LLVM « MHbpPACTPYKTYpa

ons paspaboTkM KOMNUASTOPOB

bpyHo Kapgoc Jlonec Padasnb Aynep

IIIIIIIIII



bpyno Kapnoc Jlomec
Padaasp Aynep

LLVM:

MHDpacTpyKTypa
A9 pa3padoTku

KOMIMUNATOpPOB

3HaKoMCTBO ¢ ocHoBamu LLVM
N CMoNb30BaHMe 6a30BbIX ONONOTEK
Ang co34aHnd NPOABUHYTbLIX UHCTPYMEHTOB



Getting Started
with LLVM
Core Libraries

Get to grips with LLVM essentials and use the
core libraries to build advanced tools

Bruno Cardoso Lopes
Rafael Auler

eeeeeeeeeeeeeeeeeeeeeeeeeeee

PUBLISHING
BIRMINGHAM - MUMBAI



LLVM:

nHpacTpykKTypa
ANA pa3paéoTrku

KOMIMUNATOPOB

3HakKoMCTBO ¢ ocHoBamu LLVM
N UCMNOJib30BaHMe 6a30BbIX OMONMoTEK
Ang co34aHUd NPOABUHYTbIX UHCTPYMEHTOB

2-e nsngaHune, 3J1eKTPOHHOEe

ame

Mocxksa, 2023



YK 004.4'422LLVM
BbK 32.973.33

JI77

JIT7

Jlomec, bpyno Kapnoc.

LLVM: undpacrpykrypa ajist pazpaboTKi KOMITUJIATOPOB. 3HAKOMCTBO C
ocuoBamu LLVM u ucnonbzoBanue 6a3o0BbIx GUOINOTEK JJIS CO3MAHVSI TIPO/IBU-
nytbix uuctpymenton / b. K. Jlonec, P. Aynep ; nep. c anrn. A. H. Kuce-
nésa. — 2-e usn., o1 — 1 daitn pdf : 343 ¢. — Mocksa : IMK IIpecc, 2023. —
Cucrem. Tpebosanust: Adobe Reader XI 6o Adobe Digital Editions 4.5 ;
akpan 10". — Texcr : 2/1eKTPOHHBII.

ISBN 978-5-89818-603-6

LLVM — noselimmuit ¢ppeliMBOPK s pa3paboTKN KOMITMAATOPOB. Baarogaps npo-
CTOTE PACIIMPEHNS U OPraHu3al[MK B BUe MHOKecTBa Oubimrorek, LLVM Jserko noza-
€TCsT OCBOEHUIO JIasKe HAUMHAIOIIMMHU IPOTPAMMUCTAMH, BOIIPEKU YCTOSBIIEMYCSI MHEHUIO
0 CJIOKHOCTH Pa3pabOTKU KOMITUIISITOPOB.

CHauasia 9Ta KHUTA IOKAKET, KaK HACTPOUTH, COOPATh U YCTAHOBUTH GUOIMOTEKH,
WHCTPYMeHTHI U BHenTHUe mpoekTsl LLVM. 3arem mo3rakomut ¢ apxurekrypoit LLVM
1 0COOEHHOCTAMY PabOThl BCEX KOMIIOHEHTOB KOMITMJISATOPA: aHAJIU3aTOPA MCXOIHBIX
TEKCTOB, TeHePaTOPa KO/l TPOMEKYTOUHOTO TIPE/ICTABJICHUS, TeHEPATOPa BBITOJIHSIEMOTO
Kozia, Mexaamnama J I T-KoMIuaIim, BO3MOKHOCTSIMU KPOCC-KOMITHIISIITIY ¥ MHTepdeiicoMm
pacmmpenuit. Ha MHOJKeCTBe HATJISIZIHBIX TIPUMEPOB U (hParMeHTOB UCXOHOTO KOJIA KHU-
ra [OMOYKET BaM BOUTH B MUD pa3pabOTKK KOMITUISATOPOB Ha ocHoBe LLVM.

V3naHue NpeHA3HAYE€HO SHTY3MACTaM, CTYAEHTaM, a TAKKe paspadoTunKaM KOMITU-
JagaTopoB, mHTepecyomuMcsa LLVM. Unratenn mosKHBI 3HATH SI3BIK TPOTPAMMIPOBAHS
C++ u, J)xeaTeIbHO, UMETh HEKOTOPBIE MIPEICTABICHUS O TEOPUH KOMITHJISIIIHH.

YK 004.4'422LLVM
BbK 32.973.33

JJIEKTPOHHOE U3JJaHHe Ha OCHOBE IeyaTHOro uaaanus: LLVM: undpactpykrypa ajis pa3paboTKu
KOMITUJIITOPOB. 3HAKOMCTBO ¢ ocHoBamu LLVM u ucnosib3oBanme 6a30BbIX GHOIMOTEK JJIsT CO3/1a-
Hust TpoaBUHYTHIX uHcTpyMenToB / b. K. Jlomec, P. Aynep ; iep. ¢ anrn. A. H. Kucenésa. — Mocksa :
JIMK TIlpecc, 2015. — 342 ¢. — ISBN 978-5-97060-305-5. — Tekcr : HelocpecTBEHHBIIA.

Bcee IpaBa 3allUIIeHbI. Jlio6ast 4acTh 9TOI KHUTH He MOKET ObITh BOCIIpOU3BE/ICHA B KaKoii 6bI TO HE GBLIO
CbOpMe M KaKUMH GbI TO HU GBLIO cpeacTBaMu 6€3 MCHMEHHOTO Ppa3penieHuA BJIaJIe/IbIEB aBTOPCKUX MPaB.

MaTepI/[auI, W3JI0;KEHHBIN B JAHHOM KHUTE, MHOT'OKPATHO IIPOBEPEH. Ho TIOCKOJIbKY BEPOATHOCTD TEXHUYECKUX
ommboK Bee PaBHO CYIIECTBYET, U31aTEJILCTBO HE MOKET rapaHTUPOBATh a6COJIIOTHyIO TOYHOCTb U IIPaBUJIBHOCTH
TIPUBOJAUMBIX cBeJIeHMit. B ¢BSI3W ¢ 9THM M3/aTEIbCTBO HE HECET OTBETCTBEHHOCTH 32 BO3MOKHbBIE O]_L[I/I6K]/I, CBsI-
3aHHbIE C VCIIOJIb30BaHUEM KHUTH.

B coorsercrsun co cr. 1299 n 1301 T'K PD npu yerpaHeHun orpaHndeHuil, yCTAaHOBJICHHBIX TEXHUYECKUMHU CPEACTBAMU
3allMUTbl aBTOPCKUX IIpaB, leaB006JlallaTCJlb BIIpaBe TPC6OBaTb OT HapyUIuTe/sA BO3MEIICHUS y6bITKOB MJIN BBIILJIATHI KOM-
IeHcaluu.

ISBN 978-5-89818-603-6 © 2014 Packt Publishing

© Odopmiienue, mepeBOI HA PYCCKUI SA3BIK,
JIMK IIpecc, 2015



OrJIABJIEHME

[0 o TP:1:3 o o T- ) QR 11
O PELEHBEHTAX e mcutesrmnnnnssnssnnsmnssassnssnnssnssnssnnsnnnss 12
MPEenNCNIOBME ....cccvrivicircnnncssssnssnsssnssnssnnssnnsnsnnas 14
COMEPKAHNE KHUMM v uevieeeeteteieteeee e eaees e set et eaeseaeaeaesesnesnernen 17
Y710 NOTPeBbyeTCs ANA PABOTHI C KHUMOM euueteeteaeieeeieeieaaneeeeeeeeeneees 19
KOMY @pECOBaAHA OTA KHUM ... ceuieieeeeeeei e e ee e eeenas 19
TUNOrPAPCKNE COMMALUEHMS ...eeteiieiieeei et 20
OT3bIBbI N TMIOKEIAHMIS ..ttt et e e e e e e e e ees 21
CkaumBaHMe NCXOAHOTO KOAA MPUMEPOB .....uuevrerneineernarinaesneennaennaees 21
(717 ToTe] e (=1 - & o TS 22
HapyLLEHNE @BTOPCKUX TIP@B ...eueenieneeneeeeeeeeeeeeeeeeeeeeeeneeneeneenns 22

Maea 1. C6opka n yctaHoBka LLVM........................ 23

Mopapok Hymepaunm BEPCUM LLVM ... 24
YcTtaHoBKa CKOMMUAMPOBAHHbLIX NakeToB LLVM ..., 25
YcTaHOBKa CKOMMUAMPOBAHHbIX MAKETOB C OPULINANBHOIO CanlTa............... 25

YcTaHoBKa C MCNOb30BaHMEM QMCNETYEpPa NakeToB

Cbopka N3 NCXoOHbIX TEKCTOB

CurCTEMHbBIE TPEOOBAHUS ...
I'IonyHeHme NCXOOHDBIX TEKCTOB. . iiiiiiiiiiii it eiieeeeteeaaasaaiiaaaiaaiaes
COopKa N YCTAHOBKA LLVIM ...
Windows 1 Microsoft Visual Studio
MaAC OS XM XCOUE ...ttt et e
B BAKIIOUEHUIE ...t
MnaBa 2. BHELUHME MPOEKTbl..:seeeuirrsnnsssnsnnnssnsnnnnnnns 47
BBeneHve B 4OMOMHUTENbHBbIE MHCTPYMEHTbI Clang .......coceveeveiencanne. 47
Cbopka 1 ycTaHOBKa A0MOHUTESNIbHBIX MIHCTPYMEHTOB Clang..................... 49
COMPIIEI-RT e e 50
CoMPIIEr-RT B OEMCTBUM . ....eevueeii et e e e e e e e eee 51
PacumpeHme DragOnEQQ... ... cvuu i 52

(o] o1 W D= o o] o] =l [« PN 53



L6 | | | ] Ornasnenvie

KoHBenep komnunauum ¢ npumeHeHnem DragonEgg

M MHCTPYMEHTOB LLVIM L. e
MakeTt TecTtoB LLVM ......
Mcnonb3osaHuve LLDB...
BBepeHuve B cTangapTHyto 6ubnunoTteky libc++

B BAKITIOUEBHIUIE ...t

BBeneHve B OCHOBHbIE NpUHLUMMbI opranmdaumn LLVM ...................... 64
[V A\Y Wot=] oYl 1= IO PRPNRP 67
BsanmopencTeure ¢ ApaniBEPOM KOMMUIIATOP@ .. .vuunenenennennennannannannss 71
Mcnonb3oBaHne aBTOHOMHBIX MHCTPYMEHTOB . ....uvuniteeieeineeiaaenaennnes 72
BHyTpeHHSs opraHm3aumsa LLVIM ... 75
OCHOBHbBIE BUBAMOTEKM LLVIM ... 76
Mpuembl nporpaMmmmnpoBaHms HA C++ B LLVM .......ooovviiiviiieiice e 78
OddekTnBHbLIE NPUEMbI NporpaMmmmpoBaHns Ha C++ B LLVM..
JeMoHCTpaums paclumpsieMoro MHTEPMENCa MPOXOAOB. .........eeeeeeeeeernens 83
Peannzauus nepBoro cob¢ctBeHHOro npoekta LLVM .........ooiiiianees 84
IMAKETII . e 85
PRAIMBALINS . ...t 87
OO6Lwme coBeThI MO HaBMrauym B UCXOAHbIX TekcTax LLVM .................. 89

YuTtanTe KO Kak JOKYMEHTALMIO ...cuuveneineeiieeeiaeiaeeeeieennns
O6palualiTecb 3a NOMOLLBIO K COOBLLECTBY
3HaKkoMbTECh C 0OHOBNIEHUSIMU — YUTAATE XYPHaN NU3MEHEHWI

