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AnHoTanms. B nanHoii pabore omuckiBaeTcs mnpojenanHas ¢ kommwistopom GCC pabota
M0 aJanTalli¥i HMEIOLIErocs ajlropuTMa IOBOPOTHOTO MOXYJIBHOTO IUIAHMPOBAHMS JUIS
apxutekTypsl ARM. VMeromuiics B KOMOMIISTOPE aIrOPUTM MOXKET paboTaTh TOJBKO C
IUKJIAMH ONPEeeNIeHHOTO BUaa, a Ha miatgopme ARM Her moxxomsmied MHCTPYKIMU IS
OpPTaHM3alM¥ IUKJIOB STOTO BHUAA. bBUIM BEIIONHEHBl NPEIBAPUTEIBHBIC OLEHKH
NIPOU3BOJUTEIFHOCTH C IIOMOIIBIO peATN3alliy IIa0JloHa IICEBIO-MHCTPYKIUHM  JUIS
miatdopmer ARM. Ilo pe3ynbTaTam 3T0i MPOBEpKU OBUIO PEIICHO PACIIHPHUTH BO3MOXKHOCTH
ITOpUTMa Ul ONTUMHM3AnuuM Oojee oOmiero Bua HUKIOB. Pa3paborana m peann3oBaHa
MOJIJIEp)KKa IIMKIIOB, CUETYMK KOTOPBIX MEHSeTCs Kak apudmMeTHdeckas mporpeccus. s
NOOABJICHNS] TaKOM MOANEPKKH OBUIM BHECEHBI 3HAYMTENILHBIE HM3MEHEHUS B aJTOPUTM
MOBOPOTHOTO MOJAYJIBHOTO IUIaHUpoBaHus. Ilo pesynbTataM TECTHPOBAHUS BBISBICHO
YCKOpPEHHE 4aCTH TECTOBBIX MPUIOKEHUH 10 3-4%.

KiroueBble cjioBa: ONTHMHU3AIM IPOrpaMM; HporpaMMHas KOHBeHepu3alus LUKIIOB;
II0OBOPOTHOE MOAYJIbHOE IIJIAHUPOBAHUE; apXuTekTypa ARM.

1. BeedeHue

B coBpemMeHHOM MHpe IIUPOKOE PACHPOCTPAHEHHE MOMYUIN pa3IHIHBIE
BCTpanBaeMble CHUCTEMBI. B CBSI3M ¢ 3THM Bce Ooblne BO3pacTaoT TPeOOBAHUSA K
Ka4yecTBY KOZa JJIsi BCTpauBaeMbIX IpoueccopoB. OIHUM M3 CIOCOOOB MOy4EHHS
Oouiee KayeCTBEHHOI'0 Koaa SIBIISICTCA aJanTarys MMEIOIIUXCsI
MHOTOIDIAT(OPMEHHBIX ~ KOMITWUIATOPOB K apXUTEKTYPHBIM  OCOOCHHOCTSIM
BCTPaUBaEMbIX TIATHOPM.

Lens manHOW paboTel — amanTHpoBaTh uMeonryoocs B xommurarope GCCl1]
IPOTPaMMHYI0 KOHBEHEPHU3aLUIO LMKIOB A MPOIECCOPOB apxXUTEeKTypel ARM.
CJOXHBIN ONTHMHU3AIIMOHHBIA ANITOPUTM B JaHHBIH MOMEHT paboTaeT JHIIb Ha
HEeOOJIBLIOM KJIaCCE€ IMKIIOB, IPUYEM TaKWE LUKJIbI BCTPEYAIOTCS Ha OYEHb
orpaHndeHHOM Habope MiardopM. Ilnmanupyercss pacmIMpUTh Kiacc LHKIOB,
paccMaTpHBaeMblil ONTUMU3ALUEH MTOBOPOTHOIO MOAYJIBHOTO IIAHUPOBAHHS.

JanpHelimee W3I0KEHWE MOCTPOCHO CclieAylommM obpasom. B pasmeme 2
OITMCHIBAETCSI MPOrpaMMHasi KOHBeWepu3anus UuKiIoB. Paznen 3 pacckasbiBaeT 00
UMEIOLIEICS pealin3alid aJrOpUTMa MOBOPOTHOTO MOJYJBHOTO TUTAHUPOBAHMSL.
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Pazmen 4 mocBsAIIeH aganTalyd JaHHOW ONTHMM3anuU i athopmel ARM. B
pazzene 5 onucaHbl OJyUYEHHBIE SKCIIEPUMEHTAIbHbIE PE3YIIbTATHI.

2. [lpoepammHasi KOHeelepu3ayusi YUKioe

IIporpammHas KOHBeWepH3aUus IUKIOB MPeodpa3yeT TeJo IUKIA TAKHM 00pas3om,
YTO Ha BBHIIIOJHEHHE MOTYT BBIAABATHCSA KOMAHBI U3 Pa3HBIX UTEPAMi HCXOIHOTO
IIUKJIa, KOTOPBIE BBIMOJHAIOTCS IMapajuleIbHO, MTOZOOHO KOHBeWepy. PaccMorpim
puMep:

for i =1 to N
A(T)
B(1)
C(1)
D(i)

End

B osrom npumepe A(i), B(i), C(i), D(i) o0o3HaualoT WHCTPYKLIHH, KOTOpBIE
00pabaThIBAIOT IEMEHT JaHHBIX 1, 3aBUCAIINE APYT OT Apyra. [Ipyrumu cioBamH,
A(1) momxHO OBITH BHITIONHEHO IEpel TeM, KaK MOXKeT HauaTh BBIMTONHATHCS B(1).
Hanpumep, A MOXKeT 3arpyaTh JaHHbIC U3 MamsTu B peructp, B u C — BbINOJIHATH
apupMeTHUeCKHe OIepaluyd HaJ JaHHbIMH, a D — 3amuchiBaTh MOJYYCHHBIH
pe3ynbTar o0paTHO B mamsTh. [IpeArnosokuM, 4TO HE CYLIECTBYET 3aBHCHMOCTH
MEXIy ONEepaIFsIMA [T pa3INYHbIX 3HaueHui i. To ecTh, A(2) MOXKET HAUMHATHCA
mo 3aeepmieHns D(1). bes mporpammHOi KOHBeWepH3amuu, omepanuu OyayT
BBITIOJIHATHCA B CIICAYIOIIEM MMOPAAKE:

A(1); B(1); C(1); D(1); A(2); B(2); C(2); D(2); A

Jomyctnm, 4YTO Ha BBINOJHEHHWE KaKAOH WMHCTPYKIMH YXOAWT OAWH TakT
nponeccopa (0e3 ydera yBENMUCHMs] CUETYMKA LUKIA). Tarke JOMYyCTUM, YTO B
MpOIIeCCOpe €CTh OJHO (PYHKIIMOHAIBHOE YCTPOWCTBO, KOTOPOE BBIMOJHSIET
uHCTpYKIm A u D (B mpuMepe — YCTpOWCTBO pPabOTHl ¢ MAMATHIO) U OJHO
(hyHKIIMOHATIFHOE YCTPOICTBO, KOTOPOE BHIMONHACT HHCTPYKIH B u C (B mpumepe
— apuMeTnuecKoe ycTpoicTBo). Torna B pacCMOTPEHHOM CJIy4ae Ha BBINOJHEHHE
Ka&XJOW MTepalMi YXOAWT 4eThlpe TakTa (IPH 5TOM Ha Ka)XJOM TaKTe OJHO W3
(YHKIMOHAJIBHBIX YCTPOMCTB MpOIIecCOpa MPOCTauBaeT, TaK KaK HET TOTOBBIX JJIS
BBITIOJTHEHUS] HHCTPYKIIHA ).

Temeps paccMOTpUM TIPeOOpPa30BAHHBIA MHKI, KOTOPBIA IOJHOCTBIO HCIIONB3YET
Bce (DyHKIMOHAJIBHBIE YCTPONCTBA MPOIIeccopa:

A(1);

B(1);

for i =2 to N
A1), C(i - 1);
B(i), D(i - 1);
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end
CN);
D(N);

J1st Hero nopsiIOK BBIMOJIHEHHST HHCTPYKLUI OyA€T CIIeIyIOInM:

A; B(D; A@., C(D); B, DD); AB), C(D; BB, D@); .
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3mech WHCTPYKOWH, pas3felieHHble °;°, BBINOJHAIOTCA Ha PAa3HBIX TaKTax
IIPOIIECCcOpa, a MHCTPYKIINH, pa3/iesieHHbIe ‘,’, — Ha oHOM. [Ipr 3TOM MOXHO JIeTKO
IIPOBEPHUTH, YTO B CPEIHEM HA BBINOJIHEHHWE KaKAOW UTEpAllM TPaTWUTCA 1O [(Ba
TaKTa Mporueccopa.

