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AHHOTaUUA

B onrtummsupyoomeM KOMIWIATOpE OECCIOpHO BaXKHAs pOJb IPHHAIJICKUT PACIIPENEITUTENTIO
perucrpoB. HauGornee ynaduHbIM M3 M3BECTHBIX IOIXOJOB K PAaCHpPEACICHHIO PETHCTPOB OCTAETCS
IIOJIX0J], OCHOBAaHHBII Ha packpacke rpada HecoBMecTUMOCTH. OJTHAKO ke, BCe U3BECTHBIE aJITOPUTMBHI,
OCHOBaHHBIC Ha 3TOM IIOJIXO/I€, PACCUMTAHBl Ha IIOCIENOBATENIbHOE BHIIIOJIHEHHE ONepaluii, U He
MPUTOAHBI NIl apXUTEKTYp ¢ HIUPOKUM KoManmueiM cioBoM (VLIW-apxurekryp). B HacTosimieit
paboTe mpoBoOIUTCS aHANN3 MPOOIEeM, BOSHUKAIOIMX IIPU PACIPENEIEHHH PETUCTPOB ISl apXUTEKTYP
oZI0OHOTO PoJia, U MPEJIaraloTcss METO/Ibl PEIIEHUS STHX MPOOIIEM.

1. BBegeHue

OZ[HOﬁ u3 Haubosee NEPCIICKTUBHBIX IMapaJurM BbIITOJTHECHUA BBIYMCIICHUH SIBIISTFOTCS APXUTEKTYPHI C
SIBHOM HOZ[,Z[Cp)KKOﬁ napajuiejinaMma Ha YPOBHE OTHACJIbHBIX PIHCprKI.[PIﬁ, HU3BECTHBIC TaKXKE Kak
APXUTCKTYPBI C IIUPOKUM KOMAaHIHBIM CJIIOBOM.

CornacHo [11], apXuTeKTypamMH ¢ IIHPOKAM KOMAHIHBIM CIIOBOM HAa3bIBAIOTCS apXUTEKTYPHI,
JIOIYCKAIOIIME OJHOBPEMEHHOE BBIINOJIHEHUE OIPEAEICEHHOIO YHUCIa WHCTPYKLMH, 3aKOJHMPOBaHHBIX
00 Kak onxHa OoJblias HWHCTPYKLMA, JUO0 Kak (MKCHPOBaHHBIH HAOOp HMHCTPYKLMH C SIBHBIM
yKa3aHHEeM MapaiieNin3Ma MEeXIy OTACIbHBIMH HHCTPYKUUAMHU. Takoil HaOOp MHCTPYKLHMHA MOIYIUIT
Ha3BaHHE LIMPOKOH KOMaHIbl. B aHTIOS3BIYHBIX pabOTax apXUTEKTYpPhl C IMIMPOKAM KOMaHIHBIM
cioBoM HocsT Ha3Banue V LIW-apxurekryp (cokpamienue ot Very Long Instruction Word).

Camoii M3BECTHOW KOMMEpPYECKH YCIELIHOW peanu3aniell KOHIEMIMU Mapajiein3Ma Ha YpPOBHE
OT/ICNBHBIX HHCTPYKIHMI SIBISETCS CEMEWCTBO MHKpompoieccopoB ltanium xommanum Intel ([16]).
Taxxe crour oTMeruth apxutekrypy E2K, pa3zpaboranHylo oreuecTBeHHOH KommaHuell DinbOpyc

(8D)-

Paspaborunku |tanium pacmimpmiin KOHLEMIUIO HIMPOKOTO KOMAaHIHOTo ciioBa. X apXuTeKTypa
MO3BOJISICT MCIOIB30BaTh MIMPOKHUE KOMAHIbI He QUKCHUPOBAHHOM, a MPOU3BOIBHON [IJIMHBI; BIPOUYEM,
nmapajiiebHOE BBIMIONHEHHE ONEpaliii B TAaKHX KOMaHAaX He TrapaHTHPYeTCs, YTO Hajaraet
JIOTIOJTHUTENbHBIE OrPAaHUYCHHS HA HCIONHICMBI KOA. DTa pacIIMpPeHHAs BEPCHs HIMPOKOTO
KoMaHHoro cioBa monyunna Hassanue EPIC (Explicitly Parallel Instruction Computing).

Oo6wmenpusHano, yto aast VLIW-apxuTekTyp ONTUMH3MPYIOIIUA KOMIMWIATOP SIBISETCSA KIIFOYEBBIM
3BEHOM B JIOCTW)KEHHM HaWBBICIICH NPOU3BOAUTENLHOCTH. bombiie Toro, 6e3 sddexkrusHoro
KOMITWJIATOpPA IOTEHIMAJI TaKUX AapXUTEKTYp PAacKpblThb HEBO3MOXKHO. B cBowo ouepenp, mid
ONTHMHU3UPYIOLIET0 KOMITUJIATOPA BaXKHEl1lIee 3HAYEHUE UTPaeT pacipeaeieHiue perucTpoB. OTO OiHa
13 HEMHOTHUX 3aa4, 0e3 pelIeHuss KOTOPhIX KOMITMJIITOP BOOOIIEe HE CHOCOOEH MONYyYUTh KOPPEKTHO
paborarouuii koJ. B HacTosmuii MoMeHT HanboJsiee MOIIHBIM, THOKUM | 3()(PEKTHBHBIM TOIXOIOM K
pacripeielIeHUI0 PErUCTPOB SBJIAETCS MMOX0/l, OCHOBAHHBIH Ha packpacke rpad)a HeCOBMECTUMOCTH.

