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e 6.1. CHIKEHHE TOTEPH HA BBINOJIHEHUE KOMAaH/ YCIOBHOTO
nepexoja

o 7.IIpoGaembl peanu3aliii TOYHOTO MTPEPHIBAHKS B KOHBEHEpe

o 8.00paboTka MHOTOTaKTHBIX OTIEpaIliii U MEXaHU3MbI 00XOJI0B B
JUTMHHBIX KOHBeHepax

o 9.KoH(MIUKTHI U YCKOPEHHBIE TIEPECHUIKU B JUTMHHBIX KOHBEHEpax

1. Yto Takoe KoHBeliepHasi 00padoTKa

Pa3zpaboTunku apXuTeKTypbl KOMIBIOTEPOB U3AaBHA IPUOEraan K METOAaM
IPOEKTUPOBAHUS, U3BECTHBIM I10]] OOIIMM Ha3BaHUEM "'COBMEILEHUE onepanuil”, mpu
KOTOpOM armapaTypa KOMIIbIOTEpPA B JIF0OON MOMEHT BPEMEHHU BBIIIOJIHSAET
OJTHOBpEMEHHO Oosiee 0/1HOM 0a30BOM onepanuy. ITOT OOIIMN METO/] BKIFOYAET /1Ba
HOHATHUSA: Mapa/uIeJIN3M U KOHBelepu3anuo. X0Ts Y HUIX MHOT'O OOIIEro U X
3a4acTyl0 TPYAHO pa3jinyaTh Ha MPAKTUKE, 3TU TEPMHUHBI OTPAXKAIOT IBA COBEPLICHHO
pasau4HbIX noaxona. Ilpu napasuiesim3amMe coBMelieHUe onepanui 10CTHIAeTCS
NyTeM BOCHPOM3BeeHNs B HECKOJbKUX KONMAX aNMapaTHON cCTPYKTYpPbI. Bricokas
IPOU3BOAUTENBHOCTD JIOCTUTAETCS 33 CUET OJJHOBPEMEHHOM pabOThI BCEX 2JIEMEHTOB
CTPYKTYP, OCYLIECTBIISIIOLIUX PELICHUE PA3INYHbIX YACTEN 3aauu.

Kongeiiepuzanus (njin koHBeiiepHasi 00pad0oTKa) B 00111eM CJIydae OCHOBaHA
Ha pa3/ieJleHHH NOo/AJIexKallel NCTOTHeHUI0 (PyHKIMU Ha 0oJiee MeJIKUe YaCTH,
Ha3bIBaeMble CTYNIEHAAMU, U BbIICJICHUH JJI51 KAaKI0i U3 HUX OTAeJIbHOr0 0J10Ka
annapartypsbl. Tak 00paboTKy JIF000i MAIIMHHOM KOMaHbl MOXXHO Pa3eIUTh HA
HECKOJIbKO 3TaroB (HECKOJIBKO CTYIIEHEH ), OpraHn30BaB Mepeavy JaHHbIX OT OJHOTO
sTama K ciueayomemy. [Ipu sTom KoHBeliepHy0 00pabOTKY MOKHO MCIIOIB30BATh IS



COBMEIIEHHUS 3TANOB BHIMOJIHEHUS pa3HbIX KOMaH. [I[pOu3BOAUTENBHOCTD MIPU 3TOM
BO3pacTaer 0aroaapsi TOMY, 4TO OJJHOBPEMEHHO Ha Pa3JIMYHBIX CTYIEHIX KOHBeHepa
BBITIOJIHSIIOTCSI HECKOJIbKO KoMaH 1. KonBeliepHast 00padoTKka TaKOro pojia MUpPoOKo
NpUMeHsIeTCH BO BCeX COBPEMEHHBIX ObICTPO/IeCTBYIONIUX NPOLeccopax.

2.YpoBHU KOHBellepu3annu

e MakpokoHBeHep — KOHBEMEpHU3anys Ha YPOBHE MPOLIECCOPOB

e KonBeiiep koMaH/ - KOHBelepr3alus KOMaH | Ipoleccopa

e KonBeliep apudmernuyeckmnii - KOHBEHEpU3alMsi HA YPOBHE BBITIOJHECHUS
KOMaHJ1 nporeccopa

3. [IpocTeiiasi opranu3anmsi KOHBeiiepa U OlleHKA ero MPou3BOANTEILHOCTH

JIJ1s1 WULTIOCTpAlF OCHOBHBIX ITPUHITUIIOB TTOCTPOCHHMSI TIPOIIECCOPOB MBI OyeM
UCII0JIB30BATh MPOCTEUIIYIO aPXUTEKTYPY, COACPKAILYIO 32 LEeTOYHCICHHBIX PETUCTPa
obmero naznauenus (RO,...,R31), 32 peructpa mnasatomeii Touku (FO,...,F31) u cuetunx
koMans PC. byaem cuutaTh, 4T0 HA0Op KOMaH/ HAIIIETO MPoIleccopa BKIIOYAET
TUMUYHBIE apruPMETUUECKUE U JIOTHIECKHUE OTepalliy, OTIEpaIiy C TUTaBaIOIIeH TOYKOMH,
Onepaluy NEPECHUIKU TaHHBIX, ONEPALK YIIPABJICHHS TOTOKOM KOMaH]I U CHCTEMHBIE
omnepanuu. B apupmeTrueckux KoMaHax UCIIOJIb3YETCs TpeXaapecHbiit hopmar,
tunnunbii 451 RISC-niporieccopos, a aiist oOpaiieHust K TaMATH UCTIONb3YOTCS
ONepalny 3arpy3Ku U 3aIlIUCHU COIEPKUMOTO PETUCTPOB B AMSITh.

BrinosiHeHUE TUMTMYHON KOMaHAbl MOKHO Pa3JE€IUTh Ha CICAYIOIINE 3TAIbI:

» BblIOOpKa KoMaH[pI - |F (1m0 aapecy, 3a1aHHOMY CUETYMKOM KOMAaHJI, U3 NaMsATH
U3BJIEKAETCS KOMaH/1a);

e JICKOJMPOBAHHME KOMaH/bI / BRLIOOPKA ONEpaHa0B U3 perucTpos - I1D;

o BBINOJHEHHUE Omepannu / BerauciaeHne 3hHeKTuBHOTO aapeca namsti - EX;

e oOpamenue k namsta - MEM;

e 3amoMuHaHMe pe3yabrara - WB.

UtoObl KOHBEHEPU30BaTh BBHIMOIHEHUE KOMAH]I MOXHO MPOCTO Pa30UTh BHIIOJIHEHHE
KaKJ0M KOMaH]Ibl Ha YKAa3aHHBIC BBIIIE 3TAMbl, OTBEAS IJIsI BBIIOJIHEHHUS KaXJ0Tr0 dTara
OJIMH TaKT CUHXPOHM3AIMU, U HAYMHATh B Ka)KJIOM TaKTE€ BBIIIOJHEHUE HOBON KOMAaHJBI.
Jlnst  XpaHEHHsI TMPOMEXKYTOUHBIX  PE3yJNbTAaTOB  KaXJOro dTama  HEOOXOAMMO
UCIIOJIb30BaTh PETUCTPOBYIO CTaHIMIO (TamMaATh). [IpoMexyTouHbIE PETUCTPOBBHIE
CTaHIIUU 00ECTEeUMBAIOT Mepeiauy JaHHBIX U YIPABISIONIMX CUTHAJIOB C OJHOU CTYNEHHU
KOHBelepa Ha cleAyrolyo. XoTs o01iee BpeMsi BBITIOJHEHUS OJTHONW KOMaHbl B TAKOM
KOHBeliepe OyIeT COCTaBIATh ISITh TAaKTOB, B KaXIOM TaKTe ammaparypa Oyner
BBITIOJIHATH B COBMELICHHOM PEXUME IISTh PA3JIMYHBIX KOMAH/I.

PaGoty xoHBeliepa MOXKHO YCIIOBHO MPEJCTABUTH B BUJIE CIBHHYTHIX BO BPEMECHH
cxeMm mporeccopa (puc. 1). DTOT puCyHOK XOPOIIIO OTpakaeT COBMEIIEHHUE BO BPEMEHU
BBITIOJTHEHUS PA3IMYHBIX ATanoB KoMaH 1. OHAKO Yarie JUIsl MpeCTaBICHUS padOThI



KOHBEepa HCIOIb3yI0TCS BPEMEHHBIE JUarpaMMbl (pHc. 2), Ha KOTOPBIX OOBIYHO
N300pakaroTCsl BBINOJIHAEMbIE KOMaH/1bl, HOMEpPA TAKTOB U 3Tallbl BHIIIOJHEHHS KOMaH/I.
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Puc. 1. Hﬁedcmaeﬁenue 0 pﬁéome KoHgellepa
Homep komaHbI \ Homep TakTa \
1 2 3 4 5 6 7 8 9
Komanna i IF ID | EX MEM | WB
Komanpma i+1 IF | ID EX MEM WB
Komanpga i+2 IF ID EX MEM | WB
Komanna i+3 IF ID EX MEM | WB
Komanna i+4 IF ID EX MEM | WB

Puc. 2. IIpeocmasnenue o pabome Koneeiiepa

KonBeiiepu3zanus yBeJIHUMBAET MPONYCKHYIO CIIOCOOHOCTH Mpoieccopa
(KOJTMYECTBO KOMAH/I, 3aBEPIIAIOIIMXCS B SAMHHUILY BPEMEHH ), HO OHA He COKpAIaeT
BpeMsi BBINIOJTHEHHS OTAeJIbHOI KOMaHbI. B 1elicTBUTEILHOCTH, OHA JTaXke




HECKOJIBKO YBEJIMYMBAET BPEMS BBIIIOJIHEHUS KaXK10M KOMaH bl M3-32 HAKJIAJHBIX
pacxo/l0B, CBSI3aHHBIX C YIIPABJIEHUEM PErHCTPOBBIMU cTaHIMSIMU. OHAKO yBEJINYEHUE
MPOMYCKHOM CIIOCOOHOCTH O3HAYAeT, YTO MPOrpaMmMa OyAET BBIMOIHIATHCA OBICTpee IO
CPaBHEHHUIO C IIPOCTON HE KOHBEUEPHOU CXEMOM.

Tor ¢akT, uYTO BpeMs BBIMOJHEHMUS] KaXJAOW KOMaHIbl B KOHBelepe He
YMEHBIIAETCS, HAKJIAAbIBAET HEKOTOPHIE OIPAHUYEHUS HA MPAKTUYECKYIO JUIHHY
KoHBerepa. Kpome orpanuyeHuil, CBA3aHHBIX C 3aJEPKKOM KOHBEMEpa, UMEIOTCS TaKKe
OTpaHWYEHHUs, BO3HHUKAIOUIME B pe3yJbTare HeCOATaHCUPOBAHHOCTU 3aJCP>KKH Ha
KOKJIOW €ro CTYNEeHM M H3-3a HAKIAJHBIX PAcXoJOB Ha KOHBeWepusauuro. Yacrora
CHHXPOHM3AIIMH HE MOJKET OBITh BBINIE, a, CJICAOBATEIIBHO, TAaKT CHHXPOHH3AIUU HE
MOXXET OBITh MEHBIIIE, YeM BpeMsi, HEOOXoauMoe sl paboThl Hambosiee MeIJIeHHON
CTYIIEHU KOHBeMepa.

HaxnanHele pacxo/ipl Ha OpraHU3aluIo0 KOHBEHepa BO3HUKAIOT U3-3a
® 3a/Iep>)KKU CUTHAJIOB B KOHBEHEPHBIX perucrpax (3aenkax) u
® 13-3a IEPEKOCOB CUTHAJIOB CHHXPOHU3ALNH.

KonBeliepHbIe perHCTPHI K UTUTSIBHOCTH TaKTa TOOABIISIOT BPeMsl YCTAHOBKU U
3aJIep’KKY pacIpOCTpaHEHHsI CUTHAJIOB. B mpenenbHOM citydae IIUTeTbHOCTh TaKTa
MOKHO YMEHBIIIUTH 0 CYMMbI HAKJIQJHBIX PACX0JIOB U MEPEKOCa CUTHAIIOB
CUHXPOHH3AIIMHU, OJJHAKO TIPU STOM B TAKTE€ HE OCTAHETCS] BPEMEHH JIJ151 BBITIOTHEHUS
MOJIE3HOM pabOTHI MO MTPeoOpa30BaHUI0 UHPOPMALTIH.

B kaudecTBe nmpuMepa paccCMOTPUM HE KOHBEHEPHYIO MAaIIMHY C MSATHIO dTanaMu
BBITIOJTHEHUSI Omepauuid, KoTopele uMerT mmurenbHocTh S50, 50, 60, 50 u 50 HC
cooTBeTcTBeHHO (puc. 3). IlycTh HakIamHbIE PacXoJbl Ha OPTraHU3AINMIO KOHBEHEPHOU
0o0paboTku cocTaBisitoT 5 HC. Torma cpenHee BpeMs BBITIOJIHEHHUS KOMAaHJIIbI B HE
KOHBelepHoU MamuHe Oyner paBHo 260 He. Ecnu ke ucnonb3yercs KOHBeWepHas
OpraHu3anys, JUIMTeILHOCTh TakTa OyIeT paBHA UIMTEIBHOCTH CaMOTO MEIJICHHOTO
sTama 0OpabOTKH IUTIOC HaKJIaJHbIE PacXojpl, T.€. 65 HC. DTO BpeMsi COOTBETCTBYET
CpellHEMYy BPEMEHHU BBHITIOJHEHUS KOMaH/bl B KoHBeilepe. Takum oOpa3om, ycKopeHue,
MOJIYYCHHOE B pe3yJIbTaTe KOHBeHepu3auu, OyieT paBHO oTHomEeHU0 260/65=4:

Cpezmee BPEMH BBINIOJTHCHUS KOMaHAbI B HeKOHBeﬁepHOM pexumMe = 260
Cpezmee BpPEMH BBINIOJTHCHUS KOMaHAbI B KOHBeﬁepHOM pexume = 65

Yckopenne ot KOHBeiiepu3anun KoMaHAbI= Cp. BpeMs BbINOJIHECHUSA
KOMaH/Ibl B HeKOHBeiiepHoM pexxnume/ Cp. BpeMsi BBINOJTHEHHSI KOMAH/IbI B
KOHBEHEPHOM pe:KuMe

Yckopenue ot kouBelepuzanuu = 260/65=4

O6mas dhopmyna 11t apuMeTHIECKOro KOHBEHepa
YckopeHusi 0T KOHBelepU3alMy onepanuyu uMeeT BU/!

& =n*k/(n+k),



rie K — gucio cryneneli koHBeiepa, a N — [UIMHA OJTHOM MOCIIEI0BATSIIbHOCTH
WCXOJIHBIX TAHHBIX (KOMaH[) (BBIBOJ CM. Ha MIPUMEPE CI0KEHHUH JBYX BEKTOPOB JIJTUHBI
N ¢ IJIaBaIOIIEH 3ammsToMN)

| 260 5 260 He 260 =

300 50 [ a0 | S0 30|50 50 a0 | 50| 50 50 50| a0 | 50| 50

Foagerida T Foasemde 2 Foagerida 3

HexonpeHepHoe EEOT0THE Hie

| 65 | 65 | 65 65 [ 65

Fomeroa ! a0 | &0 | 60 | 60 | a0

Foaamoe 2 a0 | a0 | a0 | a0 | &0

Foaamoa 3 a0 § a0 | a0 | a0 | &0
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Puc. 3. Ippexm Koneeitepuszayuu npu 6bINOJTHEHUU 3-X KOMAHO - UeMbIPEXKPAMHOE
YCKopenue

Konseiiepuzanus 3¢ppexTuBHa TOIBKO TOT/Ia, KOT/Ia 3arpy3Ka KOHBeiepa Oim3ka K
IIOJIHOM, @ CKOPOCTh 1T0/1a4M HOBBIX KOMAaH/]I U OIIEPaH/I0B COOTBETCTBYET MAKCUMAJIbHON
IIPOU3BOJIUTENBHOCTH KOHBelepa. Ecnu mpousoiier 3aaepkka, TO mapajuiesibHO Oyner
BBITIOJHATHCSA MEHbBIIE OMepaluid U cyMMapHasl MPOU3BOAUTEIBLHOCTh CHU3HUTCA. Takue
3aJIepP’)KKH MOTYT BOHHKATh B Pe3yJbTaTe BOSHUKHOBEHUS KOH(DIUKTHBIX CUTYaIUi.

