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AnHoTamusi. Pabota moCBsIeHa yIy4IICHHIO MPOU3BOJUTEILHOCTH MPOTPaMM Ha S3bIKE
JavaScript. B paGote paccMaTpHBarOTCs 0COOEHHOCTH JMHAMUYECKUX onTuMu3anuii B JIT-
KOMIWIATOpPE JJIs  si3blka JavaScript, a Takke OCHOBHBIC CIOCOOBI  YIY4IICHUS
MPOM3BOJMTENILHOCTH JJI1 TakuX ontummsanuii. Kpome Toro, mpemiaraercs crocod
OpraHu3alliy MPEJBAPUTEIFHON KOMIWIAIMK MporpaMM Ha s3bike JavaScript ¢ ux
COXpaHEeHHEM B BHAE 0aiiTko[a, 4TO MO3BOJSIET COKPATHTH BPEMsl 3allyCKa MPUIOKECHHH 3a
CUeT BBIMOJHEHHSI ONTUMHU3ALNI Ha dTare MpeABapUTENbHON KoMIMIui. [IpeioxKeHHbIe
METO/IbI OBUIH peaM30BaHbl B OMOIMOTEKE C OTKPHITHIM UCXOIHBIM KOJOM UL OTOOPaKEHHS
BeO-cTpannny, WebKit. B pesynprate ynamoce HJOOHWTBCS 3HAYUTEIBHOTO YBEIUYCHHS
MPOU3BOUTEIBHOCTH BRIOPAHHBIX TECTOBBIX JavaScript-npunosxenuii Ha miatgopme ARM.

KiaioueBble ci0Ba: ONTHMH3AIMS MNPOTPaMM; KOMIHUIALUS BO BPeMs BBIIOIHEHHUS,
MpeaBapuTeNbHAs KOMITWILIHS; Tpad MOTOKa JaHHBIX; apXUTeKTypa ARM.

1. BeedeHue

B Hacrosmiee Bpemsi INIHMPOKOE paclpOCTPaHEHHE MOJYYMIM MpOrpaMMbl Ha
HECTUITU3UPOBAHHBIX CKPUIITOBBIX A3bIKAX, OJHUM M3 IMOBCEMCCTHO HCIIOJIB3YyEMBbIX
s3bIkOB  siBisietcst JavaScript. C poCTOM TNPOM3BOAMTENIBHOCTH TEPCOHAIBHBIX
KOMITBIOTEPOB M BCTpPaMBaeMbIX CHCTEM MCIOJB30BaHHE s3bIka JavaScript crano
BO3MOXKHO HE TOJILKO JUISl BHITIOJHEHHS HEOOJBIINX CKPUITOB Ha BeO-CTpaHMIAX,
HO W UenbIX BeO-mpwiokeHWd. bonee Toro, yxke uMeoTcss pa3paboOTKH
OTIEPAIIMOHHBIX CHCTEM JJIsi TeJe(OHOB, IUIAHIIETOB M HOYTOYKOB, KOTOpBIC
MOAPa3yMeBAIOT HMCIONB30BaHUe JavaScript Kak OJHOTO W3 TJIABHBIX SI3BIKOB JUIS
co3manmsi npunoxeHuit. [lpumepamm Takux cucteM Moryt Obith Tizen[1l] wu
FirefoxOS. HekoTopas 4acTh MOIB30BATEIbCKUX NMPIJIOKEHUH HAa ITHX CHCTEMax
OyneT mpencTaBisaTh coO0N HaOOp XpaHAIMUXCS Ha YCTPOHCTBE BeO-CTpaHUI] CO
cKkpuntamMu Ha s3bike JavaScript. B cB3m ¢ 3TuM Bce Oonble BO3pacTaroT
TpC6OBaHI/I$[ K IPOU3BOAUTEIILHOCTHU IIPOTrpaMM-CKPHIITOB.
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MHorue coBpeMeHHbIE MHTEPIIPETaTOPHI ITOIAEPKUBAIOT PA3HOOOPA3HBIE PEKHMBI
KOMITWJISILIMM TOPSIYMX YYaCTKOB KOJA BO BpeMs BBINOJHEHHs CKpUNTOB. Jis
obecriedeHUsT  OBICTPOTO  BBITIOJIHEHUS  CKPUIITOB ~ HEOOXOIWUMO  CO3/IaHHE
MaKCHMAaJIbHO Ka4€CTBEHHOT'O MAIIMHHOTO KOJa, & TaK)Ke CHU)KCHHE 3aTpaT Ha BCE
JTarbl ONTUMU3AIMH, BBIOJIHAEMbIC PH KOMITHISALUA BO BPEMs BBIMOJHEHHs. B
JaHHOW paboTe OymeT paccMaTpuBaThCsl MHTepIpeTatop JavaScript, Ha3bIBaeMBbIi
JavaScriptCore (JSC)[2] u Bxomsauuii B coctaB Opayseproro memxka WebKit[3]
JUTSE 0TOOpaKeHHs BEO-CTPaHUIIL.

Henp manno0i paboTHl — agantupoBaTh nMeromuecs B JavaScriptCore onTuMu3anim
Ui pabOTHI Ha BCTPAaWBAaEMBIX CHCTEMaX. Takxe HEOOXOAMMO Y4eCTh CIeHU(pUKY
ucnons3oBanus  JavaScript-mporpaMM B COCTaBe  JIOKAJbHO — XPAHSLIMXCS
npwioxkeHui. [lnanupyercst 1oOUThCs reHepanyu 0ojiee Ka4eCTBEHHOTO KOJa MpH
KOMITWJISILIMM BO BPEMsl BBITIOJHEHHS, @ TAaKXKe peajM30BaTh CUCTEMY XPaHEHUs M
NpeIBapUTEIbHON KOMIMIISILIAY CKPHUIITOB JUIS TIPHIIOKEHHH.

JanpHeiiee H3JI0KEHHE IOCTPOCHO clenyrommM obpasoMm. CHauanma Oyner
oIcaHa uMeroIasics cxema padotsl JavaScriptCore 1 IepednCIIeHbI MpeiaracMbie
METOIbl ONTUMM3ALMK, a IOTOM KaXAblH M3 HUX Oyner paccMoTpeH Ooiee
HOIPOOHO.

2. Yempoilcmeo JavaScriptCore

IlepBbiMu  3Tamamu  pabotel  JavaScriptCore  sSBISIFOTCS — JICKCHYCCKHH U
CHHTaKCHYECKMH aHanm3. VcxomHblii Kox pa3OuMBaeTcss Ha TOKEHBI, METOAOM
PEKYPCHBHOTO CITyCKa CTPOHMTCSI CHHTAKCHUYECKOE IEPEBO, M3 KOTOPOTO B CBOIO
ouepeh CTPOUTCS BHYTPEHHEE MPENICTaBlIeHNE, Ha3piBaeMoe OaiTkox (bytecode). B
0alTKOZe WMHCTPYKIHMH XpaHATCS B BUJIE MacCHBa sU€eK, pasHble HMHCTPYKIHH
MOTYT 3aHMMATb DPA3HOE KOJMYECTBO s4YeeK. B mepBoil suelike XpaHUTCS THUIL
MHCTPYKIMH, B CICAYIOIIMX sUSHKax XpaHsATCS ajapeca ONEepaH/IOB M Pe3ylibTara.
Anpeca orepaHioB MOTYT IIPEJCTaBIISATh COOOW CCBHUTKM Ha KOHCTAHThI UIIM HOMEpa
JIOKQJIBHBIX MICEBIOPETHCTPOB. [Ipy YTeHUM WM 3alUCH 1oJied 00BEKTOB, 3arpy3Ka
ajipeca ToJIsl [0 MIMEHHU BBITISAUT KaK OTAEJbHAs UHCTPYKIHS, OJMH U3 ONepaH/IOB
KOTOpPOW — KOHCTAHTHAsI CTPOKa, cojep Karias uMs 1mosist. Ji1s1 MHOTHX MHCTPYKIUH
HocJieIHss A4elika B OalTKo/ie BhIIETIeHa ISl XpaHEHUs] HHPOPMALMH O ITpodHIIe.

B pannux Bepcusix JavaScriptCore OaiiTkon cpa3y nepenaBajics Ha BBINOJHEHUE
uHTepnpeTaropy. VHTepnpeTaTop mocieoBaTeIbHO YHUTAl MHCTPYKIUHU OalWTKonIa
W BBITIOJHAT HEOOXOIUMBIE NEHCTBHUS, MEPEXOAbl W IHKIBl OPraHW30BBIBAIINCH 32
CUeT YCJIOBHBIX M Oe3yCIOBHBIX omepanuii mnepexoxa. Ilepexon ykasbIBaerT, 4TO
BMECTO YTEHHUS CIEAYIOIIeH HHCTPYKIMM B OaifiTKoIe HMHTEpIpeTaTop OJDKEH
nepeiTH B npyroe mecto. B coBpemenHbix Bepcusix JavaScriptCore BmecTo
MHTEPIPETaTOpa HCIONb3yeTcss HHU3KOypoBHEBbIH uHTeprperarop (LLInt). On
(haKTHYECKH BBIIOJIHSET T€ XK€ caMble NEHCTBHS, OJHAKO 3alpOrpaMMHpPOBAaH Ha
CreluaibHOM  MyibTHUILIaTGopMeHHOM  accemOnepe  (offlineasm).  Oror
CIIEIUANIBHBIN  acceMOiep MOXKET OBITh CKOMIIMJIMPOBAaH Ha JTamne CcOOpKH
JavaScriptCore B mammHHBIA KOO it x86, ARM wmiM HECKOJIBKHX JPYruX
298



