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AHHOTammsi. B craTbe mpemiararoTcsi METOJBI, JENAIONIME BO3MOXKHON KOMITHIISIHIO
nporpaMm Ha si3bike JavaScript B cTaTH4ecKH TUNH3MpoOBaHHOE mpexacTtaBienne LLVM. B
paboTre paccMaTpuBaeTcs MHOTOYPOBHEBBIM AWMHAMHYECKHH KOMIHWJIATOP s3blka JavaScript
V8, paspaborannbiii kommanuei Google. OcHOBHas 1enb paboTBl —  YIy4IICHHUE
TIPOU3BOIUTENEHOCTH TpOrpaMM Ha s3bike JavaScript. s sToro mpemmaraercs cmoco0
no0aBieHNS B KOMIIWIATOP V8 HOBOTO YpPOBHS ONTHMH3AIMH, KOTOPHIH HCHONB3yeT
uHppacTpyktypy LLVM [1d reHepanuu MamIdHHOTO KOJd. OJTO IO3BOJISAET HPUMEHSTH
nmetomuecs B LLVM ontiuMu3anuy ¥ TEXHOJIOTUH TeHEPaIiy MaIlHHOTO KOJa AT Pa3HBIX
apXUTEKTYp K IMporpamMMaM, HanmucaHHbIM Ha JavaScript.
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1. BeedeHue

B HacTosdee BpEMs IHMPOKOE PACIPOCTPAHCHUE MOJYYWINW IMIPOrpaMMbl Ha
HCTUITU3UPOBAHHBIX CHCHAPHBIX SA3bIKAX. O,HHI/IM 13 MOBCEMCECTHO HCHOJIb3YCMbIX
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s3pIKOB siBisieTcss JavaScript. C ucnomb3oBanueM JavaScript HamicaHbl MHOTHE
KpYIHbIE MHOTO(YHKIIMOHAJIBHBIE MPUIOKeHHUs, Takue kak Gmail, Google docs u
npyrue. JavaScript Takke ucnonbsyercs B miatgopme Node.js [1] mis paspaborku
BeO-TIPUJIOKEHNI Ha CTOpOHE cepBepa. bonee Toro, yxe mMmerorcsi pa3zpaboTKu
OINEPAIIMOHHBIX CHCTEM ISl TeJle()OHOB, IUIAHIIETOB M HOYTOYKOB, KOTOpBIE
MOAPa3yMEBAIOT HCIONb30BaHue JavaScript Kak OHOTO W3 OCHOBHBIX SI3BIKOB JUIS
co3maHus mpuiokeHui. Ilpumepamu Takux cucteM MoryT Obith Tizen [2] u
FirefoxOS [3]. Tem cameiM Bce Oonbllle BO3pacTalOT TpeOOBaHUS K
MPOM3BOIUTEIHHOCTH TPOTpaMM Ha s3bIke JavaScript, a Takke K may3aMm IIpH
WHTEPAKTHBHOM B3amMojaehcTBuH. [l obOecredeHuss OBICTPOTO  BBITOJIHEHHUS
CKPHIITOB HEOOXOANMO CO3TaHHE MAKCHMAJIBHO KaueCTBEHHOTO MAIIMHHOTO KO,
a TaKkKe CHIDKCHHE 3aTpaT Ha BCE OTalbl ONTHUMU3AIHH, BBITOTHACMEIC IPH
KOMIWIALMKU nporpaMm. st JOCTHKEHHs 3TOM 1ieid MHOTHe coBpeMeHHble JIT-
KOMITHJISITOPBI  TIOJIJICP)KUBAIOT Pa3HbIE YPOBHHM KOMITHJISILIMM TOPSIYMX YYaCTKOB
koma. llempro maHHOW paboOTHI SBASETCA YIyUIIEHHE MPOU3BOAUTEIBHOCTH
mporpaMM Ha si3bIke JavaScript MeTooM J00aBJICHHsSI HOBOT'O YPOBHS ONTHMU3AIUU
¢ UCmosp30BaHueM HHpacTpykTypsl LLVM [4] B kommisitope V8.

JlanbHeiiee M3JI0KEHHE MOCTPOCHO CICAYIOMMM obOpa3soM. B rmaBe 2 omucana
apXUTeKTypa KOMIMWIATOpa V8 M NpHMEHEHHble TEXHOJOTMM (3aMeHa Ha CTeKe,
napanieNbHOe BBIIOJIHEHHE W T.A.) ANS IOCTPOCHHs MHOroypoBHeBwIx JIT-
KOMIWISITOpOB. B rnaBe 3 maetcst 0630p paboT B mpeaMeTHoi obnactu. B riase 4
OTIHCHIBACTCS cxeMma (YHKIIMOHUPOBaHUS peJIaraeMoro pelIeHus,
o0ecrieunBaroIIero uctob3oBanne 6uTkoga LLVM B kadecTBe HOBOI TUIATHOPMBI
st JIT-komnunsauuu. B rinaBe 5 npuBeieHbl OCHOBHBIE PE3YJIbTATHI.

2. Apxumekmypa V8

Jis reHepanyuy MalliHHOTO Koa V8 MCIoNb3yeT IBa Pa3HBIX KOMHI/IJ‘IHTOpal (Puc.
1). Emuannedt xommmimun  seisietcs (yHKmus (Meton). IlepBeiMu 3Tamamu
paboTel V8 SBISIOTCS JEKCHYCCKHA M CHHTaKCHUYCCKUH aHanm3. VCXOIHBIN Kox
pazOmBaeTcss Ha  JIGKCEMBI, METOJOM PEKYPCHBHOTO  CIIyCKa CTPOUTCS
CHUHTaKcH4eckoe aepeo. [locne 3Toro HaumHaeT pabOTaTh KOMITISITOP MEPBOTO
yposas Full-Codegen. Ha mepBom ypoBHE (pyHKITHS TEpeBOAUTCS B MALIIHHBIA KOJT
C BBINOJIHCHHEM MHHHMAJILHOTO Ha0Opa ONTHMH3ALKi, Y4TO MO3BOJISIET OBICTpEe
NPUCTYIUTh K BBIIOJIHEHUIO Komaa. [Ipu reHeparyu MaIlnHHOTO KOIA IS KaKIou
WHCTPYKIIMH YYHUTBHIBAIOTCS BCE BO3MOJKHBIC CIy4aW BBIMOJHCHHS I JaHHOU
omepauuu. Ha sTom ypoBHEe cobupaercst mIpoduis IporpaMMbl — HHGOPMAIU O
TUTIaX ToJel o0bekToB. Kpome Toro, 0a3oBbiii kommuisTop V8 paccTaBisieT
CYCTYHKH JJIs ONPEICIICHUS TOPSINX YIaCTKOB Koja (¢yHkumid U nukios). Korma
TAKOW YYacTOK KoJa OOHApPYKUBACTCS, KOMIIMWJISAIMS IEPEXOJUT Ha BTOPOIA,

1 .