[Ipu peanuzanuu KoHBeWepHON 00pPaOOTKM BO3HUKAIOT CHUTYaIlMH, KOTOpbHIE
MPEMATCTBYIOT  BBIITOJHEHHIO  OYEPEAHOM  KOMaHABI M3  IIOTOKA KOMaHJI B
MPEHAa3HAYCHHOM [UJIi Hee TakTe. Takue CHUTyaluu Ha3bIBAlOTCA KOH(IMKTAMU.
KoH(puKTBI CHHKAKT peajJibHYI0 IMPOU3BOAUTEIbHOCTL KOHBeiiepa, KoTopasi
MOIJIa ObI OBITH IOCTUTHYTA B H/I€AJIbHOM CJIy4ae.

PaccmoTtpum pasnuyHbie THITBI KOH()IUKTOB, BOZHUKAIOIIUE NP BBHITTOJTHEHUH
KOMaH]| B KOHBelepe, U CocoObl UX pa3perieHusl.

CyIecTByIOT TpH Ki1acca KOH(IUKTOB:



1. CTpykKTypHBIe KOH()IUKTBI, KOTOPHIC BOSHUKAIOT U3-32 KOH(DIUKTOB 10
pecypcam, KOrja anmnapaTHble CpeICTBa HE MOTYT MOJJAEPKUBATh BCE BO3MOKHBIE
KOMOUWHAIIMKY KOMaH/] B PEKMUME OJTHOBPEMEHHOTO BBITIOJHEHUS C COBMEIICHUEM.

2. KoH(auKThl M0 JaAHHBIM, BO3HUKAIOIINE B CITy4ae, KOT/a BHIIOJHEHUE OJHON
KOMaH/Ibl 3aBUCUT OT PE3yJIbTaTa BBIMOJHEHUS MPEIbIYIIEH KOMaH/IbI.

3. KoH(IMKTHI 0 yNpaBJIeHNI0, KOTOPbIE BOZHUKAIOT MPU KOHBEHepU3aIuu
KOMaHJ| IEPEX0J0B U APYTUX KOMaH/I, KOTOPbIE U3MEHSIOT 3HAUCHUE CUETUYMKA
KOMaH/I.

KoH(HKTEI B KOHBelepe MPUBOAAT K HEOOXOIUMOCTH MPHOCTAHOBKH BBIMOJTHEHHUS
koMaHnJ (pipeline stall). OOpIYHO B IPOCTEHIINX KOHBEHEpax, €Ciu MPUOCTaHABINBACTCS
Kakas-Tn00 KOMaH/1a, TO BCE CICAYIONIME 32 HEll KOMaHbl TAK)Ke MPUOCTAHABIUBAOTCSI.
Koman b1, peamecTByONue MPHOCTAHOBICHHON, MOTYT MTPOJIOJIKATh BBITIOJIHSATHCS, HO
BO BpeMs IMPHOCTAHOBKHU HE BHIOMPAETCS HYU OJTHA HOBas KOMaH/Ia.

4. CTpyKTypHbIe KOHQIUKTHI M CIIOCO0ObI HX MUHUMMU3AIUHU

CoBMEIIEHHBI pPEKUM BBINOJIHEHUS KOMaHJI B 00leM ciydae TpeOyeT
KOHBeWepu3alun (QyHKIUOHAIBHBIX YCTPOMCTB M AYONHMpPOBaHUS PECypcoB s
paspelnieHust Bcex BO3MOXKHBIX KOMOMHAIMI KoMaH[| B KoHBelepe. Ecim kakas-uudyap
KOMOMHAIMA KOMAaH/ He MOKeT ObITh NPUHATA M3-32 KOH(INKTA M0 pecypcam, TO
TOBOPSAT, YTO B MallIMHE UMEETCS] CTPYKTYPHbI KOH(IMKT.

[Ipumepsl apXUTEKTyp, B KOTOPBIX BO3MOXKHO TMOSIBIEHHE CTPYKTYPHBIX
KOH(JINKTOB!

e  Mawunbsl ¢ He NOTHOCMBIO KOHBEUEPHBIMU DYHKYUOHANLHBIMU YCMPOUCNEAMU.
Bpems paboThl TaKOTO YCTPOICTBA MOKET COCTABIIATH HECKOJIBKO TAKTOB
CUHXpPOHM3allMU KOHBelepa. B aTom citydae nocienoBaTellbHbIe KOMaHbl, KOTOPBIE
UCTOJb3YIOT JaHHOE (PYHKIIMOHAJIBHOE YCTPOMCTBO, HE MOT'YT IIOCTYNATh B HETO B
KaX/IOM TaKTe.

o  Mawunel c HeOOCMaAmMouHbIM 0YOIUPOBAHUEM HEKOMOPBIX PECYPCos, UTO
IPEMSITCTBYET BBIIIOJHEHUIO TPOU3BOJIBHOM MOCIEA0BATEILHOCTH KOMaH/ B
KOHBelepe 0e3 ero npuocraHoBku. Hanpumep, MammHa MOXET UMETh TOJIBKO OJJUH
HOPT 3aIMCH B PETUCTPOBBIN (haiis, HO MPH OIMpPEIEICHHBIX 00CTOATEIbCTBAX
KOHBEHepy MOKET MOTPeOOBaThCA BHIMIOIHUTD JBE 3aIMCH B PETUCTPOBBIN (ailn B
OJIHOM TaKTe. DTO TaK)Ke MPUBEAET K CTPYKTypHOMY KOH(DIuKTY. Korna
MOCJIEZI0BATENIbHOCTh KOMaH 1 HaTaIKMBAETCS Ha TaKOM KOH(IIMKT, KOHBEiep
IPUOCTAaHABIMBAET BBINOJIHEHUE OJHOW U3 KOMAHJ J0 T€X MOP, [T0KA HE CTAHET
JOCTYTHBIM TpeOyemMoe yCTPOHCTBO.

®  Mawunsi, 8 KOMoOpwIX UMeemcs eOUHCMEEHHbII KOHelep NaMamuy 01 KOMAHO U
Odannwix (puc. 5). B aToM ciydae, korja ojiHa KOMaHAa COJAEPKUT oOparieHue K
naMsATH 32 JaHHBIMU, OHO OYJI€T KOH(IMKTOBATh C BBIOOPKOM Oo0Jiee Mo31Hen
KOMaH/Ibl U3 naMATH. UTOOBI pa3pemnTh 3Ty CUTYaLHI0, MOKHO IIPOCTO
IIPUOCTAaHOBUTH KOHBEHEP HA OJJUH TAKT, KOTJa POUCXOIUT OOpallleHue K MaMsITH 3a
nanHbIME. [To1oOHas mprOCTaHOBKA 4acTO HA3BIBAIOTCS "KOHBEHEPHBIM ITy3bIpeM"
(pipeline bubble) wnu nmpocTo my3bIpeM, TOCKOIBKY My3bIPh MPOXOIUT IO KOHBEHEPY,
3aHMMasi MECTO, HO HE BBITMIOJHSSI HUKAKOW MOJIE3HON pabOTHI.



[Tpu Bcex mpouux 00CTOATEILCTBAX, MAITUHA 0€3 CTPYKTYPHBIX KOH(DIUKTOB
Oynet Bceraa umeth 6osiee Hu3kuii CPI (cpeaHee YMC/I0 TAKTOB HA BbIIa4y
KOMAaH/IbI).

Boznukaer Bompoc: modemy pa3paOOTUMKH JOMYCKAIOT HAIWYME CTPYKTYPHBIX
KOH(GIMKTOB? J[151 3TOr0 UMEIOTCS JIB€ MPUYMUHBI: CHH)KEHHUE CTOMMOCTH U YMEHbIIICHUE
3ajiepKKu  ycrpoiicTBa. KonBeiepuszanus BceX (YHKIMOHAIBHBIX YCTPOWCTB MOXKET
0Ka3aTbCs CIMIIKOM JIOpOroi. MammHbl, JOMycKaloluue ABa oOpalleHHus K MaMsTH B
OJIHOM TakTe, JODKHbl HMETh YABOCHHYIO TMPOMYCKHYIO CIHOCOOHOCTh MaMATH,
HalpuMep, MNyTEM OpPraHu3alvy pas3AeibHBIX KILIEW U1 KOMaHJ W JIaHHBIX.
AHAJIOTUYHO, MOJHOCTBIO KOHBEHEPHOE YCTPOMCTBO [IEJICHUS C IUIABAIOIIEH TOYKOU
TpeOyeT OrpOMHOT0 KojiuuecTBa BeHTWJeH. Ecnu cTpykTypHble KOHMIUKTHI He OyAyT
BO3HUKATh CIUIIKOM YacTO, TO MOXET ObITh M HE CTOMUT IUIATUTh 3@ TO, YTOOBI HX
oboiitn. Kak mpaBuimo, MOXHO pa3paboTaTh HE KOHBEWEpPHOE, WM HE IOJHOCTHIO
KOHBEHEpPHOE YCTPOWCTBO, MMEIOIIEE MEHBIIYI0 OOUIYI0 3aJEepPKKy, YeM IOJHOCTHIO
KoHBeiiepHoe. Hampumep, pa3paOoTyuMku  YCTPOMCTB ¢  IUIaBAaIOMIEd  TOYKOH
koMibiorepoB CDC7600 u MIPS R2010 mpeamounu uMeThb MEHBUIYIO 3aJIEPKKY
BBITIOJIHEHUS OIIEpalliil BMECTO MOJIHOM UX KOHBEHEPU3ALIH.
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Puc. 5, a. [Ipumep cmpykmypno2o KoHIuKma npu peanuzayuu NAmamu ¢ 0OHUM
nopmom

‘ Homep ‘

Komannma
TaKTa

| 12 |3 &4 5 6 7 8 9 10
Komaa sarpysku | IF | ID | EX [MEM WB
Komara 1 . |IF | ID EX MEMWB

Komana 2 | | IFID EX MEMWB

Komarma 3 | | sl IF ID EX MEM WB
Komanna 4 ] IF ID EX MEM WB
Komara 5 o IF ID EX MEM
Komanza 6 ] IF ID EX

Puc. 5, 6. JJuacpamma pabomsi kongetiepa npu cmpykmypHoMm KOHGIuKme

5. KoHpJIuKTBI 110 TaHHBIM, OCTAHOBBI KOHBelepa U peaju3ainusi MexaHu3Ma
00X010B

OmauM w3  (GakTOpoB, KOTOPBIA OKa3bIBa€T CYHIECTBEHHOE BIMSHUE Ha
IIPOU3BOJUTEIIBHOCTh KOHBEHEPHBIX CHUCTEM, SIBJISIIOTCA MEXKOMAHJIHBIEC JIOTHYECKUE
3aBHCUMOCTH. Takue 3aBUCUMOCTH B OOJIBLION CTENEHH OTPAHUYMBAIOT MOTEHIIMAIbHBIN
napajuiesin3M  CMEXHBIX  OIepaluii, o0ecrieunBacMblii  COOTBETCTBYIOLUMHU
anmapaTHBIMH  cpeAcTBaMH 00paboTku. CrTeneHb BIMAHUSA OSTHUX 3aBHCUMOCTEH
onpezenseTcd Kak apXUTEKTypoH Ipoleccopa (B OCHOBHOM, CTPYKTYpPOW YIpaBIEHUS
KOHBEHEpOM KOMaHA M TnapaMerpamMu (QyHKIHMOHANBHBIX YCTPOMCTB), Tak U
XapaKTEPUCTUKAMU IIPOTrPaMM.

KoHnukTel 1O AaHHBIM BO3HUKAIOT B TOM Cllydae, KOTJa NpPUMEHEHUE
KOHBEHEpHOUW 00pabOTKU MOKET M3MEHUTh MOPAIOK OOpalleHHil 3a omepaHjaMu Tak,
YTO O3TOT TMOPSAOK OyIeT OTIMYaThCi OT TOPSAIKa, KOTOPBIM HaOMIOMaeTcss Mpu
MOCJIEIOBATEIbHOM BBINIOJJHEHUM KOMaHJ Ha HEKOHBEHepHOM MamuHe. PaccMoTpum
KOHBEHEPHOE BBIMOIHEHNE MTOCIEI0BATEIbHOCTH KOMaH/ Ha pUCYHKeE 6.

/ADD [R1,R2R3  [IF[ID[EX MEM WB

L N

suB [R4RLR5 | [IF[ID EX MEM wWB

L N

AND [R6RLR7 | | [IF ID EX MEM wB

|| il

OR [R8RLR9 | | | IF ID EX MEM WB

] L[]

OR |R1ORLR1L | | | IF 1D EX MEM WB




Puc. 6, a. [locredosamenvnocmes KOMaHO 8 KOHGeliepe U YCKOPEHHAs NepechbliKd OAHHbIX

(data forwarding, data bypassing, short circuiting)

/ADD RLR2R3 |IF | ID |[EX MEM WB |
L L[ IR] W |
SUB R4RLR5 | | IF [ID EX MEM WB

L . | |[R W

AND R6,R1,R7 | | IF ID EX MEM WB

L L L | R W

OR |R8RLR9 | | | IF ID EX MEM WB
L L R W

XOR [R10,R1R11| | | IF ID EX MEM WB
L L L R W

Puc. 6, 6. Cosmewenue umenus u 3anucu pe2ucmpos 6 0OHOM maxKme

B stoM mpumepe Bce kKOMaHjbl, cieAyromue 3a komanaod ADD, ucnonb3yroT
pesynbrar ee BbinonHeHUs. Komanna ADD 3anumceiBaeT pesynbsTaT B peructp Rl, a
koManna SUB uyutaer 510 3Hauenuwe. Eciv He NMpeanpuHsATh HUKAKUX MEp JUIsl TOTO,
yTOOBI MPENOTBPATUTh 3TOT KOH(PIUKT, komanHga SUB mpounTaer HemnmpaBHIbHOE
3HAYEHHUE M MOMBITAETCA €ro MCIOoJb30BaTh. Ha caMoM Jene 3HayeHHe, MCIOJIb3YEeMOE
koManjoi SUB, sBisieTcst na)ke HEOMpPENENEeHHBIM: XOTS JOTUYHO MPEANOJIIOKUTh, YTO
SUB Bceraa Oyzaer ucnonb3oBaTh 3HaueHUe R1, koTopoe ObUIO MPHUCBOEHO KaKOH-IHO0
KOMaHJ0M, mnpenamectBoBaBmied ADD, 310 He Bcerma Tak. Eciaum mnpowusoiner
npepbiBanne Mexay komangamu ADD u SUB, to komanma ADD 3aBepmuTtcs, u
3HaueHue R1 B »3TOl TOouke Oymer coorBeTcTBOBaTh pe3ynbraty ADD. Takoe
HEMPOTHO3UPYEMOE MOBEICHUE OUEBUIHO HEMPUEMIIEMO.

[Ipob6mema, mocTaBiaeHHAs B 3TOM MPHUMEPE, MOXKET OBITh pa3pelieHa ¢ MTOMOIIBIO
JIOCTaTOYHO MPOCTOM anmapaTHOM TEXHUKH, KOTOpash Ha3bIBACTCS MMePeCchLIKON WU
npoaBukenneM aanHbix (data forwarding), o6xomom (data bypassing), wuHOrIa
3akopoTkoii (short-circuiting).

Orta anmapatypa padoTaeT CIeIYIIMNUM 00pa3oM:

e Pesynbrar omnepauuu AJIY C ero BBIXOAHOTO PETUCTpa BCErjJa CHOBA
rnojaeTrcs Ha3ajx Ha Bxonansl AJIY.

e Ecnu anmapatypa oOHapyXuBaeT, 4To npenapaymas onepauus AJY
3aMUCHIBACT PE3YIbTAT B PETUCTP, COOTBETCTBYIOIINM UCTOUHUKY OTIEpaHaa JJis
cnenyrouieit onepanuu AJIY, TO JOrMYecKue CXembl YIPaBJICHUs] BHIOUPAIOT B
kKadecTBe Bxoda s AJIY pesynbrar, mocTymarniuil mo menu "obxoma", a He
3HAaYCHHE, IPOYNTAHHOE U3 PErUCTPOBOro Gaitia (puc. 7).
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Puc. 7. AJIY ¢ yensamu 0b6x00a u yckopeHHOU nepecoLiKu

Ota TexHHKa "00XomoB" MOKET OBITH 0000IlE€Ha I TOro, 4TOOBbI BKIIIOYHUTH
nepefady pesyjabrara MpsAMO B TO (PYHKIIMOHAJIBLHOE YCTPOMCTBO, KOTOpPOE B HEM
HYKJAETCs: pe3yibTaT ¢ BBIXO/a OJTHOTO YCTpOMCTBA "mepechliaeTcs” Ha BXOJ JPYroro,
a He C BbIX0JIa HEKOTOPOT0 YCTPOMCTBA TOIBKO Ha €ro BXOJ.