B SVN KAK JOKYMEHTALMEO ... eeeteeetneeetieeeaieeeieeeanaeeanaeaeieeeaaeeanaeeenaeennnnns
3aknunTenbHbIE 3aMe4aHus

B BAKITIOUEHIME ...ttt
Maea 4. AHaNIN3aTOP UCXOOHOTO KO +euuvrevrnsnnnnnnnnns 94
BBEAEHUE B Clang.......cviiiiiiee e 94
PaboTa aHanM3aTOPa UCXOOHOTO KOLA «.cevvuneeeeiiinaaeeniinaaaeeeiinaeaaesnnaaaeenes 95
BUBIINOTEKM ...ttt e e e e e e e e e e e e e e e e aaaaas
JINArHOCTUKA B ClanNg....uuiie i a s

Otanbl paboTbl aHanmnaartopa Clang
JIEKCUYECKNIN @HANMNS .. eeieiiaeanaaanes
CUHTAKCUYECKMIM QHATINS .eveeeneeieeieeeneeteeaeeeeeteeae e e et e e e e e et eenaeaneennns
(07T = U Lo o 1 = U T= 1

BB BMECTE ..ttt



Ornaenenue I.--

OCHOBHbI€ MHCTPYMEHTbI An1s paboTbl ¢ dopmatamMu IR ...t 131
BeegeHue B cnHTakcnc a3bika LLVM IR ... 132
Mpenctasnenme LLVM IR B MaMATU ....cvviiiiccc e 136
Peannzauns cobctBeHHoro reHepatopa LLVM IR ..., 139
C6opka 1 3anyCk reHepPaToPa IR ........ooiiii e 143
Kak reHepupoBaTb JitloOble KOHCTPYKLUMK IR ¢ ncnonb3oBaHnem
FEHEPATOPA KOOA CH .. e i ee et e e e eans 144
ONTUMM3ALNSA HA YPOBHE IR ... .utiiii e 145
OnTUMMU3aumMmM BpEMEHN KOMMUASLMN Y BPDEMEHW KOMMOHOBKM ................ 145
OnpepneneHne NPOXoA0B, UMEIOLLMX BHAUEHME .....cevrnereinereneeiineaeinaeaannnns 147
3aBUCKIMOCTU MEXAY MPOXOAAMMY .....evviiieeeieiiaeeeeeti e e et aeat e eenaes 149
MPUKNaAHON NHTEPPENC MPOXOMOB . cevneeinieieiieteiie et e e e enens 151
Peannaaumnsi COOCTBEHHOTO MPOXOLA .vunerunerenerenaeennaeeanaerrnaeesnnaeennaeeenns 152
B BAKIIOUEHIME ... 157

OTan BbIOOPA MHCTPYKLIMM evevteiteeiieeiieeiieea e e e et e e e et e et e eaaeaaneannas
Knacc SeleCtioNDAG ........coiiiiiiiiiii e
YIIPOLLEHVIE «.viiiiieeiei ettt et e e e e
O6beavHeHne DAG n neranusauus
Bbi6op MHCTpYKUmii ¢ npeobpazoBaHnem «DAG-1t0-DAG» .............ccceeeeeen. 181
Buayanusaums npouecca BbI60Pa MHCTPYKLIMMA «...u.eieriiieeeiiiiiaeeeeiiiieeeees 184
BbICTPBIN BEIOOP MHCTPYKLIAI ...ttt ettt e e

[MNaHNPOBAHNE MHCTPYKLIMM ..ottt

MapLLUPYTEI MHCTPYKLIAM ..ttt et e
ONPeneNEHNE OMACHOCTEM ...uuiirieiteiieeie e e e e et e e e e et e e e e eaaas
ELVHULBI MAQHUPOBAHMS . ... eetieeiieeeei e e e e e e e e e e eeens

MaALLNHHBIE MHCTPYKLMM ..t eeeveiieeeeeaaieeeeeeatieseeeaanaeeeeeannaeeeesnnes

PacnpeneneHNE PEMMCTPOB .. .uvuiiiie e e e e e e eae

OOBEAMHEHNE PEIMCTPOB ...evvueeetneeeinaeetneeetneretnaeesnaeesneresaeesnaaennaarenaaes
3amMeHa BMPTyasibHbIX PErMCTPOB
ApPXUTEKTYPHO-32BUCUMbBIE OOPABOTUNKM ...eveeeveeeaeieeaieeaeiaeeiineeeieeenens 197

TTPOTION M OMIAIION . 198
NHAEKCBI KAOPOB CTEKA .. euvueuuetetiieineteeteeteteteeteatetneteeteeneaneteeteeneanesneses 199

MHOPaCTPYKTYPA MALUNHHOTO KO .. euueeneenenieeeeennaaeieenieeeeenneeens 199



L s | | | ] Ornasnenvie

MHcTpykumm MC

OMUCCUIF KOLLA +.evnevteieeieee e et e e e et e e e e e et e e e e et e e e e e e e e e eanaeanas
Peanunzauuns co6CTBEHHOrO Npoxoaa A reHepaTopa KoAa.............. 203
B BAKIIOUEHUIE ... e 206

Maea 7. AMHaAMNUYECKNA KOMIMUITATOP .uveeurrnnnrnnnnss 208
OCHOBbI MEXaHM3Ma AMHaAMUYeCcKo KoMmnunaumm B LLVM................ 209

BBeneHVE B MEXAHNSM BBIMOSTHEHUS ..c..uveiiieiieeeeei et e e e 210

YNPABAEHNE MAMSATBHO ... eeteetieeieet et et et et e e et e e e e e eeaees 212
BeeneHve B MHGPacTPpyKTYPyY IVm:zidIT oo, 213

3anuch 6/10KOB ABOVYHOMO KOAA B MAMSITB . cvvvueeertineeeeeniinaaeeeninneeennnns 213

JITMemoryManager

MexaHn3Mbl BbIBOAA LLEMIEBOTO KOL@ .vvneeenereieeeiaeeiaeenineennneenneennnaeenens 214

NHDOPMALMS O LLENEBOM QPXUTEKTYPE .uuvvueeneereeeneeneanaeaneeneenaseneesnenneeens 215

MpakTnka NPUMEHEHNS KNACCA JIT ..ouviiiiiieiie e 217
BeeneHuve B MHPPacTpyKTypy Iivm::MCJIT ..o, 222

MEXaHUBM MCUIT ..ot 223

Kak MCJIT KOMMUIIVPYET MOLYIIM ...eeeeieiiseeaeeii ettt e e 224

JINCTIETHEP MAMSATM ittt e e 227
McnonbzoBaHne MmexaHn3ma MCUIT ..o 228
MHcTpyMeHTbl KOoMnaumm LLVM JIT ..o 231

MHCTPYMEHT e

MHCcTpymMeHT llvm-rtdyld
JLOMOMHNTENBHBIE PECYPCDBI «uvuvniieeieiieiieeietaeene e e e eneeneeneeneeneenes 233
B BAKITIOUEHUE ... 234

MagBa 8. Kpocc-nnardpopmMmeHHaa KOMNUAALMS ....... 235
CpaBHEHME GCC M LLVM ..o 236
Tprnaabl onpeneneHns LENEBOMN aPXUTEKTYPBI ..vuvrerierreneereeneeneenaenns 238
[TOArOTOBKA MHCTPYMEHTAPUIS «.euieiiiieiieie et eaen 240

CraHpapTHble OUBANOTEKN C 1 CH+ .o 240

Bubnunotekn BpeMeHU BbINOJIHEHUA

ACCGMGJ‘Iep N KOMIMMOHOBLLMK ittt iiiii s iaie s isssanaassanannnnes

AHann3atop NCXoAHOT0 KOAA Clang ...........iviiiiiiiiiiiiiiiieeeiii e 242
Kpocc-koMmnunaums ¢ aprymeHTamu komaHaHom ctpokm Clang ........ 244

MapameTpbl ApariBepa, Onpeaenstome aAPXUTEKTYPY «.everenerererenainaenns 244

BABYICUIMOCTM ettt ettt e et e e et et et e e et e e e et e e et e e et e e ean e aannas 245

KPOCC-KOMIMUIIALLAS ...ttt ettt e eeas 246

MI3MEHEHNE KOPHEBOTO KATAITOM@ 1. vt evteeieeeeeteaeeet et eee e e e e ean e e eens 248
CospaHune KpoCC-KOMMUAATOPA Clang.......c.ovevviiiiiiiiiicecceeeas 250

[ILE=T X2 LY = o o o = o oo 250

C6opka 1 yctaHoBKa Kpocc-KoMnunsaTopa Ha ocHoBe Clang .................... 251

ANbTEPHATUBHBLIE METOLbI COOPKM ... cevvteeeiiierii e eriieeeie e s e eae e e e e e eeaans 252



Ornaenenue

TECTUPOBAHME . cuevveieieeeieieeeeeaeeeann

OpHonnaTtHble KOMMbIoTEPbI
CUIMYTIATOPD 1ttt ettt ettt e et eeenaes

L ONOSTHUTENBHBIE PECYPCBI «.evvvteeeeiiiieeeeeeiiiaeeeeesniaeeeeesnnaeeeennnaaaaees

B BAKITIOUEHUIE ...cvtiii it eaees

Fnaea 9. Ctatuyeckuin aHanusartop Clang .............. 257

POAb CTATUHECKOIO @HAMNBATOP .« v ueueeeneeeeaeneteeneneeneneaeeneeeaneneenenees 258
CpaBHeHMe K1aCCNYeCcKOro MexaHmama npeaynpexaeHui
CO CTaTMYECKUM aHANN3ATOPOM ClANG .ceuuiiiiiiiiiiiiiiieeie e 258
B0O3MOXHOCTN MEXaHM3MaA CUMBOSIMYECKOTO BbIMOTHEHUS . ...vvevaeenaanennes 262

TeCTUPOBaAHNE CTATUYECKOTO QHANIMBATOPA «.vvnvrrrrneeneeneeneenannaenaenns
Mcnonb3oBaHme ApaiBePa N KOMMAMIIATOPA «.uvrnrrnernernraneeneenaraneenenneenns
MonyyeHune cnvcka AOCTYMHbIX CPEACTB MPOBEPKU
Mcnonb3oBaHue ctatnyeckoro aHanndatopa B Xcode IDE ....................... 268
CospaHue rpaduyecknx ot4eToB B dopmate HTML ....oovvvvviviiiiiiciieieeans 269
AHANNG OOJTBLUNX MPOEKTOB ... evvueeetneereneeranesenasssneessnaesanaessnaeesnnaesnnaeennns 269

PaclumpeHune ctatnyeckoro aHanmsaropa Clang COBCTBEHHbLIMU
cpencrtesamMum onpeneneHns oLn6b0oK

APXUTEKTYPA MPOEKTA cevieirieieieietie ettt e eaieeei e eeaieeraeeees

PaspaboTka COBCTBEHHOrO CPEACTBA MPOBEPKM ....ivvriieeeeiiiieeeeeriieeeens 277
JLONMOMHNTENBHBIE PECYPCDBI «.vueieiieiieeie et eae 287
B BAKITIOUEHIUE ... 289

Fnaea 10. UHcTpymeHTol Clang
n pperimBopk LibTooling ......cccovvvveiiiniincinnnnnnann. 290

Co3spaHune 6a3bl AaHHbIX KOMaHO, KOMAVIIALUMM ..ouvnenaneeineeeeieienans

ClanNG-TidY e e
MpoBepka ncxogHoro koga ¢ nomoubto Clang-tidy

MHCTPYMEHTbBI PEDAKTOPMHIA ..evuevieeieeeeeie e e e e e aeaeeneeneeneene
(07 =Yg o T 1, Fo Yo [T g 012
Clang Apply Replacements........c.uviuiiiiii e
ClanGFOrMaAL ... e
Modularize
Module Map ChECKET ......cuuiiieee e
PP TrACE et
Clang Query
(7 =Yg o T ] =T o 2
YOANEHNE BBIBOBOB C_StI()ruerniieiiieieiee et et e e e e e e e

Co3spgaHne cobCcTBEHHOIO MHCTPYMEHTA....

