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AHHOTaUMA

B onTumMusmpyromeM KOMIWIATOPE OECCHOPHO BaKHAas pOJb MNPUHAIIICKUT PACIPEEITUTEII0
peructpoB. Hambonee ynayHbIM W3 HM3BECTHBIX MOJXOAOB K pacHpelelIeHHI0 PErHCTPOB OCTaeTcs
TI0JIX0J], OCHOBAaHHBIN Ha packpacke rpada HecoBMecTUMOCTH. OJHAKO XKe, BCE U3BECTHBIE allOPUTMBI,
OCHOBaHHbIE Ha 3TOM IOAXOJE, PACCUMTAHBI Ha TOCJIEIOBATENIFHOE BBIOJHEHHUE OMNEpalyif, U He
MIPUTONHBI U apXUTEKTyp € INUPOKMM KoManiaHbiM ciioBoM (VLIW-apxutektyp). B Hacrosmein
paboTe pOBOIUTCS aHAIM3 NMPOOJIEM, BOSHUKAIOIIMX IIPH PACHPENICIICHUN PETHCTPOB JUISl apXUTEKTYP
M0JI0OHOTO pojia, ¥ MPEAIararoTCsl METOIbI PELICHHS ATUX TPOOJIeM.

1. BBegeHue

OpHo¥i u3 HanboJee MEePCHEKTUBHBIX IApaJUrM BBIIIOTHEHHS BBIYHUCICHHUH SIBIISIIOTCS apXUTEKTYpHI C
SIBHOW TOJICP)KKOM Mapajuienn3Ma Ha ypPOBHE OTICIbHBIX HHCTPYKLHH, W3BECTHBIE TaKXKe Kak
APXUTEKTYPHI C IIMPOKUM KOMAH/IHBIM CIIOBOM.

Cornacao [11], apxuTekTypaMH C IIHPOKAM KOMAaHIHBIM CJIOBOM HAa3BIBAIOTCS apXHUTEKTYPHI,
JIOIYCKAIOIHE OJHOBPEMEHHOE BBIMOJHEHHE OIPEAEIEHHOTO YHCIa WHCTPYKIMH, 3aKOANPOBAHHBIX
m0b0 Kak oJHa OoJbluas WHCTPYKUMS, JTMOO Kak (DUKCHPOBAHHBIA HAOOp MHCTPYKIMH C SIBHBIM
yKa3aHUeM Mapajiiein3Ma MEeXAy OTACIbHBIMH MHCTPYKUUSIMHU. Takoil HaOOp WHCTPYKIMH MOITYYHIT
Ha3BaHWE MIMPOKOW KOMaH/BL. B aHIMOS3BIYHBIX paboTax apXHUTEKTyphl C IIMPOKAM KOMAaHIHBIM
cioBoM HocsiT Ha3zBanue VLIW-apxutektyp (cokpamenue ot Very Long Instruction Word).

CaMoil W3BECTHOH KOMMEpPYECKH YCICIIHOW peann3alreil KOHICMIMH Mapauielin3Ma Ha YPOBHE
OTIIENBHBIX HWHCTPYKIMUA SBIAETCS ceMeHcTBO MHUKporporeccopoB Itanium kxommanwmm Intel ([16]).
Taroke crout otMmeTruTh apxutekTypy E2K, paszpaboraHHyI0 oTedecTBEHHOH KoMmmaHumeld IiIp0pyc

([8D.

Pazpabotunku [tanium pacmmpuin KOHIIETINIO IIHPOKOr0 KOMaHIHOTO cjoBa. VX apxuTekTypa
MO3BOJISIET MCIIOIBb30BATh IIMPOKHUE KOMaH/bl He (PUKCUPOBAHHOM, a IPOU3BOJIBHON JUIMHBI; BIIPOUYEM,
napajulelibHOE  BBINOJHEHUE Olepaliii B TakuX KOMaHJIaxX HE TrapaHTHpyeTCs, 4YTO Hajaraer
JIOTIOJIHUTEJIbHBIE OTPaHMYECHUS] HAa WCIIOJNHAEMBIH KOJ. DTa paclIMpeHHas BEpCHs LIMPOKOTO
KoMaH/iHoTO cioBa noiyuria HazBanue EPIC (Explicitly Parallel Instruction Computing).

O6menpusHano, 4ro i1 VLIW-apXuTekTyp ONTHUMH3HMPYIOIINH KOMIMIATOP SIBISIETCS KITIOYEBBIM
3BEHOM B JIOCTIDKCHHH HaWBBICIICH NpOM3BOIUTENbHOCTH. bosbme Toro, 6e3 3¢ ¢exTnBHOTO
KOMITWIATOpA IOTEHIMAl TaKUX AapXWUTEKTyp pPAacKpbITh HEBO3MOXKHO. B cBoro ouepenp, s
ONTHUMU3UPYIOLIETO KOMITHIISTOpA BasKHEHIIIee 3HAUCHHUE UIPAET PAacIpeieNieHne PErncTpoB. ITO OfHA
W3 HEMHOTHUX 337134, 0e3 pemeHns] KOTOPhIX KOMITMIATOP BOOOIIE HE CIIOCOOEH MOIy4YHUTh KOPPEKTHO
paboratommii koa. B HacTosmmit MOMEHT HanOoJiee MOITHBIM, THOKAM H 3(PPEKTHBHBIM MOIXOA0M K
pachpeseneHnI0 PETUCTPOB SBISETCS MOIX0/1, OCHOBAHHBIM Ha pacKpacke rpada HECOBMECTUMOCTH.

