILTFOCTPUPYET
puc. 5.2. B undopmarmonnom mone siueek ACO3Y — konus uHGOpMAaIu HeKo-
Tophix siaeex O3Y, a B mose mpu3HakoB — afpeca 3tux staeek O3Y. Korga mpo-
reccop renepupyet obparienre Kk O3Y, OH 0JHOBpeMEHHO (WM TPEXKJIe) WHH-
nuupyet mnpoueaypy omnpoca ACO3Y, BeimaBas B KauecTBe mpu3Haka ajapec O3Y.

Ecnu nmeer MecTo coBmajieHue Mpu3HaKa sSYeHKHU C 3arpalinBacMbIM aipecoM (He
Ooree ogHOTO pasa, anroput™ 3arpy3kun ACO3Y He mpemycMaTpuBaeT BO3MOXKHO-
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CTH TOSIBJICHHSI OJIMHAKOBBIX IMPU3HAKOB), TO MpoLeccop oOparaercst (o YTSHUIO
WM TI0 3aITMCH) B UH(GOPMAITHOHHOE Toste 3To# stuetiku ACO3Y, nmpu 3ToM 010KH-
pyercs obpamenne k O3Y. Ecimu tpebyemsriii anpec He HaiineH B ACO3Y, uaH-
uupyercst (uu npopoinkaetces) oopamenue k O3V, npudem B ACO3Y cosnpaercs
korust staeriku O3Y, K KoTopoit oOpartmics mporeccop. [loBropHoe obpamenue
mpoiieccopa mo 3ToMy ajpecy Oyaer peannzoBano B ACO3Y (Ha mopsmaok ObICT-
pee, uem B O3Y).

IIInHa JaHHBIX

< >

1 ACO3Y
JlaHHbIE Jlanueie
ITone ITome
IIpoueccop : MpU3HAKOB | HHpOpMaLUH | . o3y
. (anpeca) (nanupie) | .
Anpec Anpec

[Iluna agpeca
< =

Puc. 5.2. CO3YVY c acconyaTiuBHBIM JJOCTYTIOM

Takum o6pazom, B ACO3Y coznatorcst konvu Tex staeek O3V, K KOTOPHIM B TaHHBIH
MOMEHT 00paliaeTcst MpoLeccop B HaAeXKIe, uTo "B Ommkaiiiiee BpeMs' pOU30HaeT
HOBOE oOpaieHre mo 3romy aapecy. (CyIiecTBYIOT U Ipyrue CTPaTerHu 3arpy3Kd
ACO3Y, nanpumep, eciu mporeccop odpamiaercs B O3V 1o onpeaeIcHHOMY ajipe-
cy, To B ACO3Y nepemeniaercsi COAECpKUMOE IIEI0ro 0JI0Ka COCETHUX STIEeK. )

[Tpu HeobxogumocTn 3amucu B ACO3Y HOBoi nHpOpManmu TpedyeTcsl OTBHICKATh
CBOOOIHYIO SIUEHKY, a TIPH €€ OTCYTCTBUHU (UTO dYalle BCEro W ObIBAET) — OTHI-
CKaTh fAYEiKy, comepkuMoe KOTopoit mMoxHO ymamute 3 ACO3Y. Ilpu stom
ClIeyeT IOMHHTB, YTO €CJIM BO BpeMs mpeObiBaHus stueiiku B ACO3Y B Hee mpo-
M3BOJMJIACH 3alUCh, TO TPeOyeTCs HE NMPOCTO OYHCTHTH COJCPKUMOE SUCHKH,
a 3amucath ero B O3Y 1o aapecy, XpaHsieMycs B Mojie IPU3HAKOB, T. K. IPOILIEC-
cop, oteickaB agpec B ACO3Y, mpou3BOANT 3aIMCh TOIBKO TyAa, ocTaBisist B O3Y
crapoe 3HaueHue (tak HaswpiBaemoe "ACO3Y ¢ obpamnoil sanucwvio™). BoaMoxkeH u
npyroii pexxum padotel CO3Y — co CKBO3HOM 3aIHMCHIO, TPH KOTOPOM BCSIKasl 3a-
nuck ocymectBisiercs u CO3Y, u B O3Y.

[Tpu nmoucke ounIaeMoi SYSHKH Yalle BCero UCIOIb3YIOT MEMOO CAYUAUHO20 8bl-
bopa. VIHOT/Ia OTMEYAIOT SYEHKH, B KOTOpPBIE HE MPOBOAMIACH 3aIMCh, W MOHUCK
"KaHaMIaTa HA yJAIeHUe" TPOBOMIST U3 HUX.
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Bbonee crnoxnas mponeaypa 3aMeIIeHns MpeoiaraeT y4eT JIUTEIFHOCTH Ipe-
opBanus saeek B ACO3Y, uimu 9acToThl 0OpalieHrs 1Mo 3TOMY aJipecy, Wil Bpe-
MEHHU C MOMEHTa TocieaHero odpamenus. OHaKO BCe 3TH METOBI TPEOYIOT J0-
TIOJTHUTEJBHBIX alllapaTHBIX U BPEMEHHBIX 3aTpaT.

OpauM U3 HauboJiee NEMICBBIX CIIOCOO0B, MO3BOJISIONIMX YUUTHIBATH IIOTOK 00pa-
IEHUN K siuelikam, sBisercs ciemyromuid. Kaxmoit saeiike ACO3Y craButcs
B COOTBETCTBUE OUT (TpHrTep) OOpallleHHsl, KOTOPBIil YCTaHABIMBACTCS MpU 00pa-
IICHUH K 3ToH sueiike. Korga 6utel oopaiienus Beex sueek ACO3Y ycTaHOBATCS
B 1, Bce onn omgHoBpemMenHo cOpacwiBatoTcs B 0. [lonck ounimaemoii siueliku ocy-
IIECTBIIAETCS CPEIU SYECK, OUTHI OOpAICHHS KOTOPBIX HYJICBBIC, MPUYEM €CIU
TaKHX SYCEK HECKOJIBKO, TO CPEIU HUX OCYIIECTRIIICTCS CllydaliHas BRIOOPKA.

Hammure ACO3Y B OBM no3BosisieT (Ipu JOCTATOYHOM €ro 00bheMe U MPaBHIBHO
BBIOPAHHOW CTpATeruy 3arpy3Ku) 3HAYMTEIBHO YBEIUYUTH NMPOU3BOMTEIBHOCTH
cuctemsl. [Ipu 3Trom Hammume win otcyrcTBHe ACO3Y HHUKak HE OTpakaeTcs Ha
nocrpoernu nporpamMMmbl. ACO3Y He sBiIsieTCS TpOTrpaMMHO-TOCTYITHBIM O0BEK-
TOM, OHO CKPBITO OT moib3oBaTensi. Hemapom B nuTepatype s 0003HaueHHS
ACO3Y 4acrto ucnonb3yeTcs TepMuH "Kaui-namsts” (cache — raiinuk).

Komr-mamsite, CTpyKTypa KOTOpOW TpHUBelNeHa Ha pHc. 5.2, HOCHT Ha3BaHUE NOJ-
HOCMbIO accoyuamuerou. 31ech Kaxaas sdeika K31 MOXET MOIMEHAThH J00YI0
stueiiky O3Y. JIOCTOMHCTBO Takoil MmaMsiTH — MaKcHMajbHas BEPOATHOCTH K3III-
nonananus (MPHU MPOYMX PABHBIX YCIOBHSX), 10 CPABHEHHIO C IPYTHMH CHOCO0a-
MU opranuzauuu kam. K HemocTaTtkaM MOXKHO OTHECTH CIIOKHOCTH €€ CTPYKTYPBI
(a crmemoBaTenbHO, U BBICOKYIO CTOMMOCTB). JIeHCTBUTENIBHO, B KQXKIOM pa3pse
MOJISl MPU3HAKOB HEOOXOIMMO Pean30BaTh, HAPALY C BO3MOXKHOCTSIMH 3allHCH U
XpaHeHUs, (QYHKIIUIO CpaBHEHHUS XPAaHUMOTO OWTa C COOTBETCTBYIOIIMM OHTOM
MIpU3HAaKa, a MOTOM KOHBIOHKIUIO Pe3yJbTaTOB CpPaBHEHMs pPa3psAlOB B KaxaoH
sTYeHKe.

Kour-namsrb ¢ npsmbim omobpasicenuem TpeOyeT MUHUMAIIBHBIX 3aTpat 000pyI0-
BaHus (110 CPaBHEHHUIO C JPYIMMHU BapUaHTaMH OPTaHHM3aIlMK K3II), HO HMEEeT MH-
HUMAJILHYIO BEPOSITHOCTD KamI-nionaganuit. CyTte opranusanuu (puc. 5.3) cocrout
B caenyronieM. Ou3nueckas ornepaTHBHAsS HaMATh pa30ouBaeTcs Ha O1oKku (MHOXKe-
CTBa) OJIMHAKOBOT'O pa3Mepa, KOJINIECTBO KOTOPBIX (OJI0KOB) COOTBETCTBYET YHCITY
SYEeK KOIII, MPUYEM KaKIOW CTPOKE CTaBUTCSA B COOTBETCTBHE OINPEACICHHOE
MHOJKECTBO SYECK MaMsTH, He MepeceKaronieecs ¢ IpyruMu. Bee siueiiku MHOXKe-
CTBa MPETEH/IYIOT Ha OJIHY CTPOKY KOIII.

Takas opranuzanms K31 HCKII0YaeT cOOCTBEHHO acCOIMATHUBHBIN MOUCK, a CIeI0-
BaTeJIbHO, 3HAYUTENBHO YIIPOILAETCS CXEMa SYEUKH OIS IPU3HAKOB. [lelicTBUTEb-
HO, 3/leCh KOMHS TpeOyeMol SUeHKH ONepaTUBHOW MaMSTH MOXKET pacroaraThCst
B eOuHcmeeHHot cTpoke kaur. Yacts dusmdeckoro aapeca (Ha puc. 5.3 — crapias)
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OIIpeZAeNsAeT HOMEP MHOXECTBA U, CJIE0BATENbHO, CTPOKY K3l ColepKuMoe 3TOH
CTPOKH BBIOMpAETCs 10 OOBIYHOMY aJpECHOMY NPUHIIMILY, U T10JIE Tera CpaBHUBAET-
csl C MIIaIIIel 9acThio (PH3MUYEecKoro anpeca. Takum o0pa3oM, JUTst BCEH KIII-TaMATH
(sr060TO pazMepa) TOCTATOYHO STMHCTBEHHOM CXEMbI CPABHEHHSI.

Kbam ¢ mpaMBIM 0TOOpakeHnEM OnepatuBHas NaMATh
Teru Jlannsie / 0
DC
—_— 1
N 2
——
‘\ N—1I
== TMonananue/TTpomax I
— MHOXCECTBa

Ne MmHOXKECTBA | [Tone tera |

dusnueckuii aapec

Puc. 5.3. Kot ¢ npsmMbIiM 0TOOpakeHHEM

OnHako TpeUIoKeHHas BBIIIE CTPYKTypa HWMEET CYHIECTBEHHBIH HEIOCTATOK.
Ecnu mpoBonuTh pa3bueHue mamsTH Ha MHOXECTBA, KaK I[MOKa3aHO Ha puc. 5.3,
TO B OONBIIIMHCTBE CIIy4aeB KA OyIET MCIIOIb30BaThCS KpaitHe Hed(PEKTUBHO.

Bo-mepBbIX, XOTS aZpecHOe IMPOCTPAHCTBO (GHU3MUYECKOH MaMATH 32-pa3psaHbIX
MHUKpOIIPOILIECCOPOB COCTABISAET 232 Gaiitos, B coBpeMmeHHBIX [I9BM 00bIYHO HC-

MOJIE3YIOT HaMAThH 00BEMOM 2% __ 2% Gaitros. CrnenoBaTenbHO, CTPOKH K3II,
otobOpakaeMble Ha crapiine ((U3UUECKH OTCYTCTBYIOIIHME) MHOXKECTBA MaMSTH,
HUKOT/Ia He OY/yT UCTIONb30BaHbI.

Bo-BTOpEIX, €ciau B MHOXKECTBa BKIIOUAThH cienytontue moapsa ssueiiku O3Y, To
KONMHM HUKAaKUX JBYX MocieAoBaTenbHbIX sueek O3Y Henb3s 0JIHOBPEMEHHO
UMETh B K3 (KpoMe ciydasi MOCIeIHel U MepBOil s4YeeK ABYX COCEIHHX MHO-
JKECTB), YTO MPOTHBOPEYHUT OJHOW W3 OCHOBOIIOJATAIOUIMX CTPATErHid 3arpy3Ku
K31 — 1IeJIECO00Pa3HOCTH KONMUPOBAHUS B K3 TIPYIIBI IOCIENOBATEIbHBIX
sueek O3Y.
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JIJis MCKITFOUEHUS] OTMEUCHHBIX HEJIOCTATKOB Pa30MCHHE SIUCEK MaMSTH Ha MHOXE-
CTBa OCYINECTBISICTCS TakUM 00pa3oM, uYTOObI COCEIHHUE SYECHKU OTHOCHIUCH
K pa3HbIM MHOKECTBaM, YTO JOCTUTAETCS Pa3MEIICHUEM IOJIsI HOMEpa MHOXKECTBA
HE B CTapIINX, a B MIIAIIAX pa3psaaax GU3NIECKOro ajapeca.

Jns nanpHeHmero yBeqWYEHUs BEPOATHOCTH KAII-NOMNAJaHUA MOXKHO peaju3o-
BaTh BAPUAHT KAII-TIAMSITH, ACCOYUAMUBHOL NO MHOMCECm8y, KOTOpasi OTINIaeTCs
OT K3II C TPSMBIM OTOOpaKEHHEM HAIIMYHEM HECKOJIBKHX CTPOK KAII Ha OJHO
MHOKECTBO SUEEK MaMITH.

Hamnpumep, BHyTpeHHsIsS K3II-TaMsITh mporeccopos 180486 u Pentium — accorua-
THUBHAas 1I0 MHOXKeCTBY. Bes dusnueckas mamare pazouBaercss Ha 128 MHOXeCTB,
a KaXIOMY MHOXECTBY COOTBETCTBYIOT 4 CTPOKHM K3II. PaccMoTpum mompoOHee
OpraHu3alMI0 BHYTPEHHEH KauI-niaMsaTh nporeccopa 80486 [3].

Buytpennsis kom 80486 (puc. 5.4) umeer o0bem 8 KOailT u mpeaHazHaueHa s
XpaHeHHUs KaKk KOMaH/, TaKk M JaHHbIX — Komnui napopmarmn O3Y. Undopmarus
nepemeriaercs u3 O3Y B Kol BRIPOBHEHHBIMU 16-0aiiToBbIME O0Kamu (4 muta-
mue Oura (usHyeckoro agpeca — Hynu). Komr uMeeT YeThIpexXHANpPaBICHHYIO
(ni YeThIpeXKaHAJIbHYIO) aCCOLMATHBHYIO [0 MHOXKECTBY OPraHH3alHIO, YTO SIB-
JSIeTCST  KOMIIPOMHCCOM MEXTy OBICTPOJICHCTBHEM W SKOHOMHYHOCTBIO KdII-
MaMATH C TPSAMBIM OTOOpaXeHHEM U OONBIINM KO3((UIIMEHTOM MTONaIaHNi TTOJ-
HOCTBIO aCCOLMATUBHOM KAII-TIAMSITH.

Bbrok unpopmammn 3 O3Y MoxeT pachonaraTbCs B KOII TONBKO B OJHOM W3
128 MHOXeCTB, TIpUYEM B KaKIOM MHOKECTBE BO3MOXKHO XpaHEHHE YEThIpeX OJIOKOB.
Anpecariyisi K311 OCYLIECTBIISIETCS IyTeM pa3ziesieH s (PU3HUECKOro afpeca Ha TPH MOJIS:

O 7 ouros nousst uaaekca (A4—A10) onpenesnsiroT HOMEp MHOYKECTBA, B KOTOPOM
MPOBOJIUTCS TTOUCK;

O crapme 21 GUT aapeca ABIAIOTCS MOJieM Tera (MpHU3HAKa), 0 KOTOPOMY OCY-
IIECTBIISIETCS aCCOLMATUBHBIN MOMCK (BHYTPU MHOXKECTBA U3 YETHIPEX OJIOKOB);

O detsipe Mitagme OUTa aJpeca ONPEIESISIOT MO3UITHIO0 OaliTa B OJI0Ke.

Korga mpu ureHnn Bo3HHMKaeT mpoMax, B K3 komupyercs u3 O3Y 16-6aiToBblii
0110k (CTpOKa), CoepIKaIIKil 3aMPOIIEHHYI0 HH()OPMAIIHIO.

4-6MTOBOE MOJIC JOCTOBEPHOCTH MMOKA3bIBACT, SIBJISIOTCS JIM B JaHHBIH MOMEHT K3-
[INPOBAHHbBIC AHHBIC JOCTOBEPHBIMH (IJIsI Kamoro Osioka (CTPOKH) MHOMKECT-
Ba — cBoi OuT). IIpy OYMCTKE KAII-TAMATH WK cOpoce Ipoleccopa BCe OHMTHI
nocroBepHoct cOpackiBatorcsi B 0. Koryma nmpou3BoauTCsi 3alONHEHHE CTPOKU
K31, MECTO JUIsl 3alI0JIHCHHsI BEIOMPACTCS] POCTO HAXOXKICHUEM JII000H HEI0CTO-
BEPHO# CTpOKH (U3 YEThIPEX CTPOK "CBOECTO" MHOXECTBA).

Ecnmu HemocTOBEpPHBIX CTPOK HET, TO PEaM3yeTcs ajJrOPUTM 3aMEIICHUS CTPOK
"ncesooLRU" ("Hanbosiee maBHO HCHONb3yeMbiii"). I KakI0ro MHOXECTBA B
omoke otBeneHo Tpu Omra LRU, xoTOpble OOHOBISIOTCS TPH KaXKIOM KOII-
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MONAJAaHUM WM 3aIl0JIHEHUH CTPOKH. OHHM MCIOJBb3YIOTCS AJsl pealu3aly auro-
pHUTMAa 3aMELIEHUsI CTPOKHU CIIEAYIOIINUM 00pa3oM.

O6o3naunm ctpokn B MHOXectBe kak LO, LI, L2, L3. Kaxmomy MHOXeCTBY
B Onoke LRU cootserctBytot Tpu 6uta BO, B1, B2, koTopsie Moauduiupyrorcs
MPU KKJOM KAII-MONAJaHUM WK 3alOJHEHUH CTPOKU MHOXECTBA CIICIYIOLTHM
oOpa3om:

O eciu nociieaHee obpamienune O0bu10 K crpoke LO unmm L1, o 6utr BO ycranasnu-
Baercs B 1, maaue — cOpaceiBaetcs B O;

3 ecnu nocneanee oopanienne B nape LO—L1 6s110 k ctpoke LO, To 6ur Bl yc-
TaHaBiuBaeTcs B 1, uHaue — cOpacwiBaetcs B O;

O eciu nocnenHee obpamenue B mape L2—L 3 6bu10 k cTpoke L2, To 6ur B2 yc-
TaHaBiuBaeTcs B 1, nHaue — cOpacwiBaetcs B O.

Bei6op 3ameHsieMoii cTpoku (KOr/ia Bce CTPOKH MHOKECTBA JIOCTOBEPHBI) OIpejie-
asiet conepxkumoe 6uros BO, B1, B2 (Ta6un. 5.1).

Tabnuya 5.1. Cooepacumoe bumos B0, B, B2

BO Bl B2 JleiicTBue
0 0 X 3amensiercs crpoka LO
0 1 X 3amensiercs ctpoka L1
1 X 0 3amensiercs cTpoka L2
1 X 1 3amensiercs crpoka L3

[ukn 3anucu Opy HATMYKAK K3I-MIAMSTH MOXKET peajin30BaThCs Mo-pa3HoMy. Pasz-
JUYAIOT K3LI CO CKBO3HOU 3aNUCHIO Y KA C 0OPAMHOU 3aNUCHIO.

B nepBoM citydae B IUKJIE 3aIIMCH BCETa OCYIIECTBISIETCS 3aMUCh KaK B KOIII, TaK
1 B O3Y. DTOT crocob 3anmucu He MPUBOAUT K COKPAIICHUIO ITUKJIA 3aliCH TaXe
IpU K3II-TIONAIaHAN, HO TapaHTHUPYeT MASHTUYHOCTH JAHHBIX 1o aapecam O3V
1 KOIII.

[Tpu oOpaTHOI1 3anmucu B ciydae KAII-MONAAaHUs 3alUCh OCYIECTBISETCS TOIBKO
B KAIII, TIPH 3TOM B COOTBETCTBYIOIEH sueiike O3Y coxpansiercs mpexHee (yxe
HeBepHoe) 3HadeHue. 3anuch B O3Y mpoHMCXOOUT NpPU OYUCTKE (3aMEIeHHH)
CTPOKH K3III, €CITH €€ COAEPKUMOE U3MEHSIIOCH B ITpoliecce MpeObIBaHUS B KOIII.

Curyanysi BpeMEHHOTO HECOOTBETCTBHUS COJEPKUMOTro staeek ko u O3Y moxer
OBITh JIONMYCTHMA B OJHHMX CJIydasX M HEJOIycTHMa B Apyrux (Hampumep, Korja
HECKOJIBKO ITPOIIECCOPOB CO CBOMMH Ka1II 0011atoTes uepe3 obiee mose O3VY). Io-
TOMYy B OOJIBIIMHCTBE CIIy4aeB ITOJB30BATENIO TPEIOCTABISIETCS BO3MOXKHOCTb
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BBIOOpA Croco0a 3amucy B KA — 32 CUET MOAU(PHUKAIIUN HEKOTOPBIX IMPOTPAMM-
HO-JIOCTYITHBIX ()JIaroB B PETUCTPE yIIPABICHHUS.

B 80486 cTpoku K3MI-MTAMATH MOXHO 10 OTJICIBHOCTH OOBSBUTH HEJIOCTOBEPHBI-
MH, 3aj1aBasi ONepalvio HeJIOCTOBEPHOCTH KAIII-TIAMSITH Ha IIMHE Ipoleccopa. [Ipu
MHUIHATN3AIUY TAaKOHW OTepalliy K31 CPaBHUBAET OOBSIBICHHBIN HEIOCTOBEPHBIM
ajJipec C TEroM CTPOK, HAXOSIIUXCSI B K31, M cOpachIBacT OUT JIOCTOBEPHOCTH IIPH
0oOHApYXKCHUU COOTBETCTBUS TeroB. IIpemycMoTpeHa TakKe oreparis OYMCTKH,
KOTOpasi MpeBpaiiaeT B HeJJOCTOBEPHOE BCE COJIEPIKUMOE K3III.

Kougurypanueii xam-namsta ynpaeisitor jsa Oouta peructpa CRO cocrosuus
MaIIIHHBI:

O CD (Cache Disable) — 3amnperenune Ka1I-mamsTy;
O NW (Not Write-through) — HeckBo3Has (0OpaTHas) 3aIKCh.

IMpu CD =1 u NW = 1 3ampenieHo 3anojJHeHUE CTPOK, CKBO3HAs 3aMUCh U 00b-
SABJICHHE KAUI-TIAMSITH HEJOCTOBEpHOU. Takast KOHQUrypanus mo3BOJSET UCTIONb-
30BaTh BHYTPEHHIOIO KAII-MIAMSITh Kak Ovicmpoodeticmeyiowee 3VIIB.

[Tpu CD =1 u NW = 0 3amomHeHHe CTPOK 3allpernieHo, a CKBO3HAs 3aIiCh U 00b-
SIBJICHHE KAII-NaMATH HEJOCTOBEPHOW paspemeHo. JTa KOH(PUTYpaIys MO3BOJISIET
nporpamMMe 3ampeniats K3II-NaMATh Ha KOPOTKOE BpeMs, a 3aTeM paspemaTs Oe3
OYHCTKH COAEP’KHUMOTO.

IMpu CO =0 u NW = 0 3anonHeHUEe CTPOK, CKBO3HAS 3alMCh U OOBSBICHUE KAIII-
naMATH HEIOCTOBEPHOW paspemieHbl. Takas KOHUrypamnus sBIsSETCS OOBIYHON
paboyeit It K3I-aMsTH.

ITpu CO =0 u NW = 1 ocymectBusieTcst paboTa K311 B pexiuMe 00paTHON 3aIUCH.

Korma xsmmpoBaHue paspemieHo, K3IMIHUPYIOTCS CUUTHIBaHUS HaHHBIX u3 O3Y
U TIpeIBBIOOpPKA KOMaH]I, €CJIM BHELIHSS CXeMa MOJaeT BXOAHON CHTHaJl paspelie-
HUS KOII-MIAMSTH B TAHHOM IMKJIE MIMHBI WM TEKYLIMH 3JIEMEHT TaOJlHIbI CTpa-
HUI[ pa3peniaer K3MMupoBaHue. B Tex mukiax, rje K3IUpOBaHUE 3alpelieHo Mpu
MpoMaxe, 3arlojHEHHE CTPOKM KIII-MaMATH He Mpou3BoguTcs. OJHAKO KiII-
MamATh MPOJIOJDKAeT NeicTBOBAaTh, HECMOTpPS Ha TO, YTO OHA 3alpelieHa JAjs 3a-
MOJTHEHUS. YK€ HaxOsAIIuecs B K3II-TIaMSTH JaHHbIE MCIOJB3YIOTCS, €CIH, KO-
HEYHO, OHHU SIBJISIOTCS JOCTOBEPHBIMU. (DaKTHUSCKH pean3yeTcs: PexKuM ObICTPO-
neiicteyromiero O3Y.) TonbKko KOTJa BCE JAaHHBIE B KAIMI-MAMSITH OTMEUYECHBI KaK
HEJ0CTOBEpPHBIE, YTO MPOUCXOIUT IIPU €€ OYHCTKE, BCE BHYTPEHHUE 3alpOChI CUH-
THIBaHUS IPUBOJAAT K (POPMUPOBAHHIO BHEIIHUX IIUKJIOB [IHHBI.

Korga paspemreHa CkBO3Hasi 3alCh, BCE 3alMCH, B TOM UYHCJIE M TPH KOII-
nomnagaHvu, MHUIUUPYIOT 3allMCh B MaMATD. Koraa CKBO3Ha#A 3alllMCb 3aIIpeIlcHa,
BHYTPEHHHI 3aMpoC 3alUCH, BBI3BABINKI MONMagaHKe, He IPUBOIUT K MPOU3BOCT-
By 3anucu B O3V, a onepanuy HeIOCTOBEPHOCTH 3aIpEeIICHBI.



laea 5. OpeaHusayusi namsmu e 3BM 127

Korpma 3ampemieHs! K3IIMPOBAaHWE M CKBO3HAs 3aIlUCh, KIII-MAMATH MOXHO HC-
MOJIb30BaTh Kak ObICTpoaericTByroIee ctatrdeckoe O3Y. B takoit koHpUTyparmn
Ha OIMHY TPOIeccopa NepeIaroTCs TOIBKO 3aIMCH, BRI3BABIIHE IIPOMAX, a ONEpaIiiu
HEJJOCTOBEPHOCTH WTHOPHPYIOTCS. Ecimu mpearmosnaraercst MCIOIb30BaTh TOT pe-
xuM (CD=1 u NW =1), cieayer npeaBapuTEeIbHO 3arpy3dTh IOCTOBEPHbBIC
CTPOKH, UCTIOJIb3YS OTIEPAIIH YTCHUS U3 TIaMSTH WA PETUCTPOB.

5.3. BuptyanbHasa namsitb

Panee ObIM paccMOTpPEHBI CIOCOOBI OpPraHU3alMU CBEPXONEPATHBHOM MaMSITH
Y ee B3auMOJIEHCTBUS ¢ omnepaTuBHOW. He MeHee, a mopoit u Gonee BaKHOU mpo-
OIeMoif sIBIIsieTCS opraHu3aius B3aumo/eiicteus B mape O3Y — B3YV.

W3BecTHO, uTO B coBpeMeHHbIX DBM (KpoMe MpoCTEeHINNX) peaan30BaHO OUHAMU-
yeckoe pacnpeodenenue namsamy MeXKIy HECKOJIBKUMH 3aadaMy, CYIIECTBYIOIIUMH
B OBM B niporiecce perrenus. Jlaxe i 0JHO3aIauHBIX KOH(pUTypaluii mpodiaema
JMHAMHUYECKOTO pacIlpeesieHus MaMsITH He TepseT aKTyaJbHOCTH, T. K. B TIaMSTH,
MOMHUMO 3aJa4l MOJIb30BaTels, BCETJa MPUCYTCTBYET OTEpaIlMOHHAS CHCTEMa HIIH
ee ()parMeHr.

Hannune nuHaMHYeCKOro pactpeneNeHus MaMATH Mpernoaraet, 9ro IporpamMma
KOMIMJINPYETCS B TaK Ha3bIBa€MbIX "JOTWYECKHX ajpecax, a B Iporecce paboThl
MPOUCXOIUT aBTOMAaTHIECKOE IIPeoOpa3oBaHKe JOTHYECKUX a/IpeCOB B (pU3HMUYECKHE.

HawuGonbiiee pacnpoctpanenne B8 9BM momyunn MeToJ] AMHAMUYECKOTO paciipese-
JIEHUs! IAMSATH, Ha3bIBAEMBIH CMPAHUUHOU Op2aHu3ayuel UpmyaioHol NAMAMU.

I[Tpu ucnob30BaHUK 3TOr0 Metoja Best mamsith DBM (O3Y u B3VY) paccmarpuba-
eTcsl KaK eMHAsl 8UPMYanbHas namsames. AJpec B 3TOW NMaMATH Ha3bIBACTCS GUp-
MyanbHblM WIA J02udeckum. Bes BUpTyanbHas maMsaTh JETUTCS Ha (parMeHTHI
OJJMHAKOBOTO pa3Mepa, Ha3bIBAEMbIC 8UpMYalbHbiMU cmpanuyamu. Pazmep crpa-
HUIBI 00b19HO cocTaBisieT 0,5—4 Koaiit. BupTyansHbil agpec MpeacTaBisieTcs
COCTOSIIIIMM M3 JBYX YacTeil — HOMepa CTPaHWIBI M HOMEpa CJIOBA Ha CTPAHMIIE
(cMmemmenus).

DQusuueckas navsams IOBM (O3Y u B3Y) Tak ke AenuTcs Ha CTPAHHUIbI, TPHYEM
pa3Mep QU3NYECKON CTPaHUIIbI BHIOUPACTCS PaBHBIM pa3Mepy BUPTYalbHOU. Takum
o0pa3oM, ofiHa (pU3HUECKasl CTPaHUIA MOKET XPaHUTh OJJHY BHPTYalIbHYIO, IPUYEM
MOPSJOK CIIEIOBAHHSI BUPTYaIbHBIX CTPAaHHIl B POrpaMME COBCEM HE 00sI3aTeNIbHO
COXPaHSATh Ha (PU3HUECKHUX CTpaHuIax. J{ocTaTOYHO JHIIbL YCTAaHOBUTH OJTHO3HAYHOE
COOTBETCTBUE MEXIY HOMEpaMU BUPTYAIbHBIX M (PM3HYECKUX CTPAHHLI.

CooTtBeTcTBHE MEXIy HOMEpaMU BUPTYAJIbHBIX U (PU3NUECKUX CTPAHUIL yCTaHABIIU-
BAETCS C MOMOIIBIO crienranbHoi cmpanuunonu mabnuyst (CT), KOTOPYIO moOmIep-
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’KMBAaeT OIEpalMoHHas cucTeMa. Pasmep (u3M4ecKkoill CTpaHMIBI paBeH pasMmepy
BUPTYaJILHOM, TO3TOMY IPeoOpa3oBaHusI CMEIEHHI Ha CTPAHMIIE HE TPOU3BOISATCS.

ITockonpky pasmep CT gocTtaTodyHO BENIUK, OHA XpaHUTCS uenukoMm B O3Y u Mo-
TUQPUITIPYETCS ONEPAlMOHHON CHCTEMOM BCSKHH pa3, KOrjia B paclpee/ieHUU
MaMATH POUCXOJAT U3MEHEHNH.

Jnst yBenWyeHHsT CKOPOCTH oOpamieHus: K nmamsth akTuBHas 4acte CT 0OBIYHO
XpaHUTCS B CIIENMATBHON OBICTPOJEHCTBYIOIIEH MaMsTH, OpPTaHM30BaHHOHM, Kak
MIpaBUJIO, MO acCOIMAaTUBHOMY IpuHIumy. [Ipu aTtom B nosne npusnakoB A3Y CT
XPaHITCsSI BUPTyaJbHBIC ajpeca CTpaHHll (MHOTAa BMECTE ¢ HOMEPOM IIPOrpam-
MBIl — B MYJIbTHIIPOTPAMMHBIX CHCTEMaX), & B HHPOPMAIMOHHOI 4acTH — COOT-
BETCTBYIOIIME UM HOMepa PU3NUECKUX CTPAHULL.

Ecnu B pe3ynbprare npeobpa3oBaHus BUPTYyaJbHOTO agpeca B GU3NUECKUI OKa3bl-
BaeTcs, 4ro Tpebyemas ¢usnveckas cTpaHuia pacrnoiaraercs B B3V, To Beimon-
HEHHUE TPOTPaMMBbl CTAHOBHUTCS HEBO3MOXKHBIM, MOKa HE MPOM3OKIET "moaKayuka
TpeOyemoit ctpanuusl B O3Y. Takas cuTyausi Ha3bIBACTCS CHIPAHUUHBIM COOEM
U AOoJKHA (DOPMHUPOBATH BHYTPEHHEE IpPEPbIBAHUE, IO KOTOPOMY 3aIlyCKaeTCs
noArnporpaMMa ureHus crpanunsl u3 B3V B O3Y.

[Tpu 5TOM BO3HMKAET cepbe3Has mpobieMa MoKcKa TOW CTPaHHUIbI, KOTOPYIO MOX-
HO ynmamuth u3 O3Y, 4ToOBl Ha OCBOOOAMBIIEECS MECTO 3amucaTh TPeOyeMyro
crpanuily. Cepbe3HOCTh TpoOIeMbl 00yCIOBIEHA TE€M, YTO HEYAayHbIil BBIOOD
yaaasieMoil CTpaHHIbI (B Onmkaiiiee BpeMsi OHa BHOBb MOHAJO0UTCS) CBS3aH CO
3HAYMUTENILHON MOTepel BpeMeHH Ha nepenady ctpanun Mexxay O3Y u B3V,

5.3.1. AniroputMmbl 3amMeLyeHuns

[IpaBuno, mo KOTOpOMy HpU BO3HUKHOBEHMM CTPAaHUYHOrO cOOsi BbIOMpaeTcs
cTpaHuua i ynanenus uz O3V, Ha3pIBaeTCs aneopummom 3ameujeHuUs:.

Jlyis naHHO¥W TpOTpaMMBbl, MOPOXKAAIOIIEH HEKOTOPKIA MOTOK O0palleHuil K mams-
TH, CYLLIECTBYET, IO KpallHEW Mepe, OJHA Takas MOCIEI0BATEIbHOCTh 3aMEIICHUI
CTpaHull, KOTOpas JaeT I 3TOW IpOorpaMMbl MUHUMAJIBHOE KOJIWYECTBO CTpa-
HUYHBIX COOEB.

TeopeTnuecky 10Ka3aHO, YTO MHHAMAJIBHOE YMCIIO CTPAHUYHBIX cOOeB OyzeT mo-
JY4EHO, €CJIM B JITOPUTME 3aMEeIeHHs HCIOIb30BaTh HHPOPMAIMIO O MOTOKE 00-
pamienuii Kk ctpanuiiam B Oyaymem (areopumm Munxoséckoeo — Illopa) win, 1o
KpaifHell Mepe, O BEpOSITHOCTH OOpallleHnid K CTpaHuIaM B OyIyIeM.

ANTOpPUTMBI 3aMEIICHUS, UCTIOIB3YIOIUE "UH(pOPMAIIHMIO 0 OyayIIeM”, Ha3bIBAKOT-
cs pusunecku HepeanusyemviMu, UX OOBIYHO TPUMEHSIOT JIJIs OLICHKH KayecTBa
SBPUCTUYECKUX AJITOPUTMOB 3aMEIICHUSI.
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Depucmuueckue aneopummsl 3amewerus WCIONb3YIOT HHPOPMANUIO O TIOTOKE
oOpalleHnii K CTpaHHI[aM B HPOIUIOM (HCTOPHIO Mpolecca) ISl SKCTPANOIISIUH
XapaKTepUCTUK MOTOKA oOparmeHnii B Oynymem. Kak mpaBmiio, HCIONB3YIOT TpH
TUMa UHOOPMAIHMH O MPONLIOM: BpeMsi npeObiBanus crpanuiisl B O3Y (wid, uto
TO K€ — OYEPEHOCTh MOCTYIUICHHUSI CTPAHMII), YUCIIO OOPAIICHUIT K CTPAaHUIIAM 32
OTIPE/ICIIEHHBIH POMEKYTOK BPEMEHH WM OTPE3KH BPEMEHU ¢ MOMEHTa ITOCIe/I-
HEro oOpaieHs K CTpaHUIIaM.

D PEKTUBHOCTD IBPUCTUYECKOTO ANTOPUTMA MOYKHO XapaKTEPH30BaTh OTHOIIE-
HUEM.

No
- 1

Ne

k

rae Ng — 4uciio cTpaHUYHBIX COOEB ITPU PEIIEHUH JaHHOW 3a/1a4u C IPUMEHEHHU-
eM pu3ndecku Hepeanuzyemoro anroputma; N, — To Ke ¢ IPUMEHEHHUEeM HcClle-
JyE€MOT'0 3BPHCTUYECKOr0 alropuTMa.

DBPUCTUYECKHI aIrOPUTM MOXHO CUMTATh BBIOPAHHBIM ydayHO (s JAHHOTO
Ki1acca 3az1a4), eciau kodpduruent K O6mus3ok k 1. 3nayenne Ny MoxeT ObITH 110-

Jy4eHO MyTeM MOJICTUPOBAHUS PelIeHHs 3a1a4u (MOBTOPHOE) C MPEeIBAPUTEIBHO
3a(hKCHPOBAHHBIM TIOTOKOM OOpAIeHNi K CTPaHHUIIAM.

[Ipu BEIOOpE TTOAXOIAMIETO aNTOPUTMA 3aMEIIEHHS CIIEyeT YIUTHIBATh HE TOJIBKO
ero 3dexTUBHOCT K, HO M ammapaTHbie 3aTpaThl W 3aTPaThl BPEMEHH Ha €ro
peanmn3anuo.

Hanpumep, mis peanusanuu 1. H. H/[HU-areopumma (Hanbosiee 1aBHO MCIONb3ye-
Masi) KaKIoi cTpanuile, Haxosmelics B O3V, cTaBUTCSA B COOTBETCTBHE TaliMep,
KOTOpBIN cOpackiBaeTcsl mpu oOpaiieHny K crpanune. [Ipu crpannunom cboe He-
00X0AMMO OCYIIECTBUTh MOWUCK MAaKCUMAalbHOTO SJIEMEHTa MacchBa TaliMEpOB
crpaHuil. J[is HEKOTOPBIX 33/1a4 BBIMIPHIII BPEMEHH 3a CUET yBelIuueHus: K mpu
npumeHenun HJIM-anroputma, mo CpaBHEHHUIO C aJrOPUTMOM CIIy4ailHOro 3ame-
LIEHUS, MOXKET ObITh CPAaBHUM C IIOTE€PEl BPEMEHU HAa MOMCK MaKCHUMAJbHBIX 3HA-
YeHUH TailMepoB.

Hexotopsie anroputMsl 3aMeIIEHUsT YIUTHIBAIOT OJTHOBPEMEHHO HECKOJBKO Tapa-
METPOB MPOIILIOTO TOTOKA OOpaIleHUH.

Anroput™ " Kapabrarowasics cmpanuya” (KC-airopuTM) moiepKUBaeT mocie-
JIOBATETFHOCTh HOMEPOB cTpaHull, Haxoasamuwxcs B O3Y. Ilpu 1r06oMm obpameHnu
K CTpaHHIE e HOMEp B IOCIJIETOBATEILHOCTH MEPEMEINAeTCsl Ha OJHY ITO3HIUIO
B HAINlpaBJIEHUH Hadasa, MEHSSICh MECTAMH C TIPEIBIIYIINM B TIOCIIEI0BATEILHOCTH
HOMepoM (HCKITIoueHHe — oOpallieHHe K CTpaHUIIe, HOMEep KOTOPOil CTOMT B Hava-
Jie TOCJeI0BaTeNbHOCTH). [Ipr BO3HUKHOBEHHH CTpaHuuHOro cbos uz O3V yna-
JSIeTCsl CTpaHWIA, HOMEP KOTOPOH DAacCIIONIOKEH B KOHIIE ITOCIEOBATEIbHOCTH,
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a HOMEp BHOBb NOCTYNUBIIEH CTPAHHIBI IIOMEIIACTCS B KOHEIl MOCIIEI0BATEILHO-
ctu. KC-anroputm yumThiBaeT Kak Bpemsi mpeObiBaHus crpanunbl B O3V, Tak
Y MHTEHCUBHOCTH OOpAIeHUs K CTPaHUIle, IpHYeM He TpeOyeT 3HaYUTEIbHBIX arl-
HapaTHBIX 3aTPar, a IPH CTPAHUYHOM cO0€ — BPEMEHHM Ha TTOHCK.

Anroput™m " Pabouuti komnaekm" (PK-amroputm) 6osiee CiokeH B peaan3alii, HO
MO3BOJISIET AJalTHPOBATh CBOM IMapaMeTphl MOJ KOHKPETHBIH Kiacc 3ajad. Bce
ctpanuipl O3Y, K KOTOpBIM ObLTO OOpallleHHWe B TEYCHHE OTPE3Ka BPEMEHU 1 ,
00pa3yroT T. H. pabouuil komniekm v He nojyiexar ynaienuto u3z O3Y. Ocrtanb-
HBIE CTPaHUIILI (HE BOIIEAIIE B pabounii KOMIUIEKT) 00pa3yroT IBE OUepean KaH-
JUJIATOB Ha 3aMelleHre, IPUYeM B TIEpBYIO O4Yepeib MOMNaJatoT CTPaHUIIbI, Ha KO-
TopbIe He ObLIO 3amucy BO Bpemst nipedbiBanus ux B O3Y. IIpu crpannynom cboe
ynansiercsi ctpanuia u3 neppoit ouepenu (FIFO — nepBeiii npuiien u3 pabodero
KOMIUTIeKTa — TiepBbiid ymen uz O3Y), a ecnu mepBas oyepenp Mycra, TO — M3
BTOpoi. U3 ouepenu cTpaHuIla MOKET OMAThH MOMACTh B pab0unii KOMILIEKT, €CIIH
K Heil Oyzaer obpamenue. s peanuzanuu PK-anropurMa Kaxaod cTpaHulle cTa-
BUTCSI B COOTBETCTBHE TaiiMep Ha T , IpUYEM KakJoe OOpalleHHue K CTpPaHHUIle
cOpachiBaeT TaiimMep (M MepeBOAUT CTPAHUILY B pabo4Hii KOMILICKT, €CIIM OHA TaM
OTCYTCTBOBAJIa), a MEPEIOTHEHHE TaliMepa BBIBOJUT CTPAHHILy U3 pabodyero KoM-
wiekta. [logbopoM BenmumHbl T MOXHO onTHMu3upoBarh PK-amroputm moa
KOHKPETHBIN KJIACC 3a]1a4.

5.3.2. CermeHTHasa opraHusaumsa namMaTm

Mo cux mop mpeamnoJiarajgock, YTO BUpPTyajbHAasl MaMsiATh, KOTOPOM pacroJjiaraet
MPOTPaMMHUCT, MPEJICTAaBIsIET cOO0M HEMPEPHIBHBIN MacCHB C €AMHOW HyMepaluei
cioB. OHAKO NP HANKMCAHWUU MPOrPaMMbl YJOOHO pacrojiaraTh HECKOJIbKUMU
HE3aBHCHMBIMHU CerMeHTaMu (KOJa, JaHHBIX, TIOAMPOrpaMM, CTeKa | Jp.), MPHYEM
pa3Mepbl CErMEHTOB, KakK IMPaBWJIO, 3apaHEE HE M3BECTHBI. B Kaxaom cermeHre
CJIOBa HYMEPYIOTCSI C HyJl HE3aBUCHUMO OT JIPYTMX CErMEHTOB. B 3ToM ciyuae
BUPTYaJIbHBIA aJIpeC MNPEACTABISAETCS COCTOSIIMM M3 TPEX 4YacTeil: <HOMEp Cer-
MEHTa> <HOMEP CTPaHUIIBI> <HOMEp CJ0Ba>. B MalMHe K BUPTyaJbHOMY aJpeCy
MOXET J00aBUThHCS CJIeBa elle <HOMep 3anauym>. TakuMm 00pa3oM, BO3HUKACT
ONpeeieHHas uepapxusl MoJied BUPTYalbHOTO ajpeca, KOTOPOHM COOTBETCTBYET
vepapxus TabJUI], C MOMOIIBI0 KOTOPBIX BUPTYAIBHBIN aapec NepeBOAUTCS B (u-
3UYECKHIl. B KOHKPETHBIX CUCTEMAX MOXKET OTCYTCTBOBATh TOT WJIM MHOM 3JIEMEHT
HepapXxuu.

BupryanpHas mamaTe Oblla TIEpBOHAYANBHO peann3oBaHa Ha "Oompmmx” OBM,
OJHAKO 0 Mepe Pa3BUTHUS MHKPOIPOLECCOPOB B HUX TaK € HCIIOJIb30BAJIHChH
UJEU CTPAaHUYHON U CETMEHTHOM OpraHu3aly maMsTy.



JACTDb |1

ApxuTtekTypa
MUKPONPOLECCOPHbLIX CUCTEM

MaBa 6. basoas apxuTtekTypa
MMWKPOMPOLECCOPHON CUCTEMBI

FnaBa 7. OBoNOUMA apXUTEKTYP
MMKPOMpPOLEeCCOPOB 1 MUKPoOBM
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Humeepanvnas mexnonoeuss (UT) 3a mepsoie 20—30 J1eT CBOETr0 pa3BUTHS JOCTUTIIA
TAaKUX OTHOCHUTEIBHBIX TEMIIOB POCTa XapaKTEPUCTUK KAauyecTBa, KOTOPBIX HE 3HAJA
HH OJTHa 00JIaCTh YEJIOBEYECKOI eATeIbHOCTH (BKIIIOYAs M TaKue OYpHO pacTylIiue,
Kak aBUalys ¥ KOCMOHABTHKA). J[eficTBUTENBEHO, PACCMOTPUM JIMHAMHKY NU3MEHEHHI
ocHoBHbIX mapametpoB UT 3a nepseie 20 et ee pa3putus (1960—1980 rr.):

O crenenp unTerpanmu N yBenuumiach Ha 5—6 MopsIIKOB;
TUTONIA/Ib TPAH3UCTOPAa S YMEHBIIMIACH Ha 3 OPA/IKA;

m
O pabouas yactora f yBenmumiace Ha 1—3 mopsizka,
O dakropsl 10OPOTHOCTH:

e f XN yBenuuumics Ha 5—7 MOPSIIKOB;

e Pxt ymenpmuics Ha 4 nopsjaka, rae t — 3ajepxka Ha anemeHte, P —
MOIITHOCTb, PACCEHBAEMasl SIIEMEHTOM;

O HaznexHOCTh (MPU COMOCTABICHUH AIIEMEHTO-4aCcOB) yBeIn4miach Ha 4—8 mo-
PSLIKOB;

O npoM3BOIUTENILHOCT TEXHOJIOTUH (B TPAH3UCTOPAaX) yBelnduiack Ha 4—6 mno-
PSIAKOB,;

O wuena Ha Tpan3zuctop B coctae MC ymeHbInmacy Ha 2—4 nopsiaka.

AMepHKaHIIbI MOJICYUTAIN, YTO €CIH Obl aBHANPOMBIIIIEHHOCT B T€ € TOJIbI
UMeJla aHaJOTHYHBIC TEMITbI POCTa COOTBETCTBYIOIIMX IMOKa3aTelell KadecTBa
(cTOMMOCTH — CKOPOCTh — PAcXoj TOIIMBA = CTOMMOCTh — OBICTPOICHCTBHE —
paccerBaeMasi MOLIHOCTB), TO "Bounr 767" croun 661 $500, oberan 3eMHOIM map
3a 20 MuH ¥ pacxogoBai Ha 3ToT rmoyiet 10 11 roproyero.

Yenexu UT B o0nactu 37eMEHTHOM 0a3bl MO3BOJISIIM ''TIOTJIONIATh" KPUCTAIIIOM BCE
Oonee BbicOKHe ypoBHH DBM: cHavana — JIOrHYECKUE AIIEMEHTHI, TOTOM — OIlepa-
IMOHHBIC AIIEMEHTHI (PETHCTPBI, CYSTUNKH, ACIH(PPATOPHI | T. 11.), Tajlee — OIepary-
OHHBIC ycTpoicTBa. CTeneHs (PyHKIMOHATIBHOW CIIOXKHOCTH, nocturaytoit B C, on-
penensieTcsi 0COOCHHOCTBIO TEXHOJIOTUH, Pa3peLIatonIeii ClIoCOOHOCTBI0 HMHCTPYMEHTA,
a TaKOKe CTPYKTYPHBIMH OCOOCHHOCTSIMU CXEMBI: PETYJIIPHOCTBIO, CBSI3HOCTBIO.

Ion peeynapuocmvio cxemvr 3nech OyneM NOHMMAaTh CTEHNEHb ITOBTOPSEMOCTH
AJIEMEHTOB U CBs3€il 10 OJHOM WM JBYM KOOpJHMHATaM (IPH pa3MELICHHH CTPYK-
TYpBI Ha II0CKOCTH). C843HOCMb — YHCIIO BHEITHUX BBIBOJIOB CXEMBI.

Kpome toro, ciexyetr umets B Bufy, 4To BbIIycK MC ObLT 5KOHOMUYECKH OMpaB-
JlaH TG A7 QYHKIMOHANBHO YHUBEPCAIBHBIX CXeM, 00ecleurnBalouX UX J0C-
TATOYHO OOJIBILION THPAK.

C 5To#i TOYKH 3pEHUS] HHTEPECHO B3IJIHYTh Ha cooTHomeHne MC oruku n nams-
t1 B nporecce ssoonnn MC — CUC — BUC — CBUC. Ilepsoie UC (cre-

neHb uHTerpanuu N ~101) OBUIA HCKJIIOYUTEJILHO JIOTHUYECKUMH JIIEMEHTAMU.
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[Ipu goctmkennn N mpumepHO 10? cramu nostBISTHCS, HapsIy C ONepaIOHHBI-
MU 3JIEMEHTAMU, TIEPBBIC AJIEMEHTHI MaMsATH 00beMoM B 16 — 64 — 128 6uros.

[To mepe nmanpHeiiero pocra cTeleHH UHTErPallMy MaMsITh cTaja OBICTPO olepe-
&arth "JOrWKY", T. K. IO BCEM TpeM mapamerpam (perysipHOCTb, CBSI3HOCTb, TH-
pax) uMena mepeln JOrMYeCKUMH CXeMaMM IPEeUMYyIIecTBO. JlefcTBUTENBHO,
CTpyKTypa Hakomutessi 3Y CyIIECTBEHHO peryiisipHa (MOBTOPSEMOCTh 3JIEMEHTOB
M CBSI3€d 10 JIByM KOOPJHMHATaM), CBSI3HOCTh €€ PACTET MPONOPLUOHATIBHO JIOTa-
pudmy obbema (npu yBeaudYeHUH 0OBEMa MaMSTH BIBOE U COXPaHCHUHU 0e3 n3me-
HeHus criocoba goctyna B BUC gocraTouHo 1006aBUTH M OAKMH BeIBOJ). Hako-
Hell, maMsiITh "Hy)KHa BceM © "dem Oousblie, TeM myumie”, 0coOOEHHO eclu
"Ooubliie, HO 3a Ty e (oYTH) HeHy" .

Uro kacaerca MC noruku, To Ha ypoBHe N ~10° Ha KpHUCTallJIe MOKHO YK€ paz-
memiarh ycrpoiictso LIBM (aanpumep, AJTY, ITYVY), Ho cxembl Jioruku (0COOCHHO
yIpaBJIeHHE) CYHIECTBEHHO HEPEryJSPHBI, UX CBSI3HOCTh (CHJIBHO 3aBUCSIIAs OT
KOHKPETHOH CXEMBbI) pacTeT NMPUMEpHO mHpomnopimoHanbHo N, mpuyeMm Takue
CXEeMBbI, KaK MPaBWJIO, HE SIBISUINCH YHUBEPCAIGHBIMA M HE MOTJIH BBITYCKATBHCS
OonpiuMu TUpaXamu (MCKiIroueHus B TO BpeMsi — BHC yacoB U KaubKyJIsSTOPOB).

Paspabotka mepBoro mukpormnporeccopa (MII) — mombiTka co31aTh YHUBEPCATb-
Hyto noruuyeckyro BUC, koTopas HacTpauBaeTcsi Ha BBINOJIHEHHWE KOHKPETHOMH
(GYHKLIMHM TIOCIIe M3rOTOBJIEHUSI CpeACTBaMM IporpamMupoBanusa. Ha momoOHyro
BUC — MII nepBoHavaapHO MPEANoIaraloch BO3JIOXKUTH JHIIb JOCTATOYHO MPO-
W3BOJIbHBIE YHpaBistonye GyHKuny, onHako nosxe MII cran nucnonb3oBaTbes Kak
anemenTHas 6aza LIBM werBeproro u nmocienyronux nokosnenuii. [lossnenne MII
BBI3BAJI0 HEOOXOAMMOCTh Pa3pabOTKH LIENOT0 CIEKTPa YHHBEPCAIbHBIX JIOTHYE-
ckux BUC, obenyxuparomux MIT: KoHTpoIIeps! NpepbIBaHU U IPSIMOTO J10CTyIa
B mamsth (IT/IIT), munaHBIe popMHUpOBaTENr, MOPTHI BBOA/BBIBOIA H JIP.

IMeproiit MIT Ob11 paspaboran ¢upmoii Intel u Beimyrnen B 1971r. Ha ocHOBe
p-MOIT-mexnonoeuu (i4004). B 1972 u 1973 romax 3Toi ke (GupMOii ObUTA BbI-
nymerbl Mojenu 14040, i8008. DTr MUKPOIIPOIIECCOPhI OTHOCHITUCH K T. H. NEp8o-
MYy NOKOJeHuio, 00JaJa BeCbMa OrpaHMYCHHBIMH (DYHKIIMOHAJBHBIMH BO3MOXK-
HOCTSMH ¥ OY€Hb OBICTPO OBLTH BBITECHEHBI BTOPHIM MOKOJICHUEM, KOTOPOE OBLIO
peanu3zoBaHo Ha ocHoBe N-MOII-TeXHOJOrWH, YTO IMO3BOJIUIIO, TPEKAE BCETO,
MOJHATH TAKTOBYIO YAaCTOTY IMPUMEPHO Ha MOPSIOK OTHOCHUTEIEHO MUKPOIIPOIIEC-
COpOB TEpPBOro mHokojeHus. KpoMe TOro, mporpecc MHTErpajbHOW TEXHOJIOTHH
TIO3BOJIMJI TTOBBICUTH CTETICHb MHTETPALMH TPAH3UCTOPOB Ha KpHCTAUIE, a CIe0-
BaTCJIbHO, YBCIIMYUTD CIIO)KHOCTH CXEMBEI.

MHUKPOIIPOLECCOPBI 6MOPO20 NOKOIEHUS, CAMBIM PaCIPOCTPAHEHHBIM M3 KOTOPOTO
obu1 BemyIeHHbI B 1974 1. 18080 (oTeuectBenubiii anamor — K580BM80), or-
JIMYAJIICh JIOCTATOYHO PA3BUTON CHCTEMOW KOMAaH I, HAJIMYKEM IMTOJICUCTEM TPEPbI-
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BaHUs1, IPSIMOro JOCTYIA B MaMATh, CHAOXKaJIMCh IOCTATOYHBIM YHCIOM BCIIOMOTa-
tenpHBIX BUC, obecriednBaronnx yrnpaBieHrne MaMsAThIO, TapayIebHBIA U TTOCIIe-
JOBaTeNbHBI OOMEH C BHEIIHUMH YCTPOWCTBAMHM, PEAJIM3aLMI0 BEKTOPHBIX Ipe-
peiBanui, ITIT u op.

MHorue nujeH, 3aJ0KEHHBIC B apXUTEKTYpy CHCTEM Ha 0a3e 8-pa3psmaHOro MUKpPO-
npoueccopa 18080, HEHM3MEHHBIMU HCIOJB3YIOTCS M B COBPEMEHHBIX MOIIHBIX
MHKPOIIPOIIECCOPAX.

[TocTtossHHOE cTpeMieHre K yBeTHdeHUIo0 ObicTpojeiicTBus DBM mpuBerno paspa-
OOTYMKOB MUKPOIIPOIIECCOPOB "HA ToJie" OWITONAPHONW HHTETPaJbHONW TEXHOJO-
run, npexnae Bcero — TTJI, rae ObuH BBITYIEHB MUKPOTIPOIIECCOPHI, OTHECEH-
HBIE K /MpembemMy NOKOIeHUI0, TIPUYEM apXUTEKTypa 3TUX MHKPOIIPOLIECCOPOB Cy-
LIECTBEHHO OTJIMYANACh OT UX MPEIIIECTBEHHUKOB.

W3BecTHO, YTO [14 JTF000TO BIIEKTPOHHOTO MPUOOPa CHPABEAINBO COOTHOLICHHUE!
AP-At =const,
rne AP — sHeprus nepekiouerns, Al — BpeMs IepeKITIOUSHHS.

TTJI-tpan3ucropsl B coctaBe VIC obmananu (B TO BpeMs) HA MOPSIOK OOJBIIHM
(mo cpaBuenuto ¢ N-MOII) ObICTpPOAEHCTBHEM M COOTBETCTBEHHO Ha MOPSIOK
OO0JIBIINM TTOTPEOJICHNEM MOIIHOCTH. TEeXHOIIOTHYECKNe TPYAHOCTH B TO BpeMs He
MO3BOJISUTH IIMPOKO MCIOJIB30BAaTh aKTHBHBIE CIIOCOOBI OTBOJA TEIUIA OT KPUCTAJI-
J1a, TIOATOMY €IMHCTBEHHBIN CrIoc00 coxXpaHeHHs paboTOCMOCOOHOCTH KpHCTaIa
B 9THX YCJIOBUSIX — CHIDKCHHE CTETICHH MHTETPALHH.

[TepBblit 13 BBIMYIIEHHBIX MHKPOIPOLIECCOPOB TpeThero nokonenus — 13000 ObLt
aByxpaspsiaHbiM! OueBHIHO, COXpaHEHUE B 3TOM CIIydae TPaIUIMOHHON apXUTEeK-
TYpBbI, XapaKTePHOU I MUKPOIIPOIIECCOPOB BTOPOTO MOKOJICHHS, HE TIPUBEIIO ObI
K YBEJIMYCHHUIO MPOU3BOJIMTEIBHOCTH CHCTEMBbI, HECMOTpSI Ha TO, YTO TaKTOBAas
Y4acTOTa KPUCTAJlJIa YBEIMYMBATIACh 3HAYUTEIILHO (Ha TIOPSIOK).

Pemenne 3Toil mpoOseMbl MOBJIEKIO 3HAYUTENbHBIE CTPYKTYPHBIE H3MEHEHHS
B MHUKPOIIPOLIECCOPAX TPETHETO MOKOJIEHUS 110 CPABHEHHUIO CO BTOPBIM:!

O MUKpOIPOLECCOPHI BHITYCKAINCH B BUAE CEKIIMN CO CPEACTBAMH MEXPa3psi-
HBIX CBSI3€H, MO3BOJISIFOIIUMYU OOBEIUHSTH B OJIHY CUCTEMY MPOU3BOJILHOE YKC-
JIO CeKUMW I AOCTHXKEHUS 3aJJaHHOW pa3psiAHOCTH. B cocTraB cekuuid BKIIIO-
ganoch AJIY, POH u HekoTOpBIe 3JIeMEHTHI yCTPONCTBA YIIPaBICHHUS;

0 ycTpOWCTBO yIpaBJICHHs BBIHOCHIIOCH HA OTAEIBbHBIA KpHUCTALIT (TpyMiy KpH-
CTaJIIOB), OOIIIHIA JIJIsI BCEX MPOIIECCOPHBIX CEKIIHUiA;

O 3a cyer pe3epBa BHEIIHUX BHIBOJIOB (Masiasi pa3psiHOCTh) MPEIyCMaTPUBAINChH
OTZEJIBHBIE IIUHBI apeca, BBOJA U BbIBOJA JAHHBIX, IPUYEM JaHHBIE OT pa3-
HBIX HCTOYHHMKOB BBOAWJINCH I10 PA3JIMYHBIM [LINHAM;
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O KpuCTaUIBI yIPABIEHUS MPEICTABIUIN COOOH yNPaBIISIOLINIA aBTOMAT € IIPOrpaMMH-
PYEMOIi JIOTHKOH, YTO HO3BOJIUIO JOCTATOYHO JIETKO PEaIM30BaTh MPAKTHYECKH JIO-
Oy!0 crcTeMy KOMaH[l Ha (PUKCHUPOBAaHHON CTPYKTYpPE OIIEPaLIOHHOTO YCTPOHCTBA.

Taxum 00pazoM, pa3pabOTUYUKU CUCTEM Ha 0a3e MHKpPOIPOIIECCOPOB TPETHETO I0-
KOJICHUS TOJIy4add JIBE "JIOTIOJIHUTENBHBIC CTEIIEHU CBOOOBI — BO3MOXKHOCTh
BBIOPATh MPOM3BOIBHYIO Pa3psIHOCTH Mporieccopa (KPaTHYI paspsaHOCTH CEK-
[MM) M CAMOCTOSITEJIBHO PEaIM30BaTh MPAKTHYECKH IPOU3BOJIBHYIO CHCTEMY
KOMaH/1, ONTHMH3UPOBAHHYIO JIJIS pEIIeHHs 3a7[a4 KOHKPETHOTO KJlacca.

[TockonbKy MHKpOIpOLIECCOP B TaKOW apXUTEKType pa3MeIlajics Ha HECKOJbKUX
kpuctamax BUC: apudmeTnko-ioruueckue CeKuuu, CXeMbl YIPaBICHUS] BMECTE C
BUC namstu Mukpokomani, BcriomorateiabHbie BUC (Hampumep, cXembl YCKO-
peHHoro pacmpoctpanenus nepeHoca 1t AJIC) u ap., To mMoJ00HBIE MUKPOIIPO-
LIECCOPBI CTAIN HA3BIBATH MHO2OKPUCNANbHBIMU, B OTIMYHE OT OOHOKPUCHIANbHBIX
MHKPOIPOLIECCOPOB BTOPOT'O MOKOJIECHUS.

OueBuHO U TO, YTO Pa3pabOTKa CUCTEM Ha MHOTOKPHCTAILHBIX MUKPOIPOLECCO-
pax TpeboBajia 3HAYUTEIHLHO OOJBIINX YCUIUM, BPEMEHU U KBATU(PUKAIIUN pa3pa-
OOTUUKOB, 10 CPaBHEHUIO C Pa3pabOTKOH cHCTEMBI Ha "TOTOBBIX' MHUKPONpOLEC-
COpax BTOPOTO MOKOJICHUS ¢ (PUKCUPOBAHHON CTPYKTYPOH M CUCTEMON KOMaH]I.

B konre 70-x 1 Havane 80-X roJi0B MPOILIOro BeKa 3HAYUTEILHOE YUCIIO OTeYeCT-
BEHHBIX W 3apyOexHBIX (upM paspabaTsiBaiy U Bbimyckaan cepuun bBUC mHOTO-
KPHUCTAJIBHBIX MUKPOIIPOIIECCOPOB, MPUYEM Pa3pSIHOCTh CEKIUH MTOCTETICHHO yBe-
nrnauBaiiacek 10 4, 8 u naxe 16 OuToB.

K ToMy BpeMeHHM TEXHOJIOTHS yKe HE SBJISUIACH PEIIArONIM (haKTOPOM KiacCH(UKAIN
MII, nbo MOSIBUIKCH PA3HOBHAHOCTH TEXHOJOIWH OJHOTO THIA, O0ECICUMBAIOIME
OYEHb IIMPOKMI CIEKTp Xapakrepuctuk MII, mmpokoe pacrpocTpaHeHue NONy4YWIn
KOMOHHHPOBAHHbIE TexHOToruK (Harpumep, M1 + TTJILLL). [To3TOMy MHOrOKPHCTATIb-
Hble MI1 Bbiyckasvch Kak 1o OumnossipHo#, Tak u no MAII-rexnomnorusim.

OpHo#t u3 HamOoJee yHadHBIX Pa3padOTOK ATOTO HANpPAaBIEHHS MOXHO CUYHTATh
komriekT BUC cepunt Am2900 ¢pupmbr AMD 1 Onu3kyro eMy Mo apXHTEKType
oreuecTBeHHYI0 ceputo K1804 [13].

[NapannensHO MHTEHCHBHO Pa3BHUBANACh apXUTEKTypa OJHOKPUCTAJIBHBIX MHUKPO-
HpPOLIECCOPOB, HaOOIee XapaKTEPHBIM MPEACTABUTEIEM KOTOPOH MOXKHO CUUTATh
cemeiictBo x86 ¢upmsbr Intel. PasBurue 3Toro HampapieHUs OTIIMYAN Oe3yaepik-
HBIH POCT TMPOW3BOIUTEIBHOCTH MPOLECCOPOB, OOYCIOBICHHBIA YBEIUYCHUEM
Pa3psIHOCTH MPOLIECCOPOB, TAKTOBOM YaCTOTHI, peaju3aluell mapaienn3sMa Ha
BCEX YPOBHsIX pabOThI Mpoleccopa ¥ NPUMEHEHHEM IPYTUX apXUTEKTYPHBIX pe-
LICHUH, XapakTepHbIX paHee s "Oonpmux" DBM.

BricTpo Bozpacraromue BO3MOXHOCTH MHUKPOIPOIIECCOPOB MO3BOJISUIN "3aXBaThl-
BaTh" B 00JaCTh IUQPPOBOI 00pabOTKKU HH(DOPMAILIUU BCE HOBBIC C(HEPhI YSIOBEYC-



136 Hacme 1. ApxumeKkmypa MUKpOrpoueccopHbIX cucmem

CKOW JIEATETBHOCTH (OCTATOYHO BCIIOMHHTD MOSIBIICHHE U PACIIPOCTPAHEHHUE TIep-
coHanbHBIX DBM).

OpHako B cdepe NprUMeHEHHs MUKPOIPOLIECCOPOB BCETa CYLIECTBOBAM 3a7aqH,
JUIs pelleHHs KOTOPBIX He TpeboBasach BBICOKAsi IPOU3BOANUTENLHOCTD IPOLIECCO-
pa (Hampumep, yrnpapieHUE HECIOKHBIM HHEPLIMOHHBIM TEXHOJIOTHYECKHM 000py-
JIOBaHHEM, OBITOBBIMH TpHOOpaMu). B 3TUX cilydasix Ha MepBBIil U1aH BBICTYIIAIN
TaKHe MapaMeTpbl, KaK HaJeKHOCTh, IPOCTOTA peanu3anuu (cToumocts). s pe-
LIEHUs] TaKUX 3aJad HMCIIOJb30BAHNUE MOIIHBIX OJHOKPHUCTAIBHBIX MUKPOIPOIEC-
COPOB CTaHOBMJIOCH CYIIECTBEHHO M30BITOUHBIM.

Bo3spacratonyie BO3MOKHOCTH TEXHOJIOTMU B 3TOM CJIydae UCIOIb30BAIUCH HE UL
YBEJMYCHUSI TTPOU3BOIANTEIFHOCTH TPOLECCOpPa, a JUIs pasMEIeHUs Ha KpHCTaJLIe,
Hapsy C OTHOCHUTEIBHO MPOCTHIM MIPOLIECCOPOM, TEX YCTPOMCTB, KOTOPBIE B TPaaHu-
IIMOHHOM apXHUTEKType pacIoiarajich Ha IUaTe PAIOM ¢ MUKPOIIPOLECCOPOM B BH-
ne otaenbHbix BUC (CUC): TakToBslil reneparop, [13Y, O3Y, nopTsl napauiesibHO-
TO U MOCIIeJOBATENILHOTO 0OMEHa, KOHTPOJUIEP MPEPhIBaHUM, TAUMEPHI U JIp.

Takum o6pa3zom, ObUTH TOMY4YEHBI MOIHOCTHIO “CaMOJOCTATOYHBIE" OOHOKpU-
cmanvHbie MukpoOBM (OMDBM). 3To HampaBicHHUE CTAlI0 WHTEHCHBHO Pa3BHU-
BaThCsl, BHa4yaje Ha Oa3e 8-paspsaHoii apxuTekTypsl. Hanbonee momynspHsIMH 13
HUX MOXXHO cuntath OMOBM cemeiicte MCS-51 ¢upmsr Intel, MC68HC11 ¢dup-
Mme1 Motorola, PIC16 u PIC18 ¢upmser Microchip.

ITo mepe pazButusa Ha kpuctammiax OMOBM cranm, MTOMUMO MEepEeIHCICHHBIX BBI-
e YCTPOWCTB, pa3MellaTh aHaJOro-IU(ppPOBbie ¥ IUPPOaHATIOTOBbIC Mpeodpa3o-
BaTenu, Ooku sHeprouesaBucumoit mamsitu (EEPROM), cioxHble TaiiMepHBIC
CHCTEMBI, CXEMbI YIPaBICHUS CICIHATH3UpOBaHHEIMH BY (Hampumep, cemucer-
MEHTHO# WHIUKAIUCH) U JIp.

JlanpHelinee pa3BUTHE TEXHOJOTHU TPUBENO K mMosiBIcHHUI0 16- u naxke 32-pas-
PSIHBIX OJHOKPHUCTAJIBHBIX MHUKpOOBM (HambGosiee wu3BeCTHbICE — OT (UPMBI
Motorola), Biroyaromux, Hapsay ¢ MOIIHBIM LEHTPAIbHBIM IPOIIECCOPOM, CIIe-
MAJTM3MPOBAHHBIC TPOIECCOPbl — TalMEpHBI W BBOJA/BBIBO/A, paboTaroIIue
HE3aBUCHMO OT LIEHTPAJIbHOI'0, IIMPOKUH HaOop OJOKOB MaMsITH M BHELIHHUX YCT-
poiicTB. MoynbHOCTh apXUTEKTyphl Kpuctamuia OMOBM mno3Boiser B paMkax
OJHOTO CEMEHCTBa BapbUpOBaTh B HIMPOKUX IIpefenax HaOoOp mapaMeTpoB Kpu-
CTaJula. cocTaB U 00bEeM OJIOKOB MaMsTH, HA0OP BHEIITHUX YCTPOHCTB M Ja)Ke THII
MTOMEIAEMOT0 Ha KPUCTAJUI HEHTPAIBHOTO IIPOIECCOPA.

TakuM 00pa3oM, MOJNB30BATENIO MPEJOCTABIISETCS BO3MOXKHOCTH BBIOOpa B OYEHb
LIMPOKHX MpeieNiaXx apXUTeKTypsl U nmapameTpoB OMOBM. IIpu 3ToM OH momydaer
"roroByro”" OBM, He TpeOyIOUIyl0 CXEMOTEXHHYECKHX W apXHUTEKTYPHBIX TOpado-
ToK. B urore coBpemennsie OMOBM mpakTH4ecKH MOTHOCTHIO 3aHSUTM Ty HUIIY,
B KOTOPOH JOJITOE BPEMsI CYIIECTBOBAIH MHOTOKPHCTAIIBHBIE MUKPOIIPOLIECCOPBI.



naBa 6

ba3oBas apxuTeKTypa
MUKPONPOLEeCCOPHOU CUCTEMBbI

[Moxanyii, Hanbosiee MOMy SIPHBIMUA B MHpe (M B Halllel CTpaHe) SBJSJINCH M SIB-
JSIFOTCSL OJTHOKPUCTAIbHBIE MHKpoOITporeccopsl cemeiictBa x86 dupmsbr Intel. Ce-
MEWCTBO OepeT CBOe Hayalo OT mepBoro 8-paspsaHoro Mukpormpoieccopa 18080
(oteuectBennbiit anagor — K580BM80) u BxitouaeT 16- u 32-paspsaHbie MUKPO-
nporeccopsl 18086, 180286, 180386, 180486, Pentium, ..., Pentium 4.

Cxemotexundeckue penienns cucteM Ha 18080 MokHO OBITIO OBI cUUTATh 6A30BHI-
MH, HO €T0 CHCTeMa KOMaH/I 3HAUYUTEIHFHO OTJIMYAETCs OT S3bIKA CTApIINX MOJIeNei
MHUKponpoieccopoB cemeiictBa. [loaTomy "pomoHadansHUKOM' ceMeHCTBa MPHHS-
TO CYMTaTh TepBbIi 16-paspsanbii Mukpomnpoieccop — 18086 (oTeuecTBeHHBII
ananor — K1810BM86), Ha KOTOpOM, KCTaTH, OBUTH peaar30BaHbl IEPCOHATBHBIC
9BM IBM PC XT.

AHanu3 apxuTeKTypsl MHKponpoueccopubix cucreM (MIIC) nenecoobpa3no Ha-
YMHATH C PACCMOTPEHHS MPOCTeieii (6a30B0it) MOIETH, OTPAKAIOIIEH OCHOBHEIE
MPUHLMITE OPraHU3aliK TPOLECCOpa, ero CUCTEMbl KOMaHa, (YHKIMOHMPOBAHUE
OCHOBHBIX IOJCHCTEM. BONBIIMHCTBO NPUHIMIMAIBHBIX PEIICHUM, peaau3oBaH-
Heix B MIIC Ha 6a3e mimaammx mojeneil ceMeicTBa, COXpaHUIINCh U B CTAapIINX
MOJEIISX.

Paccmotpum kpatko opranmzammio MIIC Ha 6a3e mukpomnporneccopa 18086. Ilpu
3TOM BBIJICTIUM JIsl PACCMOTPEHHS CICAYIOLINE MOACHCTEMBI:

O npoueccopHbI MOYJIb;
IaMSITh,
BBOJI/BBIBOJ;

IIPEpHIBaHNUS,

I [ R

HPSAMOM TOCTYII B ITaMsITh CO CTOPOHBI BY.
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6.1. NMpoueccopHbIN MOAYIb

IpoyeccopHuiii Modyns — ocHOBHas dacTh 000 MIIC. ITomumo coOcTBEHHO
MHUKPOIPOIIECCOPa, OH BKJIIOYAET PsJI BCIHOMOTAaTEIBbHBIX CXeM, 0€3 KOTOPBIX
MIIC e MoxeT (pyHKIHOHMPOBATh (TAKTOBBIH reHEepaTop, HHTEP(HEHCHBIC CXEMBbI

u J1p.).

6.1.1. BHYTpeHHAA CTPYKTYypa MUKponpoLueccopa

CrpykrypHas cxema Mukponpoueccopa 18086 npencrasiena na puc. 6.1. Mukpo-
HPOLIECCOP BKIIFOYAET B ce0sl TPU OCHOBHBIX yCTPOICTBA:

3O YOJ] — yctpoiicTBo 00pabOTKH TaHHBIX;
O YCM — yCTpO#CTBO CBSI3U C MarUCTPAIbIO;
O YYC — ycTpoHCTBO yNpaBICHUS U CHHXPOHHU3AIUH.

YO/l npenHa3zHadeHo A BHITOTHEHUS KOMaH/ M BKIItoYaeT B ce0s 16-paspsaHoe
AJIY, cucTeMHBIC PETHCTPBI U JIPYTHUE BCIIOMOTATEIbHBIE CXEMbI; OJIOK PETUCTPOB
(POH, 6a30BbIe ¥ HHICKCHBIE) U OJIOK MHKPOIIPOTPAMMHOTO YIIPaBICHHUS.

YCM ob6ecneunBaet GopmupoBanue 20-pa3psaaHoro GU3HYECKOro ajapeca maMsTh
n 16-paspsaHoro agpeca BY, BeiOOp KoMaH[ U3 mamsTH, 0OOMEH JaHHBIMU C 3Y,
BY, apyrumu npoueccopamu no maructpanu. Y CM BkitodaeT B ce0sl cyMMaTop
azpeca, OJIOK pEerucTpoB ouepear KOMaH I U OJIOK CerMEHTHBIX PETUCTPOB.

YVC obecneunBaeT CHHXpOHU3AIMIO paboThl ycTpoicte MII, BeipaboTKy ynpas-
JISIOIIMX CUTHAJIOB M CUTHAJIOB COCTOSIHUS AJ1s1 OOMEHa ¢ IPyTMMH YCTPOHCTBaMH,
aHaJIU3 U COOTBETCTBYIOIIYIO PEAKIIMIO Ha CUTHAJIBI Apyrux ycrpoiicts MIIC.

Muxkponporeccop 18086 MoxeT paboTaTth B OAHOM W3 JABYX PEKHMOB — MUHU-
MANbHOM U MAKCUMATbHOM. MUHUMAJBHBIN PEXUM NPEJHA3HAUCH Ul pean3a-
uu ogHompoueccopHoi koHpurypamnu MIIC ¢ oprannzanueit, mogoouoit MIIC
Ha 6a3ze 18080, HO C yBeNMYEHHBIM aJPECHBIM MPOCTPAHCTBOM, 0OJIee BBICOKUM
OBICTPOACWCTBMEM M 3HAYHUTEIHHO PACIIMPEHHON CUCTEeMON KOMaHA. MaKkchuMab-
HBII PEKUM IMPEINoiaracT HaJu4Yhe B CHCTEME HECKOJIbKHX MHUKPOIPOIECCOPOB,
paboraronux Ha 001ryto cucteMuyio mmHy. MIIC Ha 6a3e 18086 ¢ ucronb30BaHu-
€M MaKCHMMAJIbHOTO PEXUMa HE TMOJYYWJIM IIUPOKOTO pacmpocTpaHeHus. boiee
TOTO, B MOCIIEAYIONIMX MOJIENIAX CBOMX MHKpoImpoieccopos (80286, 80386, 80486)
¢dupma Intel orkazagack OT MOAAEPKKH MYJIBTHITPOIIECCOPHON apXUTEKTyphI. T1o-
3TOMYy MBI 37€Ch He OyaeM paccMarpuBaTh OCOOEHHOCTH OPraHM3aIllMU MaKCH-
MaJIbHOTO PeXUMa.

Ha Buemmaux BeiBogax MIT i8086 mupoko MCHONB3yeTCsS MPUHIHIT MYAbMUNIEK-
cuposanus CueHaI06 — Tepeliadya pa3HbIX CUTHAJIOB MO OOIIMM JIMHUSM C pasje-
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JICHUEM BO BpPEMCHHU. KpOMC TOTr'0, OJHHU MU T€ K€ BBIBOJbI MOT'YT HMCIOJIB30BATHCS

JUISL TIepe/iavi Pa3HbIX CUTHAIOB B 3aBUCHMMOCTH OT peskumMa (Imin — max).

B tabm. 6.1 npuBeneHo onucanue BHEMHUX BbIBOA0B MIT i8086. TIpu omucanum
BBIBOJIOB KOCO#1 uepToii (/) pa3mesieHbl CUTHAIIBI, TOSIBISIFOLIIMECS HA BHIBOJIC B Pa3-
HbIE MOMEHTBI MAallIMHHOTO IMKJIa. B KPYribIX CKOOKax yKa3aHbl CUTHAJIBI, Xapak-
TEPHBIC TOJIBKO JJISi MAKCUMAJIBHOTO pekuma. CHMBOJI * 1oCiie UMEHH CUrHajia —

3HaK €r0 MHBEPCHUH.

A[19:16]/ST[6:3]

| YCM |
| Cymmarop i
i anpeca Ouepenp i
i KOMaHJ i
! (6 GaiiToB) ;
! CerMeHTHBIE :
! pEeTUCTPHI |
. | CS,DS, SS, ES
] IP | |
.\ [An_[ AL yor
; BH BL |
i CH CL ALY ,
! DH DL i
! SP ;
! BP |
: ST !
DI MITYY 5
o [_raGs ] TTTTT |

Puc. 6.1. Crpykrypa Mukpomnporeccopa i8086

YYC

BHE / ST7
STB (QS0)

INTA (QS0)

=

W (LOCK
M-IO (ST2)
OP-IP (ST1)
DE (STO0)

:

TEST
RDY
CLR
CLK
INT
NMI

HLDA (RQ-EI)
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Tabauya 6.1. Buewnue év160061 MIT 18086

Buemnnuii BoiBog | Onucanue

A/D[15:0] Miammme 0—15 paspsizbt agpecal ianHbie

A[19:16]/ST[6:3] Crapue 16—19 paspsiisl ajipeca/CUrHaibl COCTOSHUSE

BHE* /ST[7] Paspenienne nepeaaun crapiuero 6aiita TaHHBIX/CUTHAT COCTOSHUSI

STB(QSO) Ctpob anpeca (COCTOSIHUE OUepe KOMAaHT)

R* Urenune

W* [(LOCK*) 3anuch (0JI0KMPOBKa KaHaa)

M-10*(ST2*) [TamsATh — BHEIIHEEe YCTPOHCTBO (COCTOSIHHE LIUKIIA)

OP-IP*(ST1*) Beinaua/mpuem (CocTosiHUE 1IMKIIA)

DE*(STO*) Paspenienue niepeiaun JaHHBIX (COCTOSIHHUE IIUKIIA)

TEST* ITposepka

RDY I'otoBHOCTB

CLR Co6poc

CLC TaxToBbIi cUrHAN

INT 3ampoc BHEIIHETO NPEPbIBAHUS

INTA*(QS1) IMoxrBepxaeHre npepbiBanus (COCTOSHUE OUepe KOMAaH]T)

NMI 3ampoc HEMAacKUPYeMOTo IPEPBIBAHUS

HLD(RQ*/EQ) 3anpoc [T/ (3anpoc/moaTBepKICHHE OCTYIA K MATHCTPAJIN)

NLDA(RQ* /El) HO)Z[TBep)KZ[eHI/Ie TIJIIT (3ampoc/moaTBep K AeHrE JOCTYIA K MarucTpa-
m

MIN/MAX* IMoTennuan 3aganus pexuma (Min =1, max = 0)

6.1.2. KoMmaHOHbLIX 1 MALWIUHHbLIN LUKNbI
MUKponpoLueccopa

Muxkponporueccop 18086 pabdoraer B cocrae MIIC, oOMeHMBasCh C MaMSATHIO
u BY crnoBamu anmuHO# 2 6aiiTa, T. K. pa3psAHOCTb NIMHBI JAHHBIX COCTABISET
16 outoB. B ocHOBE pabOTBI MHKPOMPOIIECCOPA JICKUT KOMAHOHBIU YUK — JCH-
CTBHS IO BBIOOPY M3 IIAMSITH U BBIIIOJIHEHUIO OJHOW KOMaHbI.

JIro6o#t komanuenid 1k (KL[) HaunHaeTcs ¢ M3BJICYEHHs W3 MAMSATH TEPBOTO
CITOBa KOMaHJBI MO ajpecy, xpansmemycs B cderynke komana (PC). Komanmsr
i8086 moryT uMeTh JTHHY OT 1 10 6 6alTOB, IPUYEM B TIEPBOM CIIOBE COJCPIKUTCS
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uHpOpPMaLUs O AJIMHE KOMaHbl. TakuM 00pa3oM, sl 3BJICUCHHUS U3 MaMsITH OJI-
HOW KOMaHBl MOXET MOTPeOOBaTHCS OJTHO MIIM HECKOJIBbKO oOpamenuii k O3Y.

B 3aBucumocTu oT THNA U (hopMaTa KOMaHIbI, CIOCOOOB aJipecalliy U Yucia ore-
PaHI0B KOMaHIHBIM [IMKJ MOKET BKIIIOYATh B CE0s1 Pa3IMUHOE YUCIIO OOpaIleHUH
K nmamsaTu 1 BY, mockonbky kpome utenust camoii komauasl B KL Moxet notpe6o-
BaThbCsl YTEHUE ONIEPAHJOB U PA3MEIIEHUE PE3yIIbTaTa.

Xotst obpamienus kK 3Y/BY pacnonaraiorcst B pasHbix 9actsax KII, BBITOTHSIOTCS
OHH TIO €IWHBIM MpaBHiaM, COOTBETCTBYIOIINM uHTepdeiicy MIIC, u peanusosa-
HBI Ha 001eM 000pyToBaHMH yrpasisioniero apromata. [eiicrsust MIIC mo nepe-
nade B (u3) MII oxHOrO cioBa KOMaH/bI (TaHHBIX) HA3BIBAKOTCS MAUUHHBIM YUK-
som. KII cOCTOUT M3 OJHOTO MIIM HECKOIBKHX MAIIUHHEIX IHKI0B (MIT).

MaluHHbIH UK BKIFOYAET BbIJa4yy MPOLECCOPOM a/Ipeca MaMsATH MM BHEIIHErO
YCTPOWCTBA, MO KOTOPOMY TPOU3BOAMTCS OOpalleHUE, BbIIauy YIPaBISEOIIMX
CHTHAJIOB, XapaKTEPU3YIOLIMX TUII MAIIMHHOTO LHUKIA ¥ HAIpaBJICHHE Tepeaadn
nanHbix (M-10, OP-IP), Beiiaduy CHHXpOHU3MPYIOIIUX (CTPOOUPYIOIINX) CUTHAIOB
(STB, R, W) u cobctBenHo mnepenady manubix. B 18086 peann3zoBaHa MyibTHII-
JIGKCUPOBaHHAsl MIMHA ajpeca/TaHHbIX. JTO OOBICHIETCS NS(PHUIUTOM BHEIIHHX
BBIBOJIOB KPHCTAJLIa U TPeOyeT JOMOIHHUTEIBHOTO TaKTa JUIs BBIIAYHU aJpeca  J0-
MOJIHUTEIBHOTO YIpaBisiiomero curxaia STB, uaeHTHGHUUUpyroero Haiudue
anmpeca Ha obeit mmue A/D.

[To Gompmomy cuery pasHooOpasme MII cBoguTcs K ABYM pPasHOBHIHOCTSIM —
umenuto (TaHHBIC WIM KOMaH/bl MPUHUMAIOTCS B MPOLIECCOp) U 3anucu (IaHHbBIC
BBIJAIOTCS M3 TIpolieccopa). BpeMeHHble muarpaMMbl cOOTBETCTBYIOIMX MIT mpu-
BEJICHBI Ha pHC. 6.2.

Tw Tw

TI T2 T3] T4 TI TI T2 T3|T4 TI

ck \/\ /S e vatatatal

M-I0 B¢ X M-I0 X N

ii\lsl”if >@[19:16]X > il/\é]::l“ >(A[I9:16]>< S
At I/ \ e L/

ﬁISD:O] R CIED S ﬁISD:O] - Als:0 X DO[150]  »----

OP-1P —\ Va DEN —
DEN \ [ OP-IP

a 7]

Puc. 6.2. MamuHHbIE UK MEKpOTIporieccopa i8086:
a — muki1 YTEHUE; 6 — muka 3AITUCH
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Hukn naunHaercs ¢ ¢popmupoBanus B Takte T1 curnana M-10, onpenenstomero
THUT YCTPOWCTBA — MaMATh WM BY, ¢ KOTOpBIM OcCyIIecTBIsIeTCS OOMEH JaHHBI-
Mmu. [nutensHocTh curdana M-1O paBHa IIMTENPHOCTH MAIIMHHOTO LIUMKJA, U OH
UCIIOJB3YETCs IS CeIeKIuM ajapeca ycTpoictB. B T1 u B Hauane T2 MII Beimaet
anpeca A[19:16] u A[15:0] u curnan BHE, kotopsiii BMecte ¢ AO omnpeenseT
BBIOOp Tiepeaun TuO0 BCero ciioBa, 1100 oJHOro u3 ero OaiiroB. Ilo cnany crpo-
6a ALE agpec ¢ukcupyercss BO BHEIIHUX peTHCTpax-3amenkax. B rakre T2 mpo-
MCXOJMT MEePEKII0YCeHHEe MHH: Ha BbiBOJbI A[19:16]/ST[6:3] noctynaroT curaasl
coctostaust; a BeiBobI A/D[15:0] ucrnons3yrotest a1st mpueMa/nepenadu TaHHbIX.

OnucaHHbIe BbIIIE MAITUHHBIE HUKIIBI SBIAIOTCS CUHXPOHHLIMU, UX JJINTEIBHOCTD
ompenensercss TOAbKO mpoueccopoM. OnHako Takol OOMEH BO3MOXEH JIMIIb
C yCTpoiicTBaMH, OBICTPOJICHICTBHE KOTOPHIX HE YCTyHaeT mpoieccopHomy. B mpo-
TUBHOM CJIy4ae MHUKPOIIPOLIECCOP MOJDKEH PEealn30BaTh dCUHXPOHMbIL CTIOCO0 00-
MeHa, BKJIIOYAIOIINI aHallN3 CUTHANA OT yCTPOICTBA O TOTOBHOCTH K OOMEHY HJIH
0 3aBEPLICHUHU IPOLEAYpPHl OOMEHA.

Pois Takoro curnaia B i8086 (1 Bcex mporieccopax cTapiinx Mojeneii ceMeicTBa
x86) urpaer Bxoa RDY (ot anri. ready — rotoBHOCTb), KOTOPbIH BCEr/a T0DKSH
OBITh AKTHBHBIM TPH CHHXPOHHOM oOMeHe (¢ "OblcTphiMU" ycTpoiicTBamu). [Ipu
obmMeHe ¢ "MemreHHBIMH  ycTpoiictBamu 3HaueHne RDY momkHO ocraBaThCs He-
aKTHBHBIM (B pa3HBIX mpolieccopax akTUBHbIM aasi RDY Moxer ObITh ypOBEHb
aoruueckoit 1 wmu normyeckoro 0) 10 Tex Mop, MOKa YCTPOHCTBO, C KOTOPBIM CBSI-
3BIBACTCSl TMPOLIECCOP, HE 3aBEPIIUT MpOLenypy OOMeHa, cooOpa3ysch CO CBOUM
OBICTPOICHICTBHEM.

Bpemsi oxupaHus MPOIECCOPOM TOTOBHOCTH YCTPOMCTBA MOXKET OBITh CKOJIb
yroaHo 6oibmuM. Jliist aToro B Takte T3 mporieccop NpoBepseT 3HaUSHHEe CHUrHasa
RDY, u eciu oH HeakTHBeH, NOCe TakTa T3 B MAIIMHHBIN ITUKJI BCTABJSICTCS MIPO-
M3BOJIBHOE KOJIMUYECTBO TAKTOB OXKUJIAHHS W, B KOXKJOM M3 KOTOPBIX aHAITU3UPYET-
cs 3Hauenue RDY. [lpu nosiBnennn aktuBHOro 3HaueHus RDY mukpomnpoiieccop
niepexoauT K TakTy T4 u 3aBepmiaer MLI. Takum 06pazom, yaaercsi COrlIacOBHIBATh
paboTy MUKPOMPOIIECCOPa C YCTPOHUCTBAMY PA3TUUHOTO OBICTPOICHCTRUS.

6.1.3. PeannMsaumsa npoueccopHbIX moaynen
M cocTaB JIMHUU CUCTEMHOro nHtepdgenca

BonbIIMHCTBO MUKPOIIPOIIECCOPOB HE MOTYT pabotats B cocraBe MIIC Ge3 Heko-
TOPBIX JOTIOJHUTEIBHBIX CXEM, COCTABIIAIOIINX BMECTE C MHUKPOIIPOIIECCOPOM T. H.
npoyeccopruiil Mooyaw. [Ipexne Bcero, Ha Bxos CLK mMukpomnpomeccopa HeoOxo-
MO TI0JIaTh MPSIMOYTOJbHBIE HUMITYJIbChI TAKTOBOW YaCTOTHI OT CIIEIHATbHOTO
BHEIITHETO TAKTOBOTO 'eHepaTopa.
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Jlnst mukpornporieccopa 18086 9acToTa TAKTOBBIX HMITYJIBCOB MOXET JICKATh
B Auamnasone 2—6 MI'.

Ha puc. 6.3 mpuBeneH oauH U3 BApHAHTOB YIPOLICHHON (PYHKIMOHAILHONW CXEMBI
MpOIIECCOPHOTOo Moaysst Ha 6aze 18086. Ha cxeme He TMOKa3aHbI HEKOTOPBIC JJie-
MEHTBI U CBsI3H (HampuMep, cXxeMa HavallbHOTo cOpoca U p.).

CPU RG
i8086 | A/D < iz > 3)
AB[19:0]
—>{ CLK 4 D
A/ST 7 > Q 20
OP-IP !
R 2
i 3 Z [l
M-IO 4 0OE
STB Z
nln HLDA
J— BD
&——] min-max 7
2

DB[15:0]

N

<D|H
=

Puc. 6.3. CtpykTypa npoueccopHoro Moayis Ha 6aze Mukpornpoueccopa i8086

Muxkpomnporeccop 18086 peanuzoBan mo N-MJIII-TeXHOJIOTHH, U €rO BBIXOIHBIC
KackaJpl He 00eCeyrBalT JJOCTATOYHOW HArpy304HOHW CIIOCOOHOCTH AJISI JTMHUM
cucteMHoro uHTepdeiica. [1o3ToMy K BBIXOJHBIM JHMHHSIM MHKpOIpOLEccopa
00BIYHO MOAKITIOYAIOT Oy(epHbie cxeMbl BD, peanizoBannsie mo TexHonoruu TTJL.

Kpome Ttoro, mmubl aapeca W maHHbIX B 18086 MynabTHIUIEKCHPOBAHBI. Apec
YAEpKUBAEeTCA Ha BBIBOJAX MHKPOIPOIIECCOPa TOIBKO B TEUEHHE OJHOTO TaKTa
MAalIMHHOTO IUKJIA, a UCIOJIb30BaThes JoiikeH Bech ML, Tloatomy agpec HeoOxo-
JIMMO 3alOMHHTH B CIICIMAIBHBIX BHEIIHHMX perucrpax-3amenkax RG (koropsie,
KCTaTH, UTPAIOT U POJIb Oy(hepHOM CXEMBI IHHBI aIpeca).

Haxkonern, yacto Tpebyercsi mpeoOpa3oBaTh yIpaBIsIONINE CUTHAJIBI, BbIIaBAEMbIe
MHKPOIIPOIIECCOPOM, B CTaHAAPTHBIC CHIHAIBI CHCTEMHOro wuHTepdeiica. Tak,



144 Hacme 1. ApxumeKkmypa MUKpOrpoueccopHbIX cucmem

i8086 QopMHpyeT BBIXOAHBIC CHUTHAIIBI, WACHTHOUIMPYIONIME THI MAITHHHOTO
LUKJIa, U curHaiel crpobupoBanus: M-10, OP-IP, R, W. CucremHas muHa uc-
MIOJIB3YET CHUTHAIBI 3amucy 1 urenus namstu — RDM, WRM u 3anucu u arenus
BHerrHero ycrpoiicta — RDIO, WRIO. TIpeoOpa3oBaHus NpoIECCOPHBIX CUTHA-
JIOB B IIUHHBIC OCYIIECTBISECT MPOCTas JIoTHUecKkas cxema L.