Onpepenexve 3agayn — co3gaHne MHCTPYMeHTa pedakTopuHra
(oY E= W T W O e PSPPI 315
OnpepneneHne CTPYKTYPbl KAaTanoroB AJ151 UCXOLHOTO KOO ... .uuvunerenrerennnns 315



(0] ||} Ornasnenvie

LLIQBNOHHBINA KOL, MHCTPYMEHTE .. ceeteeeteeeinaeeaiaeeeiaeaeieee et e e eaiaeeeieeenneeeenns
Mcnonb3oBaHue npeaukatos AST
Co30aHNE OOPABOTUMKOB . ....uvvneirerneeieetieriersieaneeiernaaanns
TecTnpoBaHMe HOBOro MHCTPYMEHTA pedakTopuHra

LONOSTHUTENBHBIE PECYPCBI «.vvvvteeeeiiiiaeeeriiiieeeeeetnnaeeeeesnnaeeeensnaaaaees

B BAKITIOUEHUIE .. vttt e e ea e

MpPeaAMETHDBIN YKABATEIIb «euuurrmnurnnrrmnsnsnnnnnnnnsnnnnss



OB ABTOPAX

Bpyuno Kapaoc Jonec (Bruno Cardoso Lopes) mosyuus creneHb T0K-
Topa WHGMOPMAITMOHHBIX TEXHOJOTUI B yHUBepcuTeTe Topoga Kammnac
(Campinas), Bpasuims. C 2007 roga yuactyer B paspaborke LIVM, ¢
HYJISI peain30Bas TOA/IEP:KKY apxuTekTypsl MIPS u compoBokiarn ee B
TeyeHre HeCKOJIbKIX JieT. Takske 3aHnMalics pazpadoTKOi HoaaepKKu X86
AVX u accembiepa ARM. B Hacrosiiiee BpeMsi 3aHUMAETCS UCCIIEA0BAHM-
SIMU TIPUEMOB CKaTHsI Kojia U cyskeHus cucteMbl koMau/ (Instruction Set
Architecture, ISA). B npomuiom sanumascs pa3paboTKoii gpaiiBepos ajist
onepanoHubIX cuctem Linux u FreeBSD.

Padasap Aysep (Rafael Auler) saumuia kKaHARAATCKYIO IUCCEPTAIUIO B
yHusepcutete ropoga Kannnaac (Campinas), bpasumms. Vmeet crenenn
MarucTpa WH(GOPMAIMOHHBIX TEXHOJIOTHI 1 GakajaBpa B 00JacTH KOH-
CTPYUPOBAHUS BEIYNCTUTENbHBIX MAIIIWH, TOJyYeHHBIE B TOM K€ YHUBEP-
curere. B aumiomMHol paboTe Ha cTelleHb MarkcTpa peajus3oBa dKCIe-
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Typ B LLVM Ha ocHoBe (aiiios onncanuii. B Hacrosiee Bpemst pabora-
€T HaJl IOKTOPCKON JMccepTaiueil M UCCTIeyeT MPUEMbl TMHAMUYECKOM
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«Microsoft Research 2013 Graduate Research Fellowship Award».
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mechanism) u pacmupenuii aast accembiaepa ARM, WHTErprupoOBaHHOTO
B LLVM. B 2012 npoxoaua craxuposky B Google kak WH:KeHEP-TIPO-
IPaMMICT, BO BpeMst KOTOPol 3aHumMalicst uarerpaueir LLVM B Android
NDK.

I3s Jlro (Jia Liu) Bo BpeMst yueObl B KOJUIEIKe HAauasl 3aHUMAThCsI Pas-
paboTkoii mporpammHoro obecriedennst st GNU/Linux u yke mocie
yueObl y4acTBOBAJ B HECKOJIBKHUX TIPOEKTaX MO pazpaboTKe OTKPBITOTO
nporpaMMHoOTo obecriedeHust. B HacTosIee BpeMs OTBEYaeT 3a BCe, UTO
CBSI3aHO ¢ IporpaMMubiM obecniedereM B China-DSP.

WHTepecyeTcst TEXHOJOTUSIMU KOMITWJISAIKA U paboTaeT B 9TOM Ha-
[PaBJIEHUH YK€ HECKOJIBKO JieT. B ¢Boe cBOGOIHOE BpeMsT Bee Tak JKe yua-
CTBYET B HECKOJIBKUX OTKPBITHIX MpoekTax, Taknx kak LLVM, QEMU n
GCC/Binutils.

Bbur HaHAT KUTAHCKUM MPOUM3BOMUTETIEM MUKPOIPOIIECCOPOB, KOM-
manmeii Glarun Technology, 6osee mupoko usBectayto, kak China-DSP.
China-DSP — 970 110CTaBIIMK BBHICOKOIIPOU3BOAUTEIbHBIX MIPOIECCOPOB
g poBoii o6padorku curnanos (Digital Signal Processor, DSP). Oc-
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HOBY OM3Heca KOMIAHWU COCTABJISIIOT: MPOEKTHPOBAHUE TPOIECCOPOB,
pas3paboTKa CHCTEMHOTO MTPOrPAMMHOTO 06ECTIEUeHNST 1 CO3TaHKe BCTPa-
MBAEMBIX TIAT(HOPM TAPAJIIETHHON 06pabOTKY JITIsS SIEKTPOIHEPTETHKH,
CBSI3U, aBTOMOOIIIECTPOECHUS, TIPHOOPOCTPOEHHST U GBITOBOIT HIEKTPOHMN-
KH.

A xouy ckasamv cnacubo moum pooumensim 3a mo, umo s no-
aeuncs na ceem. Cnacubo moeti noopyee, HACMABITIOUEH MeHsL HA
nymo ucmunnviil. Cnacubo moum Koiiezam 3a cuacmoe padomamn
€ HUMU.

I:xon Ilaxmeiicrep (John Szakmeister) mosmyumsn cremens maructpa
AJIEKTPOTEXHUKU W AJIEKTPOHUKHM B yHUBepcurtere /[skoHca XomkmHca
(Bantumop, Mepuienn, CIIA) u sBastercst coocHoBaTesieM Intelesys
Corporation (www.intelesyscorp.com). TIpodeccnoHasbHO 3aHUMAETCSE
porpaMMHUpOBaHueM yike Oosiee 15 jietT u 060KaeT BO3UTHCS ¢ KOMITH-
JISTOPAMU, OTTEPAIIMOHHBIMUA CUCTEMAMH, CJIOKHBIMU JITOPUTMAMU U JTIO-
ObIMU BCTpamBaeMbIMK crucTeMaMu. Spbiii croportrnk Open Source u B
cBoe cBOOOAHOE BpeMsI TIPHHUMAET yJYacThe B PasBUTHH MHOTHMX OTKDBI-
TBIX ITPOEKTOB. B cBOOOIHOE OT IIpOrpaMMIpoBaHus BpeMs J[5KOH YIIOpHO
TPEHUPYETCsI, CTPEMSICh K CBOEMY YEPHOMY TOSICY TT0 HUHJIZIOILY, UJIN YU-
TaeT TEXHUIECKYIO JIUTEPATYPY.

A xouy nobrazodapumv mor cynpyey un (Ann) u 08yx moux
manvuuxos, Mammoio (Matthew) u Sudpio (Andrew), 3a ux mep-
nenue u noHUManue, K0zoa s Ovlll 3aHsm PeyeH3uposanuem Mo
KHUZU.
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[Ipoext LILVM naumHazcs co cTpacTv K KOMITUISTOPAM €IMHCTBEHHOTO
yestoBeka, Kpuca Jlartaepa (Chris Lattner). B coObITusX, 110C/I€10BaB-
IIUX 32 BBIXOZIOM TiepBoit Bepcuu LLVM, n nanpHelineM mogKIOYeHITN
K TIPOEKTY APYTUX PazpaboTUMKOB SIBHO TIPOCIEKUBACTCS CIIEHAPUTT pas-
BUTHSI, XaPaKTEPHBII [T MHOTHX YCITEITHBIX OTKPBITBIX ITPOEKTOB: OHU
MOSBJISIIOTCST HE B HEAPaX KPYMHBIX KOMMAHUH, a Gaarogapst mpocToMy
YeJI0BEUEeCKOMY MHTEPeCy K Toii i nHo# TeMe. Hampumep, mepsoe sipo
Linux nostBrocsh, 6maroapst wHTepecy (GUHCKOTO CTY/IEHTa K OTiepalii-
OHHBIM CUCTEMAM ¥ €T0 CTPEMJIEHUIO TIOHSITh U YBUIETh HA TIPAKTUKE, KaK
B ICHCTBUTEIBHOCTH PabOTAIOT OTIEPAIIMOHHBIEC CHCTEMBL.

" Linux, u LLVM pa3zBuince /10 ypoBHSI TIEPBOKIACCHOTO MTPOTPAMM-
HOTO oGecredeH s, CocOOHOT0 KOHKYPUPOBATh ¢ KOMMEPUYECKUMHY aHa-
JIOTAMH, BO MHOTOM 6J1arofiapst BRIy GOJIBIIIOTO YHCIIa TIPOTPAMMHUCTOB.
U 66110 6B HECTIPABETNBO MPUIHCHIBATE YCIIEX JI0O0TO GOJIBITOTO TPO-
eKTa offHOMY uesioBeKky. OHAKO Tepexojl OT CTYNeHYECKOTO MPOeKTa K
CJIOKHOMY ¥ HAJIEKHOMY TIPOTPAMMHOMY MPOAYKTY B coobtiectBe Open
Source Bo MHOTOM 3aBUCHUT OT TAKOTO Ba)KHOTO (haKTOpa, KaK IIpUBJIeYe-
HIE CTOPOHHUX Pa3pabGOTYMKOB, KOMY TIPHIILIOCH GBI IO JyIie TPATHUThH
CBOE BpeMs Ha MTPOEKT.

B mrxosax mpucyTcTByeT aTMocdepa yBIEKaTEIbHOCTH, TOTOMY 4TO
06pa3oBaHyie MPENoaracT u3ydeHne BHyTPEHHEro opsijika Bereit. JIist
YUAIUXCs TIO3HAHUE TAllH YCTPONCTBA CIOKHBIX MEXAHU3MOB SIBJISIET CO-
6ol mportece Tepexo/ia OT OIIYIEHUs TIOJHOW 3arajloYHOCTH K UyBCTBY
nobe/Ibl U YBEPEHHOTO BJIajleHUsT 3HAHUAMU. B Takoil cpese, B yHUBEP-
curere ropoza Ypbana-Ilamneiin mrata Mnunoiic (UTUC), sapoauics
npoekT LIVM, KoTOpBI# HCITOTb30BaICS KaK TPOTOTHT JIJIST IAJIbHEUTITX
HCCeIOBaHUI 1 Kak yuebHoe mocodue Uit Kypcea JIEKITUH M0 YCTPOHCTBY
KOMITUJIATOPOB, KoTopbiii Besl Bukpam Axse (Vikram Adve), pykosoau-
TeJIb TUTIIOMHOTO ITpoekTa JlarTHepa. CTyIeHThI TOMOTAJIH B BBISIBJICHITH
HepBBIX OMMOOK W Jalu HaYaabHbI UMIIYJIbC B passutuu LLVM, kax
MPOCTOTO B U3yYEHHUH TIPOTPAMMHOTO TIPOEKTA C SICHOI apXUTEKTYPOIL.

