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H. B. ByxapeHKo — CTyfeHT katheapbl MHPOPMALMOHHBIX CUCTEM
A. 10. Cbiujukoe — Hay4HbI PyKOBOAMTENb

KOOOrEHEPATOP NAPANNEJNIbHOrO ACCEMBJIEPHOIO KOAA
ana umerPoBOro CUrHAINbHOro rMPOLIECCOPA

Mpoveccopbl Ana UudpoBor 06paboTki CUTHANOB akKTUBHO MPUMEHSKOTCS B BbIYUCIIMTENbBHBIX CUCTE-
Max. [Ins obecneyeHnsi BbICOKOW MPOM3BOAMTENBHOCTY B COCTaBE TakuX cuctem npumensitotcs DSP-aapa,
KOTOPbIE UMEIOT CMELManu3upoBaHHy0 apxuTekTypy, obecneynBaroLLyto BbICOKYH NPOU3BOAMTENBHOCTb MpK
PeLLEeHNN OrpaHNYeHHOro Kpyra pecypcoemkunx 3agad. [ns coBpeMeHHbIX NpoLEeCccopoB AN HanucaHus u oT-
nagku nporpamm kpome accembnepa B OCHOBHOM UCMOSb3YyKOT Takue A3blkM MPOrpaMMMpoBaHus kak Cu,
Cu++. [Ins nonyyeHus Hambonee ahheKTUBHOrO Koda NPUXOAMUTCS MUCaTb KOA UCKMKYUTENbHO Ha HM3KO-
YPOBHEBOM MPOLIECCOPHOM accembriepe. 3agava reHepaunn aeKTUBHOTO acceMbnepHoro Koaa, akTUBHO
MCNonb3yHLEero napannenuam u gpyrne ocobeHHoct DSP-sigpa, sBnsieTcs Lenbio AaHHOM paboTsl. Cur-
HanbHbIE MPOLECCOPbl UMEIT CXOXWE apXWUTEKTYpbl, 9TO 3HAYMT, YTO pa3pabaTbiBaeMblil NOAXOL MOXHO
NPUMEHNUTL NS LUMPOKOrO Kracca CUrHambHbIX NpoLeccopoB. B aaHHo paboTe B kayecTBe 3KCMEpUMEH-
TanbHoOW Nnatgopmbl Ucnonb3yetcs Mukponpoueccop MC-24 [1].

[http://multicore.ru/index.php?id=47].

VcxogHas nporpaMma npeacTaBneHa B Buae cxembl Ha s3bike VPL [2, 3], B HEl onucbIBaOTCA 0ObEKTbI
W CBA3W Mexay HUMKM (rpad obbekToB), hakTnieckn — data-flow-nogobHas cxema. B cxeme onncaHa Bblumc-
nuTenbHas onepaums KOMNoHeHTa (06BEKT CXeMbI), €€ CBOWCTBA, NapaMeTpbl U CBA3N C APYrMMM 0BbekTaMu.
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Puc. 1 Mpumep BXOOHON CXeMbl NpOrpaMmbl

Ha npueeaéHHoM npumMepe (puc. 1) npeactaBneHbl crieaytoLe 06beKTbl A3blka:
— cepble Marnble KBagpaTbl — KOHCTaHTbI;
— spl — «pa3MHOXUTENbY AaHHbIX;
“” aBnsieTcs 06bEKTOM, BbIMMCIIUTESbHAS OnepaLyst KOTOPOrO YMHOXEHWE;


http://multicore.ru/index.php?id=47

— “Or” — 0b6bekT, BbluMCUTENbHAs onepauyms kotoporo nornyeckoe UMK,
— ‘4" 9BnseTca CymmMaTopom;
SBNAETCA 0OBLEKTOM, BbIYMCIUTENbHASA OnepaLys KOTOPOro BbIYUTAHME,;

— “Out” - onepatop 3an1cy B namsTb.