Camoii paHHell paboToil, B KOTOpOH packpacka rpada HECOBMECTUMOCTH HCIIOJIb30BANIACH I
pelIeHHUs 3aJadK PACIPEACICHUsT OrPAHMICHHOTO YUCIia PECYPCOB, cieayeT cuuTath [1]. B Heit Obu1
3aJIO0’KEH TEOPETHYECKUH 0a3uc, U M3I0KEHHEe HAMEPEHHO a0CTparupoBaHO OT KaKUX-TUOO CBOHCTB U
0COOEHHOCTEH CYIIeCTBOBABLIMX B TO BPEMsI BBIUMCIIUTEILHBIX MAIIHH.

ITO MO3BOJISAET y1<a3aHH0171 pa60Te OCTaBaThCA aKTyaJ'II:HOﬁ " CEroHsA, XOTsI HEKOTOPBIC pa3MbIIIJICHUA
EmeBa HUMCIOT JIMIIb TeOpeTI/I'-ICCKI/Iﬁ HUHTEPEC. HaanMep, OH IIpeajiaracT UCIIOJb30BaTh PEAYKIUIO
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JJIA YCKOPECHUA Mpouecca pacKpacKu rpad)a HECOBMECTHUMOCTH, HO aHajJIn3 HNPUMCEHCHMU Z[aHHOﬁ
TEXHUKH Ha IPAKTHUKE ITOKa3bIBAE€T, UTO HAKJIAAHBLIC PaCXOObI, H€06X0}_'[I/IMI>IG JUIL TaKou pEeAYKIINH,
CBOJIAT HA HET BCC €€ NPECUM YLICCTBA, JIMIIb 3aMEJIAA paCKpackKy.

IepBoit paboToii, B KOTOpOil packpacka rpada paccMarpuBajach HUCKIIOYHUTEIHHO C MPAKTHYECKOM
TOYKH 3pEHUs IPUMEHEHHUS €€ B pacIpe/ieuTelle PErucTPOB ONTUMH3HUPYIOIIEro KOMIMIIITOPA, CTajla
[5], namicannass B 1981 romy. B cneayrolneM romy MOSBHJIACh HOBas, IOMONHEHHAs Ha OCHOBE
MPaKTHYECKOro OMbITa Bepcusi Tod ke cratbu ([6]). BmocmenctBum o6e cratbu YaliTuHa CcTaiu
LIMPOKO M3BECTHBI, U Ha HUX INPHHATO CChUIATHCS KaK Ha IEPBOMCTOYHUKH BO BCeX padorax,
3aTparuBaroOLIUX BOIPOCKHI pacrpeeneHus: perucTpoB. [laibma nepBeHCTBa, OHAKO XKe, TPUHAJISKUT
EpmioBy; Oexa B TOM, 4TO pe3yJbTaThl €ro UCCIENOBaHUN CTAIM M3BECTHBI Ha 3amaJie OTHOCUTEIBHO
HO3/IHO.

Bo Bcex mocneayromux padotax 3HAYUTEIBHBIX MOAU(UKAIMI aNropuT™Ma MPEAoKeHo He ObLT0. Psin
cTaTell ymensiy BHUMaHHE YCKOPSHHUIO aNrOpHTMAa HIIH yMEHbIIeHHI0 TpeOyemoir uM mamstu ([10],
[12]; xak mpaBmII0, pe3yabTaThl OKa3bIBATUCH OYE€Hb CKPOMHBIMH, U BBIAAIOIIMXCS TOCTIDKCHUN B 3TOM
00NacTH Tak U He MONYYHJIOCH), €le HECKOJBbKO CTaTei OBUIO MOCBAIICHO OOCYKICHHIO Pa3IHYHbIX
BapHaHTOB JBPUCTUK, OLCHUBAIOIIMX CTOMMOCTh OTKAa4YKH BHUPTYAJbHBIX DPETHCTPOB B MaMsTh U
BBIOOpA PETUCTPOB /I OTKAYKK Ha dtane packpacku rpada ([2], [7], [4], [3]).

Xopomwmit 0030p Bcex 3TUX paboT mpencrasieH B Monorpapuu Ctusena Myunuka ([13]). B ueit nano
MOAPOOHOE OMHCaHHEe KaK CaMoro aqropuTMa, Tak W BCEX HOBAIIMi, MPEIIOKEHHBIX 338 HCTEKIIHE CO
BpeMeHH MOsBIeHUs craThu YaliTuHa roapl. [loBTOpHM emie pa3, 4TO OCOOCHHBIX HOBAIWA,
M3MEHSIOINX OCHOBHBIE MPUHIIUIIBI AITOPUTMA, HE OBLIO.

B To Bpems, koraa Obuti Hamucanbl paborbl EpmioBa u Yaiituaa (koner 70-pix — Hawano 80-bix
TONOB), BBIYUCIHTEIbHBIC CHCTEMbl HE OONAmald MHOTUMHU apXUTEKTYPHBIMH MEXaHHU3MaMH,
MPUBBIYHBIMU CerojiHs. B dYacTHOCTH, He OBUIO IIHPOKOro KOMAHIHOTO CJIOBA M IOIJEPKKH
rapajuiejn3Ma Ha ypOBHE OTJENbHBIX MHCTPYKUUi. COOTBETCTBEHHO, HU B MOHOrpaduu Epmiosa, Hu B
cTarhsx YaiiTuHA O BIMSHUM 3THX MEXaHH3MOB Ha IPOILIECC PACIIPE/ICIICHHSI PETUCTPOB HE CKA3aHO HU
cinoBa. Ho 3To BiMsiHME €CTh, M OHO OYEHb BEIHMKO. HacTONbKO BEIMKO, YTO AJITOPUTM pacIpeaeieHus
PETUCTPOB, HE YYUTHIBAIOLIMN €ro, CTAHOBUTCS MPAKTHUECKH OECIIOJIE3HBIM U Ja)Ke HEKOPPEKTHBIM.
Ora TeMa 0CTaeTcs BCe ellle MaJOHCCIIEeI0BaHHOM.