Camoii panHelr paboOTOH, B KOTOpOH packpacka rpada HECOBMECTHMOCTH HCIIOJIb30BAJIACh IS
peIICHUs 3a/1a4d paclpeleICHUus] OTPaHUYCHHOTO YHCIIa PECypcoB, ciaenyeT cunutath [1]. B Heit Obut
3aJI0KCH TCOPETUUCCKUI 0a3uc, M U3JI0KCHUE HAMEPEHHO aOCTparupoBaHO OT KaKUX-THOO CBOKMCTB U
0COOEHHOCTEH CyNICCTBOBABIINX B TO BPEMsI BEIYUCIUTEIHHBIX MAIIIHH.

OTO MO3BOJISIET yKa3aHHOI paboTe OCTAaBaThCS aKTyaldbHOW M CErOMHs, XOTSI HEKOTOPBIE Pa3MbIIUICHNS
EpimoBa umeroT aUmIb TeOpeTHYECKNi HHTEepec. HanpumMep, OH mpezsiaraeT MCIoidb30BaTh PEAYKIHIO



JUIl YCKOpEHMsl Ipollecca pacKpacku rpada HECOBMECTHMOCTH; HO aHaJIM3 NPUMEHEHHs JaHHOU
TEXHUKH Ha MPAKTHKE MOKA3bIBAET, YTO HAKIAJHBIC PACXOMbI, HCOOXOMUMBIC JJIS TAKOH PEIyKIIHH,
CBOJISIT HAa HET BCE €€ MPEUMYIIECTBA, JUILb 3aMeJIsIsl PACKPACKY.

[lepBoii paboToii, B KOTOPOW packpacka rpada paccMaTpuBalach HCKIIOYHATEIEHO C MPAaKTUYECKOM
TOYKH 3pCHUS IPUMEHECHHUS €€ B pacIpeAeINTeNe PErHCTPOB ONTUMHU3UPYIOMETO KOMITHIIATOPA, CTala
[5], marmmcannas B 1981 romy. B crmenyromem roay mosiBIJIach HOBasi, JOIONHEHHAs Ha OCHOBE
MPAaKTHYIECKOTO OMbITa Bepcus Toil ke crathu ([6]). BmocmenctBum o6e crarem YaiitmHa cramu
IIMPOKO M3BECTHBI, U Ha HHUX IPHUHATO CCHUIIATHCA KaK Ha IEPBOMCTOYHHUKM BO BCeX paboTax,
3aTparuBaroIIuX BOMPOCH! pacupeaeieHnus peructpos. [lanpMa mepBeHCTBa, OAHAKO )K€, MPUHAICKUT
EpmioBy; Oexa B TOM, 9TO pe3yJIbTaThI €ro MCCICIOBAHMI CTalH W3BECTHHI Ha 3amaje OTHOCHTEIHHO
IO3/THO.

Bo Bcex mocnemyromux padboTax 3HAYUTENFHBIX MOAU(DUKAIINI alropUTMa TPEATIOKEHO He ObLI10. Psij
CTaTel ynensuyl BHUMaHHWE YCKOPEHHUIO aIrOpHTMa WM yMEHbIIeHHI0 TpeOyemon um mamsitu ([10],
[12]; xak mpaBuii0, pe3yabTaThl OKa3bIBAIUCH OYEHb CKPOMHBIMH, U BBIJAIOIIMXCS JOCTUKEHHUN B 3TON
00JacTé Tak M HE MONYYMIOCH), €Ile HECKOJIBKO CTaTel OBLIO MOCBSAIICHO OOCYXICHHIO Pa3TUIHBIX
BapHaHTOB ABPUCTHK, OIICHUBAIOMIMX CTOWMOCTH OTKAYKH BHPTYAJIBHBIX PETUCTPOB B MAMSTh U
BEIOOpA PETHUCTPOB [T OTKAYKHU Ha dTare packpacku rpada ([2], [7], [4], [3])-

Xopommii 0630p Bcex 3THX paboT mpezacTasieH B MoHorpadun Ctusena Myunuka ([13]). B Heit mano
MoJpoOHOE ONMUCAHNE KaK CaMOTro aJrOpUTMa, TaK M BCEX HOBAIMH, NMPEIJIOKECHHBIX 33 MCTEKIIHE CO
BpeMeHU TosiBieHHuss crartbu YaiitmuHa roapl. IloBropum emie pa3, 4TO OCOOCHHBIX HOBALWMH,
M3MEHSIOIINX OCHOBHBIE TPUHIIMIIBI aJITOPUTMa, HE OBLIO.

