Tema 8: IlnanupoBanue 3arpy3ku KoHBeiiepa. Meroauka
pPa3BoOpaYMBAHUSA LUKJIOB.

[Tapamienusm Ha ypOBHE BBIINIOJIHEHUs KOMaH/, IJIAaHUPOBAHUE 3arpy3KU KOHBEWEpa U METOAMKA
PABBOPAUNBAHIIT TTHIKITOB ... vveevteeessteesssseessssessassessssesssssesssssesssssessssseessssessssensssseessssesssssessssessnneenns 1
YCTpaHeHI/Ie 3aBUCHUMOCTEN 1O JaHHBIM U MCXaHU3MbI JUHAMUYCCKOI'O INIAHUPOBAHUA ............ 11

Hapa.]'IJIe.]'II/I?.M Ha YPOBHE BBIINIOJHCHUA KOMAaHA, INIAHUPOBAHUE 3aIPY3KH
KOHBeﬁepa H METOAHUKA padBopavdyuBaHUs NHKJI0B

B MPpCAbIAYIIUX JICKIUAX MBI pAaCCMOTPCIIU CPCACTBA KOHBCﬁCpHSaHHH, KOTOPBIC
o0ecreynBaoT COBMEIICHHbBIN PCKUM BBITIOJTHCHUA KOMAH, KOI'la KOMAaHAbI ABJIAIOTCA
HC3aBHUCHUMBIMU APYT OT ApYyTa. 9T0 IIOTCHIMAJIbHOC COBMCIICHHUEC BBIIIOJTHCHHUA KOMAaH/
HAa3bIBACTCA naApauleiu3Mom Ha ypoeHe KOMAHO.

Janee paccMOTpuUM psii METOAOB PAa3BUTHS UEH KOHBEWEPU3AIMU, OCHOBAHHBIX
Ha YBEIIMYCHUU CTENEHU NAapa/IeJIM3Ma, UCIIOJIb3yEMOMN IIPU BBIIIOJHEHUN KOMAH/I.
Haunewm ¢ paccMoTpeHuUs: METOJIOB, MO3BOJISIOMIUX CHU3UTh BIUSHUE KOH(PIUKTOB 1O
JTAHHBIM U TI0 YIPABJIEHHIO, & 3aTEM BEPHEMCS K TEME PAaCIIMPEHUS] BO3MOKHOCTEN
mpoiieccopa Mo UCIOJIb30BaHUIO apajlieIn3Ma, 3a105KEHHOI0 B MporpaMmax. 3ateM
00CyTUM COBPEMEHHBIEC TEXHOJIOTHH KOMITUIIATOPOB, UCTIOJb3yEeMbIC JIJIs1 YBETUUCHUS
CTEIECHHU IapajulesIn3Ma YpOBHS KOMaH/I.

CpenHee KOJIMYECTBO TAaKTOB JJIs1 BBIIIOJIHEHUS KOMaH/Ibl B KOHBEEpe MOKHO
OIPENIEIUTh KaK:

CPI konBeiiepa = CPI naeanbHOro KoHseiepa +
[TprocTaHOBKHU U3-3a CTPYKTYPHBIX KOH(MIMKTOB +
[TproctanoBkU U3-3a KOHPIUKTOB THIIa RAW +
[IprocTanoBku n3-3a KOHGIUKTOB THITa WAR +
[TprocTanoBku n3-3a KOHGIUKTOB THITAa WAW +
[TprocTaHOBKM M3-32 KOH(JIMKTOB IO yIPaBIECHUIO

CPI nacaJIbHOI'O KOHBeﬁepa €CTb HC YTO MHOC, KaK MaKCHUMaAJIbHAA MPOITYCKHAasA
CHOCO6HOCTB, AJOCTHIKUMaAA IIPU pCaJIn3allvu.

YMeHbIlas KaXX0€ U3 C1aracMbIX B IPABOM YaCTU BBIPAKECHUSA, MUHUMU3UPYEM
obmmii CPI xonBeiiepa 1 TakuM 00pa3oM yBEJIMYMBAEM MPOMYCKHYIO CIOCOOHOCTD
KOMaH/. DTO BbIpaKEHUE NO3BOJIIET TAKKE 0XapaKTEPU30BaTh Pa3IMUHbIE METO/IbI
cokpamenusi CPI, mo Tomy kommnonenTy o61ero CPI, KoTopblii COOTBETCTBYIOLINI
METOJ YMEHBIIACT.

YKkaxkeM HEKOTOpPbIE METObl, KOTOPBIE PACCMOTPUM HUXKE, U UX BO3JCHCTBHE HA
Bennuuny CPI.



‘ Meton

‘ CHumxaer

‘PaSBOpa‘II/IBaHI/Ie LUKIIOB

‘HpI/IOCTaHOBKI/I 10 YIIPABJICHHUIO

‘BasoBoe IJIJAaHUPOBaHUE KOHBEMepa ‘HpI/IOCTaHOBKI/I RAW
WHAMUYECKOU TUIAHUPOBAHUE C
A aHIpoBa [IpuoctanoBku RAW
LEHTPAJIU30BaHHON CXEMOU yIpaBiIeHUs
MHAMUYECKOE IJIAHUPOBAHUE C
A P [IpuocranoBku WAR 1 WAW
IIEPEMMEHOBAHUEM PETUCTPOB

‘I[I/IHaMI/I‘IeCKOG IMPOTrHO3HUPOBAHHC IICPCXOI0B

‘HpI/IOCTaHOBKI/I 10 YIPaBJICHHUIO

‘BI)III&‘I& HCCKOJIbBKHX KOMaH/J B OJHOM TaKT¢C

‘I/Iz[eanLHLII?I CPI

AHanmn3 3aBUCUMOCTEN KOMITUISTOPOM

Nneanbnabiii CPI u mpuocTaHOBKH MO
JAHHBIM

[IporpamMmmMHas KoHBelepHU3aLys U INIAHUPOBAHUE
Tpacc

Wneanpubiit CPl 1 nprocTaHOBKY O
JaHHBIM

Beinmonnenue no IpCAITOJIOKCHUTIO

Bce npuoctaHoBKY 110 JaHHBIM U
YIPaBIIEHUIO

I[I/IHaMI/I‘IeCKOG YCTPAHCHUC HCOAHO3HAYHOCTHU
HaMATH

[IpuoctanoBku RAW, cBsi3aHHbIE C
MaMSThIO

[Ipexne, ueM pacCMOTPETH ATH METO/Ibl, HEOOXOAUMO ONPEAETUTH KOHLIETIIINH, Ha

KOTOPBIX 3T MCTOAbI IIOCTPOCHBI.