5.1. Knaccuduxanusi KOHGPJIUKTOB M0 JAHHBIM

Kon}aukT Bo3HUKAET Be3Jie, I/ie IMEET MECTO 3aBUCHMOCTb MKy KOMaHAaMH, U
OHU pACIOJIOKEHBI IO OTHOWICHHIO APYr K JPYry AOCTaTOYHO OJHM3KO Tak, 4YTO
COBMEIICHHE OMNEpanuii, MPOUCXOJAIIee NMPU KOHBEHEpU3aluu, MOXKET NPUBECTH K
U3MEHEHHIO TopsAaKka oOpamieHuss K omepapaaM. B wamem mnpumepe  Obul
HNPOUJUTIOCTPUPOBAH KOH(MIIMKT, MPOUCXOAALINNA C PErHCTPOBBIMH ONEPAHIAAMHU, HO Ol
napvl KOMAHO B03MONCHO NOABNIEHUE 3ABUCUMOCMEN NPU 3aNUCU UTU YMEHUU OOHOU U
moti e aveuxku namamu. OAHAKO, €CIM BCe OOpalICHHUs] K MaMSTH BBIOTHSIOTCS B
CTPOTOM TOPSIKE, TO TOSBICHHE TAKOTO THIIA KOH(PIMKTOB MPEAOTBPAIIACTCS.

W3BecTHBI TpU BO3MOXKHBIX KOH(MIUKTA MO JAaHHBIM B 3aBUCHUMOCTH OT TMOPSAIKA
oreparnuii YTEHUsI U 3alnucu. PaccMOTpuM J1Be KOMAH/IBI 1 U j, IPX 3TOM 1 TIPEIIECTBYET
J. Bo3aMosxHBI ciegyroniue KOH(IUKTHI:



o« RAW (uteHue mocJjie 3aMuUCH) - j MIBITAETCS IPOYUTATH ONEPAHI-UCTOUHUK
JAHHBIX TPEXKIe, YeM 1 TyJa 3anumuieT. Takum o0pa3oM, j MOKET HEKOPPEKTHO
NOJYYUTh CTapoe 3HaUeHue. DTo Hanbosee o0l TUIT KOH(PIUKTOB, CIIOCO0 UX
MIPEOIONIEHUS C TIOMOIIBIO0 MeXaHn3Ma "00X00B" PaCCMOTPEH paHee.

 WAR (3anuch nmocJjie YTeHHsl) - j IBITACTCS 3aMMCATh PE3YJIbTAT B IPUEMHHUK
NPEX/E, YEM OH CUUTHIBACTCS OTTY/1a KOMAHOM 1, TAK YTO 1 MOKET HEKOPPEKTHO
NOJYYUTHh HOBOE 3HaYCHHE. JTOT TUM KOH(MIMKTOB KaK MPAaBUIIO HE BOSHUKAET B
CUCTEeMax C IEHTPAJIU30BaHHbBIM YIIpaBICHHUEM MOTOKOM KOMaH]I,
o0ecreynBaroluX BHIITOJIHEHHE KOMaH/] B IOPAJIKE WX MOCTYIUICHHUS, TaK KaK
NOCJIEAYIOIas 3aMCh BCET1a BBIMOIHIAETCS MO3KE, YEM MPEIIECTBYIOIIEE
cuuteiBaHre. OCOOEHHO YacTO KOH(IMKTHI TAKOTO POAa MOTYT BO3HHUKATh B
CUCTeMaX, JOMYCKAIOIIKX BBIMOIHEHHE KOMaH]l HE B TIOPSAIKE UX PACIOJIOKEHHUS B
IPOrpaMMHOM KOJ€.

o« WAW (3anmmch mocJie 3aNMCH) - j TIBITACTCS 3alIUCaTh OMEPaH/I IPEKIL, YeM
OyzAeT 3amucaH pe3yiabTaT KOMaH[IbI 1, T.€. 3aIIMCH 3aKAHUYMBAIOTCS B HEBEPHOM
NOpsJIKE, OCTABJISASI B IPUEMHHUKE 3HAUCHHE, 3alIMCAHHOE KOMaHI0H 1, a HE J. DTOT
TUN KOH(M)IMKTOB MMPUCYTCTBYET TOJIBKO B KOHBEHEPAX, KOTOPHIE BHIMOIHSAIOT
3alKCh CO MHOTUX CTYNEHEH (MM MO3BOJISIOT KOMAH/IE BBITIOJIHATHCS JaXeE B
cilydae, Korja npeablayias NpruoCTaHOBIICHA).

5.2. KoH(1UKTBI 0 JaHHBIM, IPUBOSIIIAE K IPHUOCTAHOBKE KOHBelepa
K corxaseHuto He Bce MOTEHINATbHBIC KOH(PIUKTHI 10 JAHHBIM MOTYT

00pabaTbIBaThCS ¢ TOMOIIBI0 MexaHu3Ma "00x0/10B", paccmoTpeHHoro paHee. [1ycTs
UMEEM CJICIYIOIIYIO TIOCIeI0BATeILHOCTh KOMaH 1 (puc. 8):

Komanza IFID[EX|MEM WB

'LWR1,32(R6) | [IF[ID [EX MEM WB

/ADDR4RLR7| | [IF[ID stal EX MEM WB
'SUBRSRLR8| | [ [IF stal ID EX MEM WB
ANDR6RLR7| | [ | sl IF ID EX MEM WB

Puc. 8. Ilocredosamenvrhocms KOMAHO ¢ NPUOCMAHOBKOU KOHEeliepa

OTOT cilydail OTJIIMYAETCsl OT MOCIEA0BATEILHOCTH MOAPSIA UAYIIUX KoMaHa AJLY.
Komanga 3arpy3ku (LW) peructpa R1 u3 namsitu umeeT 3a7ep>KKy, KOTOpasi HE MOXKET
OBITh yCTpaHEeHa OOBIYHOHN '"mepechbulkoi'. BMECTO 3TOro Ham HyKHa JOINOJIHUTEIbHAS
anmaparypa, Ha3blBaeMas annapaTtypoi BHYTPEHHHX OJIOKMPOBOK KOHBeiiepa
(pipeline interlook), 4ToOBI OOecreYnTh, KOPPEKTHOE BBHITIOJIHEHHE TpuMmepa. BooOre
TaKOro poja amnmnaparypa oOHapyXKMBaeT KOH(JIUKTHI U MPUOCTAHABIMBAET KOHBEHED 10
TEX TMOp, TOKa CyImecTByeT KoHGIMKT. B »sToM cinywae »3Ta anmaparypa
NPUOCTAaHABIMBAET KOHBEHEp, HA4YMHAs C KOMaH[bl, KOTOpas XOYeT HCIOJIb30BaTh
JaHHBIE B TO BpEeMs, KOTJAa TpEAbIAYIIas KOMaHIa, pPe3yibTaT KOTOPOW SBISIETCS
OTepaHJOM JJisi Hailed, BbIpabaThIBAET ATOT pe3yibTaT. JTa ammapaTypa BbI3BIBAET
MPUOCTAHOBKY KOHBeWepa WM MOsIBIEHUE "My3bIpsA'" TOYHO TAKXKE KaK U B Cllydyae
CTPYKTYPHBIX KOH(JIUKTOB.



5.3. MeToauka NJ1aHUPOBAHUS KOMIMJIATOPA J1Jisl yCTPaAHEHUs KOH(PIUKTOB
10 JaHHBIM

MHorue TUIbI TPUOCTAaHOBOK KOHBEHEpa MOT'YT IMPOUCXOIUThH JOCTATOUYHO YaCToO.
Hanpuwmep, mist oneparopa A = B + C KOMOIMISTOP CKOPEE BCETO CTEHEPUPYET
CJICYIOIIYIO MTOCIIEIOBATEIBbHOCTh KoMaH 1 (puc.9):

LW R1,B IFID [EX|MEM WB

LW R2,C " IF[ID[EX MEM wB

IADDR3RLR2| | [IF[ID stall EX MEM WB

SW AR3 [ [ IF sl ID EX MEM WB

Puc. 9. Konsetieproe svinonnenue onepamopa A =B + C

OueBuaHO, BbINONHEHUE KOMaHIbl ADD noikHO OBITH MPUOCTAHOBIEHO JI0 TEX
nop, IOKa HE CTaHeT JAOCTYNHbIM HocTynaromuid u3 mnamsata onepanny C.
JIoNOMHUTENBbHON 3aJEP>KKU  BBIMOJHEHUST KoMaHabl SW He Npou30HIeT B ciydae
OpUMEHEHMsI Lened o0xoma Uil NEpechUIKM  pe3yiabTata omepamun  AJIY
HEIOCPEACTBEHHO B PETUCTP JAHHBIX MAMSTH ISl IOCIEAYIOLIEH 3aliCH.

JUIs  MaHHOTO TPOCTOrO MpHUMEpa KOMIWITOP HUKAK HE MOXKET YIyUIIUTh
CUTYaIlMIO, OJHAKO B psAae Oomee oOmMX CIy4aeB OH MOMET pPEOpraHU30BaTh
MOCJIeIOBAaTEIbHOCTh KOMaHJ TakK, 4ToObl M30eXaTh MPUOCTAaHOBOK KOHBeHepa. OTta
TEXHHKA, Ha3bIBacMasl MJIAHMPOBAHUEM 3arpy3Ku KoHnBeiiepa (pipeline scheduling) nun
IUIAaHNPOBaHUEM MOTOKAa koMmaHj (instruction scheduling), ucnons3oBanack HauWHAs C
60-x romoB u crana ocoboil obOnacThio MHTEepeca B 80-X rojgax, Korjma KOHBEHEpHbIE
MAIlIMHBI TTOTYYUIIH HAaUOOJIbIIIEe PACTIPOCTPAaHCHHE.

[TycTh, HanIpUMep, KMEETCs TOCIIeI0BATEILHOCTE oniepatopoB: a=b +c;d=e-Tf;
Kaxk crenepupoBath K0J, HE BhI3bIBAIOIINI OCTAHOBOK KOHBelepa?

[Ipenmonaraercs, 4To 3a7ep>KKa 3arpy3KU U3 MAMSITH COCTABIISIET OJMH TakT. MOXHO
CreHEPHUPOBATH CIIEAYIOIIYIO MOCIeI0BaTeIbHOCTL KoMaH: (puc. 10):

HeonmuMuS’upoeaHHaﬂ OnmuMus’upoeaHHaﬂ
nOC1e008amenbHOCHb KOMAHO | NOCIe008amenbHOCHb KOMAHO
LW Ry,b LW Ry,b
LW Rq,c LW Rq,c
/ADD R,,Ru,R; LW Re,e
SW aR, /ADD R4,Rb,Re
LW R..e LW R f
LW R f SW a,R.
SUB Rg,Re,Ry SUB Rg,Re,Rs




SW d,Rq SW d,Rq4

Puc.10. Ilpumep ycmpanenus KOHDAUKINOE KOMAULAMOPOM

B pesynbrare yctpanensl o0e 6iokupoBku: komanaoi LW R,c komanast ADD
Ra, R, Rc 1 xomanmoit LW R¢,f komannet SUB Ry, Re,Rs. IMeeTcs 3aBUCHMOCTD MEX Ty
onepanueit AJIY u onepanueit 3anucu B naMsiTh, HO CTPYKTYpa KOHBeHWepa N0MyCKaeT
MEePECHUIKY pe3ybTaTa ¢ MOMOIIIBIO 1ene "ooxoaa". 3aMeTuM, YTO UCII0JIb30BAaHUE
Pa3HBIX PETUCTPOB JJIsSI IEPBOTO M BTOPOTO OMEPATOPOB ObLIO JOCTATOYHO BAXKHBIM JJIS
peanusanuu Takoro NpaBUILHOTO MIIAHWPOBaHUs. B yacTHOCTH, eciu mepeMeHHas €
ObL1a OBI 3arpy’KeHa B TOT e CaMblif pETUCTp, 4TO b MiIH C, Takoe TUTaHHPOBAaHUE HE
ObLU10 OBI KOPPEKTHBIM. B 00111eM citydae riaHupoBaHue KOHBeepa MOXKeT TpeOoBaTh
VBenuueHHo20 Koauvecmea pecucmpos. Takoe yBeIMUYeHNEe MOXKET 0Ka3aTbCsl 0COOEHHO
CYIIIECTBEHHBIM JJISI MAIlIMH, KOTOPhIE MOTYT BbIJaBaTh Ha BHITTOJTHEHUE HECKOJIBKO
KOMaH/]I B OJTHOM TaKTe.

MHorre cCOBpeMEHHbIE KOMITHIISITOPBI UCTIOJIB3YIOT TEXHUKY TUIAHUPOBAHUS
KOMaHJ Ul yJIyYlIEHHs] IPOU3BOAUTEIBLHOCTA KOHBEMEpa. B nmpocreieM anropurme
KOMIWISITOP MPOCTO MJIAHUPYET pacipeieliecHne KOMaH B OJHOM U TOM Ke 6a30BOM
o1oke. ba3oBbIii OJIOK TpeIcTaBIISICT COOOM JIMHEHHBIN YU4aCcTOK ITOCIEA0BATEIIBHOCTH
IIPOrpaMMHOI0 K0J1a, B KOTOPOM OTCYTCTBYIOT KOMaH/Ibl IEPEX0/1A, 3 UCKIIFOUCHUEM
Hayaja 1 KOHI[a yyacTKa (MepexoAbl BHYTPb 3TOTO y4acTKa TOXKE JTOJKHBI
OTCYTCTBOBaTh). [lmaHupoBaHue Takoi MOCIeA0BATEIbBHOCTH KOMaH/| OCYLIECTBIISETCS
JIOCTaTOYHO MPOCTO, MOCKOJIbKY KOMITUJISITOP 3HAET, UTO Ka)/asi KoMaHa B 0J0ke Oyner
BBITIOJIHATHLCS, €CJIU BBITIOJIHSIETCS TIepBasi U3 HUX, U MOXKHO MIPOCTO MOCTPOUTH rpad
3aBUCHMOCTEH ITHX KOMaHJ M YIOPSI0UUTh UX TaK, YTOOBI MUHIMHU3UPOBATh
IIPUOCTAHOBKH KOHBeMepa. st mpOoCThIX KOHBEMEPOB CTpaTErus IUIAHUPOBAHUS Ha
OCHOBE 0a30BbIX OJIOKOB BIIOJIHE YAOBIETBOpUTENbHA. OTHAKO KOT/1a KOHBEHepu3alus
CTaHOBHTCS 00Jiee MHTEHCUBHOM U JIEHCTBUTEIbHBIC 3a/IEP)KKU KOHBEHEpa pacTyT,
TpeOyroTcst OoJiee CII0KHBIE aITOPUTMBI TNIAHUPOBAHUS.

K cuacTpio, CymecTBYIOT anmnapaTHbie MeTOAbI, IIO3BOJISIOIINE H3MEHUTH ITOPSAIOK
BBIMTOJHEHUST KOMaH I [TPOTPaMMbI TaK, YTOObI MUHUMHU3HPOBAThH IPHOCTAHOBKH
KOHBeiepa. DTH METO/IbI MOTYYUIIN 00I[ee HAa3BAaHUE METOA0B JNHAMMYECKO
ONTHUMM3ANMUH (B aHTJIOS3BIYHOMN JINTEPATYPE B TOCIICAHEE BPEMS YACTO MPUMEHSIOTCS
Takke TepMuHbI "out-0f-order execution™ - HeymopsgoueHHOE BhIoNHEHKE U "out-0f-
order issue" - HeymopsiI0UeHHAs BbI1aua).