B To Bpems, xorna Obuti HamucaHel paboTel EpmoBa u YaiitnHa (konen 70-pix — Hawano 80-bIx
TOIOB), BBIYHUCIUTEIBHBIE CHCTEMBl HE OO0Jaaidi MHOTUMH apXHMTEKTYPHBIMH MEXaHM3MaMH,
NPUBBIYHBIMU CETOJHS. B wacTHOCTH, He OBUIO HIMPOKOIO KOMAHIHOTO CJIOBA M HOJJICPKKH
napajulenn3Ma Ha YpoBHE OTAEIBbHBIX HHCTpYKIMH. COOTBETCTBEHHO, HA B MOHOTpaduu Epiiosa, Hu B
cTaThsX YalTHHA O BIMSIHUM 3THX MEXaHW3MOB Ha TPOIECC PACTIPEIENICHUSI PETHCTPOB HE CKAa3aHO HU
cinoBa. Ho 3T0 BiMsiHME €cTh, M OHO OYEHb BENMHKO. HacTONBKO BEIMKO, YTO JITOPUTM PACIIPEIEIICHHS
PETHCTPOB, HE YYUTHIBAIOIINI €r0, CTAHOBUTCSA NMPAKTUYECKH OECIIONE3HBIM M JIaKe HEKOPPEKTHBIM.
Ota TeMa 0CTaeTcs BCE CIle MalOUCCIEJOBAaHHOM.

B mocnenyromux paszgenax Hacrosimeld paboThl OyAeT yIEJIeHO NPHCTaJbHOE BHUMAHHUE BIIMSHHUIO
LIMPOKOTO KOMAaHJHOI'O CJIOBAa Ha MPOLECC pacHpeieleHUusl PErucTpOB, OCHOBAHHBIM Ha pacKpacke
rpada HECOBMECTHMMOCTH. Bo BTOpoM pasjenie aBTOpBI pacCMOTPAT NMPOOJIEMbl, BOSHUKAIOIIUE MPU
Iporaraliii BPEMEHM JKM3HU PETUCTPOB — JCHCTBHM, HEOOXOJMMOM JUIsi TOCTpOeHus Tpada
HECOBMECTHMOCTH. bByJyT TmpemyiokeHbl HOBBIE alrOPUTMBI 00XOAa OIepainuii, KOPPEKTHO
paboraroniie UId apXUTEKTyp C IOJJEPXKKOH Mapajulenn3Ma Ha ypOBHE OTAEIBHBIX HHCTPYKIHI.
Jlanee OymyT paccMOTPEHBI BOIPOCHI B3aUMO/ICHCTBUS PacpeieNIUTENsI PETHCTPOB U IIAHUPOBIITUKA —
eIle OJHOHM KpaifHe Ba)KHOM KOMIIOHEHTHI ONTHMM3HPYIOIIETO KOMIMIATOpa. B mocnennem paszmene
OyzeT moaBeieH UTOT pabOThI U CAETAHBI BHIBOBI.

2. NocTpoeHune rpaga HeCoBMECTUMOCTH

Bce apxuTekTypbl, MOANEPKUBAIOLINE MapajuleIu3M HAa YPOBHE OTAECNBHBIX WHCTPYKIMH, MOXXKHO
ycioBHO pa3aenuts Ha VLIW- u EPIC-apxutextypsl.

C TOUYKM 3pEHHUs paclpeleNeHUs] PErHCTPOB, OCHOBHOE pa3lMyhe MEXIYy HHUMH B CIEAyIOIIEM: B
ciyyae VLIW rapantupyercs, 4ro mepel TeM, Kak OyAyT BBIIOJHEHBI OIEpaliH, BXOAALINE B
IIMPOKYI0 KOMaHIy, BCE HMX apryMeHThl OyayT NPOYHMTAHBL. DTO IO3BOJSET MHCIOJIB30BATh JUIS
apryMEHTOB M Pe3yJIbTaTOB OHU H T€ )K€ HoMepa (PM3MUYECKUX PETHCTPOB.

EPIC He rapaHTHpyeT OTHOBPEMEHHOTO BBIONHEHHS BCEX OIEPAlUil; IMO3TOMY IPH BBHIOJHEHUU
MPOTpaMMbl  ONEpalyy, CTOSIIME B Hayaje MIMPOKOM KOMAaHMAbI, MOTYT YXE ONpENeIUTh CBOU
pE3yNbTATHI €le A0 TOro, Kak OyAyT MPOYHUTAaHbI ApTyMEHTHI CIEIYIOIINX 3a HUMHU omeparuid. Takum
00pa3oM, OAMHAKOBBIE HOMEPa PErMCTPOB JUII HEKOTOPOTO apryMeHTa omepanud ol M pes3ysbTara



omepamnuyd 02 MOXKHO HCIOJB30BATH TONBKO B TOM CIy4ae, €ClM Ol HaXOMUTCA B IIMPOKOH KOMaHIE
panbmie, yem o2. Takoe cBoiicTBo EPIC-apXuUTeKTyp MONYyYWIO HAa3BaHUE HOCIC008AMENbHOU
cemanmuku (sequential semantics). JIeiCTBUTENBFHO, TPU PACIPEACICHUU PETHCTPOB MBI JIOJIKHEI
roJiaraTb, YTO BO3MOKHO TOCJIEI0BATENIbHOE BBINIOJHEHHE BCEX OMNEpalUid, BXOIALUIMX B IIMPOKYIO
koMaHay. OfHaKko, B OTJIMYME OT JACUCTBUTENBHO MocienoBaTenbHbix MamuH, EPIC Hamaraer onHo
BaXHOE OTPAHWYCHHE: TaK KAaK OMEpAaIlid MOTYT BBIONHATHCA W TApaUICIbHO, TO BCE PE3YIIHTATHI
orepanuii, BXOAANINX B OJHY ITUPOKYIO KOMaHAY, JOJDKHBI OIPENENATh Pa3HbIC PETHUCTPHL. IJTO
OorpaHuyeHuE crpaBeIuBo U At VLIW.