IlapaJjjien3M YPOBHSI KOMAH/I: 3AaBUCHMMOCTH M KOHMJIMKTBI N0 JAHHBIM

Bce paccmaTpuBaeMble METO/IbI HCIIOIB3YIOT MApAIIIEIN3M, 3a10KEHHBIH B
1ocJIeI0BaTeNIbHOCTH KoMaH 1. Kak ObuIO yKa3aHO BBILIE 3TOT THI MapauieIn3Ma
Ha3bIBACTCS NIAPAILICTIU3MOM yPO6HA Komano uau ILP.

Paccmotpum 0a30Bblii 070K - IMHEWHAS TOCJIEI0BATEIbBHOCTh KOMaH/I, IEPEXO0bl
U3BHE KOTOPOM pa3pelIeHbl TOJIBKO HA €€ BXO/I, @ IEPEX0/Ibl BHYTPH KOTOPOW pa3pelleHbl
TOJIbKO Ha ee BbIX0J. CTeneHp napaiennus3ma, JOCTyHas BHyTpH 0a30Boro 0yioka
J0CTaTOYHO Maya. Hanmpumep, cpeiHssa 4acTOTa NEPEXOJ0B B LETOUNCICHHBIX
IpOrpaMMax COCTaBIIsIET 0KOJIO 16%. DT0 03HAYaeT, UTO B CPEHEM MEXKY IBYMS
NEPEXO0/IaMHU BBIIIOJIHAIOTCS PUMEPHO IATh KOMaH[. [I0CKOIBKY 3TH MSTh KOMaH]
BO3MO>XHO B3aIMO3aBUCUMBIE, TO CTETIEHb MEPEKPHITHS, KOTOPYIO MOKHO UCIIOJIB30BATh
BHYTpH 0a30BOro 06;10Ka, BO3MOXHO, Oy/IeT MEHbIIIE YeM IATh. YTOOBI MOITy4IUTh
CYLIECTBEHHOE YJIy4IlIEHHE MTPOU3BOAUTEIHLHOCTH, HEOOXOIMMO UCTIOIb30BATh
napajuiesiu3M YPOBHsI KOMaH]l OTHOBPEMEHHO JIJIsl HECKOJIBKMX 0a30BbIX OJIOKOB.

Camprit mpocToii 1 001U cI0cO0 YBETUYEHHSI CTETICHU Napalijiesin3ma,
JIOCTYITHOTO Ha YPOBHE KOMAaH/I, SIBJISIETCS] UCIOJIb30BAHUE MApPaIEIN3Ma MEXKY
UTEPALUSIMH LUKJIA. DTOT THUII apajljien3Ma 4YacTo Ha3bIBACTCS RAPANIeIUIMOM
Ypo6Ha umepamueno2o yuxaa. Huxe npuBeeH NpocTo NpuMep LUKIIA,
BBINIONIHSTIOLIErO crokeHue AByX 1000-351€MEHTHBIX BEKTOPOB, KOTOPBIH SBISETCS

MOJIHOCTBIO MMapaJlJICJIbHbIM!




for (i=1;1<=1000;i=1+1)
x[i] = x[i] + y[il;

Kaxknast urepanus ukiia MOXKET MEPEKPBIBATHCA ¢ JTI000H APYroi UTepaimei,
XOTSI BHYTPU KaXJA0W UTEpALIUU LIMKJIA IPAKTUYECKasi BOBMOXKHOCTb MEPEKPBITHUS
HeOoJThIIIad.

HmeeTcs HECKOJIBKO METOIOB ISl HPe8PAuieHUsA MAKO20 RAPAJINEUIMA YPOBGHA
UUKIA 6 NAPAIEIUIM YPOBHA KOMAHO. DTH METO/Ibl OCHOBAHBI TJIABHBIM 00pa30M Ha
pa3BOpavYMBAHKHK IIUKJIA TUOO CTATHYECKH, UCIIONB3YsI KOMITHIIATOP, TUOO0 JMHAMHYCCKH
C TIOMOIIIbIO anmapatypsl. Hike paccMoTpuM 1oipoOHBIN MpUMEpP pa3BopaurMBaHUS
UKJIA.

BaxHbIM abT€pHATHBHBIM METOJIOM HCIIOIb30BAHUS NTapajlIeIn3Ma YPOBHS
KOMaH/I IBJISIETCS] UCITOJIb30BaHNE BEKTOPHBIX KoMaH. [1o cymiecTBy BeKTOpHas
KOMaHJ1a OIIEpUPYET C MOCIEA0BATEIBHOCTBIO JJIEMEHTOB JaHHbIX. Hanpumep,
IIPUBEICHHAs BBIILIE MTOCIEA0BATEIBHOCTh HA TAITMYHON BEKTOPHOM MAaIIMHE MOYKET
OBITh BBIMOJIHEHA C TOMOILBIO YEThIPEX KOMaH/I:

e JBYX KOMaHJl 3arpy3KH BEKTOPOB X U Y U3 IIaMSATH,
® OJHOM KOMaH[bI CIIOXKEHUS IBYX BEKTOPOB U
® OJHOM KOMaH[bI 3alIUCU BEKTOPA-pe3yJIbTaTa.

KoneuHo, 3T KOMaH 1bl MOT'YT OBITh KOHBEHEPU30BAHHBIMU U UMETh
OTHOCHUTENILHO OOJIBIINE 3a1€PKKH BBITIOTHEHUS, HO 3TH 33JCPKKH MOT'YT
NEPEKPBIBATHCA. (Bexmophvie KOManobl u 6eKMOpHble MAUUHbL OYOYM paccCMOmMpPeEHsl 8
0mMOeNbHOU IeKYUU)

Paszpabomxa udeti gexmopnoti oopabomku npeduiecmeosana nosiieHur
bonvuuHCmM8a Memooos8 UCnoIb308anus napaiieausma. Ho na cecoons mawunul,
UCnoL3ylouue napaineiusm yposHs KOMaHo noCmeneHHo 3aMeHsI0m MauuHbyl,
bazupyrowuecs Ha 6eKMOpPHOU obpabomke.

3aBUCHMMOCTH

YT10oOBI TOYHO ONMpCaACINTb, YTO MOHUMACTC 10 MapAJIICIIN3MOM YPOBHS IMUKIIA U
napauieJIn3MoM YPOBHS KOMaH, 4 TAKXKC 1 KOJIMYCCTBCHHOT'O OIMPECACIICHUA CTCIICHA
AOCTYITHOTO Iapauicjinima, HCO6XOI[I/IMO OIIPCACINTD, YTO TAKOC IMapalJICIIbHBIC
KOMaH/Jbl U ITapalICIIbHBIC TUKIIGI.

Haunewm ¢ 00bsiICHEHHSI TOTO, UTO TaKOE Mapa napajuieIbHbIX KOMaH/. /[ee
KOMAHObI A61A10MCs NAPAINEAbHbIMU, eClU OHU MO2YM 8bINOJIHAMbCS 8 KOHEelepe
00HOBpeMEHHO 6e3 NPUOCMAHOBOK, NPEeONnoa2asl, Ymo KOHeeliep umeem 0oCmamoyHo
pecypcos (cmpykmypHbvie KOHQIUKMbL OMCYMCMEYIom,).

