–W423 Compiler Final Report

{ŇâWąY 9725018 ąŒÒ 1998[ 6Ú 17ffi

1 Symbol Table

symbol tableĆŹ Ç& qE symbol¸ qCć ÍŒL q%Ć 9$üq –ŹŞõ [ ýćř.

1.1 Symbol TableĆ 9$üŹ 4Ì

Ç& symbol tableĆ 9$üŹ 4Ìù lexeme, token, offset, global¸ř. ´´˚ §ă ù řüY ›ř. STEntry.cc õ Ã8 symbol tableĆ qN3 9$üŹŞ N ¡ –ř.

• lexeme ”result”ő ›¸ ž¡< ¸# ě¡<¸ 9$ýř.

• token Ç& symbol tableĆ OŹ symbol¸ qE Í‚Ş 9$ćř. INTTYPE, AR- RAYTYPE #¸ –ř. int resultő ›¸ xsú ă3 ü8 ”result”` INT- TYPE¸ĘŹ ,¸ 9$ýř.

• offset Ç& ¸ symbol¸ -?ý\Ć q%Ć æXă3 üŹŞ 9$ćř. ăŞˇ ¸,ù {7‹èĆ @AăŹ ,¸ Ý`ăă§ :[Ć frame pointer£Ùâ \ÂæXõ offsetĆ 9$ćř. #|Ć œSč :Ź Ç&˚ frame pointerő symbol tableĆ 9$üŹ offset˚ ¯ú Ìľt æXõ N ¡ –ř.

• global Ç& ¸ symbol¸ global‚Ş local‚Şõ 9$ćř. global¸8 1ú 9$ăL local¸8 0ú 9$ćř. ¸ľ3 globalY localú #ĂŹ ¸îŹ localY ›ù EÍĆŹ Ç&˚ frame pointer£Ùâ æXõ uă8 üŞˇ globalY ›ù E ÍĆŹ frame pointer£Ùâ æXõ uăŹ ,¸ Ý`ăăL memory top¸# memory bottom œ£Ùâ˚ æXõ 9$ľ ob ü§ :[¸ř.

1.2 Symbol Table� [ý

symbol tableù SymbolTable.cc Ćt [ýćř. lexemeú Hash.ccõ `ľ hashć ř ü 9$ă3 ýř. insertő lookup methodõ CWă6 insertõ č :Ź æ˚ 4„õ ŞAľt insertõ ăL lookupú ă3 ü8 STEntry˚ pointer` return¸ ýř.

1.3 Symbol TableĆt Scope� uÇ

c-Ćt symbol tableù scope ˛ýõ č ¡ –qb ćř. ˛üĆŹ ’{’õ ˇ.ú : scopeõ ă# Š`èÅL ’}’õ ˇ.ú : scopeõ ă# ˇŹèÅšL ăŢŞˇ functionú xsč : parameterŹ ’{’˚ Ę£ Ť;Ć #ľĆê ÝuăL ’{’ řüĆ # ąŹ symbolY ô‹ć scopeĆ Žľb ü§ :[Ć Ťľ3 uÇăŞ Gřř. ÂêĆ function˚ xs, if[˚ èȷ, else[˚ èȷ, while[˚ èȷ ÙÛú ˇ#8 scopeõ ă# Š`èÅL function˚ xs˚ ”, if[˚ ȷ, else[˚ ȷ, while[˚ ȷú ˇ# 8 scopeõ řè ˇŹèÅêÀ uÇăŢř. scope˚ uÇù SSymbolTable.cc Ć ü q –ř. operatorõ overloadingú ľt ++Ź scope˚ Š` –Ź scope˚ ˇŹõ ă êÀ overloadingú řř. SSymbolTable.ccĆt scopeõ Š`èÅ8 ^£Ï symbol table¸ ă# fĄüL scopeõ ˇŹèÅ8 Ç&˚ symbol table¸ PĘŢř. symbol tableĆ ¯ú Oú :Ź global‚` local‚`õ insertľb üŹÚ ¸,ù SSymbol- Table.ccĆt ıô:œ£ ľ uř. Ç&˚ scope` 0¸8 global¸L 1¸\I8 local¸ § :[¸ř. SSymbolTable.cc Ćê SymbolTable.ccő ˝ô`Ş£ insertő lookup¸ –ř.