6.2. MawmMHa nonb3oBaTens U cuctema KomaHzg,

ITporpammMHast Mojie b MEKpompoiieccopa (puc. 6.4) Bkirouaet B ce0si mporpamMmM-
HO-focTymHbIe 00beKThl MIIC, T. €. Te 00BEKTHI, COCTOSIHIE KOTOPHIX MOKHO TIPO-
AHAITM3UPOBATh W/WIM W3MEHHTH MPU MOMOLIM KOMaHJ MHUKpompoieccopa. K Ta-
KAM OOBEKTaM OTHOCSTCS BHYTPEHHHE DPETrHCTPBl MHKPOIpOLECCopa, SYCHKH
HaMsTH U TOPTHI BBOJA/BBIBO/IA.

7 7 0
AX AH AL AKKYyMyJATOD
BX BH BL baza
POH
CX CH CL CyeTunk
DX DH DL Jlanubie
15 0
Peructpol- Sp Vkazarels creka
yKasarcjin BP Vkazarenb 6a3bl
VrexcHbie SI HWnnexc onepanaa
PErucTphl DI Wunexc pesynsrara
15 0
CS CerMeHT koja
CerMeHTHbe DS CerMeHT JaHHbIX
PETHUCTPBI SS CerMeHr crexa
ES CerMeHT JI0I. JAHHBIX
15 0
1P CueTurK KOMaH,T
15 0
FLAGS Peructp npusnaxos

Puc. 6.4. Mukpornporueccop 18086 — MarmHa mojp30BaTesns
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Paccmotpum mawuny noavzosamens 18086. Kpome mokasanubix Ha puc. 6.4 peru-
CTPOB Ipolleccopa, B MaiiuHy mojib3oBarens 18086 Bkirouarcs ajpecHoe Ipo-
CTPaHCTBO MaMATH 00beMoM 1 MOaiiT 1 aBa IpOCTpaHCTBA IOPTOB BBOJIA U BBIBO-
na o 64 Ko6ait kaxoe.

[Tomumo omepammii ¢ 16-paspsanHbiMEu peructpamu obuiero HaszHauenus (POH)
AX — DX, momyckaercst obpamieHue K kKaxaomy Oaity atux peructpos: AL — DL,
AH — DH. B nporneccopax cemeiictBa x86 crcteMa KOMaHA OCTPOSHA TaKHUM 00-
pazoM, 4TO B HEKOTOpPBIX KoMaHaax POH BBIMONHSIOT ONpe/eieHHbIe 10 yMOoI4Ya-
HHIO (PYHKIIMU CUETYNKOB, MHJICKCHBIX PErUCTPOB, HCTOYHHKOB aJipeca U JIp.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
3apesepsupoBano |OF | DF| IF [ TF|SF | ZF| 0 |AF| O | PF| 1 | CF

Puc. 6.5. ®opmar perucrpa npusnakos i8086

16-paspsinabie peructpel BP, Sl, DI ucnons3yroTcst st 00pa3oBaHMs UCIIONHU-
TEJBHBIX aJIPeCcOB MaMsTH, SP — yka3zaTenb cTeka, |P— mporpaMMHBIA CUETYMK
(CuK), Flags — peructp ¢uaros, popMat KOTOPOro mpuBeaeH Ha puc. 6.5, rae:

0O CF — nepeHoc/3aeM U3 cTapiiero paspsia;

O PF — napuret (4eTHOCTD YMCIIa SAUHUIL B PE3YJIBTATE);

0O AF — nonoiHUTENbHBIN IepeHoc (U3 3-ro pas3psiia);

O ZF — HyneBo# pe3yibTar;

O SF — oTpuIaTenbHblii pe3yibrar (3HaK);

O OF — npu3sHak apuMETUYECKOTO MEPEIIOTHECHNUS,

O DF — nanpaBneHwue, onpe/enseT HallpaBlieHue MoIu(UKaINN aJpecoB MacCH-
BOB B KOMaH/Iax Iienoyek (yBeandeHHe WM yMEHBIICHUE aipeca);

O |IF — mackupyet BHenHee npepbiBanue 1o Bxoay INT (npu |F = 1 npepsiBanue

pasperieHo);
O TF — ynpaBiseT momaroBbeM peXXIMOM pabOThl MUKPOTIPOIIECCOpa.

IMpu TF =1 nocne BRINOIHEHHS KaXJ0W KOMaH/bl aBTOMAaTHYEeCKH (DOPMUPYETCS
MpepbIBaHUEe C BEKTOpOM 1.

6.2.1. PacnpeneneHue agpecHOro npocTpaHcTBa

Anpecroe npoctpanctBo MIT onpezessiercst B 18086 pa3psiHOCTBIO NMIMHBI ajIpe-

ca/TaHHBIX U aJpeca U COCTABIISIET 2%° Gaiitos = 1 M6aiir. B sToM aJpECHOM TIpo-
CTPAHCTBE MHKPOIPOLECCOPY OAHOBPEMEHHO JIOCTYITHBI JIUIIb YETHIPE CETMEHTA,
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nBa u3 kotopsix (DS u ES) npeanasHayens! 1is pasmenienust nanusix, CS — cer-
MEHT KoJa (U151 pa3MeLIeH s TPOrpaMMbl) B SS — CerMeHT CTeKa.

Pa3mepnl CerMEeHTOB ONPEENSIOTCS Pa3psIIHOCTBIO JIOTHYECKUX aJ[PECOB KOMaH]I,
JaHHBIX W cTeka. Jlormyeckue aapeca KOMaHI M CTeka (BEpXYIIKH) XPaHITCS
B 16-pa3psaubix peructpax |Pu SS coorBercTBEeHHO, a JIOTHYECKUil ajipec TaHHBIX
BBIYUCIISICTCS B KOMaHJIE OJJHUM W3 MHOTOYHCIICHHBIX, MPEIYCMOTPEHHBIX CHUCTe-
MO¥ KOMaH]I, ClIOCO00B U TaKke cocTaiisieT 16 OuToB..

Taxkum oOpaszom, pasmep Kaxaoro cermenta B 18086 cocraBmseT 2'6 Gaiitos =
= 64 Koaiit. [TonoxeHne cerMeHTa B apeCHOM MPOCTPAHCTBE (€ro HavalbHbIN
aJipec) OmpeAessieTCs COJICPKUMBIM OJHOMMEHHOTO CErMEHTHOIO pPerucrTpa.
dopmupoBanre HU3NIECKOTO apeca WITIOCTPUPYETCs Ha puc. 6.6, 13 KOTOporo
BUJIHO, YTO IPAaHUIIA CETMEHTA B aJPECHOM MPOCTPAHCTBE MOXKET OBITh YCTAaHOB-
JeHa He NPOW3BOJIFHO, a TaKUM 00pa3oM, YTOOBI HAYaJbHBIA aapec CerMeHTa
ObL1 KpaTeH 16.

15 0

CerMeHTHBIN perucTp 0000

_I_ 15 0

Jlornueckuii agpec

duznyeckuil agpec

Puc. 6.6. ®opmuposanue pusnueckoro aapeca B i8086

[lo ymMOM4aHWIO CErMEHTHBIE PETHUCTPHI BHIOMPAIOTCS sl 00pa3oBaHUs (U3NIe-
CKOTO ajjpeca CJICIYIOIIMM 00pa3oM: P CUMTHIBAHUK KOMaH b 110 azapecy |P uc-
nonb3yercst CS, npu obOpamennn kK ganHeiM — DS wmu ES, npu o6panienun
K creky — SS. C moMOIIBIO CIEIHaNbHBbIX MPHCTABOK K KOMaHzae (MperKcoB)
MOXHO HAa3HAYUTh ISl HCIOJB30BAHUS ITIPOM3BOJBHBIA CETMEHTHBIH PETruCTp
(xpome napsr CS:IP, xoropas He momiexuT Mmoaupukanuu). ['paHuIbl CETMEHTOB
MOTYT OBITh BBIOpPAaHBI TaKUM 00pa3oM, YTO CETMEHTHI OYAYyT M30JIMPOBAHBI IPYT
OT Jpyra, mepeceKaThcs WK Jake TONMHOCTHIO CoBNaaaTs. Hampumep, ecnu 3arpy-
3uth CS=SS=DS=ES=0, T0 Bce cerMeHThl OyayT COBNAAATh APYT C JPYroM

W HAYMHATHCS C HYJIEBOTO aJpeca — BapHaHT OpPraHU3allid aJpecHOro MpoCTpaH-
ctBa 18080.
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6.2.2. Cuctema KkomaHp, i8086

Cucrema xomany 18086 u, BooOie, Bcero cemeiictBa x86 moapoOHO ormucaHa
B MHOTOYMCIICHHBIX CIPAaBOYHMUKAX M PyKOBOJCTBaX, Hampumep [3, 11, 13, 14],
MO3TOMY JlaJiee MBI KPaTKO OCTAHOBHUMCS TOJIbKO Ha OCOOCHHOCTSIX CHCTEMBI KO-
Mans 18086, He BaBasiCh B H3NIUIIHUE MOJAPOOHOCTH.

i8086 otmmuaercst pasHooOpasuemM (HOpMaTOB KOMAaHI M CIIOCOOOB aIpecain.
JIMHa KOMaHIbl MOXKET COCTaBIATh OT 1 10 6 0aiiToB, MpUYeM B MEPBBIX IBYX
Oaiitax (MHOTZa — B MEPBOM) ONPEAEISACTCS KO ONEpaluii, KOJIMYECTBO U JUTHHA
OIEPaHJIOB U CIOCO0 MX ajapecaluu. B ocrambHbIX OaliTax KOMaHIbl MOTYT pa3-
MELIaThCs HEMOCPEICTBEHHBIH ONepaH1, IPSMOM aJpec Ik CMELICHHE.

BonprmmtcTBo koMans 18086 sBistoTcs dsyxadpechvimu, IPUUEM OIUH aapec OIl-
penenser perucTp Mporeccopa, a APyroi — sYeHKy MaMsATH WIH PETHCTP.

OrmepaHl B TAMSTH MOXET aJpPEeCOBATHCS NPAMO WA KOCBEHHO TIOCPEICTBOM CO-
nepskumoro 6a3oBeix (BP, BX) wnu unpexcubix (Sl, DI) peructpos, a Takxke ux
cymmbl. [IpeaycMOTpEHbI MHOTOYHCIIEHHBIE BapHAHTHI OTHOCHTEIBHOM ajpeca-
I[[MH, TIPA KOTOPBIX JIOTHYECKHH aapec 0Opa3yeTcst Kak CyMMa JBYX WIIH TPEX Clia-
raeMbIX — OJIHOTO WJIM J[BYX PETHCTPOB Ipolieccopa U 8- miu 16-paspsaHoro
CMEIIEHHsI, Pa3MENIaeMOro B KOMaH/IE.

PesxxuMbl agpecaniny cpoOEKTHPOBaHBI € y4eToM 3()(EeKTUBHON peanu3aluu s3bl-
KOB BBICOKOTO YpoBHS. Hampumep, K mMpocToil mepeMeHHOH MOXKHO OOpaTHUThCS
B pEeXUME MpSAMON ajpecaiuy, a K 3JEMEHTy MacCuBa — B PEXHMME KOCBEHHOI
aapecanun nocpeactsom BX, Sl. Pexxum anpecanum uepes BP npeanasnaven mis
JIOCTYTIA K TAHHBIM U3 CETMEHTA CTEKa, YTO YAOOHO MPH peann3aluil PeKypPCUBHBIX
MpOLEAYpP U KOMIMIATOPOB SI3BIKOB BHICOKOT'O YPOBHS.

Cucrema xomanj; HacunuThiBaeT 113 0a30BBIX KOMaHI, OOBEIUHEHHBIX B CIICAYIO-
e TPYIIIIBL:

O xomaHbI Tepeayy JaHHBIX

* MEX]y PEerucTpaMu U MaMmsThio (BKJIIOYAs CTEK), OOMEH COIEPKMMBIM HC-
TOYHMKA U IIPUEMHHKA,

e BBOJI, BEIBO/I, TAOIMYHOE TIPe0Opa30BaHUE;

e 3arpyska mcnojHuTenbHOro anpeca B POH, 3arpyska 4-6aiiToBoro aapecHo-
ro o0beKTa B PErucTpbl-yKazaTenu (HayajabHBII aJpec CerMeHTa U CMellle-
HHE B CETMEHTE);

e Tiepenava coJepKUMOro peructpa F ¢uiaros B mamsTh, B CTEK U U3 CTEKa,
O apudmernueckre KOMaHIbI:

e CIIOKEHHE, BRIYUTAHUE, YMHOKEHHUE W JICJIEHHE TBOMYHBIX YHCET CO 3HAKOM
u 0e3 3HaKka (MPOU3BEICHUE U ICTUMOE MPEACTABIISIOTCS YUCIAMU JBOHHOM
JUTAHBI);
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& JICCATHYHAsA KOPPCKUUA CIOXCHHSA W BBIYMTAHHSA YIAKOBAHHBIX JIBOWYHO-
JECATUYHBIX YUCECII,

® JICCATHYHAsA KOPPEKUHA CIOXKEHHWA, BBIYUTAHUA, YMHOXCHUA U [JCJICHUA
PaCnaKOBAHHBIX NBOUYHO-ACCATUYHBIX YUCEIL,

0 norudeckre KOMaHJIbl U CJABUTH.
e WHBEpCHUS, KOHBIOHKLIMS, TU3BIOHKIMUS, HEPABHO3HAYHOCTD;

e TEST — mnopa3psaHas KOHBIOHKIMS OTIEPAHIOB C YCTAHOBKOW (hiaros, HO
0e3 3aHeceHns Pe3yIbTaTOB,;

e caBury Ha 1 wim 3aaHHOe YMCIIO pa3psaaoB (KOHCTAHTa CABWTa paciosiara-
ercs B CL);

0 KoMaH/BI Iepefavyn YIpaBICHHS: MEepeXobl, BHI30BBI, BO3BPATHl MMEIOT JIBE
Pa3HOBHUIHOCTH —  eHympuceemenmuvle ("Onuskue") W Mmedcceemenmmuvie
("mamprme"). Tlpu OnAM3KHMX mepemavax 3arpyxaercs Tonbko |P, mpu mans-
Hux — |P u CS. Tlepenaun yrpaBieHUsT MOTYT ObITh MpsiMbIME (II€JI€BOM aj-
pec — B KOMaH/ie) WM KOCBEHHBIMH (IIEJIEBO aapec BBIYMCIIAETCS C UCTIONb-
30BaHMEM CTAaHAAPTHBIX PEXHUMOB anapecaiuu). B 16 komaHIax YCIOBHBIX
HEepexX0a0B MPOBEPSIOTCS OTHOIICHUS 3HAKOBBIX M O€33HAKOBBIX ducel. Mme-
10TCS 4 KOMaH/IbI YIIPABICHHS [IUKJIAMH, KOTOPbIE PACCUMTAHBI Ha pa3MeIleHNE
YycIia TOBTOpeHu nukia B peructpe CX;

O xoMaHabl 00paOOTKH LEMOYeK AaHHBIX MaHUMYJIUPYIOT MOCIEI0BATEIBHOCTS-
MU 0aliTOB WJIM CIIOB B aMsTH. BpeMsi 00pabOTKH LENovYeK 3TUMH KOMaHIaMH
ropaszio MEHBIIE, YEM COOTBETCTBYIOIIEH ITPOrPAMMHON peanu3aluen.

6.3. DyHKLMOHUpPOBaHUE
OCHOBHbIX noacuctem MIC

Tenepb MOKHO paccMOTpPeTh (QYHKIIMOHUPOBAHHE OCHOBHBIX IOJICHCTEM 0a30BOil
MIIC ¢ untepdeticom tuna "obwas wuna". ITOT TEPMUH UCIOIB3YETCS B JABYX
CMBICIIaxX: BO-TIEPBBIX, KaK 0003HAYCHHE MMPUHIINIIA OPTaHM3alUH CBSA3HU IPOIECCO-
pa c IpyruMu ycTpoiicTBamH B coctaBe OBM, BO-BTOpBIX, Kak 00O3HaUeHHE
(B pycckom mepeBozie) KoHKpeTHoro uHTepdeiica Unibus munun-ODBM cemeiictBa
PDP-11 ¢upmer DEC.

Unibus siBusics, moxanyii, mepBbiM HHTEP(EHCOM, B KOTOPOM OBUIH MOJHOCTHIO
peaM30BaHbI MIPUHIAIIEL " 0OIIEH IIIHHEI

O Bce nuHUM WHTEPdeEiica NENATCs Ha TP TPYIIILL: adpec, OauHble, YpasieHue;

O Bce yCTpoOWCTBa, B T. 4. MpOIECCOp, MOJKIIOUAIOTCS K JIMHUSAM HHTepdeiica
OJIMHAKOBBIM 00pa3oM;
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O unenTHUKaHs 00BEKTOB Ha IIUHE (SYEEK MaMSTH, PETUCTPOB BHEIIHUX YCT-
POJCTB) OCYLIECTBISETCSI C MOMOIIBI YHHUKAJIBHOTO JUIsl KaXIOro OOBEKTa
aopeca,

O B KaXJbplii MOMEHT BPEMEHM M0 IIMHE MOTYT B3aHUMOJIEMCTBOBATH TOJIBKO JIBA
YCTPOMCTBA, OJHO U3 KOTOPBIX SIBIIAECTCS AKMUBHBIM, & NPYTOE — NACCUBHBIM.
AKTHBHOE YCTPOWCTBO (OPMHUPYET aapec OOMEHa, YIPAaBJISIONINE CHUTHAJIBI
M MOXeT BbIIaBath (B IUKJIE 3anucU) WIA TPUHUMATH (B IUKIIC umeHus) TaH-
HbI€, KOTOPbIE IPUHUMAET WJIH BBIJIAE€T MIACCUBHOE YCTPOMCTBO;

O oOMeH MeXIy YCTPOWCTBAMH MOXKET OCYIIECTBIISATBCSI B CHHXPOHHOM WIIH
AaCHHXPOHHOM pexxume. IIpu cunxponnom obmene Bce BpeMEHHBbIE XapaKTepu-
CTHMKH OOMEHA ONpEAeNSIOTCS TOJNBKO aKTUBHBIM YCTPOHCTBOM, KOTOpOE HE
aHaJIM3UPYET HU TOTOBHOCTH MACCUBHOTO K OOMEHY, HU (akT 3aBeplieHHs 00-
MeHa. CHHXpOHHBIH 00MEH JOMYCTHUM JIHIIb C OBICTPOACHCTBYIOIIMMH MACCHB-
HBIMH yCTPOUCTBaMH (MX OBICTPOJCHCTBHE HOJKHO OBITh HE HIXKE OBICTPO/ICH-
CTBHUSI aKTHBHOT'O YCTPOWCTBA), KOTOpbIE BCET/Ia TOTOBBI K 0OMEHY (Hampumep,
peructp ABoM4HON mHaMKauwmu). IIpu acumxponnom obmene maccuBHOE YCT-
pOICTBO (OPMHUPYET CHI'HAT TOTOBHOCTH K OOMEHY WM/WJIM CUTHAJ 3aBEpIICHHUS
o0OMeHa, KOTOpbIE aHAIM3UPYET aKTUBHOE YCTPOHCTBO.

WnTtepdeiichl, peanuzyromiyre NPUHLIUIBI 00 MUHBI", ITUPOKO PacIpOCTpaHHU-
nuck B MUHH- U MUKpoOBM, MIIC pasnuyHoro HazHaueHus. MHorue u3 HUX,
mpaBaa, Hapyllaal HEKOTOpbIE MPHHIUIMBI "KaHOHMYECKOW oOIei IWHbBI', Ha-
mpuUMep, 3a CUET MOSBJICHUS OTAEIbHBIX aJAPECHBIX MPOCTPAHCTB PErUCTPOB MPO-
Leccopa U MopTOB BBojA U BIBOJA. OJJHAKO OCHOBHBIC TPUHIIMIIBI, H3JI0KECHHBIE
BBIIIIE, COXPAHSIOTCS B MHOTOYUCIICHHBIX Pa3HOBUHOCTAX TAKUX HHTEP(EHCOB.

K mocrouncrBam unTepdeticoB Tuna "obmas muHa" MOXKHO OTHECTH €ro OTHOCH-
TEJILHYIO MPOCTOTY, THOKOCTh CHCTEMBI M BO3MOKHOCTh €€ MOJIU(HUKAINN B IIU-
POKHX TpeJienax.

K HemoctaTkam — HEBO3MOXKHOCTH pachapauieiiBaHus mpoieccoB ooOmena (on-
HOBPEMEHHO OCYIIECCTBIISICTCS CBSI3b TOJBKO Mapbl ycTpoicTB). Kpome Toro, Hasu-
yre Ha oOmIel IMHE YyCTPOMCTB C CYIIECTBEHHO Pa3IMYHBIM OBICTPOJCHCTBHEM
3aTpyIHSIET JOCTHKEHHUE ONITUMANIBHBIX XapaKTEPUCTUK CUCTEMBI.

B pazo. 6.1.3 MbI OoApOOHO pacCMOTPENIM OPTaHHU3AIMIO ITPOIIECCOPHOTO MOIYJIS
Ha 0a3e mporeccopa 18086. CoctaB BHEIIHHX BBIBOJIOB IPOLIECCOPHOTO MOJYJIS
(cMm. puc. 6.3) MO3BOJISIET MOJKIIOYUTH €r0 K HWHTEepQeHcy, peamn3oBaHHOMY IO
MPUHIUITY 001l INHBL:

O aunum anpeca AB[19:0];
O nunuu nanaeix DB[15:0];
O nuuuu ynpasnenus RDM, WRM, RDIO, WRIO.
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Jpyrve nuHUN yrmpaBieHHs, BXOJAIINE B cOCTaB MHTEpdeiica, OyayT mq00aBIeHBI
IPU PACCMOTPEHUH COOTBETCTBYIOIIUX ITOJICHCTEM.

6.3.1. OnepaTnBHaa namMATb

O6bem agpecnoro npoctpanctea MIIC ¢ uaTepdeiicom "obmas mmHa" onpeaens-
€TCs I''TaBHBIM 06pa30M PaspAAHOCTBIO IIMHBI aApeca U, KPOME€ TOI'0O, HOMCHKJIATYy-
PO YIpaBIAIOMIMX CHUTHAIOB MHTepdelica. YIpaBIAOmue CUTHAIBI MOTYT OIpe-
JeNATh THIT 00BEKTa, K KOTOpoMy mpousBoautcs obpamenrne (O3Y, BY, crek,
crieranusuposantbie [13Y u ap.). B ciyuae, ecnmu MII He BBIAaeT CHTHAJIOB,
UJICHTU(QUIUPYIOMINX THIT MACCHBHOIO YCTpOiCTBa (MM OHM HE HCIIOJIBb3YIOTCS
B MIIC) — st cenekuuu OepyTcst TOJIbKO aapecHbIe TUHUH. YHCIIO aapecyeMbIx

0GBEKTOB COCTABIACT B 3TOM Ciydae 2, rae K — paspsaHOCTh IIMHBI ampeca.
bynem Ha3bIBaTh Takoe aJpecHOE NMPOCTPAHCTBO edunvim. VIHOrAa roBopsT, 4TO
BY B enquHOM agpecHOM MpOCTpaHCTBE "OTOOpaKeHBI HA MaMsITh , T. €. aJape-
ca BY 3anuMaror agpeca siueek NnaMsTH.

[Ipu ncnonb3oBaHUK HHPOPMALIUK O THIIE YCTPOIHCTBA, K KOTOPOMY HAET oOpariie-
HHUE, OJHU U TE e aApeca MOXKHO Ha3HA4aTh Ul YCTPOUCTB Pa3HbIX THUIIOB, OCY-
LIECTBIISAS CEJIEKIMIO C TOMOIIBIO YIIPABISIOUINX CUTHAJIOB.

Tax, 6oabimmHcTBO MIT BBHIIAIOT B TOM MM MHOH (hopMe HHGPOPMAITUIO O THIIE 00-
pamenus. B pesynbrate B G0JBIIMHCTBE HHTEPGEHCOB MPUCYTCTBYIOT OTACIbHbIE
YIPaBJISIONINE JIUHUN [Tl 0OpalleHus K aMsITH U BBOIY/BBIBOJY, PeXke — K CTe-
Ky wi criermansuposanaomy [13Y. B pesynbraTe cymmapHBIil 00beM aIpecHOTO

npoctpancTBa MIIC MOXeT mpeBbIIaTh BEIUUUHY 2%,

Hampumep, cucremuas muHa MIIC Ha 6a3e mukpomnporieccopa i8086 Bkmrouaert
20-pa3psaaHyIo MUHY ajpeca U YIPaBIAIONINe CUTHAIBI, HASHTH(pUIUPYIOIe 00-
pamienue k nmamsarta (RDM, WRM) u Beoay/BeiBomy (RDIO, WRIO). ITostomy
B cucteme jocTynHbl 1 Moaiit stueek mamsitu (aapeca 00000 — FFFFF) + 64 Ko6aiit
anpecoB BBoaa + 64 Koaiit anpecos BeiBoga (0000 — FFFF). TTocnenuss Bennyu-
Ha OmpenesieTcss TeM, 4TO B KOMaHJIax BBOJA/BBIBOJA IMPOLIECCOPOB CeMeWCTBa
x86 azpec BHEUTHETO YCTPOMCTBAa UMEET pa3psiIHOCTh 16 OUTOB.

ﬂucnequp namsaTun

[Ipr HEOOXOAMMOCTH pPaCIIMPUTH O0BEM MaMSATH 3a TPEAEibl aJpecHOro Mpo-
CTPaHCTBA MOJKHO BOCIIOJIb30BATbCSl TaK HAa3bIBAEMBIM OUCHEMYEPOM NAMAMU.
B mpocreiitiem cirydae oH mpeacTaBiseT cOO0H MPOrpaMMHO-JOCTYIHBIN peructp,
KOTOPBIi JIOJDKEH pacrojiaraTbesi B MPOCTPAHCTBE BBOAA/BBIBOA. B Hero 3aHocuT-
Cs HOMEp aKTHUBHOIO B JJAHHBI MOMEHT OaHKa MaMsTu, IpruueM 00beM OaHKa Mo-
JKET PaBHATHCH 00bEeMy aapecHOTo mpoctpancTsa MII.
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OueBuaHO, B KaX/Iblii MOMEHT BPEMEHHU IPOLIECCOPY AOCTYIIEH TOJIBKO OUH OaHK.
[Ipu HeoOxommMocTH Tepexona B npyroi Oank mamsta MII momxen mpensapu-
TEJIBHO BBIMOJIHUTH MPOrPAMMHYIO MPOLEAYpPY (Y4acTo BCEro ojHy KOMaHJy) mepe-
3arpy3KH COIEPKUMOI0 perucTpa Homepa 6aHka.

K pasButuio 3T0il MIer MOXXHO OTHECTH MEXaHHM3M CErMEHTaluu namsitd B 16-
u 32-paspsaubix MIT pupmer Intel.

6.3.2. BBoa/BbiBOA

Ioocucmema ssodalsvisooa (IIBB) obecrieunBaer cBsizb MII ¢ BHENTHUMH YCT-
poiCTBaMHM, K KOTOPBIM OY/I€EM OTHOCHTH:

3 ycrpoiictBa BBoAa/BhiBoga (YBB): kmaBuaTypa, AUCIUIEH, MPHUHTEP, JATUYHKH
1 ucnonautensubie Mmexanu3mbl, AL, LIATI, Taitmeps! u T. 1.;

O BHemHuMe 3anmoMuHaromuUe yctpoiictBa (B3Y): HakonwrTenn Ha MarHUTHBIX
JMCKax, "anekTpoHHbie aucku”, CD u ap.

B pamkax paccmotpenust [IBB 6ynem monarats Tepmunsl "YBB" u "BY" cuno-
HHMaMH, T. K. 00palleHue K HUM CO CTOPOHBI IIPOLECCOPA OCYIIECTBIISAETCS 110 OA1-
HUM 3aKOHaM.

[1BB B 00mieM cirydae 10mKHA 00eCTIeYuBaTh BHITOTHEHHUE CIEAYIOMNX (PyHKITHA:

O cornacoBanue (opmMaToB JaHHBIX, MOCKOJIBKY MPOIECCOP BCEraa BhlaaeT/IpH-
HUMaeT JaHHbIE B MapamiensHoH ¢opme, a HekoTopsle BY — B mocienosa-
TenbHOM. C ATOH TOYKH 3pEHHUS Pa3IMYaloT YCTPOMCTBA NApALIebHO20 U NO-
credosamenvHo20 0omeHa. B paMkax napajuiesibHoro 0OMeHa He IPOU3BOIUTCS
npeobpa3oBaHue (pOPMATOB MEpeaBacMbIX CIOB, B TO BpeMs Kak MpPH IOCIe-
JIOBaTEIbHOM OOMEHE OCYIIECTBIISICTCS MPeoOpa3oBaHUe MapajuieaIbHOTO KOJa
B TOCJICIOBATEIbHBIA 1 HA000pOT. Bce BapuaHThI, MPU KOTOPBIX JUIMHA CIIOBA
BY (6onbie 1 6ura) He coBmagaer ¢ muHON cioBa MII, cBoasTCSA K pasHo-
BUAHOCTSIM MapajuieIbHOTO 0OMeHa;

O opraauzanus pexxuma ooOMeHa — (OPMHUPOBAHHUE M IPUEM YIPABIISIIOLIUX CUT-
HAJIOB, NASHTH(OUIMPYIOUINX HAIWINE HH)OpMALMY Ha Pa3IM4HbIX IIUHAX, €€
tur, cocrossuue BY (['otoBo, 3aHsaTo, ABapusi), periiaMeHTHPYIOIIUX BPEMEH-
HbIe mapameTpbl oomena. [1o crocoOy cBsi3u mporieccopa u BY (akTuBHOTO M
MAaCCHBHOTO) PAa3IHYAIOT CUHXPOHHbLIL U ACUHXPOHHbLIL 0OMEHbL, PAITUIHS Me-
Ky KOTOPBIMH MBI OOCYAMJIM B HauaJle HACTOALICH TJIaBbl.

MapannenbHbIM 0OMeH

[pocreiimas noacucTeMa napajuielbHOrO 0OMEHa JI0KHA 00€CHEeUUTh JIUIIb Je-
mmdpanuio agpeca BY u snekrpuyeckoe noAxmoueHne JaHHBIX BY k cuctemMHOM
mHe AaHHbIX DB 1o cooTBercTByrommMM ympapisitomuM curHanam. Ha puc. 6.7
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MOKa3aHbl yCTPOICTBA MapauleIbHOTO BBOJA M BbIBOJA MH(MOPMALMH B COCTAaBE
MIIC na 6a3e 0ydepHbIx peructpo K5801P82.

OueBuaHo, Tipu obOpaiieHnn Tporeccopa (OH B MOJOOHBIX IUKJIAX UTPAET POJIb
AKTHBHOTO YCTPOMCTBA) K yCMpoUicmay 6800d, afipec COOTBETCTBYIONIETO PETHCTPA
MOMEIIACTCS MPOIIECCOPOM Ha MIMHY aapeca U POPMHUPYETCs YIPaBISIOIIANA CUT-
Han RDIO. Jlemmudparop agpeca, Bkitoyarommii v auauo RDIO, npu coBnaneHun
ajpeca M YIPABISAIONIEIO CHUTHAJIA AKTUBU3UPYET BBIXOJHBIC JIMHUU PETHCTpa
Y €T0 COACPMKUMOE TIOCTYIACT 10 IIUHE JaHHBIX B IPOIIECCOP.

IIInHa qaHHBIX

N

[[nna agpeca

[[Muna ynpaBneHus
IOR IOW

VYnpasnenue Ynpasnenue
Bxo/HbIe BrixoaHbie
ITaHHBIE JIaHHBIC

Buemmnss cpena

Puc. 6.7. [lapannensHblit 0OMeH Ha 6a3e OypepHBIX PErHCTPOB

AHaNOTHYHO HIET obOpalieHue K ycmpoticmsy 6vigooa. CoBIaieHNE ajpeca yCT-
poiicTBa Ha mWHE agpeca ¢ akTWBHBIM ypoBHeM curHana WRIO obecnednBaer
"3amenKuBaHue"” COCTOSHISI ITUHBI JAHHBIX B PETHCTPE BHIBOA.

XapakTepHO, UTO MPU TaKOM crioco0e oOMeHa IpoLeccop He aHAIN3UPYyeT TOTOB-
HocTh BY Kk 00MeHy, a JJIUTEIhbHOCTD CYHICCTBOBAHUS ajpeca, NaHHBIX U YIpaB-
JSIOLIETO CHUTHAJA LIEJIUKOM OIpeneNseTcss TAaKTOBOM CHUCTEeMOIl mpoleccopa
U MIPUHATBHIM alTOPUTMOM KOMaHAHOTO IHKiIa. HamomanM, 4To Tako# croco6 00-
MEHa Ha3bIBaeTCs cunxponHviM. CHHXPOHHBII OOMEH peanusyercss Haubosee mpo-
CTO, HO OH BO3MOJKEH TOJIBKO C YCTPOMCTBAMH, BCETla TOTOBBIMH K OOMEHY, 00
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HPOLIECCOP JIODKEH Mepel BHITOJTHEHHEM KOMaH/ bl BBO/Ia/BbIBO/IA IIPOrPAMMHBIMU
cpencTBaMu yOeauThCsl B TOTOBHOCTH BY k 00MeHy (0OBIMHO B ATOM Ciiydae mpe-
BapHUTEIbHO aHAJIM3UPYETCSl COCTOSIHUE (piara roTOBHOCTH, (Gopmupyemoro BY).
Kpome Toro, O6sicTpozeiictBue BY, B3aumoeicTByoIee ¢ MPOIECCOPOM B CHH-
XPOHHOM DEXHME, TOJDKHO TrapaHTUPOBaTh MPUEM/BbIIAYy AaHHBIX 338 (UKCHPO-
BaHHOE BpPEeMsl, BBIJICIIEHHOE MPOLIECCOPOM Ha LUK 0OMeHa.

Bo MHOrMX MHKpOITPOIIECCOPHBIX KOMIUIEKTAX BBITYyCKAIOT CIIEIMaibHBIE WHTEP-
¢eiicasie BUC, cymecTBeHHO pacimpstoniye (M0 CPaBHEHUIO C HCIOIB30BAHUEM
PETHUCTPOB) BO3MOXKHOCTH Pa3pabOTYMKOB MPH OPraHU3aIMH MapaliebHOro 0OMe-
Ha B MIIC. Takue BMC 00BIYHO MMEIOT HECKOJBKO KaHAIOB Mepenadyn uHpopma-
IV, TO3BOJISIOT MPOTPAMMHPOBATh HANpaBiieHHe nepenadn (BBOJ MJIM BBIBOJ) TI0
KQXXJIOMY KaHaJTy M BBIOMpATh CIIOCO0 00MEHa — CUHXPOHHBIN UM aCUHXPOHHBIH.

Tunmaaeiv pumepoM Takoid BUC MOXET CITy)XKUTh TIPOTpaMMHUPYEMbIii KOHTPOJI-
Jiep mapaensHoro oomena (mganee "kontposiep”) 8255A (oTeuecTBeHHBIN aHa-
mor — K580BB55).

Konrpomnep nmapamiensroro oomena K580BB55 [14] mpeacrasisier coboii Tpex-
KaHaIbHBIH OaWTOBBI MHTEpPQEHC W MO3BOISET OpraHM30oBaTh OOMeH OalTamu
¢ nepudepuiitHbIM 000pYIOBaHHEM B Pa3NHUHBIX pekuMax. OH BKIIOYaeT B cels
Tpu 8-paspsimHble KaHanma BBoma/BeiBoga A, B u C, Oydep mIMHBI JaHHBIX,
8-pazpsinHblii peructp ynpasieHus Y U OJOK yIpaBiIeHus.

[lonkmoueHne KOHTpoJIEpa K CHCTEMHOW IIMHE TOKa3aHo Ha puc. 6.8. Kananbr
anpecyrortes apyms auHusmu aapeca Al, AO. B MIIC konTpoiuiep pa3MeniaroT,
KaK MpaBUIIO, B IPOCTPAHCTBE aApEcOB BBOAA/BbIBOAA. [109TOMY B Ka4ecTBe CTPO-
00B uTeHus U 3anucu ucnoib3yrTcs curHansl RDIO, WRIO, nns cenekiuu KoH-
tposepa o CS pemmdpupyrorest cTapiive pa3psiibl ajgpeca, a sl BBIoopa aape-
cyeMoro o0beKTa BHYTPH KOHTpOJUIepa — JIBa MIIQJIIIHX.

Kanansl koHTpoOJIIepa MPOrpaMMHUPYIOTCS JIs pa0OTHI B OJJHOM U3 TPEX PEKUMOB!

O pexum "0" — CHHXPOHHBIN OJIHOHANPABJICHHBIH BBOJI/BBIBOJ;
O pexum "1" — acCHHXPOHHBIH OTHOHATIPABICHHBIN BBO/BBIBO/T;
O pexum "2" — acCHHXPOHHBIH JIBYHAIIPABICHHBIN BBO/I/BBIBOI.

Pesxum paboThl KOHTPOJUIEpA YCTAaHABIMBAETCSI KOJIOM YIPABIISIOLIErO CI0Ba, KO-
TOPOE NPEABAPUTENBHO 3aIIUCHIBACTCS B PETUCTP YIpPaBIEHUS Y .

B pescume "0" KoHTpOIIIEp MOXKET paboTaTh KakK 4YeThIPE MOPTAa BBOJA/BBIBO/A:
A[7:0]. B[7:Q], C[7:4], C[3:0], mpuueM KaxIblii OPT MOXKET OBITH HE3aBHCUMO
3anporpaMMHUpPOBaH HA BBOJ WJIM Ha BBIBOA. IIpM 3TOM K MOpPTY, ONpenesieHHOMY
KaK BBIXOJIHOH, HEJIb3s 00paIiaThbCs 1Mo YTCHUIO, & HAa BXOJIHOW MOPT HEJb35 BBIBO-
TUTHh HH(HOPMAITHIO.
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Puc. 6.8. [Toaxmouenue koHTposuiepa 8255 k cucTeMHOH HIvHE

B acuHXpOoHHOM OfHOHAmNpaBiIeHHOM pedxcume "1" MoryT paboTaTh TOJNBKO KaHa-
161 A 1 B, mpudem cooTBeTcTByIomue TMHUK KaHana C MpHUIAaloTCs KaHataM A u
B nns mepenmaum ynpaenstonux curHanoB. Kak u B pexxume "0", kananet A u B
POrPaMMHUPYIOTCSI Ha BBOJI HJIH BBIBOJ (HE3aBUCHUMO).

B pesicume "2" MoxeT paboTaTh TONBKO KaHal A, K KOTOPOMY B 3TOM ClIydac
MOXHO 00pamiaThcs Kak Mo 3alKCH, TaK U 10 YTCHHUIO (JIBYyHAIPaBICHHBIA aCUH-
XpOHHBIH 00MeH). [Ipu 3ToM KaHam B MoxeT ObITh 3amporpaMMHpPOBaH Kak Ha pa-
ooty B pexxume "1", Tak u B pexume "0".

Br100p pexxrMOB KaHAJI0B M HAMPABJICHHUS TIEPEAavr JaHHBIX B HUX OCYLIECTBIISETCS
3arpy3Koi BO BHYTPEHHUH YIPABIIONIANA perucTp Y COOTBETCTBYIOIIETO KOJa.

Jluaum xanana C moryT pabotath TOJbkO B pexxume "0, mpuyeM HE3aBUCHMO
MOJKHO 3alpOrpaMMHUpOBATh HallpaBleHHE Mepellaun cTapilei u miaaiel Terpa-
ab1 karaia C. Ecnu st kananoB A w/unn B BeiOpanb! pexxumsr "2" u/umu 1", To
COOTBeTCTBYIOIIME TMHUK KaHana C mepectarot paboraTs B pexxume "0" 1 ucmosns-
3yIOTCSL IS TIepelladd yNpaBiomuX curHanoB. Jluamm kawama C, KoTopble
HE UCTIONB3YIOTCS MTPY BEIOpaHHON KOMOWHALIMY PEXKUMOB KaHaloB A U B, MOXHO
UCTIONB30BaTh KakK JIMHUM BBOJa WiIM BbIBoJa KanHama C, paboTtaromiero B
"0"-pexxume. Kpome Toro, Bcerma mMeercss BO3MOXKHOCTh HPOTPaMMHOIO cOpo-
calyCcTaHOBKH TIPOM3BOJILHOTO pa3psiaa kanana C.

Pexxum "0Q" sBIIIETCSI CHHXPOHHBIM U BO MHOTOM HAINlOMHHAET PACCMOTPEHHBIH
BBIILIE MEXaHW3M OOMEHa C HCIOJIb30BaHHEM PErucTpoB. PaccMoTpum moapoOHee
MPOIIECC ACHHXPOHHOTO OOMeHa B pexkume "1".
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Pexxum "1" obecnednBaeT OJHOHAIIPABICHHYI0 aCHHXPOHHYIO Tiepefady HH(Op-
Maluyd Mexay nponeccopom u BY. Ilpu atom kananel A u B ucnons3yrorcs Kak
perucTpsl AaHHbIX, a KaHan C — musg npueMa u (GOPMHUPOBAHUS YIPABIISIOLINX
CUTHAJIOB, CONPOBOKAAIOLINX aCUHXPOHHBIA OOMEH, IpUYeM KaKIbIH paspsz Ka-
Hanma C uMeeT CTporo omnpezeaeHHoe QyHKIMOHATbHOE Ha3HaueHue [14)].

Hanpumep, eciin kaHai 3anporpaMMHpPOBaH Ha BBOJ B pexume 1", To mporeccop
MOJKET BBOJUTH JIAHHBIE STOTO KaHajia TOJIBKO "OyIydd YBEepEeHHBIM' B UX TOTOB-
HocTH. OO0 3TOH FOTOBHOCTH €My JIOJKEH COOOIIUTHh KOHTPOJIIEp MMyTeM YCTaHOB-
KH CIENUAIBHOTO MpU3HaKka — ¢rara B ompeaeneHHoM paspsae peructpa C wu,
MOKeET OBbITh, POPMHUPOBAHMEM 3aIlpoca Ha MPEPHIBAaHHE C COOTBETCTBYIOIINM BEK-
TopoM (0 TpephIBaHMAX TOApodHEe cm. 8 paz0. 6.3.3). C Apyroii CTOPOHEI, BHEII-
Hee yCTPOICTBO, MOAKIIOYEHHOE K KaHajy, He JOJDKHO BBIAaBaTh HOBYIO MOPIIHIO
WHPOPMAIUH, TIOKa TIPEXHsIs He OyAeT MPOYUTaHa MPOLECCOPOM.

Jns obecnieueHnss CHHXPOHH3AINU 6600a B pexxuMe "1" kaHay NpUAAIOTCS TPH
muHuH Ka"ana C Ui mepeaadn ynpaBIIsSoX CUTHAIOB:

O STB (ctpob 3amucu) — curHai, Gpopmupyembiii BY i 3amucu odepeaHoro
OaliTa TaHHBIX B PETUCTpP KaHaja:

O IBF (moarBepxieHue npremMa) — CUTHa, GOPMHUPYEMbIii KOHTPOJUIEPOM LISt
BY B TOT MOMeHT, KOT/J]a IPOIIECCOP TPOYUTAI COJCPKUMOE PETUCTpa KaHAala.
INoka curnan |BF neakturen, BY 3amperiaercs BeipabaThiBaTh HOBBIH CTPOO
3aInCH;

O INT (3ampoc mpepbiBaHus) — BbIpaOATHIBACTCS KOHTPOJLIEPOM JUTS TIPOIIECCOpa
MOCJIE TOTO, KaK O4epeIHON OalT TaHHBIX 3aMUILETCS B PETUCTP KaHana. ITo Ke
cOOBITHE yCTaHaBIMBAET (hyar TOTOBHOCTH KaHaja B paspsine peructpa C.

OOMeH HauynHaeTcs ¢ nojgaud BY curnana STB, mo koTopoMmy AaHHBIE TIOMeINa-
I0TCSl B peructp kanana. KoHTpoiutep, Bo-iepBbIX, cOpackiBaeT curnai IBF, 3a-
npemass BY BbIpaboTKy HOBOTO CTpo0a, ¥, BO-BTOPBIX, yCTAHABIHMBAET uiar ro-
TOBHOCTH W (MOXeT ObITb) (OpMHUpYeT curHan 3ampoca Ha mnpepbiBanue INT
npoueccopy. IIporeccop MOXKET TOCTaTOYHO JOJTO HE pearnpoBaTh Ha cooOre-
HUE O FOTOBHOCTH KaHaja, 3aHATHI Oojiee MPUOPUTETHBIMHU Mpoleaypamu. Bcee
3TO BpeMs yctaHoBieHbl roToBHOCTh U INT u cOpomen |BF, HoBas mopuus wH-
(opmaluu HEe MOXKET MOCTYIIUTh B KaHAI.

Korpa npoueccop oOpaTurcs 1o ajipecy KaHajaa U BBEJET XPAHSIIIYIOCS B PETUCTPE
nH(popMaIuio, KOHTpoJuIep cOpackiBaeT (hjar TOTOBHOCTH W 3alpoc Ha TpephiBa-
nue INT u ycranaBnuBaer curnan |BF, paspemas BY 3anmceiBath ciemyromuii
Oaift B peructp kaHama. OmHako BY MoxeT OBITH TOCTaTOYHO WHEPIMOHHBIM U
JIOBOJIBHO JIOJITO HOATOTABIMBACT CIEAYIOLIYIO MOPIMI0 MH(OpMALUM, HO IOKa
BY He chopmupyer HOBBIN curHan STB, koHTpoiuiep He BhIpabOTaeT CUTHAJ TO-
TOBHOCTH U, CJIEIOBAaTEIbHO, IIpoLIeccop He OyaeT oOpamaThes 10 apecy KaHama.
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[lomo6OHEIl pexkuM oOMEHa ITO3BOJIIET WCKIIOYUTh KaK TOTEPr HH(OpMAaIuu
B KOHTPOJIJIEPE, TaK ¥ MMOBTOPHBIN BBOJ B IIPOIIECCOP MPEKHEN HHPOPMAIIHH.

AHaJIOTUYHO peanu3yeTcsl U aCHHXPOHHBIA pexuM BbIBoja. Kanamy, 3amporpam-
MHUPOBaHHOMY Ha BBIBOJ B pexkume "1", mpuaaroTcs TpU JHHUM YIpPaBICHUS Ka-
Haina C:

O OBF (BbixomHo#t Oydep 3amosiHeH) — curHai (GopMHPYETCS KOHTPOJICPOM
st BY mociie Toro, Kak mpoieccop 3ammcali B perucTp KaHajia HOBYIO TOPIIHUIO
nH(popMaIuy;

O ACK (moarBepxaeHue 3amucH) — curHan oT BY KoHTposutepy, HOATBEp-
XKIAIOIIMK IPUEM OUYepeHOTro OaiiTa,;

O INT (3ampoc npepbiBaHHs) — 3apOC MPEPHIBAHKS OT KOHTPOJLIEpa MPOIECcCo-
Py JUIS BBIIA4H MPOLIECCOPOM B KaHAJ Clieytomiero 0aiita nHpopmanum.

[Ipouenyps! BBOJA M BBIBOJA B pexuMe 2" OCYIIECTBIISIIOTCS aHAJIOTUYHO COOT-
BETCTBYIOILIMM TPOLeAypaM B pexrme "1".

MocnepoBaTenbHbIV OOMEH

[Tpm opraHn3anyy MOCIe10BaTeILHOT0 0OMEHA KITFOYEBBIMU MOTYT CUATATHCS JIBE
MPOOJIEMBI:

O cunxpoHU3anus OMTOB MEpeAaTYHKa U MPHUEMHUKA,
O Qukcanus Hayaga ceaHca IepeiavH.

Paznuuaror aBa cmocoba Tepenaud IOCIEAOBATEIbHOTO KOMAA: CUHXPOHHbIU
U ACUHXPOHHUILL.

[Ipn CHMHXPOHHOM METOJIe IEepelaTyNK T'eHepHpYeT JABE IMOCIE0BATEeIbHOCTH —
nHpopmanuonnyto TXD u cuaxpoumnyibebl CLK, koTopsie mepeaaroTes Ha mpu-
eMHHUK 1O Pa3HbIM JIMHHSAM. CHHXPOMMITYJIECH 00ECHEYHBAIOT CHHXPOHU3AIHIO
neperaBaeMbIX OMTOB, a Ha4YaJO Meperadn oTMedaercs mo-pasnomy. [lpu opranu-
3auuu Hewneli cunxponuzayuu (puc. 6.9) curnan Havana nepepaun BD renepu-
pyeTcs mepeilaTINKOM 1 TepeaeTcs Ha IPHEMHHK 0 CIIeIHAIBHOMN JTHHUH.

[Tepenatunx : ; ITpuemunk
U L TxD RxD' ﬂ
Pr. ciB. N s ; Pr. cas.

I CLK &

Puc. 6.9. [MocienoBaTenbHbIil CHHXPOHHBIA OOMEH
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CucteMsl ¢ 6HympenHell CUHXPOHU3aYUeli TEHEPUPYIOT Ha JTUHUIO JaHHBIX CIICIIU-
aNpHbIe KOABI AnmnHOW 1—2 OalitTa — CHUMBOJBI CHHXpOHHM3ammH. JJis Kakaoro
IIPUEMHUKA IIPEABAPUTEILHO ONPEAEIISAIOTCS KOHKPETHBIE CHHXPOCUMBOJIBL, TAKUM
00pa3oM MOXHO OCYIIECTBIISTH aJPECAIMI0 KOHKPETHOTO a0OHEHTa M3 HECKOJb-
KHX, pa0oTaomux Ha OAHOW JUHMU. KaKIbplli MPUEMHUK TOCTOSIHHO NIPUHUMAET
outel ¢ muaE RXD, dopmMupyeTr cHMBOJIBI H CpaBHHUBAET C COOCTBEHHBIMH CHH-
XpOCUMBOJIAMH. HpI/I COBIIAACHUHN TPUHATBIX CUMBOJIOB C 3aJJaHHBIMU JIs1 3TOT'O
NpPUEMHHUKa CHHXPOCHMBOJIAMH IOCIEAYIONIHE OUTHI MOCTYMAIOT B KaHAJ TAaHHBIX
IpUEMHUKA. B ciayuae peann3anuy BHyTPEHHEH CUHXPOHU3ALMY MEXKIY IPUEMHU-
KOM M IMepeaTINKOM ''TPOKIAIBIBAIOT" TONBKO ABE JTMHUHM — JaHHBIX ¥ CHHXPO-
HUMITYJIBCOB.

Hakownern, npu acunxponrnom cnocode oOMeHa MOXXHO OIPaHUYHMTHCS OJIHOW JIM-
HUel — MaHHbIX. /711 Hae)kHOW CHHXPOHU3AIMY OOMEHa B ACHHXPOHHOM PEXXHUME!

O nepenaTyuK ¥ MPUEMHHK HACTPAMBAIOT HA PA0OTY C OJIMHAKOBOM YacTOTOH;

O nepenatyuk GOPMHUPYET CTAPTOBBIA U CTOIMOBBIN OWUTHI, OTMEYAIOIINE HAYAIO
Y KOHEII MTOCHUIKY;

O nepenaua BeaeTcs KOPOTKUMH TockiIkamu (5—9 OGUTORB), a 4aCTOTHI Mepeaaun
BBIOUPAIOTCS CPABHUTEILHO HU3KHMU.

[TpuHIUIT TTOCIIEA0BATENFHOTO ACHHXPOHHOTO OOMEHa MO €IMHCTBEHHOH JIMHUH
nokazan Ha puc. 6.10. [loka mepegaun HET, HA JMHUHU TEPEJATYHK YACPKUBAET
BbICOKHIA ypoBeHb (H). Ilepenada HaunHaeTCs ¢ BbIJAYM B JIMHHUIO CTAPTOBOTO OH-
Ta HU3KOI'O YPOBHS (JUIMTENBHOCTH BCEX OMTOB T OJMHAKOBBI M ONPENCIAIOTCS
4acToToi nmepepatdnka fr =1/1).

i
s - - - () oo

""""" Mepenarank . Tlpwemmmk |
Pr. caB. —> TxD RxD Cx. > Pr. cius.
> Cx. |~ —>|yIp. >

Ji=16f,

£ ymp.

Puc. 6.10. [TocnenoBarenbHbIl aCHHXPOHHBIH 0OMEH

Yacrora npuemnuka frp ycranaBmuBaercs paBHoit 16X f;. Korma mpuemunk 00-

Hapy>KuBaeT Ha JUHHMU Tepenaq H — L, oH BKiIOUaeT cyeTywk TakToB 10 16,
IpUYEM elle ABaKAbl 33 MEPHOA T NPOBEPSIET COCTOSIHWE JWHUHU. Eciau HU3KMiA
ypoBeHb (L) moATBepikmaeTcsi, MPHEMHHK CYUTAET, YTO TPHHSI CTapT-OUT,
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Y BKJIHOYAET CUCTYMK IMPUHUMAEMbIX OUTOB. ECiiM BO BTOPOI U TpeThell mpoBepKe
Ha JTUHUH orpenensercs H-ypoBeHb, TO mepemaj; CYUTaeTcsl IOMEeX0H M CTapT-OuT
He QuKcHpyeTcH.

Kax it mocienyromuii (MHGOPMAIIMOHHBIN) OUT MPUHUMACTCS TaKUM 00pa3oMm,
YTO 3a MEPHOJ T TPHXKIBI NPOBEPSIETCS COCTOSHHME JUHMH (Hampumep, B 3, 8 u
11 TakTax MpUEMHUKA) U 3HAUYCHUE MPUHUMAEMOTr0 OMTa ONMPEEISIeTCS 0 MaXKo-
puTapHOMYy NpHHLUMY. [IpHHATHIN OUT MOMeaeTcsi clieBa B CABUTOBBIM PETHCTP
npueMHuKa. [locie mpuHATHS MOCIeJHEr0o HHPOPMAIIMOHHOTO OuTa (KOJINYeCTBO
OWUTOB B TIOCBUIKE ONpPENENIeTCs] MPOTOKOIOM O0OMEHA U COCTABISET OOBIYHO OT 5
10 9) 00s3aTeIBHO TOJDKEH TOCIeI0BaTh CTONOBbIH OuT H-ypoBHs. Bo Bpems mo-
CTYIIJICHUA CTOH'6I/IT3 COACPIKUMOEC CABUT'OBOTO PErUCTpa NMPUEMHUKA MIEPEAACTCA
B [IAMSITh, @ B PETHCTP MepeJaTyiKa MOXKET 3arpyKaThCsl HOBast MOPIHS HHPOpMa-
ouu i nepeaadyu. OTC}’TCTBI/IC CTOIIOBOTO OHMTa BOCIIPUHUMACTCA NPHUEMHHUKOM
KaK OIIMOKa nepeaayn MOChUTKH.

[Tocne cTomoBoro 6uTa MOXHO (DOPMHUPOBATH CTAPTOBBIA OUT HOBOW MOCHUIKY HITH
"nepxatp nay3y" HpOM3BONBHOW IJIUTEIBHOCTH, IPH KOTOPOH HA JIMHUM MPUCYT-
ctByeT H-ypoBeHb.

Hannuwne crapToBoro 6ura mo3BoisieT B Havajle KaXJOH MOCHUTKA CHHXPOHHU3HPO-
BaTh (pa3bl MpHEMHHUKA M NepelaTiynKa, KOMICHCHPOBaB HEM30eXHbIN yxon a3
nepenaTyrka U npueMHuka. KopoTkue MochUIKM U OTHOCHUTENBHO HU3Kas 4acToTa
nepeaayn Mmo3BOJISIOT HAAESIThCS, YTO HEU30EKHOE PAcCOrIacOBaHUE YacTOT mepe-
JaTyriKa U IPUEMHHUKA He PUBEAET K OMIMOKaM MpH Tiepeiade MOCHIIKH.

6.3.3. NpepbiBaHus

Tloocucmema npepuvleanuti — COBOKYITHOCTB aIllIapaTHBIX ¥ MPOrPaMMHBIX CPEACTB,
o0ecTeunBaOUIMX PEaKUI0 MPOrpaMMbl Ha COOBITHS, MPOUCXOISIINE BHE IPO-
rpammbl. Takue cOOBITHSI BO3HUKAIOT, KaK MPaBUJIO, CIyYallHO M ACMHXPOHHO II0
OTHOLICHHIO K MPOrpaMMme M TPeOYIOT MpeKpalieHus (Jalie BpeMEHHOT0) BbINOJ-
HEHMs TEKyIlell NporpamMMmbl W IEPEXOA Ha BBHINOJHEHHE IPYTrod MPOTrpaMMBI
(moamporpaMmsl), COOTBETCTBYIOIIEH BO3HUKIIIEMY COOBITHIO.

PaznuuaroT BHyTpeHHHE W BHEHIHWE (IO OTHOMICHHWIO K IPOIECCOPY) COOBITHS,
TpeOyroIre peakiuy MOJCUCTeMbI pepbiBanuil. K BHYyTpEHHUM COOBITUSM OTHO-
CATCS MEPEIONTHCHNE Pa3PsAHON CETKU NMPHU BHINOIHCHUU apUPMETHUSCKUX OIle-
paruii, nomneiTka neneHus Ha O, W3BJICUCHHE KOPHS YETHOW CTENECHU W3 OTPHIIA-
TENBHOTO YHUCIIA, TOSBJICHHE HECYIECTBYIOIIETO KOJa KOMaHIbl, OOpalieHue
MPOrpaMMbl B 00J1aCTh MaMSTH, JJIs HEe HE MpeIHA3HAYCHHYI0, COOM TIPU BBIMOJ-
HEHUU Tiepeavyn JaHHBIX Wiu omepauuu B AJIY u MHoroe npyroe. BHyTpeHnHue
MpephIBaHUS JODKHBI 00€CIIEYNBATHCS Pa3BUTON CHCTEMOW anmapaTHOrO KOHTPO-
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TS TIPOIIeCCopa, TTO3TOMY OHH HE MOJYYMIN IIHMPOKOTO PACHPOCTPAHEHHS B MPO-
cteix 8- n 16-paspsaaeix MII.

Bremnue npepeiBaHus MOTYT BO3HMKAaTh BO BHEIIHEW MO OTHOLIEHHIO K MPOIEC-
COpy cpelie U OTMeuaTh Kak aBapHiiHble CUTyaluu (KOHYMIach Oymara Ha MpHUHTE-
pe, TeMIiepaTypa B peakTOpe IMPEBBICHIIA JOMYCTHMBIN YPOBEHb, UCIIOTHUTEIbHBIN
oprad po0oTa JOIIeN JI0 IPEISIbHOTO MOJOXKEHUS | T. I1.), TAK U HOPMaJIbHbIC pa-
Ooure coOBITHS, KOTOPBIC MPOUCXOAT B CIIy4aifHble MOMEHTBI BpeMeHH (Hakata
KJIaBuIIa, ucyepnan Oydep npunrepa wim B3Y u 1. 1m.). Bo Bcex atux ciyyasx
TpeOyeTcs MpepBaTh BHIIOIHEHHE TEKYLIEH MporpaMMbl M NMEPEHTH Ha BBINOJHE-
HHE JIPYToii IporpaMmbl (IOIPOrpaMMbl), 00CITYKUBAOLIECH TaHHOE COOBITHE.

C ToukM 3peHus peanu3aluy BHYTPEHHUE M BHELIHHE NPEPbIBAaHUS (PYHKLNO-
HUPYIOT OJMHAKOBBIM 00pa30M, XOTsS IpH paboTe MOACHCTEMBI C BHEIIHHUMHU
[PEPHIBAHUSAMH BO3HHUKAIOT JOTOJIHUTEIbHBIE MPOOIEeMbl MICHTHU(PHUKALUN HC-
TOYHHKA NpepbiBaHud. [loaToMy nanee ocTaHOBHUMCS Ha PACCMOTPEHUH BHEII-
HUX NPEPhIBAHUM.

AHanu3 COCTOSHUS BHEIIHEH Cpeabl MOXHO OCYIECTBIISATH MyTE€M MPOTrPaMMHOIO
CKAHMPOBAHUS — CUUTBHIBAHUS 4YEPE3 ONPEICIICHHbIE TPOMEKYTKH BPEMEHH CJIOB
COCTOSIHHSI BCEX BO3MOXHBIX MCTOYHUKOB IIPEPBIBAHUM, BBIIEICHUS NPU3HAKOB
OTCIIC)KUBAEMBIX COOBITHI M Tiepexoi (Mpu HEOOXOJMMOCTH) Ha MPEPHIBAIOIIYIO
HOANPOrpamMmy (4acTo ee Ha3bIBAIOT 0OPAbOMYUKOM NPEPLIEANUSL).

Opnako Takoi croco® He obecrieynBaeT [Isi OONBITMHCTBA MPUMEHEHUH TIpHeM-
JIEMOTO BPEMEHH PEaKIMH CHUCTEMBI Ha COOBITHS, OCOOEHHO IIPH HEOOXOIUMOCTH
OTCIICKUBAHUS OOJIBIIOrO Yuciaa coObITH. K TOMy e mpr KOPOTKOM IHKIIE CKa-
HUPOBAHMS OOJBIION MPOIEHT MPOLECCOPHOTO BPEMEHH TPATUTCS Ha IPOBEPKY
(yare 6e3pe3yaIbTaTHYI0) COCTOSIHHSI BHEIITHEH CPe/Ibl.

I'opa3no 3dpdexTuBHEl OpraHU30BaTh B3aMMOCUCTBUE ¢ BHEIIHEH CPEIOW TaKUM
0o0pazoM, 4TOOBI BCSKOE W3MEHEHHE COCTOSIHUSI Cpeibl, TpeOylollee peaxiuH
MIIC, BBI3BIBaJIO MOSBIEHHE Ha crenuanbHOM Bxoje MII curnana mpepbiBaHUsS
TeKymiei nporpammbl. OpraHu3anusi IpepbIBaHUN JOJDKHA OBITH OoOecriedeHa Orl-
peleNeHHBIMHU amlnapaTHBIMU M TPOTPaMMHBIME CPEICTBAMH, KOTOPbIE MbI M Ha-
3BIBAEM HOOCUCMEMOT NPEPbIGAHUIL.

[Mogcucrema mpepblBaHUK JTOJDKHA OOECIICUMBATH  BBITOJHEHUE  CIICTYFOLTHX
(hyHKIHIA:

0 o6Hapy)XeHHe M3MCHEHHWsI COCTOSIHHS BHEIIHEW cpepl (3ampoc Ha MpepbiBa-
HHE);

O wuneHTHUKALMS HCTOYHUKA IPEPHIBAHUS,

O paspenieHne KOHQIUKTHOW CUTYallH B CIy4ae OJHOBPEMEHHOTO BO3SHHUKHOBE-
HHSI HECKOJIBKHX 3a1pOCOB (IIPHOPUTET 3aIIPOCOB);
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O ompezeneHre BO3MOXXHOCTH TPEPHIBAHHS TEKYIIEH MPOrpamMMmbl (IPHOPUTET
nporpamm);

O ¢ukcanus COCTOSHHUS MPEPbIBAEMOM (TEKYILEH) MPOrpaMmel;
O nepexoj K Iporpamme, COOTBETCTBYIOIIEH 00CITY)KUBAEMOMY TIPEPBIBAHHMIO;

O BO3Bpar K MpEepBaHHOW MpOrpaMMe IMOciie OKOHYaHHUs padOThl MpephIBatoIeH
IpOrpamMMBl.

Paccmotpum BapuanTs! peanm3anyu B MIIC nepeuncieHHBIX BbITe (YHKITHI.

OO6GHapyXeHMe U3MEeHEeHNA COCTOSAHUA BHeLWHen cpeabl

Dukcanus U3MCHEHHSI COCTOSHHSI BHEIIHEH CPEIbl MOKET OCYIIECTBISTHCS pas-
JIMYHBIMH CXEMaMU. JBOUYHBIMH JAaTYUKAMU, KoMIlapaTopaMu, CX€MaMu (I)OpMI/IpO‘
BaHHs COCTOSIHHM | Jip. ByJeM monaraTh, 4To BCE 3TH CXeMBbI (OPMHUPYIOT B KO-
HEYHOM HTOTE J02UYeCcKUe CUSHAIbl 3aMpoca Ha MPEPhIBAHHE Z, HNPHYEM UL
OTPEIEICHHOCTH Oy/IeM CUNTATh, YTO AKTHBHOE COCTOSIHME 3TOTO CHI'HAJa Mepesa-
ercsi yposuem noeudeckol eounuysl (H-ypoBeHs).

KonnuectBo mcrounukoB 3ampocoB B MIIC moxeT OBITH pa3nudHO, B T. U.
¥ JTOBOJBHO BenwKo. Jedunut BHemHUX BeIBOAoB MII B 001IeM cirydae HCKITIO-
JaeT BO3MOXKHOCTD Iepeaadn Kakaoro 3ampoca otT BY mo "cobcTBeHHONW" TUHAH
nHTepdeiica. OOBIYHO HA OAHY JIMHHIO 3alpoca MOAKIIOYAETCS HECKOJIBKO HC-
TOYHUKOB mpepbiBanuii (mo ¢ynkuuu MJIN), a wHOrIA U BCe MCTOYHHMKH 3aIpo-
COB — HA €JJMHCTBEHHBIN BXOJ.

VipaBnsronyii aBToMaT Hporeccopa J0KEH NepUOANYECKH aHAIN3HPOBATh CO-
crosiHUe JuHUK (JIMHUIT) 3ampocoB Ha mpepbiBaHus. Kakum oOpa3om BeiOHpaeTcs
neproa npoepku? C 0HOW CTOPOHBI, 3TOT MEPUO/] TOJDKEH OBITh KOPOTKUM, 4TO-
Obl oOecrednTh OBICTPYIO PEaKIMI0 CUCTeMbl Ha coObITHA. C Ipyroil CTOpOHBI,
NP NIepexojie Ha 00CITy)KMBaHHUE MPEPbIBAHUS TPEOYETCsi COXPAHUTh TEKyIIee CO-
CTOSIHHE TIPOIIECCOPAa HA MOMEHT MpPEpPBIBaHMs, C TEM, YTOObI, 3aBEPIIUB MIPOTPaM-
My-00pabOTUHK, MPOJODKUTH BBITOJIHEHUE TPEPBAHHON MPOrpaMMBbI "'C TOTO Ke
MecTa", Ha KOTOPOM MPOU30IILIO MTPEePhIBaHHE.

HamomanM, d4to B ocHOBe paboTBHl TMpoleccopa JEKUT KOMAHOHbILU YUK
(em. pazo. 2.1), cocrosiiuii, B CBOIO OYePElb, U3 MAWUHHBIX YUKIO8, KAKIbIA U3
KOTOPBIX JUIUTCSI HECKOJNBKO makmog. OCyIeCTBISITh MPEPhIBaHNE B MTPOU3BOIIb-
HOM TakKTe HEBO3MOXXHO, T. K. IIPH ATOM MPHIIUIOCH OB COXPAHATH B KAYECTBE KOH-
TeKCTa MPEePBAaHHOHN MPOTPaMMBI COCTOSHHE BCEX AIIEMEHTOB ITaMsTH IPOIIECcCopa.

[IpepriBanue Mo 3aBeplIeHHH TEKYLIETO MAIIMHHOTO IHKIAa TpeOyeT coXpaHeHHUe
TEKYILEro COCTOSIHUS He3aBepIllleHHOW KoMaHbl. Hanprumep, npy BO3HUKHOBEHUU
NpepeIBaHusA B TOM MECTe KOMAHIHOTO IUKJA, KOT/Aa W3 MaMATH BBIOpaHbI KOA
KOMaH[Ibl ¥ TIEpBBIN ONepaHl, a ik BTOPOTO ONepaHaa TONbKO chOpMHUPOBAH HC-
TIOJIHUTENBHBIN aJpec, CIeyeT COXPAHNUTh: COAEP)KUMOE MMPOTrPAMMHOT0 CUETUHKA
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PC, xon xomaHzpl, TIEpBBIA omepaHj M ajapec BToporo omnepanna. CoxpaHeHue
3TOM MH(pOpMaIUU TPeOyeT KaK JOMOJHUTEIIBHBIX allapaTHbIX, TAK U BPEMEHHBIX
3atpaT. O4eBUAHO, TIPH BO3BpaTe K MpPEpBaHHOW MporpamMMe Mpouie HayaTh BBI-
MOJTHEHUE TEKYyILel KOMaH/bl 3aHOBO. B 3TOM cily4ae cOXpaHATh NP MPEephIBAHUH
nocrarouHo numb 3HadeHne PC. IloaTomy B OONBIIMHCTBE CIIydaeB MPOLIECCOPEI
aHAIN3UPYIOT COCTOSHUE JINHUH 3aIIPOCOB 6 KOHYEe KAHCO020 KOMAHOHO20 YUKIA.

UaeHTUdMKauma NCTouyHMKa npepbiBaHUs

PaznuuaroT 1Ba THIIA BXOAOB 3alIPOCOB HA NIPEPBIBAHUSA — paouaivbible U 6eKmop-
nule. [lomy4ynB 3ampoc Ha MpepbIBaHUE, MPOLECCOP NOKEH HACHTU(HUIMPOBATH
€ro MCTOYHHK, T. €. B KOHEYHOM CYETEe ONpeNeNUTh HadalbHBIA ajgpec OO0CIyXH-
BAIOIEH 3TO MpepbiBaHue MmporpamMbl. Criocod uaeHTH()UKALUN 3aBUCUT OT THIA
BX0/1a, Ha KOTOPBII MOCTYIINI 3a1poc.

Kaxnplii paguaibHbIil BXOJ CBSI3aH C ONPEICICHHBIM aJpecOM MaMSTH, 110 KOTO-
poMy pa3MellaeTcsi ykasaTeslb Ha OOCIIyXKHBAIOIIyI0 IpOrpaMMy MM cama Ipo-
rpamma. Ecnu papnanbHelil BXOJ CBSI3aH ¢ HECKOJBKUMH MCTOUYHUKAMHU 3aIPOCOB,
TO HCO6XOILI/IMO OCYIICCTBUTH IMMPOrpaMMHYTIO I/II[eHTI/I(bI/IKaHI/IIO IIyTEM I10CJICA0BA-
TeNbHOTO (B MOps/IKE yOBIBAHHS NMPUOPUTETOB) ONPOCA BCEX CBSI3aHHBIX C ITHM
BXOAOM MCTOYHHKOB IPEPLIBAHUA. DTOT c1ocob He Tpe6yeT JOIIOJIHUTCIBHBIX aIl-
HapaTHBIX 3aTpaT U OAHOBPEMEHHO pellaeT NpolieMy IPUOPHUTETa 3alpOCOB, Ol
HAKO BpeMs peakIMH CHCTEMbI Ha 3alpoc MOXET OKa3aThCsl HEJOMYCTHMO OO0JIb-
LIMM, OCOOCHHO IIpY OOJIBIIOM YHCIIE HCTOYHUKOB ITPEPHIBAHH.

I'opazno game B coBpemenHbix MIIC ucnonb3yercs Tak Ha3bIBaeMasi 8eKMOPHAS
noocucmema npepuiéanuii. B Takoil cucreMe MHUKpPOIPOLECCOpP, HOIYUYHB 3arpoc
Ha BekTopHOM BXoze INT, BeljaeT Ha CBOIO BBIXOAHYIO JIMHUIO CUTHAJ TIOJITBEP-
xnaeHus npepeiBanus INTA, moctymaronmii Ha Bce BO3MOXKHBIE HCTOYHUKHU Tpe-
pbiBaHMs. VICTOUHUK, HE BBICTAaBUBIIMHN 3aIpoca, HUKaK HE pearupyer Ha CHIHAJ
INTA. Uctounuk, BeICTaBUBIIMY 3ampoc, monydas curHain INTA, BeiiaeT Ha cuc-
TEMHYIO IIWHY JaHHBIX 'BEKTOp MPEpPBIBaHUS — CBOW HOMEp WIIH ajpec 00cCiy-
KHUBAIOIIEH TpOrpaMMbl WIIH, Yalle, agpec MamsTd, M0 KOTOPOMY pPacIoJIOkKeH
yKazareiab Ha OOCIyXHBaromylo mporpamMmy. Bpems peaknmn MIIC Ha 3ampoc
BEKTOPHOI'O MpepbIBaHUs MUHUMAIBHO (1—3 MalIMHHBIX [UKIIA) U HE 3aBUCUT OT
YKCIIa UCTOYHUKOB.

MpuopuTteT 3anpocoB

st uckiroueHus KOH(QIMKTOB PU OJHOBPEMEHHOM BO3HUKHOBEHHH HECKOJIBKUX
3arpocoB Ha BEKTOPHOM Bxojne OoTBeTHBIN curHai INTA momaeTcss Ha HCTOYHUKH
3allpocoB HE MapayjieNIbHO, a TOCIe0BaTeIbHO — B TIOPSIKE YOBIBaHUSI PHOPHU-
TETOB 3ampocoB. VICTOYHMK, HE BBICTABISIBIIMK 3alpoca, TPAHCIUPYET CUTHAI
INTA co cBoero Bxojia Ha BBIXOJ], @ UCTOYHHK, BEICTABUBIIUH 3a1poc, OJIOKUPYET
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nanbHelee pacnpoctpanenue curnana INTA. Takum 00pa3oM, TOJILKO OJHMH KC-
TOYHHUK, BBICTABHUBIIUHN 3arpoc, MOIy4duT oT mporeccopa curHai INTA u Bbmact
M0 HEMY CBOI BEKTOp Ha MIMHY JAaHHBIX.

Bbonee rubko pemraercst npobiaeMa OpraHu3allly IPHOPUTETOB 3aIPOCOB MU HC-
nonb3oBaHuy B MIIC crieruabHbIX KOHMPOLIEpo8 Nnpepbl8anuii.

KondnukTsl Ha paananbHOM BXOJE HCKIIIOYAIOTCSI CAMUM IOPSIKOM MPOrpaMMHO-
r'0 ONpOCa UCTOYHHUKOB.

MpuoputeT nporpamm

[IpepriBarme B 00IIEM Cilydae MOKET BO3HHUKATh HE TOJNBKO MPH pemeHnn " (poHo-
BOI" 3a7auM, HO U B MOMEHT paboTHI APYTroi MpephIBAIOIEH MPOrpaMMBbl, IPHYEM
HE BCAKYIO NPEPHIBAIOLIYIO TIPOrPaMMy JOIYCTUMO IPEPHIBATE JIOOBIM 3aIPOCOM.
B ¢oHOBoIf 3a1aue TakxKe MOTYT BCTpEUaThCsl yUaCTKH, MpH paboTe KOTOPhIX Mpe-
pbiBaHusi (Bce WM HEKOTOpBIE) HEIOMYCTUMBL. B o0mieM ciiydae B KaXKIblil MO-
MEHT BpEeMEHH pabOoThI MpoLeccopa JOKHO ObITh BBIAEICHO MOAMHOMKECTBO 3a-
IPOCOB, KOTOPBIM Pa3perIeHo MPEephIBATh TEKYIIYIO IPOTPaMMy .

B MIIC »sta 3ajmava pemaercs Ha HECKOJBKUX YpPOBHsIX. B mporieccope 0OBIYHO
NpeyCMaTpUBACTCsl MPOrPaMMHO-IOCTYIHBINA  (iar paspernieHus/3anpenieHus
IIPEPBIBAHUS, 3HAUEHUE KOTOPOTO ONPEAEIIIET BOZMOXHOCTh UIIM HEBO3MOXXHOCTh
BceXx MmpepbiBaHuid. J{71s1 co3panus 6onee ruOKON CUCTEMBI MPHOPUTETOB MPOTPaMM
Ha KaXJOM HCTOYHHUKE TPEPHIBAHUN MOXKET OBITH MPEIyCMOTPEH CIelHabHBIH
MPOTPaMMHO-IOCTYIIHBIA TPUITEP pa3peuieHus: GopMUpoBaHus 3ampoca. B takom
cllyyae BO3MOXXHO (POPMHUpPOBaHHE MPOU3BOJIBHOTO TMOAMHOMKECTBA Pa3pelIeHHbIX
B JIAHHBIII MOMEHT UCTOYHHUKOB MIPEPbIBAaHUM.

[Ipu ucnons30BaHUU KOHTPOJUIEPA BHEIIHHUX MPEPHIBAHMI, B HEM OOBIYHO IMpEy-
CMaTPHUBAIOT CHENUAIBHBIA POrPaMMHO-IOCTYITHBIN PETHCTP, Pa3psiIbl KOTOPOTO
Mackupyom COOTBETCTBYIOIIME JMHUH 3alIPOCOB Ha MpepbIBaHUE, 3ampelias KOH-
TpoJUIepy BHIpa0aThIBATh CHTHAJI MPEPBIBAHHS IPOIECCOPY, €CIH 3ampockl oT BY
MOCTYMAIOT MO 3aMacKHUPOBaHHBIM JTUHMUAM. OJHAKO 3aMacKHPOBAHHBIE 3aIPOCHI
COXPAHSIOTCS B KOHTPOJUIEpE U B JAJIbHEHIIEM, TIPH M3MEHEHUH COCTOSIHUSI Peru-
CTpa MacKku, MOTYT OBITh TiepeiaHbl Ha 00CITy>KUBaHHE.

O6paboTka npepbiBaHUA

K o06paboTke mpepriBaHHS OTHECEM (DUKCAIMIO COCTOSIHHUS TPEPBIBAEMOI IpO-
rpaMMBI, TIEpexo]l K MporpaMmMe, COOTBETCTBYIOIIEH 0OCTyKMBaeMOMY MpephIBa-
HUIO, U BO3BpAT K NPEPBAHHOM IpOrpaMme Mocjae OKOHYAHHs pabOThl IPephIBaIO-
LIEN IIPOrPaMMBL.

Panee mbl onpeaenuiy, 4To OOJIBIIMHCTBO IPOLIECCOPOB MOKET IPEPBAThH BHIMOJI-
HEHME TEKyLIeH MPOorpaMMbl M NMEPEKIIOYUTHCS Ha peaan3aunio o0paboTdrka mpe-
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PBIBaHUS TOJBKO ITOCIIE 3aBEPIICHHs O4epeaHOl KoMaHbl. [Ipn 3TOM B KauecTBe
KOHTEKCTa IPEepPBaHHOM MporpaMMbl HEOOXOIMMO COXPAHUTH TEKYILEEe COCTOSIHUE
cuerynka komana PC, a B PC 3arpy3uts HOBOE 3Ha4eHHE — aJpec MPOrpaMMBbl-
oOpabotumnka npepbiBanus. O4eBUIHO, apec BO3BpaTa B IPEPBAHHYIO MTPOrpaMMy
(comepxumoe PC Ha MOMEHT TpepbIBaHMs) CIeIyeT pa3Melarh B CTeKe, 4To MOo-
3BOJIUT TpPU HEOOXOAMMOCTH OCYIIECTBIISITH BIIOXKEHHBIC MpepbhiBaHus (Korma
B TIporiecce 00CITy)KMBaHHS OHOTO IPEPHIBAHMUS MOTYYEH 3aIpOC HA 0OCITyKHBa-
HHE JIPyroro).

MOXHO BCIIOMHHTbB, YTO MOJOOHBIA MEXaHU3M peajr30BaH B CHUCTEMax KOMaH]
MHOTHX MPOIIECCOPOB JUTS BBIMOJHEHHUs] KOMAH BHI30BOB moamporpammbl (CALL,
JSR). B aTux KOMaHmax aapec BBI3BIBACMOI MOANPOrPaMMBI COAEPIKUTCS B KOJIE
KOMaH/JIbI.

B cmydae Bb130Ba 00paboTumKa mpephIBaHUs €ro afpec He0OXOAMMO CBA3ATh THO0
CO BXOJIOM, Ha KOTOPBIH mocTymui 3anpoc (paauanbHble TpephIBaHUsA), JTHOO ¢
HOMEPOM HCTOYHHKA HpephIBaHHi, CHOPMUPOBABILETO 3ampoc (BEKTOPHBIE Mpe-
pbiBanus). B mepBoMm ciyyae He TpeOyeTcss HUKAKMX BHEIIHHX HPOLEAYp IS
UACHTU(HUKAINE HCTOYHHKA, Cpa3sy MOXKHO 3aIlyCKaTh CBA3aHHBIH CO BXOJIOM 00-
pabotuuk. [loHsATHO, 37€Ch UAET pedb 00 OTCYTCTBUU HEOOXOIMMOCTH B arlapar-
HBIX MpoLeAypax HACHTH(UKAIMM HCTOYHMKA 3ampoca. Ecim Ha paguanbHbII
BX07 "paboTaroT" HECKOJIBKO HCTOYHHKOB, TO BHIOOP OCYLIECTBISIETCS MPOTPaMM-
HBIMH CIIOCOOaMHU.

B cnmygae BeKTOpHBIX MpepBIBaHUHN aapec Mepexoja CBSA3BIBAIOT ¢ MH(pOpManneH,
MOCTYMAlomEeH OT UCTOYHHKA 3ampoca Mo IIHHE JaHHBIX B MAIIMHHOM LIUKJE 00-
CIIy>KUBaHHUS IPEPHIBAHUS — BEKMOPOM NPEPLIGAHUSL.

HamomanM, 9to m1000W KOMaHAHBINA UK TpoIleccOpa HAYWHAETCS C UYTSHUS
KOMaHAbI U3 ITIaMATH. B NEpBOM MAIIMHHOM HHUKJIC KOMAaHAHOI'O LIUKJIA IMTPOLICCCOP
BBIJIACT Ha MIMHY azapeca conepkumoe PC, dopMupyer yrmpaBisiOmuil CHTHAT
RDM wu momemieHHOE MaMsAThIO Ha MIMHY JAHHBIX CJIOBO MHTEPIIPETHUPYET Kak
KOMaHy (MM ee HadalbHYK0 YacTh, €CIHM JUIHHA KOMAaHJbl NPEBBINIACT IJIHHY
MAIITMHHOTO CJIOBA).

Ecnn B xoHIIE 04YepeaHOro KOMaHIHOTO IMKIa Mpoueccop oOHapyxuBaer (He-
3aMacCKMPOBAHHBIN) 3alpOC HAa BEKTOPHOM BXOJE, OH HAa4YMHACT CIICIYIOLIHI
KOMaHHBIN UK ¢ HeOONBIINMH M3MEHEHHAMH: cojepkumoe PC mo-npexHeMy
BBIJIACTCsl Ha LIMHY ajpeca (YTOOBI HE HapylaTh OOIIHOCTH IMKJIA), HO BMECTO
curHaia RDM ¢opmupyer curnan INTA. Mcrounuk 3ampoca (daiie — KOHTPOJI-
nep npepbiBanuii) B orBeT Ha curHaia INTA dbopmupyer Ha mIMHY JaHHBIX KO KO-
MaH/JIbl BBI30Ba IOJIIPOrPAMMSBI, B aJPECHON YaCTU KOTOPOM pa3Mellaercs aapec
00paboTurKa COOTBETCTBYIOIIETO MTPEPHIBAHUS.
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Takoii nmpocToii criocod peanu3aui BEKTOPHBIX NPEPHIBAHUMN, C HCIIOJIb30BAHUEM
YK€ CYIIECTBYIOUIETO MEXaHHW3Ma BBI30Ba IOJIPOrpaMM, ObLT peain30BaH, Ha-
npumep, B Mukpornporeccope 18080 ¢ koHTposiepom npepbiBanuii 18259, Oanako
3TOT MEXaHU3M, KaK, BIPOYEM, H BCE OCTAJIbHOE, JOIyCKAeT JajbHEHIIee coBep-
ICHCTBOBAHMUEC.

[Ipexae Bcero, jkelaHWe HWMETh BO3MOJKHOCTH PAacCIONarath MOIIPOTPAMMBI
B TIPOU3BOJIBHOM 00JIACTH TTAMSTH MPUBOJHUT K HEOOXOANMOCTH pa3MeIiarh B MOJe
ajzipeca KOMaH/Ibl BbI30Ba MOJHOPa3psiaHbiil ajapec (16 — 20 — 32 Gura). B sTom
ClIydae JUTMHA KOMaH[IbI TIPEBBINIACT JIMHY MAIIMHHOTO CJIOBA M €¢ BBOJ Tpedyer
HECKOJIbKUX MAIIMHHBIX [UKIOB (Hampumep, B 18080 — Tpex), 4To yBeIHUYUBAET
BpEMSI PEaKI[MU CHCTEMBI Ha 3alIpOC MPEPHIBAHMSL.

JlJis IpeoIoNIeHUst 3TOr0 HEJIOCTaTKa B CUCTEMY KOMAH]I ITPOIIECCopa BKIIFOYAKOT J10-
MIOJTHUTENIEHO ' YKOPOUYCHHBIC" KOMaH]Ibl BBI30Ba JUTMHON B OJTHO MAIIUHHOE CJIOBO.
Ot koman el B mporeccopax 8080 u x86 umeror maeMokoz | NT. B Mukporporec-
cope 18080 umeercst 8 Takux KOMaH JUIMHOW B 1 OaiiT, anpecyronuX mornporpam-
MBI 110 (PuKCHpOBaHHBIM aapecam mamst: 0000h, 0008h, 0010h, ..., 0038h.

B nporeccopax x86 umeetcs 256 BapraHTOB IByX0aWTOBBIX KOMaHI | NT 0Oh, ...,
I NT FFh, OaiiT moJjs agpeca KOTOpbIX (Ha3bIBAEMBIN 6€KmMOopom) TOCIE YMHOKECHUSI
Ha 4 yKa3bplBae€T HAa YETHIPEXOAUTOBYIO CTPYKTYPY, ONPEICISIFOLUIYIO MPOM3BOIIb-
HBIif aJ[pec B apeCHOM IPOCTPAHCTBE MAMSITH.

HamoMuuM, 4TO g0ocTyn B mamsth npoueccopoB x86 (B peanvrom pesicume) ocy-
LIECTBIISETCS TONBKO B paMKax CerMeHTOB pa3mepoM B 64 Kobaiit. [Tonoxxenue Ha-
Yaja CerMeHTa B aJIPECHOM IPOCTPAHCTBE MaMATH OIpPEIeNsieTcs COACPKUMBIM
16-pa3psAHOTO CETMEHTHOTO PETUCTPa, a MOJIOKEHHE ajipecyeMoro OaiiTa BHYTpH
cermeHTa — 16-paspsimabiM cMerieHueM. Cpelu KOMaH[ Nepefadyd yrnpaBlieHHS
pa3uyuarT Kopomkue M OnuHHble nepexoovi (BbI30BbI). IIpH KOPOTKOM BBI30BE
noJnporpaMma JI0JDKHA pacroiaratbesi B TEKYIIEM CErMEHTE KOAa, M €€ BBI3OB
COMPOBOK/IACTCS TOJIBKO U3MEHEHHEM cueTyrka Komans (B x86 o o0o3Hauaercs,
kak |P). Ilpu [uIMHHOM BBI30BE HOBOE 3HAuUCHHE 3arpykaercsi kak B IP, Tak u B
cerMeHTHBINA peructp koga CS. Takum 00pa3om, it OCYIICCTBICHUS JUIMHHOTO
BbI30Ba (Mepexo/1a) B aJpeCHOM I10JIe KOMaH bl HEOOX0IUMO pa3MeCTHTh 4 OaiTa.

MexaHU3M BEKTOPHBIX IPEpHIBAaHMH B Iporieccopax x86 B pealbHOM peXume pea-
JM30BaH CleayromuM obpasom. B HavanpHbix ampecax 00000, ..., 003FFh mpo-
CTPaHCTBAa MAMSITH pa3Memaercss TadIuIa BEKTOPOB IPEpHIBAaHUN 00BEMOM
1 Ko6aiit, BKItOdaronias 256 cTpoK TaOIUIBl — YETHIPEXOANUTOBBIX CTPYKTYpP
CSIP, xotopsie onpeensioT aapeca COOTBETCTBYIOIUX 00pa0OTINKOB MpepbhIBa-
Huid. B 1ukie 06paboTku BEKTOPHOTO TpephiBanus (3ampoc mo Bxoay INT), mpo-
[[eccop IOJy4aeT OT MCTOYHHKA OalT — HOMep CTPOKH TaOJIHIBI BEKTOPOB Ipe-
pBIBaHMIA, W3 KOTOpPOW W 3arpyxarorcs HoBble 3Hauenus CS wu |IP. Crapeie
snauenust CS:IP (axpec Bo3BpaTa) pa3MerarTcs B CTEKE.
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3anpocy no paauaabHoMy Bxoay NMI cooTBeTCTBYeT BEKTOp 2, MOITOMY MOSIBIIE-
HHME aKTHBHOT'O 3HAUCHHMS HE BBI3bIBACT MALIMHHOTO UKJIa 00CIY)KUBAHUS TIPEPBI-
BaHMs, a Cpa3y BBI3BIBACTCS 00pabOTUMK 1Mo ajapecy u3 sueek mamsitu 00008h, ...,
0000Bh. Kcraru, nroboi 00paboTdmk mnpepbiBaHHs (HE3aBHCUMO OT 3HAYCHHS
MacKUpYIOIHX (I1aroB) MOXKHO BBI3BAaTh MPOIPAMMHO C TIOMOLIBIO KOMaH/IbI | NT
nn, Tie NN — HOMEP CTPOKH TaOJIHIIbI BEKTOPOB MPEPhIBAHUH.

Taxum 06pa30M, KoMaHJa | NT oTian4aeTcst oT koMaHAbl CALL, BO-IEPBBIX, CIIOCO-
OOM ajpecaliy BbI3bIBAEMON MOANPOrpaMMbl (MpsiMoOii ajipec — B KoMaHe CALL,
KOCBEHHBIH — B | NT), BO-BTOPBIX, MPH peanu3aiuu | NT B crek, momumo CSu IP,
MOMEIIIAETCSI COICPIKUMOE perucTpa npusHakos npomneccopa — FLAGS. Cootert-
CTBEHHO, 3aBepIIaThCs MOINpPOrpaMMa, BbI3bIBaeMas KOMaHAOH | NT, TOJDKHA KO-
MaH0# | RET ("Bo3Bpat u3 npepbiBanus’”). JleiictBre | RET oTin4aeTcs OT JACHCT-
BUsl RET U3BJICYCHUEM M3 CTEKa JIOTIOJIHUTENIBHOTO clioBa B peructp FLAGS.

6.3.4. NMpsimon gocTyn B NaMATb

B mponecce padoter MIIC ¢ naTepdeiicom Tumna "o0imas muHa" 9acTo BO3HUKAET
HEOOXOMMOCTh TIepeayll JOCTATOYHO OOJIBIINX MACCHUBOB JIAHHBIX MEXKIY Ta-
MsIThIO U BY (HamprMep, KONMMpOBaHHE CEKTOpa HCKa, 3arpy3Ka BHACONAMSTH
U T.1.). [Ipy Hanu4uu B CUCTEME SITUHCTBEHHOTO aKTHBHOT'O YCTPOMCTBAa — MPO-
1eccopa BO3MOXKEH €IMHCTBEHHBIN IyTh PEUICHUs 3TOH 3a/1a4d — IPOTPaMMHO-
ympasiseMblii oomen "Ilamsite — [poueccop — BY" (wm "BY — Ilponeccop —
IMamsrs").

PaccMoTpuM  BapuaHT MPOrpaMMHO-YIPABISIEeMOro OOMEHa MEXAy MNaMsIThIO
u BHemHUM ycTpoiictBom B MIIC na 6a3e MIT i8080 [14]. Tlycth HEOOXOAMMO
nepenaTh MacCUB MaHHBIX JuMHOHN L, HaumHas c agpeca ADR Ha BY ¢ agpecom
AIO. Tlonoxum, 4To HavaIbHBIN aJpec MACCHBA 3arPyKEH B PErMCTPOBYIO Mapy
HL, a mnmnaa maccuBa — B peructp C. Torga ¢pparmeHT mporpaMmsel oOMeHa MO-
KET UMETh BUJI, IPEJICTABJICHHBIN B Ta0. 6.2.

Tabnuua 6.2. @pacmenm npocpammvl 0OMeHA

Mmuemoxon KommenTapuii Kouanvecrso MI]
LM MV A, M Urenue 6aiita B AKK 2
aur ALO Brinaua 6aiita Ha BY 3
I'NX H Monudukamus agpeca 1
DCRC Monugukauus cueTynka 1
INZ LM ITepexo, eIl MacCHB He HCUEpIaH 3

Bcero ManmHHBIX [UKIIOB: 10
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Takum o0pa3oM, Uit TOro 4ToOBl B paMKax HpPOLEAYpbl KONMPOBAHUS MacCHBa
JMaHHBIX TIepeciaTh U3 maMatu B BY oguH 0ailT maHHBIX, MOTpedyeTcs AecaTh Ma-
HIMHHBIX [UKIOB. [Tporeccopsl ¢ 6osiee COBEPIIEHHO CHCTEMON KOMaH 1 (Harpu-
Mep, x86) MOTYT MCIOJIB30BATh JIUISI 9TOH 1eJIM MeHbInee urcio ML, Ho Bce paBHO
nx Oynet Ooyiee 0JTHOTO.

Yupaeiss 00MEHOM, MEKpOIpoIieccop "BeJeT” JBa CueTYMKa — aJpPeCcOB MacCHBa
Y KOJIMYECTBA MEPEAaHHbIX 0alTOB U (POPMHPYET Ha MarucTpajib CUTHAJBI YIIPaB-
nenus. Eciu cHaOaute BY anmapaTHRIMEH CHeTUMKAMHU B CXeMOW (OpMHPOBaHUS
YIPaBIAIONINX CHTHAIOB (Tak Ha3bIBaeMbIM "KaHal MPSIMOro JOCTyla B Ia-
mate" — TIIIT), To mepenauy oaHOTO Oaiita (CI0Ba) MOXKHO OCYIIIECTBHTD 33 OJTHH
MI] 6e3 yuactusi mpoieccopa. Heobxomumo Juie Ha Bpems Mepeiadd JTaHHBIX
nox ynpasiienueM kanana [1/II1 GiiokupoBath paboTy Hporieccopa, OTKIIOUHB €ro
OT cucTeMHOW muHKL. [ 3Toro cimyxut Bxoj 3axBara mmHbl HLD. Ecnin nogate
Ha HEro aKTHBHBIN ypoBeHb, TO MII mo okonuyanum tekymiero MII, 6e3ycioBHO,
MEpPeHIEeT B PEKUM OXKHJAHUs, TMEPEBEdsl BCE CBOU BBIXOJHBIC JIMHUHM, KpPOME
HLDA, B BbICOKOMMIIEIAHCHOE cOCTOsIHUE, a BbIxox HLDA — B cocTosiHue joru-
yeckoii 1. BeixogHoti curaan HLDA ucnonb3yercs Juis OTKJIFOUEHUS TPOIeCcCop-
HOTO MOJyJisi OT CUCTEMHOH IIMHBI — IIEPEBOJIa INMUHHBIX (HOPMUPOBATEIICH,
BKJIFOUEHHBIX MEXKY JIOKAJIbHOM M CUCTEMHOW IIMHOW, B BBICOKOMMIIEJAHCHOE
COCTOSIHHE.