HOSTOMy, CCJIN MCIKOY ABYMA KOMaHJaMH CYIICCTBYCT B3aUMO3aBUCHUMOCTb, TO OHHU HEC
ABJIAIOTCA ITapaJlICIIbHBIMU. HNmeetcs TPH THIIA 3aBUCHUMOCTEH:

® 3dsucumocmu no aCZHHblM,

® 3dsucumocmu no UmeHam u

® 3asucumocmu no ynpaeieruro.



3aBHCHMOCTH IO YIPABICHUIO COXPAHSIIOTCS IyTEM pealu3aluy cXeMbl 0OHAPYKEHUs
KOH(JIMKTa IO yNPaBIEHUIO, KOTOpasi IPUBOIUT K IPUOCTAHOBKE KOHBEWEpa 110
yrpasiaeHuto. [I[ppoCcTaHOBKY 1O YIIPABIECHUIO MOTYT YCTPAHATHCS WIM YMEHBIIATHCS
MHO>KECTBOM allllapaTHBIX U POrpaMMHBIX MeTO0B. Hanpumep, 3anep:xaHHble
Hepexobl MOT'yT YMEHbIIATh IPUOCTAHOBKH, BO3HUKAIOLINE B PE3yJbTaTe KOHQIUKTOB
10 YIIPaBJICHUIO. J[pyrue MeTo1bl yMEHBUIEHUS IPUOCTAHOBOK, BBI3BAHHBIX
KOH(JIMKTaMU TI0 yNIPaBJICHUIO, BKIIOYAIOT pa3BOpavyrBaHKe [IUKIIOB, TpeoOpa3zoBaHue
YCJIOBHBIX IIEPEXO0JI0B B YCIOBHO BBINOJIHSAEMbIE KOMaH/bl U IJIAHUPOBAHUE T10
IIPEANOI0KEHHUIO, BBIITOIHAEMOE C TOMOILBI0 KOMITWIATOPA WIH annaparyphl.

I[anee pPaCcCMOTPHUM HCKOTOPLIC N3 3TUX MCTOJOB.

ITapajieJiu3M YPOBHSI HIUKJIA: KOHIENIMHA M METOIbI

[Tapamienusm ypoBHsI IIUKJIa OOBIYHO aHATM3UPYETCS HAa YPOBHE UCXOTHOTO
TEKCTa MPOrpaMMBbl HJIH OJTU3KOTO K HEMY, B TO BpeMs KakK aHaJIU3 Mapajieu3Ma YPOBHS
KOMaH/I IJIaBHBIM 00pa30M BBINOJIHSAETCS, KOT1a KOMaH bl YK€ CT€HEPUPOBAHBI
KOMITWJIATOPOM. AHAJIN3 HA YPOBHE IIMKJIOB BKJIFOYAET ONpEETICHUE TOTO, KaKHe
3aBHCHUMOCTH CYIIECTBYIOT MEXK]1y OTIEpaHIaMH B IIUKJIC B Mpeeax OJHON UTeparuu
[MKJIA.

Bynem paccMatpuBaTh TOJBKO 3aBUCUMOCTH T10 JAHHBIM, KOTOPbIE BOZHUKAIOT,
KOT'/Ia OTI€paH/I 3aMMChIBAETCSI B HEKOTOPOUM TOUKE M CUUTHIBAETCSI B HEKOTOPOI OoJiee
no37HeH Touke. Mbl 00CyIMM KOPOTKO 3aBUCUMOCTH 10 KIMEHaM. AHAIIN3 Mapajuienn3mMa
YpOBHS IIUKJIa (POKyCHpYETCs Ha ONPEACIICHUH TOTO, 3aBUCST JIU MO JaHHBIM OOpaIeHus
K JAaHHBIM B MOCJEAYIOIIEH UTEpaIli OT 3HAUCHUH JaHHBIX, BhIpadaThIBa€MbIX B Oojee
paHHEW UTEpaLUH.

Paccmotpum crenyrommii MAKII:

for (i=1; i<=100; i=i+1)

{ A[i+1] = A[i] + C[i]; /* S1*/
B[i+1] = B[i] + A[i+1];} /*S2*/

}

[Ipeanonoxum, uro A, B u C npeacrasistor co00il OTAeNbHbIE, HEIEPEKPHIBAIOLIUECS
MaccuBbl. Kakne 3aBUCMMOCTH 11O JAaHHBIM UMEIOT MECTO MEXKJY OIepaTOpaMu 3TOrO
uKiaa?

Nmerotcst 1Be pa3jinyHbIX 3aBUCHMOCTH:

1. Sl ucnonw3yeT 3HaUYCHUE, BRIYHCIIIEMOe orepaTopoM S1 Ha OGomee paHHeH
UTEPALUU, TOCKOJIbKY UTepanus 1 Beruuciset Alit+1], koTopoe cUMThIBaeTCS B
uteparuu i+1. To ke camoe cripaBeasiuBo Jyist oneparopa S2 nis B[i] u B[i+1].

2. S2 ucnonw3yet 3HaueHue A[i+1], Beranciasiemoe oneparopoM S1 B TOi ke camoi
UTEpaInu.

OTH 1B 3aBUCUMOCTH OTINYAIOTCS APYT OT APYTa U UMEIOT Pa3IuIHbIN 3P PeKT.
UYUToOB! yBUAETH, YEM OHH OTJIMYAIOTCS, IPEIIOJIOKHUM, YTO B KaXKIbIi MOMEHT BPEMEHU
CYILECTBYET TOJIBKO OJJHA U3 ATUX 3aBUCUMOCTEN. PacCMOTpUM 3aBHCUMOCTB OIEpaTopa
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S1 ot Gonee panneit ureparuu S1. Dta 3aBucumocts (loop-carried dependence)
03HAUaeT, YTO MEK/Y PA3IUYHBIMU UTEPALUAMHU LUKJIA CYILECTBYET 3aBUCUMOCTD 110
naHHbIM. bonee Toro, mockonbKy onepaTop S1 3aBUCHT OT camoro ceos,
nocjenoBaTeIbHbIe UTepay onepaTopa S1 JOKHBI BRIIOTHATHCS YIOPSII0YEHO.

Bropast 3aBucumMocTs (S2 3aBucHT OT S1) He nepenaeTcst OT UTEPaLUU K UTEpaIiH.
Taxum 06pazom, eciu Ob1 3TO OblIIa €IMHCTBEHHAS 3aBUCUMOCTH, HECKOJIBKO UTEepaIHid
IIUKJIa MOTJIM OBl BBITTOJIHATHCS MapajiedbHO, IPH YCIOBHUH, YTO KaXK1as mapa
ONEPATOPOB B UTEPALIMHU MTOAACPKUBAECTCS B 3aJaHHOM MOPSIKE.

