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AnHoTanusi. B pabore npenaraercs Mozenb, I03BOJIAIONIAS OINUCHIBATH OIEPALOHHYIO
CEMaHTHUKY MAIIUHHBIX MHCTPYKIMI ISl IIMPOKOTo Kjacca LENEBBIX apXHUTEKTYp.
Oco0eHHOCThIO MOJIENH SIBJISIETCS TO, YTO OHA MpeJHa3Ha4YeHa Ul 00paTHOTO 10 CPABHEHHIO
¢ KJIAaCCHMYECKOH KOMMMISTOPHOW 3amadell TpakTa NpeoOpa3oBaHU, HO B TO K€ BpeMs
MOZIETTb TIO3BOJISIET BBINONHATH HAA HEH pa3NUdYHbIE ONTHMU3UPYIOIINE NPeoOpa3oBaHUSL.
Jnst ommcaHus LeNeBOM MAIIMHBI IIPUMEHSIOTCS BHENIHHE crienudukanuu. PaccmorpeHa
MIPOTOTHITHAS TTOJICHCTEMA HHTEPIIPETALIH MOJICITH.

1. BeaedeHue

AnHanu3 OMHApHOTO KOJa, HaleJICHHBI Ha BOCCTAHOBJICHHE ajlrOPUTMOB U
MIOBBIIIICHUE YPOBHS MX IPEACTAaBIICHUS, BKIOYAET B ceOsl OOJBLIOE KOJIMYECTBO
9TanoB. YacTh U3 UCMONB3YEMBIX ITANOB aHAIN3a IPUMEHSETCS MOCIEA0BATEIbHO,
C IIETBI0 BBIICJIICHHUS WHTEPECYIOIIEH JacTh mporpamMMel. Jpyrue HCIoiIb3YIOTCS
WUTEPaTUBHO VISl BOCCTAHOBJICHHS OT/AEIBHBIX aCIIEKTOB CEMAHTHKH.

B Hacrosiiee BpeMsl akTyaibHa 3a/laua aHalin3a KoJia, CHa0)KeHHOI'0 MEXaHU3MaMH,
MPENSITCTBYIOIIMMH KaK OTJIaJKe, TaKk W CTaTHYeckoMmy aHanu3y. IIpumepamu
MOJOOHBIX MEXaHH3MOB SIBIIIIOTCS Pa3iMYHbIE 3aIlyThIBAIOIIME IMPeoOpa3oBaHuUs
[1]. 3nauurensHas wYacTh TIpeoOpa3oBaHMI Takoro poia HaleleHa Ha
MIPOTHBOICHCTBUE CTATHYECKOMY aHANW3y. Tak, mpeodpazoBaHue «aucteTdepy [2]
HE OKa3bIBA€T 3aMETHOTO  YCIOXKHSIONIETO BIHMSHUSA TP  IPUMEHEHUH
JUHAMHYECKOro aHann3a. Kpome TOro, NCmosip30BaHNE AMHAMUYECKOTO aHAIIN3a B
BHJE CHATHUS Tpacchl paboTHI EIEBOTO Mporeccopa (CTeHIa) U MOCIEAYIOIEro ee
aHaIM3a MO3BOJIAET aHAIM3MPOBATh HE TOJBKO MOJIb30BATEIBCKUN KO, HO U KOA
CHUCTEMHBIN, HAIIPUMED, IPaBEPOB.

B cucreme nmHammueckoro aHammsa koma TrEx [3] mpumensercs momxoxm c
WCIOJH30BAHUEM ITOTHOCHCTEMHBIX CHMYJSATOpPOB it cOopa Tpacc. Cpema
MTOIICPKUBAET HECKOJIBKO IIEJIEBBIX MPOLIECCOPHBIX apXUTEKTyp (B ToM umcie Intel
64 nu MIPS64) 3a c4éT MCHOIB30BAHUS MPOCIOWKH aOCTPaKIMH apXUTeKTypsl. Ha
JAHHBIM MOMEHT yKa3aHHasi MPOCIIOKa 00J1agaeT BO3MOXKXHOCTSIMH J1€KOANPOBAHIS
MHCTPYKIMH B MallIMHHO-HE3aBUCUMBIA BUJA W TOCTPOEHMS YaCTHYHBIX TpadoB
3aBHCHMOCTEH 10 JaHHBIM OTACIbHBIX HHCTPYKIUH. YKa3aHHbIE OCOOCHHOCTH
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MO3BOJISIOT TIPM pean3aldi airOpuTMOB aHalW3a, OCHOBAHHBIX Ha aHAJH3e
3aBUCHMOCTEH, a0CTParupoBaThCsl OT II€JE€BOM MAIIMHBI, YTO, B CBOKO OYEpE/b,
3HAYUTEIIBHO YIPOIIACT Pa3paboTKy.

Bo03M0OXHOCTh MOCTPOEHHS AEKOMITO3UIIMH HA 3aBUCUMOCTH I103BOJISIET IPOBOJIUTH
OoJiee TOYHO pa3IMYHBIC BUIBI aHATIN3a, B TOM YKCIE CIAWCHHT Tpacchl [4, 5]. Tem
He MeHee, BOIPOC MOBBIIIEHHS] YPOBHSI IPEACTABICHHUS BIICTICHHOTO arOPUTMa HE
MOXET OBITh pelieH 0e3 BO3MOXKHOCTH aHajli3a CEMAHTHUKU COCTaBJISFOIINX
AJITOPUTM UHCTPYKLUH 110 OTAENBHOCTH U B COBOKYITHOCTH.

B Hacrosmmeit pabore mpensaraeTcsi MoOJeNb, NPUTONHAS A ONHCAHUS
OTIEPAIlMOHHONW CEMAaHTUKM MAIIMHHBIX WHCTPYKIHH. OIHUChIBaeTCA alrOpPUTM
NpUBEICHNST OMHAPHON MAaIIMHHON MHCTPYKIMHU K MoAenbHOMY BuIy. Kpome Toro,
paccMaTpUBAaeTCsd NMPHMEHEHHE ONUCBIBAEMON MOJEIM K 3a1adye HHTEPIPETALUU
UHCTPYKLHUU.

[Ipexae yeM mepedTH K U3TOKCHUIO TpeAiiaraeMoil MOIEH, HEOOXOIMO YKa3aTh
TpeboBaHus, NCXOSI N3 KOTOPHIX MPHHUMAINCH PELICHUS MIPU €€ TIOCTPOCHHUH.

Monens m0DKHAa TO3BOJISITH — OINKCHIBATH — ONEPAlMOHHYIO CEMAaHTHKY Kak
10JIb30BATENbCKUX, TaK M CUCTEMHBIX WHCTPYKIHMH COBPEMEHHBIX IPOLECCOPHBIX
apXMTEeKTyp. BakHO mojzeparh pasziudHbIE 10 CBOECH IMpPUPOJE HPOLECCOPHBIE
apxurektypsl, kak CISC, tak u RISC. B Habop apXuTeKTyp, paccMaTpHUBABIIAXCS
TIPH TIOCTPOCHUM MozenH, BxomaT Intel 64, MIPS64, PowerPC, ARM v6, SPARC u
Motorola m68k. Omnmcanne ceMaHTHKH HWHCTPYKIMHA STHX apXUTEKTyp TOJDKHO
OBITH JOCTATOYHBIM IS MOAEIUPOBAHUS BCeX (P ()EKTOB BEIOIHEHHS HHCTPYKIUH,
B TOM YHCJI€ TOOOYHBIX (BIUSHHUE HA CJIOBO COCTOSIHHS MAIIUHBI).

HeobxomnMo obecrieunTs TakoW YpOBEHb MOJEIH, KOTOPBIH TO3BOISLI OBl 0Oe3
CYIIECTBEHHBIX  JOMOJHHUTENbHBIX  3aTpaT MPUMEHATh  Pa3JIMYHbIC  BUJIBI
KOMITMJISTOPHBIX ONTHMH3ALMI, TAKUX KaK yJalieHue OOIIMUX MOBBIPAKEHUN WITU
yAaJeHue MEpTBOro Koja. DTO TpeOOBaHME BBI3BAHO HEOOXOIUMOCTHIO HMPOTHU-
BOJICHCTBHS TEM BHWJaM 3alyThIBAIOIIMX MpPeoOpa3oBaHUi, KOTOpbIE HAMEPEHHO
YCIIOXKHSIIOT BBIPAXKEHUSI, BXOJSIIME B ONEPATOpPhl IPOrpaMMbl, WK rpad MOTOKa
yIpaBleHUs] 3a CYeT BBEACHHSA JIyONMpPYIOUIMX WM HepeaJu3yeMbIX MyTeH.
Hanuuwne JAaHHBIX O CEMAHTHKEC MalIWHHbIX HHCT’pyKHHﬁ, COCTaBJIAOIIUX
AJITOPUTM, SBJIACTCA HCO6XOZ[I/IM]:IM Tpe60BaHI/IeM Ipyu pCIICHUHN 3TUX 3aJad. Tem
CaMbIM, MOJIENb JOJDKHA OBITh NPHOJIMKEHA K MTPOMEXYTOUHBIM IPEICTABICHHSIM,
MIPUMEHSEMBIM B COBPEMEHHBIX KoMIIATopax (SSA, TpexaapecHbId KOA M Tak
naiee).

HaxkoHen, HE0OX0AMMO 00€CneYHTh BO3MOXKHOCTh HWHTEPHPETAMH MOJIEIBLHOTO
MMpeaACTaBJICHUS, a UMCHHO YKa3aTb, KaKUM o6pa30M 13 COCTOsIHUA MalllUMHBbI NIEPEC]
BBITIOJTHEHHEM MOJIEIMPYEMO HHCTPYKIMH MOYKHO TMOJIYYUTh €€ COCTOSIHHE TOCIIE.
TeM cambIM MOXET OBITH OOECIIeueH peKUM pabOThl CUCTEMBI aHAJIN3a, CXOIHBIH C
paboTol OTIIaTurKa.

JanpHeiiee TOBECTBOBaHME IOCTPOCHO CIEAYIONMM oOpa3oM. B pasgene 2
NPUBOIMTCST 0030p CBSI3aHHBIX PAa0OT M BBIAEISIOTCS T€ MX OCOOEHHOCTH, KOTOPBIE
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MOTYT OBITh HCIIOJIb30BaHbl MPU PEUICHHH 3aJa4dl MOJEIHMPOBAHUS CEMaHTHUKU
UHCTpyKuui. B paszgene 3 omnumchiBaeTcs MOCTPOEGHHAs MOAENb. Y Ka3bIBalOTCS
OTJCNIbHBIC OOBEKTHI MOJICIM M WX B3aUMOCBs3b. B pasznmene 4 gaercss KpaTKoe
OlMCaHWe CcIocoba creru(uKanuu IEeNeBOW MAIIMHBI M YKa3bIBACTCS CIIOCO0
ITOCTPOCHHSI MOJICITH MHCTPYKIIMU TPU HAJTMYUU TaKoH crienudukaimu. B pasnene 5
KpPaTKO OMNWCHIBACTCS MPOTOTHII HMHTEpIpeTaropa Monend. B pasmene 6 maercs
3aKJIFOUCHUE M YKA3bIBAIOTCS HAMPABJICHUS JadbHEHIINX paborT.

2. 0630p pabom

Pemaemass 3amaua HampsiMylo cBsizaHa C JAByMsl cdepaMH  KOMITMJISITOPHBIX
TEXHOJIOTHI: COOCTBEHHO IIOCTPOSHNUEM KOMITHIISITOPOB U OMHAPHOW TpaHCIISALHEH.