Ecmu B MIIC ucnonssyercs Heckonbko BY, cHabxeHHbx kaHamom [T/, To me-
JIeco00pa3HO UCTIONB30BATh crieluanbHbI KorTposutep L1111, koTopsiii obecreun-
BaeT mporpaMmmupoBaHue kaHanoB IIJIII, mogkimrouyeHue UX K CUCTEMHOW ILIKHE
U IUCLMIUIMHY OOCITy>KUBaHHUS.



naBa 7

IABOJTIIOLUA apXUTEKTYP
MUKponpoueccopoB U MUKPpoIBM

B 2nase 6 Obuta paccMoTpeHa apxuTekTypa 16-pa3psgHOro MUKPOIPOIIECCO-
pa 18086 u cuctem Ha ero OCHOBE. DTy apXUTEKTYpy MbI (YCIOBHO) Oy/IeM CUUTATh
0a30BOil. Yke B Heil M0 CpPaBHCHHUIO C MEPBBIMH 8-pa3psiHbIMH cucTeMaMu (Ha
0a3e i8080) peann3oBaH psii HOBBIX APXUTEKTYPHBIX PEIICHHIA:

O pacummpeHa cucremMa Koma] (1o Habopy onepaiyii ¥ crocodam apecaryn);

O apXuTeKTypa MHKPOIIPOIlECCOpa OPHUEHTHPOBAHA Ha MYJIBTUIIPOIIECCOPHYIO
paboty. Paspaborana rpymma BcromorareiabHbix BUC (KOHTpOJIIEpOB U Crie-
[MUATU3UPOBAHHBIX TPOLIECCOPOB) IS OPraHU3aliH MYJIbTHMHKPOIPOIECCOP-
HBIX CUCTEM pa3IMYHON KOH(UTypaluy,

0 HauyaTo JBW)XEHHE B CTOPOHY COBMEIICHHS BO BPEMEHH BBINIOJHEHMS Pa3Ind-
HBIX omnepanuii. MuKpormporeccop BKIIOYAeT JBa MapaulelbHO pabOTaromInx
yCTpOWCTBA: 00paOOTKM TaHHBIX M CBSA3M C MAarHCTPalbIO, YTO IO3BOJSIET CO-
BMECTUTHh BO BPEMEHHU IPOIECCH 00pabOTKH MH(POPMAIMH U TIepeAadu ee o
MarucTpay,

O Beenmena HoBas (o cpaBHenuio ¢ i8080) opranmsanus MaMATH, KOTOpas aanee
MCIIOJIb30BAJIaCh BO BCEX CTAPIIHMX MOJENsX cemeiictBa Intel — ceamenmayus
namsimu.

MoXHO cKa3aTb, YTO OCHOBHAS LIEJIb COBEPLICHCTBOBAHUS MUKPOIPOLIECCOPOB —
3TO YBEJIMUYCHHE WX HPOM3BOAMTENIBHOCTH. JlocTHraercs 3Ta ueib pa3iMYHBIMU
MYTSMH. HOBBIIICHUEM TAKTOBOM 4acTOThI pabOTHl KPUCTaIa, COBEPLICHCTBOBA-
HHEM ONEPAMOHHBIX YCTPOMCTB (HampuMmep, MPUMEHEHHE NapajlIeIbHOr0 YMHO-
JKUTEJS), OpraHu3alyeil mapaaiebHONM BO BpEeMEHH pPabOThI HECKOJIBKHX YCT-
POICTB, COBEPIICHCTBOBAHUEM CHCTEMBI KOMaH]T (C OpHUCHTAIMEH 10T KOHKPETHBIN
Ki1acc 3anad), dpQeKTHBHON OpraHu3alHeil MepapXu MaMsTH, OMEPEKAOLIM
BBIIOJIHCHUEM psfa MPOLEeyp KOMAaHAHBIX LMKJIOB, OpraHU3alueil MyabTH3agay-
HBIX U MYJIBTUIPOLIECCOPHBIX CUCTEM U IPYTUMH CIIOCOOaMH.
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Ha npumepe mukpomnporieccopos Intel smuun 8080 — 8086 — 80286 — 80386 —
80486 — Pentium — ... — Pentium 4 (310 ceMeicTBO MPUHATO 0003HAYATH KaK
x86) MOXHO MPOCIEAUTh PeaTH3alMi0 MHOTHX M3 MEPEYHCICHHBIX BBILIC MyTEH.
PaccMoTpuM HEKOTOpbIE M3 HUX, HE TIPHACPKHUBASCh XPOHOJIOTHYECKOH TOCIen0-
BaTEJIbHOCTH HOBOBBEJICHUIA. Boiee moapoOHbIe CBEJCHMS O paccMaTpUBAaEMbIX
B 3TOH IJIaBe BOMPOCax MOXHO HaiitH B [3, 11, 13, 15].

7.1. 3aWMILEHHbIN PEXUM
WU opraHusauyusa namsaTu

[lepBsiit mar q1st yBearMueHUs] IPON3BOAUTEIBHOCTH CHCTEM Ha 6a3e mpoleccopoB
x86 ObUI creliaH B HaNpaBICHUU MYJIbTHUIPOIICCCOPHON koH(puryparuu. B 8086
NPEeyCMOTPEHBI JIBa PEKUMA PAOOThl — MUHUMALbHBIL U MAKCUMATbHBIU (CM.
pazo. 6.1.1), npuueM mociaeJHUNA OPHEHTHPOBAH HA OPraHU3ALMI0 MYJIBTHIIPOLIEC-
COPHBIX cHcTeM. YacTh BBIBOJOB MHKPOINPOLECCOpPa B MaKCUMAaJbHOM DPEXKHME
BMECTO CHTHAJIOB YIpaBJICHHUs] MIMHOW TepenaeT KOJbl BHYTPEHHHX COCTOSHHMA
YIPaBISIONIET0 aBTOMAaTa; KpOME TOTO, B COCTaBE CEPHH BBITYCKAINCH CHEIHaNN-
3UPOBaHHBIE MOJYJIH, KOTOpBIE 0OecreuynuBalid JOCTYI MHUKPOMpOIleccopa K CHC-
TEMHOM IIMHE — apOUTPaX ILIUHBI.

OnHAaKO MIMPOKOTO pactpoCTpaHeHHUs MOoAo0Has apXUTEKTypa He IMOJIydwIa, To-
CKOJIBKY ITPH OTCYTCTBHH Ha KPUCTaJJIE MHKPOIIpOLIECCopa JOCTaTOYHO "'BMECTH-
TENBPHOM" BHYTPEHHEH MaMATH IPOLECCOPHI MOCTOSIHHO OXKHAAIOT B OYEpein Ha
JOCTYH K IIMHE. XapaKTepHO, YTO B TIOCIEAYIOMINX MOJIeNsax ceMmelictBa — 80286,
80386, 80486 momnepkuBanach TOJNBKO OJHOMPOIECCOPHAs KOH(MUTYpaIus,
1 b B Pentium BHOBb BepHYIIMCH K BO3MOXXHOCTH OPraHH3al[Md MHOTOIIPOLIEC-
COPHBIX CHCTEM.

7.1.1. CermeHTHasa opraHmsauusi namaTn

Kak BbI, 04eBHIHO, TOMHUTE, B MUKpoTpoieccope 8086 B pamkax ajpecHOro mpo-
cTpaHcTBa 00beMoM 1 MOalT OZHOBpPEMEHHO OBIJIO JAOCTYITHO YETHIpEe CerMeHTa
1o 64 KOalT KaxIbIit.

9] 1
B criemyromux MoJesX MUKPOIMPOILIECCOPOB ceMeiicTBa x86 B paMKax Tak Ha3bl-
BaeMOTro 3awuuennozo pedxcuma (protect mode, P-peskuM) opraHu3oBaHO JuHel-

HOe adpecHoe npoCmpancmeo 00beMoOM 2%2 Gaiitos, B KOTOPOM JIOIYCKAETCs CO3-
JTaHUE MPAKTHYECKH JTF000TO Yrcia CErMEHTOR.

1 o :
B pamkax 3T0#i T1aBBI OyzieM TOHHMaTh 1o obo3HaueHneM x86 Muxporponeccops! 180386
U CTaplue.
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Ecnu B 8086 ennHCTBEHHBIM aTpUOYyTOM cerMeHTa ObLT €ro HavyajbHBIA ajapec, TO
B P-pexume crapmmx mopeneii cemerictBa x86 11t onmrcaHus MHOTOYHCIEHHBIX
aTpuOyTOB MMPEeayCMOTpPEHa CIIe[HabHasl CTPYKTypa — JAECKPHUIITOP.

Jleckpunmop — 310 8-0alTOBBIN OJIOK, cOAEpKaIIUi aTpuOyTHl 00ACTH JIMHEH-
HBIX aJIpecoB — ceemeHnma. JIeCKpunTop BKIFOUaeT B ce0sl MH(OPMAIIIO O TT0JI0-
’KEHHH CETMEHTa B JIMHEHHOM aJpecHOM IPOCTPAHCTBE, pa3Mepe CerMEHTa, THIIE
nH(popManuK, XpaHAIIEMCsI B CETMEHTE U IpaBax JOCTyIa K Hel, a TakKe JApyrue
aTpuOyTHI cermenTa. dopMaT IecKpunTOpa MpeacTaBieH Ha puc. 7.1,

63 5655 5251 48 47 40 39 16 15 0
bazoBrrii Atpu- | Ilpenen [IpaBa BbazoBwiii agpec IIpenen
aapec [31:24] | 6ytst | [19:16] | moctyma [23:0] [15:0]
55 5453 5o Y7 65 432 170
G|D|X|U PIDPL|1|1 C R|A| Cermenr xoma

P|DPL|1|[0OEDW|A| CerMeHnT nanabix

PIDPL|1|X X X|[{A| Cucremusbiii 00bEKT

'S¢ Tun
cerMenra

Puc. 7.1. ®opmar peckpunrtopa

Ha3nauenue noneit neckpumnropa:

. 2 . o
3 6aszoswiil aopec” [31:0] onpenensier Mecto cermMeHTa (Ha4yaabHBINA aJpec) BHYT-
pH 4-rurabalTHOrO aApPECHOTO MPOCTPAHCTBA,

O npeoen [19:0] ompenensier pasmep CerMeHTa C y4eTOM OWTAa IPaHYJISPHOCTH
(cMm. manee).

[Tone ampubymos BKIIIOUAET ClleAYyIOLUINE IPU3HAKY:

O G — our rpanymspHocty. [Ipu 3nadennn G =0 pa3mep cermeHTa 3amaercs

B Oaiitax, a npu G =1 — B cTpanunax no 4 Koaiit. B nepBom cinyvae makcu-
MaJbHBIN pa3Mep cerMeHTa MOXeT gocTurats 1 Mobaiit, Bo Bropom — 4 I'6aiiT;

U3 puc. 7.1 BUIHO, 4TO JECKPUITOP COAEPKUT PsiJ MOJIeH, IMEIOLIUX Ha3BaHUE U pa3Mep.
Hampumep, 32-paspsaubiii aapec "6a3ossiii aapec [31:0]"; HO B dopmare TaHHOTO JECK-
puIITOpa OH pacmoyioxkeH B paspsaax [63:56] u [39:16]. To jxe OTHOCHTCS U K MOJHO "Tipe-
nen”. DTo cBs3aHO ¢ keixaHueM (GupMmbl INtel coxpaHHUTh MpeeMCTBEHHOCTH (HOPMATOB
MJIaALIUX MOJEICH.
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O D — o6wur pa3mepa mo ymondanuto (ot anri. defaults size) obecrieunBaer co-
BMecTUMOCTh ¢ Tporeccopom 80286. Tlpu D = 0 Haxonsummecss B CErMEHTE
OTIepaH/Ibl CUUTAIOTCS MMEIOIUMH pazMep 16 6utoB, nHaue — 32 OuTa;

O X — 3apesepBupoBaH Intel u He HOMKEH MCIONB30BATHCS MPOrPAMMHCTOM
(comepxwur 0);

O U — Our monb3oBarens (OT aHMI. USEr) MpeaHa3HA4YCH Ui HCIOJIb30BaHHUS
CHUCTEMHBIM TporpaMmucToM. [Iporieccop urHOpupyeT 3ToT OHUT.

baiit npasa oocmyna (AR) MMeeT HECKOJIBKO OTIMYAIONUIYIOCS CTPYKTYPY AJIs Jie-
CKPHUIITOPOB CCIMCHTOB PA3HBIX TUIIOB, HO HECKOTOPLIC ITOJIA 3TOT'0 6aI>'ITa ABJISIFOTCSL
OOIIUMH JUTS BCEX JICCKPHUIITOPOB:

O P — Owur npucytcTBus (0T aHriL. present) cermenta, eciu P = 0, To geckpunrtop
HE MOJKET UCTIOIB30BaThC, T. K. cerMeHT oTcyTcTByeT B O3Y. Ilpu oOpamenun
K CErMEHTY, JIeCKpunTop kKotoporo umeer P =0, hopmupyercst COOTBETCTBYIO-
11ee NpepheIBaHue,;

O DRL — ypoBenb npuBmiIeruii jaeckpunropa (ot anri. descriptor privilege
level) onpenensier ypoBeHb NPUBHICTHIA, ACCOLMUPYEMBII C TOH 00JIaCThIO Ma-
MSITH, KOTOPYIO OIKCBIBAET JACCKPUTITOP;

O S— ompenenseT poib IECKPUNTOPA B cucTeMe: npu S = 0 — CHCTEMHBIH Jie-
CKPHIITOD, CITy’KUT IS oOparieHus K Tabnumam LDT wnmm tmmo3am amst Bxoma
B JpYrue 3a/aud, BKIIOYas IPOrpaMMbl OOCTy)XMBaHUS TpepbiBaHuil. [Ipm
S =1 nmeckpunrop odecrieunBaeT OOpalieHne K CErMEHTaM IpoTrpamMM WA JJaH-
HBIX, BKIIIOYasl CTEK;

O A — Our oOparmieHus], yCTaHaBIMBAETCs, KOT/Ia MPOXOAUT OOpalleHne K cer-
MeHTy. OmnepalMoHHass CUCTEMa MOXKET CJICIUTh 3a YacTOTOH OOpalieHHs
K CETMCHTY IIYTEM IICPUOJUYCCKOI'0 aHaIn3a U OYUCTKHU A.

TpexOutHOE TIONIE MUnN ceamenma ONPEAEISET LeTIEBOE HCIOIB30BAHIE CErMEeHTa,
3a1aBasi JOIyCTHMBIE B CErMEHTE OINEepaluu. 3HAYCHUE 3TOTrO OIS Ul CHCTEM-
HbIX neckpuntopoB (S = 0) 6e3pazauyno. JIjii HECUCTEMHBIX CETMEHTOB OHTHI IO~
TSI MUn cezcmeHma UMEIOT CIISAYIONINe 3HAYCHUS:

O o6wuTt 3 pasnuuaet cerments! Koja (1) u marubix (0);

O s cermenta koma 6ut 2 (Conforming) ormeuaer mpu C = 1 tak Ha3bIBaeMbIe
"nmoauuHeHHbIe cerMenThl” (cM. nanee), a 6ur 1 (Read) npu R =1 gomyckaer
YTEHHE KOJIa KaK JaHHBIX C OMOIIBIO TIPe()UKCa 3aMEHBI CETMEHTA,;

O nmns cermenta ganusix out 2 (Expand Down) ompenenseT Tak Ha3sIBaeMOe
"pacimpenue BHU3" — Juis cerMeHToB cteka ED =1, a jyis cerMmeHTOB COOCT-
BeHHO Jna”HbIX ED =0;

O o6ur 1 (Write) moka3siBaeT BO3MOXHOCTh 3aIicu B cermenT mpu W = 1.
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JlecKpUITOpBI XPaHITCS B HAMSATH M TPYIIIUPYIOTCS B IECKPUIITOPHBIE TAOIHUIIBL:
O GDT — rnobanpHas TeCKpUNTOpHAS TaOIUIIA,;

O IDT — meckpunTopHas TabIUIa TPEPHIBAHUH;

O LDT — nokanpHas neCKpUNTOpHAS TabIUIIA.

[puyem ecm GDT u IDT — obuecucremMHble, MPUCYTCTBYIOT B CUCTEME B €MH-
CTBEHHOM JK3EMIUTSIpE | SABJISIOTCS OOMUME JUTa Beex 3anad, To LDT moxer cosz-
JaBaThCs I KaXKI0M 3aJauu.

MakcuMalibHBId ~ pa3Mep JECKPUIITOPHOW  TaONMIIBI MOXET COCTaBJISIThH
213 = 8192 neckpunropa ( 213 x8=65536 0aiiToB).

JeckpunTopHast TabIUIIA JTOKATH3YETCS B MAMATH € TIOMOIIBIO COOTBETCTBYIOIIETO
peructpa. 48-6urossie peructpel GDTR u IDTR conepxkar 32-6utoBoe mosne 0Oa-
30BOT0 ajpeca Tabiuipl U 16-0uTHbI npeaesn (pa3mep) TabuIisl ¢ GaliTOBOM Tpa-
HYJISPHOCTBIO.

Hnst nokanmusanuu LDT ucnonesyercs 16-paspsansiii peructp LDTR, comepxka-
WA TOJBKO CEJICKTOP CErMEHTa, B KOTOPOM pa3meleHa tadmuma. Tadmumer LDT
XpaHsTCS KaK CETMEHTHI, a AECKPUITOPBI 3TUX CErMeHTOB pa3meniatorcs B GDT.
Cenekrop peructpa LDTR BeiOupaer uz3 GDT HyKHBIH JecKpUNTOp, U aTprOyTHI
LDT cranossrcs noctynasl nporeccopy. C LDTR, kak u ¢ cerMeHTHBIME PETUCT-
paMu, accolMUpYETCsi COOTBETCTBYIOMIMH "TEHEBOH peructp”, B KOTOPBIH Mmomera-
ercst BeiOpannbiid m3 GDT neckpunrop LDT tekymieit 3apaun. [1pu nepekmtoueHnn
3aJlayM JIOCTaTOYHO 3aMeHUTh 16-paspsgHoe coxepxumoe LDTR, a mpoueccop
ABTOMATHYECKH 3aTPY3UT TEHEBOW PErUCT.

Hocrtyn x mamsata B m000M pexknMe x86 BO3MOKEH JIMITb B 00J1aCTh, OMpeIeIeH-
HYIO KaK cerMeHT. KommuecTBO OCTYIHBIX B JaHHBII MOMEHT CETMEHTOB OITpeie-
asietcst guciaoMm cermeHtHbIX peructpoB (CS, SS, DS, ES, FS, GS). Omnako
B 3AIIUIICHHOM PEXHUME COAEPKMMOE CETMEHTHOTO PErHcTpa He SIBIsieTCs 0a30it
CErMEHTa, a PacCMaTPUBAETCS KaK CEJIEKTOp CeTMEHTa M MMeeT (opmart, IpuBe-
JeHHBIN Ha puc. 7.2.

Hnoexc omnpefensieT CMEIICHUE BHYTPU JECKPUITOPHON TaOIMIbI, KOTOpask COOT-

BETCTBCHHO Pa3pAIHOCTH HMHJIEKCA MOXET COJCPKATh 213 8-GaiiToBBIX JIECKPHII-
topoB. but T| onpenensier mun deckpunmopnou madauywr: 0 — rinodanpHas, 1 —
nokanbHas. [Tone RPL onpenenser sanpawusaemvlii yposenv npuguiecuil.

15 3 2 1 0
Nunexc TI | PRL

Puc. 7.2. ®opmar cenekropa
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Hrak, cenexkTop ajpecyeT NECKPUITOP CErMEHTa B OJTHOM M3 JECKPHIITOPHBIX Ta0-
nuu. Besikuii pas, korjga npou3BOIUTCS Mepe3arpy3ka CerMeHTHOro peructpa (3a-
MEHa CeJICKTOpa), aIpecyeMblil UM IECKPHUIITOP U3BJICKACTCS M3 COOTBETCTBYIONICH
JECKPUIITOPHOW TaOJIMIBI M TIOMEIIAETCs B "TeHEeBOW perucTp” aeckpunrtopa. Bee
MOCJIETyIONIHe OOpaIIeHuss K 3TOMY CETMEHTY He TpeOYIOT YTeHHUS U3 JECKPHII-
TOPHOU TaOJIUIIBI.

Jlornyueckuii ajpec B 3alIMIIEHHOM PEXHME, KaK U B PEallbHOM, OMKMCHIBACTCS Ma-
poii RS.EA, rne RS — conepxuMoe BEIOPAHHOTO CETrMEHTHOTO peructpa, EA —
3¢ eKTUBHBIN aapec, TeHEPUPYEMBIii IIPOrpaMMOi (CMEIIEHHE B CETMEHTE).

[TamsaTe
47 3231 0 GDT
Err
B —C ’
................ °
JHeckpuntop cermenra LDT
150 30 6 0 :
LDR  [Cenexrople|lIpenea|  Baza  [ArpuGyrs| : LDT
Err :
® .
Tpu TI=0 Mpu TI=1
I[eCKpI/IHTOp CCrMCHTa
15 30 63 0
SR* [Cenexrop|=>{Ipenen]  Baza |ArpuGyrsi
Err X JIuHeWHbIH agpec
* ()
O¢ddexruBHsblii anpec EA

Puc. 7.3. [IpeoOpa3oBaHHe JIOTHYECKOTO a/ipeca B JIMHEHHBIH

[porecc 3arpy3ku IECKPUITOPHBIX PETUCTPOB U NpeoOpa3oBanust 3 (HEKTUBHOTO
(;mormdeckoro) ajgpeca B JIMHEWHBIH MPOTEKAET CIeAyOIUM 00pa3zoM (puc. 7.3):

1. Ipu mepexoje B 3aIMIICHHBIN PEXXUM B TAMSTH CO3/1aeTCs TII00ATbHAS IECK-
punTopHas Tabnuna, 6a30BBIN agpec KOTOpoit pasmeniaercs B peructpe GDTR.
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2. HeCKOIbKO CErMEHTOB ONPENENACTCS B MAMSITH, B UX JCCKPHIITOPhI MOMEIIa-
rores B GDT.

3. Tlpwu 3amycke ouepeHOM 3a/1aui MOXHO OIPEACTUTD JOMOJHUTEIEHO HECKOIh-
KO CErMEHTOB W JUIS XPaHEHHUS WX JCCKPUITOPOB CO31aTh JIOKAILHYIO JECK-
PHITOPHYIO TabOJIMILy, KAK CHCTEMHBIH CErMEHT, JECKPUIITOP KOTOPOTO XPAHHUT-
ca B GDT, a ero nonoxenne B GDT onpenensercs CeleKTOPOM B PETHUCTPE
LDTR. B Tenepoii peructp LDTR aBromatnuecku nomemniaercs JAECKPUIITOP
cermenra LDT.

4. Tlpwu 3arpy3ke B JIF000I CErMEHTHBINA PETUCTP HOBOTO COJICPIKUMOIO B COOTBET-
CTBYIOLIUI TEHEBOU PEruCTp aBTOMATUYECKU IIOMEINAETCS HOBBIM JECKPUIITOP
n3 GDTR wm LDTR.

5. Ilpu renepamuu nporpammoil ouepenHoro aapeca EA U3 cOOTBETCTBYIOLIETO
TEHEBOTO CErMEHTHOTO pErucTpa BhIOMpaeTcs 0a30BBIH agpec cerMeHTa u
ckiagsiBaeTcs co 3HadeHneM EA. TlomyueHHass cymma mpencTaBisieT coOoid
JIMHENHBIN ajpec.

B npuBeneHHOMN BBIIE MpOLIESYpe HE OTPAKEHBI 0COOBIE Cly4yau, KOTOpPbIE MOTYT
BO3HHUKATh MPH Pa3IMyHbIX HapylieHusx (omubkax) B mpouecce (HOpMUPOBAHUS
JIMHENHOTO ajapeca.

MexaHn3M CEerMEHTAIlMM MOXKHO MCKYCCTBCHHO ITOJIaBHTh, HA3HAYUB BCE 0A30BBIC
ajJipeca CErMEHTOB PaBHBIMU HYJIO M ONPE/ICIIUB JUIMHY BCEX CErMEHTOB B 4 ['0aliT.
Takum 00pa3zom, B aJjpeCHOM MPOCTPAHCTBE OMPEICIUTCS SIUHCTBCHHBIN CETrMEHT

pasMepomM 2%2 Gaiira.

CerMeHT B 3alUIIEHHOM pEeXUME — O00JIaCTh MaMsTH, CHaA0KEHHAas! PSIIOM aTpu-
OyTOB: THIIOM, pa3MepoOM, TMOJIOKEHHEM B MaMSTH, YPOBHEM NPUBHIETUH U IIp.
CerMeHT MOXET HauMHATHCS W KOHYATBCS TJIe YTOTHO, U €ro pa3Mep — Ipous3-
BOJIbHBIN. JIpyroil sJeMeHT maMsiTH — CTpaHHIa — UMEET CTPOro (UKCHUpPOBaH-
HbIH pazmep (4 KOaiit) u mosio)keHue B JIMHEHHOM aJJpEeCHOM MPOCTPAHCTBE: CTpa-
HUI]Aa BCErJa BBIPOBHEHA 1O rpaHulle 4-kujio0aHTOBBIX (pParMeHToB, T. €.
12 miagmmx pa3psaoB agpeca CTpaHUIbl — BCEra HyJH.

7.1.2. CTpaHn4Hasa opraHmsauus namaTm

Hapsiny ¢ cermenTHOW opraHuszaiueil B MUKporpoiieccopax x86 Bo3MOXHA JI0-
MOJIHUTEJIBHO CMPAanu4Has opeanusayus namvsamu. MexaHu3m CTpaHH4HOH opra-
HHM3AIMU [AMSITH MOXKET BKJIIOYATHCS (BBIKIFOYATHCS) MPOrPAMMHO ITyTEM yCTa-
HOBKH (cOpoca) ¢uara PG perucrpa CRO.

Bce nmmeiiHOe ampecHOe MPOCTPAHCTBO AETHMTCS Ha Pa3feibl, YUCIO KOTOPBIX
MokeT pocturats 1024. Kaxawlii pasnen, B CBOIO O4Yepe/ib, MOXKET COACPKATh
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no 1024 crpanur (puc. 7.4), pasmep Kotopsix ¢ukcupoBan — 4 Koaiir, mpuuem
HaydalbHbIE apeca CTPaHHMIL )KECTKO (pUKCHpoBaHBI B (pU3MYECKOM aJipeCHOM IMpPO-
CTPaHCTBE: TPAHMIIBI CTPAHMII COBIIAJIAIOT C TPAHUIIAMU 4-KUIT0OANTOBBIX OJIOKOB.

32-pa3psAHbIiA JTOTUYECKUH ajpec, MOJTy4YeHHBIH Ha MpeablaylIeM dTare npeodpa-
30BaHUS a/Ipeca, PACCMaTPUBACTCS COCTOSIIIIIM H3 TPEX ITOJICH:

0O [31:22] — nomep pasaena (TABLE);
0 [21:12] — nomep crpanwurisl B pasaeie (PAGE);

O [11:0] — HoMep cii0Ba Ha cTpaHuIle (CMEIEHHUE).

Crtp. 0
Pazpen Crp. 1
0 :
Crp. 1023
Crp. 0
Crp. 1
Paznen Tp.
1 :
Crp. 1023
Crp. 0
Pazgen Crp. 1
1023
Crp. 1023

Puc. 7.4. Paznensl B TMHEHHOM aJIpeCHOM MPOCTPAHCTBE

HavanbHble agpeca cTpaHUIl JQHHOTO paszena (BMecTe ¢ aTpHOyTaMM CTPaHHIIBI)

XpaHsITCSA B MaMATH B CTpAaHHUYHOU Tabnuie, pasmep kotopoit 1024 ctp. X 4 Oaii-
ta = 4096 GaiiToB.

HOCKOJ’IBKy B 3a1a4€ MOXKCT OBITh HECKOJBKO pas3aeiioB U, CJI€A0BATCIbHO, CTOJIb-
KO K€ CTPaHUYHBIX Ta6J'II/III, TO HAaYaJIbHBIC aApeCa BCCX CTPAHUYHBIX Ta6J'II/III o1-
HOT'O CCTMECHTA XPAHATCA B CIIeIIaIbHOM Ta6n1/1ue — KamaJjioee pa3()eﬂa.

Jluneitaplit 32-pa3psiiHBIA agpec ABIsAETCS UCXOAHON MH(popMarmen ans Gpopmu-
poBanusi 32-paspsitHoro (¢usmyeckoro aapeca (puc. 7.5) ¢ momormipio Karaiora
pasnena u crpannunoi Tabmuiel (CT). Crapime 10 paspsmoB JTHHEHHOTO aapeca
OTIPEEIIAIOT HOMEP CTPOKM KaTayjora pasJlelioB, KOTOPBIH JIOKAJH3YyeTCsl conep-
XKHUMBIM cucTeMHoro peructpa CR3.
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31 2221 12 11 0
Paznen Crpannna Cmermienue JInnelinsil axpec
PDE PTE
) 4
6—)—) Basza paznena Baza crpanun —> Dusuueckuit
K azpec
| CR3 | Karanor CrpanudHas
paszaenos Tabnuia

Puc. 7.5. TIpeobpa3oBaHue TMHEHHOTO afipeca B pU3NUECKUI

[Tockonbky KaTayor pasaeioB umeer pasmep 1 KoOaiit X 4 Oaiita, OH 3aHUMAaeT
touHo onuy crpanuity (CR3[11:0] =0) u comepxkut 4-6aiiToBbie Mo, GopMat
KOTOPBIX IMMOKa3aH Ha puc. 7.6. [Tomumo 6a3oBoro ajapeca CTpaHUYHOH TaOIHIIBI,
3TO TMOJIC XPAHUT aTPUOYThI CTpaHMIIBI. VI3BIeUeHHBIN U3 KaTaiora 0a30BbIi aapec
CTPaHUYHOI TaOJIMIBI CKIIaJIbIBACTCS (KOHKaTCHUpYeTCs) ¢ paspsaamu [21:12] nu-
HEWHOTo ajpeca JUIsl MOJYYeHHs ajpeca CTPOKUA CTPAHUYHOMN TaOJHIbI, U3 KOTO-
pOH, B CBOIO Odepellb, M3BIEKaeTcs 0a30BbI aapec cTpaHunbl. KoHkareHanuei
6azoBoro aapeca crpanmisl ¢ paspsaamu [11:0] nuHeiHOTO aapeca MoOIydaeTCs
@usuneckuil adpec.

Taxast IByXypoBHEBasi OpraHu3auusl CTPAHUYHOM TaONHIBI TIO3BOJISIET 3HAUYNTEIb-
HO KOHOMUTH MaMsITh AJIsl XpaHEHUS] CTPAaHUUYHBIX TaOnuL. JleHCTBUTENbHO, €CIH
paccMarpuBath paspsiasl [31:20] nuHeitHOro agpeca Kak HOMEpP CTPOKU CTpaHHY-

HOM TabiuIBl, TO ee (TabiuIpl) pasMep TOKEH COCTaBIISATH 229054 0aiToB, T. €.
4 MoGaiiT. AOGcComOTHOE OONBIIMHCTBO 33/Jad HHUKOTAA HE HCIOJB3YyeT TaKOTO
KOJIMYECTBA CTPAHUI], OJHAKO BO H30CKaHHE BO3HHUKHOBEHHS OCOOOTO Cliydast
(BHYTpEHHETO TpephIBAHMUS) HEOOXOAUMO MOIEPKUBATH BCIO TAKyIO TAOIHILY Iie-
JINKOM.

ITpu 1BYXypOBHEBOIH OpraHM3alldH CTPAHWYHOTO MpeodpasoBaHus (cM. puc. 7.5)
B IMAMATH JOCTATOYHO XPAHUTh KATAJIOT Pa3fC/iOB U CTPAHUYHbIC TaOJIHIIBI TOJIBKO
peaybHO CYIIECTBYIOIIMX Pa3ieinoB. MakCUMalbHOE YUCIO Pa3/IeNioB MOXKET J10C-
turath 1024, oHakO BO MHOTHX CITydasiX JIOCTaTOYHO OBIBACT ABYX-TPEX pasjie-
JIOB, & TO ¥ €IUHCTBEHHOTO.

Kaxnas uerbipexOaiiToBasi CTpOKa Karajora pa3ieioB U CTPAHUYHON TaOIUIIBI
conepxut, momumo 20-pa3psaHOro 6a30BOro aapeca, aTpUOYTHl CTPAHUIIBI, OMpe-
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JeTSIoNIMe ee Ha3HaYeHUE, MOJI0KeHHe B (PU3HYECKOl MaMsTH, a TaKke HHPopMa-
LUIO, TMO3BOJISIONIYIO anapaTHO MOAAEPKUBATh HEKOTOPBIE ANTOPUTMBI 3aMellle-
HUS CTPAHMIL IPH CTPAHUYHBIX cO00sX. DopMmaT CTpOKU STHX TabJIHIl MPECTaBICH
Ha puc. 7.6.

AtpubyTts! ctpanuip (CT) :

O P — oOur npucyrctBus, npu P = 0 cTpaHuia OTCyTCTBYET B ONIEPATUBHOW MaMmsi-
TH, TIOTIBITKA OOpalleHUs] K Hel BBI3bIBaeT mpepbiBaHue 14 — "crpaHWUuHBIR

v,

cooit”;

O R/W — utenue/3amuch, eciau paboTaeT mporpaMma ¢ ypoBHEM TPHBHIECTHI 3
(am3mmii), To mpu R/W =0 paspemiaercst TOJbKO YTEHHE, HO HE 3alKCh Ha
CTpaHHUILY;

O U/S— mons3oBarens/cynepsusop, npu U/S =0 610kupyeTcs 3ampoc ¢ ypoB-
HEM MpHUBHJIETHI 3; TpH 3ampoce ¢ ypoBHsIMU npusmieruii 0, 1, 2 3nauenus ou-
toB R/W, U/S urnopupyrorcs;

O A — Our moctyna, yCTaHaBIUBAETCs MPOIIECCOPOM TpH JFOOOM OOpaIieHnu
K CTpaHHUIIE,
O D — npu3HaK 3amucy Ha CTPaHUILy.

Butel A u D ucnose3ytotces oneparontoi cucremoit (OC) asist moaIepKKu BUp-
TyalTbHOW MaMsTH, IPOBEPKY U cOpoc 3Tux 6uToB ocymiecteisieT OC. Kpome Toro,
outbl 9—11 Moryt ucnons3oBarbest OC mst cBOuX Iieneit, HanpuMep, IS XpaHe-
HUSI BPEMEHH TOCIIEAHET0 00pallieHHus Ha CTPaHUILY.

31 12 11 9 6 5 4 3 2 1 0
Aspec crpammnoro Kazpa |Peseps OC|0 0| D |A|PCD|{PWT | UsS|R/W | P |

Puc. 7.6. ®opmar cTpoky KaTajora pas3JeioB U CTPAHUYHbIX TaOJIuUIL

B x86 npenycmotpena accoyuamugnas namsms cmpaHuyHelx mabauy, KOTopas
HasbIBaeTCs Oygepom accoyuamusno mpancasiyuu — 1LB.

TLB npencrasnsier cobort 32 sraeiikn A3Y 1-ro poaa, mojie nmpu3HAKOB KOTOPOTO
(tern) Brirouaer crapmue 20 paspsoB JHHEHHOrO aapeca. MH(popMaimoHHOe
roie staeiiky BrmrodaeT 20 crapmmx OUTOB (PM3UYECKOTO ajipeca CTPAHUIIBI U PSJT
ee arpubyToB. butel D, U/S, R/W umerot ToT e cMmbici, uto B cioBe CT, a Our
nocroBepHoctH V copaceiBaercs npu 3anucu B CR3 HoBoro ciioBa (cMeHa karaiio-
ra). [Tocie npeoOpa3oBaHusi OYEPEIHOTO JUHEHHOTO ajapeca B ¢pusnyeckuii out V
B ATOM sluEHKe yCTaHABIMBAETCA.

Hamnune TLB mo3Bonsier npu kom-nonananuu u3bdexars obpamenus k O3Y mpu
npeoOpa3oBaHuK JHHEHHOro ajpeca. [Ipu KdmI-mpomMaxe MHKpOIPOLECCOpP BBI-
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HOJHSAET Tporenypy GopmupoBaHus (HU3NUECKOTO aapeca IO KaTajory pasjerna
u CT. Ionyuennsiii u3 CT 20-pa3psaHbiii 6a30BbIi aapec BMecTe ¢ 20-pa3psaHbM
TEroM 3aHOCATCS B CBOOOAHYIO stueiiky TLB wmimm 3aHMMaror siaeiiky, B KOTOpOit
XpaHUTCH afipec, BBeAeHHbIH B TLB panee apyrux.

Tax xak TLB xpanut agpeca 32 crpanun mo 4 Koaiit, To HemocpeACTBEHHO J0C-
TYITHBIMH CTaHOBSTCA (u3nueckue agpeca 128 Koaiit namsaru.

7.1.3. 3awumTa namsaTmn

B x86 mpemycMmoTpeHbl aBa BUAA 3alUThl MAMSITH: Ha YPOBHE CETMEHTOB U Ha
YPOBHE CTpPaHUII.

3awuTa namsiTM Ha YPOBHE CermMeHTOB

B x86 ompeneneHo MOHATHE npuguiecuy 0iisi ceeMeHma M yCTaHOBIIEHbBI 4 ypOBHsI
npusmieruii PL (puc. 7.7), koTtopsie 3amaroTcs Homepamu ot O (Haubosee 3amiu-
MIeHHBIN) 10 3 (HMU3IIHif).

B sapo Bxomut yacte OC, obecnieunBaromasi HHUIHAIH3ANUI0 padOTHI, yIpaBie-
HUE JIOCTYIIOM K MaMsTH, 3alIUTy U P/ IPYTUX )KU3HEHHO BaXKHBIX (QYHKLWH, Ha-
pyLIEHHE KOTOPHIX MOJTHOCTHIO BBIBOAUT U3 cTpost MIIC. OcuHoBHas yacte OC
JIOJKHA UMeTh ypoBeHb 1. K ypoBHIO 2 OOBIYHO OTHOCST Psifl CIIYKEOHBIX IMPO-
rpamm OC, HanpuMep, OpaiiBepbl BHEIIHUX YCTPOHCTB, CUCTEMBI yIpaBieHHs Oa-
3aMU JIJaHHBIX, CIICIMAIHU3UPOBAHHbBIE TOJICUCTEMBI IPOTPaMMHUPOBAHUS H JIP.

Panee oTMe4anoch, 4TO OCHOBOW OpraHM3alMu MaMsATH x86 SBISIETCS CErMEHT.
C Ka)IbIM CETMEHTOM (JaHHBIX, KOJA MM CTEKA) acCOLMHUPYETCSl YPOBEHD IIPH-
swiernit DPL u Bce, 94TO HAXOQUTCS BHYTPH 3TOTO CETMEHTA, UMEET aHHBIN ypo-
BeHb npuBmiernidi. DPL pacmonaraercs B OaiiTe moctyna IeCKpUNTOpPa CEIrMEHTa,
MOATOMY €T0 Ha3bIBAIOT YposHem npusuneauti oeckpunmopa (Descriptor Privilege
Level), onrako npaBuibHEE CYUTATh €r0 YPOBHEM IIPUBUIICTHI CETMEHTA.

Snpo OC

OneparuoHHas
cucrema

CiyxeOHble
TPOTPAMMBI

ITporpamMMer
H0JIb30BATEIS

Puc. 7.7. Konblia 3aIuTEl CETMEHTOB



178 Hacme 1. ApxumeKkmypa MUKpOrpoueccopHbIX cucmem

VYpoBeHb NPUBHWIECTHI BBIMONHSIOMIETOCS KOIA HA3bIBACTCS MEKVUUM YPOBHEM
npusunezuit CPL (Current Privilege Level wim Code Privilege Level) u on 3amaer-
cs moeM RPL cenekropa B cermeHntHoM peructpe CS. 3nauenne CPL MoxHO
CUUTATh YPOBHEM NPHBHIIETHI MPOIIECCOPa B TEKYIIMH MOMEHT BPEMEHH, T. K. TIPH
nepeniaue yrnpaBJIeHHsI CETMEHTY KOJia C APYTUM YPOBHEM IPHBHIIETHI TPOIECCOP
Oyznet paboTaTh Ha HOBOM YPOBHE MPUBUIICTHIA.

Kaxplii cenekTop BEIOMPAET TOYHO OJMH JACCKPHUITOP U, COOTBETCTBEHHO, OJIUH
CETMEHT, HO KOHKPETHBIIH CErMEHT MOTYT HISHTU(HUIIMPOBATH HECKOJIBKO CEJIeK-
TopoB ("anpTepHaTHBHOE MMeHOBaHKE"). Miaamiie aBa OMTa CeleKTOpa Colep-
Kar moje zanpawusaemozo yposus npusuneeuti RPL (Requested Privilege
Level). Dto mone He BIUSET HAa BHIOOP JAECKPHUIITOPA, HO YUUTHIBACTCS MPH KOH-
TpOJie MPUBUIIETHUA.

Takum 00pa3oMm, TEKyllee COCTOSHHE CHCTEMbl 3allUThl XapaKTepU3yeTCs ciie-
IYIOUIMMHU PU3HAKaAMHU:

O CPL — ypoBeHb NpUBWIETHI BBITIOIHIEMOrO KoJa, pa3Meniaercs B noje RPL
CerMeHTHOro peructpa koaa CS;

O DPL — ypoBHH TpPWBWIETHI JUIS Ka)XJIOTO M3 BOCHBMH OTKPBITHIX CETMEHTOB,
pacnonaratorcs B 6aiiTe JOCTyIa IeCKPUITOPOB, TOMEIIEHHBIX B "TEHEBBIE pe-
THCTPHI,

O RPL — onpenenisitoT ypoBHH NPUBWIETHI HCTOYHHKA CEJIEKTOPA, Pa3MeIatoT-
cs B moJisix RPL cerMeHTHBIX PerncTpoB.

[Tporieccop MOCTOSIHHO KOHTPOJMPYET, 00JIalaeT JIM TeKyIlas mporpaMmma JocTa-
TOYHBIM YPOBHEM MPUBHIIETHIA, YTOOBI:

O BBINONHATH HEKOTOPHIE KOMAH/IBI;
O oOpamaTbes K AAHHBIM APYTUX IIPOTPaMM,;

O nepenaBarh ynpaBiicHHe BHeITHeMY (IO OTHOIICHHIO K IIPOrpaMme) KOy
KOMaHJaMHu niepeaun ynpasienus tuna FAR.

B cuctemMe KOMaHA CYIIECTBYIOT CIICIHMANIBHBIE HPUBULECUPOBAHHbIE KOMAHObL,
KOTOpBIE MOTYT BBIIOJIHATECS MPOLECCOPOM, PabOTAIONIMM TOJBKO Ha YpPOBHE
npusmwiernid 0. [Ipy HONbITKE BHINONHUTE MX HA IPYroM YPOBHE NPUBHIICTHH Te-
HepupyeTcs npepbiBanue 13 — HapymieHne o01eil 3amuTh.

K MMPUBUJICTUPOBAHHBIM OTHOCATCSA KOMaH/IbI.

O ocra”OB HpoLeccopa;

O cOpoc dara nepekIroUeHHON 33124y,

O 3arpy3ska perucTpoB JIECKPUINTOPHBIX TAOJIHII;

O 3arpyska perucrpa 3a/auu;
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0O 3arpyska cloBa COCTOSHHS MAIlIiHEI,
O moandukanus diara npepsiBanmii |F*;
O xomaHbl BBO/IA/BBIBOIA* .

IMocnemuue aBe rpymmbl kKoMaHa (OTMEUCHHBIE *) He 00s3aTENbHO BBITOIHAIOTCS
Ha HYJIEBOM YPOBHE, JOCTATOYHO, YTOOBI YPOBEHBb MPUBHIIETUI MPOTPaMMBI OBLT
BBIIIIC YPOBHS MPUBHIIETHH BBOAA/BBIBOA, onpeaensemoro moiem |OPL B peruct-
pe EFLAGS.

YeioBHbIE 0003HAYEHUST:

— JJaHHbIE ——————— — paspemieHo

— ===«  —Ppa3peUICHO IS MIOMIHHCHHOTO
( : ) — Koz (IIporpamma) CerMenTa

.............. — 3aMpeIeHo

Puc. 7.8. [IpaBuia gocryna K cerMeHTaM

3awmTa goctyna K faHHbIM

JlaHHBIE 13 CErMEHTa MOTYT BBIOMpAThCS TOJIBKO MPOTPaMMOH, UMEIOIIeH TaKoii
e uiau OoJiee BBICOKHI, Y€M CETMEHT, ypoBeHb mpuBmieruil. [Iporpammam He
paspernraercsi obpaiieHue K JaHHBIM, KOTOpbIE MMEIOT OoJiee BBICOKHH YPOBEHb
NPUBUJIETUM, YE€M BBINOJHsIEMas Iporpamma. IIporpammel MOTYT HCIIOIB30BaTh
JlaHHbIE Ha cBoeM M OoJiee HU3KUX YpPOBHSX NpHUBHIerud. OrpaHUueHHus Ha BO3-
MOKHOCTH JJOCTYMA K JaHHBIM WILTIOCTPUPYET pHc. 7.8.

KonTponp peamusyercs aByms crocobamu. Bo-TiepBhIX, TpOBEpKa MPUBUIIETHI
OCYILECTBIISIETCS IIPU 3arpy3Ke CENEKTOpa B OAMH U3 CErMEHTHBIX PETUCTPOB JIaH-
HeIx — DS, ES, FS wimn GS. Ecnn 3rauenne DPL Toro cermenTa, KOTOPBINA BBIOH-
paeTr cenekrtop, uucieHHo MeHbime CPL, mporeccop He 3arpykaer CeJIeKTop
1 GOpMUPYET HapyuieHue obwell 3aujumsi. Bo-BTOPBIX, MOCIE YCIENIHON 3arpy3-
KM CEJIEKTOpa MPH HCIIOIb30BAHUM €ro Ui (DAKTUYECKOro oOpalieHus K MaMsITH
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nporneccop KOHTPOJHMPYET, pa3pelieHa JIM JUIS 3TOTO0 CerMEHTa 3allpalinBaeMast
onepanusi (4TeHHe Wik 3amnuck). Kpome Toro, mpu oOpamieHHH KOHTPOIUPYETCS
3HAa4YeHHE 3ampammBaeMoro ypoBHs npuBmiernid RPL, mpudem oOpamenue pas-
pemraercs, eciiu DPL > max(RPL, CPL), unaue dopmupyercs npepoiBanue 13.

OO0parieHre K CerMeHTy cTeka Bo3MoxHO, eciiu RPL = DPL = CPL, npuuem cer-
MEHT CTeKa JOJDKEH MMETh paspelleHue Ha 3amuch — out W B Oaiite goctyna
JOJKEH OBITh YCTaHOBIICH.

3awuTa cermeHToOB Koaa

MexcerMeHTHasl miepesiada yNpaBieHUs HPOUCXOJUT IO KomaHaam JMP, CALL,
RET, | NT, | RET. [lns mepeaadn ynpaBieHHs CYIIECTBYIOT JKECTKHE OrpaHUYCHHS:
nepenaBaTh YNpaBJICHHE B OOLIEM CIy4ae MOXKHO TOJBKO B IPEAETaX CBOETO
ypoBHS TipuBHIeTHH, T. €. DPL meneBoro neckpunropa I0KeH OBITh TOYHO paBEeH
CPL (cwm. puc. 7.8).

OnHako 4acTo ObIBaeT HEOOXOAMMO OOOMTH yCTaHOBIICHHBIC OrpaHuyveHus (Ha-
npumep, (GparMeHThl ONMEPAIIMOHHON CHCTEMBI MOTYT MCIIOJIb30BAThCS IPOrpaM-
MaMmH TIob30BaTens). B x86 mpeaycMoTpeHs! A1Ba MeXaHU3Ma Mepeau yrpasiie-
HUS MEXK]Ly YPOBHSIMH MIPUBUIICTHI: HOOYUHEHHbIE Ce2MEeHMbl Y ULTI03bI 8bI306d.

Ecnu cermMeHT Koza OmpejesieH Kak MoAYHHEHHbINH (ycTaHoBieH B 1 6T momuu-
HenHoctu C B GaiiTe IOCTyma JAECKPUITOPA), TO LI HETO BBOASATCS APYIHE Mpa-
Bruia 3amwuThl. C MOJYMHEHHBIMH CETMEHTAaMH He acCOIMHPYETCS KOHKPETHBIN
YPOBEHb MPHUBWIETHHA, OH yCTAHABIMBAETCS PAaBHBIM YPOBHIO MPUBUJIETHH BBI3BI-
Baromel mporpamMmel. [1oaToMy KOJ MOAYMHEHHBIX CETMEHTOB HE JOJKEH COJIEp-
KaTh MPUBIICTUPOBAHHBIX KOMaH/I.

Korna ynpasnenue nepenaercsi mog4MHEHHOMY cerMeHTy, ouThl nonst RPL peru-
crpa CS He uaMeHsroTCs Ha 3HadeHue nons DPL neckpunTopa HOBOTO cerMeHTa
KOJIa, @ COXPAHSIOT NpeKHEE 3HAUCHUE. TONBKO B 3TOM €JUHCTBEHHON CUTyalud
outsl noist RPL peructpa CS He coorBercTBYyrOT OuTaM moiis DPL neckpunropa
TEKYIIEeTO BHIMOJIHIEMOTO CErMEHTa KO/Ia.

[lpn wcmonp30BaHMM TOMYMHEHHBIX CETMEHTOB COXPAHIETCS OJHO OrpaHHYe-
HUue — 3HadyeHne DPL pmeckpunTopa TMOAYMHEHHOTO CErMEHTa BCernaa JOJDKHO
OBITH MEHBIIIE WM paBHO Tekymiemy 3HaueHuto CPL. J[pyrumu cioBamu, mepena-
Ya yIpaBJICHHUs MOAYMHEHHOMY CETMEHTY pa3pelaeTcsl TOJIBKO BO BHYTPEHHHE,
Oornee 3amIMIIEHHBIE CETMEHTHI. Ecam OBl 3TO OorpaHuYeHne Hapymaaoch, TO BO3-
BpaT B BBI3BIBAIONIYIO IPOrpaMMy ObUT OBl BHI30BOM HETIOJYMHEHHOTO Oolee 3a-
MIMIIEHHOTO CETMEHTA, YTO HUKOTIa HE Pa3pemeHo.

Hanuuue noquMHEHHBIX CETMEHTOB KOJia 00€CIeYrBacT HEKOTOPYIO CBOOOIY Iie-
peaayu yrpaBJICHUS MEXIY YpOBHSMH npuBwieruii. [[ns peanusanuu ¢akruye-
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CKOTO M3MEHEHHS YPOBHS PUBHUJIETHI TIPUBJIEKAOTCS 0COOBIE CHCTEMHBIE 0OBEK-
TBI, HAa3bIBAEMbIE uLI03aMU 8b1306a (puc. 7.9).

63 48 47 46 45 36 32
| Cmemenne masmavermn [31:16] [P [ DPL|01100] 000 [ wc |
31 16 15 0
| CenekTop Ha3HAYEHUS | Cwmemenne HazHaueHus [15:0] |

Puc. 7.9. 103 BEI30Ba

XoTs 1mUTIO3BI BBI30BA M PACIONIaraloTcsl B AECKPUNTOPHON TabyuIe, OHH, IO CY-
LIECTBY, NECKPUNTOPAMU HE SIBIAIOTCH, T. K. HE OINpPEJENSIOT HUKAKOTO CerMEeHTa.
[TosTOMY B AeckpunTope LUTI03a OTCYTCTBYET 0a3a M TpaHuIla CerMEeHTa, a Coep-
JKUTCSI JIMIIb CEJEKTOP BBI3BIBAEMOr0 CErMEHTa MPOTPaMMbI U OTHOCHUTENBHBII
azipec 1032 — 3a/aeTcst GaKTHUSCKH aIPEC CENeKMOop . cmeujenie TOUYKU BXOoAa
TOHM Tporeayphl (Ha3HAUCHHMsI), KOTOPOH IILIIO3 MepeaeT yrnpasieHue. bait moc-
TyIa UMEET TOT K€ CMBICI, YTO M B OOBIYHBIX JCCKPHUIITOPAX, a MATHOUTOBOE MOJIe
WC ykasbiBaeT KOJIMYECTBO NapaMeTpPOB, IEPEHOCHMBIX U3 CTEKa TEKYIIeH Mpo-
IpaMMBI B CTEK HOBOW HPOTPaMMBI.

[Tpu 5TOM ecnu BBI3BIBaEMasi MporpaMma nMmeer 0ojiee BHICOKHI ypOBEHb NMPUBH-
JIeTH, 9eM TeKyIas, TO [yl Hee Mo KoMaHzae CALL co3maeTcs HOBBIH CTEK, TTO3H-
1T KOTOPOTO OIpEeNsieTCsl U3 CerMEeHTa COCTOsIHUSA 3amadn 1SS. B ator crex
MIOCJIE/IOBATENIFHO 3aIMCBHIBAIOTCSA: CcTapble 3HaueHns SS n ESP, napamerpsi, nepe-
HOCHMBIE U3 cTaporo creka, crapeie CS u EIP. ITo koMaHe RET MPOUCXOUT BO3-
BpaT K CTaAPOMY CTEKY.

JleckpunTop muTI03a BBI30Ba JEHCTBYET Kak CBOEOOpa3HbIM WHTEpdenc MexIy
CerMEHTaMH KoJia Ha pa3HbIX YpOBHsX npuBwieruid. 110361 BeI30Ba uaeHTUDU-
LUPYIOT paspeuientsvie mouku 6xooa B 0ojee MPUBUIETUPOBAHHBIE IIPOTPAMMBI,
KOTOPBIM MOKET OBITh MEPEJaHo YIpaBICHUE.

CerexTop, ONMpeNeNsIONMiA UTI03 BbI30BA, MOYKHO 3arpyXaTh TOJIBKO B CErMEHTHBIN
peructp CS st riepeiadu yrpapJieHHsI CETMEHTY KOJIa Ha JIPyrOM YPOBHE TIPHBHIICTHIA.
3au.w|Ta namMmdAaTU Ha YpoBHe CTpaHuLY

B otimnuume ot 80386, mpoueccopsr 80486 u Pentium umeroT 10moTHUTEIbHBIC TO-
JIs B DJieMeHTe cTpaHu4dHo# Tabumiel [3]. @opmar crpoku CT 180486 npencrasieH
Ha puc. 7.10, cpaBHuTE ero ¢ opmarom Ha puc. 7.6.

31 1211 9 6 5 4 3 2 1

Anpec crpannuHoro kazapa | Pezepp OC |00 | D | A| PCD| PWT|U/S| R'W| P

Puc. 7.10. ®opmar crpoku CT npoueccopa 80486
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Kpome ucrons3yemeix B 180386 mosneii:

O P — OuT npucyTCTBHS;

O R/W — urenue/3anucs;

0O U/S — nons3oBatens/cynepBu3op;

O A — Out nocryna;

O D — npu3Hak 3armmcH Ha CTPAHUILY;

3 pezeps OC

BBEJICHBI OMTHI YIIPABICHHS KIIIUPOBAHHEM:
O PCD — 3anpeT K3MHUPOBaHUS CTPAHHMIIBI;
O PWT — ckBO3Has 3alKCh.

Ha ypoBae ctpanui B 80486 npeaycMOTpeHbI ABE pa3HOBUIHOCTA KOHTPOJIS:
O orpaHuveHHUE aapecyeMoi 00acTy,

00 KOHTpPOJIb THUIIA.

Orpanuyenue agpecyemoil o0saactu. sl cTpaHUL] U CETMEHTOB NPUBWIECTUU
WHTEPIPETUPYIOTCS TO-Pa3sHOMY. Ui CErMEHTOB — 4 YpOBHsI, JUIsl CTPaHUI] —
ToJIbKO 2, onpezesiembie 6urom U/S. Tlpu U/S= 0 cTpanuiia uMeeT ypoBeHb Cy-
HepBU30pa, HHaUe — YpOBEHb Nojb3oBaTensd. Ha ypoBHe cynepBusopa paboTaroT
OOBIYHO OTIepaIlMOHHBIE CHCTEMBI, IpaiBepbl BY, a Takke pacroiararoTcs 3aiu-
IICHHBbIC JIaHHbIe (HANpHMep, CTPAaHWYHBbIC TAOJHIB). YPOBHH TPHBHICTHN Cer-
MEHTOB OTOOpa)KaroTCs Ha YPOBEHb NMPUBWIETHH cTpaHull. eciu 3Hadenne CPL
paao O, 1 mmm 2, To mpomeccop paboTaeT Ha YpPOBHE CYNEpBU30pa, INpH
CPL =3 — mna ypoBHe monb3oBarens. Ha ypoBHe cymnepBH30pa JTOCTYITHBI BCe
CTpaHUIIbI,  Ha YPOBHE MOJIB30BATEIISl — TOJIBKO CTPAHHUIIBI YPOBHSI TIOJIb30BATEIIS.

KonTpoap THnma. MexaHW3M 3alUTBl PACIIO3HACT TOJBKO JBa THUMA CTPAHHIL
¢ moctynoMm Toibko mo cuuThiBaHuio (R/W =0) u ¢ mocTynom 1o cyuThIBa-
uuro/3amucu (R/W = 1), npuuem B 80386 orpaHudeHue 1o 3anucu JeHCTBUTEIBHO
TOJIBKO Ul YPOBHS MoJib3oBates. [IporpamMmma ypoBHsI CynepBU30pa UTHOPUPYET
3Hauenne 6uta R/W u MOkeT 3ammchiBaTh Ha JIOOBIC CTpaHUIbl. B oTinune ot
80386, mpomeccop 80486 paspemiacT 3alIMTUTL OT 3aIUCH CTPAHMIIBI YPOBHS
MOJIH30BAaTENISl B peXKUME CcyrnepBu3opa: ycraHoBka B peructpe CRO 6urta WR =1
00eceynBaeT YyBCTBUTEILHOCTh PEKUMA CYNEPBU30pa K 3alUIICHHBIM OT 3aIlu-
CH CTPaHHUIIaM PEXUMa MOJIb30BaATEIIS.

s nro60#t cTpaHuIp! aTpUOYTHI 3aIIUTHI €€ HIEMEHTa KaTajora pa3aelioB MOTYT
OTIMYATHCS OT aTPUOYTOB 3aIIMTHI €€ PIEMEHTa CTPaHNYHOM Tabiuiel. [Ipoueccop
KOHTPOJIUPYET aTpuOyTHI 3alllUTHl B Ta0nuiax oO0MX ypOBHEH M MPHHUMAET pe-
[IEHHWEe TaKuM 00pa3oM, YTO BCSAKOE Pa3HOUTEHHE B YPOBHE NMPHUBMIIETHH pa3jena
U CTPaHHIBI BCET/a pa3peraeTcs B CTOPOHY OOJbIIeH 3aluThl (IIPe10CTaBICHHUS
MEHBIIIUX TPaB MOJIb30BATEIIIO).
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7.2. MynbTnsaga4dyHoCTb

[Tox mynbmuzadaunocmepio NOHUMAIOT CIIOCOOHOCTH MPOLECCOPA BBIMOIHATH He-
CKOJIbKO 3ajad "omHoBpeMeHHO". KoHeuHo, mpoleccop TpaaullMOHHON apXHTEeK-
TYpPbI HE MOXKET BBIIOJIHSITH CTPOr0 OJHOBPEMEHHO 00Jiee OJHOTrO MOTOKA KOMaHI,
OJITHaKO OH MOKET HEKOTOPOE BPEMSsI BBHINOJIHATH OJMH IMOTOK KOMaHJI, TOTOM Obl-
CTPO MEPEKIIOYUTHCS HA BBIMOIHEHHE JPYroro MOTOKa KOMaH/, MOTOM TPETBEro,
MOTOM — CHOBA MEPBOTO U T. 1. Takas opraHu3aius BHIYUCIUTEIBHBIX MPOLIECCOB
IPH BBICOKOM OBICTPO/ICHCTBUY MPOLIECCOpPa CO3aeT WILTIO3UIO OTHOBPEMEHHOCTH
(mapasuTenbHOCTH) BHIMOIHEHUST HECKOIBKHX 3a/1ad.

Jliig peanu3aiuu MyJIbTU33Ja4YHOCTH HEOOXOUMO:
O pacnonarats OBICTPOACHCTBYIOIIMM MPOLIECCOPOM;

O nporieccop OKESH aIapaTHO MOAJCPKUBATE MEXAHU3M OBICTPOTO MEPEKITIO-
YeHM 3a7aY,

O nporueccop AOJKEH allapaTHO NOAAEPKUBATh MEXaHU3M 3aLIUThl TaMSTH,;
O wucnonIb30BaTh CIIENUATIBHYIO MYJIBTHIIPOIPAMMHYIO OTIIEPALIMOHHYIO CUCTEMY.

[lon 3adaueii B MynbTH3a1a4HON CHUCTEME TMMOHUMAETCS MPOrpaMMa, KOTopasi BBI-
TMOJIHACTCA UKW OXUIAACT BBIITOJHCHUS, [TOKA BLIIOJHACTCA ApYyrad 3ajgada, Ipuicm
B OIPEAEIICHNE 3a]1a4i OOBIYHO BKIIIOYAIOT PECYPChl, TpeOyeMble Ul €€ PeIIeHHS
(oOBeM mamsITH, IPOLIECCOPHOE BPEMs], IUCKOBOE TIPOCTPAHCTBO U JIP.).

PaccmoTpuM, Kak peanm3yeTcss MEXaHM3M MEpeKIIOYeHHs 3aad B IPOLECcCo-
pax x86.

7.2.1. CermeHT COCTOAHMA 3a4aum

[lepexmrouenue 3a1a4 B MyJIbTH3a/1a4HON CHCTEME IPEAIoIaraeT COXpaHEeHHE CO-
CTOSIHMSI NIPUOCTAHABJIMBAEMOI 3alaud Ha MOMEHT ee ocTaHoBa. MHdopmarms
0 3ajaye, coxpaHseMas JUIsl MOCIEAYIOUIEr0 BOCCTAHOBIEHUS MPEPBAHHOIO IPO-
Lecca, Ha3blBaeTCs ee Kowmexkcmom. B cucreme Beigenserca obiacTe omeparus-
HOM mamsTH, noctynHas Toiabko OC, B KOTOPOH XpaHATCS KOHTEKCTHI 3ajad. J{ms
MUHHMMU3AIMA BPEMEHH MEPEKIIIOYCHUSI KOHTEKCTa CIeIyeT COXPaHATh U BOCCTa-
HaBJIMBATh MUHUMAJIBHYIO HHPOPMALIUIO O KaXKI0U 3a1a4e.

B xakoii-ro creneHu mporiecc MEPeKTIOYeHMs 3aJaud HAallOMHHAeT BBI3OB IPO-
ueaypel. OTauuue COCTOUT B TOM, YTO HPU BBI30BE MPOLERypbl HMH(pOpMAaIys
0 TOYKEe BO3Bpara (aBTOMaTHYECKH) U conepkumoe Hekotopbix POH (mporpamm-
HO) MTOMEMIAETCS B CTEK, YTO ONPECIIeT CBONCTBO PECHTEPAOCIbHOCTH MPOLEIYP
(BO3MOXKHOCTB BBI30Ba caMoil ceOs1). 3agaull HE SBISIOTCS peeHTEpadeIbHBIMH,
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T. K. KOHTEKCTBI COXPAHSIOTCS HE B CTEKE, @ B (PUKCHPOBAHHON (IUIsI KaXKIOM 3a1a4H)
007acTH MaMsATH B CHCHHAIbHON CTPYKTYpE JaHHBIX, HAa3bIBAEMOU Ce2MeHmoM
cocmosinus 3a0aqu (Task State Segment, TSS), npuuem Kaxa0i 3a1a4e COOTBET-
cTByeT onuH TSS.

Cerment TSS onpenensiercsi AeCKPUNITOPOM, KOTOPBIA MOKET HaXOUTHCS TOJIBKO
B GDT. ®opmar neckpuntopa TSS NMOX0Xk Ha JSCKPUIITOP CETMEHTa KOJa U CO-
JCPKUT OOBIYHBIC JUIs JICCKPHUIITOpA CETMEHTa IMoJisi: 0a30BOro ajpeca, mpejena,
DPL, 6utsl rpanysspaoct (G = 0) u npucyrctBus P, our S = 0 — npusHaka cuc-
TEMHOT0 CerMeHTa. B mone tuna OuT 3anstocti B nokaseiBaeT, 3aHsATa 3a7a4a WU
HeT. 3aHsTas 3a/1a4a BBIOIHACTCS Cevac WM O’KUAeT BEIMoIHeHHs. [Iporeccop
UCTIONb3YeT OUT 3aHATOCTU Uil OOHAPY)KSHHMsI MOMBITKH BBI30BA 33/1a4H, BBITIOJ-
HEHHEe KOTopol mpepBaHo. [lome mpexmena MODKHO cOXEpXKaTh 3HAUCHHE, HE
MeHbiee 67h, 4To Ha OfUH GalT MEHbIIIE MHHUMAIILHOTO pasMepa TSS. dopmar
32-pazpsanoro TSS npejcrasieH Ha puc. 7.11.

[porenypa, kKoTopas odpaiaercs K JeCKpunTopy TSS, MOXKeT BbI3BaTh MEPEKITIO-
4yeHus 3a1a4. B 0onbimmHCcTBe citydaeB none DPL neckpunropos cermento TSS
JoikHO cojiepxarh 00, modTOMY TepeKITIoueHHe 33724 MOTYT TPOBOJIUTH TOIBKO
MPUBUIICTHPOBAHHBIC MPOTPaMMBI (Ha HYJIEBOM YPOBHE).

Cerment TSS He sBIsIETCSI HU CETMEHTOM KOJAA, HH CETMEHTOM JaHHBIX. JlocTyn
K HEMYy MMeeT TOJIbKO IPOLIECCOp, HO HE 3ajaya, Aake Ha HyjleBoM ypoBHe! Eciu
MpernonaraeTcsi MpOorpaMMHO MCIIOIb30BaTh CETMEHT 1SS, TO clie1yeT IPUMEHUTD
anbmepHamueHoe UMEeHO8aHUe.

OOpamenne K Jeckpuntopy 1SS He MpPeJOCTaBIseT BO3MOXHOCTH HPOIEIYpe
CUMTATh WM MOIU(MUIUPOBATh CErMEHT 1SS, 3arpy3ka CelieKTopa JeCKpUITopa
TSS B cerMeHTHBIN perucTp BbI3bIBacT 0coObIi ciydaid. JJoctym k cermenty TSS
BO3MOXEH TOJIBKO C TIOMOLIBIO ANbTEPHATHBHOTO MMEHOBAHMS, KOTJAa CErMEHT
TAHHBIX OTOOpaKEH Ha Ty e 00JIaCTh MaMATH.

CermeHT coctosiHus 3amaun 1TSS (puc. 7.11) Briroyaer B ce0s COmEpKUMOE BCeX
MOJIb30BATENILCKUX PErHCTPOB Mpoleccopa, mpuyeM 8 perucTpoB oOIero Ha3Ha-
YEHUS XPAHATCS B CETMEHTE B TOM )K€ MOPSIIKE, B KAKOM OHHU IIOMEILAIOTCS B CTEK
koMaHa0i PUSHAD. Kpome Toro, B TSS coxpaHsIOTCS 3HAYCHUS TPEX yKaszaTelek
creka SSi:ESPi a1 tpex yposmeit mpusmiermii — i€ {0,1,2}. Coxpanenue

B TSS peructpoB CS u EIP no3BomnsieT ocymiecTBusaTs pecTapT 3aqaqd, IpH 3TOM
rapaHTUpyeTcsi IpaBUIIbHOE JCHCTBHE KOMAaH]| YCIOBHBIX IEpEXOloB, T. K. B TSS
coxpansiercss 1 EFLAGS. Coxpanenne B TSS comepxkumoro peructpoB CR3
u LDTR mo3Bosisier mist KaxIoil 3aaun 00pa3oBBIBATH CBOWM KaTajor pa3jeiioB
1 JIOKAJIBHYIO IECKPUIITOPHYIO TaOIHITY.
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31 0
Cucremno-
3aBUCHUMas

4acCcTb

68

BAKBB | 0 [T|64
0 LDTR |60
0 GS |scC
0 FS |58
0 DS |54
0 SS |50
0 cs  |4c
0 ES 48
EDI 44
ESI 40
EBP 3C
ESP 38
EBX 34
EDX 30
ECX 2C
EAX 28
EFLAGS 24
EIP 20
CR3 1C

0o | ss2 s
ESP2 14

0 | sst |10
ESP1 C

0o | sso |g
ESP0 4

0 |O6p. CBs3b| 0

Puc. 7.11. Cerment TSS

B cermente TSS mMeercss Takke HECKOJIBKO IOIOJHUTENBHEBIX monei. Ilome 06-
Ppamuotil cés3u COACPKUT celleKTop TSS Toi 3a/1aun, KOTopasi BBIOIHSIIACH ITEepe;T
JAHHOH, C €ro MOMOIIBI0 MOXKHO OPraHWU30BaTh IIETb BIIOKEHHBIX 3amad. [lome
basvbl Osouunol xkapmul paszpeutenuss 6sooalévicooa (BJIKBB) conepxur 16-
OWTOBOE CMEIICHNE B JAHHOM CerMeHTe 1SS, ¢ KOTOPOTO HadyWHAeTCs cama JIBO-
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WYHasi Kapra BBOJA/BBIBOAA. JTa KapTa IO3BOJISIET ONPEACIUTH IPOH3BOIBHOE
MO/IMHOXKECTBO a/IPECOB B IPOCTPAHCTBE BBOJA/BBIBOJIA, 10 KOTOPHIM JTaHHOM 3a-
Jlade paspemeHo oOpamarsCsi He3aBHCUMO OT YPOBHS npuBmieruid. Ecim B aTom
nosie — 00h, To kapra orcyrcTByet. bum nogywiku T TIpUMEHSIETCS Ul OTIIAJKHU:
korma B TSS T = 1, npu nmepexrroueHud Ha TaHHYIO 3a7a9y TeHeprupyeTcs: 0COObIi
ciydvait otnanku (npepsiBarue 1).

[Ipu mepeximoyeHnn 3a1a4 MEKAY HUMH HE TiepefaeTcs HUKakoW HH(pOpMaluny,
T. €. OHH MaKCUMaJIbHO M30JMPOBaHBI APYT OT APYra. DTUM UCKIIOYAETCS UCKaXKe-
HU 3a7a4 ¥ 00ecreunBaeTcsi BO3MOXKHOCTD IIPEKPALCHUs U 3aIycKa JIt000i 3a1a-
4H B 10001 MOMEHT BPEMEHH U B JTIOOOM IMOPSIIKE.

C menpi0 5KOHOMUHM BPEMEHHU Ha MPOIEAypy HEepeKIIoueHHs 3a1ad Bee moist 1SS
pasmensroTcs Ha “cratmdeckue” U " nuHammdeckue'. K cratmdeckuM oTHOCATCS
TIOJIS yKa3areJel cTeka Tpex ypoBHel u copepxkumoe peructpa LDTR — onm oc-
TArOTCSl HEM3MEHHBIMHU B TEUEHHE BCETO BPEMEHH CyIIecTBOBaHU 3amaun. Comep-
xuMoe cratudeckux roneid TSS onpenensiercss OC npu co3pannu 3amaqun. Ctatu-
YeCcKHe T MPOLECCOp TONBKO CUMTBHIBACT NMPU MEpeKIToueHnn 3aaadd. [loms
PETHCTPOB M T0J€ 0OpaTHOHM CBA3M MOAMMUIMPYIOTCS MPH KaKAOM IEpeKiIrode-
HHH 32/1a49H.

Jo nepexona B MyJIbTUIPOTPAMMHBIN PEKUM HEOOXOIUMO ONPEACTHUTh JIECKPHII-
Topbl TSS, pa3MecTHTh caMH CErMEHTHI 1SS B aJpecHOM MPOCTPAHCTBE M Ipa-
BWJIBHO MHUIMHMPOBATh MX. HamoMHUM, 4TO cenekTopbl 1SS Henb3s 3arpykaTh
B CErMEHTHBIE PETHCTPHI, TOITOMY JUIst paboThl ¢ TSS clieayeT moab30BaThCs allb-
TEPHATHBHBIM UMEHOBAaHHUEM, T. €. IICEBIOHMMAaMH TUX CETMEHTOB. [Ipu 3arpyske
HavyanbHBIX 3HaueHui nojieit TSS B CS: EIP yka3siBatoT TOUKy cTapra mporpam-
MbI (3a1aum), a B PerucTp SS— CeNEeKTOp CerMeHTa CTeKa C MPaBUIBHBIM YPOB-
HeMm npuBmiernid. Ecnu npeanonaraercs paborta 3aJa4n Ha pa3HbIX YPOBHSIX MPH-
BWJICTHH, cliefyeT nHuIMaiu3uposath nosist SSi @ ESPI, a ecnu 3agaya paccunrtana
Ha UCTIOJIb30BAHUE JIOKAIBHOW JIECKPUIITOPHOU TaOIHIIBI U CTPAaHUYHOTO TIpeodpa-
30BaHMs, B cerMeHTe 1SS nmoTtpedyercst manuumuposath noisi LDTR u CR3.

B cermente TSS orcyrcTByrot momns anst peructpoB CRO n CR2, criiegoBarensHO,
UX 3HAUYE€HHE HE M3MEHSETCA NP NMEpeKIodeHusx 3anad. [lostomy crpanudHoe
MpeoOpa3oBaHUe W YCIOBHA PaOOTHI ¢ YCTPOICTBOM “TinaBaromiel apuMeTuku’”
(ompenensirorest moasimu CRO u CR2) sBisitoTCs T100aIbHBIME JIUTSE BCEX 3a1a9.
Jia xax ol 3amaur MOKET OBITH CBOM KaTajior pa3felioB, HO CTPAaHUYHOE Tpeod-
pasoBaHuE MOXET OBITh Pa3pelIeHO WM 3allPELICHO TOJIBKO Ui BCEH CHCTEMBI.
[lepexmrouenue 3amau He 3arparuBaeT peructpbl GDTR u IDTR, a Taxke peruct-
PBI OTJIAJKU U IPOBEPKHU.

MunuManbHbIi pa3mep cermenTa 1SS pomkeH ObiTh 104 Gaiita (68h). Oagnako
MOJIb30BaTENIb MOXKET YBEJIUYUTh Pa3Mep CerMeHTa 1SS sl pa3MElIeHUsl JIOTOI-
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HUTEJIFHON HMH(pOpPMAIMK, HaIpUMep, COCTOSHHE YCTPOMCTBA PETMCTPOB COMPO-
reccopa "mnaBatomiei apupmernku FPU, crimcka oTKpBITHIX (aitioB, TBOMYHOI
KapThl BBOZA/BbIBO/IA U Jp. OJJHAKO KOT/a MpoLeccop mpuBiiekaeT 1TSS mis nepe-
KJITFOUCHUS 3aJ1a4, OH UTHOPHUPYET BCE JaHHBIE CBEPX allapaTHO MOIJIEP)KUBAEMBIX
104 Gatitamu, W STy MOMONHHUTENbHYIO WH(MOPMAINUIO W3 1SS CUUTHIBAIOT TPO-
IPaMMHO.

7.2.2. Nepeknro4yeHne 3agaum

[Tepeximouenne 3a1auu B X86 MOTYT BBI3BATh CIIEIYIOIINE YETHIPE COOBITHS:

O crapas 3a/a4a BBITOJHAET KOMaHIy FAR CALL win FAR JMP, U CEIICKTOP BHIOH-
paeT w03 3adauu,

O crapas 3aja4a BBITIOJIHSICT KOMaHAy FAR CALL uiau FAR JMP, U CEJICKTOp BBIOU-
paet deckpunmop TSS,

O crapas 3aja4a BBIIOJNHSAET KOMaHIy | RET i BO3BpaTa B MPEIbLAYIIYIO 3a/1a-
qy; 3Ta KOMaHJIa TPHUBOJAWT K TEPEKIIOYCHUIO 3a7add, €CIH B PETUCTPE
EFLAGS 6um enoorcennoit 3a0auu NT = 1;

0 BO3HMKJIO amapaTHOE WM MPOrPAaMMHOE TPEpPHIBAHUE M COOTBETCTBYFOIIHI
AJIEMEHT JICCKPUNTOPHOM Ta0nuibl npepbiBanuii IDT comepxut uwiroz 3adauu.

ITox TepmunOM "cTapas 3aqaua” ("BbIXOAAIIAS 33a4a’") Oy/ieM TOHHUMATh Ty 3a/1a-
4y, BBIMOJHEHHE KOTOPOW IMpPEKpaIaeTcs; Mo TepMHHOM "HOBas 3amava” ("'BXo-
Jsimas 3aqayda”) OyeM MOHUMATh Ty 33/1a4y, KOTOPYIO HauMHAET BBITOJHSTE MPO-
eccop.

Takum 06pa3oM, CeIeKTOpaMu B KOMaHAaX IIEPEX0J0B U BHI30BOB MOTYT OBITh KaK
cenekTopbl 1SS (mpsiMoe nmepeKIIoUYeH e 3a/1a4n), TaK U CEJICKTOPBI HITF030B 3a/1a-
4n (KOCBEHHOE TEpeKIoUeHUe 3a1a4n). B mocneqHem cirydae AeCKpHIITOP ILT03a
3a7a9u 003aTeNbHO COJEPKUT CeNeKTop TSS.

dopmar neckpunropa ILT03a 3a1a4u MpUBeIeH Ha puc. 7.12.

63 48 47 40 39 32 31 16 15 0
103
PDPL0O0101 Cenexrop TSS sanaun
63 48 47 40 39 16 15 0
basa[31:24] |PDPLOO1B 1 Basa[23:0] Ipenen(15:0] élggkpﬂnmp

Puc. 7.12. ®opmatsl nuII03a 330241 U eckpuntopa TSS
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Crapasg 3amada JODKHa OBITH JOCTATOYHO IPUBWJICTUPOBAHHA JUIA JIOCTYIA
K NLUTI03Y 33]1a4i HiK K cerMeHTy TSS. [IpaBuia npuBmieriid OObIYHbIC:

O max(CPL, RPL) > DPL nurto3a 3agaun:
O max(CPL, RPL) > DPL cermenra TSS.

[Ipoueaypa Bo3Bpara u3 npepoiBanuii |IRET Bcerna Bo3pparaer ymnpaBieHUE Tpe-
pBanHoi nporpamme. Eciu duiar NT cOpomied B O, mpou3BoauTcsi OOBIYHBIN BO3-
BparT, a €cIM OH YCTaHOBJIEH B 1 — MPOMCXONUT NepekiroueHue 3agauu. [Ipu atom
MPOIIECCOp COXpaHsSET CBOE COCTOSHIE B CErMEHTe 1SS cTapoii 3aJauu, 3arpyKaet
B peructp TR comepxumMoe moist oOpaTHOH CBSI3M — CENEKTOpP HOBOW 3ajavyd
("3amaum-nipenka’”, T. K. OCYIIECTBISICTCS BO3BPAT) M BOCCTAHABIMBACT U3 CEIMEH-
Ta TSS KOHTEKCT HOBOW 3ajauu. biaromaps HaaMuUMIO B KaXJIOM CerMeHTe 1SS
noJisi oOpaTHOH CBS3M MOXKHO TOJJEPKUBATh MHOTOKPATHBIE BIOXKEHUS 3aaad.
XapakTepHO, 4TO KOMaHJa BO3Bpara W3 MOAIPOrpaMmbl RET HE 4yBCTBUTEJIbHA
K 3HaueHuto guara NT 1 He MOXKeET OCyIIECTBUTH MEPEKIIOUCHUE 3a1a4H.

IMocne moaudukanuu TR W 3arpy3kud HOBOTO KOHTEKCTa W3 cerMeHTa 1SS mpo-
[IECCOpP OTMEYAET 3TOT CErMEHT Kak 3aHsAThii (ycTaHaBiauBaeT OUT 41 3aHSTOCTH
Busy B ero meckpunrope). 3aHAThiii TSS MOKET OTHOCHTBHCS JTHOO K BBIMTOIHSO-
mieiics, MO0 KO BIOXKEHHOH 3amade. [lepekimtouenne Ha 3a1aqy, OTMEUYEHHYIO KaK
3aHATas, He mpou3BoauTcs! B wacTHOCTH, 3TO HCKIIIOYaeT BO3MOXHOCTD pean3a-
LUK peeHTepalOenbHbIX 3a1a4. VcKiroueHne npeacTaBiseT TOIbKO KoMaHaa | RET,
KOTOpasi BO3BpAI[aeT yIpaBlIeHUe 3aaue-npeaKy (0ueBuaHO, Oyaydn BIOKECHHOMH,
OHa OTMeYeHa KakK 3aIriTas).

[Ipu mepextoueHUN 3a1a4M MPOIECCOp yCTaHABIMBAET Takke (piar mepexitoye-
wus 3aga4un TS B peructpe CRO. Copoc aToro ¢rara MOXKeT OCYIIECTBUTHCS TOJb-
KO TIPUBHJICTUPOBAHHOM KoMmaHoi CLTS. TS mpuMeHsieTcss AJsl MpaBUILHOTO HC-
MOJIb30BaHUSI HEKOTOPBIX CHUCTEMHBIX PECYpcOB, B YacTHOCTH — YCTPOMCTBa
riaBaromie apupmernku (Float Point Unit, FPU). Eciu npu kakaom nepexiiode-
HUY 3a7a44 COXpaHaTh coctosinue FPU, To Ha 370 yitneT MHOrO BpeMeHH, IIpHIeM
HOBAas 3aJjada MOXKET BOOOIIE HE HCIOIh30BaTh pecypchl FPU, u Torma takoe co-
XpaHeHHEe OKakeTcsi HampacHbIM. B mpomeccope 80486 xomanne FPU ananu3zu-
pyroT cocrosHue (aara TS u eciim TS =1, hopmupyercst ocobwiil ciyyaii 7 v Bbi-
3BIBAETCSl CUCTEMHAs mpoluenypa coxpanenus cocrostaus FPU. TTocne storo ¢uar
TS cOpacwiBaeTcs.

[Tpn mepekIroueHn  3aaqyl PoIeccop He (UKCHPYET (aKT MCIOJB30BaHHS HO-
Boit 3amaueit FPU. OueBuano, 310 3200Ta 00paboTymKa mpepeiBaHus / — cam 00-
pabotunk mmu OC MOXET MoAnepKuBaTh B 1SS (iar ncnoab30BaHMs COMPOIIEC-
copa. Kpome Toro, o0paboT4rk mpepbiBaHusi / MOXKET 3aIlIOMHHATH CENEKTOp 1SS
MocIeAHEeH TporpaMMBl, uctionb3yromei FPU.
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Wrak, npornecc nepexiroueHus 3a1a9i MOXKHO TIPEJCTABUTH CIEIYIOIIUM 00pa3oM.

Nmeercs TR ¢ TereBbIM peructpom aeckpuntopa TSS, onpenenstonuii TSS crapoit
3amaun. Eciu cenekrop B KomaHmax FAR JVP, FAR CALL, | RET (NT = 1), | NT yka3bI-
Baet npsMo (meckpunrop TSS) mmu kocBeHHO (103 3a1aun) B GDT Ha cHCTeMHBI#H
00BEKT MEPEKITFOUCHHS 3a1a41, TO MPOU3BOAUTCS MEPEKITIOUCHHE 3a/1a9H:

O mporeccop COXpaHseT KOHTEKCT CTapoi 3aaadd B cermeHTe 1SS crapoil 3a-
Ja4u,
O nporieccop 3arpyxaet B TR celleKTop cerMeHTa HOBOH 3a/1auy;

O nporeccop 3arpykaeT B CerMeHT 1SS HOBOM 3a1auun cenekrop 1SS crapoii 3a-
naqu (B 1ojie 0OpaTHOM CBSI3N);

O nosiy4uB JOCTYN K CerMeHTy 1SS HOBOHM 3a1aud, MPOIECCOp 3arpykaeT KOH-
TEKCT HOBOH 3ajauu B peructpsl (B Tom uncie CS: EIP — Touka crapra);

3 mnporeccop ycranasnuBaeT guarn NT (B peructpe EFLAGS) u TS (8 CRO ms
ananm3a komangamMu FPU), ycranaBnuBaeT OMT 3aHATOCTH 3a/1a4d B JICCKPHII-
tope TSS HOBOI1 3a1au.

7.3. MpepbiBaHMA U 0coOble criyyaun

[IpepbiBanus TeKyme MporpaMMbl MOTYT BO3HHKATh I10 CIEIYIOLIUM TPEM IIpHU-
YHHAM!

O suemnui curdai no sxoxaMm INTR mmu NMI;

O aHoMajbHas CUTyalHMs, CJIIOKUBIIASCS PU BINOJIHEHUN KOHKPETHON KOMAaHIbI
u 3aMKCUPOBaHHasl alapaTypoi KOHTPOJIS,

O waxopndiascs B oporpaMmme KoMmaHaa npepuiBanus | NT n.

IlepBast M3 yka3aHHBIX BBIIIE NMPUYUH OTHOCUTCS K ANIApaTHBIM IPEPHIBAHUSM,
a JIBe Ipyrue — K IPOTrpaMMHBIM.

Ilpoecpammuvie npepvisanust, BbI3bIBAEMbIC MPUUUHAMY 2 U 3, HA3bIBAIOT OOBIYHO
ocobvimu cayuasmu (MHOT/Ia UCTIONB3YIOT TePMHH uckuiouenus). Ocodble ciydau
BO3ZHMKAIOT, HAIIPUMED, IIPH HAPYIICHUU 3aIUTHI 110 TPUBWICTUSAM, TTPEBBIIICHUN
npejena cerMeHTa, IeJICHNH Ha HOJIb | T. 1.

Bce ocoOrie ciiyuan kinaccuuIMPYOTCs KaK HApYILIEHUS, JIOBYIIKH WIN aBapUH.

Hapywenue (fault) — stoT 0coObIi ciydail mpomeccop MOKeT OOHAPYXKHTH 10
BO3HUKHOBEHUS (pakTHueckoil ommOku (Hanpumep, HapylIeHUe MPaBuil PHBHIIC-
M WM OTCYTCTBHME CETMEHTa B ONMEpaTUBHON mamsaTH). OueBHIHO, TIOCe 00pa-
OOTKHM HapyIIEHUs MOKHO MPOJAOJIKHUTH MPOrpaMMy, OCYIIECTBUB PECTapT BUHOB-
HOW KOMaH/bI.
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Jlosywka (trap) — oOHapyXHBaeTCsi MOCIE OKOHYAHUS BBINOJHEHUS BHHOBHOM
koMaHzbl. [locne ee 06paboTKH Mporeccop BO3OOHOBIISIET NEHCTBUS C TOW KOMaH-
JIbI, KOTOpas CJIeAyeT 3a "3axBadeHHOi" (HampuMep, MpephIBaHUE TPH MEPEOTHE-
HHUHU WK KOMaHza | NT n). BOJBIIMHCTBO OT/IaJOYHBIX KOHTPOJIBHBIX TOUEK TAKKE
MHTEPIPETUPYIOTCS KaK JIOBYIIKH.

Asapus (abort) — mpuBOAWT K MOTEpPEe KOHTEKCTAa MPOTPaMMBI, €€ MPOI0KEHHE
HEBO3MOXKHO. [IpHUMHY aBapuu yCTAHOBUTH HENbB3s, MOITOMY OCYIIECTBHUTH pec-
TapT MPOrpaMMbl HE yaeTcsi, ee HeoOXoauMo npekpaTuth. K aBapusim ("BbIxogam
U3 mporiecca’”) OTHOCSTCS anmapaTrHbie OMIMOKH, a TAK)KE HECOBMECTHMbIC WITH He-
JIOTTYCTHMbIC 3HAYCHHS B CHCTEMHBIX TAOIHIIAX.

OO0mas peakuus mpoleccopa Ha MpepbIBaHUs WK 0COOBbIe CIIydyal COCTOHT B CO-
XPaHEHHH MUHUMAJIbHOTO KOHTEKCTa PEPhIBAEMOM MporpaMmsl (B CTEKe — ajpec
BO3BparTa M, MOXET ObITh, HEKOTOPYIO TOMOJHUTEIbHYI0 HH()OPMAIHIO), HICHTH-
(uKanM UCTOYHMKA MPEPBIBAHUS MM 0co00ro ciydas W Iepenade yrnpablieHHS
COOTBETCTBYIOIIEMY 00paboT4uKy (mporpaMme, moamporpamme, 3agade). OmaHako
HUMEIOTCA NPUHLUIUAIBHBIE Pa3IH4Us M0 (OPMUPOBAHHMIO COXPAHSIEMOI'O KOH-
TEKCTa.

[Ipu BO3HMKHOBEHHHU HAapyLIEHUH B cTeK 00paboT4YHKa 0cOO0ro ciyydasi B KaueCTBe
aapeca Bo3Bpara Bkirodaercs CS : EIP komaHapl, BRI3BaBIIEH HapyIIIEHHE.

ITpu pacno3HaBaHUM JIOBYIIKH (K HUM OTHOCSTCSI M OOJIBIIMHCTBO BHEIIHUX Ipe-
PBIBAHMIA) MPOIIECCOP BKITIOYAET B CTEK aJpec BO3BpaTa, OTHOCSIIHICSA K CIIEIYIO-
el 3a JOBYLIKOM KOMaHJE.

Haxonen, npu aBapusix conep:KaTeNbHBIA aApec BO3BpaTa OTCYTCTBYET, IO3TOMY
pecTapT 3a/1auH NPHU aBapUsAX HEBO3MOKEH.

[MpuHIUI peanu3anuy npepbiBaHuii (BHEIIHUX) U OCOOBIX CllydaeB (BHYTPCHHHUX)
B MHUKpoImporeccopax ¢upmbl Intel coxpaHuics MPaKTUYECKH HEU3MEHHBIM
¢ MII 8086.

B 8086 curnainsl 3ampocoB Ha 00pabOTKy MpepbiBaHUN (POPMUPOBATUCH JTHOO arl-
napaTypoi KOHTpOJIsl mporeccopa (BHYTPEHHUE MPEPBIBAHUS), THOO0 MOCTYNAIH U3
BHEIHEH cpeabl Ha Bxozabl mporeccopa INTR umu NMI. Tlpu obHapyxeuunu (pas-
PELIEHHOTr0) 3ampoca B CTEK MoMeIIanuch Tekyiue 3Hauerus FLAGS, CSu IP.

B mpornecce maeHTH(UKAIMKN HCTOYHUKA 3aIpoca €My CTaBHJICS B COOTBETCTBHE
BOCBMHPA3PSAIHBINA JBOMYHBIA KOJIT N — BEKTOP MPEPHIBAHUSA, IPUIEM 32 KaXIbIM
BHYTpPEHHMM TpepbiBaHueM H 3a BHemHMM NMI xecTko 3akperuisiics cBoil Bek-
TOp, a IS 3a1pocoB, noctynuBmux mo Bxony INTR, peanm3oBsiBaniacek nporiienypa
BBOJIa BEKTOpa ¢ BHEUIHEH MuHbL. Jlajee, ONpEAeNICHHBI BEKTOpP IIPEpPhIBAHUS
paccMaTpUBalICsl KAK HOMEP CTPOKHM TaOJIHIIbI, pacmoaratouieiics ¢ HyaeBoro ¢u-
3MYECKOTO0 ajipeca namsTi. YeTbipexO0aiTOBBIMU dJIEMEHTAMHM 3TOW TAOJIUIBI ObLITH
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anpeca CS: IP Touek Bxoja B OANPOrpaMMbI — 00pa0OTUHKH MpepbiBaHuii. Ta-
KM 00pa3oM, B CHUCTEME MOAAEPKUBAIOCH 10 256 pasmuUYHBIX O00pPaOOTYHMKOB
npepeIBaHui, puieM BeKTopbl 0—31 pezepBUpoBaNKCh 32 BHYTPEHHUMH MPEPHI-
Barusmu (1 NMI), a ocranbHble — JUTsE BHEIITHUX TPEPHIBAHUIA.

[pu unenTudukanuu ucrounuka 3amnpoca INTR BeimonHstOTCS Cnenyromue Aei-
ctBus (pu ycioBud, uto ¢uar |F = 1, unaye 3anpoc INTR urHopupyercs):

1. T'enepupyercs JBa IMKJIA IIMHBI U BBOAA BEKTOpPA BHEIITHETO IIPEPHIBAHUS.
[MomemaeTcs B ctek conepxxkumoe peructpa FLAGS.
[TomemaeTcs B cTek conmepxkumoe peructpa CS.

[Tomemaetcs B cTek conepxkumoe peructpa |P.

GIFSIFARIN

CopaceiBaercss B O uar paspemieHns BHEMIHUX NpepbiBaHuil |F, 3amperas
BOCTIpUATHE HOBBIX 3ampocoB 1o Bxoxy INTR mo sBHOU ycTaHoBku ¢duara IF
B 1 komMaHIOM STI .

6. Ilo 3HaueHuWro BekTOpa N oOpamiaroTcs K N-My 3JEMEHTY TaONUIbl BEKTOPOB
HpephIBAHUN U U3 Hee 3arpyKaroTcs HoBble 3HaueHus peructpos CS: IP.

7. HaumHaercsi BBIIOJHEHUE OOpa0OTYMKA MPEPBIBAHUS C TOYKH BXOJa, OIpele-
nsemoni CS: IP.

CoxpaHeHHOE B CTeKe cTapoe cojnepxumoe peructpoB CS: IP obOpasyer ampec
Bo3Bpata. Korma 06paboTunk mpeprIBaHUI 3aKaHYMBAET CBOM IEHCTBUS, OH JIOJN-
KEH BBINOJIHUTh KOMaHIy Bo3BpaTa | RET, KOTOpas, U3BJIEKasi U3 CTEKa COIEPIKU-
moe FLAGS, CS, IP, Bo3Bparmaer yrpasieHne IpepBaHHON porpaMMe.

MexaHu3M peajM3allid BHEHIHUX W BHYTpeHHuUX TnpepbiBanuii MII 80486
u Pentium B R-peskrMe aHaIOTHYEeH OMMCAHHOMY BBIIIE, OJHAKO B P-pekuMe OH
3HAYHUTENIHO YCOBEPIICHCTBOBAH:

O Tabauma BEKTOPOB MpEepPHIBAHUN TPaHCPOPMHUPOBAHA B JECKPHUIITOPHYIO TabIH-
iy npepbiBanuii IDT (puc. 7.13);

O Oonee COXEH MPOIECC Mepexoja K o0paboTUuMKy MpephIBaHUS WM 0COO0T0
ciyyasi;

O o6paboTuuky IepenaeTcsl MOTOTHUTEIbHAS WHGOPMAIUSI O MPUYNHE BO3HHK-
HOBEHHS 0CO0OTO CITyJas.

MexaHu3m repefadn ynpasieHHs 00paboT4uKy ocoOoro ciy4as (mpepbiBaHus)
COOTBETCTBYET OOBIYHOMY CIIOCOOY IepeAayd yNpaBlieHHs depe3 HUTI03 BBI30Ba.
[Ipu 3ToM mpolieccop amnmapaTHO BKItodaeT B cTek 3HaueHus EFLAGS, CS: EIP
(ampec Bo3Bpara) MmpepbIBAEMOil MPOrpaMMbl M, KpPOME TOTO, B HEKOTOPBIX ClTyda-
SIX — KOJI OIIMOKY ¥ Tekymue 3HaueHuss SS, ESP (nmocnenHue — npu cMeHe TpH-
BUJICTHIA).
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IDT
Jeckpunrop numosa 255

000; Jleckpurrop muio3a n

Heckpunrop numo3sa 1
Heckpunop nutosza 0

IDTR |Ba3OBbH71 a)lpec| [Ipenen |

Puc. 7.13. leckpunTopHas TabiuIa npepbIBaHU

TouHoe 3HaUeHNE agpeca BO3BpaTa 3aBHCUT OT TOTO, SBIISIETCS JIM OCOOBINA CITydait
HapylleHneM, JIOBYIIKoW win aBapueid. [lepsoie 32 BekTopa 3ape3epBUPOBAHEI 32
ocobbiME citydasimu P-pexxuma (tabi. 7.1).