Bonuioiee HecooTBETCTBYE TEOPUH M TTPAKTUKI TIPOTPAMMIPOBAHUS
cOMBAIOT C TOJKY MHOTHX CTY/IEHTOB — OYAYIIUX TPOTpaMMucTOB. ITpo-
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cTasg W sICHasi KOHIETIMS B TEOPUH MOXKET BKJIIOYATh B ceOsI CTOJBKO
HACJIOEHWH U3 JieTasell pean3aliy, 9To IIPOrPAMMHBIE TTPOEKTHI CTAHO-
BUTCSI TIPOCTO HEBO3MOKHO OXBATHTh MBICIEHHO. XOPOIIIO MTPOAyMaHHAasI
APXUTEKTYPA C MOTITHBIMI aOCTPAKIIUSIME TIOMOTAET Y€TI0BEYECKOMY MO3-
Ty pa3o0dpaThest BO BCEX HACTOCHUSIX M HA BCEX YPOBHSIX: OT OBIIETO TIPE/i-
CTaBJIEHNUs, Kak paboTaeT MporpamMMa, /10 MeJBYaiIINX MoAPOOHOCTEN ee
peansarum.

ITO 0COOGEHHO BEPHO ST KOMIUISATOPOB. CTYAEHTHI, WCIBITHIBAIO-
THe JKeJTaHue Y3HaTh, Kak PaboTaioT KOMITUIISITOPBI, YaCTO CTATKHBAIOT-
csI ¢ TPYAHOU 3a/1a4eil, Kor/a /1eJ0 JOXOAUT /10 n3yueHns (hakTuIecKoin
peasnusanuu komnuiagaropa. [lo nogasiaenus LLVM, oguum 13 HeMHOTHX
KOMITHJISITOPOB € OTKPBITBIM MCXOAHBIM KOZIOM, OCTYITHBIX Xakepam' n
JOGOTIBITHBIM CTY/IEHTAM JIJIsT U3YUYEHsI TIPAKTHYECKON Pean3ariu, ObLI
GCC.

JIto60# MPOrpaMMHBIN TPOEKT JOCTATOYHO SICHO OTpPaskKaeT Tpeji-
CTaBJIEHUS MPOTPAMMHUCTOB, CO3/IABINUX €ro. ITO MOXKHO HabII0IaTh B
abCTPaKITHSIX, UCTTOTB3YEMbBIX JIJIST OTACJEHIST MOIYJIEH APYT OT Apyra u
TIPE/ICTABIEHUS JAHHBIX B Pa3HBIX KOMIOHeHTaX. [[porpaMMucTsr MoryT
UMeTb pasHble B3TJISAIBI HA OTHO 1 TO JKe. COOTBETCTBEHHO, IaBHUIIIHUE U
KpyIHbIe mpoekThl, Takue kKak GCC (koTopblii passusaercs yxe 6osee 30
JIET), 4aCTO ABJSIIOTCS KOMOUHAIMEH B3TJISIIOB W MPEICTABICHUH TIETBIX
TIOKOJIEHUH MTPOTPAMMUCTOB, YTO JIeJIAeT TAaKWe MPOEKTHl YPE3BBIUYANHO
CJIO’KHBIMU B U3YYEHUH JIJIST BCTYTIAIONINX B HUX HOBBIX TIPOTPAMMUCTOB 1
TMOGO3HATETLHBIX UCCTEI0BATENEH.

[Ipoext LLVM mpuBiekaer He TOJTHKO OINBITHBIX MPOTPAMMUCTOB —
Pa3paboTUNKOB KOMITUJISITOPOB, — HO TaKsKe MHOKECTBO TOHBIX 1 JTI0603-
HATEJBHBIX YMOB, KOTOPbIE BUIAT B HeM GoJiee SICHBIN W TIPOCTOT ISt 13-
YUYEHUsI MPOTPAMMHBIN TPOAYKT, MPEACTABIIAIONUN 060 KOMITHIISTOD
C OTPOMHBIM TIOTEHITHATIOM. DTO OUEBUIHO W3 GOJIBIIIOTO YUCIA HAYUHBIX
TPy 0B, BbiOpaBinux LLVM 3a ocHOBY st nccaenoBanuii. Ilpuunna mpo-
CTa; B HAYIHOM COOOIIECTRE 32 MPAKTUYECKUE ACTIEKTHI PEATH3AINHT YacTO
OTBEYAIOT CTY/ICHTBI, TIO9TOMY JIJIsT HAYYHO-HMCCIIE0BATETbCKUX TPOEKTOB
MEPBOCTENIEHHOE 3HAYEHNE UMEET TPOCTOTa KOJOBOI 6asbl, YTOOI CTY-
JEHTBI JIETKO MOTJIN OBJazeTh eio. CobiasHentbie HOBeleil apxuTek-
Typoii Ha ocHOBe s3bika C++ (BMecto C, Ha xoropom Hammcan GCC),
MOJLyJTbHOU cTpyKTypoit (BMecTo MoHosMTHON B GCC) 1 KOHIENUIMY,
KOTOPBIE JIETKO YKJIAIBIBAIOTCS B COBPEMEHHYIO TEOPUIO TIOCTPOEHS KOM-

! 3].[er CJIOBO «XaKep» HUCIIOJb3YETCs B €Tr0 1I€PBOHAYA/JIbHOM CMBICJIE! «BBICOKOKBAJIN-

(dbunmposanubiii T T-crienuanuct, 4eJ0BeK, KOTOPbI MOHUMAET TOHKOCTU PaboThl IIPO-
rpamm DBM». — [Ipum. nepes.
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MUJISITOPOB, MHOTHE UCCEN0OBATENN OTMETHIIN, HACKOJIBKO TIPOCTO OCBO-
nth LLVM u ncronp3oBats g peamusanuu cBoux ujeit. Yermex LIVM
B aKaJIeMUYECKOI cpelie OTPe/le;IEHHO CTAJ CJIEACTBUEM YMEHBIIEHUEM
paspbIBa MEXKIY TeOpHell 1 TPAaKTUKOI.

ITpoekr LIVM mnpusjiekaer He TOJBKO aKaJeMHUYECKOe COOOIIECTBO,
KaK MHCTPYMEHT JJIsSI MCCJIeIOBAHUI, HO W TMPOMBIIIIJIEHHOCTD, U3-3a TO-
pasao GoJiee nbepabHON JUIEH3KUH, 110 cpaBHEHMIO ¢ JuneHsueil GPL,
Ha ycaoBugx Kotopoi pacnpoctpansiercas GCC. B akagemMuueckux Kpy-
rax, T7ie BBIPOC MPOEKT, JIOJKKOM IETTsI B G0UKe Me/a [IsT UCCIe0BaTeNel,
MUATITYIIIAX TPOTPAMMHBIH KOJI, SIBJISIETCST CTPAX, YTO OH OY/IET MCIOIb30-
BaThCS TOJIBKO B €IMHCTBEHHOM KCIIEPUMEHTE, TT0 OKOHYAHUU KOTOPOTO
ATOT KOJT OCTAHETCST TOJIBKO BHIOPOCUTH. UTOOBI MCKITIOUHTH BO3MOKHOCTE
takoil yuactu, Kpuc JlatTHep, naBmmuii xxu3ab LLVM B cBoeM autmiom-
HOM TPOEKTE, PEIHJI JUIEH3UPOBATh CBOIO Pa3paboOTKy Ha YCIOBUSX
University of Illinois/NCSA Open Source License, 10IyCKaOMMUX KOM-
MepuecKoe ¥ HEKOMMEePYECKOe MCIOTh30BaHNE MPOAYKTA MPH COXPaHe-
HUM YIOMUHAHWS 00 aBTOPCKUX mpaBax. 1lesb cocTosiia B TOM, 4TOObI
MaKCUMaJIbHO YIPOCTHTh pactpoctpanerne LIVM, u ara uenp Oblia
JIOCTUTHYTA B ToJIHON Mepe. B 2012 roxy, npoekt LLVM 06bL1 yaocToeH
npemun «ACM Software System Award», npucysxaaemoii 3a paspaboTKy
MIPOTPAMMHBIX CHCTEM, CHITPABIITIX BAKHYIO POJTh B HAyKe.

Mmuorue xoMmIanuu BocnoJib3oBaauch npoexroMm LLVM mia ynosier-
BOPEHM: CBOMX HYKIl M BHOCST CBOH BKJIAJl B €TO Pa3BUTHUE, PACITUPSS
CHEKTP S3BIKOB, TojiepxkuBaemMbix LLVM, a Taxske ammapaTHbIX apxu-
TEKTYP, AJIsI KOTOPBIX 3TH KOMITUJISITOPBI MOTYT TeHepupoBaTh Koi. Ha
HTOM HOBOM 3Tarle PasBUTHS MPOEKTa GBITIO 06ECTIeUeHO HEPEB30HIeH-
HOE COBEPINEHCTBO GUOIMOTEK U MHCTPYMEHTOB, TIO3BOJINBINEE HABCET/IA
OCTaBUTh B TIPOIIOM YPOBEHb IKCIIEPUMEHTATBHOTO aKaJIeMUYeCKOTO
MPOTPAMMHOTO TPOAYKTA U TIepeiiTH Ha YPOBEHb HAZEKHON OCHOBBI JIJIsT
KOMMEPYECKHX pazpaboTok. Bmecte ¢ 5TUM U3MEHUIOCH U UMST TIPOEKTa:
HasBaHue «Low Level Virtual Machine» (HuskoypoBHeBast BUPTYasbHast
MallliHa) CMEHUIOCh Ha ero abopesuaTypy LILVM.

Pemenne cmenntsh nasBanme «Low Level Virtual Machine» na a6-
6pesuatypy LLVM orpaxaer usMeHeHue meseii mpoekTa. IlepBoHa-
yanbHo LLVM cosnaBanach Kak AUIIOMHBIN ITPOEKT, € 11JIBIO CJIYKUTD
OCHOBOH [IJTsT M3YYEHWsI MPUEMOB MPOTPAMMHON ONTUMHU3AINH. 3aJ0-
JKEHHBIE B TIPOEKT WJIEH MEPBOHAYANBHO GBI OMyOINKOBAHBI HA MEK-
nyHapoaHom cummnosuyme 2003 MICRO (International Symposium on
Microarchitecture), B craTbe moz sarimasuem «LIVA: A Low-level Virtual
Instruction Set Architecture», rae onucbiBaics HabOP UHCTPYKIIMIA, U Ha
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cumnosuyme 2004 CGO (International Symposium on Code Generation
and Optimization), B crathe mox sarmasueM «LILVM: A Compilation
Framework for Lifelong Program Analysis & Transformation».

Beriizs 3a akagemuaeckne pamku, LIVM npeBpatusics B yJlauHo cIipo-
eKTUPOBAHHBIH KOMITHJISITOP C MHTEPECHBIM CBOMCTBOM — COXPaHEHHEM
Ha JINCK TIPOMEKYTOYHOTO MTPEACTaBIEHUs TPOTPAMMHOTO Kofa. B koM-
Mepyeckux cucremax LLVM Hukorja He UCI0JIb30BaJICS B POJIM HACTOS-
el BUPTYaJbHON MAITIHBI, KaK, HATPIMep, BUPTYaJbHas MalllMHA Java
(Java Virtual Machine, JVM), nostomy He MMeJO CMbICJA COXPaHATH
npeskHee HasBanue Low Level Virtual Machine. C apyroii croponsl, B
HACJIE/ICTBO OCTAINMCH HEKOTOPBIE IPYTHE JTOOOMBITHBIE Ha3BaHust. Daii
Ha JIMCKe, TIe XPAHUTCS B IPOTPAMMa B IIPOMEKYTOUHOM MTPeICTaBICHUN
LIVM, o6bruno HasbiBaioT «LLVM bitcode» (LLVM-6utKkox), B UKy Ha-
sBaHuio «Java bytecode» (Java-6aiiTKon), MoQUEpKUBas PasHUILy B Pas-
Mepax TpoMeKyTouHoro pezictaBienus B8 LLVM u Java.