CTpernkamu Ha cxeMe OTMEYeHbI CBA3M MO AaHHbIM MeXy KOMNOHeHTamu. Ha nepeom aTane pasbupa-
€TCA CXeMa M CO34aéTcs CBA3aHHbIN rpad, B KOTOPOM COAEPXKMTCA BCA MHGopMaums 06 obbekTax, nx cBs-
39X, CBOWCTBax M napametpax. CTpouTca pacnucaHue BbINOMHEHUS BCeX 0OBEKTOB B COOTBETCTBUM CO Bpe-
MEHeM UX BbINOMHEHUS W 3aBMCUMOCTAM MO JaHHbIM. Ha cnepytollem atane onpeensercs BO3MOXHOCTb
napanmnenbHOCTH BbIMOHEHNS Onepauuii B 3aBMCMMOCTW OT BO3MOXHOCTW NOTOKOB SiApa U, eCin 310 Heob-
XOAMMO, nepecTpanBaeTcs pacnucaHue. KaxgoMy KOMMOHEHTY COMOCTaBRsieTCs COOTBETCTBYHLMA emy
wabnoH koga. Ha cnegytowem Lware B WabnoH noacTaBnalTcs HeobXoauMMble perncTpbl 13 Tabnuuel peru-
CTpoB. B cnyyae HeobXo4MMOCTH reHepupyeTCs KOA 3arpy3kit JaHHbIX U3 MaMsITU B PETMCTPbI UMK BbIrPY3Ki
W3 perncTpoB B NamsATb. B pesynbTare, Ha Bbixoge nomnyyaem pabouyio nporpamMmmy A4n1s BbIGpaHHOro sapa.

Bcem TMnam anemMeHTOB CXembl NporpamMmbl (POPMUPYETCS NpefcTaBeHne B TepMuHax accembnepa
BbIYMCIIUTENBHOTO fgpa. [ns 3Toro ucnonb3yloTcs WabnoHbl, cogepxallime BblMUCIUTENbHBIA KOA M napa-
MeTpbl, (PopMUpyeMble KopgoreHepaTopoM. [MoCKONbKY Y KaXOoro U3 saep CBOS cucTeMa KoMaHz, TO Ans Kax-
[0r0 13 H1X Heobxoammo paspaboTaTh cBom WabnoH. bonee Toro, B paccmatpueaemom npoueccope MC-24 B
DSP-agpe dopmaT koMaHZab! 3aBUCUT OT onepaLyoHHoro yetponctaa (ALU), Ha koTopom ByaeT BbiNONHATHCS
komaHga. [oaTomy B KoporeHepaTope npeaycMoTpeHa BOSMOXHOCTb 3aaBaTb OTAEMbHbIN WabnoH ans pas-
NIMYHbIX OMEePaLMOHHbIX YCTPOWCTB BHYTPU siApa.

Mpumep wabnoHa onepauum BolunTaHus ana RISC-agpa:

entity llsub [risc] is
sub &regout1,&reginx1,&reginy1
entity llsub end.

Mpumep wabnoHa aHanoryHomn onepauuu ans nepsoro ALU DSP-agpa:

entity lisub [dsp1] is
sub &reginx1,&reginy1,&regout1
entity llsub end.

CnyxebHoe cnoso «entity» npegHasHayeHo ans obosHaveHus wabrnoHa B TekctoBom chaine. Mocne-
AytoLee CrnoBo — naeHTudgmkaTop, 0603HavaeT onepaumio B cxeme nporpammbl. [apannensHoe BbIMNonHeHe
ABYX BbluMCIUTENbHBIX onepauui DSP-sapa BO3MOXHO TOMBKO MpW YCHOBUW, YTO OHU BbINOMHAKOTCS Ha pas-
HbIX onepauuoHHbIX ycTpoicTeax (OY). Hanpumep, He MOryT OAHOBPEMEHHO MCMONHATLCA onepauun AND u
OR, TaK kaK OHM 0Be JOIKHbI MCNIONHATLCS NPW MOMOLLM OGHOO U TOMO Xe fornyeckoro yerponctsa LU. Bbl-
YnCnUTENbHBIE KOMaHAbl B 3aBUCUMOCTW OT UCMOMHSIOLLEr0 WX ONepaLMOHHOMO YCTPOCTBA MOXHO pasae-
nuTb Ha aBa Tuna — OP1 1 OP2. Tonbko NpUHagNeXHOCTb K pasfnyHbIM rpynnam AaeT BO3MOXHOCTb ABYM
onepauusM UCnonHsaTbes ogHoBpemeHHo. K nepsomy Tuny (OP1) oTHOCATCS onepauuu, UCNONHSeMble Npu
nomoLy apudMeTU4eckoro unu nornyeckoro ycrpoictea (AU, LU), ko BTopomy tuny (OP2) — onepauuu, uc-
NOMHAeMblE Mpu nomMowm ymHoxuTens-casuratens MS. B wabnoHe uudpa «1» obosHavaeT npuHagnex-
HocTb K nepeomy Tuny (OP1), undpa «2» cootBeTcTBEHHO KO BTOpoMy Tuny (OP2). CnoBo «sub» 03Havaet
KoMaHZy accembnepa, ana KOoTopoi caenaH wabnoH. «&reginx1» obo3Havaet, 4To napameTpoM SBMSETCS
BXOZHOW PErucTp € TaromM «X» W C NopsakoBbIM HOMepPOM «1». «&reginy1» obo3HavaeT To Xe camoe 3a uC-
KMKOYEHWEM Tara, BMECTO «X» 34eCb «y». Tar HeobxoaUm Ans KOPPEKTHOrO CBA3bIBaHUS ABYX KOMMOHEHTOB,
ABYX onepauuit. «&regoutl» SBNSeTCS NnapameTpoM A5 BbIXOAHOTO PETUCTpa C NyCTbiM TArOM W C NOPSAKO-
BbiM HOMepoM «1». LLIabnoH He 06s3aTeNbHO JOMKEH COCTOSTH TOMbKO M3 OAHOM KOMaHabl accembnepa,
WwabnoH MoXeT coaepkaTtb kog ntoboro pasmepa.