Tabnuya 7.1. Ocobvie cayuau

Bektop | Ilpnuunna Tun
0 Omubka geneHus Hapymenue
1 Otnagka Hapymenne/noyika
2 Hemacxkupyemoe npepsisanue NMI JloBymika
3 KoutpomnbHas Touka JloBymika
4 [epenonnenue JloBymika
5 Hapymenune rpanniisr MaccuBa Hapymenne
6 HenelicTBuTenpHblil Ko onepanuu Hapymenune
7 YCTpoiCTBO HEAOCTYITHO Hapymenne
8 JIBoiiHOE HapyIIeHHe ABapus
9 He ucnonp3yercs
10 HeneiicTButenbrprii TSS Hapymenune
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Tabnuya 7.1 (oxonuanue)

Bektop | Ilpuuuna Tun
11 HelpuCyTCTBHE CerMeHTa Hapymenue
12 Hapymienue creka Hapymenune
13 Hapyuienne oGei 3aiuThl Hapymenne/moyika
14 CTpaHuYHOE HApYIICHHE Hapymenne
15 3ape3epBUpoBaH
16 Omubka oneparnuy C IIaBarolel TOukon Hapymenue
17 KOHTpOIb BHIPABHUBAHMS Hapymenune
18—31 | 3apesepBUpOBaHEI

HpnMeqalme. — BKJIFOYACT B CTCK KOJ| OIIIHOKH.

7.3.1. JeckpunTtopHasa Tabnuua npepbiBaHUU

Heckpunropras tabnuia npepbiBanuii |IDT sBisieTcst npssMoii 3aMeHOM TaOIHIIbI
BEKTOPOB TMpepbiBanuii nporneccopa 8086. OHa pomkHa onpeaensTe 256 o0pabor-
YHKOB TPEPBIBAHUN U OCOOBIX CIIydyacB, MMOITOMY €€ MaKCHUMaJbHBIN pa3mep co-
craBnsieT 256 X 8 = 2048 Gaiiro. Tabmuua IDT mMoxer HaxomuThes B 1000 00-
JIACTH TaMSTH, TPOIECCOp JIOKAIM3YeT €€ C MoMollbio 48-0utHoro perucrpa
IDTR, koTOpHBIN comepUT 0a30BbIi aapec U mpeaen Tadbmuipl. Tabnuiry He pexo-
MEHYeTCS OOBSBIIATH KOPOUE MAaKCUMAJIBHOIO pa3Mmepa, T. K. Jboe oOpalieHue
3a Tpeierbl TAONUIIBl BBI3bIBACT HAPYIIECHHE OOIIEH 3aluThl, 2 BEKTOP BHEIIHETO

MpepbIBaHus, BOOOIIE TOBOPS, MOXKET HMMETh JII00O€ 3HAuYeHHE B JWara3oHe
00—FFh.

B tabmune IDT paspermaercs mpuMeHSATh TOJIBKO TPH BHIIA AECKPUIITOPOB: ULTIO3
JI08YWKY, W03 npepvisanus N uno3 3adaqu (Ho He neckpuntop T1SS). HInro3sr
NpepbIBaHUS M JIOBYIIKH HMEIOT OOJIBIIOE CXOACTBO CO IITIO30M BBI30Ba (CM.
puc. 7.9). EAuHCTBEeHHOE OTIMYHME COCTOUT B OTCYTCTBHUHM B ATHX IIUIIO3aX 5-Ou-
toBoro nonsa cuyerynka WC, KoTopoe B IITIO3€¢ BBI30BA ONPEAENSET YHCIO Iapa-
METpOB, TIepeaBacMbIX B BBI3BIBAEMYIO MOJNporpaMmy udepe3 crek. CooTBeTcT-
BYIOIIIEE T10JI€ B IILTI03aX MPEPhIBAHMS M JIOBYIIKH 3apE3€PBHPOBAHO.

HamomuuM, uTo 1utio3 BbI30Ba (a Take JIOBYIIKH M MPEPHIBAHKS) COAEPIKUT Ce-
JIEKTOp CerMEeHTa KoJa M CMEIICHNE BHYTPH HEro, KOTOphIE OJJHO3HAYHO OIpejie-
JSIFOT TOYKY Tepeaayn ynpasienus. LLno3 3aqaun coaepxuT JHIb CEIEKTOp Cer-
MEHTa COCTOSIHUS 3amaud 1SS (pazyMeercs, KaKAblid JECKPHUITOP COJACPKUT H
OaiiT mocryma).
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[Tocne mokanm3amuy cerMeHTa Koja o0padoTymuka 0co00ro Ciydast U BKITFOUSHUS
nH(OpMaUK B CTEK, BHINOJIHEHNE HAYMHACTCS C TOM KOMaHIIBI, KOTOpas OIpese-
JIIETCSl CMENICHNEM B MITI03€ JTOBYIIKH. OOpaboTInK AEUCTBYET N0 TeX I0p, MTOKa
HE JOCTHTHET KoMaHnsl | RET. [1o 3To#f KoMaHae mpoueccop M3BICKAeT M3 CTeKa
aJpec BO3BpaTa M COJEPKUMOE peructpa (haxkos (a Takxe 48-OUTHBIN yKa3aTeib
BHEITHETO CTeKa, eciau mpu o0paboTke 0oco0Ooro ciydas MpoOMCXOania CMeHa
YPOBHEH TIPHUBHUIIETHIA).

Ecnu ocoOb1it cimyuaiil BeI3bIBaeTCs uepes IUTI03 MPephIBaHUs, MIPoIeccop cOpachl-
BaeT Quar paspenieHus npepbiBanus |F mocne BkitoueHHs B CTEK aapeca Bo3BpaTa
U COIEpKUMOE peructpa (IIaKKoB, HO /IO BBITIOJHEHHUS MEPBOM KOMaHABI o0pa-
Ootuwmka. [Ipu nmepexojie yepes 1LTI03 JOBYIIKH HUKAKUE (piiark He U3MEHSFOTCS.

O06paboTka oco0oro cirydas gepes LT3 337a9i aHAIOTHYHA JeHCTBHIO KOMAHIbI
FAR CALL, mpuBOAAIIeH K IepeKiodeHuro 3amadn. OIHAKO 3/1eCh HEBO3MOXEH
MpsIMON TIepexoJ depe3 AecKpunTop 1SS, a TpeOyeTcs MpOMEXYTOYHBIA LT3
3agayn. C IECKPUNTOPOM IUTI03a 33/1a4d aCCOLMHPYETCS YPOBEHb IPHBUIICTHH,
KOTOpBIII HE JOJDKEH OBITh BBINIC YPOBHS TPHBWIICTHMH IIpephIBAEMOMN 3aaduu.
ITo cymecTBy, npeppiBaeMast 3a1a49a Kak Obl BBIIOIHSAET KOMaHTy FAR CALL BEI30Ba
APYToi 3a1aun 4epe3 IUTI03 3a/1a4, M 37eCh JIEHCTBYIOT CTaHIAPTHBIC IMpaBHUIIa
3aIIUTHI 110 TPUBHIICTHSM.

O0paboTka 0co0Oro citydas 4yepe3 U3 3aJayd, T. €. B JAPYroi 3amaye, UMeeT
OTIpe/IeIEHHbBIC TPEUMYIIECTRA!

0 aBTOMAaTHYECKU COXPAHSAETCS BECh KOHTEKCT IPEPBaHHOM 3a/1a4H,;

O ob6paboTurk 0cob0ro ciydyas He MOKET MCKa3UTh MIPEPBaHHYIO 3a/1a4y, T. K. OH
HOJIHOCTBIO U30JIUPOBAH OT Hee,

O o0paboTuuk HpephIBaHUS MOXKET padoTaTh Ha JIOOOM YpOBHE MPHUBHIETHN U B
3aBEZIOMO IIPABUIIBHOM CpEE; OH MOXKET UMETh CBOE JIOKAIBHOE aJPeCcHOE Mpo-
CTPaHCTBO OJarogapsi HATMYHIO OTAEIHHON JOKAFHOW TeCKPUITOPHOMN Tabu-
116! (U HEOOXOAUMOCTH).

K HenocTatkaM mpuMeHEHHMs [UTI03a 3a/1a4M [T BBI30Ba 00paboTyiKa MOXKHO OT-
HECTH:

O 3aMemsIeHHYIO PeakIiio Mporeccopa Ha 0COoObI CiyJaif;

O B nuIr03€e 3a7a4¥ HEBO3MOXKHO OINPENETUTh HAUYaIbHYI0 TOUKY BBITIOJIHCHUS 3a-
Ay,

O CI0XXHOCTH MONYYeHUST HTHPOPMAINX O TIPEPBaHHON 3a1aue.

[epexnroueHue 3a1auu, HHAIUUPYEMOE OCOOBIM CITydaeM, IPOU3BOIUT BIIOKECHUE

3aja4n 00paboTyMKa B mMpepBaHHylo 3amaudy. Crapas 3amada OCTaeTCs 3aHSATOM,
a HoBasgs — 00pabOTYMK 0COOOr0 Cilydas — OTMEYaeTCs KaK 3aHATas, MpHYeM
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B Hell Oymer ycraHoBieH ¢uaxok NT u 3arpyxeHo mone obpatHoi cBsizu. Co-
crosiaue (nara |F B HOBO# 3a7ade He MEHSETCA U ONPEAENIeTCS TeM 3HaAUEHUEM
oura peructpa EFLAGS, kotopoe xpanunock B TSS. [TosTomy, eciin 06paboTink
0co00r0 Cciydas depe3 MUTI03 33/Ja4yl MpeAHa3HadeH Ui 0OpaO0OTKH BHEIIHHUX
pepbIBaHmid, cneayeT B 1SS ycranoButs |F = 0, "anmmapaTHo" 3anpeTnB BHENIHNE
MpepeIBaHAS Ha BpeMs paboThl 00pabOTUYMKa, WM TMOKAa OH SIBHO HE YCTaHOBUT
IF=1.

7.3.2. Y4eT ypoOBHSA NpuBUnierumn

Bce ocoOwie ciaydam momxHBI 00pabaThiBaThCsA depe3 HUTIO3bL. B meckpumropax
IILUTIO30B BCEX TPEX TUIOB, coaepkamuxcs B IDT, nmeercs mone ypoBHS MPUBUIIE-
ruit geckpunropa DPL, onpenensroniee MUHIMaIbHBINA YPOBEHb TPUBHIICTHA, HE-
00XOIUMBIN TSI MICTIONB30BaHUs 1uTI03a. [ 00paboTInKOB MpephIBaHUA peKo-
MeHayercss ycraHaBimBaTh DPL =3, 4ToOBI 00paboTka 0co0Oro ciydas He
3aBHUCENA OT YPOBHS NPUBWIECTUH TEKYILIEH 3a1a4u.

03B! JIOBYIIEK MM HpPEPHIBAHUN JOJDKHBI NE€peJaBaTh YHPABIEHHE CETMEHTY
Koza ¢ OoJiee BBICOKMM HJIM paBHBIM ypOBHEM NpuBuiieruii. O0OpaboTunKy He pas-
pemraercst paboTaTh Ha YPOBHE IPUBHIIETHUH, KOTOPHIN HIDKE YPOBHS IIPEPhIBAEMOM
3amauu (eciaM, KOHEYHO, OH He SBISCTCS OTAEIbHOH 3amadeit). M3-3a Hempenacka-
3yeMOCTH BO3HUKHOBEHUS MIPEPHIBAHUN U OCOOBIX CilyyaeB TpeOyeTcs rapaHTHpO-
BaTh HEBO3MOXXHOCTh HApYIICHUsSI MPABHJI 3AIIUTHI IO MIPUBUIIETHSIM ITpH 00paboT-
Ke 0co00ro ciydasi. 9TOT0 MOXHO AOCTHYb ABYMS CIIOCOOaMHU:

O onpexnenuTh Bce 00pabOTUYMKN OCOOBIX CIydaeB, HE BBI3BIBAIOLINE MEPEKIIOYE-
HUS 33]a4H, B CETMEHTaX Koja ¢ ypoBHeM npuBuieruii 0; Takue o6paboTYNKH
OyayT IercTBOBaTh Beera, HezaBucumo ot 3HadeHus CPL mporpamwmer;

O onpexnenuTth Bce 00pabOTUYMKU OCOOBIX CIydaeB, HE BBI3BIBAIOLINE MTEPEKIIOYE-
HUA 3aJa4U, B IIOJUYUHCHHBIC CCITMEHTHI KOAA.

7.3.3. Kog owumoku

B HeKoTOpBIX 0COOBIX CiTydasx MpoIeccop BKIIOYAET B CTEK 4 0aiiTa KoJja OIHNOKH
(error code), npuuem IeiHCTBUTEIBHBIMHU SIBJISIOTCS TOJBKO 2 MIaaIInX Oaiita, oc-
TaJIbHbIC BKIIIOYAIOTCS JIMIIb JUIs BhIpaBHUBaHUs creka. Korga mporeccop oOHa-
pyXuBaer

0 HenelCTBUTENBHBIN cerMeHT TSS:
HapylIeHUE HENIPUCYTCTBUS;

HapyIlIeHHE CTeKa;

Qaaq

HapyIlIeHUE OOIIeH 3alUThI,
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OH BKIIIOYaeT B CTeK 00paboTumka ocoboro ciydas uHMOpMaNnio, WACHTHGHUIIHN-
PYHOIIyTO "BUHOBHBIN JECKPHIITOP.

dopmar kojja OMOKH HATOMHUHAET CEJIEKTOP, T. K. OOJBITMHCTBO OCOOBIX CITyJaeB
CBSI3aHO C OIIMOKaMH AECKPUITOPOB M COAEPKUT CIIETYIOIINE MO

O Oursl [15:3] — uHACKC (HOMEp CTPOKH JAECKPUNTOPHOMN TaOIUIIbI);

O oOur [2] — TI, kak u B APYrUX CEJICKTOpax, ONPeessieT MPHHAICKHOCTD JIe-
ckpunropa K JokaneHOH (Tl =1) wmu riodansHoit (Tl =0) meckpunropHOit
Tabnuue;

O our [1] — I. Eciu | = 1, To unnekc B crapumx Outax [15:3] koma ommbku oT-
HOCHTCS K JECKpUIITOpHOH Tabmuile npepbiBanwmii IDT;

O o6ur [0] — EXT =1 o3navaer, 9T0 0COOBIN Ciiy4ail ObLJI BBI3BAH alMapaTHbIM
npepbiBaHreM (BHEITHUM) MM BO3HHUK, KOTJa MPoIieccop oOpadareiBai Apyroit
0COOBIH ciTydail.

Ecmu mporieccop He MoxeT cHOpMHUPOBATH CONEPIKATEIBHBIN KOJ| OIMUOKH, OH
BKJIFOUAET B CTEK KOJI, paBHbIii 0.

[NoMuMo KOAa OMIMOKK B HEKOTOPBIX OCOOBIX CITy4asX JOMOTHUTENbHAS JHATHOCTH-
qeckas MHPOPMAIHs HaXOJHUTCS B JIPYTHX PETHCTpax mporeccopa. Hampumep, mpu
CTpaHUYHOM HapyuieHuu B peructpe CR2 conepkutcs JIMHEHHBIH aapec, mpeodpa-
30BaHHE KOTOPOTO MpPUBENO K ommoOke. OOpaboTyiK 3TOro 0co00ro Cirydasi MOXKET
00paTuThest K cooTBeTcTBYIOIMM AneMeHTaM PDE u PTE. [lns ocoboro ciydast ot-
JIAJTKH TIoJIe3Hast MH(OpMaIst COZePIKUTCS B peructpe cocrostaus oriiaaku DR6.

7.3.4. OnucaHme ocobbIX cny4vyaeB

Jlanee mpuUBOIUTCS KpaTKoe OMMCaHKe ASUCTBHNA mporeccopa x86 npu BO3ZHUKHO-
BEHHUM 0COOBIX ciiy4aes [3].

Ouwwubra oenenus (0) — aBromatuuecku hopMHUpyeTCs, Korjaa B kKoManae Dl V win
I DIV JenuTellb PaBeH HYJIO WM YacTHOE CJIMIIKOM BEIHMKO JUIS TOJTydaTelis
(AL/AX/EAX).

Omuaoka (1) — bopMupyeTCs B CIEAYIOMUX CAydasx (MOKET ObITh HAPyIICHHEM
WITH JIOBYIIKOH):

0 napyImIeHHe KOHTPOJIBHON TOYKH IO aJIpecy KOMaH;
JIOBYIIIKAa KOHTPOJBHOW TOUKH I10 a/IpeCy JaHHBIX;
HapylIeHne OOIIeN 3alluTHI,

JIOBYIIIKA TIOKOMaHIHO# paboTsl (puar TF =1);

N I Ry Ry

JIOBYIIIKA KOHTPOJIBHOM TOYKH MO TIEPEKIIIOUeHHUIO 3a1auu (B cermente TSS our
T=1).
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Hemackupyemoe npepwisanue NMI (2) — eaMHCTBEHHOE BHEIIHEE paHalbHOC
IIpepHIBaHHE.

Konmponvnas mouka (3) — dopMupyeTcs npu BBITOJIHEHUH KOMaH b | NT3 (K01
ornepartu — CCh). Tlepenaua yrnpasieHust 00paboTIYHKyY 0COO0TO CiTydas SBIISIET-
Csl 4aCThIO KOMaH/IbI | NT3, ajipec BO3BpaTa B CTEKE OTHOCHTCS K Havyally CIeIyo-
meil komauabl. TOT ke 00paOOTYMK BBI3BIBACTCS TPH BHITIOJIHCHUH BHELIHETO
npepbiBanus ¢ Bekropom 03 vnm qByx0aiiToBol KOMaHAbI | NT 03.

Ilepenonnenue (4) — BO3HHKACT MPHU BHIMOIHEHUH KOMAaH/bI | NTO MPH yCIOBUH
yctanoBkH B 1 ¢iara nepenonnerns OF. Kak u uis | NT3, mepenada yrpaBlieHUs
00paboTunKy 0cO0OT0 cirydasi SBIISIETCS 4acThI0O KOMaHIBI | NTO, afpec Bo3BpaTa
B CTEKe OTHOCHTCS K Hadaiy cliieayronield komanabl. OObI9HO KoMaHzaa | NTO mpu-
MEHSIETCS B KOMITWIIATOPAX JUISl BBISBICHUS TEPEHONHEHNS B apU(pMETHKE 3HAKO-
BBIX uuceld. TOT ke 00paboTUHK BBI3BIBACTCS TPH BHIMTOJHEHHH BHEITHETO IPEepHI-
BaHMs ¢ BeKTopoM 04 mit KoMaHas! | NT 04.

Hapywenue epanuyvt maccuéa (5) — BO3HUKAeT TMPU BBIMOJHEHUH KOMAaHIbI
BOUND, eciii KOHTpOJIbHAs IIPOBEPKA aeT OTPULATENIBHBIN PE3yibTaT, T. €. IPOBe-
psemblit (TIepBBIN) OMepaHj He MOmajaeT B JWANA30H 3HAUEHWH, OMPEaeTIeHHBIX
BTOPBIM (HYDKHSISI TPAHUIIA) U TPEThUM (BEpPXHsIsl TPaHKIIA) OTIepaHIaMUi KOMaH/IbI.

Heoeticmeumenvuviii k00 onepayuu (6) — TeHepUPYeTCsl, KOTAa ONEPallMOHHOE
YCTPOWCTBO Tpoleccopa OOHAPYKUBAET HEBEPHBIH KOJ ONEpaniy, HECOOTBETCT-
BHUE THIIA ONIEPaH/OB KOy ONEepany, ONBITKY BBIITOJHEHHUS IPUBIIETHPOBAHHBIX
KoMmaH1 B R-pexxime, HeBepHbie GaiiTel mod r/m win Sib, ucronb3oBanue npeduk-
ca 6moxupoBku LOCK ¢ koMaHmaMu, KOTOpBIE HENB3s OJOKHUPOBATh. XapaKkTEPHO,
9TO CYHIECTBYET HECKOJBKO OJHO- M JIBYXOaWTOBBIX KOJOB, 3ape3epBHUPOBAHHBIX
dbupmoii Intel as pasBuTHs cucTeMsl KoMaH[, U XoTs UM B 80486 He cooTBeTCT-
BYIOT HUKaKHe KOMaH/Ibl, 3ape3epBUPOBAHHBIE KOl HE BBI3BIBAIOT 0COOOTO CITydasl.

o 3 .
Yempoticmeo® nedocmynno (7) — BO3HUKAET B JBYX CHUTYAIIHAX:

O nporieccop BBINONHIET KoMaHay ESC u 6ut EM (amyssinus compoieccopa)
B peructpe CRO ycranosmneH B 1,

O mnporeccop BhIMONHACT KoMaHay WAl T wiin ESC u 6ut TS (nepekiroueHue 3a1a-
un) B peructpe CRO ycranosseH B 1.

B mepBoM ciydae mporpaMMHCT HaMepeH BBIIIOJIHUTH ONEpalUH IUIaBaroIIeit
apu(MeTuKH MporpaMMHO.

Bropoii ciyuait MOkeT BOHUKHYTH IOCIIE TMepeKiItodeHus 3aaayn. but TS ammna-
paTHO ycTaHaBiuBaeTcd B 1 mpu mepekiodeHur 3a/add, a mepBasi )K€ BCTPETHB-

3 .
ITox ycTpoicTBOM 3/1€Ch MOHMMACTCSl aHAIOT MAaTEMaTHYeCKOrO COINpOIieccopa — yCT-
poiicTBO ¢ miasaromei Toukoi FPU.
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masicsi B HOBOW 3ajjadue KOMaH/ia COIMPOIIeccCopa BBI3BIBAET OCOOBIN cirydaii 7, nbo
KOHTEKCT yCTPOWCTBA C TUTABAOIIEH TOYKOM cTapoi 3amaun He coxpaHeH. OOpa-
00T4YHMK 0c000TO citydasi 7 COXpaHsIeT CTapoe COCTOSIHHE YCTPOUCTBA C TIaBaIOIIEH
TOYKOH B cerMeHTe 1SS ctapoil 3a7a4 1 3arpy’KaeT HOBOE COCTOSIHUE YCTPOHCTBA
u3 cermenTa 1TSS HoBo# 3anmaun. (B ciydae paGoThl LEMOYKH BIOKEHHBIX 3a1a4
00paboTUMK JOJDKEH NPOrpaMMHO OTCIEIUTh Ty CTapylo 3a1ady, KOTopas nocie-
Heit ucnonb3oBaa FPU.) Tlocie 3TOro mpuBHIErMPOBAHHONW KOMaHIOW CLTS
cOpacbiBaeTcsi Guakok TS M OCYIIECTBISIETCS BO3BpaT Ha KOMAaHJy YCTPOMCTBA
¢ mnaBaroieit Toukoit. Tak kak Tenepp ¢uiar TS cOpolieH, KoMaH1a CONpoIeccopa
OyZeT BBITIOHEHA.

lsotinoe napyuienue (8) — OOBIYHO, KOT/Ia MPOIECCOP OOHAPYKHUBACT OCOOBIi
Clly4ail MpU TOMBITKE BbI3BATh 00PAaOOTYHMK MPEABIAYIIEr0 0CO00ro ciiyvas, JBa
0co0bIX citydasi 00pabaThIBarOTCs MocienoBarenbHo. Ecnu mporeccop HE MOXKeT
00pabaThIBaTh UX MOCIIEIOBATEIILHO, OH CUTHAIU3UPYET O JBOMHOM HapYyIICHUH.

Jns ompeneneHus TOTO, KOT/Ia O JBYX HApYyIMIEHHUSIX CIEAyeT COOoOIIaTh Kak
0 JIBOWHOM HAapYIIEHHH, MPOIECCOp TMOApA3IeNsieT Bce 0coOble Ciiydan Ha TpH
KJjacca:

O nerkue ocoOble ciiyuyan — BekTopsl 1, 2, 3,4, 5, 6, 7, 16;
O Ttsoxensie ocobbie cyyan — Bektopsl O, 10, 11, 12, 13;
O crpaHuvHbIe HapylIeHUs — BekTop 14.

Korna Bo3HMKAIOT [1Ba JIETKMX OCOOBIX CIIy4as WJIM OJVH JIETKUI U OJUH TSDKETIBIH,
STH JBa COOBITHS MIOMYCKAIOT TOCIeNoBaTeNbHyI0 00paboTky. [lpm mosiBieHnn
JBYX TSDKEJBIX COOBITHIA MX 00paboTaTh HENb3sl, MO3TOMY Mporieccop GOpMUpyeT
0COOBIN cTy4ail JBOWHOTO HAPYIICHUSA. AHATOTHYHOE COCTOSIHUE HACTYIIAET, €CITU
MoCcIie CTPAHUYHOT'O HAPYIISHHUS BO3HUKAET TSKEINbI 0COOBIN CIyJail MK BTOPOE
CTpaHUYHOE HapyILIEHHE, XOTs €ClId, HA00OPOT, MOCye TSHKEIOro 0codoro ciydas
BO3HUKAET CTPAaHMYHOE HAPYIICHWE, 3TH COOBITHS MOTYT OBITh 00pabOTaHBI.

Ecnu npu nonbiTKe BBI3BaTh 00pa0OTYHK IBOMHOTO HAPYIIECHHUS BO3HUKAET JTr000€e
Jpyroe HapylIeHHEe, MPOLECCOp MEPEXOTUT B PEKUM OTKIIOUYECHHUS. DTOT PEKUM
AHAJIOTMYEH COCTOSHHUIO IIpolieccopa IMOCE BBINOIHEHUS KOMaHab! HLT. J[o Boc-
npusitust curHanoB NMI min RESET Hukakuve KOMaH[IBI HE BBIMOJHSIOTCS, MPHU-
9YeM ecli OTKJIIOYEHHE BO3ZHHKJIO MPHU BBITIOJIHEHHH 00paboTYMKa HEMACKHPYEMO-
r'0 IPEPBIBAHUS, 3aIIyCTUTh MPOIIECCOP MOXKET TOJIbKO curHain RESET.

Heoeticmeumenvuviit ceemenm TSS (10) — BO3HHUKACT MPH MOMBITKE MEPEKITOUYE-
HUS Ha 33/1a4y ¢ HeBepHBIM cerMeHTOM | SS. Ilockonbky cerment TSS moxeT orr-
penenste LDT, cermenTs kKofa, cTeka, TaHHBIX, K 0coboMy cirydato 10 oTHOCATCS
CHTYallU¥ C HapylOIEHHWEM T'PaHMI] STHX CETMEHTOB, HAPYIICHHWEM IIpaB JOCTYIa,
3aIpeTOM 3aIlCH B CETMEHT CTeKa U Jp. HapymeHus MoryT BO3HUKATh Kak B KOH-
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TEKCTEe CTapoi, TaK M HOBOH 3ajauu, moatomy obOpabotumk ocoboro cimydas 10
JOJDKEH caM OBITh 3ajiaueil M BBI3BIBATHCS Yepe3 LUTI03 3a1aul (Jecsitas CTpoKa
IDT momkHa cofepskaTh ILTI03 3a1a4H).

Henpucymcemeue ceemenma (11) — dbopmupyercst, Korma OUT MPUCYTCTBHS Cer-
MeHTa B Jneckpuntope P = 0. DTo HapymieHne IOMmycKaeT pecTapt, eciu o0pabor-
gk ocoboro ciydas 11 peann3yeT mMexaHW3M BUPTYaIbHOW MaMATH Ha YPOBHE
CETrMEHTOB.

Hapywenue cmexa (12) — BO3HHUKAET B IByX CHTYaLlHsX:

O B pe3ynbraTe HapylleHUs Tpejaena Jo0oW omepanuu, KoTopas olparaercs
K peructpy SS (POP, PUSH, ENTER, HEsSIBHOE HCIIOJIb30BaHUE CTeKa MpU oOparie-
HHH K TIaMSITH, HAIpUMep, MOV AX, [ BP+6]);

O mnpu MOMBITKE 3arPy3UTh B PErUCTp SS NECKPHUIITOP, KOTOPBI OTMEUYEH HENpH-
CYTCTBYIOIINM.

Hapywenue obweii 3auumer (13) — Bce HapyIICHUS 3aIIUThI, KOTOPBIE HE CIIyXKaT
MPUYUHOW KOHKPETHOTO 0CO0OTO Cilydasi, BBI3BIBAIOT OCOOBIN ciydail oOmieit
3aIIUTHI

MpEeBBINICHNE TIpeieia cermenTa (KpoMe cTeka);

nepeiaya yrpasJieHUst CETMEHTY, KOTOPBIN HE SIBJISIETCS BBIIOIHACMBIM,;
3aIllucCh B 33HIHHICHHI)II71 OT 3alliUCU CETMEHT,

CUHTHLIBAHME U3 BELINOIHIEMOIO CETMEHTA,

3arpyska B SS celeKTopa CerMeHTa, 3allrIneHHOr0 OT 3anCH;

3arpy3ka B peructpbl SS, DS, ES, FS, GS cenekropa CHCTEMHOTO CETMEHTa,
3arpyska B peructpbl SS, DS, ES, FS, GS cenexkropa BBIONIHAEMOT0 CETMEHTA,
obparnienue k namstu yepe3 DS, ES, FS, GS, xorja B HUX mycToii cenexrop;

MEPEKIIIOYCHUEC HA 3aHATYIO 3a1a4y,

Qaoouooaoaogaaaq

HapyllIeHNe paBuiia IPUBUIIETUH
u JIp.

Cmpanuunoe napywenue (14) — BO3HHKAET, KOTZIa Pa3pelicHO CTPAHUYHOE TIpe-
o0pa3oBaHME M FIMEET MECTO OJIHA U3 CIEIYIOMINX CUTYaIH:

0 B osneMeHTe Karajora pasJeioB WIM TaONIULbl CTPAHMIL, HCHOIb3YEeMOM JUIS
npeoOpa3oBaHug JHMHEHHOTO ajapeca B (hU3MUECKUH, cOpolieH OUT MpHCYT-
CTBUS,

O npoueaypa He UMEET JOCTATOUYHOI'O YPOBHS MPHUBMIIETHH AJIsl JOCTyHa K ajipe-
CyeMOM cTpaHHUIIE.
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Ouwbka onepayuu C naasarouer mouxou (16) — curnanmusupyer o0 ommoOke,
BO3HUKIIEH B KOMaHJ€E YCTPOKCTBA € MJIaBAOLIEH TOUKOMU.

Koumpone sevipasnusanus (17) — BO3HUKAeT NPU HAPYIICHUW BBIPABHHBAHMS
ornepanoB. OniepaH/ibl CUUTAIOTCS BHIPOBHEHHBIMH, €CIIU apec ABYX0aiTOBOrO
clloBa sIBJIsIeTCs YeTHbIM (Muaamuid paspsa pasen 0), aapec yeTbipexOaiiToBoro
JIBOWHOTO CJIOBa KpaTeH 4, a aipec BOCbMUOANWTOBOI CTPYKTYPhI JaHHBIX KpaTeH
8. Jlist pasperieHusi KOHTPOJISI BhIPABHUBAHMS JOJDKHBI BBITIOIHATHCS TPU YCIIO-
BUSL

3 out AM B peructpe CR3 ycTaHoBIEH;
3 ¢nar AC ycraHoBIieH;

O BBINOIHAETCS IIPOrpaMMa Ha ypOBHE NPUBHIIETHIT 3.

7.4. CpeacTBa oTnagku

TpaguunoHHO cpeacTBa OTIAAKI MUKPOIIPOLIECCOPOB OIPAaHUYUBAIUCH HAINYHAEM:

O KOpOTKOW KOMaH]Ibl IPOrPaMMHOI'0 MPEPHIBAHUS, KOTOPYIO MOXHO OBLIO yCTa-
HaBJIMBAaTh BMECTO MEPBOro OaiTa JIF000H KOMaH/IbI;

0 anmapaTHOW peaqu3alMy IOMAaroBoro (MOKOMaHAHOI0) pPEeXHMa, KOTOPbIH
WHHULMUPOBAJICS] YCTAHOBKOH crienuaibHoro oura T B peructpe ¢uaros.

[To mepe ycmoxuenuss MIIC BO3MOXKHOCTH BHEIIHHX AallapaTHBIX CPEACTB IO
HaOJIIOJICHUIO OTEpallvid, MPOUCXOISIIUX BHYTPU MPOIECCOPa, YMEHBIIAIOTCS.
[ToaromMy B cxeMaX MOIIHBIX MPOLIECCOPOB CTAJU NPEIyCMaTPUBATh Pa3HOOOpas-
HBIE CPEJICTBA OTJIAIKH.

OCHOBY CpeACTB OTJIaIK{ B Ipoueccopax x86 crapmux MoJeneil COCTaBISIOT
CTIeIUAIN3UPOBAHHBIE PETHCTPHI OTJIAJAKH — IMPOrPAMMHPYEMBbIE PETHUCTPHI 3a-
JaHUsl KOHTPOJIBHBIX TOYEK, PETHCTPHI YIPABICHUS W COCTOSHUS OTianku. OHH
3aMEHSIOT co00i CpeacTBa ammapaTHBIX BHYTPUCXEMHBIX dMyJsiTopoB. [Ipomec-
copbl x86 crapmux mMojenel o0ecrednBalOT HE TOJIHKO MOKOMaHIHYH padoTy,
HO W PETUCTPAIMIO MEePEKIIOUeHHs] Ha KOHKPETHYIO 3aaady, YCTaHOBKY KOH-
TPOJIEHBIX TOYEK 10 aapecaM KOMaHA M (ukcaruo MoauduKkanuy 3Ha4eHUH T1e-
PEMEHHBIX B TAMSTH.

Peructpsl oTnaaku NoaaepKUBaOT KOHTPOJIbHBIE TOUKH 110 KOMAHAAM U JAHHBIM.
B obmieM, mon xommpoavHoii moykoti MMOHUMAETCs aapec, MPU HCIOJIb30BaHUH
KOTOpPOTO MPOrpaMMOii BO3HUKAET OCOOBIA Clydall OTJaJKU. YCTaHOBKAa KOH-
TPOJIBHOM TOYKW MO KOMaHJe 00eCleunBaeT PerucTpanrio KOMaHasl Mo J00My
JUHEWHOMY ajipecy. 3aflaHie KOHTPOJIbHOM TOUKM MO JaHHBIM MO3BOJISIET Y3HATH,
KOTJIa TPOM3BOUTCS OOpalieHle K KOHKPETHOHN epeMeHHOH .
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Otnanounsle cpecTBa x86 BKIFOYAIOT B CeOS:

O onHOOANTOBYIO KOMaHIy KOHTPOJLHOW TOYKHU | NT3, KOTOPYHO MOXHO BCTaB-
JISATH B IPOTPaMMY TI0 JTFOOOMY aJipecy; MpH BBITOJIHEHUH 3TOH KOMaH/IbI TeHe-
pHUpyeTcst 0cOObIi citydail OTIaaKH;

O d¢nar nomaroBoro pexxuma TF B peructpe EFLAGS, mo3Bonstomuii BBITION-
HHUTB IIPOTPaMMYy 110 KOMaH/IaM;

3 uetbipe peructpa otianku DRO—DRS, koTopbie onpenensior YeThipe He3aBu-
CHUMBIC KOHTPOJIbHBIC TOYKHU 10 KOMaHIaM WJIA JAHHBIM, PErucCTp ynpapJICHUA
otnankoit DR7 u peructp coctosiaus otnanku DRG;

O dnar noBymiku T B TSS, KOTOpHI BBI3BIBACT OCOOBIN CITydail OTJIAIKH TIPH Tie-
PEKIIIOYCHUH Ha 3a/1auy ¢ YCTaHOBJICHHBIM B 1 Outom T;

O d¢nar BozooHOBieHUsT RF B peructpe EFLAGS, ¢ nmomMoipio K0oTOporo mozias-
JISTFOTCSI MHOTOKPATHBIE OCOOBIE CITydan B OJTHOI U TOM jk€ KOMaHIe.

Bce 31u cpeactBa AEHCTBYIOT Kak J108YuiKu, CIeAs 32 BOSHUKHOBEHHEM YCIIOBHH,
MIpECTaBISIIOIINX UHTEpeC A Imporpammucta. Korma Bo3HUKaeT Takoe yCIOBUE,
bopmupyetcst 0coOblii ciaydait orTaaaku (¢ Bektopom 1); Tombko KomaHma | NT3
TeHEepHUPYET NpepbIBaHUE C BEKTOpOM 3. 3ape3epBUPOBAHHBIA BEKTOp OTIaAKu 1
YIPOLIAET NPOLEAYPY BbI30Ba OTJIAAYHUKA.

Wraxk, oTnamauk o BeKTopy 1 BRI3BIBAETCS B CIEAYIONINX CIIydasx:
O npu TF = 1 nocne kax 10 KOMaH/IbI;

O npu TTSS = 1 B MOMEHT NiepeKIIFOUCHHS Ha 3a]1a4y;

O noByHIKa KOHTPOJIBHOW TOYKH MO JIaHHBIM;

O nHapymieHHe KOHTPOJIHHON TOYKH 110 KOMaH]IE.

Komanma | NT3 NpeIoCTaBIIsACT aﬂLTepHaTI/IBHLH‘/'I croco0 3azaHus KOHTpOJILHoﬁ
TOYKH U OCOOEHHO y,u06Ha, €CJIM KOHTPOJBHBIE TOYKH Pa3sMEIIAlOTCSI B HCXOAHOM
KO Ui Tpe6yeTcsI YCTaHOBUTH oosee YETBIPEX KOHTPOJIbHBIX TOYCK.

[IporpaMMHBIE KOHTPOJBHBIE TOYKH 3aJar0TCS MYyTEM 3aMEHbl OOBIYHBIX KOMAaH
Ha KOMaH[bl | NT3 — mpu 3ToM TpeOyeTcsl OCYILECTBIATh 3allUCh B CETMEHT KOAa
(co3maBaTh albTEPHATHBHBIA CETMEHT JaHHBIX), a MOCJIE OTJIAJKH — BOCCTAHAB-
JIMBATh UCXOAHBIN KoA. Mcnonp30BaHue annapaTHbIX KOHTPOJIBHBIX TOYEK HCKIIIO-
YaeT HeOOXOAMMOCTh MoauduKamu Koaa (MOXKHO OTJIaXHBaTh MPOTpamMMy, pas-
MmenieHnyto B [13Y), a Tak e JOoIycKaeT KOHTPOIIb O0paIeHHs K JAHHBIM.

PaccmoTpenHble cpeacTBa MO3BONISIOT BBI3bIBATH OTIAIYHMK KaK MPOLEAYPY B KOH-
TCKCTEC TCKyIIleI\/'I 3aauy WM KaK OTACJIbHYIO 3aJiady IPH BBIIIOJIHCHHUU OAHOI'O M3
CJIEIYIOLIUX YCIOBHMA:

O BHINONHEHNE KOMAH/BI KOHTPOJIBHOM TOUKH | NT3;

O BeimoaHeHHeE J1F000# kKomau bl (pu TF = 1);
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O BBIIOJIHEHHE KOMaH[bI 110 YKa3aHHOMY aJIpecy;

O cuuTbiBaHWE WM 3allUCh OaiiTa, CJIOBa MM JBOWHOTO CIOBa MO YKa3aHHOMY
azapecy;

O 3amuck OaiiTa, CJI0Ba WM JBOWHOTO CIIOBA 10 YKa3aHHOMY aJIpecy;

0 nepexitOYeHUE Ha KOHKPETHYIO 3a]a4y;

O nomnbITKa U3MEHHUTH COACP)KUMOE PETHCTPa OTIAIKH.

7.4.1. Pernctpbl oTnagku

Peructpsr otiamku, hopmMaThl KOTOPBIX IPUBENEHBI Ha prc. /.14, BKITIOYAOT B ce0st:

3 uerbipe peructpa DRO—DR3, npenHasHaueHHbIE I XPAHCHHS JIMHCHHBIX
aJIPECOB YEThIPEX KOHTPOJBHBIX TOYCK, KaXJas U3 KOTOPHIX HE3aBUCHMO MO-
KET OBITH OIpejie/icHa KaK KOHTPOJIbHAS TOYKA 110 KOMaHJI¢ WX 10 JaHHBIM;

3 peructp DR7 ynpaBneHHs OTIaIKOH, BKIFOYAOIINN TIOJSA, KOTOpPHIE Ompene-
JSIFOT CBOMCTBAa KOHTPOJBHBIX TOYEK M HEKOTOPHIE IMapaMeTphl MpoIecca OT-
TaJIKy;

3 peructp DR6 cocrosiHUus OTNIAiKH, NpeAHA3HAUCHHBIA IS WACHTU(UKAIIMU
MPUYUHBI IPEPBIBAHUS OTIIAJIKH;

O mnaxowert, 3ape3epBupoBanHbie perucTpbl DRS, DR4.

LEN3 | Rw3 | LEN2| Rw2|LEN1 | Rwi1| LENO|Rwo [D|GE|LE|G3[L3|G2|L2|61|Li{ GolLo| DR7
BT|BS|BD| 000000000 B[3:0] DR6

3apesepBUpOBaH DRS5

3ape3epBUpOBaH DR4

Jluneitnblii agpec KOHTPOIBLHOU TOUKH 3 DR3

JlnHeHHEIH anpec KOHTPOJIBHON TOUKH 2 DR2

JIunHelHsli afpec KOHTPOIBHOM TOUKH 1 DR1

JIuneiinpIid agpec KOHTPONBHOM ToUKH 0 DRO

Puc. 7.14. ®opmaThl peruCTPOB OTJIAJKU

Paccmotpum opmathbl perucTpoB COCTOSHUS U YIIPABJICHUS.

Beimre oTMedanock, 4To Bce COOBITHS OTIIAAKH, KpoMe | NT3, BEI3BIBAIOT MTPEPhIBa-
Hue ¢ BektopoM 1. CiemoBaTensHO, TPH BOSHUKHOBEHHWH 0CO0OTO CITydast OTIaAKH
BCTAaeT BONPOC O NMPUYMHE NpepbiBaHMA. VIMEHHO 0na udenmugpuxayuu npuyun
npepwvisanus 1 IpeaycCMOTPEH PETUCTpP cOCTOSTHUS oTinanku DRG6.
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Muaamue versipe Outa BO—B3 oTHOCATCS K 4YeThIpeM KOHTPOJBHBIM TOYKAM
U eIMHUYHOE cocTosiHue Bi 03HawaeT NOCTH)KEHHE KOHTPOJBHOM TOYKH, JIMHEH-
HBIH ajipec KOTopoit HaxoauTcst B peructpe DRI.

®nar BS (Step) ycranasauBaercs B 1, Korma mporeccop HadYMHAET 0TPabaThIBaTh
0COOBIi ciy4aid, BRI3BAaHHBIN JIOBYIIKOW MOKOMaHAHOW paboThl, T. €. mpu BS=1
NpUYHHON ocoboro ciyyas siBisercst coctosiHue TF = 1 peructpa EFLAGS. Drtot
cilydail ©MeeT BBICHIMI MPHOPUTET CPEelld BCEX CiydaeB OTIaakd, korga BS=1,
MOTYT OBITh YCTaHOBIICHBI M APYT'HE OUTHI COCTOSTHUS OTIIA/IKH.

®nar BT (Task) ycranaBnuBaetcs B 1, Korja ocoOblil ciiydail OTJIQJKKA BBI3BAH
MEPEeKITIOUYeHUEM Ha 3a71a49y, B T SS koTopoi ycraHoBieH OuT noBymiku T =1.

Peructpbl otnaaku goctynHbl (M0 3alycH WIK YTEHHIO) TOJIBKO B PEajbHOM pe-
KMME WM B 3alUIICHHOM PEXHME 10 MPUBHICTHPOBAaHHOHN (T. €. pa3penieHHoit
K BBITIOJIHEHUIO TOJILKO Ha HYJICBOM YPOBHE) KOMaH e MOV:

mov eax, dr6
mov drl, eax

B peructpe DR7 npenycmotpen ¢uar GD, KOTOpbIi, OyAy4d yCTAaHOBJICHHBIM,
obecrniednBaeT "CBEPX3alIUTy" BCEX OOpAIIeHWH K PETUCTPaM OTJIAJKH, BHI3BIBAS
IpH JTI000H MONBITKE 00pameHus K 3THM perucTpam npepuviganue 1. Jns naentu-
¢ukanuu stoit curyanum B DR6 npenycmotpen 6ut BD. On ycranasnuBaercs B 1,
€CITH clleayronas KoMaHaa OyaeT CYMTHIBATh MIIM 3aIMCBHIBATh B OJUH M3 BOCEMH
PETHCTPOB OTJIAAKU. XapaKTepHO, YTO TPH BBI30BE MPOIEAYpHl 00paboTIMKa
¢ Bektopom 1 O6ut GD aBTOMaTHuecku cOpachIBaeTCsi, YTO OOecreunBaeT oOpa-
00TYHMKY BO3MOKHOCTB JIOCTYIIA K PETHCTPaM OTJIA/IKH.

[Ipomeccop HUKOrma He cOpachiBaeT OMTHI PETMCTpa COCTOsSHUSA OTiaaku DR,
Mo3TOMY 00pabOTYHK 0cOO0TO Cllydast IOJKEH cOpacklBaTh UX MPOrPAaMMHO, HHA-
Ye MPUYMHBI 0COOBIX CIIy4aeB OTIAaJKU OyIyT HAKaIIUBAThCSI.

B03MO’KHO, TpH BO3HUKHOBEHHUH OCOOOTO CiTydast OTIaJKH B cocTOsSHUU 1 OymyT
HAaXOJHUThCS HECKOJIbKO 6MTOB DR6 (4TO BO3MOXKHO MPH pa3pelieHH: anmnapaTHbIX
KOHTPOJIBHBIX TOYEK) HJIH, Ha000poT, B DR6 He okaxkeTcs enHUYIHBIX OUTOB. [To-
clieiHee BO3MOYKHO, €CJIM BO3HUKIIO BHEIIHEE IPephIBAaHNE C BEKTOPOM 1 WITH BBHI-
TOJTHSAETCS] KOMaHaa | NT1.

Peructp ynpasnenust otnagkoii DR7 comepxuTt s KakJoW W3 UYETHIPEX KOH-
TPOJIBHBIX TOYEK CIIEAYIOIIHME IMOJs, omnpeaensonme ee xapakrepucruku: Li, Gi,
RWi u LENI, a taxke aBa ogHoouToBbix moist LE u GE, onpeaensrorne cBOHCT-
Ba, O0IIMe JUI BCEX KOHTPOJBHBIX ToueK. HazHaueHwe 3THX MoJed MPUBEICHO
B Tabn. 7.2. Kpome Toro, B peructpe DR7 6ut 13 — GD — mnpenHa3HayeH st
BKITIOYEHUS PEKUMa 3alIUTHl PETUCTPOB OTIAJIKU OT JIFOOOr0 00pamieHust co CTo-
POHBI IPOTPAMM ITOJIE30BATEIIS.
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Tabnuya 7.2. Hasnauenue noneii pecucmpa DR7

ITone Ha3znayenune

Li JlokanbHOe paspeleHne KOHTpOIbHOM Touky i€ {0,1 2, 3} . Korga Out Li Haxo-

nutest B 1, paspeliieHa anmnapaTHasi KOHTPOJIbHAS TOYKa, IHHEHHBIN aapec KOTo-
poii Haxoautcs B DRI, HO ToJBKO B Tekyiei 3aaade. [Ipu nepekioueHnn 3a1a-
4K cOpachIBalOTCS BCe OUTHI Li

Gi I'moGankHOE pa3pelieHue KOHTPOJIbHOM TOUKH | . DYHKIIMOHUPYET aHAIOTHYHO
6ury Li, Ho Ha Hero He JeiicTByeT nepekiouenue 3aaa4d. Copocuts 6ut Gi MOX-
HO TOJBKO IPOTPaMMHO

LE JlokayibHast TOYHOCTH
GE T'noGanpHast TOYHOCTH
RWi Onpenensier BUJ KOHTPOJBHON TOYKH |

e (00 — KOHTpOJIbHAS TOYKA IO KOMAaH/IE,
e 01 — KOHTpOJIbHAS TOYKA MO JAHHBIM C 0OPAIIICHHEM I10 3aIUCH;
e 10 — He onpezeseHa U HE UCTIONB3YETCH;

e 11— KOHTPOJIbHASL TOYKA MO JAHHBIM C OOPAIICHUEM [0 CUMTHIBAHUIO WIIH
3amucH (HO He BBIOOP KOMAH/IbI)

LENi J1J11 KOHTPOJILHOM TOYKH | T10 JAHHBIM OIIpEJeNsieT JIHMHY JaHHBIX:

o 00 — oxHoGaiTOBOE T10JI€ (M BCE KOMAHIbI);

01 — nByxOaiiroBoe mose (CI0BO);

e 10— mHe OIIpENICTICHA U HE UCIOJIL3YCTCH,

e 11 — yerhipexbailToBOE 10JIE (IBOWHOE CIOBO)

KonTtposbHas Touka MOXeET OBITh JOKAIBHOW (B IMpeaenax OJHOW 3a1au) WIIH
r100anbHON — B 3aBUCUMOCTH OT 3HaueHui outos Li u Gi.

Homnyckaercs ogaoBpemenHoe 3Hauenue Li =Gi =1 wmn Li =Gi =0. B nepsom
ciaydae 310 3kBUBaeHTHO Gi = 1, a BO BTOPOM — KOHTPOJIbHAS TOUKA 3arpernieHa
¥ COOTBETCTBHE JIMHEWHOTO anpeca u3 peructpa DRI agpecy komaH/bI He BBI3bIBA-
et ocoboro ciryyast (Ho Bi B perucrpe DR6 ycranasnuBaercs B 1).

Annapammuvie KOHMPOIbHLIE MOYKU NO KOMAHOAM YCTAaHABIMBAIOTCS IyTEM 3a-
rpy3ku B oJuH u3 peructpoB DRI nuHeiiHoro aapeca TpedyeMoii KOMaH/IbI, yCTa-
noBku B 00 cootBercTByrommx mojie RWi u LENI, ycranosku B 1 6uta Li u/umu
Gi. ITocne 3TOrO MpOLIECCOpP HAYMHACT KOHTPOJIUPOBATh YCTPOHCTBO MPEABBIOOPKH
koman[. Korna gukcupyeTcs paBeHCTBO ajipeca KOMaHIbl M COJIEPKUMOTO OAHOTO
u3 "pasperreHHbIx”" peructpoB DRI, XpaHSIIMX KOHTPOJBHYIO TOYKY MO KOMaH-
naMm, dopmupyetcss ocoOblit ciyuali otnaaku, npuuem B DR6 ycranaBimBaercs
B 1 6ur Bi.
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Anpeca komann B peructpax DRO—DR3 nomkHb ObITh 32-pa3psiIHBIMU JTUHEH-
HBIMH, & He JIOTUUeCKUMU (cenekmop . cmeujenue) win pusndeckumMu. JIMHEHHbII
azipec He 3aBHUCHUT OT CTPAHUYHOTO NMPeoOpa3oBaHusl, IOATOMY KOHTPOJIbHAS TOYKA
JEHCTBYeT Ja)ke TOT/Aa, KOTJa IeeBasi KOMaHa Y4acTBYeT B CBOIIMHIE€ H OTOOpa-
’KaeTcs Ha pa3IndHbIe afpeca GU3HIECKON MaMAITH.

Ecnu KOHTpONBbHAs TOYKAa YCTAaHOBJICHA Kak JIOKajbHas, OHa cOpachIBAacTCS MpHU
MEPEKIIIOUCHUN 3a1auu, npuieM 3HadeHne DR7 He coxpansiercs B TSS, mostomy
MPY BOCCTAHOBJICHUM 3aJ[a4d KOHTPOJIBHBIC TOYKU HE BO300HOBIIsIOTCS. [IpH He-
00XO0JIMMOCTH CJIEIYeT MPEIYCMOTPETh MPOrPaMMHOE BO300OHOBJICHHE KOHTPOJIb-
HBIX TOYEK. [IJis 3TOro MOKHO B PAaCIIUPEHUU cerMeHTa 1SS Toi 3ajmaun, B KOTO-
poii ompeesicHbl JIOKAJIbHBIE KOHTPOJBHBIC TOYKH, 3amucaTh 3HaueHus DRO—
DR3 u DR7, a Tak e ycranoputb B 1SS 0Out T = 1. [Ipu nepexoze k Takoi 3aaaue
BBI3bIBACTCS 00pabOTUMK 0COOOTO Cilydasi, KOTOPBIH M BOCCTAHOBUT 3HAYCHHS PE-
ructpoB DR u3 cermenra TSS.

AnmnapatHble KOHTPOJIbHBIE TOUKH 10 KOMAaHIAM SIBISIOTCS HApPYWeHUsMU, T. €.
MIPOILIECCOp BKIIOYAET B CTEK aJpec KOMaH[bl, BbI3BaBIICH HapylleHHe, U oOpa-
00TUHK 0cO0Or0 Cilyyasl BO3BpALIAET yIpaBJeHHE Ha Ty ke KoMaHay. [lockoabKy
anmapaTHble KOHTPOJIBbHBIE TOYKU 0 KOMaHAE MPOBEPSIOTCS 10 BBHIMOJIHEHHS Ca-
MOM KOMaH[IBI, TIPOIIECCOP OJKEH BHOBb C(hOpMHUPOBATH 0CcOOBIN ciydaii. HeoO-
XOJUMO OOOWTH JaHHYIO KOMaHY, JUIA 3TOTO UCTIOIB3yeTcs (piar BO30OHOBIEHUS
RF B peructpe EFLAGS. Ilpornieccop aBromarnuecku yctanaBnuBaeT RF = 1 mpu
BO3HMKHOBEHMH JIFOOOT0 HAPYIIECHUs], BKIOYasl M allapaTHble KOHTPOJIbHBIE TOY-
Ku 1o KomaHaaM. Ammapartsele npepeiBaans 1o BxogaMm INTR u NMI, a Taxxke
MporpaMMHBIE JIOBYIIKH W aBapuu He Bo3zeicTByioT Ha ¢uar RF. Korma RF = 1,
MIPOIIECCOP UTHOPUPYET OCOOBIN cirydail ammapaTHOH KOHTPOJIBHOW TOYKH IO KO-
MaHzaM, a IocJie NepBOH k€ KOMaHbl, KOTOpasi BHIIIOJHEHA 0e3 0COOBIX CIIydyaes,
mporteccop copaceiBaet RF.

Annapammvle KOHMPOJbHble MOYKU NO OAHHbIM YCTAHABJIMBAIOTCS C IOMOIIBIO
Tex ke peructpoB omianku DR. Iporeccop dopmupyer ocoOblii ciiyuaii oTiaaKu
KaK J08yuKy, Koraa IpoucXoIuT oOpallleHue K TJaHHBIM 110 ycTaHOBJIeHHBIM B DR
aapecam. Pazpemaercs cOBMECTHOE NPUMEHEHHE KOHTPOJIBHBIX TOYEK MO KOMaH-
JaM ¥ 10 JaHHBIM, NMPUYEM BO3MOXKHO MPOM3BOJILHOC HA3HAYCHHE THIA KOH-
TposbHO# Touku (mose RWi B peructpe DR7Y).

[Tpomeccop KOHTpONMMPYET BBHIPAaBHHBAHWE IAaHHBIX, €CIM MX JJIMHA, YKa3aHHAS
B mosie LENI, paBHa cioBy min nBoiiHOMy ciioBy. B 3TOM citydae mnpu cpaBHECHUH
TEKYIIIEro aJpeca CerMeHTa JaHHBIX C aIpecoM KOHTPOJILHOM TOYKH HTHOPHPYIOT-
CsI OJTMH WJTH JiBa Mitaaiimx outa peructpa DRI.

Konseiiepnass apxurektypa crapmux Moneneld x86 obecreunBaeT OJHOBpE-
MEHHYI0 00pabOTKy HECKOJbKMX KoMmaHia. Ciydaercsi, 4yTO KOHTPOJIbHAS TOYKa
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MO JAaHHBIM (PUKCHUPYETCS TONBKO IIOCITE BBHITOJHEHHS HECKOJIBKUX CIIETYIOLIHX
koMaHz. B peructpe ympasienus otiankoit DR6 mpemycMoTpeHsr OWTHI, 3a/1at0-
mue JokaneHyto LE u riobameryro GE "TouHocTh" ompesneneHus: KOHTPOIBHOMN
TOYKH TI0 JJaHHBIM. bynyun yctaHOBIeHHBIMH B 1, 5TH OUTHI 3aMeIISIOT BHYTPEH-
HHUE OIepaliy IMpoIleccopa TakuM 00pa3oM, 4TO COOOMIAIOT 00 OOpalieHuH 10
KOHTPOJIMPYEMOMY aJpecy IaHHBIX TOYHO B TOT MOMEHT, KOTJIa TIPOMCXOAUT 00-
pamenue k mamatu. buter LE, GE neiicTByIOT TOJNBKO Ha KOHTPOIbHBIE TOUKH 10
JaHHBIM, SIBISIOTCS OOIIMMHM IS BCEX TakKMX Touek, nmpudyeM LE aBromarmueckn
cOpaceiBaeTcsl TpH TiepekimtoueHnn 3amadn, a GE Moxer OBITH COpOIIEH JUIIH
MPOTPaMMHO.

Perucrtpaums HecKonbKux oco6bix criyyaeB

Ecnu xomanza, Ha KOTOPYIO HACTPOEHA KOHTPOJIbHASI TOYKA, BHI3BIBAET JIAHHEIE 10
KOHTPOJMPYEMOMY aJIpecy, MPOIeccop MPaBUIBHO CHOPMUPYET IBA OCOOBIX CITy-
yas oTnanku. [lepBolii — Mo KomaHJe — SIBISICTCS HapylleHHeM, U 00padoT4nK
3TOT0 0CO0OTO Ciydasi BO3BpAIllaeT yrpaBlieHHe TOM ke komaHe. [Ipu BhImosHe-
HHH KOMaH/Ibl BTOPOW 0COOBIH Cllydail He BO3HUKAeT (CM. BbIIIC Ha3HAUYCHHE OHTa
RF), 3aro ¢ukcupyercst J0ByIIKa MO JAaHHBIM. [IprHyrHa TEKyIIEro 0coboro ciy-
yas ¢ukcupyercs B DR6.

7.5. YBenunyeHue obicTpoaencTBus
npoueccopa

OJHUM U3 CaMbIX PAacIPOCTPAHEHHBIX CIIOCOOOB OMpECICHHUS TPOU3BOIUTEIHHO-
CTH TIPOIIECCOpa SBISIETCS OIIEHKA BPEMEHHM | peIIeHHs HEKOTOPO#l (TecToBO¥)
3amayn. O4EBUIHO,

N-S
T=—nH—, (7.0)
f
raie N — KOmM4ecTBO BBITONHEHHBIX NP PEIICHUH 33/1a9l MAITHHHBIX KOMaHI;
S — cpeaHee KOTUYECTBO TAKTOB, MPUXOISAIINXCS Ha BBIITOIIHEHNE OJJHOW KOMaH-
nel; f — TakTOBas yactora mporeccopa.

Ecnu AiuTenbHOCTH pa3muYHBIX KOMaH[ (B TaKTax) CYIIECTBEHHO OTIMYAOTCS
JpyT OT Apyra, To 6ojee TOYHO MOKHO OLIEHUTh 3HaU€HHE | IO BBIPAXKEHUIO

1 N
T=T-_ZS, (7.2)
=1

rae § — 4YMCIIO TaKTOB i-if KOMaH/IbI.
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Hcnone3yroTes U Oosee TO4HbIE (M, COOTBETCTBEHHO, 0OJiee CIIOXKHBIE) METOJIbI
OlLICHKH Tpou3BoauTenbHoctd [7, 11, 13], ognako u u3 Beipaxkenuit (7.1), (7.2)
BUJTHBI IIyTH YBEJIUYCHUS IPOU3BOAUTEILHOCTH TIPOLIECCOPA:

0 yBenWYeHHE TAKTOBOW YaCTOThI (peIIeHHs JexaT B OOJIACTH TEXHOJOTHH
CBUC);

O cokpallleHHe JUTMHBI IPOrpaMMbl (COBEPIICHCTBOBAHHE TEXHOJIOTHU MPOTPaM-
MHpPOBaHHs1, pa3pab0TKa ONTHMH3UPYIOIINX KOMITHIISTOPOB);

O cokparieHne 9rciia TakKTOB, IPUXOSIINXCS Ha BHIMIOJTHEHNWE OJJTHOW KOMaH/IbI.

[TocneHee BOZMOXKHO 3a CUET YCIOKHEHHS CXEMBI IPOLieccopa, MpH 3TOM 3HAYH-
TEJNBHOE YCIO)KHEHHE MOXET MPUBECTH K COKPAICHHIO YHCIa TAaKTOB KOMAaHJBI
MpH YBEIWYEHUH "TIyOWHBI CXEMBI', UYTO TOBJIEYET 3a COOOW yBENWYCHHE IIH-
TEJILHOCTH TaKTa, TaK YTO BBIUTPHIII MOKET 00EPHYTHCS IIPOUTPHILIEM.

MarucTpalbHbIM ITyTEM YBEIHUEHUS MPOU3BOIUTENBbHOCTH OBM MOXKHO cuMTaTh
napanneiu3m Ha pa3IndHbIX YPOBHSIX.

CyIIIeCTBYIOT JIB€ OCHOBHBIE (OPMBI Tapasuiean3ma [11]:
0 mapasuienu3M Ha ypOBHE IPOIECCOB;
0 mapasuienusM Ha ypoBHE KOMaH/I.

B nepBom ciyuae Hag OIHOW 3amadeld MOTYT OJHOBPEMEHHO paboTaTh HECKOIBKO
MPOLIECCOPOB WM JPYTUX YCTpoiicTB DBM.

Bo BTOpOM Ccitydae nmapasienusM peanusyeTcs B peaenax OTAeNbHBIX KOMaHI.

OOBIYHO CTpEeMSTCS COBMENIaTh BO BPEMEHU MpOLEAYPHl OOpalleHHsl K MaMsTH
1 00paboTku HHQPOPMAILIHNH, MTaApATIIETFHO BHIIONHATH apU(PMETHIESCKHAE ONepaIliu
cpa3y HaJl HeCKOJIBKMMHU (MM JJaXke BCEMH) Pa3psIaMH ONEePaH/I0B, OTHOBPEMEHHO
BBITIOJTHATh HECKOJIBKO IMOCIIEIOBATEIbHBIX KOMaHJI MPOrpaMMbl (pa3zymeercsi, Ha
pa3HBIX CTaHsX) U T. II.

Yxe B muajuied mojuenu cemerictea x86 — mukponporeccope 8086 npemycmar-
puBaNach OJHOBpEMEHHAsI paboTa IBYX OCHOBHBIX YCTPOHCTB — 06pabomku OaH-
HbIX U c853uU ¢ Macucmpanvio. [1ogoOHbI MexaHu3M (¢ MOTU(HKAIIMSIMHU) COXpa-
HUJICS ¥ B CTapIINX MOJEIIX CEMEHCTBa.

Oco0eHHo 3(QeKTHBHBIM CIIOCOOOM OPTaHM3AlWU IMapaUIeNbHBIX OMepaIil
B KOMIIBIOTEPHOI CUCTEME SIBIICTCS KOHBeliepHas 06pabomka KOMaHo.

Jlanee Mbl KpPaTKO pacCCMOTPUM HEKOTOPBIE U3 MEPEUMCICHHBIX METOIOB yBEIHYe-
HHSI IPOM3BOIUTENIBHOCTH Iporieccopa. bonee noapoOHyr0 HHPOPMALIHIO IO 3THM
BOITPOCAaM MOJKHO HaiiTH, Harpumep, B [11, 13].
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7.5.1. KoHBenepbl

[Ipu orcyTcTBHM KOHBEHEpa MPOLECCOP BBIMOJHAET MIPOrpaMMy, IO OYepear BbI-
Oupast 3 MaMsTH U aKTUBH3HUPYS €€ KOMaH/IbI.

[Iponecc 06pabOTKM KOMaHABI MOKET OBITH pa3doWUT, HApUMeEp, Ha CIEAYIOIIUE
mar (CTagun):

O F — Bei0bopka (ot anri. fetch) — urenue KoMaHIBI M3 TAMSITH;
O D — nexoauposanue (ot anri. decode) — nexoupoBaHne KOMaH/IbI;

O A — dopmupoBanue aapecoB (ot anri. address generate) u BrIOOpKa oOre-
paH[IoB;

O E — BbimonHeHue (OT aHINI. €XECULE) — BBHIMOJIHEHHE 33JaHHON B KOMaHJE
orepanuy,

O W — 3amwch (0T aHrii. Write) — coxpaHeHue pe3y IbTaTa 1o [EIEBOMY aIpecy.

[IpuBenenHoe pa3bueHue HE ABISETCS €AMHCTBEHHO BO3MOKHBIM — B HEKOTOPBIX
Clly4yasix pacCMaTpUBAIOT YETHIPEXCTAAMHHBIA KOMaHAHBIN UK, HHOT/A (HAMpH-
Mep, Ul TIPOLIECCOPOB, PEATU3YIOMNX KOMAH/bl HAJl YACIAMH C IUIABAIOIIECH 3a-
MSITOM) — BOCHMUCTAAUAHBIN U JIP.

Jns peanu3anuy KaxJIoW U3 cTaauil KOMaHAHOTO IMKJIA B IIpOLlEcCOpe Ipery-
CMOTPEHO COOTBETCTBYIOIEE 000pyHoBaHHE (PErHCTpHI, AemU(paTopbl, cyMma-
TOpPBI, YNPABJISIOUIME aBTOMAThl WIM UX (PPArMeHTHI), MPUYEM OINEPAI[HOHHBIC
AJIEMEHTHI Pa3HBIX CTaAwii 00BIYHO cnabo mepecekaroTcss Mexay coboil. [losTomy
KOTJja odepenHas KOMaH/Aa 3aBepIlacT JCHCTBUS Ha ONHOW cTaauu, Hanpumep F,
¥ TepexonuT Ha ciexyiomryto — D, To obopynoBanme cramguu F "mpocramBaetr”
U MOXET OBITh UCIIOJIb30BAHO JJISl UTCHHS ClIeaytouleld KoManasl. Takum o0pazom,
odyepeqHas KOMaHAa MOXKET HAauMHATh BBINONHEHHE, HE I0XKUAASACh OKOHYAHHS
KOMaHJIHOTO LIMKJIA PEABIAYLIEN KOMaHIbI.

[Ipu paccMoTpeHHM MATHCTaAUHHOTO KOMaHJIHOTO IMKJIa OJHOBPEMEHHO Ha pas-
HBIX CTaJUSAX MOXET BBIIIOJIHATHCS 10 MATH KoMmaHzA. OpraHuzanus namucmaouii-
HO20 KoHgetiepa OTpedyeT TyOIMpOBaHUSI HEKOTOPBIX OMEPAIIMOHHBIX JIEMEHTOB
Ha pa3HbIX cragusix (Hampumep, peructpa komana PC) M ycloXHEHHE CXEeMbI
yIpaBJeHHs, OJTHAKO UTPa CTOUT CBEY.

OueBusIHO, oyepeqHas KOMaHAa MOXET NEpedTH C OAHOM CTaAuM KOMAaHJHOTO
LUKJIa Ha JPYTYIO IPY BBINOJIHEHUH JBYX YCIIOBUI!

O neicTBUSA KOMaH[Ibl HA TEKYIIEH CTaJuH 3aBEPILECHBI;
O npexpinynias KOMaHga 0cBoOoaAnIa 000pyJOBaHKUE CIEAYIOIIEH CTaaNN.

[Ipu ycnoBum, 4T0 KaXkAasl CTaausl BBITIOJTHSETCS B JIFOOOH KOMaH/E OAMHAKOBOE
KOJIMYECTBO TaKTOB (HAIpPHMeED, OJIMH), KOHBEHep paboTaeT uaeanbHO, H OJHOBpE-
MEHHO BCET/Ia BBIMOJHSIOTCS MSITh KOMaH, I (IS IITUCTaANHHOTO KOHBEiepa).
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Jlnst GOJBIIMHCTBA MPOLECCOPOB Tak HasbiaeMoit ClSC*-apxutextypsl (K HuM
OTHOCSTCS, B YaCTHOCTH, MTPOLIECCOPBI ceMeiicTBa x86) Takast uieaabHas CUTYalusl
CKJIQJIBIBACTCS JIAJICKO HE BCET/a.

JeticTBUTENbHO, KOMaH/a, U3BIIEKacMas W3 MaMATH Ha CTaauM F, MOXXET MMETh
pa3sHylO UIMHY M, CIIENOBATENIbHO, U3BJIEKATHCA M3 MAaMATH 34 Pa3HOE YHCIO Ma-
IIUHHBIX ITUKJIOB.

B 3aBucMMOCTH OT 33JaHHOTO B KOMaHJIe CIoco0a aJapecallid ONepaHIoB BpEMsI
BBITIOJTHEHHSI CTQJUH A MOXKET ObITh CYLIECTBEHHO Pa3IMYHBIM (CPaBHHUTE HEIO-
CPE/ICTBEHHYIO aJ[pecaluio 1 KOCBEHHO-aBTOMHKPEMEHTHYI0). Pacronoxenue aju-
pecyeMbIX omepaHaoB (M pa3MelieHHe pe3ysIbTara) B MaMsATH Pa3HOTO YPOBHS Tak
K€ CYILIECTBEHHO BIIMSCT Ha Bpems peanu3anuu ctagund A (u craguu W).

Hakonen, Ha ctaguu E BpeMsi BBITIOJNIHEHUS ONEpalliy 3aBUCUT HE TOJIBKO OT THIIA
omepanuu (KOPOTKHE — CIIOKCHNE, KOHBIOHKIIHUS, ..., JUTHHHBIC — YMHOKCHHUE,
JIeNIEHKE), HO JJaKe WHOTA M OT 3HAYECHUH OTIepaH/I0B.

YuuThiBas OTMEUEHHBIE BBIIIE 06CTO$1T€J'II)CTB21, MOXHO CKa3aTbh, UTO KOHBeﬁepLI
nporieccopoB ¢ knaccudeckoi ClSC-apXuUTeKTypoil peiko paboTaroT "Ha TONHYIO
MOIITHOCTB", HAXOMSCh 3HAYUTEIBHYIO YacTh BPEMEHHM B OXKHUIAHWUHU 3aBEPILCHHS
" ITUHHBIX" OTIepaItuii.

JXenanue yBemMUYHUTH MPOM3BOAUTEIHHOCTh KOHBEHEPOB MPHBEIO K IOSBICHHUIO
nporeccopos T. H. RISC’-apXHTEKTypbl, U3 CHCTEM KOMAHJ KOTODPBIX OBLIH HC-
KIIFOUCHBI Bce (DAaKTOPBI, TOPMO3SIIIHE PEaTn3alMi0 KOMAHIHOTO IUKJIA — JJTHH-
HBIE KOMaHJbI, CIOXXHBIE CIIOCOOBI aapecalnd, pazMmelieHue onepaHaoB B O3VY.
K ocobennoctsm RISC-apXUTeKTypbl MOXKHO OTHECTH:

O ¢opmatsl Bcex KOMaH/ UMEIOT OJJMHAKOBYIO JUIHHY, B KpaiHeM cliydae, pa3Ho-
o0pasue anrH (opMaToOB OTPAaHUIMBACTCS ABYMS BAPHAHTAMH,;

0 Bce onepaiiy BITOJIHAIOTCS 33 OJMHAKOBBIN MPOMEXYTOK BpeMeHH (00bIuHO 1
WK 2 TaKTa);

O onepaHzasl BceX apU(PMETHUECKHMX M JIOTMYECKUX OIEpaluil pacroyararorcs
TOJIBKO B PErHCTPax, K ONEPaTHBHON MamsTH OOpaIlaloTCsl TOJIBKO KOMAaHIBI
3arpy3KH U COXpaHEHUS,

O cBepxomepaTuBHas MaMATh MpPEACTABICHA OOJBIIMM YHCIOM PETHCTPOB
(32—256).

Peanusanust 3TUX 0COOEHHOCTEH, ¢ OHOI CTOPOHBI, O3BOJISET NPUOIU3UTH pabo-
Ty KOHBeliepa K HICaNbHOW, C APYrodl CTOPOHBI — CYIIECTBEHHO OTrpaHUYHUBAECT

* Complex Instruction Set Computer — KOMITBIOTEp C ITOJTHBIM HAGOPOM KOMAH]L.
® Reduced Instruction Set Computer — KoMITbIOTEp ¢ COKPAIICHHBIM HaG0POM KOMAHI.
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BO3MOKHOCTH CHCTEMBI KOMaH/I Iporieccopa. JleficTBUTeNbHO, N3 CHCTEMEBI oTepa-
LUH UCKITIOYAKOTCS " JUIMHHBIC" ONepaliii — YMHOXEHUE, JISICHUE, OTepaliii Ha
YHCJIAMHU C TUTABAOIIEH 3amsaToi u ap. Mckimrouarores cinoxubie (M 3G dexTHBHBIE)
crocoObl ajpecanny, HampuMep, aBTOWHICKCHbIC. DTO MPUBOAUT K 3HAYUTEIILHO-
MY YBEJIMYEHHIO JUTHHBI TPOTPAaMM, YBEINYEHHIO BPEMEHN Ha BEIOOPKY KOMaH[ 3
MaMsTH, TIPU 3TOM CPEJHEe YHCIIO KOMAaH], BBINOJIHIEMBIX B CIUHHUILY BPEMCHH,
B RISC-niporieccopax 3nauutensHo 6omnbie, yem B ClSC-niporieccopax.

[To Mepe COBEpIICHCTBOBaHMS HWHTETPATBHOM TEXHOJIOTHH IIOSIBHIACH BO3MOJXK-
HOCTB IICHO# 3HAUMTENIBHBIX aIlllapaTHBIX 3aTpar (Tenepb pa3paboTUUKH YiKEe MOT-
M uX cebe MO3BOJIUTH) PE3KO COKPATHUTH BPEMsI BHIMOJIHEHHS " [UIMHHBIX" orepa-
Ui, HampuMep, 3a CYeT peaN3aldd MAaTPUYHOTO YMHOXKHUTENS, TaOIUYHON
apudmeTHkH u 1p. B 3TOM cityyae [UIMHHBIE Onepanyi MOKHO BKITIOYATh B CHCTe-
My komana RISC-mponeccopoB, He Hapymias NMPUHIWMIOB WX OPraHU3aldy, HO
yBenmmuuBas 3pPEeKTUBHOCTH CUCTEMbI KOMaH]I.

B nactosimee Bpems monsitust "RISC-" u "CISC-apxurektypa” cxopee sIBISIOTCS
0003HaYeHNEM HEKOTOPBIX MPUHIUIIOB MPOSKTUPOBAHMS, HO HE XapaKTepUCTHKA-
MH KOHKPETHBIX MpoleccopoB. COBpeMEHHBIE MPOIECCOPHI, KaK MPaBUIIO, Peau-
30BaHbl 10 "THOpHAHOMY" mpuHOMITY: cofepxart siupo RISC, koTtopoe BbimonHseT
MPOCTHIE M caMble PaclpOCTpaHEHHbIE KOMaH bl 32 OJIMH TaKT Ha CTaJIUI0 KOHBEM-
epa, a CJIOXXHbIe KOMaHIbl MHTEPIPETHUPYIOTCS KaK HeKasl MOCleI0BaTeIbHOCTD
npocThiX (Ha ypoBHE MUKpOoKoMaH/). [1oab30BaTeb ke B TOM Cllydae HMEeT JIeJI0
c cucreMoit komana npuBblaHON ClSC-apXUTeKTYyphl, 2 BHYTPEHHUE BOIIPOCHI pea-
JU3aIMK KOMaHIHOTO [IUKIIA €T0, KaK MPaBUIIO, HE HHTEPECYIOT.

[Ipu peanuzanuy KOHBEHEPOB BO3HMKAET €lle OJHA IpoOieMa, CBSI3aHHAsA C €ro
ONTHMAJILHOM 3arpy3Koil — KOMaHJIbl YCJIOBHOM Tepenadu yrpasieHus (B cpen-
HeM Kaxass 5—6-s1 komaH/1a nporpamMmsl). J{eficTBUTENBHO, KOTIa TaKasi KOMaH/1a
nepenaercs co craauu F Ha ctammio D, Ha craguio F Hamo cTaBUTH CIEMYIOIIYIO
KOMaHly, HO KaKkylo? YcJoBHe mepexona OyaeT mpoBepeHO Jumib Ha ctagud E,
TOT/1a K€ ONPENENUTCS aapec ClIeAyrolell KOMaHAbl. 31eCh BO3MOXKHBI /1Ba IIyTH
peLeHHUS:

O npuOCTaHOBUTH 3arpy3Ky KOHBelepa 10 3aBepIICHHs] KOMaHJI0H mepexoja cra-
mu E;

O 3arpy3uTh KOHBeliep "Hayraa' KOMaHIOH MO0 OJHOMY U3 JIBYX BO3MOXKHBIX a-
pecos, a Ha craguu E mpoBepuTh MpaBUIIBHOCTH BBIOOpA U, €CIIM OH OKa3ajcs
HEBEPHBIM — OYHCTHUTH BECh KOHBEHEp M HauaTh 3arpy3Ky 3aHOBO O MPaBUIIb-
HOMY aJpecy.

Bropoii myTs npencTaBiseTcs NPeAIOUYTUTENBHBIM, T. K. KOHBEWEp HE OCTaHABIU-
BaeTcs, U (B CpeJHEM) B MOJIOBUHE CIIy4aeB Mbl H30€)KHM MOTEPU BPEMEHH Ha Iie-
pe3arpysky. Pesynbrarel paboTsl KOHBelepa OyayT elle Jydile, eClIi Mbl HayInMCsI
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MPaBHIBHO TPE/ICKa3bIBATh aJIpec Mepexo/1a, 9TOObI BEPOSATHOCTD yraIbIBaHUS aJl-
peca mpubmmxanace x 1.

B coBpeMeHHBIX MpoIleccopax 4YacTo MPEeIyCMATPHBAIOT CHEIHATIbHBIC armapaT-
Hble OJIOKH TIPEICKa3aHusl IEPeX0/I0B. B pasHbIX Mpolieccopax peainsyroTes pas-
JIMYHBIC aJTOPUTMBI MIPE/ICKA3aHKsl, OCHOBAHHBIC Ha aHAJIN3e PEe3yJIbTaTOB BBIMOJ-
HEHUS MIPEAbIIYIINX KOMaH I epexo1oB [13].

7.5.2. AMHaMnyeckuin napannennusm

OnuH KoHBelep xopomo, a Asa jdyumie? [louemy Obl, €ClIU MO3BOJISIOT PECYPCHI
MHTErpaJbHON TEXHOJIOTHH, HE TIOCTPOUTH [1Ba KOHBEIepa U CTaBUTh HA HUX OJIHO-
BPEMEHHO Napy KoMaH] mnporpammbl. B mpoueccope Pentium umenHo Tak u cie-
JlaJii — MPEIyCMOTPENH ABa 5-ypOBHEBBIX KOHBeWEpa, KOTOphIE MOITIH padoTaTh
OJTHOBPEMEHHO U BBITIOJIHATH JIBE LIETOYUCICHHBIE KOMAaH bl 32 MAIlIMHHBIHN TaKT.

OaHaKo BO3MOXHOCTH OJJHOBPEMEHHOW MOCTAHOBKM Ha JIBa Pa3HBIX KOHBeiepa
Hapbl 10CIIEN0BaTENbHBIX KOMAH| TIPOrpaMMbl OTPAHUYUBAETCS PSAIOM YCIIOBHIA.
O4eBUIHO, YTO HENb3sl CTABUTh HA pa3Hble KOHBEHEPbI JBE MOCIEI0BATEIbHBIC
KOMaHJIbl, €CIIM BTOpasi HCIIOJb3yeT B KaUeCTBE ONEpaH/ia pe3yibTaT paboThl mep-
BOM WJIM, BO BCSAKOM Ciydae, HEOOXOJMMO rapaHTUPOBaTh, YTO K HAYaly CTaIHd
BBIOOPKH OIEPaHIOB BTOPOM KOMaH/bI TepBast (Ha JAPYroM KOHBeWepe) yke 3a-
BEPILHUT CTAJUI0 pa3MenieHus pesyibrara. CylIecTBYIOT U JAPyrHe OrpaHHYEHHS,
KOTOpBIE OIPENEeNSIOT T. H. YCJIOBHUS "CHapWBaHUS TOCIEIOBATENBHBIX KOMAaH]]
(pairing), mo3BOJSIONIHE Pa3MEIIaTh KX OAHOBPEMEHHO Ha Pa3HBIX KOHBEHepax.

B mpomeccope Pentium nBa koHBeiiepa He SBJISIOTCS paBHONpPaBHbIMH. OnUH 13
aux (U) MoxeT mpuHATH TH00YI0 KOMaHay, a apyroi (V) — ToIbKO yIOBJIETBO-
PSIIOLIYIO YCIIOBUSAM “criapuBaHusi” (IOBOJIBHO CIIOKHBIM) C KOMaHIOH, MMOCTaB-
nenHoil Ha U. Eciu 3T ycnoBus He coOM0AaoTcs, Cleqyonas KOMaHaa TaKk xe
nomeniaercst Ha U-koHBeiiep, a V-koHBeiiep npomyckaeT TakT. Hexotopsie koMaH-
IIbI MOT'YT HOSABIISITBCS TOJIBKO Ha U-KoHBelepe.

Pa3ymeercst, TpOM3BOAUTENLHOCTS IBYXKOHBEHEPHOTO IpoLeccopa, IpH MPOUHX
PaBHBIX YCIIOBHUSX, MPEBBIMIAET MPOU3BOIUTEIHHOCT OJHOKOHBEHEPHOTO, HO /1a-
JIEKO He B ABa paza. D(H(PEeKTHBHOCTH BO MHOTOM OTIPEAETSAETCS, HACKOIBKO 4acTo
OyayT BCTpeuaThcs B MpOrpamMme Hapbl MOCIEA0BAaTENbHBIX KOMaH/, JOIYCKaro-
X " criapuBaHue” .

OueBHIHO, IBIDKCHNE B HANPABICHUH YBEIMUYCHUS B IPOLIECCOPE YHCIa KOHBeEle-
POB, PabOTAIOIIMX IO OMMCAHHBIM BBIIIE TPUHIIMIIAM, OECTIEPCIIEKTUBHO. Y CIIOBHSI
"cTpanBaHus" (€CIM MOXKHO TaK CKa3arh) U T.A. OYAyT HACTOIBKO CIOXHBI, 4TO
penko OyInyT BBIOTHATHCS.
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CrenyromuM 1aroM Ha IyTH YBEJIMUYEHHS NPOU3BOIUTEIBHOCTU OBUIO pElIeHHE,
KOTOPOE NPHUHATO Ha3bIBATh OUHAMUYECKUM NAPALLEIUIMOM, 3 TIPOLIECCOPHI, pea-
JU3YIOUIME 3TOT NPUHIINII, HA3bIBAIOT CYNEPCKANIAPHLIMU.

PaccmoTpum (pparMeHT nporpamMMbl, HAITMCAHHBIN HA HEKOTOPOM YCJIOBHOM SI3BIKE:

MOV R1, R4
ADD R1, @0
MOV R5, R6
SUB R5, R7
CLR R6

Bropas komaHga 3TOT0 (hparMeHTa UCHoIb3yeT B KAYeCTBE ONEpaH/Ia COJACPIKUMOE
SYeHKU MaMaTH (KOCBEHHO-PETHCTPOBAst apecaliusi) U, cIe0BaTeIbHO, MOMaB Ha
KoHBeifep, 6yneT "Topmosnts” ero® Ha craguu A. B To e Bpems ciie/IyIoue Tpu
KOMaHJpl 3TOT0 ()parMeHTa HUKAK HE CBS3aHBI C pe3ylibTaraMu padoThl BTOPOIi
KOMaH/Ibl, BBIOJNHSIOT NEWCTBHS TOJBKO HAJX PErHCTPaMH M MOTIH OBl BBITIOJ-
HATBCA €Ile 10 3aBEePIICHUS MPEeAbIAYIIEH KOMaH/bl, OHAKO B 3TOM Cilydyae Mpu-
IIJTIOCH OBl U3MEHUTH NOPSAIOK BBIIIOJTHEHHS KOMaHI, OIPEICNICHHBIN IIPOrpaMMOi,
4ero KOHBeWep He MpelycMaTpUBaeT.

CynepckaisipHas apXHTEKTypa Ipolieccopa IpeanoiaraeT, 4ro KoMmaHjabl (Ha
HEKOTOPOM OTPaHMYEHHOM Y4YacTKE MPOrPaMMBbI) MOTYT BBITIOJIHSTHCS HE TOJIBKO
B MOPSAJKE WX pa3MEIICHHs B MporpaMMe, HO ¥ TI0 Mepe BO3MOKHOCTH MX BBITOJI-
HEHUS HEe3aBHCHMO OT TOpsAKa ciemnoBaHusI. Bo3MOXHOCTh BHITIOTHEHHS OTIPEe-
JsieTcsl, BO-TIEPBBIX, OTCYTCTBHEM 3aBHCHUMOCTEW OT paHee PacloJjOKEHHBIX, HO
elle He 3aBEPIIEHHBIX KOMaHJ, BO-BTOPBIX, HATMYHEM CBOOOHBIX PECYpCOB IPO-
neccopa, He0OXOAUMBIX IS BBITIOJTHEHUST KOMaHIbI.

OJHUM U3 TIEPBBIX MHKPOIPOIIECCOPOB, PEATU3YIONIMX MEXaHU3M IUHAMHYECKOTO
napautenusma, oLt mporeccop Pentium Pro (Pentium 1) ¢upmsr Intel (puc. 7.15).

Ha xpucramre mporeccopa pa3MemarTcs jJBa 0JI0Ka KIII-aMsATH EPBOTO ypOB-
HS, B OOHOM u3 KOTopeiXx (kom-C) pasmernaercs mporpamma, a B JIPyrom
(kom1-D) — namubIE.

Vempoticmeo ebiooprul 0ekoouposanus BHIOUpAET O4EpeHy0 KOMaHay U3 Kari-C
(B mopsiiKe MX pa3MEIICHHUs B MPOrpaMme), IPU HEOOXOJAMMOCTH 3aMEHSIET CIIOXK-
HbIC KOMaHJIbI Ha TIOCIICA0BATEIbHOCTh MUKPOKOMAH]T, CHA0XKAaeT KaXTyr0 KOMaH-
Jy TIOJIeM TPH3HAKOB (TEroM) M MOMENIaeT B CHEHUAIBHBIM 00pa3oM OpraHu3o-
BaHHYIO MAMSTh — 1Y KOMAHO.

6
3,HCCB MBI HE 06cy>i<;[aeM BO3MOXXHOCTH K3II-TTaMATH.
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CucreMmHas IIMHA Kom
2-T0 ypOBHSI
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| Wnrepdeiic mmusl |

] i

Kowm-C Ksm-D
1-ro ypoBHs 1-ro ypoBHs
YerpoiicTBo YerpoiictBo VeTDONRCTRO
BBEIOOpPKH/ IUCIETYNPOBaHUS/ ol; ara
JIEKOTIPOBAHUS] BBIIOJIHEHUS

(I

> Iy xomaHT

Puc. 7.15. Crpykrypa npoueccopa Pentium Pro

Yempoiicmso oucnemuupoeanusi TOCTOSIHHO aHATU3UPYET, C OJJHOU CTOPOHBI, CO-
JepKUMOe TyJia KOMaHJ U BBISIBISICT KOMAaH[bI, TOTOBBIE K BBITIOJIHCHUIO Ha
KaKoW-HUOYIb CTaJiuu, ¢ APYrodl CTOPOHBI — CBOOOJHBIC B JJAHHBIH MOMEHT OIIe-
pauuoHHble ycTpoicTBa. [Ipu coBnaseHun "xenanus” (koMaHIa 3aBepiimia Ipe-
JBIAYIIYIO CTaadi0 M TOTOBA K BBIMOJIHEHHIO CICIYIONIEH) U "BO3MOMXKHOCTEH"
(cBOOOMHBI COOTBETCTBYIOIINE PECYPCHI) YCTPOWCTBO AMCIICTYHPOBAHUS OTIIPAB-
JSeT KOMaHAYy Ha BBIIOJIHEHHE HE3aBUCUMO OT TOPSAKA MOCTYIUICHHS KOMAaH]I
B niyn. [locne 3aBepiieHust 00pabOTKM Ha OYEPEIHOM CTaJMM KOMaHJa BO3Bpalia-
€TCs B IyJI C COOTBETCTBYIOIIEH IIOMETKOM B I10JIE TEra.

Yempoiicmeo omxama pazMernaeT pe3yabTaThl BHIIIOJHEHUS KOMaHI 1O agpecam
HazHaueHus. OHO NPOCMATPUBACT COAECPKUMOE IIyJa KOMaHJ, OTHICKHBAET KO-
MaH[Ibl, 3aBEPIIMBIINE pabOTy, U U3BJIEKACT UX U3 IIyJia C Pa3MELICHUEM pe3yibTa-
Ta B CTPOrOM COOTBETCTBHH C MOPSIKOM PACIIOI0KEHHUSI KOMaH]l B IPOrpaMMe.

HeGos1b110e KOMMYECTBO PETUCTPOB B apXHUTEKType mpoieccopoB Intel mpuBoaut
K UHTEHCUBHOMY HCIOJIb30BAHUIO KAKJOTO U3 HUX U, KaK CIEACTBUE, K BO3HUKHO-
BEHHIO MHOYKECTBA MHUMBIX 3aBUCUMOCTEH MEXJY KOMaHIaMH, HCIIOIb3yOLIIUMU
OJIMH M TOT ke peructp. [loaToMy, 4TOOBI UCKIIIOYHUTH 33aJEPKKY B BBITIOJHEHUH
KOMaHJl M3-32 MHHMbBIX 3aBUCHMOCTEH, YCTPOWCTBO IUCIICTYMPOBAHUS/BBITION-
HEeHus paboTaer ¢ QyOJsIMUA PEruCTPOB, HAXOSIIMMHUCS B IyJie KOMaH]| (OJJHOMY
pETHCTPY MOXKET COOTBETCTBOBATh HECKOJIBKO Jy0Iiei).
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PeanpHBIN HAOOP PETUCTPOB KOHTPOIUPYETCS YCTPOUCTBOM OTKATa, U PE3yIbTATHI
BBINIOJIHEHHUS KOMaHJl OTPaKalOTCSI HAa COCTOSIHUM BBIYMCIUTEIBHOM CHUCTEMBI
TOJIBKO IIOCJIE€ TOTO, KaK BBIIOJIHEHHAss KOMaH/Aa yAaseTcsl U3 IyJia KOMaHJ B CO-
OTBETCTBHUHU C HCTHHHBIM IOPAIKOM KOMAaHJ B IPOTrpaMMe.

Takum oOpa3oM, npuHsTas B Pentium Pro TexHonorus AMHAMHYECKOTO BBIMOJI-
HEHHS MOXKET OBITh ONHCaHa KaK ONTUMAIbHOE BBHINOJIHEHUE MPOTPaMMBI, OCHO-
BaHHOE Ha IMpeJIcKa3aHuu OyIyIuX NMepexoI0B, aHalu3e rpada moToKOB JaHHBIX
C LEeJbI0 BHIOOpA HAWIIYYIIETO MOPAJKAa MCIIOIHEHUs KOMaHJ M Ha Olepexkaro-
[IeM BBINIOJIHEHUN KOMaH]l B BBIOpaHHOM ONTHMalbHOM mopsiake. OgHako cie-
IyeT UMETh B BUAY, YTO MPOLECCOP ONTUMHU3UPYET BBHIIIOJIHEHUE TOJIHKO OIpaHu-
YEeHHOTO y4YacTKa MpOTrpaMMbl, KOTOPBIH B TEKYLIMH MOMEHT pacroyiaraeTcs
B ITyJI€.

CynepckainsipHas apXUTEKTypa MperoiaraeT Haln4ue Ha KPUCTaJIe Tporeccopa
HECKOJIBKUX TapajuieNbHO pabOTAOIINX OMEPAllMOHHBIX YCTPOHCTB (B T. Y. U He-
CKOJIBKHX OJMHAKOBBIX). Tak, Hampumep, RISC-mpomeccop PowerPC coaepskur
IECTh TMapajIebHO PAOOTAIOINX HCIIOJHUTEIBHBIX YCTPOMCTB: OJIOK IpescKasa-
HUS BETBJICHHH, /IBa YCTPOWCTBA JUISl BBIITOJIHEHHS MPOCTHIX IIETOYUCICHHBIX OIIe-
pauii (cio)keHue, BHIUUTAHUE, CPABHEHHUE, CABUTH, JIOTHYECKUE ONEpPAIUH), OTHO
YCTPOMCTBO ISl BBIMIOJHEHHS CIOXKHBIX LENIOYHUCICHHBIX onepanuii (yMHOXEeHHUE,
JICJICHUE), YCTPOMCTBO 0O0pabOTKHU YKCell C IUIABAIONICH 3ammsaToi 1 OJ0K obparie-
HUA K BHeIIHeH namsatu. [Ipn aToMm obecrieunBaeTcss OTHOBPEMEHHOE BBITIOTHEHUE
9eThIpeX KOMaH]I.

Bce onepanuy 00paboTKH JaHHBIX BBIMOJIHSIOTCS C PETUCTPOBON ajpecanuei.
[Ipu sTOM aAnss XpaHEHUs LENOYHUCICHHBIX OMEPaHAOB HCIOJB3yeTcs OJIOK,
BKJIIOYAIOMIMHA TPUAUATH JBa 32-pa3psOHBIX PETHCTpa, a ISl XpaHEHUs olle-
PaHIIOB C IJIaBaroIe 3amsaToi — OJOK M3 TPUALIATH NBYX 64-paspsiaHbIX pe-
TUCTPOB.

Bri0opka qaHHBIX M3 MaMATH MPOU3BOAUTCS TOJBKO KOMaHIAMH INEPECHUIKH, KO-
TOpBIE BBINOJHSIOTCA OJOKOM OOpamieHHs K HaMATH U OCYLIECTBISIOT 3arpy3Ky
JAHHBIX B PETUCTPBI WM 3aIIUCh UX CONEPKUMOTO B MaMSITh.

[Tpu nmapannensHON paboTe MCIONTHUTENBHBIX YCTPOMCTB BO3MOKHO MX OIHOBpE-
MEHHOE OOpalleHHe K OAHMM peructpaMm. YToObl M30eKaTh OIIMOOK, BO3HUKAIO-
LIMX TIPH 3TOM B ClTy4yae 3alluCH HOBOTO COAEPKUMOTO JI0 TOTO, KaK JPyruM ycCT-
pOHCTBOM OyJeT CUMTaHO MpeAbLayIIee, BBeleHbl OydepHble peructpbl — 12 st
LEJIOUUCIICHHBIX PETHCTPOB M 8 — ISl PEerucTpoB C IUIABAIOUICH 3amsTOi. DTH
PETUCTPBI CITyKaT Uil IPOMEXYTOYHOTO XpaHEHHUs! ONepaHIOB, AyOIUPYsl OCHOB-
HBIE PETUCTPHI OJIOKOB, HCIIOIB3yeMbIe MPH BHIMOJIHEHHN TEKYIIUX onepanuid. [1o-
Clie 3aBepIICHHUs ONEepallnii MPOU3BOIUTCS TMEPe3anich MOMYYEHHBIX Pe3yIbTaTOB
B OCHOBHBIE PErucTphbl (OOpaTHasH 3aIKCh).
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7.5.3. VLIW-apxuTtekTypa

JInst peanu3anuy AMHAMHYECKOTO Tapaliei3Ma B IPOLECCOopax ¢ TpaIuIuOHHOM
CHCTEeMOH KOMaHJI ¥ croco0amMy KOMITWISAIMK MPOTPaMMHOTO KOja TpeOyroTcs
BeChMa CIIOJKHBIE CXEMBl OpTraHW3allii IyJa, TUIAHUPOBIIWKH, CXEMbI " OTKara'
u 1p. IIporieccopbl Takol apXUTEKTYPhl HMEIOT HECKOJIBKO ONIEPAIIMOHHBIX OJIOKOB
Pa3IMYHOTO, a MHOT/Ia M OJIMHAKOBOTO Ha3HAYEHUsI, KOTOPbIe MOTYT paboTaTh ma-
pamnensHO, HanpuMmep, 1—2 Oioka BEMHCICHHUS aapecoB, 2—3 Omoka AJIY mns
gmceln ¢ PUKCUPOBAHHOH 3aATOH, 010K 00pabOTKY YMCEN C TUIABAIOIIEH 3aIsITOH,
OJI0K pa3MenIeHust pe3yabTaTa, OJIOK MpecKa3aHus HePeXoa0B U JIp.