OnmucaHHbBIE BBINIE CBOMCTBA 3aCTaBIIOT WM3MEHWTh AITOPUTM IpONAranuy 3HAYEHUH BHYTPHU
nmuHenHoro yuactka. [{na EPIC-apxuTekTyp n3MeHeHMs MUHHMAJIBHBI: BCE, YTO HYXKHO CAEIaTh, 3TO
MOCTPOUTh B rpa)e HECOBMECTUMOCTH JYyTH MEXIy Y3JIaMH, COOTBETCTBYIOLUIMMH pe3yJbTaTaM
omepanuii, BXOJJIIMX B OJHY IIMPOKylo KomaHmy. Ha pucynke 2.1 mnpeanoxeH alropurm,
BBINOJIHSAIOUIUN ONUCAHHbIE JEUCTBUS.

procedure InterfereBlockOpersReses( block) {
foreach w_instr ( BlockWInstrs( block) ) {
foreach oper ( WInstrOpers( w_instr) ) {
foreach oper2 ( WInstrOpers( w_instr) ) {
InterfereOpersReses ( oper, oper2);

}

Pucynok 2.1. AnITopuT™M MOCTpOSHHS JOMOTHUTENBHBIX IyT B rpade
HECOBMECTHMOCTH IJIsl PE3YJIbTaTOB ONEpaIii

@ynkuus InterfereOpersReses cTpouT B TIpade HECOBMECTUMOCTH JIyTH, BBIPAXAIOLINE
HECOBMECTHMOCTb MEXKAY pe3yJbTaTaMH JBYX OIEpalyii; ee peanu3anus IMOIHOCTBIO ONpPEeNIIeTCs
HCII0JIb3YEMBIMU CTPYKTYPaMH JaHHBIX.

Kak nerko noHsTh, anropuTMHUYECKasi CI0)KHOCTh MIPEJIOKEHHOTO allropuTMa paBHa O (0 * o), rae
O — YHCJIO omepauuid JHHEHHOro ydacTka. OmHaKo, K OOIIeH CIIOKHOCTH alropHTMa HpoMaraiuu
BPEMEHHU JKU3HH BHYTPH JIMHEHHOIO y4acTKa 3TO He J00aBIsieT POBHBIM CYETOM HHUYEro, TaK KakK ero
COOCTBEHHAs CII0XKHOCTh UMEET TOT YK€ MOPSIIOK.

Jns VLIW-apXuTekTyp H3MCHEHHs aJIropuTMa Ipornaraiud Oojiee 3HAYUTEIbHBI. BO-NEpBBIX,
crnpaBeuIMBO Bce ckazanHoe Bbiie a1t EPIC. Ho kpome Toro, HeoOX0JUMO y4YecTh, YTO apryMEHTBI
ornepanuii MIMPOKOH KOMAHIBI YMTAIOTCS BCETAA paHbIIE, YEM OINPENENAIOTCS pe3ylbTaThl, U HE
co3/1aBath B rpad)e HECOBMECTUMOCTH JIMIITHUX JYT.

Tpebyercst n3MeHNTH MOPSIOK 00X0la ONEpaHAOB omepanuid. Ecim B TpaguIMOHHOM anropuTMe
BHauasie 00pabaTbIBaeTCs pe3yJIbTaT ONepanny, TOTOM €€ apTyMEHTHI, a 3aTeM allTOPUTM IEPEXOANT K
ClIelyIOIIel Onepalyy, TO Teleph HyKHO BHavane 00paboTaTh pe3ysIbTaThl BCEX ONepaniii, BXOAAIINX
B MIMPOKYIO0 KOMaHAY (B JFOOOM MOPSIKE), TOTOM apryMEHTHI 3THUX OINEepanuil (OmATh-TakH, B TIHOOOM
MOPSIZIKE), @ 3aTEM MEePEUTH K ONeparisiM CIEAYIOMeH MUPOKO KOMaH IBL.

Ha pucyHke 2.2 npuBeieH ajJropuTM Takoro o0xoza.

/* Omepaumm JIVMHENMHOTO ydacTKa OOXOOATCS MO WMPOKMM KoMaHzmam. */
foreach w_instr ( BlockWInstrs( block) ) {
/* BrHauajile obpabaTeBaeM BCe pes3yJibTaThl Oonepalull WUPOKOM KOMaHOel. */
foreach oper ( WInstrOpers( w_instr) ) {
ProcessOperRes ( oper, in vector);

}

/* BaTeM obpabaTeBaeM BCE apTyMEHTH Olepauyil WMPOKOM KOMaHIE. */
foreach oper ( WInstrOpers( w_instr) ) {
ProcessOperArgs ( oper, in_vector);

}

Pucynok 2.2. Anroput™ npomnaraiiiy BHyTpH JUHEHHOTO
yuactka juist VLIW-apxurextyp



OyHkuMii ProcessOperRes U ProcessOperArgs BBIIOIHAIOT T€ K€ IEHCTBUS, YTO U B
TPaJULUMOHHOM aITOpPUTME TIpollaralMu. A WMeHHO, ProcessOperRes cTpouT B rpade
HECOBMECTHUMOCTH YT MEXAY pPe3yJIbTaTOM 3aJlaHHOM olepaluy U BCEMHU >KUBBIMU PErHCTpamu, U
cOpaceiBaeT  Quar “KU3HH~® ~ PETUCTPA, KOTOPOMY TPUHAUICKHUT  PE3yJIbTaT  OMEPAILUU.
ProcessOperArgs YycTaHaBiuBaeT ¢uar ‘“KH3HH® TeX PpErucTpoB, KOTOPBIM IPUHAJUICKAT
apryMEeHTHI 3aIaHHOW OIepaluu.