Pabotast Haj 9TON KHWUIOM, MbI CTaBUJIM Iepel coboii aBe et Bo-
MEPBBIX, TOCKOJbKY TTpoekT LIVM cunbHO paspoccs, Mbl XOTesn TTo3Ha-
KOMUTB BAC ¢ HEOOIBIIMIMHU €T0 YaCTsSIMH, TI0 OJTHOI COCTaBJIAIONIEH 3a pas,
9TOOBI MAKCUMATTBHO YIIPOCTUTD U3YYEHNE U OHOBPEMEHHO JIaTh MOYYB-
CTBOBATb PA/IOCTD BIAJIEHUS MOTIHON GUOIMOTEKOH KOMITHIATOPOB. Bo-
BTOPBIX, MBI XOTEJIH BIOXHYTh B BAC [yX CBOOOTHOTO XaKEePCTBA, YTOOBI BB
He OrpaHmuMBajn cebst paMKaMU KOHIIETTINH, TIPEICTABIEHHBIX 3/1CCh, T
HUKOT/IA He TTPEeKPAIaIH PACIIUPSITh CBOI KPYTro30p.

YernermHoi paboTt!

CopepxaHue KHUrum

Inasa 1, «C6opka 1 ycranoska LLVM», mokaxeT, Kak yCTaHOBUTD MAKET
Clang/LLVM B Linux, Windows u Mac OS, a taxske, kak cobpats LIVM
B Visual Studio u Xcode. 3nech takxke OyayT 00CyKIATHCS Pa3HBIE BEP-
cun auctpubytusos LLVM u Bompocsl BbIbopa Jydiiieil Bepcun s Ba-
WX YCJOBUIA: CKOMITMJIUPOBaHHbIE (hailyibl, TAKETDI TUCTPUOYTUBOB WU
WCXOJIHbBIE KOJIBL.

I'naBa 2, «BHemnue mpoekTbly», TO3HAKOMUT ¢ BHEITHUMU TTPOEKTAMU
LLVM, pacnpocTpaHsgeMbIMi B OT/JEJbHBIX TTaKeTax WM XpaHSINMU-
CS B JIPYTUX PEIO3UTOPUSIX, TAKUMHU KaK JOMOJHUTETHHBIC MHCTPYMEH-
T Clang u pacmupenune DragonEgg GCC, otnamunk LIVM Debugger
(LLDB) u naker tectoB LLVM.

I'maBa 3, «VIHCTpYMEHTBI U OPraHMU3aIusg»>, OMUCHIBACT OPTaHU3AIINIO
nHcTpyMeHToB B mipoekTe LLVM, nemonctpupyer npumepsl UX MCIOJb-
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30BaHUS JIJIST TIOJTYYEHUST TIPOMEKYTOUYHOTO KOZIA M3 MCXOAHBIX TEKCTOB.
Takske pacckasbpIBaeT, Kak JeiiCTBYeT ApaiiBep KOMITUJISTOPA, U, HAKOHETI,
KaK HaMmcaTh OYeHb MPOCTON MHCTpyMeHT st LILVM.

I'nmaBa 4, «AHaMM3aTOP NCXOMHOTO KOA», 3HAKOMUT C aHAIN3ATOPOM
ucxoanoro koga LLVM — npoekrom Clang. IIposezer Bac uepes Bce aTa-
bl PaGOTHI AHATM3aTOPA Ha TPUMEPAX CO3/[aHUsT HeGOJBIITIX TIPOTPAMM,
MCTIOJIB3YIONNX KaXKAYI0 YacTh WHTepdeiica. 3aBepiaeTcs MPIMepOM
HeGOMBINTOTO paiiBepa KOMITUJISITOPA, MCIIONB3YIONETo OMOINOTEKH
Clang.

Inasa 5, «IIpomeskyTounoe npeacrasiaenne LLV My, pasbsicHsier Kiro-
4yeBol acriekT apxuTekTypbl LLVM: mpomexxyTouHOe Tpe/cTaBiieHne
(intermediate representation). IlokasbiBaeT OTJIMYKUTE/bHbBIE XapaKTePH-
CTHKH 3TOTO IPEICTABIEHUs, 3HAKOMHUT C CHHTAKCUCOM, CTPYKTYPOI U
preMaMy pa3paboTKNU WHCTPYMEHTOB, TEHEPUPYIONIHUX MTPOMEKYTOTHOE
npexacrasyienne LLVM IR.

I'maBa 6, «Ienepatop BwITIOJNHSIEMOTO KO/a», 3HAKOMUT C yCTPOH-
CTBOM reHeparopa sbinosHsgemoro kojaa (backend) LLVM, orsercrBeH-
HOro 3a npeobpasoBaHue MPOMeEKYTOUHOro npeiacrasaennss LIVM IR
B MalIMHHBIN KOZ. JTa TJaBa MPOBEIET BaC Y€pe3 BCE ITAMbl PaboThHI
reHeparopa Kojia, 3HaHue KOTOPBIX MOMOJKET BaM CO3/IaTh COOCTBEHHBII
rerepatop a1 LLVM. 3aBeprraercss mpuMepoM co3/1aHus TAaKOTO TeHe-
paTopa.

I'maBa 7, «/lunamuyeckuii KOMIUISATOP», Pa3bsCHSIET WHPPACTPYK-
Typy auHamudeckoi kommuisainn (Just-in-Time) B8 LLVM, koTopas mo-
3BOJISIET TEHEPUPOBATH U BBITIOJHIATH MAITHHHBII KO O Mepe Heo6Xo-
JAUMOCTH. DTa TEXHOJOTHS 0COOEHHO BOCTpebOBaHA B TIPUIOKEHUSIX, TIE
BO BpeMsI BBITIOJHEHUS IMEETCsI TOJIBKO MCXOIHBIN MPOTPAMMHBIN KO/,
TaKWX KaK HHTEPTPETaTopsl JavaScript B 6paysepax. ITa riaBa mpoBeIeT
BaC Yepe3 BCe ITAIbl MCIOMb30BaHusT GUOIMOTER mpu pazpaboTke cob-
ctBennoro JIT-kommunsTopa.

I'masa 8, «Kpocc-nimardhopmennass KoMmuagimsy, TpoBeeT Bac yepe3
BCE 9TAITBI CO3/IAHNS IPOTPAMM JIJIsI IPYTHX alTIapaTHBIX apXUTEKTYP, Ta-
kux kak ARM, ¢ ucnospzosanrem Clang/LLVM. TTokasker, Kak IpaBuJIb-
HO HACTPOWTH OKPYKEHUE [IJIsi KOMITUJISIIIUE TIPOTPAMM, KOTOPbIe OYIyT
BBITIOJTHATHCS 32 TTPeJIeJIaMI 9TOTO OKPYIKEHMUS.

Inasa 9, «Craruyeckuii anaysarop Clang», onucbiBaeT MOIIHBIN HH-
CTPYMEHT MOMCKaA OMMUOOK B MCXOAHOM TIPOTPAMMHOM KOJIE /IO 3amyCcKa
IPOTPaMM 3a CYeT aHaJu3a 3Toro koza. /laHHas riaBa TakKe TIOKaXKeT,
KaK JIOMOJHUTE cTatndecknii anamuzarop Clang cBonMu co6CTBEHHBIMI
CPe/ICTBAMU KOHTPOJIS.
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Tnasa 10, «MucTpymentst Clang u dpeiimBopk LibTooling», sHakomuT
¢ dpeiimBopkom LibTooling 1 HEKOTOPBIMU BCTPOEHHBIME HHCTPYMEHTA-
mu Clang, narouMu BO3MOKHOCTD BBIIOJIHUTH Pe(AKTOPUHT HCXOAHOTO
KOJIa U TIPOCThIE BUJIbI €T0 aHAJIM3a. JTa TJIABA 3aBEPINAETCS TIPUMEPOM
CO3/1aHUs COOCTBEHHOTO MHCTPYMEHTa pehakTOPHHIa UCXOIHOrO KOJIa Ha
s3bike C++ ¢ IpUMeHeHneM JaHHOU OMOINOTEKY.

Korzma mbl paboranu Haz 910l KHuroil, sepeust LIVM 3.5 eie He BbI-
nwia. Ho, HecMOTpst Ha TO, UTO B IEHTPE BHUMAHUS 3TOW KHUTHU HAXO-
aurcs Bepenst LIVM 3.4, Mbl 1iaHupyeM 0OHOBUTH IIPUMEPHI 10 BEPCUU
LIVM 3.5 k tperbeii Hepene centsadps 2014 roga, 4tobbl JaTh BaM BO3-
MOKHOCTb 0IIPoO0BaTh UX ¢ Gosiee HOBOI Bepcueit LLVM. O6HoBIeHHbIE
pUMepBI GY/IyT IOCTYITHLL 1Mo azpecy: https://www.packtpub.com/sites

default /files/downloads/69240S _Appendix.pdf.

Y10 noTpebyeTca ang padoThbl
C KHUrom

g ncenenoannst LLVM MOXHO MCTIOJTB30BaTh ONEpPaIlMOHHBIE CHCTE-
Mmbl UNIX, Mac OS X n Windows, 1pu HaJU4UK B HUX COBPEMEHHOTO
komruaaropa C++. Mexopnbiii kog LIVM odenb tpeboBaTeieH K BbIOGO-
py komnuzsitopa C++ — KOMITUJISTOP J0JKEH COOTBETCTBOBATH HOBEI-
MMM CTaHAapTaM. JTO O3HAYaeT, 4YTo B Linux BbI JIOJHKHBI UCTIOJH30BATH
Bepenio GCC ue nuxe 4.8.1; 8 Max OS X Bepcuio Xcode ne nuxe 5.1; u B
Windows — kak munumym Visual Studio 2012.

Hecmorpst Ha TO, 4TO 371€Ch pacckasbiBaercs, Kak cooparb LIVM B
Windows ¢ momorpio Visual Studio, ata kHuTa He HalleJieHa Ha JaHHYIO
matdopmy, MoToMy 4To HekoTopbie BoaMoxkHOcTH LLVM Ha Heit Heno-
cryntbl. Hanpumep, B Windows LLVM He nojiepskuBaet 3arpyskaecMbie
MOJLYJIH, HO MBI TIOKa)KeM, KaK MTUCATh PACITUPEHUs B BUIE Pa3/esisieMbIX
6ubanorek. IToaToMy, 4TOObI TO3HAKOMUTHCS ¢ TAKUMU BO3MOKHOCTSIMU
Ha TIPaKTHKe, HeoOXOANMO HCIT0Ib30BaTh Linux mim Mac OS X,

Ecan Bl He kesaere 3aHuMaThes c6opkoit LIVM camocTosTenbHo,
BOCIIOJTB3YHTECh MMAKETOM TOTOBBIX JIBOMYHBIX (aiinos. [IpaBia ckommnu-
JIMPOBaHHbIE JUCTPUOYTUBBI JOCTYIIHBI HE JIJIST BCEX MIAT(OPM.