m1atGopM, a Takke MOXET OBITh MpeoOpa3oBaH B MCXOMHBIM Koj Ha s3bike C.
LLInt, kak u OOBIYHBIN MHTEPIPETATOP, TO3BOJISICT HAYATh BBHINTOJIHEHHE OAWTKO/A,
HE BBIONHAS HHUKAKUX IIOATOTOBHTENBHBIX J3TAallOB, TEM CaMBIM O0ECIeYHnBacT
OBICTpOE HAYajO BBIIOJHEHHS. Bce Apyrme ypoBHH ONTHMH3ALHAU TPeOYIOT
MIpPEeBAPUTENBHBIX 3aTPAaT O CO3JAHMIO MAIIMHHOIO KOJAA, COOTBETCTBYIOLIEIO
3aJJaHHOMY y4acTKy OaiTkona. LLInt monuepkuBaeT Ha ypoBHE BbI30Ba (pyHKLHIA
B3aUMO/ICHCTBHE CO BCEMH YPOBHSIMH ONTHMHU3auuu. Ecnn kakas-To QyHKUusS yxe
ObUla CKOMIWJIMPOBaHA B MAIUIMHHBIA KOJ, TO BBI30B O3TOH (QyHKUMH U3
HU3KOYpPOBHEBOTO MHTEpIIpeTaTopa OyAeT BHIMIAETh TaK K€, KaKk U Nepexoj] Ha
TOYKY BXoJa B OOIIMII NpoJOr HWHTEpIpeTaropa s Jo0oi  Apyroi
HeoNnTUMH3NpoBaHHOH ¢yHKiuK. LLInt ucrmonmp3yeT KdIMIMpOBaHME Ha YPOBHE
OaiiTkoza ISl YCKOPEHHS JOCTYIA K MOJIIM OOBEKTOB IT0 UMEHH.

IIpu paboTe HHU3KOYPOBHEBOTO HWHTEPIpPETATOpa TaKKe IPOUCXOAUT cOOp
HHPOPMAUU O TPOQHIC — COXPAHSIOTCS THIBI M TMOCICIHUC 3HAYCHUS MOJCH
00beKkTOB. HeoOX0omuMOoCTh ONTHMH3aNUU (YHKIHH OMPEAEIIeTCs C MOMOIIBIO
OIICHKU TOT'O, CKOJIbKO pa3 B HEH BBIMOJHSIOTCS TC WJIM WHBIC YYacTKH koma. s
mepexoja Ha TEpBBI YpOBEHb ONTUMH3anWK BpemeHd BoimoiHeHus (JIT-
onTUMm3anysi) HeoOxXommMo, 4ToObl QyHKIUS HaOpama He MeHee 100 “ouxoB
BBITIOJTHEHHS ’, TIPH 3TOM 32 KXKIYIO MPOHICHHYIO HTEPAIIIO [IUKIA TIPHOaBIICTCS
OIHO “0YKO”, a 3a BBI3OB (QyHKIUH - 15 “oukoB”. OTMETHM, YTO 3TH YHCIA
SBIISTIOTCSI IPUMEPHBIMHU, B PEAbHOCTH JOTONHUATEIHFHO TPUMEHSCTCS IBPUCTHKA,
pe3ynbpTaT paboThl KOTOPOW 3aBHCHT OT pa3Mepa paccMaTpUBacMOW (QYHKITHH.
Takum 00pa3zoM, HEOONBIION (QYHKIMKU O3 IUKIOB JOCTATOYHO OBITh BBHI3BAHHOMN
OKOJIO 7 pa3, 4TOOBI Ui Hee ObLIa BBHIMOJHEHA 0a30Bas KOMITHIIALUS BPEMCHU
BeinosHeHwus (Baseline JIT).

Baseline JIT cosgaer mus kaxmoi omnepanuu 0alTKoJa COOTBETCTBYIOIMINI
MAIIMHHBIN KoXI. B 3TOM Kozme peanmn3yroTcss Bce BO3MOXHBIC CITydaw JUIs JTaHHOH
omepanuu. Hampumep, omeparyisi CIOKEHHUS s 4rced OyAeT BEHINOJNHEHa Kak
CIIO’KEHHE, a JUI OTIePaHJ0B-CTPOK — KaK KOHKaTeHaIus. I 'eHepupyemMslii kox Oyaer
coziep kaTh MHOXKECTBO BETBJIIEHU s pa3bopa Bcex Takux ciydaeB. [locie Toro>
Kak Juisg QyHKIMH OyJeT co3/laH MalllMHHBINA KOJI, HET HEOOXOAUMOCTH JOKUIATHCS
OKOHYaHUs (DYHKIUM JJIs 3allycKa BBIMIOJHEHUS HOBOTrO koja. Hampumep, eciu
(yHKIIUS BBIMONHSIET UK C OOJBIIMM YHCIOM HWTEpalUid, TO MOXET OBITh
BBINIOJIHEH HEMEJICHHbIN mepexos Ha HOBbIM ko (on-stack-replacement, OSR).
HuzkoypoBHEBBIIT HMHTEPIPETaTOp 3aKOHYUT O0OpabOTKY OYEepeTHOW WHCTPYKIUU
OaiiTko/a U cpa3y MepelieT B MAIIMHHOM KOJIE B TO MECTO, KOTOPOE COOTBETCTBYET
Havaly clieayromei nHCTpyKuuu. KoHeuHo, BO BCeX MecTaX BBI30Ba 3TOH (YHKIIUU
OyzeT MpOU3BEACHO MEePCHAIIPABICHIE HA HOBYIO BEPCHIO (DYHKIIMH — B MAIITHHHOM
KOJIe.

Baseline JIT kox ucrons3yercs, Kak Ga3oBast BEpCHst KoJa st (GYHKIMH, KOTOPBIE
CKOMIIWJIMPOBAaHBl € TMOMOMIIBID ontuMmusupytomero JIT-kommunsaropa. Ecim
ONTUMU3UPOBAHHBIA KOJX CTAJKUBACTCS CO CIIyd4aeM, KOTOPBIA B HEM HeE
MOJIepKUBacTCs (HampuMep, THI WIM 3HAYCHHE NEPEMCHHOW HE COOTBETCTBYET
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cobpaHHOMY TpOQMII0), TO MPOUCXOAUT OOpaTHas 3aMeHa Ha cTeke (on stack
replacement exit, OSR exit) k koxy Baseline JIT. Ha yposue Baseline JIT tax xe,
kak 1 Ha LLInt, coxpansercs npoduis — HHPOPMAIUS O THIAX MOJeH 00BEKTOB H
apryMeHTOB (YHKIIMH, W BBIMOJNHSICTCS KIUIMPOBAHUE Ui YCKOPESHUS OCTYMa K
TOJISIM OOBEKTOB.

Wudopmanmss o mnpoduie, cobpannas Ha ypoBHsix Baseline JIT u LLlInt,
UCTIONB3YyeTCs U1 OpPTaHM3alMM CIEKYJSATHBHOTO BBIIIOJHEHHS HA CIEAYIOLIEM
YPOBHE ONTHMH3AIMU — ONTHMHU3ALUHU C HCIOIb30BaHHEM Tpada MoToKa JaHHBIX
(Data flow graph, DFG JIT, Speculative JIT). Co6panHas nHpOpMAaLus COTSPKUAT
MOCJICIHNE 3HAYEHWs 3arpyXEHHBIX apryMEHTOB, IOJEH OOBEKTOB, a TaKXKe
pe3yJIbTaTOB BHIMONHEHUS QyHKIMH. KammpoBanne gocTyna K moisiM 00BbEKTOB Ha
ypoBusix LLInt u Baseline JIT ycrpoeno Ttak, uto mnozsomsier DFG 6bicTpo
noy4aTh HeoOXoauMyto nHpopmaruo. Hanpumep, no nHpOpMaIK KIIIHUPOBAHHS
JIETKO MOYKHO y3HaTbh, YTO HEKOTOpOe OoOpallleHHe K TOJII0 00bEKTa MHOT/IA, YacTo
WY BCET/ja BO3BpAlacT 3Ha4eHHEe HEKOTOPOro KOHKPETHOTO THIIA.

DFG JIT xoMnwisuus BBIONHSCTCS U1 (GYHKIWH, KOTOpBIE HaOpanu HE MEHee
1000 “oukor BemmosHeHus”. Ha ypoBHe DFG BBINONHSAIOTCA pa3HOOOpa3HbIC
ONTHMU3AIIMY, oNHpatonyecs Ha nHdopmanuio o npoduie. 3 GaiiTkoaa ¢ yuerom
npoduns cozaaercs rpad NOTOKa JaHHBIX, B KOTOPOM MHCTPYKIIMU OIMCaHbI B BUJC
SSA-npencraenenus. Ha atom DFG rpade BHIIONHAIOTCS ONTUMU3ALNY, U B KOHIIE
UTOTOBBIH HA0OP MHCTPYKLMIT MpeoOpa3yeTcs B MAIIMHHBINA KOJI.

DFG JIT pacmpocTpassieT MOTYyYCHHYI0 MH()OPMAIMIO O THHAaX IMEPEeMEHHBIX II0
BceMy rpady W BCTaBIIsieT B KoJ HeoOxoaumble npoBepku Tumos. Muorma DFG
JaKe BBINOJHSAET CIEKYJSITHBHYIO ONTUMH3ALUI0 1O CaMOMy 3Ha4CHHIO
nepemeHHol. Hampumep, eciu no pesynbTaTaMm npoQuiInpoBaHus moje o0beKTa
SBJISIETCS KOHKPETHOM (DyHKIMEH, ee KOJ MOXKET ObITh BCTPOEH B BBI3BIBAIOIIYIO
¢yaknuio, ¢ gobaBieHHeM HeoOXoauMoil mpoBepku. Kak ObUIO OMHCAaHO BHINIE,
KOT/Ia OJIHa M3 MPOBEPOK HE BBIMOJHSAETCS, NPOUCXOIUT JEONTUMH3ALMS, TO €CTh
oOparHas 3aMeHa Ha creke (on stack replacement exit, OSR Exit) ma xox Baseline
JIT.

