Snow iE= 14

ERES5ETRIE

SCompiler TERRABHRREITZ I MELNIE, REERFTIBHHABENXEMNRIT. FERRTIFREIN. BEDNABEXDIN; BEEGASTHE
WASEIRTIR, BHMFRFHREREMITHITHRESEY, KEXHEMNSIERZEET. BRERENT:

1. 3AEDH:  LexerEngine IREURISX AN, AR TokenF5l,

2. iBES R ParserEngine ¥ TokenFFIfBIT AIMKRIEEN (AST) TRFIR, A5ES KALMPythonBITRIR/ RN/ 48:#18%, HIRER ModuleParser fi#
MAEIR,  FunctionParser FRITEREN, AEPEREERRIBETRIER.

3. IBXS3MR: semanticAnalyzerRunner JB[IAST, MEFFRAFTSIA. REMLEEFENIN, BHSERIFTSEZHRSBENEIR.

4. IRER: 1RProgramBuilder JBHASTHEMERRIR (Intermediate Representation) , S MREERMIT A TRFunction , U= R RITET
2

5. BfRXIBER: XENMRRE, LHITHFROE, KIRNEINSFRIF ZIE WA FEERL, FBHE vMcodeGenerator FFIRIESEIFNEMNBIEIMN
ELES. Blan, W—MNERENXFERI Load « aDD «  sTORE FUFES . HEUAMIESEL R SIAF I BFIE R EUtE LUHEDE,

6. EEIMMAIT: virtualMachineEngine INEIESTIR, WIAKEITIR, ARFREUEHRERIT. SXIETHMSVIBERMTHIREENNIRIERE. B
TEXRMARE, BEEEFER. FTERNSERFITIEED .

AR D HTIRIR

BEESI 28 (Lexer) IRII XX ANFE AL TokenF 5o Lexerengine BIZIODAMZ, HIDERRIRIERE XAIMNIAIIAK—2E Tokenscanner FHHHER, HILEIFH
NRI#HTIEM. SmSSIRMERHT, 8.

« WhitespaceTokenScanner — BLid = F/H (TR, HIRGTE)

« NewlineTokenScanner — IRGEITHRF, FALIRTITIEE Token

« CommentTokenScanner — A3l 8 {TE ST ERE X

o NumberTokenScanner — IR B Z S FEHE

o ldentifierTokenScanner — iRFFRIRFIFXEF (40 module , if , return %)
« StringTokenScanner — iR3|F TR FHEHE

o OperatorTokenScanner — iRFIEEFFS (+. - * L == %)

o SymbolTokenScanner — IRFIDRAFHATS (WES. ES. §5%)

« UnknownTokenScanner — 3R T ARG F R FHARIZ S E1R Token

RHdIERA SEERE: LexerZFRIMF RGN, MENFRHMEORZIE ERTHESS, BNFEE0 cantandle() A7EREruef3ZHE handle() &
B, SN2 M Lexercontext SRENHRIFRIMRE, HEMBNFFFTIFIET TokenFactory Bl TokenIANLERFFR, 80, IdentifierScanneriszBNF &
5 e TokenFactory#| i RIRRFTE B X H#EF. LexeraBITAMNIERE, FEMZRToken, HEEIMFEEIRANERE, AREREMN—
EOF(TokenType. EOF){EAZERITIZ. B MAENITHELEE FiTokendlIR, AIIEEDTEIEER.

EHE YHiLexer FHEFREMEE, MELERETHUNKNOWNE TokenH 4 4E, XEGLEMITTSSHEEIR, A2 a5 YHIMIEEF R
LexerBEIZIRIBENICRIBIRGER, MAEMKHiParserBIE, IIbIh, LexerBZ& EIR1TM4EMITH, BREX5|ININDENT/DEDENT Token: BHFEHEEE

5 : MEX end IMCAIBREMN (WT), REEEKBEHBREFIMERT, XMHQIEEATEM, BFEEE5EFMNTTE—K, Si&it LR
EO

IBEDTIRIR

Bkt (Parser) & TokenFFIRERIE S SCEMINIE R NIMRIEE(AST), SCompileriB SHISGEARE N . HHH module Hibh4: MIEFHBIZNEREE X
2HRf, EIRLL end module 453K ; BRELENXLL function BH4 (BH5IK): FHIR, ASEHIREEETIER, W end function &R, BABIET=HEHE. TH
fB. &M if/else . f&IF loop « IR[E] return LANFRIAIARZ,

ParserX BBATHMEEFRARIFBLESHNSE: TNREN (BR. SN K BFERITRLE, KA EAPrattEE, TEAMMT:

 ParserEngine — iIZ£ D 1TIEEN28, MTokenRHIRFITAEE, ERMEF T — N Token, MREERXBEFNEBRERFET2E, HIBZIEOF, BEI
TMERFMT module KEFIAVENTER. EBIRIMIINERIZNIZE. ParserEngine*2BITTLURER M. (5. FH
Fwhile (ts.isAtend()) FAFRIBIFEEREMIE, 18 isatend() HAISLILREHEE AR, SLHF 7 lisAtend() , X—HATELIHABFTELR)o

o ModuleParser — {=iRfEHT28, SCIL T O TopLevelParser » THIE L FITokenFF 20 module: Kidk4 NEWLINE ... end module o IR T IEIRAEMTA
2. BALEEXRET nodule NES, ABRERBUERBATR(IDENTIFIER), HEEZEE—MATHBIEREK, ERT7TERARNIINEMELRE: BIRERA



EEA, BT, BE import FFLNAMAImportParserf@ir S NIBG5IR, BE function MIFMFunctionParserfBATEREE N, BHEIBE end XEF
IREIRIREE R, ERERERHIZER end module FFITHIN. B MERFATTRG, WE—TASTHModuleNode T, BEERE. SATIRFMEEHT
Ko

o ImportParser — S NiBARTES, LI import #ith% X, WS NERBNMANASTEIMportNodeFlZR, I E FImportParsers—REEMTRIBERIZ 1
EHESNER, BERIRREILModuleParser, EEFEME, Bllmport R EFHRiLA BIERABME (X7EEX S ERIIE)

« FunctionParser — REE X RITEE, LT TopLevelParser 1[0 (IEIRAMEAE), FunctionParser®|F T — N EENXHXKIREIFT
H FlexibleSectionParser , FREEXNARZS (BHIIFR. REIHRDE, REK) (EATLEXIRGIE, REBENTRIE: LA function: FRIRFFEEL
2, BENRIBGEERHTT; ASEIT getsectionDefinitions() TR FM = NEIRAENTES: parameter BEFIK. return_type IR[EIZFEEVH] body ERIZK
K, ##EIVHF FlexibleSectionParser.parse() TEIFERITIX/LMERSY, BEEIBE end XKEF, HA:

o BEFIR: ExpectXBEF parameter: [5i81T, ABITEITHUN declare 4fk: 3% WIEBRf#MTIParameterNode Ti . Parser=ZESSEERITRE
HER. MBS SREEIRT,

o JREIZEERY: Expect return_type: [FIEENEEE, WNRHENREZEE AnulRRSTRE,

o ERENE: Expect body: [EZITREMTREAZNIER), EEBE end body ERIR, REUAREITERT statementParserfactory IR Y HITTHE X EFIAFEN
N RYIEaIfEITES. PR7AARMT L AYStatementNodeiB A5 SN NREFFIR, REKEHE end function £53R, fRfFZH%EFunctionNode T, BAK
HE. SHIIR. REXEBEMZHBAASTHRIIR.