BaxxHo To, 4To 00€ 3Tu (QPyHKIMU U3MEHSIOT 3HaUeHUEe in vector (OGUTOBOIO BEKTOPA, XPAHSILIErO
HHPOPMALIMIO O TOM, KaKWe PETUCTPHl ‘“KUBBI B MaHHBII MOMEHT) W TO, B KAaKOM TIOPSIKE
BBI3BIBAIOTCS 3TU (DYHKIIMH.

K anropurMudeckoil CI0KHOCTH aNropuTMa Nponaralii BpeMEeHH KU3HU BHYTPH JIMHEHHOT0 y4acTKa,
OISITh-TakH, He AobasisieTcs Hu4yero. Kak v paHbine, 00XOIATCS ONEpaH/Ibl BCEX ONEPaLUii; BCe UTO
U3MEHHJIOCH, 9TO HOPAA0K 00X0za.

OpHako jke, NMPaKTUYECKH BpeMsi padOTHl yBEIMYMBACTCS: BEAb TENeph BMECTO OAHOrO 00xoxa
orepanui Hy>KHO AelaTh J1Ba. MOXXKHO OOOHTHCH M OJHUM 00XOIOM, HO B 3TOM CiIydae HEOOXOINMO
HCIIOJIb30BaTh JBa BekTopa. Ha pucynke 2.3 npuBejeH anroputM, No3Bossomui u B ciyyae VLIW-
APXHUTEKTYP OTPaHUYUTHCS JIUIIH OHIM 00X0JJOM BCEX OIepanyii IIMPOKOH KOMaH IbI:

in_vector2 = NewZeroVector( size( in_vector));

foreach w_instr ( BlockWInstrs( block) ) {
foreach oper ( WInstrOpers( w_instr) ) {
ProcessOperRes ( oper, in vector);
ProcessOperArgs ( oper, in vector2);

}

in vector = bit or( in vector, in vector2);

Pucynok 2.3. AnpTepHaTHBHBIA aJITOPUTM MPOTATralliil BHYTPHU JTUHEHHOTO
yuaacTka st VLIW-apxurextyp

Oyukimsa NewZeroVector co34aeT HOBBIM OMTOBBIA BEKTOp YKa3aHHOTO Pa3Mepa, BCE AIIEMEHTHI
KOTOPOro paBHbI HyJ 0. [0 3aBepieHir 00X0/1a onepanuii MMPOKOH KOMaH/IbI [Ba OMTOBBIX BEKTOPA
o6benuHsatoTes B ogud o MJIN (gyskuus bit or).

OcCHOBHasi uzesi IropuTMa 3akKIoYaeTcst B TOM, 4To (yHKIMs ProcessOperArgs paboraer
TOJBKO C BEKTOPOM in vector2 (Bce 3JIEMEHThl KOTOPOrO BHAYajle pPaBHbI HYINO), a (QyHKIHA
ProcessOperRes TOJIBKO C in_vector. Taxum 06pa30M, 0 OKOHYAaHMHA 00Xxoma onepaunﬁ
IIUPOKOH KOMaHABl B in vector2 OyXyT OTMEYEHBI Bce y3ibl Tpada HECOBMECTHMOCTH, BpeMs
JKM3HM KOTOPBIX Hayajoch B 3TOH KoMmauze. B y3ne in vector e OymyT cOpolueHsl (iaru
“KN3HU" KAKUX-TO y3JIOB, M KpOMe TOro, QyHKIHMSI ProcessOperRes MOXKET cO3/1aTh HOBBIE IyTH B
rpage HECOBMECTMMOCTH. B KoHIE paboTbl Haa MIMPOKOW KOMAaHAOW pe3ysbTaThl BHOBb
00BEVMHAIOTCS B OWH 1n_vector.

AJNTOopUTMHYECKAs CIOXKHOCTh IBYX INPEJIOKEHHBIX aJTOPUTMOB HE OTIMYAETCs; OHa paBHa O (o *
n), rae o — 4UCJI0 OIepaHJIOB JIMHEHHOr0 y4acTKa, a N — YHCIO y3JIOB B Ipa)e HECOBMECTUMOCTH (TO
€CTh CyMMapHO€ YHCJIO BCeX (M3MYECKUX M BUPTYaJbHBIX PErUCTPOB). TOYHO Takoi ke CI0KHOCTHIO
o0JsiaaeT u “cTaHAapTHHII alrTOPUTM IIpoIaraliiy, ONMCaHHbIH B pabote [6].

Kako#t m3 nByx amropurMoB mpomaranuu mns  VLIW-apxutektyp BbeIOpaTh, OIpenenseTcs
UCKJIIOYHATENbHO TPEOOBAHMAMH K ONTHMH3HPYIOIIEMY KOMIIMISATOPY (Hampumep, TaM TAE ecThb
OTpaHMYEHHUE TI0 ITIaMATH, OOJBIIE IOJOWIET MHEPBBI aNropuT™m; a Tam, rae Tpedyercs crporoe
paszeneHne nporpaMmbl Ha (YHKIMHM M MAaKCHMAaJIbHOE NEPEHCIIONb30BaHHUE 3THX (YHKIWH, Tydlle
MTOJIXOAUT BTOPOI).