OCHOBHBIMH cpcacTtBaMu I[HHaMquCKOﬁ ONITUMHU3AIINN ABJIAKOTCA:

1. Pa3memienue cxeMbl 00HApPY:KeHUs KOH()IUKTOB B BO3MOKHO 00Jiee HU3KOI
TOYKe KOHBeHepa KOMaH 1 TaK, YTOObI TO3BOJIMTh KOMAH/JI€ IPOJBUTATHCS 110
KOHBeepy 710 TeX Mop, MOoKa eil pealbHO He NOTpeOyeTcs onepaH, sIBISIOIIMNACS
TaKXe pe3yJbTaTOM JIOTHYECKHU OoJiee paHHEH, HO ellle He 3aBepIlnBIIeHCS
KOMaH/bl. AJIbTEPHATUBHBIM MOJX0IOM SBJISIETCS LIEHTPAIU30BAHHOE
oOHapy)XxeHue KOH(IMKTOB Ha OJIHOM U3 paHHMX CTyIEHEeH KOHBeiepa.

2. By¢epusanusi KOMaHJ, 0XXKMJIAIOLINX pa3pelIeHnss KOHQIINKTa, ¥ BblAada
MOCTIeIYIOIINX, JIOTHYECKH HE CBSI3aHHBIX KOMaH[, B "00xoxa" Oydepa. B atom



cllydae KOMaH]Ibl MOTYT BBIIABAaThCS HA BBHIITOJIHEHUE HE B TOM TOPSIKE, B
KOTOPOM OHH PAcCIOJIOKEHBI B IPOrpaMMe, OJIHAKO anmnaparypa oOHapyXeHUs U
yCTpaHEeHUs KOH(PIMKTOB MEX]y JJOTHYECKU CBA3aHHBIMH KOMaH/IaMU
o0ecreunBaeT MOIy4eHHE PE3yIbTaTOB B COOTBETCTBUU C 33JaHHON IPOTPamMMOi.

3. Opranm3anusi KOMMYTHPYIOUIUX MarucTpaJei, ooecreynBaronas 3acbuiKy
pe3yibTaTa ornepali HelmoCcpeACTBEHHO B Oydep, XpaHAIIHi JOTHIeCKA
3aBHCUMYIO KOMaH/y, 3aJepKaHHYIO H3-3a KOH(INKTA, NI HETIOCPEJCTBEHHO Ha
BXO0J QYHKIIMOHAILHOTO YCTPOUCTBA /IO TOTO, KaK ATOT pe3yJIbTaT Oy/AeT 3anucan
B perucTpoBbIi (aiin nim B mamsath (short-circuiting, data forwarding, data
bypassing - meTop).

4. Metoa nepeuMeHoBaHus peructpos (register renaming). Ioxy4wn cBoe
Ha3BaHUE OT MIUPOKO MPUMEHSIOMIETOCS B KOMIMIIATOPaX METO/1a
NepEeMMEHOBaHUS - METO/Ia Pa3MEIICHHSI TaHHBIX, CIOCOOCTBYIOIIETO
COKpAILICHHUIO YHCIIa 3aBUCUMOCTEH U TEM CaMbIM YBEIIMUYCHHIO
NIPOU3BOUTEIBHOCTH MIPH OTOOPaKEHUH HEOOXOAMMBIX UCXOAHOHN MpOTrpaMme
00BEKTOB (HampuMep, NEPEMEHHBIX) Ha anmapaTHble pecypchl (Hapumep, s4eiku
MaMSTH U PETUCTPHI).

[Ipu anmapaTHOM peanu3alu METOJAa NEPEHMEHOBAHHUS PETUCTPOB BBIACISIOTCS
JIOTUYECKHE PETUCTPHI, O0palleHNe K KOTOPHIM BBIMONHSIETCS C TOMOIIBIO COOTBETCTBYIOIINX
MOJIEH KOMaH/Ibl, M (PU3NYECKHE PETUCTPHI, KOTOPBIE pa3MENIAIOTCS B almapaTHOM PETrHCTPOBOM
daitne nporeccopa. Homepa J0rH4ecKiX perucTpoB TUHAMUYECKH OTOOpaKarOTCsS HA HOMepa
(UBUYECKUX PETHCTPOB TOCPEJACTBOM TaOJIHUI[ OTOOpa)KEHUs, KOTOpPbIE OOHOBIISIIOTCS TOCIIE
JEKOIUpOBaHUsl Kaxkaou KomaHnabl. Kaxablii HOBBIM pe3ynbTaT 3alUChIBAETCS B HOBBIN
busndeckuit peructp. OmHAKO TpeAbIAyNIee 3HAYCHHE KaXIOTO JIOTHYECKOTO pErucTpa
COXpAaHSIETCS M MOXET OBITh BOCCTAHOBJICHO B CIllydae, €CJIM BBIOJHEHHWE KOMAaHIbI TOJIKHO
OBITH TpPEpPBAHO W3-3a BO3HUKHOBEHUS HCKIIOYUTEIBHOW CHUTYaIlMd WJIA HENPAaBUIBHOTO
MpeCKa3aHus HallpaBJICHUs YCIOBHOTO MEepexo/ia.

B nmpouecce BBINOTHEHWS NPOrpaMMbl TI'E€HEPUPYETCS MHOMKECTBO BPEMEHHBIX
PErUCTPOBBIX PE3yNbTAaTOB. DTH BpPEMEHHBbIE 3HAUCHUS 3aMHCBIBAIOTCS B PETUCTPOBBIE (ailiibl
BMECTE C MOCTOSSHHBIMU 3HAUYC€HUsIMU. BpemMeHHOe 3HaueHHE CTaHOBUTCS HOBBIM MOCTOSHHBIM
3HaYeHHEM, KOTJla 3aBeplluaeTcsl BhIMOJHEHHE KoMaHabl (pukcupyercs ee pesyibTar). B cBoro
ouepesib, 3aBEPIICHUE BBHIMOJHEHUS KOMaH]Ibl MPOUCXOIUT, KOTJa BCE MPEbIAYIINE KOMaH/bl
YCIIELIHO 3aBEPIIMINCH B 33IaHHOM MPOTPaMMOi MOPSIKE.

[IporpamMMucT uMeeT JAeno0 TOJIBKO C JIOTMUYECKUMHU perucrtpamu. Peanmuzanus
(U3MUECKUX PETUCTPOB OT HEro CKphiTa. Kak yxke oTMedanock, HOMepa JOTHUYECKUX PErucTpoB
CTaBSITCS. B COOTBETCTBHE HOMepaM (U3HUECKUX peructpoB. OToOpakeHHE peaTu3yercs ¢
IOMOIIBI0 Ta0JMIl OTOOpaXKEHHsI, KOTOPbIe OOHOBIISIOTCS TOCIE JEKOAMPOBAHUS KaXKIOU
KoMaHibl. Kaxkaplii HOBBIM pe3yibTaT 3amuchiBaeTcs B ¢Guzndeckuii peructp. OIHAKO 0 Tex
IOp, TOKAa HE 3aBEPIINUTCS BBINOJIHEHHE COOTBETCTBYIOIEH KOMaH/AbI, 3HAYE€HHE B 3TOM
(bu3NYECKOM perucTpe paccMaTpUBaeTCs Kak BpEeMEHHOE.

Meto nepeMMEeHOBaHUS PETUCTPOB YIIPOIIAET KOHTPOJIb 3aBUCUMOCTEN MO JaHHBIM. B
MalInHE, KOTOpasAd MOXKCT BBIIIOJHATL KOMAaH/bl HC B IMOPAAKE UX PACIIOJIOKCHHA B IIPOTrpaMMe,
HOMEpa JIOTUYECKHX PErMCTPOB MOTYT CTaTh IBYCMBICIEHHBIMH, NOCKOJBKY OJMH M TOT K€
PETUCTP MOXKCET GBITB HA3HA4YCH IMOCJICHAOBATCIIBHO IJId XPAHCHUA PA3JIMYHBIX 3HagyeHuii. Ho
MOCKOJIbKY HOMepa (PU3MYECKHX PErHCTPOB YHUKAIBHO HAECHTU(GUIUPYIOT KaKIbli pe3ysbTar,
BCE HEOJHO3HAYHOCTH YCTPAHSIOTCS.



6. Konduukrsl no ynpasienuio. CokpaiieHue norepb Ha BbINOJTHEHUE
KOMAaH/I Nepexo/ia ¥ MUHUMH3AIUA KOH(IUKTOB MO YIIPaBJIEeHUIO

KondaukTsl 1o ynpaBjieHHI0O MOTYT BbBI3BIBaTh JaXke OOJbIIME TOTEPU
MIPOU3BOJIUTEIHLHOCTH KOHBeWepa, yeM KOH(MIUKTHI 1Mo AaHHBbIM. Korma BbITOJHSETCS
KOMaH/[a yCJIOBHOTO MEPEX0/ia, OHA MOXKET JIN00 U3MEHUTh, JIN00 HE M3MEHUTH 3HAUYCHUE
CUYETUYMKA KOMaH]I.

Ecmu KOMaHJa YCJIOBHOro mepexonga 3aMCHACT CUCTYMK KOMAaHJ 3HAYCHUCM
aapeca, BBIYUCICHHOI'O B KOMaHAC, TO IEpexXoa Ha3bIBA€TCA BbLINMOJIHACMBIM; B
IMPOTUBHOM CJIy4dac, OH HAa3bIBACTCA HEBBINMOJIHACMbBIM.

[Ipocreiimmit  mMeTon pabOTBl €  YCIOBHBIMH TEPEXOJaMU  3aKJIIOYaeTCS B
MPUOCTAHOBKE KOHBEWepa, Kak TOJhKO OOHApyXXeHa KOMaH/a YCIOBHOTO Mepexojia 10
T€X TOp, MOKa OHA HE JOCTUTHET CTYNEHW KOHBEHEpa, KOTOpas BBIYMCISET HOBOE
3HAYCHHE CUYeTYHKa KoMaH] (cM. puc. 11).

Takue mpUOCTAaHOBKM KOHBeWepa M3-3a KOH(MIMKTOB MO YIPABICHUIO JIOJIKHBI
peanu30BbIBATHCS MHAYE, YEM MPUOCTAHOBKHU M3-32 KOH(IMKTOB MO JAHHBIM, TOCKOJIbKY
BbIOOpKAa KOMaHJIbl, CJIEAYIOLIEH 3a KOMaHAOH YCIOBHOIO Nepexoia, JAOJDKHA OBITh
BBINOJIHEHA KaK MOXKHO ObICTpee, KaK TOJIbKO MbI Y3Ha€M OKOHYATEJIbHOE HalpaBJeHHE
KOMaH/Ibl YCJIIOBHOI'O IIEPEX0/A.

‘KOMaHI[BI nepexonaa |I_F‘6|EX MEM WB

Crenyiomas komanza | |IF [stall stall IF ID EX MEM WB
(Cnenyromas xomanga +1| | [Stall stall stall IF ID EX MEM WB
Crenyromas komanga+2| | | stall stallstall IF ID EX MEM
‘Cne;[yloma;l KoMaHaa +3 |_‘_| stall stall stall IF ID EX
‘Cne;[yloma;l KoMaHzaa +4 |_‘_| stall stall stall IF ID
‘Cne;[yloma;l KoMaHzaa +5 |_‘_| Stall stall stall IF

Puc. 11. [Ipuocmanoska xouseliepa npu 8binoJIHEHUU KOMAHObL YCIIOBHO20 Nepexooa

Hanpumep, ecnmu koHBeliep OyaeT NMPUOCTAHOBIEH Ha TPH TakTa Ha KaKIOU
KOMaHJIe¢ YCJIOBHOTO TEpexojaa, TO OJTO MOXKET CYIIECTBEHHO OTPa3UThCs Ha
MPOU3BOJUTENPHOCTH MammHbl. [Ipm  wacTtore KOMaHj YCJIOBHOTO Tepexona B
nporpammax, paBHoit 30% u upeanbnom CPI, paBHbiM 1, MammHa ¢ NpUOCTAaHOBKAMU
YCIIOBHBIX MEPEXO0IOB JOCTHTACT MPUMEPHO TOJIBKO MOJIOBHUHBI YCKOPSHHUS, MTOTy4aeMOT0
3a CYeT KOHBEWEepHOU opraHm3anuu. TakuMm oOpa3oM, CHU:KEHUE MOTePh OT YCIOBHBIX
NMepexo 0B CTAHOBUTCS KPUTHYECKHUM BONPOCOM.

Hucnno TakToB, TEPAEMBIX IIPU IPUOCTAHOBKAX U3-3a YCIOBHBIX IIEPEXOA0B, MOXKET
OBITh YMEHBIIIEHO JBYMsI CIIOCOOAMH:

1. Oonapy:keHueM SBISETCS JIU YCIOBHBIN Mepexo/] BHINOJIHIEMbIM HUITH
HEBBINOJHAEMbIM Ha 00Jiee pAHHMX CTYNEHsIX KOHBeliepa.



2. bojee PAHHUM BBIYUCJICHUEM 3HAYCHUSA CUHCTUYNKA KOMAaH/I 1JIA
BBINMOJIHAEMOTI'0 IT€pexoaa (T.e. BBIYHUCIICHUECM ILICJIICBOI'O aJApccCa nepexoz{a).

Peanuzanus 3tux ycnoBuii TpeOyeT MOJEpHU3ALMU UCXOAHON CXEMbl KOHBEWEpa,
npuseseHHoro Ha puc.11. IIpencrasienne MoIepHU3UPOBAHHOTO KOHBEEpa IPUBEACHO
Ha puc. 12.

B HekoTOopbIX MammHax KOH(QIMKTBI U3-32 YCIOBHBIX MEPEXOA0B SBISIOTCS Jaxe
ere 6osee JOPOroCTOSIIUMY 0 KOJIMYECTBY TAKTOB, UEM B HAIlIEM IIPUMEPE, TOCKOJIBKY
BpEMS Ha OLIEHKY YCJIOBUS I€peXoja U BBIUUCIECHUE aJpeca Mepexoja MOKET ObITh J1axKe
oonbmM. Hanmpumep, MammHa ¢ pa3fesbHbIMU CTYIEHIMH JEKOAUPOBAHUS U BBIOOPKHU
KOMaHJl, BO3MOXHO, OyAeT HMETb 3aJep)KKy YCIOBHOIO Iepexoia (IJIUTEeIbHOCTb
KOH(JIMKTA MO YIPABJICHHIO), KOTOPAs M0 KpallHel Mepe Ha OJMH TakT AJuHHEee. MHorHe
KoMIbIOTepEl VAX HMEIOT 33JIEp>KKH YCIIOBHBIX IIEPEXO0JIOB B YeThIpe U 00Jiee TAKTOB,
a Oonplie MalIMHBL C TIyOOKMMH KOHBEHEpaMHM HMMEIT MOTEPU IO YCIOBHBIM
nepexojaM, paBHble WIECTH WJIM ceMHM TakTaM. B o0mem ciydae, yeM riayOuHa
KOHBeiepa 0oJibuie, TeM OoO/blIe MOTEPHM HAa KOMAaHJAAX YCJOBHOIO Iepexoja,
ucumciasiemble B Takrax. KoHeuHo 3¢dexT CHIKEHHS  OTHOCHUTEIhHOU
IPOU3BOAUTENBHOCTH MPHU 3TOM 3aBUCUT OT oOmiero CPI mammHbl. MammHbl ¢ BBICOKUM
CPI MOryT MMeTh YCIIOBHBIE NEPEXObl OOJBIIEH JIIUTEIBHOCTH, MOCKOJIBKY IPOLEHT
IPOU3BOJUTENBHOCTH MAIIMHBI, KOTOpas OyAeT MOTEepsiHa U3-3a YCIOBHBIX NEPEXOJO0B,
MEHBIIIE.

6.1. CHM:KeHMe OTEPh HA BHINOJHEHHE KOMAaH/ YCJI0BHOI0 Mepexoaa

HNmeetcs HCCKOJIBKO MCTOAOB COKpalICHHA IMPUOCTAHOBOK KOHBGﬁCpa,
BO3HHKAOOIHUX HN3-3a 3aJCPIKCK BBIIIOJIHCHHA YCIOBHBIX IICPCXOO0B.