C Toukm 3peHHs 3aaydl MOCTPOCHHUS KOMIMJISTOPOB IEPECceueHHe C HACTOAIICH
paboToil HaxXOAWTCAd HA YpPOBHE IPOMEXKYTOYHOTO IIpEACTaBiIeHUS. Mcmoms3ys
knaccupukanuio U3 [6], MOXKHO OXapakTepH30BaTh dTO MPOMEXKYTOYHOE
npelcTaBieHne Kak TnpenctaBienue Huszkoro ypoBHs (LIR). B camom nere,
HUCXOJHBIMH HOAaHHBIMHU [JIA MOACIMPOBAHUA SABJIAIOTCA MAIWHHBIC HWHCTPYKOHU,
OTIepUpPYIOLINE ¢ KOHKPETHBIMHM PETUCTPAMM U aJpecaMH B NaMATH (B IMPOTHUBOBEC
BHPTYQJIbHBIM PETUCTpaM WIH TepEeMCHHbIM). HecMoTps Ha TO, 4YTO Takoe
MIPEICTABIICHHE MOXKET OBITh MEXaHHUYECKH IMOBBIIICHO IO MPEICTABICHHS CPETHETO
ypoBHs (MIR) 3a cuér Toro, 4ro SBISCTCS €ro IOJAMHOXKECTBOM, MOIO0HOE
MEXaHHYeCKOe ITOBBIIICHHE OECCMBICICHHO, TaK BeAET K IOBBHIMICHHIO YPOBHSI
MIPEICTABIICHHS JIUITH (POPMAITBHO.

OnHOl W3 IIMPOKO PacIpOCTPaHEHHBIX ()OPM IPEACTABICHUS HHU3KOTO YPOBHSA
spisiercst popma RTL (register transfer list), mpumeHsemas, ¢ pasIMYHBIMU
Mo (UKaIMAMH, B OOJIBIIOM KOJIMYECTBE KOMITMIISTOPHBIX MIPOIYKTOB, HAIPpUMeEp,
B otkpeiToM kommmiaatope GNU GCC [7]. B GCC Takxe HCHONB3yeTCs
npencTasieHne cpearero yposus GIMPLE.

Crnenyer y4uThIBaTh, OJIHAKO, YTO IOCTAaBJICHHAs 3ajaya, B NPOTHUBOBEC 3ajadye
KOMIIWIISIUH, PEANoNaracT 00paTHBIN TPAKT: OT MAIIMHHBIX MHCTPYKIUH K OoJee
BBICOKAM TIPEICTaBICHUSAM. Takoil TpakT BCTpedaeTcs B 3alavye OMHApHOM
TPAHCIIANNY, KOTJIa MAIIUHHBIC WHCTPYKIUH OJHOM IMPOIECCOPHON apXUTEKTYpPHI
CHadala TIOBBHIIAIOTCA IO HEKOTOPOrO MOJEITBHOTO TIPEACTABICHUS, a 3aTeM
WCIONB3YIOTCSA JJIi CHHTE3a MAIIMHHBIX HWHCTPYKLIUH IpYyroil apXHUTEKTYpHL.
YacTHBIM ~ ciIy9aeM  MOXHO  CYHATaThb  cpembl  JUIL  TUHAMHAYECKOTO
WHCTPYMEHTHPOBAHMUS, B KOTOPHIX MCXOTHAS M LIEJeBas apXUTEKTyphl COBIANAIOT,
Hanpumep, Valgrind [8] u iDNA [9].

B pa6orax [10, 11] OmUCHIBAIOTCSI COOTBETCTBEHHO CHUCTEMa CTATHYECKOW U
JUHAMUYecKol OwHapHOW TpaHcmsnud. O0e CHCTeMBI Cpeid IMONICepPKUBAaEMBIX
apxutektyp ykaspmaroT u CISC-apxurektypy Intel 64. B  kauectBe
MIPOMEXKYTOYHOTO TIPEACTABICHUS HWCHONb3yeTcss pacmmpenHas ¢opma RTL,
HazpiBaemasi aBTopamu H-RTL. Cnemyer oTmMeTwTh, WTO B JaHHBIX paboTax
paccMaTpuBaeTCA BOIPOC TPAHCIISINH JIUIIH ITOJIb30BATEIBCKIX HHCTPYKITHH.
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Cpena Valgrind [8] ucmonb3yeT B Ka4yecTBE NPOMEXKYTOYHOTO MPEICTABICHUS
BuptyasbHylo RISC-Maimmny ¢ nocratouHo manbiM HabopoM onepauuid. [Tpu sTom
perucTpoBblii  (aitl ¥ TPOCTPAHCTBO MNaMSATH LEJINEBOW MAIIMHBI  SBJSIFOTCS
BHEIIHUMH 10 OTHOLICHUIO K BUPTYaJdbHON MaIllMHE, TO €CTb TPAHCIALUM HE
nojBepratotcs. Valgrind He moaiep>kuBaet cucteMHble HHCTpyKIMu. Kpome Toro, ¢
TOYKH 3pEHMs paclupseMocTy cpeaa Valgrind nocratouno Hey 00HA: TpaHCISALIUS
B MPOMEXYTOYHOE TMPEACTABICHUE M TNOCIEAYIOIUA CHHTE3 3aKOAMPOBAHBI
HampsIMylo, a HE TIPH IOMOINM BHEMHMX cnenudukamuii. Kpome Toro, stamsl
JEKOANPOBAHUS MHCTPYKIHMU M (JOPMHPOBAHMS €€ MOJEIH HE OTIENICHBI APYT OT
JpyTa, 4TO BHOCUT JIOTIOJIHUTEIIbHBIE CI0KHOCTH.

Cpenu CyIIECTBYIOIIMX CUCTEM OWHApHOW TPAHCISIIUK pEalbHBIA HWHTEpEC B
KOHTEKCTE JaHHOW paOOTHI MPEACTABISIOT JIHIIb TE, KOTOPHIC, BO-IICPBHIX, B TOM
WIA MHOM BHJIE UCIIOJIB3YIOT Crieln()UKAIMYU ISl OMKMCAHUSI MAIIUH U, BO-BTOPBIX,
crocoOHBI poBOANTH TpaHcswio u3 U B CISC-apxutektyps! (B yacTHOCTH, Intel
64). Tpaucnamus B umHCTpykKnmu CISC-mammebl HeoOXoanMma uisi oOecreueHHs
3G (GEKTUBHOrO pEIICHUs 33aqadyd HWHTepIpeTanud. B TO BpeMs Kak MepBoe
TpeOOBaHHE pEATN30BAaHO B JOCTATOYHOM KOJHMYESCTBE PACCMOTPEHHBIX pPadoT,
BTOPOE 3HAYUTEIILHO OTPAHUYHUBACT ITOT CITUCOK.

IIpoBeneHHBIE 0030p pPabOT TMO3BOMSACT CHENATH BBIBOJ O HEOOXOIUMOCTH
peanu3ayy CBOeH MOAEIH ONEepPAIlIOHHON CeMaHTHUKN MAIIMHHBIX HHCTPYKIUN, HE
oOmamaromieli HEOOCTaTKAMH PACCMOTPEHHBIX paboOT W YIOBJIETBOPSIOLICH
3asMBICHHBIM  TpeOoBanusM. [Ipemmaraemass Mozaenb MpeaAcTaBiseT  coboit
KOMOMHAIIMIO  BO3MOXKHOCTEH  PAaCCMOTPEHHBIX CHCTEM C  JIONOJHEHHEM
OpUTI'MHAJIbHBIMUA OCOGCHHOCTHMI/I. be3 u3sMeneHuii MoXeT 6]:.ITI) HCIIOJIb30BaHa
MOJIETIb aJJPECHBIX MPOCTPAHCTB, MCHONb3yeMas B Onmu3kux Buaax B [8] u [3]. Bo
MHOTOM YJOBJICTBOPSCT 3asABJICHHBIM TpeGOBaHI/leM MOJ€JIb, HCIIOJIb3yEMasl B
KadecTBe MPOMEXKYTOYHOTO TMpeacTaBiieHUss B [8], OIHAKO OHAa JOJDKHA OBITH
JIOTIOJTHEHA BO3MOJXKHOCTBIO TOJTPY3KH BHEIIHHMX crHenu(pUKanuii Hamoooue
ucrnosb3yembix B [11].

3. Modenb onepayuoHHOU ceMaHmMuKu

[lepen u3I0XXKEHHEM IIOCTPOSHHONH MOJENIN HEOOXOAUMO O00O3HAUUTh HEKOTOpPBIE
CIIO)KHOCTH, C KOTOPBIMH IPHUXOJUTCA CTAJIKMBATHCS NPU MOJEIUPOBAHUU
COBPEMEHHBIX HaOOpPOB MHCTPYKLMHA. B Oomnblleil 4acTH yka3zaHHBIE CJIO0XXHOCTH
otHocsTes kK CISC-apxutektypam, B yacTHOCTH K Intel 64.

IlepBoii CIOXHOCTBIO SIBISIETCS HETPUBHAIBHBIA BHJ PETHCTPOBHIX (haiimoB
COBPEMEHHBIX IporeccopoB. Tak, perucTpel MOTYT ABIATHCA YACTAMHU APYT ApPyra
(Intel 64), pacrionaratbcsi B HECKOJBKUX TeHEBBbIX HaOopax (MIPS64) wnu umersb
opranusaiuio B Buue peructpoBbix OkoH (SPARC). IlomoOHble WAMOMBI B
PETUCTPOBOM (aiijie MPUBOAAT K HEOOXOIUMOCTH 00ECIICUCHHS JOCTATOUHO IMOKO#
ero Mojeny. Takoil MOJETIbI0O MOXKET CIIYXKHUTh MOOeb a0pechblx npocmpancms 3],
ucrions3dyeMas B TrEX mpu JE€KOMIIO3MIIMKM Ha 3aBUCHMOCTH M Oosiee MOAPOOHO
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omucaHHas aanee. Kpome TOro, CXOMHBIM CIOCOO OMMCAaHWs PErHUCTPOBOTO daiima
UCTIONB3yeTCs U B cpene Valgrind.

Bropoit cnoxxrHOCTBIO, XapakTepHOi it CISC-apXuTekTyp, SBISETCS HaIHIHC
CJIOBA COCTOSIHMS MAllMHbI, H3MEHEHHE KOTOPOTO B KadecTBe M0O04HOro sddexra
BXOIUT B CEMAaHTHKy MHOTHX HMHCTpyKumi. B cooTBercTBHH C TpeboBaHHMEM
NPUTOAHOCTH MOZAENU A TPOBEIACHHS pPAa3IMYHBIX aHAIW30B HEOOXOIUMO
UCKIIIOYNTHh HesiIBHOE OOHOBieHHe ciioBa cocTosiHusi. C  Opyrod  CTOpOHSBI,
HEKOTOpbIe U3 crarycHbIX (uiaroB Intel 64, Hanpumep ¢uar yetHoctu PF, cioxno
HepeCYUTHIBATh BPYUHYIO (TpeOyeTcsi Kak MUHUMYM 9 omeparuii st 0OHOBJIEHHS
storo ¢uara it 32-OMTHOro 3Ha4YeHWs Oe3 NPHMEHEHHWs TaOJuIl Iepecdera).
Takum 06pazom, He0OXOIMMO MoIEPkKaTh OalaHC MEXTy MUHUMAaIbHBIM 00 beMOM
1MoOOYHBIX 3(P(EKTOB B oneparopax MOJEIN W 00BEMOM (C TOYKH 3pEHMs 4Yucia
NPUMHUTHBHBIX OIlepanyii) TPAHCIIUI PacpoCTPpaHEHHBIX HHCTPYKLIHUH.

VYka3zaB OCHOBHBIE CIIOKHOCTH, MepelJeM Terepb K OIHMCAHMIO IIpeliaraeMoi
mojenn. O0Imas cxema MOJIeNy IpUBeICHa Ha puc. 1.

Mogens CemMaHTHEN HHETRYKUMK AppecHoe NPOCTPAHCTED PErMCTPOR

Onepamop 1
v AQpPecHOR NPOCTPAHCTEC NAMATH
Onepamop 2 .

APPLY (i32) 1.3, add.i32(L.1, 1L.2)

Onepayms
add.i32: i32, 132 — (32 Onepamop N

Y
Onepauna
and.i32: 32, 132 — 132 Nokaneueie nepemennuie

. L1.L2,L3, Atom Atom ATtom
. 16 i32 iB4

Puc. 1. Obwas cxema mooenu.