Takum obOpaszom, DFG JIT xonm u Baseline JIT kox MoryT cMeHSTH OpyT Ipyra
nmocpenctsoM 3ameHsl Ha cTeke (OSR). Korma xox ¢yHKIMH CTaHOBHTCS
“ropsunM”, mnpoucxoauT mepexon Ha DFG JIT. Korma BeimomHseTcs
JICONTUMHM3AIMS, TIPOUCXOIUT 00paTHBIN nepexon. B ciyuae mHorokparnoro OSR
exit coxpaneHHast ”HQOpPMAILHSA O TOM, OYEMY MPOHU3OLLIA JEONTHMH3AIHS, TAKKE
CTaHOBUTCS CBOEOOpa3HbIM mpoduieM, KOTOPBHIH IO3BOJISIET OPraHH30BaTh
peontumuzanuio DFG, To ectb coznanue HoBoro DFG rpada u MammHHOrO Kozia C
yuyeToM HOBOW uHpopMammu o mnpodwie. DBPHUCTHKA, OLECHHUBAIOIIAS
HEOOXOMMOCTb PEONTHMU3AINH, HCIIOJIB3YeT 3KCIHOHEHUIHAJIBHYIO 3aJCpPKKy B
3aBHCHMOCTH OT KOJIMYECTBA YK€ BBHIIOJHEHHBIX PEONTUMH3AIMNA. DTO IO3BOJIIET
WCKJIIOYUTh BO3HHKHOBEHHE OOJNBIIMX BPEMEHHBIX 3aTpaT Ha TOCTOSHHYIO
PEONTHMHU3AINIO KOJIa 1 BEITTOTHeHHE MHO)kecTBa OSR mepexomos.
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Yerepthiii ypoBenb ontumuzammu - LLVM JIT, BeBbIBactcs s (GyHKIUH,
HaOpasinx He Menee 10000 “ouxoB BeimojiHeHHs”. B HeM BbImoJHsETCsS Oouiee
IIPOKHH HabOp ONTUMU3AINMN, a B KAYeCTBE BHYTPEHHETO MPEICTABICHHUS IOMUMO
DFG rpada wucnons3yercs Omrkox kxommmistopa LLVM. Ilepen reneparmeit
MAIUMHHOI'O KOJIa BBINOJHSIOTCS ONTHMH3ALMM, YyXe peanusoBaHHble B LLVM.
Jannsriii ypoens JIT-onTuMu3aimu HaX0IUTCS B COCTOSIHUU pa3pabOTKU U MOKa HE
BKJIFOYAETCSI [0 YMOTYAHUIO.

BHyTpeHHee
npeacTaBieHne:

1: LLINT uHTEepnpeTaTo

OSREntry

2: Baseline JIT - - "'("Bt;‘;‘:,f::f ey
WHdopmauma o npodune (o THHEX“?B . I g ! i
nepemMeHHbIX) C ypoBHen 1-2 (7] OSREntry | i
3: DFG Speculative _,  NativeCode ||
T (DFG) :

i

|

Native Code
(LLVM)

4: FTL JIT (LLVM IJIT)

—

Puc. 1. Yemporticmeo JavaScriptCore

Wrak, mpu BBINIOJIHEHUN CKPHIITA B JIIOOOW MOMEHT BpeMeHH (QyHKuuu eval-010ku
1 miobanbHbli kKoa B JSC MOTYyT BBIMONHATHCS Ha J1000H komOuHarmu LLInt,
Baseline JIT u DFG JIT xona. B oco6om ciydae npu BBINOJIHEHHH PEKYPCHBHBIX
(GyHKIMIA KO OJTHOM M TOM ke (DYHKI[MH MOXET CYIIECTBOBATh Ha CTEKE BHI3OBOB B
pa3HBIX BapHaHTax: B OJJHOM ypoBHe (hyHKLMs BbinosHsercs Ha LLInt, B apyrom Ha
Baseline JIT, B tperbem Ha DFG. Bo3mokeH eme Oojee CIIOXKHBIM cirydaid —
JIOITyCKAeTCs BBINOJIHEHHE cTaporo Bapuanta DFG kona Ha oHOM ypoBHE cTeka, B
TO BpeMsi Kak Ha OoJiee BIIO)KCHHOM YPOBHE PEKYpCHH IPOW3O0LUIO MHOTO
JICONTUMHM3ALMH, W Obula BBINOJIHEHA PEONTUMH3ALUS, II0CIE€ KOTOPOH ObII
3anyuieH HoBbIM BapuanT DFG kona.

Bce ypoBHHM BBINOJHEHHS 00CSCIEUHBAIOT OJMHAKOBYIO CEMAHTHKY BBIIOJIHCHHS, U
CIUHCTBEHHBIH A(P(DEKT MepeKnoueHns] MEXIy HHMH — MPOH3BOJUTEIBHOCTh
pabotsr JavaScriptCore.
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3. Onmumu3sayus npouseodumesibHocCmMu

Jns obocHOBaHMS HEOOXOJMMOCTH IIEPEKIIOYCHUS] Ha Oosiee ObICTphIE YPOBHH
BBITIOJTHEHHSI TIPUBEEM JIBa MPHMeEpa: MepBbIi — CPABHEHUE BPEMEHHU BBIITOJTHEHHS
Habopa TectroB PL benchmark ot aBropa Martin Richard. Dtor Habop TectoB
3aIpOrpaMMHUpPOBaH Ha HECKOJIBKHX S3BIKaX, IO3TOMY €CTh BO3MOXKHOCTb B3STh
BpeMs BBIITOJIHEHHUS ITPOrpaMMbl Ha si3bIke C Kak OPHEHTHD.

Tabnuya 1. Cpasnenue npouzgooumenvrHocmu yposreti JSC.

Cr1oco0 BHITIOTHEHHS Bpewms BeITOTHEHUS, MC
Peanmmzanms Ha s3p1ke C 1.2

JavaScript naTepIIpeTaTOp 129

LLInt uaTEpHIpETaTOp 58

Baseline JIT 8.4

DFGJIT 2.1

Jpyroii nabop tectoB — Browsermark. Ha stom na6ope Baseline JIT okassiBactcs B
cpemHeM B 2.5 pasa OspicTpee, uemM LLInt, mpumdeM Ha HEKOTOPBIX TecTaxX
HaOIoaeTcs pa3nuane MPOU3BOANTEIBHOCTH B 5 pa3. OfHAKO ONTUMH3HPYIOIINH
DFG JIT eme B 1.7 pa3a B cpennem ObicTpee Baseline JIT u mo3BossieT ycKOpuTh
HEKOTOpHBIE TECTHI A0 6 pas.

Kak BuaHO M3 pe3ynbTaTOB CpaBHEHMS NPOM3BOAMTENbHOCTH, B JSC BaxHO
JOOWUTBhCA, YTOOBI MaKCHMaJlbHOE KOJHMYECTBO TOPSYMX YYAacCTKOB  KOJa
BoionHsiock Ha ypoBHe DFG JIT. Ha stom ypoBHE He mopajaep:KMBaeTcs 4acTb
ormepanuii  OalWTKOZa, TMOdTOMY Uil yBenW4eHUs 3(PQEKTHBHOCTH MOXKHO
pPaccMOTPETh BO3MOKHOCTh pealM3allMM MOAJAEPKKU HOBBIX onepanuid. [Ipyrum
HalpaBI€HHEM MOXKET OBITh M3y4eHHE NPUYMH ACONTUMHU3AINH, TO €CTh 0OpaTHBIX
nepexozioB Ha Baseline JIT, u uccienoBanne BO3MOXHOCTH MX YCTpaHeHHs. DTO
MO3BOJIUT M30€KaTh BBHIMOJIHEHUs O0jiee MEJIEHHONW BEPCUM KO/a U MOCIEAYoIen
MEePEeKOMITMIISIIINN.

Tarke HeoOXOaMMO yiydmate kadecTBo TeHepupyemoro DFG JIT mammuHOTO
Koja. 3/1eCh BaKHBIM HANpaBICHHEM JJIS HCCIICAOBAHHWH SBISETCS 3aMeHa B
MAIIMHHOM KOJE€ pealn3alli HEKOTOPBIX CIOXHBIX OINEpPAIfii, BBHIIOIHIEMBIX C
MOMOIIBI0 BbI30Ba (YHKIMH. MOKHO HWHOTIa BMECTO BbI3oBa JavaScript-API
¢(byHKIIMK, KOTOpBIA TpeOyeT IOCTaTOYHO OOJBIIMX 3aTpaT Ha MOATOTOBKY
apTyMEHTOB W CTEKa, BBITIOJNHATh TaK HA3bIBaeMBIH intrinsic, TO €CTh MaIIMHHBIN
KOJI, BBITIOJHSIONINH HEOOXOMUMBIE AEWCTBHUS. DTOT KOI MOXKET TAaKKe BBI3BIBATH
cooTBeTcTBYIOMYI0 C-(QyHKIMIO, OJHAKO BPEMEHHBIE 3aTpaThl Ha TaKOH BBI3OB
OyAyT 3HAYUTEIHHO MEHBIIIE.
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Eme ogHuM HampaBiieHHWEM JAJIsl paCCMOTPEHUS SIBJISIETCS UAesl NpeIBapUTEIbLHON
onTUMu3alMu. B ciyuyae, ecim mporpamMma Ha si3bike JavaScript xpaHuTCS
JIOKaJbHO, TO TIEpPel €€ BBIINOJHEHHEM MOXKET OBITh ClelaHa ONTHMH3AIMOHHAS
npeaBapuTeIbHAs MOArOTOBKA, TIO3BOJIIIONIAs] YCKOPHTH IPOIIECC BHITIOTHECHUS.