HNmeetcs TpeTuid TUI 3aBUCUMOCTEH MO JAHHBIM, KOTOPBIM BO3HUKAET B IIUKJIAX, KaK
MOKA3aHO B CJIECAYIOLIEM PUMEPE.

PaccmoTrpum nukit:

for (i=1; i<=100; i=i+1)

{ Ali] = A[i] + B[i]; /* S1 */
B[i+1] = C[i] + DIi]; /* S2 */

}

Omneparop S1 ucnosib3yeT 3HaYEHHUE, KOTOPOE MPUCBAUBAETCS ONIEepaTopoM S2 B
MPEbIAYIIEH UTEpalluK, TaK YTO UMEET MECTO 3ABUCUMOCTb MesKay S2 u S1 Mexay
UTEePALUSIMH.

HecMoTpst Ha 3Ty 3aBUCHUMOCTb, 3TOT ITUKJI MOXKET OBITH ClieJiaH napasuielbHbpM. Kak u B
Oosee paHHEM ITUKIIEC 9Ta 3aBUCUMOCTb HE IUKINYECKas: HM OJIUH U3 ONEepaTOPOB HE
3aBUCHUT caM OT ceOst 1 XoTs S1 3aBucut ot S2, S2 He 3aBucuT oT S1. [luki sBisercs
napajuieTbHbIM, €CJTH TOJBKO OTCYTCTBYET IIUKINYECKasi 3aBUCUMOCTb.

XOTs B BBIIICITPUBECHHOM IIUKJIE OTCYTCTBYIOT ITUKINYECKUE 3aBUCUMOCTH, YTOOBI
BBISIBUTH NTAPAJUICNIM3M, OH JIOJDKEH OBITH TpeoOpa3oBaH B APYTYIO CTPYKTYPY. 311ech
CJIeZTyeT CIIeNaTh ABa BAKHBIX 3aMEYaHUs:

1. 3aBucumoctsb o1 S1 Kk S2 orcyrcTByeT. Ecniu Ob1 0OHa ObLIIa, TO B 3aBUCUMOCTSX
TOSIBUJICS OBl IIMKJT U ITUKJT He ObLT OBl MapajuieIbHbIM. BeleAcTBHE OTCYTCTBUS
JPYTHX 3aBUCHMOCTEH, IEPECTAaHOBKA JIBYX OMEPATOPOB HE OYJIET BIUATH HA
BBITIOJIHEHHUE omniepaTopa S2.

2. B mepBoit utepanuu nukia onepatop S1 3aBucur ot 3nauenus B[1],
BBIYHCIISIEMOTO TIEpe]] HA4ajlOM IIHKJIA.

OTH JABa 3aMCYaHMA ITO3BOJIAIOT 3aMCHUTD BBIIIC HpI/IBeI[eHHHﬁ UK CHGI[YIOIJ_Ieﬁ
MMOCICI0OBATCIIbHOCTBIO!

A[1] = A[1] + B[1]

for (i=1; i<=99; i=i+1) {
B[i+1] = C[i] + D[i];
Ali+1] = A[i+1] + B[i+1];
¥

B[101] = C[100] + D[100];



Tenepp urepanyy HUKIa MOTYT BBIIOJIHITBCS € IEPEKPBITUEM, IIPH YCIOBUH, YTO
OIepaTopbl B KaXKI0W NTEpALlMH BBIIIOJHSIOTCS B 33JaHHOM ropsake. Mmeercs
MHOYECTBO TaKOTO Pojia MpeoOpa30BaHuil, KOTOPHIE PECTPYKTYPUPYIOT LUK [T
BBISIBJICHUS TApaJIeIn3Ma.

Bbonee monpoOHO paccMOTPUM METOJ BBISIBJICHUS MapajlieIn3Ma YPOBHS KOMaH/I.
3aBUCUMOCTH T10 JTaHHBIM B OTKOMITMJIMPOBAHHBIX NIPOrpaMMax MPeACTaBIAIOT COO0H
OTpaHHYEHUS, KOTOPbIE OKA3bIBAIOT BIMUSHUE HA TO, KaKas CTENEHb MapajieIn3Ma MOXKET ObITh
UCTONIb30BaHa. Bonpoc 3akiitoyaercss B TOM, YTOOBI IMOAONTH K 3TOMY IIpEey MyTeM
MUHUMU3ALNN AEHCTBUTEIbHBIX KOH(PINUKTOB U CBSI3aHHBIX C HUMH ITPUOCTAaHOBOK KOHBelepa.

MeTo b1 OpUEHTHUPOBAHBI HAa UCIIOJIB30BAHKE BCErO JOCTYIHOIO Napasuiean3Ma npu
MO//IepKaHUU UCTUHHBIX 3aBUCUMOCTEH 10 JAaHHBIM B KOJIE POrPAMMBI.

Kak xoMnuiiATop, Tak ¥ anmaparypa 3/1ech UTPatoT CBOKO POJIb: KOMIIUJISITOP CTapaeTcs
YCTPaHUTh WJIM MUHUMHU3UPOBATH 3aBUCUMOCTH, B TO BpeMs KaK arrapaTypa cTapaeTcs

IPEIOTBPATUTh IPEBPAIICHUE 3aBUCUMOCTEN B IPUOCTAaHOBKU KOHBEHeEpa.

OcHOBBI ILIAHMPOBAHMSA 3arPy3KH KOHBelepa U pa3BopadylBaHye IIUKJI0B

I[J'IH MoAACPIKaHUA MaKCUMaJIbHOM 3arpy3kKu KOHBeﬁepa JOJIDKCH UCIIOJIB30BaThCA
mapaujiciin3M ypOBHA KOMaH/I, OCHOBAHHBIN Ha BBISIBJICHUM MOCJIEI0BATEIILHOCTEH
HCCBA3AHHBIX KOMAaH/[, KOTOPbIC MOT'YT BBIIIOJIHATLCA B KOHBeﬁepe C COBMCIICHUECM.

UtoO0sI n30exkaTh MPUOCTAHOBKHA KOHBEWEpa 3aBUCHMasi KOMaH/a J0JKHA OBITh
OTJAEJIEHA OT UCXOAHOM KOMaH/bl HA PACCTOSHUE B TAKTaxX, PaBHOE 3aJICPKKE KOHBENEpa
JUIS 3TOM MCXOJTHOM KOMaH/bI.

CrocoOHOCTh KOMIUIIATOPA BBIMOJIHATH [MOA00HOE MJIaHUPOBAHUE 3aBUCHUT KaK OT
CTENEHM MapajieIM3Ma YPOBHSI KOMaH/, IOCTYITHOTO B IPOIpaMMe, TaK U OT 3a1E€pKKU
(yHKIMOHANIBHBIX YCTPOICTB B KOHBEHeEpe.

Bbynem paccmartpuBats 3aepkku (CM. puc.l), eciiu sBHO HE YCTaHOBIICHBI JPYTUe
3aJIEPKKH.