2 Lexical Analyzer

lexical analyzerŹ lex˚ gnuč;‚ flexõ PÌřř. flexĆt PÌăŹ 7‹ù clex.l¸ř. ˛üĆŹ yylvalĆ attributeõ 9$ăL tokenú returnăŹ Şłú P ÌřŹÚ parserõ uÇăŹÚ qšÓ¸ Ň>üt yylvalú PÌăŞ ML ?~´ ´ú 0£0£ tokenú returnăêÀ uÇăŢř. returnăŹ tokenù ELSE, IF, INT, RETURN, VOID, WHILE, SPARENL, SPARENR, MPARENL, MPARENR, BPARENL, BPARENR, ID, NUMBER, LT, LE, GT, GE, EQ, NE, PLUS, MINUS, MULT, DIVI, ASSOP, SEMICLN, COMMA` –ř. lexical analyzerõ ˇȷŹÚŹ Ťý ŁšÓ¸ {}Şˇ comment˛ý` ÖŞ MUř. commentõ řüY ›ù expressionú PÌľt üI;ř.

"/*"([^\*\/]|\*[^/]|[^\*]\/)*"*/"

æő›¸ ă8 commentõ ˛ýč ¡ –ř. /*ő */ P¸Ć #ąŹ ?fi ,ú {Y8 þ ,¸ĘL ü´č ¡ê –9Şˇ flexŹ /*` #ąL C‹ ˝Ş˚Ć #ąŹ */P¸ Ć –Ź ?fi ,ú {Y s§ :[Ć ˚êăŞ MŹ Şşœ£ ȷôč ¡ –§ :[¸ ř. 3 Syntax Analyzer

syntax analyzerŹ yacc˚ gnuč;‚ bisonú PÌřř. bisonĆt PÌăŹ 7‹ù c-yacc.y¸ř. syntax analyzerĆtŹ c- ˚ [łĆ ”ŹŞ *Põ ăL parseõ ă3 ýř. ŤýL `$ |Åć ‹ù syntax treeõ ˇȷŹ ,¸ř. syntax treeõ ˇffiŞ M L Ę£ semantic actionĆ @:Śȷõ OêÀ uÇč ¡ê –Şˇ Ťľ3 ă3 ü8 uÇ¸ ÖŞ ML bison˚ PÌĆ ˛¿ăŞ Mú EÍĆŹ debugging¸ ÖŞ MIt syntax treeõ ˇffiêÀ ăŢř.

4 Syntax Tree

syntax treeŹ Ç& ŹSSŚȷ˚ uSõ Ûuľt ¸õ treeÍŒ£ ˇfi ,¸ř. syntax treeŹ @:Śȷõ ˇffi§ æľ Łȷè ŻÅć ,ù IęŞˇ syntax treeõ ˇffi3 ü8 ýC ‘ă3 @:Śȷõ fĄľ 7 ¡ –ř.

4.1 Syntax Tree NodeĆ 9$üŹ 4Ì

syntax treeŹ c-yacc.yĆ ˇȷŹ Şł¸ A˚üq –ř. Node.ccĆ Ã8 syntax tree˚ node˚ ÍŒõ Ç ¡ –ř. syntax tree nodeĆ ffiq`Ź 4Ìù řüY ›ř.

• type node` qŮ ÙÛĆt parseü}ŹŞ #Í6ř. Žõ ffiq fundeclaration → typespecifier ident SPARENL params SPARENR compoundstmt ő›¸ ü} ú : typeĆ 6ú 9$ćř. ¸ő›¸ parse` þ : qŮ ÙÛ¸ parseüqt f;& node‚Şõ typeĆ 9$ćř.

• token tokenĆŹ nodeĆ INT, VOIDő ›¸ tokenú 9$č : PÌćř.

• value valueŹ token¸ NUMBER‹ : Äıõ 9$č : PÌćř.

• string stringĆŹ token¸ ID‹ : Ç& lexemeõ ı$č : PÌćř. ¸,ù #|Ć symbol tableĆt lexemeõ ¸Ìľ entryõ üú: PÌă3 ýř.

4.2 Syntax Tree� uS

syntax treeŹ childő siblingú `Ů ¡ –ř. child[GŹ jě[GĆ –ú : ľ¿ü L sibling[GŹ t£ Â#ć [GĆ –ú : ľ¿ýř. fundeclaration → typespecifier ident SPARENL params SPARENR compoundstmt ő ›ù EÍĆŹ fundeclaration¸ typespecifier, ident, paramsõ `ŞL üL paramsŹ Łă„˚ params| ć„˚ paramˇú `Ţř. ŤýL param ffiù ;Ù siblingœ£ Ŋ@ü3 ýř.