W3 »Toro mpumepa BUAHO, YTO MPH HAIUYUU BO3MOXKHOCTU IAapauIENbHOrO
BBINOJIHEHHUsT OOJBIIOr0 YHCJIAa HMHCTPYKLUMH IPUMEHEHHE O3TOW ONTHMHU3ALUU
MOJKET OKa3aThCsl OY€Hb BHITOAHBIM. OJJHAKO OHO MOJKET OBITH CBS3aHO C MHOTHMH
TPyAHOCTSIMU. B 4acTHOCTH, M1 KOPPEKTHOrO TNpeoOpa3oBaHUs NHKIA YaCTO
HEOOXO0MMO OTAENBHO 00pabaThiBaTh YaCTh MHCTPYKINI C HECKOJIBKHUX MEPBBIX U
MOCIIEAHNX WTEpalMil — 3TO BEJET K YBEIMYEHHIO pazMepa Koja (MHOTrga B pasbl
IIpEeBbIIasl pa3Mep Teiaa NMKiIa). Takxke, BpeMs >XH3HH HEKOTOPBIX PETHCTPOB
MOJKET MpPEBBINIATh JUIMHY OJHOM HTepanuu (Hampumep, Kakas-TO HHCTPYKIUS
HCHOJb3yeT 3HaUeHUE NIePEMEHHOMN, BEIUYUCICHHOE HA MPeIbIIyIed HTepaliu), 4To
O3Ha4yaeT HEeOoOXOJIMMOCTh HCIIOJIb30BaHHS BPEMEHHBIX PErMCTPOB Ul XpaHEHHS
TaKUX 3HAYEHUH M, CJIEIOBATENIbHO, CO3JaHUs HOBBIX ONEpalUil Ui 3alOTHEHUS
9THX PErucTpoB. OTH JONOJHHUTEIbHBIE OMNEpalMd MOTYT CBECTH Ha HET BCE
MIPEeUMYIIECTBA OT IPUMEHEHUS KOHBEHEepU3aluy UKIIOB.

beuto nokazano[2], uro mnpoOiema KOHBEWEpU3alMU LMKIOB 3a ONTHMAJIbHOE
KOJINYECTBO TAKTOB M C  HCIOJB30BaHHMEM MMHUMAJIBHOTO  KOJHYECTBA
JIOTIOJIHUTENBHBIX perucTpoB — NP-tpyanas. [1o3Tromy Ha IIpakTHKE UCIONb3YHTCS
pasiauuHble 3BpUCTHYECKHE NOoAxonabl. OAMH M3 TakMX IMOAXOJOB pPEalu30BaH B
CEJIEKTHBHOM  IUIAHUPOBIIMKE  KomaHxa[3],  pa3paboraHHOM B  OTZAE’e
xoMnmisaTopHbIx TexHonoruit UCIT PAH. Peanusauus niaHupoBIMKA HAaCTPOEHA
TJIaBHBIM 00pa3oM Ha HCIIONIb30BaHue Ha rporeccopax Intel Itanium, omHako MoxkeT
MIPUMEHATHCA U Ha Apyrux miatdopmax (ARM u x86-64).

Eme onHuM BapHaHTOM ajnropuTMa KOHBeHepu3aliy LUKIOB ABJSETCS TOBOPOTHOE
MOJZyJIbHOE IJIaHUPOBaHUE, peanusanus kotoporo B kommuiarope GCC onucana B
ClefyoueM pasfene. OTOT MOAXOJM OAHOBPEMEHHO HIIET TAKYK0 PAcCCTaHOBKY
WHCTPYKIMH C HECKOJBKHX HTEpaluil LUKJIA, YTOOBI MHUHHMH3HPOBATb HYHCIIO
TaKTOB MpoOLECccOopa, MPOBEACHHBIX BHYTPH IUKJIA, U CTPEMHUTCS MUHUMH3HPOBATh
KOJIMYECTBO JOTIOJHUTEIBHBIX PETHCTPOB, MBITASCH PACCTABUTh WHCTPYKIMHU IIUKIIA
Tak, 4YTOOBl WHCTPYKIWH, YCTaHABIMBAIOIIME M HCIIOIB3YIOIINE 3HAYCHUS
PErucTpoB, OBLIN KaK MOKHO OJIMKE IPYT K APYTY.

35

3. MoeopomHoe MOOynbHOe niaHupoeaHue

MopynbHOE  NIaHUPOBAaHME — 3TO  KIACC  AITOPUTMOB  IIPOIPaMMHOI
KOHBEHepU3aluyd  LUKIOB, KOTOpPbIM  ympoliaer  3ajady  IpPOrpaMMHOM
KOHBEHepH3aIny, UCIIONIb3Ys OJHO o0IIee paciucanye A BCeX WTepariii HUKiIa u
(PMKCHPOBAHHYIO YaCTOTY BBIIa4M HOBBIX UTEPAIHH.

IToBopotHOe MomyneHOe tanupoBanue (Swing Modulo Scheduling) — s3to
9Q(EeKTHBHBI aNrOpPUTM M3 Kiacca AaJrOPUTMOB MOJIYJIBHOTO IUIAHUPOBAHMS,
LeTIbI0 KOTOPOTO SIBISIETCS MAaKCHMH3AlMs YacTOTHI BBIJaYM HOBBIX MTEpali, a
TaKKe MUHHMHM3ALUS DPETUCTPOBOTO NABJICHUS, T.€. KOJINYECTBA OJHOBPEMEHHO
KHUBYIIUX PETHCTPOB B OJJHON UTEPALMH LIUKJIA.

B xoHBelepU30BaHHOM LUKJIE PACIUCAHUE AJIsl OJHOM UTEpalUy LUKJA HOJEIECHO
Ha HECKOIIBKO CTaIuil TakuM 00pa30M, UTO BBHITIOJIHEHHE BCEX CTAJWI IO OIHOW W3
MTOCTICIOBATEIbHBIX HTEPAlMi IPOUCXOAUT OJHOBpEeMEeHHO. To ecTh, ecnd, K
IpUMepy, TEeNOo IHMKJIAa TOAEJIeHO Ha TPH CTaaud, TO OJHOBPEMEHHO OymyT
BBIMOJIHATLCS IIEpBast CTaaus i-d urTeparmu, Bropas cramus (i—1)-i uTepammu u
Tpethst cramust (i-2)-ii  wurepauun. KoJIMYecTBO TAaKTOB MeEXIy HadaaioMm
BBIIIOJIHCHUA O[lHOﬁ cragjuy MW Ha4dvaJIOM BBIIIOJIHCHUA cneﬂylomeﬁ, TO €CThb
KOJIMYECTBO TaKTOB B OJHOW CTaJuW, Ha3bIBaeTCS MHTEpBAJIOM 3amycka. Ha
pucynke 1 amst mpuMepa rmoka3aH KOHBEHEpPH30BaHHBIN ITMKI U3 MATU UTEpaluid, B
TeJe KOTOPOTO TPH WHCTPYKUUH. Teao KOHBEHEpHU30BAHHOTO IIMKIIA COCTOHT W3
TPEX CTaIWid U 3aHUMAET YETHIPE TAKTA.
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Puc. 1. Ilpumep xongetiepuzo8anno20 yuxia.

O‘[eBI/I[lHO, 4TO 4Y€M MCHbLIC HUHTEPBaAJl 3aIllyCKa, TEM 4Yall€ BbIAAIOTCA HOBBLIC
HUTCpali, TEM MCHBLIIC BPECMCHU BBIMNIOJHACTCA LUK, TO €CTh TEM 3(1)(1)6KTI/IBH€6
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koHBeWepuzauusa. Iloaromy ocHOBHOM 3amaueid anroputma IIMII sBusercs
HAXOXXACHHE TAKOTO MHHHUMAIBHOTO WHTEpBAia  3amycka, YToObl  emy
COOTBETCTBOBAJIO MPABHJIBHOE paclUCaHKWe Teida HUKIA. [IpoxXoi, peanrnu3yromiiii
JaHHYI0 onTuMu3anuio B kommusitope GCC, Bkimouaercs onnueit —fmodulo-sched
U paboTaeT Imepex MPOXOAOM pachpeneneHus peructpoB. CyTh alropurma
3aKJIIOYAeTCsl B IOCIEAOBATENBHOM Mepebope yBENMYMBAIOIIMXCS 3HAYCHHUI
MHTEpBala 3alyCKa, HAYMHAs C MHHUMAIBFHOTO U 0 MAaKCHMAJIBHOTO, U HOIBITKAX
HAXOXKICHHUS NPABUIBHOTO PACIHCAHWS U LHKIA I[IPH KaKIOM 3HAYCHUH
MHTEpBala 3aIycKa.

Bonee (I)OpMaIH)HO, AJITOPUTM BBITJISIAUT CIICAYHOIUM 06p330MI

1. Tloctpoenue rpada 3aBHCHUMOCTEH 10 TaHHBIM.

OmnpeneneHre MUHIMAJIBHOTO U MAaKCHMAJIBHOTO HHTEPBAJIOB 3aITyCKa.
Omnpenenenne nopsiika ciIeJOBaHUs Y37I0B.

IInanupoBaHue Tena HUKIIA.

B ciryyae ycnenrHoro miaHupOBaHUS BCEX Y3JI0B paclicaHue TOTOBO,
MHa4Ye He0OX0IMMO YBEJIMUUTh pa3Mep MHTEpBajla 3alycKka U IOBTOPUTh
(a3y manupoBanus. Eciy 3HaueHne HHTEpBaia 3amycka J0CTUTAeT
CBOET'0 MaKCHUMAJbHOTO NpeJieNa, TO CYUTAETCs, YTO IPUMEHEHHE
MOJIYJIBHOTO ITAHUPOBAHUS K IaHHOMY LIMKIIy HE JJaCT BBIMTPHIIIA, U
pabora anropuTMa 3aKaHuMBaeTcs. B aTom cityuyae muki Oyner oopaboran
OOBIYHBIM ITAHUPOBIINKOM.

6. Tenepanms Konwii HepeMEHHBIX.

7. T'eHepanus npoJiora u 31ujora.

bl

IlonHoe omucanue anropuTMa HpUBOIUTCS B pabore [4]. Jlamee maHO KpaTkoe
omucanue (a3 anroput™Ma Ui 0003HAUCHHMS OCOOCHHOCTEH peanu3aluu
MOBOPOTHOTO MOZYJILHOTO IuTaHKpoBaHus B kommnuiarope GCC.