Monenb ceMaHTHKH OTAETBHON MHCTPYKIIUH TPEACTABIACT COO0H YHOPSIIOUEHHBII
HaboOp onepamopos, ONNCHIBAIOIINX ACHCTBHS, IPOU3BOAUMEIE HPOIECCOPOM IIPH
BBIMOJIHEHUH JAaHHOW MHCTPYKIMH. OTHeNbHBIE OMNEepaTopbl HCIONb3YIOTCS Ui
NPUMEHEHUs] onepayuil, oOpallleHus B adpecHvie NpoCmMpancmed U BETBIEHUS. B
KauecTBe IapaMeTpoB ¥ BO3BpallaeMbIX 3HAYCHUH oOlepauuil QUrypupyror
JoKanvuble nepementvle. OCYIIECTBISAETCS HECIOXKHBINA KOHTPOJIb TUIIOB HA YPOBHE
amomos.

OmnepaTopsl ynTaroTCA (IPU UHTEPIPETALUU — BBIOJIHIIOTCS) MOCIE0BATENBHO.
OO0nacTh BUAMMOCTH JIOKAJIbHBIX [IEPEMEHHBIX OIpaHWYeHa eJANHHLEH TPaHCISILUH
(To ecthb oaHOW HMHCTpyKiuei). CrneayeT MOSCHUTh, YTO B XOJE JajlbHEHIINX
ONTUMU3AIMKA  CAWHUIIA TPAHCISAIHMKA MOXKET OBITh PACHIMPEHa, OJHAKO
NIE€PBOHAYAIBHO ITPOU3BOAUTCS TOCTPOEHHUE MOJENH sl OAHOW MHCTPYKLIUU.

Kaxxmas u3 yka3aHHBIX CYIIHOCTEH ommcaHa MoApoOHO B CIEAYIONINX OApa3aesax.
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3.1. ATomblI

IlepBoil U3 KOHLENUMI, BBOAMMBIX B MOJENH, SBJISAIOTCS amomsl. Ilon atomom
OyZeM OHMMATh MAllIMHHBIA THII, TO €CTh AIIEMEHTAPHBIN OJIOK JaHHBIX, KOTOPHIM
MOTYT OIIEPUPOBATH MAITHHHBIC HHCTPYKIIH.

[Ipumepamu aToMOB OyayT SBIATHCS 32-OMTHBIE LENbIE YHCIIa, YUCIIa C TIaBatoIIei
TOUKOIl [BoMHONW TO4HOCTH, SIMD-BekTOpsl M T. I. XapaKTepUCTUKOM aToMa
SBIISIETCSI pa3Mep OJI0Ka TaHHBIX, MM OIHCHIBAEMOTO.

HekoTopasi W30BITOYHOCTh, BBOJIMMAsi aTOMaMH, OKAa3bIBaeTCsA IOJIE3HOM JJIs
obecrieueHns KOPPEKTHOCTH MTOCTPOSHHBIX MoJielieil. B camoM siene, MOXHO ObLIO B
Ka4yecTBE XapaKTEPHCTHKH OJIOKa MAIIMHHBIX JaHHBIX HCIIOJIb30BAaTh TOJBKO HX
pa3Mep, He IoMedasi UX HUKAaKMM aTOMOM. TeM He MEHee 3TO UpeBaTO MONBITKON
NPUMEHEHHsI OINepalyy HaJ 4YHCIaMH C IUIaBaloUleld TOYKOH K, Harpumep,
[EJIOYNCIIEHHBIM JaHHBIM. Takas TONBITKa TpPH HCIONB30BAaHUHA aTOMOB OyIeT
IpecedeHa Ha JTale NpPoBepKH Moaenu. Kpome TOro, TernpoBaHHE MaHHBIX
aTOMaMH  TIO3BOJISIET HMMETh  OoJiee  YUTaeMBIX  BHA  MPOMEKYTOYHOTO
NPEACTAaBICHNSA: AHAIUTHK MOXET, TJsAd Ha aToM JaHHBIX, [OJYYHTh
MIPEICTaBICHAE O UX IPUPOJIE.

JoroBopumcst Ay JanbHEWIIero u3jaoxeHus nopn i8, il6, i32, i64 noHuUMaTb
COOTBETCTBEHHO 8-, 16-, 32- 1 64-0UTHBIC 1ICIIOYNCIICHHBIE ATOMEI.

3.2. Onepauuu

Kak u npu m060M IpUMEHEHHH ONEPAIIOHHOTO MOAX0Ja K ONMCAHUIO CEMaHTHKH,
HEoOXOJUMO OIpeleNiaTh NPUMUTHUBHBIE onepayuu, 4Yepe3 KOTopble Oyner
OIIHCHIBATHCS MOBEICHUE LIEIE€BOI MaIIUHBI.

B cootBercTBUEM ¢ TpeOOBaHHMEM O MPOCTOTE MOJEIM BO3HHKAET €CTECTBEHHOE
TpeOOBaHHWE K OTCYTCTBHIO IMOOOYHBIX 3(dexToB y omepammii. K coxanenuro,
NOZOOHBIN MOJAXOJ MPHUBEAET K HEOOO3PUMBIM O 00BEMY MOEISIM HHCTPYKIHUIA
Intel 64 wu3-3a OOHOBJEHHSA OOJBIIOrO KOJHWYECTBA (DJIATOB CIIOBA COCTOSHHS.
Kommpomuccom 3z1ech Oyner sBISATBCS HECKOJBKO oOJierdeHHoe TpeOoBaHHE K
nobouyHbM 3(dexkTaM omepamuid: omepaius He JO/DKHA HMETh MOOOYHBIX
3¢ dexToB, KpoMe, BO3MOXKHO, YTCHUS M 3alUCH HEKOTOPHIX (PJIArOB MOJEIBHOTO
CI08A COCMOSIHUAL.

Cienyer OTMETHUTb, 4YTO TMPU TPAHCIALUUH JOCTATOYHO KPYIHBIX DPErHOHOB
MpOoTpaMMbl (HampuMep, CymnepOIOKOB) ¢ MPUMEHEHHEM ONTHUMH3AINN MOOOYHEIE
3¢ deKThl, yKa3aHHBIC SIBHO, MOTYT HCIIOJB30BAThCS, TaK KaK BECh W3JIMIITHHNA KO
Oy/ieT MCKIIIOUEeH B pe3yJibTaTe ONTUMH3AaLUKU. TeM He MeHee, IIOCKOJIBKY OJHOH M3
Tpe6yeMb1x BO3MOXXHOCTEH SIBJISICTCS HUCIIOJIb30BaHUE MOJCIIHU AJiA pa60T1>1 CHUCTEMBI
B PEKUME OTIAJKH, OT TAKOTO MOIX0a IPUXOJAUTCS OTKA3ATHCS.

MopenbHOEe CIIOBO COCTOSIHUSI IPEACTaBIsieT Cco0Oo¥ 16-OMTHOE 3HAYEHHE,
BKIrovaromiee (uaru cocrosaus Intel 64: AF, CF, OF, PF, SF, ZF. Kak noka3biBacT
HpaKTKa, O6HOBJ’ICHI/I51 3TUX q)HaFOB J0CTAaTOYHO HE TOJBKO OJId MOJIeJ'II/IpOBaHl/ISI
Intel 64, o u RISC-mamun, Takux kak MIPS64 unn ARM.
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Onepanuy SBHO CIEUGHULUHPYIOT i-MACKY U 0-MACKY, TO €CTh Habop (hiaros ciosa
COCTOSIHUSI, KOTOpBIE IaHHAS OIlepaLysl MPOCMaTPUBAET U U3MEHSIET. DTO MO3BOJISIET
NPOBOJINTh HEKOTOPBIE BHUJbI aHaJM3a, HAIPUMeEp, CJIAiiCHHT, 0e3 HEOOXOAMMOCTH
pasyiMueHHsT TOBEAEHHWS OTHEIBbHBIX ONEpalyi, JMIIb 32 CYeT TOYHOU
cnenuduKaMy 3aBUCUMOCTEH 110 JaHHBIM, BO3HUKAaGMBIX B pe3yJbTaTe
MIPUMEHEHHS 3TUX OIEePaLUii.

OObenuHsisi BCE BBINIECKa3aHHOE, NPUXOJUM K CIEAYIONMM XapaKTEpUCTUKaM
oliepalMii: UMsi, BO3BpAILlaeMbIl aTOM, aTOMbI I1aPAMETPOB, i-MacKa U O-MackKa.
VYkakeM HEKOTOPbIE U3 CTAaHJAPTHBIX ONEPAIMii MOJIEIIH.

1. Omepaunst add.i32 mpencraBiser coOOH IEIOYHCICHHOE CIIOKeHHE 32-
OWUTHBIX LIENbIX. ATOM pe3ysibTara 3TOM onepanuu — i32, OHa MMeeT JBa
rapameTpa, KakI0My U3 KOTOPBIX TaKXkKe COOTBETCTBYET aroM i32. I-macka
9TOW oIepanuu IycTa , a 0-Macka BKitowaeT B cebs ¢marm AF (BCD-
nepenonaenne), CF (nepenonuenue), OF (3nakoBoe mepemnonnenue), PF
(aetHocth), SF (3Hak), ZF (HOMB).

2. Omepauus smask.c.il6 momydaer B KauecTBe mapamerpa 16-6utHOe menoe
3HaueHue (i/6) u Bo3Bpamaer Takxke i/6. Ee moBeneHume TakoBo: Bce
cOpoleHHbIe OWTHI TapaMeTpa KONMPYIOTCS B COpOIICHHOM BHJIE B
pe3yJbTat, a BHICTaBICHHbIE OMTHI 3aMeHsI0TCs Ha 3HadeHue ¢uiara CF u3
cioBa cocTosiHMs. Takum 00pa3oM, i-mMacka 3TOH Omepaluu COCTOUT U3
¢nara CF, a o-macka mycra.

3.3. AgpecHble npocTpaHcTBa

Kak ObLIO yKa3aHO BbIlIe, Ui PELICHUS MPOOJIEMBI CIOKHO OpPraHH30BaHOIO
peructpoBoro (aiisia MokeT ObITh MPUMEHEHa MOJEb aApPeCHBIX MpocTpancTB. C
TOYKH 3PEHHsI 3TOW MOJIENI BCE METO/Ibl aipecallii, C KOTOPBIMH MOXKET paboTaTh
MalllMHa (PerucTpbl, MaMsTh, MOPTHI BBOJA-BBIBOAA), CBOISTCS K €IMHOM cxeme:
Ka)XJJ0€ aZipecyMoe AaHHOE NPE/ICTABISIETCS B BUIE CCHUIKM HA OJIHO M3 aJPECHBIX
NPOCTPAHCTB M CHA0XKAETCsl yKa3aTelleM B 3TO a/IpeCHOE ITPOCTPaHCTBO.

Jnst  OpOCTpaHCTB — ONEPATMBHON MaMsITH Takoe OTOOpaKeHHE BBOJMTCS
€CTeCTBEHHBIM 00pa3oM. HeciokHO paciiipuTh €CTECTBHHOE MPEACTABICHHE U Ha
MPOCTPAHCTBO OPTOB BBOJIA-BhIBOA Intel 64.

PeructpoBerii  ¢aitnmn oToOpaxkaeTcsi B aApPECHOE IPOCTPAHCTBO CIETYIOIINM
obOpazom. BeiOupaercs pasmep ampeca, TO3BOJSAIONINA BMECTUTh BCE allpecyeMble
PETHCTPBl MAIIMHBI, TIIOCIE€ YEero pPEerucTpbl pa3MEIMIaloTCs B  CTPOSIIEMCS
MIPOCTPAHCTBE B MPOU3BOIBHOM IOPSIKE, HO C YUETOM HAJIOKEHHUH U ITePEeCceIeHHUI.
Puc. 2 wumoctpupyeT 3Ty HIE0 Ui HEOONBIIOW YacTH PETrHCTPOBOTO (aiina
Intel 64.

171

AL[ A

E |
R |

0 16 32 64

Puc. 2. ®paemenm adpecrnozo npocmparncmea pecucmpos Intel 64.