B nociaeayromux pasaeiiax HaCTOSILHCﬁ pa60TI)I 6y/:[eT YACJICHO NPUCTAJIbHOC BHUMAHHUE BJIMAHUIO
IOUPOKOI'0 KOMaHJHOI'o CJIOBa Ha IPOLECC pacnpeaCi€Husd PErucTpos, OCHOBaHHBIH Ha packpacke
rpad)a HECOBMECTHUMOCTH. Bo BTOPOM pa3Acii€ aBTOPbI pacCMOTPAT HpO6J’I€MLI, BO3HUKAOIUE HPpU
mnporaraogii BpPEMEHU XKU3HU PETUCTPOB — }.'[eﬁcTBPIPI, H€06X0}_'[I/IMOM JJId TIOCTPOCHUA rpad)a
HCCOBMCCTHUMOCTH. By}.’[yT NpEAJIOKEHBI HOBBIC  aJITOPUTMBI o6xo;:[a onepaunﬁ, KOPPEKTHO
pa60Ta}0mHe JJI apXUTCKTYp C HOZ[Z[Cp)KKOﬁ napajuiejin3aMma Ha YpPOBHE OTACJIIbHBIX PIHCprKL[PIﬁ.
I[anee 6yI[yT PacCMOTPEHBI BOITPOCHI B3aHMO£[eﬁCTBHSI pacrpeaciuTesd perucTpoB v IVIaHUPOBIIMKA —
[S11(5] OZ[HOﬁ KpaﬁHe BaXHOM KOMITOHEHTBI ONITUMU3HUPYIOUIETO KOMIIUJIATOPA. B TNOCJICAHEM pas3acie
6y/:[eT IOABCIACH UTOI' pa60TI)I U CCJIaHbl BBIBO/IbI.

2. NMocTpoerune rpada HECOBMECTUMOCTH

Bce apxuTekrypsl, HOANEpKUBAIOLINE Iapajulesi3M Ha YPOBHE OTAEIBHBIX HMHCTPYKLUH, MOXHO
ycnoBHO pazznenuts Ha VLIW- u EPIC-apxurektypsl.

C TOYKM 3peHHs pACIpEJlieNieHUs PErucTpPOB, OCHOBHOE pa3jIMuuMe MEXIy HUMH B CIEIYIOIIEeM: B
ciyqae VLIW rapaHTupyercs, 4To mepex TeM, Kak OyIyT BBIIOJHEHBI ONEpaldH, BXOJALIME B
LIMPOKYI0 KOMaHIy, BCE HX apryMeHTbl OyayT NpOYUTaHBl. DTO IO3BOJAET HCIOJIb30BATh JIJIA
apryMeHTOB M PE3YJIbTaTOB OJTHH U T€ K€ HOMepa (PU3MIECKHUX PEruCTPOB.

EPIC ne TrapaHTUPYET OAHOBPEMECHHOI'O BBIIIOJIHEHHSA BCCX onepaunﬁ; MO3TOMY IIPpHU BBINIOJITHEHU U
nporpaMmmsbl one€panuy, CTOAIME B Hadalic LHPIpOKOﬁ KOMaHIbI, MOryT YK€ ONpe€IaciMTb CBOU
pe3YIibTATHI €11€ A0 TOr'0, KaK 6yZ[yT MPpOYUTaHbI APryMEHTHI CJICAYIONIUX 3a HUMU onepaunﬁ. Takum
06pa30M, OIMHAKOBBIE HOMEpPA PETUCTPOB JI1 HECKOTOPOIro aprymeHTa olepanuun olwu pe3yiibTara



ornepanui 02 MOXHO HCIOJb30BaTh TONBKO B TOM Cliydae, ecid 01 HaXOAUTCS B IIMPOKOW KOMaHe
panbiie, yeM 02. Takoe cBoiictBo EPIC-apXuTekTyp HONYy4MIIO Ha3BAHUE NOCIE008aMeENbHOU
cemanmuku (Sequential semantics). JleiicTBUTENBHO, TPH PACTIPEACICHUU PETHCTPOB MBI TOJKHBI
[oJ1arath, YTO BO3MOXKHO IIOCJICIOBATENILHOE BBIMOJIHEHHE BCEX ONEpaluil, BXOASAIIUX B HIMPOKYIO
koManay. OJIHaKo, B OTJIMYHE OT ACHCTBHUTENIBHO MOCIeAoBaTeNbHBIX MaminH, EPIC Hamaraer omHo
BOKHOEC OrpaHMYCHHUE. TaK KAaK OMEPAl[Md MOTYT BBIMONHATHCS M MapajUieibHO, TO BCE PE3yJIbTAThI
orepanuii, BXOAAIIUX B OAHY IIUPOKYI0 KOMaHAY, AOJDKHBI OMPENENATh pasHble PETHCTPHI. ITO
orpanudeHue crpaseamBo u aist VLIW.