RISC-sapo MukponpoLeccopa He NoaAepk1BaeT napannenbHoe BbiNONHEHWe onepaLuin B UHCTPYKL K-
X, BO3MOXHOCTb pacnapannenueanns o6paboTku gaHHbIX ecTb Tonbko y DSP-agpa. Mapannenusm DSP-
sapa obecneunBaeTCs 3a CYET HaMMUMs HECKOMbKWX OnepauynoHHbIx ycTpoicTs (ALU). Pacnapannenusaxuve
BO3MOXHO ecrnu ABe onepauuu, He CBS3aHHbIE MO AaHHbIM U UMEOT pasHble TuMbl. ECnn xBaTaeT perncTpos
obLiero HasHa4eHWs 415 BbIMOMHEHNUS ABYX ONepaLyi, U OHWU MOTYT BbIMOMHATLCS NapaniefisHo, NPOUCXOAUT



reHepauus napannenbHOM KomaHdbl. B npoTuBHOM e cnyvae, pacnapannenuBaHus He NPOUCXOAWT, U KO-
MaHZbl BbINONHAOTCS nocneposatensHo. B DSP-agpe npoueccopa MC-24 3agaHvie napannenbHO BbiNOSHS-
OLMXCH KOMaHA, OCYLLECTBNSAETCS 3a cyeT ucnosb3oBanus VLIW-WHCTPpYKLMI, KOTOpblE MOTYT BMELLaTb 4O
TPEX OAHOBPEMEHHO BbINOMHALLMXCA KOMaHA.
MprMep UHCTPYKLMKM 415 BbINOSTHEHUS ABYX Onepauuii OQHOBPEMEHHO:
mpss R2,R4,R10  or R8,R6,R12
[Mpumep nocrneaoBaTeNbHOTO BLINMONHEHUS TEX e ABYX Onepavuii:
mpss R2,R4,R10
or R8,R6,R2

KomaHaa «mpss» BbINOMHSET YMHOXEHWEe ABYX Lienblx Yucen B hopmate «shorty n npuHagnexur K -
ny OP2. KomaHga «or» npeaHasHayeHa ans BbinonHeHns norudeckoro UMW B dopmate «shorty, npuHaane-
xuT K rpynne OP1. B nepBom crnyyae pernctpoB xBaTaeT, W onar napanfiesisHOCTU Haxo4uTCs B COCTOSIHUM
«1», B TO BpeMs Kak BO BTOPOM Crlyyae, PerucTpoB Tak e XBaTaeT, HO hiar napanmnenbHOCT OnyLLeH B CO-
cTosHne «0», cnegoBaTenbHO, NapannenbHoCTb He peannayeTcs. Cuctema MHCTPYKUMA 1 rbkue agpecHble
pexumbl DSP-gapa no3BonsatoT adhhekTMBHO peanin3oBaThb anropuTMbl CUrHanbHoi obpaboTky.