[Tpu uCronb30BaHMM TAKOTO II0/IXO/1a HE TOJIBKO pelaercs MmpodjeMa CIIOXKHOM
OpraHM3ali PerucTpoBoro ¢aiia, HO ¥ BBOAWTCS YHU(HULUUPOBAHHAS MOJEIb
aZipecyeMbIX JaHHBIX, YTO MO3BOJIIET HE PAacCMATPUBATh OTAEIBHO KaXKIbIH U3 UX
BUJIOB.

Wtak, B paMkax IpeajaraéMod MOIENH agpecHble IPOCTPAHCTBA MAIIWHEI
BKJIIFOYAKOT B 06651 PETUCTPLI, MMaMATb, TOPThHI BBOJAA-BbIBOJAa U MPOYHC HOI[O6H])IG
CYIIHOCTH M XapaKTepU3yIOTCsl aTOMOM ajpeca (Hanpumep, i64 mis 64-OuTHOM
namst). us ynpoiieHuss paboThl C aJpEeCHBIMH IPOCTPAHCTBAMU MOTYT OBITh
BBE/ICHBI 1CEB0OHUMbL, T. €. UMEHA Ul HEKOTOPBIX II0CIIEIOBATEIbHBIX OJIOKOB
a/IpecoB aJPECHOTO TPOCTpaHCTBA. llceBHOHMMBI Hamboyiee IMPUMEHUMBI JUISA
0003HAUEHHsI PETHCTPOB, HO MOTYT HCIOJB30BaTbCs M B JAPYTHX aJpPECHBIX
NPOCTPaHCTBaX (HapUMEp, B KayecTBE CHMBOJIOB JUIS  3aKPEIUICHHBIX
ApXUTEKTYpHO aJpecoB B IMaMATH, B YacTHOCTH, aJIpecoB 00paboTYHKOB
HCKITIOUCHUH ).

B HeiigX NpuBCACHUA HaﬂbHeﬁHIHX IpuMepoB 6yZ[6M CUUTATb, YTO 3a/1aHO aIpE€CHOC
MMPOCTPAHCTBO PECTUCTPOB, HA3BIBACMOC 7.

3.4. JlokanbHble NnepeMeHHble

IIpn mocTpoeHHM ONEPaTOPOB B ONUCBIBAEMONM MOJIENIN MOTYT HCIOJIb30BaThCS
JIOKAJIbHBIE IIEPEMEHHBIE. BpeMsi KHM3HHM JOKalbHBIX IEPEMEHHBIX OrPaHUYEHA
eAMHULEeH TpaHcHsauuK. Tak, IpH TPAaHCIALUUH OTAEIbHBIX MHCTPYKLUI JTOKAIbHbIE
MepEeMEHHbIE JIOKAJbHBI B paMKaxX JTaHHOM MHCTPYKIMH W HCIOJB3YIOTCS [UIs
XpaHEHHs PEe3yJbTaTOB MPOMEXYTOUYHBIX BBIYMCICHHUH. JIOKadbHBIE MEpeMEHHbIE
XapaKTepU3yITCsl CBOMMHU HOMepaMu. B nemsx ynpomieHus JajabHEHIIero aHaansa
K JIOKJIBHBIM NIEpEMEHHBIM IPEIBSBISIOTCS TpeOoBaHUs SSA-(DOPMBIL.

[IpuHrMas BO BHUMAaHHE JOCTATOYHO NPOCTOM C TOYKH 3PEHHS BHYTPECHHHUX
nepeaay yrnpasieHHUS BUJ MAITUHHBIX WHCTPYKIWH, MOXKHO HE BBOAHTH OIEPATOP ¢
B MO/IEJIb.

Ilpu ompeneneHuu JIOKaJbHOW MEPEMEHHOM C HEM COIOCTABISAETCS aTOM MpPaBOi
YacTH COOTBETCTBYIOLIETO OIEPATOPA.

JlokanpHble TIepeMeHHble Oynem oOo3HauaTh uepes tN, rame N — Homep
HEPEMEHHOM.
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3.5. Onepatopbl moaenu

Mogenp mpemiaraeT CleAymome 8§ OIepaTropoB, B KOTOPbIE OTOOpaskaeTcs
OTIEpaIMOHHAs CEMAHTHKA TPAHCIUPYEMBIX MAIIMHHBIX HHCTPYKIHUI.

1.
2.

o [Ipumep: INIT (i16) t.3, 0x40

3.

e [Ipumep: APPLY (i32) t.2, xor.i32(t.0, t.1)
o IIpumep: APPLY (i16) t.22, smask.c.i16(t.4)
4.

Omneparop NOP, He nMeromuii HUKakoro s Qexra.
Omnepatop INIT, wuHHUIMATU3UPYIOIIMHA  JOKAJIbHYIO  IE€PEMEHHYIO
KOHCTaHTHBIM 3HaueHueM. KoHCTaHTa 3ajmaercss B BHIE OHTOBOM
MIOCIIEA0BATENFHOCTH M aTOMA.
=> (il16) t.3 := 0x40.
Omnepatop APPLY, mpumenstommii ofgHy W3 MOAETBHBIX omneparwid. B
KayecTBE MapaMeTpOB M  pe3ysibTara HCHOJNB3YIOTCA  JIOKAJIbHBIE
nepemeHHble. MoxkeT OBITh  yKazaHa JONOJIHUTENbHAs  O-Macka,
OrpaHMYMBAIOIIAs BIMSHUE HA MOJIEIILHOE CJIOBO COCTOsIHUMS. MToroBas o-
MacKa paccMaTpHBaeTCs KaK MOOWTOBOE «HIIM» JAOTOJHUTEIBHON MacKy H
MacKH NPUMEHSEMOMH oIeparyy.

=>(132) t.2 :=xor.i32(t.0, t.1).
=> (116) t.22 := smask.c.i16(t.4).
Onepatop BRANCH, ocymectsasromuil nepenady  yrnpaBlI€HHs.
Paznuyarorcst Tpu BUzA Tepeaadn yrnpasieHus: Oe3yCclIOBHAas, yCIOBHAs MO
Macke M YCJIOBHas II0 CIOXHOMY Ipenukary. Bo Bcex cimydasx
YKa3bIBaCTCsl 3HAKOBOE CMEILCHNE IS TIepelaun yrpaBieHus (B KauecTBe
eIMHMLBI aJpeca WCIOJIB3YETCSl OJWH MOJIENBbHBIM omepaTop). [lpum
HCIIOJIb30BAHUH YCJIOBHOM Hepenayuyl yNpaBIeHUs [0 MacKe yKa3bIBalOTCA
nBa 16-OuTHBIX uncna: rmask u Imask. Ilepenada ocyImecTBIseTCsS TOTAA U
TOJBKO TOTJa, KOTJa BCE BBICTABICHHBIC OWTHI B rmask BHICTaBICHBI U B
MOJZICJIbHOM CIJIOBE COCTOSIHMSI M BCE€ BBICTABJICHHbIE OWMTHI B [mask He
BBICTaBJICHBI B MOJEIBHOM CIIOBE cocTOsSHMA. HakoHemn, ycioBHas
repesaya YNpaBJIEHHsS IO CIOXHOMY TIpEIUKaTy HpOBEpSeT OAUH U3
npenukatoB A (0e33HakoBoe «Ooubie»), AE (6e33HakoBOe «OoJIbIe MK
paBHO»), B (06e33HakoBoe «meHbIe»), BE (0e33HakoBOE «MEHBIIE WU
paBHO»), G (3HaKoBoe «OoubIe»), GE (3HakoBoe «Ooibie mim paBHO»), L
(3HaKoBOe «MeHbIIe»), LE (3HaKoBOE «MEHbIIIE UM PABHOY).

o [Ipumep: BRANCH.BE +6.
e [Ipumep: BRANCH.MASKED +13, 0x0010, 0x0000.
e [Ipumep: BRANCH +7.

5.

Omnepatop LOAD, mpomsBomsmuii 3arpy3Ky 3HAYCHHS W3 OJHOTO U3
a/IpecHBIX MPOCTPAHCTB (HampHUMep, 3Ha4eHHUs perucrtpa). s omepaTtopa
LOAD  yka3eiBaeTcsi  agpecHOE€  IPOCTPAHCTBO, U3  KOTOPOro
OCYILECTBIIICTCSL 3arpy3ka, aTOM 3arpy»aeMoro JJaHHOIO, JIOKaJbHas
NepeMeHHass C  aJpecoM JaHHOTO W  JIOKaJbHAas IIepEeMEHHas,
MIpUHUMAIOIIAsl pe3ynbTar. [Ipm 3TOM aroM JIOKaJbHOW IepeMEeHHOH
azipeca JOJDKEH COBIAaTh C aTOMOM aJipeca MPOCTPaHCTBA.
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6.

7.

[Ipumep: LOAD (i16) t.29, r:t.2.

Omnepatop STORE, 3amuceiBaromuii 3HaueHWE B OOHO W3 aIpECHBIX
npoctpaHcTtB. Jna omepatopa STORE  ykasblBaeTca — afpecHoe
MIPOCTPAHCTBO IS 3alMCU M JIOKAJIbHBIE TIEPEMEHHbIE afpeca U 3HaYeHHUsI.
ATOM JIOKQJIbHOM TIEPEeMEHHOHN ajpeca IOJKEH COBMAJaTh C aTOMOM
ajZjpeca NpOCTPaHCTBA.

[Mpumep: STORE (i8) r:t.0, t.21.

CemeiictBo  omepatopoB  SPECIAL, yxka3eBatommx Ha  ocoboe
Moxenupyemoe cocrosHue. Croma otHocutcs omepatop HALT (ocraHoB
JI0 BOBHUKHOBEHUS BHEIIHEro coObitusi) U onepatop TRAP (uckmouenue
WJIH TIPEPHIBAHUE).

[pumep: HALT.
ITpumep: TRAP 0.

8. Omeparopst ANNOTATION. 3OTu omneparopsl HTrHOPHPYIOTCA MPH
WHTEPIPETALUH OTACIBHOW HMHCTPYKUMH W HE BIHMAIOT HAa MOZECIBHYIO
ceMaHTUKy. OHHM HUCHONB3YIOTCS ISl 33JaHHUs  JIOTOJHHUTEIIBHBIX
AQHHOTAIMH, KOTOPbIE MOTYT OBITh HCIOJB30BaHbl B OTHENBbHBIX BHJIAX
aHaJIN3a.

3.6. Npumep

B kawectBe mnpumepa paccMorpuM HMHCTpyKumio ADD  mammuer Intel 64,
OCYILECTBIISIIOLIYI0 CIOXKEHUE 3HAUEHHUs] PErucTpa ¢ KOHCTAaHTOM U 3amuch
pe3yJsbTara B TOT K€ PETHCTP.

KoHKpeTHBIit U paccMaTpuBaeMoii mucTpykimu': ADD EAX, 1.

Mopenp At ’TONH UHCTPYKLMU NPUBEJEHA J1ajee.

1.

B

A e

INIT (i16) t.-1, 0x0000 ; anpec peructpa EAX B r
INIT (18) t.-2, 0x01 ; 3HAYCHUE OTEePAaHIa-KOHCTAHTHI
LOAD (i32) t.0, rit.-1 ; 3arpy3ka 3Hauennst EAX

APPLY (i32)
TaHTHI 10 132

t.1, sx.i8.132(t.-2) ; 3HAKOBOE pach/IpeHI/Ie2 KOHC-

APPLY (i32) t.2, add.i32(t.0, t.1) ; CIIOJKEHHE

STORE (i32) rit.-1,t.2 ; coxpaHeHue pesyibrata B EAX
INIT (i16) t.3, 0x40 ; angpec peructpa EFLAGS B r
LOAD (il16) t4, r:t.3 ; 3arpy3ka 3HadeHus EFLAGS
INIT (i16) t.5, 0x08D5 ;  HOArOTOBKAa  MacKh Uit
EFLAGS

APPLY (il6) t.6, uf(t.4, t.5) ; ooroBirenne EFLAGS ¢ yuerom
MACKH

' KoncranTa 1 B 9TO# HHCTPYKIIMH KOJXUPYETCS KaK 8-OGUTHOE UHCIIO CO 3HAKOM.

