Lex & Yacc(Ź`ő ŽC —îœ£)

Ğ Ąu byosmosis@yahoo.com 1997[ 11Ú 1‹

¸ Ÿù... sE` Ăw`õ æľ ýj!õ Âê ľsŮĘL ȷĄř}Ï [t«ęř. ^^; íSS!Ćt Ç ¡ –êÀ Ę ôqt 3èęęř. lex & yaccú ŢŒÃČÅ. :) Lexő YaccŹ «şu[˚ *_Y Ûuú Ì¸ă3 ă§ æăŁ „ Ňü}ř. «şĆ Âć qE Cäú ‚qb ăŹ ßÌ Š£ŤŰú ˇffi : XÌ ˇòL AÝă3 ŤýL c^˚ ¡A œ£ îŞÃ¡` Ö3 üŹ ,¸ lexő yacc˚ "Ĳ¸ř. Lexő Yacc` 5¸Ź Ž£Ź Äıő ŊSıõ użľ}b ăŹ GS§, {7‹ă# ‚âŠýâ sq˚ [$ *_, [ł Ûuú æć ,¸#, Ú¸Í ő¸SSĆt˚ SQLsq˚ [łú –¿ăŹ ,, lexˇú ¸Ìć uÛ Ûu #˚ Łă`Ş EÍĆ ¸Ìýř. Ł§tŹ lexő yacc˚ ;Ł:‚ Ź „ő lexő yaccõ ¸ÌăŹ ł ŤýL c^˚ lexő yacc˚ ßÌ #Ć Âľt Ź„ăLı ćř. @ À C 1 < Lex & Yacc 1

1.1 Lex˚ PÌ(Lexõ ¸Ìć ^şć Š£ŤŰ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.2 Lexő Yacc˚ [G(Lex scanner, Yacc parser) . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

1.3 Yacc˚ PÌ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

1.4 Lexő Yacc˚ ¸Ì . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

1.5 Makefile˚ ¸Ì . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

C 2 < œLêt 14

1 Lex & Yacc

lexő yaccŹ šŊuŹ(Bell Laboratories)Ćt 70[ÂĆ „Ňü}L, óĆ ¸,ffiù îğSS˚ vu î2ý/ £ xA¸ üq System Vő #§ BSD č;ù ÙŠ˚ AT&T č;¸ ¸ÌüL –œ6 ^£Ï BSDč;œ£Ź flex# Berkely yacc¸ #ő ¸ÌüL –ř. Z FSF(Free Software Foundation)˚ GNU Š£D!˚ bison¸Ę ÝýŹ ,ù yaccĆ üľ XÌ ş\ý §ăú `Pœ6 BSDő GNU Š£D!˚ flex(Fast Lexical Analyzer Generator)¡Ćê Łă ÏŰ–CăĆt Łă `Ş řô ¸öœ£ lexő yacc˚ žÍ¸ ŞÙüL –ř.

6 MS-DOS# OS/2 #˚ OS\Ćtê ¸Ìč ¡ –Ź lexő yaccõ ˇfi Vœ£ MKS(Mortice Kern Systems Inc.)` –ř.

1.1 Lex� PÌ(Lexõ ffÌć ^şć Š£ŤŰ)

ŽC) LexŹ IŠő ›¸ %%ő %%P¸ĆŹ lex` §ÁüL Ť ¸óĆŹ C` §Áýř.

%%
.|\n ECHO;
%%

main()

1. Lex & Yacc 2

{
        yylex();
}

æŹ vu«şú vu;şœ£ 4Ã4Ź `$ ^şć lex Š£ŤŰœ£ AŚ vÇ .ő \nœ£ vèüŹ [ı` ffiqţú è ŤÂ£ ĆŚľuř. (ìC£ lexĆt æ˚ 4Ìù default¸ř.)