4. QuHamu4eckue onmumu3ayuu

OnwuiieM anroput™ paboThl ¢ TpeicKka3zaHusMu TUNOB Ha ypoBHe DFG JIT.
Ompenenenne  TumoB [4] mocTHraeTcst ¢ TOMOMIBI NMPO(GMIHPOBAHUS U
MOCJIEYIONIETO MPEANOIOKEHHS O pe3ysbTarax OIlepaluid, 0a3upyroumerocss Ha
nHpOpManuH o npoduie.

B kon BCTaBIAOTCS HEOOXOMUMBIC TPOBEPKU THUIIOB, a Jajce IMPOU3BOIAMTCS
MOMBITKA TMPOJABMKEHHS HMH(POPMAIMM O THMAX pe3ylbTaToB  OMNeparuii.
PaccmoTrpuMm criegyromuii mpuMep BhIpakeHHUs Ha si3pike JavaScript: p.X * p.X + p.y
*py

JomyctuM, 49TO B KOHTEKCTE HAIIero Koja, OOBEKT [ OMKHCHIBAET TOYKY Ha
IUTOCKOCTH B JICKAPTOBOM CHCTEME KOOPJAMHAT, COOTBETCTBCHHO y HETO JBa MOJI X
U y, KOTOpble XpaHaT 3HaueHue Tuma double. DTu 3HaYeHUs WHOTAA MOTYT OBITH
LENBIMU, W, HECMOTPSI Ha TO, YTO CTAaHAAPT s3bika JavaScript He moapa3ymeBaeT
XpaHeHHs IeJbIX YHceln, B UeMsIX S((GEKTUBHOCTH BBIMOJHEHUS CIEAYET 110
BO3MOXXHOCTU XPaHUTh Iefble uyucia B Bumae int32, a e B Bume double. YrtoOsr
OLICHUTh MPOOJIEMY OMpE/ICIICHUS THIIOB U CIIOCOOBI ee pemienus B JavaScriptCore,
HEOOXO/JMMO B TIEPBYIO O4YEpelb OICHUTh, KaKOil o00beM pabOThl IOJDKCH
BBITIOJIHUTh HMHTEPIPETATOp si3bika JavaScript Uit BBIYMCICHUSI BBIPAXKCHUS,
MPUBEICHHOTO BBIIIE, €CIIM OH HE UMEET HUKaKoH HH(pOpMaIu 00 00BEKTE P U ero
MTOJISAX.

e B BbIpaxkeHHH pP.X B NEpBYIO0 o4Yepelb HEOOXOAUMO IOHATh, HE UMEET
T 00BEKT P KaKOH-TO CHeMaIbHON 00paboTKH 00pameHus K Moo X.
p Moxer ObiTh, Hampumep, DOM-00beKTOM,  KOTOpBIii
HETPUBHAJIBHBIM 00pa3oM IepexBaThIBAeT OOpAIIEHHS K CBOMM
noimsiM. Ecam  HeT HMKakod cHenmaibHON  00paboTKH, HYKHO
MPOBEPUTH JJIsI 33IaHHOTO 00BEKTa P CYIIECTBOBaHUE MO X, Tae “X”
- cTpoka u3 ofHOro cuMBosa. OOBEKTHI XPAHSATCS B BHUJIE TAOJIHII, T
CHMBOJIbHBIM CTPOKaM COOTBETCTBYET 3HA4YCHHE IIOJSI WM METOJ
nocryna. Eciu 3To Meton moctymna, oH oKeH ObITh BbI3BaH. Eciu B
TalnnIe KOHKPETHOE 3HAa4e€HHE - OHO M JIOJDKHO OBITH BO3BPAIECHO.
Eciu B oObekre P HeT moss X, TO HEOOXOJUMO IOBTOPUTH BECh
Ipolecc MOKCKa B MPOTOTHUIIE O0BEKTa. Y CKOPEHHE JOCTYIA K HOJISIM
O00BEKTOB C TOMOLIbI0 NPOMWINPOBAHHUS WM KAIIMPOBAaHUS He
paccmaTpuBaetcs 6osee moapoOHO B TaHHOM padoTe.

e DbunapHas onepands YMHOXEHUS JOJ/DKHA B TIEPBYIO OYEPEIb
MPOBEPHTH THUIIBI OTepan10B. Ecim onepan SABIseTCS 00BEKTOM — TO
HeoOxomuMmo BbI3BaTh Meron ValueOf mis manHoro ooOwexra. Ecim
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OllepaH/ SBISETCS CTPOKOM — JO/DKHA OBITh ClieflaHa IIOINBITKA
npeoOpa3oBaTh CTPOKY B 4yucio. Kornma mosrydeHsl onepaHIb-qucia,
HEOOXOAMMO IPOBEPUTH, ABIIOTCSA JM OHM IenbiMu. Ecim ma, To
BBIIIOJIHACTCS YMHOXEHHE ILenblXx uuced. OHO MOXET BbI3BaTh
TepenoHeHne, M Torga OyAeT BEITNONHEHO TIpeoOpa3oBaHuEe U
ymHoxenue B ture double. Takke oHO OyAeT BBIMONHEHO Cpasy, eCIu
OJIMH U3 ONEpaHIOB-uyKceN He ObUT 1enbM yuciaoM. [lomyuaercs, uyTo
PE3yJIbTaTOM BBINOJHEHUS] YMHOKEHHS MOKET OBITh KaK LIEJIOe YHCIIO
(int32), Tak u BemectBeHHoe (double). I et Hukakoro crmocoba B
o0IeM cirydae ONpeNesuTh, Kakoe 3TO OyleT YUCIIo U KaK OHO OynaeT
MPE/ICTABIICHO MO pe3yJIbTaTaM YMHOKCHHUSI.

e DbBunapnas omeparus CIOXEHHS B BBRIpaXEHHH P.X * p.X + py * py
CTAIKMBACTCSA TOYTH C TEMH JK€ CJIOKHOCTSAMHM, YTO W OIEpaus
yMHOXEHUs. [IoMHMO MepednCIICHHBIX CITydaeB Ul YMHOKCHUS, IPH
OTIepali CJIOXKCHUS JIOTIOJHUTENIBHO JOJDKEH OBITh PaccMOTPEH
BapHaHT, KOr/a 00a OIepaHaa SBISIOTCS CTPOKAMH — JJISI CIIOKECHUS
CTPOK J0JDKHA OBITh BHINOJHEHA MX KOHKAaTeHalus. B Haiiem npumepe
MOXHO JIOKa3aTh, 4YTO TaKOW BapHaHT HEBO3MOXKEH, ITOCKOJIBKY
pe3yJIbTaTOM YMHOXXEHHsI CTPOKa OBITh HE MOJXET, KaK U HE MOXKET
OBITH APYTrOM CIOXHBIA 00BeKT. OHAKO MO-TIPEKHEMY HEOOXOANMBI
npoBepku s iNt32 wu double, mockonbKy Hen3BeCTHO, KAKOB OymeT
pe3yapTaT yMHOXEHHs. B wuTOore, pe3ynbTaTOM CIIOXKEHUS TaKxke
MOXeT OBITh KaK IIeJI0€, TaK U BEIIECTBEHHOE YHCIIO.

Wness ompenenerms tunoB B JSC ocHOBaHa Ha TOM, 9YTO MBI C OOJNBIION
BEPOSTHOCTBIO MOKEM IPEICKA3aTh THITHI, KOTOPBIE BO3BPAMIAIOT apU(PMETHICCKUE
OTIepalyny, €CIIM Y HAC €CTh MPEIOIOKEHHE O THUITaX OlepaHaoB. TakuM oOpa3om,
BO3HHKACT YTO-TO BpOJE IlIara MaTeMAaTHYEeCKOW WHAYKIWH — JJIS ONepaIyi, y
KOTOPBIX MBI MOXEM IPENICKa3aTh THITHI OMEPAHIOB, MBI MOXEM IIpEICKa3aTh U
pesynbraT. Ho anms WHAyKIUM HykKHa 0a3a, U 0a30il CTaHOBATCSA BCE OIEpaIlH,
KOTOpBIE 3arpyXaloT BHEIIHWE IS 3aJaHHON (YHKIMHM 3HAueHHs: Hampumep,
3arpy3ka moJjieii O0OBEeKTOB, HCIIOJIb30BaHHE apryMeHta (QYHKIHMH, HIH
KCII0JIb30BaHKME BO3BPAIAEMOr0 3HA4Y€HMs. THUIIbI 3HAYEHWH ISl 3TUX omneparuil
OepyTcst U3 pe3ynbTaToB MpoduIMpoBaHus 3HaYeHuit Ha yposHe LLInt u Baseline
JIT. Kaxaoi omepauuu 3arpy3kd HEJIOKaJIbHOTO 3HAYEHMsI COOTBETCTBYET POBHO
OIlHa s4eiiKa HHpOpMANKHU O Tpoduie, ¥ TaM XpaHUTCA MOCTIeIHEee 3HAUCHUE.

B camom npocTom BuE anrOpUTM ONpEAENeHUs TUIOB MOXKHO ONHUCATh TaK: JUIs
KKIOr0 M3 XPaHAIIMXCS IOCIEAHMX 3HAYEHUH MOXKHO Y3HaTb THUII, a Jajbllle
NPUMEHUTh HMHIYKIWIO JUISI PAacIpOCTpaHeHUs WHPOPMAIMK O THIIAX Ha BCE
omepandy BHYTPH (YHKOMHM. OTO [aeT HaM NpeACKa3aHHWsd THIIOB U1 BCEX
orepayii ¥ NepeMeHHBIX BHYTPU (QYHKINH.