« StatementParsers — ZAEMEEES, ATERAIRHERSEIED, RIBESIRIT, BRI TETHEAMBITEEHE statementParserFactory FERTS
JEff: BFELEREPH( DeclarationStatementParser fEHT declare x: int = ®itRX ). MRIEIBEA( AssignmentParser fi#HfT x = ®izxk , SETLTESemantichHER
Q18 , 1BE EREWN SERAXSESFHRAERARIT). KB 1fstatementParser fi#HfT if ... then ... else ... end 3R). 1B IEH
( LoopStatementParser f##fr loop ... end 3R). IR[EIEH]( ReturnStatementParser T return FikR? )&, MLINEM T A
B9 ExpressionstatementParser FA T MERILED BIRXKBFHTT, BBA—MRFAXIED. StatementParserFactoryTEIRENfRITERAT, RRIEHAIITHE—
M okenHFHEEEZFHENETEE, BB LENUERRIARAINIEOMITEE, FIM, REEFN—ITIORU if FXNRLEIfStatementParser, Y0
REMRFAL (BEFEEMHE) MEARENEQ@EN (ERTRHARBEDE).

o FIATUMBIT — KA Pratt BIASTIL, (I TF parser.expression 8. EH PrattExpressionParser IRIBEE R AR MBITPRFIER, &

& pPrefixParselet fll InfixParselet FIMIBARRIEZE R, ZIFMRIANLBGOIE: Zmizs®E (IESERR. L%, HEBinaryOperatorParseletf& L7tk
W38). FEE (NumberLiteralParselet, StringLiteralParselet) . #RiR%F5|F(IdentifierParselet). K #XiEF (CallParseletiRf! ( ) 1BFA). FHIAIR
(MemberParseletiRFl . BER). &S 534 (GroupingParselet)®, RAARITLE RAGEX W AIExpressionNode ASTTI =, #lBinaryExpressionNode.
CallExpressionNodeZ, LAERKMLE G METEPrecedenceMEEATE Mo

o ASTTR - MRIBEAMRAEAMNR T RLBRRT. B Node EXTBEAED, SFEMUAEIE LMD . EETREHIG: ModuleNode (HEHR,
BEFRFEETIR) . FunctionNode (BREEN, BEFF. IR, REFEE., RKEAE). ImportNode (SAFEEA). ParameterNode (FEEENX, &
ZFER) . Block&EHTi s AIfNode. LoopNode (BE&FMUMNEIZAIR), UKRFAT =40 IdentifierNode. NumberLiteralNode.
BinaryExpressionNode %, ASTTI RTEfETEIESERIL, BEX DN SERTET S EMIMNEREIRES. B Parserfiti—MASTT 251K, —M#K
BERTEE—1ModuleNode (EXHRIER) ERIR. MNRBEBIR, BiTRSMEHERUENRRNFEELLLRZE.

I BEDTERIRAMSHVERZEAD (expect() 757%) FRIMY end LERFT, BEMIONHIEHBRIBIRUIRK end FiREHIRE. EHRTEEHIF—
NEINEHL, BHAERTEBT end FLERLM, &I LRI ETFHEHRBEERE (EMPython) , BRFRSEIAET : FMITHY end B3
RCRGCERE, XFREEGNBHEETR. SRR URAEEZNE, FIMNTERABEEHHRITME end XEF, IRAEREES/ end MEE S,

BN ZParser TR EEIRABHZIFRTE: YniTopLevelParserFactory R T iR R f# . WRIFFIARLL module FFk (ELANRAIRILEREE X
HiB4G), ParserEngineET AIRBITNBEM IR, XERIT LAIGEZ EE L IFHAER (TEREENAE), MRERSBZEHLEHENLIEZE (BINE
StatementEfZEi# _start EKER) , EHTFINEMITRILIEZLEStatement, LMERTEERVE—MEREH, NiREXENE, I EParserziFfal
BEREEFAFTNERBEN . &G, ParserBaidBZMELIFER, —BBIEERIBEEK LS, BRUEEEHREIREINE —ETokendt4: 9
i, WEZNEIRBA—IRE.

B DHTIRIR

B 53Hr2&(Semantic Analyzer) LIASTARIN, ERNBLEMNAIR TREMHFTREFNENER. TEESEE: MRFFRIT. (EREMERERE
I, RBRKE (MREHISED). THRaitess, SCompiIerE'\JiES(ﬁ*ﬁEE SemanticAnalyzerRunner SK—iAE, NEER SemanticAnalyzer PATEIK
PR

1. IRRMTESRMIAK: SemanticAnalyzerg FcliEEFIEModuleNode, SHAMEIRE| 2 FIERK (ModuleRegistry)o & MERIT R —Modulelnfoit R7ZfiE
BRE. BENRHEREEE, EEAA signatureRegistrar BICKEE R, SignatureRegistran&H & MER, HIEImportfIEIREEEFET
ModuleRegistry™, FIEZIERNENRIBIZTR. BSEHEE, REZERECEModuleinforh, MNRSEHEREIZEEZFRTLEIRG (FIAIREERZE
Al), MHIERIBXHEIRBRATBESE D, X, EENKRETREFFIFEL T BERNWRHERZR, ETRIRSAAREE%.

2. MEFEXIRE: BEfGSemanticAnalyzer3f & MER AR EZE—HLZE, H FunctionChecker HITEAEIZIE, FunctionCheckers AE M REEIZRHEPTF
5% (SymbolTable), HERBASIEATEFRAMITSRY, RAEEBHRMATNEZFEUIT R, FIAMIEMEN 2R

(StatementAnalyzer/ExpressionAnalyzer) MARRIZEEAFAMNFTAXHITIOR, FIW, WESWEEM, AssignmentAnalyzer2ELEEEERE
YUEis EREREER. MEXBSERS; WEEIFA, CallExpressionAnalyzeraihZ A R 7EModuleRegistry P 2 B 1F1E U R S5 B2
BIRECEWIARSERE, WEHIEN, MifAnalyzerl@ERHFRANEE FUHARAMMR) LUK then/else FEZANREIREE—HM, LoopAnalyzertyZE



EIRREFEFEBRE. S Analyzeri@id Context E T ZRIREFAFRE EHICREIR. FESRTEHFNRHBIONE, BFRHEIHES (HaiLiPL
BRERERE, S REAER—1SymbolTable, SHHNBEHLEMLEFICHTP), W FREANTEHAZIFNIEE, DRI semanticError &
IR, SemanticAnalyzerL SFiE IR, H SemanticAnalysisReporter Zi—HMiHHFEIRTIR; MREFEIENHIZNARIEEEHEFRTE.