OnucaHHbIE BBILIE CBOWCTBA 3aCTAaBISAIOT W3MEHUTHh AQITOPUTM IpONArallMid 3HAYEHUH BHYTPHU
nmHeitHoro yuyacrtka. [ EPIC-apxuTekTyp M3MeHEHUS MHHUMAJbHBL BCE, YTO HYKHO CHeNaTh, 3TO
MOCTPOUTHh B Tpad)e HECOBMECTHMOCTH JyrH MEXIY Y3J1aMH, COOTBETCTBYIOLIUMH pe3yJbTaTaM
onepanuid, BXOMAIIMX B ONHY IMIMPOKYH KoMaHay. Ha pucynke 2.1 mnpemioKeH alnropurM,
BBIITOJIHAIOIIMN OIMCaHHbIE IEeHCTBUS.

procedure I nterfereBl ockOpersReses( block) {
foreach w.instr ( BlockWnstrs( block) ) {
foreach oper ( WnstrOpers( w.instr) ) {
foreach oper2 ( WnstrOpers( w_.instr) ) {
I nt erfereQpersReses( oper, oper2);
}

Pucynok 2.1. AnroputM nocTpoeHus JOIOIHUTEIbHBIX AYT B rpade
HECOBMECTHMOCTH JJIsl pe3yJIbTaTOB OIepalfii

Oyukius | nterfereCpersReses crpour B rpade HECOBMECTHMOCTH JYTH, BBIPAXKAIOLIME
HECOBMECTHMOCTh MEXIY pe3yJIbTaTaMH JABYX ONEpaluii; ee peaian3alys IOJIHOCTHIO OINpenessieTcst
UCIIOJIb3YEMBIMH CTPYKTYpaMH JaHHBIX.

Kaxk nerko TMOHATH, AJITOPUTMHUUCCKAA CJIOKHOCTDH IMPEAJIOKCHHOI0O aJrOprUTMa paBHa q o * 0) , TIC
O — 4HuCJIo onepaunﬁ JINTHEHHOT O yHaCTKa.()HHaKO,K 06Hmﬁ CJIOXKHOCTH aJIroOpuTMa nponaraiuuunu
BPEMCHHU XU3HU BHYTPU JIMHEHHOTO ydyacTKa 3TO HE }_'[06aBJ15I€T POBHBIM CYETOM HHYEIO, TaK KakK €ro
COOCTBEHHAs CII0KHOCTh HMEET TOT JKE TOPAOK.

Jus VLIW-apxutekTyp H3MEHEHHUs aJropurMa Iporarainuud Oosee 3HAaYUTENbHBL. Bo-TepBbIX,
crpaBeyIMBO Bee ckazaHHoe Bbinie st EPIC. Ho kpome Toro, He00X0IMMO y4eCTb, YTO apryMeHTHI
onepanyid IIMPOKOH KOMaH/bl YMTAIOTCS BCErJa paHbIle, YeM OIPENENSIOTCS pe3yibTaThl, U HE
co3laBarh B rpad)e HECOBMECTUMOCTH JIMIIHUX JIYT.

TpeOyercs M3MEHUTH MOPSAAOK 00XOma onepaHaoB onepauuid. Eciam B TpaguIMOHHOM ajiropuTMme
BHayaJsie 00padaThIBaeTCs pe3ysbTaT ONepalyy, IOTOM €€ apryMeHTHI, a 3aTeM aJTOPUTM MEPEXOIUT K
CIIEAYIOLIEH onepalyy, To Tenepb HyKHO BHa4aj1e 00paboTaTh pe3yibTaThl BCEX OIepaluii, BXOASIINX
B IIMPOKYIO KOMaHy (B JI0OOM MOPSIKE), MOTOM apryMEHTBI 3THX omnepanuil (OmsITh-Takd, B JIIOOOM
MOPSZIKE), @ 3aTeM MEePeiTh K omepanusM CISAYIOeH IHPOKOH KOMaH/IBI.

Ha pucyHnke 2.2 npuBezieH aJirOpuT™ Takoro o0xoa.

/* Onepauuy JIMHEMHOTO ydacTka OOXOOATCS IO WMMPOKMM KOMaHIIaM. */
foreach w_instr ( BlockWnstrs( block) ) {
| * Buauasie oBpabaTHBaeM BCe pPe3yJIBTATH ONepauyi WUMPOKOM KOMaHIEL. */
foreach oper ( WnstrOpers( w.instr) ) {
ProcessOper Res( oper, in_vector);
}

| * BaTem obpabaTeBaeM BCe apTyMEHTH ONepaumuit WUPOKOM KoMaHmel. */
foreach oper ( WnstrOpers( w.instr) ) {

ProcessOper Args( oper, in_vector);
}

PucyHok 2.2. AnropuT™ mponaraiyy BHyTpY JIMHEHHOT O
yuactka misa VLIW-apxurekryp



Oynknuii ProcessOperRes u ProcessOper Ar gS BBINONHSIOT T€ e JEHCTBUS, YTO U B
TPaJUIMOHHOM ajroputMe mpomarauuu. A wuMmeHHo, ProcessOper Res crpour B rpade
HECOBMECTHMOCTH JIyT'H MEXIy Pe3yJbTaTOM 33JIaHHOH OIepalyyd ¥ BCEMU JKMBBIMU PErHCTpaMH, U
cOpacsiBaer  (aar  “)KU3HM' ~ perucrpa, KOTOPOMY  NPUHAUICKUT  pe3yibTaT  ONEpalyy.
ProcessOper Ar gs ycranaeinuBaer ¢Juar “XM3HH® TeX PpErUCTPOB, KOTOPBIM IIPHHAJIEkKAT
apryMeHTHI 3aJIaHHOH Olepalyu.