[TockonbKy mporeccop MOXKET IIAHUPOBATh H (YOPMHUPOBATH MOCIIEOBATEIEHOCTD
BBIMTOJTHEHUST KOMAaH/] Ha OTPaHHYEHHOM (pa3MepoM IIyJia) YU4acTKe MPOrpaMMbl, TO
Jutst 3¢ (HEKTUBHOM 3arpy3KH ONEPAIMOHHBIX OJIOKOB TPEOYIOTCS HE TOJIBKO CJIOXK-
Hble B 3(QQeKTUBHBIE MPOLEAYPHl IUIAHUPOBAHKS, HO U HEKOTOpoe “BezeHue" —
XOopouio, €Cjid B IIyJl 3arpy’KCHbl KOMaHAbI, [JIA BBIIIOJIHCHHUA KOTOPLIX HY>KHBI
Pa3INYHBIC OTNIEPAI[MOHHBIC OJIOKH, a €CIIH HET?

OpuH w3 myTell JanbHEHInero MOBBIIEHUS d(PPEKTHUBHOCTA MOJAOOHBIX CHCTEM
JEKHUT B 00JIACTU Pa3pabOTKU CReyUanbHbIX KOMAUIAMOPO8, KOTOPBIE YIIaKOBbI-
BalOT HECKOJBKO IPOCTHIX KOMaHI B "OYEHb MAJMHHOE KOMaHIHOE CJIOBO"
(VLIW — a66peBuatypa ot Very Long Instruction Word) takum o6pazom, 4To0b
B OJTHOW "OYEHb NJIMHHON KOMaH/E" MOKHO OBLJIO MCIIONBH30BATH BCE CYIIECTBYIO-
IIMe B NMPOIIECCOpe OnepannoHHbIe 0JI0KH. B 3TOM citygae KoMaHIHOE CIIOBO COOT-
BETCTBYeT HaOOpy PyHKIIMOHATBHBIX YCTPOMICTB.

VLIW-apXuTekTypy MOXKHO paccMaTpuBaTh KaK CTaTHUECKYIO CYNEPCKAISIPHYIO,
MOCKOJIbKY pacnapajleIMBaHUe KOJa MPOU3BOJUTCS HA 3Tale KOMIMIISLUM, a He
JMHAMUYECKH BO BpPEMsl HCIOJIHEHUs, T. €. B MammHHOM Kojnie VLIW mpucytcTBy-
€T SIBHBII NapaJuIeIu3M.

OpanM u3 npuMmepoB BorutomeHus unaeir VLIW Moxker cirykuTh mpenoxxeHHast
Intel B conpyxectBe ¢ HP konrenitust 64-pa3psaHoii apXuTeKTypbl MEKPOIPOIIEC-
copa |A-64 (Intel 64-bit Architecture, 64-paspsianas apxutektypa Intel). [Ius ee
obo3naueHust ucnonb3oBana abopesuarypa EPIC (Explicitly Parallel Instruction
Computing, BEIYKCIICHHUS C SIBHBIM TTapaJUICIU3MOM KOMAHI).

[Iponeccop, pazpaboTaHHbIil Ha 0a3e TOM KOHUENINH, OTIIMYAIOLUINHCS CIEIYIO-
HIMMHU OCOOCHHOCTSIMHU:

O Oomnblioe KOJIUYECTBO PErHCTPOB. 128 64-pa3psaHbIX PEerucTpoB oOIIero Ha-
3HaueHus (LeTOYUCICHHBIX), toc 128 80-pa3psHbIX perucTpoB apuGMeTHKN
TJIaBarOIIEH 3arsATon, Tuitoc 64 1-pa3psaHbIX MPEANKATHBIX PETUCTPA,

O MacmTabupyeMOCTh apXUTEKTYphl A0 OOJBIIOTO0 KOJMYECTBA (DYHKIIMOHAJH-
HBIX YCTPOWCTB. DTO cBoiicTBO mpexactaButenn ¢upm Intel u HP HasbiBatoT
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"HacIeCTBEHHO MacitabupyembiM Habopom komaux" (inherently scalable in-
struction set);

O sBHBIM NapajuleNn3M B MAallMHHOM KOJE: MOMCK 3aBUCUMOCTEW MEXIYy KOMaH-
JlaMH [POU3BOAUT HE MPOLIECCOP, a KOMITUJISATOP;

O npenukarms (predication): koMaHIBI W3 Pa3HBIX BETBEH YCIOBHOTO BETBIICHHS
CHAOKAIOTCS TPEIUKATHBIMA TOJIAMHA (IOJISIMU  YCIIOBHIA) M 3aIlyCKArOTCS Ha
BBITIOJIHCHHE MTAPaJIIENBHO;

3 sarpyska mo mpeanoioxenuto (Speculative loading): mamubie W3 MemITeHHON
OCHOBHOM IaMATH 3arpy>Kar0Tcs 3apaHee.

®opmar komaHnabl |A-64 BriIrOYaeT KOJ OMepaIuu, Tpy /-pa3psiIHBIX TONS Olle-
paH0B — 1 NpUEeMHHUK U 2 UCTOYHHKA (OMEepaHIaMU MOTYT OBITh TOJBKO PETHCT-
pbI), 0cOOBIE TIOJIS ISl BEIMICCTBCHHOM U 1IEI0H apu(METHKH, 6-pa3psiIHOe MpeIu-
KaTHOE TIOJIC.

Komannsl |A-64 ymakoBbIBatoTCsl (TPYNIHUPYIOTCS) KOMITMIATOPOM B “CBSI3KY"
JuHOIO B 128 paspsimo. CBsizka COACPKUT 3 KOMaHbI M MIAOJOH, B KOTOPOM
yKa3aHbl 3aBUCHMOCTH MEXIy KOMaH/IaMU B CBsi3Ke (MOKHO JIM C KOMaHIOM K

3aIlyCTUTh MApajiiensHo Ko, wim sxe K, JOo/DKHA BBINOIHHUTHCS TONIBKO mocie Ky ),
a TaKKe MEXTy IPYTHMHU CBsA3KaMu (MOXKHO I ¢ KOMaHIOH Kz U3 cBSA3KM Cp 3a-

IYCTHUTH NTapajlieIbHO KOMaHay K, M3 CBA3KHU C, ).

OnHa Takasi cBA3Ka, COCTOSAIIAsl U3 TPEX KOMaHII, COOTBETCTBYET Habopy M3 Tpex
(hyHKIIMOHAIBHBIX YCTPOMCTB mpoleccopa. [Ipomeccops |1A-64 MoryT coaepxarth
pasHoe KOJIMYECTBO TaKMX OJIOKOB, OCTABAsICh IIPH 3TOM COBMECTUMBIMH MO KOIY.
Benp Gnaromapst ToMy, 4TO B 1a0JIOHE yKa3aHa 3aBUCHMOCTh M MEXIY CBSI3KaMHU,
nporeccopy ¢ N OIMHAKOBBIMU OJIOKaMH U3 TpeX (PYHKIUOHAIBHBIX YCTPOWCTB
Oyner cooTBeTcTBOBaTh KoMaHHOe ciioBo n3 N X3 komawna (N cBs30k). Takum
oOpa3om, obecnieunBaetcs macumadbupyemocms | A-64.

Ilpeduxayus — cnocod 00pabOTKK YCIOBHBIX BeTBIeHHI. CyTh 3TOTO criocoda —
KOMIHJISITOP YKa3bIBaET, UTO 00€ BETBH BBIMOJHSIOTCS Ha TPOLIECCOPE Mapajlieb-
Ho. Ecnu B Micx0HO# nporpaMme BCTpedaeTcs YCIIOBHOE BETBICHHE, TO KOMAH/IbI
U3 pa3HbIX BETBEH MOMEYAIOTCS Pa3IMYHBIMH MIPEANKATHBIMU periuctpamu (KoMaH-
JIbI MIMEIOT JJISl 9TOTO MPEAMKATHBIC TIOJIs), Aajee OHHM BBIMOJIHSIOTCS COBMECTHO,
HO HMX Pe3yJbTaThl HE 3aMCHIBAIOTCS, TIOKA 3HAYCHUSI TIPEANKATHBIX PETUCTPOB HE
onpeneneHsl. Koraa, HakoHell, BBIYUCISIETCS] 3HAUEHUE YCIOBUS BETBIICHHS, Mpe-
JUKATHBIH PErHcTp, COOTBETCTBYIOIIMH "TpaBWIIbHOW' BETBH, YCTaHABIMBACTCS
B 1, a apyroit — B 0. Ilepen 3ammchio pe3ysIbTaTOB MPOLECCOpP OYIET MPOBEPATH
MpeUKAaTHOE IOJIE M 3alKChIBaTh PE3yJIbTAaThl TOJIBKO TE€X KOMaH[, MPEIUKaTHOE
MoJIe KOTOPBIX COACPIKUT MPEIUKATHBIN PETUCTp, yCTAaHOBJICHHBIH B 1.
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3aepysxa no npeononodiceHuro — 3TO MEXaHU3M, KOTOPBIH MpeIHA3HAYEH CHU3NUTh
MIPOCTOH TPOIIECCOPa, CBA3aHHBIE C OKUIAHUEM BBHITONHEHMS KOMAH]I 3arpy3KH U3
OTHOCUTEIBHO MEIJIEHHON OCHOBHOM mamMsiTi. KoMnuisiTop nepemeniaet KOMaH bl
3arpy3KH JaHHBIX M3 MMaMATH TaK, YTOOBI OHH BBHITIOJHIIUCH KaK MOYKHO paHbIIIE.
CrenoBarenbHO, KOrIa JAaHHBIE W3 ITAMATH IMOHAIO0OSITCS KaKOW-IHO0 KOMaHIIE,
mporieccop He Oynaer mpoctamBaTh. [lepememnieHHbIe TaKUM 00pa30M KOMaHIIbI Ha-
3BIBAIOTCS KOMAH/IaMH 3arpy3KH 10 TPEINOJI0KEHHUIO ¥ TOMEUYAI0TCsl 0COOBIM 00-
pazoM. HenocpeactBeHHO mepen KOMaHIOM, HCHOJB3YIOLIEH 3arpyKaeMmble IO
MPEIMONI0KEHUIO TaHHbIE, KOMIIISATOP BCTABIISIET KOMaH/y TPOBEPKH MPEIIOIN0-
JKEHUS.

BbiBoabl

OcHoBHas ocobenHocth EPIC — pacnapaiiennBanueM MOTOKa KOMaHJ 3aHUMa-
eTcsl KOMITWIATOP, a He POLIECccop.

Jlocmouncmea TaHHOTO TIOAXO0/A.

O ynpomaercsi apXUTEKTypa MPoLEeccopa; BMECTO paciapauIeIBaOLIeH JIOTUKN
Ha EPIC-niponieccope MOXKHO pa3MeCTHTh OOIbIIE PErHCTPOB, (HYHKIIMOHAb-
HBIX YCTPOMCTB,;

O nporieccop HE TpaTUT BpeMs Ha aHAJIM3 MOTOKAa KOMaHJ Ha MPEeaIMET BO3MOXK-
HOCTH WX MMapaJJICIILHOTO BBIIIOJIHEHUS — 3Ty PabOTy YK€ BBIMOJIHUI KOMITU-
JIATOD;

O BO3MOXXHOCTH IPOLIECCOpa MO aHAIM3Y MPOTPaMMBbl BO BPEMsI BBIIIOJIHEHHS O-
PaHUYEHBI CPABHUTENILHO HEOOJIBIIMM yYacTKOM IPOrPaMMBbl, TOTJa KaKk KOM-
HNIIATOP cIOCOOEH MPOU3BECTH aHAJIM3 10 BCEHl MporpaMme;

O eciu HekoTOpash Iporpamma JOJDKHA 3alyCKaThCsl MHOTOKPATHO, BBITOJHEE
pacmnapaieNiuTh ¢ OuH pa3 (MPU KOMITUIAINH), a He Kbl pa3, Korjaa oHa
WCTIOJTHSIETCSI Ha TpOoIleccope.

Heoocmamuu:

0O KOMIWJIATOP MNPOU3BOAUT CTATUUECKH aHAIM3 NpOrpaMMbl, pa3 U HaBCErAa
IUIaHUPYs BhruuciacHus. OqHAKO Jlaxe MPU HEeOOIBIIOM H3MEHEHUN HAYaTbHBIX
JJAHHBIX IYTh BBINOJHEHUS MPOrPaMMbl MOYET CKOJb YIOJHO CHJIBHO H3Me-
HUTHCH,

O cepbe3HO YBEIMUYUBACTCS CJIOXXHOCTh KOMIMIATOPOB. 3HAYWT, YBEIMUYUTCS
YKCII0 OIIMOOK B HUX, BPEMsI KOMITWJISILINY,

O eme Oonee yBeNIWYHMBAETCS CIOKHOCTH OTIAAKH, T. K. OTIAXKHBATh MPUACTCS
ONTUMU3UPOBAHHBIN ITApaJIEIbHBIN KOJX;

O npomBoautenpHOCcTh EPIC OyeT Beeneno 3aBrceTh OT KauecTBa KOMITHIIATOPA,
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O npobineMaTHYHBIM TIOKa BUIUTCS IPEEMCTBEHHOCTh IPOIPAMMHOTO 00ecriedeH s
IpH Mepexo/ie Ha HOBBIE TOKOJCHUS MUKPOIPOLECCOPOB (CKOMITHIMPOBAHHBII
KOJI OYEeHb CHJIbHO "TIPUBSI3aH" K KOHKPETHON apXHUTEKTYpE MPOIIECCOpPa).

Tewm ne menee, npeacrasurenu Intel u HP naspiBator EPIC konnenmueit cnemayro-
mrero mokojienus u npotusonoctaBisioT ee CISC u RISC. TTo muenuto Intel, tpa-
JIUITUOHHBIC aPXUTEKTYPhI UMEIOT (PyHIaMEHTaIbHbIE CBOWCTBA, OrPAaHUYHUBAIOIINC
MPOU3BOIUTEIBLHOCTD.

[Ipomsogurenn RISC-mpomeccopoB He pa3fensioT MOAOOHOTO IEeCCUMHU3MA.
Kcrarn, B 1980-x romax, korjna BosHukia konnennus RISC, npo3syyano MHOTO
3asBrieHui, uto kouuenmus CISC ycrapena, nmeeT QyHIaMeHTaIbHBIE CBOWCTBA,
OTPaHUYMBAIOIINE MPOU3BOAUTENHHOCTE. Ho mpomeccopsl, mpuancisiembie k CISC
(mampumep, cemeicTBO X86), MIMPOKO MCHONB3YIOTCS 0 CHUX IMOpP, UX MPOU3BOIH-
TEJILHOCTh PacTerT.

B netictBuTensHOCTH K€, Bee 3TH abopeuarypel — CISC, RISC, VLIW, EPIC —
0003HAYAIOT TOJNBKO uUdeaiusuposanuvie Kouyenyuu. PeabHBIE COBPEMCHHBIC
MHUKPOIIPOIIECCOPI TPYIHO MOJBECTH MCKIFOYUTEIBHO MOJ KaKOW-TH00 U3 mepe-
YHUCJICHHBIX BBIINIE KiaccoB. [IpocTto B HamboJiee COBEPIICHHBIX COBPEMEHHBIX
MPOIIECCOpaXxX 3aJI0KEHO OOJIBIIOE YUCIO YAAUHBIX HJICH, UCIIOJIB3YIONIMX MHOTHE
PaCCMOTPEHHBIE 3/1eCh KOHIICTIIINH.

7.6. OgHOKpUucTanbHblie MUKPOoIBM

[Ipu paccMOTpeHHH TPOIIECCOB IBOJIOIMN COBPEMEHHBIX TporieccopoB U DBM,
IIpeXe Bcero, oOpamarT BHUMAHHUE Ha yBEJIMYCHHE NPOU3BOAUTEIHLHOCTH CHC-
teMbl (ObICTpOIEiicTBHE TIporieccopa). HekoTophie U3 myTell MOBBIIIEHHUs OBICTPO-
neiicTBUs ObUIM 00CYXIEHBI B IPEABIAYIINX pa3leliax, Jpyrue, peaan3yonye mna-
pajienu3M Ha YPOBHE MPOLEcCOB (MYJIBTHIPOLECCOPBI, BEKTOPHBIC, MAaCCHBHO-
napaJuiesibHble, KoMIbioTepHbie cet [11, 12, 13], HeifipomMaTpuvHbIe TPOIIECCOPHI,
U JIp.), BBIXOJIST 338 PAMKH HACTOSIIEH KHUTH.

OpHako Bcerja CyIECTBOBAJIU U CYIIECTBYIOT 3ajauH, JJis PEIICHUS KOTOPhIX BO-
BCE HEe TpeOyeTCs BBICOKOE OBICTPOCHCTBHE MPOIECCOPa U MOIIHAS CHCTEMa KO-
MaH. Ha mepBbldi miaH 3/1eCh BBICTYIMAIOT JIPYTHE XapaKTEPUCTUKU. CTOMMOCTD,
HaJIC)KHOCTh, MaJIble Ta0apUThl, CIIOCOOHOCTh PabOTaTh B 3KCTPEMAIbHBIX KIMMa-
TUYECKUX YCIOBHSX, IPU 3HAUUTEIBHBIX MEPENajiaxX MUTAOIICTO HAPSHKESHUS U Ha
(hoHE BBICOKOT'O YPOBHSI 3JICKTPOMArHUTHBIX IIOMEX, C aBTOHOMHBIM ITUTAaHUEM.

JInst moydeHnsl TakMX XapaKTEPUCTHUK pacTylIHe BO3MOXKHOCTH HHTETPAIBbHOMN
TEXHOJIOTUM MOYKHO HCIIOJIb30BaTh HE JUIS YBEIUUCHHUS Pa3psIHOCTH W BBIYMCIH-
TEITLHOW MOIIHOCTH IIPOIIECCOpa, a pa3Melas Ha KpHCTajule, Hapsay ¢ MPOCTHIM
(Ha mepBBIX MOpax — BOCBMHPA3PSIIHBIM) MPOLIECCOPOM, BCE IPYTUe YCTPOKCTBA,
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BXOJsiMe B cocTaB DBM: perucrtpsl, pa3iuyHble TUIBI MaMsATH (Ha MEpBBIX 110-
pax — HeOOoJbIIOro 00beMa), TAKTOBBIN I'€HEePaTOp, MOPTHI MAPAJICTBHOTO H 110-
CJIeIOBATENILHOTO OOMEHa, pa3jinuHble BHEMIHHWE ycTpoicTBa (taiimepsi, AL
u 1Ip.).

ITpu sTOM Momy4aercs: MOAHOCTBIO "camozocTatounsiii” kpucramt BUC (CBUC)
00HOKpUcmanbHou MukpoIBM (HEKOTOpbIE aBTOPBI UCIIOB3YIOT TEPMUH MUKDO-
KOHmMpOJLiep, yYUTHIBas, YTO OCHOBHAs cdepa NpUMEHEHHS MOJT00HBIX H3EIUi —
YIIPaBJISIOINE CUCTEMBI, PAa0OTAIOIINE B PEAIbHOM BPEMEHH).

B Hacrosimee Bpemsi muorue ¢upmer (Motorola, Intel, MicroChip, Zilog u ap.)
BBIITYCKAIOT IIHUPOKYI0 HOMEHKJIATYpy MOAOOHBIX OJHOKPHCTAIBHBIX MHUKpoOBM
(OMDBM), oTaMYAONMIMXCS Pa3psIHOCTBIO, CHCTEMOW KOMaH/I, THIIaMH H 00be-
MOM IMaMSTH, COCTABOM M XapaKTEPUCTUKAMU BHEIIHUX YCTPOUCTB. BoJIbIIMHCTBO
OMDBBM BrImycKkaercst ¢ 8-pa3psaHbBIM IPOIIECCOPOM, HO Ha PBIHKE MPHUCYTCTBY-
10T U 16- u naxe 32-pazpsaasie OMOBM.

bazoBeie mpuHIMTBI apxurekTypel OMODBM MOXHO NpOWILTIOCTPHUPOBATH Ha
npumepe 8-pazpsaaeix OMOBM. [lanee kpaTKO OTMETHM HEKOTOpPbIe OCOOEHHO-
CTH 3THX KOHTpoIuiepoB. [lonpobHee apxutekTypa psaga OMOBM u npumeps nx
NPUMEHEHUs onucausl B [4, 12].

KonTposepsl pa3HbIX GupM, HECMOTPS HA KaXYIIUECS Pa3IUdds, UMCIOT MHOTO
OOIINX YepT, ONpeNessIoNNX TEHACHIINH pa3BUTHS coBpeMeHHbIXx OMDBM wMa-
JIOW ¥ cpegHel mpou3BoAuTENbHOCTH. [TonmpoOyeM OTMETHTE HEKOTOPEIE U3 HUX.

O Bce 0e3 MCKIIOUCHHST KOHTPOJUIEPbI UMEIOT 6CMpPOeHHble MAKMOogbie 2eHepd-
mopul; JUTS 3amycKa OOJBIIMHCTBA M3 HUX HCIONB3YIOT OJHY M3 YeTBIPEX BO3-
MOJKHBIX BHCIITHHUX uer[ef/'li HNCTOYHUK BHCIIHUX TAKTOBBIX MMITYJILCOB, KBApIIC-
Bblii pe3onarop, LC-nierb, RC-niens. IMocienHne jBe MOXHO HCIONB30BATH
JIMIIb B CUCTEMAX, TAC TOYHOCTHIO BPEMCHHLIX NPHUBA30K MOXKHO HpeHe6peqL.
BOJBIIMHCTBO KOHTPOJIEPOB UMEIOT B CBOEM COCTABE TMHAMHYECKUE DIICMCH-
Tbl MaMATHU, YTO OrPaHUYHUBACT AONYCTUMYIO TAKTOBYIO 4YaCTOTY HE TOJIBKO
CBepXy, HO u cHH3Yy (00br4HO — 10 1 MI'r). OMDBM Motorola ucnosns3yor
Ha KPUCTAJUIC TOJIBKO CTATUYCCKUC JICMCHTBI IAMATU, YTO ITO3BOJIACT pa60TaTI)
Ha MPOM3BOJILHO HU3KHUX CHCTEMHBIX TAKTOBBIX 4acToTaX. CHIDKEHHE TaKTOBOM
4aCcTOTBI KOHTPOJUIEpA IeIeCO00pa3HO MY yINPaBICHUH WHEPIIMOHHBIMH 00b-
eKTaMH, eCJIH HEOOXOIMMO OTCIIEKHUBATH IOCTATOYHO [UTHTEIbHBIE BPEMEHHbIE
3a/1epKKU (OT JOJIeH CEKYH/IbI 10 JIECITKOB CEKYHI).

3 TIporeccopnr OombiuacTBa OMIOBM peanusyior kinaccnueckyro ("HHTETOB-
CKyI0") cHCTeMy KOMaHJ, BKJIIOYAIOUIYIO OJHO- U JIBYXaJPECHBbIC KOMAaHIbI
C omepauusMu Haa ssyeliKkaMu TaMsITH U perucTtpamMu, € MUCIIOJIb30BaHUEM pas-
HOOOpa3HbIX CHOCOOOB anpecanuu (mpsmas, PerucTpoBasi, KOCBEHHO-PErHCT-
poBasi, MHJAEKCHAas, HemocpelcTBeHHas). [IpexycMOTpeH IIUPOKU BBIOOD
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KOMaH/I Iiepe/ladyl YIpaBIeHus, B T. 4. BEI3OBBI OANIpOrpamMM. Bo MHOTHX KOH-
TpoJUIepax pealn30BaHO YMHOKEHHE M jeieHue. lIporeccopbl cemeicTB
MCS-51 1 MC68HC11 umeroT pa3BUTYIO CHCTEMY OIepaliuii ¢ OuTaMu.

3 Iamsare OonpmmacTBa OMOBM Oprann3oBaHa 1Mo 2apsapocKol apxumexmype,
MpenoNaraoueil pa3auuHble aJpecHble MPOCTPAHCTBA IJIsl MAMSITH MPOrpaMM
U TaMITH JaHHBIX (MCKIIIOUEHHE COCTABISIOT JIHMIIb KOHTPOJUIEPHI (HUPMBI
Motorola, TpaauIMOHHO MOANEPKUBAIONIME SMHOE AJPECHOE MPOCTPAHCTBO).
Takoe pemeHHe CHIKAET PUCK TOTEPH YNPABJICHHS INPH BBHITOJHEHHH IPO-
rpaMMBl, HO OTPaHUYMBAET BO3MOXKHOCTH IO paclpeelieHHI0 PECYpCOB HaMsi-
TH CHCTEMBI.

0 Ha kpucTaiie MOTYT pacloyiaraThCsi pa3inyHbIC THITBI MAMSITH: MACOYHOE HIIH
onHokpatHo mporpammupyemoe 113V, III3Y co ctupanmem ymerpaduonero-
BBIM H3JIyueHHEeM, snekTpudecku crupaemoe T3V (duamr-mamsts), O3V (pe-
THCTPBHI).

O MHorue napajuienbHble TOPTHl KOHTPOJUIEPOB AOIMYCKAIOT BYHAIIPABICHHBIH
0o0MeEH, YacTO BO3MOXXHO HE3aBUCHUMOE IMPOrpaMMHUPOBAaHUE JIMHUN TOpTa Ha
BBOJ WM BBIBOJA. Jlomyckaercst BBIOOp Thma BhIxoga — o0braHbI TTJI-BRIBOA
WJIA BBIBOJ] C OTKPBITBIM KOJUIEKTOPOM (CTOKOM). BOJBINMHCTBO JTMHUI TTOPTOB
MMEIOT OJHY WM HECKOJBKO aJbTepHATHBHBIX (DYHKIHI, BBIOOP KOTOPBIX
OCYIIECTBIISETCS MPOrPAMMHO.

O BaxusiM snemerToM OMOBM sBASIOTCS CUCTEMBI KOHTPOJISE BPEMEHH, Tpe-
CTaBJICHHBIE PAa3IMYHBIMHM CUYETYMKAMU C YIpaBisieMbIMH KO3(duIeHTaMu
nepecdeTa ¥ BO3MOXKHOCTBIO BHIOOPa MCTOYHUKA CUETHBIX UMITYJILCOB. TaKTO-
BBII TEHEPATOP — B PEXKUME TailMepa U BHEIIHUI BBIBOJ — B PEKUME CUETUH-
Ka BHEIIHHX coObITHH. Boee MOIIHBIE KOHTPOJUIEPEI UMEIOT B CBOEM COCTaBe
TaliMEPHBIE CHUCTEMBI, BKIIOYAIOIINE HECKOIBKO MOXYJIEH CpaBHEHHs, aBTO3a-
xBata, [1IMM (1upoTHO-UMITYIbCHASI MOJYJISILHSA) U JIP.

O [locnenoBarenbHble KaHANbl BKIIOYAIOTCS OOBIYHO B CTapIIMEe MOJENIHU Ce-
MmeiictB. [IpenycmarpuBatoTcst 1100 YHHBEpCaIbHbIE CHHXPOHHO-aCHHXPOHHEIE
IpUEMOTIEpeIaTINKH, TIPOrPaMMHUpYyEMbIe Ha padOTy B ONIPENEICHHOM PEKIME,
m6o otnensHbie O010kM SCI (UART) — acHHXpOHHBIH IMpPUEMOINEPEAaTINK
1 SPl — cHHXpOHHBIN TIepuU(epHitHbIid HHTEpdeiic, paboTarome HE3aBUCHMO
JPYT OT Jpyra.

O CpencrBa paboThl ¢ aHATIOTOBBIMU CHTHAJIAMHU BKITIOYAIOT B ce€0s KOMIApaTo-
pBI, MHOTOKaHAJIbHBIC 8-pa3psHbie aHAIOTrO-IM(POBBIE U pexe — Hudpoana-
JIOTOBBIE TIPe0Opa3oBaTEIH.

O Iloxacucrtema npepblBaHU BKJIFOYAET HECKOJIBKO BHEIIHUX PaguaIbHbBIX BXOJIOB
1 OOJIBIIIOE YMCIIO BHYTPEHHUX MPEPHIBAHUM, KOTOPBIC TCHEPUPYIOTCS B CHCTE-
Me KoHTpoJis Bpemenu, ALIII, mocnegoBaTenbHBIX U MapaJIeIbHBIX KaHaIaX.
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B coBpeMEeHHBIX MHUKPOKOHTpOJIEpax MperycCMaTpUBaeTCs MIMPOKUi Habop crie-
IUATBHBIX CPEJICTB, MOBBIIAOIINX HAJCKHOCTh U 3P(HEKTUBHOCTD (PYHKIIMOHUPO-
BaHUS crucTeM ympasieHus. [Ipexae Bcero, 310 T. H. cmopoocesou matimep WDT
(Watch-Dog Timer), koTopblii mpeaoTBpalaeT aBapHiHOE 3aLUKIMBAHUE MPO-
rpaMMBI. B HEKOTOPBIX KOHTpOJUIEpaxX MpeaycMaTpUBAIOTCS CIEUAIbHBIE CXEMBI,
Clle/IAIIMe 32 MPaBUILHON paboOTOil TaKTOBOTO reHeparopa. B cucremax ¢ aBTo-
HOMHBIM TIHTaHWEM OOJbIIOE 3HAYEHHE HMMEIOT CPEICTBAa JHEProcOepeKeHus.
BONBIIMHCTBO KOHTPOJUICPOB MPOTPAMMHO MOXKHO IEPEBOAUTH B CIICIMAIBHBIC
PEACUMBL NOHUICEHHO20 dHepeonompebienuss (B COCTOSHUM OXHIAHHS) C OCTa-
HOBKOI OCHOBHBIX MoJcHCTeM (B TOM YHJIE MHOTAA M TAKTOBOTO I'eHEpaTopa), HO
C COXpaHEHHEM KOHTEKCTa 3aJadil. BEIXOI M3 TaKHX PeXMMOB BO3MOXKEH IO pas-
pELICHHOMY MPEPBIBAHUIO MM N0 cOpocy (4acTo CHCTEMHBIN cOpOC peanu3yercs
KaK OJIHO U3 IpEPHIBAHU).

16- u 32-pazpsaaeie OMOBM mocTpoeHbl 0OBIYHO 0 MOJYJIHLHOMY TPUHIIUIY.
Ha BHYTpUKpHUCTaNbHBIA CUCTEMHBIH HHTEPQEHC MOTYT MOAKIIOYATHCS MPOLIECCO-
PBl Pa3JIMYHON BBIYMCIUTEIBHON MOIIHOCTH, Pa3iIMYHBIE MOIYJIH MaMsTH, KOH-
TPOJUIEPHI MapaJUICILHOTO M MOCeA0BaTenbHOr0 ooMena, moaymu AL u TIATI,
TaliMEepHBIE COIPOLIECCOPBI U COMPOLIECCOpBl BBOAA/BBIBOA. B 3aBucHMocTH OT
TpeOOBaHUI perraeMoil 3a/1au MOJIb30BaTENb MOXKET BHIOPATh MOAXOSIYI0 KOH-
¢urypanuto kpuctamuza OMOBM. B kadecTse nmpumepa KOPOTKO pacCMOTPHUM ce-
MeHCTBO 32-pa3psiHbIX MHKPOKOHTpoJuIepoB ¢pupmbl Motorola

OtnnuutensHo#t ocobenHocTrio OMBOBM dupmber Motorola ssisiercst Moy abHas
TEXHOIIOTHSI TIOCTPOSHHUS MHOTO()YHKIIMOHAJBHBIX YCTPOWCTB HA OJTHOM KPHCTAJI-
ne. OmpeneneH cTaHIapT BHYTPUKPUCTAIBHOH MeXMOnynbHOH mmmHBl |IMB
¥ MHOXKECTBO HaOOPOB CUCTEMHBIX MOJTyJIeH, U3 KOTOPBIX cobmpaercs OMDBM:

O npoyeccopnvie siopa (CPU), Brmodaromue 16- u 32-paspsiaHbie MEKPOIIPOIIEC-
COPBI Pa3JIMYHON BBIYMCIUTEIBLHOM MOIIHOCTH, HO OTHOCSIIUECS K OJHOMY Ce-
MEWUCTBY;

O cucmemnvle unmezpayuonnvle mooyau (SIM), KOHTPOIUPYIONIHE BHEIIHIO IIH-
HY, 3aIlyCK, HHULIMATM3AUUI0 U KOHQUTYPaLUI0 MUKPOKOHTpoJuiepa. OHU BKITIO-
YaroT B ce0d TaKTOBBIA TeHEpaTOp, OJOK CHCTEMHON KOH(UTYpAIlH W 3aIlUTHI,
OJIOK TeCTHPOBaHUS U MHTepQEc ¢ BHEIHEH MIHONW. MOIyIIN OTIMYAIOTCs APYyT
OT ApyTa, TIIAaBHBIM 00pa30M, pa3psaHOCTHIO IIIMH a/Ipeca U TaHHbIX;

O modyau namsmuy, OTIMYAIONIAECS THIIOM W OOBEMOM 3aMOMHUHAIOMIAX YCT-
poiicte: O3V, I3V (BKit0Yast OHOKPATHO MPOrPAMMHUPYEMOE MOJIb30BATEIEM),
DCIII3Y;

O moOynu nocredoeamenvbHbiX NOpMOE BKIIOYAIOT PA3IHMYHbIE BapUAHTHI CHH-
XPOHHBIX M aCUHXPOHHBIX MPOrpaMMHUPYEMBIX KOHTPOJIIEPOB ITOCIEI0BATEIIb-
Horo oOmeHa. [IpemycMoTpeHBI MOIYNH, colepiKaline HECKOJIBKO Pa3IMIHbBIX
HUHTEP]EHCOB;
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O maiimepnvie cucmembl TPEACTABICHBI PA3IUYHBIMU BapUAaHTAMH TalMEPHBIX

conportteccopoB (TPU). TPU crioco6eH He3aBUCHMO OT TPOIECCOPa BIMTOIHSATH
KaK MPOCTBIE, TaK U CIIOXKHBIE TaliMepHbIe (PYHKINH, €ro MOKHO CUUTATh OT-
JeTTbHBIM CIIEIIMATN3HPOBAHHBIM MHKPOIIPOIIECCOPOM, KOTOPBIH OCYIIECTBISET
JIBE OCHOBHBIC OIEpalliii — MPOBEPKY Ha coBmageHue (oT anmi. match —
CPaBHEHHWE) M COXPAaHEHHE 3HAUCHUs CUCTYHMKA-TaliMepa B MOMEHT M3MEHEHUSI
COCTOSIHHSI KaKoro-imubo Bxona (OT aHIII. capture — 3axBat) HaJ OJHHM OIe-
paHIOM — BpeMeHeM. BrimonHeHne 000l M3 HUX Ha3bIBACTCS COObIMUEM.
OO0cmykrBaHHE COOBITHI COMPOIIECCOPOM 3aMelnaeT 0O0padOTKy MpEepHIBAaHHIA
HEeHTpaIbHBIM TIporieccopoM. C TMOMOIIBIO ABYX OCHOBHBIX omeparuii TPU
MOJKET pean30BaTh 3HAYUTEIBHBIN Ha0Op QPYHKIWN: CUeT BHEITHUX COOBITHH,
3axBaT 10 BHEIIHEMY BXOJY, CPaBHEHHE BPEMEHHBIX WHTEPBAJIOB, IIHPOTHO-
UMITYJIbCHYIO MOMYJISIIIMIO, U3MEPEHHEe Mepruoaa BXOJAHOTO CHTHAja, Iporpam-
MHPYEMYI0 TEeHEpAaIHI0 HMITyJbCOB M MHOTHE ApPYTHe, IMpOrpaMMUpyeMbIe
none3oBateneM. T PU, ecrecTBeHHO, UMeeT COOCTBEHHYIO CHCTEMY KOMaH]I, €T0
MPOrpaMMBI XPaHATCS Ha OOMIeH MaMATH CHCTEMBI WM B CIICIMATM3HPOBAHHON
namsiTi nporpamm T PU;

cucmembl AHAN0206020 6600a PEAN30BaHbl Ha pazauyHbIx BapuaHtax ALIT
(ADC), oriinuarommxcst pa3psaHOCThIO MOJYy4aeMOro Koja u crocodom (a cie-
JIOBATEJILHO, ¥ BPEMEHEM) aHAIOTO-ITU(POBOTO MPEOOPa3OBaAHUSI.

Ha puc. 7.16 mpuBeneHa ctpykrypa 32-pa3psaHoro MUKpokoHTpoiuiepa M C68332.

Vstbl TP[15:0] ﬁ ?
=i I
g FC/Ah/CS
=510
SIM = 2 12 L
RAM TPU £
2 K6aiit CS A[18:0]
ﬁ IMB ﬁ EBI E
&l CurHassl
<—> 3 | = ynpasneHus
&5 <—> o
CLOK = = IIUHOHU
D[15:0]
Qs crun e —
TEST ?
=i -
g i} <= : [T ]
Vi | YrpasneHue |¢:> gls AnpOCE!
npaBneHHel p & S K=> BHCIIHAX
HOpTDl ﬁ > | = npepbIBaHmii
Curnanst Curnaisl
TIOCTIEI0BATENBIBIX yIIpaBJenus
KaHAJIOB OTIaKOM

Puc. 7.16. Ctpykrypa MC68332
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Kpucramn MUKpPOKOHTPOIIIEPA COJACPIKHUT CIIEAYIOIINE MOITYJIHN:
O CPU32 — 32-pa3psaHbiii IeHTpaibHbIH npoueccop cemeiictea M C68000;

O RAM — 2 Ko6aiit O3Y ¢ He3aBHUCHMBIM TUTAHUEM JUIS Pa3MEIICHUS IPOTPaMM
U JIaHHBIX (HAIIOMHHUM, 4TO OOJBIIMHCTBO M3zaenuii Motorola moanep:xuBaroT
apxuTektypy ¢oH HeiimMaHa ¢ eIMHBIM aJpecHBIM NPOCTPAHCTBOM INPOTPAMM
U IaHHBIX);

O QSM — mojacuCcTeMBI MOCIIEIOBATEIHHOTO BBOA/BBIBO/IA, BKIIIOYAIOIINE YHU-
BepcalibHblii acuHxpoHHbI npuemoniepenatynk (UART) u nyruieKCHbIA CHH-
XPOHHBII ToceoBaTebHbIi nHTepdeiic (SPI);

O TPU — mecTHaaaTHKaHATBEHBIA TAMEPHBINA COTIPOIIECCOp;
O SIM — cUCTEeMHBII HHTETPAIIMOHHBIA MOTYJIb.

BHemiHsiss maMsaTh MOXET NMPU HEOOXOJMMOCTH MOJIKIOYATHCS K KOHTPOJUIEPY
K muHaMm adpeca A[18:0], oannevix D[15:0], ynpaerenus wunoil.

Jluanu mopta C MOTYT HMCHOJB30BAaThCS JUIS BbAaud (DYHKIMOHAJIBHOIO KOJa,
UJICHTH(OUIUPYIOIIETO COCTOSHUE MPOLIECCOpa U aPECHOE IPOCTPAHCTBO TEKYIIE-
ro mukia muHel (FC[2:0]), crapmmx pa3psgos agpeca (Ah) B pexume pacuipeH-
HOTO aJIpeCHOr0 MPOCTPAaHCTBA U CUTHAJIOB BhIOOpa kpuctawia (CS), paspemaro-
mUX padboTy neprdepuitHbIX YCTPOKCTB MO 3aIPOrpPaMMHUPOBAHHBIM aJIpecaMm.

[opT F npuHMMaeT 3anpockl BHEIIHUX NpEphIBaHUH, JWHUH mopTa D moryt wmc-
MOJIL30BATHCS IS TIepeiady CUTHAIIOB MOCTIEIOBATEILHBIX HHTEPEHCOB.

I'pynmna muaunit TP[15:0] — BX0/bI/BBIX0BI KaHAIOB TAWMEPHOTO COIPOIIECCOpa.
Ha Bxon Vstb moxer monaBathcs He3aBHCUMOE MUTAHUE [T COXPaHEHHs UHPOP-
manuu B O3Y 1npH OTKIFOYSHUH OCHOBHOTO MTUTAHMS.
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JIabopaTopHBIi MPaKTUKYM MTOCTPOEH Ha UCIIOIb30BAHUH IMMPOTPAMMHEIX MOJIEIEH.

YacTh mpakTHKyMma TOCBSIIEHa U3yYEHUIO (QYHKIMOHUPOBaHUS ycTpoiictB DBM
B paMKax TeX TEOPETHUYECKHX IOJIOXKEHUH, KOTOphle ObLTH M3JIOXKEHBI B 2ase 4.
OH e MOXeT OBIThb HCIOJIb30BaH JJsl YIIIyOJCHHOTO H3Y4YEHHUS alrOPUTMOB
apuMeTHIecKuX npeodpa3zoBaHuii, 00CyKIaeMbIX B 21ase 3. B kauecTBe npumMepa
YUTATEII0 MpeJiaraeTcsi IopadoTaTh ¢ MPOrPAMMHBIMH MOJEISAMHU apH()METHKO-
Jorudeckux ycrpoiicts (AJ1Y).

g u3ydeHust o0IIMX NPUHLMIIOB OpraHu3aluy, (pyHKIMOHMPOBAHHS M CHHTE3a
ycTpoiicte OBM ynoOHee Bcero 0ka3ajoch HCIIONB30BaTh UMEHHO apu(pMETHKO-
JIOTUYECKOE YCTPOWCTBO. JlecTBUTENbHO, (PYHKINU, peaan3yeMble 3allOMHHAI0-
IIMMHU YCTPOWCTBAMH, CIIMIIKOM IPUMHUTHBHBI (YTE€HHUE, 3aIHCh, XpaHEeHHE), HYHK-
MU YCTPOMNCTB YIPaBIEHUS CIUIIKOM Pa3HOOOPAa3HbI U CIIEMU(UIHBI H TPeOyIOT
otaenpHOro aHanusa. 3aro (yHkimu AJIY HHTYHTHBHO TOHSTHBI (BCE 3HAIOT
apudMeTHKy, XoTs1 Obl U HE MAIIMHHYIO) H MOTYT OBITh JJOCTATOYHO CIIOXKHBIMH,
9TOOBI MO3BOJIMTH B MOJHOM Mepe MPOMLUIIOCTPUPOBATh OCOOCHHOCTH TOBEIEHUS
U IIOCTPOEHUS yCTPOUCTB.

B xHure uymrarento Ha BBIOOp TpeuiararoTcs aBe Mojaenau AJIY co cXOaHBIMU
(YHKIMOHANBHBIMH BO3MOXXHOCTSIMH. B Mozessix peann3oBaHbl pazinyHble (UK-
CHPOBaHHBIE (JJOCTATOYHO YHUBEPCAIbHBIC) CTPYKTYPbI ONIEPALIOHHBIX aBTOMATOB
(OA), Ha KOTOPBIX MOKHO pean30BaTh OOJBIIMHCTBO AITOPUTMOB apupmMeTHye-
CKMX W JorH4YecKkux npeoOpazoBanuii. K kaxmomy u3 OA MOXKET MOJKIIOYATHCS
COOTBETCTBYIOIIAS MOJIEJb YIIPABIISIIOIIET0 aBTOMATA.

Hcnonp3oBanue nporpaMMHbIx Mojeneil AJIY mo3BoniseT u3yyaTh Ha IPAaKTHKE:
O pa3nuyHbIe AITOPUTMBI ApH(PMETHIECKUX (M JIOTMYECKUX) MPpeoOpa3oBaHui;

O MeTo/bl HOCTPOEHUS YIPABIISIOLIMX aBTOMATOB C POrPaMMHUPYEMOH JIOTHKOH,;
O opranuzanuto B3aumozenicteus OA u YA B coctase AJIY.

[Iporpammusie mogemn ALU-1 u ALU-R otimuatorcst crpykrypamu OA u 1u3aii-
HoM. B ALU-1 peanmnzoBana kiaccuueckas 4-perucTpoBasi CTPYKTypa C €IUHCT-
BEHHOW MarucCTpaibio CBSI3M MeXay peructpamu, a B ALU-R ncronssyercs cTpyk-
Typa ¢ 6JI0KOM ABYXIOPTOBOTO peructpoBoro CO3Y.

Jpyras 4acTe NpakTHKyMa IOCTPOEHA B pacdyeTe HA U3YUYEHUE B3aUMOJECHCTBUS
yCTpOICTB B CTpykType DBM ¢ momomipio mporpaMMHON MOAETH HEKOTOpol ad-
CTpakTHOH yueOHoit DBM, KoTopas mporpaMMupyeTcsi Ha si3bIKe accembepa.

YacTo myTh COBPEMEHHOI'O MPOTrPaMMHUCTa HAUMHAETCS CO 3HAKOMCTBA C SI3BIKOM
(s3pIKaMH) BBICOKOT'O YPOBHSI M BCE €r0 OOILICHHE C KOMITBIOTEPOM MPOXOAHUT C HC-
[10JIb30BAHUEM TaKUX S3bIKOB.

Bo MHOrux cnyyasix 3HaAHHE OIEPATOPOB S3bIKA BBICOKOTO YPOBHS, CTPYKTYPBI
JIAHHBIX ¥ CIIOCOOOB UX 00PaOOTKH SIBJISETCS JOCTATOYHBIM JUIS CO3JaHMsSI Pa3iiny-
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HBIX TIOJIE3HBIX NPHIOXKEeHWH. OIHAKO MO-HACTOSIEMY pellaTh MpoOJeMbl, CBS-
3aHHBIC C YIPABICHUEM Pa3JIMYHOM, OCOOEHHO HECTaHIAPTHOM, ammaparypoi (mpo-
rpaMMHUpoOBaHue "o xele3y'") HeBO3MOKHO Oe3 3HaHus accemoOiepa [14]. He ciy-
YaliHO TPAKTHYECKH BCE KOMIIMJIATOPHI S3bIKOB BBICOKOTO YPOBHS COIEpIKat
CpeZACTBa CBSI3U CBOMX MOJYJIEH ¢ MOLYJISIMU Ha accembiepe In0o MOANepKUBAIOT
BBIXOJl Ha acCeMOJIEPHBIN YPOBEHb IPOrPAMMHUPOBAHUSI.

OnHako MPOBOIUTH HAYAIbHOE O0YYEHUE MPOrPAMMHUPOBAHUIO HA HU3KOM YPOBHE
C pPacCMOTPEHHEM MEXaHM3MOB B3aWMOJCHCTBUS YCTPOMCTB Ha PEaibHOM S3bIKE,
Hanpumep x86 Ha nmepconanbHoit DBM, He Becerna yno6Ho. B aTom cnydae mMexy
moJib30BaTesieM M amnmapaTypoir OBM mnpHCyTCTBYeT oOmepalMoHHas cHcTeMa
(OC), koTOpas CyIIeCTBEHHO OTPaHMYHMBACT JKEJIAHMs MOJIb30BATENS SKCIICPHUMEH-
TUPOBaTh C aNNapaTHbIMU CPeACTBaMU. J[JIs MPEOTONCHUS ITUX OrPaHUYCHUIN He-
00xouMo 00manaTh TiyOoKkuMu 3HaHUsAMU Kak OC, Tak W anmapaTHBIX CPEICTB
OBM.

[Ipemiaraemast st UCTIONB30BAHMUS TIPOTPaMMHast MOZIeNh yaeOHoit OBM otpakaeT
BCE OCHOBHBIE OCOOEHHOCTH CHUCTEM KOMAaHJ M CTPYKTYP COBPEMEHHBIX MPOCTHIX
OBM, BkitodaeT B ceOs, MOMUMO Ipoleccopa M MaMATH, MOJAEIH HECKOJIbKUX
TUNWYHBIX BHEIIHUX YCTPOHCTB. Mozenb NO3BOSIET H3YyYUTh OCHOBBI IPO-
TpaMMHUPOBaHHS Ha HU3KOM YPOBHE, BOIIPOCHI B3aUMOJCHCTBHS Pa3InuHbIX YPOBHEH
mamsITy B coctae DBM 1 criocoObl B3auMOAEHCTBHSA MIPOIIECCOopa ¢ BHEITHAMH YCT-
poiicTBaMu.



naBa 8

OnucaHue NnporpaMmMHbIX
mopeneun AJNTY

[Ipennaraemsie monenu AJIY ympomieHs! o cpaBHEHHIO ¢ peanbHbIME AJLY mpo-
neccopoB. PeanbHoe apuMeTHuecKO-TI0rH4ecKoe yCTPOUCTBO CBA3aHO PSIIOM JIU-
HUH ¢ OpyruM ycTpoicTBoM OBM — ycTpoiicTBOM yIipaBiieHUS! BBIOOPKOH U BBI-
MOJIHEHNEM KOMaHA. B 4Mcino 3TUX JTUHUM BXOJAT JTUHUM YNPABICHUS BXOIHBIMU
(1, BO3BMOXHO, BBIXOJHBIMHU) peructpamu AJIY, a TakKe JTUHUU BHEIIHETO YIIpaB-
JICHUs YIPABISAIOIIUM aBTOMAaTOM, KOTOPBIE CIIy’KaT JUIsl HACTpOWKM aBTOMara Ha
BBIIIOJIHEHHUE KaXKJI0H KOHKPETHOM onepary.

Tak xak Ha MOIEIIIX peaAnoara€Tcs BbIIIOJHATH OTACIbHBIC OII€pallii, BHCITHUE
cBsa3u AJIY B npeajiaraCMbiX MOACIIAX HE OIIMCAHBI.

[IporpaMMHBIE MOZIETTN HE OMMCHIBAIOT TaK)Ke MeXaHN3M TakTupoBanus AJIY. [Ipu
CTaHAAPTHOM MOAX0/€ K mocTpoeHuto AJIY kaxnapiit yzen OA, uMmeronuil naMsrhb,
a TaKKe PerucTpbl YA UMEIOT BXOJ TakTHpoBaHMs. Ha Bce BXOJbI TaKTHPOBaHUS
MOCTYNAlOT TEPHOJNYECKHE MPSIMOYTOJbHBIE UMITYJIbCHBIE CHTHANIBI OT OJHOTO
yCTpPOWCTBA, IMEHYEMOI'0 TaKTOBBIM reHepaTopoM. AJIY mpoekTupyrorcs, Hampu-
Mep, TaK, YTO BBIXOJHbIE CUTHaJIbI YA MEHSIOTCS CKayKOM IPH MOJOKHUTEIbHBIX
repernajgax TaKTHPYIOLIEro CUTHANA, & COCTOSTHUS Y3JI0B ¢ MaMAThi0o OA MEHSIOTCS
CKayKOM TIpU OTPULATENBHBIX Mepenagax TaKTHPYIOIIEro cUrHaia. B peambHBIX
AJIY cuctema TakTHpOBaHHS MOXKET OBITh CIOXKHEE, MOTOMY 4YTO pa3padOTHHK
CTPEMHTCSI MAKCUMAJIBHO YBEIMYUTh OBICTpoJieiicTBUE ycTpolicTBa. C TOUKH 3pe-
HUS TIOCTPOEHHUS MHUKPOIPOTPaMMbl MEXaHU3M TaKTUPOBAaHHUS CYLIECTBEHHOTO
3HAYECHUsI HE UMEeT.

8.1. MNporpammHasa mogenb ALU-1

[Iporpammuas moxens ALU-1 BkimtogaeT B ce0si [BE OCHOBHBIE YaCTH — OIlepa-
UUOHHBIN aBTOMaT 8-paspsiaHoro aBowmyHoro AJIY u ympaBisiomuil aBTOMAT
¢ nporpammupyemoit gorukoit (YAITI), KoTOpbIi MOKET paboTaTh KaKk aBTOHOM-
HO, Tak " Bo B3aumMmozaencteuu ¢ OA AJIY.
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8.1.1. OnepauuoHHbIM aBTOMaT ALU-1

Crpykrypa OA, npeanaraemas B TaHHOW KHUTE, MIOYTH YHUBEpCAJIbHA U MO3BOIIS-
eT peayn30BaTh OOJIBIIMHCTBO M3BECTHBIX AITOPUTMOB TPAJUIMOHHBIX apHudme-
THYECKHX TpeoOpazoBanuii. OmeparioHHbI aBTOMAT MpeJHa3HAueH IS peann3a-
MM apu(QMETHYECKUX OIepanyii Haj JBOMYHBIMH YHCIAMH C (UKCHPOBAHHOMN
3ansiTod B opmare 1 6ailT Ge3 3Haka (muanason npencrasieHus ancea — 0...255)
win 1 6ailT co 3HakoM (muana3zoH — MuHyc 127...+127) u joruueckux ornepanuit
HaJl IBOWYHBIMH BEKTOpAaMH JTHHOU B 1 OaiT.

OA 103BOJISIET MHKPOIIPOTPAMMHO PEan30BaTh CICAYIOIINE apu(METHUECKHE
OTIEPAIHH:

O cnoxenue Oe3 3HaKa,
O BeryMTaHKE O€3 3HAKA,

O crnoxkenune/Borantanue anredpandeckue B npsmom (I1K), ooparaom (OK) mim
moromaurensaoM (JIK) xoze;

O ymHoxeHue (0e3 3HaKa MM CO 3HAKOM);

O nenenne (6e3 3HAKa WIM CO 3HAKOM) CITOCOOOM C BOCCTAHOBIEHHMEM OCTATKa
WJIH CIOCOOOM 0O€3 BOCCTaHOBJIEHHUS OCTATKA,

a TaK>Xe NIOpa3psAAHbIE JIOTHYECKUE ONEPAIUU:
0 KOHBIOHKIIH,

O AU3BIOHKIINS,

0 HEpaBHO3HAYHOCTB;

O uHnBepcus.

OdeBHTHO, BOZMOXKHA peau3alus U Apyrux, oonee "IK30THUECKHX apupMeTHyIe-
CKHX M JIOTHYECKHX OTIepaInii.

Pe3ynbraTroM BceX JIOTHUECKMX M apUPMETHYECKUX orepaiuii (KpoMe yMHOXe-
HUS) sBJIsICTCS OaldT B (hopMaTe MCXOAHBIX JNAHHBIX (CO 3HAKOM MM Oe3 3HaKa).
[IpousBenenue MoXeT OBITH TIpEICTaBlIcHO B 8- win 16-paspsaHom Gopmare.

Ha puc. 8.1 npencrasiena ctpykrypa OA B ¢opme, B KOTOPOil OHA BBIBOJUTCS Ha
9KpaH KOMIIBIOTEpA MPOrpaMMOH, MOAAEP)KUBAIOIIEH MpoLecc pa3paboTKH MUK-
porporpaMM yTpaBJIeHUs BHITOJHEHHUEM oniepanuii amst AJIY.

OnepallMOHHBIN aBTOMAT BKIIFOYACT B CE0S CIICAYIOIINE SIICMEHTBI:

O Bxoxansle 8-paspsanbie peructpel AX n BX, momyckaromiye 3arpy3Ky MCXOA-
HBIX OIIEPaH]IOB,;

O 8-paspsanble peructpsl onepannioB A u B
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Puc. 8.1. Onepanmonnsiii aromat ALU-1

8-paspsanbiii apudmeruro-nornueckuii 6710k (AJIB) ¢ Tpurrepamu BXOIHOTO
Po ¥ BBIXOAHOTO Pg IEPEHOCOB (3aE€MOB);

nBa 8-pa3psAHBIX JABYXBXOJOBBIX MYJIBTHIUIEKCOPA, BHIOMPAIOIINX JUIS BXOJOB
R u S AJIb npsiMple Wi HHBEPCHBIE 3HAUYEHUs perucTpoB A u B cootsercr-
BEHHO;

Tpurrep Z , 3HadeHHue KOToporo GopMHUPYETCS B COOTBETCTBUU C BBIPAKEHHEM
Z=pg@®DL

W UCTIoNb3yeTcs 1ist popMupoBaHusl HUQPPHl YaCTHOTO B HEKOTOPBIX aNTOPHT-

Max JEeJICHUS;

OJIOK CJBHTATENS, BKIIOYAOIIUN 8-pa3psiHblii peBEpCUBHBIH KOMOHHAITHOH-
HBII cauraresb W jaBa Tpurrepa DL u DR, dopmupyromnme/mpuHnMaronye
JaHHbIE CJIEBA U CIIPaBa,

nBa 8-paspsaHbix peructpa pesyiabrara C u D

JIeMYJIbTUILICKCOp, mepeaatoiuii 3Hadenue Bekropa F[7:0] ¢ Beixoma Oioka
CIBUTATENS B OJMH U3 perucTpoB pesynbrara C wuimu D
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O geTbIpexpa3psaaHbIi TBOWYHEIH cueTdnk Cu;

O 8-paspsaHyo IIKMHY, POJb HCTOYHUKOB Ha KOTOPYIO MOTYT UTPaTh PErUCTPHI
Ax, Bx, C, D, a npuemunko — A u/unu B.

Pecucmpor camu 1o cebe HUKaKUX (QYHKIIMOHAIBHBIX MPEOOpa3OBaHM KOJOB HE
ocymecTBIsIIOT. OHU SIBISIIOTCS TOJBKO YCTPOHCTBAMU 3allOMHHAHMS, ITOIKIIOYEH-
HBIMU K 00111e#i mmHe. Bxomabie 1 BeIxoaHbie peructpel AX, Bx, C, D obnanmator
TaK Ha3bIBAEMBIMU TPEXCTaOMIBHBIMU BBIXOTHBIMHU YCTPOHCTBAMH, MO3BOJISIOIINMHI
MOAKIIOYATh BBIXOABI PETUCTpPAa K HMIMHE WM OTKIOYAaTb UX OT HIMHBI. Ecau ot-
BJICYBCS OT (PU3MUECKUX PACCYXKJICHHH, IMMHY MOXHO pacCMaTpuUBaTh Kak Habop u3
BOCbMH NEPEMEHHBIX (10 YHCITy JIECMEHTOB MaMSITH B PETHCTPax), KaKaasi u3 KOTO-
PBIX MOKET MIPUHUMATH TpH 3HaueHws: "HeakTwBHa', "0" m "1".

B nacrosmmeit Bepcun nporpammbel ALU-1 Bo3MokHa TONBKO Tiepefada B paboune
peructpel A, B comepxxumoro peructpo Ax, Bx, C, D, nmpuuem 3a ovH TakT
MO’KHO OCYIIECTBHTH IEpeaady TOIBKO U3 OAHOTO PETUCTPA-UCTOUHUKA B PETHUCTP
A, peructp B mmm B 00a peructpa Bmecte. i1 3TOro mojaeTcst OHA U3 YETHIPEX
MI/IKpOOHCpaHI/II‘/'I, MOoAKJIr0Yaromias K NMUHE BbIBOAbI COOTBETCTBYIOIIECTO PErucTpa-
UCTOYHHKA Yg, Vi, Yo, Yo7, M OnHa (mm 00e) MUKpoomnepaius Y,, Ys, epe-
Jarolasi COCTOSHUAE [IMHBI Ha BXO/bI PErUCTPOB-IPUEMHHKOB (cM. Tabu. 8.1).

HCHO, YTO OJHOBPEMCHHOC MOAKIIOYCHUC K HIMHE ABYX PETUCTPOB-UCTOYHUKOB
NPUBOAUT K TPOTHBOpeunio ("KOHQGIIMKTY JaHHBIX") ¥ HexomycTuMo. HampoTus,
OIHOBPEMECHHAA 3aIUChb I/IH(bOpMaHI/II/I C HIMHBI B PAa3HBIC PETUCTPBLI AOIMYyCTHMA,
npaB/ia, Takask HEOOXOAMMOCTh PEJKO BCTpEYaeTCs MPH Pealn3alii KOHKPETHBIX
QJITOPUTMOB.

Apupmemuro-nocuueckuii 610k (AJIF) BKIr0OYaeT KOMOMHAIIMOHHYIO CXeMY (YHK-
IIMOHAJIBHOIO IpeoOpa3oBaTes U Ba dIEMEHTa MaMATU: TpUrrepsl Py u Pg. Co-
CTOSIHUE TPUITEpa Py MOXKET OBITh MPOU3BOJIBHO YCTAHOBIECHO C MOMOILBIO MUK-
pooneparuii Yi4 ¥ Yq5 ¥ y4acTBYeT B MHUKPOOIEPALMAX CIOXKEHUS (BBIYUTAHUS)
B KAQueCTBE 3HAUCHUS MepeHoca (3aema) Miazuiero paspsijaa. Tpurrep Pg U3MeEHs-

€TCsl TONIbKO MHKPOKOMAaHIaMU apupMEeTHIECKUX U Jorndeckux omeparnmii AJlb
U B apu(PMETHYECKUX MHUKPOOIEpAIMsiX MPUHUMAET 3HAuUeHHE TepeHoca (3aema),
BO3HMKAIOILIETO M3 CTapLIEro pa3psla, a B JOTMYECKUX MHUKpPOOIEpalusix BCEraa
ycranaBnuBaercs B "0". OcranbHble MEKPOOTIEpALMK COXPAHAIOT PaHEe YCTAHOB-
JIEHHOE 3HaueHue Pg.

AJIb peanuzyet psa OMHApHBIX ONEPALUi HAJ BXOAHBIMH 8-pa3psIHbIMU ABOUYHBI-
mu Bektopamu R um S u aBonuHO#l mepemeHHON Pg. Pe3ymprar oneparuu npu-
CBauBaeTCs 8-pazpsAHOMY ABOMYHOMY BEKTOpPY Q M JBOMYHOM IEpEeMEHHOH Pg.

3HaueHne Pg paccMaTpUBaeTCs KaK JIOTHYECKOe YCIoBHE X , hopmupyemoe OA.
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Kpowme Toro, B 611oke AJIb popmupyercst 3HaUeHNE JIOTHYECKOTO YCIOBUS

Xe = Pg ® DL,
JUIsL BBIBOJIa KOTOPOT'O Ha SKpaH 0003peBatesiss He0OXOAUMO BKJIIOUUTH CIEHAIIb-
HY10 oniuio B MeHo HacTpoiiku.

AJIb peanmu3yer cienyromye ONHAPHBIE MEKPOOIIEPAIIHH:

pg.Q =R+ S+ py,
pg.Q:=R~-S-py,
PgQ:=S—-R-py,
0Q=S&R,
0Q=SvR
0Q=S®R

Kpowme Toro, AJIb peanusyet yHapHyto Mukpoonepanuio Pg.Q = pg.R (3HaueHue
Pg HE MEHSETCH).

bnox cosucamens BkiodaeT B ceOs COOCTBEHHO PEBEPCUBHBINM CABUraTeslb Ha
OIIMH pa3psia u aBa Tpurrepa manueix (“ciesa” DL u "cmpasa” DR). Kaxmsiid u3
9THX TPUITEPOB MOXKET YCTaHABIMBATHCS B MPOM3BOJIBHBIC 3HAYCHHUS MUKPOOIIE-
pamsamu ( Yog, Yog, Yap, Ya1) ¥ IPHHUMATh 3HaYE€HHE PA3ps/IOB, TEPSEMBIX MPU
cnsure BekTopa Q. Texymue 3Ha4EHUs] TPUITEPOB MOTYT pacCMaTpHBATHCS Kak

3HAYCHUA JIOTHYCCKHUX yCHOBHf/’I Xo U X3.

ITpu npaBom caBure muaaimii paspsa QO casuraemoro koga Q[7:0] 3anmceiBaet-

cst B Tpurrep DR, a B crapiumit paspsia F7 BeixonHoro kona F[7:0] nonanaer 3Ha-
YeHne, MpeIBAPUTENHHO ycTaHOBIIeHHOEe B Tpurrepe DL, mpu sToM coctosiaue DL
coxpansiercs. [1pu nieBom cnBure — Haobopot: DL := Q7, FO := DR, DR := DR.

Crpuraresnib MO3BOJISCT MPOIYCKaTh BXOJHOM KOJI HAa BHIXOJX U 0O€3 CABHra, Mpu
sToM 3HadeHus TpurrepoB DL u DR we menstorcs. Takum o6pazom, 0110k caBura-
TECJISA BBITOJIHACT CJICAYIOIINE MI/IKpOOHCpaHI/II/I:

O F[7:0].DR := DL.Q[7:0] — nipaBblii cABUT OOBIKHOBEHHBIN;
O DL.F[7:0] := Q[7:0].DR — neBblii cIBUT OOBIKHOBEHHBIIA;
O F[7:0].DR := DR.Q[7:0] — mpaBblii CIIBUT CTICIIHAIBHBII;
O F[7:0] := Q[6:0]. |Z — neBbiii cBur crienuabHbIN;

3 F[7:0] := Q[7:0] — nepenaua 6e3 caura.
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[IpaBslii crieruabHbIN CIBHT yIOOHO MCTIONIH30BATh B MUKPOITPOTpaMMe YMHOXKE-
HUS Tpu (HOPMHUPOBAHNN TIPOU3BEIEHHSI TBOMHON IJIMHBI, a JIEBBIH CIIeUATbHBII
C/IBUT — B OIlepalvy AeJICHUs Npu GOPMHUPOBAHNH OUYEPETHON U PHI YACTHOTO.

YeTblpexpa3psiHbI IBOUYHBIN cuemuyuk pealu3yeT ABE MHUKpOOIEpaluud — Ha-
yanvnasn yemanosxka (B "0000") u unkpemenm u cuntaetr ot 0000 mo 1000. Cuer-
9K (OPMHPYET JiBa JIOTUUECKUX YCIOBHUS: X, WCTUHHO, KOTJa COCTOSHHE CYET-

yuka paBHO 1000, a X5 UCTUHHO, KOT/la cOcTOsiHUE cueTuyrKa npesbintaer 0011.

Hasnauenue mynsmuniekcopos U oemyibmuniekcopa SICHO W3 TPUBEICHHON Ha
puc. 8.1 cTpyKTypHO#H CXEMBI.

[TonHBI CHOMCOK MHUKpOOIEpaluii, peaqu3yeMbIX 3JIeMeHTaMH CTPYKTypsl OA
U JIOTHYECKUX yCI0BUH, popmupyembix B OA, npuBesaeH B Tabn. 8.1 u 8.2.

Tabnuya 8.1. Muxpoonepayuu onepayuonnozo agmomama ALU-1

Y Muxpoonepanust
Yo Shina:= Ax

IMoapoOHoe onpeneneHne MUKPOONIEPAHH

IoaxmoueHne BXoI0B peructpa AX K IIMHE JaHHBIX

Y1

Shina:= Bx

Ioaxmouerne BXo10B peructpa BX k mmHe gaHHBIX

Yz

A:=Shina

3anuch B peructp A 3HaYCHHUI U3 PErHCTPa, MOJKIFOUECHHOTO
K IINHE

Ys

B :=Shina

3anuch B peructp B 3HaUYeHUi U3 perucTpa, moakIrueHHOTO
K IINHE

Ys

R:=A

ToaxmoueHne MPsSMBIX BBIXOZOB IEMEHTOB perucTpa A
k Bxoay R AJIB. IIpu oTCYyTCTBUM MUKPOKOMAH/IBI TTOIKIIFO-
4YeHUs Ha BXoJ R monarorcst Bce Hynu

Ys

IopkiroueHne HHBEPCHBIX BBIXOIOB 3JIEMEHTOB peructpa A
k Bxoay R AJIb

Ys

ToaxmoueHne MpsSMBIX BEIXOJOB 2IEMEHTOB perucTpa B k
Bxoay S AJIB. [Ipu oTCYyTCTBUH MUKPOKOMAH/IBI TTOIKITFOUC-
HUSI Ha BXOJI STIOAf0TCSI BCE HYIH

Y7

INopkiroueHne HHBEPCHBIX BBIXOAOB 3JIEMEHTOB perucTpa B
k Bxoay SAJIb

Ye

Ps.Q := R+ S+ po

CrioxeHre 4ncen, mpeICcTaBIeHHBIX KoJaMu Ha Bxoaax R, S
u Tpurrepom Py AJIB. Coaepxkumoe Ponodasmsier O wim 1
K MJIaJILIEMy pa3psiay CyMMBI, B Pg (DOPMHpPYETCs IEpEeHOC

Yo

Ps.Q:=R—-S—po

Brrunranne u3 9ncia, MpeacTaBIeHHOro Ha Bxoae R, uucna,
MIPEACTABIEHHOTO Ha BXOJE S, M YMCIa, IPEICTaBICHHOTO
COCTOSIHUEM TpHITepa Po. CollepkuMoe Po BEIYUTAECTCS U3
MITQJIIIETo pa3psiia pasHOCTH, B Pg GopMupyeTcs 3aeM crap-
mIero paspszia
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Tabnuya 8.1 (npoodoricenue)

Y Muxkpoonepauus IloapoGHoe onpenenenue MUKpPOONEpaLUI

Y10 Ps.Q:=S—R-pg BrrunTtanue u3 ymcia, NpeiCTaBICHHOTO Ha BXOJIE S YHCIIa,
MPE/ICTaBICHHOTO Ha BXoje R, 1 uucia, mpeacTaBieHHOro
cocTostHreM TpHrTepa Po. ComepkuMoe Py BRIYUTACTCS U3
MUITQJIIIETO pa3psiia pa3sHOCTH, B Pg GopMUpyeTCs 3aeM cTap-
IIero paspsia

Yu | 0.Q:=S&R TlopaspsiHasi KOHBIOHKIIUS KOJIOB, MPE/CTABICHHBIX HA BXO-
nax R, SAJIb. B pg3amuceiBaercst HOJb

Yio 0.Q:=SVR TlopaspsimHasi TU3BIOHKIINS KOJIOB, MPEICTABICHHBIX HA BXO-
nax R, SAJIB. B pg 3amuceIBaeTcst HOJb

Y13 0.Q:=S@®R TlopaspsimHasi HepaBHO3HAYHOCTh KOJIOB, MPE/ICTABICHHBIX HA
Bxoaax R, SAJIB. B pg 3anuceiBaeTCs HOJIb

Yia Po:=0 YcranoBka Tpurrepa P B 0
Yis5 | poi=1 VYcranoBka Tpurrepa pPo B 1
Yie F=Q Ilepenaua xkona Q ¢ Beixona AJIb Ha Beixo F cxembl caBura

0e3 M3MEHEHMIT

Y17 F[7:0].DR: Cagur BbixonHoro kona AJIb Q Bopaso. Mnanmmii paspsan Q
DL.Q[7:0] 3anmceiBaercs B DR. Craprmit paspsin F 3amomasiercst co-
nepxumMbiM DL. DL He u3mensiercs

Y | DL.F[7:0] : Casur BerxoaHOT0 Koma AJIB BieBo. Crapmmii paspsin Q
Q[7:0].DR 3amuceiBaetcest B DL. Mnammmii paspsin F 3anonusiercs co-
nepxuMbiM DR. DR He nzmensiercs

Yio F[7:0].DR: CrienanbHbIN cIBUT BeIX0AHOTO Koza AJIb BipaBo. Muan-
DR.Q[7:0] it paspsin Q sammceBaercs B DR. Crapmmit paspsin F 3a-
MOJTHSIETCSI PEABIAYIIMM 3HaueHreM DR

Yo | F[7:0] := Q[6:0].1Z | Cnsur Beixoanoro kona AJIB Bieso. Crapumii paspsn Q
7= Tepsiercs, 3Hauenune DL coxpansiercst. Mitaammit paspsn Q
=ps® DL N
3amoTHSETCS IUGPOi 4acTHOTO (B OTEpaIMsX JCITCHHU)

Y, Cromn OctanoB. CurHajl OKOHYaHHs BBITIOJHEHUS OTepalui

Y, | Cu:=0 TIpucBoenue BceM paspsigam cuerunka 3HaueHus 0. YcraHoB-
Ka TPUITEPOB MPU3HAKOB (BBIXOJBI X4, X5 OA) B HOJIb

Yo Cu:=Cu+1 VYeennuenue cuerunka Ha 1. TIpu kogax cuerunka 0100,
0101, 0110, 0111, 1000 X5 = 1. [Tpu xone cueruyrka 1000
X4 = 1. 3a komom 1000 cnemyer kox 0000 u 06a npu3Haka
cOpachIBarOTCs B HOJIb
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Tabnuya 8.1 (oxonuanue)
Y Muxkpoonepauus IloapoGHoe onpenenenue MUKpPOONEpaLUI
Y | C:=F 3anuch BbIX0Ja CXeMbI ciBura B peructp C
Y5 D:=F 3anuch BbIXOJa CXeMbI ciBura B peructp D
Yy | Shina:=C Toaxmouerne Bxoa0B peructpa C K mIMHe TaHHBIX
Yo7 Shina:=D Tonknrouenue Bxo0B peructpa D k muHe naHHBIX
Y | DL:=0 VYcranoska tpurrepa DL B O
Y | DL:=1 VYcranoska tpurrepa DL B 1
Yo | DR:=0 VYcranoska tpurrepa DR B 0
Yo [ DR:=1 VYcranoska Tpurrepa DR s 1
Y | Q=R Tlepenaua kona c Bxona R AJIB Ha Beixon Q AJIB 6e3 u3me-

HEHUM

Tabnuua 8.2. Jlocuueckue yciosus, popmupyemoie onepayuorusvim asmomamom ALU-1

X 3HavyeHHe JIOTHYECKOr0 YCJI0BHSI

X1 Ps — TpU3HaK TepeHocal3aema

Xo DL — 3Hauenwue Tpurrepa "naHHble cieBa”

X3 DR — 3HaueHwue Tpurrepa "naHssle crpana”

X4 Cu = 8 — npu3Hak "cueT4nk paBeH 8"

Xs Cu > 3 — npusHak "cuetduk oosbiire 3"

X5 Z = pg @ DL — npu3Hak, Mo KOTOpOMY MOKHO OTIPEIEIUTh 3HAYCHHE IIH(PBI

YaCTHOIO B oni€panuiax ACICHUA

OmnucaHHas MOZAETb ONEPALMOHHOIO aBTOMAara MOXKET padoTaTh B JIBYX PEXKH-
Max — aBTOHOMHO WJIM TMOJ YIPaBJICHHEM MMKPOIPOIPaMMBbl, Pa3MELICHHOM
B MOJIENIY YIPABJIAIOLIETO aBTOMATa, O KOTOPOM Pedb MOWIET Aajee.

ABTOHOMHBIH pEXHM peanu3yeTcsl TOJBKO IOIIaroBO M MO3BOJSET NMPOBEPUTH
MPaBUIBHOCTh pa3padOTaHHBIX aJTOPUTMOB apHU(PMETHUECKUX M JIOTUYECKUX Mpe-
00pa3oBaHMii Ha Psiie KOHKPETHBIX MPUMEPOB.

PaccmoTpum mpocToii mpuMep peanuzanuu apupMETHUECKOM omepanud B aBTO-
HOMHOM DPEXHME.
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Mpumep 8.1

Heo0x0auMo MOCTPOUTh MHUKPONPOTpaMMy YHPaBIEHHs MPOLECCOM CIOMNCEeHUs
JIBYX CEMUPA3PATHBIX ABOUYHBIX YHCEN CO 3HAKOM, 3aJIaHHBIX B MPSIMOM BOCh-
MUpPa3psAIHOM JIBOMYHOM KOJie B peructpax AX m Bx. Pesynbrar momxeH ObITh
pacniosioxeH B peructpe C. B tpurrep DL nomxkHa ObITH 3amucaHa eIuHUIA
B CJIyyac BO3HUKHOBCHHS TMEPETIOJHEHUS U HOJIb B CJIy4ae OTCYTCTBHS IMEPEIOJi-
HEHUS.

JInst pa3pabOTKA MHKPOIPOTPAMMBbI  CIIOKEHHSI MPSAMBIX KOJOB BOCIOJIB3YEMCS
I'CA (cm. puc. 3.3), yOpaB aBe BepxHue BepuinHbl rpada (kpome "Hauano"), xo-
TOpbIC HEOOXOMUMBI ISl aHAIM3a THUIA OTEpaliu (Codcenue WA GblYUMAaHue).
OOpaTM BHUMaHHE Ha MPOTHBOIOIOKHBIC CIOCOOB HyMepanuu paspsaoB B OA
(3nakoBsIii paspsa umeet Homep 7) u ['CA (0). Ananu3 I'CA mo3BossieT BbIICIUTh
neiictBust B OA, HEOOXOIMMBIE IS PealTU3allui aJlTOPUTMA.

O cpaBHEHHE 3HAKOB ONEPAHIOB,;

O ciokeHue WK BblYUTaHKE (IPpSIMOE MM 00paTHOE) ONEPaH/IOB;
O ananu3 3HaKa pe3yJibTara,

O npucBauBaHUE pe3ysIbTaTy 3HAaKa OJIHOTO U3 ONEPaH/IOB;

O ycraHOBKa MpU3HAKa MEPETIOTHEHUS.

Ananus crpykrypsl OA (puc. 8.1) u cnmcka mMukpoornepaimii (tadm. 8.1) mo3sosis-
eT pa3pabdoTaTh MHUKPONPOTPAMMY CJIOKEHHS, COOTBETCTBYIOIIYIO BHIOpPAaHHOMY
anroputmy. dopma mpeacTaBieHHss MEKPOIIPOrpaMMbl MOXKET OBITh pa3HoOi (CM.,
Hanpumep, puc. 4.5, 4.14). 3nech s ynoOCTBa pa3MeIeHuss KOMMEHTapUeB BOC-
MOJIB3yeMCs A3bIKOM (DYHKIIMOHATBHOTO MUKPOIPOTPaMMHUPOBAHUSI.

ITpu pabore ¢ OA 6 asmonomHom pedicume MONb30BATENb UIPAET POJb YIPAaB-
JISIIOIIEr0 aBTOMATa, MO3TOMY CaM OIpeelisieT MyTh IepexoJa B MUKPOOIepausix
nepeaayy ynpasJeHUs, IpUYeM MPUHUMATH PEIIeHMs 10 BBIOOPY MYTH peann3a-
UM MUKPOIPOTrPaMMBbl OH MOXET TOJBKO MO TEKYIIMM 3HAUYCHMSAM JIOTHYECKUX
ycnoBuit X, ..., Xg. Takue NEHCTBUS BBIJEICHBI B MUKpomporpamme Taodi. 8.3

KBaJIpaTHBIMH CKOOKaMHU.

Tabnuya 8.3. Peanuzayuss MUKPORPOSPAMMbL CLONCEHUS 8 ABMOHOMHOM PEdNCUME

Ne Metka | MukpokomaHjaa KommenTapuii

1 Yo Y2 BBoj mepBoro ciaraemoro A

2 Y1, Y3 BBox BTOpOTro cnaraemoro B
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Tabnuya 8.3 (oxonuanue)

Ne Metka | Mukpoxomanga KommenTapuii

3 Yar Yor Y13, Y18 dopmupyeM BEKTOp HEpaBHO3HAUYHOCTH Q = A
@ B u ciBuraem BIIeBO, IIPU ITOM 3HAYCHHE
HEPaBHO3HAYHOCTH 3HAKOBBIX Pa3pPsI0B
nonazgaeT B DL, a 3Haunt X, =a; ® by

4 [if x; then L1] IIpoBepsieM paBEeHCTBO 3HAKOB OTIEPAHIIOB, ITe-
pexona Ha MeTky L1, ecnu 3Haku omepaHaoB
pa3Hbie

5 Ya; Yor Y8, Y18, You Clio)keHue U CABUT BJIEBO; mpu 3ToM B DL —
CyMMa 3HaKOBBIX pa3psiaoB, a B peructpe C —
cyMMa MoOJyJieil onepaHioB, CABUHYTAs Ha
OIUH pa3psi BICBO

6 [if x, then END] Iepenonuenue, eciu C; = 1 (cM. mosicHeHue
K popmyie 3.16)

7 L2: Var Y32, Y18 Konuposanue 3naka a; B DL

8 L3: Yo Yo Bo3sBpatienue cABUHYTOTO pe3ysibTara B pe-
ructp A

9 Yas Y22, Y17, You CMeleHne MOIyIIs pe3yinbTaTa BIPaBo U MPH-
CBaMBaHWE €My 3HaKa OTepaHa, 3aliCaHHOTO
B DL

10 Vog C6poc daara nepenonnenus (tpurrepa DL)

11 [goto END] 3aBepIiieHre onepannu

12 L1 Ya: Yor Yo, Y18, Yaa Brrunranue A — B u caBur BiieBo

13 [if X, then L2] Ecnu ¢; = 1, TO pe3ynbTary MprUCBAaUBAETCS
3HaK A

14 Yar Yor Y10s Yiss You Brrunranne B — A v cIBUT BIIEBO

15 Y6, y12, y18 Konuposauue 3uaka b, B DL

16 [goto L3] Ilepexox Ha IPUCBOEHHE 3HAKA PE3YIBTATY

17 END: 2 3aBeplIcHUE OIEpaALUU

Ha momemn OA ALU-1 MOXXHO mpOBEepHUTH MPABIIIBHOCTE pa3paboTaHHON MUK-

ponporpaMMsl Ha HECKOJIBKHUX MPUMEPAX.

[Tonpo6HO paccMOTpUM MpUMeEp CiokeHus AByx uucen: (+11) + (=7) = +4 no
MpUBEAEHHO BBINIE MUKpornporpamme. [elictBusa ¢ moaensio OA mpeacTaBuMm
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B Bujie Ta0u. 8.4 (COCTOSHUS >JIEMEHTOB MaMATH OTPAKEHBI B TaKTaX MX BO3-
MOKHOT'O M3MEHEHUA).

Tabnuya 8.4. CocmosiHue onepayuoHHo2o agmomama
6 npoyecce 8bINOJHEHUS MUKPONPOSPAMMbL

13’:3( MukpokoMaHaa AX Bx A B C g(lz‘)
00001011| 10000111
1 [YoYe 00001011
2 |YuYs 10000111
3 |Ya Yo Y13 Vis 1
4 | AHanmusupyeM X,
12 1Y Yo Yo Yis You 00001000 | 1
13 | AHanu3upyeM X,
7 |Ya Y52, Y18 0
8 Y Y2 00001000
9 |Va Y32, Y17, You 00000100
10 |yzs 0
11 |Tlepexon na END
17 |ya 00000100 | O

AHaAIOTMYHO MOXXHO PAacCMOTPETh MPUMEPHI C APYTHUMH COYETAHUSMU 3HAKOB
W MOJIYJIEH ClIaraemalX.

8.1.2. YnpaBnsawowmun agTomat
C NporpaMMupyemMomn fIormKomn

[Ipenyiaraemas Mogenb YA OpHUEHTHPOBAaHA IMPEXJE BCETO HA YIPABICHUE ONU-
caHHbIM Bbilie OA, HO MOXET peajn30BaTh U JHO0YI0 "aOCTPaKTHYIO" MUKPOIPO-
rpaMmy (C y4eTOM MPUBEICHHBIX Jajiee OrPAHUUCHUH).

YAIT peanu3oBaH Kak aBTOMAT C €CTECTBEHHOM ajgpecalyel 1 CMEIIaHHbIM CIIO-
co0OM KOJMPOBaHUS MOJISI MUKPOOIIEPAINiA, HCIIONB3YIOUINI eTUHCTBEHHBIH (op-
MaT MHUKpokoMaH[bl. CTPpyKTypHasl cxemMa MOJEJIUPYeMOoro YA aHaJOru4Ha IMpu-
BeZicHHOW Ha puc. 4.16. OTianumsi — B KOJIMYECTBE MHUKPOOIEpaNrii U UX TOJIEH,
B YHcIie TOCTynaomux u3 OA JTOTHYecKuX yCIOBHH.



240 Yacmeb 1. J[TabopamopHbIli npakmuKyM U Kypcogoe MpoeKmuposaHue

KonmuecTBeHnple xapakTepucTuk YA W (popmar MHKPOKOMaHIBI BHIOWPATUCH
Mpexe Bcero ucxofis u3 norpedHocreit ympasmenuss OA ALU-1. Anamm3 cTpyk-
Typsl OA U peann3yeMbIX Ha HEW MUKPOIIPOrpaMM IMOKa3bIBAET, YTO MOXHO Orpa-
HUYUTBCA MATHI0 MUKPOOIEPALUSIMHU B MUKPOKOMaHe. JleificTBuTensHO, Iisas Ha
puc. 8.1, MO)KHO OTMETHUTB, UTO IS BBITOIHEHUS JTFO00H OMHAPHONW MUKPOKOMAaH-
Ib1 (HarpuMep, CI0KEHHUS IBOMYHBIX BEKTOPOB) HEOOXOIUMO OJJHOBPEMEHHO:

BriOpats niepBsiii onepann R.
BriOpats BTOpO# omepann S
VYka3zate onepanuio B AJIb.

Vka3aTh JelCTBUE B OJIOKE CABUTATEII.

o d w DN PE

OrnpenenuTs perucTp Ha3HAYCHUS IS pe3yibTara.

Takum oOpa3zoMm, Bce MHOXKecTBO MuKpoonepanuidi OA Y ={y0, ey y32} cienyer

pa30uTh Ha MATH MOJMHOXECTB (cm. pazo.4.4.2) ¢ ydyeToM aHain3a TUIHYHBIX
MUKpONporpaMm apu(MeTHKO-TIOTHYeCcKHX onepanuii. Takas pabora Obuta mpoje-
JlaHa TIPH MPOEKTUPOBAHUHU MOJICIH, H €€ Pe3yJbTaT MpeaaraeTcs Kak KOJUpOBKa
mukpoorneparuii Ilo ymoruanuio (puc. 8.2).

CIHPUBRd MHEPOROMdHIT

Daiin  HacTpofiku

|I'Ic- YA SHMD
ko 1 ‘Y2 |Y3 |Y5 |>< ‘
ului] ] o
001 w2 AT
] n v [ o] w7 w2
011 p2d o W Wil |pl8 w3
100 p2h i wid w1 w2l ud
101 wZ2B ¥ wihb w2 w23 ]
110 w27 w22 w3 w139 “B
111 vl y23 y32 oy 0 Mt

Puc. 8.2. Konuposka Mukpoonepanuii 1 sorudeckux yciaosuit Ilo ymoruanuio

[IpakTrka MoKa3bIBAET, YTO OOJBIIMHCTBO AITOPHTMOB apHU(PMETHKO-IIOTHIECKUX
npeoOpa3zoBaHuii nomyckaer peanuzaiuio B ctpykrype OA ALU-1 ¢ npemioxeH-
HbIM pa30UEHHEM M KOJUPOBKON MUKpoorneparuii. OJHaKO MOJIb30BATEIb MOXKET
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MIPOM3BOJIBHO MEHAThH pa30MeHNe MUKPOOIIEpaLuii Ha OJMHOXKECTBA U KOIAUPOBKY
(ycranoButh onmuio Paspemmth nmpaBky B McHi0O HacTpoiiku), Helb3s JIMIIb
YBEJIUYUBATh KOJIMYECTBO MOJMHOXKECTB, & YUCJIO MUKPOOIIEPALil B OJHOM MOJ-
MHOECTBE Ha MOXXET HpeBbimath 7. [IOHATHO, YTO 3TH OrpaHUYEHHUs CBSI3aHBI C
KECTKO OIpeAeIeHHBIM (OpMaTOM MUKPOKOMAaHIbI.

dopmar Mukpokomanpl (puc. 8.3) BkiIroyaeT B ce0sl MATh TPEXpa3psaHbIX MOJICH
Y1, Yo, .., Y5 KOOMPOBaHMSA MHUKPOOIEPALUH, TpexpaspsaHoe mojae X HoMepa
goruueckoro ycnosus (OA reHepupyeT 6 JOrMueckux YCIIOBHI U elle JBa Koja
UCTIONB3YIOTCS JiIsl KomupoBaHus kKoHnctant "0" u "1"), omHOopaspsaHoe mose |
MHBEPCUH JIOTUYECKOrO YCIOBHS U CEMHUpa3psaHOe Ioje aapeca mepexona. Ode-
BUJHO, MaKCUMaJIbHAA JJIMHA MUKPOINIPOTPAaMMBI B 3TOM CJIy4a€ MOXKET COCTABJIATH

2" =128 MHUKPOKOMaH].

Y, Y, Y, Y, Y, X | Address
3 31 7

Puc. 8.3. ®opMaT MUKPOKOMaHIbI

B paszo. "Illpumep npoexmuposanus YAIIT' enasvr 4 npuBenicH npuMep MPOCKTH-
pOBaHUS YIPABIIOIIET0 aBTOMaTa C IPOrPAMMHUPYEMON JIOTHKOM 110 UCXOJIHOM
MUKporporpamme. [Ipoiiecc mpoeKTUpOBaHHs BKIIIOYACT CIICAYIOIIHE ITAllbI:

O onpenenenre (opMara MHKpOKOMaHbl (pa3OMeHHe MHOXECTBA MHKpPOOIIE-
panuii Ha TOJAMHOKECTBA, KOIMPOBAHHE MHKPOOIEPAIMA M JIOTHYECKUX
ycloBuii);

O dopmupoBaHue mocienoBaTeNbHOCTH yipasistonux cioB B [13Y MK, peanu-
3YIOUINX 33JJaHHYI0 MHKPOIIPOrpamMmy.

OueBHIHO, B cllyyae MCHOIb30BaHus Ais moctpoenus YAILl mporpamMmHoil mMo-
nem YA ALU-1 nepBblii 3Tamt BRIOMHATh HE IPUIETCS, €CITH MPEIOKESHHOE ' TI0
YMOJIUaHHIO" pa30HeHHe MO3BOJIAET Pealn30BaTh 3aJaHHYI0 MUKPOIIPOTpaMMy .

BTopoii 3Tan MOXHO BBIMONHATE 'BPYyYHYIO" WM C TIOMOIIBIO BCTPOEHHOI'O MUK-
poaccembiepa.

Pabora "BpyuHyI0" BechMa TpyZOeMKa U MPUBOJIUT K 3HAUUTEIILHOMY YHCITy OIIIH-
00K, HO Ha Ha4YaJbHOM dTare HeOOJBIIYI0 MHKPONPOrpaMMy CiedyeT, Ha MOW
B3TJISI/T, BBITOJHATH UIMEHHO 3TUM CIIOCOOOM, YTOOBI MOJYYUTh TTOJTHOE MPE/ICTaB-
JIEHHE O CTPYKTYpe MUKPOKOMAaHIHBIX CIIOB M CII0c00aX Mepexo0B 0 MUKPOIIPO-
rpamme. [Ipomecc "pydHOro" MHKpPOIpPOTpaMMHPOBAHHA TOJIPOOHO OIMUCaH
B mpuMepe B pa3za. "Ipumep npoexmupoganus YAILT" enasvt 4.
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Hcnonp3oBanne MuKpoaccemOiiepa I03BOJIUT 3HAYUTEIBHO YBEJIHMYUTH CKO-
POCTh U HAAEKHOCTh MOJATOTOBKM MHKpoIporpamm. [ias paboTsl ¢ Mukpoac-
ceM01epoM JOCTaTOYHO OTKPBITH MYHKT MeHI0 KoMnuiasitop B okHe Ynpas-
JAKIIMA aBTOMAT W B OTKPBHIBIIEMCS OKHE TEKCTOBOTO pPEAaKTopa
KomnuasaTop HabpaTh TEKCT MHUKPONPOTpaMMBbl, COCTOSLIMI U3 MOCIeaoBa-
TENBHOCTH MUKpOKoMaH. PopMat Mukpokomansl (cM. puc. 8.3) ompenenser
CTPYKTYPY 3aIllMCHU Ha A3bIKE MUKpoacceMOiepa. Onpenenanm 3JIeMEHTHI 3allHCH
MUKPOKOMaH/Ibl CJIEIYIOIIUM 00pa3oMm:

<crpoka> ::= [ <merka>] [ <Mmxpoxomanma>] [ #<xommeHnTapuii>]

<MMKpPOKOMaHma> : : = [ <mocrjemoBaTesbHOCTL Mukpoonepauwis>] [ <smoruueckoe
yCIioBye>, <MHBEPCHUS JIOTUUECKOTO yCJIOBUS>, <MEeTKa>|

<MOCJIeNOBATEIIEHOCTE MUKPOONepalyis> | @ = <Mmkpoonepauns™> [, <MmMkpoonepaums>,
<mmxpoornepauysg> ...| (He Gosee 5)

<vmxpoonepauya> € {yi}, i € {0 .. 32}

<mormueckoe ycyoeue> € {X;, 0, 1}, j € {1 .. 6}

<mnBepcusa sormueckoro yciuosua> € { 0, 1}

<MeTKa>. | = <uIOeHTUOMKaTOpP>

[lpn HammcaHWM MUKPONPOTPaMMBI JUIS MOCIEAYIONEH KOMIWIALMA B Cpele
ALU-1 HeoO6xoanmMo coOImoaTh CIeAYIONIHIE TPaBHia;

O B 0HOH CTPOKE JOJKHO pacmojaratbes He Oonee 0HOW MUKPOKOMAH/BI, BO3-
MOKHO, TOMEUEHHOM,

O wuneHTH(UKATOPHI METOK IEepexolla, MHKPOONEpAalUid, JOTMYECKHX YCIOBHUH
JOJKHBI CYIIECTBOBATD;

O wuneHTH(UKATOPBI METOK HE TOJDKHBI TyOITUPOBATHCS.

Crenyromiye 3HaK1 MCIOIB3YIOTCS UTSL Pa3ieNIeHus oIl B MUKPOIIpOrpamMme:

0O , — pa3zaenseT MUKPOOIIEpallui B IIOCJIEI0BATEIIbHOCTH MUKPOOIIEPaLIUiA;
O ; — oTraensier nojie nepeagpecanuy OT N0l MUKPOOIIepalui;
O : — oTraenser METKy OT CIeayIolel 3a HE MUKPOKOMaH/Ibl,

O # — oTaensieT KOMMEHTapHii (10 KOHIIa CTPOKH);

O +n — AUpeKTHBA CABHUTA KOMAH/IBI HA N aapecoB (n 3a7aeTcs TECATHIHBIM YHC-
JIOM).

[Tpumepamyu MUKPOKOMAaH]T MOTYT CITY’KHUTB CIEIYIOIINE CTPOKH:

y26, y2

y4, y6, y8, yl6, y25

y28; 1, 0, L2 # co6poc DL u GesycnmoBHeir mepexom Ha MeTky L2

#( B KauecTBe JIOTMYECKOT'O YCJIOBMS MUCIOJNb3yeTca koHcTaHTa 1)
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y28; x1, 0, L2 # c6poc DL n nepexom Ha Merky L2 mpm X1 = 1
y4, y32, yl18; x2, 1, L3 # zmech nepemaua ympabBeHMS IPOVCKOIAT
# mpn sHauermwym X2 = 0, 7. k. Grar MHBEPCYM JIOTMUECKOTO yCJOBMA paBeH 1

L3: y21 # nomeueHnHass MMKPOKOMaHLA

Ecau MukpokoMaHJa COAEPKUT TOJIBKO MOCIEA0BATENBHOCTh MUKPOOIIEPALIHiA, TO
KOMIWIATOP J00aBJsSeT M0 yMOJYAHHWIO TOJIsl Tepeaapecaruu ; 000, 0, 0000000,
YTO COOTBETCTBYET TOKJECTBEHHO JIOKHOMY YCJIOBHIO 0€3 MHBEPCHH, T. €. OCYIIIe-
CTBJISICTCS TICPEXO]I K aJIpeCy, Ha SAMHUILY OOJIBIIIEMY TEKYIIETO.