3.1. NMocTpoeHue rpacpa 3aBUCMMOCTEN NO AAHHBIM

Jns Tena mUKNa CTPOMTCS epag 3agucumocmeli O OGHHBIM, YIUTHIBAIONIMNA Kak
3aBUCHMOCTH BHYTPH Tella IMKJA, TaK M 3aBUCHMOCTH MEXIy ureparusMu. [1pu
aHaIM3€ 3aBUCHMOCTEH II0 JaHHBIM HCIIONB3YEeTCS aHAJIM3 ajJHacoB, a TaKXKe
JaHHBIE O CTOMMOCTH (JIATEHTHOCTH) HWHCTPYKIMH M3 MOAENM IIpoleccopa M
OOBIYHOTO AJITOPUTMA IUIAHUPOBAHUS ALUKINYECKUX YUaCTKOB KOJa.

3.2. OnpepeneHue MWHUMArbHOro n MaKCUMManbHOro
MHTepBasrioB 3anycka

WHTepBai 3amycka OrpaHHYMBaeTCs CHH3Y IBYMs (akTopamu [5]: pekyppeHTHBIMH
COOTHOIIEHMsIMH B rpade 3aBucuMoctedi (B Tpade 3aBUCHMOCTEH ecTh
PEKypPPEeHTHOE COOTHOILIECHHE, €CII B HEM CYLIECTBYeT NPOCTOHW LUKJ, TO €CTh B
HCXOAHOM IIMKJIE MCHOJB3YIOTCA 3HAYEHUS, BBIYMCICHHBIE Ha IPEABIAYLINX
UTEpalrAX) U OTPaHUUCHUSIMHU Ha PECYpPCHI IpoLieccopa.

37

I[.HSI MAaKCUMAJIBHOI'O 3HA4Y€HUS HHTEPBaAjla 3allyCKa IOAXOOUT JUIMHaA JIF000T0
MMpaBUJIbHOTO pacnuCaHud Ijid TCjla MUKIIA. To €CTb, aJI'OPUTM IMbITACTCA
KOHBeﬂepH3OBaTb UK J0 TE€X 0P, IMMOKa BBINIOJHATH HOJ'Iy’-IGHH]:-Iﬁ IHUKJI MOXKCET
HNOJIYYUTHCH BbI'OAHEE, YEM OpHFHHaJ'ILHBIﬁ UKII.

3.3. ®a3a BblYUCNIEHMA NopsaaKa crefoBaHUA y3rnoB

daza BEMHCICHHUS TOPSIKA CIECIOBAHUS Y3JIO0B HCIONB3YeT MOCTPOSHHBIN Tpad
3aBUCHMOCTEH W JIOTIOJHUTENbHBIE aTPHOYTHI Y3JI0B M CO3/AET YIOPSIOUCHHBIH
CIIMCOK, COACpKamMii Bce y3ibl Tpada. DTOT MOPSIOK YKA3BIBAET, B KaKOM
ouyepenHOCTH y37bl rpada 3aBUCHUMOCTEH OyayT aHamu3upoBaTbes —(a3oii
TUTAHUPOBAHHSL.

®daza BEIYUCICHHUS TOPSIKA CICIOBAHUS Y3JIOB CTPEMHUTCS ydecTh IBa (hakropa B
rporecce padoTHI:

1. {aBaTp OONMBIINI PHOPHUTET HHCTPYKIHSAM, PACTIOI0KEHHBIM Ha KPUTHUESCKHIX
myTax. [To KpUTHYIECKUM ITyTeM 31eCh MTOIPa3yMEBAETCs Iy Th MaKCUMAITbHOM
JUTMHBI B alIUKIINIECKOM Tpade, KOTOPHIH IMOITydaeTcs U3 Tpada 3aBHCUMOCTEH
oTOpachIBaHHEM 3aBHCUMOCTEIl Mexay urepauusiMi. ToT Gakt, 4To Ha
MHCTPYKIIMHU, KOTOPBIE OKAXKYTCSI B CIIUCKE MOCIEAHUMH, OyIeT Ooblie
OTPAaHUYEHUH, yIUTHIBACTCA TEM, UTO MPEAIOYUTAIOTCS HHCTPYKIIMH C MEHBIIECH
MOOHJIIBHOCTBIO.

2. YMeHbIIaTh MAaKCUMAILHOE KOJIMYECTBO OJHOBPEMEHHO JKUBBIX PErUCTPOB. st
3TOr0 KaXIIbIH y3€JI MOMEIIACTCsl KaK MOYKHO OJIFDKE M K CBOMM TIPEKaM, U K CBOUM
motomMkaM. OHAKO OT MOPSIKA, B KOTOPOM PacCMaTPUBAIOTCS HHCTPYKIHH, MOXKET
3aBHCETh BO3MOXKHOCTh TAKOTO IJIAHUPOBAHMUSL.

s gocTikeHus 000MX 3THUX Lened ¢asa yrnopsao4MBaHUs Y37I0B rpada
HCIIOJB3YeT CIeUABHBIN 00X0/1 rpada 3aBUCUMOCTEH[6].

3.4. ®aza nnaHnpoBaHuA

@daza NIaHUPOBAaHMS MHCTPYKLMH pPacCcMaTpHBAaeT HMHCTPYKLIUM B MOPSIKE,
3aJaHHOM (ha30i yMOPsIIOYMBAHUS U MBITAETCS] BCTABUTH MHCTPYKIMU B YaCTUYHOE
pacmucaHue IIMKIa KaKk MOXKHO OJIIKE K COCEIHMM HHCTPYKLHUSIM, KOTOPBIE YKe
ObLTH 3aIUIAaHUPOBAaHbL. MHCTPYKIUH INIAaHUPYIOTCS TIO-Pa3HOMY B 3aBHCHMOCTH OT
TOT0, KaKHe U3 UX cOoceJieil y)ke MPUCYTCTBYIOT B YaCTUYHOM PacIUCaHUH.

Ecnm s xakoro-nu0o y3ia HE HaiiIeHO IMOAXOAAIIEEe MECTO B PAaclUCaHHH, TO
HMHTEPBAJ 3aIlyCKa YBEINUUBACTCS HA €WHUILY, U (a3a INTaHWPOBAHUS TTOBTOPSIETCS
3aHOBO C OTUM YBCIMYCHHBIM 3HAUYCHHEM WHTEpBala 3alycKa, KOTOpOe
MPEAOCTaBUT OOJIbIE BO3MOXHOCTEH IJIsI COCTaBICHUS IPABUIBHOTO PACIIHCAHUSI.
OnHolt M3 O0COOCHHOCTEH peaaM3allii alrOPUTMa IOBOPOTHOTO MOMYJIBHOTO
rianupoBanusi B GCC, Biusionei Ha BpeMs ero padoThl, SBISIETCS TO, 4TO (haza
YIIOPSI0UMBAHUS BBIMIOJHSETCS BCErO OAMH pas, Jaxke B TOM cliydae, korjaa daza
IUTAHUPOBAHMS BBITIOJIHAETCS HECKOJIBKO Pas.
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3.5. NeHepauua konun nepeMeHHbIX

Oror o3Tam HeoOXOAMM ISl TOTO, YTOOBl W3 pacIUCaHWsA Tela IUKIIA,
CreHePUPOBAHHOIO HAa MpeAbLAyIIel (ase, MOIy4uTh OporpamMmy, Kotopas Oynaer
KOPPEKTHO BBIMONHATHCS. Hampumep, €Clid CYIECTBYIOT PErUCTPhI, CPOK KU3HU
KOTOPBIX MPEBBILIAET JUIMHY WHTEpBaJa 3allycka, Ha KOTOPOH ObUIO NOCTHIHYTO
yCIIEIIHOE IUIAHUPOBAHUE, OSTO O3HAYaeT, YTO HWHCTPYKLUS, OIPEIeIsIomas
3Ha4YeHHEe perucTpa, OyAeT BhINOIHEeHa Ooyiee OJHOTO pasza 0 MOMEHTa, KOrja 3To
3HAYCHUE TTOHATO0OUTCS HHCTPYKIIUU-TTOTPEOUTEITIO, a, CIICI0BATEIILHO, TPABUIBHOC
3HaYeHUe OyneT moTepsHO. JIjii TakuX PErucTpOB OMPEHCISICTCS KOJIUYESCTBO
KOTIMiA, KOTOPbhIC HEOOXOUMO CTCHEPUPOBATh, U TCHEPUPYIOTCS CAMU KOTIHPYIOIIHE
WHCTPYKIIHY, TIOCJIEC Yero KaXJI0¢ UCIOIb30BaHIE HCXOIHOTO PErHCTPa 3aMECHSCTCS
KOIUEH, cojepxameil mnpaBuibHOEe 3HaueHWe. Co3laHWe KOMUM IepeMEHHBIX
BKIItoyaercss otaensHON ommmedt kommmraropa GCC  —fmodulo-sched-allow-
regmoves. Korja paHHas omius BBIKIIOYCHA, PACIHCAHHME IMKIA COCTABISICTCS
TakuM 00pa3oM, dYTOOBI U30ekaTh HEOOXOAMMOCTH CO3MaHUS WHCTPYKIUH
KOITUPOBAHUS.