BaxxHO TO, 4TO 00¢ 3TH QYHKIMH HU3MEHSIOT 3HauUeHHe i N_Vect or (6UTOBOro BEKTOpa, XPaHSAIIETO
HHDOPMAIIMIO O TOM, KaKHe PErHCTPbl “I)KMBBI' B MAHHBI# MOMEHT) M TO, B KaKOM MOPSIKE
BBI3BIBAIOTCS 3TH () YHKIIUH.

K aJ'JTOpPITMPI'—IeCI(Oﬁ CJIOKHOCTH aJIr'OpUTMa Iponaraiiiy BpEMEHHU )KU3HU BHYTPU JIMHEHHOTO y4acTKa,
OIATh-TaKu, HE Z[O6aBJ'ISIeTCSI Huuero. Kak u paHblIE, 06X0£[5ITC5[ OrepaHabl BCEX onepaunﬁ; BCC 4TO
HU3MEHHUJIIOCH, 3TO IMOPAOK 06X0£[a.

OpHaKo ’Xe, MPaKTMYECKH BpeMs paboThl YBEIMYMBAETCSA: BEAb TEHEph BMECTO OJHOro o0Xxona
ornepanyuid Hy)XHO Jienath 1Ba. MOXHO OOOWTHCH M OHUM O0XOIOM, HO B 3TOM CIy4ae HEOOXOIUMO
UCII0JIb30BaTh J1Ba BekTopa. Ha pucynke 2.3 mpuBeneH ajaropuT™, NO3BOJLsOLIMiA 1 B cirydae VLIW-
APXUTEKTYp OTPAHUYMTHCS JIMIIb OJJHAM 00XOA0M BCEX ONepanuii IIMPOKOH KOMaHIBI:

in_vector2 = NewZeroVector( size( in_vector));

foreach w_instr ( BlockWnstrs( block) ) {
foreach oper ( WnstrOpers( w_.instr) )
ProcessOper Res( oper, in_vector);

ProcessOper Args( oper, in_vector?2);

{

}

in_vector = bit_or( in_vector, in_vector2);

Pucynok 2.3. AnbTepHaTUBHBIH aITOPUTM IPOINAralii BHYTPU JIMHEHHOT O
yuactka misa VLIW-apxurekryp

Oyukius NewZer oVect or  co3aaer HOBBI OUTOBBII BEKTOP YKa3aHHOTO pa3Mepa, BCE DIEMEHTHI
KOTOpOTro paBHBI HyI0. I10 3aBepiieHnn 00xo/a oneparyil MUPOKOH KOMaHIbI B2 OUTOBBIX BEKTOPa
o0benunsiores B ofuH mo MJIN (byskuus bi t _or).

OcHOBHasi ujes aaropuTMa 3akirodaercs B ToM, 4To ¢yHkuus ProcessOper Args pabGoraer
TOJIKO C BEKTOPOM i N_vect or 2 (Bce 3JMeMEHTHI KOTOPOrO BHAuale pPaBHbI HYIIO), a (GyHKIHS
ProcessOper Res Ttompko ¢ i n_vector. Takum o0pa3oM, Mo OKOHYAHHWH O00XO/a OMEpanuit
HINPOKOH KOMaHABI B | N_VeCct or2 OyayrT oTMedeHbl BCE y3Jbl rpada HECOBMECTUMOCTH, BpeMs
KU3HH KOTOPBIX Ha4ajoch B 3TOW komauzae. B y3me i n_vector ke Oyayr cOpoureHsl diaru
“XHM3HK" KaKUX-TO Y3JIOB, U KpoMme Toro, pyHkuus Pr ocessOper Res moxer co3naTh HOBBIE AYT'H B
rpape HecoBMecTMMocTH. B KoHime paGoThl Hax IMIMPOKOW KOMAHAOH pe3yibTarbl BHOBb
00BETUHAIOTCS B OAMH | N_Vect or .

ANTOpUTMHYECKAsT CIIOKHOCTh JIBYX MPEITIOKCHHBIX alrOPUTMOB HE OTIMYaeTCs; oHa paBHa O( 0 *
N), rae O — YKCJIO OMEePaH/I0B JIMHEHHOTO y9acTKa, a N — YHUCIIO y3JI0B B rpade HECOBMECTHMOCTH (TO
€CTh CYMMapHOE YHCIIO BceX QDU3MUECKUX U BUPTYAIbHBIX PETUCTPOB). TOUHO TaKoil jKe CIIOKHOCTHIO
obnamaet u “ CTaHAApTHBIN™ aJrOpUTM MPOTAraliy, ONMHCaHHbIH B paboTe [6].

Kakoit wu3 paByx amroputmoB mnpomnaraimu aias  V0LIW-apxurextyp BbeIOpaTh, ompenemnsercs
UCKIIOYUTENBHO TPEOOBAHMSIMU K ONTHMU3UPYIONIEMY KOMIHIATOPY (HAampuMep, TaM TIe eCTh
OrpaHHYEHUE 110 MaMATH, OOJbIIe MOJOHAET NEPBBIH AIrOPUTM; a TaM, TAe TpeOyeTcsi CTporoe
paszesieHue mporpaMMbl Ha (yHKLIHMH U MakCHMaJbHOE MEPEUCHONb30BaHUE THX (DYHKLMH, Jrydie
MOAXOIHUT BTOPOIf).