MERET —LEMINEXKRER, M TEEEEXKRN. TEXREAMER. RHRESFHE. REARTEE. SRS, XBRFAHT,
SCompilerE BT 25 SLRIAZ: T X T BuiltinTypeRegistry & & 7528 (int,string, float,bool,doubleZ) HMAEFEXN R, EEKFRPITRENLE, 50,
TEFRRAT XAEMERERRTTNIER, AnalyzerflfERTLLMICE, 7ESignatureRegistrara X RANERIZREIR, EEERCEEAMERESE.
ZHRAEXLBEHRLEOE, XERANHTIES LUMRBRERATN (BHROSHRENIE), B BEEANNaRRNEFIE, EExpressionAnalyzer
AN NFHREERERIAURES, WALECIE 4E HiE IR,

BYNRERG, BEXLHEIR, BIAIRRAST LS MHRATSIABEEN, SMREAREFEBERELE, SXFEAEEX LREEN. XARSEAEE
BT TR EM, BRI IEASTT = EHIINEELHR, EFRIBERIERSIENIES. BaiContextiparseType=iGRE 2 FRIRFIE N Typedt
£ (WBuiltinType.INTE) HAFSIER, BASTHRAEHEELEY, EHEBKFTEN Typels BiEFIES, ¥ NSemanticAnalyzeri&it AT iEME +
MRIET: @id AnalyzerRegistrarid B{AAST T s 28 5B SemanticAnalyzerX<B%, FunctionCheckerizfTAI#&T s R BUFREN 728, XFNGitHHET B
MENE XTI, RFIGIMITET SBIAnalyzerHEMEIA,

B EXOWERFE-LUNER —BRHRRETTE, BRBREERMIERHERETRERY, ENTFAEERIRHBNSMEIRET R
WERRHIR B IR, ST AFRINEE, ERARSEDTEEIBAIE TREMEHEIR. —EIERSABINETTE, Import ARIHERETFE
FHFImERETABIModuleRegistry; EESZRFEXAEIR, FEY BFEFHREBREmportMBHERXAHERFREMG (HFIFilelOUtIsF3ERTAER
LES) . = RIEREEB N HFREE, SRORRERESF (7EifloopM S AN E SR 2 ; NFEXF, BMNEMNSymbolTablefRER
AnalyzerfMEFE LI, WEFEBRGU FFTRLLRIRG, RENERANNVEVERNE GHIUNERNESERERintMsting) , HRFEATFINLRIERTEERH LRI
%, FE=EMEt.

Fhia{tEa(IR) & Rk

ERTIEENIEXNER, RIFBASTEMRNDEIZRTIR (Intermediate Representation), IRE—FE&SH— S ENIZNLHMMRIESET, BELLASTE
MEE BARAES IE L FAEAAZS. AIMBIRIZITARFEIMSERHN UL R, SXIRIESEIUT dest = op(argl, arg2) B, TESLIML
F org.jenc.snow.compiler.ir BT, BIEIRIESHR. EXMIRIIESS.

IRProgramBuilderf1 5B AS TR EMIRTEF. H buildProgram(List<Node> roots) 7 iAIHE NFVASTIR T M RMKNLIE: ET s EModuleNode,
MFHZIEIR T E - FunctionNodetZIRFunctionflI N IRProgram; & ma<8ZFunctionNode (TNEKER), BEEMWEMN; &EStatementNode (TNEiE
a), NESEER—MIRER"_start BEE, XEZRFT7HAER 88 EXRBBETHIT. IRProgrami8H FENMEFHIREZTR, RILEHF—
IRFunctionfIRREREEHE (HAIEMEZEERHKTIR) .

IRFunctionXf fRERIE R — PN ERER, BE5ZRBNIRIESET. EMNFEFESRESEREE. MWEIRFunctionf FunctionBuilder 5eA: BLIASTHY
FunctionNode A5\, BIE—1Z=HIIRFunction, fAE:

o B¥HIE: JyFunctionNodeIE NS LI — NI EINS 1788 (IRVirtualRegister), IRFunctionZiF— MEFSMBEFRTIR, SHSEREERE
KT FANEINEE88. IRContext KRB HBHPEENMNEFFE L, UERBAEEIREMTEERTISEH, WAR: MEMBSEAE
FA irFunction.newRegister() ERFEINETFES, JAFIEN ircontext.getScope().declare(S44, #ird) B ZFRISTFEMNME, HicF3
IRFunctionB#17IZ& S,

o EREARIE: FunctionBuilderBll#2 statementBuilder FA T4 MEEARIZBANIR, BEEINBHASTREAIIEStatementNode, H
StatementBuilderiZ M2, StatementBuilderiRiEiZORBMERENIRFEY] (AERTX) . BIFER—IRContext, RIEZ- MEGEREREZMEN
EREE R, FIEIRESIET ircontext.addInstruction() FHRINEIIRFunctionf5$5I&RH, WIBRREIEMAGE, —MNRFunctionfiiiE TR EILE
IRProgramBuilder, JSEMMAIRProgram. H&E D ZHRFAEINERIIRATHER AIRFunction (EETNEStatement, REEE _start KE, NMH
—EHF ).

IRFELHIBMRE RInstruction REFERTR, SMARENRIENN—1EE, F190: IRAddInstructionRREBE#NINE, BEMdest (ERFEFSR) . Ihsflrhs (3¢
&8, ATANSERHESR); IRReturninstruction R REFGRE]; IRJumplnstruction R R EBkEE; Callinstruction R REEIAAZE, S MRInstructionSEI]
% dest() IREIERE 72 (BHH), operands() RENRIEHRTIR, LUK op() RENZIEIBHEIROpCode, IROpCodeBMEBE X HIMEE, FIZETIRZIFH
#RFRD2EE!, WIADD_I132. SUB_I32. CALLE, HailRLINEHII32BHIEEHITT TEZHF, FHIFNIRAddInstructiondy op() EIEIREIADD_I132, EIRI&
It EEET FEHIELRE (IROpCodeFEJREBADD F32%), H7EExpressionBuilderfB B EEFEE G LURTIRIEHLETAZLE (085! 100L 7
long®!) , BEFRIRIESEH KR IWEMAER TS, FRALEEEBAIYUNumberLiteralNodeF1IRConstanti—40 I8, BEARIRIESHERLUIZ2EB T, XE
HREHFIRMERT R XS SHEIRLER, FoNKBEAEEE W EIRMIRI2ZVIEH AR XETIELNARE, KRR ZEZIRIESHERS
BUIRIES U HFARELETE,

StatementBuilderSZIEASTIEA T m i AN—RFIIRIES ., B©REREI exprBuilder = new ExpressionBuilder(irContext) SRAMEFRIATNEZRSy, MMMSSINE
AR, FIENFIE T ARG EES:



« ExpressionStatementNode (FiATViEA) . EHiZJAAExpressionBuildertiiZ KA, BEREN—IFFE, BRHTRERNIBINERFEERE,
ERIESERBERT RS tINREBARIER, %M CallnstructionfSEREHEE 1788, BRH—TFEH.

« AssignmentNode (TE{EiEM): SMBLAMRANIRNERTEFSR, AERERENTERELIERARERSERH, NRKFEH, HARE R
{&, M@ ircontext.getScope().declare(&Hk, #1E) BLEHNTEIZSFEE MHUTTEEM); NREEFE, A scope.put() BT EZHEN
B NNETES. XMEEFRESAREBSTEMNEMSFSS, HENSFESABFEAZEENEaE (FER—HStatic Single Assignment
Nig) o XHFEIRBEMT TEEHMMWE, MAHRMAIStoretE <,

« DeclarationNode (FEERIEM): NRFHEHIALEE, WHMEMBHKRIEXNIR, RERSFREADEINTES, MREEMEL, WA
FH scope.declare(name) DEE— T HEFRAZLEEFME FHBURFFAFEMIUNIRES (RIFEWRHRIER, FERITEHER).