% Onepaliyist 3HAKOBOTO PACIIMPEHHUS 8-GUTHOTO YHCIA 10 32-6GUTHOTO.
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11. STORE (i16) r:it.3, t.6 ; coxpanenue EFLAGS
MoXHO BHUAETH, 4TO OOJIBINAS YaCTh MOJENH MPEICTaBIseT cOO0N OOHOBIIEHHE
cinoBa cocrostHus Intel 64. B RISC-apxurextypax TpaHCIAIHMS aHAJOTHYHOU
WHCTPYKIIMY CJIOKEHHS BBITJIIIUT 3HAYUTEIBHO KOMIakTHee: HHCTpykuus ADDIU
mamuHel MIPS64 mnpu csoem mnpumenenuun B Buae ADDIU R1, RI, 1
TPAHCIUPYETCS B CIEAYIOIIYIO MOJIEb.

1. INIT (i16) t.-1, 0x0010 ; aapec peructpa R1 B r, nmepBbIit

ornepaH]

2. INIT (i16) t.-2, 0x0010 ; angpec peructpa R1 B 7, BTopoit
ornepaH]

3. INIT (i16) t.-3, 0x0001 ; 3HAYCHHUE OTEPaH1a-KOHCTAHThI

4. LOAD (i64) t.0, r:t.-2 ; 3arpy3ka 3Hauenust R1

5. APPLY (i32) t.1, trunc.164.132(t.0) ; OrpaHMYcHHE 3Ha4YeHus 32
ouramu

6. APPLY (i32) t.2, sx.116.132(t.-3) ; 3HAKOBOE PAaCIIMHKE OllepaHia-
KOHCTAHTBI

7. APPLY (i32) t.3, add.i32(t.1, t.2) ; cnoxxeHre R1 1 KOHCTaHTBI

8. APPLY (i32) t.4, sx.132.164(t.3) ;pacuupeHue bi(o) pasmepa
perucrpa

9. STORE (i64) rit-1,t.4 ; coXpaHeHue pesyibraTta B R1

4. Cneyugpukayus yesneeol MaWUHbI

Jdns oOecrieueHHss TOCTPOSHUSI MOJENel KOHKPETHBIX HWHCTPYKLMH LeneBoi
MaIMHbI HEOOXO0ANMO IPEJOCTABUTH €€ CHELUPHUKAIIHIO.

Crnemu¢ukanus BkIoYaeT B ce0s OIMCaHWE aTOMOB, OIEpaluii, aJpecHBIX
IIPOCTPAHCTB U MOACTAHOBOK (CM. Jaiee), HCIONb3yeMbIX B INaHHOW MAllMHE.
INockonbky nopoOHOE IpUMeEpY U3 pasjena 4.6 HU3KOYPOBHEBOE ONUCAHUE MOJETH
HEey/I00HO C TOYKM 3peHHs MHOJIEPXKKH, ObUT pa3paboTaH A3bIK crenuduKaiui,
NO3BOJISIIOIMK ~ 3alUCBIBATh HEKOTOPBIE pACIPOCTPaHEHHBIE HAMOMBEI Oojiee
KOMITaKTHO.

[Ipouecc paGoThI co creUdUKAUIMU YCTPOCH CIEIYIOUIUM 00pa3oM.

1. Pa3paboTumk NpenocTaBisieT CIEeHU(HUKAILIIIO MAIINHBI B BU/IE TEKCTOBOTO
(aiina Ha pa3pabOTaHHOM B paMKax JaHHOH paboTHI s3bIke Pivot.

2. Croenudukanus mnpoBepsieTcss Ha KOPPEKTHOCTb U CTPOUTCS — ee
HU3KOYPOBHEBBII BHJ B BU/IE METAMOJENH, IO3BOJIIONIEH BIIOCIEACTBHE
TEHEpUPOBATh MOJIEIM CEMAaHTHKH KOHKPETHBIX HWHCTPYKOui. OTta
oliepalys BBIIONHAETCs: MHCTpyMeHToM PivotC.

? Omepauusi OGHOBJIEHHS CTOBA COCTOSHHS M3 MOJCIBHOTO CIIOBA COCTOSIHHS C
YUYETOM MapaMeTpa-MacKH.
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3. Pesymprar paboter PivotC — OuHApHBIN (aiii, Ha3bIBaeMBIA apxugom
MawuHbl. JI1s 9TeHus 3TOTo apXuBa pa3padoraHa oubmuoreka PivotPema,
UCIIOJB3YIOMIASCS B NANBHEHIINX aHATM3aX U MPH UHTEPIPETALHH.

4.1. CTpyktypa cneumcpukaumm

Crnenuduxanus mpeacTaBisier codoii HabOp TEKCTOBBIX (aitioB Ha s3bike Pivot.
Kparkoe omnrcanue 3Toro si3bIka JaeTcs B OCIENYOIHUX Mopa3aeiax.

Kaxpmerit  Qaiin  mpencraBmseT co0oil  MMOCIENOBAaTEIBHOCTh  JEKJIApAILUH,
OTIHMCHIBAIONINX OIWH U3 acHeKToB cnenuduimpyemoii Mammapl. Croga OTHOCSATCS
JEKIapadyd aTOMOB, OTEpanuii, aJpecHBIX MPOCTPAHCTB M TOACTaHOBOK. Kpome
Toro, (aitnbl cneundukanuii Mmoryt Brimouath (include) apyr apyra, TemMm cambiM
MO3BOJISII MCIOJNB30BaTh OOMMe s HECKOJIbKMX MAaIlMH JeKjapamuu  0e3
JlyOIMpOBaHuUs UX TEKCTA.

4.2. ATOMbI, onepauum n agpecHble NPOCTPaHCTBA

Jis cienudukanu aToMOB, ONepaIii ¥ aApECHBIX IPOCTPAHCTB BBEICH MPOCTOM
CHUHTAKCHUC, WLUTIOCTPUPYEMBIN CIIEAYIOIIMMH MpUMepaMu (Bce MPUMEpPHI B3SATHI U3
cnenudukanuy MamuHEL 8086).
e atomi8/8
OnuceiBaeT aToM i§ pazmMepoM 8 OUT (YUCIIO 10 TOUKH — OaNThI, YHUCIIO
MocJe TOYKH — OHTEHL, JTF000€ U3 HUX MOXKET OBITh OITYIIEHO).
e operation i16 cons.il16(i8, i8)
OnuchIBaeT ONepanuio cons.i§ ¢ MyCThIMU i- U 0-MacKaMH.
e operation # and.#(#, #) omask “COPSZ” with 18, 116, 132, 164
OmnmuceIBaeT ceMenucTBo ornepauuii and.i8, and.il6, and.i32, and.i64 c
IyCTOM i-Mackoi u o-Mackoi, Bkirouatorieid CF, OF, PF, SF u ZF.
CuMBOJI «#» — T0JICTAHOBOYHBIM, BMECTO HETO TOJICTABJISIOTCS BCE
aToMbl U3 OJ1oka with.
e spaceio(il6)
begin
end
OnuceIBacT apeCHOE MPOCTPAHCTBO C ATOMOM ajipeca i/ 6.
e spacer(il6)

begin
alias ax 0 /.16
alias cx +8 /.16
alias ah ax +.8 /.8
end

OrnuceIBaeT aapecHOe MPOCTPAHCTBO C aTOMOM aJipeca i/ 6 1 3aJaeT B HEM
MICEBIOHUMBI PETHCTPOB. AJIpec MCEBIOHIMA MOXKET ObITh YKa3aH SIBHO
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(ax), OTHOCHUTENBHO HMPEABIAYIIEr0 IICEBAOHNMA (CX) MM OTHOCHTEIBHO
OJTHOTO U3 paHee ONMPEICIICHHBIX ICEBIOHMMOB (ah).

4.3. MNoacTtaHoBKU

JUis  comocraBieHuss MoJeNed ONEpPALMOHHOM CEMaHTUKU C MAIlUHHBIMHU
HHCTPYKIMAMH TIPUMEHSIOTCS noocmanoeku. C OIHOW CTOPOHBI, IOJCTAaHOBKA
yKa3bIBaeT, KAKUM MHCTPYKLHSIM LIEJIEBOM MAIIMHBI OHa OTBEYAET, TO €CTh KaKue
MOJENN KakKuX WHCTPYKIMH MOTYT OBITh IIOCTPOEHBI MpPH TIOMOIIM 3TOH
nofcTaHoBKHU. C ApYyroil CTOPOHBI, MOJICTAHOBKA CIICIU(UIUPYET CAMHU 3TH MOZAEIIH.
OpnHa MOACTaHOBKA MOXET ONHCHIBATH CEMEHCTBO CXOAHBIX MHCTPYKIHWH 3a cuer
JOCTaTOYHO MOIIHOTO CHHTAaKCHCa OINHCAHUS C BO3MOXKHOCTBIO IPHMEHEHHUS
11a06JIOHOB ¥ aBTOMAaTHYECKOT'O BHIBO/IA ATOMOB.

HOI[CTaHOBKa COCTOUT U3 IBYX YacTeli: 3aroJIOBKa M Tella.

3aro0BOK MOACTAHOBKM BKJIIOYAaeT B ce0s CONOCTAaBIIIEMYI0O MHEMOHMKY (Kak
CTPOKY) U yCJIOBHS Ha OTEpaH bl MAIIMHHON HHCTPYKIIUH.

V3y4yeHrne COBPEMEHHBIX IPOLIECCOPHBIX apXUTEKTYp IMOKA3BIBAET, YTO OICpPaHMIbI
HMHCTPYKLHMH MOXHO pa30UThb HAa YeThIpe Kilacca:
1. KOHCTaHTHI, T. €. IPSMO 3aKOJUPOBAHHbIC 3HAUCHNS;
2. TpoCThIe BBIPAKEHHS HaJl PErMCTpaMu, HalpUMep, 3HaAYSHUE PETHCTpa CO
cnsurom B ARM (Hampumep, R1 << 4);
3. perucTpsl M NpSIMO 3aKOJUPOBAHHBIC apeca B NaMsTH;
4. BBIYHUCISIEMBIC aJpeca B IaMSTH.

IlepBbIii M BTOpOW KJAacChl, TaKUM 00pa3oM, OOBECOUHSIOT B ceOe OIepaH/bl,
HCHOJb3yeMble TOJNBKO TI0 3HA4YeHUI0. Takue omepaHabl XapaKTEePU3YIOTCS
3Ha4YeHHEM (BO3MOXKHO, BBIYMCIISIEMBIM) M THUIIOM JaHHBIX. DTO O3HA4yaeT, 4To C
TOUKU 3pPEHUs BBOAUMOM MOJEIM MOXHO pPacCMaTpUBaTh TaKUE OIEpaHIbl Kak
3HAUEHUS, 3alIMCAHHbIE B HEKOTOPBIE JIOKAIbHBIE MepeMeHHble. THUIl JaHHBIX MPHU
3TOM ONPEIEISIETCA AaTOMOM 3TOM EPEMEHHOM.

Tperuii 1 4eTBEPTHIH KIACCHI C TOUKU 3PEHHST MOJEIN MOTYT OBITh IPECTaBIICHbI
KaK CCBUIKM B aJpEcHble MNpocTpaHCTBAa. [Ipy 3TOM B OJHOW H3 JIOKAJIBHBIX
NepeMeHHbIX OyneT XpaHHuThci aapec. Kak M B ciydae ¢ KOHCTaHTaMu |
BBIDAXKECHUSIMU HAJl PErMCTpaMH, THUIl aJpeCyeMbIX IAHHBIX YKa3bIBA€TCS B BUIC
aToMma.

VYcnoBusi Ha omnepaHasl B IOACTAHOBKAX BBIMKCBHIBAIOTCS B COOTBETCTBHU C
yKa3aHHOH Kiaccudukarpend. Omnepan] moMevaeTcs Kak val, €Clii OH MPUHAIICKUT
K KJaccy 1 wim 2, ¥ Kak ref, eciiv OH NPUHAUISKUT K Kitaccy 3 mim 4. Kpome Toro,
JUISL KaK/I0TO OTlepaH/ia COOOIAeTCs €ro aToM.