3.6. NeHepauua nponora v anunora

Ha atoit ase reHepupyercs HMpoJIOT U SMUJIOT YIS MOJYYCHUS OKOHYATEIBHOTO
pacriucaHusi U KOPpeKTHOH nporpammbl. Koria xojaudecTBO UTepanuii 1UKIa He
M3BECTHO Ha 3Tale KOMITWISIHMU €CTh HEeCKOJBbKO MoAxooB. Hanmpumep, MoOXHO
BBINOJIHATE OTAEIBHBINA AMWIOT B 3aBUCHMOCTH OT KOJHMYECTBA MTEpalMil B, JIMOO
COXPaHUTH TEPBOHAYAIBHBIA LUKJI U BBIMOJHATE €r0 B CIIydYae, €CJIM KOJIHNYECTBO
WTEpaluil CIUIIKOM MAaJlo, YTOOBI TOTOK BBIOJHEHHS JAOWIEN 10 Teja IHUKIa
(mpyruMu clioBaMH, JaHHBIX HEIOCTATOYHO, 4YTOOBI 3arpy3WTh KOHBeiep). B
peammzanmn GCC, Ha KOTOPOW OCHOBBIBaeTCS 3Ta paboTa, MPUMEHSETCS BTOPOM
MOJXO0J, TaK KaK OH HE MPUBOIUT K PE3KOMY POCTY pa3Mepa HCIOIHAEMOro KOAa.
[Ipeanonoxum, Ipu IUVIAHUPOBAHUU TENO IMKJIA OBIJIO MOJENCHO HA TPU CTAJHH.
OTO O03HAYaeTcsi, YTO OJHOBPEMEHHO OyAyT BBINOJHATHCS NepBas CTagus i-i
urepauyu, BTopas craaus (i—1)-it urepaumu u Tperbs craaus (i—2)-H uTepanuu.
CoOTBETCTBEHHO, B MPOJIOT IMKJIa OyIyT BBIHECEHBI (CKOIUPOBAaHBI) MHCTPYKLMIA
13 NIepBO ¥ BTOPOM CTaJNM MEPBOM NTEPALUH, a TAKXKE JOIOJIHUTENEHO U3 TIEPBOI
CTaJMu BTOPOU UTEpAlli. AHAJIOTUYHO B AMMIIOT OyJeT BBIHOCUTHCS TPEThsI CTa U
MIPEATOCcIeHEN UTEPaliH, a TAK)KE BTOPask M TPEThS CTAIMS MTOCIEIHEH UTEPaLHH.
B obmem ciydae, eciim e€cThb N CTaAMd W OHM HYMEPYIOTCS C EAWHHIBI, TO
WHCTPYKIMU i-W cTamguu OyayT n-i pa3 CKOMHpPOBaHB B Tpoior um i-1 pa3
CKOITMPOBAHBI B SITHJIOT.

4. Adanmauyus anzopumma onmumu3sayuu ons
nnamgopmbl ARM

[ToBopoTHOE MOmynBHOE ITaHKUpoBaHue B KommuisiTope GCC ncnomnp3yeT mradioH
do-loop, i pacnio3HaBaHUsl LUKIIOB, B KOTOPBIX YIPABISIONIAS YaCTh COIEPIKUT
BCE HMHCTPYKLIMH, H3MEHSIOUIME WM HCIOJb3YIOIINE ONPE/ICICHHbIH PEerucTp-
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CUCTUHK, a YHUCIO I/ITepaHI/Iﬁ MOET OBITh HM3MEHEHO C IIOMOIIBKO HU3MCHCHUA
3HAYCHUS 3TOT0 pEerucTpa 10 HUKa.

Do-loop — 3T0 UK C YMEHBIIAIOUINMCS HA SAMHHUIYY CYSTIUKOM, YCIIOBHE BBIXO/Ia
13 KOTOPOTO BBIMIAAUT KaK “‘CUETYMK IMKJIA paBeH Hyro (wim enuaune)”’. Ha
pasHBIX apXHTEKTypax J3TOT HIa0JIOH ompenensercs pa3HbIMH crocobamu. Ha
mporieccopax cemencTBa x86 ectb MHCTpYKIUA “loop <merka>", KoTopas JaenaeT
BCE BMECTE — YMEHbIIIEHHE, CpaBHeHNE U BeTBiIeHUe. OHa MCHOJIB3YeT PErucTp cx
Juisl XpaHeHus uncia urepanuid. [Toxoxas curyanus Ha nporeccopax Intel Itanium
apXMMEKTYphl ia64: CylIecTByeT CIelMalbHBIA peructp ar.lc, KOTOpbIil MOxeT
OBITH HCIIOJB30BAH TOJBKO JUI ATOW IenH, W MHCTpykuus br.cloop. Bee npyrue
nojgyepxuBaemble GCC  mnar¢popMbl HE HMEIOT TOTOBOM  WMHCTPYKIMH,
BBITIOJTHAIONIEH BCE TPH ACHCTBUS, HO KOMIMIISITOPOM JIOITYCKAETCs Ipyrol BApHaHT
OpraHu3aiu do-loop KA ¢ MHCTPYKIIUEH JeKpEeMEHTa OTIAENBHO OT MOCICTHEH
WHCTPYKIIMHA B TeJe NuKia. [locHeIHsisi MHCTPYKIUS, COOTBETCTBEHHO, IOJDKHA
BEITIOJTHATh CPAaBHEHHWE W BeTBIEHHE. [IprmMepoM Takol apXHUTEKTypHI SBISETCS
iatdopma Cell SPU. Ha neit ectp unctpykuus “biz <peructp>, <memxa>", 4to
o3nauaeT “branch if zero”, To ecTh mepexoa Ha METKY MPOMCXOAUT TOJBKO MPH
PaBEHCTBE PEruCTpa HyIIO.

B anropurMe MOBOPOTHOTO MOMAYJIBHOTO IUIAHMPOBAaHHE K do-loop THKIaM elle
HECKOJBKO TpeOoBaHwmit. CUYETYMK IMKIA HE JODKEH HCIOIBb30BAThCA B IPYTHX
HHCTPYKIUSAX, BHE YIIPABIIAIONIEH YacTH IUKIA. [[UKIT TOJKEH COCTOSTH M3 OJHOTO
6a30BOro OJIOK M HE COJACP)KATh BBHI30OBOB APYTUX (YHKIHHA W TPOIEHYpP, & TaKxKe
JPYTHX MHCTPYKIHN ¢ TOOOYHBIME 3 deKkTamu.

Bosppamasice x mmatpopme ARM, Ha Hell HeT NOOXOAALICH ammapaTHOM
WHCTPYKIIMK JJs co3maHus mabnoHa do-loop mwmkinoB. OmHAKO Tpexne dYeM
peanu3oBbIBaTh NoAaepkKy anropurma [IMII mis Gonee oOmiero BHIa ITHMKIIOB,
OBIJIO pelIeHo CHavaja OIEHUTh BO3MOXHOCTH KOHBEHepH3alluyd Ha IMpoleccopax
ARM. Jlns sToro HeoOXoauMo OBUIO co34aTh B MAIIMHHO-3aBHCUMOM YacTH
KOMITUIISITOPA TICEBI0-UHCTPYKIUIO do-loop nist miardopmbel ARM.

4.1. Co3paHue wabnoHa nceBAO-UHCTPYKLUN

Beutn onpoGoBaHbl aBa crocoba opraHuzanmu mabmona. Ob6a moppasymeBaroT
SMYJSILUIO acceMOJIEPHOH HWHCTPYKIWH, KOTOpasi COCTOMT W3 JBYX peajlbHBIX
HHCTpYKIMH npoueccopa. IlycTe reg — peructp anis cuetdynka nukia. I[lepBblit
croco0 — MCIONB30BaTh “‘sub reg, reg, 17 mns nekpemeHTa u mapy “cmp reg, 0; bne
<MeTka>" KaK HWHCTPYKIMIO BETBICHHUA. BTOpod cmoco® — MpOCTO B3STH Mapy
uHCTpyKIui “subs reg, reg, 1; bne <merka>" B KauecTBe MOCICIHEH HMHCTPYKLUH
nukia. Bropoit cmoco® momkeH paboTaTh OBICTpee, HO TMPH €ro peaau3ariu
BO3HMKJA CIeyloIas IpoliemMa C paclpelesicHHEM PEerucTpOB: B HEKOTOPBIX
Clly4asix TpH paclipeAeieHUH PETHCTPOB PETHCTP-CUETYUK cOpachIBaeTCs Ha CTeK,
MOCJIe 4Yero He HaXOIMTCS MOAXOASALIEro PEerucTpa Ajs BOCCTaHOBJIEHHS. Takas
CUTyallisi JOIyCKAaeTCsl aJTOPUTMOM PpACIpEIeNIeHUs] PETHCTPOB, IPHYEM IS
NPaBIWJIBHOTO KOPPEKTHPOBAHUS IPOTPaMMBbl KOMIIWJIATOPOM B O3TOM Cilydae
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HEOOXO0JMMO ONKMCaTh B MAIIMHHO-3aBUCHMOM 4YacTH KOMITHJISITOpA IPOLIECC
3aMCHbI MHCTPYKHOHKU Ha APYTUC, HCIOJB3YIOIHE OINCPATUBHYIO MNaMATbhb BMECTO
perucTpa.