[Ipennonoxum, 4TO YCIOBHBIE EPEXOIBI UMEIOT 33JIEPKKY B OAMH TAKT, TaK YTO
KOMaH/a cleAyrolas 3a KOMaH/10i nepexo/ia He MOKET ObITh ONpesiesieHa B TEeUEHHE
OJIHOTO TaKTa MOCJIe KOMaHAbl YCIOBHOIO IEpEXo/a.

[Ipennonoxum, 4To GyHKIIMOHAIBHBIE YCTPOHCTBA OJHOCTHIO KOHBEHEPHU30BAHBI
WK 1yOJIupoBaHbl (CTONBKO pa3, KakoBa ri1yOnMHa KOHBeHepa), Tak YTO onepanus
JAr000r0 THUIIA MOKET BBIABATHCA ISl BBIMOJIHEHUS B KaX/I0M TaKT€ U CTPYKTYPHBIE
KOH(JIUKTBI OTCYTCTBYIOT.

Komanna,
Komanna, ncnonb3yromas
BbIpa0aThIBAIOIIAS 3anep)kka B TaKTax
pe3ynbTar

pe3ynbTar
‘Onepaulm AJIY cIIT ‘I[pyraﬂ onepauus AJIY c IIT |3
‘Onepauml AJIY c IIT ‘3aHI/ICI> JIBOMHOTI'O CJIOBa |2
‘3arpy31<a JBOMHOTO CJI0BA ‘I[pyraﬁ onepauus AJIY c IIT |1
‘3arpy31<a JABOMHOTO CII0BA ‘3aHI/ICL JBOMHOTO CJIOBA |O
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Puc. 1

PaccMoTpum, kakuM 00pa3oM KOMIWISTOP MOKET YBEJIMYUTh CTENEHb MMapajieIn3Ma
YPOBHSI KOMaH[{ IIyT€M pa3BOpaunBaHUS LIUKIOB?

JI1st WULTIOCTpanuy 3TUX METOJO0B MCIOJIB3YEM IIPOCTOM LIUKII, KOTOPBIN
N00aBIISIET CKASIPHYIO BEIMYMHY K BEKTOPY B MaMSITH:

Fori:=1tondo
Ali]:=Ali]+p

O4eBUIHO, YTO 3TO NapaJUIENIbHbIN LIUKII, TIOCKOJIBKY 3aBUCUMOCTb MEXKIY
UTEepanUsIMU LIMKJIA OTCYTCTBYeT. [IpennonoxuMm, 4To nepsoHadanbHo B peructpe R1
HAXOJUTCS aJipec MOCIEAHETO AIEMEHTa BEKTOpa (Hanmpumep, 3IEMEHT ¢ HanOOJIbIINM
azpecoM), a B peructpe F2 - ckanspHas BeauMunHa, KOTOpas 10JKHA 100aBIATHCS K
Ka)KIOMY 3JIeMEHTY BekTopa. IIporpamma Ajist MallIMHBIL, HE PACCYMTAHHAA Ha
HCNOJIb30BaHNe KOHBeliepa, OyeT BhITTISAeTh IPUMEPHO TaK:

Loop: LD F0,0(R1) ; FO=snemeHT BekTOpa

ADDD F4,F0,F2 ; no6aBnsiet ckansip u3 F2

SD 0(R1),F4 ; 3amucek pesynbrata

SUBI R1,R1,#8 ; mepecuutaTh yKazaTenb ;8 OalT (B JBOWHOM CJIOBE)
BNEZ R1, Loop ;nepexon R1!=nymo

Jlns ynpoIeHus oJIOKUM, YTO MacCUB HaunHaeTcs ¢ ssueiku 0. Ecnu Ob1 OH Haxoaumcs
B JIIOOOM JAPYroM MECTE, ITUKII TOTpeOoBa Obl HATUYHWS OJHOU TOMOTHUTEIHHOM
LEJIOYMCICHHON KOMaH/Ibl JUIsl BBITIOJIHEHUS CpaBHEHUs ¢ peructpoM R1.

PaccMoTpuM paboTy 3TOro LMKIIA MPU BHIMOJIHEHUH HA POCTOM KOHBeiiepe ¢
3ajJiep:KKaMU, ONIPe/IeICHHBIMU Ha puc. 1.

Ecnu He nenaTh HUKaKOro MIaHUPOBAaHHUs, paboTa UK OYIET BBITJISACTD CICAYIOIIUM
obpazoM:

TakT BeLIaUM

Loop: LD FO,0(R1) 1
IPUOCTAaHOBKA 2
ADDD F4,F0,F2 3
MIPUOCTAHOBKA 4
IPUOCTAaHOBKA 5
SD 0(R1),F4 6
SUBI R1,R1,#8 7
BNEZ R1,Loop 8
PUOCTaHOBKA 9



JI71s1 ero BBITIOJTHEHUS TTOTpeOyeTcs 9 TAKTOB Ha UTEPAIUIO: OJJHA TPUOCTAHOBKA IS
koMmaHael LD, aBe nisa komanasl ADDD, u onHa miis 3ajiepaaHHoro nepexoaa. MoxHo
CIUIAaHUPOBATh IIUKII TAaK MHAYE, YTOOBI MMOTYYUTh MEHbIIIEE BPEMS ISl BBITIOJIHEHHUS:

Loop: LD F0,0(R1) 1
MIPUOCTAHOBKA 2
ADDD F4,F0,F2 3
SUBI R1,R1,#8 4

BNEZ R1,Loop ;3anep>kaHHbIi Iepexos S
SD 8(R1),F4 ;xomanna n3ameHsercs, koraa 6
;MeHseTcst Mmectamu ¢ komangon SUB1

Bpemsi BBINOSTHEHUS! YMEHBIIUIIOCH ¢ 9 10 6 TAKTOB.

3aMeTHuM, 4TO JJIs IUIAHUPOBAHMS 3a/IPKAHHOTO MEPEX0/ia KOMIUIIATOP JOJKEH
ONPEACIUTh, YTO OH MOKET MOMEHATh MecTaMu KoMaH bl SUB1 u SD nytem usmenenus
anpeca B komanie 3anucu SD: Anpec 6su1 paBen O(R1), a reneps pased 8(R1). Ito He
TpUBUAJIbHAS 3a]1a4a, TOCKOJIBKY OOJIBITMHCTBO KOMITMIIATOPOB OYIyT BUAETh, YTO
komanga SD 3aBucut ot SUBI, 1 0TKaxyTcs OT Takol nepecTaHoBKU MecT. bonee
W30MIPEHHBIN KOMITHIATOP CMOT ObI PACCUMTATH OTHOIIIECHUS U BBITIOJTHUTH
nepectaHoBKy. Llenouka 3aBucumocteit ot komanasl LD k komange ADDD u nanee k
koManjie SD omnpenenseT KOIM4ecTBO TAaKTOB, HEOOXOUMOE JJIsS TAHHOTO IUKJIA.

