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Jlekumns 8.
[MoTOK MHCTPYKUMN a3bika CIL




BBegeHue

= 43k CIL (Common Intermediate Language) aBnseTtcs
HE3aBMCUMbIM OT anmnapaTHOM NMnatdopMbl 06 bEKTHO-
OpPVEHTUPOBaHHbLIM accemMbsiepoM, NUCMOMb3YEMbIM Ha
nnatopme .NET ana npeacraBneHnsa UCMONHAEMOro Koaa

= UHcTpykumu CIL MOXXHO pa3genuTtb Ha YeTbipe OCHOBHbIE
rpynnbil:
" WMHCTPYKUMKM obLLero HasHayeHuns
" WHCTPYKUMW anst paboTbl C 06bEKTHOM MOAENDBIO
" NHCTPYKLUMW reHepaumm n 06paboTkmn UCKITHOYEHUN
" HeBepudUuUnpyeMble UHCTPYKLNK



8.1. dopmMaT NOTOKa NHCTPYKLUUM

= Teno Metoaa B cbopke .NET 3akoampoBaHO B BUAE MNOTOKA
MHCTPYKUMN a3bika CIL

= [TOTOK MHCTPYKLMN NpeacTtaBnseTr cobon maccus 6auT, B
KOTOPOM pa3MelLLeHbl NoceaoBaTenbHOCTU 6anT,
KOAUPYIOLLNE KaXKaYyt0 UMHCTPYKLINIO

* WMHCTPYKUMM pa3MELLAOTCSa NocneaoBaTebHO ApYr 3a
apyrom 6e3 rnpoMexxyTKoB

= [loTok nHcTpykumn CIL npeaHa3HayeH ans JIT-
KOMMNUASILMN U HE MOXKET CoAepXaTb ' HenpaBuibHbIX”
nocnegoBaTeNnbHOCTEN BanT



8.1.1. ®opMaT MHCTpYKLMU

= [locnepoBaTtenbHoCTb 6anT, Koampytowas nHcTpykumto CIL,
HauYMHAETCs C KoAaa MHCTPYKLINK

= YacTo Mcnosb3yeMble MHCTPYKLMM UMEIOT 0AHODANTOBbIE KOAbI.
MHCTPYKLUWMKN, KOTOPbIE NCMNOJb3YIOTCS pexe, UMEIOT ABYX6anToBble
koAbl (Npn 3ToM nepBbin 6anT Bceraa paseH 0XFE)
= MHOrne MHCTPYKUMN MMEIOT AOMNOSIHUTENbHbIE BCTPOEHHbIE
orepaHab! (inline operands), KOTopble HAXOAATCS NPSIMO B
MOTOKE UHCTPYKLMM

= BcTpoeHHble onepaHabl pa3MeLLaloTCs B MOTOKE
MHCTPYKLUMIM Cpa3y NOC/ie KOAa MHCTPYKLUUK



BapnaHTbl BCTPOEHHbIX ornepaHaoB MHCTpyKunn CIL

Onepann Pasmep B Oaiitax | Onmcanue

none 0 Y HEKOTOPhIX HWHCTPYKIIMK BCTPOECHHBIC OIIEPaHIbl
OTCYTCTBYIOT.

Int8 1 3HaKOBOE 8-OUTOBOE IIEJIOE YUCIIO

1nt32 4 3HaKoBOe 32-OMTOBOE IIEJI0€ YHUCIIO

1nt64 8 3HaK0BOEe 64-0UTOBOE 1IEI0E YUCIIO

unsigned int8 | 1 bes3znakoBoe 8-0UTOBOE 11€10€ YUCIIO

unsigned int16 | 2 bessnakoBoe 16-0MTOBOE 1IE10€ YUCIIO

float32 4 32-0MTOBOE YHCIIO C IUIABAIOILEHN 3aIIsITOMN

float64 8 64-0MTOBOE YHCJIIO C IJIABAIOIIEH 3aIIsITOMN

token 4 TokeH MeTagaHHBIX

switch NIEPEMEHHBIN MaccuB ampecoB mepexogoB ISl MHCTPYKIHH

switch




KoanpoBaHMe BCTPOEHHOro onepaHaa MHCTPYKLU MK
switch

= NHcTpykums switch ocylectBnsieT MHOXECTBEHHbIN
YC/OBHbIN Nepexo/ B 3aBUCMMOCTN OT HEKOTOPOIO LIENOro
3Ha4yeHns, KoTopoe b6epeTcsa U3 CTeKa BbIYMUCIIEHNN