B 3akiroueHne HEOOXOJMMO OTMETUTH, YTO AITOPUTM HPOIAralyd MEXIY JIMHEHHBIMH y4YacTKaMH
ocraercsi 0e3 U3MEHEHHI.



3. Bsaumogeiictere pacnpenenutens permcTpoB 1 niaHNMpoBLLMKa

B apxurexTypax ¢ IIMPOKUM KOMAaHIHBIM CIOBOM Ba)KHas POJIb MPUHAUICKUT IJIAaHUPOBLIMKY. Ero
3ajayeil sBJIAETCd MaKCHMaJbHOE 3a/eiicTBOBaHME BCEX YCTPOWCTB MHUKpPOIpPOLECCOpa, TO €CTb
HauOoJblIee 3anoIHeHne MHpokol komaHabl. [ns VLIW-apxurekTyp Hanbojee y1auHbIM CUUTACTCS
aNTOPUTM IUIAHWPOBAHUS, IPEATI0KEHHbINH B padore [9].

EcrecTBeHHO, YTO BCSKOE AarpecCMBHOE IUIAaHMPOBAHWE IPHUBOJUT K BO3PACTAHHIO YHCIA
OJTHOBPEMEHHO XMBYIIMX IEPEMEHHBIX, YTO YCIOXHSACT 3a/ady pacHpeieeHus PErHCTPOB H MOXKET
MIPUBECTH K IOSIBJICHUIO JIOMIOJHUTEIBHBIX ONEpalii OTKauyKW/MoAKadkyu. boiee Toro, dem Oosblie
PETHOH pabOTHI MITAHUPOBIINKA, TEM BEPOSITHEE BO3PACTAHUE BPEMEHH KU3HHI EPEMEHHBIX.

Hamomuuwm, uto oneparueit otkauku (spill) Ha3piBaeTcs oneparys, BpeMEHHO COXpaHsIoIIas 3HaYCHHE
perucrtpa B mamsTtd. Takue omnepanuu HEOOXOAMMBI B TeX CilydasX, KOIJla B HEKOTOPOH TO4YKe
MpOrpamMMbl He XBaTaeT (PU3NUECKUX PErHCTPOB ISl PACIPENEICHUS Ha HUX BCeX ‘OKMBYIIUX B 3TOT
MOMEHT BUpTyalbHbIX. Onepanus noakadkH (fill) — ato oneparws, BeIIoNHsIOMAs 0OpaTHOE JelicTBHE
— 3arpy3Ky 3Ha4eHHUs! W3 MaMsiTH Ha peructp. OUeBHAHO, YTO OTKAuKa/MOJKa4YKa KpaifHe HEraTHBHO
BJIMSIET HA CKOPOCTH PaOOTHI MPOTPaMMBEI.

Pactipenenurens perucTpoB, B CBOIO OYEpe/b, IPUBOANT K MOSBICHUIO HOBBIX 3aBUCHMOCTEH, TaK Kak
JIBa paHee HE3aBUCHMBIX BUPTYAJIbHBIX PETHCTPA MOTYT OBITH pacrpenesieHbl Ha OAWH (PU3MUecKui
pETHCTp, U CAENaTh, TAKUM 00pa3oM, COOTBETCTBYIOIIUE ONEPALMH 3aBUCUMBIMHU JIPYT ¢ Apyrom. Uem
6osblIe 3aBUCUMOCTEH, TEM MEHEE ONTHMAIIbHBIMH CTAHOBSITCS Pe3yJIbTaThl paOOTHI IIIAHUPOBIIHKA.

Bo3HuKaeT HEKOTOPBIH “3aK0JIOBAaHHBIA Kpyr”, KOTAa OT MOpsi/iKa 3amycka (a3 3aBUCAT PE3yJIbTaThl
uX paboThl, @ NACATLHOTO MOPSIIKA HET U OBITh HE MOJKET.

ABTOpaMu OBUIM TPOBEJCHBI HCCIEJOBAHMS TOrO, KaKOH IOpsNOK palbOoThl IUIAHMPOBINMKA H
pacrpenenuTensl peructpoB Haumbosee ddexTrBeH. Pe3ynbraThl 3THX HCCIEAOBaHUI COOpaHBI B
tabmuue 1. Jnsg 3aMepoB MCHONB30Bajics OOIMICHPUHATHIA B HHIYCTPHH U HCCIEIOBATEIbCKOM
coobmectBe makeT TectoB SPEC2000, B koTOpoM coOpaHBI HanOosee TUIMHUYHBIC MOJIE30BATEIBCKIC
IIporpamMMbl. B Hero BKITIOUEHBI KaK [EOYHUCIICHHBIE, TAK M BEIICCTBCHHBIC 3a/1a49H.