5 Type Check

compileú A\:œ£ ¡śă§ æľtŹ ‹ş syntax\Ć error` –ŹŞ Ý‚ľb üL typeú ”3 PÌăL –ŹŞ Ý‚ľ Ìb ýř. ŤýL codeõ generateč : Ź Ç& sourceŚȷ` Ćă` ;Å {řŹ `AăĆ ȷzú č ¡ –§ :[Ć codeõ generateăŹÚ –qt ýC ¡Úă3 ýř. TypeCheck.ccõ Ã8 type checkăŹ , ú ıČ& N ¡ –ř. void aő ›ù xs¸ Ý`ăľb ăL arrayÍĆ Ť? intÍ ú assignăŹ ,¸ Ý`ăľb ăŹ# Łă`Şõ checkľ}b ýř. type checkù syntaxõ recursiveă3 traverseă8t *Põ ăêÀ řř. c-yacc.y KĆ Ť? :q Oú ¡ê –9Şˇ Ťľ3 ă8 debugging¸ *ffiq ŞL uS` Ä!ľŮ Íš` –qt syntax treeõ traverseăŢř.

6 Tiny MachineÛu

Tiny Machine(¸ă tm)ù 580vAê üŹ Is ^şć machine¸ř. tm˚ "Ĳú Â? NIÃ8 řüY ›ř.

• 8„˚ register

0 ~7ě register` –œ6 7ě registerŹ program counter¸ř.

• 1024„˚ intÍ data memory

• 1024 * 4„˚ intÍ instruction memory

• 7„˚ RO(Register Only) instruction

HALT, IN, OUT, ADD, SUB, MUL, DIV` –ř.

• 10„˚ RM(Register Memory) instruction

LD, ST, LDA, LDC, JLT, JLE, JGT, JGE, JEQ, JNE` –ř.

tmĆt ȷôăêÀ compileú ăš8 tm˚ ^şě :[Ć ˘ù qšÓ¸ –ř. qšÓú U_Ã8 řüY ›ř.

• stack¸ {ř.

stackù function callú ă$# expressionú GSč : Łȷè PÌľb ýř. ăŞˇ tmĆŹ ă#˚ memoryˇ U&č < stack¸ U&ăŞ MŹř. Ťľ§ :[Ć memory ›ÅÙâ stack›¸ PÌľb ćř.

• push, pop¸ {ř.

stack¸ {§:[Ć ¿Ŋ& pushő popê uÇüq –Ş Mř. pushő popù :¿ć register ă#õ stack pointer£ PÌă8 Ťý qůŞ M3 uÇ¸ `ă ăř. • call, ret` {ř.

function callú uÇč : callú PÌă8 ‘ýă3 č ¡ –ř. ăŞˇ tmĆŹ callY ret` {ř.

• labelú PÌč ¡ {ř.

qŮ "A address£ jumpõ č : labelú PÌľt jumpă8 ^ş& uÇč ¡ –ř. ăŞˇ tmĆtŹ Ťľ3 č ¡ {L Łȷè jumpč V˚ addressõ P Ìľb ćř.

7 Code Generate

7.1 tm� ÙTě ŢÄ

tm˚ ÙTěú ŢÄľt codeõ generateă§ æľtŹ řüY ›¸ ă8 ýř.

• stack˚ uÇ

6ě registerõ stack pointer£ PÌćř. stack pointerŹ Ç& stack˚ topú # Í46 stack˚ topù Ç& üq–Ź stack˚ topú #Í6ř.

• push, pop˚ uÇ

push rù IŠő ›¸ uÇč ¡ –ř.

ST r, 0, 6
LDA 6, -1, 6

pop rù IŠő ›¸ uÇč ¡ –ř.

LDA 6, 1, 6
LD r, 0, 6

• callY ret˚ uÇ

4ě registerõ frame pointer£ PÌăL 5ě resigterŹ memory 0 addressõ `ýÅŹ register£ PÌćř. ŤýL IŠő ›¸ uÇă8 ýř. call n˚ uÇ (nù function¸ uÇüq –Ź addressõ #Í6ř.)

ST 4, 0, 6
LDA 4, 0, 6
LDA 6, -1, 6
LDA 3, 3, 7
ST 3, 0, 6
LDA 6, -1, 6
LDA 7, n, 5

ret˚ uÇ

LDA 6, 0, 4
LD 4, 0, 6
LD 7, -1, 6

function˚ argument˛ýŹ caller` argumentõ ;Ù pushèĹ sL callee` frame pointerõ §uœ£ œSă8 üL return ¯ù 0ě registerĆ 9$ľ sŹ Şłœ£ callerĆ3 ;ţľ s8 ýř. returnþ : pushć 4Ìú ?~ popú ľ qt function callYAú ˝Xýă8 ýř. ŤýL function callú č : frameú ^£ ˇffiL ¸;˚ frame pointerõ old frame pointer£ ľt ^ frameĆ 9$ćř. ¸,ù #|Ć returnľt ¸; frameœ£ ¸ôč : 5‚ ř.