B peanbroctH, JavaScriptCore moMumMo MOCIEAHEr0 3HAYCHUSI, XPAHHUT €Il OJHO
0JIe, KOTOPOE OMHUCHIBACT CIEKYJIATHBHBINA TN SPECType, B KOTOPBIA BMEMIACTCS
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CiIydaifHOe ITOJMHOXECTBO 3HA4YCHWH, BUACHHBIX paHee. CHauama 3TOT THI
3anojHseTcss kak SPECNONne — Tum, KOTOPOMY HE COOTBETCTBYET HH OJIHO
3HAa4YCHHE, aHAJIOT ITyCTOT0 MHOXecTBa. Korza BEITOTHEHHE POTPAMMEI TTPOXOIUT
yepe3 3Ty TOYKY, MHOTJAa BKIIOYACTCS JIOTHKA MPOQIINPOBAaHHSA, W IOJE THMA
3aIoJTHACTCS HOBBIM 3HaueHHeM. HOBBI THI HODKEH BKIIIOYATH B ce0sl CTapblid U
OJIHOBPEMEHHO JI0IYyCKaTh XpaHEHHUE 3alIMCAHHOTO MOCIETHET0 3HAUCHNUS.

IponsmwkeHre nHPOpPMAIUHU O THIIAX SPECTYPE MO BCeM OMepaiusM BBITIOTHICTCS C
MOMOIIBI0 CTaHAAPTHOTO HTEPATHBHOTO AalTOpHUTMa aHAJIN3a IOTOKOB JaHHBIX,
peanM30BaHHOTO KaK MOWCK HemoABIKHOW Toukw. Ha stame DFG-xoMmumsmum
STOT aIrOPUTM BBINIOJHAETCS B OJHOM U3 TEPBBIX IPOXOJOB, KOTOPBIi
obpabateBaet noctpoeHHsit DFG rpag.

[ocne Toro, Kak s KaxIoW omepauus B 3aJaHHOW (QYHKIHMU ObUI BBIYUCIICH
NpEeJCKa3aHHbI THUI 3HAYEHHs, BCTABIAIOTCS CHEKYJATHBHBIE MPOBEPKH THUIIOB.
Hanpumep, n1s yMHOXKEHUS [enaeTcss IPOBEPKa, 4YTO OMNEpaHIbl SBISIOTCA
uyhcnaMd. Ecnim BO BpeMsl BBINOJHEHHMSA MPOBEpPKa MOIYYUT OTPULATEIbHBIN
pe3ynpTaT — OyIeT BBINONHEHA ICONTHUMHM3AIMA, M BBHINNOJHEHHE IepeiaeT Ha
HeonTuMH3upoBaHHbIN ko Baseline JIT. Dto mo3Boiser mpu BeinonHenun DFG
JIT xoma wucnonb3oBaTh WH(OPMALWIO O THIAX B IIOCIEIYIONIMX OIEPaIHsX.
Hanpumep, mycTh BBIMOJHACTCS CIOKEHHE a+bh, u mpemckasaHbl Iiejbie THITBI
omepannoB Specint32. Jlo cinokeHus OyaeT BCTaBieHa MpoBepKa uTo @ u b mensie,
MHaye 3aIlycKaeTcsl MeXaHu3M JeonTuMuzaiun. Ilocne cioxenus OyaeT BcTaBiIeHa
MpOBepKa Ha NeperoNHeHNe, IPHU TeperoIHeHnH Takke Oyaer BeinonHeH OSR exit.
Ilocne 3aBepmieHMs oOmepanud CIOXKEHHS MOXKHO CUHTaThb H3BECTHBIM, YTO
omepaHabl @ M D WM pe3ympTaT WX CIOXKEHHS SIBIAIOTCS LEJIBIMH YHUCIAMH,
nomeratronmmucss B iNt32. DToO MO3BONSAET MPU BBHINOJIHEHHH IOCIEIYIOMUX
orepalyii He BCTABJIATh MPOBEPKH JUIS 3THX MEPEMEHHBIX. Y aJleHHe N30BITOUYHBIX
MPOBEPOK PEANN30BAHO C TIOMOIIBIO BTOPOTO alfOPUTMA aHAIN3a TOTOKOB JIaHHBIX,
WCIIONB3YIOMIeT0 aHaj W3 IMOTOKa ympaBieHus Ha rpadge DFG. Anamms mortoka
YIpaBIEHUS TAK)Ke BBIMOJIHACT YCIOBHOE IPOJIBHKEHHE KOHCTAHT, KOTOPOE MHOT/AA
MO3BOJISIET aHAJIOTHYHO MH(OPMAIK O TUMAX MOJYyYUTh HHGOPMALHIO O TOM, YTO
KaK0e-TO 3HaYCHHUE SIBJIETCS TOCTOSIHHBIM.

BepHeMmcs K paccMOTPEHHIO HAIeTO NMpHUMeEpa, BBIpaXEHHS P.X * p.X + py * p.y.
3neck MoTpedyIOTCs TOJNBKO TMPOBEPKU 3arpyXaeMbIX 3HaueHuil P.X u p.y. Ilocne
MPOBEPKH, YTO P.X U P.y SABISAIOTCA YHCIAMH, MBI MOXEM Ui XpaHEHUS BCeX
NPOMEXKYTOUYHBIX PE3yJIbTaToB Hcmonb3oBaTh Tum double, u ocraercs TOMBKO
BBIMTOJIHUTH JBa YMHOXXCHHMS H OJHO CJIOKCHHWE YHCENl C IUIABAaroIIed TOYKOM.
MoHO cKa3aTh, YTO HOYTH BCETJa Mocie yAaldeHHus M30BITOYHBIX npoBepok DFG
JIT xom Oyzaer BHIMOJHIATH MPOBEPKY THIA HE Oojiee OJHOTO pasa s KaKIou
3arpy3Ky BHEITHETO 3HAYCHUS.

4.1. NMpoBepKU Ha oTpuLaTenbHbIA HOMb

OHHI/IM U3 acCIICKTOB, KOTOpLIﬁ H€O6XO,HI/IMO YUYUTBIBATL IIpA ONTUMHU3ALUU
apI/I(l)MCTI/I‘ICCKI/IX onepaum‘i, SABJIACTCA OTpI/IIIaTCJ'IBHHﬁ HOJIb. B CTaHAdapTe A3bIKa
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JavaScript 4uciaa He AENATCS HA LEJIblE W BELIECTBEHHBIE, M IMOAPa3yMEBAETCS
[OBEJEHUE BCEX 4YHCENI KaK BEIIECTBEHHBIX, I[OITOMY CIEAYET pasjinyarh
HOJIOKUTEIBHBIA U OTPULATENLHBIA HOJb. Hanpumep, 3HAYEHHSAMH CIEMYIOIIMX
OTIepaItiii C MEeJBIMU YHUCIaMHU SBISICTCS. MUHYC O6eckorednocTs (-Infinity). 1/ (-0) ;
1/(0/-3); 1/ (-4 % 4). B cnyuae, eciau il ONTHMHU3AIAKN BBIMTOJTHCHHUS MBI
3aMeHsEM BBLIMOJIHEHUE omepaiuii ¢ uuciaamu double omepamusaMu ¢ LENBIMH
ypcaamu int32, HeoOX0AUMO, TOMHUMO TPOBEPOK MEPENOHEHHS, YIUTHIBATE TAKKE
pasianyne TOJNIOKHUTEILHOIO W OTPUIATEIBHOTO HyJsS, YTOOBl HE MOJYYHUTH
HEBEPHBIM ¢ TOUKU 3pPEHMs CTaHaapTa pesyibTar. Heo0XoauMO OTMETHTH, YTO B
HEKOTOPHIX CHUTYyallMAX TaKdWe TPOBEPKH MOKHO ONYCTHTH O3 yiuepba s
KOPPEKTHOCTH BHIMIOJHEHUA. Hanpumep, mpu Berauciaennn Beipaxenus 5/(a%b+3),
€CIM  pe3yJbTaTOM BhIp@KeHHs a%b sBifeTCs HONb, HET HEOOXOAMMOCTH
Pa3INYaTh MOJI0KHUTENLHBIN HOMIb ¥ OTPULIATENBHBIN HOJIb.

B JavaScriptCore uMeeTcsi peanuzaiysi IPOBEPOK apuPMETHYECKUX OIepanuii Ha
OTPHLIATENIbHBI HOJIb, OJHAKO OHA COJAEPKUT HECKOJIBKO OIIMOOK M Jpyrue
Henouersl. VcmpaBineHue Bcex mpoOiieM, CBSI3aHHBIX €  0OpaOOTKOM ciryyast
OTPHULATEIBFHOTO HOJISI, 3HAYUTEIEHO YCKOPHJIIO BHIIIOJTHEHUE TECTOB.

HWrak, nepBoe HCIIpaBIEHHE B JIOTHKY OBUIO BHECEHO KakK pa3 B YacTH allOPHUTMA,
OTBeuarollel 3a HeoOXoAUMOCTh npoBepok. [ kaxnoit onepauuu B rpade DFG
BeicTaBisiercst  ¢uiar  NodeNeedsNegZero, koTopblif yCTaHOBIEH, KOTAa s
pe3yibTaTa JaHHOW ONepalud HEOOXOAMMO pa3inyaTh MOJOXKUTEIbHBIA U
OTpHHaTeHI;HLIﬁ HOJIb. Dar B HCKOTOPBIX ClIydasAaX pacCTaBIAJICA HCMPABUIIBHO,
NPaBWIBHBIH QJITOPUTM TaKOB: €CIHM PE3YNIbTaT BBIUHUCICHHUS BBIPAKCHHS X B
JambHEHIIEM yJ9acTByeT B BbIUMcIeHUH cyMMbI X+C, C+X unu pasnoctn C—X, rue
C—~KoHCTaHTa, He SABISIOMAscs OTpuUnaTeabHeIM HoieM (C/=-0), To mnsa
BBIYMCIICHUS X HE HY)XHBI IIPOBEPKH HA OTPUIATENBHBIA HOJb. AHAJIOTHYHO I
pasHoct X—C, tme C/=+0. Ingd Bcex Ipyrux oIepanuid ¢ dYuciaaMu Quar
HeoOXonmuMo KonupoBaTb. TO ecThb OmepaHaaMm, €CIM OHM CaMH IOJy4YeHBl Kak
pe3yabpTaT APYrou omepaiuy, OH HYXEH TOT/a U TOJbKO TOTJa, KOTJa HYKEH IS
pe3ynbTaTa JaHHOW omepanuu. s onmepamuy yHapHOTO MHHYyca (iar omub0o4HO
CTHpAJICS, 3TO OBLIO UCTIPABIICHO.