Ha camom nene, paspaborunkamu koMnuiaTopa V8 akTHBHO pa3pabaThIBaeTCs U APYTOH
YPOBEHb ONTHMHU3ALNH, KOTOPBII HCIIONB3YET IPOMEXYTOUHOE MpeAcTaBiIeHue “sea of
nodes”, HO B JaHHO# paboOTe STOT YPOBEHB HE MPEACTABIISICT HHTEpEca.
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ontuMImsupyomuii ypoeHb — Crankshaft. Ha sTom ypoBHe m3 abcTpakTHOTO
CHUHTAaKCHYECKOTO JIepeBa CTpOWTCS Tpad TMOTOKa ympaBieHus B SSA-
npeacraBiennd — Hydrogen. DTo BHyTpeHHee IIpEJCTaBICHHE IO3BOJISET
BBINIOJHUTH PSJI MAIIMHHO-HE3aBHCHMBIX ONTHMH3ALWM, TaKMX KaK BCTpanBaHUE
GyHKIMHA, ynaleHWe MEpTBOrO Koja, ylalleHne OOIMX —IOJBBIPAXCHUH,
ONTHMU3ALNH LUKIIOB U T.JI.

BHYTpeHHee
npeacTaBieHue:

1: Full-Codegen Native Code

—
HEONMTUMU3NPYIOLLNIA KOMITUNSTOP (Full-Codegen)
Q,‘b 1
UrHdopmaums o npodune cyposHsa 1 «.LQ :

: 2 8

' o |2

{2 -3

2: CrankShaft < =
~ 1 i
ONTUMU3UPYKOLLUN KOMMNUATOP ¥ I

Native Code

’ (CrankShaft)

Puc. 1. Mnozoyposnesas apxumexmypa xomnunamopa V8

Cornacuo cnenudukanuun EcmaScript [5], Bce umcma B JavaScript seistorcs
BEIIECTBEHHBIMH YHCJIAaMH JBOWHOW TOYHOCTH, YJOBIETBOPSIIOIIUMH CTAaHIAPTY
IEEE 754. Onnako Crankshaft MoxeT onTHMH3HPOBATh T€HEPUPYEMBII MAIIMHHBINA
Ko (MCIIONIb3ysl ILEJIOYMCICHHOCTh IIEPEMEHHBIX Ui 0OoJiee  ONTHMAlILHOTO
XpaHCHHS W OIepanyil HaJ HUMH) TP TOMOIIM COOpPaHHOW Ha HIKHEM YpPOBHE
uHpopManuu O TuUnax. Ha 64-OMTHBIX apXUTEKTypax IUIsl M[EJbIX YHCel
HCTIONB3yEeTCs  Cliefyloliee KOAMpOBaHWE: crapumme 32 Oura XpaHAT 4YHCIIO,
Miaame OUTHl HyneBble. Llenble yrcna B TAKOM MPEICTABICHUN HA3BIBAIOTCS Smi
(ot anrmmiickoro small integer). B JavaScript oTcyTcTBYyeT cTporas THIH3anus. 1o
3HAYHT, YTO B OOIIEM CiIydae MepeMEeHHBIEe CChIIAIOTCA Ha 00BEeKTHl. Bee ykazarenn
Ha OOBEKTHl B V8 HMEIOT Miammuii OWT (ONpemessIoInii YeTHOCTh HYHCIIA)
YCTaHOBJICHHBIM B €IUHMILY, YTO MO3BOJISET OTIMYUTH SMi OT APYTHX OOBEKTOB.
KommpoBanue ncmomnp3yeT TOT (akTt, 9To Bce anpeca BEIPOBHEHHI, T.€. 0OBEKTOB C
HEUYETHBIMH 3/IpECaMH HE CYIIECTBYET.
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Crankshaft pactipoctpansier monyuennyio u3 yposasi Full-Codegen nndopmarnmio o
npodune mo Bcemy rpady. OTO MO3BOJIIET T'e€HEPUPOBATh MAIUIUHHBIA KOJ
CIEKYJSITUBHBIM 00pa3oM, OCHOBBIBAsCh Ha IIPEIIOJIOKECHUH, YTO ONpE/ICICHHbIC
CBOMCTBA MEPEMEHHBIX (THUII, 3HAYCHHE W T.JI.) OCTAHYTCS HEM3MEHHBIMU IPH
CllelyIonMX BbI30oBaX (yHKUMH. {7 3TOro B KOJA BCTaBISIOTCS HEOOXOAWMBIE
npoBepku. Korya oiHa U3 TakuX MPOBEPOK HE BBINOJHSIETCS, IPOUCXOIUT IEPEXO0.
Ha TEpBbIil, HEONTUMU3UPOBAHHBIH YpOBEHb. JIJIsl MEPEKITIOYEHHS MEXIy pPa3HBIMH
YPOBHSIMH KOMITWJIAIINN HCIIOJB3YETCS TEXHOJOTHS 3aMEHBI Ha cTeke. Ilpm 3Tom,
KaK OMMCAaHO BHIIIE, MEPEKIIOYCHNE MOKET IMPOM30HTH Kak C MEPBOTO YPOBHS Ha
BTopoii (OSR entry), Tak u Haobopot (OSR exit, deoptimization).

[Momumo TexHONOTMM 3aMeHBl Ha creke (OSR), Ay HEKOTOPBIX BHPTYalbHBIX
MammH [6], mpemycmarpuBatonmx JIT-kommmisnuio, XapakTepHa eImle OJHa
0coOeHHOCTh. B psme ciydaeB BO3HHKAeT HEOOXOIMMOCTh KaKk MOXKHO CKOpee
OCTAaHOBHTb TIOTOKH BBIONHEHHS CKOMITHIIMPOBAHHOTO Koma’. HanGoree spkuM u
o0MmMM W3 TaKUX CIIy4aeB SBISCTCA OCTAHOBKA IO TPHUYMHE Hadaida padOTHI
cOopmmka Mycopa. MHorue CcOOpIIMKM Mycopa HE IIpPeayCMaTpUBaiOT
napajulelIbHOM paboThl BMECTE C BBIMOJHEHHEM IMPOTPaMMBbl, T.K. 3TO MPHUBOIUIO
OBl K KOHKYPEHLIMH TIOTOKOB 32 JIOCTYII K OJJHUM M T€M K€ 00BbEeKTaM M IMOPOXKIAI0
Obl HEJCTepMHHUPOBAHHBIC TIay3bl, KPOME TOro, COOPIIMK MycOpa MOKET
TMCPEHOCUTDH O6’beKTI)I, YTO NPUBOAUT K TOMY, UTO CaM KOZ, ccmna}omnﬁcsl Ha HHUX,
JOJIKEH ObITh U3MeHeH. [ToMuMo MPUOCTAHOBKU BBITIOJIHCHUA, HeO6XOI[I/IMO TaKXe
TrapaHTHPOBATh, YTO BCE OOBEKTHI BO BpeMsI May3bl OyIyT HAXOAUTHCS B LIEJIOCTHOM,
COTJIACOBAHHOM COCTOSTHHH.