Hanpumep, paccmoTpeHHass Bblmle MammiHHas uHHCTpykuus ADD EAX, 1
YIOBJIETBOPSIET TAKOMY 3aroJIOBKY NOJCTaHOBKH:
match “ADD” ref 132, val i8.
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IIpm momcke NOACTAaHOBKH Ui KOHKPETHOH WHCTPYKIMHM BBIOMpaeTcs Ta,
MHEMOHHMKA KOTOPOW COBMNaJaeT C MHEMOHHUKOW HWHCTPYKIMU M YCJIOBHS Ha
omepaHIbl KOTOPOU BBITIOTHEHBI JJI1 TOW WHCTPYKIIUH.

Teno monCcTaHOBKM IPEACTaBISET COOOH MOCIIENOBATENBFHOCTh OIEPATOPOB SI3bIKA
cnenn(UKaIluk, KOTOpble OTOOpakaroTcst Ha omepartopel moxeian (NOP, INIT,
APPLY, BRANCH, LOAD, STORE, SPECIAL, ANNOTATION). Ilepen no6bmm
U3 OIepaTropoB MOXET ObITh MOcTaBieHa MeTka (cuHTakcuc label memka:).
OrmnpenieneHbl ClIeAYOLIIEe ONepaTophl.
1. Omneparop nop, orobpaxkaembrii B NOP.
2. Omeparop mnpucBamBanus oOmero Bunma Ivalue = rvalue. Yactu
MIPEACTABIISIOT COO0H OJTHO U3 CIEAYIOIUX BHIPKEHHH:
a. Ccpuika Ha onepann $N, mampumep $1. Ecmu N-ii omepanng
MOMEYEH KaK const, TO BBIPa)KEHHE DPACKPHIBACTCS B 3HAUCHHUE
ormepaHna (To ecTb B COOTBETCTBYIOIIYIO  JIOKJIBHYIO
nepeMeHHyto). Eciu N-it omepann momedeH Kak pointer, TO
BBIPQ)KCHUE PACKPBIBAETCS B YTCHNE 3HAUCHUS OIepaHa (To ecTb
B LOAD B npaBoit yvactu u STORE B neBoii wactu). Moxer
BCTpeUaThCsl TOJIBKO B TIPAaBOi 4YacTH Uil COnSt-ONEPaHIOB U B
o0enx yacTsx ISl pointer-onepaHioB.
b. Ccpuika Ha TCEBIOHHM HPOCHIPAHCMBO:NCe800HUM, HATIPUMEP
rieax. B I1eBOH YacTM pacKpbIBAaeTCs B COOTBETCTBYOLIMN
STORE, a B mpaBoit — B LOAD.
c. Koncranra (amom) snauenue, Haipumep (i/6) 0x08D5. Moxet
BCTpEUaThCs TOJBKO B IIPABOH YacTH.
d. Tlpumenenue omnepaiuu onepayus(napamempst...) { omask
macka }*, nanpumep add.i32($1, $2). PackpbiBaeTcs B omeparop
APPLY. B «xauectBe napamempog MOTYT HCIIOJIb30BaTh
IMPOU3BOJIbHBIC BBIPpAXKCHUSA H3 JTaHHOTO CIHCKa. HpI/lMeHeHI/Ie
oliepanyii BOSMOXKHO TOJBKO B MPaBOM 4acTH. JIOIOTHHUTEIEHO
MOXeT OBITh yKa3aHa MdACKd, OTPaHWYMBAIONIAs W3MEHEHHE
MOJIETIBHOTO CJIOBA COCTOSIHUSL.
e. JlokanbHas mnepemenHas local wuwms. Moxer BcTpedaThCsi B
KXIO0M U3 YacTeid, HO TpeOyeTcst eNMHCTBEHHOCTD ONPECICHHSI.
f.  OOpamieHue K aapecHOMY MPOCTPAHCTBY npocmpancmeoladpecy],
T/ie a0pec — TMPOU3BOIBHOE BEIpakeHue. TpedyeTcs, YToObI aToM
BBIPXEHUS adpec COBIAJAII C aTOMOM aJipeca IPOCTPAHCTBA.
3. Brpmuncaenue no6ounoro s¢dexra Beipakenus discard rvalue. Onepartop
BBIYUCIIACT MpaByr0 4aCTb, HO HE COXPAHACT PE3YyJbTaT, JIUIIb 06HOBJ1§151
CJIOBO COCTOSTHHSI.

* Durypubie ckoOKH 0603HAYAIOT HEOBA3ATETHHYIO JACTb.
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4. Omeparopsr branch memka, branch.ycrosue memxa wn branch(rmask,
Imask) memxa. PackppiBaloTCSI B  COOTBETCTBYIOIIHE OIEPaTOPHI
BRANCH.

5. Omneparopsr halt u trap nomep, orobpaxkaeMble B COOTBETCTBYIOIIHEC
SPECIAL-onepaTops!.

OOpamieHnst K OINepaHJaM BHIMOJNHAIOTCS CIEAYIONMM 00pa3oM: OmepaHay c
HOMEpOM N CONOCTaBISIETCS JIOKaJbHasg MEpeMEHHas f.-N, B KOTOpOH IpH
MIOCTPOGHUH MOJIETH KOHKPETHOW HWHCTPYKIMH JUIS Val-OmepaHIoB COAEPKHUTCS
3HaYeHHE ONepaHja, a Il ref-olepaHIoB — 3HAYCHUE ajapeca. DTH JIOKAIbHbBIC
NIEpEMEHHbIE BHIHBI Ha YPOBHE MOJEIHM, HO CKPBITBI OT pa3paboumka
crennUKaIHii 3a cuet BeIpakeHui $V.

Tpancmstop PivotC comepuT moacucTeMy BBIBOJA ATOMOB, YTO IIO3BOJISIET
yKa3bIBaTh aTOMBI JIMIIb TPH KOHCTAHTAX W HEKOTOPBIX YTEHMSAX U3 aJPECHBIX
MIPOCTPAHCTB.

Kpome Toro, TpaHCIATOp IIO3BOJISIET MNPHUMEHATH INAOJIOHBI IIPH  OIHCAHUH
MOJICTAHOBOK: KaK U B ClIyyae C ONEpalUsIMH B Kau€CTBE aTOMa ONEPAHIA MOXKHO
yKa3aTb CHMBON «#». B 3ToM ciydae BMecTo Hero OyayT IOCIENOBaTEIbHO
TTOJICTABIICHBI BCE aTOMBI, IIepedrcieHHbIe B O1oke with. [Ipumep 3aronoBka Takoit
MIOJICTAHOBKH:

match “IN” ref #, val 18 with 18, 116.

CumBon «#» MoOXeT OBITh TakkKe YKa3aH W IpH TNPUMEHEHUH OIlepaliu B
orepaTopax Teia IMojACTaHOBKU. B artom ciydae PivotC BeiOeper Ty omepaiuro
COOTBETCTBYIOIIETO CEMENCTBA, KOTOpasl MOJXOAUT II0 CUTHATYpE.

B kauectBe eme 0OHOTO yNpOILIEHHs TOMUMO KJaccoB val U ref Ui onepaTopoB
BBOJIUTCS TICEBIO-KIIACC auto, KOTOPBIA MOJCTaBiseTcs U Kak val, u xak ref. [lpu
9TOM €CIIM TO/ICTAHOBKA B KauyecTBe val HEBO3MOXKHA (M3-32 HAJIMYMS CCBHUIKM Ha
OIIepaH]l B JICBOIM YacTH OIepaTopa NMpHCBauBaHUA), OyIET ITOACTABIEH TOJBKO ref-
BapUaHT.

OnucaHHBIA SI3BIK  MO3BOJISIET JOCTATOYHO OBICTPO COCTABIIATH CrienU(UKAH
MAalIMHHBIX MHCTPYKLMHA. BcTpoeHHble cpeicTBa BBIBOJA aTOMOB W30aBJISIOT OT
HEOOXOMUMOCTH YKa3blBaTh HMX BPYYHYI0. BO3MOXHOCTH IIA0JIOHHOTO 33 aHUs
ITOJICTAHOBOK 3HAYUTEIBHO 00Jyeryaet ux cnenudukarmro s CISC-apxurekryp.

4.4. NMpumepbl

B kauecTBe mepBOro mnpuMepa PacCMOTPUM cClelU(BUKALUIO MOJCTAHOBKU IS
nHCTpyKIm NOR mamuasr MIPS64, BRITOTHSIONIYIO OIEpanuio «HE-HIIN» Ha
3HAQYEHUSMH BTOPOTO W TPETHEr0 OIEPAaHAOB-PETHCTPOB M  COXPAHSIOLIYIO
pe3yJIbTaT B EPBbIN OIEPaH/-PETHCTP.

match “NOR” ref 164, ref 164, ref 164

begin
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$1 = not.i64(or.i64($2, $3))°
end
Jlerko BUIETh, 4YTO IIOCTPOEHHAs CHEHM(HKAIMsA JOCTaTOYHO IIPOCTa |
MPAKTUYECKH «CJIOBO B CJIOBO» IOBTOPSET ONMCAHUE MOBEACHUS MHCTPYKIMH U3
JokyMeHTanuu 1o npoueccopy MIPS64. Takas cutyarus xapaxrepHa st RISC-
ApPXUTEKTYP B LIEITIOM.

B xauectBe mpumepa Habopa moactaHoBok misi CISC-HHCTpYKIHMH paccMOTPUM
uHcTpykuuio cnoxenuss ADD wmammnbbl Intel 64. Jlokymenrauust Ha Intel 64
yKkasbiBaeT 19 pa3nuuHBIX KOAMPOBOK OTOH HWHCTpyKuuH. Vcnonb3oBaHue
11a0JIOHOB W KIJIIOYEBOT'O CJIOBA qufo TO3BOJIIET CBECTH ATH 19 ciydaeB K Tpem
MOJICTAaHOBKaM.

match “ADD” ref #, auto # with 18, 116, 132, 164

begin
$1 = add.#($1, $2); r:flags = uf(r:flags, (i16) 0x08D5)
end
match “ADD” ref #, val i8 with 116, 132, 164
begin
$1 = add.#($1, sx.i8.#($2)); r:flags = uf(r:flags, (i16) 0x08D5)
end
match “ADD” ref 164, val 132
begin
$1 =add.i64($1, sx.i32.164(8$2)); r:flags = uf(r:flags, (i16) 0x08D5)
end

B pesynbraTe HMOACTaHOBKM aTOMOB M3 OnokoB with u 3a cuer mcmonb3oBaHHA
KIIIOYEBOTO CJIOBa auto 3TUMHU TpeMs IMOJCTAHOBKaMH OyAyT IMOKpPHITHI Bce 19
CIIy4aeB KOJUPOBKH.

Bropas moncranoBka mnsi ADD mpm 3amene «#» Ha i32 Oymer packpsiTa
TpaHcisitopoMm PivotC B Mopens, mpuBeneHHYIO B 3.6, 32 MCKIIFOUYCHHEM IIEPBBIX
IBYX OIIEPATOPOB. DTH ONEPATOPBl OYAyT FeHEPHPOBATHCS OTHCIBHO JUIS KaXKIOTo
KOHKPETHOTO Habopa OrepaHIoB.

5. Uhnmepnpemauyust modenu

B pamkax panHOW pa®oThl peasM30BaHa NPOTOTHNHas cucrtema Pivotl
HMHTEpIpEeTalMy MOAEIH ONEPALMOHHOM CeMaHTHKH MHCTpykuuu. IlocraBneHHas
Tepes; CUCTEMOM MHTEPIIPETally 3aada MOXKeT ObITh (hOpMann30BaHa CICIYIOIINM
obpazom.