B BhllI€NIpHBEIEHHOM MPUMEPE Mbl 3aBEPILIAEM OJJHY UTEPALMIO LKA U
BBITIOJTHSIEM 3aMKMCh OJTHOTO JIEMEHTA BEKTOpa KaXAble 6 TAKTOB, HO ICUCTBUTEIbHAS
pabota mo 06padoTKe JIEMEHTa BEKTOPa OTHUMAET TOJIBKO 3 U3 ITHUX 6 TAKTOB
(3arpy3ka, clioxeHHe H 3amuch). OcTaBIIMECS 3 TaKTa COCTABIISIOT HAKJIAIHbBIC PACXOIbI
Ha BeimoHeHue nukia (komanasl SUB1, BNEZ u npuoctanoBka). UtoObl yCTpaHHUTH
9TH TPU TAKTa, HAM HY>KHO UMETh OOJIBIIIE OMEpaIil B IUKIIC OTHOCUTEIHHO YKCIa
KOMaH/I, CBSI3aHHBIX C HAKJIAJHBIMHU PACXOJaMHU.

OnauM 13 HanboJee MPOCTHIX METO/IOB YBEJIMUCHUS YMCIIa KOMaHI 110
OTHONIEHUIO K KOMaH/JI€ YCIIOBHOT'O MTEPEX0/a U KOMaH/l, CBSI3aHHBIX C HAKJIAIHBIMU
pacxoaaMu, SBJISETCS pa3BOpaYMBaHUe HMKJIA. Takoe pa3BOpaurBaHUE BBITOIHSAETCS
MyTEM MHOTOKPATHOW pEeIIMKALNY (IIOBTOPEHHUSI ) TeJa [IUKIIA U KOPPEKLIUU
COOTBETCTBYIOILIETO KOJa KOHLIA IIUKJIA.

Pa3BopaunBaHne HUKJI0B MOXXET TAKXKE UCIIOIB30BATHCS JJI YIyUIIECHUS
IUTaHUPOBaHUs. B 3TOM ciyyae, Mbl MOKEM YCTPAHUTh IPUOCTAHOBKY, CBA3AHHYIO C
3a/1ep>KKOM KOMaH/Ibl 3arpy3KH ITyTEM CO3/1aHMSI TIOTIOJHUTEIbHBIX HE3aBUCUMBIX KOMaH/I
B T€JI€ IIUKJIAa. 3aTEM KOMITHJIATOP MOKET IUIAHUPOBATh 3TU KOMaHbI JIJIs1 IOMEIICHUS B
CJIOT 3aJ€pKKH KOMaH bl 3arpy3ku. Eciu npu pasBopaynBaHuy HUKJIA MBI IPOCTO
pPEeIUIMLAPYEM KOMAH/Ibl, TO PE3YyIbTUPYIOLIME 32aBUCUMOCTH 110 UMEHAM MOTYT
nomemath 3 HEKTUBHO CITIAHUPOBATh MUKIL. Takum o0pa3om, AJisl pa3HbIX UTepanui
X0TeJ10Ch ObI MCII0JIb30BATh PA3JINYHbIE PErUCTPHI, YTO YBeJMYHBaeT Tpedyemoe
YHCJI0 PEruCTPOB.

[IpeacraBum Teneppb 3TOT LUKI Pa3BEPHYTHIM TaK, YTO UMEETCS YEThIPE KOIHUH TeJla
[MKJIa, ipeAnonaras, yto R1 nepBonadanbHo kpateH 4. Y CTpaHUM IPU 3TOM JIOObIE
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OUYEBUAHBIC U3JTUIIIHUE BBIYUCICHUS U HE OyJeM MOJIb30BATHCSI IOBTOPHO HUKAKUMHU
peructpamu.

Hwxe npuBeneH pe3ynbraT, NOaydyeHHBIH myTeM caussaus komana SUB1 u
BbIOpacbIBaHusl HeHYKHbIX onepauuii BNEZ, koropbie ny6aupyrores npu
pPa3BopavYuBaAHUM LHKJIA.

Loop: LD F0,0(R1) (2 rakra)

ADDD F4,F0,F2 (3 Takra)

SD 0(R1),F4 ;BeiopacwiBaercs SUB1 u BNEZ
LD F6,-8(R1) (2 rakra)

ADDD F8,F6,F2 (3 Takra)

SD -8(R1),F8 ;BeiOpaceiBactcst SUB1 u BNEZ
LD F10,-16(R1) (2 Takra)

ADDD F12,F10,F2 (3 Takra)

SD -16(R1),F12 ;Bei6paceiBactcs SUB1 u BNEZ
LD F14,-24(R1) (2 Takra)

ADDD F16,F14,F2 (3 TakTa)

SD -24(R1),F16

SUB1 R1,R1,#32

BNEZ R1, Loop (2 Takra)

MBI ukeuouposanu mpu ycio8nvix nepexooa u mpu onepayuu
Ooekpemenmuposanus R1.

Anpeca KoMaH] 3arpy3KH U 3allUCU ObUIM CKOPPEKTHUPOBAHBI TAK, YTOOBI IO3BOJIUTH
ciutb koMan el SUB1 B ogny komanny no peructpy R1. Ilpu orcyrcrBun
TUTAaHUPOBAHUS 32 KK/I0M KOMaH/I0H 37€Ch ClIeyeT 3aBUCUMasi KOMaH 1a | 3TO OyJeT
IPUBOJUTH K IPUOCTAHOBKAM KOHBelepa. ITOT IUKII OyJIeT BHIMOJIHATHCS 32 27 TAKTOB
(na kaxxayro komanay LD notpebyercs 2 TakTa, Ha Kaxayto komanny ADDD - 3, Ha
YCJIOBHBIN Mepexos - 2 ¥ Ha Bce Apyrue KoMaHabl | TakT) win no 6.8 Takra Ha Kaxabli
U3 YeThbIpex 3JIeMEHTOB. XO0Ts 3Ta pa3BepHyTasl BEpCHs B TAKON pEeIaKLIUN MEJICHHEE,
YeM ONTUMU3UPOBAHHAS BEPCHSI HCXOJHOTO LIMKIIA, [TOCJIE ONITUMHU3ALMU CaMOro
Pa3BEPHYTOrO IUKJIA CUTyalusi u3MeHUTCA. OOBIYHO pa3BOpauYMBaHUE LIUKIIOB
BBINOJIHAETCS Ha 0oJiee paHHHUX CTAIUsAX MPOIecca KOMIMIALNHY, TaK YTO U30BITOUHBIE
BBIUYHCIIEHUSI MOTYT OBITh BBISBJIEHBI U YCTPAHEHBI ONITUMU3ATOPOM.