o ReturnNode (R[EIEM): HHEREERIAN, NAHWERANIRBEESFSS, BIAMInstructionFactory.ret4 ffReturninstruction, §iZZZastric
FMIREME; INRTREE, WAEMRetVoidfE<RTIRE, ReturniESEIREINSIFNRMLERES, BT EHEMSHMRET/HALTE,

o BHIRIED (fiLoopZ) : BAiStatementBuilderd;&E X 1fNodeglLoopNodefI%b Bz, S2fR EIME LM T IfNode. LoopNodeRJASTHIAER
SemanticAnalyzer, BIRERFEAZIFEN]. XEKREBEIZHHEIFED, StatementBuilder&iE NEIAS Sl H F & “Unsupported statement’,
It L BT AR IR B T A EIERIF A BifllooptIEEN (FRIFREVUFHIBIESOIIRMER) . XL EN—ATRE, EEEHFENIRIDEEE, g0, a8
IfNode E B FIBRFIBKEEIR (N = HIntFD A9 54 BkEE) , J9LoopNodeE AUTEIR#IIATL. KT, BKHEZEIRIES (#0IRJumplnstruction) . EAT
B REIRJumplnstruction2f%, BRWER. XETINERTENID, T EEINHSH,

IRERSEEES, IRProgram L EE T PR RENMIIRE . A IRProgram.tostring() BILITENHIRMNEBEX AR, FIMITEFFRBER TN %, %1 Fig
=X, B %2 = %0 + %1 . ESnowCompilerEf2FH, SITENRATIER, IRTEATESY, —AEAETRE (HeiRLUEXNURE, NET
IROptimizeriZERY B= [17toutput]), B—AEETFTHITF—MEREFEER.

BirMUBBERSEDMNESE

XEBERK (Code Generation) 51 50 IRENIZ N EIM AEBBHITHIIE LS. SCompilertI BITIE S E 2T FIFISnowE MM FTHII (AR RER), &i+EBE
HOlJVM: RABRIESIL+BHEEEEE, HXKOTEHERENRE. ABERIENRY . FERSIRNIESFIEM.

o BH17235Ed(Register Allocation): IRFHIEINE 7788 FH E ST ZIE M ZE L 248 (slot)o  RegisterAllocator.allocate(IRFunction n) SERX—E
%, REREEEMNEENR: SRRRHBSHIRINFAESENBSHDIIOESIENO1,...; RAEAERMAESRIRIES, BB HdestERTERAMEKS
EotlE, MOEHE;, BRERESHNENRIZES, N2IRVirtualRegister AR D ERERIHII BN EC, XA NHFR— N RERES N H IS B EINS17eE
HE—EX—ES, FEHLEHAPFESLRIERAE GRS LK) . RegisterAllocatorik [El—N A ZEHIBRET
3R Map<IRVirtualRegister, Integer> fHE4L(EM, i, EIRFunctionEE%0. %1, ME{I1BETsIot0F1; REAEE R E I EFE8 %2005
slot2, BALEEHE, XiFE—R, TEMPEITEEERIMIPEE T8 B FEMi.

o EEIMMNIESERL: vmcodeGenerator H1ETIGEENRFunctionENiF N EARIES XA, #8iEVMCodeGeneratorfdfE N\ E—% 1+ EBslotMapFl—

A vMProgramBuilder $itH 88, & MISFEEITIEFAIRFunctionfUiESFIREI: MARIRIES LEFRTREE MK EK:

o BEMH: IRMLoadConstinstructionFR/ RGN B ITETFER. EMAZEMNIES: BABESEENRERR (FlanE
FE I_PUSH <value> SEHEEEMK), RAEMERLZEFNEMEN (W 1_STRE slot HEFEXMTERIEEE). 5IAT
f5l: IRConstant 5 -> I_PUSH 5; I_STORE @ (JF57F Aslot0),

o BARIZiEHE: IRAIBinaryOperationinstructionif = NIEFEPRLLIRFIR1E. £RFIER: B MRERMAS BN 2%

(40 1_LOAD slotA; I_LOAD slotB), HITWRENEEIES, AERKLERFLIEMIE. FIGIRAII(dest=%3, hs=%1, rhs=%2){1%% 18R slot1. %28
S¥slot2, MIEEIHIES: 1_L0AD 1; I_LOAD 2; I_ADD; I_STORE 3, JXEE I_ADD 2Snow VMENX HI“I32(EEENNE 121D, PR L,
VMCodeGeneratorifid IRopCodeMapper.tovMop() HFIRIESHIIROpCodef%it AFEMN FIVMIEIEIDBNICRT. BRIHTIRE AR IS2IER(ERD, MY
Z 2BV, S0ADD_I32 -> 1_A0D , &EEY BAREZEIEE, IROpCodeMapper=tBRY 78RET, ELINADD_F32BRE4 F_app Z,

o —JtiBE: HNIRAUnaryOperationinstruction (BETRJAERTEERGE), EMFPONTIE: MEIRIEE, BIT—TizEiES, BERER,

o HEGAA: IRMCallinstructionBl & BIFEREZFLEFIR (IRValueFlR) LUKIRE{ES 7S, VMCodeGeneratordiEMNRSRE
FX I_LOAD argSlot 8%, EEEEENR. SAGIEAA MProgramBuilder.emitCall(#i%i%, S84 #) £M—FIAFIES CALL <addr> <nArgs> o XEB
EWIERHMANOMLE: MRZRHELIET (BETElabelAddrifsTH) , MERSENERAMNE; MBEFRBI, MWEHBHEN SR -1 HiERE
unresolved¥|R, FFEEEIEREXIZEEET ML, iR %+ EREY G BRI UEE XFRIAR. &6, IRBAAEREE, WEE
ER—% 1_STORE destslot FHRTTREIEFNERSHNEIRME, F190, HACommonTasks.test(a,b)iREMENKL:%5 (slot5), HtestRITERLZMET
R FHibE10 B 52584k, NMERAIESAIAER . I_L0AD <slot_a>; I_LOAD <slot_b>; CALL 10 2; I_STORE 5,

o B[ IRReturninstruction&MF A EIMIANREIHELILIES ., ERREIEZFSS, WAMEBZERE (W0 1_Low slotx ); AEFERIBRENZEE
BF NOKRH) ET2—RRRECAEIRIED: Snow VMAE FREUR(OAS AR IEBNMER, @R E0R O BElE R S48 1T, Hit
VMCodeGeneratorffl T £l : IR HFIREE R main”, Wi HALT IELLIEVM; BN H—ARAY ReT IELRREREVRE], ESnowEIMLA,
HALTSEERBIFRY, MRETMEE HaiikniF B2 e R ER B4R NIT, XHEHRAES XEKRE NOREAR & 9" main™* 7
BETELE R IEME LRI, MRAF EFEFRERE B A Amainti®, SFERIEBRMARETRESHVMERBEZIEAE (EmainkEGiEA
B)MAJRES | R FEHLHR. XBARBEREZL, EXRITIesnH.

RBERTRE, FIERENIESERINE vmprogramBuilder H, VMProgramBuilderfERSRZINT LRI, THIP— code FIREZIIFERRRIESER
B, HRABREREFIEREN. 2 veginFunction(name) AR, RICR HFIESHIUpclEIIZREN Othit H EBE > FiFAE 3% R EBI R FRATIE



F. SnowCompilerE125 334 MRFunction|lfiF 8 FVMCodeGenerator.generate/&, &=/ IEA builder.build() FEIEIESTIR, ERLIMKBITER
BirtEiR T (FMbuild()=HEE) BIRI#HNRITHEL.