IlycTe 3amaHO MOJIHOE COCTOSHHME MAIIMHBI B HEKOTOPOH TOYKE BpeMeHHU (ToA
MIOJIHBIM COCTOSIHUEM MAIIMHBI IOHUMAIOTCS 3HAYEHUs BCEX €€ PETHCTPOB, B TOM

° 3nech M janee B MpUMEPAx MOJCTAHOBOK C ILEIbIO YHPOIICHHS YHTAEMOCTH
ONyCKaeTCss 4YacTh, CBsA3aHHAsh C MPOJBIDKCHHEM yKazaTens Ha TEKYILYHo
uactpykuuio (PC, EIP u 1. 1.).
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YHCIIe PEeTrHuCTpa CYETYHKA WHCTPYKIHH, a TakKe COACP)KHMOE HaMATH M HHBIX
npocTpaHcTB). TpeOyeTcs TOAYYHTh TIOJIHOE COCTOSIHHE MAIIMHBI  IOCHE
BBIITOJIHCHU A OaHOZZ HHCTPYKOHU 110 YKasaTeJir0 CUCTUYMUKaA I/IHCprKLIl/Iﬂ (T. c.
TEKyIIeH HHCTPYKIIHN).

3anauy Oynem pemaTs B HECKOIBKO ITAIOB.

1. HeobOxommMo TmpoBecTH NOEKOTUPOBAaHHE TEKYIIEW HWHCTPYKIUH. Tem
CaMbIM OyZeT IMoJlydeHa MHEMOHHKA 3TOW MHCTPYKIMHU (B BHIIE CTPOKH), a
TaKXKe CITUCOK €€ OTIePaH/IOB.

2. Cpenu moOACTaHOBOK ISl JAHHOW MAIIMHBI TpeOyeTcss HaWTH Ty, KOTopas
MPUHAMACT JTaHHYK HHCTPYKIuio. [Ipu 3ToM HEoO0XomuMo 0ToOpasuTh
MAaIllMHHbIC THIIBI HA CTaHJApTHBIE aToMbl (atomoB i8, il6, i32, i64
JOCTAaTOYHO JJsl TOJABIIAIONIETO  OOJBIIMHCTBA — TIOJIB30BATENIBCKUX
WHCTPYKIHH, 3a uckioueHneM FPU- u SIMD-uHCTpYKUHH, IS KOTOPBIX
OTIPENICIISIOTCS CBOU aTOMBI, TaKue Kak f64 u vi28).

3. CrenepupoBaTh KOJ HHHIHAIN3AINHN 3HAUYECHHH OMNEPAHIOB-KOHCTAHT H
aJpecoB OIEpaHIOB-yKa3aTelel (JIOKambHBIE NepeMeHHble f.-N). B
MPOCTHIX CIAYYasX 3TOT KOJ OyIeT MpeACTaBIATh COO0H HabOp ormepaTopos
INIT; B Gomnee CIOXKHBIX (HampwMep, MPH HCIIOJIB30BAHUH PETHCTPOBBIX
OKOH WM KOCBEHHOW anpecamuu mamsata) OymeT BKIOYATh B cels
COOTBETCTBYIOIIYIO AAPECHYIO apU(PMETHKY.

4. JIoMOJHUTH CT€HEPUPOBAHHBIN KOJA ONepaTopamMH U3 IOACTAHOBKH, TEM
CaMBIM TIOJTyYUB TIOJHYIO MOJIETb JAHHON WHCTPYKINH.

5. BBINOIHUTE MOJEID.

HOCKOﬂbe N3 NEPCUUCIICHHBIX 3TAIOB JIMIIb HOCJ’IC[[HI/Iﬁ ABJIACTCA HCOUYCBUHBIM,
paccMoTpuM ero Gosee mogpoOHO.

O603HaunM cHauyana TpeOOBaHMUS, KOTOPbIE HHTEPIPETATOP OYAET MPEeabsBIATH K
3HaHUSAM O MammHe. Bo-mepBrhIX, A7 WHTepHpeTanud HeoOXOIMMO 3HATh CMBICT
K&KIOH W3 HCIOJNB3YeMBIX B MalllMiHe onepauuii. Bo-BTOpbIX, HE0O0XOIUMO
MMOHUMATh MPUPOAY HCHOJB3YEMbBIX aAPCCHBIX IMPOCTPAHCTB (3an1/101> B IIaMiATh U
3alrcChb B OPT BBOAA-BbIBOJAa NPUHIHUNHNAIBHO OTJIWYHBI C TOUKH 3PCHUS BJIUAHUSA
Ha COCTOSTHHE MAIIHHBI).

Ilepoe u3 TpeboBaHMII MPUBOOUT K KJIACCHYECKOMY 3aMKHYTOMY KpYTy IIpH
UCIIONB30BaHUM OMNEPAIIOHHOTO MOJAX0/Ja K ONHCAHUIO CEMAaHTUKH, TaK Kak
(axTHdyeckn TpeOyeT 3a/laHusl ONEePaMOHHON CEMaHTUKH TEeX OIEpaliii, KOTOphIE,
B CBOIO OdYepenb, HCIONB3YIOTCS A ONUCAHHSA CEMAaHTUKH MAaIlMHHBIX
HHCTPYKIMH. DTy NpoOjieMy MOXKHO pa3pelnTh, OTOOpasMB 3TH OIEpaliy Ha
Ha0Op MHCTPYKIMH MalllMHBI, HA KOTOPOH BBIIOJIHAETCS CaM HHTEPIPETATOp, TO
€CTh CHHTE3UpPOBaB aHAJIOTWYHBIA native-koj. DakTHYEeCKH, TakuM 00pa3oM,
MHTEPIIPETATOp MPOU3BOANT OMHAPHYIO TPAHCIALMIO OTACTBHBIX HHCTPYKIIH.
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Ha naHHBIN MOMEHT NPOTOTHII HHTEPIPETATOPA MOYKET UCIIOIb30BATHCS HA MaIlIHE
Intel 64; TpeOyercs IOCTYHNHOCTh pPACIIMPEHHBIX 64-OMTHBIX PETHCTPOB H
MAaIIMHHBIX KOMaHI.

Bropoe TpeboBaHme mpexycMaTpuBaeT YCTAHOBKY 00pabOTYMKOB YTCHUS U 3aIUCH
Ha KaXI0€ W3 aJPECHBIX MPOCTPAaHCTB. Takue OOpabOTUIMKH TSI HEKOTOPBIX
aJIpECHBIX TPOCTPAHCTB OYAyT TPUBHAIBHBIMH (HAIpUMEp, UL aJpPEeCcHOTo
MPOCTPAHCTBA PETHCTPOB OOILEr0 Ha3HA4YeHHs), a Ul HEKOTOPBIX (Hanmpumep, s
NpOCTpaHCTBAa  IMOPTOB  BBOZA-BBIBOJA)  MOTPeOYIOT  SMyJsiuuu  Habopa
o0opyioBaHusl MalIMHBL. Bripodem, JUisi HHTEPIPETALMK TOJIB30BATENILCKOTO KOJa
My 000pyI0BaHUsI, KaK MPaBUIIO, HE TpeOyeTcCsl.

BelnonHeHne Mozeiad TPOU3BOJUTCS B pPaMKaxX KOHMEKCMA UHMEPHpemayuu.
KoHTeKCT nHTepnpeTaluy BKII0YaeT B ce0sl CIeIYIOIINe YaCTH.
1. OOGmacTp JIOKaIHHBIX MIEPEMEHHBIX. B 3TOH 0051aCTH XpaHATCS 3HAYCHHSI
JIOKAJTbHBIX MTEPEMCHHBIX U X aTOMEI.
2. HWudopmaius o0 omepanusix B BHAE CIHUCKA COOTBETCTBYIOIIMX UM
BCTparBaeMbIX (YHKIIHH.
3. HWabopMmammst 00 aApecHBIX MPOCTPAHCTBAX B BHAE  CITHCKA
COOTBETCTBYIOIUX UM 00pabOTUMKOB.
4. OO6nacTb CreHEpUPOBAHHOTO KOJIA.
5. Hudopmanus o pacnpeaeneHin JOKAIbHbIX IEPEMEHHbBIX [0 PErUcTpam
MAIIIUHBI, Ha KOTOPO#l IPOU3BOANTCS HHTEPIPETALIHS.

s pemieHus moj3afayd OTOOPAKCHHUS OIEpalldii MOJAEIM HA MAIIUHHBIA KO
MHCTPYMEHTAILHOTO KOMIIBIOTEPA HCIIOJIb3YIOTCS BeTpanBaeMble (GyHKIuH. K HuUM
MIPEIBSBISETCS NepeuyeHb TpeOOBaHMM, 3aKPEIUISIONX, B YaCTHOCTH, OTCYTCTBUE
MIPOJIOTa U SIUIIOTa, 3alpeT UCIOJIb30BaHUs CTEKA U COIVIAIIEHUE O paclpeleeHun
MAaIIMHHBIX PETHCTPOB, Yepe3 KOTOpble QYHKIMS NIPUHAMAET 3HAYCHUS TapaMeTpoB
MHTEPIPETUPYEMOIl OTepaliiid M BO3BpAIIaeT pe3yibTar. [IoCKOIbKy 0COOEHHOCTH
peanu3anyu MHTEPIPETaTopa HEe ABISIOTCS OCHOBHOW TEMOW JaHHOW paboTHI, STOT
nepedeHp TpeOoBaHMU omyckaercs. llpuBemeM IWIIb TpuUMep OIHON TaKoM
(hyHKIHMU A7 ONepaIiH CIOKEHHS ¢ 0OHOBJICHHUEM CIIOBA COCTOSHUS add.i32.
arithmetic_add i32 PROC

;; Crioxxenue.

MOV  RI15D, R8D

ADD R15D, R9D

;; Ilepecuer cioBa cOCTOSTHUSL.

LAHF
SETO AL
SHL AL, 3

AND  BH, OFCh

OR BH, AL

MOV  BL, AH
arithmetic_add_i32 ENDP
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OCOOEHHOCTBIO TaKOTO TOAXOJA SABISETCS BO3MOKHOCTH IPOCTOTO PACHIMPEHHS
Habopa HOAJEP)KUBACMBIX OINEpalUii 3a CUET PacUIMPEeHHss MHOXKECTBa (YHKIIMH.
OTO0, B CBOIO Ouepelb, IO3BOJNAET ONPEAETATh OMNEepaluy, YIPOILAOIINe
MHTEPIIPETALHIO JUIsl KOHKPETHOH MalIiHBL.

BaxHbIM MOMEHTOM SIBJISIETCS TO, YTO (DYHKIIMH HE BBI3BIBAIOTCS, @ MOJICTABIISIFOTCS
B TEHEepHUpYEeMblil OJOK KOJa MOJIHOCTHIO, YTO TMO3BOJISAET M30€XKaTh HAKIAIHBIX
pacxo/I0B Ha mepeaady mapaMmeTpoB U cOpoc KoHBelepa.

WnaTepnperatop BKIO4aeT B cebds Habop BcTpamBaeMBIX (YHKIHH OIS
«CTaHJAPTHBIX» OIepanuii (1eIoOunCIIeHHas apu(MeTHKa, OUTOBAsI JIOTHKA U T. 11.).

Tloxoxum 06pa30M peuracTca MW BTOpasd mnoJA3ajaqa. COOTBGTCTByIOHII/Ie OJ10KH
aCCCM6J’I€pHOFO KOoJa OMUCBIBAKOT MPOUCAYPbI YTCHUA U3 aJPECHBIX MMPOCTPAHCTB U
3alliCu B aIp€CHbIC IMPOCTPAHCTBA. B HUHTCPHIPETATOP BKIIOYCHBI TaK HA3bBIBACMbBIC
((HyJICBOﬁ MEXaHU3M» U «MEXaHU3M 110 YMOJITYaHUIO» .

«HyneBoil MexaHn3M» HcHoNb3yeTcsa npu omiaake. OH UTHOPUPYET BCE 3allUCH B
aZpECHOE IIPOCTPAHCTBO, K KOTOPOMY IIPUBSA3aHO, @ IPU YTEHUSAX BO3BPALLACT HYJIH.

«MexaHH3M 110 YMOJYaHUIO» BBIIEISET OJOK MaMsATH pa3MepoM CO BCE aJpecHOe
IIPOCTPAHCTBO M pealn3yeT YTEHUS M 3aIIUCH €CTECTBEHHBIM 00pa3oM. MexaHu3M
NPUMEHHM [UI PETHCTPOBBIX aAPECHBIX IPOCTPAHCTB, HO HENPUMEHHM I
IPOCTPAHCTB MAMATH U3-3a UX OTHOCUTENBHO OoJbIoro oowema. [ peanusanun
MeXxaHH3Ma paboThl C MOJENUPYEMOH ONepaTHBHOM maMATbI0 Tpebyercs Ooiee
CJIOKHasd JIOTMKa, B YaCTHOCTH H3-3a HeO6X0)Il/IMOCTI/I TpaHCISIIUNU BUPTYAJIbHBIX
a/IpecoB B (M3HYECKHE.