AdheKTUBHOCTL paboThl AdheKTMBHOCTL paboThl AdheKTMBHOCTL paboThl AdbheKTUBHOCTL paGoThl
Ha3BaHue TecTta pacnpeaenuTens pacnpepenuTens nnaHupoBLLMKa (BHavane nnaHUpoBLYMKa (BHavane

perucTpoB (BHavane perucTpoB (BHavane nnaHupoBaHue) pacnpepeneHue)
nnaHupoBaHue) pacnpeaeneHue)

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.gzip 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. Pesynprarsl 3aMepoB 3¢ GeKTHBHOCTH pabOTHI pacipeeTuTes
PETUCTPOB M IIAHUPOBIIMKA B 3aBUCUMOCTH OT HOPSAJIKA 3aycKa 3TuX (a3

ITox “>¢¢heKkTUBHOCTHIO pabOTHI MIAHUPOBIIHUKA TMOHUMAJIOCHh YHCIO IMIMPOKUX KOMaHA, B KOTOpPbIE
eMy yAaJ0Ch CIUIaHUPOBATh Hpoueaypy. I1oa “3dhhekTHBHOCTHIO pabOThI PacIpeaCIUTENsT PETHCTPOB™
MOHUMAJIOCh YUCJIO OIepalMii OTKAYKH/TIOJIKAUYKH, KOTOpbIE eMy HOTpeOOBalIoCh CO3JaTh YIS TOTO,
YTOOBI paCIpPENEIUTh BCE BUPTYaJbHBIC PETUCTPHI MPOIEAYpHl. [IIAaHUPOBIIMK WM pacHpeacIUTEIh
OBUTH HACTPOCHBI HA apXHUTEKTYPy IiapOpyc 3M (MakcuMmanbHas IUPUHA KOMaHABI 14 (CyIIeCTBYIOT
HEKOTOPHIC OTPaHUYCHHUS MO THIIAM ILIAHUPYEMBIX OIEPAINii), YUCIIO PETHUCTPOB OOIIEro HA3HAYCHUS
192, 4ncino mpenuKaTHBIX PETHCTPOB 64).




Kak BUIHO W3 TaOIMIBI, BO3pOCIIEE MMOCIE TUIAHUPOBAHMUS JABICHHEC HA PETUCTPhI MPAKTHICCKH HE
ckasasioch Ha 3((eKTHBHOCTH PadOTHI pacHpeAeIuTeNsl PerkucTpoB. B TO ke Bpems, pe3yJsibTaThl
paboThl MIIAHUPOBINUKA TIPH €ro 3allyCKe MOCje pachpeeieHHs OKa3aJHuCh BCErja XykKe, Y4eM MpH
3amycke A0 pacnpenencHus. CraTudeckoe yxy/uieHue (YBEIMYCHHE YKCIA IIUPOKUX KOMAHA) B
OOJNIBIIMHCTBE CIyYyacB HE OYCHb BEJHMKO, OJHAKO HCCICAOBAaHMS MOKA3bIBAIOT, YTO JIMHAMHYECKOE
yxynamenne (yBENMYCHHE 4YHCIa TAKTOB, HEOOXOAMMBIX UISL BBIMOJHCHHS 3ajadi) ropasmo Gonee
CYIIECTBEHHO. J[e0 B TOM, YTO IPH M3MEPEHHH CTATHYECKHUX MOKa3aTeliell GONBINYIO MOTrPEIIHOCTh
BHOCAT “‘00s3aTeNbHbIe” MIMPOKHE KOMaHJBI, HE 3aBUCAIIME OT IOpsaka 3amycka (a3. DTo MpoJor,
SMUJIOT, KOMaHIbI, COACPIKAIME BBI3OBBI MPOLEAYP, MEPEXOJbl, HE BXOMALNIME B LHKIBL, U HM
0100HbBIE MIMPOKUE KOMAH/IBL.

Hekoropeie uccnenoBatenu (Hampumep, B [14]) mponaranaupyroT OJHOBPEMEHHOE TUIAHUPOBAHHUE U
pacnipeneneHue peructpoB. Ho kak moOKa3bIBaeT ONBIT, NPHOOPETCHHBI NpU pa3paboTke
ONTHUMHU3UPYIOUIETO KOMITHIIITOPA JJIsl BBIYMCIMTENBHONH CHCTEMBI Dibp0Opyc 3M, B COBpeMEHHBIX
YCIIOBUSIX TakoOM MOAXOJ HEXH3HecrocoOeH. Jleno B TOM, 4TO Ul CErOJHSIIHUX I0JIb30BATEIbCKUX
IPOrpaMM XapaKTEpHBI OOJBIION pa3Mep M BBICOKAs CIOXXHOCTb. BoJblle TOro, ONTUMH3HPYIOIIHE
npeoOpa3oBaHMs, Kak IPaBWJIO, MPUBOIAT K YBEIHMUCHHIO 3TOM CIOXKHOCTH M €Iie OoJbIiemMy
3allyTHIBAHMIO CTPYKTYpBl yIpaBieHUs. B TO ke Bpems, Kak yxe OBIJIO OTMEYEHO, pa3Mephl
perucTpoBbIX (DailyioB B COBPEMEHHBIX ApPXUTEKTYPaX OYEHb BEIMKH, a IPABWJIA HCIIOIb30BAHMA
PETHCTPOB MOTYT OBITh JOCTATOYHO OTPaHMYUTENBHBIMH. [103TOMY U1 MakcuMaiabHO 3(dexkTHBHOTO
3aICTBOBAHUSl MMEIOIIMXCSL PETHUCTPOBBIX PECYpCOB B IMporpaMmax CcoO CJIOXKHOW CTPYKTypoi
yIOpaBIeHUS HEoOXOoAWM TIOOaNbHBIM (B paMKax BCeH MPONEeAyphl) aHaNMW3, KOTOPBIA TIPHU
IJIaHUpPOBAaHUH, pa60TanmeM B paMKax OTACJIbHBIX JIMHEMHBIX Y4acCTKOB, IPOBECTH HEBO3MOKHO.