SnowEBIMIE SEIFEI. KEH BB ZR. WER. FTHESMHEIULME, WHARRISMIRERS (L ,S_F ,D_ B ). 809K &%
2/ (PUSH, POP, DUP, SWAPZ). B Riz&E (ADD, SUB, MUL, DIV, MODKX—TTNEG, #%#AEX Sl ADD, D_ADDZ). fii#fE (AND, OR, XOR
%), KA (FIgNI2F, F2DERINESREER) . AFIES (LOAD/STORER BEESKk 2858, %0I_LOAD n, |_STORE n). R#HIAASIRE] (CALL
addr nArgs, RET). &4BkEE (LbIIE<SIMICG="if greater Ei@ B HFRR TN MECEIMEL BRFAEE) UREIMVIES] (HALTEN) . EARIE £/RMA3
f, FEMAFTI_LOAD/STORE, |_PUSH, | ADDZI_*RFIHESUKRCALL/RET/HALTEIES; SRt EMERRIESEBATIMTHFS ((NIBAddCommand,
DAddCommand%) , BHRTFHFREREMXLEIES, FHIERITHRIFRAE,

EIARITIZE

RIFLEMBVECFETIZZESnowE ML T, EIMILE org.jenc. snow.vm BRI—RFILTI, BIESIE. HSEN. BITNEMHEE TR, HigitRAKN
EHNIRE . SHESMBERRRHIRER, HEEBRBERERE, REFENSHENFAHTEXTE, FRARNT:

o VirtualMachineEngine: EiMHZ0GIZ, 12 execute(List<String> program) FFiEHITIES TR, EnginePIEBL4EIR . 1R1EEI%( Operandstack ). £
AT ETZM#( Localvariablestore ). JAMMK( callstack ) 2114183 ( programcounter ) EIRZS, ITHI, =AM ensureRootFrame() BIE—N1RIE
A (IR ERPIEITINE) HENERR. RIANREMILEE XM, BF L. REHNERIF, SXRIRIE prograncounter B I RIELSFRTE,
FRATELIRVERSAIR(EE. Enginei@id parseopcode() FBNIBRTH: AAERE S opcode (B REVMOpCodeZ), WE1E

P commandExecutionHandler.handle(opCode, parts, currentPC) HITIZIES, handlerR[E]F— M5B nextrc , Engine®EH programCounter FN

T—1ER, EIFSE, HIBIIRIERM: NRnextPCIREI4SFK{E ProGRAM_END B -1 (FIMIHALTHSSEIEITHHE) NBKHER. HITRMGE, 31

REFAETHRLIREBIRA BT T EREAN, BMUTIREENAE IS FE-AITTER.

L1728 (CommandExecutionHandler): HEAKESHITIEENEE, Engineft&X1EIFEXElopcodefs, FEFFHITEIEL

CommandExecutionHandler, Handleri$# ¥fOperandStack. LocalVariableStore. CallStackB93|F.

H handle(int opCode, String[] parts, int currentPC) SR CommandFactory.getInstruction(opCode) FRENXF R B Command R SLfl, WRFLAE

MHFE, sARIAAZ Commandhy execute(String[] parts, int pc, OperandStack, LocalvariableStore, CallStack) /5%, HITIESFREIRIE, FHiR

Bl F—%i5<Hit, FRERKIESHISCINERETE command 320, 1EHexecute 7575 E X OperandStackF R EIRIRIERIIRS T E, Ful,

IAddCommand#iJexecutes= M\OperandStacks# H - NntEAEIN, FLERERIEE, FHRE] pc+1 IEMT—15S; CALLIES MexecuteIREURIEEL (ERIEK

ik, BEANER) , BIEERTRIStackFrameFARIEAR, 1% & programCounterBki% 2 BATHBUEFF (AR ITHIRRIEL, RETHS S Mexecute 23 H A%l

FIRBIR[EIIEAnextPC; HALTIES MR [E]-1 LGB 5 | Z{E 1EH1T.

IBITEMR ST FFE( callstack Y EIRE—RFIIETIAIIEMI( StackFrame )o B StackFramefE—RREFRNNITIMR, SiE: REHE

(returnAddress). FEPLEEMES | BMEEPIERES. URk—1757ELETFX(MethodContext, RTFFIEEFFIRXEE). LocalVariableStore?ESnow

VMAIZITRFIEMEZNRNE CEMIVMIERMBRMIN AT SREFER—NELRNE, HESMUEREUMAN), Fa0, RbFiEkETbase=01%

E=..., JARMBRERETAIEE7ELocalVariableStore H 3 AL HTER. LocalVariableStorei@ iR EMbasefNZRS | TZENEETEM A%, HEFAMKL
(LocalVariableStoreSwing GUIZE BT EIREEFELEE), OperandStack B TEAZEMIGIEER, SAAEESERENIENR, BSEET™R

RN/ R E SRIEER R, LaNEiik 1_Loap n IELTZ I A HIENAES FIENIRIA; 1_aoo NFEEHFNRINEWEN, BRERER.

o 3BLIE: org.jenc.snow.vm. commands EIRINEED L TE X T AECommandZIMLE, ENEWNN—FMFTEIES, Fi, IAddCommandSEILE
OperandStack3#HFNnttE0; IStoreCommandSEMMAREH —MEFENIEERB G, CallCommandLINEIEFMiFH B ; RetCommandsLIiR[E] =
—iil, XEERASBEHZLAE, B0 1addcommand MIBintfils%, LAddCommand ZIBlonghliES, FESHITHAIEAEM, BRABEERMISIINE, B
M AJaval Wiz E, FIATaEFENELUEHAMNBRE, B—RIER. CommandFactoryREfFiE T —opcodeE|Command it RAYBRETFREE T
T 7%, BATFIREREGESLA (BAESSIAEE B SBHIEE CommandEMEI— 1) . BEXMI AR, SEXPITEEREOIERNR,
meEAEECommandEfl, FAFHE. RIEEE: HFEngineSTEFRHBRIFNIELAFERIARCommand, B LR LTEMETE LTI SCARAR
#rA0pcodefM S HFME, XIFERITHNEIZEBMRITGR, ARARE, BRFRIEEMNEL, BRESXBERPHITERT, M—RIEEFRZm
Ko

£k, Snow VMLUEXMZHBENANEITFNEES, ISRHARAKIMEHTEX, LT EARNRIZEGIFZEIN. RanindmiEasindiErRs
LFY), BRI RIEPRE T, fIg0, IFRIRRFIRER commonTasks.test  CEFE-NEELIFRNM) , RiFFATREHHIE

<. I_LOAD ©; I_LOAD 1; I_ADD; I_STORE 2; I_LOAD 2; RET (RIZBEnum1/num2fER0/1, LERE2), EIPWIHRITXLEIES, REBEHNITEEREE
BRIEBIREEEEE, MMEIMFAEARYINEE.

i1t BRI EMVSSIRASS, BMENETE. Fli, TRHRERBHALTHHABMABSRHTE, AP IZESBCRHALTEEREHE, BFNAR

FBIINERAOME, AVMEEHMRBEANOHTERDON BHALT, Xi0, #HiRESE, CommandExecutionHandlerdiiik T HiTid 2R MR EFH
KRR, MTENETIER RS, =K% TZERRENNEHRERREIRES. BaESENNRUESEIE—AEXMWIESE miis
LEEMEE) SBRBESXS, LB ZRRERELVES, HEEAE, NREREFSHTHE, JEZEEEETTRAZININNGEG IT)
RABLENZHFIEXHMEUEREIF, EXLEELFI.0RFFHFEEERT.