• label tm"ê˚ "Ĳú Ã8 ˛üĆ address` #ąL ›Ć instruction¸ #ąŹ u S£ üq –ŹÚ address˚ «ş £tŹ IXľ3# ľê \[¸ {ř. Žõ ffiq 1, 2, 5, 4, 3Y ›ù £t˚ address£ «şú ă8 1, 2, 3, 4, 5˚ £t £ tm¸ ‚éľt ŃIffi‚ř. labelú PÌľ jumpõ ľb üŹ EÍŹ ~` Ş` –ŹÚ „ěńŹ if[¸# while[ú PÌč : ¸L ~ěńŹ functionú callč : ¸ř. „ěń˚ [CŹ if# whileú èȷč : jumpõ ăŹ ÙÛú O ú addressõ üŒ ~L ›Åú ;Ù uÇć řü jumpõ ľbüŹ V¸ #ą 8 XĆ uÇăŞ Gć ÙÛú üIt jumpăêÀ ˇffiq s8 ýř. ŤýL functionú callč : jumpŹ symbol tableú œSľt <Â addressõ üIt ľ s8 ýř.

7.2 Expression Code Generate

+, -, *, /õ üÅľt ˘ù ŊSú c-Ćt CWćř. ¸ć ,ú ŊSă§ æľtŹ stackú PÌľb ćř. syntax treeõ traverseă8t expressionú ˇ#8 $9 £Å Ć –Ź expressionú recursiveă3 traversećř. Ťă8 GS˚ @Y¯¸ 0ě registerĆ 9$ýř. 0ěĆ 9$ü3 ă§ æľtŹ token¸ NUM¸# ID‹: value¯ú 0ě registerĆ 9$ăL functionú callč : return¯ú 0ě registerĆ 9$ăêÀ uÇă8 ýř. ¸ľ3 ľt £ÅĆ –Ź expression˚ GS¸ ȷ# 0ě registerĆ 9 $ü8 ¸ ¯ú stackĆ pushćř. ŤýL æő ›ù YAœ£ ąôÅĆ –Ź expressionĆ ŁÄ ¡śćř. ¸ @Y¯ù register 0ěĆ 9$ýř. Ťć řü Iń pushć ,ú 1ě registerĆ popú ćř. ¸ ~„õ ŊSıĆ ”êÀ GSú ľt řè 0ě registerĆ Oqs8 ?fi expression¸ ¡śü3 ýř.

7.3 Array fiý

ArrayŹ int arrayˇ CWćř. arrayŹ function callú č : call by reference £ ¸Ø q Kb ćř. Ťľ§ :[Ć arrayõ ă# ˇffi3 ü8 memoryĆ dataő address` !&3 ýř. ŤýL symbol tableĆŹ address` 9$üq –Ź æXõ 9$ćř. # |Ć arrayõ accessă3üt symbol tableú œSľ ľ¿ sŹõ üI Ã8 ŤVĆ Ź data` –Ş ML address` –3 ýř. symbol tableú Ã8 ľ¿ symbol¸ intÍ ‚Ş arrayÍ‚Ş N ¡ –§ :[Ć memoryĆ –Ź ,¸ data‚Ş address‚Ş N ¡` –qt array˚ EÍ ìC data` –Ź $Źõ accessč ¡ –ř. Zć function call¸ ‹q(:ê address ¯ú parameter£ J; s8 call by reference` ıŊSSě 3 uÇ¸ ýř.

8 @Á Ď Ůffl¿

¸ě Š£D!õ `ľ {7‹ăõ Ĳ¡ ˇffiq Èœ£˚ {7‹ă˚ uSõ \¿& 7Jč ¡ –}ř. ˛üĆ tm˚ ^@ě:[Ć uÇ¸ ÖŞ Mú ,œ£ Ž\ü}Ş ˇ ă#ă# [Cõ ľ@ľ#`ř Ãę ˚¡£ ?~ ffi ľ@ü}ř. "& push, pop, call, retŹ tmĆt PÌč ¡ –êÀ Ť YAú Aýľt řô ąfffiĆ3 Nš }t řô ąfffi¸ #ˇÂ ¡»Ş MIt ^Uř. lexő yaccõ PÌľt {7‹ăõ ˇffi q ÃUŹÚ lexő yacc` {ř8 {7‹ăõ ˇȷŹÚ \¿ć è^Y dş¸ ŻÅč , ›Uř.