I'enepanys MaMHHOTO KOAA AJISI MHTEPIPETUPYEMON MHCTPYKLUH MPOHCXOAUT B

JIBa 3Tara: 3Tal reHepalyuy Koja U 3Tall pacCTaHOBKH MEPEX0I0B.

[lepBsIit 3Tam MoCIEAOBATEIFHO TPOCMATPHBAET OIIEPATOPBI MOJIEIN U T€HEPHPYET

MAaIIMHHBINA KO MO CIIEIYIOIINM TPaBHIaM.

1. NOP: moncrasnsercs nHCTpyKuus NOP.
2. INIT: noacraBmsercs wuHcTpykuus MOV (wm XOR - s

WHULUATIU3ALIH HYJIEM).

MOVE: noacraisercs COOTBETCTBYIOIIAS (DyHKIIHS.

4. BRANCH: nopacraBnsieTcs MHCTPYKIMsS Mepexoja MO JaHHOMY
YCIOBUIO, OJHAKO aJpec Iepexoia He 3aloiHseTcs, T. K. eIe
HEH3BECTEH.

5. LOAD: nmoxacraBmsiercss  00paOOTYMK-MEXaHM3M  3arpy3kd W3
COOTBETCTBYIOILIETO aJJPECHOT0 IPOCTPAHCTRA.

6. STORE: moacraBmsercs  0oOpaOOTYMK-MEXaHW3M  BBEITPY3KH B
COOTBETCTBYIOIEE aJPECHOE MPOCTPAHCTBO.

7. SPECIAL: nmoacraBiasieTcs  KOJA, BBICTABJISIONIMHA  CHEIHAIbHOE
COCTOSIHHE MHTEPIIPETaTopa.

8. ANNOTATION: urHopupyroTcs.
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Ha BropoM 3Tame 3amoiHSIOTCS aapeca BCeX IIePEeXOJOB, CIEHEPUPOBAHHBIX B
pe3yibTaTe cuHTe3a koja 1 oneparopos BRANCH.

IIpn reHepamuu Koxa WCIONB3yeTCs 00JacTh JIOKANBHBIX ITIEPEMEHHBIX, TJe
XpaHATCS 3HAYEHUS W aTOMBbI, CBSI3aHHbIE C HUMH. [IpOM3BOIUTCS HECIOXKHOE
pacnpesielieHre PerrucTpoB, COKpallaromiee oOpameHus K maMsITH dTOW 0o0JacTy.
Takoll moaxox B COBOKYIHOCTHM € MHUHMMAJIbHBIM KOJMYECTBOM HWHCTPYKLMI
repefadyd yIpaBJIICHHUS B CMEHEPUPOBAHHOM KOJE I03BOJIIET MAaKCHUMAJILHO
ucnoinb3oBath crenuduky Intel 64 (out-of-order issue ¥ HESIBHBIN TapaIISIH3M).

CreHeprpOBaHHBIH KOJA CHaOXaeTcs MPOJIOTOM W DIIHJIOTOM M MOXET OBITh
BBIIIOJIHEH JJIsL MOJENMPOBAaHUA 3G PeKTa HHCTPYKIUH, YTO PELIaeT OCTABICHHYIO
3agaqy. OCOOEHHOCTBIO SBIISETCS BOSMOXHOCTh OJHOBPEMEHHOTO CYILECTBOBAHUS
IPOU3BOJILHOTO  KOJMYECTBA  KOHTEKCTOB  HHTEPIPETallMH,  COJEpIKalnuX
TpaHCJISAIUNU OTACIbHBIX HHCprKHHﬁ, YTO IMO3BOJIACT, HAIpHUMEP, PE€aJIM30BbIBATH
MOMmaroByro OTJIaIKy MHOI'OIIOTOYHBIX le/IJ]O)KeHHﬁ.

K mnpeumyiiecTBaM MPUMEHSEMOT0 B MPOTOTUITHOW CHUCTEME IMOIXOla CIEIyeT
OTHECTH €r0 MPOCTOTY W THOKOCTh. O4UeBHUAHBIA HEITOCTaTOK — Hed(PPEKTHBHBIN
TeHEePHpPYEeMbId Koj. OTa mpobieMa MOXKeT OBITh pelleHa MpPU HCHOJIb30BAHUHU
BMECTO TAKOW «HAMBHOI» TeHEepaluy KOAa OJHOTO U3 AJITOPUTMOB TUHAMHUYECKOTO
MPOrPpaMMHUPOBAHMs Ui TEHEPAllMd ONTHMAIBHOrO Kozaa (tree rewriting) B
COYCTaHUU ¢ HabopoMm ontumu3zaimid. [lomaepkka Takoro cnocoda MHTEPIIPETAIIH
IUIAHUPYETCA B JAIBHEHUIIEM.

Tem He MeHee, OTKa3bIBAaTbCSA OT MPEAJIOKEHHOH CXEMBI IIOJHOCTBIO TaKXKe
HEpa3yMHO, T. K. B CIydYasX, KOrJa MHCTPYKLUS BBINOJHAETCS JIMIIb OAUH DPa3
JaHHas cxemMa OyJeT TOKasblBaTh OOJBLIYI0 IPOU3BOIUTENBHOCTh, 4YeM
MIOJTHOLICHHBIM CHHTE3 3a CYeT OTCYTCTBHS PAaCXOAOB Ha aHAIN3 U ONTUMAJIBHYIO
KoporeHepario. OKOHYaTeIbHBIM BapUaHTOM MHTEPIpPETallii BUIUTCA COYETaHHE
JIBYX TOIXOJOB (Hampumep, NPUMEHEHHE IIOJIHOBECHOTO CHHTE3a TOJBKO IS
pacuMpeHHbIX 0a30BBIX OJIOKOB, JIEKAIIMX HA TOPSYHX ITYTAX).

6. 3aknroyeHue

B Hacrostmeli paboTe BhIIEICHBI TPEOOBAHUS K MOJCIH ONEPAIMOHHON CEMaHTHKH
MAIIMHHBIX MHCTPYKLUH, BBINOJHEHUE KOTOPBIX HEOOXOJMMO JJIsi TPOBEACHHS
HIMPOKOTO KJlacca aHajM30B, B COBOKYITHOCTH HALEJICHHBIX Ha BOCCTAHOBJICHUE
anroputMoB. [Ipe/uioskeHa ynOBIETBOpSIONIas 3TUM TpPeOOBaHUSIM MOJEIb,
ornpoOoBaHHas B KOHTeKcTe IMpoko pacnpocrpanenHslx CISC- u  RISC-
ApXMUTEKTYp. YKa3aHbl CrIOCOOB! YIPOIIEHHs IOCTPOCHUS CHenr(pHUKAUi MallvH,
OIMCHIBAIONINX TPUBEICHNE CEMAaHTHKH HMHCTPYKUHMH K MOJEIBHOMY BUAY. OTH
crocoOBI HAIIIA CBOYO peanu3amuio B cpenctse PivotC u 6ubimoteke PivotPema. C
WCTIONF30BaHUEM YKa3aHHONH OWONMOTEeKH pa3pabdoTaH W OMPOOOBAaH MPOTOTHII
CHCTeMbI MHTepIpeTanny HHCTpyKimid Pivotl, oOmas cxema (QpyHKIMOHUPOBAHUS
KOTOPOT0 TaKXKe OIKcaHa B paborte.
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B nanpHeiliieM IUIaHUPYETCsl MOJHOCTHIO CHEM(UIIMPOBATh PaCIpOCTPAaHEHHbIE
mamuubl (Intel 64, MIPS64, ARM, PowerPC) 1 Ha OCHOBaHUM STHX CrEIUBUKAIHN
c/IeJIaTh BBIBOBI O IOCTATOYHOM Ha0OPE MOJICIILHBIX OTICpPAIIHi.

[manupyeTcs agantupoBaTh aJTOPUTM CIAMCHHTA TPACCHI I WCIOIB30BAHUS C
MOJEIIMH OIIEPAIMOHHOM CEMaHTWKH WHCTPYKIHMHA TpPAacChl, HYTO IIO3BOJIUT
0oTOMpaTh B ClAiic HE TOJBKO MAIIWHHBIE MHCTPYKIMH IETUKOM, HO M MX YaCTH,
BBIp2)KEHHBIE B BUJIE ONIEPATOPOB MOJIEIIH.

VYirydmeHne MHTEPIpeTaluy 3a CUYET YCIOXKHEHHS CXEMbI KOJOTCHEPAIMH TaKXKe
SIBISIETCSL BayKHOM 3amayeil. Kpome Toro, miaHupyeTcss NpOBECTH HCCIEIO0BaHUE
BO3MOXKHOCTH BBEACHHSI «TPAaHHUIl WHTEPIPETALMM» HAa BXOAE U BBIXOJEC W3
W3BECTHBIX OMONMOTEYHBIX (YHKIMH IyTeM 3aMeHbl CaMHX O3THX (QYHKLIUH
crienGUKaMAME BIUSHUS Ha COCTOSHHME MAIIMHBL. OJTO ITO3BOJIUT 3HAYHUTEIHEHO
YCKOPUTHh MHTEPIPETALMIO ¥ BO MHOTHX CJydasiX OTKa3aThCsi OT HEOOXOJUMOCTH
SMYJISIIIMA 000PYI0BaHUS.

BBeaenue naHHOM MOJENH MO3BOJISIET BIUIOTHYIO MOAOMTH K PELICHUIO BAXKHOM U
WHTEPECHOHN 3a/1aul MHTEPIPETAlNd HEepeaIn30BaHHBIX ITyTE€H B Tpacce, KOTopas
MOXET WIpaTh PpeEIIAloNIyl0 pOoJjb NpU JUHAMHYecKoM aHanu3e. Hedopmanbao
3ajja4ya MOXeT ObITh MMOCTaBJieHA cienyromuM obpasom. [lycte naH HaGop Tpacc
HEKOTOPOW MPOrpaMMbl U U3BECTHO, KAKMM OOpa30oM 3TH TPACCHI CBA3aHBI IPYT C
JpYroM (HarmpuMep, OHH CHUMAJIUCh C OJTHOTO M TOTO K€ HAa4aJbHOT'O COCTOSHUS,
HO C pa3lWYHBIM II0JIb30BaTeNbCKUM BBOJIOM). IIycTh B mporpamMme CyuiecTByeT
HEKOTOpPOE BETBJIEHUE, OJIHA U3 BETBEU KOTOPBIX HE peajn30Baiach HU B OJAHON M3
Tpacc. BblaBuraercss npeanosiokeHue O peanuzanud 3Toil BerBU. Cucrema,
pemiaromias 3amady, JOJDKHA IPEIOCTABUTH YCIOBHS HAa COCTOSHHE MAIIUHBI IS
peanmzanuu BeTBH (B WAeale ATH YCJOBUSA JOJDKHBI OBITH PacHpOCTPaHEHBI 10
MTOJTE30BATEIHCKOTO BBOJIA), BEIOPATh KOHKPETHBIA BUI IEPEMEHHBIX, BXOISAIINX B
YCIIOBHE W B JAHHBIX YCIOBHUSAX IMPOBECTH HHTEPIPETALUIO BETBH, TEM CaMbIM
MTOJTyYUB JOTOJTHUTENFHYIO TPAacCy BBIIOJIHEHHUS, B KOTOPOH MHTEPECYIOUINHA ITyTh
yxe OyeT pealn3oBaH.

Kpome TOro, B CHHMCOK [aMbHEHIIUX pabOT BKJIKOUYCHO TAKKE HCCICAOBAHUE
BO3MOXKHOCTH TOBBIIICHHSI YPOBHS IPEACTABICHUS CEMAHTHKH, B YaCTHOCTH,
Tparcsamus B LLVM [12].
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