Heo6xoaumo NOHATE, B KaKUX CIIydasx HeJI04NCIICHHBIC ONepaliy JICJICHNS 1AI0T B
pe3yipTaTe OTPHLATEIBHBIA HOJNb, HE MPEACTaBUMBIH B Buue iNt32 3HaueHUs.
Omepanust nenenus X/y naet B pesynprare -0, TOTAa ¥ TOJIBKO TOT/A, KOTa X PaBeH
HOJto ¥ Y MeHbIne 0. OnHa U3 omubOK peann3anyy Oblia B TOM, 4TO Ha Iuiatdopme
ARM mpu paBeHCTBe [enuMOro HyIIO cpasy mnpoucxoamn OSR exit, 6e3
MMPOBEACHUA TPOBEPKH, YTO ACIUTEIIL OTPHULATCIICH. DTO BBI3BIBAJIO MHOKECTBO
HEHY)KHBIX BO3BpPATOB Ha 0oJiee MeAJIeHHBI MamnHHbIN Koz Baseline JIT.

Omneparust B3sTUST ocTaTka X%y naer B pe3yibTaTe OTPHLATEIbHBIA HOJNb TOTJA M
TOJBKO TOTJA, KOrga X AEIWTCS Ha Y HAIElo, U X — OTPHLATENEH. 371eCh TaKXe
OblTa peann3oBaHa INpaBWIbHAs MPOBEPKA, a B MMEIOIIEHCS pealn3alyy I10Cie
MIPOBEPKH pe3ynbTaTa Ha PaBEHCTBO HOJIO cpa3y BemmonHsuica OSR Exit. Teneps on
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BBITIOJTHACTCA TOJIBKO ITOCJIC ﬂOHOHHHTeHBHOﬁ IIPOBEPKHU, YTO IACTIUMOEC ABIACTCA
OTPHUIATCIBHBIM YHUCJIOM.

Jns onmepanuu B3stus octatka B DFG paccMOTpeH OTAENbHO cioydaid, Koraa
JICTIUTEINb SIBJISICTCS KOHCTAHTOM M CTENeHbIO JBOMKH. B 3ToM ciyuae omeparus
B3STHS OCTaTKa JJIsl ONTUMH3ALMH MOXET ObITh 3aMEHEHA Ha OIEpPalIuio MOOUTOBOI
KOHBIOHKIIMM C YWCIIOM Ha EAWHMIy MEHBIIMM. B cilydae OTpHIATENBHOTO
JEIMMOr0 TaKXXe BO3MOJXKHA Takas peann3alus — HeoOXOIUMO MpeABapUTEIHHO
MIOMEHATh 3HAaK ONEpaHAa, a B KOHIE IOMEHSATHh 3HAaK pe3ynpTata. OQHAKO B
UMEIOIIelics peanW3allil B 3TOM ClIydae IpOIyCKajJach IpoBepKa Ha
oTpunaresHelii Homb. Ho mpu BeicTaBienHoM ¢uare NodeNeedsNegZero ee
HEOOXOANMO BBITIOIHATH, YTOOBI HE TTOTEPATH 3HAK B BBIPAXKEHHAX, TAKUX Kak 2%04,
NIPY 3HAYEHHUHU Z paBHOM -4.

4.2. NMopnepxKka HOBbLIX onepauun b6anMTkoga U BHeApPEHHOro
MalUMHHOro Koaa

OpmHoit W3 HemoanmepkuBaeMbIx omepanuii Ha ypoBHe DFG JIT saBmsercs
BCTpoeHHast B JavaScript (yHKIHs OmMpeAeieHus TUma mepemenHoi — typeof.
[opnepxuBascss TONBKO YacTO MCIOJIb3YEMbI BapHaHT, KOT/AA PE3yJbTaT BBI30BA
typeof cpaBHHBaJICS CO CTPOKOBOW KOHCTAaHTOH, paBHOM ‘number”, “string”,
“object”, “function” wmu “undefined”. Tlpuuem, MOANEPKUBATIOCH TOJIBKO
CpaBHEHHE Ha PaBEHCTBO, HANpHUMeEp, A8 KOHCTPYKIWU OTPHLAHMS CPaBHEHUS
I(typeof (x) == “string”) Bemonustiace DFG JIT komnumsius. [ cpaBHeHHs Ha
HepaBeHCTBO (typeof (y) !'= “object”) KOMIUISIMSA HE TMPOUCXOIMIA, U (PYHKIHS,
coJieprKalliasi TAKyr0 KOHCTPYKLHMIO, BCerna padoTaia Ha YPOBHSIX ONTHMHU3ALUH HE
Bhme Baseline JIT. Hamu Oputo peann3oBaHa IMoNTHAS O/IEpKKa omnepanuu typeof
Ha ypoBHe DFG JIT. Temepp mommepkuBaeTcs JIFOOOW BapHaHT HCIIOJIE30BAHHUS,
Jaxke 6e3 MOCJIeAYIONIEro CPAaBHEHHS CO CTPOKOBOW KOHCTAHTOM.

JpyruM  npuMepoM  HENOJJIep)KMBAEMOH  ONEpalu  SBJISIOTCS  IMKJIbI,
OpraHH30BaHHBIC KaK IMEpeyuciicHre Bcex moyieli oobekra (for-in mukisl). s
00paboTku Takux nukioB B rpad DFG Obutn 100aBIeHBI BCe HEOOXOIMMBIC THIIBI
omepanuii, W Temepb QYHKIUH, COMACpXKAIIUEe TaKOW [UKJI, TaKXKe MOTYT
3¢ dextuBHO BemonHATECS HAa DFG JIT.

[TocpencTBOM BHEIPEHUWs] MAIIMHHOTO KOJia BMECTO BBI30BAa C HCIOJIb30BAaHHUEM
JavaScript-APl 610 peann30BaHO YCKOPEHHOE BBIMOJHEHHWE TAKHX (YHKIIHHA
JavaScript, kak Math.power, Math.floor u String.fromCharCode. Bmecto Toro,
4YTOOBI OPraHM30BBIBATH CIIOXKHBIN BBI30B pyHKINU Ha ypoBHe DFG ¢ Gosbmmmu
3aTpaTaMH Ha CO3/aHHe MPOJIoTa W SMMJIOra JUlsl KOPPEKTHOH pabOTHI CO CTEKOM
oOpaleHnst K TakuM (YHKIHUSIM 3aMEHSUIMCh Ha OoJiee JIETKOBECHBIE O0paleHus K
(yHKIMSAM B MalIMHHOM KOJIe, CKOMIIMJIMPOBaHHOM M3 s3blka C++ Ha Jrame
coopku JavaScriptCore. [Jlns ¢yukuum Math.power ynpoieHHbIH —BBI30B
CO3/1aBaJICS TOJIBKO JJISI CITydast, KOT/Ia CTETIEHb SIBIISETCS LIEIIBIM YHCIIOM.

beuta Tarkke cmemana momsiTka peammsain Math.floor g miargopmer ARM
BooOme Oe3 Bb30BA (YHKIMH, C IOMOLIBIO HCIOJB30BAHHUSA OINEpaluid ¢
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mraBatorier Toukoirt ARM NEON. OxHako TecTHpOBaHKE TIOKA3ajl0, 9TO BAPHAHT C
BbI30BOM 00b19HOM C-¢yHKImy floor mokas3pIBaeT Takyro k€ MPOM3BOAUTEIHHOCTH
¥ CO371aeT MEHBLINI 00beM MAIIMHHOTO KOJa.

5. MpedeapumernbHbie onmumu3sayuu

Opnoit w3 wunmedt ontumusanmu JavaScriptCore sSBISETCS  HUCIOJB30BaHUEC
xommusitu 10 BeinmonHenus (ahead of time compilation, AOTC)[5, 6], To ecth
nIo0aBlleHHE B CHCTEMY IIPEIBAapPHTEIBHBIX onTHMu3anuii. V3HawaneHO JavaScript
UCTIONB3YyeTCs Ul CKPHUNTOB Ha BEO-CTpaHWIAX, MpPU 3arpy3Ke CTPaHHIBI
HEOOXOIMMO BBINOJIHUTH BECh BO3HUKAIOMIMK Ha HEW KOA, M 3apaHee MpoO 3TOT KOA
HU4Yero He m3BecTHO. OIHAKO Temeph Ha s3bike JavaScript OyayT pa3pabaTbiBaTbes
u Oojiee CTaTHYHBIC IPIIOKEHUS, XpaHAIIUECs Ha caMoM ycTpoiicTse. [lomydaercs,
YTO HE 0053aTeNbHO MCIOJIB30BaTh TOJILKO IMOJXO0J MHTEPIPETATOPA, JOMYCKAEeTCs
BBINIOJIHEHHE HEKOTOPOM MOArOTOBKM Koxa. B maHHON pabore paspabaTbiBaeTcs
uziesi, 4YTO MCXOIHBIN KOJA 3apaHee MpeoOpa3yeTcs B HEKOTOPbIH HaOOp NaHHBIX,
coJieprKaluii 0alTKoOA M Ipyrie BHYTPEHHHE NPEICTAaBICHUs, Ha KOTOPBIX MOXKHO
NPOBECTH  KaKWe-TO MpPEABAPHUTENIbHbIE ONTUMM3alMHM. BO3MOXHO  TakkKe
JN00aBIeHUE COXpaHEHHsS MAIIMHHOTO KoJa. BrocieacTBuM, TPHU BHIIOIHEHUH
NpOTpaMMbl  3arpy)kaloTcs  TOTOBBIE  ONTHMHU3HPOBAHHBIE  BHYTPCHHHE
MPE/ICTABIICHU, KOTOPBIE KOPPEKTUPYIOTCS MO0 Mepe HEOOXOANMOCTH.