Jlnst mocTrkeHust 3ToM nenn koMmusaTop V8 ucnosbsyer TexHonoruto safepoints.
Tepmun Ssafepoint o3nauaer coriacoBaHHOE (M M3BECTHOE) COCTOSHHE MPOrPAMMBI,
a TaKkXKe TOYKYy B IPOrpaMMe, B KOTOPOU TaKOe COCTOSIHHE JocTuraetcs. J{is Toro,
YTOOBI WCIIONHSAEMBIH KOJI MOT OBICTpO MOCTHYb safepoint, oHHM, Kak IPaBHIIO,
paccTaBISFOTCS HAa 0OpaTHBIX pedpax MUKIOB M MecTaX BBI3OBOB (hyHKIHU. B 3THX
TOYKaX BBICTABILIIOTCS MPOBEPKH, B CIIydae CpadaTHIBAHHS KOTOPBIX BHIOIHCHHE
OCTaHOBHTCS B TEKYILIEM COCTOSIHUH.

[Nocne BeIMONHEHMS Bcex onTHMU3anuii npencrasienne Hydrogen mepeBoaurcs B
MalIMHHO-3aBUCUMOe TpejacTaBieHue — Lithium. B ommume or mpencraBieHus
Hydrogen, Lithium wucmoms3yer OnM3Koe K MAIIMHHOMY KOAY TpeXaJpecHoe
NpeACTaBICHHE. JTO  MpPEACTAaBICHWE  HCIONb3yercs Al 3 GeKTUBHON
OpraHM3aliy paclpeeseHUs] pETUCTPOB, a TAKXKE JUIsl KOJOTeHepallnH.

3. O630p pabom

C pocToM MOMyJSIPHOCTH si3bIka JavaScript, B TedeHHe MOCIEeTHUX JIET HECKOJIBKO
KPYITHBIX Kopropanuii, Takux kak Google, Mozilla u Apple, Beimyctunu cBon JIT-
KOMITWIATOPBI 11l si3bika  JavaScript. PaspabGoTamsblii  kommanueit Apple
KOMITWISITOp 1o HazBanueM JavaScriptCore [7] Takke MMeEeT MHOTOYPOBHEBYIO

2 Jlns JavaScript, coriiacHo CTaHAAPTy SI3BIKA, MOXKET GBITH TOJNBKO OJHH TaKOH IOTOK.
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cTpykTypy (Pmc. 2.). B ormuume ot V8, B JavaScriptCore peanm3oBaHBI YeTHIpE
ypoBHS Komnwisuuu. Ha nepBom ypoBHe paboraer wunTtepnperatop LLINT.
Bropoii ypoBeHb mpencrasisiet u3 cebs mpoctoit JIT-kommunstop Baseline JIT. Ha
9TOM YpOBHE UIs (QYHKIMH TeHepUpyeTCs MAaIlMHHBIH KOJ C MHHHMAaIbHBIMH
ontuMuzanuamu aHanorudao yposHio Full-Codegen B xommuistope V8. Baseline
JIT co3nmaer mis kKakaoit onepanuu OaiTkola COOTBETCTBYIOLUIMH MAIIMHHBIA KOJI.
B sTOoM Kkone peanm3yroTcsi BCe BO3MOXKHBIE CIy4aud JJisl JTAHHOW OIepaliyH.
Baseline JIT, kak u Full-Codegen, ncronb3yercs B kadecTBe 6a30BOi BEpCHH KOIa
Ui (pyHKIMA, KOTOpBIE CKOMITWJIIPOBAHBI C MOMOINBI0 onTuMu3upytomero JIT-
KoMmnuisTopa. Eciiy onTUMU3UPOBAaHHBIM KOJ CTAJIKUBAETCS CO CIydaeM, KOTOPBIH
B HEM HE TOAACpKUBACTCA (HANpHMEp, THUN WIM 3HAYCHHE IEPEMEHHOH He
COOTBETCTBYET COOpaHHOMY MPO(]HIIIO), TO IMPOUCXOAUT 0OpaTHAsi 3aMEHA Ha CTEKE
(OSR exit) u mepexon k koxy Baseline JIT. Cnenyronuii ypoBeHb KOMIHIATOpPA
JSC npencrapmnsier coboii criekyasiTuBHbIH kommuisitop DFG.

BHYTpeHHee
npeacTaBneHve:

1: LLINT uHTepnpetatop

2: Baseline JIT > N(asg‘s';f::)e -'.-E
UrHdopmaums o npodune cyposHa 1-2 N B E)-S-R-E-n-tr-'y“I é i o
3: DFG Speculative _,| NativeCode | iﬁ
JIT (DFG) X

""""" SERE

4: Fourth Tier LLVM JIT — “a(tl'_“’_“jﬁ‘;de -

Puc. 2. Mnoecoypoenesas apxumexkmypa komnunamopa JavaScriptCore

Ha 3ToM ypoBHE M3 NMPOMEXYTOUHOIO IPEACTaBICHUS OalT-Koaa cTpouTcst rpad
IIOTOKA yINpaBJeHUs mporpamMmbel B Buae SSA-dopmbl. OT0 TpencraBieHHe,
anaorndHo ypoBHIO Crankshaft, nemaer BO3MOXXHBIM peaM3allI0 HECKOJIBKUX
CTaH/apTHHIX MAIIMHHO-HE3aBUCHMBIX ONTHMU3ALNH, HAIPUMED, YAaIeHHEe 00ImnX
MOJBBIpAXEHUH, ynanenne meptBoro kona u T.1. DFG JIT kox u Baseline JIT xon
MOTYT CMEHATH IPYyr Ipyra mocperctBoMm 3ameHsl Ha creke (OSR). Korma xon
¢yakuun craHoBUTCA “‘ropsuum’”, mpoucxomutr mepexonq Ha DFG JIT. Korma
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BBIMOJTHACTCS JACONTUMU3AIMS, MPOUCXOAUT 0OpaTHBIN mepexon [8]. B mae 2014
rozaa ObuT JoOaBIIEH HOBBIH, YeTBepTHIH ypoBeHb KoMnuisiuuu — FTL JIT, koTopsrit
ucrone3yeT uHppacTpykrypy LLVM misa remepannu MammmaHOTO Koga. Ha MoMeHT
Hadgana ganHoi pabotsr FTL JIT mommepsxuBacs Toipko mis mwiatdopm Mac OS X
u i0S, B maHHOH ke paboTe peanu3amys BBIIOIHIETCS B MEPBYIO OYEpenb IS
omepannonHoir cucteMbl GNU/Linux u mporeccopoB x86-64. Crout Tarxke
OTMETHUTB, YTO, HECMOTpPS Ha BHEIIHHE CXOACTBA OOLIEH apXWTEKTypHI, 3TH JBa
KOMITHJISITOPA OTIMYAIOTCS 1T0 BHYTPEHHUM CTPYKTYpaM U peanu3anusaMm. B maHHOH
pabore paccMaTpuBarOTCS OCHOBHbIE IOAXOABI, NPHUMEHEHHbIE HAaMH IIpH
peanu3any HOBOTO YPOBHS ONTHMH3ALMKM C HCIOJb30BaHUEM HH(PaCTPyKTyphI
LLVM B nuHamumdeckoM komnmistope V8 s3pika JavaScript.  OcBemarorcs
0COOCHHOCTH apXHUTEKTYpbl V8, CYIIECTBEHHBIE C TOYKH 3PEHHS peaIu3alliu
HOBOTO ypoBHiA. OTMETHM TaKXke, 4To V8 CyIIEeCTBEHHO O0o0Jjee MOMmyJIsSpeH:
JavaScriptCore ucmonp3yercst TONBKO B BeO Opaysepe Safari, Torma kak V8 BcTpoeH
B Opaysepsl Chrome, Opera, Android-Opay3zep, Node.js u B omepanuoHHYIO
cucremy ChromeOS.