[MockonbKy Hamiell Henbio ObLIa JIMIIb HpeiBapUTEIbHAS OLEHKAa BO3MOXKHOCTEH
QNIrOpUTMa IOBOPOTHOTO MOIYJBHOTO IUIAaHHpOBaHMSA Ha Mmiatrhopme ARM,
peanu3anys TaKoro MpoIecca 3aMeHBl WHCTPYKLIWH Obla CIHMIIKOM TPYIXOEMKOH.
[MosTOoMy ObBLT BHIOpaH IS pealn3alMy IEepBbIA CHOCOO co3maHMs LIadiioHa
NICEeBJI0-MHCTPYKIMK C MTOMOIIBI0 MHCTPYKIMU sub (ais nekpemeHTa Ha 1), cmp u
bne. JlaHHBIi BapuaHT yAAJIOCh 3alMyCTHTh IOCJAC BHECCHHS HEOOXOAMMBIX
HU3MEHEHHH B pab0Ty KOHEYHOTO aBTOMATa, OIMCHIBAIOIIEr0 COCTOSIHIE IpoLieccopa
B apxurTekrypHo-3aBucumoi wacth GCC s mmardpopmel  ARM. Ilpm
TECTUPOBAHUH OKa3aJIOCh, YTO IOJIyUCHHAs pean3anus TeHepUpyeT HEBEPHBII KO
s 6ubnmoreku eina (ogHa w3 OMONMOTEK Ui Habopa TecToB expedite[7]). B
IpoIecce HCCIENOBAaHUS 3TOM mpoOieMbl OBIIO  pemieHO OTKa3aTbCs OT
WCTIOJB30BAHUS TICEBIO-PETHCTPa W BBHIOpATh OAWH KOHKPETHHIM armapaTHBIN
peructp Ha ARM (Hampumep, 15), 9TOOBI HCIIONB30BATh TOJBKO 3TOT PETUCTP IS
do-loop MKIIOB.

Hcnonp3oBaHye OAHOTO anmapaTHOrO PErucTpa AOIYCTUMO, TaK KakK MOBOPOTHOE
MOIYyIFHOE IDIAHUPOBAHHE IOAJEPKUBAET paboTy TONBKO ¢ do-loop THKIaMW,
SIBIISIFOIMMUCST  CAMBIMM BHYTPEHHHMH B TPYIIE BIIOXKCHHBIX LUKIOB. Waes
HCIIOJIb30BAHUSI OJIHOTO BHIOPAHHOIO AMMapaTHOrO PErucTpa MO3BONMIA U30EKATH
po0JIeMbl C paclpeielieHHEM PETUCTPOB U BEPHYTHCS K HCIIOJIB30BAHUIO BTOPOTO
croco0a opraHu3anyuu mabiioHa do-loop ¢ OMOILBIO apbl HUHCTPYKLU subs u bne.
JononHutensHo, ObUIO JOOABJIEHO YCIOBHE Ul TeHEPAaLUH NCEeBI0-MHCTPYKIHH C
do-loop Ma0IOHOM TOJIBKO B Cllydyae, €CJHM BBICTABJICH YPOBEHb ONTHMHU3AIIUH HE
Hwke nepsoro (-O1) u BrimroueHa omust —fmodulo-sched, otBeuaromas 3a [TMII B
GCC.

Ilocne »Tmx wu3MeHeHuid, amroputm I[IMII 3apaboran Ha 1uathopme ARM
cienyromyM o6pazoM. B nepByro odepenp, KOraa ONTUMH3ALMOHHBIN IPOX0A do-
loop 00pabaThIBaCT IMKJIBI, TJI€ YUCIO HMTEPALUH MOXET OBITh BBIYHCICHO [0
Havajia [UKJIa, TaKHe IMKJIBI epe()OPMUPOBBIBAIOTCS Ul MCHONIB30BaHus do-loop
mabnoHa. Jlo Hayana nukia, B HOPOJIOT, J00aBiseTcs WHCTPYKLMA “mov 15,
<I+uucrno_umepayuu>". A 1Be MOCICIHUEC HHCTPYKIMH B IIUKJIC CTAHOBATCS “‘Subs
15, 15, 1; bne <memxa—nauano yukaa>" BMECTO WCXOIHOW IIPOBEPKU YCIIOBHIA
BbIXOZa U3 nukia. [locie Takoro npeoOpa3oBaHus UK CTAHOBUTCS IOIXOISIINM
JUISL aHaM3a ¢ NOMOoUIbIo uMetonierica peanuzauuu [IMII, eciiv oH y10BIeTBOpSIET
JPYTAM OOBIYHBIM OTPAHWYCHHUSAM - COCTOHUT M3 OJHOTO 0a30BOTO OJIOKa, KOTOPHIi
HE COIEP>KUT BBI30BOB. OnTHMU3ainoHHbIN nipoxo [IMIT nmponcxoaut mpu nepBoit
paboTe MIaHMPOBILUKA, 10 paclpeneleHus: perucTpos. Ecnu HalineHo pacnucanue
KOMaHZ, Jy4llee, 4YeM HCXOAHOE, LHKJI [OMedYaeTcsi, dYToObl He OBITh
NEPEeTUIaHUPOBAHHBIM TIOCIE paclpeneneHus: perucTpoB. COOTBETCTBEHHO, B
YCIEIIHO 3aIUIaHUpOBaHHbIX ¢ nomoupro IIMII nuknax annapatHelii perucrp rd
BCET/la OKa3bIBAJICS 3aHAT JUIsl YIPABISIOIIEH YacTH [UKJIA.

41

OKCHEpUMEHTAIBHO  CpaBHUBANACh  NPOU3BOAMTENHHOCTh  0a3oBeix  GCC
ontuMu3anui ypoBHs 2 (-O2) u 3THxX ke ontumuzanuii ¢ onuueit —fmodulo-sched.
Nsmepsinuck pesynbTatel Ha TectoBod miiare OMAP3EVM. TecroBeiit HaGop muist
sqlite[8] moxazan 3amemnenue Ha 2%: oguH TecT Ha 3% ycKopsercs, HO JpyrHe
3amesitorcst Ha 1-4%. TecToBelil HAOOp expedite Mt OMOIMOTEKU pacTepU3alnU
libevas[7] yckopsercs Ha 0.25%. I[lpu 3TOM OTHCNBHBIE TECTHI ITOKA3HIBAIOT
PEe3yNBTaTHI OT 3aMeasieHus Ha 4% 10 ycKkopeHust Ha 5%.

JononHuTtensHO OBIUIO IPOBEIEHO TECTHpOBaHNe Habopa HeOOBIINX TECTOB aburto
1 MCCIIEI0BaHBI TIOJTyYeHHBIE pe3yibTaThl. Tect heapsort yckopsiercst Ha 7%. Takxke
YBEIMYMBACTCSA IPON3BOUTEIFHOCTD IPOCTOr0 YMHOKEHHUS MATPHUIl M YMHOXKECHUS
C TPaHCIIOHNPOBAHHOHN BTOpO# MaTpuuei Ha 2% n 4% cooTtBercTBeHHO. Tect flops
3ameusiercs Ha 2.5%. Ha npyrux Tectax mpon3BOIUTEIFHOCTh HE H3MECHIIACK.
HccnenoBanme accemOiepHOro koma M xypHaioB kommmwisitopa GCC mo3Bomuiio
c/lenaTh BBIBOJ, YTO YCKOPEHHE MPOrpaMMbl IMPOWUCXOIWT, €CIH IUIAHHPOBIIUK
YCIIEIIHO COCTaBWJ HOBOE YJYYIIEHHOE PAacCIUCAHUE IS «TOpPSYEro» NHKIIa.
IToBopoTHOE MOIyJBHOE IUIAHMPOBAHUE JydIIE PACHPENENSeT HArpy3Ky MEXIy
UTEPALUSIMHU, CTapaeTCsl Pa3HECTH MAaKCHUMAJIBHO JAaleKO APYT OT Apyra 3aBHCHUMBIE
M0 JAHHBIM MHCTPYKLUH C COCEAHUX uTepauuil. HanmpoTus, Koraa MUK «ropsauii»
U TUIAHMPOBAHHE OKAa3aJOCh HEYCIEIIHBIM, MOJy4aeTcsl 3aMe/JIeHHe, CBA3aHHOE C
BCTaBKOM WHCTpYKuuii do-loop mabnoHa 10 Npoxojaa IUIAHUPOBIIMKA. OTH
MHCTPYKIUU OCTAIOTCSl B KOJE IIMKJIa HE3aBUCHMO OT TOTO, OBbLJIO JIM YCIIEIIHO
COCTaBJICHO pacmcaHue. M, mockoiibKy MeXIy S5TOH Mapoil MHCTPYKLHMH ecTb
JIOTIOJTHUTENbHAST 3aBUCHMOCTh II0 [JaHHBIM, (BETBJICHME 3aBHUCHT OT (uiara,
BBICTAaBISIEMOTO CPaBHEHHWEM), OHHM IalOT HEOOJIBIIYIO 3aJEp’KKy M TPHBOIAT K
3amemieHno. OAMH W3 BO3MOXHBIX CIIOCOOOB HCIPAaBUTh 3Ty CHUTYalHI0 —
peammzanust [IMIT Ge3 TpeGoBanust do-loop 1mabmona, 4ro TpeOyeT OONBIINX
u3MeHeHnd B miardopmo-HesaBucumoii yactu IIMII.  Jloruka amropurma
IUIAHUPOBAHUS BO MHOTOM OINHUPACTCS HAa TOT (PAKT, YTO CUETYMK LUKIA HE
UCTIONb3YyEeTCs BHYTPH LIUKJIA, KDOME YIPABIIAIOIINX HHCTPYKINH LUK,