BeinonHeHne BbizoBoB eval()

1: LLINT nHTepnpetaTto

Native Code

2: Baseline JIT T e
NHdopMaums o npodune (o TMnax = temnnad pas
nepeMeHHbIX) C ypoBHer 1-2 OSREn-try ! E

3: DFG Speculative JIT . NativeCode |

(DFG) i
P OSRERty T ' ;
4: FTL JIT (LLVM JIT) — B -~

Puc. 2. Yempoticmso cucmemut npedsapumenviou komnunsayuu (AOTC).

Takoit mopsgoxk pabortsl JavaScriptCore MO3BOJUT IOJNYYHTh CIEAYIOLIHE
HpEeNMYIIEeCTBA.
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e B mpenBaputensHO# pase MOTYT OBITh BBITIOJIHEHBI 3HAYUTEIHHO
OoJee CIIOKHBIE ONTHUMH3AINH, TaK KaK HET KECTKUX OTPaHUICHUH 110
BpEMEHHM BBITIOJTHEH S, uMerotuxcs B JIT-kommusiun. OgHaKo B TO
’Ke BpeMs He00X0AMMO OTMETHUTD, UTO J0 BHITOTHEHUS IIPOTPAMM-
CKPHIITOB, HET HUKaKOW HHPOPMALNH O IPodriIe U 3HAYCHHUSIX
MIEPEMEHHBIX.

° Ha stane pa6OTLI MporpaMMbl HE TPATUTCA BpEMs Ha pa360p u
TMOCTPOCHUC CUHTAKCUICCKOI'0 AC€PEBA, KPOME TOT'0, BO3MOKHA
OKOHOMMS BPEMEHU Ha T€HCPALMIO MAIlIMHHOTO KOAA.

e [losBisieTcs mudpoBaHUE UCXOAHOTO KOJa — OalTKOM, Apyrue
BHYTPEHHHE MPEACTABICHUS M MAIIMHHBIA KOJ CIIOXKHEE MPOYECTH,
YeM MCXOAHBIN KO/Ia CKPHITA.

5.1. CoxpaHeHue U 3arpy3ka 6anMTkona

B manHBIif MOMEHT B pamkax paboTsl Hax AOTC ObLT peann3oBaH HEPBBIA JTaTl,
kotopeii Mmoxxuo HaszBath AOTB (ahead of time bytecode). Ou mompasymeBaer
COXpaHEHHEe MCXOJHOTO KoJa B BUJE OaiiTkona, Ui MOCIEAYIOel 3arpy3K MpH
BBITIOJTHEHHH.

B oOpruHOM pexume paboter JavaScriptCore mpy BBRIIOJHEHWH CKpHITa OaiTKOX
TEHEpUPOBANICSl TOJBKO IIPU IEPBOM BbI30BEe Kaxnaod ¢yHkuun. Hamu Oblia
pa3paboTaHa U pealu30BaHa cXeMa TIEHepalMd M CcoXpaHeHus OaiiTkoma 0e3
BBINOJIHEHUS C€aMoro CKpunra. Bwmecre ¢ OalTKOJOM cOXpaHSeTCS Takxke
BCIIOMOTaTe bHas MHpOpMAIMs, Takas Kak TaONWIbl KOHCTAHT, Tabiauibl switch-
MEepeX00B U HCKIIOYECHUH, HEOOXOJUMBIE JTaHHBIC UIS PETYISIPHBIX BBIPAKCHUH.
st coxpanenus 0aiiTkona 6e3 BRIOIHEHHS MOTPEO0BATIOCH COMYIUPOBATH paboTy
CTeKa IPOCTPAHCTB UMEH.

Baiitkog JavaScriptCore He ObIT 3agyMaH Kak NPOMEXKYTOUHOE BHYTpPEHHeEE
MpeJICTaBJICHUE JUIsl COXPAHEHHS, OCHOBHOW €ro IeNiblo siBisieTcss 3G GeKTHBHOE
BBIMOJIHEHUE M TeHepallus MAalIMHHOTO Koja Ha ypoBHe Baseline JIT. Baittkon, B
OTJIIMYHUE OT UCXOTHOW MPOTrpaMMEI Ha JavaScript, oTpakaeT cCeMaHTHKY MPOTPaMMBI
TONBKO B OIPENEICHHOM KOHTEKCTe. Hampumep, B 3aBHCHMOCTH OT CBOMCTB
00BEKTOB, CO3JJAHHBIX K MOMEHTY Hadajla BRITIOJTHEHUS IPOTPaMMBI, JJIS Hee MOXKET
OBITh CTeHEpHUpPOBaH PAa3NUYHEIA OalTKOJ. B OCHOBHOM, 3Ta pa3HHIA B OGalTKOIE
OTHOCHUTCS K JOMOJHHUTENBHBIM IIOJICKa3KaM, HAIpUMep, MO3BOJIONINM OBICTpee
OpPraHW30BaTh OOpalleHHe K MOIsIM 00BbekToB. ONHAKO B HEKOTOPBIX CIydasx
0alTKON, COXpaHEHHBI BHE TOTO KOHTEKCTa, B KOTOPOM Tporpamma Oyxaer
WCTIOJTHATHCS, MOXKET MPUBOAUTH K HEKOPPEKTHBIM pe3yJbTaTaM C TOYKH 3PEHUS
cranaapTa JavaScript. OTu ocoOeHHOCTH OBUTH YYTEHBI TIPU COXPAHEHNUU OalTKOAA
0e3 BwImoHEHUs1. Kpome Toro, obOpamieHus K TiI00albHBIM OOBEKTaM COJEpIKaT
a0CoJIOTHBIE afpeca, U HeOOXOAUMO OPTaHU30BATh COXPaHEHUE TaK, YTOOBI MOXKHO
OBUTO TIpU 3arpy3ke OalTKoIa MOMEHATH ajpeca Ha HOBBIC, COOTBETCTBYIOIIHE
aapecaM 00BEKTOB BO BPEMsl BHIITOTHCHUS.
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M3HavanbHO IJTAHUPOBAIOCH XpaHEHHWE Bcel MH(pOpPManUu B BHIE 0a3bl JAaHHBIX
SQLite [7], omHako oT Takoro cmocoba XpaHEHUS IPHIUIOCH OTKA3aThCA W3
cooOpakeHuit 3G GeKTUBHON 3arpy3ku. Termeps Bce NaHHBIC, OTHOCAIIUECS K OJJHOM
(hyHKIMH, XpaHATCA B BHJIE MTOCIIEIOBATEIRHOTO Habopa OalToB BHyTpHU (Qaiina. B
Hauaie (¢aiina coxpaHseTcs KapTa agpecoB (CMEUICHUH ), IO KOTOPbIM MOKHO HAWTH
undopmanmio as Kaxaod n3 QyHkuuid. COOTBETCTBEHHO, NPH BBHINOJHEHHH U3
(haiina unTaercs 9Ta KapTa cMeLeHui u Oaiitkox ais rinobansHOrO JavaScript koxa,
TO €CTh BCEro Koja, OomuMcaHHoro BHe (yHkumil. B nampHeimeit paborte, mpu
MEpBOM BBI30BE (DYHKIIMH BMECTO OOBIYHOTO pa3bopa MCXOIHOTO Koja OalTKox u
BCE HEOOXOAMMBIE JJaHHBIE MOATPYKaeTcs U3 (aiiia 1o 3aJaHHOMY CMEIIECHHIO.

Heo6xogumMo OTMETHTH OIWUH M3 MOMEHTOB, KOTOPBIH ITO3BOJMI yMCHBIINTH
pa3Mep coxpansieMoro (Qaiiia — 0TKa3 0T XpaHeHHUs! AByX BapHaHTOB OaiiTkona s
kaxaoi pynkiuu. [Ipu 0ObI9HOM BBIMOTHEHUH JAVaSCript mporpamm st GyHKIHUHA,
BBI3BIBAEMbBIX KaK KOHCTPYKTOp C TOMOLIBIO Bbi3oBa new (“var z = new f()”),
co3Jaercst OTIeNbHbIN OaiiTkon. B Hamiel peann3aly XpaHUTCS TOJIBKO OaWTKOA
JUIL  cllydas OOBIYHOTO BbI30Ba (YHKIMH, KOTOPBII TNpH HEOOXOJMMOCTH
npeoOpasyeTcs B BapHaHT “‘IUII KOHCTpYKTOpa™.