4. Komnunsayusi npozpaMm Ha si3bike JavaScript @ cmamu4yecku
munu3upoeaHHoe eHympeHHee npedcmaesseHue LLVM

[IpoMexyTouHOE NpEeACTaBICHHE ONTHMH3UpYoIIero ypopus Hydrogen comepxxur
BCI0 HEOOXOIUMYIO MH(OPMAIHIO ISl TIOCTPOCHUSI CTATHYECKN THITU3UPOBAHHOTO
npeactaBieHuss LLVM. JlaHHbIIi MeTOJ NO3BOJISIET MPUMEHSTh ONTUMHU3ALMUH,
uMeronecs B craruieckoM komnuwisitope LLVM, k nporpammam, HalucaHHbIM Ha
s3pike  JavaScript. UWudpactpyktypa LLVM mnpepocraBisier cpencrsa st
JuHaMuYeckord kommwisinmu B Buae Moxyins MCJIT. B stom Moayne yxe
3a/ICUCTBOBaHbl Bce uMmeromuecss MexaHu3mbl LLVM s kojnoreHepauuu U
MAIIMHHO-3aBUCUMBIX ONTHMHU3alUil moj pasiaudHble 1uatdopmbl. Kommummsius
s3p1ka JavaScript B mpomexyrouHoe mpezacraBieHne LLVM Opiia peanmsoBaHa
HyTeM 100aBIeHNS JOMOIHUTELHOTO YpOBHS B KoMmuiisitop V8 (Puc. 3.).

Hecmortps Ha T0, uTo 1 Hydrogen, u LLVM-6utkop ucrons3yioT Gpopmy SSA, ecTb
OIpeZieJIeHHbIE Pa3IuyKs B MHTEpHpeTanu onpeneneHus SSA-popmel. Orinyane
coctouT B ToM, 4To LLVM Tpebyet, uroOsr 6a30BeIe 010KH BX0J10B D-(pyHKIHIA
SBJISUTCH HETIOCPECTBEHHBIMH TIPE/IIIECTBEHHUKAaMH JJaHHOTO O6azoBoro Oioka. Ha
Puc. 4.a w3o0paxkeH rpad NOTOKa YNpaBiCHUS, KOPPEKTHBIH C TOYKH 3pEHUS
Hydrogen n HexoppekTHbIii ¢ Touku 3peruss LLVM. Ha Puc. 4.6 npuBenen Tot xe
rpad, ckoppekTupoBaHHbIH mox TpeboBanus LLVM. IlepBeiM sTamoM mpu
J00aBIeHNH HOBOTO YpoBHS B V8 Oblia pa3paboTka M peayn3anys aaropurMa s
npeoOpa3oBaHUs MPOMEXKYTOUHOro mpexactaBieHuss Hydrogen B KOppeKTHYIO C
toukn 3pernss LLVM SSA-dopmy. ITlpu sTOoM, YTOOBI HCIONB30BATh KOJI,
crenepupoBanHbli LLVM, B Toi1 ke MaHepe, 4TO U KOJI, CTCHEpUPOBAHHBIN CaMUM
KOMIWIATOpOM V8, HeoO0X0oIuMo, 4TOOBl OHM OBUIM COBMECTHMBI Ha OWHApPHOM
ypoBHe. B mepByio ouepenb, 3TO o03HadaeT, yto B LLVM gmomxHa OBITH
peann3oBaHa TeHEpalnusi KOJa B COOTBETCTBUM C COIJIAIIEHHEM O BBI30BAX,
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npuaATOM B V8 (V8 mcmoms3yeT cOOCTBEHHOE COTJAIICHHE O BBI3OBax). Kpome
TOTO, CTOUT OTMETHUTb, YTO Ui TE€HEpallMd MAIIMHHOTO KOJa Uil HEKOTOPBIX
WHCTPYKIIMHA HEOOXOJUMO BBI3BIBATH BCIIOMOTATEIbHBIC ()YHKIIMU. DTH BBHI3OBHI, B
CBOIO OYEpellb, PEATU3YIOT COOCTBEHHBIC COTJIANICHHS O BhI30BaX. J{JIsl TOCTHKECHUS
COBMECTHMOCTH CTCHCPHUPOBAHHBIX KOJOB B Kommwistope LLVM  Obutu
peaM30BaHbI BCe HEOOXOUMBIC COTJIANICHHUS O BhI30BaX.

OmHUM ¥3 BaXHBIX KOMIIOHCHTOB Ui  OOECHCUeHUs  OBICTPOJCHCTBUSA
COBPEMEHHBIX JTUHAMHUYECKUX KOMIIWJISITOPOB SIBIISIETCS MOAIEPIKKA CIIEKYISITUBHOM
KOMITUJISIUH.

BHyTpeHHee
npeacTaBieHne:

1: Full-Codegen

HEONTUMU3MPYIOLLNIT KOMAUASTOP

v

=
=
UHdbc onpod E
TYPES o
(-3
(]
c
=
6
2: CrankShaft g
[
=
3: LLVM JIT 5
l OSREntry
Native Code D S
I R e S RN 3
OSREXIt o
Native Code OSRENtry
- -~ SRETE

Puc. 3. Apxumexmypa mnozoyposnesoco komnunsimopa V8 ¢ oobasnennvim mooyiem LLVM

OTa TEXHOJIOTHS UCTIONIB3YETCs, HAlPpUMep, ISl YACTUYHOW KOMITWIIIIMK KOJ/Ia, 4TO
MI03BOJISIET SKOHOMUTH HCIIOIb3YEMYIO MaMsATh, a TaKKe YMEHBIIHUTH 00IIee BpeMs
BBINOJIHEHUSI TPOTrpaMMbl. [IoMHMO 3TOTrO, K CHEKYISTHBHON KOMITWIISLUA MOXHO
OTHECTH TIPEJCKAa3aHUE TUIIOB M TEXHOJOTHIO “NOJIMMOP(HBIA BCTPOSHHBIA K3II
BbI30BOB” (aHri. polymorphic inline cache) [9], mpumeHsieMyro Ui NOBBIICHHS
IIPOU3BOAUTENHHOCTH Koaa. CI0KHOCTh peau3alliyl TaKOW MOIIECPIKKH Ha YPOBHE
LLVM cocrour B TOM, 4TO, NEpEKIaAblBas TIEHEPALMIO KOJAa HA CTOPOHHMM
KOMIIMJIATODP, MBI TepseM Hall Heil KOHTPOJb, YTO NMPUBOAUT K TPYAHOCTSAM IIPU
pealM3aly  CIEKYJSTHBHOM  KOMIMALMH, a Takke MpH  IOIJEPIKKE
aBTOMaTH4YecKol cOopku Mycopa. Mexay Tem, wuH(ppacTpykrypa LLVM
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MIPEAOCTABIISICT UHCTPYMEHTHI AJIsI KOHTPOISI U MOJU(UKAIINK CTEeHEPUPOBAHHOTO
komrioneHToM MCIJIT koma. DT MHCTpyMeHTHl Obutn nobaBieHsl B LLVM B
pamkax peanuzauuud ypoBHs FTL B xommunsitope JSC. B wurore mopaepikka
neontumuzanyii (OSR exit) B HOBOM ypoBHE KoMImisiTopa V8 Oblia pean3oBaHa C
noMmoIplo  BecTpoeHHBIX B LLVM  ¢ynkumit  llvm.experimental.stackmap u
llvm.experimental.patchpoint, KOTOpbIE MO3BOJISIOT Mo u(UIMPOBATh
creHepupoBaHHbiii LLVM kon Ha nerty.