B 3akiroueHne HEOOXOJUMO OTMETHTh, YTO JITOPUTM IpOINAralMid MEXIy JMHEHHBIMU Y4acTKaMu
ocTaercst 63 U3MEHEHUH.



3. BsanmopgencTteue pacnpegenuTens peructpoB 1 NNaHUpoBLUMKa

B apxurekTypax ¢ IIMPOKMM KOMaHIHBIM CJIOBOM BaXKHAs POJIb MPUHAJICKUT IUIAHUPOBIIUKY. Ero
3ajayell SBISETCS MaKCHUMalbHOE 3aJelCTBOBAaHHE BCEX YCTPOMCTB MHKpOIIpoOIEccopa, TO €CTh
HauOoJIbIIee 3anoiHeHHe HPoKoi koMaHapl. s V LIW-apxurektyp Hanbosee ynauHbIM CUUTAETCS
ANTOPUTM TUIAHUPOBAHUSI, TIPETIOKEHHBIH B paboTe [9].

ECTeCTBeHHO, YTO BCAKO€ arpe€CCUMBHOC IUIAHUPOBAHUE MPUBOJUT K BO3pACTaHUIO 4YHUCIIA
OJHOBPEMEHHO XUBYIIUX IMEPEMEHHBIX, UTO YCJIOXKHACT 3aJa4y pacrpeacICHUA PETUCTPOB U MOXKET
MPUBECTU K IOABJICHUIO JOIOJIHUTEIbHBIX onepaunﬁ OTKa'-IKI/I/HOZ[Ka'-IKI/I. Bonee TOro, 4em OobIIIe
PETHUOH pa6OTI>I IJIaHUPOBIIMKA, TEM BEPOATHEC BO3pACTAHUEC BPEMEHU XKU3HU IEPEMCHHBIX.

Hamomuum, uto oneparueit otkauku (Spill) Ha3piBaeTcs omepariys, BpDEMEHHO COXPaHSIONIas 3HAYCHHE
perucTpa B maMsaTH. Takde oOmepanud HEOOXOAWMBI B TEX CIIydasxX, KOrJa B HEKOTOPOH TOYKe
MPOrpaMMbl He XBaTaeT (HU3MUIECKUX PETUCTPOB JAJIS PacIpe/iefiCHUs Ha HUX BCeX “)KUBYLIMX B 3TOT
MOMEHT BUpPTyaibHbIX. Onepaims noakadku (fill) —91o omeparus, BeImosHsIOMAs 00paTHOE AciCTBIE
— 3arpy3Ky 3Ha4eHHs M3 MaMsATH Ha perucTp. OUYEeBHIHO, YTO OTKA4Ka/MOAKauKa KpaifHe HeraTHBHO
BJIMSIET HA CKOPOCTh PabOTHI IIPOTPAMMEI.

Pacnpez[enI/ITenL PEruCTpOB, B CBOKO OUCPE/ib, NIPUBOAUT K IMOSABJICHUIO HOBBIX 3aBHCHMOCTeﬁ, TaK KakK
JIBa paHCE€ HE3aBUCUMBIX BUPTYaJIbHBIX PETHUCTPa MOI'YyT OBITh pacnpeacji€Hbl Ha OJUH CI)I/BI/I'-ICCKI/Iﬁ
PETUCTP, U CACIIaThb, TAKUM o6pa30M, COOTBETCTBYIOIIHE OIICpalluy 3aBUCUMBIMU JIPYT C APYTr'OM. Yem
0oJIbIIIe 3aBHCHMOCT€ﬁ, TEM MCHEC ONITUMAJIbHBIMU CTAHOBATCA PE3YJIbTAThL pa6OTI>I ITUTaHUPOBIIMKA.

BosHuKaeT HEKOTOpBIH “3aK0JI0BaHHBIN KpYyr”, KOrzia OT MopsiKa 3amycka (a3 3aBUCAT pe3ysbTaThl
uX paboThl, a UICATHLHOIO MOPSAAKA HET M OBITh HE MOXET.

ABTOpamMu OBLIM TPOBENEHbI HCCIEAOBAHUS TOTO, KAaKOW IMOPANOK paOOThl IJIaHMPOBIIMKA U
pacripenenuTens perucTpoB Haumbonee d¢pdexTuBeH. PesynbTartel 3THX HCCIeOBaHMH COOpaHbI B
tabmane 1. Jlyst 3aMepoB MCHONB30BAICS OOIIEHPHHATHIA B HHIYCTPUM M HCCIIEI0BATEIHLCKOM
coobmectee naker rectoB SPEC2000, B koTopoM coOpaHbl Hauboiee THIMYHBIE IOJIb30BATEIbCKUE
IporpamMMbl. B Hero BKIIIOYEHBI KaK LIE€JI0YMCIICHHBIE, TaK M BElIECTBEHHbIE 33/1a4H.