îÌć řô ^şć Ž£ řüY ›ù

[\t ]+ ; # whitespaceęÛå ğÁłÈşÉáďť

õ %%ő %%P¸Ć jěèÅ8 Ü¸Ęfi` ă# ¸\˚ WŰ¸ –Ź EÍ CĆtő ˝ô`Ş£ IX ˛ýê KľsŹ ’;’õ PÌăŢ§ :[Ć IX ˛ýê ăŞ MŹř.(Ü8Ć ›ù -èŞõ ĆŚSòê ăŞ MŹř.)

æ˚ ŹSSõ simple.l¸ĘL ă8(Ěv vèŹ PÌı «ş)

[ post ] % lex simple.l
                           # lexęÛå CňÍáňÿęĳ, lex.yy.cšťňÝå łÊòłÍò
[ post ] % cc lex.yy.c -o simple -ll
                           # lexęťňÈĺÆęÿ šĳşÉí řÍíšťňÝå
[ post ] % ./simple < simple.l
                           # simple.lňÛå šÀŋÖáňÝîęÏÞňÆęĳ şťčÛá šÆęĳąÆęÊí łÝåşÊò
%%
.|\n ECHO;
%%

main()
{
        yylex();
}

æő ›¸ üq UNIX˚ catY îPć Š£ŤŰ¸ řĄýř.(‚ı` {Ź cat <ž˚ PÌè ìC£ æ˚ Š£ ŤŰY ›ř)

6 lex˚ uĄù řü Č`Ş definitions, rules, user code sectionœ£ ¸ØqŢř.

definitions
  # rulesňź patternňÛå ąÉáďÉáşťąź şťąÈ ňÄşÉá łÍáňÍáą¡ ŕĳąÈ ŋĳąÍá
  # CřĳďÆ łÉîňÝîłÈ %{, }% ąÈşĳęÛå šÀłÈşťąĳ łťňÈňź ńÛå łÁ ňÝñňÛí
%%
rules
  # patterną¡ actionňÆęĳ ňÈęÁňÿŋÝí
  # CřĳďÆčÛá {, }ęĳ ąÉíńťłÿ šÀłÈşÉí
%%
user code
  # yylex()şÉíłÁň¡ łťňÕòŋťąť ňŒáşťčÛá C ęÁśÝáňÆęĳ ňÈęÁňÿŋÝí

ŽC) Z %%ő %%P¸Ć lexõ §Áă§ ¸;Ć Cõ §Áă§õ ÙčèĆŹ %{ő %}£ C˚ §Á¸ĘŹ vèõ ăL Ť P¸Ć §Áč ¡ –ř.

%{
        /*
         * My favorite...
         */

1. Lex & Yacc 3

%}
%%

[\t ]+ ;
rain |
rose { printf("%s!! That is my favorite.\n", yytext); }
love |
story { printf("%s!! I like a love story. ^_~\n", yytext); }
"potato chip" |
potato |
chip { printf("%s...!! now and then, I have a potato chip.\n", yytext); }

[A-Za-z]+ { printf("%s..., what is that?\n", yytext); }

.|\n { ECHO; }

%%

main()
{
        yylex();
}

yytextŹ lexĆt PÌüŹ «ş íSS!Ć Âć global character pointer¸ř. æ˚ ŹSSõ simple.lY ›ù Ş łœ£ {7‹ăŁ ìśèĹ Ã8

[ post ] % ./favor
potato chip
potato chip...!! now and then, I have a potato chip.

love7
love!! I like a love story. ^_~
7
distress
distress..., what is that?

ňÄň¡ ąÉöňÈ ďÔáďť.

lovestory
lovestory..., what is that?

love story
love!! I like a love story. ^_~
story!! I like a love story. ^_~

æĆ #Í& ¡ś@Y˚ ;şY ›¸ ˛ýă§õ ÙăŹ CäĆ Âľt ˛ý` ¸ØqŢř. love7˚ EÍĆŹ loveĆ Âć ˛ýõ ľsL 7ù N7ţ¸ Ięt£ řüvĆ ĆŚ` ýř. Z @Y| Ę£ æ˚ ’love story’Ź loveõ ‚éăL whitespace£ þdú ‚éăL řüĆ storyõ ‚éć ,¸ř. 0Ęt loveĆ Âć ˛ýő þ dĆ Âć IX ˛ý{üY storyĆ Âć ˛ý` @Y 4Ì¸ þ ,¸ř. æ˚ Ž£t loveyouĘL «şú řř 8 love řüĆ youõ 0£ ÃŹ ,¸ IęĘ ă#˚ Cäœ£ ÃI distresső ›ù @Y` #ď ,„ú Ž\č ¡ –ř.