[B&: BE:
br label %B81 br label vORi
r L . L]
BB1: EEL:
E = phi 164 [ 1, N8B ], [ %6, %884 ) %0 = phi 64 [ 1, WEE |, [ W&, VEB4 |
¥lw ... LD I
X s ... e,
br Label %BEZ br labal ABRZ
: 7 % ' y 5
* A '
BB2: BEZX|
L B RN e L
e, M-,
| br i1 %4, Label NBES, Llabel ‘5-33_ | br L1 %4, label WBBS, label 1h;~3_
T F T 3
Ba%:
o=
WM.,
br label “BEG6 VBB |
L | L
Ak BRI J T BBl
br Label %884 br Label %BB4 || br label WHE4 br labal SBE4
r T L8 P ; - ] y.
BBl = BB 1
%5 m phi 164 [ %8, %BAS ), [ %1, %BEL | W5 o= pil i64 | WE, WBBE |, [ W1, AE®] |
%= .. W= ...
| br Label %WBRE1 | br label WES1
Puc 4.a I'pagp nomoxa ynpaenenus, Puc 4.b I'pagh nomoka ynpasnenus,
HexkoppexkmHulil ¢ mouku 3perust LLVM Koppexmuulil ¢ mouxu 3penus LLVM

O06e >TH QYHKIIMK BO BpeMs KOMIFIISIMH NipeAcTaBieHns LLVM B MalInHHBIN KO
MHULMUPYIOT CO3/JaHUE CHELUAIBHOM CEKLUM [aHHBIX, COIEpPIKAaIleH CTPYKTYpy
Stack Map [10]. B a10ii cTpyKType COXpaHSETCS OTHOCHTEIHLHOE CMEIIEHHE OT
Havaja QyHKIMM B MalllMHHOM KOJIe, KyJa TMomajgaeT BbI3oB stackmap/patchpoint, a
TaKXKE€ MECTOHAXOXJCHHE (CIIOT CTeKa, MMs PErucTpa, KOHCTaHTa M T.II.) BCEX
3HAYCHUH, TIePEIaHHBIX STUM (YHKIUSAM B Ka4eCTBE MapaMeTpoB. JIJs moaaepKKu
JCONTHUMHU3ANUN B MECTe, TJe MPOUCXOIUT Mepeaadya YIpPaBICHUS BHPTYaIbHOU
MalllWHe, BCTaBISIETCA BBI3OB stackmap. B kadecTBe aprymMeHTOB mepemaroTcs
3HAYEHUs, HEOOXOIUMBbIE ISl IPOJIOJDKEHUSI BhIoHeHUs Ha ypoBHe Full-Codegen.
Borunciienue STHX 3HAYCHUH IPOUCXOTUT C IOMOIIBID YK€ HUMCIOMICTOCS B
Crankshaft mexaHm3Ma CHMYISIMM COCTOSHHS CTEKOBOW MAIIMHBI (KOTOPYIO
peammsyer Full-Codegen).

OTtnmenpHOE BHHMAaHHE CIEAyeT YACTUTh pealm3alnyd MexaHm3Mma safepoint (cm.
rmaBy 2). Ilo cyrn, peammsaumms safepoint BO MHOTOM aHAJOTHYHA pealU3alliy
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JIEONITUMHU3aMKA ¢ ToMombio llvm.experimental.stackmap. OmHako omnpeneneHue
3Ha4YeHHUH, HHPOPMAIHMI O MECTOMOIOKEHUN KOTOPBIX IOCJIEe TeHepalyy Koaa s
Hac BaxkHa, omimuaercs. Jlns Toukm safepoint 3TO Bce JKUBBIE B STOW TOYKE
3HAYEHMS, SIBJIIOIIUECS yKa3aTeNsIMM Ha OOBEKTHI B TUHaMH4YecKoi mamstu. Koraa
cOopmmk Mycopa V8 coBepriaer 00X0jx yKasaTened, OH Y4YHTBIBAET OOBEKTEHI,
accouuupoBaHHble C safepoint, Ha KOTOPOM HPUOCTAHOBJIEHO BBINIOJIHEHHE, Kak
xuBble. be3 mpaBmwibHO cdopMHpoOBaHHBIX cyliHOcTel safepoint, 3aHuMaeMast
STUMH OOBEKTAMH IaMATh MOTJIa OBl OBITH OCBOOOKICHA, YTO TPUBENO OBl K
HEKOPPEKTHOMY MOBeeHUI0. sl moaydeHnus HHGOpMauy 00 HHTEpBaJIaX JKU3HH
nepeMeHHBIX (LLVM-3HaueHmii), HaKpHIBAIOIINX OIpPENENCHHYI0 TOYKY, OBLIH
3a/IefiCTBOBaHbI aHATU3UPYIOMIAE MPOXOMBI, yXe peamn3oBaHHbie B LLVM [11].
Kpome Toro, cootBercTByromme mpeobpasyromme mnpoxonsl LLVM  Opumn
UCIIONIb30BaHbI JJIsl aBTOMaTHYEeCKOH paccraHoBkH safepoints. A st reHepaunuu
Stack Map s TOUeK safepoint MIpUMEHEHa byHKIMS
Ilvm.experimental.gc.statepoint [12].

Oyukuuu  llvm.experimental.stackmap/patchpoint  Takxe HCHONB3YIOTCA A
HOAJIEP)KKA BO3MOXKHOCTH TepeMelieHuss O0O0bEeKTOB cOOpIIMKOM Mycopa V8.
CreHepHpOBaHHBIH KOJT MOXKET COJCpKaTh aOCONIIOTHBIC ajapeca o0bekToB. [lpu
nepeMeleHu 00BeKTOB HEO0OXOAMMO 3aMEHUTh HX CTapble ajJpeca Ha HOBBIE.
Kpome TOro, creHepupoBaHHBI MAIIMHHBIH KOJ| HAXOJUTCS B Kyde H
UHTEPIPETHPYETCS] ~ KOMIWIATOPOM V8  Kak  OOBIKHOBEHHBIH  OOBEKT.
CrenoBarenbHO, cOOPIIMK MycOpa MOXKET IepeiBUTaTh CreHEPHPOBAHHBIH KO B
nporecce cBoed paboThl. DTOT IepeMemacMblii KO/l BBI3BIBACTCS 110 CMEIICHHIO 13
regepupyemoro LLVM xopna. i peanu3alvd TakOW MOAJEPKKH HCHOIb3YeTCs
¢yaxaus llvm.experimental.patchpoint, KoTopas TOMUMO TeX K€ ITapaMeTpoB, YTO
u llvm.experimental.stackmap, mnpuHUMaeT TaKke BBI3BIBAEMYIO (YHKIIHIO.
[omumo cozmanms Stack Map, mpu kommumsiiun 1lvm.experimental.patchpoint B
reHepUPYEMBIil KOJI BCTABIISIETCS BHI30B ATOM (DYHKI[MH B COOTBETCTBUH C 3a/IaHHBIM
corjianieHueM o BbI3oBax. biaronapst Stack Map, nozxe cam BbI3bIBAEMBbIN OOBEKT
MOXXHO Oy/IeT IOIMEHUTb.