Ecnu aHanorunyHo BBILLIETIPUBEICHHOMY ITPUMEPY PaCCMOTPETh MTPUMEP LUKJIIA JIst
CYMMUPOBaAHUs JIBYX BEKTOPOB, TO HAKJIAJHbIE PACXO/Ibl HA OPTaHNU3ALUIO LINKJIA
COCTaBST OKOJIO ¥2 BpeMeHU BbINoJaHeHUs. KpoMe Toro komaHabl Tejla HUKJIa 3aBUCST 110
yIPaBIEHUIO OT KOMaH 1 yIpasiieHus nukioM. O1HuM U3 HanboJiee MPOCThIX METO/I0B
YBEJIMYEHUS YUCJIa KOMaH/l [0 OTHOUIEHUIO K KOMAaH/1aM, CBSI3aHHBIM C HaKJIaHbIMHU
pacxofami, U ABJIIETCS pa3BOpauMBaHKE LUKIA (MHOTOKPAaTHOE MOBTOPEHUE ONEPATOPOB
Y COOTBETCTBYIOIAsA KOPPEKIIMS 3aBEPILICHUS ).

B peanbHbIx nporpaMmmax Mbl OOBIYHO HE 3HAEM BEpPXHEW I'PaHULbI LIUKIIA.
[pearnonokum, 4To OHa paBHA N U MBI pa3BOPaYHBAEM IIUKJ TaK, YTOOBI UMETh K KoTmit
Tesa nuKia. Toraa, BMECTO €JUHCTBEHHOI'O Pa3BEPHYTOr0 LIUKIIA MBI TEHEPUPYEM I1apy
ukIoB. [lepBeiii u3 Hux BemonHsAeTcst (N MOd K) pa3 u uMeer Teno nepBoHAYaIBHOTO
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KIIa. Pa3BepHyTast BEpCHs IIMKIIA OKPYXKAETCS BHEITHUM ITMKJIOM, KOTOPBIi
Beinonasercs (N div K) pas.

B BrIIIENIpHBEICHHOM IIPUMEDPE Pa3BOPAYUBAHUE LIUKIIA YBEINUNUBACT
IIPOU3BOJUTEIBHOCTD ATOTO IIUKJIA TYTEM YCTPAHEHUSI KOMAH/I, CBSI3aHHBIX C
HAaKJIaIHBIMU PacXOJaMH LIMKJA, XOTS IIPU 3TOM 3aMETHO YBEJINYUBACTCS pa3mep
NPOrpaMMHOI0 KOJA.

Hackonbsko YBCIIUYUTCA IPOU3BOAUTCIIBHOCTD, €CJIIN IUKII OHTI/IMI/ISI/IPOBaTI)?

Huxe MMpCaCTaBJICH paSBCpHYTLIf;I IMHUKII U3 IPCAbIAYIICTO ITPUMCPA IIOCJIC OIITUMHU3alIUN.

Loop: LD F0,0(R1)
LD F6,-8(R1)

LD F10,-16(R1)
LD F14,-24(R1)
ADDD F4,F0,F2
ADDD F8,F6,F2
ADDD F12,F10,F2
ADDD F16,F14,F2
SD 0(R1),F4

SD -8(R1),F8

SD -16(R1),F12
SUB1 R1,R1,#32
BNEZ R1, Loop
SD 8(R1),F16 ; 8 - 32 = -24

Bpemsi BbINOSTHEHUS pa3BEPHYTOTO IIUKJIa CHU3UIOCH 10 14 TakTOB Win 70 3.5 TAKTOB
HA 3JIeMEHT, 10 CPAaBHEHHUIO C 6.8 TAKTOB Ha 3JIeMeHT JI0 ONTUMM3ALUH, U 110
CpPaBHEHHUIO C 6 TAKTaMM NPU ONTUMH3ANUM 0€3 PAa3BOPAYUBAHUSA IIUKJIA.

BbIUrphim 0T ONTUMHM3ANMH PA3BEPHYTOr0 HUKJIA Jaxe 00JblIe, YeM 0T
ONTHUMM3ANMHU MEPBOHAYAIBHOTO MUKJIA! DTO MPOU30IIIO TOTOMY, YTO
pa3BoOpauMBaHME LUKJIA BBIIBUIIO OOJIBIIE BBIUMCIEHHUM, KOTOPHIE MOTYT OBIThH
ONTUMU3UPOBAHBI 1711 MUHUMHU3ALIMU TPUOCTAHOBOK KOHBeWepa (MpUBEICHHBIN BbIIIIE
HPOrpaMMHBIN KOJI BBITIOHSETCS 6€3 MPHOCTaHOBOK). [Ipu Mo j00HOM onTUMU3aIu
IKJIa HEOOXOAMMO OCO3HABATh, YTO KOMAH/IbI 3arpy3KH U 3aITUCH SIBIISIOTCS
HE3aBHCHUMBIMU U MOTYT UY€pEN0BaThCA. AHAIN3 3aBUCUMOCTEN 11O JTAHHBIM I103BOJISET
HaM OIIPEJIEIIUTh, ABIIAIOTCS JIM KOMAaHBI 3arPy3KHU U 3aIIMCH HE3aBUCHUMBIMU.

Pa3BopaunBaHue IMUKJIOB MPEJCTABISIET COOON MPOCTOM, HO TIOJIE3HBIN METO/T
YBEJIMUYEHUS pa3Mepa JIMHEHHOTO KOJ0BOTo (hparMeHTa, KOTOpblii MOXKeET 3(pPeKTUBHO
ONTUMU3UPOBATHCA. DTO IPEOOPa30BAHKE MTOJIE3HO HA MHOXKECTBE MAILIMH OT MPOCTHIX
KOHBEIepoB, MOI0OHBIX PACCMOTPEHHOMY paHee, A0 CYNepCKalsipHbIX KOHBEHEPOB,
KOTOpbIE 00eCTIeYrBaIOT BbIJJauy JIIsl BHIIOJHEHHsI 00Jiee OHON KOMaH/Ibl B TaKTe.

Mertozbl, KOTOpbIE UCTIOB3YIOTCS AlllapaTHBIMU CPEACTBAMU ISl AUHAMUYECKOTO
IJIAaHUPOBAHUS 3arpy3Ku KOHBEMepa U COKpaIlaloT IPUOCTAHOBKYU U3-3a KOH()INKTOB
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tina RAW( Read After Write) (aHajoruuHbl pacCMOTPEHHBIM BBIIIIE METOAAM
KOMITHJISIIIAH).

YCTpaHeHlfle 3aBHCHMOCTEH 10 JAHHBIM U MeXaHN3Mbl JTHHAMHYECKOI0
IJIAHUPOBAHHUA

OcHoBHAA Haes IMHAMHYECKON ONITHMHU3AIHNA

I'naBHBIM OrpaHUYeHHEM MeTOA0B KOHBeilepHOil 00padoTKM - SBJISETCS BbIAA4a s
BBITIOJTHEHNSI KOMAH/I CTPOI0 B MOPSAAKe, IPeINHCAHHOM IIPOrPAMMON: €CJIH BBIIIOJHEHUE
KaKoi-T1n00 KOMaH/1bl B KOHBElepe MPUOCTaHABIUBAJIOCH, CIICAYIOIINE 32 HE KOMaH bl TaKXkKe
IIPUOCTaHABJINBAJIUCE.