Kax mnpaBuio, mpu OJHOBPEMEHHOM IUIAHHMPOBAHWU M PACIpeNeIeHHH PErUCTPOB MCHOJIB3YETCs
OWTOBBIH BEKTOpP, B KOTOPOM OTMEUAIOTCS YK€ 3aHAThle (Qu3H4YecKkue peructpsl. st HoBoro
BUPTYaJIBHOTO PETHCTpa BBIICISETCS MEPBBIH CBOOOAHBIN B 3TOM BekTope (pusnueckuil peructp. Ecin
CBOOOIHBIX (DU3UUECKUX PETHCTPOB HET, TO OJMH M3 BHUPTYAJIBHBIX PETUCTPOB, 3aHMMAIOIINX
¢u3HUeCcKnii, OTKaYMBaeTCs B MaMATh. TakuMm oOpa3om, B EPBYIO OYEpEb PAaCTIPEICIISIIOTCS BCETIa Te
BHPTYaIbHBIC PETUCTPBI, KOTOPHIE BCTPEYAIOTCS B JIMHEHHOM YYacTKe PaHbIIE, YTO HAYMCTO OTPHUIACT
BO3MOXKHOCTH ONITHMAJIEHOTO PacIipeieieH sl PETHCTPOB BO BCEH IporpaMMe.

Kpome Toro, Tak Kak IIaHUPOBIIUK PabOTaeT JIOKAJIBHO B PaMKaX OJHOTO JMHEHHOIrO y4acTKa, TO Ha
BXOJIE 3TOT0 Y4acTKa HEBO3MOXHO CKa3aTh, KaKME PErHCTPHI yXKe 3aHATHI. 1loaTOMy HakiaIbIBaeTCs
JIOTIOJIHUTENIFHOE OTPaHUYCHUE Ha JIOKAJIBHOCTH (B paMKax JIMHEIHOI0 y4acTKa) BCEX PErHCTPOB, Kak
BUPTYQJIBHBIX, TaK U (PUIMUECKUX.

B cocraBe onTtumm3uMpylomero KoMnwisTopa mnpoekta OnsOpyc 3M  ObIO  peann3oBaHO
pacipeseneHie perucTpoB, NPOBOJAMBILNEECS OJHOBPEMEHHO C IUIAHMPOBAaHWEM. Pe3ynbrarsl
OKa3aJIACh TIAYeBHBIMA — KaK 3¢ (PeKTHBHOCTH padOTHI TUTAHUPOBIINKA, TaK U 3PPEKTHBHOCTH paOOTHI
pacupenenuTeNs perucTpoB MHOTO XyXKe, YeM B CIIydae UCIIOIb30BaHHMs TII00AIBHOTO PacpeIeIuTeNs
PETHCTPOB U F000T0 U3 ABYX IOPSIKOB 3aIlyCKa INIAHUPOBAHUS U PACIIPEACICHHUS.

Taxkum 00pa3zoM, pe3ynbTaThl IPOBEICHHBIX HAMU HUCCIEJOBAaHUIN MOKA3bIBAIOT, YTO AJISI COBPEMEHHBIX
VLIW- u EPIC-apxutexTyp Hambonee ONTHMAIbHBIM SBISIETCS PAaCHpeleliCHHE PETHUCTPOB Ha yKe
CIUIAaHMPOBAHHOM Kozie. To ecTb BHaudaje JOKEH 3allyCKaThCs IJIAHUPOBIIMK, a 3a HUM CJIEJ0BaTh
pacIpeaenuTenb perucTpoB.

3aknwyeHue

B HaCTOS[HIefI pa60Te MbI pacCMOTpPEIIN r[p06ner,I, BO3HUKAIOIIUC NPU paclpeaACiCHUN PErucrpos,
OCHOBAHHOM Ha paCKpacke rpa(ba HECOBMCCTUMOCTH, B QAPXUTCKTYypax C MHUPOKUM KOMAHIHLBIM
CJIOBOM.

Hamu ObIIM TIpeIUIOKEHBI AITOPUTMBL, ITO3BOJLSIIONIME KOPPEKTHO M ONTHMAIBHO IPOBOIHUTH
Mpomaraii0  BPEMEHH JKU3HH H TOCTpoeHHe rpada HecoBmectuMoctd miusi VLIW- u EPIC-
APXUTEKTYDP.



Jasee Mbl MOIPOOHO U3YUYWIIM BOMPOC IMOPSAIKA CICAOBAHHMS M B3aMMOICHUCTBHS IUIAHMPOBIIUKA U
pacnpenenuTelis PerucTpOB; HaMU OBbLIM MPUBEIACHBI PE3YJIbTAaThl TECTUPOBAHUS, MIOKA3BIBAIOIIHE YTO
[IpU PELICHUHN NPAKTUYECKUX 3aJad ONTUMAaJIbHBIM MOPSIAKOM SBJSIETCS TOT, KOTJAa pacrpejaesieHue
PEruCTPOB MPOBOIUTCS MOCIE IIIIAHUPOBAHUSL.
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