4.2. Luknbl ¢ AeKpeMeHTOM cyeTYUuKa

CrenyiomumM 3TanoM ajanTtanuu Obuta peanusanus pabotsl anroputMa [IMIT Ha
LUKJIAaX, HE WCIIONB3YIOUMX do-loop WHCTPYKIMH, CYETYMK KOTOPBIX BEIET ceOs
aHAJIOTUYHO ciIydato do-loop tmkioB. Ilpennonaraercs, 4To CYETINK yMEHBIIACTCS
KKy UTEPAlUI0 POBHO HAa €JUHHIYY, a LUKJI 3aKaHYMBAETCS NMPU JOCTHKEHUHU
cueTynKoM Hyisisl. Takke B 3TOM cCiIydae HEOOXOJMMO OTKa3aThCS HE TOJIBKO OT
camoro TpeboBaHus do-loop MmabIoHa, HO U pa3pelIuTh MCMOJIb30BaHUE (YTEHUE)
CUeTYNKa B MHCTPYKIMAX BHE ympamisitomedl udactu nukina. Kak cuemyer w3
OINKCaHMs ANTOPUTMA IJIAHWPOBAHMs, B HTOTOBOM 3aIlJIAHUPOBAHHOM LIMKIIE YHMCIIO
UTEpALUK YMEHBIIAETCS, YaCTh MHCTPYKLMM KONMpYeTcs B mpoJsior U snuior. 1
ecn B do-loop 1MKIaX MOXXHO TPOCTO COOTBETCTBYIOIIMM OOpPa3oM ITIOMEHSThH
3HaYeHHE CUeTYMKa IMepel] LMKIOM, TO B JAaHHOM BapHaHTe TakKOM MOAXOx
OKa3bIBAETCS HEAOMYCTUM.
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Bruto BBIOpaHO mpOCTOE pENIeHHE - 3aIUIAHHUPOBATH HHCTPYKIHUIO JEKpEeMEHTa
BMECTE C JAPYTMMH MHCTPYKIMSAMH, KaK OyJITO OHa HE OTHOCHUTCS K YIPaBJISIOIIEH
4acTH LMKJIA, @ B KOHIE IPOBEPUTb KOPPEKTHOCTH IOJIYYEHHOrO pacnucanus. B
CHIly OCOOCHHOCTEH peamu3allid JOCTaTOYHO NPOBEPUTH, YTO HHCTPYKIIHS
JEKpEMEHTa ToMajia TMEpPBYK CTagui0 B HOBOM pAacHUCaHUM, U OTMEHUTb
mpeoOpa3oBaHMEe [WKIA B MPOTHBHOM ciy4ae. Takoil BapHaHT pealu3aliuu
MO3BOJISICT BBHIUTPATh 10 20% NPOM3BOOUTENHHOCTH HA IMPOCTEHUIINX TECTOBBIX
MpUMepax, OJHAKO HE BIMACT HA TPOWU3BOAUTEILHOCTh HACTOSIIUX TECTOB,
MTOCKOJBKY IUKJIBI C TaKUM IIOBEACHHWEM CUETYMKA BCTPEYAIOTCS B pEabHBIX
porpaMMax KpaiHe peKo.

Urak, wccieoBaHus MOKa3ald, YTO HA TECTOBBIX IPOrpaMMax ILIAHUPOBaHUEC
LIMKJIOB c IIOMOII[BIO IIMIT MMO3BOJISIET 3HAYMTEIILHO VIIyYIIAT
MIPOU3BOIUTENHHOCTE Ha Tporieccopax ARM. ITosToMy ObLTO pelIeHo peann30BaTh
monaepkky B anroputMme [IMII nukinoB 6oee obmiero Buna, 4eM do-/oop THKITBL.

4.3. NMopaepxKa LUKIOB HOBOro Buaa

Eme pa3 ormerum, yto IIMII ontumusanus B kommmwisitope GCC paboraeT 110
pacripenesnenust peructpoB. IlosTomy pganee B JaHHOM paszeie IOJ CIOBOM
“peructp” OyAeT moapa3syMeBaThCs ICEBIO-PETHCTP Ha dTame padoThl aaropuTMa
IIMII, a He anmapaTHbIA PETHCT.

OnumeM HOBble TPeOOBaHUS K LMKy, HOA KOTOPbIE IIONMAAaeT 3HAYUTEIHEHO
Oonbliee KONMYECTBO IIMKIOB B PEANBHBIX NPWIOKEHWsAX. ki mo-mpexHemy
JIOJDKEH COJIepKaTh TOJNBKO OJMH 0a30BbI OJIOK, © HE MMETh BHYTPH BBI30BOB U
JPYTHX WHCTPYKUMH ¢ moOo4YHbIMU 3¢ dexramu. OJHaKO AJIS yNpaBisionield YacTH
U LIEJIOYUCIICHHOTO PETHCTPa-CYeTUHKa [UKIIA JOIIycKaeTcst Oobluas cBo0oa, YeM
B do-loop nnkiax.

Brixon u3 nukia A0KEH NPOUCXOIUTh MPU JOCTHMXKEHUM PABEHCTBA B CPABHEHUU
CYEeTYMKA C MHBAPUAHTHOW B IUKJIE BETUYMHOMN, TO €CTh, JINOO C KOHCTAHTOH, JIMOO
C PErucTpoM, 3HaY€HHUE KOTOPOTO YCTAaHOBIIEHO N0 LIMKJIA M HE MEHSETCS B Teje
UMKIa. BHYTpH IUKIIa CYETUYMK JOJKEH U3MEHSThCS POBHO OJHOW MHCTPYKUUEH,
KOTOpas NMpUOaBiseT WIM BBIUUTAET HEHYJIEBYIO KOHCTAaHTY. J[pyrue MHCTPYKIMU
MOTYT UCHOJIb30BaTh CUETYHK, HO HE MOTYT MEHSTH ero 3Hadenue. [lonyuaercs, uro
CYCTYMK IMKJA BCETIa COOTBETCTBYET JJIEMEHTaM HEKOTOPOW apu(MeTHUeCKOM
MIPOTPECCHHU.

I[.]'DI MOAACPIKKHN LMKJIOB HOBOI'O BHUJa 6bIJ'Il/I BHCCCHBI 3HAYUTCIIbHBIC U3MCHCHUS B
ONITUMHU3AINIO TTOBOPOTHOT'O MOAYJIBHOI'O INIAHUPOBAHMA. HeO6XO[ll/IMO OTMCTHUTD,
YTO IUKJIBI, NOAXOJSIIME 0]l HOBYIO MOZENb, MOTJIM BCTPETUTHCS HE TOJBKO Ha
wiatpopme ARM, HO u Ha npyrux miardopmax. ITpumepom Takol marhopmbl
SIBIISIETCS paclpoCTpaHeHHast Ha IEPCOHAIBHBIX KOMITBIOTEPax apXUTEKTypa x86-64,
KOTOpast SBISIETCS OJHON M3 NMPHOPUTETHBIX TwaTdopm mist kommmwiaropa GCC. B
CBSI3U C 3THM, B IPOIECCE HIDKEONHMCAHHBIX PA0OT MPOBOAMINCH JOTOIHUTEIBHBIE
MPOBEPKH KOPPEKTHOCTH U KAUECTBA KOAA MIPU KOMITUIISILUU 17151 X86-64.
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4.4, KOppeKTMpOBKa KOHEe4YHOro 3Ha4yeHunsa c4yeT4ynka B LukKkne

B mepByto ouepens ommmeM, Kak ObUIa penieHa MpoOsiemMa, BO3HUKINAS B ITyHKTE
4.2. YacTh MHCTPYKIHUI C TOMOIIBIO KOMHUPOBAHHS BHIHOCHTCS B IIPOJIOT U SIIHJIOT.
ITocne aToro mpeobpa3oBaHus HEOOXOANMO N3MEHUTH YIPABIISIONIYIO YacTh LIUKJIA
TaKk, 4YTOOBl KOJMYECTBO WTEPALU yMEHBIIMIOCh, HO BCE WHCTPYKIIWH,
UCTIONB3YIOUINE CUETUHK, MOIYYMIN €ro KOPPEKTHOE 3HaueHWe. bynem cumtarts,
YTO NOCTPOCHO HOBOE PACHMCAHME IIMKJIA, BCE MHCTPYKLMHU TIOAENIEHBI Ha CTAIMH,
crangun HyMmepytotcst ¢ Hyis. Ilycte STAGE — Homep cranuu, Ha KOTOpYyIO B
HOBOM pacIlMCaHMM IIONaJla WHCTPYKIMS CPaBHEHUS CUETYMKA C (UHAIBHBIM
3naueHneM FIN, koropoe MoxkeT OBITh Kak PErHCTPOM, TaK M KOHCTaHTOM.
Wncrpykuu co cramun STAGE 6yayt ckonuposans! B smmtor poBHo STAGE pas.
CaMa MHCTpYKLUS CpaBHEHMS HE JOJKHA KOMUPOBAThCS B SMUIIOT, €€ Pe3yJIbTaT He
OymeT TaM HCIOJB30BaThCS, IOCKONBKY B OSIIJIOT HE BBIHOCHUTCS HHCTPYKIHA
BeTBiieHUs. Tem He MeHee, poBHO Ha STAGE wutepaumii pansine HE0OXOAUMO
BBITIOJTHATH BBIXOJl U3 HOBOTO ILMKJIA, YTOOBI MHCTPYKLIHH B SIIHIIOTE ITOTYUYHIH
KOPPEKTHOE 3HAUCHHE CUECTUHKA.