JpyruM BaXHBIM AaCIIEKTOM IIpU I[POEKTHUPOBAaHUM MHOIOypoBHEBBIX JIT-
KOMITHJISITOPOB ~ SIBJISIETCSl  MOJJIEP)KKA ~ 3aMEHbl  HCIIOJNHSIEMOro  KoJa  Ha
ONTUMU3UPOBAHHBIA KON JUIA Topsunx (yHkmmiA. B mpoctom cimywae, korma
(YHKIHMS UMEET KOPOTKOE BPEMs BBIMOJIHEHHS, MEePeX0]] OCYIIECTBISIETCS MyTeM
3aMEeHBI ee ajpeca Ha aJpec ONTHMH3MPOBAHHOTO KOAAa BO BpEMS CIEAYIOIINX
BbI30BOB (yHKIUH. (DTO BO3MOXHO, TaK KaK Cr€HEPHPOBAHHBIE KOJBI PEATNU3YIOT
OJIMHAKOBBIH OMHapHbIM nHTepdeiic.) OgHako B cirydyae, ecian (GYHKIHS COIACPIKUT
IUKJ WJIM HECKOJIBKO IMKJIOB C OOJIBIIMM KOJIMYECTBOM HTEpALMi, MOSBISAETCS
HEoOX0MMOCTb B OpPraHM3alMu IIepexo/1a Ha ONTHMHU3UPYIOIINH YPOBEHb BO BpEMs
BeimoNHeHus (yHKImu. Takoi mepexon wmexay ypoBHsmu Full-Codegen wu
Crankshaft ocymiecTBisiercst myreM mpocToro 0e3yciIOBHOTO Iepexoja Ha Hayalio
COOTBETCTBYIOLIEr0 LHMKJIa B omnruMusupoBanHoM koxae (Puc.5). Tak kak
yIpaBICHUE TIEpefacTcss He Ha Hadano (yHKIUH, IPU TEPEXOAE Ha HOBBIM KOA
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TaK)Ke BBIMOJHSIIOTCS OIPEICICHHbIE ACHCTBUSL Uil TPUCIIOCOONEHHS CTeKa.
Hanpumep, He0oO0X0MMO yMEHBLINTh 3HAYEHUE YKa3aTessl CTEKa Ha KOJIMYECTBO
JIOKJILHBIX TIEPEMEHHBIX, KOTOpBIE OYAyT XPaHUTHCS B CTEKE B ONTHMU3UPOBAHHOM
koze. ITpu 3ToM HE0OXOAUMO YUHUTBIBATh, YTO MPEXKHUI YPOBEHB, B CBOIO OUYEpEb,
y)K€ YMEHBIIMI 3TO 3HAYEHHE Ha KOJIMYECTBO CBOMX JIOKAIBHBIX MEPEMEHHBIX.
OcHoBHas npobiieMa Takoro 1mojaxona npu nepexozae Ha LLVM kox 3akiodaercst B
ToM, uto LLVM mnonpazymeBaer, 4to Kaxaas GYHKIHS MOXKET UMETh TOJIIBKO OJHY
TOYKY BXOJa.

Full-Codegen |Main entry kst | main cutry

Prologue Prologue

push rbp push rbp
mov rbp, rsp mov rbp, rsp
sub rsp, FC_spilled_count sub rsp, CF_spilled_count

First Block OSR Entry Block

sub rsp, (CF_spilled_count
QL7 -FC_spilled_count)
7 (adjust the stack)

First Block

Function Blocks 0‘3’ o Function Blocks

Hot Loop Block Hot Loop Block

Epilogue

i

Epilogue

pop rbp
mov rsp, rbp
ret

pop rbp
mov rsp, rbp
ret

Puc. 5. Cxema nepexooa meancoy komnunsmopamu Full-Codegen u CrankShaft

Hapymenue 5Toro WHBapuaHTa MOXET TPUBECTH K CHWIBHOMY OTPaHHUYCHHUIO
BEIMONMHSAEMBIX B LLVM onrtumMuzanuii wid JOaxke K HENpaBHWILHOW padoTte
nporpaMMbl. OHO pelmieHue 3TOH MPOOJIEMBI, HCIONB3YIOIEeCs B KOMIMIISATOPE
JSC — 310 co3manue Komuid (PYHKIUH T KaKIOT0 BO3MOKHOTO BXxoza. IIpu 3ToM
BCE apTyMEHTHI U JIOKAJIbHBIE MMEPEMEHHbBIE COXPaHSIIOTCS B TiobanpHOM Oydepe, a
nepexo]; Ha ypoBeHb LLVM ocyiiectBiseTrcss myTeM BbI30Ba COOTBETCTBYIOIIEH
¢yHKOMU. SIBHBIM HEZOCTATKOM TaKOTO IMOJXOJAa SBISIETCS OoJiee ITUTEIHHOE
BpeMsl KOMITIIDIIUHM H3-32 CO3lIaHus komui ¢yHkumu. Hamm Obin paspa®otaH u
peanu3oBaH APYroil MeToJl, KOTOPBI MO3BOJIIET OCYIIECTBUThH MEPEXO] BO BpeMs
BhImoTHeHus Ha LLVM-kon 6e3 co3aHus TOTMOHUTEIbHBIX Konuil pyHknuu. [Ipu
peayM3any TaKoro MOAXOJa OCHOBHAs MPOOJieMa COCTOUT B IPUCIOCOOJICHUH
CTeKa, TaK KaK NpH UCHOJb30BAaHUM CTOpOHHero komnwissropa LLVM Her
BO3MOXKHOCTH BBIICHUTH, KaKO€ KOJIMYECTBO JIOKAJIBHBIX MEPEMEHHBIX OyIer
XpaHUTHCA Ha cTeke (3Ta MHPOPMAaus CTAHOBHUTCS JIOCTYIIHA TOpa3zo IO3XKe, Ipu
pacnpenenennn peructpoB LLVM). Jlns pemienus mpoOiIeMbl MpU Mepexojae Ha
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ONTUMHM3UPYIOIIUA KOX BO BpeMs BBHINOJHEHHMS LHMKJIA TOYKAa BXO#a Obula
nepeMelieHa B TpoJor Koxa (yHKIWHM, TI/e 3HA4YEHHE YyKas3arelsi CTeka
YMEHbBIIAETCSI Ha KOJMYECTBO JIOKAIBHBIX NEPEMEHHBIX, XPAHSIIUXCS B CTEKe.
[Toce 3TOTO € MTOMOIIBIO AOIOJHUTEILHOTO apryMeHTa pelraeTcs, OTKyJa MMEHHO
OyZeT BBIMOIHATHCS (QYHKIHS.