D 5 X SRR

SCompilerlil B IRIBIRINAER] 3 NARZFBFTEBMMAAI D, FETFRFER FTEUREHITIH E2IRG XA/ REINRE:

BRI

org.jcnc.snow.compiler.lexer

org.jcnc.snow.compiler.parser

org.jcnc.snow.compiler.semantic

org.jcnc.snow.compiler.ir

IhREMRTY

IALESWTIRGR: IR X ASIENFH )5 S TokenF 5o

* LexerEngine — CMEED S, #IAL ST Tokent A E2SHIRENIAEITTE. A getAllTokens() AIFRENSEEE Toker
* LexerContext —#E{#??&?ﬁiiﬁy\ @iE\ ﬁ“LEEEE%%IjJE\EO

* TokenScanner 3% — & XITHEZRFE, MR TokenI— LI, NWhitespaceTokenScanner. NumberTo
FHLexerEnginetZIF AR E canHandle/handle #H1TiR%H!,

* Token / TokenType — EPEEJAABITER, REKEEIEIDENTIFIER, KEYWORD, NUMBERZ, Tokenit RiFiA&ZE:
« Hfhi: TokenFactory IRIBFIEEIMNFEBHIMTXBEFHAEE, Tokenprinter ATFIAIRXFTENTokenF5 !,

IZESELE: FETokend | RERTIAST,

* ParserEngine — IEASDER, fEIFIEETokenStream, 1RIET—TokeniTRTNEFITESIE, BiZ=1T, FHifa
* TokenStream — f3ETokenF|RALIFHUBINIE, IRM peek , next, expect ZHEFELHBNRMT. FE: isatend() BEE
- TNEARTE8: ModuleParser FRFTIRIRTE X (ITEC module %4Fx: FFk, RBEIESNIEEL, 5T end module ) ;

(32#F parameter/return_type/body XiR, FFIFlexibleSectionParserS=i), TEEHTes4r—S2I#Z [ TopLevelPars
p=2 )i

- IBAIEMT: StatementParserFactory IRIBIBAHCIAXEF KB iRTEs. CISIIAEMNTES: Declaration. Assignme
MRS BER NAIASTT =, WifParserfifEifNode (&% 4ExpressionNodeflthen/else FH 5 5R) o

- RIATNERIT . RAPratt®%, prattexpressionParser TMAZNParselet5eille BARENX T ZfhPrefixParselet (40f#
FZ&, ExpressionNode Jk4EZEMBinaryExpressionNode. CallExpressionNodeZF IR R FRIARAST,

« ASTTi R (parserast®): EXTIEAWHIZED. Node IEZE, statementNode F ExpressionNode JIIBEAI/FRIAT
ImportNode. ParameterNodeE R FRNEFLEM, KEMEAKStatement/ExpressionTis (IfNode, LoopNode, Re
TREFEFMEEZLZEM (WFunctionNodeZ R E. BHIIKRSE), BXBUHESWMEAIMIMN, ST RFRE
+HE: ParserContext FZEYFIMRITFITEMNTokenStreamMFERF LT (FFSRTEIBXMELER); AsTPrinter

EX PR MEASTHIEREFESERES,

* SemanticAnalyzerRunner — BN AN, 32EXFFEModuleNodeFH i SemanticAnalyzerfiliT5e B0 E Mizo

* SemanticAnalyzer —fZIOVIHTES, MORPITIESVEM. REMEZZIE. REAERESE,

cFERS LT context EAEIFLBER, WModuleRegistry (EMMEFEREE) |, BuiltinTypeRegistry (REZE
B AnalyzerRegistrar, BT IREGTN T 28901788 SymbolTable UFERINIZRMT S (L2/RER) REED,
- SinE%: KAVisitortE X, W REASTH RELIMARILZE, AnalyzerRegistry SEFREIRMUT, WEPFRASTT mKE
FEHIERL: BinaryExpressionAnalyzer/CallExpressionAnalyzerSie B FRAR T 5 ;
DeclarationAnalyzer/AssignmentAnalyzer/ReturnAnalyzer/IfAnalyzer/LoopAnalyzerSta BB T s, 5140, Assigni
IfAnalyzerfe BEZ LB R BH/RE. HREMEATHRERE, FZERRNIINSEEELE. BHRUERE G A%
- REIEREIQ: signatureRegistrar JBFAIEIRAYImportFlFunction, S NERIMANLBIEREK, REZFRFEFur
X ¥ CallExpressionAnalyzersEifid ModuleRegistry$ 245 i B K 28 % & ITAD,

- BEIEE: FunctionChecker 3 FunctionNode I /EZSymbolTable, EBEHFIRIMAT SR, AREX R
EIE RS, WRAIIEXEIEHEIContextidR (SemanticErrorBl & TR BMEIRER) . WTHHTEITARIES
M ELEHFSymbolTable &R HUR H /E A FHER

< FERIZLE: BuiltinType MEE T HAZEE (int, float, string%F), Type XRBEEIMZR, BRIZEMRIVE X FIIEELE
Z¥Analyzer RS IIEE R — 5%, XE9 BiFELILE,

< $EIRIRE . semanticAnalysisReporter WEEContextRYSemanticError7lIR, HiHEIRIFIEHTEE HinEIRI&LEY

HialRn(IR) EH: FEASTEIERIRKED, HESERBIHER,

* IRProgram — RN NMEFMIRALE, B2 % MRFunction, 12 functions() BAREES X, IFITHIRAR,
* IRFunction — RRNENMHHMIR, BERIHEZ. IB8LTIR(List). SHFERIIR. EMUFESRITEHES. B nev
(RS BEMMEIE), addInstruction() ZINIRTES B R EE SR,

* IRInstruction HIRIE - FIBIRIESHIEL, EXT dest() BIF. operands() IEIFHFIR. op() BIFIEFMRT
BinaryOperationInstruction/UnaryOperationinstruction (#1535, # EIRInstruction ARTEHE N —MEMEHRNER
Callinstruction(RAR, REFERIENSEFIEK). LoadConstinstruction(FE 2 NHEFF28). IRJumplnstructiol
IRValueiZM%i— 7 IRIRIEEL, BILIZIRVirtualRegister (EEiNZ7228) IRConstant (F2fE) ZIRLabel (BkFZE1
* IRVirtualRegister —ﬁﬁ_ﬂ\ﬁ?uﬁﬁﬁ; REFE—NintdR SRR, F40 %0, %1 XEMNRTH .

« IRKJEE: 1RProgramBuilder JEFASTHIEIRProgram, i&ZIModuleNodeM%MIBEAEREKER, FunctionNodeE#E4b]
SEPRYI32E FunctionBuilder.build(FunctionNode) 58A%: EEIZEIRFunctionFAIRContextE IR Hgi{EMAIR. AR
&M statementBuilder MIEREREUA,



BRI ThEERITT

* StatementBuilder — fZREMER, IRIEREASTIEAT AMWRIR, FIZET LMLRIE: RiATNIED -> HiZbuildRi

RETEEEXREMNdeclare FBYFEHEER), [TUEFMSE, FHIE -> BHMEKIbuldHdeclareT =,

RAEHERIRetTRetVoidiE<; IfiLoopFizhliE4a -> BaikEM, BERFZHERE.