[ns pabotbl kaxgoro sapa mukponpoueccopa, RISC n DSP umetoT Habop pernctpos obulero HasHa-
JeHns. VicxoaHble faHHble 1 pe3ynbTaTthl Beex onepauuin ALU xpaHaTcs B peructpax obuiero HasHayeHus. B
KoporeHepaTope CO30aéTcs BUPTyanbHas Tabrnuua perucTpoB C 3afaHHbIM KONMYECTBOM Sf4eek (4ony-
cTuM, 8), TO ecTb B Havane paboTbl kogoreHepaTopa umeem 8 cBOBOAHbIX PErncTpoB Ans obecneyeHns nog-
FOTOBKW JaHHbIX Ans komaHg (puc. 2). B npouecce paboTbl kogoreHepaTopa Tabnuua nocTeneHHo 3anosHs-
eTCs 1 BO3HMKAET HeobxoanMocTb B cBOBOAHBIX perucTpax. Iocne Toro, kak Bblaanu KOMNOHEHTY BCe Heob-
XOOMMble PErUCTPbI U CreHepUpoBani o4epesHyo KOMaHay, ounLiaem BXoaHble peructpbl. Korga Bce peru-
CTpbl B Tabnuue nomeyeHbl kak HecBOBOAHbIe, TO 3aAaHHLIM anropuTMOM BbIOOPKK Monyyaem nobon pe-
MUCTP, KOTOPbI HE MCMOMNb3YETCS B JaHHbI MOMEHT, COXPaHSIEM €r0 3Ha4YeHWe B NamsTb 1 MOMEYaeM CBO-
6oaHbIM. BO3MOXHbI pasnuyHble anropuTMbl BbIBOPKW perncTpoB M3 Tabmuubl, B AaHHOM KOAOreHepartope
peann3oBaH CnyvanHbIn BbIBop. Kaxabi peructp cogepxut B cebe nopsaKoBbld HOMEP, dnar 3aHATOCTH B
[aHHOM MOMeHTe, hriar BO3MOXHOCTI OCBOBOXAEHUS 1 UOEHTU(MKATOP CBA3M (NMHKA) C APYrMM KOMMOHEH-
TOM.
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Puc. 2. Mpumep Tabnuubl perucTpos B Havyane paboTbl reHepaTopa

Mone «Value» nokasblBaeT NOpsAKOBLIA HOMepP perucTpa B Tabnuue, dnar «Busy» sBnsetcs dnarom,
KOTOpbIA NOKa3bIBaeT, MOXHO 1 0CBOBOXAATb perncTpebl, ecnm «Falsex», To pernctp MoxHO ocsoboanTs. lo-
ne «Link» nokasbiBaeT, Kakon NOEHTU(MKALMOHHBIN HOMEp Y CBA3YIOLLEro 3BeHa Mexzay ABYMSI KOMMNOHEHTa-
Mn. ®nar «Now» cnyxuT 4ns oTobpaxeHns COCTOSIHWS 3aHATOCTW PerucTpa Ans TekyLero KoMnoHeHTa. Mone
«Value» He M3MeHsIeTCA Ha NPOTsHKeHUM BCel paboTbl reHepaTopa. PaboTta nporpamMmmbl HEBO3MOXHA, eCru
BO BXOAHbIX MapameTpax reHepatopa ykasaTb KOMMYECTBO PErnCTPOB MEHbLLE YeM KOMWMYECTBO PErncTpoB
HeobXxoanMoe Ans BbIMOMHEHNS KaX4on 13 onepauuit. [pyrumm cnoBamm, €Cnn ykadaTb BO BXOAHbLIX Napa-
MeTpax Ko4eCTBO PerncTpoB 2, a Kakon-To onepawun Heobxoaumo 3, To paboTa reHepaTopa HEBO3MOXHa.

Bce 06bekTbI B Cxeme CBs3aHbl Mexay cobon nocpeaCcTBOM NUHKOB. [apameTphbl, CBOMCTBA M CaM fIMHK
OnucaHbl B cxeme (puc. 3).