OOcynuM 4eTbIpe NMPOCThbIE CXEMbI, HCIOIb3yeMble BO BpeMsl KOMIWILMU. B
ITUX CXEMAaX IPOrHO3MPOBAHUE HAIPABIICHUS NIEPEXO/AA BBINOJIHACTCS CTATHYECKH, T.C.
IPOrHO3UPYEMOE HANpaBlI€HUE NepexoAa (QUKCHUpyeTcs Uil KaKIOM KOMaHJbl
YCIJIOBHOTO MEPEX0/Ia Ha BCE BpPeMs BBIIIOJIHEHU IporpaMmsbl. [locne oOcyxaenus aTux
CXEM HCCIEyeM BONPOC O IPaBWIBHOCTU MPEACKAa3aHMUs HAIpaBICHUsA Iepexona
KOMIIWJISITOPaMU, IIOCKOJIBKY BCE 3TH CXEMBbI OCHOBAHBI HA TAKOM TEXHOJIOTHH.

Jlanee, B cienyromei JIEKIUU pacCMOTPUM 00Jiee MOITHBIE CXEMbl, UCIOJIb3yEeMbIe
KOMOWISITOpaMu (Takue, HampuMep, Kak pa3BOpavMBaHHe WHKJOB), KOTOpPbIE
YMEHBIIAIOT YaCTOTYy KOMaHJ| YCJIOBHBIX MEPEXOJ0B MPH pean3alii LUKIOB, a TaKKe
AUHAMUYECKHE, ANMAPATHO PeaIn30BAHHbIE CXeMbI IPOTHO3UPOBAHMNS.

Memoo éviorcuoanus

[IpocTeitmas cxema 00paOOTKM KOMaH] YCJIOBHOIO IMEPEXojia 3aKIYaeTcs B
3aMOp@)KMBAaHUW WM TIOJABJICHUM OIEpalrii B KOHBeWepe, MyTeM OJOKHPOBKU
BBITIOJIHEHUS JTI0O00M KOMaH/bI, CIAEAYIONIEH 3a KOMaHJ0M yCIOBHOIO Mepexoia, A0 TeX
nop, MOKa HE CTaHET M3BECTHBIM HampaBiieHHe nepexonaa. Puc. 11 oTpakanm umMeHHO
Takoi moaxo. [IpuBiaekaTeIbHOCTh TAKOTO PEIICHUS 3aKJII0YAETCS B €70 TPOCTOTE.

Memoo sozeépama



bonee xopomas u He HA MHOTO OOJee CIIOXKHAas CXeMa COCTOWT B TOM, YTOOBI
NMPOrHO3MPOBATH YCJOBHBII Mepexo] Kak HeBbINoJIHsieMblii. [Ipu 3TOM anmapatypa
JOJKHA TIPOCTO MPOJIOKATH BHITIOJIHEHUE MPOTPAMMBI, KaK €CITU Obl YCIIOBHBIN TIEPEX0/T
BOBCE HE BBINIOJNHSIICA. B 3TOM ciiydae HEOOXOAMMO IMO3a00THTHCS O TOM, YTOOBI HE
W3MEHUTh COCTOSIHME MAIlIMHBI 0 T€X MOp, MOKa HaIpaBJieHHWE Iepexojia He CTaHEeT
OKOHYATEJIbHO M3BECTHBIM. B HEKOTOPBIX MalIMHAX 3Ta CXeMa C HEBBITTOIHSIEMBIMHU I10
MIPOTHO3Y YCJIOBHBIMU MEPEXOAaMU PeaIN30BaHa IMyTEM MPOJAOKEHUSI BBIOOPKU KOMAaH/I,
KaKk eclii Obl YCIOBHBIA mepexoi Ol oObIYHOM KoMaHmou. [loBeneHue koHBelepa
BBITJISIIUT TaK, KaKk Oy/ATO HUYETO HEOOBIYHOTO HEe MPoucXoauT. OHAKO €ClU YCIOBHBIN
MePEX0]I Ha CaMOM JIeJI€ BBIMOJHSACTCS, TO HEOOXOIUMO MPOCTO OYHUCTUTH KOHBEHEp OT
KOMaHJ|, BEIOpAHHBIX BCJEI 32 KOMaHAOW YCIOBHOTO TEpexoJa W 3aHOBO IMOBTOPHUTH
BBIOOPKY KOMaH]I (puc. 12).

‘HGBBIHOHHHGMBIP'I YCIIOBHBIN TTEPEXO]] |I_FI|I_D|EX MEM WB

Komana i+1 | [IFID EX MEM WB
Komana i+2 | | IF ID EX MEMWB
Komana i+3 | | | IF 1D EX MEMWB
[Komana i+4 [ IFID EXMEMWB

| L]

‘BHHOHH}IeMHﬁ YCJIOBHBIN ITEPEXOLT IE'|6|EX MEM WB

Komanza i+1 " [IFID EX MEMWB

[Komana i+2 | [stalllIF ID EX MEMWB
Komanna i+3 [ ] stall IF ID EX MEMWB
Komana i+4 [T ] stall IF ID EX MEM

Puc. 12. Jluaepamma pabomul MoOepHU3UpOBAHHO20 KOHEelepa
Anemepnamuenas cxema npo2HO3Upyem nepexo]] Kak BbIOJTHIeMbI.

Kak ToJIbkO KOMaH/a YCJIOBHOTO TEpexo0jia JIGKOJUPOBAHA M BBIYHUCIICH LIEJICBOM
aZipec mepexo/ia, MpearnoIaraeM, 9To Iepexo 1 BHITIOIHIEMBIN, H OCYIIECTBIISIEM BEIOOPKY
KOMaHJ| U MX BBHITIOJHEHUE, HAYMHAS C IEJIeBOro anapeca. Eciii MbI HE 3HAEM IeNIeBOH
ajZipec mepexoja paHbllle, YeM Y3HaeM OKOHYATEIIbHOE HAIPABJICHHE MEPEX0/ia, y 3TOTO
MOJIX0JIa HET HHUKAaKMX IMpeuMymecTB. Ecim Obl yclIOBHE Iepexoja 3aBHCENIO0 OT
HEMOCPEACTBEHHO TNPEIIIECTBYIOMIeH KOMaHAbl, TO Mpou3omuia Obl MPHUOCTAHOBKA
KOHBelepa M3-3a KOH(MIMKTA 0 JaHHBIM JUIS PErHCTPa, KOTOPBIA SBISICTCS YCIIOBUEM
nepexo/ia, ¥ Mbl Obl y3HAIM CHaJalia IieJIeBOr ajpec. B Takux ciiydasix IpOrHO3HpPOBATh
MepeXo/]] KaK BHITOJHIEMBIH OBIJI0 ObI BBITOIHO.

JIOTIOTHUTENHHO B HEKOTOPBIX MalnHaxX (0COOEHHO B MAIlIMHAX C
yCTaHABIMBAEMbIMH 110 YMOJIYaHUIO KOJAMH YCJIOBHUI UK 00Jjiee MOIIHBIM, a TOTOMY U
OoJsiee MeITICHHBIM HA0OPOM YCIIOBHH Iepexo/1a) eJIeBOM aJpec Mepexoaa n3BecTeH
paHbllle OKOHYATEIbHOTO HalpaBJIEHUs NIEpexoa, U CXxema MporHo3a nepexoa Kaxk
BBITIOJTHSIEMOT'O UMEET CMBICII.

3aoepoicannvle nepexoovl



UeTBepTas cxema, KOTOpasi HCIOJIb3yeTCsl B HEKOTOPBIX MaIllMHAX, HA3bIBAETCS
"3a1ep:xkaHHBIM nepexoaoM" . B 3aiep:kaHHOM Nepexoe TaKT BbIITOJIHEHHUS C
3aJIepKKOH Mepexo/ia JIIMHOIO N €CTh:

KOMaHA A YCNOBHOM NEp £x003
CNEAYHILEA KoMaHAE 1
CNEAYHILLEA KOMaHAE 2
CNEAYHILLEAA KOMaHAE N
LENEEOH 3APEC NPK BEINONHARMOM M EREXOAE -

Komanapl €1 1mo n HaxoasTcs B clioTaxX (BpEMEHHBIX MHTEPBaaX) 3a/1€PKAHHOTO
nepexoja. 3ajada MpOrpaMMHOr0 OOECHEUYEHHUs 3aKII0YaeTcsi B TOM, YTOOBI CleiaTh
KOMaHbl, CIEIYIONIME 3a KOMAHJOM Mepexoja, IEeHCTBUTEIbHBIMU W TOJIE3HBIMHU.
ArmnmapaTypa rapaHTHpPyeT peajlbHOE BBIIIOJIHEHHE ATHX KOMAaHJ Iepes BHIMOJIHEHUEM
CcOOCTBEHHO MEPEX0/1a. 31€Ch UCIIOIB3YIOTCS HECKOIBKO HPUEMOE ORMUMUAUUU.

Ha puc. 13,a mokazaHbl TpH ciydasi, MpH KOTOPHIX MOKET IUIAHUPOBATHCS
3a/lepKaHHBIN Iepexon. B BepxXHeW 4acTW pHUCYHKa Ul KaXkJAOro ciaydas IIOKa3aHa
UCXOJHAas IOCJIEeI0BaTEIbHOCTh KOMAaHJ, & B HMKHEHW 4YacTU - IOCJIEI0BATEIIBHOCTh
KOMaHJ, TOJlyueHHas B pe3yibTaTe IUlaHupoBaHUs. B ciywae (a) cioT 3anepKku
3aMoJHSAETCS HE3aBUCUMOW KOMaH/IOM, HaxoJIslleiics mepea KOMaHAOW YCIOBHOIO
nepexona. Oto Hawrydmuid BbiOop. Crparerun (b) u (C) HUCHIONB3YIOTCS, €ClU
PUMEHEHHE CTpaTeruu (a) HEBO3ZMOXKHO.

Brio  (a) (b) (c)
LDD Rl B2 RS SUB R4, B3, BA LDD R1R2 RS
IF B2=0, THEN —— LDD R B2RS IF R1=0, THEN ——
CII0T SamepEEH [F F.1=0, THEH CI0T same R
CIOT TamepEEH
- B B4.F5 BA
-
Cranmo
LDD R1R2 RS
IF R2=0, THEN —— LDD R B2RS IF B1=0, THEN ——
ADD BRI B2RS IF F.1=0, THEH EITE RARS.RA
B R4.R5 BA
— -

Puc. 13,a. Tpebosanus k nepecmasnsieMblM KOMAHOAM NPU NAAHUPOBAHUU
3A0epPACAHHO20 nepexooa

B mnocnemoBarensHOCTSIX KomaHnm st ciaydaeB (b) um (¢) ucmosib3oBaHHE
cojepkuMoro peructpa R1 B kauecTBe yclioBHsI Mepexo/ia MPermsITCTBYET MePEMEIICHUIO



koMan 16l ADD (xoTopast 3anuceiBaeT pe3ynbtar B peructp R1) 3a komanay nepexona. B
ciydae (b) cioT 3a7epkKKU 3an0IHAETCS KOMaHA0M, HaXOsIIENCs TI0 LEJIEBOMY aJpecy
KoMaH[bl niepexoja. OOBIYHO TaKyr0 KOMaHIy MPUXOIUTCS KOIMMPOBATH, MOCKOIBKY K
HEeil BO3MOXHBI OOpalieHus U u3 Apyrux dacteil mporpammel. Ctparerun (b) otnaercs
NpPEINoYTeHNEe, KOTJa C BBICOKOW BEPOATHOCTHIO MEPEXOJ] SBISETCS BBIMOIHIEMbBIM,
HaIpHUMep, €ClId 3TO MePeXo] Ha Hayayo IUKJIA.

Hakoner, ciot 3aiepKKH MOXET 3arOIHATHCS KOMAHJION, HAXOJSAMICHCT MEXITY
KOMaH IO HEBBITIOJIHIEMOTO Iepexojia U KOMaH0M, HaXOIAIICHCS TI0 IIeJIEBOMY aJipecy,
Kak B ciaydae (¢). UtoObl mogoOHast ontuMu3alius Obuta 3aKOHHOM, HEOOXOANMMO, YTOOBI
MOKHO OBLIO BCe-TaKM BBHIMOIHUTH KoMaHny SUB, ecnu mepexonm moWaer He Mo
MPOTHO3UPYEMOMY HarpasieHuto. Ilpu 3Ttom mnpemmnosiaraem, uro komanma SUB
BBITIOJTHUT HEHY)KHYIO paboTy, HO BCS TpOrpaMMa IPU STOM OYACT BBIMOIHATHCS
KOPPEKTHO. DTO, HallpuMeEp, MOXKET OBITh B cllydae, eciiu peructp R4 umcnombiyercs
TOJIBKO JJIS BPEMEHHOTO XPaHCHHS MPOMEKYTOUHBIX PE3yJbTaTOB BBIUMCICHHM, KOT/Ia
MIEPEX 01 BBITIOJHSACTCS HE TI0 MPOTHO3UPYEMOMY HAIIPaBJICHHUIO.

B Ttabmuue na puc. 13,0 yka3pIBaloTCS pa3IMyYHBIE OTPAaHUYEHUS JUISI BCEX
MPUBEACHHBIX BBIIIE CXEM IUIAHUPOBAHMS YCJIOBHBIX MEPEXOJ0B, a TAKXKE CUTyallUH, B
KOTOPBIX OHHM JAal0T BBIUTPHINL. KoMmMmuisTop AomkeH coOitoAaTh TpeOOBaHUS MpHU
non0ope MOAXOASAIIeH KOMaHIBI IS 3allOJIHGHUS CJIoTa 3aaepkku. Eciom  Takoi
KOMaH/Ibl HE HaXOJAUTCSI, CJIOT 3aJEP>KKH JTOJIYKEH 3aMOJHATHCS IMYyCTOU ONepaIrnue.

PaccmatpuBaemblit Korna yBenuuuBaetcs
. TpeboBanus
ciyuanu MMPOU3BOJAUTCIIBHOCTD

Komanna ycioBHOrO nepexoja He
@) JOJDKHA 3aBUCETH OT Bcerna
MEepECTaABISIEMON KOMaH bl

Brinosnnenue nepecrapisieMon

KOMaH/IbI JOJIKHO OBITH

(b) KOPPEKTHBIM, JIaXe €CIIH Mepexo/]
HE BBITTOTHICTCS

MoskeT moTpeboBaThCs

KOMUPOBAaHNE KOMaH/IbI

Korna nepexon Beimosnsiercsi. Moxer
YBEJIUYMBATH pa3Mep MPOrpamMMbl B
CIIy4ae KOMMPOBAHUS KOMaH/IbI

Brinmosninenue nepecrapisieMon
KOMaH/IbI JIOJDKHO OBITH

(©) KOPPEKTHBIM, JIaXe €CIIH Mepexo]]

BBITIOJIHSIETCS

Korna nepexon He BHINOJHAETCS

Puc.13, 6

[InannpoBaHue 3a1€pKaHHBIX IIEPEXOAO0B OCIOKHACTCS !
1. HamuuuMeM orpaHWYeHUI HAa KOMaH/bl, pa3MELIEHHE KOTOPbIX IJIAHUPYETCS B
CJIOTaX 3aE€PKKU U
2. HeoOXOAMMOCTBIO MPEJCKA3bIBATh BO BPEMsI KOMIIIISALUH, OyIET TN YCIOBHBIH
IIEPEXO0/L BBIITIOJIHAEMBIM WIH HET.
Nwmerorcs HeOonblIMe JOMONHUTENbHBIE 3aTpaThl amnmapaTypbl Ha peaju3aliuio
3aJepKaHHBIX TepexonoB. M3-3a 3amepskaHHOro 3¢ (dekra yCIOBHBIX MEPEXOIO0B, IS




KOPPCKTHOTO BOCCTAHOBJICHHA COCTOSHUA B CJIydac IIOSABJICHHUA TPCPBIBAHUA HYIKHBI
HCCKOJIBKO CUCTUYMKOB KOMAaH/ (OI{I/IH IIIFOC JJJINHAa Saﬂep)KKI/I).



7. IIpoGJsieMbl peajM3any TOYHOIO NPepPbIBaHUs B KOHBelepe

Obpabomka npepvleanull 6 KOHEEUEpHOU MauluHe OKA3bl8aemcs 6o/ee ClLOHCHOU
u3-3a mMo2o, UMO COBMEWEHHOE BbINOJIHEHUe KOMAHO 3ampyoHsem onpeoeieHue
B03MONCHOCMU OE30NACHO20 UBMEHEHUsI COCMOSHUS MAWUHBL NPOU3BOILHOU KOMAHOOLL.
B xonBeliepHOW MamMHE KOMaHJa BBITIOJIHIETCS IO JTalaM, U €€ 3aBeplleHUe
OCYILECTBIISIETCSI Y€pe3 HECKOJIbKO TAaKTOB IIOCJE BbIAAud AJig BbIONHEHUs. Eie B
MpollecCe BBHIMOJIHEHUS! OTAEIbHBIX 3TallOB KOMaHJa MOXET HM3MEHHUTh COCTOSIHUE
MaruHbel. Tem BpeMeHeM BO3HHKIIIEE MTPEPhIBAHUE MOXKET BBIHYJIUTH MAIllMHY MpepBaTh
BBHITIOJTHECHUE €IIIe HE 3aBEPIICHHBIX KOMaH]I.