* ExpressionBuilder —BJIMERIARIR, WEE. TE5|AREIRConstantH EBF7a8, WEAFLLRFIER,
(#0IRAddInstruction) ; JEREFEARAR, FWEGNELSRIGTFRYIR, BEMCallinstruction, BIRREHES

Ffi & ExpressionBuilder.buildik[E]—MRVirtualRegister, i RS (EH,

* InstructionfFactory — IRIEL I, RMEFHSHECEIFTEIRIESHEIFRMEIIRContext,

540 InstructionFactory.ret(irContext, vr) =BJEEIRReturninstructionFH AN HFIREIESTIR, REEFREIR(

< IRfifk: UBIIRMERRE S, RIBPIRN troptimizer [17toutput] ZFit%l, BREIMSEFFAUSE, IRBIE

[EIR B REIESR: TG IR Snow VMIEL T,

* RegisterAllocator — E{ras7)lcas, IREINFEFRMGINEHNLEEERS|, KOESEUEN, BHRBIESHET

* VMProgramBuilder — FEIANIIE LIRS, HIFNEBLIStTERIES A, LUKRERE >R RIabelAddrAl i A 5

$Eftt beginFunction(name) FRICHTEREINC. emit(String line) FII—FRIESFHIBIEPC. emitcall(targetFn, nArgs

BEXEEO, Fima] BUREERIES EXH X ORI EIEA T,

* VMCodeGenerator — IZIOMXIBAERLES, FFEMIRFunctionBlF AVMIES . #IHA1LEHREslotMapF1VMProgramBuild
org.jenc.snow.compiler.backend  $ 3R [EZEYFR genLoadConst « genBinOp . genUnary . genCall . genRet ZEHEEMIES. BN EFIBVMPH

ffl4NgenBinOp= 4“4 1_LOAD a; I_LOAD b; <OP>; I_STORE c 55!, X <op> 3@1T IROpCodeMapper.toVMOp()

BRI T & W5 HIBRET R TRopCodeMapper o slotMap A TR IRFFesZ NEMKIES, i slot(vr) EREFRIFEIRVI

« Hfth: 1ROpCodeMapper TE X BHSHIEY, MIRIZEBRZEEEEIVMOpCodeZE R EHBNIEHF R R, FIUIRFIROPC

f#VMCodeGeneratorfff. vMMode TE X BEIMIZTTIER (RUN/STEPE, ZHEi&EZASARUN).

(L. backendiEHRpyem & HLLEE,, e LVMCodeGeneratorHIVMProgramBuilder % & BT F L 488", MIELE,

VM ZETEBIE Gt E865# 1T L)

EHIES: BERITRZEENIESEY, THMEFIET.

* VirtualMachineEngine — EIMIZOE, BETBIFNITIZEE, VB LEIIRIEZENEIE operandstack «  Localvariz

execute() /7 /ARPCEFENE. fi#ffr. 1T, ERBEIHALTELR L, EfftprintStack/printLocalVariables BT At a4

* Operandstack — IR{EERI%ZE, NIBATIRFEAEIMIEIECE, ZHFpush/pop/peekE,

* Localvariablestore — FEfEEF M, RINAERERSMNEHLTEE, LI EATHE—Object#iA+ESMENLE

LocalVariableStoreSwing@HGUIFR TR, AFEEOFBISEMET .

* Callstack — A%, AEPLIP—MRENIRIStackFramedl#&K, 2 f#pushFrame(StackFrame)flpopFrame()SEHLE

* StackFrame — &2, REFEXRECABIVAZ: E8returnAddress (GABE T—H{THbAL) . XfLocalVariableSt

(MethodContext)%, MethodContextEIEREE. FIBERETER, HMBIAEMIER.

- HTES: vn.commands FEIRBIELSHASBER, B8+ NCommandzk, fcommands.arithmetic FA&I1AddCo
org.jcnc.snow.vm LAddCommandE LI KEEIZE ; controlFE FICGCommandE LM & 4Bk (Compare Greater) . JumpCommai

memory FBH KA oad/Storeds<; functionfH CallCommandflRetCommand; vm®&AHaltCommand& IEH T

#)FOperandStack/LocalVariableStore e i EFHREI F—1PC, ~fjl: IAddCommand.execute=popF-{int, |

CallCommand.execute M E1RIBE S B iEH StackFrame, & HFIPC+1{EAreturnAddress/Et%, FHiREIEIEREINL

B85 Hi R MreturnAddressik[E], &R T CommandFactoryFREX 11T CommandAyid 12,

 CommandFactory — 83 L[, IRMHEESS7E getinstruction(int opcode) IX[AOptional, HiEiTopcode®H X[ Cc

CommandFactoryfR A BETEER S WA KBS RE B2 4T FRE Command L fFIBREY, LUBFSEHRITEMIZEAIEIT R,

* vMopCode — REIANUIRIEIIMZ, S MIBENRR—MIES, HIET P EBEGBIEHBIEHFERBEEM, RHENS

Enginef#f3 E7EparseOpCodeR T XX dsopcode A ERcode, (BRI Al sEE 2 AEnum.name()ICEZ S 437 Maph:

* LoggingUtils / MstateLogger — HELHYE, BAFRIEFEITENARXES, LbIESRT—THRNTS2RESE, T

LHFIRUNIET T BEERIA X,

FENRES ATt 2 &b

SZAENMEFIRI, SCompilerT B ELIEENIRIT EIEE —LF B SR AC#A 75 |

o IEAEEBIRMIERBEIL . LexerBEIIBEFIFNERUNKNOWN Tokenks:, fEEELMRMAMELIEMINM, FELexerfh ERFinHH I ER
LexicalExceptionZ{ Ut EE$HiR. ParserxfHIZME WAL, —BBEEMFEL, XTERFANFEBRARF, S0HEIN: LillexerfdlRBHF
LEfRA, HELexerSEEENTIRERERY,; Parserll A ERLHIREZAEI T IBQOREMEN, ULNEZEE, REEFIRS.

o TREEHIPRE: BRINAAE nodule BEIRID, TR/ EERFHANREPLEERIENEE, MREELIF, AJfEParserEnginesF NN TARRIE RAILE
12, flanfatelE—12iAModuleNode B SFAETRERE/BEM. BREIREMBEAXMMER (RBITNEStatementB % startik$) , {BParserkiR


http://xn--enum-zm6fk7ipvfu9sq6qn01bindxzggs3b.name/

B, B TETopLevelParserFactory A AfFIaN“function” X EEFAEITEER A FTNE R EL, X TEmoduleBY HZRIFEFFEN—MEAIARLR, #R]LUERRIE
%

IRBFERBIBIEEIR: ParserZBs3H) Tokenstream. isAténd() RIS EME NER, SBAERERTHIZEMEE, HFl isatend() IR[E true RN
TEBEIREKE (peek() = EOF), XEEAEMEZIE Tbug, FE EBLESE Parserengine FJ while (ts.isAtEnd()) BRI, REAIZEIERES
MIERFR T IR (RZAAwhile not at end) o BRINMEIE isatend() X T return peek().getType() == EOF , FFAERERGEAIZIE Awhile(lisAtENd())
%, RIFHBMBEX KA EIPET,

EHFNREM IR 1%t EDSLEBPythonFZEHRRIR, B ESINT end XBFHEILER. XESNEERTIELEER, BEETR. LMRHE
XFT function name: 1 end function B, FEFEHEWMIEHAIIR, HE14wIFEEEMR EFHARRIESSHREEINDENT/DEDENT Token, HFLZEH
R NEMN LER, ERANTEERTSHRMATMER (ParserBbd ZRETMTIR) . XABESH—EFR—K: NRAFBHBEAIEES TIEH
B end , FRIFBRNIET; RZEHEITTELVE end DR, FLBUHEABR—IRENEE:. EARERABHATIERERR (KPython, R
Eend), EAXAENPIRE (WNEIESFHend) MBS, EFEHE—HENLexer/Parser, {ERMAIBEHINSKRESLEELE. BaiXMER
FREERATHEM, BEMESTRITAENTERLRAEEE,