Komy agpecoBaHa 3Ta KHUra

ITa KHUTA 3JIpecOBaHa dHTY3MACTaM, CTYACHTaM, U3y4alolnmM uHgop-
MAaIMOHHbIE TEXHOJIOTUH, U Pa3pabOTIMKAM KOMITHIISITOPOB, HHTEPECYIO-
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nmmcst pperimBopkoM LLVM. UuraTenn 10/KHBI 3HATH SI3BIK MPOTPaM-
mupoBanus C++ U, jKeJaTeJbHO, UMETh HEKOTOPBIE TIPEJCTABIEHUS O
TEOPUU KOMIUJSTIUU. W J71s1 HAYWHATONNX, U JIJIST OTIBITHBIX CTEIaIn-
CTOB 9Ta KHUTA TOCJIY;KUT TpakTundeckuM BBesiennieM B LLVM, e conep-
JKAIUM CJIOKHBIX clieHapueB. Eciim Bac uHTepecyeT fanHast TeXHOJIOTHS,
TOT/Ia 9Ta KHUTA OTIPEIEJIEHHO JIJIsT Bac.

Tunorpadckue cornawieHms

B aToil KHUTE KCHOJB3YeTCST HECKOJIBKO Pa3HBbIX CTUJEH odopmieHus
TEKCTA, C [[eJIbI0 00ECTIeYnTh BU3yAJIbHOE OTInUre MH(DOPMAIIUN PA3HBIX
TunoB. Huke IpuBoANTCA HECKOJIBKO TPUMEPOB TAKUX CTHJIEH oopmIie-
HUS M KpaTKOe OlMcaHne UX Ha3HaueHUs.

[TporpaMMHBIil KO/ B TEKCTE, MMeHa Tab | 6a3 JaHHBIX, UMEHA MoK,
nMeHna ainos, paciupenus (aitios, Myt B (hailyioBoii cucreme, ajipeca
URL, BBOjt Mos1b30BaTe s U cchbliku B Twitter opopmMigioTest, Kak 1moka-
3aHO B CJIe/IYIOIIEeM IIPe/IJIOKEHUN:

«[TpeaBapuTeabHO CKOMIUINPOBaHHBIE TAKeThl st Windows pac-
IIPOCTPAHSIIOTCS B BUJIE IIPOCTOTO B UCIIOJIb30BAaHUN MHCTAJIISTOPA, KOTO-
pblii caMm pacnakyert gepeBo katasoroB LLVM B narnky Program Files.»

Bioku nporpamMmmHoro xona oopMIISIOTCS TaK:

#include <stdio.h>

#include <stdint.h>
#include <stdlib.h>

int main() {
uinté4_t a = OULL, b = OULL;
scanf ("%11d %11d", &a, &b);
printf ("64-bit division is %11d\n", a / b);
return EXIT SUCCESS;
}

Korga Ham moTpebyeTcst IpuBJiedb Ballle BHUMAHUE K OIPEIEIEHHOMY
(dhparmenTy B 6JI0Ke IPOrPAMMHOTO KO/, MbI OY/IEM BBIIEJSATH €TI0 JKUP-
HBIM HIpudTOM:

KEYWORD (float , KEYALL)
KEYWORD (goto , KEYALL)
KEYWORD (inline , KEYC99|KEYCXX|KEYGNU)
KEYWORD (int , KEYALL)
KEYWORD (return , KEYALL)
KEYWORD (short , KEYALL)

KEYWORD (while , KEYALL)
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BBojt 11 BBIBOJI B KOMaHAHON CTpOKe Oy/eT 0OhOPMIIATHCS TaK:

$ sudo mv clang+llvm-3.4-x86_ 64-linux-gnu-ubuntu-13.10 1llvm-3.4
$ export PATH="$PATH:/usr/local/llvm-3.4/bin"

HoBble TepMUHBI U BaKHBIE OTIPEAETEHUs OYIIYT BBIICAATHCA B OOBIU-
HOM TeKcTe JKUpHbIM. Hajmucu, Kotopbie BBl Gy/ieTe BULETh Ha dKpaHe,
HAIPUMEP B MEHIO WJIM B JIMAJIOTaX, OY/YT BBIIEJAATHCS B TEKCTE Tak: «Bo
BpeMst ycTaHoBKM He 3abyasre ormeruth (uaaskok Add CMake to the
system PATH for all users ([lo6asuts CMake B cicTeMHYIO IIEpEMEHHYIO
PATH nnst Bcex mosb3oBareseit)».

Mpumeuanue. Tak 6yayT 0OPMISTECS MPEAYNTPEXAEHNS U BaXHbIE
npuMeYaHus.

CogeT. Tak 6yayT 0¢popM/ISITECS COBETLI Y PEKOMEHAALNN.

OT3bIBbI M NOXeNTaHUS

Mpl Bcerzia pajzipl OT3bIBaM HAIIUX yuTareseil. Pacckaxure HaM, 4TO BbI
mymaere 00 3TOi KHUTe — YTO MOHPABUIOCH UJIM MOKET ObITh HE TIOHPABH-
J10ch. OT3bIBBI BaKHDI JIJIST HAC, YTOOBI BBIITYCKATh KHUTH, KOTOPbIE OYIyT
JUIST BAC MAKCUMAJIBHO TTOJIE3HBI.

Bbl MoskeTe HammcaTh OT3bIB IIPSIMO Ha HatieM caiite www.dmkpress.
com, 3aii/is1 Ha CTPAHWILY KHUTH U OCTAaBUTH KOMMeHTapwii B pasjeiie «Ort-
3BIBBI U PEIlEeH3MI». TAKKE MOKHO MOCJATh MUCHMO TJIABHOMY PEIaKTOPY
o agapecy dmkpress@gmail.com, pu 5TOM HAIUIITUTE HA3BaHIE KHUTH B
TEMe MUCHMA.

Eciit ecth TeMa, B KOTOPOH BbI KBAIN(DUITUPOBAHDI, 1 BbI 3aUHTEPECO-
BaHbBI B HAIIMCAHUY HOBOW KHUTH, 3al0JIHUTE (DOPMY Ha HAIIEM CaiiTe 1Mo
azpecy http://dmkpress.com/authors/publish book/ wau wamuuure B

n3aaTebcTBO 10 aapecy dmkpress@gmail.com.

CkauvBaHue ucxogHoro koga
npumMmepos

CxavaTb (aiiJibl ¢ OMOTHUTENbHON UH(MOPMAIUEN 71T KHUT U3/IaTelb-
crBa «IMK IIpecc» moxno Ha caiite www.dmkpress.com nim www.JIMK.
pd B pazznene «Uurareasim — Daiiibl K KHUTAM».
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Cnucok onevyartok

XOTs1 MbI IPUHSLIU BCE BO3MOKHbIE MEPHI /IS TOTO, YTOOBI YAOCTOBEPUTD-
cs B KauecTBe HalIMX TEKCTOB, OMMOKK BCE paBHO ciydaiorcs. Ecim Bbl
HaiiéTe omnOKY B OJHON M3 HAIIMX KHAT — BO3MOJKHO, OIIUOKY B TEKCTE
WJIN B KOJIe — MBI Oy1eM 04eHb OJ1ar0apHblL, €CJIA BbI COOOMINTE HAM O Heil.
CrenaB 910, BbI M36aBUTE APYTUX YATATEIEH OT PACCTPONCTB 1 IIOMOKETE
HaM YJIYYIIUTh HOCIEAYIOIIe BEPCHH 9TOI KHUTH.

Eciu BbI HalinéTe kakue-1u60 OmMUOKU B KOAE, IOKaIyiicTa, coobmuTe
0 HUX TJIABHOMY pefiaktopy mo ajapecy dmkpress@gmail.com, u MbI wc-
IPAaBUM 3TO B CJIEAYIONUX THPasKaX.

HapyweHue aBTOPCKUX npas

IMTuparctBo B VIHTEpHETE MO-TIPEKHEMY OCTAETCSI HACYIITHOM TIPOGJIEMOI.
Nsparenvcrsa JIMK IIpecc u Packt ouenb cepbe3sHo OTHOCATCS K BOIIPO-
CaM 3allMUThl aBTOPCKUX ITPaB 1 JIMIIEH3NPOBaHM . Ecim BBI cTONIKHETECH B
MHuTepHeTe ¢ HE3aKOHHO BBIIIOJHEHHOI KoIneil 106011 Halleil KHIUTH, 110-
sKaslyiicra, cooOLMTe HaM aipec KOIUU Uan BeO-caiiTa, YToObl Mbl MOTJIM
IIPUHATD MEPDbI.

[Toxamyiicta, CBSKHUTECh C HAMHU 110 aJPecy 3JIeKTPOHHOWU IOYTHI
dmkpress@gmail.com co cChLIKOIT Ha MOO3PUTENBHBIE MATEPHAJIBL.

Mbt BbICOKO IIeHUM JIIO6yIO ITOMOIIb II0 3aIMUTE HAIINX aBTOPOB, 1 110~
MOTAIOIIYTO HAM TPEIOCTABJISATD BaM KaueCTBEHHBIE MATEPUAJIBL.
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C6opka n ycranoska LLVM

OpetimBopk LIVM mocrymen ays pasusix Bepeuit Unix (GNU /Linux,
FreeBSD, Mac OS X) u Windows. B 910ii r1aBe Mbl pacckazkeM, Kakue
[raru HeoOXOANMO BBITIOJTHUTH, YTOOBI OJYYUTh AEHCTBYOMINI (hpeiim-
Bopk LLVM Bo Bcex atux cucremax. [[7151 HEKOTOPBIX CUCTEM IOCTYITHBI
peABapuTeabHO cKoMIuanpoBantbie makeTsl LIVM u Clang, Ho BbI MoO-
JKEeTE CaMU BBITIOJTHUTH COOPKY U3 UCXOIHBIX TEKCTOB.

[Tonp3oBaresnn, Tospko HaunHATOMME n3ydath LIVM, momkHbI 3HATD,
YTO KOMITUJISTOPBI Ha ocHOBe LLVM BJIOUatoT B ceOst OUOTMOTEKN U HH-
cTpyMeHThI u3 06onx maketoB — LIVM u Clang. [ToaToMy Bce WHCTPYK-
MU B 9TOH IJIaBe OMUCHIBAIOT COOPKY M YCTAaHOBKY oOomx makeroB. Ha
MPOTSKEHUN BCell KHUTH MBI OyzieM mopasyMeBath Beperio LIVM 3.4,
Opnaxo, mmeiite B Buay, uto LLVM — 9T0 MOIO/I0H TPOEKT 1 TIPOIOJIKA-
€T aKTUBHO Pa3BUBATHCS, TOITOMY B MOCJIEAYIONINX BEPCUSIX HEKOTOPHIE
aCTEKThI MOTYT H3MEHUTHCS.

CogerT. Korga mbl paboTtanuv Haza aTovi kHurovi, sepcusi LLVM 3.5 eLye He
BbiLia. Ho, HECMOTPS Ha TO, YTO B LIEHTPE BHUMAaHWSI 3TOM KHUM Haxo-
antcs Bepcusi LLVM 3.4, mbl nnaHupyem o6HOBUTb NPUYMEpPSbI 40 BePCUn
LLVM 3.5 k TpeTbeli Hegene ceHTsi6ps 2014 roga, 4yTobbl AaTh Bam BO3-
MOXHOCTb ornpoboBaTtsb nx ¢ bosnee HoBovi Bepcueri LLVM. O6HoBeH-
Hble npumepb! ByAyT AOCTYMHbI 110 agpecy: https://www.packtpub.
com/sites/default/files/downloads/69240S Appendix.pdf.

B aroii rmase paccMaTpuBaIOTCA CJIEYIONINE TEMbI:

nopsi/iok HyMmeparmn Bepeuii LLVM;

YCTaHOBKA MIPEABAPUTEIHLHO CKOMITMJIMPOBAHHBIX (haityioB LLVM,;
ycranoBka LLVM c ncnonb3oBanmem qucrerdepa makeTos;
c6opka LLVM 13 UCXOAHBIX TEKCTOB s Linux;

coopka LIVM u3 wmcxomubix Tekcros aas Windows u Visual
Studio;

cbopka LLVM u3 ucxoaubix texctos 111 Mac OS X u Xcode.