Kak 1 B He KOHBEHWEpHBIX MAIIMHAX JABYMSl OCHOBHBIMHM INpPO0JeMaMH Ipu
peanu3anuu NpepbIBaHUN ABJISIIOTCS !

(1) mpepsiBaHUs, KOTOPBIE BO3HUKAIOT B IIPOIIECCE BHITIOIHEHHS] HEKOTOPO KOMaH/IbI;
(2) MexaHn3M BO3BpaTa U3 IPEPHIBAHUS IS IPOODKEHHS BBIIOJHCHUS IPOTPAMMBI.

Hanpumep, mns Hamero mpocTediero KOHBEWEpa IMPEpPhIBAHUE IO OTCYTCTBUIO
CTpaHUIbl BUPTYAILHOW MaMSTU MPU BHIOOPKE JAaHHBIX HE MOXKET MPOU30UTU JI0 dTara
BbIOOpKH U3 mamsatd (MEM). B MOMEHT BO3ZHMKHOBEHHUSI 3TOTO MPEPHIBaHUS B MPOIIECCE
00paboTkn yxke OyayT HaXOIUThCS HECKOJNbKOo KoMaHI. [lockoibky momgo0HOe
IpephIBaHUE JOJKHO O0ECNeYnTh BO3BpAT IJIsi MPOJOJDKEHHUS MPOrpaMMbl U Tpedyer
MEPEKIIIOUCHHST HA APYroi mporecc (OmeparMoHHYH CUCTEMY), HEOOXOJIUMO HaJIeKHO
OYHUCTUTH KOHBelep U COXPAHMTH COCTOSIHME MAIIMHBI TaKUM, YTOOBI TOBTOPHOE
BBITIOJTHEHUE KOMaHJIbl TIOCJIE BO3BpaTa U3 TPEPBIBAHHUS OCYIIECTBISUIOCH TPHU
KOPPEKTHOM COCTOSIHUU MariuHbl. OOBIYHO 3TO peaau3yercs MyTeM COXPaHEHHS ajapeca
koMmannabl (PC), BeI3BaBmIed mpepbiBanue. Ecnu BblOpaHHas 1ocie BO3BpaTta H3
NpephIBaHUS KOMaHIa HE SBISETCS KOMaHIOW Mepexoaa, TO COXpaHseTcs OObIYHas
MOCJIEZIOBATENILHOCTh BBIOOPKM M 00pabOTKM KOMaHI B KoHBeilepe. Ecnmu ke 310
KOMaHJia TMepexojia, TO HEOOXOIUMO OIIEHUTH YCIOBHE MEPEeXoJa U B 3aBUCHUMOCTH OT
BBIOpDAHHOTO HAIlpaBJCHUS HayaTh BBIOOPKY JMOO MO IEIEBOMY aJ[pecy KOMaHIbI
nepexoa, 00 CIeAYyIONIeH 3a Mepexoq0M KOMaH/IbI.

Korz[a MNPOUCXOOUT TMPCPbIBAHUC, [JII KOPPCKTHOI'O0 COXpPAaHCHHA COCTOSHUA
MalllMHBI HeO6XOI[I/IMO BBIIIOJIHUTH CJICAYIOIINC IIaru:

1. B mocrienoBaTenbHOCTh KOMAHI, TMOCTYMAIOMIMX Ha 00pabOTKy B KOHBEHED,
NPUHYOUMENbHO 8CMABUMb KOMAHOY nepexo0d Ha npepuleaHue.

2. Iloka BeIMONHAETCS KOMaHJa Ilepexofa Ha NpepblBaHUE, no2acumsv 6ce
mpeboeanusl 3anucu, BBICTABIECHHbIE KOMAaH/OHM, BBI3BAaBLIEH IpepbIBaHHE, a
TaKXKe BCEMM CIEAYIOUIMMM 3a HEW B KOHBelepe KOMaHIaMH. OTH JIEHCTBUS
NO3BOJISIIOT NPEJOTBPAaTUTh BCE H3MEHEHMsI COCTOSHHUS MalllMHBl KOMaHAaMH,
KOTOPBIE HE 3aBEPIIMIUCH K MOMEHTY Hauana 00pabOTKHU MpepbIBaHUS.

3. Ilocne mepenaum  ympaBieHHs HOAIporpamMme  OOpaOOTKH  TpepbIBaHUM
ONepallMOHHON CHCTEMBbI, OHa HEMEJJICHHO JOJKHA COXPAHHUTh 3HAYCHHUE ajpeca
komaHbl (PC), BhI3BaBIIEH mMpepbiBaHHE. JTO 3HAUEHHE OYIEeT MCMOIb30BaTHCSA
MI03K€ /Il OpraHU3alMy BO3BpaTa U3 IpephIBaHUs.



Ecnu ucnones3yroTcs MEXaHU3MBbI 3a/IEP/KAHHBIX MIEPEXOJ0B, COCTOSIHUE MAIIWHbI
y>K€ HEBO3MOKHO BOCCTAHOBUTH C MOMOIIBIO OJHOIO CUETYMKA KOMAaH[, IOCKOJIBKY B
MPOLECCE BOCCTAHOBJIIEHUS KOMAaHAbl B KOHBEMEPE MOIYT OKas3aTbCsl BOBCE HE
MOCIEA0BAaTEIbHBIMU. B 4acTHOCTHM, e€clii KOMaHZJa, BbI3BABIIAsA NPEPHIBAHHUE,
HaxXoJWiach B CJOTE 3aJlepKKH TEpexoaa, M TMepexo] ObLI BBIIOJHEHHBIM, TO
HEOOXOJIMMO 3aHOBO MOBTOPUTH BBHIMOJIHEHWE KOMAHJl W3 CJIOTa 3aJEPKKH TUTIOC
KOMaHZly, HaxXOJSLIyloCs IO LEIEeBOMY ajpecy KoMmMaHIel mnepexoaa. Cama KoMaH[a
nepexo/ia y>Ke BBINOJIHWIACH U ee oBTopeHus: He Tpedyetcs. [Ipu 3ToM anpeca koMaH.
U3 CJO0Ta 3aJepKKHU NEepexoja W LEJIEBOM aapec KOMaHJbl MEpEeXo/a €CTECTBEHHO HE
ABJISFOTCSA MIOCJIE0BATEIbHBIMMU. [Toaromy He00X0aUMO COXPAHATH 7
BOCCTAHABJIMBATh HECKOJbKO CYETYHKOB KOMAH[, YHUCIO KOTOPBIX Ha EIUHHUILY
NPEBBIIACT JJIMHY CIO0Ta 33JCPKKU. DTO BBIMOJHSIETCS HAa TPEThEM LIare o0paboTKU
MPEPHIBAHUSL.

[Tocne oOpa®oTKK HpepbIBaHUS CHELHATbHbIE KOMaH]Ibl OCYIIECTBJISIOT BO3BpaT
U3 TMpepbIBaHMS IyTEM Iepe3arpy3Kd CUYETUYMKOB KOMaHJ M HMHMIMAIW3AMK TOTOKA
KoMaHl. Ecau Kowegetiep mooicem Obimb  OCMAHOBNEH MAK, 4MO KOMAHOWI,
HenocpeocmeeHHo  npeoulecmeosasuiue  8bl36aguiell  npepvieanue  KOMAauoe,
3asepwiaiomcsi, a cnedosaguiue 3a Hell Mo2ym Oblmb 3aH060 3anyujeHsl 05 6bINOIHEHUS,
mo 2060psam, umo KOHeellep obecneuusaem mouHnoe npepviganue. B uneane xomania,
BBI3BIBAIOIAS [IPEPBIBAHUE, HE JIOJKHA MEHATH COCTOSIHUE MAILWHBI, U JJI1 KOPPEKTHON
00pabOTKH HEKOTOPBIX TUIIOB MpPEphIBaHUM TpeOyeTcs, 4TOObl KOMaH/AA, BbI3bIBAOIIAS
IpepbIBaHUE, HE UMENIa HUKAKUX MOO0UYHBIX 3((exToB. s Qpyrux TUIIOB MPEPbIBAHUMN,
HarmpuMmep, A NPEephIBAHUNA MO HCKIOYMTEIbHBIM CHUTYalUsIM IUIABAIOLIEH TOYKH,
BBI3BIBAIONIASl NPEpPHIBAHUE KOMAaHJa Ha HEKOTOPBIX MalllMHAaX 3allUChIBAE€T CBOU
pe3yabTaTHI €lIe 10 TOrO MOMEHTA, KOT/la MpephIBaHNE MOXKET ObITh 00paboTano. B 3Tux
ClyyasiX ammapaTypa JOJbKHa OBITh TOTOBOM JJii BOCCTAaHOBJIEHHS OIEPaH/IOB-
UCTOYHHUKOB, Jla)K€ €CJIH MECTONOJIO)KEHHE pe3ysibTaTa KOMaHAbl COBIAJaeT ¢
MECTOIIOJIOKEHUEM OJIHOTO U3 ONEPaHJ0B-UCTOYHUKOB.

[Topnep:kka TOYHBIX MPEPHIBAHUN BO MHOTUX CHUCTEMaX SIBJISIETCS 00S3aTeIbHBIM
TpeOoBaHMEM, a B HEKOTOPBIX chcTeMax Oblia Obl BeChbMa KeJlaTeIbHOM, MOCKOJIbKY OHA
ynpomaer uHTepdeic omnepalMoHHOM cucteMmbl. Kak MUHMMYyM B MalldHax co
CTPaHUYHOM OpraHM3alMeil mamMsITH WIK ¢ peanu3anuedl apugmeTrnieckor oopaboTKu B
cootBeTcTBUU co cragaptomM I[EEE cpeactBa o0paboTku mpepblBaHUM  JOJKHBI
o0ecrieunBaTh TOYHOE TMPEpPHIBAaHHE JMOO LEINKOM C TOMOIIBIO ammaparypsl, Jubo ¢
IIOMOILBI0 HEKOTOPOU MOJIEPIKKU CO CTOPOHBI IPOIPAMMHBIX CPEICTB.

HeoOxomuMmocTh peanm3anmuu B MalldHE TOYHBIX HPEPHIBAHUN HWHOTA
OCIIAPUBAETCS M3-32 HEKOTOPBIX IPOOJIEM, KOTOPBIE OCJIOKHSAIOT MOBTOPHBIA 3aIlyCK
KoMaHJ. lIoBTOpHBIN 3allyCK CIOXKEH H3-3a TOrO, 4YTO KOMAaHAbl MOI'YT H3MEHHUTH
COCTOSIHME MAIIWHBI €le 0 TOro, Kak OHM TapaHTUPOBAaHO 3aBEpLIAIOT CBOE
BBITOJIHEHNE (MHOTIa TApaHTUPOBAHHOE 3aBEPIICHHE KOMAH/bl HA3bIBACTCS (PUKCAIMEn
KOMaH/Ibl WK (PUKCAIIUEH pe3yabTaTOB BBHITOJHEHHUS KOMaHabl). [loCKONIbKY KOMaH/IbI B
KOHBeliepe MOryT ObITh B3aWMO3aBHCHUMBIMU, OJIOKUPOBKAa HW3MEHEHHS] COCTOSHUS
MAalllMHBl MOXXET OKa3aTbCs HENMPAKTUYHOW, €CIM KOHBEHep MpoJoyKaeT padoTars.
Takum oOpazom, 1Mo Mepe YBEIMUEHHs CTENEHH KOHBEWEpH3allMM MAIlMHbI BO3HHUKAET
HEOOXOJIMMOCTh OTKaTa JIt0OOro M3MEHEHHs] COCTOSHUS, BBIIOJHEHHOTO A0 (QHUKCaluu



komaHbl. K cuacTpio, B TPOCTBIX KOHBEHepax, MOAOOHBIX PACCMOTPEHHOMY, 3TH
npobsieMbl He Bo3HHKaOT. Ha puc. 14 nmoka3aHbl CTyIIeHH pacCMOTPEHHOTO KOHBeiiepa 1
MPUYMHBI TPEPHIBAHUM, KOTOPHIE MOTYT BO3HUKHYTh Ha COOTBETCTBYIOIIMX CTYHEHSX
P BBITIOJIHEHUHU KOMaH]I.

Crynenn
. IIpyynHa npepeIBaHUA

KOHBeliepa

IE Omunbxka npu oOpaleH!y K CTpaHUIlEe aMAITH IPU BEIOOPKE KOMaH/IbI,
HEBBIPOBHEHHOE OOpallleHUe K MMaMATH; HapyIIeHUE 3allUThl TaMsITH

‘ID ‘Heonpez[eneHHHﬁ VI 3aIIPEICHHBIA KO OIEPALUU

‘EX ‘ApI/I(bMeTI/IIIeCKOG IIpephIBaHUE

MEM Ommbka rmpu oOpaIeH!: K CTPAHUIIE MaMSITH TIPH BBIOOPKE TaHHBIX;
HEBBIPOBHEHHOE O0pallleHue K MaMsATH; HapyIICHUE 3aIUThl TaMATH

‘WB ‘OTCYTCTByeT

Puc. 14. Ilpuuunel npepvisanuil 6 npocmetiuiem KoHgeliepe

8. O0padoTKa MHOTOTAKTHBIX ONEePalUii © MeXaHU3MbI 00X0/10B B JJTHHHBIX
KOHBelepax

B paccmoTperHOM HamMu KOHBeWepe cTaaus BeimojHeHus KoMaHabl (EX)
COCTaBJIsUIa BCEr0 OJHWH TAKT, YTO BIIOJHE MPUEMIIEMO ISl LIEJIOYUCICHHBIX ONEPaLUi.
Onnako Juisi OOJBLIMHCTBA OINEpaluidl IUIaBaroOlIed TOYKU ObLIO Obl HENPAKTHYHO
TpeOoBaTh, YTOOBI BCE OHM BBIMOJIHSIIMCH 32 OJIMH WM Ja)Ke 3a JIBa TaKTa. JTO MPUBEIO
Obl K CYIIECTBEHHOMY YBEIMYCHHIO TaKTa CHHXPOHU3AIMM KOHBEHepa, MO0 K
CBEPXMEPHOMY YBEIMYCHUIO KOJIMYECTBA 000pya0BaHus (00beMa JIOTHUECKUX CXEM) IS
peanu3anru yCTpOWCTB IiaBaromie Touku. [Ipomie Bcero mpencraBUTh, 4TO KOMAaH/IbI
MJIABAIOIIEH TOYKMA MCIOJB3YIOT TOT K€ CaMblil KOHBEWEp, YTO M LIEJIOYUCICHHbBIC
KOMaH/Ibl, HO C IByMsI BaXKHBIMU U3MEHEHUSIMHU:

Bo-nepBbix, Takt EX MOXET NOBTOPATHCS MHOTOKPATHO CTOJIBKO pPa3, CKOJIBKO
HEO0OXOMMO JIJIs BHITIOJTHEHHUS OTEepaIiu.

Bo-BTOpBIX, B porieccope MOKET ObITh HECKOJIBKO (DYHKIIMOHATBHBIX YCTPOUCTB,
peanu3yoIMX onepaluu miaBarmmnieil Touku. [Ipu 3ToM MOryT BO3HUKATh TPUOCTAHOBKU
KOHBeIepa, eclu BblAaHHas ISl BBITIOJHEHUS] KOMaHAa, JTUOO BBI3bIBAET CTPYKTYPHBIN
KOH(QIMKT 1O (YHKIMOHAJIBHOMY YCTPOMCTBY, KOTOPOE€ OHa MCHOIb3YeT, OO0
CYIIECTBYET KOH(IUKT MO JAaHHBIM.

Kongeliep ¢ Takumu JONIOJIHEHUSIMU HAa3bIBACTCS AJIMHHBIM KOHBEHEPOM.