Full-Codegen lIVIain entry Livm lMain entry
0 Prologue
Prologue push rbp

push rbp mov rbp, rsp

m:v be,Ffé?P ed ‘,I sub rsp, LLVM_spilled_count I

sub rsp, FC_spilled_count o7

= [os}
First Block P ™
- U\J,—" / First Block
ot
o ¥

e OSR Entry Block

Function Blocks
Add rsp, FC_spilled_count \

(adjust the stack) M

Hot Loop Block Hot Loop Block

0y
\
\
\
A
\

|

Epilogue
pop rbp
add rsp, LLVM_spilled_count
ret

Epilogue
pop rbp
mov rsp, rbp
ret

Puc. 6. Cxema nepexooa mesncoy komnunsmopamu Full-Codegen u LLVM

Ecmu ynpaBnenne nepennio Ha LLVM ko U3 nukia, TO HEOOXOJUMO BBHITOJIHHUTH
JOTIOTHUTEIBHOE TPHUCIIOCOONICHHE CTeKa. B 4acTHOCTH, HaJJ0 YUYUTHIBATh TOT (PaKT,
YTO TPESKHUHA YpPOBEHb MOT, B CBOIO OYepe/lb, YMCHBIINTH 3HAYCHHE YKa3aTels
creka (Puc. 6.). ITpu takom moaxome LLVM ¢dyHKIHs TakKe MOXKET COIEPKATh IBE
TOYKH BXOJla, HO, B oTimuue OT ypoBHs Crankshaft, 3Tu Toukm HaxomsTCcsS B
nposiore (pyHKIMH ¥ HE SBISIOTCS MPEMATCTBHEM IS peai3alii ONTHMHU3AIHI B
LLVM. Opnako mpu peanu3aliiu TaKOTO TOJIXOAa TOSBISIOTCS OMPEIeIICHHBIC
pobJeMbl TIpH Iepeade JTOKadbHBIX 3HaueHnd n3 ypoBHs Full-Codegen ypoBHIO
LLVM. DTu 3Ha4ueHHs XpaHITCS B Hadaje CTeKa, HauMHas C aapeca, 3allUCaHHOTO B
crienManbHeIi peructp rbp (stack base pointer), u 3arpyxarorcst B perucTpsl mocie
COOTBETCTBYIOIIEH MPOBEPKH JUIsl HAaXOXKJICHUS TOYKM Bxoxa ¢yHkimu (Puc. 6.).
OpHako Monynb pacmpeneneHust peructpoB LLVM He moapasymeBaeT Hamuuus
3ape3epBUPOBAHHBIX CIOTOB cTeka. Takum oOpaszoM, LLVM, B cBoo ouepens,
MOXKET HCIOJIBb30BaTh apeca HauWHasi ¢ perucTpa rbp mis pacmpeneneHus cBOuX
JIOKAJbHBIX MEPEMEHHBIX. B uTOre MOXET MOIY4YUThCH, YTO JIOKAJIbHBIE
nepemennsie Full-Codegen wmoryTr ObITh mepenmucanbl KoMmuisitopom LLVM.
OnHUM peleHrueM dTOW MPOoOIIEMbI MOXKET OBITh BHECEHHWE M3MEHEHHH B MOIYJb
pacrpenenenust peructpo LLVM nnst pesepBupoBanus anpecoB B creke. OmHako
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noo0HsIe TII00aNbHEIe H3MeHeHHs B kKoge LLVM He yHHUBEpCalIbHBI B OCIOKHSIOT
NPUMEHEHHE OOHOBJICHUI K KOJOBOW 0a3e M3 OCHOBHOIrO pemo3utopus. [lo 3rtoii
npuuuHe Obl1 n30paH apyroit moaxon. JKemaemblit 3¢¢exkt ObUT JOCTHTHYT
nocpeAcTBOM no0aBieHust (GUKTUBHBIX volatile 3nauennii. Tak, mpu TeHepauuu
outkoma LLVM c¢ momompio volatile 3HaueHmit ObUTH  3ape3epBHUPOBAHEI
COOTBETCTBYIOIIHE CIIOTHI CTEKA JUTS JIOKANBHBIX 3Hauenuii Full-Codegen.

Eure ofHMM BaXKHBIM acleKTOM NPH KOMIWIBILMK NPOrpaMM Ha si3bike JavaScript
ABJISIETCA CHIDKEHME T1ay3 MPH MHTEPAKTHBHOM B3aMMOACHCTBUH. Il JOCTHKEHUS
3TOH 1enM B MHOTOYPOBHEBBIX KOMIMJIITOpax pealn30BaHa MOIJEPIKKA
MapajuIeIbHOTO BBHIMONHEHNsT (QyHKIWA. Tak, Hampumep, KO, CTeHEPHUpPOBAHHBIN
yposaem Full-Codegen, OyzmeT BBIIONHATHCA MapajulelbHO, IOKa Ha YpOBHE
Crankshaft BemomHsAIOTCS onTuMM3amuM W KojxoreHepamus. Ilomnmepikka
napajurenusMa Ha ypoBHe LLVM HOJTHOCTBIO OCYIIECTBIICHA U B HAIIIEM PEIICHUH.
[locne ocymiecTBieHHsS TOIJMEPKKH BCEX TEXHOJIOTHH, 00ECHEYHBAIOIINX
OBICTpOICiicTBHE COBPEMEHHBIX MHOTOYpPOBHEBBIX JIT-koMIUIATOPOB
(criekynATHBHAsS KOMITWUIILMSA, TEXHOJIOTHMS ‘3aMEHa Ha CTeKe”, MapajielIbHOe
BBIMOJIHEHWE U T.J.) CICAYIOIIMM IIaroM Obljla TpaHCIANMA MpeACcTaBICHUSA
Hydrogen B npomexyrouHoe mpeacrasieane LLVM. Ilpu peanuszanuu
npeobpazoBanust Hydrogen B 6utkoq LLVM OblLT NpUMEHEH WHKPEMEHTAIbHBIN
MOJXOJ: KOJMYECTBO JOCTYIIHBIX OIEpaliil HapalluBaloCh IOCTENEHHO, enas
BO3MOXKHBIM KOMITHJISIIIMIO BCe OoJiee MIMPOKMX MOAMHOXECTB si3bika JavaScript. B
npencrapneHnn Hydrogen HacumThiBaeTcs okosio 120 pasnmyHBIX OIeparuii, Ha
JaHHBII MOMEHT peaJl30BaHa TpaHCIALus Oonee 70 BEpIIMH B MPOMEXYTOYHOE
npeacrasiaenne LLVM.

5. Pesynbmamebi

Ha mannwrii MmomenT kommmmsaust B LLVM Outkon momnepkuBaercss He Ui BCeX
CTpYKTYp si3pika JavaScript. DTo HakiajbiBaeT OrpaHHYEHHE Ha IOJHOE
TEeCTUpOBaHKe OEeHYMApKOB si3bika JavaScript. 1o aToii npuuuHe B JAHHOM pasjele
MPHUBEJICHBI PE3yNbTaThl TECTHPOBAHUS HAa HECKOJNBKHX TecTaXx M3 Habopa
SunSpider. OueHka TPOU3BOIUTENLHOCTH JUISL 3TUX TECTOB ObUIA MPOBEJCHA IS
pa3sHOro KOJIMYECTBA HUTEpalMid, YTO IO3BOJISET OICHUBATH PEATbHYIO IOJIb3Y
KOMIWISIIAKA “OYeHb TOPSYMX~ YYacTKOB KOJA C IOMOIIBI0 HH(PACTPYKTYpHI
LLVM.