[Tpu pabote ¢ OA non ynpasnenueM Y AIlJI HeoOxoanMo MpeaBapUTENBHO 3arpy-
3UTh B NaMATh MOJEJIN YIPABISIOLIETO0 aBTOMaTa KOJA MHKpOIporpaMmel. Pac-
CMOTpHUM 3THU JeicTBUS Ha anroputMme npumepa 8.1. B tabn. 8.3 xaxnas ctpoka
onpenenser aeiictBue B OA wunu BBIOOp ajapeca CleQyOmeld MUKPOKOMAaHJBI.
dopmar mukpokomanbl YA (cM. puc. 8.3) COACPKUT Kak MoJisi MUKPOOIIepaluii,
TaKk ¥ Hois nepeanpecanuu. [1o3ToMy B Kakaoil MUKPOKOMAaHIE BO3MOXKHO BBI-
nonHuTh AeiictBue B OA u BBIOpaTh aapec cileayrouleii MUKpOKOMaH bl Takum
o0pa3oM, J1Be TocienoBaTeIbHbIe CTPOKU Tadi. 8.3, mepBas U3 KOTOPHIX OIpene-
JIIeT MUKPOOIEPALlMU, a BTOpas — MEPEXoJl, pean3yloTcsl OAHON MHUKpPOKOMAaH-
ol YA. Ecnu nociie onepalioOHHOM MUKPOKOMAHJbI CIEAYET Jpyras orepauu-
OHHasl, TO OCYIIECTBIISIETCS O€3yCIOBHBIIM EpexXo] Ha Hee.

OMMHTATHATRO O

dafin feficTema  Cnpaska

Kon nporparmel

w2

ylp3

pd B p13 802,011

wd B w8 W18 w242 0EN
L2: pd 32 p18

L3 w262

4432 17 24

v28:1 0EN

L1: pd pEpa 180242012
w4 pE 10018 p24
vEy120181.0L3

EM:p21

[ OuucTuTE TaBAMLY Nepen 3anoaHEHHER Crp. Me12

[NpoBEpK.a CHHT SKCHMCE | Farnunauma |

KoMiMAAuKA sasepweda Bes ownbor

Puc. 8.4. TexcT MUKPOIIPOTPaMMBI
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= Y NpaBTAKIHA aBTOMAT

®afn  Kounmnatop

|ﬂ0 YrACAHEHHID I¥ CurspoHmsmposaTs ¢ ANY

mm

Hardep v vz |Y3 |Y4 |Y5 |>< |i |Aupec: | ]

WWar

0000000 oo oo 000000 000 0000000

000000 mo 000 oot 000000 000 0000000

000000 oo oo mo 1o M1 oo 0001 a0a

1

0000011 o1 0o mo ool o1 ofo oo ot

we

oopoloo fooo 0100 000 (111 011 000
00001 m oM ooo 000|000 000
oopotto (o 010 000 111 010 000
0000111 ooo 000 000 ooo to0 (1M
oooiooo (om0 oo o100 ;1010
0001001 o1 om0 mo ;101 o0
0001010 fooo jooo o010 1M ;1
0o01011 111|000 000 00O 000 000

0000000
0000000
0000000
oomon
0oa01a0
0000000
0oa01m
0000000

#3

=4

#5

o o o o o

#EB

o o o o0 o0 o0 o0 o0 o0 o0 o O

Cropocte Wara 1000 Agpec nepexona !

Puc. 8.5. Koa Mukpornporpammbl

VYuuThIBas 3TH NpaBUiia U NPUBEICHHBIA PaHee CUHTAKCHUC, MOXKHO 3aIIUCaTh TEKCT
MHKPOIIPOTPaMMBbI CJIOKeHUsI Ha MuKpoaccemoOuepe (puc. 8.4). Ilocie xommuis-
UK MaMATh MHKporporpaMm YA Oyjaer uMeTh BWj, MMOKa3aHHbIA Ha puc. 8.5 —
MUKpPOIPOrpaMma, roToBasi K UCIIOJIHEHUIO.

TCHCpI) MOKHO HepeﬁTH B OKHO OIICPALIMOHHOI'O aBTOMATa, YCTAaHOBUTH OIILHUIO
Hacrpoiiku | Ynpasiienue | YnpaBiasiiomuii aBTOMAT U BBIIOJIHATh MUKPOIIPO-
rpaMMy CJIOXCHHUA C pa3/IMYHBIMU OI€paHAaMU B IMOIIAroBOM WJIM aBTOMAaTH4C-
CKOM pPEeKUME.

8.2. NporpammHaa mogenb ALU-R

[porpammuast mozens ALU-R ommuaercst ot ALU-1 npexkie Bcero opraHuzarueit
yIIpaBJICHHsI B OIEPAIlMOHHOM aBTOMare. BMmecto Habopa MUKpoorepariuii, mojaBac-
MBIX B KOHKpeTHBbIe ToukH yrnpasieHusi, B OA ALU-R kaxnoe mone MUKpoKOMaHIbI
YIIPABJISICT KOHKPETHBIM Y3JIOM CTPYKTYpbI: AJIB, CHETUMKOM, CIIBUTATEIICM. .

Kpome toro, B OA BMeCTO mapbl BXOJHBIX U Mapbl BEIXOAHBIX PETUCTPOB ONEpaH-
JIOB, TIpeycMOTpeH 0ok aByxmoproBoro O3Y — 8 peructpoB o0Iero HasHave-
HUS, KXIBIH U3 KOTOPBIX MOXKET OBITh KaK HCTOYHUKOM OIEpaH/a, TaK U MpUEeM-
HHUKOM pe3yJIbTaTa.
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8.2.1. OnepaunoHHbIN aBTOMaT ALU-R

Crpykrypa OA nokasana Ha puc. 8.6. OH BKIItouaeT B ce0s:

O 60k U3 BOCbMH 8-pa3psiHBIX perucTpoB obiiero HazHaueHus RO, ..., R7, kax-

JIBIA W3 KOTOPBIX MOXKET SIBIIATHCS PETUCTPOM MCXOMHBIX omepaHaoB A u B,
a TaK>Ke PerucTpom pesynbrara F ;

O nBa Gnoka WHBEPTOPOB Ui oniepanioB A u B, mozBosnstomue chopMupoBaTh
Ha BBIXOJaX, MOAKIFOUYeHHEIX KO BXxonaM AJIB R u S coorBeTcTBEeHHO:

e 3HAYCHME BXOJHOTO 8-pa3psTHOTO JBOMYHOTO BEKTOpa 0€3 U3MEHECHHIA;

® HWHBEPCHUIO BCEX Pa3ps 0B BXOAHOTO JBOMYHOT'O BEKTOPA,

e koncranty 00000000;

e HHBEPCHIO BCEX Pa3ps0B BXOMAHOTO BEKTOPA, KpOME CTapIero (3HaKOBOTO),

KOTOPBII TIepeaeTCsl Ha BBIXOI 03 H3MEHEeHNH,

il porpammMnan Moae b AVTY EEE
OA AIY ‘ YA | O npozpamme | Nomowe
ITanene ympaemerms
F
[ Nogkmowme YA

00000000/R0 [ LecArksHeni sson
00000000/m [ CosHacom
00000000R2 [” Decamursii eseon
00000000R3 A B F la Ib AB CO Cu
00000000|R [ooofooiforefeofonfonofenn]oo]
00000000|RS (a] e ]

000000 00RE
00000000R7

le

oo

X1 i
TrPg

/ﬂ s

X4

DL [0} Cp,BMr [0]DR ‘4

5 5

11- 82ty By B,

CNUCOK MHKpoONepauMi

AlNB CABur

000- G-=R+5+F, 000- F=0

001 - Q:=R-5-F, - EIUT L1:DLF[%:0L= QI7:01DR;

010-Q:=5-A-F,:  010-F[Z0].DR:= DLO[F0]:

3, 011-Q=RyS;  011-F.DR=DR.Q
10.0-RES;  100-F=0Edlz 2= P @ 0L

iot-g-nes. 1T

110-0:=F; C‘lET‘lMK

111-Q:=5.

1;'
11 c=0.
Noruyeckue ycnoeua
®1: neperoc Py: %2:DL: %3:OR; Rdcu»7. X5 cu<l

G

Puc. 8.6. Oneparonnstii aBTomar ALU-R

O 8-paspsasbiii apupmeruko-norudeckuit 010k (AJIB) ¢ TpurrepoMm BXOAHOTO
(TpPO) u Beixomuoro (TpP8) mepeHOCOB, pealu3yONIHIA MIECTh OMHAPHBIX
apupMETHIECKUX U JIOTHYECKUX OINEpalfii U MEePEeChUIKH Ha BBIXOJ 3HAYCHUSI
OJHOro U3 BXog0B R minu S 0e3 usmeneHuii;
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O Guok casurarens ¢ Tpurrepamu ganHbix "ciaea”’ (DL) u "cnpasa” (DR), mo-
3BOJISIOIIMI TepenaBaTh WH(POPMAIMIO 0e3 HW3MEHEHWH WM OCYIIECTBIISATH
pa3JIMYHbIe BAPUAHTHI PABBIX M JIEBBIX CABUTOB HA OJIUH Paspsil;

O Tpexpa3psAHbIi JBOUYHBIA PEBEPCUBHBIN CUETUVK;

O ueTbIpexpa3pagHbIil PErHCTp NPHU3HAKOB pe3yibTaTa, (OpPMUPYIOIIUI MO pe-
3yJIbTaTy OYepeHO onepannu ciuenyonme diary:

o C— nepenoc u3 crapiuero paspsiaa (coBmanaer co 3HadeHueM TpP8);
e N — orpunarenbHbIil pe3ynbTat (CoBIagaeT co 3HaueHueM F7);
e Z — HYJIEBOH pe3yibTarT;

e OV — apudmernueckoe nepenosnnerne (GopMupyeTcs: TOIBKO CIIEIHab-
HOH MHKPOKOMAaHI0H).

CtpykTypa OmepanroHHOTO aBTOMAaTa MpeayCMaTpUBAaeT BO3MOXHOCTh PEIaKTU-
POBaHUS COCTOSIHUS CIAEAYIOIMIUX IJIEMEHTOB!

O nro0bIX pa3psaaoB peructpos obmiero HazaaueHus RO, ..., R7;
O Tpurrepos ganubix casuratens DL u DR;

O Tpurrepa BxoHoro nepenocalzaema TpPO;

O pa3psaabsl MUKPOKOMAH/IBI.

PenaktupoBaHue OCyIIecTBISETCS MIEITYKOM MBIIIN TI0 COOTBETCTBYIOIIEH TBOWY-
HOM nndpe, MpH STOM OHA HHBEPTHUPYETCS.

B mpaBoii wyactu okHa obo3peBarenss OA (cMm. puc. 8.6) pa3merieHbl OpraHsl
ynpasnenust OA 1 cipaBouHasi HHQOpMAIIHS.

Oprassl ynpaBiaeHHs BKIIOYAIOT B Ce0sI:

O ¢naxku: Moakawunts YA, Jlecaruunsblii BBoa, Co 3HakoM, /lecaTHaHbBIA
BBIBO/;

O xuonkwu: llar, Cépoc, ABTo, CTom;
0 MHKPOKOMaHJy, pa3psibl KOTOPOH JOCTYIHBI JUIsl pEJAKTUPOBAHUS.

Ecnu dnaxox Hoakmounts YA coOpomieH, To OA paboTaeT moj yrpaBieHHEM
KOJIa, YCTAHOBJICHHOTO B TI0JI¢ MUKPOKOMaH/Ibl (aBTOHOMHBIN pexum). O pabore
B aBTOMATHYECKOM PEKUME MO yrpaBieHueM YA cm. 6 pazo. 8.2.2.

YcranoBka Quiaxkka [lecATHYHBIN BBOX OTKPBIBACT JBE CTPOKU BBOJA — "Kpac-
Hy0" ¥ "3eleHyl0", COOTBETCTBYIOLINE PErcTpaM BXOAHBIX omepaHaoB A u B,
azpeca KOTOPBIX yKa3aHbl B MUKpOKOMaH[e (B OJIOKE perucTpoB COOTBETCTBYIO-
[IMe PETUCTPHl U B MHKPOKOMAaHJIE COOTBETCTBYIOIINE MOJISI TIOMEUCHBI TEMHU XKe
nBeramu). CTPOKH BBOJIa OTOOpaKAOT TEKYIIUE 3HAYEHHs COACPKHUMOTO COOT-
BETCTBYIOIIMX PETHUCTPOB B JCCATHYHOM KOJAE M JIOMYCKAIOT PEIaKTHpPOBaHUE,
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NpUYeM ecii ycTaHoBIeH (uakok Co 3HAKOM, TO CTapIIMi pa3psill perHCTPOB
MHTEPIPETUPYETCs] KaK 3HAKOBBIN (IHMana3oH BBOIMMBIX umcesn — —127...+127),
nHaye — gauanaszoH 0...255. Bcskoe M3MEHEHHE COCTOSHUS Pa3pslIoB perucTpa
OTpa)kaeTcsi B CTPOKE BBOJA, M HAO0OPOT, MPUYEM TIOTIBITKA BBECTH B CTPOKY BBO-
Jla IECSITUYIHOE YHCII0, MOIYJTh KOTOPOTO BBIXOJHT 3a MPEAENbl AUara3oHa J0Iyc-
TUMBIX 3HAUCHWH, TPHBOAUT K BBOAY YHCIA C MAaKCHMAJIbHBIM JIOIYCTHMBIM
MOJIyJIEM.

VYcranoBka (nara JecsiTHUHBII BBIBO OTKPBIBACT ''CEPYI0" CTPOKY BHIBOAA, KO-
TOpas 0TOOpaxaeT AECATUYHOE MPEACTABICHUE PETUCTPa, aJpec KOTOPOro yKa3aH
B T0J1€ F MUKpOKOMaH/IBI.

Knonka IIIar B aBTOHOMHOM PEXHUME 3aIlyCKaeT BBINOJIHEHUE OJHON MHUKPOKO-
MaH[Ibl, KOJl KOTOpOH YCTaHOBJIEH Ha MaHesu ynpasieHus: OA.

Kuonka Copoc ycranaBnusaeT B "0" Bce anmemenTtsl namsitu OA, BKITIOYas perucT-
PBI O6IIICI‘O Ha3HAa4YCHHA, HO HC MCHACT YCTAHOBOK Ha IMAHCIIU YIIPABJICHUA.

Kaonkn ABTo 1 CTom paboTarOT TOIBKO B PEXKIME IO yIpaBiIeHneM Y A.

OnepalliOHHBIN aBTOMAT YIpPaBJISETCS C MOMOIIBI0 MUKPOKOMaHI, (OpMaThl
KOTOPBIX MpejicTaBieHbl Ha puc. 8.7. Mukpokomanay puc. 8.7, a Oyaem cuu-
TaTh "OCHOBHOM".

A B F | la| b |ATB| CO |Cu

ov|ps |DL|DR| 111 |Cu 6
2 2 2 2 3 2

Puc. 8.7. ®opmatsl mukpokomang OA ALU-R

[Mons "ocHoBHOU" MuKpokoMmaHbl (puc. 8.7, @) UMEIOT Clienyroliee Ha3HAYCHUE
U KOJTUPOBKY:

O A — aapec peructpa nepsoro onepanzia ("kpacHsrit'");
O B — aapec peructpa Broporo onepana ('3enensii");
O F — anapec peructpa pesynbsrara ("cepsiii');

lpume4daHue

HonyckatoTca niobble codeTaHns aTUX 3HaveHun (B 7. 4. A = B unu A = F unn gaxe
A=B=F).
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O !'a— xox ynpasieHus 0JJOKOM HHBEPTOPOB JIJIS IEPBOTO OINepaHia;
¢ 00— nepenaer 6e3 U3MECHEHUN;
e 01 — uHBEpPTHUPYIOTCS BCE BOCEMb Pa3psIoB,;
e 10 — na BeIXOAE PopMupyetcst koHcTaHTa O,
e 11 — WHBEPTUPYIOTCS BCE pa3psiibl, KPOME CTapIIero,
3 !'b— 70 xe 171t 6JI0Ka HHBEPTOPOB BTOPOT'O OIIEpaH/Ia;
3 AJIb — xon, 3agarommii onepanwio B AJIb:
e 000 — pg.Q:=R+ S+ py — cioxeHue;
e 001 — pg.Q:=R-S- py — BBIYUTAHHUE;
e 010 — pg.Q:=S—R- py — obpaTHOE BHIUUTAHHUE;
e 011— 0.Q:=S& R — KOHBIOHKIIHUS;
e 100— 0.Q:=SVv R — qu3bloHKIHSA;
e 101 — 0.Q:=R@®S — HepaBHO3HAYHOCTb;
e 110— 0.Q:=R — nepenaua nepBoro ornepanja 03 U3MCHECHUH;
e 111 — 0.Q:=S — nepeaaua BTOPOro onepania 0e3 U3MECHEHUN;
O CJI — xop, 3a1aroniuii oneparui B OJ0Ke CIBUTATEIS !
e 000 — F :=Q — nepenaua 6e3 caBura;

e 001 —DL.F[7:0] := Q[7:0].DR — neBrIii cIBUT OOBIKHOBEHHBIH;
e 010— F[7:0].DR := DL.Q[7:0] — mnipaBblii cABUT OOBIKHOBEHHBIN;

e 011 — F[7:0].DR := DR.Q[7:0] — mpaBblii caBHUT, HO B CTapIIUil pa3psa
Q[7] momernaercs 3Hayenue He DL, a DR (MOXHO HCIOJIB30BaTh B Omepa-
[HSAX YMHOXEHHS U151 QOPMUPOBAHUSI IPOU3BEIACHHS TBOMHHOMN [THHBI);

e 100— F[7:0] := Q[7:0].( pg © DL ) — neBblii caBur ¢ pa3MelieHeM B MIlaJl-
mreM paspsiae Q[O0] 3HaueHus oyepeHOM MUPPBI YACTHOTO (MOYKHO HCIIOJb-
30BaTh B OIEPALUSX JACICHUS);

e 101 — He ucmonp3yeTcs;
e 110 — He ucnonb3yercs,;
e 111 — mepexiroueHue Ha APYToil popMaT MUKPOKOMAH/IHI,
O Cu — K0j, 33/Ial0IIHNHA OTIEPAINIO B CUCTUHKE!
¢ 00— Cu := Cg — coxpaHUTh COCTOSIHHE CUETYNKA HEN3MEHHBIM;
¢ 01— Cu:=Cy+ 1— MHKpEMEHT CUCTUHKA,
e 10— Cu:= Ca—1— nmexkpeMeHT CUEeTUHKa,

e 11— Cu:=000— cbpoc cuerumka B 0.
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YrtoObl HE BBOJUTH B MUKPOKOMAH[Y IOIMOJHUTEIbHBIC MOJISl, KOTOPbIE OTHOCH-
TEIBHO PEJKO HCIOIB3YIOTCS, yI00HEee 0Ka3aloch MpeaycMoTpeTh BTopoi ("' mo-
noaHuTeNbHBIN") hopmat (puc. 8.7, 6), s MePEKITIOYSHHS HA KOTOPBINA MUCIIOJIb-
3yeTcst OJJMH U3 cBOOOHBIX K010B (111) nosst C/I ynpaBiieHHs CABUIOM.

MukpokoManaa 3Toro (opmara npeAaHa3HaueHa Uil NPUHYAMTEIBHOTO M3MEHe-
HUS COCTOSTHUS TpurrepoB Onoka casuratens DL u DR, ¢uara nepenonaenns OV
U TPUITEpa BXOAHOrO IepeHoca Pg. Yersipe nByxpaspsansix noas OV, pg, DL,

DR xomupyroTcsi OJMHAKOBBIM 00pa3oM:

O 00 — coxpaHUTh COCTOSIHAE TPUTTEPa HEU3MEHHBIM,
O 01 — ycranoButs Tpurrep B '1";

O 10— copocurs Tpurrep B "0";

O 11 — He ucnonab3yeTcs.

[Tome CJI B Takoli MEUKpOKOMaH/IE JOJDKHO coxepkarh kox 111, mpu aTom coxpa-
HSIETCSI BO3MOYKHOCTh MOAU(UIIMPOBATE COCTOSIHUE CUETYMKA TaK )Ke, Kak U B "oc-
HOBHOW' MHKpPOKOMAHJIE.

Tenepb MOXXHO paccMOTPETH MIPOCTON MPUMEP peaTu3anui apu(MeTHIeCcKOn orre-
paruu Ha cTpykType OA ALU-R B aBTOHOMHOM pexUME.

i Npumep 8.2 ;

IMonpoOyem pean3oBaTh aNrOpUTM, yke 00cyxkIeHHbIH B puMepe 8.1. Byaem
CUMTaTh, UYTO KOJbI cllaraeMbiXx pasmenieHbl B peructpax RO u R1, pesynbrar
clelyeT IOMeCTUTh B peructp R2, a mpusHak nepenonHeHus chopMUPOBATH BO
¢nare OV.

Peructp R3 Oynem ucnonb3oBaTh Kak padounii. Jleno B ToM, 4To M00ast MUKPO-
koMaHaa ¢opmaTa puc. 8.7, @ 00A3aTEIBHO 3aHOCHUT KOJ C BbIXOIA CIBUIATENSA
B PETUCTp, HOMEP KOTOPOTO yKa3zaH B ee moje F, maxke eciau 3TOT pe3yibTaT He
TpeOyeTcsl COXPAHATh MO JIOTHKE peaan3yeMoro anropurMa. [lostomy, 9ToObl He
MOTEPATh 3HAYCHUI ONEpaHAOB U pe3yibTaTta, Oyaem cOpachlBaTh TaKMe HEHYXK-
HbIE KOJBI B peructp R3.

[Ipn ommcaHuM MHUKpPOKOMaHJ OyaeM HCIOJNb30BaTh HE JBOWYHBIC KOJBI TOJIEH,
a MHEeMOHH4YecKkue o0o3HayeHus, npunaTeie B Mogenu ALU-R. CumBon "x" o3Ha-
JaeT Oe3pa3inyHOe 3HAUCHHE TOJIS B TaHHOH MUKpOoKomaHie (Tabi. 8.5).

AHanu3 3HAYEHWH JIOTHYECKUX YCIOBHA W BBIOOP CIEAYIOMIEH MHKPOKOMAaHIBI
B aBTOHOMHOM pEKHMME BO3JaraeTcsi Ha omeparTopa. JTH IEMCTBHUSA 3aKIIOYECHBI
B TEKCTE MUKPOIIPOrPaMMbl B KBapaTHbIC CKOOKH.
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Tabnuua 8.5. Muxponpoepamma aneebpauueckozo croxcenus onsi ALU-R

Mertka | A B F IA | IB | AJIB | CJd | Cu | KommeHTapuu
RO|RL |R3 | A B XOR | L X AHa3 paBeHCTBA 3HAKOB

[if %, then L1] IMepexon, eciu 3HAKU pa3HbIe

RO|RL |R2 | A B ADD L X Cno>xeHune U CABHUT BIIEBO

[if x2 then LOV] Ecau DL = 1, To nepenoi-
HeHHe
L2: RO | x R3 | A X R L X 3Hak A casuraem B DL
L3: R2 | x R2 | A X R R X [Mpucsausaem DL 3HaKy

pe3ynbTaTa

MukpokoMaHa JTOTIOTHA-
10 {00 | OO | 0O X TespHOro opmara (cMm.
puc. 8.7,6) OV:=0

[go to END]

L1: RO|RL |R2 | A B SUBA | L X [IpsiMoe BEIYMTAHHE U CIBHUT
[if X, then L2] Ecin X, = 1, 10 |A| > B
RIL RO IR | A B SUBA | L X OGparHoe BbIYHTAHHE H

C/IBUT
Rl | x R3 | A X R L X 3nak B capuraem B DL
[goto L3]
. 11 MHUKpOKOMaH/1a TOTIOJIHH-
Lov: 01 100 100 100 1 X tespHOrO (hopmata OV =1

END:

l'[pnMeanne.*—MomHo HCIIOJIL30BaTh MUKpPOKOMaHay | RO| RL| RR | A| B| SUBB| L | x |.

8.2.2. YnpaBnswwun astomaTt ALU-R

VYipapisiomuil aBToMaT pealu30BaH Kak aBTOMAT ¢ IPOrpaMMHUPYEMOM JIOTUKOM.
dopmMaThl MUKpOKOMaH ] YA COOTBETCTBYIOT puc. 8.7 ¢ J100aBJICHNUEM TPYIIII T0-
neii mepeaapecanuu (puc. 8.8).

) Cu|l x |1 Anpec

2 3 1 7

Puc. 8.8. ®parment popmara mukpoxomann YA ALU-R
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I[O6aBJ'IeHHLIe TIOJIsI UMCIOT CIICAYIOIICEC HA3HAYCHME!

0 X — HOMep NPOBEPSIEMOT0 JOTHYECKOro yCIoBUs X — X5 (kox 000 coorsert-
crByet koHcranre "0", kox 111 — koncrante "1");

0O i — npusHak uHBepcuH Jiormdeckoro ycnosus. [Ipu i =0, nepexon Ha yka-
3aHHBII aJpec OCYILECTBISIETCS MO MCTHHHOMY 3HAYEHHUIO JIOTHYECKOro YCIIo-
BUSI, TIpH | =1 — 110 JIOKHOMY;

O Anpec — 3amaer azgpec, Ha KOTOPBIH OCYIIECTBISIETCS IEPEXO0]l MPH BBIIIOJIHE-
HHUH JIOTHYEcKOro ycious. Eciin yciaoBue He BBIIOJIHEHO, TO YA mepexonuT
K BBITOJIHEHHIO CJIEAYIOIIEH 110 MOPAIKY MUKPOKOMAaHBI.

Ha puc. 8.9 npencraBneno okHO 0003peBaTes ynpasisioiero aBromara. B ieBoit
YacTH OKHA MOKa3aHO COJICPIKUMOE TTAMSATH MUKPOIIPOTPaMM, B TIPABOW — OpTaHEI
yIpaBJICHHS.

HEl Noaencwrs k 04
Yaanetue
JotaeneHie

0 2 0000000

‘,;;'{5 Horep [AfOYV | B/P8 |F/DL |la/DR| Ib/- |AB/-| Coe Cy X |0 |Aopec
g 0oooonog00o oo ] oo 0o oo ooo 0o ooo 0 0000000
0oooom
nooooto
0oooot
nooo100

u >

=

T2 o o =

oooo1m Duncrurs N34 MK
ooootio CoxpaHuts

aooo1t1 CoXpaHHTE MHEMOHHKH
opotooon 3arpysurn
oootoom

G

oootoi

0007100 [w] ZAamos- [ @ i

Puc. 8.9. Ynpasmsronmit asromar ALU-R

[MamsTh MHKpOTIpOrpaMM MOXKET XpaHuTh 10 128 32-pa3psiaHbIX MHUKPOKOMAaH],
KOJI KOTOPBIX (hOPMHUPYETCSI ¢ TIOMOIIBI0 HAOOPHOTO TI0JIS, PACHIONIOKEHHOTO HaJ
OKHOM mamsTd. Han KaskapIM 1ojeM MUKPOKOMAaH[Ibl Pacioio’KeH CIHUCOK JO0MycC-
THMBIX 3Ha4YeHHH 3Toro nojs (B popme MHeMOHHUK). 140K MBIIIBIO 110 BBIOpaH-
HOW MHEMOHHKE Te€HEPHPYET COOTBETCTBYIOLIMI JBOWYHBIA KOJ B TMOJE TEKYIIEH
MHKpOKoMaHibl. Hay monem Asapec pacronaraeTcsi CTpoka BBOJIA/CUETUYHK, B KO-
TOpPOW MOXKHO YCTaHOBUTH aJpec Mepexo/a B AECATUIHOM KOJIE.
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Ecnu s monst CnB Beiopats MueMoHuKy C (kom 111), To HabOp MHEMOHHK H3-
MEHHUTCS B COOTBETCTBHH C (popMaTtoM "JOMOIHUTEILHON" MHKPOKOMAHIBI (CM.
puc. 8.7, 0).

Takoit croco06 Habopa MHKPOKOMAaH]I UCKJIFOYAeT CHHTAKCHUYCSCKUE OIIMOKH, T0-
CKOJIBKY BBIOOp MHEMOHHUKH MOPOXKJIACT TOJBKO JOIMYCTUMBIC KOAbl. OHAKO MPH
JKEJIAaHWK TIONB30BATEb MOXKET M HEMOCPEACTBEHHO PEIaKTHPOBATH JTBOWYHBIHN
KOJT MUKPOKOMAH/IbI.

B mpaBoii yacti okHa obGo3peBarens YA (cMm. puc. 8.9) pasmerineHbl OpraHbl
ynpasieHust Y A, BKIIOYArOIIne B ceOs:

O ¢naxku: Hoakmouuts k OA, Yaanenue, lo6aBieHue,
O cTpoka BBOAA TEKYLIETrO aapeca;
O Tabnuia BBOJA 3HAUCHU JIOTHYECKUX YCIIOBU;

O xvonku: Ouuctutsh I13Y MK, Coxpanuts, CoxpaHUTh MHEMOHHKH, 3arpy-
3uTh, llar, Cépoc, ABTo, CTom.

Onaxok Moakawunts k OA sBisercs konueld (pnaxka [HoakaoduTs YA B Ok-
He OA — mpu ycTaHoBKe/COpOCE OJHOTO W3 HHUX TO JK€ 3HAUYEHHE MPHHUMACT
U JpYTOu.

BBoanTh HOBBIE MUKPOKOMAaH/Ib! OITUCAHHBIM PaHEe CII0COOOM MOXKHO TOJIBKO NPH
ycraHOBIeHHOM (praxke Jlo6aBiienne.

VYcraHoBka ¢uiakka YaajieHue paspeliaeT mpoueaypy ydaleHus CTpoK (MHKpO-
KOMaHJ1) 1o HaXkatuto kiaBuim <Delete>.

Crpoka BBoga Tekymmii agpec mMo3BOISIET YCTAHOBUTH aJIpec STYEHKH, B KOTOPOit
MO’KHO BBIIIOJHATH PEJAKTUPOBAHHE WM, HAYMHAS C KOTOPOM, MOYKHO 3aIlyCKaTh
BBINOJIHEHUE MUKPOIIPOIPaMMBI.

Tabmuua Jlornyeckue ycjaoBHsI TO3BOJISET YCTAHOBUTH B aBTOHOMHOM DPEXHMeE
YA 3HaueHUs JOTHYECKUX YCIOBUN HE3aBUCUMO OT cocTosiHus OA. DTo MOXeT
OBITh TIOJIE3HO TIPH OTJIaJKe MHUKPOIIPOTpaMMbl. B pexxnme coBMecTHO# pabOThI
OA u Y A 3HaueHus JIOTUYECKUX YCIOBHUH omnpesensatorcsa coctosiHiueM OA.

Kuonka Ouunctuts [I3Y MK cOpaceiBaeT copepkuMOe TaMITH MUKPOITPOTPaMM.

Kuonku Coxpanuth 1 CoXpaHMTh MHEMOHMKH OTKPBIBAIOT CTaHAAPTHBIN Aua-
nor coxpanenus ¢aiina. [To knonke CoXpaHUTh B TEKCTOBOM (aiisie COXpaHsIOTCs
JIBOMYHBIC KOJbI 3aIIMCAHHBIX B TAMATH MUKpPOKOMaH . Takoil ¢aii MOKHO MOTOM
3arpy3uTh B MaMATh MUKpOIIporpaMM Mo KHomke 3arpy3uts. [lo kHonke Coxpa-
HUTHh MHEMOHHMKH B TEKCTOBOM (aiiyie COXpaHIIOTCS MHEMOKOABI MUKPOKOMAHI.
[NomeiTKa 3arpy3uTh Takoi (aitn B mamsaTe YA OIIOKHpyeTcs ¢ BblAadeil cooOre-
HUs 00 ommbOke. Takue ¢aitiibl MOXKHO HMCHONIB30BaTh TOIBKO JUIsl (POPMHUPOBAHUS
OTYETOB.
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Kuonku Illar, Copoc, ABTo 1 Cton B pexknMe coBMecTHOH paboTsl YA u OA
IyOIUPYIOT COOTBETCTBYIONME KHOMKH okHa OA. KHomka ABTO 3amycKaeT BbI-
MOJTHEHNE MUKPOIIPOTPAMMEI C TEKYIIETO ajpeca, a kHonka CTom oCTaHaBIUBAET
MPOIIECC BHIOIHEHUSI MUKPOIPOTPAMMBI.

B aBroHoMHOM pexkume Llar oOecrieurBaeT BBIMOJIHEHUE OJJHOW MHUKPOKOMAHJIbI
0 TeKyIeMy aapecy. B aTom pexxnme (pakTHUeCKH MOXKHO JTUIIb OTCIEIUTH Mpa-
BWIBHOCTh TEPEXOJO0B 10 MUKPOIPOTPaMME B COOTBETCTBUHU C YCTAHOBJIEHHBIMU
3HAYEHHUSAMHU JIOTUYECKUX YCIOBUH.

Knonka Cépoc B aBTOHOMHOM pexuMe ycTaHaBiuBaeT B O 3HaueHHE TEKyILEro
azpeca.

IHJI}I PEAAKTUPOBAHUA KOJAa MUKPOIIPOrpaMMBI B MMaMATH IMPEAHA3HAUCHBI €IS ABE
KHOIIKH, PAacCIIOJIOKE€HHBIC HEIMOCPCACTBEHHO HaJ IIOJIEM aapeca MUKPOKOMAaH-
Jbl — CTPECJIKa BBCPX U CTPECJIKA BHHU3.

Kuonka @ CIBHTraeT B MaMsITH OJIOK MUKPOKOMAH][, HAUMHAs ¢ TCKYIIETo ajpeca,
Ha OJ{HY TMO3UIIMI0 B CTOPOHY OOJIBIIUX aJIPECOB, IPU 3TOM B MO3MIIUU TEKYIIETO
azpeca MosIBIIIeTCS MmycTas s4eiika. [locnemoBaTenpHOe N-KpaTHOE HaXKaTHE KHOII-
KM TIPUBOJIMT K MOSBJICHHUIO 0JIOKA M3 N CBOOOHBIX SYCCK B TIO3MIIUU BBIIIEC TEKY-
mero agpeca. CBOOOAHBIE SYEHKH MOXHO 3allOJHUTH MPOU3BOJBHBIMH MHUKPO-
KOMaHIaMH.

Haxatue xHomku ﬁ NPUBOJUT K MEpeMelIeHHI0 OJI0Ka MUKPOKOMaH]l, HauuHas
C TEKyIIETro aJipeca, Ha OJIHY TIO3HUIIMI0 BBepX (B CTOPOHY MEHBLIMX ajpecoB). [Ipu
3TOM COAEPKUMOE STUCHKH, PACIIONIONKEHHOM BbIIIE TEKylLIeH, Tepserca. Takum
00pa3oM MOXKHO yJalIsiTh MUKPOKOMAaH bl 13 MUKPOIIPOTPAMMBI.

Kaxmoe nepemenienne MUKpOKOMaH/] [0 KHOIIKaM ﬁ " @ COIPOBOXKAAETCS KOP-
peKIuell agpecoB Mepexoi0B Ha MepeMelleHHbIe MUKPOKOMAH/IbI, TaK YTO JIOTHKA
MEPEX0/I0B B MUKPOTIPOTpaMMe HE HapyIIaeTCsl.

B kauectBe npuMepa pacCMOTPUM pa3MEIIEHHUE B NaMITH MUKpPOIIporpamMm YA

MHUKPOINPOrPaMMBbl  areOpandeckoro CJIOKEHUs, NpPUBEICHHOW B Tadu. 8.5
(puc. 8.10).

Kaxnoit ctpoke Tabn. 8.5 cooTBeTcTBYEeT MO0 ONEpAIIOHHAS YacTh MUKpPO-
KOMaH[Ibl, TU00 MHPOPMALHs O MPOBEPSIEMOM JIOTHYECKOM YCIOBHHU M aapec
nepexona. B aBTOHOMHOM pexnMe IpoBepKa 3HAYEHUS YKa3aHHOT'O YCIOBHS
U BBIOOp clileylonieil MUKPOKOMaH[bl BBHIMOJTHSIOTCS MOJIb30BATENEM ' BpYyd-
Hy0". [Ipn MOATOTOBKE MUKPOIIPOTPAMMBI [IJIsl 3arPy3KH B MaMATh Y A HYXKHO
BKJIIOYAaTh MHPOPMALHIO O BHIOOpE cleAyromeld MUKPOKOMAaH bl B TOJS mepe-
aJipecaliy MpeapayIeld KoMaH/Ibl.
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[TepBast u BTOpas cTpoku Tadu. 8.5 MOpOKIAIOT CIEAYIONIYI0O MUKPOKOMAHTY:
RO(000) | RL(001) | R3(011) | A(00) | B(00) | XOR(101) | L(001) | x(00)

| | X2(010) | O] 2??

KOTOpasi 3alMChIBaeTCs B sUeiiky ¢ agpecom O mamsitn Mukponporpamm YA. IToka
MUKpPOKOMaH 13, ToMeueHHas B Ta0ur. 8.5 MeTkoii L1, He moimyduT CBOero ajapeca, Mbl
HE MOJKEM 3aIlOJIHUTh I10JI€ aJipeca MepBOH MUKPOKOMAHIbI, I03TOMY II0Ka B 3TOM
nosie HeomnpeaenenHoe 3HadeHue. (Koneuno, MokHO 3apaHee "Ha Oymare” pacru-
caTh BCe a[jpeca MUKPOKOMaH] M BBOJIUTH aJpeca MePexo/10B Ha EPBOM MPOXO/IE.)

JelicTBys mMogoOHBIM 00pa3oM M Jajee, MOJIydaeM 3aKOJUPOBAHHYIO MUKPOIPO-
rpamMMy CIIOXKEHHUSs, IPeJIcTaBIeHHyo Ha puc. 8.10.

Ocobo cremyer cka3aTb O MOCIEAHEH MHKPOKOMAHZE, KOTOPOH HET COOTBETCTBHUS
B Ta011. 8.5. HeoOxomMocTh ee TosiBIIeH st 00yCIIOBIICHA TeM, YTO B JAHHOW peai3aiiii
VYA otcyTcTBYeT crienpaibHas MUKPOKOMAaHA 3aBEPLICHUST MHUKPOIPOIPaMMBbl, U MO-
nenb YA paccMaTpuBaeT HEpeXol K credyioujeMy anpecy, eciii B HEM He COICP)KUTCS
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naBa 9

OnucaHue apXUTeKTypbl
y4yebHon IBM

CoBpeMeHHBIE TIPOLECCOPHl M ONEPALMOHHBIE CHCTEMbl — HE CIIMIIKOM OJaro-
MIpUSITHAS Cpe/ia Il Ha4aJIbHOTO 3Tana U3y4eHHs apXuTekTypsl OBM.

OpHUM W3 pelIeHui ATON MPOOJIEMbI MOKET OBITh CO3/IJaHHE IPOTPAMMHBIX MOJIE-
neit yaeOupix OBM, KoTOpbIe, C OIHOW CTOPOHBI, TOCTATOYHO MPOCTHI, YTOOBI
00y4aeMblii MOT' OCBOUTH 0a30BbIC TOHSTHUSI aPXUTEKTYphl (CHCTEMa KOMaHI, KO-
MaHIHBIN UK, CIIOCOOBI aJipecariv, YPOBHU MaMSITH, CIIOCOOBI B3aUMOICHCTBHUS
mporieccopa ¢ MaMsThi0 U BHEITHUMH YCTPOHCTBAMH), C IPYTOil CTOPOHBI — apXH-
TEKTYpHbIE OCOOCHHOCTH MOJIEIH JOJKHBI COOTBETCTBOBATH TEHACHIIWSM Pa3BH-
THs coBpeMeHHBIX DBM.

[IporpamMMHas MOAETh TO3BOJISIET pean30BaTh AOCTYN K Pa3IHYHBIM dJIeMEHTaM
OBM, obecnieunBas y1o0cTBO M HariasiAHOCTh. C APYTO CTOPOHBI, MOJIETH TIO3BO-
JsIeT UTHOPUPOBATH Te 0COOEHHOCTH PabOTHI peanbHoit IBM, KoTophie Ha JaHHOM
YPOBHE PACCMOTPEHUSI HE SBIISIOTCS CYILIECTBCHHBIMH.

Jlaniee TIPUBOIMTCS OMKCAHHE TPOrPAMMHOI MojenH yueGHoi DBM', npennasna-
YEeHHOM JJIA Ha4aJIbHBIX 3TAallOB U3YYCHUA apXUTCKTYPhI (B T. 4. HAa MJIaIIINX KypcCax
By3a M JaXe B 1IKoJe). IMEHHO 3THM OOBSCHSETCS MCIIOJIb30BaHHE B MOJICIH JIECs-
TUYHOH CHCTEMBI CUUCIICHUSI AJIs1 KOMUPOBAHMS KOMaH/ U MPEACTaBICHUS JaHHbIX.

9.1. CtpykTtypa 9BM

Mopenmupyemass DBM BiirouaeT mporieccop, oneparuayio (O3Y) u cBepxormepa-
THBHYIO MaMsITh, ycTpoiicTBo BBoza (YBB) u ycrpoiictBo BeiBoaa (YBbiB). IIporec-
COp, B CBOIO OYepeb, COCTOUT M3 IEHTPAIBHOTO ycTpoiicTBa ymnpasnerus (YY),

1 o
HpOl'paMMHaH MOJCIIb y‘le6HOI/I 9BM HaxOAUTCA HA KOMITAKT-AUCKE, IIPpUIaracMOoOM K KHUT'C.
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apudmeTryeckoro ycrpoiictea (AY) u cucremubix peructpoB (CR, PC, SP
u np.). CtpykrypHas cxema 9BM noka3ana Ha puc. 9.1.

B sueitkax O3Y xpanstcs xkoManasl u nanHeie. Emxocts O3Y cocraBusier
1000 stueex. Ilo curnamy MWr BBIMONHSETCS 3alUCh COACPKUMOTO PETUCTPA
nanHbpix (MDR) B sdeliky maMsaTH ¢ aJpecoM, YKa3aHHBIM B PETHCTpe ajapeca
(MAR). Io curnamy MRd nmpoucxoauT cuuThIBaHHE — COACPIKMUMOE STYCHKN TaMsTH
c aapecoM, Haxoaamumcs B MAR, nepenaetcs 8 MDR.

CaepxorepaTHBHass MaMATh C MPSIMOW ajpecanell CONEpKUT JIeCATh PETHCTPOB
obmero HaznaueHus RO—R9. JlocTyn k HUM ocCyIecTBisieTcst (aHAIOTHYHO J10C-
tyny k O3Y) uepe3 peructpsl RAR u RDR.

AY ocylIecTBISeT BBIMOJIHEHUE OMHOW M3 apUPMETHUECKUX OIepalyii, onpeae-
nsiemoit koztom onepauuu (COP), Hax comepxuMbiM akkymyJsitopa (Acc) u peru-
crpa onepanza (DR). Pesysnbrar onepanuu Beeraa nomeniaercs B Acc. [Ipu 3aBep-
IICHAW BBINOJHEHUS omepaid  AY  BbIpa0aThiBaeT CUTHAJIBI PU3HAKOB
pesyabtata: Z (paBeH 1, eciii pe3ynbTar paBeH Hy/0); S (paBeH 1, ecitu pe3ynbTar
orpuuarenen); OV (paBeH 1, eciu Mpu BBINOJIHEHUH ONEPALMU TTPOM30IILIO Mepe-
TIOJIHEHHE Pa3psIHOi ceTku). B ciydasx, Korga 3TH YCIIOBHSI HE BBITIOJIHSIOTCS,
COOTBETCTBYIOIIIE CUTHAIIBI IMEIOT HYJIEBOE 3HAUCHHE.

B momenmn DBM mnpemycMOTpeHBI BHEIIHHE YCTPOICTBA IBYX THIOB. Bo-TIepBBIX,
ato peructpbl IR 1 OR, KoTOpBIe MOTYT OOMEHUBATHCS C AKKYMYJISITOPOM C TIOMO-
mpio 6e3aapecunbix koMau | N (Acc := IR) u OUT (OR := Acc). Bo-BTopbIx, 3T0 Ha-
0op Mojesell BHEIIHUX YCTPOWCTB, KOTOPbIE MOTYT MOJKIIIOYATHCS K CHCTEME U
B3aMMOJCHCTBOBATh C HEHl B COOTBETCTBHH C 3aJI0’)KEHHBIMH B MOJIEIISIX aJro-
purmamu. Kakoe BHeIIHee YCTPOHCTBO MMEET PsAJ] MPOTrPaMMHO-TOCTYIHBIX pe-
TUCTPOB, MOXKET UMETh COOCTBEHHBIH 0603pesamens (OKHO BHANMBIX JJICMEHTOB).
IMoapoGHee 3TH BHENIHKE YCTPOUCTBA ONMUCAHBI B pa3d. 9.6.

VYV ocymectBisier Beioopky komang u3 O3V B MOCIEIOBATEILHOCTH, ONpeaesie-
MO#1 €CTECTBEHHBIM MOPSIKOM BBIMOJIHEHUSI KOMaH/ (T. €. B OPS/IKE BO3PACTAHUS
anpecoB komana B O3Y) minm KOMaHIaMM Nepelnaddl YIpaBlICHUS; BBIOOPKY U3
O3V onepannos, 3a4aBacMbIX aJpecaMyd KOMAaH/bl, HMHUIIMMPOBAHUE BHITIOJHEHUS
oriepanyy, NpeInucaHHOd KOMaHIOHW; OCTaHOB WM IMEepexo] K BBIIOJHEHHUIO Clie-
JYIOLIEH KOMaH/bI.

B kauecTBe cBepxomepaTHBHOW MaMSTH B MOZENH BKIFOYEHBI PETUCTPHI OOIIETO
nasnauenus (POH), 1 MOXXET MOJAKITIOYATHCS MOJIENb KAMI-TTAMSTH.

B coctas YV 5BM Bxoa4T:
O PC — cuerunk ajgpeca KOMaH/Ibl, COACPIKAIIMA aipec TeKyIel KOMaHIbI;
O CR — peructp KOMaH/JIbl, COACPIKAIIUN KOJI KOMaH/IbI;

O RB — peructp 6a30B0ro ajzpeca, cojepKaiinii 0a3oBbIi aapec;
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0O SP — yxkasaTens cTeka, CoJlepKaniiii aapec BEpXyIIKH CTEKa;

O RA — peructp anpeca, comaepKalluii UCTIOJTHUTEIbHBIN ajpec MpHU KOC-
BE€HHOU aJipecalyu.

Peructper Acc, DR, IR, OR, CR u Bce sueiiku O3Y u POH umeror mimHy
6 necsaTuuHbIX pazpsnos, peructpsl PC, SP, RA u RB — 3 paspsna.

9.2. lNpeacTaBneHne AaHHbIX B Moaenu

Hannpie 8 OBM mnpencrasnsrores B popmare, mokazaHHOM Ha puc. 9.2. 3o 1enbie
JecATUYHBIC YKcia, U3MeHstomuecs B auanazone —99 999...+99 999, coxepixa-
II¥ie 3HAK U 5 TecATHIHBIX TH)P.

0 1 2 3 4 5

3Hak Hecsatuunble 1udpsl

Puc. 9.2. ®opmar necsTUUHBIX JaHHBIX yueOHOI OBM

Crapiuuii pa3psij cI0Ba JaHHBIX UCIIONB3YETCs JUIsl KOAWPOBAHMS 3HaKa: IUIoC (+)
n3oOpaxaercs kak 0, munyc (—) — kak 1. Eciu pe3ynbrat apudMeTnyeckoii orne-
palMy BBIXOJMT 32 Hpeesibl YKa3aHHOTO JHana3oHa, TO TOBOPAT, YTO MPOHU3O0LLIO
nepernoiHeHne pa3psaaHoi cetku. AJIY B 3ToM ciiydae BbipabaThiBacT CHI'HAI Tie-
penonHenus OV = 1. Pe3ynbTaTtoM onepanuu JCICHUs sSBISETCS lieas 4acTh ya-
cTHOrO. JlesieHre Ha HOJIb BBI3BIBACT MICPETIOTHEHHE.

9.3. Cucrtema KomaHpg,

[Ipu paccmotpernn cucteMbl KoMaHg IBM 0OBIYHO aHAM3HPYIOT TPH ACIEKTa:
(hopMaThl, CIIOCOOBI apecalii U CUCTEMY OIepaliuii.

9.3.1. ®opmaTtbl KOMaHA,

BonpmmaCTBO KOMaHy ydueOHOM DBM SBISIOTCS OJHOAIpEeCHBIMH WiIH Oe3ampec-
HBIMH, JUIMHOM B OJTHO MalMHHOE cJI0BO (6 pa3psaoB). VICKiIIOUEHHE COCTABIISIOT
IBYXCJIOBHBIE KOMaHIbl C HEMOCPEACTBEHHOM ajapecanueidl M KoMaHza MOV, siB-
JIAIOLIASACS IBYXaJIPECHOM.

B popmarax xomaH | BBIICIAIOTCS TPHU TOJIS:
O nBa crapmux paspsaa [0:1] onpenesstor kox oneparuu COP;

3 paspsa 2 MOXeT onpeaessTh Tul aapecaiuu (B ogHoM ciydae (hopmar 5a) on
OIpEJIEIISIET HOMEP PETUCTPA);
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O paspsasr [3:5] MoryT omnpenensiTe MpsMOil WM KOCBEHHbIN ajpec mamsTH, HO-
Mep peructpa (B komaHae MOV HOMepa JBYX PErHCTPOB), aJipec Hnepexoa HilH
KOPOTKUI HENOCPEICTBEHHBIM oIepaHll. B IBYXCIOBHBIX KOMaHJax HEIO-
CPEICTBEHHBII onepaH] 3aHumaet mome [6:11].

[MonHpIi criMcok (GopmMaToB KOMaH; MOKa3aH Ha puc. 9.3, riie MPHHATHI CICIYIO-
mue 0003HaYEeHU:

3O COP — xonx onepanyu;
O ADR — anpec onepaHia B aMsTH;
O ADC — agpec mepexoia;
O | — HenmocpeACTBEHHBIH OlepaHI;
0O R, RI, R2— Homep perucrpa,;
O TA — tum anpecaruy,
O X — pa3psa He UCTIONb3YeTCs.
Homep 0 1 2 3 4 5
(dbopmara
1 COP X X X X
2 COP TA ADR
3 COP TA X X R
3a COP |TA| X RI R2 |, .
4 COP X X X X 1
5 CcCOP X ADC
5a cOoP R ADC

Puc. 9.3. ®opmars! komana yueoHoit OBM

9.3.2. Cnocobbl agpecauun

B DBM npuHATO pa3nnyarh MATh OCHOBHBIX CIIOCOOOB aJlpecanuu. npsamas, Koc-
6EeHHAs, HEeNOCPEOCMBEHHAS, OMHOCUMENbHAS, 6e3a0pecHast.

Kaxnprit criocod nmeet pasHoBuaHOCTH. B Monenn yue6HO# OBM peanmnzoBaHb! ceMb
Croco0O0B ajipecaluu, puBeieHHbIe B Ta0. 9.1.



260 Yacmeb 1. J[TabopamopHbIli npakmuKyM U Kypcogoe MpoeKmuposaHue

Tabnuua 9.1. Adpecayus 6 komanoax yuebnou IBM

Koxg TA Tun aapecanuu HcnonnuTenbHbIil agpec
0 Ipsimast (perucTpoBas) ADR (R)
1 Henocpencreennas —
2 Kocsennas O3Y(ADR)[3:5]
3 OtHocHTeNbHAS ADR + RB
4 KocBenno-perucrposast POH(R)[3:5]
5 WHmeKcHast ¢ MOCTHHKPEMEHTOM POH(R)[3:5], R=R +1
6 WHmeKkcHast ¢ MpeaIeKpeMEHTOM R:= R -1, POH(R)[3:5]

9.3.3. Cuctema onepauuu

Cucrema xoMaH]] yueOHOI DBM BKIIFOUaeT KOMaH/BI CIEYIOIINX KIIACCOB!

O apugmemuro-rocuneckue M cheyuaivHsle. CIOKEHUE, BBIYMTAHUE, YMHOXKe-
HHE, JIeJICHNE;

O nepecviiku M 3aepy3Ku’. YTCHUE, 3aIHCh, MEPEChbUTKa (M3 PErucTpa B PErHCTP),
MOMEIICHUE B CTEK, U3BJICYCHUE U3 CTEKa, 3arpy3Ka yKa3aTels CTeKa, 3arpys-
Ka 6a30BOro PerucIpa;

O eso0alevisooa: BBOI, BLIBOJ,

O nepedauu ynpasnenusi: Oe3yCIOBHBIA U IIECTh YCIOBHBIX NEPEXOAOB, BBI3OB
MOANIPOTPaMMBI, BO3BpAT M3 MOMAMPOrPaMMBI, IHKI, MPOTPaMMHOE TpephIBa-
HUE, BO3BpAT U3 MPEPHIBAHUS,;

O cucmemmnvie: mycTas onepalnys, pa3peliuTh NpepbIBaHUE, 3alpPETUTh NpephIBa-
HHE, CTOII.

Criucok komany yueOHoit IBM npusenen B tadi. 9.4 u 9.6.

9.4. CocTOAAHUA N peXxXnmbl padboTbl IBM

Snpom VY DBM sBnsiercs ynpapisironuii aBromat (Y A), BeipaOaThIBAIOLIMN CHT-
HaJIbl yIIpaBJIeHUs, KOTOpble HHUIMHUPYIOT padoty AJIY, POH, O3V u VBB, nepe-
nady nuHGOpMaluU MEKAY peructpamu yctporictB DBM u neiictBust Han conep-
’KUMBIM PETUCTPOB Y.

OBM MoxeT HaXOAUTHCS B OJJHOM U3 ABYX cocTosHui: OcTtanoB u Padora.
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B cocrostane Pabdora ODBM mnepexomut no aeiictButo komany Ilyex wmm Llar.
Komanpma Ilyck 3amyckaeT BBINOJIHEHHE TPOTPaAMMBI, MPEACTABISIONIYI0 cO00it
[I0CJIEI0BATEILHOCTh KOMaH [, 3anucanHblX B O3Y, B aBTOMaTHYECKOM PEXUME J10
KOMaHIbl HLT MM TOYKM OCTaHOoBa. IIporpaMma BBINONHSAETCS O KOMaHAaM, Ha-
ynHas ¢ suerikn O3Y, Ha KoTopyro ykassiBaeT PC, mpudeM u3MeHeHHe COCTOSHUN
00BEKTOB MOJIENI 0TOOpakaeTcss B OKHaX 0003peBaTeiei.

B coctosane OcranoB DBM nepexoaut mo AeiicTBui0 KoMauasl CTON WK aBTO-
MaTHYECKH B 3aBUCUMOCTHU OT YCTAHOBJICHHOTO PEKUMa PaOOTHI.

Komanpma Ilar, B 3aBUCHMOCTH OT YCTaHOBJICHHOTO peKuMa paboThl, 3aITycKaeT
BBITIOJTHEHHE OJHOW KOMaHIbl MJIHM OJHOH MHUKPOKOMaH[bl (€CJIM yCTaHOBJICH
PeskuM MHKPOKOMAH]), [TOCJIE Y€ro MepexoIuT B cocTosiHue OCTaHOB.

B cocrostrun OcTaHoB J1ommycKaeTcsl MpocMOTp B MoauduKanus 00bEeKTOB Mojie-
nu: peructpoB mporeccopa u POH, sueex O3V, yctpoiicTB BBona/BbiBoAa. B mpo-
necce momudukanuu suyeek O3Y u POH M0OXHO BBOAWTH NaHHBIC JUIS MPOTPaM-
MBI, B stueliku O3Y — mporpammy B komax. Kpome Toro, B pexume OcTaHOB
MOYKHO MEHSTh MapaMeTpbl MOJCIH U PSKUMBI €€ paboThl, BBOJUTH W/WIH pe/laK-
TUPOBATh MPOTrpaMMy B MHEMOKOZAX, acCeMOJIMPOBATb MHEMOKO/IbI, BHIIOJIHSTD
CTaHIAPTHBIC ONEPaLuy ¢ paitIamH.

9.5. UnTepcpenc nonb3oBarens

B nporpammuoii mogenu yue6Hoi DBM ucnons30BaH cTaHAApTHBIA HHTEpdEiic
Windows, peasin30BaHHBII B HECKOJIBKUX OKHAX.

OcHoBHOe OKkHO Mozaenu Moaeapb yuyeOHOiT IBM comepXHT TIIaBHOE MEHIO H
KHOTIKM Ha TIaHeNn yrpasiieHus. B pabouee mosie okHA BBIBOJATCS COOOIICHHS
0 (PYHKIITMOHUPOBAHUH CHCTEMBI B I[EJIOM. DTH COOOIIECHUS TPYIIUPYIOTCS B (paii-
ne logfiletxt (mo ymom4anuio), COXpaHsSIOTCS Ha JTUCKE U MOTYT OBITh IpOaHa-
JM3UPOBAHBI TIOCIIE 3aBEPIICHHS ceaHca pabOTHI ¢ MOJEIIBIO.

MeHI0 COIEPKUT CIIEAYIOINE MYHKThl U KOMaH/bl:
O ®aiia:

e HCAKTHUBHEIC KOMaH/HI,

e Brixon;
O Bun:

e [loka3arth Bce,

o CKkpbITh BCE;

e IIpoueccop;
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e MuKpOKOMaHIHBbII YPOBEHbD;

e JlameATs,;

e Kom-mamers,

e Ilporpamma;

e Texkcr nporpammei;
O BuemHue ycTpoiicTBa:

e Menemxep BY;

e OKHA ITIOAKIIOYEHHBEIX BY;
O Paobora:

o Ilyck;

e Cronm,

e [lar;

e Pe:xuM MUKpPOKOMAaHJ;

e Khm-mamsarn;

e Hacrpoiiku.

Komanapr MeHto BH OTKpBIBafOT OKHAa COOTBETCTBYIOIIMX 0003peBaTelei, Omm-
caHHbIe Jajee. MeHemKep BHEIIHHX YCTPOWCTB MO3BOJSET MOAKIIOYATH/OTKITIO-
4yaTh BHEIIHME YCTPOICTBA, NpenaycMOTpeHHble B cucrteme. KomaHzga BbI30Ba
MEHe)Kepa BHEIIHUX YCTPONCTB BBIMOJHAETCS MPU HAKaTUM KHONKH Ha MaHEIu
nHCTpyMeHTOB. llogpoOGHee O BHEHIHMX yCTpoOMcTBaXx M MX 0003peBaTeNsiX CM.
6 pazo. 9.6.

Komanel MeHi0O PaGoTa Mo3BOJSIOT 3alyCTUTh MPOTPaMMy B aBTOMAaTHUECKOM
(xomanga IMyck) mim maroBom (komanaa Ilar) pexume, OCTAaHOBHUTH BBITIOJIHE-
HHE TPOrpaMMBbl B MOJeNiU mpoieccopa (komanaa Ctom). DTH KOMaHIbBI MOTYT
BBITIOJTHATHCS MIPU Ha)KaTHH COOTBETCTBYIONIMX OJHOMMEHHBIX KHOIOK Ha TTAHEN
HHCTPYMEHTOB OCHOBHOT'O OKHA.

Komaniaa PexxuM MHKPOKOMAHJ BKIIOYACT/BBHIKIIOUAET MHUKPOKOMAHIHBIH pe-
XXMM paboTel Iporleccopa, a KoMaHga K3II-maMsiTh TOIKIIOYAET/OTKIIOYAET
B CUCTEME MOJIEJNIb 3TOTO YCTPOUCTBA.

Komanna Hacrpoiikm oTkpbiBaeT nuajioropoe okHo IlapameTpsl cucTemsl, 1o-
3BOJISIOIIEE YCTAHOBHUTH 3aJCPIKKY pean3allii KOMaHIHOrO HHKJIa (MpU BBINOJ-
HEHUH TPOrPaMMbl B aBTOMAaTHYECKOM PEXKHME), a TAK)KE YCTAHOBUTD MapaMeTpPhI
daiina logfile.txt, bopmMupyemoro cuctemMoii u 3amuchIBAEMOro Ha JIHCK.
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9.5.1. OKHa OCHOBHbIX 0003peBaTenen CUCTeMbl
OkHo lIpouyeccop

Okuo Ipomueccop (puc. 9.4) obecrieunBaeT JOCTYI KO BCEM perucrpam u iaaram
nporieccopa.

A
dafin  PaboTta
==k

A —— FOH o34

Aco IDDD1D3 RCR IDDDDDD MDR |2SDDDD IR IDDDDDD OR IDDDDDD

F naru:
DR IDDDDDD RaR (0 MAR | 005
i 1 ovio sfo z[o

Peructpe:
»|RO| OO0ODO RS 000000

Spo | 000 PC | 008

Ra 000 IRy oooooo R 0O0DOD

CR [|Rz 00000 A7 000000
cop[  7a0 o[ e [ooo | |R3 oooooo Re oooooo
[ |R4 000000 A9 000000

Puc. 9.4. Okno IIpoueccop

O IIporpaMMHO-IOCTYIHbIE PETUCTPHI U (hary:
e Acc — aKKyMyJsITOD;
e PC — cuerunk agpeca KOMaHIIBI, COEPIKAIINI aIpec TeKyIeld KOMaHIbl,
e SP— ykazarens cTeka, comepKalinii aapec BepXyIIKH CTeKa,
e RB — peructp 6a3zoBoro aapeca, cogepxarmunii 6a30BbIil agpec;
e RA — peructp aapeca, cofepKamiuii HCIIOIHUTENBHBIA aJpeC MPH KOCBEH-
HOH ajipecalmy;
¢ IR — BXOmHOI1 peructp;
¢ OR — BBIXOJHOI perucTp;
e | — ¢ar paspenieHus npepbIBaHUA.
O CucremHble perucTpsl U (uaru:
e DR — peructp gannsix AJIY, comepkalunii BTOpoii onepaHi;
¢ MDR — peructp nannsix O3V,
¢ MAR — peructp anpeca O3Y;
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e RDR — peructp mannbrx 6mokxa POH;
e RAR — peructp aapeca 610xa POH;
e CR — perucrp KOMaHI1, COJEPKAIINH OIS
¢ COP — kop onepanuwy,
¢ TA — tum agpecanyy;
¢ ADR — agpec wim HeTIoCpeICTBEHHBIN OIIEpaH/T,
e Z — ¢nar HyneBoro 3HaueHus Acc;
e S— (nar orpunarensHoro 3HaUeHHs Acc,
e OV — ¢uar nepenoaHeHUs.

Peructper Acc, DR, IR, OR, CR u Bce sueiikun O3Y u POH nmerot anmuny 6 necs-
TUYHBIX pa3psiaoB, peructpel PC, SP, RA u RB — 3 pa3psaa. B oxne IIpoueccop
OTPaXalOTCS TEKyIIMe 3HAUYEHHs PETHUCTPOB M (H1aroB, MPHYEM B COCTOSHUH
OcTaHoOB BCe PerucTpsbl, BKIOYas periuctpbl 01oka POH, u ¢guaru (kpome doara |)
JOCTYITHBI JUIS HETTOCPEJACTBEHHOTO PEJaKTHPOBAHUS.

OnemeHTsl ynpasieHust okHa IIpoueccop BKIIOYAIOT MEHIO M KHOIIKH, BBI3BIBAO-
I1e KOMaHIbl:

O CoxpaHuTh;

O 3arpy3urs,;

O Reset;

O Reset RO-R9 (Tonbko komanaa meHio Padora).

Komanasr CoxpanuTh U 3arpy3uTh MO3BOJISIIOT COXPaHUTH TEKYyllee 3HaYeHUE
perucTpoB u ¢uaros mpoueccopa B ¢aiize 1 BOCCTAHOBUTH COCTOSIHUE ITpoIieccopa
u3 (daitna. Komanga Reset w xkHomka R ycraHaBnuBaroT Bce peructpsl (B T. 4.
om0k POH) B nHauasnbHOe (HyneBoe) 3HaueHue. ComepKUMOE SUEeK MaMsITH TPH
3TOM HE MeHsAeTcs. Brinmonusemas muiib u3 MeHo Padora komanga Reset RO-R9
OYHIIAET TOJBKO perucTpsl 61oka POH.

OkHo lNMamsmb

Okno Mamsare (puc. 9.5) orpaxaer Tekyuiee cocrosHue sraeek O3Y. B aTom okHe
JOITyCKaeTCAd pPENaKTUPOBAHUE COAEPIKUMOIO f4eeK, KpOME TOro, MperycMOTpeHa
BO3MOYKHOCTb BBITIOIHEHHS (4€pe3 MEHIO MITM C TIOMOIIbIO KHOIIOK TAHEN UHCTPY-
MEHTOB) 1siTH KoMaH [ CoxpaHuTh, 3arpy3uTh, [lepeiiTn k, BcraButh, Yoparth.

Komangsl CoxpaHuTsk, 3arpy3uTh BO BCEX OKHAX, i€ OHU MPEILyCMOTPEHBI, pa-
0O0TarOT OIMHAKOBO — COXPAHSIOT B (hailyie TeKyllee COCTOsTHUEe 00beKTa (B 1aH-
HOM CIly4ae MaMsTH) U BOCCTAHABIMBAIOT 9TO COCTOSIHHE M3 BBhIOpaHHOTO (haiiia,
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nprdeM Qaiia B KaXXI0M OKHE 3allMChIBAETCS 10 YMOJIYAHHIO C XapaKTePHBIM UIs
3TOr0 OKHA PacIINPEHHUEM.

Komanna IlepeiiTH K OTKpBIBAET IUAJOrOBOE OKHO, MO3BOJISIONICE MEPEHTH Ha
3ajiaHHyto sueiiky O3Y.

Komanzna Y6paTh OTKpBIBAaeT JHAIOr, B KOTOPOM YKa3bIBaeTCS THAIA30H SYECK
¢ m no n. ComepXxUMoe sSUEEeK B ITOM JTHAIIA30HE TEPSAETCS, a COACPKUMOE TUCCK
[(n+1):999] nepemeraercsi B cOCEIHUE SYCHKU C MEHbLIMME aapecamu. OcBo-

OoauBIIMecs sueiku ¢ aapecamu 999, 998, ... 3aNOIHSIOTCS HYJISIMHU.

E

main  PaBoTa
EX=1EER

xluuu|um|002|003|uu4|uu5|uus|uu?|uusluua|i|

000 | 211011 380001 380011 211103 380001 280000 000000 | 000000 100006 | 370000
010 380010 030000 000000 000000 000000 000000 000000 | 000000 000000 | 000000
020 000000 000000 - 000000 000000 000000 000000 000000 | 000000 000000 | 000000
030 000000 0O0000  0O0000 000000 000000 000000 000000 | Q00000 | 000000 | 000000
040 000000 0O0000 000000 @ 000000 000000 000000 000000 | 000000 000000 | 000000
050 000000 000000 000000 000000 000000 000000 @ 000000 | 000000 000000 | 000000
0ED 000000 0O0O0O  0O0OO0 - 000000 000000 000000 000000 | Q00000 | 000000 | 000000
070 000000 000000 000000 000000 000000 000000 000000 | 000000 000000 | 000000
080 000000 000000 000000 000000 000000 000000 000000 | 000000 000000 | 000000
030 000000 000000 000000 @ 000000 000000 000000 000000 | 000000 000000 | 000000
| | 100 000000 000000 Q00000 | 000000 000000 000000 000000 030000 - 030000 000000 _:J

|-

Puc. 9.5. Oxno ITamare

Komanna BeraBuTh, MO3BOJSIONMIAS 337aTh HOMEpA SYEEK, MEpPEMEIIaeT Cojep-
KUMOE BCEX SUCEK, HauWHAs OT IMHi Ha N— M MO3UIMIA B HANIPABICHUHN OOJIBIINX
apecoB, SYEHKHU 3aJaHHOTO Juara3oHa [M:N] 3amoiHATCS HYJISIMH, a COIep-
KUMOE TOCTIEAHUX SYCEK MaMSITH TePSETCS.

OkHo Tekcm npozpamMmbI

Okno Teker mporpammsl (puc. 9.6) COIepKUT CTaHIAPTHOE I0JI€ TEKCTOBOI'O
penakropa, B KOTOPOM MOXXHO PEJaKTHPOBATh TEKCTHI, 3arpy’aThb B HEr0 TEKCTO-
BbIe (pailiTbl ¥ COXPaHATH MOATOTOBIEHHBIN TEKCT B BUe (aiina.

Komannaer menro ®ai.
O HoBasi — OTKpBIBAET HOBBIN CEAHC PEAKTUPOBAHUSA;

O 3arpy3uTh — OTKpBIBaET CTaHIAPTHBIA HWAJIOT 3arpy3ku (aiiia B OKHO pe-
JAKTODa,;

O Coxpanuth — coxpaHseT ailll o/ TEKYIIIM UMEHEM;
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O CoxpaHuTb KaKk — OTKPHIBACT CTAHJAPTHBIN JUAJIOT COXpaHeHus ¢aiina,;
O BcTaBuUTH — I103BOJISCT BCTABUTH BEIOPAHHBIN (hail)l B IO3UIIUIO KypCcopa.

Bce nepeuncrnenHble KOMaHAbI, KpOME MHOCHEAHEH, TyOnupoBaHbl KHOIIKAaMHU Ha
MaHeJIN MHCTPYMEHTOB OKHa. Ha To# jke maHenu HpuCyTCTBYET €lle OJHA KHOII-
ka — KomnuiaupoBaThb, KoTopas 3ammycKkaeT Ipoueaypy acceMONupoBaHUs TEKCTa
B II0JI€ PEJaKTOpa.

Ty xe npouenypy MoXxHO 3armycTuTh U3 MeHio Padora. Komanna Agpec BcraBku
MO3BOJIAET 3a11aTh anpec siueliku O3V, HauMHAs ¢ KOTOPO# mporpamma OyeT pas-
MelaThest B maMaT. [lo ymomdanuto 3ToT aapec npuHAT paBHbIM O.

Hwmwxe obnactu peqakTHpOBaHUS B CTPOKY COCTOSHHS BBIBOJUTCS MO3HMLUS TEKY-
HIel CTPOKH PEAAKTOpa — HOMEP CTPOKH, B KOTOPOH HAXOIUTCS Kypcop.

B ciydae oOHapyXeHHSI CHHTAKCHYECKUX OIMMOOK B TEKCTE MPOTPaMMBbl THATHO-
CTHYECKHE COOOIIEHHS MPOolecca KOMIMIISIIMK BBIBOISTCS B OKHO COOOINEHHHA M
3alKCh B MaMsITh KOJOB (Iake 0€30MIMO0YHOr0 HAYaJIbHOTO (hparMeHTa mporpam-
MbI) HE IPOU3BOIUTCSI.

ﬁl

thaiin  PaboTa
ISE=3= A=

E:% dokymentesiogenCyneprogensitest2

d #11
out 1
out 11
d #103
out 1
g

g hop
hop
imp g
iind
out 10

ift

Crp N213

ContiweHun:

FOMMAALMA. .
Qwmbiok HE EHapYKEHHD.
MuweTeR & NamATE 12 cnoE H34WHaA ¢ agpeca 0

Puc. 9.6. Oxno TekcT nporpaMMsl
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[Tocne ncnpaBneHus OMMOOK W MOBTOPHOW KOMITHIISIIIAY BBIIAETCS COOOIIIEHUE 00
OTCYTCTBHU OLIMOOK, O PACIIONIOXKEHUU M pa3Mepe 00NacTH MaMsTH, 3aHATON MOJ
acceMOIMPOBaHHYIO MTPOTPaAMMYy.

HaGop TekcTa mporpaMMbl IPOM3BOANUTCS MO CTAHAAPTHBIM IIPABUIIAM SI3bIKa ac-
cembiuepa. B kax0i CTpoke MOXKET COAEpHKAThCS METKA, OJHa KOMaHJAa U KOM-
MeHTapuid. MeTka OTIenseTcss OT KOMaHAbl ABOCTOYMEM, CHMBOJBI MOCIE 3HaKa
"Touka ¢ 3amATol" 0 KOHIIA CTPOKH UTHOPUPYIOTCS KOMIHIISTOPOM M MOTYT pac-
CMaTpUBATHCS Kak KOMMeHTapuu. CTpoKa MOXET HAYMHATHCS C ; U, CIe0BaTelNb-
HO, COAEPKaTh TOJILKO KOMMEHTapHH.

OkHo lIpozpamma

Okuo Ilporpamma (puc.9.7) orobpaxaer Ttabmwuiyy, umeromyo 300 cTpok u
4 cronbua. Kaxxaast ctpoka TabauIbl COOTBETCTBYET JU3aCCEMOIMPOBAHHON sSTYEH-
ke O3Y. Bropoii cronber comepxut anpec sueitku O3V, Tpetnil — qu3accemo-
JHMPOBAaHHBIA MHEMOKOJI, YETBEPThIi — MAIMHHBIA KOJ KOMaHIbl. B mepBom
CTOJIOIe MOXKET MOMEIIAThCS yKa3aTelb --> Ha TeKyIyl0 KOMaHay (TeKylee 3Ha-
yenne PC) u Touka ocTaHOBa — KpacHask 3aJIUBKA STYCHKH.

A
Dafin  PaboTa
@™
IP | Au.pecl KoraHaa | Kon, | -
1d oo RO #0111 211011
001 outTm 380001
| ooz ouT M 380011
W 003 RO #103 211103
| 0o4  outTm 380001
| oos  El 280000
| |-» 006 MWOP 000000
| 007 MOP 000000
| oo JMPE 100006
| 003 Moo 370000
| 0o out o 380010
| 011 IRET 030000
| 012 MOP 0aaoog
| 013 MOP 000000
| 014 MOP 000000
| 015 MOP 000000
| 016 MOP 0aaoog
| 017 MOP 0aaoog
| 01g  MOP 000000
| 013 MOP 000000
| 020 MOP 0aaoog
| 021 MOP 0aaoog
022 MOP 000000
'l npr wne NNNnn =l

Puc. 9.7. Oxno IIporpamma
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OxHo IIporpamma mno3BosisieT HaOIIOAATh MPOLECC MPOXOXKICHUS MPOTrPAMMBL.
B 3TOoM OkHe HuYero Henb3s pegakTupoBaTh. OpraHel YIpaBICHUS OKHA I03BOJIS-
10T COXPaHUTh COAEPKUMOE OKHA B BUZE TEKCTOBOTO (aiiya, BBIOpaTh HaYaIbHbIH
anpec obmactu O3V, kotopast Oyaer au3acceMOIUpoBaThes (pasmep 00JIacTH mo-
crostaablil — 300 sueek), a TakKe YCTaHOBUTB/CHSTH TOUKY ocTaHoBa. [Tociennee
MOXKHO TpOAenaTh Tpems crocobamu: koMmaH#oii Touka ocTraHoBa M3 MEHIO
PaGora, KHONKOH HAa MaHEIW HMHCTPYMEHTOB WM JBOMHBIM LIEIYKOM MBIIIN
B IEPBOM SYEIKE COOTBETCTBYIOLIEH CTPOKHU. XapaKTepHO, YTO MPOYUTATh B 3TO
OKHO HHU4Yero Henb3s. CoXpaHeHHBIH TEKCTOBBIM aSM-(haill MOXKHO 3arpy3uTh
B OKHO TekcT mporpammsl, acceMOIUPOBATh €r0 U TOTAA AU3aCCEMOIINPOBAaHHOE
3HAUYCHHUE 3aJaHHOM OOJIACTH MaMSITH aBTOMAaTHUYeCKH NosBUTCA B okHe Ilpo-
rpamma. Takyio mponenypy yZoOHO HCIIONIb30BaTh, €CJIM POrpaMMa N3HAYAIbHO
MUILETCS WIN PEAAKTUPYETCS HETIOCPEICTBEHHO B NAMATH B MAIIMHHBIX KO/AX.

HauaneHeiii agpec obnactu auzacceMONMpPOBaHMS 3aJaeTCsl B AMAIOTe KOMaHOM
HauanbHblii agpec meHio PaGora.

OkHO MukpoKkoMaHOHbIU ypo8eHb

OxHo MuUKpoKoMaHIHbI ypoBeHb (puc. 9.8) HCronb3yeTcss TOJIBKO B PEKUME
MUKPOKOMAaH/I, KOTOPBI yCTaHABIMBAECTCS KOMaHAOH PesxuM MMKPOKOMAaHJA Me-
Hi0 PaGora. B 3T0 OKHO BBRIBOJMTCS MHEMOKOJ BEHITIOJHAEMOM KOMAHIBI, CITMCOK
MHUKPOKOMaH]I, €€ pealn3yIoNINX, U yKa3aTellb Ha TEKYIIYIO BBHITIOTHIEMYIO MUK-
POKOMaH[Yy.

IITaroBelil pexuM BBIIOJIHEHUS IPOIPaMMbl WM 3allyCK IPOrpPaMMBl B aBTOMATH-
YECKOM PEXHMe C 3a7ep>KKOH KOMaHIHOTO IUKJIa 03BOIAET HaOII0AaTh MIPOLIECcC
BBIIIOJIHEHHUS IIPOrPaMMBbl HA YPOBHE MUKPOKOMAH/I.

A
0112 IRET
MukporoMaHaer:

ol MaR:=PC

m MAd

0z CR:=mMOCA
03  PC:=PCH
04 MaR:=5P
05 -> MAd

05 PC:=MDRA
07 Fl:=MDR[1:2]
08 SP:=5P+
03  IMT_RETURN
10 EWND_COMMAND

Puc. 9.8. OknHo MuUKpPOKOMaHAHBII YPOBEHb
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Ecau oTkpeITh 0OKHO MUKPOKOMAH/HBI YPOBEHb, HE YCTAHOBUB PEKUM MHUKPO-
KoMaH/ B MeHI0 PaGora, To mocie Hayajia BBIITOJIHEHUS MPOTPAMMBbI B PEKUME
Ilar (11K B aBTOMaTHYECKOM PEKHME) B CTPOKE COOOIICHUI OKHA OYy/IeT BBIIAHO
coobuienue "PexxuM MUKpOKOMaH]T HEaKTUBEH" .

OkHo Kaw-namssmsb

OkHo K3mI-mamMsiTh HCIOJB3YETCS B PEXHUME C TMOMKIFOYCHHON KAII-MAMATHIO.
[MoxpoGHee 06 3TOM pexume cm. 6 pazo. 9.8.

9.6. BHewHue ycTpoucTBa

Mopenu BHemHuXx ycTpoictB (BY), ucmosib3yeMbie B OMHUCHIBAEMOW CHCTEME,
pCaJiM30BaHbl MO0 €AUHOMY IIPUHIMUITY. C Toukn 3pCHUA IMpoUeccopa OHU MPECACTaB-
JSIFOT cOOOM P IPOrPaMMHO-IOCTYIHBIX PETHCTPOB, JIEKALUX B aJpPECHOM IIpO-
cTpaHcTBe BBOJA/BbIBOAA. Pasmep peructpoB BY coBmanaer ¢ pasmepom siueek na-
MSITU U PETUCTPOB JAHHBIX MPOLIECCOPa — IIECTh JECATHYHBIX Pa3psIoB.

Hoctyn k peructpam BY ocymiecTtisiercs no komangam | N aa, oUT aa, rzie aa —
JBYXpa3psiIHBIA ecSTUUHbIA aapec peructpa BY. Takum obOpaszom, oOumii o0bemM
aJIpeCHOTo TpocTpaHcTBa BBoAa/BbIBoza coctapisier 100 agpecos. CrieyeT HOMHUTS,
YTO aJIPeCHbIC MPOCTPAHCTBA MMAMSITH U BBO/IA/BBIBOJIA B ATOI MOJICIH Pa3/ICIICHBI.

Pazubie BY copepar pas3inyHOE YHUCIO TMPOrPAMMHO-AOCTYIIHBIX PETUCTPOB,
KaKJOMY M3 KOTOPBIX COOTBETCTBYET CBOHM azpec, MpUYEM HyMepanus aipecoB
Bcex BY naumnaetcs c 0. [Ipu cozgannu BY emy craBuTcs B COOTBETCTBUE 0a30-
6blll adpec B TIPOCTPAHCTBE BBOA/BBIBO/IA, M BCE ajipeca €ro PeriucTPOB CTAaHOBST-
csl cMeujeHusMYU OTHOCUTENILHO 3TOro 0a30BOTO ajpeca.

Ecnu B cucteme cosnaercst Heckoiabko BY, To ux 6a3oBble ajpeca clienyeT BbIOU-
paTh C y4eTOM BEJIMYUHBI aAPECHOTO IMPOCTPAHCTBA, 3aHUMAEMOr'0 3TUMH YCTPOU-
CTBAMU, HUCKIII0Yasl HAJIOKEHUE aJIPECOB.

Ecnu BY cnocobHo ¢opMupoBaTh 3ampoc Ha MpepbIBaHKUE, TO MPH CO3JaHUU eMY
CTaBUTCSI B COOTBETCTBUE 6EKMOP NPePbleaHiisi — NeCcATUIHOe 4ucio. Pasueivm BY
JOJKHBI Ha3HAUaThCs pa3IMUHbIe BEKTOPHI IPEphIBaHUI.

[Iporpammuas monens yueOHO DBM KOMILIEKTyeTcs HaOOpPOM BHEIIHHX YCT-
POICTB, BKIIFOUAOLLIUM:

0 KOHTpPOJLIEP KIIABUATYPHI,
O nucruiei;

O 610K TaiiMepoB;

O TtoHOreHeparop,

KOTOPBIM IO YMOJIYaHUIO IPUCBOEHBI TApaMeTPhI, IEPEUNCIeHHbIE B Ta0I. 9.2.
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Tabnuua 9.2. I[lapamempol 6HewHUX YCMPOUCms

. Ba3zoBniii Anpeca BekTop
Buemnee ycTpoiicTBo
aapec perucTpos npepbIBaHusI
KouTpostep kinaBuaTypbl 0 0,1,2 0
Hucmeit 10 0,123 Her
Biok Taitmepos 20 0,123,4,56 2
ToHoreHnepaTop 30 0,1 Her

[Ipu co3mannm yCTPOHCTB MOJIB30BATENb MOXKET U3MEHNUTh Ha3HAUCHHBIE M0 YMOJI-
YaHUIo 0a30BBIN agpec U BEKTOP MPEPHIBAHUS.

B omuiceiBaeMoit BCpPCHUM CUCTEMbI HC MNPEAYCMOTPCHA BO3MOKXHOCTH IMOAKIIIOYCHUA
B CUCTEMY HCCKOJIbKHUX OJUHAKOBBIX yCTpOI\/'ICTB.

BONBIIMHCTBO BHEUIHUX YCTPOWCTB COIEPKUT perucTpsl ynpasrenus CR u co-
cmosinus SR, mpudeMm 00br9HO peructpel CR mocTymHBI TONBKO MO 3armmcH,
a SR — no urenwuso.

Peructp CR comepxut (jiarum W 1oJs, ONPEICNSIONIUE PEKUMBI padboTel BY,
a SR — ¢uaru, orpaxaromue tekyiiee cocrossuue BY. dnaru SR ycranasnusa-
IOTCS anmnapaTtHo, HO cOpachIBalOTCS MPOrpaMMHO (MM MO BHEIIHEMY CHUTHAIY).
[ons u ¢pnarun CR ycraHaBiauBarOTCS M COPachIBAlOTCS MPOIPaMMHO MPHU 3aITUCH
Ko/a JaHHbIX B peructp CR win crieruaibHBIMA KOMaHIaMH.

KonTpomnep BY unTepnpernpyeT ko, 3anuchiBaeMslii mo aapecy CR kak komaH-
Iy, €CIT TPETHH pas3psija 3TOro Koja paBeH 1, mim kak 3amuceiBaemble B CR naH-
HblE, eciau TpeTui paspsax paseH 0. B cinydyae moiydeHHs: KOMaHIIHOTO CJIOBa
3anuch B peructp CR He mpousBoauTcs, a MATHIN pa3psi ClI0Ba pacCMaTpHUBAETCS
KaK KOJ OIlepaLuu.

9.6.1. KoHTponnep kKnaBnaTtypbl

KonTtposutep knaBuatypsl (puc. 9.9) npezacrasiser co0oil MOJEb BHEIIHETO yCT-
poiicta, mpurrMaroriero ASCll-kozer® ot k1aBratypsl [IDBM.

CHUMBOJIBI TOMENIAIOTCS TOCIE0BATENBHO B Oydhep cume0108, pazmep KOTOPOro
ycTaHOBJIeH paBHbIM 50 cHMBoiaMm, W OTOOpakalOTcs B OKHE 0003peBarels

(puc. 9.10).

2 Coxp. or American Standard Code for Information Interchange — amepukasckuii cran-
ApTHBIN KO 0OMeHa HHpopMarueit.
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CHMBOJIBI @ Peructp BbIXOIHBIX DR
JTAaHHBIX

1

> Bydep cumBonon

Ilepenonnenue

DC "0" S E I CR

Rd|Err| SR

INT 2

Puc. 9.9. Konrposnep knaBuaTypsl

KoHTpONNEp KNaBHaTypbl |

Bypep kNaEMATYPEL

CTpoka BEOAE CONep#MT_ao 50 cumMEONDE

PerucTpel yoTpolicTES: OuucTUTe Gydep |
DR I wew|209 o—— BBD.Cll
5 E I

1:CR I1 EEEIRNY CeeneHuA o YeTpoicTES

Rd Emr IRQ =0
2cp [wwxxl110 Bazokid agpec : 000
: Paztep dypepa - 50

Puc. 9.10. OxHo 0603peBaTens KOHTPOJLIEpa KI1aBUATyphl

B cocraB koHTpoILIEpa KIIaBUATYpPhl BXOJST TPH IPOrPaMMHO-IOCTYIIHBIX PErUcTpa:

O DR (agpec 0) — perucrtp AaHHBIX;

O CR (aapec 1) — peructp ympasieHus, ONPEAEISICT PEKUMBI PadOThI KOHTPOJI-
Jepa ¥ COJePXKUT clieayromue (uaru:
e E — ¢uar paspemenus npuema koJioB B Oydep;
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e | — (nar paspemierns MpeprIBaHAS;
e S— (hiar pexxuma MOCUMBOJILHOTO BBOJIA;
O SR (aapec 2) — peructp COCTOSHHUS, COJCPIKUT JBa (uiara;
e Err — ¢unar ommb6kwy;
e Rd— ¢uar roroBHoCTH.

Pezucmp oanuvix DR nocTyneH TONBKO JUIsl YTSHHsI, Yepe3 HErO0 CUUTHIBAIOTCS
ASCIl-xonp! u3 Oydepa, mpuueM MOPSIOK YTEHHUs KOJOB U3 Oydepa COOTBETCTBY-
€T TOPSAKY MX 3amucu B Oydep — kaxknoe ureHue mo ajapecy 0 aBTOMaTHYECKH
nepemeniaer ykasareiab uyTeHus: Oydepa. B kaxnpiii moment Bpemenu DR conep-
JKUT KOJI CHMBOJIA IO aJIpecy ykaszaress uTeHus Oydepa.

®naru pecucmpa ynpaenenus CR ycTaHaBIMBarOTCSA U COpachIBatOTCS IPOIPAMMHO.

@nar E, Oynyun ycTaHOBICHHBIM, pa3pelnaeT npueM koaoB B Oydep. [Ipu E =0
KOHTPOJIIEp UTHOPHPYET Ha)KaTHE Ha KJIaBUAType, IpueM KoJIoB B Oydep He mpo-
n3BoauTcs. Ha cunteiBanmne koaoB u3 Oydepa ¢uar E BiusHUS He OKa3bIBaeT.

@mar |, Oyay4un yCTaHOBJIEHHBIM, pa3pemiaeT MPpH OMpPEIeIeHHBIX yCIOBHIX (Gop-
MHpOBaHHE KOHTPOJUIEpOM 3arpoca Ha npepsiBanue. [Ipu | = 0 3anpoc Ha npepsI-
BaHHWe HE hopMUpyeTcs.

®nar S= 1 ycraHaBIMBaeT Tak Ha3bIBAEMBII pedcum NOCUMBOILHO20 6600d, NHAYE
KOHTpOJUIEp paboTaeT B 0ObIyHOM peskumMe. Ditar S ycraHaBIMBaeTCs U cOpachiBa-
eTCs IPOrPaMMHO, KpOME TOT0, S cOpachIBaeTCs MPH HAKATUH KHOMKA OYHCTHTH
0ydep B oxkHe KoHTpoaJiep KiIaBUATYPHI.

YcnoBust popMHupOBaHHUS 3ampoca Ha MPEPHIBAHNAE OMPEACISIOTCS, C OTHOU CTOPO-
HBI, 3Ha4eHHEM (prara paspenieHus npepeBanus |, ¢ Apyroit — pexxnMoM padoTHI
KOHTpOJUIepa. B pekiMe mOCHMMBOJIBHOTO BBOJA 3aIllpoc Ha INpepbiBaHue (HopMHu-
pyercst Tociie BBOAA KaxIoro cuMBoiia (pasymeercs, npu | = 1), B 0ObaHOM pe-
XKHUMe 3arpoc OyaeT chopMHpOBaH MO OKOHYAHUU HA0Opa CTPOKH.

3aBepmuTh HAOOP CTPOKH MOXKHO, IIEIKHYB MO KHOMKE 3aBepIIMTH BBOJ B OKHE
Kontponnep kaaBuatypsl (cMm. puc. 9.10). Ilpu stom ycraHaBimBaetcsi (iar
rotoBaoctd Rd (ot anrn. ready) B peructpe coctosiaust SR. ®@mjar ommbku Err
(oT aHIII. €TOr) B TOM K€ PEruCTpe YCTAaHABIMBACTCS TPH TMOMBITKE BBOA B Oydep
51-ro cumBosa. Beox 51-ro 1 Bcex MOCIEAYIOIIMX CUMBOJIOB OJIOKHPYETCSL.

Copoc ¢uara Rd ocyriecTBisieTcst aBTOMaTHUECKH NIPU YTeHHH U3 peructpa DR,
(nar Err copaceiBaetcst mporpammHo. Kpome Toro, o06a 3tu ¢urara cOpackIBaroTCst
pu Ha)KaTUXU KHONKU OureTuTh 0ydep B okHe KoHTpoJLIep KiIaBHATYPBI; OA-
HOBPEMEHHO cO cOpocoM (raroB MPOU3BOAMTCS OYHCTKA Oydepa — Bech Oydep
zanonHsiercst kogamu 00N, ¥ ykazaresu 3alMCH U YTCHHS YCTAHABJIMBAIOTCS HA Ha-
gaino Oydepa.
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JIis IPOrpaMMHOTO  YIIPaBJICHHST KOHTPOJIEPOM HPEIyCMOTPEH DSl KOMaHIHBIX
ClI0B. Bce KOMaH/bI BBINOIHSIIOTCS MPU 3aIIUCU 110 aJpeCy PETUcTpa YIpaBICHUsS
CR xonoB ¢ 1 B TpeTheM paspsije.

Kontpomnep ki1aBuaTypbl HHTEPIPETUPYET CIIENYyIOIIe KOMaHHbIE CI0BA!

O xxxI0l — ounctuth Oydep (neiicTBrEe KOMAH/IBI IKBUBAIEHTHO HAKATHIO KHOII-
kK OuncTuTh 0ydep);

O xxx102 — cOpocuts dnar Err B perucrpe SR;
O xxx103 — ycranoBuTh aar SB peructpe CR;
O xxx104 — copocuTts duiar SB peructpe CR.

Ecnu mo aapecy 1 nmpousBectu 3amuch uymcia xxx0NN, To mpou3oiaeT u3MeHeHue
4-ro u 5-ro paspsnos peructpa CR 1o creayrommemMy npaBuiy:

0 — 3ammcars O;
n=<1— 3anucars 1; (9.2)
2, ..., 9 — coxpanuTh pazps 0e3 N3MEHEHHUS.

9.6.2. Ancnnewn

Hucrneii (puc. 9.11) npencTapisieT co00H MOJIeb BHEITHETO YCTPOWCTBA, peaju-
3YIOIIYI0 (PYHKIIMA CUMBOJIBHOTO AucIvies. JlucIuie MoxeT oToOpakaTh CUMBO-
nel, 3anaBaeMbie ASCII-konamu, MOCTYNAIONIMMU HAa €ro PerucTp JaHHbBIX. Jluc-
IIJIEH BKJIFOYAET:

O Buzaeonamsats o0bemoMm 128 ciios (O3Y aucrmes);
O cuMBOIBHBII SKpaH pazMepoM 8 cTpok 1o 16 cHMBOJIOB B CTpOKE;
O deThIpe MPOrPaMMHO-IOCTYITHBIX PETHUCTPA:

DR (ampec 0) — peructp AaHHBIX;

CR (ampec 1) — peructp ynpaBieHus;

SR (agpec 2) — peructp COCTOSHUS,

AR (ampec 3) — peructp aapeca.

Uepes pecucmpor adpeca AR n dannvix DR 110 3amuicu v YTEHHUIO OCYIIECTBIISCTCS
JOCTYT K suelikaM BuaeonamsaTu. Ilpu oOpamennn x peructpy DR mo 3amucu co-
JepKUMOe aKKyMmyJisiTopa 3amucbiBaercsi B DR u B siueiiky BumeomamsTd, aapec
KOTOpOii ycTaHOBIIEeH B peructpe AR.
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@ Peructp DR
JIAHHBIX
o3y DkpaH §
ncuies CUMBOJIbHbI
! ] 16 x 18
Peructp
anpeca AR

—
Errf SR

Puc. 9.11. Kontpomnnep aucmies

Pecucmp ynpaenenus CR 1ocTyneH TOJNBKO 10 3allCH B COICPXKUT B 4-M U 5-M paz-
psizax COOTBETCTBEHHO 1Ba (ara:

O E — ¢nar paspenienus pabotsl auctuies; npu E = 0 3amuck B peructpel AR
u DR Gnoxupyercs;

O A — ¢unar aBromHKpeMeHTa azapeca; npu A =1 coxepxkumoe AR aBToMaTH-
yecku yBenmunumBaeTcs Ha 1 mocie moboro oOpamenns k peructpy DR — mo
3aITUCH WJI YTCHUIO.

W3MeHuTh 3Ha4YeHUsl ITUX (IIaroB MOXHO, ecnu 3amucath nmo aapecy CR (mo
ymomaanuio — 11) ko xxx0nn, mpu 3ToM n3mMeHneHue 4-ro u 5-ro paspsiioB peru-
crpa CR npowusoiiieT cornacHo Beipaxenuro (9.1).

JlJis mporpaMMHOTO YIpaBICHHsI TUCIUICEM TPEyCMOTPEHBI JBE KOMAaH/IbI, KObI
KOTOPBIX JIOJDKHBI 3aMUCKIBATHCS 10 ajpecy peructpa CR, mpudyeM B TpeTheM pas-
pAZe KOMaHIHBIX CJIOB 00s3aTeIbHO JOKHA OBITh 1

O xxx10l — ouwnctuTh AucrUieil (mecTBHE KOMAaHABI 3KBHBAJCHTHO HAKATHIO
KHOITKH OuucTHTh B OKHe JlMCmUieid), TpH 3TOM OYHMINACTCS BHUACONAMSTH
(B KaxIyr0 siUeiiKy 3amuchiBaeTcs ko npoodena — 032), ycranasnusaercs B 000
peructp agpeca AR u cOpaceiBatorcst ¢uraru ommOku EIT u aBTomHKpeMenTa A,

O xxx102 — copocuts Quar ommbdku Err.