AddekTBHOCTL paboThbl A hekTMBHOCTL paboThbl A hekTMBHOCTL paboThbl AddekTMBHOCTL paboThbl

Ha3sBaHue Tecta pacnpepenutens pacnpegenutens nnaHMpoBLKKa (BHaYane NnaHnpoBLMKa (BHa4ane
perucTpoB (BHavane perucTpos (BHavyane nnaHupoBaHue) pacnpepaeneHue)
nnaHupoBaHue) pacnpeneneHue)

100.twolf 4082 4006 99715 100554

176.gcc 21221 21314 655531 661618

255.vortex 10366 10544 175275 175317

253.perlbmk 8209 8219 229534 230048

181.mcf 423 404 3877 3951

164.9zip 1056 1042 15434 15630

254.gap 10740 10447 250182 253460

177.mesa 13096 12957 174363 188354

179.art 453 466 7971 8135

183.equake 510 397 5390 5461

197.parser 3714 3689 94939 96183

256.bzip2 756 743 12845 13295

188.ammp 3638 3523 53294 55105

186.crafty 1927 1926 62756 63336

Tabmuna 1. Pe3ynbrarsl 3aMepoB 3G PpekTHBHOCTH paboThl pacipeneuTeNs
PETHCTPOB M IUIAHUPOBIIUKA B 3aBUCHMOCTH OT IOPS/IKA 3aITycKa 3TuX (a3

Iox “s¢dpdexTrBHOCTHIO PaOOTHI TIAHUPOBIIMKA” MOHUMAJIOCH YHUCJIO IIUPOKMX KOMAaHJ, B KOTOpPBIC
eMy YAaJIoCh CIIaHHUPOBaTh npouenypy. Ilon “s¢pexTHBHOCTBIO pabOThI pacnpenenuTesst perucTpos”
MOHUMAJIOCh YHCIIO OMepannii OTKaYKH/TOJKAUYKH, KOTOpbIe eMy MOTpebO0BalOCh CO3/aTh AJsSl TOTO,
YTOOBl pacCIpeleNIuTh BCE BUPTYaJIbHbIE PEruCTphl Npouenypbl. [IIaHUPOBIIMK M pacHperesuTeNb
ObUTH HACTPOCHBI Ha apXUTEKTYpy DibOpyc 3M (MakcuManbHas MHPUHA KOMaHIbl 14 (CylIecTBYIOT
HEKOTOPbIC OrPaHUYCHHS MO THUIAM TUIAHUPYEMBIX OIMEpalHii), YHCIO PErHCTPOB OOIIEro Ha3HAUCHMS
192, uucno npeauKaTHBIX PErucTpoB 64).




Kak BHOHO W3 TaOMUIIBI, BO3pOCIIEE MOCIE IUIAHUPOBAHUS JNABJICHUE HA PETHCTPhI MPAKTHYSCKU HE
cka3zanoch Ha 3((eKTHBHOCTH PabOTHI paclpeleNuTels PErUcTPoB. B TO ke Bpems, pe3yibTaThl
paboTHI MIIAHUPOBIIUKA TPU €ro 3allyCKe MOCJe PACIpPEeICHUs] OKAa3aJluCh BCEra XYKe, 4eM MpH
3anmycke a0 pacnpeneneHus. Crarudeckoe yxynuieHue (yBelHUEHHE YHCIAa HIUPOKUX KOMAaHI) B
OOJIBIIMHCTBE CIIy4acB HE OUYCHb BEJHMKO, OJHAKO HCCIICAOBaHHS MOKa3bIBAIOT, YTO IMHAMUYECKOE
yxyamenue (yBeJIMYEeHHE YHCIa TaKTOB, HEOOXOMUMBIX JUUIS BBIIOJHEHHs 3aja4u) ropasao Ooiee
CYIIECTBEHHO. J[eJI0 B TOM, YTO MPU M3MEPEHUHM CTATUYECKHX IMOKa3aTeliel OOJBIIYIO0 MOrPEeuIHOCTh
BHOCAT “00s3aTeNbHbIE” MIMPOKHE KOMaHIIbI, HE 3aBUCSIIME OT MOpsIKa 3amycka ¢a3. ITo mpoior,
SMWIOT, KOMAaHJbI, COJEpKAIlMe BBI30OBBI MPOLEAYpP, MEPEXOibl, HE BXOJAIIMNE B IUKIbI, U UM
MOTOOHBIE IIUPOKHUE KOMAH/IBI.

Hekotopeie uccnenoBarenu (Hampumep, B [14]) mpomaraHaupylOT OJHOBPEMEHHOE IIAHUPOBAHUE U
pactmpenenenue perucTpoB. Ho Kak mOKa3bIBaeT ONBIT, IPHOOpPETEHHBIH Tpu pa3paboTke
ONTHUMHU3UPYIOLIET0 KOMIIMJIATOPA I BBIYMCIMTENbHON cuctembl DnbOpyc 3M, B COBpPEMEHHBIX
YCIIOBUSIX TaKOHM IMOJAXOJ HEXH3HecrnocoOeH. J[eno B TOM, YTO Ul CErOAHAIHUX IOJIb30BaTENIbCKUX
MPOrpaMM XapaKTepHbI OOJIBIIONW pa3Mep M BBICOKas CJI0KHOCTh. Bojblie TOro, OonTUMH3UPYIOIIUE
npeoOpa3oBaHus, KaK IMPaBWIO, NPHBOIAT K YBEJIMYCHUIO STOH CIOXKHOCTH M eule OonblieMy
3aIyTHIBAHHUIO CTPYKTYpBI YIpaBieHHs. B To ke Bpems, Kak yxe OBbUIO OTMEYEHO, pa3Mepsl
pEerucTpoBbIX (aiiJIoB B COBPEMEHHBIX apXUTEKTYpaX OYEHb BEJIMKH, a INpaBHiIa HCIOJIb30BaHUS
pPErUCTPOB MOT'YT OBITh JOCTATOYHO OIPAHUYUTENBLHBIMH. [103TOMY U1 MakcUMaibHO 3P PEKTUBHOTO
3aJ1eiCTBOBAHUSl HMEIOLIMXCS DPErHCTPOBBIX PECYpPCOB B IIPOrpaMMax €O CIIOKHOH CTPYKTYpoOit
yIpaBlIeHUsT HEOOXOAUM TIIOOATbHBIA (B paMKax Bceil MpolLemypbl) aHanu3, KOTOPbIH mpu
IUIAHUPOBAHHH, pa0OTAIOIIEM B paMKaX OT/ENIbHBIX JINHEHHBIX Y4aCTKOB, IIPOBECTH HEBO3M OKHO.