<links>
<link id="1240" comment="" tag="" subtype="read" source="1200" tar
<link id="i241" comment="" tag="" subtype="read" source="i203" tar
<link id="1252" comment="" tag="" subtype="read-erase" source="123

Puc. 3. Mpumep NpoMEXyTOMHOMO NpeaCTaBNEHNst CXeMbl NPOrpaMMbl, TAE ONPeaensitoTCs CBA3N



B cBsizaHHOM rpache, nonyveHHOM nocne pasbopa cxeMbl, COAEPKUTCA BCS Heobxoaumas MHopMaLms
06 0bmeHe gaHHbIMK. JIMHKY CONOCTaBNSETCA agpec BO BHYTPEHHEN NamsiTy 3agaHHoro npoueccopa (byae 1o
RISC nnu DSP). B kaxabIin perucTp 3anucbiBaeTcst MaeHTUgmKkaLmoHHsin Homep(ID) nuHka, 4tobbl 3HaTb ANs
KaKoro BXOAHOrO WNW BbIXOAHOTO 3HaYeHMs Obin BbiaaH peructp n3 Tabnuubl. Ecnn Ha npoTsikeHnn paboTbl
reHepaTopa HeobxoaMMo COXpaHuUTb Kakoe-nbo 3HaYeHWe coepxallnecs B PEMUCTPE, TO 3HAYEeHUe NuweT-
Cs N0 aapecy ykazaHHOMY B nuHke. Ecrin HeobxoaMmMo nonyynTb 3Ha4YeHNe, TO BbIFPY)XaeM €ro 13 NnamsiTy.

Wcnonbays onucaHHble Noaxodbl K MOCTPOEHMIO KOZOreHepaTopa, MOXHO nonyyuTb pabotatowme npo-
rpammbl ana RISC-agpa Ha accembnepe u ans DSP-sapa kak Ha napannensHoM, Tak U Ha nocrnefoBaTesb-
HOM accembnepe. B npuBeaéHHoOM Huxe Tabnuue (Tabnuua) nokasaH reHepupyembln Kog v ero pesynbtat
BbINOSIHEHUS ANS ABYX SiAEp MUKponpoLeccopa no cxeme o6bekTos(puc. 1).

Tabnuua
lMporpaMMHble peanusaLm paboTbl CXeMbl
Mporpamma ans RISC-sgpa IMporpamma anst DSP-sigpa
li $2,0x2 move 0x2,R2
li $3,0x5 move 0x5,R4
li $4,0x4 move 0x4,R6
sw $2,0x80000014 move 0x00000014,A2
or $5,$2,$3 move R2,(A2)
mul $3,$2,$2 mpss R2,R2,R8 or R2,R4,R10
add $2,$3,%4 add R8,R6,R4
sub $3,$5,$2 sub R10,R4,R6
sw $3,0x80000990 move 0x00000044,A2
move R6,(A2)
PesynbTaTbl paboTbl NporpamMm
8-7=1 8-7=1
PesynbTat nuwetcs B pernctp $3 PesynbTat nuweTcs B pernctp R6
RIS, Ranictarc 204 _L: ROS RO4 0000 o008
o | (NAED apaaasen 206.L: RO7 RO& 0000 0001
1% st 3atem B namsTb no agpecy 0x00000044
6| a2z 00000000
1 00000040 | 00000000
9 |t1 00000000
00000044 | 00000001
12| ta 00000000
t { 00000048 | 00000000
3atem B namsTb no agpecy 0x80000990
80000950 01 00 00
80000921 oo 0o 00

Pa3spaboTaHHbIn NOAX0A MO3BONSET YNPOCTUTb CO3OaHNE TSKEMbIX NPOrPaMMHBIX KOHCTPYKLMIA NYTEM
reHepauuy napannenbHoro accembnepHoro koga BMECTO CROXHOMO PY4HOrO MporpamMMMpoBaHUs napars-
nenbHbIX accembriepHbix KoMaHa. B kavecTBe Lenesoi nnatopMbl Npu paspaboTke 1cnonb3osancs npo-
ueccop MC-24 Ha 6a3e nnatdopmbl «MYNIbTUKOP». B Bugy otcytcTBusa komnunstopa sabika C/C++, He
NpeacTaBnseTcs BO3MOXHbIM NPOBEPUTL, HACKOMNBKO reHepupyeMmblid koa Gornee onTUMU3MPOBaH, YeM nony-
YaeMblii KOf NPy TPaHCASALWK.
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