Peructp cocrostHust SR 10CTyIeH TOJNBKO O YTEHHIO U COJCPIKUT €IMHCTBEHHBIN
¢uar (B maTom paspsizne) ommOku Err. Dtot duar ycraHaBIMBaeTCs armnapaTtHo MpH
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TIOTIBITKE 3aIMCaTh B PETHCTP ajpeca 4ucio, Oonpinee 127, mpuuem Kak B pesxume
npsiMoit 3amucu B AR, Tak W B peXMMe aBTOMHKPEMEHTa TOcie oOpaimieHus 1mo
aapecy 127. CoOpacbiBaercs (mar Err mporpamMMHO WM MPH HAXXaTHHA KHOIIKH
Ouuctuth B okHe Jucnieii (puc. 9.12).

avcnnei x|

HKpAH  CUMBOIBHO
20 gucninesd

PerucTpel yoTpoficTea

0: DR | % | 032 3 AR | w026 CeegeHua o ycTpoicTee
E & Fid Enr IRU -Her
T:CR [xssl111  25R [sssxl0 Bagouiit aapec : 010
Paztep aucnnen: 16 = 8

Puc. 9.12. OxHo 0603peBareis KOHTpoJIepa JUCIuIes

9.6.3. Bnok TanmeposB
brnok taitmepos (puc. 9.13) BkiiouaeT B ceOst TpM OJHOTHITHBIX KaHANA, KaK/IBIH U3
KOTOPBIX COJICPIKUT:

O nartupa3psaHblid JeCATUYHBIA peBEPCUBHBIN cueTuK T, HAa BXOJ KOTOpPOro MHO-
CTYIMAOT METKH BpeMeHH (Taiimep);

O nporpammupyeMblil ipenaenuTens D;
O peructp ynpasienus taiimepom CTR,;
O d¢nar nepenonnenus taiimepa FT.

Peructpsl TaiimepoB T mocTymHsI Mo 3amucu U urenuio (aapeca 1, 3, 5 coorBerct-
BerHo s T1, T2, T3). IIporpaMma B 1000i MOMEHT MOKET CUMTATh TEKYIIEe
COZIepP’KIMOE TaliMepa WIIM 3aITicaTh B HETO HOBOE 3HAUCHHE.
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D1 Taiimep 1
cLe D2 Taiimep 2
D3 %l Taiimep 3 |
1l& |
INT k |vplE| T|[2] CTIR
N J& x|
2 . |

T x| k |UD|EI|T CT2R

Fr3| Fr2|FTi| [0] [x| k [vp|EI|T|[6] CT3R

Puc. 9.13. Biok TaiimepoB

Ha Bxonp! npeanenuTeneil moctynarT oOLIMe 1 BCEX KaHaJOB METKH BPEMEHH
CLK c mepuogom 1 mc. [lpeanenuren B KaKI0M KaHaIe IPOrPaMMHUPYIOTCS He-
3aBHICHMO, ITO3TOMY TaliMepBI MOTYT PabOTaTh C Pa3TUIHON YaCTOTOH.

Peructpsr ynpasnennss CTR goctynHbl 1o 3amucu W ureHuio (ampeca 2, 4, 6) u
CoZlepKaT CIIEeIYIONIHE MO

O T (pa3psia 5) — daar BiroueHus Taiimepa,;

O El (paspsin 4) — ¢uar pasperieHus GpopMHpOBaHUS 3ampoca Ha TpPEpbIBAaHKE
IIPU NEPETIONHEHUY TauMepa,;

O I/D (paspsia 3) — nanpasienue cuera (nHKpemeHT/mekpement), npu I/D =0
TaiiMep pabortaet Ha cioxenue, npu /D = 1 — Ha BbIYUTAHHE;

O Kk (paspsimst [1:2]) — kodddunment nenenuns npeanenurens (ot 1 go 99).

@iaru mepernoNHeHusT TaiMepOB COOPaHbI B OJIWH PETHCTP — AOCTYITHBIA TOIBKO
10 YTEHHIO peructp cocrosaus SR, umeronwmit afapec 0. Paspsiist peructpa (5, 4 u 3
st T1, T2, T3 cOOTBETCTBEHHO) YCTaHABIMBAIOTCS B 1 NP TIEPEOIHEHHH COOT-
BETCTBYIOIIETO Taiimepa. J[ns Taiimepa, paboTaromiero Ha CIOKEHHUE, IeperoIHe-
HUE HACTymaeT mpu mepexozae ero coctosHus u3 99 999 B 0, ans BRIYMTAIONIETO
taiimepa — nepexon u3 0 B 99 999.

B okne o6o3peBatens (puc. 9.14) npenycmotpena kHonka Copoc, HaxaTHe KOTO-
poii copaceiBaeT B O Bce peructpsl 610ka TaiimepoB, kpome CTR, xotopsie ycra-
HarnuBatotcst B cocrosiaue 001000. Takum oOpa3zom, Bee TpH TakiMepa OOHYIISFOTCS,
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MEePEeKIIIOYAI0OTCS B PEKUM HMHKPEMEHTA, NMPEKpaniaeTcs CUeT, 3arpenaTcs mpe-
peIBaHUsA, cOpachiBatoTCs (Iard MEeperoTHeHUS W YCTaHABIWBAIOTCA KOd(PQHIm-
€HTHI JIeTIeHus TpeaaenuTenei papHpiMu 01

x

PervcTpel ycTpoicTBa

0:SR | wxxlO(0(0

K IDEIT

1:T1 IDDI3253 ZCTIR |« 16171001
K IDEIT

T2 | 000000 4. CTZR IKID'IIEIIEIID
KIDEIT

5:T3|UUDUDU E:CT3R [«|01|0(0(0
CEEAEHHA 0 YCTpOMCTEE

IRE =2
Eazoeii agpec : 020
Mepriog CLE : 1 e

Puc. 9.14. OxHo 0603peBares 0J0Ka TaiMepOB

[TporpaMMHOe yIpaBieHHE PEKUMaMHU OJOKa TaAHMEPOB OCYILIECTBISETCS MyTeM
3amucu B peructpbl CTR cOOTBETCTBYIOIMX KOIOB. 3aMuch Mo aapecy SR ymcia
¢ 1 B TpeTheM paspsie HHTEPIPETUPYETCsl OJIOKOM TaiiMepoB Kak KOMaH/a, IpH-
4eM MJIAJIIINE Pa3ps/ibl STOT0 YHCIIA OMPEIEIISIOT KO KOMaH/IbI:

O xxxI00 — oOmwmit copoc (3kBHBaJIeHTHA HaXaTHIO KHONIKK COpoc B OkHE 000-
3peBaTers);

O xxxI0l — c6poc duara nepenonHenus taiimepa FT1;
O xxxl02 — cbpoc ¢uiara nepenonnenus taiimepa FT2;
O xxxI03 — cbpoc ¢uiara nepenonuenus taiimepa FT3.

9.6.4. ToHOreHepartop

Mogenb 3TOro MpocToro BHELIHETO YCTPOWCTBA HE UMeeT COOCTBEHHOTo 0003pe-
BaTeJIsl, COJICPIKUT BCEro JBa PETHCTPA, JOCTYIHBIX TOJIBKO JUISl 3aITHCH:

O FR (agpec 0) — peructp yactoTs! 3Bydanus (I'm):

O LR (ampec 1) — peructp LIMTEIbHOCTH 3ByYaHus (Mc).

[To ymomnuanuto 0a3oBbIi aapec ToHoreHepaTtopa — 30. CHauana ciieayer 3aru-
cath B FR Tpebyemyro 9acToTy TOHa B repmax, 3areM B LR — mimurenpHOCTH 3BY-
YaHWs B MUJUIMCEKYHIaxX. 3amuch 4ucia 1o aapecy peructpa LR ogHOBpeMeHHO
ABJISIETCS KOMaH0M HA HAYaAIIO 3ByJaHUS.
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9.7. MNoacuctema npepbiBaHUN

B mMonenn yuebnoit DBM mpemycMOTpeH MeXaHN3M BEKTOPHBIX BHEIIHUAX MPEPHI-
BaHWH. BHemHWe ycTpoiicTBa (JOPMHUPYIOT 3allpOCHl Ha TPEPHIBAHUS, KOTOPHIE TI0-
CTYTIAlOT Ha BXOJIBI Koumpoiniepa npepvieanuu. [lpu mogxmrouennn BY, crnoco6-
HOro (OpMHPOBATh 3aIPOC HA NPEPHIBAHUE, EMY CTABUTCS B COOTBETCTBHUE HOMED
BXOJla KOHTPOJUIEPa NpEepbIBAaHUN — BEKTOP MPEephIBaHUs, MPUHUMAIOLINHA 3HaUe-
Hue B auanazone 0—9.

Kontpomnnep mepenaer BeKTOp, COOTBETCTBYIOIIMI 3ampocy, Mpoleccopy, KOTo-
pBIi HAYMHAET MPOLEAYPY 0O0CTYKHBAaHUS IPEPHIBAHMUSL.

Kaxnomy u3 BO3MOXHBIX B CHCTEME NPEPHIBAHWN JOJKEH COOTBETCTBOBATH TAK
Ha3bIBa€MbIH 0Opabomuux npepuvléaHiisi — MOANPOrpaMMa, BbI3bIBa€Masi IPH BO3-
HUKHOBEHHH COOBITHSI KOHKPETHOTO IIPEPHIBAHUS.

MexaHu3M NpepbiBaHul, peaTu30BaHHBIN B MOjeau yueOHol DBM, noanepxuBa-
eT mabauyy 6eKmopos npepvléanuli, KOTopas CO3JacTCs B ONEPATUBHON MaMSTH
MoO0enbio onepayuoHnol cucmemst (€Ci OHA MCTIOIB3YETCS) UM HEMOCPEICTBEH-
HO TI0JIb30BaTEIICM.

Homep cTpoku Tabmuiipl COOTBETCTBYET BEKTOPY HPEpbIBaHUS, a JIEMEHT Talnu-
(bl — SYeHKa MaMsITH, B TPEX MIAIINX pa3psnax KOTOPOH pa3Melaercs: Hauyalb-
HBIH aJipec MOANPOrpaMMbl, 00CITYKMBAIOILEH IPEPHIBAHUE C 3TUM BEKTOPOM.

Tabnuna npepeiBaHU B paccMaTpUBaeMON MOJIEIH KECTKO (PUKCUpOBaHAa — OHA
3aHuMaeT stueliku mamsatu ¢ agpecamu 100—109. Takum obOpasom, aapec oOpa-
0otumka ¢ BekTopoM O momkeH pacmnonarathes B sueiike 100, ¢ Bekropom 2 — B
syeiike 102. [Ipu paboTe ¢ mpepblBaHUSIMHU HE DPEKOMEHIYETCS HCIOIb30BaTh
syeiikn 100—109 anst npyrux nenei.

ITporeccop HaunHaeT 0OpabOTKy MpepbIBaHuUs (€CIH OHU pa3pellieHbl), 3aBePIINB
TEKyIIyro KoMauny. [Ipu 3ToMm oH:

1. Tlomy4aer oT KOHTpOJIIEpa BEKTOP PEePHIBAHUS.

2. ®opmupyeT M MOMEUIaeT B BEPXYIIKY CTEKa CIIOBO, TPH MIIAJIIUX paspsjia
([3:5]) koToporo — Tekyiiee 3nauenre PC (aapec Bo3Bpara U3 MpepbIBaHMS),
a paspsizpl [1:2] coXpaHsSIOT AeCATHYHBII SKBUBAJICHT [IECTHAIATEPUIHON 11 (h-
pbl, onpeensonieii 3Hauenue Bekropa ¢uaros (I, OV, S, Z). Hanpumep, eciu
=1,0V=0,S=1,Z=1, 7o B pa3psas! [ 1:2] 3anummercs unucio 11,5 =1011,.

3. CopaceiBaet B O durar paspenienus npepsiBanus |.

4. V3BnekaeT U3 TaOIUIIBI BEKTOPOB MPEPBIBAaHUMA aapec oOpadOT4YHKa, COOTBET-
CTBYIOILIIMI 0OCITy)KHBaeMOMY BEKTOpYy, M momemiaer ero B PC, ocymiecTnisis
TEM caMbIM TIepeXo/l Ha MOANPOrpaMMy 00paboTUiKa PEepPHIBAHMUS.
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Takum 06pazom, BBI30B 00pabOTUIHMKA TPEPHIBAHUS, B OTIUYHE OT BHI30Ba ITOATIPO-
IpaMMBbl, CBSI3aH C IIOMEIIEHUEM B CTEK HE TOJIBKO aJpeca BO3BpaTa, HO U TEKyIle-
ro 3Ha4yeHus BekTopa Quaro. [loaToMy mociemHelt KOMaHAOW MOAPOTPaMMEI
00paboTurka ToKHA ObITh KOMaHa | RET, KOTOpas He TONLKO Bo3Bpamiaet B PC
TPY MIIaJIIKMe pa3psija sYedKr — BEpPXYIIKH cTeka (kak RET), HO M BOCCTAHABIIH-
BaeT Te 3HaueHUs (IIaroB, KOTOpble OBLTH B MOMEHT Iepexoja Ha o0paboTdmk
[IPEPHIBAHMUS.

He Bcsixoe coOpiTHE, KOTOPOE MOXKET BBI3BAaTh MIPEephIBaHHUE, TPUBOJUT K MPEPHIBa-
HHUIO TeKylled mnporpamMmmel. B coctaB mpoueccopa BXOAWT INPOrPaMMHO-
noctynHelit ¢uar | paspemenus npepeiBanus. [pu | = O npoueccop He pearupyet
Ha 3ampochl npepsiBanuii. [locie cOpoca mpomeccopa duar | Tak xe cOpomeH
Y BCE MPEphIBaHUs 3ampenieHbl. st Toro uToObl pa3peliuTh NpephIBaHus, CICIY-
eT B MporpaMMe BBIMIOJIHUTE KoMaHay El (ot anri. enable interrupt).

Panee orMeuanoch, 4To Tipu Tiepexo/ie Ha 00paboTUYHMK mpephIiBaHus ¢uiar | aBTo-
MaTU4ecKH cOpachlBaeTcs, B 3TOM Cllydae HpepBaTh 0OCIyKHMBaHHE OJHOTO Ipe-
pBIBaHUS APYTUM TIpepbiBaHneM Henb3s. [1o komanze | RET 3HadeHue ¢aroB Boc-
CTaHaBJIMBACTCH, B T. 4. BHOBb ycTaHaBiuBaetcs | = 1, ciienoBareibHO, B OCHOBHOM
IporpamMMe MPEPHIBAHUS OISTh Pa3pPELICHBI.

Ecmm Ttpebyercst pa3pemuTs apyrue mpepeiBaHUS B 00paboTunke TpephIBaHUS,
JOCTaTOYHO B HEM BBINOJIHUTH KoMaHIy El . KoHTposuiep mpepbiBanuii U mpoiec-
COp Ha amnmapaTHOM YpOBHE OJOKMPYIOT MONBITKH 3aIlyCTHTh NpPEPBIBAHHE, €CIH
ero o6paboTYMK Havaj, HO HE 3aBEpIIII paboTy.

Takum oOpa3om, aar | paspemraer wim 3ampemacT BCE MPEPHIBAHUS CUCTEMBI.
Ecnu TpeOGyeTcst BHIOOPOUHO Pa3perinTh HEKOTOPOE MOJAMHOKECTBO MPEPHIBAHUH,
HCTIONB3YIOTCST MPOTPAMMHO-IOCTYIHbIC (BJIard paspelieHusi MpephIBaHUN HEmo-
CPE/ICTBEHHO Ha BHEITHUX YCTPOWCTBAX.

Kak mpaBuiio, Kaxmoe BHELIHEE YCTPOMCTBO, KOTOPOE MOKET BBI3BATh MPEpHIBa-
HHE, COIEP)KUT B COCTaBE CBOMX PErHCTPOB paspsia (para pasperieHus mpepbiBa-
uus (M. popmar peructpoB CR u CTR na puc. 9.9, 9.13), no ymonvanuto ycra-
HoBieHHbI B 0. Ecmu ocTaBuTh 3TOT (hiar B Hylie, TO BHEIIHEMY YCTPOMCTBY
3arpemnaercsi POpMUPOBATH 3aIIPOC KOHTPOILIEPY HPEPhIBAHHIA.

Wuorna ObiBaeT ynoOHO (HampuMep, B PeXKUME OTJIAIKH) HMETh BO3MOKHOCTD BbI-
3BaTh 00Pa0OTUMK MpepbIBaHUS HEMOCPEACTBEHHO U3 Mporpammbl. Ecnu ucmosns-
30BaTh [UIA 3THX LieJed KomaHxy CALL, KOTOpas MOMEIIAaeT B CTEK TOJBKO aapec
BO3BpaTa, TO KoMaHjaa | RET, pa3MellleHHas OCJIEIHEN B 06pa60T‘-II/IKC, MOXKET UC-
Ka3uTh 3HaueHus (uaros (Bce onu OymyTt coOporensl B 0, T. K. KoManma CALL ¢op-
MHUpPYET TOJBKO TPH MIAJANIME pa3psia sSUeHKH BEpXYIIKH CTEKa, OCTaBIsis OcC-
tansHbIe pa3psias B 000).
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[Tosromy B cucremax xkomaHg MHOoruX OBM, B T. 4. W Hamleil MOeld, UMEIOTCS
KOMaH/Ibl BbI30Ba MpepbiBaHuii — | NT n (B Hamed mozenu n € {0, 1, ..., 9}),
r7e n — BeKTop mpepbiBaHus. [Iporieccop, BeIMONHAS KOMaHTy | NT n, Ipomu3BO-
JIUT T€ K€ JICUCTBHS, YTO U ITPH 00pabOTKE MPEepPhIBAHUS C BEKTOPOM N.

XapakTepHo, 4TO € MOMOIIBI0 KOMaHABI | NT n MOKHO BBI3BaTh 00pabOTYHK Mpe-
pBIBaHUA Jake B TOM CiIydae, Korja (uiar pazpemeHus npepoiBanus | copormex.

9.8. NMporpaMmmMmHasa moaernb K3lW-NaMAaATH

K onucanHo#t B pa3o. 9.1 nporpammHoil Moaenn yaeoHoit DBM MoxxeT ObITh moj-
KJIIFOYeHa TPOrpaMMHasi MOZENb KIII-TIAMATH, CTPYKTypa KOTOPO# B 00mIeM BHIE
otoOpakeHa Ha puc. 5.2. KoHkpeTHas peajiv3zanus KAII-IAMSITH B OMUCHIBAEMOMN
MPOTrpaMMHON MOJIETTH Moka3ana Ha puc. 9.15.

< Marucrpanb JaHHbIX

o3y
Kam-namaTtb ZUW MDR
1
11 1002
2 - ot ——= 118 100236
il Ti Di z |ulw]
Teru Jlanubie
n
MAR

Marwuctpans agpeca

Puc. 9.15. CtpykTypa MOJIEIH K3UI-TIAMSTH

Komr-namsath comepxutr N staeek (B momenn N MOKET BHIOMPATHCS W3 MHOMKECT-
Ba {4, 8, 16, 32} ), xaxxaast U3 KOTOPBIX BKIIFOYAET TPpeXpa3psiIHoe moje tera (aape-
ca O3Y), miectupaspsaHoe 1mojie JaHHbIX U TPH OJHOOUTOBBIX NpHu3HaKa ((hiara):

O Z — npu3HaK 3aHATOCTH SUYCHKH;
O U — npu3Hak UCTOJIb30BAHMS;

O W — npu3HaK 3al¥cH B TYECHKY.
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Takum oOpazom, Kaxknaas s4yeiika KIMI-TaMSITH MOXeT TyOIupoBaTh OAHY JIFOOYIO
syeiiky O3V, mpudem oTMeuaercsl ee 3aHATOCTh (B Hauyaie paboThl MOJAEIH BCE
SYeHKH KaI-aMsaTu cBoboansl, VZ; =0), dakr 3anucu nHGopManuu B sHEHKY
BO BpeMsi MpeObIBaHUS €€ B KOII-MAMITH, a TaKKe HCIOJb30BaHUE sueiiku (T. e.
nr00oe oOpalieHue K Hel).

Texymiee cocTosiHEE KIUI-MIAMATH OTOOpa)kaeTcsi Ha dKpaHe B OTIEILHOM OKHE
B (hopme TaOIuUIBl, MPUYEM KOJIHIECTBO CTPOK COOTBETCTBYET BEIOPAaHHOMY YHCITY
stueek K311, CTONOIBI TaOJMUIIBI ONPEACISIOT COACPKUMOE TOJICH SYCCK, HAIPH-
Mep, Tak, Kak okas3aHo B Tabun. 9.3.

Tabnuya 9.3. Ilpumep mekywe2o coCmosanus Kau-namsamu

Tern Jlanuble Z U W
1 012 220152 1 0 0
2 013 211003 1 1 0
3 050 000025 1 1 1
4 000 000000 0 0 0

HJ’IH HaCTpOﬁKH napaMeTpoOB KIII-TaMATU MOXKHO BOCIIOJIB30BATHCA JUAJTOTOBBIM
okHoM K3m-mamsTh, BeI3EIBaeMbIM KoMaHaoi Bua | Kam-mamsTe, a 3ateM Ha-
JKaThb HEPBYIO KHOIIKY Ha MaHCJIW MHCTPYMEHTOB OTKPLITOI'O OKHA. Ilocie >Tux
JEHCTBUN MOSIBUTCS AHATIOroBoe OKHO IlapaMeTpbl K3II-AMATH, ITO3BOJISIOLIEE
BBIOpATh pasmep KII-TIAMATH, CNOCOO 3anucu B Hee MHPOPMAIMH U aleOpUmm
3ameuyenus TIeeK.

HamomHuM, Y9TO TpH CKBO3HOW 3alMCU MPH KAII-TOMAJaHUHA B MPOIECCOPHBIX
LUKJIAaX 3a[HCH OCYIICCTBIISIETCS 3aUCh KaK B SUEHKY KAII-MIAMSTH, TaK U B s4Yel-
ky O3V, a nmpu oOpaTHOH 3aMUCH — TOJNBKO B SYEUKY KOII-TIAMSTH, MPUYEM dTa
sueiika ormeuaetcs 6utom 3amucu (W; :=1). Ilpu oumcTKe sYeeK, OTMEUCHHBIX

6I/ITOM 3aI1ucu, HCO6XOILI/IMO nepenrucatb U3MCHCHHOC 3HAYCHUC HOJIA JaHHBIX
B COOTBETCTBYIOIIYIO sueiiky O3VY.

IIpn kamI-mpoMaxe ciexyeT IOMECTHTh B KIII-NAMATh apecyeMylo MPOLecCoOpoM
staeriky. [Ipy Hanmmunm cBOOOTHBIX SiUEEK KIUI-TIAaMATH TpebyeMoe CIIOBO MoMela-
eTCsl B OJIHY U3 HUX (B mopsiake ouepean). [Ipu oTCyTCTBIM CBOOOIHBIX SIYEEK Clie-
IyeT OTBICKaTh SUEHKY KAII-MaMATH, COAEPKHMOE KOTOPOH MOXHO YJAJINTh,
3alKcaB Ha €ro Mecto Tpedyemble jaHHble (komaHay). [Touck Takoi s4eiKu ocy-
LIECTBIIAETCS C UCHOJIB30BAHUEM AICOPUMMA 3AMEUEHUS CMPOK.
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B mogenu peanu3oBaHbl TpU pa3iIMyYHBIX AJITOPUTMA 3aMEIIEHUS CTPOK:

O cayuaiinoe 3amewenue, PU pealn3alui KOTOPOro HOMEP SUSHKU KILI-TIAMSTH
BBIOMpaeTcs ciydaifHbIM 00pa3om;

O ouepeds, ipu KOTOPOW BBHIOOP 3aMEIIAEMON SYCUKH OIPEACISACTCS BPEMEHEM
MpeObIBaHMS €€ B KAII-TIAMSITH;

O 6um ucnonwvzoeanus, CIydaiHblil BBIOOP OCYILECTBISETCSA TOJIBKO U3 TEX SUEEK,
KOTOpBIE UMEIOT HyJIEBOE 3HAUeHUE (p1ara UCIOIb30BAHMUS.

HanmomHuM, 4TO OUT MUCHOIB30BaHMs yCTaHaBNHMBaeTcs B 1 mpu aro0oM oOpariie-
HUU K A4Y€iiKe, OJHAKO, KaK TOJIBKO BCE OUTHI U, ycTaHOBSTCS B 1, Bce oHU TYT xe
cOpaceiBaroTcs B 0, Tak 9TO B KAIII BCerna sSUYeHKH pa3OUTHI Ha /1B HETIEpECeKaro-
IIUXCS TIOJMHOXECTBA M0 3HaueHuto Outa U — Te, oOpaileHue K KOTOPBIM CO-
CTOSIOCh OTHOCUTEIBHO HelaBHO (nocie mociennero copoca Bekropa U ), umeroT
3aaueHne U =1, uaple — co 3nadeHneM U = O sBisroTes "kaHaumaTaMu Ha yaa-
JieHUe" TIPY UCTIOJIb30BAHUU AJITOPUTMA 3aMEIEeHUS " Oum ucnoav3osanus’” .

Ecnu B mapameTpax K3mI-maMaTH ycTaHOBIEH Quar "¢ yyemom b6uma 3anucu”, T0
BCE TPH alTOpUTMa 3aMeIlleHHs OCYIIECTBISIOT MOMCK "KaHIWAaTa Ha yJaneHue"
IpeXe BCETO CPeIy TeX S4eeK, MPU3HAK 3aMHCH KOTOPBIX HE YCTAHOBIIEH, a PH
OTCYTCTBHHU TaKuX siueeK (U4TO KpailHe MaJOBEpOSITHO) — CPEIU BCEX SYEEK KOIII-
namsati. [lpu castom duare "c yuemom 6uma 3anucu” TIOUCK OCYIIECTBISIETCS 110
BCEM siYeHKaM KIII-MTaMsTH Oe3 yuera 3HadeHust W.

Onenka 3(h(hekTHBHOCTH pabOThl CHCTEMBI C KAII-TIAMSATBIO ONPEENIETCS] YUCIIOM
K3MI-TIONaIaHUH IO OTHOIICHUIO K 00IIeMy YHCITy OOpalieHnid K MaMsATH. Y YUTHI-
Bas pa3HMIly B aJITOPUTMAax 3allUCH B peXXMMaX CKBO3HOW M 0OpaTHOM 3amucH, 3¢-
(DEeKTUBHOCTH HCIIOJB30BaHMS KAII-NAMATH BBIYHCIAETCS O CIEIYIONIMM BBIpa-
’KEHUSIM (COOTBETCTBEHHO JIJIsl CKBO3HOW M 0OOPATHOM 3aIucH):

K :m, (9.2)

K= T (9.3)

rie:

O K —koaddunueHT 3 PpeKTHBHOCTH pabOThI K3LI-NaMSTH;

O S, —oOmee unciao oOpalleHuii K namsTy,

O S, —uKcio K3-NoNagaHui;

0O S, — 4ACIO CKBO3HBIX 3alMCEH NPH KOUI-NONafaHuu (B PEKMME CKBO3HOM
3aITUCH);

a SILW — YHUCII0 00paTHBIX 3amuceil (B pexxuMe 00paTHOI 3amucH).
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9.9. BcnomorarernbHble Tabnuubl

B nanHOM pasjene mpencTaBiieHbl BCroMoraresbHbie Tabmuipl (tabn. 9.4—9.8)

JUTS paboThI ¢ MOZENblo yueOHoi DBM.

Tabnuya 9.4. Tabruya komano yuebrnou IBM

NG 0 1 2 3 4
0 NOP JWP MoV
1 I'N JZ RD RD RDI
2 out INZ VR VR
3 | RET JS ADD ADD ADI
4 V\RRB JNS SUB SUB SBI
5 VRSP Jo ML ML ML I
6 PUSH JNO D v D v D v
7 POP JRNZ I'N
8 RET I NT El aut
9 HLT CALL Dl
Tabnuya 9.5. Tuner adpecayuu, ux koovl u 0bo3HaUeHUE
O6o3nauenue Kon | Tum agpecanuu IIpumep KoMaHIbI
0 psimas (perucrposasi) ADD 23 (ADD R3)
# 1 Henocpencreennast ADD #33
@ 2 Kocsennas ADD @3
[ 1] 3 OTHOCHTENBHAS ADD [ 33]
@® 4 KocBeHHO-perucTpoBas ADD @R3
@R+ 5 VHIEKCHAS C TOCTUHKPEMEHTOM ADD @R3+
-@R 6 VHIEKCHAS C IPEIEKPEMEHTOM ADD -@R3

B ta6u1. 9.6 npuHATH cineayonye 0003HaYCHUS:

O DD — naunble, GopMHpyeMble KOMaHIOH B KadecTBe (BTOPOro) ONepaHja:
IpAMO WJIM KOCBEHHO aapecCyemast s'yeiika maMsaTu WJIn Tpexpa3p;[[1HLH‘/'1 HEII0-

CPEICTBEHHBIN ONEPaH,;
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O R* — conmepxuMoe perucTpa Wik KOCBEHHO aJpecyeMasi 4epe3 perucTp sdeika
HaMsATH,

O ADR* — ama muaqmux paspsjga ADR nons peructpa CR;
O V — ajipec namsTH, COOTBETCTBYIOIIHMI BEKTOPY NPEPHIBAHUS;
O M(*) — siueiika maMsTH, IPSIMO WIIM KOCBEHHO aJpecyeMasi B KOMaH/Ie;

O | — naTUpa3psAAHbII HEMTOCPEACTBEHHBIH OTIEPaH/I CO 3HAKOM.

Tabnuua 9.6. Cucmema xomano yuebnou IBM

KoIl Muewto- Ha3panmne HeiictBue
Kox

00 | NoP Iycras onepanys Her

0L |IN Beox Acc« IR

02 aut BriBog OR « Acc

03 | IRET Bo3sBpar u3 npepbiBaHus FLAGS.PC « M(SP); INC(SP)

04 | VRRB 3arpyska RB RB « CR[ADR]

05 | WRSP 3arpyska SP SP « CR[ADR]

06 | PUSH TTomMecTHTb B CTEK DEC(SP); M(SP) « R

07 | POP Ws3Bneus u3 creka R — M(SP); INC(SP)

08 | RET BosBpar PC — M(SP); INC(SP)

09 HLT Cron KoHen KoMaHAHBIX LIUKIOB

10 | IWP Be3ycIoBHEIi mepexos PC « CR[ADR]

1 |3z Iepexon, ecnu 0 if Acc = 0then PC « CR[ADR]

12 | INZ Iepexon, eciu He 0 if Acc# 0 then PC < CR[ADR]

13 | JS Iepexon, ecnu if Acc < 0 then PC < CR[ADR]
OTPHIATETHHO

14 | INS Iepexon, ecnu if Acc > 0then PC < CR[ADR]
TOJIOKHUTETHHO

15 |JO Iepexon, eciu if JAcc| > 99999 then PC «— CR[ADR]
TeperoHEeHNe

16 | JNO ITepexon, ecnu HET if JAcc| < 99999 then PC «— CR[ADR]
TepenoHeHns

17 | IRZ ok DEC(R); if R # 0 then PC «— CR[ADR]
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Tabnuya 9.6 (npoodonicenue)

KOIl Muewto- Ha3zBanue JeiictBue
KOJ1
18 | INT IIporpamMmHOE DEC(SP); M(SP) < FLAGS.PC;
IIpepbIBaHNE PC « M(V)
19 | CALL BHI30B OAMPOrpaMMBl DEC(SP); M(SP) « PC;
PC « CR(ADR)
20 | Her
21 |RD Urenne Acc < DD
22 | WR 3ammch M(*) < Acc
23 | ADD CroxeHne Acc « Acc + DD
24 | SUB Borunranne Acc < Acc-DD
25 | MUL YMHOKEHHE Acc « Acc x DD
26 | DV Tlenenne Acc « Acc/DD
27 | Her
28 | H Paspemmts npepeiBanne | [F ¢« 1
29 | D 3anpeTuTh NpephIBaHue IF<0
30 | MV Iepechuika Rl « R2
31 |RD Urenne Acc« R*
32 | WR 3ammch R* < Acc
33 | ADD CroxeHne Acc < Acc + R*
34 | SuB Borunranne Acc <« Acc—R*
3B | ML YMHOXeHHE Acc « Acc x R*
3 | DV Tlenenne Acc « Acc/R*
37 | IN Brox Acc < BY(CR[ADR*])
38 | ouT BhiBox BY(CRIADR*]) < Acc
39 | Her
40 | Her
41 | RDI Yrenne Acc « |
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Tabauya 9.6 (oxonuanue)

KoIl Muemo- Ha3panne HeiictBue
KOJI

42 | Her

43 | ADI CroxeHne Acc « Acc+|

44 | SBI BblunTanue Acc « Acc—1

45 | MULI YMHOXeHHE Acc « Accx |

46 | DIVI Jlenenne Acc « Acc/l

Tabauya 9.7. Tabruya xooos ASCI (ppazmenm)
0 1 2 3 4 5 6 7 8 9 A/B|C | D) | E|F

0 Ol @)| P ' p A | P a p
1 ! 1 A| Q) a|qg b | C 0 c
2 " 2 B R b r B T B T
3 #,1 3| C| S| c S r | v r y
4 $| 4| D|T d t | ® | n
5 % | 5 E | U e u E | X e X
6 & 6 F |V f \ K| IO | x i
7 7.6 W|g|w 3 4|3 | u
8 ( 8 | H| X | h | X E|le | MW || u|m
9 Y L9 LY | iy M| I | # | m
A * J VA j z K | b K b
B + ; K [ k | { J | Bl | 1 | B
C , < | L I | M| b | M| b
D - = M| ] m | } H| D | u| o
E > | N n O || o | 1w
F / ?10 | _]o Inm|sa|n| s
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Tabnuua 9.8. I[lepesoo HEX-k0006 6 decsimuuHvle yucia

1/2/3,4|5, 6| 7|8, 9 A B | C|D|E|F

16 |32 |48 |64 | 80| 96 | 112 128 | 144 | 160 | 176 | 192 | 208 | 224 | 240

1713349 | 65| 81| 97 | 113|129 | 145 | 161 | 177 | 193 | 209 | 225 | 241

1834|5066 | 82| 98 | 114( 130 | 146 | 162 | 178 | 194 | 210 | 226 | 242

19| 35| 51| 67|83| 99 | 115|131 | 147 | 163 | 179 | 195 | 211 | 227 | 243

203652 |68|84 100|116 132 | 148 | 164 | 180 | 196 | 212 | 228 | 244

21|37 |53 |69 |85|101|117( 133 | 149 | 165 | 181 | 197 | 213 | 229 | 245

2213854 |70|86|102| 118 134 | 150 | 166 | 182 | 198 | 214 | 230 | 246

2339|5571 |87|103| 119 135 | 151 | 167 | 183 | 199 | 215 | 231 | 247

24140 |56 | 72| 88 | 104 | 120 136 | 152 | 168 | 184 | 200 | 216 | 232 | 248

Ol 0| N OO 0|~ WO N, O| O

25|41 57|73 |89|105| 121 137 | 153 | 169 | 185 | 201 | 217 | 233 | 249

=
o

26|42 |58 | 74|90 | 106 | 122 138 | 154 | 170 | 186 | 202 | 218 | 234 | 250

=
=

27|43 |59 | 7591|107 | 123139 | 155|171 | 187 | 203 | 219 | 235 | 251

=
N

28144 /60| 76|92 | 108 | 124 ] 140 | 156 | 172 | 188 | 204 | 220 | 236 | 252

=
w

2945|6177 93| 109 | 125( 141 | 157 | 173 | 189 | 205 | 221 | 237 | 253

[EEN
N

30|46 62| 78|94 110 | 126 | 142 | 158 | 174 | 190 | 206 | 222 | 238 | 254

MmO O0O|lm| > ol N|o |l w|NM|FL|O

=
(6]

31|47 63|79 |95| 111 | 127 143 | 159 | 175 | 191 | 207 | 223 | 239 | 255




nasa 10

JlabopaTopHble paboThbl

Llukn mabopaTopHBIX pabOT pacCYMTaH Ha BBHIMOJHEHHE CTYACHTaMH B paMKax
n3y4eHus KypcoB "Apudmernyeckue u oruueckue ocHoBsl DBM", "Ilpuknannas
teopus udpossix aBromatoB” (Ne 1, 2), "Apxutekrypa DBM" u apyrux, moaoo-
HBIX 110 conepkanuto (Ne 3—10).

PaGoter Ne 1, 2 BemonustoTest Ha nporpammuoi Mozenu AJIY (ALU-1 wmn ALU-R,
OIMMCAHHBIX B 21aée 8), paboTsl Ne 3—10 BEIIOIHAIOTCS Ha MPOrPaMMHON MOIEH
yuebHoii DOBM 1 B3auMOAEHCTBYIOMIMX C HEW MPOrpaMMHBIX Mozeniax BY u xom-
MaMsTH, OIIMCaHHBIX B 2rage 9.

Huka BrItogaeT paOOTH M 3aJaHUS pa3IudHOro ypoBHS. Tak, B pabore Ne 1 mpen-
JararTCcs Kak BapHAHThI 33IaHHU JUIs peaM3alliy MPOCTBIX allTOPUTMOB (CIIOXKE-
HHSI/BBIYUTAHUS), TAK U OOJIee CIIOKHBIC 3a7aHusl, TPEOYIOLINE OPraHU3aLMH [IUK-
70B (YMHOXEHUE, JIeIeHHe, CPAaBHEHHUE BECOB JBOMYHBIX BEKTOPOB U T. I1.). Pabora
Ne 2 mpenmnonaraet "norpyxenne” pazpaboTaHHOHN M OTJIAXKEHHOU B MepBoi pabo-
T€ MUKPOMPOTpaMMBI B TaMATh YIPaBIAIOLIEro aBToMaTa. Ee cioXHOCTh COOTBET-
CTBYET CJIO)KHOCTH 331aHHOTO (BBIOPaHHOI0) aIrOpUTMA MEPBOil pabOTHI.

JlaGopaTopHubie paboThl Noe 3—6 OpHeHTHPOBAaHBI Ha TIEPBUYHOE 3HAKOMCTBO C ap-
XUTEKTYPOH Mmpoleccopa, CUCTEMOI KOMaH/I, cliocobaMu aapecaliii ¥ OCHOBHBIMH
HNpHUeMaMH TIPOrPaMMHPOBAHMS HAa MAIIMHHO-OPHEHTHPOBAHHOM s3bike. Jlabopa-
TopHast pabota Ne 7 MILTFOCTpHpYET peann3anrio KOMaHJHOTO HUKJa Mpoleccopa
Ha ypoBHe MuKpoorepanuii. JJabopatopHas pabora Ne 8 mocesimieHa criocobam
OpTraHu3alMy CBSI3U MPOILECCOpa C BHEIIHUMH YCTPOHCTBaMH, a B J1a0OPaTOPHBIX
padotax Ne 9 u 10 paccMarpuBaeTCst OpraHU3anus K3II-IaMITi U 3QPEeKTHBHOCTh
Pa3NUYHBIX AITOPUTMOB 3aMEILCHHUSI.

Onucanne pabOTHl BKIIOYACT IMOCTAHOBKY 3ajlaud, IPUMEDP BBITIOJHEHHS, HA0OP
BapHUAHTOB WHAWBUAYAJIbHBIX 3aaHU, TOPSIOK BHITIOJHEHUS paboThI, TpeOoBa-
HUS K COACP>KaHUIO OTYETA U KOHTPOJIBbHBIE BOMPOCHI.
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10.1. NNabopaTopHasa pabota Ne 1.
Pa3paboTtka anroputma n MUKpoOnporpaMmmbl
apudmeTnyeckom onepauum

B 21ase 3 moapoOHO paccMOTpeHBI aNrOPUTMBI BHITIOTHEHUST OCHOBHBIX apudme-
THYECKHUX omeparuii. B mamHol pabore cinemyeT pa3paboTaTh alTOPUTM 3aaH-
HOW (BBIOpAHHOM) OMEpaIMi ¢ y4eTOM BBIOPAHHOW BaMU CpEIbl peaau3allii —
OA ALU-1umu ALU-R.

10.1.1. ApuchmeTuyeckme onepauum
CJI0XXKeHUA U BblYMTaHUA

OTH 3amaHus He TpeOYIOT pean3aliy LUKJIOB B MHUKPOIPOrpaMMax, JOCTaTOUYHO
WCTIONB30BaTh JIMIIb [IEPEX0ABI, B 3aBUCUMOCTH OT MPUHSTOTO CIIOC00a KOAUPOBa-
HUSL OTIEPAHIOB U COUETAHUS UX 3HAKOB.

B ta6n. 10.1 npuBeneHb BapraHThl 3aaHuii. IX 0COOCHHOCTH COCTOUT B TOM, YTO
4acTo OmepaHAbl M pe3ybTaT MPEACTABIAIOTCS B Pa3lMYHBIX Kojax. KoHewHo,
B peanbHbiX AJIY Takoro pa3Ho0os B KOAUPOBKE ObITh HE MOXKET (3TO 3HAYUTEIb-
HO YCJIOKHSIET aJTOPUTM TPH OTCYTCTBUH IMPEUMYIIECTB peanu3anun). OqHAKO
B yUeOHBIX 33/JJaHUSX TaKOW MOAXOJ MOKHO CUHUTATh MPHEMIIEMBIM, ITOCKOJBKY
3TO, BO-TIEPBBIX, YBEINYHBACT Pa3HOOOpa3ue BapUaHTOB U, BO-BTOPHIX, MO3BOJISET
YUTATENI0 B paMKaX OJHOTO 33[JaHHs BCIIOMHHTh OCOOCHHOCTH BBITIONIHEHHS OTIe-
palyu B pa3InuHbIX KOJax.

B ta6m. 10.1 npuHATH cieqyomuye 0003HaAUYSHHS
O [IK — opsmoi Ko,

O OK — oOpatHsIif Kof;

O JIK — nomnoJHUTENbHBIN KO/,

B 3amanuun ykaspIBaroTcs onepawusi, KO BBIIOJHEHHs ONEpaluy, KOAbl BXOTHBIX
OTIEpaHAOB U KOA pe3ynbTata. Eciu Ko BHIIIOJHEHUS ONEpaLuy npsamoll, He00X0-
VMO B TPOLIECCE €€ BBIIIOJHEHUS NIEPEBECTH 00a onepaHaa B MPSIMOH KOI U OCy-
LIECTBUTDH 33JaHHYIO ONEPALUIO C UCIOIb30BAHUEM MHKpPOOIEpAMii CyMMHPOBa-
HUSI WM BEIYUTAHUS JBOUYHBIX BEKTOPOB.

Ecnu ko BBINIONHEHHUS OMEpaldu donoiHumenvhvli (oopammuwiil), HEOOXOIMMO
B TIPOILIECCE BBIMTOJHEHUS ONepallly IMepeBecTH 00a ornepaH/ia B AOMONTHUTEIbHBIH
(oOpaTHbIii) KOA. B ciydae BBINOSHEHHs BBIYMTAHUS Jajice HEOOXOIUMO OIpe/e-
JUTh JIOTIOJHUTEIBbHBIA (0OpaTHBINM) KO/ MPOTHUBOIOJIOKHOTO MO 3HAKY YHCIA,
OCYIIIECTBUTH OTEPAINIO C UCIIOIB30BAHUEM MHUKPOOTIEpAI CYMMHUPOBAHUS BO-
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WYHBIX BEKTOPOB M, BO3MOXXHO, IIPOBECTH KOPPEKLHIO pe3ynbTara. [locne Bbimon-
HEHMS OIepalvy pe3yibTaT HeOOXOIMMO MEPEBECTH B KOJ, yKa3aHHBIA B 331aHUH
KaK KOJ pe3yybTaTa.

Tabnuya 10.1. Bapuanmul 3a0anus

Ne Tun Kon Kon Kon Kon
omepamnuu 1 onepannga 2 omepanja BBINOJIHEHHS pe3yJbTaTa
1 Cnoxenue K IK OK K
2 Crnoxenue OK K IK K
3 Brrauranne IK K IK K
4 Cnoxenne K K OK K
5 Brrauranne IK K IK K
6 Brrunranne 1K IOK K IK
7 Cnoxenue K K IK K
8 Crnoxenue IK MK K IK
9 Cnoxenne K K OK K
10 | Boruuranue K K K K
11 | Cnoxenue 1K K OK K
12 | Crnoxenne IK K IOK IK
13 | Boluuranue K K OK K
14 | Crnoxenne 1K OK K IK

B kauecTBe oOpasua peanu3zanuy MOJOOHBIX 33JaHUM MOXXHO PaccMOTPETh MpHU-
Mmepsl 8.1 u 8.2.

10.1.2. 3agaHMA NOBbILLEHHOW CITIOXXHOCTH

1. PazpabotaTh W OTIaAWTh MHKPONPOTpaMMy YMHOeHHs. DopMar cCOMHOXKHUTeE-
Jielt — 1ienoe 0e3 3Haka, 8 out. dopmar npousBeneHns — 1ennoe Oe3 3Haka, 16 our.

2. Pa3paboTarh M OTIAJUTh MUKPONIPOTPaMMy YMHOXKeHHs. PopMaT COMHOKHTE-
nell — mpaBwmibHAs poOb Oe3 3Haka, 8 Oout. dopmaT mMpousBeneHUs — Mpa-
BUJIbHAS IpoOh Oe3 3Haka, 16 owur.

3. Pa3paboTarh ¥ OTIaIUTh MUKPONPOTpaMMy YMHOKeHHs. PopMaT COMHOKHTE-
Jiell — mpaBwiIbHAs IpoOb Oe3 3Haka, 8 Out. dopMaT MpousBeeHUS — Mpa-
BUJIbHAS JIpO0h Oe3 3Haka, 8 OuT 0e3 OKpyTrJeHHs.
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4.

10.
11.

12.
13.

14.

Pa3pabotaTh ¥ OTJIAJAUTh MHUKPOMPOrpaMMy yMHOXeHHUs. POpMaT COMHOKH-
TeJel — NpaBWIbHAs Apo0b Oe3 3Haka, 8 our. dopmaT npousBeieHUs — TIpa-
BUJIbHAS IpOOb Oe3 3HaKa, 8 OUT C OKPYTIICHUEM.

Pa3zpaboTtaTh ¥ OTIAgUTH MHUKPONIPOTPAaMMYy yMHOXKEHHA. DopMaT COMHOXKH-
TeJIeH U MPOU3BEJCHHUS — TIPAaBHIIbHAS IPOOh CO 3HAKOM, 8 OUT, MPSMOM KOJI.

PazpaboraTh M OTHamuTh MHUKpPONPOrpaMMy yMHOXeHHs. DPOpMaT COMHOXKH-
Teyel — TmpaBWIIbHAS JIPoOb cO 3HaKoM, 8 OUT, npsmMoi koJ. Popmar npous-
BEJICHUS — IpaBUIIbHAs APo0b O 3HaKOM, 16 OuT, nmpsmMoii Koz.

PazpaboraTh U OTHamuTh MHUKpPONPOrpaMMy yMHOXeHHs. DPOpMaT COMHOKH-
Tene — 1enoe 0e3 3Haka, 4 6ura. PopmaT npownsBeneHus — 1eioe 0e3 3Ha-
Ka, 8 our.

PazpaboraTh M OTNagUTh MHUKpPONPOrpamMMy JeJIEHHs METoAoM "0e3 BoccTa-
HOBJIeHHUs1 ocTaTka". dopmMar ormepaHIoB M pe3ylbTaTa — IpaBHIIbHAS APOOb
0e3 3Haka, 8 6ut. PesynbpTar He OKpyrIsieTcs.

PaszpaboraTh ¥ OTJIAUTh MUKPOIIPOTPAMMY JCJICHHS METOJOM "C BOCCTAHOB-
neHneM octatka”. @opmar orepaHIoB U pe3yabTaTa — MpaBHiIbHAS IpoOk O3
3HaKka, 8 OuT. Pe3ynbTar HEe OKpyTIseTCs.

OHpCILCJ'II/ITI) BE€C (KOJ'H/I‘-IGCTBO CAVMHUYHBIX KOMHOHCHT) JABOWYHOT'O BEKTOpPA.

Onpenem/nb pacCcTodaHuc XBMMHHTa (KOJ'II/I‘IGCTBO HCCOBIMaJaOIMUX KOMIIO-
HCHTOB) MEXIAY ABYMs IBOUYHBIMU BEKTOPAMMU.

CpaBHUTBH Beca IBOMYHBIX BEKTOPOB.

Onpenenvte MO3WIAN CTapIIe eTUHUIBI U MIIAIIETO HYJS ABOWYHOTO BEK-
TOpAa.

OHpC[[CHI/ITI) IIO3UHn MJ'IaI[HICﬁ CAVHULIBI U CTAPUICTO HYJIA JBOUMYHOI'O BCK-
TOpA.

10.1.3. NMopsaaok BbINOSIHEHUA 3a4aHUN

3anaHus Kak NEepBOM, TaKk U BTOPOM TPyIIbl MOXHO BBINIOJIHATH HAa IMPOTrpaMMHOM
momennn OA AJIY ALU-1 wmm ALU-R. B pamkax BbIONHEHUS 3a7aHusi HEOOXO-
JTUMO:

1.

Paspaborath rpad-cxemy (I'CA) miam TEKCTOBOE ONHMCAHHE AITOPUTMA 3a/laH-
HOM omepanuu.

Paspaborath Mukponporpammy (B TEpMHHAX MHKPOOIEPAIIMHA M JOTHYCCKHX
yCIOBHUiA), peanusyromnlyo paspadotanusiii B 1. 1 amroput™ s OA BeiOpaH-
moit mogenu AJTY (ALU-1 wmu ALU-R).
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[IpoBepuTh BBINONHEHHE Pa3paOOTAHHOW MHUKPONPOTrpPaMMBbl Ha HECKOJIBKUX
TECTOBBIX MpuMepax (B 4aCTHOCTH, ISl MUKPOIIPOTPaMMBbI BBITIOJIHEHUS apud-
METHYECKOH OINEepaluy AOJDKHBI OBITh PAaCCMOTPEHBI CIIydyal OIMHAKOBBIX
U Pa3HBIX 3HAKOB OINEPAHJIOB, OTCYTCTBHS U HAJIMYHS MEPETIOIHCHUS U T. I1.),
yOeauThCsi B KOPPEKTHOCTH PabOThl MUKPOIPOTPaMMBbI Ul BCEX BO3MOXKHBIX
BapHAHTOB COYETAHUI ONEPAH/IOB.

[pennoxuTh CTPYKTYpy omepanuoHHoro aBromara (OA), ONTHMaNbHYIO UIs
peanu3anuu pa3paboTaHHOTO alropUIMa.

10.1.4. CopepxxaHue oTyeTa

1
2.

®opMyIMpoBKa BapUaHTa 3a/1aHus.
PazpaboTtanHblil anroput™ 3aganHoi onepanuu B popme ['CA.

MukporporpaMmMa, COOTBETCTBYIOIIAA Pa3pabOTaHHOMY alTOPUTMY U CTPYK-
Type OIepalMoOHHOTO aBTOMATa, Ha KOTOPOM IIPEIIoJaraeTcs ee pearn3oBarh
(ALU-1 wim ALU-R). MukponporpaMmy MOXXHO MHpPEICTaBUTh B (opme
rpad-cxeMbl WM B TaOmmuHOM (opme, MOJ0OHO MPUBEISCHHOW B TpHMe-
pax 8.1 wim 8.2.

Pesynbrar TECTHPOBAHUS MHUKPOIPOIPaMMbI Ha HECKOJIBKHX MpuMepax (B Gop-
Me TaOmuIlsl, momo6Hoi Tadi. 8.4).

CTpyKTypy ONIEpallMOHHOIO aBTOMAara, ONTUMH3MPOBAHHYIO JJISl BHIIOJIHEHUS
TOJIBKO OJIHOM 3aJaHHO¥ onepauuu ((yHKIHMOHAIbHAs CXeMa, CIHCOK MUKpPO-
OTepaIyii ¥ JIOTHYSCKUX YCIIOBHIA).

10.1.5. KOHTpOrbHbIe BONPOCHI

1.

Kak oOHapyXuTh (akT NEPErnoSHEHUS pPa3psAIHON CETKUA MPH BBIMTOJHECHUU
orepanuu areOpandeckoro CIOKEHHs B mpsMoM kone? B oOpatHom? B jo-
MOJTHUTEIILHOM ?

IIo KaKOMY NPU3HAKY MOXXHO 3aBCpUIATh ITUKII yMHO)KCHI/ISI?

Kak OMpeACINTh 3HAK MPOU3BCACHUA IIPHU YMHOXCHUU Ilp06HI)IX quceln, npea-
CTaBJICHHBIX B IIPSAMOM KO,Z[e?

Kak ¢dopmupyercst ouepennasi nuppa 4acTHOTO TPH BBIMOJHEHHH ONEpaIid
JIENIeHUs METOA0M "¢ BOCCTAHOBJIEHUEM OCTATKA' 7

B uem oramume M NMpeMMyILECTBO METOAA JieJIeHUs "0e3 BOCCTAaHOBJICHUS OC-
TaTKa" 10 CPAaBHEHHUIO C METOJIOM "¢ BOCCTAHOBIICHHEM OCTaTKa"?

Kakum 06pa3zom MoxkHO onpeaeauts B AJIY Bec ABOMYHOIO BEKTOpa?



Maea 10. JlabopamopHbie pabomel 293

10.2. NNabopaTopHaa pabota Ne 2.
NMporpammupoBaHuMe ynpaBnsoLwero aBTomara

JlabopatopHas pabota Ne 2 siBisercsl NpsIMBIM NIPoAoIDKeHneM padboTel Ne 1, mo-
ATOMY HE IMpeayCMaTpHBaeT OTHACIbHBIX 3ananuil. Heobxoaumo pa3paboTaHHYIO
1u1si BeIOpanHOro TUma AJIY M NpOTECTUPOBAHHYIO MHUKPOIPOrpaMMy, MOTy4YCH-
Hyto B pabote Ne 1, 3amporpaMMHUpOBaTh U Pa3MECTUTh B IaMSITH COOTBETCTBYIO-
IIEro YIPaBJISIOLUIET0 aBTOMATa C MPOrpPaMMHUPYEMOH JIOTUKOM.

dopmMaTel MUKPOKOMaHJA U CIOCOOBI MporpammupoBanus mozaeineir YAIUI mon-
po6HO ommcansl B pazo. 8.1.2 (mist ALU-1) n 8.2.2 (mns ALU-R).

10.2.1. NMopsanok BbINOMIHEHUSA 3a8aHUN Npu paboTe
C nporpaMmmMmHoun moaenbio ALU-1

1. BBISCHHTH, SBISICTCS JIM pa30MeHUEe MUKPOOIEpaIuii, MpeajaraeMoe mo yMmoJ-
YaHWIO CTaHJMAPTHOW TaONWIed KOJMPOBKH, MPUEMIIEMbBIM ISl pealn3aluu
pa3paboTaHHOI MUKPOTIPOTPaMMBI ONEPAIIMOHHOTO aBTOMATA.

2. Ecnu crannaptHoe pa3OMeHHe HENpUEeMIIEMO, Pa30UTh MHOMXECTBO HCITOJIB30-
BaHHBIX B MCXOAHOM MHKpomporpamme mukpoonepannii (MO) Ha moaMHOXKeE-
cTBa HecoBMecTUMBbIX MO, 3aK0AMPOBATH MUKPOOIIEPAIUU B TTOJIMHOXKECTBAX,
MOJIEPHU3UPOBATH TAOJIMITy KOJUPOBKH U COXPAHUTH €€ B OTIENbHOM (paiine.

3. 3armmvcath MUKPOIPOrpaMMy Ha sI3bIKE MUKpOAcceMOIepa, OIMMCaHHOTO B pa3o. 8.1.2,
U OTKOMITWIIMpPOBaTh ce. [Ipu HEoOXOAMMOCTH YCTPAaHUTh CHHTAKCHUYCCKHE
OIITNOKH.

4. OTnanuTe MHKPOIPOTPAMMY B A8MOHOMHOM pedicume, 3aAaBas Pa3INIHBIC
3HAYEHMsI IOTUYECKUX YCIOBUH BPYYHYIO.

5. B pexume Ynpasnenue om ynpasnsioueco asmomama NIpoBepUTh GYHKIINOHU-
poBanue AJIY noj ynpaBieHHEM OTJIaXEHHOW MUKPOIPOrPaMMbl HA HECKOJIb-
KHUX [IpUMEpPaX.

10.2.2. CopepxaHue otyeta npu paborte
C nporpamMmmMmHou mogenbio ALU-1

1. ®opmyaMpoBKa BapHaHTa 3aJaHUSI — MHUKPOIPOrpaMMa, IIOJrOTOBJICHHAs
B pabote Ne 1.

2. AHanu3 NPUroJHOCTH pa3OueHust MHOXKecTBa Mukpoomneparuii OA 1o ymon-
Yyanuro IUTS Pean3alii UCX0THOW MUKPOIIPOTPaMMEI.
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3. B cimydae HEnmpWTOgHOCTH MPEIaraeMoro 1Mo yMOJTYaHUIO pa3OueHus — coO-
CTBEHHBII BApHAHT Pa30MEHMs M KOJXUPOBKH MHOKECTBA MUKPOOTIEPALIHI.

4. TexCT MUKpOIPOTpaMMbl Ha SI3bIKE MUKpoacceMoOuepa.

5. Copepxumoe mamsti Mukporporpamm Y AT (mosmydeHHOE mMOcie KOMITHIIS-
MU TEKCTa MUKpomporpaMmsbl). [Ipu HE0OXOMUMOCTH — U3MEHEHHs, BHECCH-
HBIE B IaMATh [IPU OTIAJKE MUKPOIIPOTPAMMBI.

6. TecroBble puUMepHI, BHIMOJIHEHHBIE B Mpoliecce MpoBepku padotel AJIY mon
ynpasieaneM Y AT

10.2.3. NMopsanok BbINOMIHEHUSA 3aaaHUN Npu paboTe
C nporpaMmmMmHoun moaenbio ALU-R

1. [oAroTOBUTh MCXOIHYIO MHKpOIpOrpamMmy (MOJYYEHHYIO B pe3yJbTaTre Bbl-
nonHeHus: padbotel Ne 1) B popme, mogodHoi Tabu. 8.5. Ilpu stom B crondie
MeTkHu nyuie cpa3y moMemaTh abCOMOTHBIC afpeca (e€ciu pa3Mep MHUKPOIPO-
rpaMMBbl M Ballla BHUMATEIILHOCTh MO3BOJISICT 3TO ceiath). CleayeT OMHUTS,
YTO JBE TMOCJEA0BATEIbHBIE CTPOKH TaOJHIbI, TIEPBON M3 KOTOPBIX SIBISETCS
MHUKPOKOMaH/a, a BTOpas — YCIOBHBIH WM OE3YCIIOBHBIH IEPEX0A, MOTYT
pasmemartbes B mamsaTa Y AILJL B oHOM MUKpOKOMAaHIE.

2. 3arpy3uTh IBOMYHBINA KOJI MUKpoTporpaMmMbl B maMate Y AITJL. [lns storo cie-
IyeT OTKPBITh BKIAAKYy YA, ycTaHOBUTH (uiakok JloGaBjienue M, IIenKas
MBILIBIO TI0 COOTBETCTBYIOIIMM MHEMOHMKAM IOJIeH MUKPOKOMAaHIbI, 3aHECTH
B NIaMSITh HCXOAHYI0 MHKporporpamMy. Eciiu B Hell purypupyrot abcotoTHbIe
azipeca IepPexXoJ0B, UX CPa3y MOXKHO 3aHOCHTh B IOJe AJpec, MHa4ye aapeca
MEPEX0A0B MPHUIETCS yCTaHABIMBATH IIPH BTOPOM IIPOXOJIE.

3. TlpoBepuTh MpaBUIBLHOCTH MEPEXOJOB 10 MUKPOIPOTrpaMMe B aBTOHOMHOM pe-
KM€, 3a/1aBasi pa3Iu4Hble 3HAUCHUS JJOTUYECKUX YCIOBUHI BPYUYHYIO.

4. YcranoBuB ¢uaxox Hoakmawounts kK OA, 0TIaIuTh 3arpy>K€HHYI0 MUKPOTIPO-
rpaMMy Ha psiZie TECTOBBIX IPUMEPOB.

10.2.4. CopepxaHue otyeta npu paborte
C nporpamMmmHou moaenbio ALU-R

1. ®opmyaupoBKa BapHaHTa 3aJaHUs — MHKPOIPOrpaMma, IOJrOTOBJICHHAs
B pabote Ne 1 B popme Tadm. 8.5.

2. Jlamn namstu Y AT ¢ 3arpy>keHHOH MHKPOITPOTpPaMMOIA.

3. TecToBbIe mpHUMeEpPHI, BBHITIOTHEHHBIE B Tpollecce MpoBepku padotel AJIY mox
ynpasinenuem Y ATTJL.
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10.3. llabopaTopHasa paboTta Ne 3.
Apxutektypa 9BM u cucrema komaHg

10.3.1. O6wme nonoxeHuns

Jnst pemmenns ¢ momompeo 9BM HekoTopoit 3agaun AoKHA OBITH pa3paboTaHa
nporpamma. [Iporpamma Ha si3pike DBM mpencrasisier co0ol mocienoBaTess-
HOocTh KomaHAa. Kox kaxaoll KOMaHIbl ONpezenseT BHIIOJHAEMYIO oOIepa-
LU0, TUM agpecaluu U ajapec. BeImonHeHne nporpaMMebl, 3alMCAaHHON B aMSTH
OBM, ocyuiecTBisercs MOCAEA0BATEIbHO 110 KOMAaHIaM B IIOPAIKE BO3PACTaHUS
aZpecoB KOMaHJ WU B MOPSIKE, OMpeaesieMOM KOMaHAaMH Mepeiadu yrnpas-
JICHUSL.

st Toro 4ToObl MONYYUTh PE3yJbTAaT BBHINOJIHEHHS NPOrpaMMbl, I0JIb30BaTENb
JIOJIKEH:

O BBecTH nporpaMmy B namsatse OBM;

O omnpenenuTs, €ciau 3TO Heobxoaumo, coaepxkumoe sueek O3Y u POH, coxep-
JKAIIUX UCXOHBIE JaHHbIE, a Takxke peructpos IR u BR;

O ycranosuts B PC cTapToBBIii apec mporpaMmsl,
O nepeBectu Mojelb B pexxum Padora.

Kaxxnoe u3 3TuX AeiicTBU BBITIOMHSAETCS TIOCPEICTBOM HHTEpdeiica MO, OTH-
CaHHOTO B 21ase 8. BBoJ mporpaMMbl MOKET OCYHIECTBIATHCS KaK B MAaIlIMHHBIX
KOZIax HEMOCPEICTBEHHO B IaMATh MOJENH, TaK U B MHEMOKOAax B okHO Tekcr
NMPOrpaMMBblI C TOCIIEAYIOIINM acCeMOIMPOBAHUEM.

Lenp HacTosimel J1abopaTOpPHOU pabOThl — 3HAKOMCTBO ¢ MHTEp(deiicoM Moaeu
OBM, MmeromaMu BBOAA M OTJIAJKH MPOTPAMMEI, NEHCTBUSIMH OCHOBHBIX KJIACCOB
KOMaHJI ¥ CIoco0OoB ajapecaruu. J1Jis 3TOro HEOOX0IMMO BBECTH B Hamsith DBM
¥ BBIMOJIHUTH B pexxume HIar HeKOTOpYrO MOCIeI0BaTeIbHOCTh KOMaH T (orpesie-
JICHHYIO BapUaHTOM 33J1aHKs) U 3a(UKCUPOBATh BCE M3MEHEHHS Ha YPOBHE IPO-
TPaMMHO-IOCTYITHEIX 00bekToB OBM, mpowncxoisimye Npu BBITIOTHEHHH 3THX
KOMaH/I.

Komanapel B mamsath yueOHON DBM BBOIATCS B BUJC IIECTUPA3PSIHBIX JCCATUY-
HBIX yHcen (cM. popmarel KoMaHa Ha puc. 8.3, KOIbl KOMaH/ U CIoco00B ajpeca-
uuu B Tadn. 8.2—8.4).

B nmanHoli nabopartopHoii pabote Oymem mnporpammuipoBath DBM B MalluHHBIX
KOJIax.
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10.3.2. NMpumep

Jlana mocnenoBaTebHOCTh MHEMOKOJIOB, KOTOPYH HE0O0XOJMMO MpeoOpa3oBaTh
B MamuHHBIE Konbl, 3aHecTn B O3Y OBM, Bemonauts B pexkume Hlar u 3a-
(UKCHpPOBAaTh WM3MEHEHHUE COCTOSHHUHA MPOrPaMMHO-AOCTYNHBIX 00BeKTOB DBM
(rabm. 10.2).

Taonuua 10.2. Komanowst u koowi

IMocsienoBaTe/IbLHOCTH 3HaveHus
Koapr 211020 220030 231005 222030 120002

BeneMm mosrydeHHBIE KOJBI MOCHE0BaTeNbHO B sueliku O3Y, HaumHas Cc aapeca
000. Bemonnsist komanasl B pexxume Llar, Oyaem ¢pukcupoBaTh U3MEHEHHs MPO-
IPaMMHO-JIOCTYITHBIX 00beKTOB (B JaHHOM cirydae 310 Ace, PC u stueiiku O3Y 020
u 030) B Tab:1. 10.3.

Taonuya 10.3. Cooeporcumoe pecucmpos

PC | Acc M (30) M (20) PC | Acc M(30) | M(20)
000 | 000000 | 000000 | 000000 | 004 000025
001 | 000020 002

002 000020 003 | 000030

003 | 000025 004 000030

10.3.3. 3agaHue

1. OznakomuthCs ¢ apxutekTypoid OBM (cm. uacms 1).

2. 3anmcatrs B O3Y "mporpamMmy”, COCTOSIIYIO U3 MSATH KOMaHJ — BapHaHTHI 3a-
nanusi BeIOpaTh w3 TaOn. 10.4. KoMaHabl pa3MecTUTh B MOCIEIOBATEIBHBIX
siYeMKax MaMsATH.

3. Ilpu He0OXOAMMOCTH YCTaHOBUTH HaYaJbHOE 3HAYCHUE B yCTPoiicTBO BBoAa IR.

4. OnpexnenuTh T€ MPOTPaAMMHO-AOCTYIHbIE 00bekThl DBM, KoTopeie OyayT M3-
MEHSITBCS TIPH BBITIOJIHEHUH 3TUX KOMaH]I.
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5. Bemonnuts B pexkxume Lllar BBeA€HHYIO TTOCTIEIOBATENIEHOCTh KOMaH], UKCH-
pys M3MEHEHUsI 3Ha4eHHH OOBEKTOB, OIpENCNICHHBIX B II. 4, B Tabmuie (cM.
dopmy Tabi. 10.3).

6. Eciu B mporpamme o0pasyercsi MUKJI, HEOOXOIMMO IMPOCMOTpPETh He Oolee
JIBYX MMOBTOPEHHH Ka)10i KOMaH/bl, BXOJSILEH B TEJIO IUKIIA.

Taonuya 10.4. Bapuanmer 3a0anus

Ne | IR Komanga l | Komanga 2 | Komanga 3 | Komanpga 4 Komanpga 5
1 000007 | I'N MJL #2 VR10 WR @0 JNS 001
2 |Ix RD #17 SUB #9 VR16 VR @6 JNS 001
3 100029 | IN ADD #16 VARS8 VR@B JS 001
4 X RD #2 MJL #6 W 11 WR @i JNZ 00
5 000016 | I'N VARS8 DIV #4 WVR @B JMP 002
6 X RD #4 WR 11 RD @1 ADD #330 JS 000
7 | 000000 |IN VIR9 RD @ SUB#1 JS 001
8 | X RD 4 SUB #8 VIR8 VR @ JNZ 001
9 100005 | I'N ADD #12 WR 10 WR @0 JS 004
10 | X RD 4 ADD #15 VR 13 VR @3 JMP 001
11 | 000315 | IN SUB #308 WR11 W @l JVMP 001
12 | X RD #988 | ADD #19 VIR9 VR @ JNZ 001
13 | 000017 | IN VR11 ADD 11 WR @1 JMP 002
14 | X RD #5 MJL #9 WR10 W @0 JNZ 001

10.3.4. CopgepxxaHue otyeTta
1. ®opmynupoBKa BapuaHTa 3a/IaHUS.
2. MamuHHBIE KOIBI KOMaH]I, COOTBETCTBYIOIIUX BapHUAHTY 3alaHHU.

3. Pe3ysbTaThl BBITOTHEHUS MMOCIIEI0BATEIBHOCTH KOMaH 1 B popme Tadu. 10.3.

10.3.5. KoHTpOsnbHbIe BONPOCHI

1. 13 xakux OCHOBHBIX uacTeld cocTouT DBM U Kakue W3 HHUX NPeACTaBIICHBI
B MOJIEJIU?

2. Yro Takoe cucrema koMaug DBM?
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3. Kakue kimacchl KOMaH/I MPE/CTABICHBI B MOJICITH ?
4. Kakue 1eicTBUS BBIOIHAIOT KOMaH/BI IEpeJadn YIpaBICHUS ?

5. Kakue crmocoObl agpecanuy UCIoNb30BaHbl B Mojaenn O9BM? B dem oTiinune
MEX]Ty HUIMU?

6. Kakue orpaHuveHUs HaAKIQJBIBAIOTCS Ha CIIOCOO0 TPEICTABJICHUS IaHHBIX
B Mojgeinu DBM?

7. Kakue pesxumbl pabOThI TPEIYCMOTPEHBI B MOJICIIN M B Y€M OTIMYHE MEXKIY
HUMHA?

8. Kak 3anucath nporpaMmy B MallIMHHBIX KOJIaX B aMsATh Mojaean IBM?

9. Kak mpocMOTpeTh COIEepKUMOE PErUCTPOB IPOIECCOpa M M3MEHHTH COJep-
’KHMOE HEKOTOPBIX PETUCTPOB?

10. Kak mpocMOTpeTh U, MpU HEOOXOJAMMOCTH, OTPEAAKTHPOBATH COACPKHMOC
STYEUKU ITaMITA?

11. Kak 3amrycTUTh BBHITIOJIHEHHE MPOTPaMMBI B PEKUME MPHOCTAHOBKH PabOTHI
HIOCJIE BBITTOJTHEHUS KK JOH KOMaHIbI?

12. Kakwue crioco0bI apecaliyiu oOnepaHaoB IPUMEHSIOTCS B KoMaHax DBM?

13. Kakne KoMaHAbI OTHOCSTCS K KIIacCy Mepeadn yIpaBIeHHs ?

10.4. NNabopaTtopHaa paboTta Ne 4.
NMporpammMmupoBaHune pa3BeTBNAOLWErocs
npouecca

Jns peanuzanuy anropuTMOB, IIyTH B KOTOPBIX 3aBUCAT OT UCXOJHBIX JIAHHBIX,
HCIIONIB3YHOT KOMaH/bl YCIIOBHOM IEpEIayu YIIPaBICHUS.

10.4.1. NMpumep

B kauectBe npumepa (HECKOIBKO YIPOILICHHOTO 10 CPAaBHEHHUIO C 3aJaHHSMH Jia-
6opatopHOit paboThl Ne 2) pacCMOTPUM MPOrpaMMy BBIYHUCIICHHS (PYHKIIU

(x-11)> -125, npu x>16,

Y=19 %% +72x—6400
—168

npuyeM X BBOAMTCS ¢ ycTpoiicTBa BBoja IR, pesynbrar y BeiBogutcs Ha OR.

, pa X <16,

I'pag-cxema anropurMa perieHus 3a1a4uu mokazana Ha puc. 10.1.
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Y= (- 11y - 125 |

Hauano

¥+ 72x — 6400

BeiBon y

Puc. 10.1. I'pad-cxema anropurma

B nmannoit nabopaTopHoii paboTe UCTONB3YIOTCS ABYXCIOBHBIE KOMaHABI C HEMO-
CPEICTBEHHOU ajpecaluel, MO3BOJSIOIUE ONEPUPOBATh OTPULATEIBHBIMUA YHC-
JIaMH M YUCIIaMH 110 MOJYJI0, peBblmatomue 999, B kauecTBe HENOCPECTBEHHO-
ro oInepanja.

OnennB pazMep mporpamMmbl puMepHo B 20—25 KoMaH[, OTBEAeM ISl 00IacTH
nanabiX saeriku O3Y, HaumHas ¢ agpeca 030. CocraBneHHast mporpaMma ¢ KOM-
MEHTapHusIMH TpezcTaBieHa B Bue Tabmn. 10.5.

Tabnuya 10.5. Ilpumep npozpammol

Komanpna

Anpec Ipumeuanue

MHueMoKko0x Kon
000 I'N 01 0 000 BBoa x
001 VR 30 220030 Pasmemenne x B O3Y (030)
002 SUB #16 241016 CpaBHenue ¢ rpanuneii — (x—16)
003 JS 010 130010 Ilepexo 110 OTPHUIATENLHON Pa3HOCTH
004 RD 30 210030 Beruncnenus no nepsoit Gpopmyie
005 SUB #11 241011
006 WR 31 220031
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Tabauya 10.5 (oxonuanue)
Komanpga
Anpec Ipumeyanue
MHuemoxox Kon
007 ML 31 250031
008 SUB #125 241125
009 JMP 020 100020 ITepexos Ha BHIBOJ| pe3yNbTaTa
010 RD 30 210030 Brruucnenus no BTopoit popmysie
011 ML 30 250030
012 VR 31 220031
013 RD 30 210030
014 MJL #72 251072
015 ADD 31 230031
016 ADI 43 0000
106400
017 106 400
018 Di VI 46 0 000
100168
019 100168
020 aut 02 0000 BeiBox pesynbTaTa
021 HLT 09 0 000 Cron

10.4.2. 3apaHue

1. PazpaboTtath mporpaMMy BEIYHCICHHS W BBIBOZA 3HAUEHUS (PYHKIINU:

-

F, (x), mpu x = a,
F;(X), npu x<a,

Juist BBogumoro u3 IR 3HaueHust aprymenta X. OyHKIUU U TOMYCTHUMBbIE TIpe-
JIeJIbl U3MECHEHUST apryMeHTa rpuBeneHbl B Tabia. 10.6, BapuaHThl 3ajiaHUil —
B Ta0a. 10.7.

2. Vcxons U3 JOMyCTUMBIX MPEIeioB H3MeHeHus aprymenta ¢yHkmuii (tadi. 10.6)
W 3HAaYCHHMS TapamMeTpa @ Jyisi CBOero BapuanTa 3ajanus (tabs. 10.7) BeiaeauTsh
Ha 4HuciIoBoi ocu OX 001acTd, B KOTOPHIX (QYHKIMS Y BBIYHUCISETCS MO Mpe-
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craBieHHOH B 1. 1 opmyre, u HelomycTUMble 3Ha4YeHus aprymenta. Ha nermo-
MYCTUMBIX 3HAYE€HHAX apryMeHTa Iporpamma JojbKHa BbiaBath Ha OR mak-
CHUMAIIbHOE TT0 MOAYIIO OTpHIIaTebHOe yucio: 199 999.

3. BBectu TekcT mporpamMMbl B OKHO TekeT mporpamMmsl, IpU 3TOM BO3MOXKCEH
Ha0Op M PENAKTUPOBAHME TEKCTA HEMOCPEICTBEHHO B OKHE TekeT mporpamMmsl
WM 3arpy3Ka TeKCTa U3 Qaiiia, MOJAroTOBIEHHOTO B JPYTOM PeIaKTope.

4. AcceMOmMpoOBaTh TEKCT MPOTPaMMBbI, TIPH HEOOXOAUMOCTH HUCIPAaBUTh CHHTAK-
CHUYECKHE OLINOKH.

5. Ormaguts nporpammy. st 3Toro:
a) 3ammcarth B IR 3HaueHne aprymenTa X > @ (B 00aCTH IOITyCTUMBIX 3HAYCHHU);
0) 3amucath B PC cTapToBbIii aipec mporpaMmei;

B) TPOBEPHUTH MMPABUIBHOCTD BBIMOJHEHUS IPOTPaMMBI (T. €. MTPABUIBHOCTD pe-
3yJabTaTa U ajpeca OCTaHOBA) B aBTOMATHYECKOM pekume. B ciydae Hanu-
4usl OIIMOKH BBITIOJHUTE MII. 5, 2 U 5, 0; MHa4e nepeuTu K 1. 5, ¢;

r) 3anucats B PC cTapTOBBIH ajpec nporpamMMsi;

1) HaOuo/as BeINOJIHEHHE nporpamMMsel B pexxume Lar, Haiitn komaHny, siB-
JISFOIIYIOCS TPAYUHON OIUOKH; CTIPABUTh €€; BBITIOIHUATH III. 5, a — 5, 6;

e) 3amucath B IR 3HaueHne aprymenTa X< a (B 00JacTH JOMYCTUMBIX 3HAYE-
HU#); BBITOJIHMTS IIIL. 5, 6 1 5, 6]

k) 3anucath B IR HeIomycTuMOe 3HaYeHHe apryMeHTa X W BBIOJIHUTH M1, 5, 6
ub,s.

6. g BEIOpaHHOTO JOMYCTUMOTO 3HAYSHHS apTyMEHTa X HaOJIOJaTh BBIMOJIHE-
HUE OTIaXeHHO! mporpammbl B pexume llar u 3amucats B dhopme Tabn. 10.3
coiepKuMoe perucTpoB DBM mnepe BEITIOTHEHNEM KaKI0H KOMaH/IbI.

Tabnuya 10.6. Dynxyuu

k | Fu(X) k| Fux)
2
1 X+17; 2<x<12 5 M; 50< X< 75
1-x 15
(x+3)° 2 +7
2 | =—=;1<x<50 6 ; 1<x<30
X X
2
3 1. 5hex<o1s 7 | XEZ 5p<x<s0
x+10 10
1
4 | (x+3)°; -20<x<20 8 %; 1<x<90
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Taéonuya 10.7. Bapuanmer 3a0anus

Homep Homep
BApHAHTA ! J a BapHAHTA ! J a
1 2 1 12 8 8 6 30
2 4 3 -20 9 2 6 25
3 8 4 15 10 5 7 50
4 6 1 12 11 2 4 18
5 5 2 50 12 8 1 12
6 7 3 15 13 7 6 25
7 6 2 11 14 1 4 5

10.4.3. CooepxaHune otyeTa

Oruet 0 1abopaTopHOii paboTe TOHKEH COACPIKATh CICIYIOIINE Pa3Ielbl:

1. ®opmynupoBKka BapuaHTa 3aJaHus.

a &~ WD

I'pad-cxema asropuT™a perieHus 3a1a4u.
Pasmenienne nanaeix B O3V,
[Iporpamma B popme Tatdi. 9.5.

[TocnenoBaTenbHOCTH COCTOSTHUM perucTpoB DBM mpu BBINOIHEHUH MTpOrpaM-
™Mbl B pexxume Har 1uist oqHOro 3HaUeHus apryMeHTa.

Pe3ynbTaThl BBIOIHEHUS] MPOTrPaMMBbI JUIsl HECKOJIBKMX 3HAUYEHUM apryMeHTa,
BBIOPaHHBIX CAMOCTOSITENHHO.

10.4.4. KOHTpOsbHbIe BONPOCHI

Kak paboraeT MexaHI3M KOCBEHHOM ajipecaiium’?

Kakas siueiika Oyzer agpecoBaHa B KOMaHJe C KOCBEHHOW ajpecanueil depes
sueiiky 043, eciu copiepkuMoe 3Toi siueriku pasHo 102 3477

Kaxk paboTaroT KOMaH/IbI TIEpeIadn yIPaBICHNS ?

4. Yto BXOJUT B MOHATHE "OTJIAJKa TPOrpaMMsbl” ?

Kaxkue criocoObI 0TIIaiKu IPOrpaMMBI MOXKHO PEaTM30BaTh B MOJICITH ?
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10.5. NNabopaTtopHaa paboTta Ne 5.
NporpammupoBaHMe UMKna c nepeagpecauuen

[Ipu penienuu 3aaad, CBA3aHHBIX ¢ 00PAOOTKOI MacCUBOB, BOSHUKAET HEOOXOIH-
MOCTb U3MCHCHHS HCIIOJIHUTCIILHOI'O aApeca MpH MOBTOPHOM BBLIIIOJIHCHHUU HEKO-
TOPBIX KOMaH.. Ota 3aJada MOXKET 6I)ITI) peuiCHa IMyTeéM HUCIO0JIB30BaHUA KOCBCH-
HOU aJipecalyi.

10.5.1. Mpumep

Pa3paboraTh mporpamMmy BBIYMCICHHS CYMMBI 3JIEMEHTOB MaccuBa umcen Cp,
CZ, ey Cn. HcxogHBIMEU TaHHBIMU B PTOM 3ajade SBIIIIOTCSI. N — KOJIMYECTBO
cymmupyemsbix uucen u C;, C,, ..., C, — MaccuB CyMMHUpPYEMBIX 4ucell. 3ame-

THM, YTO JOJDKHO BBINOJIHATBCA ycloBue N >1, T. K. aJropuT™ mperycMaTpUBacT,
1o KpaiHel Mepe, 0JHO cymMMHpoBaHue. KpoMme Toro, mpeamnonaraercsi, 4To CyM-
Mupyemble 4rcina 3anucanbl B O3V moapsan, T. €. B SYEHKH MaMATH C MOCe0Ba-
TEJILHBIMU aJpecamu. Pe3ynbpTaToM sBisieTcs cymma S.

Hauano

| BriBon S |
( Komnern )

Puc. 10.2. I'pad-cxema anroputma Jyis npumepa




304 Yacmeb 1. J[TabopamopHbIli npakmuKyM U Kypcogoe MpoeKmuposaHue

CocraBuM TpOrpaMMmy JIsl BEIYUCICHHS CYMMBI CO CIICAYIOIIUMH KOHKPETHBIMH
napamMeTpaMH: YHCIIO 3JeMeHTOB MaccuBa — 10, sJieMeHThl MaccHBa PacIoioxKe-
HBI B sueiikax O3Y mo aapecam 040, 041, 042, ..., 049. Vcnons3yemble i perie-
HUS 337jaud IPOMEKYTOUYHBIE IIEPEMEHHBIE UMEIOT CIEYIOIMN cMbIcT: A — azn-
pec uncna C;, i€ {1, 2, ..., 10}; O3Y(A) — uucno no agpecy A, S — Tekymias
cyMMa; K — CUeTYHK ITMKIIa, ONPEACIISIONIMI YKCIIO MOBTOPEHHIA Teja IUKJIa.
Pacmipenenenne mamstu TakoBo. [Iporpammy pasmectum B staeiikax O3V, HaunHas
¢ anpeca 000, mpumepHas oreHka oobeMa nporpamMmmbl — 20 KOMaH; TIPOMEXY-
TOYHBbIe nepeMenHsle. A — B sueiike O3V ¢ agpecom 030, K — mo agpecy 031,
S — o aapecy 032. 'CA nporpammebl nmoka3zaHna Ha puc. 10.2, TEKCT mporpamMmmbl
¢ KOMMeHTapusMu npuBeJieH B Tabu. 10.8.

Tabnuya 10.8. Texcm npoepammul npumepa

Anpec | Komanpna I[Ipumeyanne

000 RD #40 3arpys3ka HagagbHOTO aapeca MaccuBa 040

001 VR 30 B siueiiky 030

002 RD #10 3arpyska napamerpa mukiaa k =10 B sueiiky 031
003 VR 31

004 RD #0 3arpy3ka HauaJIbHOTO 3Ha4eHHs CyMMBbl S=0
005 WR 32 B siueliky 032

006 ML: RD 32 TloGaBneHue

007 ADD @O0 | k rexymeii cymme

008 VR 32 OUEpEIHOTO JIEMEHTA MACCHBA

009 RD30 Moaudurkanus TeKyIero

010 ADD #1 aJpeca MaccuBa

011 VR 30 (mepexon K ceayroneMy aapecy)

012 RD 31 YMeHbIlIEHUE CUeTUYNKa

013 SUB #1 (mapamerpa 1uKiIa)

014 VR 31 Hal

015 JINZ ML ITpoBepka napamerpa LUKIA i nepexox npu K =0
016 RD 32 BriBox

017 aut pesyibTaTa

018 HLT Crom
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10.5.2. 3apgaHue

1. Hamucate mporpamMmy OIpeAeicHHs 3aJaHHOW XapaKTePUCTHKH IOCIe-
nosarensHocTn umcen C;, C,,.., C,. Bapuanrsl 3amaHuili npuBeneHb

B Tabm. 10.9.

2. 3amucarh IporpaMMmy B MHEMOKOJIaX, BBEIIS €€ B 1MoJie OKHA TeKCT mMporpaMmabI.

3. CoxpaHUTh HaOpaHHYIO MPOTPaMMy B BHJE TEKCTOBOTO (hailia M MPOU3BECTH
acceMOIMpPOBaHIE MHEMOKOJIOB.

4. 3arpy3utb B O3Y He0OXOANMBIE KOHCTAHTHI U HCXOTHBIC JaHHEIE.

5. Otmaguth mporpammy.

Tabnuya 10.9. Bapuanmul 3a0anus

Homep BapuanTa | Xapakrtepucruka nociegoBareiabnocrtu uucena C;, C,, ..., C,
1 KonnyecTBo 4eTHBIX yncen
2 Homep MuHMMansHOTO 4ncia
3 [TpousBeneHue Bcex yucen
4 Homep nepBoro oTpuuaTessHOro yucia
5 KommnuectBo uucen, pasusix Cy
6 KonnvecTBO oTpHLIATENBHBIX YUCET
7 MakcuMalbHOE OTPULATEIBHOE YHCIIO
8 Homep nepBoro moyioxHuTenbHOTO YHCIa
9 MUHHUMAaNTBHOE MOJIOKUTETBHOE YHCIIO
10 Homep MakcumanbHOro yucna
11 KonnuecTBo HeUETHBIX YKcen
12 KonnuecTBo uncen, meubux Cq
13 Pa3zHOCTh CyMM YETHBIX M HEUETHBIX 3JIEMEHTOB MaCCHBOB
14 OTHOIIEHHE CYMM YETHBIX U HEYETHBIX JIEMEHTOB MaCCHBOB

Hpnmeqa}me. Ilox geTHBIMU (He‘{eTHLIMI/I) DJIEMEHTaMHU MaCCHBOB ITOHMMAIOTCA DJICMCHTBI MAaCCHU-
BOB, HMCIOIIIUC YCTHBIC (He‘-ICTHLIC) HHACKCHI. YUeTHBIE YHClIa — 3JIEMEHTBI MacCCHBOB, OCIANIHCCA

6e3 ocraTka Ha 2.
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10.5.3. ComoepxaHune otyeTa

1. ®opmynupoBKa BapuaHTa 3aJaHUs.
2. I'pad-cxema anroputMa pemieHus 3a1auu.

3. Pacnipenenenue mamsru (pasmenienre B O3Y mepeMeHHBIX, IPOrPaMMbl U He-
00XOIUMBIX KOHCTAHT).

4. Tlporpamma.

5. 3nauenHus HUCXOJHBIX HaHHBIX U PE3YyJIbTaTa BbIIIOJHCHUSA IIPOTrpaMMBIL.

10.5.4. KOHTpOsbHbIe BONPOCHI

1. Kak opraHu3oBath IUKJ B POrpaMme?
2. YTto0 Takoe mapaMeTp IHKIia?

3. Kak moBener cebs mporpamma, npuBeneHHas B tadi. 10.8, eciu B Helt Oynet
OTCYTCTBOBaTh KoMaH ia VR 31 1o aapecy 0147?

4. Kak noBenieT cebs mporpamma, npuBeneHHas B Tabu. 10.8, eciim metka M Oy-
IeT roctasiieHa 1o aapecy 0057 0077

10.6. llabopaTtopHaa paboTta Ne 6.
NMognporpammMbl U CTEK

B mporpamMMupoBaHMK 9acTO BCTPEYAIOTCSl CUTYaIlH, KOTJa OAWHAKOBbBIE JEHCT-
BUsI HEOOXOMMO BBIMOJHITE MHOTOKPATHO B Pa3HBIX YacCTSX MPOrpaMMbl (HAIpH-
Mep, BeruncieHne GpyHkuuu SinX). [Ipu 9ToM ¢ 1enbi0 5KOHOMHUH MaMsTH He Clie-
JlyeT MHOTOKPAaTHO TOBTOPSATh OAHY M Ty K€ IOCJEI0BaTeIbHOCTh KOMaHI —
JOCTaTOYHO OJMH pa3 HamucaTh TaK Ha3bIBAEMYIO noonpocpammy (B TEPMHHAX
SI3BIKOB BBICOKOTO YPOBHSI — TIPOLIEYPY) M OOECIIEUNTh MPABUIBHBINA BBI30B 3TOM
MOATPOrpaMMBI U BO3BpAT B TOUKY BBI30BA 110 3aBEPILIEHUIO TOAIPOTPaMMBI.

st 6b1306a IOANIPOTPaMMbI HEOOXOIMMO yKa3aTh €€ HavyaJbHbIM aIpec B IMaMsATH
U nepenath (ecim HeoOX0AUMO) MapaMeTpbl — T€ UCXOAHBIC JaHHBIE, C KOTOPHIMU
OyZAyT BBIIONHATHCS NPEAYCMOTPEHHBIE B IOANpPOrpamMMe AeHcTBUs. Anpec moj-
IIPOrpaMMBbl YKa3bIBaeTCsl B KOMaHJe BbI30Ba CALL, a mapameTpsl MOTYT Iepena-
BaThCsl Yepe3 ONpeeIeHHbIE SUEHKN TaMsATH, PETUCTPbI UM CTEK.

Boszgpam B TOUKy BBI30Ba 00eclieunBaeTCsS COXpaHEHHEM aJpeca TeKylleld KoMaH-
1l (conepsxkumoro peructpa PC) npu BbI30BE U HCHOIB30BAHUEM B KOHIIE TIOAIPO-
rpaMMbl KOMaHJbl BO3BpaTa RET, KOTOpas BO3BpallaeT COXPAaHCHHOC 3HAYCHUEC
aapeca Bo3Bpara B PC.
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JIisi peanu3anii MeXaHM3Ma BIOXKEHHBIX MOANPOrpaMM (BO3MOXKHOCTh BBI30Ba
HOANPOrPaMMBbI U3 JAPYTOi MOJNPOrpaMMBbI | T. J1.) aJpeca Bo3BpaTa Ieaecoodpas-
HO coxpaHsaTh B cteke. Cmex ("Mara3uu") — 0CoObIM 00pa3oM OpraHU30BaHHAS
Oe3agpecHast MamsTh, TOCTYNl K KOTOPOH OCYILIECTBISIETCS Y€pe3 €AMHCTBEHHYIO
SUEHKY, Ha3bIBAEMYIO @epxyuikoil cmexa. 1lpy 3amucu CIOBO MOMEMIAETCS B Bep-
XYILKY CTeKa, [IPEABAPUTEILHO BCE HAXOASAIIMECS B HEM CJIOBAa CMEILAIOTCS] BHU3 Ha
OJIHY TO3MIIMIO; TIPU YTCHUH HM3BJICKACTCS COACPKUMOE BEPXYIIKH cTeka (OHO mpu
ITOM U3 CTEKa MCYE3aeT), a BCE OCTABILIMECS CIIOBA CMEIAIOTCS BBEPX HA OJIHY IO3H-
0. Takoi MeXaHWU3M HATIOMHHACT JEHCTBHE Mara3uHa CTPEIIKOBOTO OpYxkKus (0T-
CI0JIa M BTOPOE Ha3BaHHWE). B mporpaMMHpOBaHHU Ha3bIBAIOT TAKYHO AUCLHUILINHY
obcayxusanus LIFO (Last In First Out, mociieiHUM TPHIIET — MEPBBIM BBIIIEN)
B OTJIMYHE OT MUCIUIUIMHBI TUMa ouepeds — FIFO (First In First Out, nepesim
HPHIIET — HEePBbIM BBILIEN).

B 00bruHBIX O3Y HET BO3MOXKHOCTH MEPEMEIIATh CJIOBA MEXKY sIUEHKaMH, TTO3TO-
My IIpH OpTraHU3AIMU CTEKa MEePEMEIIaeTCsl He MaCCUB CJIIOB OTHOCHUTEIIBHO HETO-
BIDKHOM BEpXYIIKH, a BEpPXYIIKa OTHOCHUTEIBHO HEMOABI)XHOrO maccuBa. Ilon
CTeK OTBOAMTCS HekoTopas obsacte O3V, mpuueMm ajpec BEpXYIIKH XPaHUTCS
B CIICIIMAJILHOM PETUCTPE MpoIleccopa — ykaszaTelie cTeka SP.

B cTek MOXXHO MOMECTHThH CONEPKMMOE PETHCTPa O0IEero Ha3HAuYCHMS 10 KOMaH-
Je PUSH MM M3BJI€Yb COAEPKUMOE BEPXYILKU B PETUCTP OOIIEro Ha3HAYEHUsS 110
komaHge POP. Kpome Toro, mo KoMaHze BbI30Ba MOAINPOTrpaMMbl CALL 3HaueHHUE
nporpammHuoro cuerunka PC (azpec cienyromieid KOMaH/IbI) MOMELIAETCS B BEp-
XYIIKYy CTeKa, a M0 KoMaH/ie RET COJepKUMOE BEPXYIIKHU cTeKka u3Biekaercs B PC.
ITpu kaxx10M 0OpanIeHNH B CTEK yKa3arenb SP aBToMaTHaeckn MoIupUIupyeTcs.

B GonpmmacTBE DBM cTek "pacteTr” B cTOpPOHY MEHBIIHNX aJpecoB, IOITOMY Iie-
pen Kaxkaoi 3ammcelo coxepxumoe SP ymeHblaercst Ha 1, a mocie KaxIoro u3-
BieueHus cogepkumoe SP yBenmuuBaercs Ha 1. Takum obpasom, SP Bcerna yka-
3bIBa€T Ha BEPXYIIKY CTEKa.

Lensr HacTosmelt mabopaTopHOl paObOTHl — HM3ydUEHHE OpPTaHH3aIlH MPOrpaMM
C HCHOJBb30BaHHEM moarnporpamMM. Kpome toro, B mpouecce opraHu3alyy LUUKIOB
Mbl OyZleM HCIOJIb30BaTh HOBBIE BO3MOXKHOCTH CHUCTEMBI KOMaHA mozaenn OBM,
KOTOpbIE IO3BOJISIIOT padOTaTh C HOBBIM KJIACCOM IaMSITH — CBEPXONEPaTHBHOM
(peructpsl obmiero wasnauenuss — POH). B peansabix 9BM moctyn B POH 3a-
HUMAaeT 3HAYMTENBHO MeHbIee Bpems, ueM B O3VY; kpome Toro, KOMaHAbl 00pa-
IIEHUS C PEerucTpaMy Kopoue KoMaHz oOpamieHwst kK mamsatu. [lostomy B POH
pasMerarTcs Hanboee 4acTo HCIOIb3yeMble B IIPOrpaMMe AaHHbIE, IPOMEXKY-
TOYHBIE PE3YJIbTAThI, CYETUYMKH LUKJIOB, KOCBEHHbIE afpeca U T. 1.

B cucreme komann yueOnoit 9BM st padotsl ¢ POH ucnomnb3yroTcs crienuanb-
HbIE KOMaH/Ibl, MHEMOHHMKH KOTOPBIX COBMAJAIOT C MHEMOHHUKAMH COOTBETCTBYIO-
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X KoMaH[ Juit padotel ¢ O3Y, HO B aIpeCHON YacTH COZIEp AT CUMBOJIBI PETH-
ctpoB RO—R9.

Kpome 0ObI4HBIX cr0c0o00B ajpecaiu (MpssMON M KOCBEHHO#) B PErHCTPOBBIX
KOMaH/]aX MCIOJB3YIOTCS JIBa HOBBIX — MOCTHHKPEMEHTHAS U MPeICKPEMEHTHASI
(cm. Tabm. 9.5). Kpome TOro, Kk perncTpoOBBIM OTHOCHUTCS KOMaHIa OpTraHU3aIvy
muka JRNZ R, M. [To 3Toit koMaH e copepkuMoe YKa3aHHOTO B KOMaHJIe PericTpa
yMeHbIIAaeTCs Ha 1, U eciiM B pe3yJbTaTe BBIYMTAHUS COACPKMMOIO PErucTpa He
paBHo O, To ympaBiieHHe TIepeaaeTcsl Ha METKY M. DTy KOMaHJy CIIeJyeT CTaBUTh
B KOHIIE Tejla LMKJIa, MeTKYy M — B IIEPBOil KOMaH/e Tela IUKJIa, a B peructp R
MOMEIIIATh YUCIIO MOBTOPSHHH ITHKIIA.