Takum oOpa3oM, TepBBII 3Talm MO pENICHHIO 3aJadd NpEeIBAPHUTEIbHOMN
KOMIIMJIAIIMY javascript IporpaMM BBIIOJIHEH. Peann3oBaHo coXpaHeHHe U 3arpy3ka
OaiiTkona. BeimonHseTcs craTudeckasl KOMIUJISIIKS KCXOIHOTO Kojia B GaiiTkos 0e3
BBINIOJIHEHHsI CKpunTa. [Ipu BBINONHEHWH OaWTKOAa BMECTO HCXOIHOTO KOJa
craugapr ECMA-262[8] nommepxuBaeTcs  MOTHOCTHIO,  BBI3OBBI  eval
HOJACPKUBAKOTCS, I HUX MCXOOHBIA KOA KOMITMIMPYETCS OOBIYHBIM 00pa3oM B
nponecce pabotel JavaScriptCore. VckmrodeHHeM sBISieTCS TONBKO paboTta
ornepanui, sBHbIM 00pa3oM TPeOyIOIMX HaIWYUs UCXOAHOro koxa. IIpumepamu
TaKWX OIEpaIii MOTYT CIY>KHUTh BBI30BHI function.toString(), 60 ucnoap30BaHUE
nouist line y 00bekTa HCKITIOUeHUs. B 9TOM moJie JOMKeH XpaHHUThCs HOMEP CTPOKU
B HCXOJIHOM KOJIe, KOTOpasi CO3/1aNa HCKIFOUCHHE.

6. Pe3ynbmambi mecmupoeaHusi

Bce HalinmeHHble HEIOCTaTKW, CBSI3aHHbIE C peaidu3alded NpoBEpOK Ha
otpunarensHblid Holb B DFG Kone, ObUIH yCTpaHEHBI, YTO ITO3BOJIMIIO MCKITFOYUTH
TeHEepaliI0 HEKOPPEKTHOr0 C TOYKH 3pEHHsS CTaHIapTa MAaIlMHHOTO KOJa.
HcnpaBnenue mpouecca ynaaeHUs: H30BITOYHBIX POBEPOK MO3BOJIMIO YCKOPHTH Ha
mwiatpopme ARM Heckoimpko TecToB U3 Habopa SunSpider. B cpeanem TecToBBIiH
Ha0Op CTanm BBIMONHATECA Ha 7% OBICTpee, YCKOpPEHHE KOHKPETHBIX TECTOB
cocTasisteT 10 35%.

JloGaBneHre yCKOpeHHOTo BBIIOTHEHUS Math.power Ui cioydas menoil creneHu
yckopsieT Ha 5% Ttect math-partial-sums u3 HabGopa sunspider. Peanusauus for-in
IIUKJIOB YCKOpsIeT TecT string-fasta Ha 2.5%.

Toxnepxka Gpyukuuu onpenenenus tura (typeof) yckopser va 15% tect ArrayBlur
n3 Habopa Browsermark. Yrto kacaercst peanusanuu fromCharCode u Math.floor,
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OHHM HE JA0T BUAUMOTO MPHUPOCTA MPOM3BOIUTEIHHOCTH HA HCCIIETyeMBIX Habopax
TECTOB, OJHAKO YBEJIMYMBAIOT IPOU3BOAUTEIBFHOCTh HCKYCCTBEHHBIX TECTOB,
MIPOBEPSIONINX COOTBETCTBYIOMIYIO (PYHKITHOHAIEHOCTE.

Tekyias peanu3aunus COXpaHEHWs W 3arpy3ku ¢Qaina c Oaiitkogom (AOTB)
YCIIEIIHO TPOXOJUT PETPECCHOHHOE TeCcTHpoBaHWe Ha Habopax wu3 Webkit
JavaScriptCore u V8. 3a cuer yMeHBIIEHUs BpeMeHH 00pabOTKH UCXOMHOTO KOIa
Ha 2-4% yckopsietcs paboTa TectoB M3 SunSpider, v8 u kraken. Kpynusie data-
(hatirer g TecToB M3 kraken oOpabaTeIBarOTCS 3HAYUTENBHO OBICTpee, BPeMs HX
00paboTkn HE y4HWTBIBacTCA B  pe3ynbTatax Tecta. Ilo  pe3ynpTatam
npodumupoBarus paboTel JavaScriptCore OBIIO BBIBICHO, YTO Ha OOJBIIUX
HCXOIHBIX TEKCTaX BPEMs, 3aTpadnBacMOe Ha 3arpy3Ky (aiina ¢ 6aiiTkomoM, MOXeT
ObITh 10 3-X pa3 MEHbIE BpPEMEHH, HEOOXOAMMOrO Ha OOBIYHYIO 00pabOoTKy
MCXOIHOTO KOJIa.

Hus tecroB u3 HabopoB SunSpider, v8, kraken 6buto nM3MepeHO COOTHOIICHHUE
pa3Mepa OmHapHOrO (haiila ¢ COXpaHEHHBIM OaWTKOZOM M pa3Mepa HCXOIJHOTO
JavaScript-¢aiina. [Ipudem ObLT B3AT NpUMEp KaK HCIOJIb30BAHHS OPUTHHATIBHBIX
(aiinos, Tak u ¢aiios, ynakoBauHsix ¢ momomipio Google Closure Compiler. Bo
BTOPOM ciiydae 00a (aiiia JONOJIHUTEIBHO apXUBHPOBAIUCH C TIOMOILBIO YTHIIUTHI
0zip ¢ KCTIOJIB30BAaHHEM MAKCHMAJIBLHOTO CHKATHSI.

Tabruya 2. Pesynomamol cpasrnenust obvema JS-¢gpaiinos u gaiinos ¢ barimkooom.

TecToBbIit CooTHoIlleHre pa3MepoB Qaiia ¢ 0aiiTKo0M 1 ucXoaHoTo (haiiia
Habop OpuruHasbHbIi JavaScript Google Closure Compiler + gzip
SunSpider 1.19 1.25
V/8-v6 2.3 4.41
Kraken 197 1.31

7. 3aknroyeHue

B pamkax pmaHHOH pa0®oTHI mMpoBeAeH aHanm3 wuMmerommxcs B JavaScriptCore
ontummsanuii. Ilo uroram uccnenoBanus NPOU3BOIUTENFHOCTH Ha HAOOPax TECTOB
OBUTM BBISIBJIICHBI HEJOCTATKH B ONTHUMH3AIMOHHBIX AITOPUTMaxX KOMIHWIISIMH BO
BpeMs BhIoTHeHUs. bruta mobaBneHa moaiep:kka KOMIWISIIUA HOBBIX ONEpaIlHid,
Omaromapst d4eMy pacmiupeH Kiacc (YHKIWH, KOTOpBIE MOTYT  OBITH
CKOMIIMJIMPOBAHbI B 6oJiee 3¢ (HeKTUBHBIN MamIMHHBIN Koa. Takxke ObUTH ycTpaHEeHSBI
HEJIOYETHI, BHISIBIICHHBIE B CUCTEME NPEACKA3aHUs TUIIOB IEPEMEHHBIX.

U3meHeHns, BHeCeHHble B JAWHaMuueckue ontumuszamuu JavaScriptCore,
MO3BOJIMIIN 3HAYNTENFHO YCKOPHUTH BBITIOJHEHHE TECTOBBIX HaOOpoB SunSpider, v8,
kraken n Browsermark.
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Jdnst mpunoxxeHuid Ha si3bike JavaSCript, XpaHsIIuXCsi JIOKaIbHO Ha YCTPOWCTBE,
Obuta  paspaboTaHa cucTeMa, IO3BOJIIOIIAS IPOU3BOIUTH IPEABAPUTEIHHYIO
ONTHMU3AIMI0 TNPOTPAMM C MOCHEAYIOIEH 3arpy3koi H  BBIIOJIHEHHUEM
ONTHMU3UPOBAHHOTO Koja. bputa peanm3oBaHa dYacTh CHCTEMBI, IO3BOJLIOLIAS
COXpaHATh U 3arpykaTb BHyTpEHHEe IpeacTaBicHue — Oaiftkon. OHa mo3BossieT
COKpAaTUTh 10 3X pa3 BpeMs, 3aTpaulBaeMoe BO BpeMsl BBIIIOJIHEHUS AJIS TTOTy4EHUs
TrOTOBOI'O 0aiiTKo/a, MOCKOJIbKY KOMIMJISATOPY HE HYXKHO JIeNlaTh JIEKCHYECKUH H
CHUHTAaKCUYECKUI aHaIN3.

B nanpHeiimeM mmaHHpYETCS MPOAOIDKATh Pa3pabOTKy CHCTEMBI, JOOABUB B HEe
IpefBapuTEIbHBIE ONTHMH3alMM Ha YypoBHEe Oailitkoma. HeoOxoammo Takxke
paccMOTPETh BO3MOXKHOCTD COXPAHEHHS JPYTHX MPOMEXYTOUYHBIX HPEICTABICHUH
U ONTUMHU3UPOBAHHOTO MAIIMHHOTO KOJAa JUIs HOCHEAYIoUed 3arpy3ku Ipu
BBITIOJTHEHHH.
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Abstract. The paper is dedicated to performance improvement of JavaScript programs. In
this work we examine the specifics of dynamic optimizations in the WebKit JSC JIT-
compiler for JavaScript, and how the performance of such optimizations can be improved.
We concentrate on two main directions for performance improvement. First, we strive to
move the hot spots code generation to the highest possible speculative JIT level. We achieve
this goal by removing the obstacles that prevent speculative optimizations of such code, e.g.,
by correctly checking for negative zero floating constant we remove unneeded checks and
move more code to the speculative optimizations level. Second, we improve code generation
quality for the JSC compiler, mainly by implementing some of operations in C++ instead of
own JavaScript API.

Also we propose a method for ahead-of-time (AOT) compilation of JavaScript programs, and
for saving them as a bytecode. This method allows reducing startup time of applications by
moving the optimizations to AOT phase. The proposed methods were implemented in open-
source WebKit library, and resulted in significant performance gain for popular JavaScript
benchmarks on ARM platform. However, this comes at a cost of increased (up to 3x) source
code file sizes.

Keywords: program optimizations; JIT optimization; ahead of time optimization; data flow
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