JlommycTuMm, 4YTO B Halleld peanu3aluu Mpoleccopa HMEIOTCS YEeThIpe OTAEIbHBIX
(byHKIIMOHANIBHBIX YCTpOHCTBA (cM.puc.15):

1. OcHOBHOE LIEIOYUCIIEHHOE YCTPOMCTRO.

2. YCcTpoHCTBO YMHOXKEHUS IEJIOUUCIIEHHBIX OTIEPaH OB U OTIEPaH]IOB C IJIaBAIOIIEH

TOYKOM.

YCTpOoKCTBO CHOKEHUS C MIABAKOIIENH TOYKOM.

4. YcTpoHCTBO AeNieHUs LEJOYUCICHHBIX ONIEPAH/IOB U ONEPaHIOB C TIaBaIoLICH
TOUYKOH.
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Puc. 15. Konsetiep ¢ donoanumenvHulMu (OyHKYUOHATILHLIMU YCIPOUCMBAMU

\\//

[lenouncnennoe ycTpoicTBO 00pabaThiBaeT BCe KOMAH/IbI 3arPY3KHU M 3alIUCH B
namsITh MpH paboTe ¢ IByMsl HaOOpamMH PErHCTPOB (IIETOYMCICHHBIX U C IJIaBalOMIeH
TOUYKOM), BCe LeJOYMCIeHHbIe omepanuy (3a HCKIIOUYEHWEM KOMaH]I YMHOXEHUS U
JICJICHNS) U BCe KOMAH/bI IePEX0/10B.

Ecnu mnpeanonoxutb, YTO CTAAWM BBINOJHEHMS] JAPYTUX (DYHKIMOHAIBHBIX
YCTPOICTB HEKOHBEHEpHbIE, TO puc. 15 mMoka3piBaeT CTPYKTYpy TaKoro KOHBewepa.
ITockonbky cragus EX sABiseTCs HEKOHBEMEPHOW, HUKAKas KOMAaHa, MCIOJIb3YHOLIas
(GyHKIMOHATBHOE YCTPOWCTBO, HE MOXKET OBITh BBIJAHA JUIS BBIMOJHEHUS 0 TEX MOp,
[I0OKa IpeAplaylas KoMaHaa He NokuHeT cryneHb EX. bomee toro, eciam komannga He
MOKET MOCTYNUTh Ha cTyneHb EX, Bechb KOHBeilep 3a 53ToM KomaHAOW Oyner
IIPUOCTAHOBIICH.

B neiicTBUTENBRHOCTH TPOMEKYTOYHBIE PE3YJIBTATHI, BO3MOKHO, HE HCIIOJIb3YOTCS
nuKIndecku crynenbto EX, kak 370 mokazaHo Ha puc. 15, u crynenp EX umeer
3aJIepKKM  UTUTENBHOCThIO 0Oojiee OAHOro TakTa. MOXHO 00O0OIIUTE CTPYKTYpPY
KOHBeEMepa IIaBaloIIel TOYKH, JOMYCTUB KOHBEHEPHU3ALMIO HEKOTOPBIX CTYNEHEH M
napajulesibHOE BBIMIOJIHEHHE HECKOJIbKUX omepauui. UTtoObl ommcath paboOTy Takoro
KOHBelepa, HEOOXOAMMO OMpPENeTUTh 3aePKKH (YHKIIMOHAIBHBIX YCTPOWUCTB, a TaK¥Ke
CKOPOCTh MHHUILIMAIMN WM CKOPOCTh MOBTOPEHUS Olepaluid. ITO CKOPOCTh, C KOTOPOMH
HOBBIE ONEepalii JAHHOTO TUIIA MOTYT MOCTYNaTh B (YHKIIMOHAJILHOE YCTPOHUCTBO.

Hamnpumep, mnpeamnosokuM, YTO HMMEKOT MECTO  CIEAYIOLIHUE  3aIEpKKU
(YHKIMOHANBHBIX YCTPONCTB U CKOPOCTH MOBTOPEHHUS ONIEPALIUIA:

‘(DyHKI_[I/IOHaJ'II)HOG YCTPOMCTBO ‘Baz{epmxa CxopocTthb HOBTOpeHI/IH|
‘HGHO‘-II/ICJIGHHOG AJlY ‘1 1 ‘
(Criowenne ¢ T 4 2 |




‘YMHOKCHI/IC ¢ IIT (u uemouncieHHoe) ‘6 3 |

‘I[G.HGHI/IG ¢ IIT (u uenouncieHHOE) ‘15 15 |

Ha puc. 16 npencraBieHa cTpykTypa nogooHoro kouseiiepa. Ee peanuzanus
TpeOyeT BBeJIeHUsI KOHBeHepHO# peructpoBoit ctaniuu EX1/EX2 u moaudukanum
cszeit mexny peructpamu ID/EX u EX/MEM.

Llanowucnennoe
Fempoiicreo

EX

Vempodicwmao yarDaiCeRUA
M TAenosucnernos

o EXI| || Ex2
IF ID MEM | WB

Vempotlemeo cnomerus 1T

EK1 | -+ | EKZ

Vempodlcmen dengrua
HTenosucnerrog

EL

Puc.16. Konsetiep ¢ mnococmynenuamulymu (hyHKYUOHATbHIMU YCMPOUCBAMU

9. KoHIMKTHI H yCKOPEeHHbIE NepechbLIKM B JJIMHHBIX KOHBelepax

HmeeTcst HECKOJBKO Pa3JIMYHBIX AaCIICKTOB O6HaPY)KeHI/I}I KOH(i)J'II/IKTOB )41
OpraHu3anuuu YCKOpCHHOfI ICPCChIJIKU JAaHHBIX B JJIMHHBIX KOHBGﬁCan, HOI[O6HI>IX

npeaCcTaBIeHHOMY Ha puc. 16:

1. TlockonbKy yCTpOMCTBa HeE SBISIIOTCS MOJHOCTbIO KOHBEHEPHBIMHU, B JaHHOMN
CXeMe BO3MOXKHBI CTPYKTypHBbIE€ KOH(MDIUKTBL. OTH CHTyallid HEO0XOAUMO

0oOHapy>XKMBATh U MPUOCTAHABINBATD BbIIa4y KOMAH]I.

2. IlockonbKy ycTpoiicTBa HMMEIOT pa3Hble BpeMEHa BBIMOJHEHUS, KOJIMYECTBO

3amuced B pEruCTPOBBINA (Pailyl B KaX0M TaKTe€ MOXKET OBITH OoJbIIe 1.

3. Bo3moxubl koH(uukTel THIAa WAW, TIOCKONBKY KOMaHABl OoJybllie He
noctymnatoT Ha crynenb WB B mopsake ux BbIIa4yw A7 BHITIOTHEHUSA. 3aMETUM,
410 KOHGIUKTH TUna WAR HEBO3MOXHBI, TOCKOJIbKY YTEHHE PErHMCTPOB BCETa

ocyuectisercs Ha ctynenu ID.

4. KomaHbl MOTYT 3aBEpPIIATHCS HE B TOM IMOPSJIKE, B KOTOPOM OHMU OBLIN BBIJaHbI

JUISI BBITIOJIHEHHU S, YTO BbI3bIBAET MPOOJIEMBI C peanu3alieil npepbIBaHUi.



[Ipexxne dem mpeAcTaBUTH OOIIEEe pEIICHHE IS pean3alliid CXeM OOHapyKeHUs
KOH(JIMKTOB, pACCMOTPUM BTOPYIO U TPETHIO MPOOIIEMBI.

Ecnu mpennonoxuth, uto Qaitn peructpoB ¢ ruraBaromeil Toukoit (IIT) mmeer
TOJIBKO OJMH IIOPT 3aIlMCH, TO MOCIEA0BATENBHOCTh onepauuii ¢ [IT, a Taxxe onepanus
3arpy3ku IIT coBmectHO ¢ omepauusimu IIT MoxeT BbI3BaTh KOH(IUKTBI MO MOPTY
3aIlMCH B PETUCTPOBBIN (haii.

PaccMoTpuM mocrienoBaTenbHOCTh KOMaH/I, IPEICTABICHHYIO Ha puc. 17, koTopas
SBJISIETCS] IPUMEPOM KOH(DIIMKTA 110 3aIIMCH B PETUCTPOBBIN (haii.

‘KOMaH}Ia | Homep Takra |

| 1 |23 |4 5 6 7 8 9 10
IMULTD FO,F4,F6| IF |ID [EX1; EX1, EX13 EX2; EX2, EX2; MEM WB
.. | 'IF | ID EX MEM WB

/ADDD F2,F4,F6 | | IF ID  EX1; EX1, EX2; EX2, MEM WB
.. | . |IF ID EX MEMWB

.. | L IF ID EX MEM WB

LD F8,0(R2) | L IF ID EX MEM WB

Puc. 17. IIpumep kongpaukma no 3anucu 8 pecucmposwiii gatin

B Ttakre 10 Bce Tpu koMaHabl AocTUrHyT ctynneHn WB u nomxHbl pousBecTu
3alMchb B PErucTpoBblil (Qain. [lpm HaIWuMM TOJIBKO OJHOTO NOpTa 3allldCU B
perucTpoBblii  (aiin MaliMHa JO0JKHA OO0ECHeYMTh IOCJIEA0BAaTEIbHOE 3aBEpLICHHE
KOMaHJ. JTOT €JUHCTBEHHBI PETUCTPOBBIN MOPT SBIAETCS UCTOYHUKOM CTPYKTYPHBIX
KOH(IIUKTOB. YTOOBI pemIuTh 3Ty Mpo0IeMy, MOKHO YBeJIHYHUTH KOJHYECTBO MOPTOB B
perucTpoBoM (ailsie, HO TaKOe pElIeHHE MOXET OKa3aThCs HEMPUEMIIEMBIM, MOCKOJIbKY
3TH JOMOJIHUTEIbHBIE TOPTHI 3alUCH CKOpee BCero OyAyT pPEeIKO HCIOIb30BaThHCS.
OpHako B YCTaHOBUBIIEMCS COCTOSIHUM MAaKCHMAaJIbHOE KOJIMYECTBO HEOOXOAMMBIX
nopToB 3anucH paBHO 1. [loaTOMy B peanbHBIX MalIMHAX pa3zpabOTYUKU MPEATIOUUTAIOT
OTCIIeKMBATh OOpalleHuss K TMOpPTYy 3allCH B PErHCTPhl W paccMaTpuBaTh
OJJHOBPEMEHHOE K HeMy O0palleHue KaK CTPYKTYPHBIN KOH(IHMKT.

Nmeercst n1Ba cnocoba st o6xoma 3toro KoHpaukTa. [lepBbiii 3akimodaeTcs B
OTCJIC:KUBAHMU HCIOJIb30BAHMSA MOpTa 3anucd Ha cryneHu ID kounBeiiepa u
NMPUOCTAHOBKE BBIIAYM KOMAH/JbI KAK NpPH CTPYKTYpPHOM KOH(uukTe. Cxema
OOHapyXeHUs TaKoro KOH(IMKTa OOBIYHO peaqu3yeTcs C TOMOIIbI CABUTOBOTO
peructpa. AJIbTEpHATHBHAs CXEMa IMpeJroiaraeT MNPUOCTAHOBKY KOH(IUKTYIOIICH
KOMaH/Ibl, KOT'/Ia OHA MbITaeTcs nomnacth Ha ctyneHb MEM koneliepa. [Ipenmyniectsom
TAKOW CXEMBbI SIBIISIETCA TO, YTO OHA HE TpeOyeT oOHapykeHHs KOH(IMKTA IO BXOJa Ha
ctyneib MEM, rae sto nerue caenats. OgHako Moa00Has peanu3anusl yCIOXKHSIET
yIpaBjeHUE KOHBEHEPOM, MOCKOIbKY MPUOCTAHOBKU B ATOM CJIy4ae MOTYT BO3HUKATh B
JIBYX Pa3HbIX MECTax KOHBEHeEpA.

JApyroii npobGsemMoil sIBJIsIETCH BO3MOKHOCTh KOH(UIMKTOB THa WAW.
MOoKHO paccMOTpeTh TOT ke Mpumep, uro U Ha puc. 17. Ecnu 661 komanna LD Obuia



BbIJIaHA HAa OJMH TaKT paHbIIE W UMeNla B KaUueCTBE MECTOPACIIOJIOKEHHUS pe3yjbTara
peructp F2, To Bo3auk 061 kKoHQHKT THHAa WAW, OCKOIBKY 3Ta KOMaH/1a BHITIOJIHSIIA
ObI 3anUCh B peructp F2 Ha ogun takT panpiie komanasl ADDD.

Nwmerotcs nBa cmoco6a o6padbotku 3Toro koHpaukTa Tuna WAW:

IlepBbIii moaxox 3akioyaeTcss B 3aJep’KKE BbIJIAYUM KOMaH[bl 3arpy3Kd [0
MoMmeHTa nepeaaun komanasl ADDD na ctynens MEM.

Bropoii moaxox 3akiroyaeTcs B MOJAABICHUU pe3yjibTaTa OMEpPallUd CIIOKEHHS
npu OOHapyXEHUU KOH(DIMKTa M U3MEHEHHMM YIpaBJICHHs TakuM OO0pa3oM, 4YTOObI
KOMaHJa CJIOKEHUs HE 3amluchbiBajla CBOW pe3yapTaT. Torma komanma LD wmoxer
BBIJIaBAaThCS IS BBIMIOJHEHUS cpa3y ke. [lockoiabKy Takoi KOH(DIUKT ABISETCS PEIKUM,
00e cxeMbl OyayT paboTaTh JOCTATOYHO XOpoIno. B mro06om ciiydae KOHMIUKT MOMKET
ObITh OOHapy»keH Ha paHHel craguu ID, korga komanna LD Beinaercs 1st BBITOTHEHUS.
Torna npuocranoBka komaHabl LD unm yctaHoBKa OJOKMPOBKHM 3alHMCH pe3yJbTara
xomangoi ADDD peanusyroTcst 10CTaTOYHO MPOCTO.

Takum oOpazoM, Il OOHAPYIHCEHUA BO3ZMONCHBIX KOHPAUKMOE HEOOXOINUMO
paccMarpuBaTh KOH(MIUKTBI Mexay komaHmamu IIT, a Takke KOHMIUKTBI MEXKIY
komMagnamMu [IT W 1eIoOYHCIeHHBIMA KOMaHIAMHU. 3a MCKIIOYEHHEM KOMaH]I
3arpy3ku/3anmucu ¢ IIT m KoMaHI mMepechlIKM AaHHBIX Mexay peructpamu [T u
1EJTIOYMCIIEHHBIMU peructpamu, koManabl IIT u menounciieHHble KOMaHIbl JOCTATOYHO
XOpOIIO pa3fefieHbl, U BCE LIEIOYHUCICHHbIE KOMaHJbl pabOTAIOT C IEIOYHUCICHHBIMU
peructpamu, a komauasl 11T - ¢ peructpamu I1T.

Takum o00pa3om, IS OOHapysceHUus KOHPIAUKMOE MeHcOYy UeT0UUCTIEHHbBIMU
komandamu u kKomaunoamu IIT HeoOXOAMMO paccMaTpuBaTh TOJBKO KOMAaHJbI
sarpy3ku/3anucu ¢ I[IT um komanawsl mnepecwvuiku peructpo IIT. Dto ympomienue
yIpaBlieHUsT KOHBEHEPOM SBIISAECTCA JOMOJHUTEIbHBIM MPEUMYIECTBOM MOJIEPKaHUS
OTJIEIbHBIX PETHCTPOBBIX (PAMSIOB JUIsl XpaHEHUs LEIOYHMCIECHHBIX JaHHBIX U JaHHBIX C
[IT. (I'maBHOE MPEeUMyIIECTBO 3aKIIOYACTCS B YJIBOCHUH OOILETO KOJIUYECTBA PETHCTPOB
U YBEIMYEHUH TMPOMYCKHONW CIOCOOHOCTH 0€3 yBEeNWYEeHHs 4ucia TMOPTOB B KaXKIOM
HaOope). Ecium npennosniokutb, 4YTO KOHBEHEP BBINOJHSAET OOHApYXEHHE BCEX
koHQuuKTOB Ha crtaaun ID, mepexn Bbmadeidd KoMaHABI IS BBINIOJHEHHS B
(GyHKIIMOHANIbHBIE YCTPOUCTBA JOJKHBI OBITh BBITIOJIHEHBI TPU MPOBEPKU:

1. Ilposepka nanuuusa cmpykmypuwvix Kougaukmoe. OxXuaaHue OCBOOOXKICHHS
(YyHKIMOHATIBHOTO yCTPOMCTBA W TMOpTa 3allMCH B PETUCTPHI, €CIU OH
noTpeOyeTcs.