10.6.1. Mpumep

Janbl Tpu MaccuBa uucell. TpeOyeTcs BBIYUCIIUTEL CpPeiHEee apuPMETHUICCKOE UX
MaKCUMAaJbHBIX 3JeMeHTOB. KakIplil MaccuB 3ajaeTcs AByMs NapaMmeTpaMu: aj-
pECOM MEPBOro IEMEHTA U JJIUHOM.

O4eBUIHO, B IPOTPaMME TPHIKIBI HEOOXOJAMMO BBITIOJHUTH MOUCK MaKCHMAJIbHO-
ro JIEMEHTa MAacCHBAa, MO3TOMY CIELyeT HAlMUCAaTh COOTBETCTBYIOLIYIO ITOIIIPO-
rpammy.

[MapameTtpsl B mognporpamMmmy Oyaem nepeaaBaTh depe3 peructpbl: R1 — Hauains-
HBIH anpec MaccuBa, R2 — mmHa maccuBa.

PaccMoTpuM KOHKpPETHYIO peanu3aunuio 3Toil 3amauun. [lycTh mepBblil MaccuB Ha-
yuHaercs ¢ aapeca 085 u umeer mmmny 14 snemenTos, Bropoii — 100 u 4, Tpe-
it — 110 u 9. TIporpamma OyJeT COCTOSITh U3 OCHOBHOM YacTH M MOJNPOrPAMMBI.
OcHoBHasl IporpamMma 3ajaeT napameTpbl OANPOrpaMMe, BBI3BIBACT €€ B COXpa-
HSIET Pe3yibTaThl padOTHl MOANPOTPAMMEI B pabodnx sUerkax. 3aTeM OCYIIeCTB-
JISIeT BBIYUCICHHUE CPEAHEro apuPMETHUECKOTO U BBIBOJIUT Pe3yibTaT Ha YCTpPOU-
CTBO BBHIBOJIa. B KauecTBe pabodMX sYEEK HMCHONB3YIOTCS PETHCTPHI OOLIEro
HazHaueHnss R6 m R7 — 1ist XpaHeHUs MaKCHMAallbHBIX JJIEMEHTOB MAaCCHBOB.
[Toxnporpamma TmoiydaeT mapamerTpsl udepe3 peructpbl R1 (HauanmbHBIN agpec
MmaccuBa) 1 R2 (anuHa mMaccuBa). DTH PErucTpbl MCHOJIB3YIOTCS MOANPOrPaMMOit
B KQUECTBE PETUCTPA TEKYIIETO aJipeca M CUYSTYNKA IIUKJIa COOTBETCTBEHHO. Kpome
toro, R3 ucnonp3yeTcst AN XpaHeHUs] TEKyLIero Makcumyma, a R4 — st Bpe-
MEHHOTO XpaHEHHs TeKyllero ayemeHTa. [loamporpaMma Bo3BpamiaeT pesyiabTaT
yepe3 akkymyssarop. B ta6n. 10.10 npuBeneH TeKCT OCHOBHOW MPOTPaMMBI U MO
nporpamMel. OOpaTuTe BHUMaHKE, IUKJI B MOJNPOrpaMMe OPraHH30BaH C MOMO-
IO KOMaHAbI JRNZ, a MOILI/IQ)I/IKauI/I;I TEKyLIEro ajapeca — CpeAcTBaMU IOCT-
WHKPEMEHTHOHU aJpecaliyi.
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Tabnuya 10.10. [Ipoepamma npumepa

Komanpna Ipumeyanust
OcHoBHast mporpamMma
RD #85 3arpyska
VR R1 [apameTpoB
RD #14 TIEPBOTO
VIR R2 MaccHBa
CALL M BBI30B HOMIIPOrpaMMBI
YR R6 CoxpaHeHue pe3ynbraTa
RD #100 3arpyska
VR R1 [apameTpoB
RD #4 BTOPOTO
VR R2 MaccuBa
CALL M BBI30B IOAIPOrpaMMbI
VR R7 CoxpaHeHue pe3yibTaTa
RD #110 3arpyska
VR R1 apameTpoB
RD #9 TPEThEro
WR R2 MaccuBa
CALL M BbI30B OAIPOrpaMMbl
ADD R7 Brruncnenue
ADD R6 CpEeIHEero
DIV #3 apu(MeTHIECKOTO
aut BeIBoa pe3yibTaTa
HLT Cron
Moanporpamma MAX
M RD @1 3arpyska
VR R3 nepBoro iemMeHra B R3
L2: RD @1+ YreHue 3j1eMeHTa U MOIU(UKAIMS ajpeca
VR R4 CpaBHeHne
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Tabauya 10.10 (oxonuanue)
Komanaa Ipumeyanust
Moanporpamma MAX
SUB R3 U 3aMeHa,
JS L1 ecm R3 < R4
MOV R3, R4
L1: JRNZ R2, L2 Lk
RD R3 Yrenue pesynbrara B Acc
RET Bosspar

10.6.2. 3apgaHue

CocTaBuTh W OTIAAUTh Tporpammy yueOHoit DBM s penieHus cienyrolen 3a-
naun. Tpu MaccHBa B MMaMATH 3a/IaHbl HAYATLHBIMHU aIpecaMu U JyTHHaMU. Brrawc-
JIUTh U BBIBECTH HA YCTPOWCTBO BBIBOJAA CpejHee apr(hMETHUECKOE MapaMeTpoB
3THUX MacCUBOB. [lapaMeTpbl ONpeAeNsaoTCs 3aJaHUeM K MPeIbLAYyIIeH 1abopaTop-
Ho# pabote (cm. Tabm. 10.9), mpudyeM COOTBETCTBHE MEXTy HOMEpaAaMH BapHAHTOB
3aJlaHui K 1JabopatopHbIM padotam Ne 5 u 6 ycranasnuBaercs mo tadsa. 10.11.

Tabnuya 10.11. Coomeemcmeue meaircdy Homepamu 3a0aHULl

Howmep BapnanTa 111111
3ajauus K 1. p. Ne 6 1121314 ]15/6/|7/8)9 o|1|2)|3]|4
Howmep crpoxn 1|1 1 11

B Tabxn. 10.9 5|7 3] 1 9 2 1 0| 4 3|6 18,214

10.6.3. CoaoepxaHune otyeTta

1.

o u

DopMyIHpPOBKA BapUaHTa 33/IaHUS.

2. I'pad-cxema anroput™Ma OCHOBHOU IPOTPAMMBL.
3.
4

. Pacnpenenenne mamsitu (pasmernenne B O3Y mepeMeHHBIX, POrpaMMbl U He-

I'pad-cxema anropuT™Ma NOAMPOrPaAMMEI.

00XO/IMMBIX KOHCTAHT).
TekcThl MporpaMMBbl U OJITPOTPAMMBIL.

3HadYeHUS HUCXOAHBIX NAHHBIX U PE3YyJIbTATa BBINIOJIHCHHUS IPOTPAMMBI.
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10.6.4. KOHTpOsbHbIE BONPOCHI

1. Kak paGoTaer komaHma MV R3, R7?
2. Kaxkue neiicTBUS BBITIONHSET MPOLECCOp NP pean3aui KoMaHabl CALL?

3. Kak moBezger cebst mporpamma mpumepa u3 pasd. 10.6.1, ecnu B Heil BMecTo
KoMaH[ CALL MHCHOJIB30BaTh KOMaHABl JMP M?

4. Tlocne HavadbHOM ycTaHOBKHM Mporieccopa (curuan Copoc) ykasaresb cteka SP
ycranapnuBaercss B 000. Ilo xakomy anpecy OyaeT NpOU3BOAUTHCS 3aIUCh
B CTEK IIEPBEII pa3, eclii He 3arpyxatb SP koMaH10# WRSP?

5. Kak, ucnonp3yst MexaHU3MbI TTOCTUHKPEMEHTHON W MPEAIEKPEMEHTHOMN ajape-

callMy, OPraHU30BaTh JOMOJHUTEIbHBIA CTEK B MPOU3BOJIBHON 00IACTH TaMs-
TH, HE CBsI3aHHEIN ¢ SP?

10.7. NNabopaTtopHaa paboTta Ne 7.
KomaHAaHbIN UMKn npoueccopa

Peanmzanus nporpamMmMel B OBM cBoanTCs K TOCIEIOBATEIEHOMY BBITTOITHEHHUIO
komaHa. Kaxnas koMaHza, B CBOIO O4Yepenb, BBIIOJIHAETCS KaK IOCIEN0BATEIb-
HOCTb MHUKPOKOMAH], PEIN3YIOIIUX 3JEMEHTapHbIC ICWCTBHs Hal OIEpaLnOH-
HBIMH 3JIEMEHTaMH IPOLECccopa.

B nporpammuoit Monenu ydeOHoit OBM mnpenycmoTrpen Pesxkum MHUKpokoMaHA,
B KOTOPOM JIEHCTBUE KOMAHHOTO LIUKJIA PEAIN3yeTcs U 0TOOpakaeTcsl Ha ypOBHE
MUKpokoMaHj. CIUCOK MUKPOKOMaHJ TEeKyIeil KOMaHbl BBIBOAUTCA B CIELH-
aIbHOM OKHe MUKPOKOMaHIHBIH ypoBeHb (cM. puc. 9.8).

10.7.1. 3apaHue 1

BBITOTHNTE CHOBa TMOCIJIEIOBATENPHOCTE KOMAaHJ I10 BAapHAHTy 3aJaHus W3
pazo. 10.3.3 (cm. tabmn. 10.4), Ho B pexxume Hlar. 3aperucTpupoBaTh W3MEHEHHUS
COCTOSIHHSI TIporieccopa M mamsta B (opme tadm. 10.12, B xoTOopoil mpuBeIEeHBI
cocrostaust OBM mipu BbITIOJIHEHUH TipuMepa u3 pazo. 10.3.2 (pparmenT).

10.7.2. 3apaHue 2

3amucaTh MOCJIEA0BATEILHOCTh MUKPOKOMAH][ JUIsl CICIYIOMIMX KOMaH] MOJIEIU
yuebHol DBM:

O ADD R3
O ADD @3
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ADD @r3+
ADD - @3
JRNZ R3, M
MOV R4, R2
JMP M

CALL M

RET: PUSH R3
POP R5

I o o [ R I |

10.7.3. KOHTpOsbHbIe BOMNPOCHI

1. Kakne MUKpOKOMAaH/bI CBS3aHBI C N3MEHEHHEM COCTOSHHS aKKyMYJIsATOpa?
2. Kakwe neiicTBHS BBIIOIHSIOTCS B MOZEIH 10 MUKPOKOMaHze MRd? RW ?

3. TlompoOyiiTe cocTaBUTh MHUKpOMporpamMmy (IMociaea0BaTelbHOCTh MHKPOKO-
MaHJI, peau3yoNX KOMaHIy) I He CYIIECTBYIOIEH B TAaHHOW MOJEIH KO-
MaHbl " YMHOXEHIE MOIYIIeH Jrcer .

4. Yro m3MeHHTCS B pabOTe Mporeccopa, eciu B KaXI0H MUKPOIPOTpaMMe MHUK-
poKoMaHIy yBenuueHus mporpamMHoro cuetyuka PC:=PC + 1 nepemecTtuts
B CaMBbIil KOHEI] MUKPOTIPOTPaMMBbI 2

10.8. llabopaTopHasa paboTta Ne 8.
NMporpammmpoBaHMe BHELWHUX YCTPOUCTB

Lenbto 3TOM TabOpaTOPHON PabOTHI SBISETCS U3yUEHHUE CIIOCOOOB OpPraHU3alluu
B3aUMOJICHCTBHS TIpoIieccopa U BHemHuX yctpoiictB (BY) B cocraBe DBM.

Panee orMeuanocs, 4yTo CBsA3b Ipoueccopa U BY MoxeT oCylecTBIsAThCS B CHUH-
XpPOHHOM HJIM aCHUHXPOHHOM pexume. CunxponHwlii pedxcum WUCTOIb3yeTcs It
BY, Bcerna rotoBeix k oOMeHy. B Hameit monmenu takumu BY sBnstoTcs gucreit
U TOHOTEHEPaToOp — IMPOLIECCOP MOXKET oOpamatecs K 3THM BY, He aHanmuzupys
UX cocTosiHue (IpaBaa JAHCIUIeH OJOKUPYET MpUeM JaHHBIX Mociie BBoAa 128 cum-
BOJIOB, hopmupyst (har omroKy).

Acunxpounviii 0obmen TpearionaraeT aHaiu3 MpoleccopoM coctosHus BY, korto-
poe ompenenser roToBHOCTs BY BblnaTh WM NpUHSTH AaHHBIE WM (AKT OCyIle-
CTBJICHHS HEKOTOPOT'O COOBITHS, KOHTPOJIIUPYEMOTO cucTeMoil. K Takum ycTpoiict-
BaM B Halllell MOAEIN MOYKHO OTHECTH KJIaBHATypy U OJIOK TaliMEepOB.
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Amnanus coctosiHug BY MoxeT oCyIiecTBIATECS IPOLIECCOPOM ABYMsI CHOCOOaMHU:
0 B nporpaMMHO-YIPaBISIEMOM PEKUME;
O B pexuMe IpeporIBaHUs.

B nepBomM cirydae npeamosnaraercst mporpaMMHoOe oOpalieHne mpoueccopa K peru-
cTpy coctosiHust BY ¢ mocnemyromum aHamM30oM 3HAYEHHST COOTBETCTBYIOIETO
paspsima cioBa cocTostHUS. Takoe oOpamieHue ciiefyeT MpeaycMOTPeTh B IpPO-
rpamMMme C HEKOTOPOW MEPHOINYHOCTHIO, HE3aBUCUMO OT (PaKTHUECKOTo HACTYILIe-
HHSI KOHTPOJIMPYEMOTO COOBITHS (HAPUMEp, HaXKAaTHE KIIABUILIH).

Bo BTOpOM cnyuyae mpu BOSHHKHOBEHHH KOHTponupyemoro coobrtust BY dopmu-
PYET IpoLeccopy 3alpoc Ha MPEPhIBAHUE NIPOrPaMMBbI, 10 KOTOPOMY IIPOLIECCOpP U
OCYLLIECTBISIET CBs3b ¢ BY.

10.8.1. 3apgaHue

Caoii BapuanT 3a1anus (1adu. 10.13) TpeGyeTcst BBITOIHUTD IBYMS criocobamu —
CHayaJia B PeXXHME MPOrpaMMHOT0 KOHTPOJIA, ajiee MOJU(PHIMPOBATh TPOrPaMMy
TakuM 00pa3oM, YTOOBI COOBITHS 00padaTHIBATINCh B PEKUME TPEPHIBAHUS TIPO-
rpammebl. TTockoneky "hoHoBass™ (OCHOBHAs) 3a7aya JJIs OTOTO Cliydasi B 3aJaHUsIX
OTCYTCTBYET, POJb €€ MOXKET CBHITPATh "' MyCTOM UK

M NCP
NCP
JMWP M
Tabnuya 10.13. Bapuanmer 3a0anus
No pa- HUcnoab3yembie
3ananmne IMosicHeHust
puanTa BY
1 Bronx msaTupaspsaabix KiaBnatypa IIporpamma o/mkHA 0OecrieunBaTh
gucen B sueiiku O3Y BBOJ nocnexosarensHocTH ASCII-
KOJOB JECSTHYHBIX U}p (HEe IIMHHEES
IISITH), TIEPEKOMPOBKY B "8421", yma-
KOBKY B JCCATHYHOE YHCIO (IIEPBBIit
BBE/ICHHBIN CUMBOJ — cTapIuas mud-
pa) u pasmenienue B siueiike O3Y.
ASCII-xonp! He-1dp UTHOPUPOBATH
2 TIporpamma BBOJA cuM- | KiaBuarypa, Ounctka Oydepa KIaBHaTypbl MOCIe
BOJIOB C KJIABHATYPHI C TACILIEH, BBoga 50 cumBoioB min kaxaeie 10 ¢
BBIBOJIOM Ha JUCILICH Tanimep
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Tabauya 10.13 (npodonicenue)

No pa- Hcnoab3yembie
3aganue HosicHenust
puanTa BY
3 BriBox Ha gucruteii Tpex | Jucmnei, [TepBBIii TEKCT BBIBOAUTCS Cpasy MpU
TEKCTOB, XPaHSIIUXCSA B | TaliMep 3aITyCKe MpOorpamMMbl, BTOPOH — depe3
TaMSITH, C 3aJIePIKKOI 15 ¢, Tpetuit — uepe3 20 ¢ mocie BTO-
poro
4 BriBog Ha gucruteii on- | KimaBmatypa, <1> — BBIBOJI Ha JMCIUICH MEPBOTO
HOTO U3 TPEX TEKCTOBBIX | TUCILICH TEKCTOBOTO COOOLIeHHUs!, <2> — BTO-
COOOIIEHNUH, B 3aBUCH- poro, <3> — TpeThero, OCTajbHbIC
MOCTH OT Ha)XKaTOH KJia- CHUMBOJIBI — HET peaKkiyu
BUILH
5 Br16upars u3 noroka Knasuarypa, BrIBOJ K10 LUQPHI COMTPOBOKAA-
ASCII-k010B TOJIEKO JIACILIEH, €TCsI KOPOTKHM 3BYKOBBIM CHT'HAIIOM
IUQPBI ¥ BEIBOJAUTH KX | TOHOTEHEPATOp
Ha JUCTIIeH
6 BriBoguts Ha nucruteit | KiaBuatypa, BrIBoJ Kax10#1 LUQPHI COMTPOBOKAA-
KaKIbIi BBEICHHBIN C UCILIEH, €TCSl TPOEKPATHBIM 3BYKOBBIM CHTHA-
KJIaBUATYpPbl CUMBOJI, TOHOTEHEPaTop |JIOM
npu4eM Iudpy BEIBOIUTH
"B Tpex sk3eMIIpax”
7 CenexTuBHBIN BBOJ cuM- | KimaBmatypa, Bce pycckue OyKBbI, BCTpEUYarOIIUeCs
BOJIOB C KJIAaBHATYPBI JUCTUIeH B CTPOKE BBOJIa — B BEPXHIOIO 4aCTh
skpana aucres (crpoku 1—4), Bce
IUQPBl — B HUKHIOKO YacTh SKpaHa
(ctpoku 5—8), ocTanbHbIE CHMBOJIBI
HE BBIBOJIUTH
8 BeiBoa conepxumoro 3a- | Jucriei, OcTarok oT neneHus Ha 256 Tpex
JIAHHOTO Y4acTKa amMsTH | TaliMep MITQJIIIUX Pa3psi/IOB SYCHKHU MaMSITH
Ha JIUCTUICH TOCUMBOJIEHO paccmatpuBaetcs kak ASCII-konx cum-
C 3a/1aHHBIM ITPOMEXYTKOM BoJia. HauanbHbIl afpec namsity, JinHa
BPEMEHH MEK/Ty BBIBOJIAMH MaccuBa BBIBOJA M IIPOMEKYTOK BpeMe-
CHMBOJIOB HHU — IapaMeTphbl IO IIPOrPaMMBbI
9 TIporpamma BBOJA cuM- | KitaBuarypa, Ounctka Oydepa KIaBHaTyphI MOCIIE
BOJIOB C KJIABHATYPBI JUCTUIeH BBO/1a 35 CUMBOJIOB
C BBIBOJIOM Ha JHUCILIEH
10 BriBoguts Ha nucruteit | KiaBuatypa, Ounctka Oydepa KI1aBHaTypbl OCIE
KaKIbIi BBEIECHHBIN C TUCILIEH, BBOJ1a 48 CHMBOJIOB, OYHCTKA SKpaHa
KJIaBUATYpPbl CUMBOJI, Taiimep Kaxable 15 ¢

[PUYEM 3arJIaBHYIO pyc-
CKYI0 OYKBY BBIBOJUTh
"B IBYX 3K3eMILIsIpax”
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Tabauya 10.13 (oxonuanue)

No pa- Hcnoab3yembie
3aganue HosicHenust
puanTa BY
11 BriBox Ha mucruteii co- | [{ucruiei, CopaepKumoe STIeHKH PacIiakOBBIBAET-
JIEp’KUMOTO TPYIIIBI 4e- | Taiimep cst (c yueroM 3HaKa), Kaxaas nudppa
€K MaMSTH B YUCIIOBOU npeoOpaszyercsi B COOTBETCTBYIOIINI
dopme (aapec u amHa ASCII-kon ¥ BbIIACTCS HA JUCTLICH.
TPYIITBI — HapaMeTphl ITpu nepexoie K BEIBOLY CONEPKUMOTO
HOJIPOrPaMMBI) ouepesHoi suelku popmupyerTcs 3a-
nepxka 10 ¢
12 Onpenenuts npomexy- | KnaBuarypa, Pesynbrar Beigaercst Ha OR. (Yuuthi-
TOK BPEMEHH MEXITY TaiiMep Basi HHEPUMOHHOCTH MOJIETIH, HAKATHS
JIBYMSI [TOCJIE/IOBATEIb- HE CJIeIyeT MPOU3BOJUTH CIUILIKOM
HBIMH HaXaTHAMH Kia- 6bICTPO.)
BUII

10.8.2. 3agaHMA NOBbLILLEHHOW CITIOXXHOCTH

1. Pa3zpaboTaTh mporpaMMmy-TecT Ha CKOPOCTh BBOJIa CHMBOJIOB € KilaBHaTypsl. [1o

3ByKOBOMY CHUTHAITy BKJIFOYAETCs KJIaBHATypa M Taiimep Ha T cekyHI. MOKHO
HA4YMHATh BBOJ| CUMBOJIOB, MPUYEM KaXJbIii CUMBOJ OTOOpa)kacTcs Ha JUC-
iee, BEACTCs TMOJCUYET KOJMYECTBA BBEJCHHBIX CUMBOJIOB (mocie Kaxasix 50
JlaeTCsl KOMaHJa Ha OYUCTKY Oydepa kmaBuarypsl, mocie 128 — oummaercs
nuctuieit). TlepenosHeHre TaiiMepa BBIKIIIOYACT KIABHATYPY W BKJIFOYAET CHT-
HaJl 3aBepILICHUs BBOJA (MOXKHO TOH 3TOTO CHUTHAJIa COMOCTABUTH C KOJIUYECT-
BOM BBeIeHHBIX cuMBoJoB). Ilapamerp T BBomurcs w3 IR. Pesynprar S —
cpenHsist CKopocTh BBOA (cMBo/c) Beigaercs Ha OR. YuuTbiBast, 4T0 MOJIETb
yuebHoit OBM omepupyeT TONBKO LENBIMH YUCIAMH, MOKHO BBIAABATH pe-
3yabTaT B popmare Sx 60 cHMBOIOB/MUH.

. PazpaboraTth mporpammy-TecT Ha CTENeHb 3allOMHHAHUs TeKcTa. Tpu pasiuy-
HBIX BapUaHTa TEKCTa BBIBOJATCA IIOCIIEA0BATEIbHO HA JUCIUIEH HAa T; CEKyHH
C MPOMEXyTKaMH T, cekyHA. Jlanee 3Tu TekcThl (TO, Y4TO 3allOMHUIIOCH) BBO-
JSITCSI C KIIaBHATyphl (B peXKnUMe BBOJA CTPOKH) U MPOrPAMMHO CPaBHHBAIOTCSI
C MCXOHBIMU TEKCTaMU. BrigaeTcs Koaum4yecTBo (POLEHT) OmHOOK.

. Pa3paborars mporpammy-kanbkynstop. OcymecTBisaTh BBoA u3 Oydepa kia-
BHATYPBI TOCIIEI0BATEIBHOCTH IUGP, yIakoBKy (cMm. Bapuant 1 B Tab. 10.13).

Paznenurenn — 3HaKu OMHAPHBIX apupMETHYECKUX omepauuid u =. Pe3ynbraTt
nepesoutcs B ASCII-ko/1bl ¥ BBIBOIUTCS HA TUCTIICH.
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10.8.3. NMopsanok BbINOSIHEHUA PaboOThbI

1.

3amycTuTh MporpaMMHYI0 MoJiellb yueOHoH DBM n moakIounTh K Hel ompe-
JIeJICHHBIC B 3aJlaHMM BHEIIHHE YCTpoiicTBa (MeHI0O BHemHue ycTpoiicTBa |
Memnemxep BY).

Hanucats n otnanuTe nporpaMMy, MpeIycMOTPEHHYIO 3aJaHUEM, C UCIIOJIb30-
BaHHWEM TIporpamMMHoOro aHamms3a ¢uaros rotroBHoctu BY. IlpogemoncTpupo-
BaTh PabOTAIOIYI0 IPOrpaMMy IPENoiaBaTeto.

W3MeHHTH OTNaXEHHYIO B 1I. 2 IPOrpaMMy TaKHM 00pa3oM, 4TOOBI POLECCOp
pearupoBail Ha TOTOBHOCTh BY ¢ momoinpto noacucremsl npepeiBanus. [Ipo-
JEMOHCTPHPOBAThH paboTy U3MEHEHHOW POrpaMMbl IPENOAaBaTENIO.

10.8.4. ComoepxaHue otyeTa

1
2.

TekcTt nporpamMmbl ¢ MPOrPaMMHBIM aHAIH30M (haroB roToBHOCTH BY.

TexcT mporpamMmMel ¢ 00pabOTYNKOM MPEPHIBAHNS.

10.8.5. KOHTpOnbHbIe BONPOCHI

1.

[py KaKuX YCIOBHSX YCTAHABIMBAETCS U cOpachiBaeTcs (iar TOTOBHOCTH KJiia-
Buarypsl Rd?

Bo3moxxHO 1T B O510KE TalfMEpOB OpraHM30BaTh PabOTy BCEX TPEX TaillMepoB
C pa3HOH TaKTOBOW YaCTOTON?

Kax mpu mosydeHnu 3ampoca Ha MpepbiBaHHE OT OJI0KA TaliMEepOB OMPEICIHTh
HOMep TaiiMepa, nocruriiero cocrossaus 99 999 (00 000)?

Kakoif TekCT OKa)eTcsl Ha KpaHe AUCILIES, €CIIU M0CIe HaKaTHI B OKHE 000-
3peBaTels AucIuies KHONKKM OuHMeTHTh 1 3arpy3ku no aapecy CR (11) kon-
crautel #10 BeiBecTn 10 aapecy DR (10) mocnenosaresnbho msath ASCII-komoB
pycckux OykB A, b, B, I', /1?

B kaxoii o6iactu namstu Mozenn DBM MoryT pacnonaraTbCsi IporpaMMbl —
00paboTunKy IpephIBaHUN ?

Kaxue m3meHenns B paboTe OTIaXEHHON BaMH BTOPOW MPOTPaMMBbI IPOHU30N-
IyT, €CJIU 3aBEPUINTh 00pabOTUYHK MpephIBaHUi KOMaHJ0H RET, a He | RET?

10.9. NNabopaTtopHaa paboTta Ne 9.
MpuHUMNbI PaboTbl K3LW-NaMATH

B paso.8.8 onmcaHsl HEKOTOpbIE aIrOPUTMBI 3aMEIICHUS CTPOK KAII-AMSTH.
Henp Hacrosimeit nabopaTopHoii pabOThl — MPOBEPHUTH PabOTy pa3IMYHBIX AJIrO-
PHUTMOB 3aMEILCHUS TIPH PA3IMYHBIX PEKUMAX 3aMUCH.
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10.9.1. 3agaHue

B kadectBe 3amanHus TipesyiaraeTcsl Hekotopast Koporkas "mporpamma” (Tabm. 10.15),
KOTOPYIO HEOOXOJUMO BBITIOJHHUTE C MOJKIIOYEHHON KaII-amsThio (pasmepom 4
u 8 H‘-ICGK) B IIaroBOM pECxKUME Ui CICAYIOIUX JIBYX BAPHUAHTOB aJITOPUTMOB 3a-
mermenns (Tabm. 10.14).

Tabnuya 10.14. [Tosichenus k sapuanmam 3a0anust

Homepa BapuanToB | Pexxum 3amucu AJTOPUTM 3aMeleHHsT
1,7, 11 CxBo3Has C3, 6e3 yueTa Outa 3anucu
Ob6parHas O, ¢ yueToM OuTa 3amucu
2,59 CkBo3Has BU, Ge3 yuera Oura 3anucu
Ob6parHas O, ¢ yueToM OuTa 3amucu
3,6,12 CxBo3Has O, 6e3 yueTa OuTa 3anucu
Ob6parHas C3, ¢ yueToM OuTa 3amucu
4,8, 10 CxBo3Has BU, 6e3 yuera Oura 3anucu
Ob6parHas BU, ¢ yuerom Gura 3amnmcu
Tabnuya 10.15. Bapuanmer 3a0anus
Ne Homepa KoMaHI IporpaMMbI
Bapu-
anTa 1 2 3 4 5 6 7
1 RD #12 WR 10 WR @0 ADD 12 VR RO SUB 10 PUSH RO
2 RD #65 VRR2 MOV R4, R2 | W\R 14 PUSH R2 POP R3 CALL 002
3 RD #16 SUB #5 VR 9 WVR @ VR R3 PUSH R3 POP R4
4 RD #99 VWR R6 MOV R7, R6 | ADD R7 PUSH R7 CALL 006 | POP R8
5 RD #11 WR R2 WR - @2 PUSH R2 CALL 005 | POP R3 RET
6 RD #19 SUB #10 VR9 ADD #3 VR ©9 CALL 006 | POPR4
7 RD #6 CALL 006 |WR11 VRR2 PUSH R2 RET JMP 002
8 RD#8 VRR2 WR @2+ PUSH R2 POP R3 WR - @3 CALL 003
9 RD #13 WR14 WR@L4 WR@L3 ADD 13 CALL 006 | RET
10 RD #42 SUB #54 VR16 V\R@L6 VRR1L ADD @R1+ | PUSH R1
11 RD #10 WWRR5 ADD R5 ARR6 CALL 005 | PUSH R6 RET
12 JMP 006 RD #76 WR 14 WRR2 PUSH R2 RET CALL 001
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He cremyer paccMaTpuBaTh 3aJlaHHYIO IOCIIEIOBATEILHOCTE KOMAaHJ Kak Qpar-
MEHT TporpamMmbl . HekoTopble KOHCTPYKIHH, HampUMep, MOCIeI0BATEIBLHOCTD
KoMaH/{ PUSH R6, RET B 00I1IeM cllydae He BO3BpAIAeT IMPOrpaMMy B TOUKY BBI30-
Ba MOJANpPOrpaMMbl. Takue rpynmbl KOMaHJl BBEJICHBI B 3aJlaHUE JJIS TOTO, YTOOBI
0o0paTUTh BHUMaHHE CTY/IEHTOB HAa 0COOEHHOCTH (DYHKIIMOHUPOBAHHS CTEKA.

10.9.2. NMopsanokK BbINOSIHEHUA PaboOThbI

1. Beectu B Mojens yueOHoit DBM TekcT cBoero BapuaHTa MPOrpamMMbl (CM.
tab:. 10.15), acceMOaupoBaTh €ro ¥ COXpaHUTh Ha JAKCKE B Buje IXt-¢aiina.

2. YCTaHOBHUTH NapameTpbl KAUI-MIAMSITH pa3MepoM 4 sueiiku, BHIOpaTh PEXUM
3allUCH M AJITOPUTM 3aMEIICHUS B COOTBETCTBHHU C MEPBOM CTPOKOI CBOETO Ba-
puanTa u3 Tab:n. 10.14.

3. B maroBom pekuMe BBITIOJIHUTE NPOTpaMMy, (GUKCHPYS MOCiIe KaKIAoTo IIara
COCTOSTHHE KAII-TIAMSITH.

4. Jlns oot u3 komanx 3anucu (WR) mepeiitu B pexum TakT U OTMETHTB,
B KAKHX MUKPOKOMaH/IaX MPOUCXOIUT H3MEHEHUE KAII-TIAMSITH.

5. Jlns xom-naMaTH pasmMepoM 8 sUeeK yCTaHOBUTH IapaMeTpPhl B COOTBETCTBHH
CO BTOpPO# cTpoKol cBoero BapuaHTa u3 Tabdn. 10.14 u BBIMOTHUTE MPOrpaMMy
B IIarOBOM PEXHME emle pa3, (GUKCHPYS IOCIEeOBATEIbHOCTH HOMEPOB 3aMe-
I1a€MbIX AYECK KOII-TIaMATH.

10.9.3. CopgepxaHune otyeTta

1. Bapwuasnrt 3aaHusi — TEKCT IPOTrPaMMbl M PEKUMBI K3LI-TIAMSTH.

2. TlocnenoBaTeNbHOCTh COCTOSHUN KOII-MIAMSTH pa3MepoM 4 sS9eidKH MpH OIHO-
KPaTHOM BBINTOJHEHHHU MPOrpaMMbl (KoMaHbl 1—7).

3. TlocnenoBaTenbHOCTh MUKPOKOMAH]I MPH BBIOJHEHUH KOMAaHABI WR C OTMET-
KOH TeX MUKPOKOMaH/I, B KOTOPBIX BO3MOXHA MOAU(PUKALNS K3LI-TIAMSITH.

4. ]Jlns BapmaHTa K3II-IAMATH pa3MepoM 8 sigeex — MOCIIe0BaTeIbHOCTE HOMe-
POB 3aMelIaeMbIX SUYeeK KAII-NaMATH AJI BTOPOTO BapHaHTa MapamMeTpoB KAIII-
HaMSITH [IPU JIBYKPATHOM BBITIOJTHEHUH IPOrpaMMbl (KomaHasl 1—7).

10.9.4. KOHTpOsbHbIe BONPOCHI

1. B yem cMBbICII BKIOYEHUS K3II-IAMATU B cocTaB DBM?

2. Kak paboTaer K31m-namsITh B pexxuMe 00paTHOH 3anucu? CKBO3HOW 3amich?

1
HaHOMHI/IM, YTO IporpamMma OMNpeACIIICTCA KaK MOCICAOBATCIBHOCTh KOMAH/A, BBIIIOJIHC-
HHUEC KOTOPBIX IMO3BOJIMT ITOJYYUTH HEKHIA pes3yiomant.
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3. Kak 3aBucur s¢pdexruBHOCT, paboThl IBM 0T pazMepa K3m-namsaTa?

4. B xakylo s4eiKy KIMI-IaMsITH OyJIeT MOMEIAaThCsl 04ePEHOE CIOBO, €CIIH CBO-
00/IHbIE STYEHKH OTCYTCTBYIOT?

5. Kakne AJITOPUTMBI 3aMCIICHUSA AYECK KIUI-TTAMATU BaM HU3BECTHEI?

10.10. llTabopaTopHasa pabota Ne 10.
Anroputmbl 3ameLlieHUA CTPOK K3LW-NaMAaTn

Llens paGoTHl — M3y4eHHE BIMSHUS MTApaMeTPOB KAII-TIAMATH U BHIOPAHHOTO all-
roputMa 3aMemnieHus Ha S((EeKTUBHOCTh PabOTHl cHCTeMBI. J(H(HEKTUBHOCTD
B JIAHHOM CIIy4ae OLEHMBACTCS YHCIIOM KAII-TIONAJaHUi M0 OTHOIIEHHIO K 0oOrIe-
My YHCITy OOpalIeHUI K MaMsATH. YUUTHIBas Pa3HUIy B alrOPUTMax B PeKUMAax
CKB803HOU W 00pammou 3anucu, 3Q(HEKTHBHOCTD NUCTIONB30BAHMS KAII-NAMSATH BBI-
yucisiercs: BoipakeHusM (9.2) u (9.3) cooTBETCTBEHHO sl CKBO3HOW M 0OpaTHOI
3aIHCH.

OueBuiHO, 3P HEKTUBHOCTD PAOOTHI CHCTEMBI C KAII-TIAMSTHIO OYJEeT 3aBHCETh HE
TOJIBKO OT TapaMmeTpoB KAII-MaMSTH W BHIOPaHHOTO alrOpUTMa 3aMelIeHHs, HO
U OT KJacca pemaemMou 3agauu. Tak, JIMHEHHbIE IPOrpaMMBbl JOJIKHBI XOPOLIO pa-
00TaTh ¢ aNrOpUTMaMH 3aMEIleHHs TUTIA ouepeddb, a IPOTPaMMbl ¢ OOJIBIIUM YHC-
JIOM YCIIOBHBIX IE€PEXOOB, 3aBUCAIIUX OT CIy4alHBIX BXOAHBIX JaHHBIX, MOT'YT
JaBaTh HEMJIOXUE PE3YJIbTAThl C AITOPUTMAMH CIYUAlHO20 3amewjerus. MOoKHO
MPEAIONIOKNT, YTO MPOTPAMMBI, UMEIOIIUE OOJBIIOE YHUCIO IOBTOPSIOIIMXCS
y4acTKOB (4aCTO BBI3BIBAEMBIX MONPOrPaMM W/HMJIH LUKIIOB) MPU MPOYHUX PABHBIX
ycroBusix obecriedaTr 0osiee BHICOKYIO 3 (EKTHBHOCTD MPUMEHEHHUS KAII-TIAMSITH,
4yeM JMHEHHBIEe TporpaMmbl. U, pazymeercs, Ha 3QPEeKTHUBHOCTh HANPSIMYIO JOJI-
KEH BIMATH pa3Mep K3LI-TIaMsITH.

JInsi IpOBEPKH BBHICKA3aHHBIX BBIIIE IMPEANOI0KEHHH BBIMOIHIETCS HACTOSIIAS
naboparopHas pabora.

10.10.1. 3agaHue

B manno# mabopaTtopHoii paboTe Bce BapHaHTHI 3alaHUS OJUHAKOBEI. UCCIIEHO-
BaTh 3 (YEeKTUBHOCTH PAOOTHI KAUI-NAMSTH MPHU BHIMOJIHEHUH ABYX Pa3HOTHITHBIX
[IPOrpaMM, HAIIUCAHHBIX M OTJIAXKCHHBIX BaMHU IPU BBINOJIHEHUH J1a0OPaTOPHBIX
pabot Ne 4 u 6.

10.10.2. NMopsaok BbINOMHEHUA paboTbl

1. 3arpy3uth B Mojenp yueOHOM OBM oTnaxkeHHyI0 TporpaMmy H3 J1abopaTop-
HOM paboTsl Ne 4.
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B mento PaGora yctaHOBUTE pesxuM Kam-namsitse.

B menro Bua BeiOpats komanay Kam-namsiTe, OTKpbIB TeM camMbiM OKHO Kami-
namMsTh, B HEM Ha)KaTh MEPBYIO CJeBa KHOMKY Ha MaHeIX WHCTPYMEHTOB, OT-
KpBIB uanioroBoe okHo [lapamMeTpbl K3UI-MaMSITH, U YCTAaHOBHUTH CIICIYIOIINE
napaMeTpsl K3II-NaMATH: pa3Mep — 4, PeXXUM 3allUCH — CKBO3HAsl, allTOPUTM
3aMelIeHUsl — cilydaiiHoe, 0e3 yuera 6ura 3anucu (W).

3amycTUTh MPOTpaMMy B aBTOMATHYECKOM PEXHME; M0 OKOHYaHHH pPabOTHI
MPOCMOTPETH Pe3yJIbTaThl PAOOTHI KAII-MAMATH B OKHE K3II-mamsiTh, BbIYUC-
TuTh 3HaueHHe Koddpduumenta sddexruBHocTH K ¥ 3ammcats B SUEHKY
tab. 10.16, momeueHHYIO 3BE30UKOM.

Beikmtounts kam-namsats mojenu (Pagora | Kam-namsiTe) u U3MEHUTH OJJMH
U3 ee MmapaMeTpoB — yCTaHOBHUTH (hiar ¢ yuerom Outa 3anucu (B okne Ilapa-
MeTPbI KIUI-NAMSITH).

[ToBTOpUTH 1. 4, TOMECTUB 3HAYCHHE MOIYy4eHHOTO Kod(hdumumenta 3dpdex-
TUBHOCTH B CJIEIYIOIIYIO cripaBa siuerky Tabi. 10.16.

[TocneaoBaTenbHO MEHSS HapaMEeTpPhl KA3II-MAaMSATH, TOBTOPUTH Il. 3—5, 3a-
noJiHsAs Bee sueiiku taon. 10.16.

Cosem

Mpn ovyepenHom 3anycke nporpammbl He 3abbiBaniTe ycTaHaBnuBaTb NpoOLECCOP
MoAenu B HavanbHOe COCTOsiHME, Haxxunmas kHomnky R B okHe Mpoueccop!

[ToBTOPHUTE BCE AEWCTBUS, ONMUCAHHBIE B . 1—7 m1st mporpaMMmel U3 abopa-
TopHOU padoTs! Ne 6, 3amonHsAg BTOpyro Tabmuity mo gopme tadi. 10.16.

10.10.3. CopgepxaHue oTyeTa

1

2.

JBe Ttabmuiel mo ¢opme tabdn. 10.16 ¢ pesynbratamu MOJCITUPOBAHUS TMPO-
rpaMM H3 JTabopaTtopHbIX paboT Ne 4 u 6 mpu pa3HBIX pekuMax padOTHI KAIII-
MaMSATH.

BrIBO/IBI, OOBSCHSIONINE MTOTYYEHHBIE PE3yIbTATHL.

10.10.4. KOHTpOsibHbIe BONPOCHI

1.

Kak paboraer anropuT™ 3aMelieHUs] ouepedb TPU YCTAHOBICHHOM (QIIaXKKe
C yuerom OuTa 3anucu B quanorosom okHe [lapamerpol KamI-namMaTu?

Kakoii anroput™m 3amemenus Oyaet Hanboiee 3¢ (hEeKTHBHBIM B clydae pruMe-
HEHHs KAII-MaMATH OOJbIIOro oobema (B KIII-MAMSATH LETMKOM MOMEIIAeTCsI
nporpamma)?
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3. Kak ckaxetcs Ha 3 (PEeKTUBHOCTH AJITOPUTMOB 3aMEIICHUS yYeT 3HAUCHHS Ou-

ta 3armucu W nipu paboTe K3II-MaMsATH B peskume o0paTHol 3anvcn? CKBO3HON
3anucu’?

4. JIns Kakux 1eJieid B CTPYKTYpPY SUEHKH KAII-TIaMSITH BKJIIOYEH OUT MCIOJIb30Ba-

Husa? Kak ycranaBnuBaercst 1 cOpacbIBaeTcst 3TOT OUT?

Tabnuya 10.16. Pesyromamul sxcnepumenma

Cnoco0 Ckeo3nas 3anuce
AJaroputm CiyyaiiHoe 3aMelieHUe Ouepensn bur U
Pasmep o0e3 W cW o6e3 W cW 6e3 W cW
4 *
8
16
32
Cnoco6 Obpammnas 3anuce
AJaroputm CiyyaiiHoe 3aMelieHue Ouepensn bur U
Pasmep 0e3 W cW oe3 W cW 6e3 W cW
4
8
16

32




nasa 11

KypcoBas paboTa

11.1. Uenb n coaepxaHue padboTbl

Lenpro KypcoBo# pabOTHI ABIISETCS:

O o6oOmeHue, 3aKkperuieHne W yriyOJeHne 3HaHWW MO NHUCIUTUINHAM, CBS-
3aHHBIM C IIPOEKTUPOBaHUEM cpeacTB BT;

O ¢opmupoBaHHE HAaBBHIKOB pa3pabOTKu U 0POPMIIEHUS] TEKCTOBOU U Tpa-
(bmueckoll TEXHUIECKON JOKYMEHTAIINH;

O pas3BUTHE HABBIKOB YCTHBIX COOOIIECHUH 110 CONEPKAHNIO paOOTHI.

ConmepxaHneM KypcOBOH paOOTBI SBISETCS pazpabomxa apu@dmemuro-1o2u-
yeckoeo yempoticmea (AJIY), peanusyroriero 3agaHHblii HaOOp omeparuii ¢ yde-
TOM OTpaHMYECHUH Ha KOJ BBIOJHEHHS ONEPAaldii M CHOCO0 ITOCTPOCHUS yIpaB-
JISIIOILIETro aBTOMAaTa.

11.2. 3agaHus

3amaHus Ha KypcOBYIO pabOTy BKITIOYAIOT B ceOs HEKOTOPHIH HAOOP HMCXOTHBIX
JaHHBIX W OrpaHU4eHui 17 npoektupoBanusa AJIY. Bce BapuaHThl 3aaHus cBe-
neHsl B Ta0m. 11.1. Ctpoka TabImuIB! MpencTaBiIsieT OJAWH BapHaHT 3aJaHusl, MPH-
4YeM HOMEp BapHaHTa ONpEeNIAeTCs HOMEPOM Tpymiibl (1—2) 1 HOpPSAKOBBIM HO-
MEpOM CTYJIeHTa 0 CITUCKY rpyribl (1—25).

PazpabareiBaemoe AJIY MOIDKHO BBITIONHATH OJHY aprH(PMETHUECKYIO M OAHY TO-
pa3psiHyl0 OMHApHYIO JIOTHUECKYIO ONEpaluio, IPUYEM Ha CIIOCOO BBIIOIHEHUS
apru(MeTHYECKOH OIepanny 3aJaHNeM HaK/IaJbIBAIOTCSI HEKOTOPBIE OTPAHUYEHUS.
BapwuanTs!l onepanumii o6o3navarorcs B Tadi. 11.1 cieayromumm oopazom:

O + — anreOpanyeckoe ClI0KeHUE/BBIUUTAHHE;

O X — yMHOXXEHHUE OOBIKHOBEHHOE;
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Tabnuya 11.1. Bapuanmel kypcoswix 3a0anuii

Ne S;pfp a- Ié(g: daarn ’I;,PX[ Ne | Onepanun Ilg(gl darun ’I;:l
11 +,& IIK oV, z 2-1 x2,® IIK ov, P 4
1-2 X,V IIK ov, P 2-2 X, ® IIK ov,C

1-3 +1,® IIK ov,z 2-3 +,& OK oV, z

1-4 X2, = IIK ov,C 2-4 +2,= IIK ov, P

1-5 +2,& IIK oV, z 2-5 +,& IIK oV, z

1-6 X,V IIK ov, P 2-6 +1,v IIK ov, P

1-7 +,= OK ov,C 2-7 +,& JAK oV, z

1-8 x2,® IIK ov, P 2-8 X2, = IIK ov, P

1-9 +1,& IIK oV, z 2-9 +2,& IIK oV, z

1-10 x2,v IIK ov,C 2-10 x2,v IIK ov, P

1-11 +,= JAK oV, z 2-11 +,& OK oV, z

1-12 X,V IIK ov, P 2120 +1,v IIK oV, z

1-13 +,® OK ov,C 2-13 +,& JAK ov,C

1-14) +2,v IIK ov,P 2-14 x2,® TIK ov,z

a w o || O NP FPIN®®O|MM O o b wINPFP O OGO & WO|DN
W A OIN|P OO N WM OIN P O A N | oH | P

1-15) +,& JAK ov,z 2-15 +1,= TIK oV, P
1-16 X,V IK ov,C 2-16) +2,v TIK ov,z
1-17 t,= K ov,z 2177 +£,& OK ov,C
1-18] x2,® IK ov,P 2-18 x,® TIK ov,C
1-19) +,& OK ov,C 2-19 +1,& TIK ov,z
1-20| +2,v IK ov,P 2-200 x2,v TIK oV, P
1-21 +1,& IK ov,z 2-21 t,= OK ov,z
1-22 X, = MK ov,C 2-220 x,® TIK ov,z
1-23] +,& JAK ov,z 223 +£,& JAK oV, P
1-24) x2,v IK ov,P 2-24  x2,v TIK ov,C
1-25| x1,= IK ov,C 2-25 +2,= TIK ov,z
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X2 — yMHOXEHHE YCKOPEHHOE (C aHAIM30M JBYX Pa3psaoB MHOXKUTEIIS);
+1 — neneHue ¢ BOCCTAHOBJICHHEM OCTATKa,

+2 — nenenvie 0e3 BOCCTAHOBJIEHHUS OCTATKA,

V — JIU3BIOHKINS,

& — KOHBIOHKIINA,

@® — HepaBHO3HAYHOCTH,

Qoooaooaaoaq

= — DKBHBAJICHTHOCTbD.

JI1s Bcex BapHaHTOB 3aJaHMN MCXOAHBIE JAaHHBIC (OIEpaH/IbI) IOCTYHAIOT B (Hop-
MaTe 16-pa3psiHbIX ABOMYHBIX YMCeNl ¢ (PUKCHPOBAHHON 3amsTOH, MpeIcTaBiIeH-
HBIX B IIPSIMOM KOJIe [aoal...als]d , [boblb_L5]d , IPUYEM HyJIEBOH pa3psjl sBJIAETCS

3HAKOBBIM M 3arsiTas (UMKCHpOBaHA MOCIIE 3HAKOBOTO paspsia. Takum oOpaszom,
B apUPMETHUYECKUX OMEPalUsIX YUaCTBYIOT NMPaBUIbHBIE APOOU CO CBOMMH 3HAKa-
MU (B JIOTUYECKUX onepanuiax, CCTCCTBCHHO, IMMOJIOXKXCHUE 3amnsaTON U 3HAK WUIHOpH-
PYIOTCSI, Olepalny BBIIOIHSIIOTCS Hal 16-pa3psiiHbIMU JIBOUYHBIMUA BEKTOPAMH).
COOTBETCTBEHHO, Pe3yJIbTaT ONEPAIMU JIOJIKEH OBITh MIPEJICTABRICH B TOU ke (hop-
me: [CoCy.Cysly -

B 3amanuu BBOOWTCS OTpaHWYCHHWE HA KOJ BBIMOJHEHHS omepanuu (cTonberr
Kox BO B Ta6u. 11.1). Eciu kox BO otimgaercs ot npsimoro — obpatabiii (OK)
wnn gonoiauTeNnbhbiid (JIK), TO mpu BBIMONHEHUN apugmemuueckoli onepayuu
ClIe/lyeT TIePEeBECTH OIEPaH/Ibl B 3aJaHHBIA KOJ, BBIMOJHHTH B HEM OIEPAIHIO,
a pe3yJbTaT BHOBb MEPEBECTU B NpsIMOMl KoJ. Jlornueckue onepauuu, eCTECTBEH-
HO, BBITIOTHAIOTCS 0€3 BCAKOTO MpeoOpa3oBaHus.

Pesynprarom BeImonHEHUS omepanwu B AJIY H0MKHO OBITH HE TOJBKO 3HAUYCHHUE
CyMMbI (TIPOU3BENICHNUS, KOHBIOHKIIUY U JIP.), HO U npusHaxu pesyismama (puaru).
Kaxnplit BapuaHT 3aaHus mpearnosaraeT GOpMUPOBAHHS JBYX pa3MYHBIX (hia-
roB (3amaHHbIX B cToaone daaru tada. 11.1) u3 npuBeAeHHOTO Aajdee MHOXKECTBA!

O Z — npu3HaK HYJEBOTO pe3yibTara,;

O P — npu3Hak 4ETHOCTH YKCJIa EIMHUL] B PE3YJIbTATE;
O C — npusHak mepeHoca (3aema) U3 cTapIiero pa3psjaa;
O OV — npusHak apu(pMeTHIecKoro mepernoHeHus .

B cronbue Tum YA 3amaH HOMEp muna ynpasisioweco asmomama, KOTOPbIH
HE00X0JMMO UCIIOIL30BaTh MPHU MPOCKTHUpOBaHMHK 3a1aHHOT0 AJIY. CIIMCOK THITOB
YA nipuBejieH nanee:

O 1 — "xecrtkas oruka”, aBTomat Mypa;

0 2 — "»xecrkas Joruka", aBtomat Muny,
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0O 3 — nporpammupyemast JJOTHKa, €IUHBIH (OpMaT MUKPOKOMAaH/IbI, TPHHY-
JUTEIbHAs apecanus,

O 4 — nporpamMmmupyemas JOTHKA, €IUHBINA popMaT MUKPOKOMAH/IbI, €CTECT-
BEHHas aJpecanus;

O 5 — nporpamMMmupyemasi JJOTHKa, pa3IMuHble GopMaThl AJis ONEPAaLMOHHBIX
MHMKPOKOMaH]I I MUKPOKOMAaH/I IEPEX0/1a, ECTEeCTBEHHAs agpecarus;

O 6 — nporpamMmupyemas JOTHKA, pa3indHbie (DOPMATHI JIsl ONEPAIMOHHBIX
MHUKPOKOMAaH/]I U MUKPOKOMAaH/ Iepexoaa, NpUuHyAUTeIbHas apecaliusl.

B 3amanun He ompeneneHbl OrpaHHYEHHUs] Ha 0a3HC JIOTMUYECKHX, ONEPALlMOHHBIX
SIIEMEHTOB W 3JIEMEHTOB mamsTH. [loaToMy mpu pa3paboTKe CTPYKTYpHBIX H (YHK-
LUOHAIBHBIX CXEM MOXXHO MCIIOJIb30BAaTh JIIOOBIE CTAHJAPTHBIE JIOTHUECKUE U OIIe-
PAIIOHHBIE JJIEMEHTHI.

11.3. Atanbl BbINONMHEHUA paboThbl

B 2rase 4 monpo6HO paccMaTpuBaeTCs MPOIECC MPOSKTUPOBAHUS IU(PPOBOTO YCT-
poiictBa. [Ipy MpOEKTUPOBAHUM €ro YAOOHO MPEACTABUTh B BUAC KOMIIO3UIIUU
OTEPAIMOHHOTO U YIPABJISAIOIIET0 aBTOMAToB (cm. pazd. 4.2). Toraa mporecc npo-
EKTHPOBaHUS YCTPOUCTBA CBOIUTCA K MpPOIEAypaM MOCIe0BAaTEIFHOTO TIPOCKTH-
POBaHHUS OIEPAIIMOHHOTO W YNPABJISIONIETO aBTOMATOB. 3/1€Ch MOKHO BBIJCIHTH
CIIEIyIOIINE STAIBL:

1. Pa3paboTka anropuTMOB BBITIOJHSAEMBIX omeparuii. Ha atom stame cienyer
ONPEIEIUTh CIIUCOK BXOJHBIX, BBIXOJHBIX U BHYTPEHHUX MEPEMEHHBIX U BbI-
OpaTh KOJIbI BBIMOJHAEMBIX omeparuii. [lockonbKy BCe 3a/iaHUs IPEIOIaraiT
peanu3aiuo OxHON/IByX apu(dMETHYECKHX M OJHOU JIOTHYECKON Omepaiuii,
11e1ecoo0pa3Ho MPEACTaBUTh BCE alrOpuTMBbI B hopMme o0benunenHon ['CA.

2. Pa3zpaboTka CTpYKTypBl ONEpPAllMOHHOTO aBTOMAaTa — OIpPEJEICHUE COCTaBa
3JIEMEHTOB U CBSA3€H MEXAy HUMH. Pa3paboTka CTpyKTyphl HeCTaHIAPTHBIX
3IIeMEeHTOB. Pe3ynbpraToM paboThl Ha 3TOM 3Tale JOJDKHA CTaTh CTPYKTypHas
(byHKuMOHANBHASI) cXeMa OMEPAllMOHHOIO aBTOMAra, a TaKkke (yHKIHMOHAIb-
HBIE CXEMBI BCeX UCMOIb30BaHHBIX B OA HecTaHAapTHBIX 3JEMEHTOB.

3. OmpeneneHue Cucka MUKPOONEPAIMi U JIOTMYeckuX yciopuii. HeoOxommumo
COMOCTAaBUTh KaxkaoMy orepaTtopy u3 [[CA MUKPOKOMaHIy WIX TPYIIy MHKPO-
KOMaH 1, 00eCIICUNBAIONIUX PeaIM3al[Mi0 3TOr0 orepaTopa Ha pa3pabOTaHHOM
paHee cTpykType. Ha 3TOM 3Tame BO3MOXHO paciimpeHue Habopa 3JeMEHTOB
u/vnu cBsi3el CTPYKTYpBI, eciii 0e3 TaKOro pacuIMpeHHs HE yIAeTCsl peajn3o-
Bath Bce onepatopel ['CA. KpoMe Toro, HeoOX0uMO ONpPEeNuTh, TJae OyayT
(hopMHUPOBATHCS 3HAYCHHMS JIOTHYSCKUX ITEPEMEHHBIX, KOTOPBIC aHAIU3UPYIOTCS
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B sormueckux BepmmHax ['CA, u npu HeoOXOJUMOCTH TIPETyCMOTPETh CIIEIH-
aJIbHBIE AJIEMEHTHI CTPYKTYPHI U1 (hopMUpoOBaHUs 3TUX 3Ha4YeHU#. Pesynprar
paboTHI HA 3TOM dTare — CIUCKK MUKPOOTIEPAIHA 1 JIOTHYecKuX ycnoBrid OA.

PazpaboTka MUKpONpOrpaMMBbl BHIMIONHEHHS 3aJIaHHBIX ONepauuii Ha BBIOpaH-
HOU cTpykType OA. B mpocreiimieM ciiyyae MOXXHO COXpPaHHUTh TOTIOJIOTHIO
rpada anropuT™Ma U MPOCTO 3aMEHUTH OTEpaToOphl BO BCEX OMEPATOPHBIX BEp-
IIMHAX Ha COOTBETCTBYIOIIME MUKPOOIEPAIMH, a YCIOBUSA, KOTOPHIE aHAU3HU-
pYIOTCS B YCIOBHBIX BEPUIMHAX — Ha COOTBETCTBYIOIINE JIOTUYECKUE YCIOBHS
W3 CIIMCKA, MOJYYEHHOTo Ha mpefslaylieM stane. OJHAKO NpU Mepexoie OT
I'CA k mMukpomporpamme cienyer BCerjJa CTPEMHUTHCS K YMEHBUICHHIO YHcia
(omepaToOpHBIX) BEPILHH, YTO, B CBOIO O4Y€pelb, IPUBEICT K YIPOIICHHIO CXSMBbI
YNpaBJISIONIET0 aBTOMaTa. JJOCTUTHYTh 3TOT0 MOXHO, HallpuMep, COBMEIIEHHU-
eM JByX i Oonee onepaTopHbX BepuinH ['CA B 0/HY BEpIIMHY MHKpPOIPO-
rpaMMBl, €CIM CMBICII PEaln3yeMOro ajiropurmMa M paspaboTaHHas paHee
CTPYKTypa OIEpallMOHHOIO aBTOMAaTa MO3BOJISIOT BBIMOJHUTH 3TH JEHCTBUA
OJHOBpeMeHHO. Pa3zpaboTaHHas Ha ATOM 3Tane MUKPONPOrpamMMa SBIISIETCS UC-
XOJTHOU JJIs1 IPOEKTUPOBAHUS YIPABIAIOLIETO aBTOMATA.

Ha sToMm 3akaH4YmMBaeTcs mporecc pa3paboTKH OIEPAIlIOHHOTO aBTOMATA.

DTtamnbl pa3pabOTKH YMPaBJISAIONIEr0 aBTOMaTa Pa3jii4Hbl B 3aBUCHMOCTH OT €ro
tuna. Jns pa3paboTK MUKPONPOTpaMMHOTO aBTOMaTa ¢ “awcecmiou” no2uxou
cleyer:

1

OcymiecTBUTh pa3METKy MHUKPOIPOrPaMMBI. DTa MPOLENypa yCTaHABIUBAET
COOTBETCTBHE MEXy BEpIIMHAMU MHUKPOIPOIPAMMBI M COCTOSHHSMH aBTOMa-
Ta. B pa3o. 4.4.1 onucano, Kak OCYIIECTBIATh Pa3METKY MUKPOIIPOTPaMMBI IS
MPOEKTUPOBaHMS asmomama Mypa n asmomama Muau.

[ocrpouts rpad aBTomara. ['pad aBTOMaTa CTPOSAT MO pa3MEUEHHOW MHUKPO-
nporpaMme, MpU4YeM BepIIMHBI rpada COOTBETCTBYIOT COCTOSHHSAM aBTOMATa,
a peOpa — mepexojaM, Ha 3TOM 3Tale MOXHO He MOKa3bIBaTh Ha rpade QyHk-
LUIO [1EPEXO/IOB.

BBI6paTI> THUII DJIEMCHTA NaMATH, 3aKOAUPOBATH COCTOSHUSA aBTOMATA.

CocTaBuTh aBTOMaTHYIO Tabnuiyy nepexojoB. [Ipumep moctpoeHus Takoii Tad-
JIMLBI 4SS CIy4dasi UCIOJIb30BaHMsI B Ka4eCTBE AIEMEHTOB NaMaTu D-Tpurrepon
NpUBEACH B pa3d. 4.4.1. AnanoruyHslii popMar umeeT TabIKIA IPHU UCIOIB30-
BaHuM T-TpurrepoB. Ecnu B kauecTBe anieMeHTa aMsATH aBTomMara BeiOpaH RS-
TPUTTEP, B KAKIOM paspsie HeoOX0AuMO cPOopMHUPOBATh ABE (QYHKIIUU BO30Y-
kaennss — i R- 1 S-Bxomos.

Omnpenenuts QyHKIMM BO30YXAEHUS IJIs NMEPEKIIOYESHUS] IEMEHTOB HaMsTH.
ABToMaTHas TaOnMIAa MOXET PacCMaTpUBATHCS Kak TaOnWIa HCTHHHOCTH,
3ajatomas GpyHKIMK BO30OYXKIEHHMS [UIA BXOJOB 3JIEMEHTOB IIaMATH aBTOMATa.
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Bce ¢yHkmmm Bo30y)aeHHS B 00IIEM ciiydae 3aBUCSAT OT 3HAYEHUH DJIIEMEHTOB
naMsATHh Tj Y 3HAYCHUH JTOTUYECKUX yciaoBuit X i [Tpu HEOOXOAMMOCTH MOXK-

HO Ul Kakao m3 (yHKIui mocTpouth kapTy KapHo m 3ammcarb ee MHUHU-
MaJlbHOE BbIpakeHHe. MHorma mporie ObIBaeT NpeaBapUTENbHO AEIH(PHPO-
BaTh COCTOSIHMS aBTOMAaTa W 3alKcaTh (DYHKIUH BO30Y)KICHHS B 3aBUCHMOCTH
OT TEKYILEro COCTOSIHHUS aBTOMATa U CJI0Ba JIOTHYECKUX YCIOBHUH.

Onpenenuts (PyHKINE BBIXOAO0B, POPMUPYIOIINE 3HAUSHUST MUKpooneparwid. s
aBToMaTa Mypa (DyHKIIMSI BBIXOJIOB B Ka)KIOM TaKTe JUCKPETHOTO BPEMEHH 3aBHU-
CHT TOJIBKO OT TEKYIIEro COCTOSIHMSI aBTOMAaTa M 3Ha4e€HHE BBIXOJa OIPEeIeTcst
COACPKUMBIM OIIEPaTOPHON BEPIIMHBI MUKPOIPOTPAMMBI, COOTBETCTBYIOLIEH 3TO-
MY COCTOSIHMIO aBTOMaTa. B aBromMare MU BBIXOJHOE CIIOBO COOTBETCTBYET CO-
JIEpKUMOMY TOM OIEPaTOPHOM BEPLIMHBI MUKPOIPOIPaMMBI, YEPE3 KOTOPYIO OCY-
LIECTBIISIETCS MIEPEXO]] U3 TEKYILEro COCTOSHUS aBToMata B cieaytomee. [Tostomy
(YHKIMS BBIXOJOB aBTOMara MMM, KaK U ero (DYHKIMS MEPEX0JI0B, 3aBUCUT OT
TEKYILEro COCTOSHMS aBTOMATA M CJIOBA JIOTHUECKUX YCIIOBHUHM.

[Moctpouts pyHKIMOHANEHYIO cxeMy Y A. Ilomy4uB BeIpakeHUS TS (HYHKITHIA
BO30Y)KJCHHUSI M BBIXOZIOB, MOKHO TIOCTPOUTH (DYHKIIMOHATIBHYIO CXEMY YIpaB-
JISIFOLLIETO aBTOMATa C HCIIOJIb30BAHUEM BBIOPAHHBIX 3JIEMEHTOB MaMSATH U CTaH-
JIapTHOTO Oa3uca JOTMYECKUX M OTIEPAIUOHHBIX DJIEMEHTOB.

st pazpaboTKu MHUKPONIPOTPAMMHOTO aBTOMAaTa € MPOTPaMMHUPYEMOM JOTHKOU
CIIeNyerT:

1

3.
4,

Pa30uTh MHOKECTBO MHUKPOOTIEPALNA Ha TIOZIMHO)KECTBA TTOIIAPHO-HECOBMECTH-
MBIX MHUKPOOIEpaIHii (3TOT MyHKT HE BBIMOJIHSIETCS, €CJIM BHIOpaH "BepTUKAIb-
HBIH" WK "TOPU3OHTAIBHBIA" CIIOCO0 KOJUPOBAHUS TIOJISI MUKPOOIIEPAITHiA).

Omnpenenuts GopMaT MUKPOKOMAHIbI (MUKPOKOMAH/I).
Pa3paborarh QyHKIHOHAIBHYIO CXeMY YIIPABJISIONIETO aBTOMATA.

3amomHuTh Tabnuiy nporpammupoBanug [13Y MukpokomaH.

[IpoexTupoBaHue ympaBiIsIOLIEro aBTOMAaTa ¢ MpOrpaMMHUpPYyEMOil JIOTHUKOH ¢ pas3-
JUYHBIMHU CIIOCOOaMU aapecaliid MUKPOKOMAaHJ U KOAMPOBAaHUS MHUKPOOTIEPALUii
OIPOOHO OMHCAHHI B pazo. 4.4.2.

11.4. CopepxaHme NOACHUTENbHON 3aNNCKN

[NosichuTenbHas 3amucka K KypcoBOH paGoTe NOJKHA BKJIIOYATh CIEAYIOIIYI0 WH-
bopmaruto (1151 BApHAHTOB C YIIPABIISIONMME aBTOMATaMH C " JKECTKOH" JIOTHKOIA):

1
2.

TuTyNbHBIHA JIUCT.

3ananue Ha mpoektupoBanue AJIY.
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3.

10.
11.
12.

13.
14.

15.
16.
17.
18.

®opmarel BXOIHBIX, BBIXOAHBIX W BHYTPEHHHX HEPEMEHHBIX, C KOTOPBIMHU
omepupyet AJLY.

I'CA BrimonHsieMbIX onepanuii U o0beauHeHnyto ['CA.
CTpyKTypHYIO CXEMY omnepalroHHOro apromara AJIY.

OyHKIMOHaNBHBIE cXeMbl "HecTaHaapTHHIX' sneMenToB OA. Ilpu HeoOxomu-
MOCTH TIPHUBECTH TPOIEIYPbl CHHTE3a ONEPAIlMOHHBIX 3JIEMEHTOB (HampuMep,
KapThl KapHO i1 MUHUMU3AIUH OyJIeBBIX QYHKIIHA).

Cnucok MUKpoonepanuii, peanusyemsix B OA.
Criucok Jiornveckux yciaoBuii, hopmupyembix B OA.

MukponporpamMmy BbINOJHSEMbIX B AJIY omepanuil B TepMHHAX MHKPOOIE-
pauui U JOTMYECKUX YCIOBHUM C pa3METKOM COCTOSHUU AJIA MPOCKTUPOBAHUS
YIPaBIISIOLIETO aBTOMATA.

I'pad aBTOMATA.
Tabuuiry KonupoBaHHs BHYTPEHHUX COCTOSHHUI aBTOMATa.

Onucanue BbIOpPAHHOTO 3JeMeHTa mamsatH (Tpurrepa) u ero Tadbmuna QyHk-
UOHUPOBAHUS.

ABTOMaTHYIO TaOJUILy IEPEXO/IOB.

Beipaxxenust 11t pyHKIUA BO30YKICHUS JIEMEHTOB mamst (pu HeoOX01u-
MOCTH — TPOLEYPY MUHUMH3AIIIH).

Bripaxkenus nis QyHKINN BBIXOIOB YIPABISIONIETO aBTOMATA.
OYHKITMOHAIBHYIO CXEMY YIIPABJISIONICTO aBTOMATA.
3aknaroueHue.

Bubnuorpadudeckuii cimcox.

JInisi BapUAHTOB C YNPAGISIOUUMU AGMOMAMAMU C NPOSPAMMUPYEMOU JIOSUKOU
BMecTo HH(pOpMAaIuH, IpUBeIeHHOH B T 9—16, He0OX0IMMO BKITIOUUTH!

1

MuxkporporpaMMy BbIOIHSIEMbIX B AJIY omepanumii B TepMHHAaX MUKpOOTepa-
UM U JIOTUYECKUX YCIOBUH.

®opmar unm GopMaTel MUKPOKOMAaHJ C YKa3aHHEM pa3MEpOB M Ha3HAYCHHS
HOJIEM.

Pazbuenne mHOxecTBa MuKpoorepanuii OA Ha MOJMHOXKECTBA HECOBMECTH-
MBIX MUKPOOIIEPALMHA.

OyHKIMOHATBHYIO CXEMY YIPABIISIOLIETO aBTOMATA.

Tabmuiy nporpammupoBanus [13Y Mukpokomas.
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Cnuncok cokpalieHum,
UCNOJib3yeMbIX B TEKCTe

CISC — Complex Instruction Set Computer, KoMIbIOTED C TOJHBIM HaOOPOM
KOMaH/

CPL — Texymuii ypoBeHb PUBUIIETUH
DPL — ypoBeHb PUBHIIETHH JECKPHUIITOPA

EEPROM — sHeprone3aBucumMasl maMsaTh MepernporpaMMupyemasi, ¢ SIeKTprude-
CKHM CTUpaHUEM

GDT — rnobanpHas necKpunTopHas Tadbiuia
IDT — meckpunropHast TabiHIa TPEPHIBAHUI

|EEE — Institute of Electrical and Electronics Engineers, UHCTHTYT HH)XEHEPOB
I10 DJICKTPOTCXHUKE U DJICKTPOHUKE

LDT — nmokanpHas AECKpUNTOpHAs TaOJIMIa

RISC — Reduced Instruction Set Computer, koMmblOTep ¢ COKpameHHBIM HA00-
POM KOMaH;I

RPL — 3anpammBaeMsblif ypoBeHb NPUBUIICTHIA
TLB — O6ydep acconnaTUBHON TPaHCISIIIAA
TSS — cerMeHT COCTOSAHUSA 3a0a4n

ABM — ananorosas BBIYMCIUTENbHASA MalllnHa
AJIC — apu(MeTHKO-JIOTUYECKas CEKITUS
AJIY — apupMETHKO-IOTHIECKOE YCTPOUCTBO
BUC — Oouibliiast MHTErpajibHas cXema

B3Y — BHemHee 3anoMuHAOIIEE YCTPOHCTBO

BY — BHelllHee yCcTpoiCTBO
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I'CA — rpad-cxema anroputma

3¥Y — 3anoMuHarolee yCTpocTBO

HNC — wunTerpanmpHas cxema

HUT — unTerpanpHasi TEXHOJIOTHS

KII, — xoMaHIHBIA MUKIT

MII — mukpompoieccop

MIIC — MuKpOTpOIIeCCOpHas CHCTEMA

MII — MaImuHHBIN UK

OA — ornepalMoOHHbIN aBTOMAT

O3Y — onepaTuBHOE 3alIOMHMHAIOLIEE YCTPOMCTBO
OMDBM — oxHOKpHCTaIbHAST MUKpOOBM

IIBB — noacucreMa BBOAa/BBIBOIA

IIAII — npsgmoii nocTyn B aMsTh

II3Y — nocTosiHHOE 3aIOMHUHAOIIEE YCTPOHCTBO

POH — peructp o611ero HazHAYCHIS

CBUC — cBepxOouibliias MHTErpajibHas cXeMa

CUC — unHTerpanpHas cxeMa CpeHe! CTeTIeHH HHTETPpaliu
CO3Y — cepxomnepatuBHoe O3Y

TTJI — TpaH3UCTOPHO-TPAH3UCTOPHAS JIOTHKA

YA — ympasnstonuii aBTomar

Y AKXl — ynpasnsromuii aBTOMAT € ")KECTKON JTOTHKO
YAILJI — ympaBnstonuii aBToMaT ¢ MporpaMMUpyeMOi JIOTUKON
¥YBB — ycTpoiicTBO BBOJIA

YBB — ycTpoiicTBO BBOA/BBIBOIA

¥YBbIB — yCTpOMCTBO BBIBOJIA

YO/l — ycTpolicTBO 00paObOTKU JaHHBIX

YCM — yCTpOHCTBO CBSI3H C MaruCTPAIBIO

YYC — ycTpoiCTBO yIpaBICHUS U CHHXPOHU3AINH
IYY — nentpanbHOE YCTPONUCTBO YIPaBICHUS

SUBM — s1exkTpoHHbIE HU(POBBIC BEIYUCIUTEIBHBIC MALTHHEI
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OnuncaHue KoMnakT-aucka

Ha xoMmakT-gucke pasMenieHsl TpU MAKKU ¢ IPOrPaMMHBIMU MOJEISIMU U TECTO-
BBIMU ITPUMEPAMU:

3 AJIY-1— nporpaMmHasi MOAETH apu(METHKO-TTOTHIECKOTO ycTporicTBa AJIY-1,
ommcaHHas B paso. 8.1.

O AJ1Y-R— nporpammuas MojeIb apru(pMeTHKo-JIorHueckoro ycrporctea AJIY-R,
onucaHHas B pazo. 8.2.

3O Mooers DBM — niporpamMmMHas Mojienb yaeOoHoit DBM, moapoOHO ommrcaHHON
B pazd. 9.5.

Kaxnas w3 mporpaMMHBIX MOJIEJICH MPEICTaBICHA B CBOEM KaTajore OJHUM EXe-
¢aiinoM, He TpeOyeT MHCTAJUIALUK, MOXET pa3MeIlaThcsi B JIIOOOM Karajore Ha
JKECTKOM JUCKE MK (hIISII-HAKOIUTENIE U 3aIyCKASTCs OOBIYHBIM 00pa3oM.

[IprMepsl MEKPOIIPOTPaMM | TIPOTPaMM, pa3MEIICHHBIC Ha KOMITAKT-HCKE, TIPe/i-
JIATar0TCs UCKIIOYMTEIBHO LISl IEPBUYHOTO TECTHPOBAHUS Mojeseil. ABTOp Hame-
PEHHO He MPHBOJAUT OIMCAHHS 3THX MPOrPaMM, YTOOBI OCTABHUTH YHTATEIIO BO3-
MOKHOCTh CaMOCTOSITEIIBHO MPOrPaMMHUPOBaTh mopo0Hee 3amaun. OXHAKO MpH
JKeJITAaHMH YMTATe]b MOXKET MPOaHAIN3UpOBaTh (ailiiel ¢ pacmmperneM txt (Muk-
poaccembiiep AJIY-1) B manke A/1V-1 u daiinel ¢ pacumpennem asm (accembiep
yue6Hoit DBM) B manke Moodens DBM.

Kpartko omuieM crnocoObl TECTUPOBAaHHS MPOTPAMMHBIX MOJEICH C MOMOIIBIO
MpPUIIAraeMbIX MUKPOTIPOrpaMM (IIporpamm).

Manka A/1Y-1. JIns Toro 4toObl TO3HAKOMUTKCS ¢ MOJiebio AJIY-1 u yoenuThes
B ee paboTOCIIOCOOHOCTH, MOXHO:

1. 3anyctuts ¢aitn alu-1.exe.

2. Tlonxmrounts yrpasisitoiuii asromMat (MeHo IogkawyuTts | Ynpasasiiomui
aBTOMAT).
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3. 3arpy3uTh MEKPOIPOTpPaMMY alTeOpamdecKoTo CIOKEHHS MPSIMBIX KOZOB JIBO-
nuHbix yncen add-d.kom (mento @aiia | 3arpy3nTh MUKpPONIPOrpamMMy B OKHE
YupasJsiouuii aBTOMar).

4. YcTaHOBHTH B OKHE YmHpaBiasommi aBroMat ¢iaxok CHHXpOHM3UPOBATH
¢ YA 1 nepeiTu B OCHOBHOE OKHO ApPH(MeTHKO-JIOrH4ecKoe YCTPOicTBO.

5. Beectu B peructpbl AX u BX 3HaueHMs cilaraeMbIX B MPSMBIX Koaax. MOKHO
BOCIOJIb30BaThCs CEPBUCOM JleCATUYHBIA BBOJ.

6. Ha manenu ymnpaBiieHHs OCHOBHOTO OKHa Apu(MeTHKO-JI0TrHYecKoe yCTPOoli-
CTBO HaXXaTh mocienoBaTensHo KHOkH COpoc n ABTO0. Pesynprar anrebpau-
4ECKOI'0 CJIOKEHMs pazMemaercs B perucrpe C, a MpU3HAK MEPENONHEHUS —
B Tpurrepe DL.

B naHHOM cilydae MbI BOCIIOJIB30BAIMCH TOTOBBIM JBOWYHBIM KOJOM MHKpPOIIPO-
rpaMMmbl, cOXpaHeHHbIM B (¢aiine add-d.kom. [{i1st mpoBepkr KOMITHIISATOPA MOXHO
BOCIIOJIb30BAThCS TEKCTOM TOH K€ MHKPONPOTpaMMbl, HAIMHUCAHHBIM Ha SI3BIKE
MHKpoaccemoiepa. s sToro:

1. TToBTOpsieM myHKTHI 1 1 2 NpeapIAYIINX ACHCTBHMA.

2. BpbiBasg MyHKT MeHI0O KoMnuasTop B okHe YnpaB/silomiMii aBTOMAT, OT-
KpbiBaeM okHO Komnuisinus koaa.

3. 3arpyxkxaem B okHO KoMmuuisinMsi KoJa TEKCT MHKPOIPOrpaMMbl U3 (aiina

add-d.txt.

4. B oxne Komnuasiuusi koga ycranasinBaeM (iiakok OUMCTUTH Tadauny me-
pen 3anoJIHeHUeM U HaxuMaeM KHOonKy Komnussinms.

5. BremonnsieM myHKTH 4—6 TpeapIIy X AeHCTBUN.

AHAJOTMYHO MOYXHO BBIIIOJIHUTH OTEpaIiio 0e33HAKOBOTO YMHOXKEHHS 0aiToB,
MHKPOITPOTpaMMbl KOTOpOW pasmenieHsl B (ainax mul.kom (nBowdHslli K01I) M
mul.txt (Texct). 8-pa3psiaHbIE COMHOKHTEIN pa3MeIarTcs B peructpax AX u BX,
pesynbTat — 16-paspsiiHoe npousBeneune — B peructpax C (crapmmii 6aiit) u D
(mmammmii Gaiir).

Manka AJ1Y-R conepxur daiin [lpoepammuas modenv AJ1Y-R.exe u tpu daiina
MHKPOITPOTPaMM, B KOTOPBIX B TEKCTOBOM (hopmare 3ammcaHbl KOIbI MHKPOIPO-
rpamm anrebpandeckoro ciaoxenuns (add-d.txt u add-c.txt) u 6e33HakoBOrO yMHO-
xenust (Mul.txt). menHno B TakoM (opmare MHKpPOIIPOrpaMMa MOKET ObITh 3a-
IPy’KEHA B MAMSITh YIPABISIFOLIEr0 aBTOMATa MOJICIIH.

O6e MHUKpOIpOrpaMMbl CIIOKEHHS BHEIIHE paboOTal0T OJMHAKOBO — B PETUCTpax
RO 1 R1 momxHBI pacmonaraTbCsl caraeéMble B MPSMBIX KOJIAX, CyMMa B MPSIMOM
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KoJle ToMerniaercsi B peructp R2, B peructpe cocrosHus Quaxok OV ycranaBmm-
BaeTcs B 1 mpu mepemnosHeHHH paspsiiHoW ceTku. MuKpomporpamma B Qaiiie
add-d.txt BemosnHsIeT caokenue B npssmMom koje (cm., Hanpumep, I'CA Ha puc. 3.3),
a B add-c.txt ocymecTBIsieTCS MEPEBO UCXOIHBIX OMEPAHIOB B JOMOJHUTEIbHBIH
KOJI, CIIOKCHHUE B JOTIOJIHUTEIFHOM KOJIe M OOpaTHBIN MEepeBO pe3yibTara B Ips-
MOM KOJ. YuraTensb IIpyu KCJIaHUKU MOXET CPaBHUTH METO/bI IMOJYYCHUSA CYMMBI
1 00HapY)KEeHHS TIEPETIOTHEHHS B TPSIMOM H JIOTIOTHUTEIILHOM KOJIE.

Mukponporpamma mul.txt peanusyer ymHOKeHHE IBYX 0€33HAKOBBIX 0aiiTOB (CO-
nepskumoe peructpoB RO u R1). 16-paspsigHoe mpousBeacHHE pa3MenaeTcsi B pe-
ructpax R2 (crapmmii 6aiit) u R3 (Mnaammii Gaiir).

JI71s1 BBITIOJTHEHHST MUKPOIIPOTPaMMBbl HEOOXOTUMO:
1. 3anyctuts Qaiin Ipoepammnas moders AJTY-R.exe.
2. Tlepeiitn Ha BKIanky YA.

3. B Ilanenn ynpasiienusi okHa YA (YnpaBisiiomuii aBTOMar) HaXaTh KHOIKY
3arpy3uTh U BEIOpaTh OAWH U3 (PaiiyioB MUKpOIIporpaMM. Tam e yCTaHOBHUTH
¢dnaxox Moakaouuts k OA.

4. Bepuytbes Ha Bkinaaky OA AJIY. 3arpysuts B peructpsl RO u R1 ucxoansie
onepaH/bpl (IIEMTYOK MBIIK N0 HU(pe paspsaa perucTpa HHBEPTUPYET ee).
MOXHO BOCIIONIb30BaThCsi cepBrcOM JlecITHUHBII BBOX (YCTAHOBUTH COOT-
BeTCTBYIOIHUH (uakok B [lanesm ynpasiienus ). [Ipu BbITOJIHEHHH ONEpaIiii
CJIO’KEHUSI cTaplIuid paspsi 6aliTa HHTEpIpETHPYETCA Kak 3HAK YHCIIa, TIO3TOMY
IIPY UCIIOJIB30BAHUH JECITUYHOIO BBOJA CIIEAYET IOMOJIHUTEIBHO YCTAaHOBUTD
¢dnaxok Co 3HAKOM.

5. Haxarp Ha manenu ynpaeieHus okaa QA AJIY kHoriky ABTO. Pesynbrar omnepa-
IIUH CTIOKEHHS HaOroIaTh B peructpe R2, a ymHoxenust — B peructpax R2.R3.

Ianka Mooens IBM conepXuT, MOMHMO COOCTBEHHO INPOTPAMMHON MOMAETH
yueonoit 9BM CompModel.exe, 1Ba TekcToOBBIX (aiiga mporpaMM Ha SI3BIKE ac-
cemOiiepa yuebHoit OBM, npeana3sHaue€HHBIX I TECTUPOBAHUS €€ BHEITHHUX YCT-
POMCTB. DTH MpOrpaMMbl MOKHO paccMaTpuBaTh Kak HeOoJblue QparMeHThl 3a-
naHuit mabopatopHoi pabotsl Ne 8 (cm. pazo. 10.8).

[Iporpamma Test-KD.asm no3BosieT mpoTecTpoBaTh paboTy MOJeNel KiIaBuaTy-
PBI U CUMBOJIBHOTO Auciuies. /s ee 3amycka Heo0X0uMo:

1. 3amyctuth nporpammy mozaean I9BM CompModel.exe.

2. 3arpy3uts B okHO Teker mporpammsl daitn Test-KD.asm u BEIIOIHHUTE €ro
kommusinuio (kaornka KoMnuimpoBaTh win nmyHKT MeHi0 PaGora | Kommnu-
JIMPOBATH).
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3. Otkpeith OkHO IMoakiawyaemble ycTpoiicTBa (IyHKT MEHIO BHemrHme ycr-
poiicrBa | Menemxep BY ... wiu kHorika MBY).

4. TlogxnrounTh BHemrHue ycTpoiicTBa Kontpossiep kiaaBuatypsl u Konrtpos-
Jiep AWCIUIes, HE MEHsS MpeAsiaraéMbIX M0 YMOJYaHHIO apaMeTpoB. 3aKpbITh
okHo Iloakar0uaemble ycTpoicTBa.

5. Bamyctuth TporpamMmy, HaxkaB MOCJIEIOBAaTEbHO KHOMKH R (cOpoc) B okHe
ob6ozpeBarens [Ipoueccop u Ilyck B OCHOBHOM OKHE MO/IEIIH.

6. llenxkuyTh MbIIIbIO 10 OkHY KOHTpoOJUIep KJIaBHATYPBI, C/EIaB €ro aKTHB-
HeIM. Teneps mocie Kaxa0ro Haxkatus Ha kinasuim [I9BM cooTBercTBytommit
CUMBOJI BBOJUTCS B Oydep KIIaBUATYphl U MepeaacTCs Ha 3KpaH CUMBOJILHOTO
mucmies. [locne BBoga 50 cuMBoIOB Oydep KIaBUATYphI 3alOJIHACTCS TOTHO-
CThIO, ycTaHaBnuBaeTcs (iar ommbku Err B peructpe SR koHTpoIiepa Kia-
BUATYPHI U TANBHEHIINI BBO/I CUMBOJIOB OJIOKUPYETCSI.

[Iporpamma Test-TG.asm mo3BoNsET MPOTECTUPOBATH PadOTy TOHOTEHEPaTOpa.
[IporpamMmma peanmn3yeT OSCKOHEUHBIH UK W BHIBOAWT Ha AuHaMuK [I9BM mo-
CTOSTHHO MOBBIIIAMOIINKNCS TOH, HaunHas ¢ 4acToThl 50 ' ¢ marom 50 I'i. [lns ee
3aIycka He00XOANMO BBIIOJIHUTH MYHKTHl 1—5 mepeuncienHbIX paHee IeicTBuil,
Mpr4YeM B MyHKTE 2 3arpyxaerca u kommuinupyercs daitn Test-TG.asm, a B myHK-
Te 4 moakIto4yaercsi Toabko ToHOreHepaTop.
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Abort 190

CISC-apxutekrypa 209

Code Privilege Level (CPL) 178
Current Privilege Level (CPL) 178

D, EF

Descriptor Privilege Level (DPL) 177
Error code 195
Fault 189

R

Requested Privilege Level (RPL) 178
RISC-apxurextyp 209

T, W

Task State Segment (TSS) 184
Trap 190
Watch-Dog Timer (WDT) 221

A B

Asapus 190
ABTOMAT:!
omneparronnsiii (OA) 80, 81
YIPaBISAOLIUN
(MuKpomporpamMMHbIii) 87
ynpasistrornuii (YA) 80, 89
Mumu 90
Mypa 90
C JKeCTKoM Jorukoii 89
¢ IporpaMMupyemoit Jjorukoi 97

16aat1aoiaé 6éacaoasi

Anpec:
BUpPTYyaJbHBEIA 127
JUHeHHBIH 173
yorudeckuii 172
¢usnueckuit 175
s dextuBHpd 172
Anpecanus 20
MHUKPOKOMaHI;
ecrectBeHHass 101
npunynurensHas 100
AnpecHoe MPOCTpaHcTBo, equaoe 150
Anropurm:
"Kapabkarommasicst cTpaHua”
(KC) 129
"Pa6ounii kommrekT" (PK) 130
JienieHust 6e3 BOCCTaHOBIICHUS
ocrarka 83
s3aMmerenns 128
cTpok 281
Munxosckoro — [llopa 128
HAW 129
AnpTepHaTHBHOE HMeHOBaHHe 184
AHanuTH4ecKas MallnHa
Y. bebbemxa 6
ApH(pMETHKO-JIOrNYEeCKOe YCTPOHCTBO
(AJ1Y) 13
ApxHuTeKTypa:
EPIC 215
VLIW 215
rapBapackas 220
AccoraTuBHOE 3aIIOMHHAIOIIEEe
yerpoiicteo (A3Y) 119
Bydep accounaruBHoit
TpaHcsuuu 176
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B K
Bexrop: Karanor pazngena 174
3HaKOBbIA 38 Kon:
npepbiBanus 163 "8421" 68
Bepxymika crexka 307 omunbxu 195
¢ m30bITKOM TpHu 69
quchna:

r

lapBapackas apxurekrypa 9BM 13
I'pad-cxema anropurma (I'CA) 39, 81

a

JIBoW4HBIH KO JAecaTuaHOM Iudper 68
Jlenenwue:
0e3 BOCCTaHOBIICHHS ocTaTKa 62
MO/IyJieH TBOMYHBIX uncena 60
C BOCCTaHOBJICHHEM OcTaTka 62
Heckpuntop 169
Jleckpunropnas tabnumna 171
rinobansras (GTD) 171
nokanpHas (LTD) 171
npepsbiBanmii (IDT) 171, 193
Jucneruep namsitu 150

3

3arpyska 1o npenrmonoxenuo 217
3amaua 183
3anomuHaromiee yerpoicrso (3Y) 13
3anpamuBaeMblil ypOBEHb
npusmwierunid 178
3amura:
JoCTyma K JaHHeiM 179
MIaMSATH:
Ha YpOBHE cerMeHTOB 177
Ha ypoBHe cTpannn 181
cermeHToB koma 180
SammiieHnsii pexxum (protect mode,
P-pexum) 168

n

Wurerpanbhas texuonorust (UT) 132
Hurepdeiic Unibus 148
Uckrouenne 189

JIonoaHuTeNbHbI 41, 46
obpatHeiii 41
npsimoit 38
Komanma 12, 16
nByxanpecHas 19
onHoanpecHas 19
npuBHiIerupoBanHas 178
TpexanpecHas 19
Komannseiii nukin 17
Komngeitep 208
Konreker 3amaun 183
Konrponbnas Touka 200
anmnapatHas 1o gaHueiM 205
ammapartHas o komauaam 204
Komr-mamsite 121
accoIMaTUBHAS [0 MHOXecTBY 123
¢ oOpaTHoi#i 3anceio 125
¢ IpsAMBIM oToOpaXkeHreM 121
€O CKBO3HOM 3ammcbio 125

n

Jlosymka 190, 201
Jlornueckoe ycioue 79

MesxpaspsaaHas cBS3b 73
MeTomp!l yCKOpeHHST YMHOXKECHUST 56
Muxpokomanna 87
MuxkpokorTpomiep 219
MC68332 222
Muxpooreparun 79
HecoBMecTuMbie 106
cosmectumble 106
€1oco0 KOJMPOBAHHUS:
BepTHKaIbHBIN 105
ropusoHTanbHe 104
cmenranubiii 105
Mukponporpamma 79, 87
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Muxkpornpoueccop (MII):
18086 138
agpecHoe mpocTpaHcTBo 145
MallliHa roib3oBarens 145
cucrteMa komaHn 147
MHOTOKpHUCTaNbHbIH 135
OoJHOKpHCTanbHBIH 135
nokoJyieHust 133
MHUKpOIPOLIECCOPHAst CUCTEMA
(MIIC) 137
Mukpo2BM, oxHokpuctansHas 136, 219
ot Motorola 221
MynbsTH3agaunocth 183

H

Hapymenne 189
Hopmanu3anus pesyinsrara 66

o

O6paboTuuk npepeiBanus 159
OmneparoHHOe yCTpoicTBO 79
Omneparms 21
anredpandeckas 39
Opranmzanus namsita 116
cermeHnTHas 168
cTpanmyHast 173
Oco0srii cimy4ait 189
IBOWHOE HapymeHne 198
KOHTpPOJIb BhipaBHUBanus 200
KOHTpOJBbHAs Touka 197
HapylleHue:
rpaHunbl MaccuBa 197
oOueit 3ammTer 199
creka 199
HeJIeHCTBUTENBHBIN KoJ onepary 197
HEEMCTBUTENBHBIN cermeHT 1SS 198
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HerpucyTcTBHe cermeHra 199
otimanka 196
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n

ITamaTb:
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Tabmury 176
BUpTyanbHas 127
cermenTHas opranmzanus 130
CTpaHMYHast opranu3anust 127
MarasuHHas 21
onepatuBHas 150
cBepxomepatiBHas 118
¢busnyeckas 127
[MapammennsMm, tuHaMrdIeckuii 212
[lepeBon U3 OAHON CUCTEMBI CUUCIICHUS
B apyryio 34
IpoOHbIX yncen 31
LENBIX uncesl 27
[lepenonnenue:
oTpuIaTensHoe 66
MOJIOXKHUTENbHOE 65
IToxcucrema BBoga/BeiBoma (IIBB) 151
[oncucrema npepeiBanuii 158
[oxonenns O5BM 8
[penukanus 216
[peacraBneHue yncna;
6e33nakoBoe 38
¢ puKcHpoBaHHOH 3amsaToi 38
co 3HakoM 38
IpepeBanne 158, 189
nporpammuoe 189
IIpuBunerus nans cermenta 177
IIpunuumn:
MHKPOIPOTPAMMHOTO yIpaBicHus 19
MYJIbTHIUIEKCHPOBaHUs curHaios 138
MIPOrPaMMHOTO yrpaBieHus 12
CTPYKTYypHOTO onucanus 13
IIporpamma 12, 16
IIporpammuslii caeTank 17
IIpoueccop:
8086 168
IA-64 215
Pentium 211
Pentium Pro 212
PowerPC 214
cymnepcKasipHbIii 212
IIponeccopusrii Mmoayne 138, 142
[psmoii moctyn B mamsits ([IAIT) 165
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P

Pasnocthas manaa Y. be6oemka 6
Peructp xomann 17

Peructp obmuiero nasuauenus (POH) 119
Peneiinas mammna Xoyiepura 6

Cc

Caepxomneparusaoe O3V (CO3Y) 118

C accoNMaTHBHBIM AocTymoM 119

¢ IpsMBIM octyrmom 119
Cerment 169

noguuHeHubii 180

CcOCTOsIHMA 3amaun 184
Cucrema 13

KOMaH[ poreccopa 18
Cucrema ocHOBaHU# 74
Cucrema cuncienus 24

annuTuBHaAg 25

B octarounsix kinaccax (COK) 74

BochMepuuHas 34

nBonyHas 26, 34

HEMOo3UIMOHHAs 24

ocHoBaHue 25

O3ULIHUOHHASA 25

pumckas 24

tponuHas 37

yHapHas 24

mectHanuarepuyHas 34

SKOHOMHYHOCTL 36
CrnoxeHue, anredpamdeckoe

B JOIIOJHUATEINBLHOM Kome 48

B oOpaTHOM Kone 42
Crpannynas tabmma 127
Crex 21, 307
CroposkeBoii Taiimep 221
Crpanuna, BupTyanpHas 127
CrpannyHsii cooit 128
Crtpykrypa cucremsl 14
Cuernas mamvna [Tackans 5
Cuerunk komanx 17

T

TaOynsitop 6
Texyumii ypoBeHs npusuiieruii 178
Teopus BeueToB 74

Yy

YMHOKEHHE YUCET:

B JOITOJHUTEIBLHOM Kone 56

METOJIBI YCKOpeHus: 56
YpoBens npuBmiIeTHi geckpunropa 177
VYerpoiicteo Beona (YBB) 13, 152
VYerpoiicto BeiBona (YBsiB) 13, 152

o, U

dopmar komanasl 18
LlenTpanibHOE YCTPOKCTBO yNpaBiICHUS
(mvvy) 13
Tuxon:
xomanuseiit (K1) 140, 160
manmuaeiil (ML) 141, 160
ACHHXPOHHBIN 142
CHUHXPOHHBINH 142

y

Yucio 24
Yuco ¢ mwiaBaromiei 3amsaroin 62

1]

[nro3:
BeI30Ba 181, 193
3amaun 193
noBymika 193
npepbiBanus 193

3

DKOHOMUYHOCTH TPE/ICTABICHHS
ypciia 36
Onemenr 14
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