ERERIRMSIBER KT : BrifRiZR TR if/else M loop BAIMMRIBEM. RAASTHISemanticH ENTEERRMNE, BIRM

% statementBuilder EERIENMNC AT ERF, XEKERAIBHFNMREMFHHEIF, BERENERELX L. XEARIRRENE D, MRIRTT
ZIfNodeFLoopNodeFIIRENE: FlNIfNode E L (IRATBEEE—MNRComparefs ) MME B X HHEIRIES (BhidthentheiBlidelsetR) ,
HEEEEIRFS|INITEIRLabel R Bk HRIHZE, LoopNoderI i/

B initializer; loopStartLabel: if (!condition) jump loopEnd; (loop body IR); jump loopStart; loopEndLabel: BIIRF%!, HHiIRInstructionEfd
IRJUmMpZEE, HERITRIPE R T XERME, RRKREM. TRXIHBIRAIERESINEE, R, VMCodeGeneratorth F38 N3 & A4 Bk A EIFHY
ESER, BIINEMELIREEMEBEE (Snow VMEBEICG/ICLEES), B2, #eiEFREENE T —FP &SR,

HRLIFRTE: SCompileridliE 2150 1231 [FEERTlong.  3.14 FiRdoubleZ, TokenFactorytlBEIF int. string. bool. float. double IRFSZE
HiToken, ERBFMIEFHREEXDXLERIAIRE, IRBEFAIEERIESEREI2NMEEL (ADD_I32%), BlffLiteralB/E4% d &  ,
ExpressionBuilderfidresolveSuffix= iR IR AR B AR A FERREIRIZIER (IRAddInstructiondJop()IALLIREIADD_132) . EIMWIRATRIN T RREZEE
$5< (LADD,L_ADD, F_ADD%), BmZFBMERERTEE. ERFME: © float a = 1.2; float b = 3.4; float ¢ = a + b; XKD, FHFEFD
ZH{EintiEIN4ERI_ADDMAEF_ADD., Z2AXEAIEMN, Hufiah: TELEASR, EASTHRMMEREFS, EExpressionAnalyzerf S RIAT
A, HEIREMIRIBET SR AERENIROpCode (WZ SEN4EADD_F32%), BaifiZEMresolveSuffixZiZiERA i AL BMNER. —BIR
X R, VMCodeGeneratorfJIROpCodeMapperfE @l EfbRsT, LU IEMAVIESENERT (J0ADD_F32->F_ADD), X#7BEEIEZIFL A
BEE, B, BONFFEDHE + . FRLEEEENER, WEEEEXMNEERAERBERMERGIE (tbiidEN2FELRERIEIES), BHIXK
B, HeiRBRESHNABEREATEN, FEMELIERIRENARIESE.

TREVMIESE SR : Snow VMARREEIELENE MRIEEE X T IRIZAICommandZ (WIAddCommand, LAddCommandiZ48/1F4EE, X3
HEBREIEERRE) . XEMENESRABAEES, FFIFEFPNYT B, MRUGEMHER (bbinFH. FEEBEIENTBAID, SAJIE), &
FRVERRERIIMES, AIUZEMMIZIT: RARRZESSERRLVES, RH—1SHKNAddCommand, RIBEESHREHITINUEZ ongis
8, sETECommand.execute IERHIMTREHE B HMITREIZE (EXSABHERITEER), B—MAXBEIESEFSIANFA—IRIED, LilEIAdd/
LAdd/ FAJAZER AR IMZRA—PMES, M—PEEESH, FEXNTRA. HEEBE, HFVMESEETFRBopcodeHEHCommand, f#
WFSEENRITIHTEIZEE, BNERATE: AUENSFTHRRTENELSFHRFIEABERENRERER (WESHRFIFRSK (opcode, args)t) ,
XtfexecutelBIA L FsplitFRER, SLTEZBMERNIT, JavatME, WAlZEEIMENNGE (1&Command.execute) EXAAIBEER BEREE
B, BXRITERMLENE, FAFEHF, ZFERKRE, aEVMAJavafiBES A— AR switchHiiT CGSHUBRIESLENRE), AERZEER
B, TERAEERMNRIEMESEN, B2, EERERS, TNERNVMAITE S #HTR.

FERECEEIMIEFESR . YFATE R Z ‘mainiRBl 127, HEEREBISAHALTA L, XA SRISE N RIFE T ERE W main, N
AIREE I HIZRHALT BB . WREIFTA, BRFEEERAmanMAEMEFEHEANORE, BFRETRRETEARBHERIF PrIEEMAErameR
ZBYEnginet M EIprogramCounterf RMIEY, EXEIIEESITH) . XBEXH., ATUERFEMERBMIMCAORE (Hla0%E—ModulefyE—1
FunctionBRIAANA) , TERBERBI I ZRETICRIFAAEERHALTE R, HEEEngine, HiREZEIRMFYEEIHALT. B#iStackFrame.roothy
returnAddressi@ & 20, RetCommandi#tiiRmifSprogramCounter=0, SR ER/IAEFHMORIT, NMEEZITIEF (FIREEnginefy
PROGRAM_ENDEZA TR IER, BRBRERTEEE) . RhRlitnalsEE AcallStack A= Bk, BREAERE. Bil: M8 ANOSMRE,
RERFEIEIITICEFE R, — A RERHEIESHFIRELTREMIMHALTHRE R, 22, SEIRERSHENABETEER TEHEEELER,
MR KR BIFAE.

BRESANT B: Bailmport RZRNERSNEREEEETE—FERTT. SEIFEESXHEE: FlWimport—MMBRHRH BEhINEHRIE.
BRIAFPMNRE5| AR —RRAEE, FRAEMIREXG—RiRHamFEss (HEFHERSNERLBELEH) . BRSGHRERZFNICNE]Import
KRN, FILURIBIERE EX G RATHI N FE R BRIFXFHRF/5EE. XEBRFSASHTHRFNTSTEEINE, BajpomxmiERERARE
S, FEEBENERZRF, RKEASIANGIGEFREPEZHFE GEMIVMEIclassXX ) , ESNBINEXLERERE, MEIEIENERKSR
F, o, MFEESAN. BHRSAEFER, UHEEEERNEGIIREIINNEZFR,

KM R: ME&EMRBLoggingUtils. VMStateLogger®, EERIMLITIROMBE, FIEKES. ESHITEDRE. TS ETMERIERER: thin
FAVMMode STEPEFZFMITIEHIMLIRES, MMmFmEdiERF. WAl LAST/IRAMUIA, BEERIENEMBERENAHALE, BHTE
BRI, B— A RRREEMRIFNEIRES . BaifRiREE REEEERMTokenX s, RIFEEETTSHIS (TokenBiZRUERESR, B
SemanticErrorZ gt kA FAXLE [17toutput]) s TEEFIRIRRA BT EREREIRR.

HEeii: WTFERER, MFMEMEITIHREI T UL, mFMREAE, AIRMEEDINEEZMSINTUNA R EM (Sl NIE N IR
K)o BITHRERE, AIRRIT: FRSFHEEZFABEENSFESHIT, HEEEENERFEEREMIERRE, XEETRESEHERREH. ~d



XPEEEMEMERE, F—ERUE BT, 55, ZEFAlavacFHYIEEE: HIINESnowRIBEZRRIF AJavaF ™D (FIBASMEFENSERR
%), ABREIVMERMEHTT, TEEECERERSRAHE. XEETIESnowlFA— " DSLEEWZEZIWME, BEITRRMMALS A,
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