Takum 006pa3om, MpU HATUYHH 3aBUCUMOCTH MEXKIY IBYMS OJTM3KO PACIIOJIOKEHHBIMH B
KOHBelepe KOMaHJaMH BO3HHUKAJIA TPHOCTAaHOBKA 00pabOTKH MHOTHX KoMaHA. Ho ecin mmeercs
HECKOJIbKO (DYHKITMOHAJIBHBIX YCTPOMCTB, MHOTHE U3 HIUX MOTYT OKa3aThCsl HE3arpy>KEHHBIMHU.
Ecnu koMaHaa j 3aBUCHT OT JUTMHHON KOMAaH/IHI 1, BBITIOTHSIONICHCS B KOHBEWEpe, TO BCE
KOMaH/IbI, CJISYIOIIHNE 32 KOMaHI0H j JOHKHBI TPUOCTAHOBHUTHCS J0 TEX MOP, MOKa KOMaH/a 1
HE 3aBEPIIUTCS U HE HAYHET BBIMIOJIHATLCSA KOMaH/a j. HanmpuMep, paccMOTpHUM CIEAYIONTYIO
MMOCJICIOBATEILHOCTh KOMAaH]T:

DIVD FO,F2,F4
ADDD F10,F0,F8
SUBD F8,F8,F14

Komanma SUBD He MOXKET BBINOJIHATHCS M3-3a TOTO, YTO 3aBUCUMOCTh MEX]1y KOMaHaMu
DIVD u ADDD npuBena k npuoctaHoBke koHBeliepa. Onnako komanga SUBD He nmeer
HUKaKUX 3aBUCUMOCTEH OT KOMaH/]l B KOHBeiepe. DTO OrpaHUYEHUE TPOU3BOAUTEIIBLHOCTH,
KOTOPOE MOXKET OBITh YCTPAHEHO CHAmuUeM mpeboB8aHUsl O 8bINOJHEHUU KOMAHO 8 CIPO2OM
nopsoxe.

B paccmoTpeHHOM KOHBEHEpe CTPYKTYpHBbIE KOH(DIUKTH B KOH(DIUKTHI 110 TaHHBIM
MIPOBEPSUTUCH BO BpeMs CTaiuu JekoaupoBanus komau sl (ID). Ecnu komanma Moria
HOPMAaJIbHO BBITIOJIHATHCSI, OHA BBIJAaBaJIach C ATOM CTYIEHU KOHBeWepa B cieaytomue. YToobt
MO3BOJIUTH HAa4YaTh BeIMoaHeHne koMan bl SUBD u3 npeasiaymiero npuMepa, HE00X0IMMO
pa3eNUTh MPOLIECC BBIAYH HA JABE YACTHU: NPOGEPKY HAIUYUS CIMPYKIMYPHBIX KOHDIUKIMOS U
odcUOanUe Omcymcmeust KOHPAUKma no OaHHuIM.

Korga mbl BeIjaeM KOMaHy JiJIsl BBITTOJIHEHHS], MBI MOYKEM OCYIIECTBIISITH TPOBEPKY
HAJIMYUS CTPYKTYPHBIX KOHGIUKTOB. TakuM 00pa3oM, MbI BCE €l UCIIOIb3yeM
YIOPSA0YEHHYIO BbI1auyy KOMaH/I.

OpHaKo MBI XOTHM Ha4yaTh BBITIOJIHEHUE KOMAH/IbI, KaK TOJBKO CTAHYT JOCTYITHBIMU €€
onepanabl. Takum 00pazoM, KOHBeIep OyJEeT OCYLIECTBIATh HEYIOPSI0YEHHOE BHIIOTHEHNE
KOMaH/I, KOTOpPOE€ 03HAYaeT U HEYNOPSI0YECHHOE 3aBEPIICHUE KOMaH/I.

HeynopsigoueHHoe 3aBepiieHe KOMAaH/I C03/1aeT OCHOBHbIE TPY/IHOCTH NP 00padoTKe
HCKJIIOYUTEIBLHBIX CHTYAIHIA.

B mammHax ¢ TuHaMMYEeCKUM IIaHHPOBAaHMEM MOTOKA KOMaH/1 IPEePBIBaHUS OyIyT
HETOYHBIMHU, IIOCKOJIBKY KOMaH/bl MOTYT 3aBEPILUTHCS 10 TOT0, KaK BBIIIOJIHEHHE Oojiee paHHel
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BBIJIAHHOM KOMAaH/IbI BRI30BET UCKITIOYUTEIBHYIO CUTYalni0. TakuM 00pa3om, O4eHb TPYIHO
MOBTOPUTH 3aIyCK MOCIIEC TPEPHIBAHMUS.

Yto0bl peann3oBaTh HEYNOPSAJOUECHHOE BBIMIOJHEHHE KOMaH/I, MbI paciierisieM cryneHs ID Ha
JIBE CTYIECHHU:

1. Beigaua - nekoaupoBaHUE KOMaH/I, POBEPKA CTPYKTYPHBIX KOH(IIUKTOB.
2. YreHue omepaH/IOB - OKUIAHUE OTCYTCTBHS KOH(MIUKTOB 110 JAHHBIM M MOCIIECYIOIEe
YTEHUE ONEPAH]IOB.

3arem, cnenyet crynenb EX. [Tockonbky Bemmonnenue komana [IT MmoxeT morpeboBaTh
HECKOJIbKUX TaKTOB B 3aBUCUMOCTH OT THIIA ONIEpAIH, MbI IOJIKHBI 3HAaTh, KOTJ1a KOMaH/1a
HAaYMHAET BBIMOJHATHCS U KOTJ1a 3aKaHYMBAETCA. DTO MO3BOJSET HECKOJIBKUM KOMaHAaM
BBITNOJIHATHCS B OJJUH U TOT K€ MOMEHT BPEMEHHU. B 1010/IHEHNE K ’TUM U3MEHEHUAM
CTPYKTYpbI KOHBeMepa Mbl UBMEHUM U CTPYKTYPY (PYHKIIMOHANBHBIX YCTPOMCTB, BApbUPYS
KOJINYECTBO YCTPOUCTB, 3aJICPXKKY ONEpaluii U CTeNeHb KOHBeiepu3ay (QyHKIIMOHATBHBIX
YCTPOMCTB TaK, YTOOBI JTy4Ille UCIIOIB30BaTh ATH METO/Ibl KOHBEHEepU3allUH.

JAnHamuyeckasi ONTUMHU3ALMS C HEHTPAJIU30BAHHOM cXeMOil 00HApYKeHHUs] KOH(JIMKTOB
peajm3yercs anmapartHo.
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