Kak npaBuiio, mpu OJHOBPEMEHHOM ILIAHUPOBAHUM W PACIpPEAEICHUM PErHCTPOB HCIOIb3YeTCs
OMTOBBIH BEKTOp, B KOTOPOM OTMEYAIOTCS YK€ 3aHAThle (HU3MYeCKHe perucrpel. s HOBOro
BUPTYaJIBHOT'O PETUCTPA BBLAEISETCS IEepBbIi CBOOOIHBII B 3TOM BekTope (uzuueckuii peructp. Eciu
CBOOOAHBIX (DM3MUECKUX PErucTpOB HET, TO OAWH H3 BUPTYaJbHBIX PErMCTPOB, 3aHUMAIOLIMX
¢bu3nyeckuii, OTKaYMBaeTCs B MaMsTh. TakuM o0pa3oM, B EPBYIO OYepelb PACIIPENEIIIIOTCS BCEria Te
BUPTYaJIbHBIE PETUCTPbI, KOTOPbIE BCTPEYAIOTCS B JIMHEHHOM Y4acTKe paHbIlE, YTO HAYUCTO OTPUIIAET
BO3MOJKHOCTH ONTUMAJIBHOTO PACIpEIeNICHNs] pETUCTPOB BO BCEH IMpOrpaMme.

Kpome Toro, Tak Kak IUIaHUPOBIIMK pabOTaeT JIOKAJbHO B paMKaxX OJHOrO JIMHEHHOro y4acTka, TO Ha
BXOJI€ ATOT0 Y4acTKa HEBO3MOXKHO CKa3aTh, KaKHe PErucCTphl yxke 3aHATHl. [103TOMy HakiajpBaeTcs
JIOTIOJTHUTENbHOE OTPaHUYCHHE Ha JIOKAIBHOCTD (B paMKaxX JIMHEWHOro y4acTKa) BCEX PErHCTPOB, KAk
BUPTYAJIbHBIX, TaK U PU3NYECKUX.

B cocraBe ONTHUMHU3MpYIOLIEr0 KOMIUIATOpPAa Ipoekra Oiapdpyc 3M  OblIO  peantn3oBaHO
pacrpeielleHde PErucTpoB, IPOBOJMBILICECS OJHOBPEMEHHO C IIJIAHUPOBAaHHEM. Pe3ynbTaThl
OKa3aJIMCh IIaYeBHBIMU — KaK 3G EeKTUBHOCTD PabOThI IUIAHUPOBIIHKA, TaK U 3PHEKTUBHOCTH PaOOTHI
pacrpeenuTes PerucTpoB MHOTO XyXKe, 4YeM B Clly4ae HCIIOJIb30BaHHS INI00aJIbHOTO pacpeaenuTelst
PETUCTPOB U JII000r0 U3 ABYX HOPSIKOB 3aITyCKa INIAHUPOBAHUS M PaCIpelleIeHH.

Takum 00pa3oM, pe3ysbTaThl IPOBEJCHHBIX HAMU UCCICAOBAHUI IOKa3bIBAIOT, YTO JUISI COBPEMEHHBIX
VLIW- u EPIC-apxurtekryp Hanboiee ONTHMAJIBHBIM SIBIISIETCS paclpeielieHue PerucTpoB Ha yxKe
CIUITAHMPOBaHHOM Koze. To ecTh BHayajle JOJDKEH 3alyCKaThCs IJIAaHUPOBLIMK, a 32 HUM CJIEJOBaTh
pacrpeaenuTeNb perucTpoB.

3aknoveHune

B HaCTOSIIlIefI pa60Te MBI pacCMOTPEIN HpO6J’I€MLI, BO3HUKAOIIUE TIPU PpACIIPEACICHUU PETUCTPOB,
OCHOBAHHOM Ha pacCKpacke rpad)a HECOBMECTUMOCTH, B apXUTEKTypaxX C MHIAPOKHM KOMaHIHbIM
CJIOBOM.

Hamu ObIM mIpeasio)keHbl aJrOpUTMbI, IO3BOJIIIOIIME KOPPEKTHO M ONTUMAJIbHO HPOBOAUTH
Ipolaralio BPeMEHH J>XKM3HM M IocTpoeHue rpada HecoBmectumoctu i VLIW- u EPIC-
APXUTEKTYD.



I[aﬂee MBI HOZ[pO6HO HU3Y4YUJIIM BOIPOC HNOpAAKa CICHOBAHUA H B3aHMOﬂ€ﬁCTBHﬂ IJIAaHUPOBIIUKA U
pacopeneauTesl perucTpoB; HaMUu ObLTH NMPUBEACHBI PE3YJIbTAaThl TCCTUPOBAHUA, ITOKAa3bIBAOIIUE YTO
Ipyu peIICHUU MPAKTUYCCKUX 3adad ONTUMAJIBHBIM IOPAIAKOM ABJIAETCA TOT, KOTra pacrpeaciCHUuE
PETUCTPOB NPOBOAUTCA IOCJIE IJIAHUPOBAHUS.
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