= Ee BCTpOEHHbIN onepaHa npeactaBnseT cobon MaccuB
a[lpeCOB NMEpPexoaoB, KOAUPYEMbIN CeayoLLmMM 06pa3oMm:

= CHa4ana npet 32-pa3psiaHoe uenoe ymcno 6e3 3Haka,
o603HaualoLlee KONM4ecTBo aipecoB nepexoaos (pa3Mep Maccusa)

= 3aTeM cneayroT camm aapeca. MNpu 3ToM Kaxkabiv aapec KoanpyeTcs
B BUAe 32-pa3psaHoro Lenoro Yymcna co 3HakoMm



[MpuMepbl KoanpoBaHus MHCTpyKUmun CIL

"  WHctpykums Idarg.0 3arpy>xaeT Ha CTeK BbIYUC/IEHUIN 3HAYEHNE
NepBOro aprymeHTa Metoaa. OHa SABNSETCS COKPaLLEHHOMN BEPCUEN
NMHCTPYKUMK Idarg, He coaep>XXnT BCTPOEHHbIX ONepPaHAoB U UMEET
koA 0x02:

/* 02 */ Idarg.0

"  WHcTpykums arglist 3arpy>xaeT Ha CTeK BblYUCIEHMI CNEeLManbHbIN
onucaTenb MaccuBa NepeMeHHbIX NapaMeTpoB MeToaa. OHa He
COAEPXXUT BCTPOEHHBIX ornepanaoB 1 uMeeT aAByxbantoBbiv ko 0XFE
0x00:

/* FE 00 */ arglist

=  WHctpykums Idc.i4.s 16 3arpy>kaeT Ha CTeK BblUMCNEHNIA
LIE/TOYNCNIEHHYIO KOHCTaHTY 16. OHa SBNSIEeTCS COKpaLlEHHOW BEPCUEN
nHcTpykumn Idc.i4, nmeet koa 0x1F n coaep>XUT BCTPOEHHbIN
onepaHa Tuna int8:

/*1F | 10 */ ldc.i4.s 16



[MpuMepbl koanpoBaHus MHCTpyKUun CIL (YacTb 2)

=  WHcTtpykumsa ldc.r4 1.0 3arpy>aeT Ha cTek BbluncneHms umcno 1.0
(KOHCTaHTY C nnaBatoLlen 3anaton). OHa umeet koa 0xX22 u coaepXxuT
BCTPOEHHbIM onepaHa Tvna float32:

/* 22 | 0000803F */ Idc.r4 1.0

= WHcTpykums isinst System.String cny)xut ans AMHaMMYEeCKon
NPOBEPKN TUMA 06beKTa Ha CcTeke BbluMCneHnn. OHa umeeT koa 0x75
N COAEPXXUT BCTPOEHHBIN onepaHa Tuna token, B KOTOpOM XxpaHUTCS
TOKEH METafaHHbIX, YKa3bIBaloOLLMIA Ha TUM:

/* 75 | (02)00000F */ isinst System.String

= B ckobku nomelleH nepsBbit 6aUT TOKEHA METaZaHHbIX, 0603HavaoLLMN
HoMep Tabnuubl MeTaaaHHbIX. ObpaTnTe BHUMAHME, YTO 3HAYEHME TOKEHA
MeTaAaHHbIX Ansg Tuna System.String B pa3nnMyHbix c6opKax MOXeET
OT/INYaATbCA.

= WHcTpykums call System.String::Compare Bbi3biBaeT Metof. Ee
BCTPOEHHbIW onepaHa COAEPXXUT TOKEH MeTaAaHHbIX, YKa3blBatoLLMN
Ha ONWCaHWeE BbI3bIBAEMOro METOAA:

/* 28 | (06)0000CD */ call System.String::Compare



8.1.2. Agpeca nepexoaos

B coctaB Habopa nHctpykumn CIL BXOAAT MHCTPYKUUK AN
OpraHu3auumn ycroBHbIX U 6e3yCnoBHbIX Nepexoaos.
BCTpoeHHble onepanabl 3TUX MHCTPYKLUMN coaepKaT
aZlpeca nepexoaos

ABCONIOTHBIM aApec MHCTPYKLMK - CMELLEHME NEPBOro
6anTa MHCTPYKLUMM OTHOCUTENbHO Hayasia NoToKa
NHCTPYKLMM