Tabn. 1. Cpasnenue npoussooumenbhocmu Ha mecme aCCess-nsieve

access-nsieve

Yucno utepaumi OpWr. KOM-BO UTEpaLui *10 *100

Bpems BbinonHeHus ¢ ucn. Crankshaft, mc 59 590 2980
Bpems BbinonHeHua ¢ ucn. LLVM, mc 63 580 2465
YcKopeHue, Yucno pas 0.94 1.02 1.21
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Tabn. 2. Cpasnenue npoussooumenvrocmu Ha mecme bitops-bits-in-byte

bitops-bits-in-byte

Yucno utepauumi OpWr. KON-BO UTEpaL Ui *10 *100

Bpemas BbinonHeHus ¢ ucn. Crankshaft, mc 37 216 2050
Bpems BbinonHeHmsa ¢ ucn. LLVM, mc 27 74 538
YcKopeHue, Yyucno pas 1.37 2.92 3.81

Tabn. 3. Cpasnenue npousgodumenvhocmu ha mecme 3d-cube

3d-cube
Yucno urepauum OpUr. KON-BO UTEPaLUMiA 25 *10
Bpems BbinonHeHua ¢ ucn. Crankshaft, mc 100 391 842
Bpems BbinonHeHus ¢ ucn. LLVM, mc 85 177 325
YcKopeHue, Yucno pas 1.18 2.21 2.59

Kak BUAHO M3 MpeICTaBIEHHBIX BBIIIE TAONUI, PH YBEIUUECHUH YUCIA UTEPALUii
(BpeMeHHM BBINMOJHEHHs] MAIIWHHOTO KOJa) YBEJIMYMBAETCS W BBIUTPHINI B
MPOU3BOIUTENLHOCTH, 00eCeYrBaEMblii 60Jiee ONTUMAIbHBIM MAIIHHHBIM KOIOM
yposHst LLV8 B cpaBrernnu ¢ Crankshaft. [lis oTBeTa Ha Bompoc, YeM 000CHOBaHa
Oosiee BBICOKAsl IPOM3BOAUTENBHOCTh ypoBHS LLV8, Hamu Obul mpoBeacH
CPaBHHUTENbHBIM aHAJIN3 MAIIUHHBIX KOJIOB. AHanmu3 Tecta bitops-bits-in-byte,
HaNpHUMep, MOKa3bIBAET, YTO YCKOPEHHUE IOCTUIAETCS B MIEPBYIO Ouepe/ib Oaaroaapst
HAJIMYUIO ONTUMHU3AIMU “pa3BopaunBaHue 1ukia” (aurit loop unrolling) B crimcke
ONTHUMU3AIMOHHBIX MPOXOJIOB, BBHIMOJHIEMBIX HAJ BHYTPEHHHM MPEICTABICHUEM
LLVM (8 Crankshaft takas ontumusais otcytctByer). Koj, creHepupoBaHHbII
LLVS8 s naHHOTO TEecTa, HE COACPKUT IUKIA, TOTJA KaK KOJ, CTeHePUPOBAHHBIN
Crankshaft, umeer mukn. OTMETHM TakKe, YTO, BPEMsS KOMITWIALUH Ha YPOBHE
LLVM mouru Bcerma Gospine yem Ha yposHe Crankshaft. Hampumep, mis tecta
bitop-bits-in-byte, Bpems1, 3aTpaueHHOE Ha KOMIIMJIAIINIO, COCTABUIIO IpUMepHO 0,2
Mmc B ciiydae Crankshaft u 6,5 mc B ciiyuae LLVM. Opnako gaxe Takoe yBeIHYEHHE
BpPEMEHHM KOMIWISAIUKN TPHEMIIEMO Uit (DYHKIUMA, BpeMsl BBIMOJHEHUS] KOTOPBIX
CYIIECTBEHHO MPEBOCXOIUT BpeMsi kommuysinuu. (Kpome Toro, nmpu KOMIWISIUH B
Mapajule]ibHOM TOTOKE 3TO HMEET elle MeHbllee 3HaueHue.) MMeHHO st
ONTHMU3AIMK TaKUX (PYHKIMI HW3HAYATBHO OBUIO MPHUHATO PEIICHHE peaTu3alliu
ypoBHs LLVM B xommunsitope V8.

6. 3akniouenue u oGyoywias paooma

B pamkax nanHOW paboThI ObLT pa3paboOTaH METOJ AMHAMHYCCKOW KOMITHIISIHH
mporpamMMm Ha si3bike JavaSCript B cTaTHuecKu THMU3UPOBAHHOE MPEICTABICHUE
LLVM. TIIpemnoxeHHbli MeTox ObUI  pealM30BaH  MyTeM  JOOAaBJICHUS
JIOTIOJTHUTEIBHOTO YPOBHS ONTHMHU3ALUU B KOMITUIISITOPE C OTKPBITHIM HCXOHBIM
komom V8. Ilpm sToM OblTa peann3oBaHa MOMIEPKKA BCEX TEXHOJOTHUH,
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obecreunBarOmmX  OBICTPOJACHCTBHE  COBPEMEHHBIX  MHOTOypoBHEBBIX  JIT-
KOMIWISATOPOB (CHEKYJIATUBHAS KOMIWISILMS, TEXHOJOTHs ‘‘3aMeHa Ha cTeke”,
MmapajyieIbHOS BBIMOJIHEHHE W T. 1.). B jmanpHeieM IutaHupyercs A00aBIicHUE
nojnepkkn kommwianuu B LLVM  Outkox anmst BceX KOHCTPYKUIMH —sI3bIKA
JavaScript u TecTupoBaHHE CHCTEMBI Ha MOMYJISIPHBIX TECTOBBIX HA0Opax.
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Abstract. Since its inception in the middle of the 90’s, JavaScript has become one of the
most popular web development languages. Although initially developed as a browser-
agnostic scripting language, in recent years JavaScript continues its evolution beyond the
desktop to areas such as mobile and server-side web applications. Many massive applications
are written using JavaScript, such as gmail, google docs, etc. JavaScript is also used in the
Node.js — server-side web application developing platform. Moreover, JavaScript is the
main language for developing applications on some operating systems for mobile and media
devices. Examples of such systems are Tizen and FirefoxOS. Modern JavaScript engines use
just-in-time (JIT) compilation to produce binary code. JIT compilers are limited in
complexity of optimizations they can perform at runtime without delaying the execution. To
maintain a trade-off between quick startup and doing sophisticated optimizations, JavaScript
engines usually use multiple tiers for compiling hot functions. Our work is dedicated to
performance improvement of JavaScript programs by adding a new optimizing level to the
JavaScript V8 compiler. This level uses the LLVM infrastructure to optimize JavaScript
functions and generate machine code. The main challenge of adding a new optimizing level is
to support all the technologies (speculative compilation, on-stack replacement, concurrent
compilation etc.) that are used in the modern multi-tier JIT compilers for increasing the
performance and minimizing pauses during the interactive communication. All these
technologies are fully supported in our solution. This has resulted in significant performance
gains on the JavaScript benchmark suites when compiling hot functions.
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