JUIs  KOppEeKTUpOBaHHS YIPABISAIONICH 4YacTH [WKIAa HEOOXOIUMO CIENaTh
cienyouiee: B MHCTPYKIMK CpaBHEHUs, HY>KHO 3ameHuTh FIN Ha HOBOe 3HaueHue
mo ¢opmyrne FIN2 =FIN — STAGE * STEP, rne STEP — mar w3meHeHUs
CUeTYMKa Ha Kaxmol wurepaumu. B cmydae, xorma FIN mpencraBisier coboi
peructp, ans HoBoro 3HaueHHs FIN2 HeoOXommMo mepen IIUKIOM 3aBECTH HOBBIH
perucTp, B KOTOPOM MPOU3BECTH COOTBETCTBYIOLIME BbluncieHus. Ecinu ke FIN —
KOHCTaHTa, KOTOpas 3alliChIBAETC B BHJE HENOCPEICTBEHHOIO 3HAYEHUS B
WHCTPYKIMHU CPaBHEHUs, HEOOXOIMMO 3aMEHHUTh 3Ty KOHCTAHTY Ha HOBYI0. MIHOTIa
HoBasi koHcTaHTa FIN2 He MokeT ObITh 3amuicaHa B BHUJE HEMOCPEICTBEHHOTO
3HAYCHUS, TaK Kak Ha ARM HaOOp TakMX KOHCTAHT OrPaHUYCH CIEIH(PHUCCKUM
o0OpazoM. B aTom ciyuyae aiist XpaHeHUsI TaKOH KOHCTAHTHI JIyYIle TAKXKE BBIICIUTD
OTJCNBHBIA PETHCTP, BMECTO TOTO, YTOOBI Ha KXY MTEPAlUU IUKIA MOIydaTh
KOHCTaHTY € IOMOIIbIO HECKOJBKUX UHCTPYKIUH.

4.5. MNogcyeT Yncna Utepauvm LIMKNa BO BpeMsi BbINOJTHEHUA

Kak yxxe ObUIO OMMCaHO paHee, B Cliydae, KOrJa HET BO3MOXKHOCTH OIPEHEIHTh
KOJIMYECTBO MTEpalMil LKKJIA BO BpEeMsS KOMIIWISLMM, AITOPUTM IIOBOPOTHOTO
MOJYJIBHOIO IUIAHUPOBAaHUSl KONMPYET HMCXOAHYIO BEPCHUIO LMKJIA, IPEKIE YEM
n3MeHuTh ee. [lomyuaercs, 4To B KOJi€ €CTh ABE BEPCUHU LIUKJIA, KPOME TOrO, B KOJI
J00aBJIsIeTCsS MPOBEPKA YCIOBHUS Ha YKCIIO WTepaiuil. Eciau urepanuii oka3piBaeTcst
HCIOCTAaTOYHO, lITO6]:.I 3allOJIHUTL MPOJIOr W JBHOUJIOr, U XOTA 6bl OIuH pas
BBITIOJIHUTH TEJIO ONTHUMHU3UPOBAHHOTO LUKIIA — IPOUCXOIUT MEPEXO0]T HA HCXOAHYIO
BepcHio uKiIa. B 0OBIYHOM ciiydae, KOrja UTepanuidi MHOTO, OY/eT BBITOIHATHCS
ONTUMM3UPOBAHHAs Bepcus LuKiIa. PaccMOTpuM, Kak BBITJSAUT 3TO YCJIOBHE, IIPU
KOTOpPOM JIOJDKHA BBIINOJHATHCS ONTHUMU3UpPOBAaHHAs Bepcus LukiIa. Yucio
UTepaIuii MUK JODKHO OBITH CTPOTO OOJBINE YeM YHCIIO CTaAWN B OCTPOCHHOM
paciucanny 1wkiaa. B ciydae do-loop 1mmKima 4HCIO WTEpanmMii MOXKHO JIETKO
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y3HaTh, 3Has HAYalbHOE 3HAYEHHME CYETYMKAa LMKIA. TeM caMbIM, OCTaeTcs
JN00aBUTh MHCTPYKIMIO CPaBHEHHUSI ATOTO PETHCTPA C YUCIOM CTaiaui (KOHCTaHTa,
U3BECTHAA B MOMEHT KOMITWJIALIMN) U MEPEXOIUTh Ha ONTUMHU3UPOBAHHYIO BEPCHIO
LUKJIA TOJIBKO MPU AOCTATOUHOM KOJMUYECTBE UTEPALUH.

JInst HOBOTO THIA LUKJIOB C TTOCTOSIHHBIM IIArOM CYETYMKA, CUTYalHsl HECKOJIBKO
cioxkHee. /I MPaBUIBHOTO MOACYETA YHCIA UTEPALMi HEOOXOANMO YUIHMTHIBAThH
BO3MOJKHBIE TEPETONHEHUS CUETUMKA [UKJIA, KOTOPbIE MOTYT YCJIOXHHTH CHOCO0
nojicueTa KouudecTBa utepaiuid. Kpome Toro, nepenonHeHust MOTYT cAenaTh IUKII
OeckoHeuHbIM. B ciydae, xorna nepenojHeHud He MPOUCXOIMT, YUCIO UTEepaLuii
MOXKHO MOJCYMTaTh, MOJENUB PA3HOCTb KOHEYHOTO M HAYadbHOTO 3HAUYEHUS
CUETUYMKOB IIMKJIa Ha IIar cyeT4ywka. [IpuBezeM aBa mpuMepa IUKIOB, K KOTOPHIM
HE MPUMEHUMO TaKO€ PELICHUE.

for (unsigned int x = O0x0; x I= Ox6F80919A; x +=
OXEDCBA987) ...; //>toT umuki uMeer 22 utepanuu

for (i = 0; 1 <=n; i++) .}

Ecnu B Tene 1MKiIa HE U3MEHSIOTCS O€33HAKOBBIE [EJIOUYHCIIEHHBIE TEPEMEHHBIE 1 U
n, TO YKUCIIO wuTepanuii B HeM paBHseTcs n+l. OpHako, B ciy4ae, Korga n
MpejCTaBsieT OO0 MAaKCHMAaTIbHO BO3MOXHOE JJIsl 3a/IaHHOTO THUIMA 0e33HaKOBOE

YUCIO0, COCTOSIIEE U3 BCEX EAWHHUI] B JBOMYHOM 3alMCH, LMKI CTAaHOBUTCS
OECKOHEYHBIM.

KoneuHo, momoOHBIC CHTyaI[Md BCTPEUAIOTCS PEIKO, HO HEOOXOoauma WX
KOppeKTHast 00paboTKa B ONTHMHU3AIUU [TOBOPOTHOIO MOJYJILHOTO [TAHUPOBAHHS.
MoxHO ObUIO OBl MPOCTO OTOPOCHUTH IHKIBL, B KOTOPHIX MPOHCXOAUT
MIEPETIOTHCHNE IICJIOYHCICHHBIX PETUCTPOB. B mpoliecce W3ydeHHWs TOTrO, Kak
OTJIMYUTDH TaKKe IUKJIbI OT OOBIYHBIX, ObLIO HaligeH umeromuiics B GCC MexaHu3M
UIA aHaNMW3a NWKIOB - QyHKImUS get simple loop desc, koTopas mo3BosieT
MOJY4UTh BBIPAKEHHE, BBIYUCIISIONICE YUCIIO UTEPALIUI Yepe3 3HAUYCHHS PETHCTPOB
BO BpeMsi BBINOJHEHHs HporpamMmbl. [l LUKIIOB, aHAINU3 KOTOPBIX HEBO3MOXEH,
KOMIWJISATOp OylIeT OTKa3biBaTbcsi OT onrtumuzanuu. Okaszanoch, 4YTO Ha
mwiathopmax ¢ do-loop uHCTpyKuMel naHHAs QYHKIUs HEIPUMEHUMA JUIS IIUKJIOB,
Ha KOTOPBIX OBLIO BBIMOJNHEHO do-loop mpeoOpasoBanus. JaHHBIA ciay4aid ObLI
PacCMOTpPEH OT/AEIBHO, YTOOBI HE YMEHBIIATh MHOMXECTBO IIUKJIOB, IJIi KOTOPBIX
IMpUMEHNMa ONTUMHU3AHA TOBOPOTHOI'O MOAYJIbHOT'O IMJIAHUPOBAHUAA.

Oyukuust get simple loop desc MoxeT onpeAenuTh YCIOBUS, MPH KOTOPBIX LUKI
cTaHOBUTCA OeckoHeYHBIM. COOTBETCTBEHHO, B O3TOM CiIy4dae IO IOJCUYEeTa
KOJIMYeCcTBa WTEpaldil IUKIa B KOA J00aBIseTCS NMpOBEpPKa ITHX yciaoBuid. B
MOJYYMBIIEMCS KOAC OITUMU3BUPOBAHHAA BEPCHUA HHKJIA BBIITOJIHACTCA TOJIBKO B
cilydae, KOrja KOJHMYECTBO HTEpaIii KOHEYHO M IPEBOCXOAUT YMUCIO CTaauil B
pacnucanud. B Ipyrux ciydasx IPOUCXOAUT IEPEXOJ] Ha HMCXOJHYI BEPCHUIO
LUKJIA.
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4.6. Y4yeT 3aBMCUMOCTEN NO perucTpy cnaros

HexkoTopble n3MeHeHUs ObLIM BHECEHBI TaK jK€ B MOCTPOSHHE Ipada 3aBUCHMOCTEH
1o JaHHBIM. [1ockoIbKy B do-loop LIMKIIaX PErHCTP-CUETYHK HCIOJIB30BAIICS TOJIBKO
B YIPABIBIIONIECH YaCTH LUKJIA, YCIOBHE BBIXOJA U3 LUKJIA IIPOBEPSIIOCH 10 Havaja
ONITHMM3ALMHY, M Jajee WHCTPYKIMS CPaBHEHMS HCKIIOYAJIOCh M3 aHaimmza. J{ms
HOAZEPKKH LIUKIOB HOBOTO BHAA HEOOXOIMMO OBLIO BHIYUCIIATH 3aBUCHMOCTH, KaK
JUISL THCTPYKIMU CPAaBHEHHMS, TaK U ISl HHCTPYKIMU BETBIICHHS — IIOCIIEAHEH B Tele
LUKJIa. DTO CBA3aHO C TEM, YTO TeHeph ObUIO HEOOXOANMO IIPUHUMATH BO BHUMaHUE
APYTU€ HMHCTPYKUHUHU, KOTOPLIC MOIJIM YUTATb 3HAYCHHUE PETHUCTPA-CUCTUYUKA, WU
JlaKe MEHSTh 3HaueHHe perucrpa (paaroB, KOTOPBIH HCIIONB3YeTCS WHCTPYKIMEH
BETBIICHUSI.