LR R R

o
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NMopsanok Hymepauum Bepcumn
LLVM

ITpoexr LIVM 1npozoskaer ObICTPO pasBUBAThCs, GJarofaps yCUIusam
MHOTUX TIporpaMMucToB. 3a 10 jieT mocsie BBITyCKa 1MepBO BepCHUU 1 /10
MOMeHTa TI0siBJieHus: Bepcuu 3.4, B penozutopuii SVN (B kauecTBe cu-
CTeMbI yIIPaBJIEHUS BEPCUSAMU UCIIONb3yeTcst Subversion) 6b110 miepesato
6osiee 200 000 ucnpasaennii 1 uamenenuil. 3a ogun Tosibko 2013 rox B
pemozutopuii 661710 niepegatno 30 000 HoBbix n3MeHeHuil. Kak cieycraue,
TIOCTOSTHHO MOSIBJISIIOTCST HOBBIE BO3MOKHOCTH, & TIPEKHIE — GBICTPO yCTa-
peBaiot. Kak u B JIr060M IPyTOM KPYITHOM TIPOEKTE, PA3PAOOTUMKH TOJIK-
HBI TOYHO CJIE/IOBATH TUIOTHOMY TPaUKy BBITYCKa CTaOUIBHBIX BEPCHii,
YBEPEHHO TPOXO/SIINX Pa3HOOOPasHbIE TECThI, YTOOBI aTh TT0JIb30BaTE-
JIIM BO3MO>KHOCTD UCITBITATh HOBbIE BO3MOXKHOCTH.

Ha mporszxkenun Bceit cBoeit ncropun npoext LIVM caenyer ctpa-
Teruu BbIIIyCKa ABYX CTaOMIbHBIX BepcHil B roj. B Kaxmoll ciemylomieit
BEpPCUM yBeJanuMBaeTcs Muaaiuii nomep. Hanpumep, npu nepexoje ot
Bepcum 3.3 K Bepcuu 3.4 m3MeHseTcs MIaammii Homep Bepcun. Korma
MUIAJIIITH HOMEP JI0CTUTAET 3HaYeH st 9, B cae/yoleii Bepcun GyieT yse-
JIMUEH CTapIiuii HoMep, HarpumMep, nocsie Bepcun LIVM 2.9 6buia Bbimy-
niena Bepcusd LIVM 3.0. Ismenenme crapiiiero Homepa Bepcuu BoBce He
O3HAYaeT HaJIMYUe CYIIECTBEHHDBIX U3MEHEHUI, B CPABHEHUH C IIPE/bILY -
IIell BEpCHeid, a BCETO JIUITh CIYKUT TPAHUIICH 0UePETHOTO TIATUIECTHETO
OTpe3Ka Pa3BUTHUS [IPOEKTA.

s mpoekTos, 3aBucamux oT LILVM, TUIMYHO UCTIONB30BATh CME0-
nosyto (trunk) Bepcuio, To ecTh, HanboJiee CBEKYIO, IOCTYITHYIO B PETIO3H-
topun SVN, KOTOpask UHOTa MOKET OKa3aThcs HecTabuabHoit. HepasHo,
HaunHast ¢ Bepcun 3.4, B coobuiectBe LIVM ObLIO pelieHO BBIMYCKATh
npomeNcymourvle epcuul, BBelis IOMOJHUTEIbHBIH HOMEP BEpCUU — HO-
Mep BBITTycKa. [IepBbIM Pe3yIbTaTOM TAKOTO PENIEHUS CTaJ BBIXO/ BEPCUT
LLVM 3.4.1. Ilesnb BbITyCcKa MPOMEKYTOUHBIX BEPCUI — BKJIIOUEHUE HC-
MpaBJIeHUIl U3 CTBOJIOBOI BepCUM B TOCJIEAHIOK0 ToMeueHHY0 (tagged)
BEPCHUIO, HE UMEIOIILYI0 HOBBIX 0COOEHHOCTEH, YTOOBI 0OECIIEUNTD MOTHYIO
COBMeCcTUMOCTb. IIpoMeskyTouHble Bepcun J0JKHBI BBIXOAUTD Yepe3 TpU
Mecsiia Tocsie BIXo/a mocaeHell OCHOBHOM Bepcun. Tak Kak Takas HyMme-
palus Bepcuil elie J0CTaTOYHO HOBA, MBI COCPEIOTOUUMCS Ha YCTAHOBKE
Bepcun LIVM 3.4. CyriecTByeT 60IbINOe YHCT0 TPEIBAPUTETHHO CKOM-
nunpoBanubixX maketoB LIVM 3.4, Ho, ciietyst Halmm WHCTPYKITASIM, BbI
6e3 0COOBIX YCUIIHIA cMOsKeTe caMocTosITebHO cobpaTh LIVM 3.4.1 wiu
6oJiee HOBYIO BEPCHIO.
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YcTaHOBKa CKOMMUJIMPOBAHHbIX
naketoB LLVM

Yro0bl YIPOCTUTH 3a/a4y YCTAHOBKU IPOIPAMMHOTO 0OeCTieueHrst U U3-
6aBUTH BaC OT HEOOXOAUMOCTH BBITTOJIHATH KOMITUJISIIIO CAMOCTOSITETb-
HO, octaBmukn LILVM coznaor npeaBapuTessbHO CKOMITMJINPOBAHHbBIE
MAKETHI LIS Ope/ieJIeHHBIX TmaTdopM. KoMImuiistiyst mporpaMMHOro ode-
CTIeYeHNsT MHOT/IA MOKeT OKa3aThCsl O4eHb HETTPOCTHIM JIEJIOM; OHA MOXKET
noTpeboBaTh HEKOTOPOTO BPEMEHHU 1 JIOJIKHA BBITIOIHSATHCS, TOJIBKO €CJIU
BBI HCTIOJTb3YeTe APYTYIO MIaTGopMy NN IPUHUMAETe aKTUBHOE yJacTHe
B paspaboTke mpoekTa. [10aToMy, ISt sKeJaronX MoObICTPee MPUCTYITUTh
k uccaenosannio LLVM, cymiecTByioT nmpeBapuTeIbHO CKOMITUIINPOBAH-
Hble TakeThl. O/THAKO, B 9TOW KHUTE MBI COBETYEM MCI0JIb30BATh UCXO/I-
Hble TekeTbl LIVM. Bbl 0/KHBL ObITH TOTOBBI CKoMITAUpoBaTh LIVM
CaMOCTOSITEJILHO.

Cy1mecTByer JBa OCHOBHBIX CIOC00a YCTAaHOBKU TIPEABAPUTETIBHO
CKOMITMJIMPOBaHHbBIX TakeToB LLVM: Ha oduimaibHoM BebO-caiite win
Ha caliTax IPOEKTOB, BbIMycKauux AucTpuOyTusbl aist GNU/Linux u
Windows.

YcraHoBka cKOMNMUINPOBAaHHbIX MaKeToOB
c opuumnanbHOro canra

Ha odwurmansruom caiite nmpoexta LLVM MoKHO 3arpy3uth cJepyiolie
IPe/IBAPUTEIBbHO CKOMITMJIMPOBAHHbIE MTAKETDI /171 Bepcuu 3.4:

Ta6nuua 1.1. OduumanbHble CKOMMUIMPOBAHHbBIE NaKkeTbl
ons sepcum LLVM 3.4

ApxuTtekTypa Bepcusa

x86_64 Ubuntu (12.04, 13.10), Fedora 19, Fedora 20, FreeBSD 9.2,
Mac OS X 10.9, Windows n openSUSE 13.1.

i386 openSUSE 13.1, FreeBSD 9.2, Fedora 19, Fedora 20

1 openSUSE 13.1
ARMvV7/ARMv7a | Linux

Bosee monnblil mepedensb BbI Halizere Ha caiite http://wwwllvim.org
releases/download.html, 8 paszene Pre-built Binaries (npexapurensio
CKOMITUJINPOBAaHHbIE TIaKeTbl) st Bepcun LIVM, KoTOpyio BbI Keja-
u Obl 3arpysuth. Hampumep, 4roObl 3arpysuth u ycranosutb LIVM B
Ubuntu 13.10, MOKHO BBIITOJHUTH CJIEAYIONIIE KOMaH/IbL:
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$ sudo mkdir -p /usr/local; cd /usr/local

$ sudo wget http://llvm.org/releases/3.4/clang+llvm-3.4-x86_64-1linux-
gnu-ubuntu-13.10.tar.xz

$ sudo tar xvf clang+llvm-3.4-x86_64-linux-gnu-ubuntu-13.10.tar.xz
$ sudo mv clang+llvm-3.4-x86_64-linux-gnu-ubuntu-13.10 1lvm-3.4

$ export PATH="$PATH:/usr/local/llvm-3.4/bin"

ITocne aroro LLVM u Clang rorossr k ucrosbzoanuto. He 3abbiBaiiTe
0 HEOOXOIMMOCTH TIOCTOSTHHO U3MEHSTh CHCTEMHYIO TIEPEMEHHYIO OKPY-
JKeHVsI PATH, TOTOMY YTO U3MeHeHHe, KOTOPoe ObLIO BBITOJHEHO B TI0-
clefiHell CTPOKe, NEeCTBYeT TOJNBKO [0 3aBEPIIEHUsT TEKYIIEero CeaHca.
Yro6bl IPOBEPUTH KOPPEKTHOCTD YCTAHOBKH, MOJKHO TTOMPOOOBATH BbI-
TIOJTHUTH TIPOCTYIO KOMAaH/Ty, KOTopast BeieneT Bepenio Clang:

$ clang -v

Ecnu mpy OTIBITKE BBITTOJIHUTD 9TY KOMAH/IY BO3HUKJIN KaKue-T60
POGIIEMBI, TIOTPOOYHITE 3ATYCTUTD BBITIOTHAEMBIH (hailsl HermocpecTBe -
HO M3 KaTajora, KyJa OH GBI YCTAaHOBJEH, YTOOBI yOEAUTHCS, UTO MPO-
6J1eMa He BBI3BAHA HETPABUIBHON HACTPONKON TTePEMEHHON OKPYKEHIST
PATH. Ecaint u B aToM carydae 3amyctuth Clang He yaamoch, BOSMOKHO BbI
YCTAHOBILIH MTPEIBAPUTETHHO CKOMITUITNPOBAHHYIO BEPCHIO, HECOBMECTH -
MyIo ¢ Bamreil cucremoii. He 3a6biBaiiTe, uTO BO BpeMs KOMITUJISIIIUMI, [BO-
n4Hble (GailTbl KOMIOHYIOTCS ¢ IHHAMUYIECKUME GUOIMOTEKaME OTTpeie-
JeHHbIx Bepenit. Coobienne 06 oTcyTCTBIUM OUOINOTEK, MOSIBIISIONIEeCs
MIPY TIOTIBITKE 3aITyCTUTh MPUIOKEHNE, CTYKUT SIBHBIM MPU3HAKOM, YTO
ABOWYHBIE (hATIBI OB CKOMITMIMPOBAHBI B CHCTEME, HECOBMECTHMOT €
Barmei.

CoserT. B Linux, Hanpumep, TekCT coobLyeHust 06 oTcyTCcTBUM 6UbIn-
OTeKM COAEPXNT UMS BbIMOJIHIEMOro gaiina v uMs AuHamMmmn4eckor u-
6/11M0TeKn, KOTOPYIO He ynasnoch 3arpy3utb. Obpatute BHUMaHWe Ha
UMSI AMHaMUYEeCKOVi GUBIMOTEKU — 3TO SIBHbIV MPU3HaK, 4To AMHaMmn4e-
CKUE KOMIMOHOBLUYIK V1 3@rPy341K HE CMOTI 3arpy3uThb AaHHyo bubnnore-
Ky, MOTOMY 4TO rporpamMma 6bina cobpaHa B HECOBMECTUMOW cucTeMe.