Llenb nepexoaa (branch target) - MHCTpyKUMS, HA KOTOPYIO
nepenaeTcs ynpasieHne B pe3y/ibTaTe BbINOAHEHUS
NHCTPYKLIMK nepexoaa

B KauecTBe agpecoB nepexoja MUCMosb3yloTca He
abconoTHbIE aApeca Lenen nepexoaa, a Tak HasblBaeMble
OTHOCUTESIbHbIE aapeca



BbluncneHme oTHOCUTENNbHOro aapeca uenu
nepexoaa

target addr: add ; LleJyib repexoja

br rel addr ; uHCTpykUMA nNepexona

next addr:

= OTHOCUTENBHbIN aapec ABASETCA Pa3HOCTbIO abCcoMOTHOroO
aapeca uenu nepexona n abcontoTHOro aapeca
MHCTPYKLIMK, HEMOCPEACTBEHHO CNeayoLlen 3a
MHCTPYKLMEN NEPEXOAa:
reladdr := target addr - next addr

= JlonyCTMbI TOSIbKO TaKMe aapeca, KOTopble yKa3blBatoT Ha
nepBble 6anTbl MHCTPYKLMM B TENE AaHHONO METOAA



8.1.3. OrpaHnyeHna Ha nocneaoBaTeslbHOCTU
MHCTPYKLMA

= B cneundukaumm a3bika CIL B onnMcaHuUm Kaxkaon
WHCTPYKLMN YKa3aHbl YCNI0BUSA, NMPU KOTOPbIX A0OMNYCTUMO ee
NUCnoJsib3oBaHue

= Kpome Toro, Ha popMmnpoBaHue nocneaoBaTesibHOCTY
MHCTPYKLIMN HANOXEH psa OrpaHUYEHNI, NO3BONSIOLLNX
YNpoCTUTb co3aaHune JIT-koMmnunaropa

= B nporpamMMax AOornycKkatoTcs He tobble coueTaHus
MHCTPYKLMN, @ TOJIbKO T€ COYETaHUS, KOTOpbIE
YAOBJ/IETBOPSIIOT HEKOTOPbIM YCIOBUAM



OrpaHUYeHnEe Ha CTPYKTYpPY CTEKA BbIYMCIIEHNN

= CTpYKTypa CTEKA BbIYUCNEHUIN ONpeaenseTcs KoIM4ecTBoM
1 TUMaMM 3HAYEHUU, NEXALLMX Ha CTEKE BbIYMCIIEHUN.

= [1ns ntobon MHCTPYKLUNKU, BXOASALLEN B MOTOK MHCTPYKLIMNA,
CTPYKTYpa CTEKa A0/HKHA ObiTb MNOCTOSAHHOW BHE
3aBMCUMOCTM OT TOro, U3 KaKoro MecTta nporpaMmmbl Ha Hee
nepenaeTcs yrnpasneHune



OrpaHuyeHne Ha pa3Mep CTeka BblYMC/IEHUM

= B 3aronoBke MeToAa AO/MKHA ObiTb YKa3aHa MaKCMMaJsibHas
rnybrHa CTeka BblYUC/IEHUN

= |lenb BBEAEHUS 3TOrO OrpaHNUYeHnst COCTOMT B TOM, YTOObI
JIT-koMNuNATop, NPUCTYNnas K KoMNunauum MetToaa, Mor
Cpa3y BblAENNTb HY>XHOE KOMNMYEeCTBO NaMaTu noa CBou
BHYTPEHHUNE CTPYKTYPbl AaHHbIX



OrpaHunyeHue Ha obpaTHble nepexoab!

= Ecnm npm nocnegoBaTenbHOM nepebope MHCTPYKLUMN,
dopmMupyoWmMxX Teno Metoaa, JIT-koMnunsaTop BCTpevaeT
MHCTPYKLMIO, PaCcrnoIOXEHHYIO Cpa3y 3a MHCTPYKLMEN
6e3ycnioBHOro nepexoaa, U ecnu Ha 3Ty MHCTPYKLUMUIO elle
He 6blno nepexoaa, To JIT-koMNUNIATOP npearnosnaraeT, yuTo
CTEK ANs 3TON UHCTPYKLUMM AOMKEH ObITb MyCT

br L2

L1l: 1de.O ; BIeCb CTEeK CUuMTaeTCcs IIyCTHM

L2: br L1 ; OoOpaTHEIM repexon Ha Ll