Ha nanHOM 3Tane Obuio OOHApYKEHO, YTO IJISi HEKOTOPBIX TECTOB Ha ILIaThopme
Xx86-64 TPOUCXOTUT TeHepalusi HEKOpPpeKTHOro kona. B ornuume ot ARM, rne
MHOT'HE apI/I(bMeTI/l‘leCKl/Ie HUHCTPYKIOHUU HUMCIOT IBE€ BEPCHU — C BBICTABJICHUCM
(aroB u 0e3 (Hampumep, sub u subs), Ha x86-64 mouTH Bce apuPMETHUYCCKHE
HHCTPYKUHMH WM3MEHAIOT (aaru. MHOraa B HOBOM paclMCaHUM LHKIA MEXKIY
CPaBHEHHEM pEruCTpa CuYeTYMKa C (UHANBHBIM 3HAYCHUEM U HHCTPYKLHEH
BETBJICHHS, OpPraHHM3yIOLICH IMepexoJ B Hayalo LWKIA, BCTABIAIACH Ipyras
apudmernueckas HMHCTPYKLHs, KOTOpas MeEHsJIla 3HadeHHe ¢uara HyJIeBOro
pesynbrara. s ucmpaBieHHS MAaHHON OmMOKK Oblia MoOaBIeHA pean3aIist
TeHepanny HeoOXOqUMEIX pebep B rpade 3aBUCHMOCTEN 10 TaHHBIM.

Kpome Toro, Obuta BBISIBJIEHA M HCIpaBJICHA €II€ OJHAa OIIMOKA, Kacaroulasics
peructpa ¢aaros. B HEKOTOPHIX ciTydasx HEBEPHO OINPENEISUICS PETUCTpP, KOTOPBIN
MOPOXKJaeT 3aBUCHMOCTb 110 JAHHBIM MEXIY JBYMS MHCTPYKIMSAMH, H3-32 4€ro
HEBEPHO TI'CHEPUPOBAINCH KOINHMU IepeMEeHHBIX. CTOMUT OTMETUTB, YTO PErucTp
(hmaroB Ha marpopmax ARM u x86-64 He MOXKET OBITH CKOTIMPOBAH, TIOATOMY IS
3aBUCUMOCTEW 0 3TOMY PErHCTPY Ba)KHO MPABHJIBHO PACCTABHTh HY)KHbBIE aHTH-
3aBUCUMOCTH B Tpade, YToOBl B HTOrOBOM pPACIHCAHMHM HE BO3HHKAIO
HEeo0XOJUMOCTH KOTIMPOBATh PETHCTP (hi1aros.

5. Pesynbmambl mecmuposeaHusi

Bce mpogmenannele paboTel  ObuiM  BeIMONHEHBI Ha kommwisitope  GCC.
Hcnonp3oBanack Tekymas pazpabaThiBaeMasi COOOIIECTBOM BEPCHS KOMITHIIATOPA
4.7. CpaBHHBaJach MPOU3BOJUTEIHHOCTh TECTOB Ha OOBIYHON omrtumu3anmu —02 ¢
pe3yabTaTaMy, TOIyYeHHBIMH C pa3padOTaHHOH MOAEP’KKOIl HOBOTO BHAA ITMKIIOB
npu BKIOYeHHBIX omimax —02, —fmodulo-sched u —fmodulo-sched-allow-
regmoves.

TectupoBanme Ha matopme ARM BHITOMHSAIOCH Ha TECTOBBIX Iutatax EBV
Beagle Board u Samsung C110. O6e mmatel ¢ mpoueccopom ARM Cortex-AS.
TecToBeIit HabOp 1A sqlite moka3an yckopeHue Ha 3%. TecToBelid Habop expedite
Uil OMOnMoTeKkn pactepusanuu [libevas B CpelHEM IIOKa3bIBae€T TaKUE Ke
PE3yNbTAThl, IPU 3TOM OTIEIbHBIC TECThI MOKA3bIBAIOT PE3yIbTAThl OT 3aMEAJICHUS
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Ha 3% nmo yckopenus Ha 4%. JlONMOTHUTENBHO OBLIO NMPOBEACHO TECTHPOBAHUE
YMHOXKCHUA MaTpUll U3 LECJIbIX W BCHICCTBCHHBIX YHUCCII C MOMOUIBIO Pa3/IMYHbIX
anroput™MoB. JJiss MaTpuIl U3 LENbIX YHMCe CpellHee YCKOpeHHue cocTaBuwio 3%, a
JUTS CITydasi 9UCell C IUIABAIOIICH TOYKOW MPOU3BOJUTEIHHOCTD yBEIUIMIach Ha 1%.

TecrupoBanue Ha wiathopme x86-64 MPOBOIUIOCH HA IIEPCOHATBHOM KOMIIBIOTEPE
¢ mpoueccopom Intel Pentium IV, mogmepkuBaromuMm 64 OWTHOE pacIIUPEHHE
EMO64T. Jlng yMHOXXEHHMsI MAaTpHIl U3 YHCEN C IUIABAIOIIEH TOYKOM C MOMOIIBIO
Pa3IMYHBIX AITOPUTMOB YCKOpPEHHE cOCcTaBMIO B cpeareM 1%. IIpu aTom mpupoct
HPOU3BOJIUTEIBHOCTH cOocTaBmI 1.5% u1si caMoi TPOCTON peasiu3alny YMHOKEHNS,
2.5% nnsa peanusanuy ¢ BPEMEHHOW NEpPEeMEHHOM, U okono 3% Ui aaroputma c
TPaHCIIOHUPOBAHHOI BTOPOM MaTpUIEH 1 aIropuTMa, I'7ie TOMEHSHA BIOKEHHOCTh
BHYTPEHHHX IMKIOB. B TOo e Bpems peammzanms meropamu Maeno Toshinori u
Dan Warner 3amemmnace Ha 3% u 5% COOTBETCTBEHHO.

Bbuto mpoBeseHO TecTHpOBaHME Ha NPOMBIIUIEHHOM Habope TectoB SPEC
CPU2000[9], B cpeaHem MPOU3BOJIUTENBHOCTh HM3MEHWIACH HE3HAYUTEIHHO.
Hawubonpmee yckopenue nonydeno Ha tecte 300.twolf , oo cocrasuno 1.7%. Ha
tecrax 252.eon u 178.galgel nponsBoauTenbHOCTS CHU3MIACH HA 2%.

6. 3aknroyeHue

B pamkax naHHOH paGoThl OBLT IPOBEAEH AHANIN3 MMEIOLIErocs B KOMIMIISATOPE
GCC anropurma mporpammHoii koHBeiepuzanuu 1UKIoB [IMII myist BeIsiBiIeHUS
BO3MOXKHOCTEH €ro ucrojb3oBanus Ha ruathopme ARM. Io pesynbratam 3T0it
paboTs! ObUTO0 0OHAPYXKEHO, YTO IUITAHUPOBIINK MOXET paboTaTh TOJIBKO C IUKIaMU
OueHb Yy3KOro Kkiacca. bbul HcciegoBaHbl BO3MOXHOCTH OTKa3a OT 3TOrO
OTPaHUYEHUS U pean30BaHa MO AEPKKA UMEIOIUMCS aITOPUTMOM LIMKIJIOB HOBOTO
tuna. IlpomenanHas paboTa MO3BOJSIET NMPHUMEHATh NAHHYIO ONTHMH3ALMIO Ha
TaKHUX PacIpOCTpaHEHHBIX TaTgopmax, kak ARM u x86-64.

boutn  cpenaHbl HEOOXOAMMBIE — YNYYIICHHUS,  [O3BOJISIOIIUE  AITOPUTMY
KOHBeliepu3alny LMKIOB KOPPEKTHO paboTaTh Ha IMKIax HOBOrO BHpa. B
YaCTHOCTH, OBUI YJIy4IEH alrOpUTM CO3JaHus IpoJiora W SIHJIOra, a TakKKe
3HAYUTENBHO YCJIO)KHEH MEXAHU3M I'eHEPaLUH IPOBEPKU YCIOBUM I BBIOIHEHUS
ONITUMHU3UPOBAHHON BepcHMM LUKJIA. Takke peaan30BaHO BHECEHHE B rpad
3aBUCHMOCTEH 110 J@HHBIM HEOOXOAWMBIX H3MEHEHMH [UIi  TeHepauuu
KOMIMISATOPOM KOPPEKTHOIO KOJA.

Ilo pe3ynpraTaM  TECTUpOBaHMS  IOJYYEHO  3HAUUTEIBHOE  yBEIUYEHHE
MIPOM3BOANTEIHHOCTH HAa HEKOTOPBIX MpwiokeHusix. Cpean panpHeWmmx padoT
IUTAaHUPYETCs. MPOBEPHUTH PabOTy ajuropurMa Ha IPYrux IUiardpopMax, a TakKe
HCCIIeI0BAaTh MPUYUHBI CHW)KEHHS IPOU3BOJAUTEIIFHOCTH HEKOTOPBIX TECTOB HPH
KOHBEHEepH3any LUKIIOB.
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