Yro6bl yCTAaHOBUTD TIPEABAPUTETBHO CKOMITHIMPOBAHHbIC MAKETHI B
apyrux cucremax (kpome Windows), MOKHO BBIIOJIHUTH TOYHO TAaKYIO e
TIOCJIEI0OBATETbHOCTD 1IAroB. [peiBapuTeIbHO CKOMITMINPOBAHHBIE TIAKE-
ThI 711 Windows pacripocTpaHsIioTest B BU/IE TIPOCTOTO B UCTIOIB30BAHUN
WHCTAJJISITOPA, KOTOPBIN caM pacnakyeT JiepeBo karanoros maketa LIVM
B NIANKy Program Files. HCTANIATODP IpeycMaTpIBaeT BOBMOKHOCTD
ABTOMATHYECKOTO M3MEHEHUS TIEPEMEHHOI OKPY/KEHUS PATH, 4TOOBI MOXK-
HO 6b17T0 3amyckarh Clang 13 11060T0 OKHA KOMAHHON CTPOKH.



YcraHoBKa ckoMnMAMpPOBaHHLIX naketos LLYM I.--

YcraHoBka ¢ ucrnosib3oBaHnem gucrieryepa
nakertos

JlucrieTyepsl MakeTOB JOCTYIIHBI B CAaMBIX Pa3HBIX CHUCTeMaX M TaKKe
VIPOIIAIOT TOJIy4eHNe M YCTAaHOBKY IPe/BAPUTENbHO CKOMITUJINPOBAH-
Hbix makeros LIVM/Clang. 9to HanboJiee IpernouTHTe bHBIN My Th JJIsT
GOJIBITMHCTBA TI0JIb30BATEEH, TTOCKOIBKY AUCIIETYED TAKETOB aBTOMATH -
YecKM paspelnaeT 3aBUCUMOCTU 1 ITPOBEPsieT COBMECTUMOCTD Balllel cu-
CTEMBbI C YCTAHABIMBAEMbBIMU IBOMYHBIMU (haiiiaMu.

Hanpumep, 8 Ubuntu (10.04 u Bbliiie) yCTaHOBKY MOKHO BBITIOJHUTD
cIeyTonieit KoOMaHI01:

$ sudo apt-get install 1llvm clang

B Fedora 18 ycranoBka BBITIOHSIETCS TaK JKe, HO UCTOTb3YETCs WHOT
AUCIICTYEP NAKETOB!

$ sudo yum install llvm clang

OO6OHOBNEeHue ¢ ncnosb3oBaHUEM MPOMEXYTO4YHbIX

cbopok

ITakeTbl MOryT cOOMpAThCS IO HOYAM, U3 CAMbIX CBEKUX HMCXOAHBIX
TEKCTOB, COJEPKAIMX caMble ITOCJeHIe U3MeHeH s, Takue maKkeThl Mo-
I'yT OKa3aThCsI MOJIE3HBIMU [1JIsI Pa3pabOTUUKOB U moJb3oBaTeeil LIVM,
JUUIST KOTO TIPEACTABJISIIOT MHTEPEC CaMble CBEKUE BEPCUM, UJIK CTOPOHHUM
[OJIb30BATENISIM, CTPEMSIIIMUCS 0OeCIIeYynTh aKTyaJlbHOCTh CBOMX JIO-
KaJIbHBIX IIPOEKTaM.

Linux

Jlnst Debian 1 Ubuntu Linux (386 u amd64) gocTynHbI ekeHEBHbIE
cOOPKH, MOJTyYeHHBIE KOMITHJISAIIMEN HCXOHBIX TEKCTOB M3 PEIIO3UTOPUER
LIVM. IToapo6uocTr cM. Ha caiire http://llvim.org /apt.

Hanpuwmep, ycraHosutbh Takyio c6opky LLVM u Clang 8 Ubuntu 13.10
MOJKHO CJIEJTyIOTIE TT0CIeI0BATEIbHOCTBIO KOMAH/L:

$ sudo echo "deb http://llvm.org/apt/raring/ llvm-toolchain-raring main"
>> /etc/apt/sources.list

$ wget -O - http://llvm.org/apt/llvm-snapshot.gpg.key | sudo apt-key add -
$ sudo apt-get update

$ sudo apt-get install clang-3.5 1llvm-3.5



m--.l Mmaea 1. C6opka u ycraHoeka LLYM

Windows

WHcrasaropbl eskeqHeBHbIX c60pok LIVM/Clang mnst Windows
TMOCTYTIHBI JIJIsT 3aTPy3Ku To azapecy: http://llvm.org/builds/, B pasnemne
Windows snapshot builds (exennesnbie c6opku misg Windows). ITo
ymomganamio wHCTpyMeHTsl LIVM/Clang ycraHaBmmBaioTcst B TAmKy
C:\Program Files\LLVM\bin (3TO MECTOIIOJIOKEHIE MOKET NU3MEHUTD-
s, B 3aBUCHMOCTH OT Bepcuu). OOpaTuTe BHUMaHUE, YTO CYIIECTBYET
oraenbHbIi apaiiBep Clang clang-cl.exe, HUMUTHPYIOIIUN cl.exe W3
Visual C++. Ecyi BbI Tipe/iiiosiaraete UCob30BaTh KIACCUUECKUI paii-
Bep, coBMecTuMbIii ¢ GCC, ncnomp3yiite clang. exe.

CoserT. Vmerite B Buay, 4TO exeHeBHble CﬁOpKM He SBJIFI0TCS CcT1a-
OUIIbHBIMU BepcugamMmu v Moryt paﬁOTaTb O4YeHb HeyCTOI7I’-IVIBO.

COopka U3 NCXo4HbIX TEKCTOB

B orcyrcTBue mpeaBapuTebHO CKOMITUINPOBAHHBIX TakeToB, LLVM n
Clang MOKHO CKOMITHJIMPOBATh U3 UCXOAHBIX TEKCTOB. DTOT MYTh MO-
MOZKET HOOJIIKE TOBHAKOMUTBCS co cTpyKTypoii LLVM. Kpome Toro, Bbl
CMOXKETE TOUHEE HACTPOUTH HEKOTOPbIE TapaMeTPhl COOPKH.

CucremMHsbie TpeboBaHus

ITo anpecy: http://llvin.org/docs/GettingStarted.html#hardware Mmoo
HAlUTH TOCTOSHHO OOHOBJSAEMBIH CIUCOK TIATHOPM, MOIEPKUBAEMBIX
npoexktoM LIVM. Tlommblii mepedenp IIpeaBapUTeNIbHBIX TpeOOBaHMUIA,
KOTOPBbIE J0JIKHBI OBITH COOJMIOAEHBI Tepes Kommuusineii LLVM, MoskHO
Haiitu o azpecy: http://llvim.org/docs/GettingStarted.html#software.
B cucremax Ubuntu, Hanpumep, pa3peniirh 3aBUCUMOCTH MOKHO € TI0-
MOIITbIO KOMaH/IbIL:

$ sudo apt-get install build-essential zliblg-dev python

Ecit BBI 0JTb3y€TECH IOBOJIBHO CTAPOil Bepcuelt auctpubytusa Linux
C yCTapeBIIMMHU TIAKeTaMU, HalijiuTe BpeMs, 4TOObI OOHOBUTH CBOIO CHU-
ctemy. Mexomanbie Texetsl LLVM Hammcans Ha sg3bike C++ 1 oueHb Tpe-
GOBATENBHBI K BEPCUN KOMITUIISITOPA, ¢ TIOMOIIBIO KOTOPOTO OHU OYIyT
KOMITMJIMPOBATHCS, TO3TOMY MONBITKA CKOMITUJINPOBATh UX CTapoil Bep-
cueit kommussitopa C++ ¢ GOMBIION 0Jeil BEPOSITHOCTH HE YBEHUAETCSI
YCIIEXOM.



C6opKa M3 UCXOAHBIX TEKCTOB I . --

MonyyeHne NcxonHbIX TEKCTOB

Ucxonubie Texkersl LIVM  pacnpocrpansiiorcss nHa ycjosusix BSD-
0I00HOI JIMIIEH3UK U MOTYT OBITH 3arPY:KEHbI ¢ O(UIHAIBHOTO caiiTa
npoexTa wiau u3 pernosuropues SVN. UTOObI 10y NTh UCXOHbBIE TEKCTbI
g Bepeun 3.4, MOKHO 1epeiitu 1o ajpecy http://llvin.org/releases
download.html#3.4 uan HanpsAMyIo 3arpysuTh MX, KakK [OKa3aHO HIKE.
OGparuTe BHUMaHNE, YTO BaM BCET/[a HYKHBI OYyT UCXOIHBIE TEKCTHI
Clang u LIVM, a WCXO/JHbIE TEKCThI JOMOJHUTEIHHBIX HWHCTPYMEHTOB
Clang (clang-tools-extra) MoKHO 3arpysKarThb W yCTaHABJIUBATDH 10 JKe-
gaauio. OHAKO 9TH WHCTPYMEHTBHI TTOTPEOYIOTCS TeM, KTO TOKETaeT
orpoboBath pumMepst u3 riasbl 10, «Tactpymentst Clang u hpeiitMBopk
LibTooling». Mubopmarust 10 cO0PKe JOMOJHUTENBHBIX TIPOEKTOB TIPH-
BOAUTCS B ciemytomieit riase. Vcmomp3yiiTe ciaemaytommue KOMaHIbI IJIs
sarpysku u ycranoBku LIVM, Clang 1 g0mo/HUTETbHBIX HHCTPYMEHTOB
Clang:

wget http://llvm.org/releases/3.4/11lvm-3.4.src.tar.gz

wget http://llvm.org/releases/3.4/clang-3.4.src.tar.gz

wget http://llvm.org/releases/3.4/clang-tools-extra-3.4.src.tar.gz
tar xzf 1llvm-3.4.src.tar.gz; tar xzf clang-3.4.src.tar.gz

tar xzf clang-tools-extra-3.4.src.tar.gz

mv 1llvm-3.4 1llvm

mv clang-3.4 llvm/tools/clang

mv clang-tools-extra-3.4 llvm/tools/clang/tools/extra

Ur Vr Vr r r Ur Ur Ur

MpumeuaHue. 3arpyxeHHble ncxoaHsle TekcTsl B Windows moxHo pac-
nakosaTb € riomoublo gunzip, WinZip wan moboro gpyroro apxvisa-
Topa.

SVN

Yro6bl TIOMYIUTH UCXOIHBIE TEKCTHI HEMIOCPEACTBEHHO U3 PEMO3UTO-
pusg SVN, ybeaurech cHauajia, 4TO B Ballleil clCcTeMe YCTaHOBJIEH HaKeT
subversion. Ha caiefyroriiem 1miare penmire: XOTUTE JIM BbI TIOJYYUTh M0O-
CJIETHION0 BEPCHIO, XPAHSIIYIOCS B PEMO3UTOPHH, WIIH CTabuIbHy0. YTo-
GBI TIOJIY YU T TIOCIETHIOI0 (CTBOJIOBYIO ) BEPCHIO, BHITIONHUTE CJCYIOILYIO
10CJIeI0BATEIbHOCTD KOMaH/I (IIPe/IIIoJIaraeTcs, YTO OHU 3aIlyCKAIOTCA U3
KaTaJiora, o/Ir0TOBJIEHHOTO /ISl Pa3MellleHUsl UCXO/IHBIX TeKCTOB):
svn co http://1llvm.org/svn/llvm-project/llvm/trunk 1llvm
cd llvm/tools

svn co http://1llvm.org/svn/llvm-project/cfe/trunk clang
cd ../projects

$
$
$
$