2. Ilposepka nanuyus Kongaukmoe no oannvim muna RAW. Oxunanue 10 Tex
1Op, NOKAa PETUCTPHI-UCTOYHUKHU OINEPAHJIOB YKa3aHbl B KadyeCTBE PErHMCTPOB
pe3ynbTaTa Ha KoHBekepHbix cTaniusax |D/EX (koTopas cOOTBETCTBYET KOMaH e,
BBbIIAHHOMW B nipeapiayiiem Takre), EX1/EX2 unun EX/IMEM.

3. Ilposepka nanuuus kongauxkmoe muna WAW. TlpoBepka TOro, 4T0 KOMaHJIbI,
HaxoJsImuecs: Ha KOHBeWepHbIX ctaHuusx EX1 u EX2, He uMerT B KauecTBe
MECTOpACIOJIOKEHHSI ~ pe3yibTaTa pErucTp pe3yjbTaTa BbIJaBaeMOM s
BBITIOJTHEHUSI KOMaH/Ibl. B IPOTUBHOM citydae BbIauya KOMaH/Ibl, HAXOISAIIEICS Ha
crynenu |D, npuocranaBnuBaercs.



Xotga Jsoruka OOHAapyXKeHUs KOH(MIMKTOB [Jii MHOTOTakTHBIX omepamuid [IT
HECKOJIbKO 00Jiee CII0KHAsl, KOHIENTYaJIbHO OHA HE OTJIMYAaeTCs OT TaKOM )K€ JIOTHKH JJIs
LIEJIOUMCIEHHOTO KOHBenepa. To ke caMoe Kacaercs JIOTHKM Il YCKOPEHHOHN
NEPECHUIKU JaHHbIX. JIOrMKa yCKOpEHHOHN NePEChUIKM JaHHBIX MOKET ObITh peaJn30BaHa
C TIOMOIIBIO MPOBEPKH TOTO, YTO yKa3aHHBIM HAa KOHBeHepHBIX cTaHiusx EX/MEM wu
MEM/WB peructp pesynbrara sBIseTcs peructpoM ormepanga komanael [1T. Eciu
IIPOMCXOAUT TAKOE COBHAACHUE, Ul IEPECBUIKM [AaHHBIX pa3peliaeTcs IpUEM 10
COOTBETCTBYIOLIEMY BXOAY MYJbTUILIEKCOpa. MHorotaktusie onepauuu IIT co3zpator
TaK)K€ HOBbIE MTPOOJIEMBI JUIsl MEXaHU3MA MPEPHIBAHMUS.

IMopnepkka TOYHBIX NMPePbIBAHUNI

Jpyras mpoGnemMa, CBsI3aHHas C peann3alueil KOMaH1 ¢ OOJIBIIUM BpeMEHEM
BBITIOJIHEHUS, MOXKET ObITh TPOWLTIOCTPUPOBAHA C TOMOIIBIO CIAEAYIOICH
[MOCJIEOBATEILHOCTA KOMAH/I;

DIVF FO,F2,F4
ADDF F10,F10,F8

SUBF F12,F12,F14

OTa MociIe0BaTeIbHOCTh KOMaH/l BBITTIAAUT OY€Hb MPOCTO. B Hell OTCyTCTBYIOT
Kakue-nmmoo 3aBucUMOCTH. OJIHAKO OHA MPHUBOJUT K IMOSIBJICHUIO HOBBIX MPOOJIEeM H3-3a
TOT0, YTO BBIJJAHHAS PaHbIIEC KOMAaH/J1a MOYKET 3aBEPIIUTHCS MOCIIE KOMAaH/Ibl, BbITAHHON
JUIS BBINIOJIHEHUA T03Ke. B TaHHOM mpumepe MOKHO OKHAaTh, YTo KoMaHasl ADDF u
SUBF 3aBepuiarbcst panblie, yeM 3aBepmntcs komanna DIVFE. Otot sddekr sausercs
TUMIUYHBIM ISl KOHBEHEpPOB KOMaH/I ¢ OOJIbIIUM BPEMEHEM BBIMIOJHEHUS! U HA3bIBAETCS
sHeouepeOHbiM 3asepuieHuem komano (out-of-order completion). Torna, Hanpumep, eciu
komanga DIVF Bei3oBer apudmernyeckoe mnpepbiBaHHE MOCTE 3aBEPIICHUS KOMaHIbI
ADDF, Mbl HE CMOXEM peaiu30BaTh TOYHOE IMPEPHIBAHME HAa YPOBHE ammaparypel. B
JIEMCTBUTENIBHOCTU, MOCKOJIbKY KoMmMaHga ADDF MeHsieT 3HaueHHEe OJHOr0 U3 CBOMX
OIIEPAHNIOB, HEBO3MOXKHO JaXX€ C IIOMOIIBIO IPOrPAaMMHBIX CPEACTB BOCCTAHOBUTH
COCTOsIHUE, KOTOpOoEe ObLIO nepe BoinoHeHneM komManibl DIVF.

Nmerotcs YCThIPC BO3MOXHBIX IIOAXOOda JIA pa6OTBI B YCIOBHAX BHCOYCPCOAHOI'O
3aBCPIICHUA KOMaH/.

1.ArHopupoBanue mnpodjaeMbl H HCHOJAb30BAHHE MEXAaHM3MAa HETOYHOIO
npepbiBaHus. OJTOT IMOAXOJ wHcHoib3oBaics B 60-x m 70-x romax U Bce ewIe
IIPUMEHSAETCSI B HEKOTOPBIX CYIEPKOMIIBIOTEPAaX, B KOTOPBIX HEKOTOPBIE KIIACCHI
npepbIBaHUM 3anpenieHbl Wik 00padaThIBalOTCs annapaTypoil 6e3 0OCTaHOBKHM KOHBeHepa.
Takoil mNOAXOX TPYOHO MCIOJIB30BaTh B COBPEMEHHBIX MaIIMHAX [P HAJIWYUU
KOHLICTIIIMM BHPTYAJIbHOM NaMATH M CTaHJapTa Ha OIEpaluy C IUIABAIOIIECH TOYKOU
IEEE, xotopble TpeOylT pealiu3allii TOYHOIO MpPEephIBaHUs IyTeM KOMOWHALUU
anmapaTHbIX M MPOTrPaMMHBIX CPeiCTB. B HEKOTOPBIX MalIMHAX 3Ta Mpobiema peraercs
IyTeM BBEICHUS JBYX PEXKHUMOB BBINOJIHEHUS KOMaH]: OBICTPOro, HO C BO3MOXKHO HE
TOYHBIMM IPEPBIBAHUSAMM, W MEMJICHHOIO, TAPAaHTHPYIOIIETO pPEeaIu3alyuil0 TOYHBIX
MpepbIBAHUM.



2.bydepuzanusi  pe3yJbTaTOB oONEpannMM 0 MOMEHTAa 3aBepHICHUs
BbINIOJTHEHUsS] BceX KOMAaH/, MpeAllecCTBOBABIINX JAaHHON. B HekoTOphIX MammHax
UCIOJIb3YETCS 3TOT IOJAXO0J, HO OH CTaHOBHUTCS Bce 0oJiee OPOroCTOSIIIMM, €CIIU
OTJIMYMSL BO BPEMEHM BBINOJIHEHHUS PA3HBIX KOMaHJ BEJIMKH, MOCKOJIBKY CTaHOBUTCS
OOJBIIUM KOJIMYECTBO PE3yJbTATOB, KOTOpbIe HEOOXoauMo OydepuzoBaTh. bonee Toro,
pe3ynbTathl U3 3TOM Oydepr3oBaHHONW odepeau HEOoOXOIUMO TMepechuIaTh s
o0ecrieueHUs] TPOJOJKEHHS BbIIaYM HOBBIX KOMaHA. 1o TpebdyeT OO0JbIIOro
KOJIMYECTBA CXEM CpPAaBHEHHMS U MHOTOBXOJIOBBIX MYJBTHUIUIEKCOPOB. MMeroTcs aBe
Bapuallui 3TOr0 OCHOBHOTO mojaxoja. IlepBas HazpiBaetcst O6ydepom ucropum (history
file), ucnonszoBaBmemcs B mamuHe CYBER 180/990. Bydep ucropum otcnexuBaeT
NIEpBOHAYaAIbHbIE 3HAYEHHs pErucTpoB. EciM BO3HMKAaeT NpEpbIBAHUE U COCTOSHUE
MalIMHbl HEOOXOAMMO OTKATUTh Ha3aJ A0 TOYKH, MPEAIIECTBOBABIIEH HEKOTOPHIM
3aBEpIUIMBLIMMCSL BHE Ouepead KOMaHAaM, TO MepBOHAYaJIbHOE 3HAUYE€HHE PETrHUCTPOB
MOXKET OBITh BOCCTAHOBJIEHO U3 23Toro Oydepa wucrtopun. I[lomoOHas meroamka
UCIIOJIb30BANIaCh TAKXKE IpU pealu3aluyd aBTOMHKPEMEHTHOM M aBTOJEKPEMEHTHOMN
aapecanuu B MmammHax tuna VAX. Jlpyroit moaxon HasbiBaeTcst Oydepom Oyayuiero
(future file). DOrtor Oydep XpaHuT HOBbIe 3HadeHHs peructpoB. Korma Bce
MPEIIIECTBYIONINE KOMaHIbl 3aBEPIICHbI, OCHOBHOW PErHCTPOBBIN (haii1 OOHOBISETCS
3HauYEHUsAMHU U3 3Toro Oydepa. [Ipu npepsIBaHMM OCHOBHOW PETMCTPOBBIN (hailil XpaHUT
TOUYHBIE 3HAUYEHHUS PETUCTPOB, UTO YIPOULIAET OpraHU3alMIoO MpepbiBaHus. B cienyromei
riiaBe OyIyT paCCMOTPEHBI HEKOTOPBIC PACIIMPEHUS ITOM HJICH.

3.MeToj 3akiIro94aeTcs B TOM, YTOOBI pa3peliuTh B psije cIy4aeB HETOYHbBIE
NpepbIBaHus, HO MNPH 3ITOM COXPAHUTH [OCTATOYHO HWH(POPMALMH, YTOOBI
noanmporpaMma  o0padoTKH  NpepbIBaHUS  MOIJIA  BBINOJHUTH  TOYHYIO
M0C/IeI0BATEIbHOCTh MpepPbIBAHMA. DTO TpEANoNaraeT Haaudue HHPOpManuu o
HaxXOJMBIIMXCA B KOHBeHepe KOMaHJax W uX ajapecoB. Torma mocie o0pabOTKH
IpepbIBaHUs, TNPOrpaMMHOE OOecreueHre 3aBepIlacT BHINMOJHEHHE BCEX KOMaH],
IPE/IIeCTBOBABIINX nocyenHen 3aBepIIMBIIEHCS KOMaHJIE, a 3aTeM
HOCJIEZI0BAaTEILHOCTh MOKET OBITh 3allyIlieHa 3aHOBO.

PaccmoTpumMm crnenyromui HauXyaumnn ciyqam:
Komanoa 1 - nnuHHasi KOMaHJa, KOTOpasi B KOHIIE KOHIIOB BBI3bIBAET NIPEPHIBAHUE

Komanoa 2, ... , Komanoa n-1 - mocienoBaTeaIbHOCTh KOMaH/I, BBIMTOJTHEHNUE KOTOPHIX HE
3aBEPIINIIOCH

Komanoa n - xomaH/1a, BBIIIOJIHEHNE KOTOPOH 3aBEPIIMIIOCH

Nwmes 3HaueHns angpecoB BCEX KOMAaHJ B KOHBEHEpPE M agpec BO3BpATA U3 NPEPHIBAHMS,
POrpaMMHOE OOECIEYCHHE MOXKET OMPENETUTh COCTOSTHHE KOMaHIbI | W KOMaHIbI n.
[TockonpKy KOMaHAa N 3aBeplInia BBIIIOJIHEHUE, XOTEI0Ch OBl MPOJIOTKUTh BBHITTOJTHEHUE
¢ komaHabl n+1. [Tocne oOpaboTKKU mMpephIBaHUS TMPOrpaMMHOE OOECTIEYCHHE OJIKHO
CMOJIETIMPOBATH BHINIOJHEHUE KOMaH ¢ 1 o n-1. Torga MOXKHO OCyleCTBUTh BO3BpAT U3
npepbiBaHus Ha kKoMaHay n+1. HaubGombinas HEMpHUATHOCTH TAKOTO TMOAXOJa CBsI3aHA C
YCJIOKHEHHUEM TOANpOorpaMMbl 00paboTku mpepbiBanus. Ho 17 mpocThIX KOHBEHEPOB,
M0JIOOHBIX PACCMOTPEHHOMY HaMH, UMEIOTCSI U ynpoleHus. Eciu koMaH sl ¢ 2 10 n Bce
ABJISIOTCA LEJIOYUCICHHBIMU, TO MbI IPOCTO 3HAEM, YTO B CJIydae 3aBEPLICHUSA



BBINIOJIHEHUSI KOMAaHJbl N, BCE KOMaHIbl ¢ 2 1O n-1 Takke 3aBEpIUMIIM BBIIIOJIHEHHUE.
Takum o0pa3zoMm, HEOOX0AUMO 00pabaThIBaTh TOJNBKO ONEPALUIO C IUIABAIOLICH TOUYKOM.
Yro0s! cenarh 3Ty cxemy padoraroieid, koauduectso onepaunii 11T, BeimonHsrommxcs ¢
COBMEILIEHHEM, MOKET OBITh orpaHumyeHo. Hampumep, eciu qomyckaeTrcs COBMEILEHUE
TOJILKO JBYX ONEpalui, TO TOJBKO INpepBaHHAas KOMAaHAA [JOJDKHA 3aBEpLIaThCs
IPOrpaMMHBIMU  CPEACTBAMHU. OJTO OIPAHUYEHHE MOXKET CHU3UTh HOTEHIUAIbHYIO
NPOMYCKHYIO CLIOCOOHOCTb, €CJIM KOHBEHEPHI TUIABAIOIICH TOUKH SIBISIFOTCS TOCTaTOYHO
JUIMHHBIMU WJIM €CJIM UMEETCS] 3HAUUTEIbHOE KOJIMYECTBO (PYHKIIMOHABHBIX YCTPOUCTB.
Takoil monxon wucnoab3oBaics B apxutektype SPARC, mo3BoJSIONIEH COBMELIATH
BBIITOJIHCHUE LIEJIOYUCIICHHBIX OIlEpaliii ¢ ONEPALUAMH IIJIaBAOIICH TOUKH.

4. Mertoa mnpeacTtaBjisieT €000l THOPUAHYI0O CXeMy, KOTOpasi MO3BOJIsIET
NPOAOJIKATH BbIIA4y KOMAaHJ TOJbKO €CJM H3BECTHO, 4YTO BCe¢ KOMAaHIbI,
NnpealecTBOBaBIINE BbIaBaeMoil, OyAyT 3aBepuieHbl 0e3 mpepbIBaHMA. OTO
rapaHTUpyeT, YTO B CIy4yae BO3HUKHOBEHUS MpPEphIBaHUS HU OJIHA CIEIYyIOIIas 3a Hel
KOMaHJa He OyAeT 3aBeplleHa, a Bce MpeAllecTByolme OyayT 3aBepiuensl. MHorna 3to
O3HauaeT HEOOXOJUMOCTh TMPUOCTAHOBKM MAIIUHBI Ui HOJACPKKH  TOYHBIX
npepeiBaHuil. YTtoObl 3Ta cxemMa paborana, HEOOXOAUMO, YTOOBI (HYHKIMOHAIbHBIE
YCTPOICTBA MJIABAIOIIEH TOYKH OMNPEEsUIM BO3MOXKHOCTb MOSIBJICHHUS NMpPEpbIBAHUS Ha
caMOil paHHEW CTaJuy BBIMOJIHEHHUS KOMaHJ TaK, 4TOObI MPEAOTBPATUTh 3aBEpILIEHUE

BBIMIOJIHEHUSL  CIEAYIOIMX KoMaHJA. Takas cxema WHCIONb3yeTCs, Hampumep, B
mukpomnporneccopax R2000/R3000 u R4000 komnanuu MIPS.
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