ŽC) řüù ;˚ ŽCő ›ù ^şć Íéœ£ řˇ ÄıĆ Âć C˚ enumÍéœ£ xsăŁ îÇ ì¸ø ˚ ¯ú ¸ÌăŹ Žõ ÃŁuř.

[ post ] % cat number.l

1. Lex & Yacc 4

%{
enum {
        NONE = 0,
        ONE,
        TWO,
        THREE,
        FOUR,
        FIVE,
        SIX,
 SEVEN
};

int number;
void action();
%}

%%
oneone { number = SEVEN; action(); }
one |
ONE { number = ONE; action(); }
two |
TWO { number = TWO; action(); }
three |
THREE { number = THREE; action(); }
four |
FOUR { number = FOUR; action(); }
five |
FIVE { number = FIVE; action(); }
six |
SIX { number = SIX; action(); }
[a-zA-Z]+ { number = NONE; action(); }
%%

void action()
{
        if (number != NONE)
                printf("%s is %d\n", yytext, number);
        else
                printf("%s?? I don’t learn it.\n", yytext);
}

main()
{
        yylex();
}

[ post ] % ./number
tow
tow?? I don’t learn it.

five
five is 5

four7
four is 4

1. Lex & Yacc 5

7
SIX
SIX is 6

ten
ten?? I don’t learn it.

oneone
oneone is 7

twotwo
twotwo?? I don’t learn it.

two two
two is 2
 two is 2

æ˚ ˝Ş˚ ’two two’Ź twoĆ Âć ˛ýõ ľsL ’ ’˚ þdù řü vĆ ş£& ĆŚľsL řüv£ Jq `Ş ML řü˚ two` ˛ýüq #Í& @Y¸ř. 0Ęt ~ ěń˚ twoĆŹ XĆ þd¸ ă# Ì –ř. Ťý L oneone¸ĘŹ Cä¸ U&č :ĆŹ one˚ Cä¸ Iĺ oneone˚ Cäú 0òŹ ,ù ą [ıŐ¸ Íx£ æõ `Ş§ :[¸ř.(AŚ vÇé œS) ŽC) řüù lex˚ æĆ Cèć ,Ãř c^ Ä!ć Äıő ŊSıő ž¡õ ‚éăŹ ŽC£t SŽˇ „x èÅ8 ř;ć GS§ Š£ŤŰ¸ þ ¡ –ř. ¸ ŽCŹ ş£& Äı‚Ş, ŊSı‚Ş, Žcq ZŹ ž¡£t PÌþ ¯‚Şõ ;şăŁ #Í4êÀ ăŹ ŽC¸ř.

%{
/* need this for the call to atof() below */
#include <math.h>
%}

DIGIT [0-9] /* ğţřÆęĳęÛå ŋÍòňÇşÉáďť */
ID [a-z][a-z0-9]*

%%
{DIGIT}+ { printf( "An integer: %s (%d)\n", yytext, atoi( yytext ) ); }
{DIGIT}+"."{DIGIT}* { printf( "A float: %s (%g)\n", yytext, atof( yytext ) );
}
if|then|begin|end|procedure|function { printf( "A keyword: %s\n", yytext ); }
{ID} { printf( "An identifier: %s\n", yytext ); }
"+"|"-"|"*"|"/" { printf( "An operator: %s\n", yytext ); }
"{"[^}\n]*"}" ; /* { } ňÉáňÇ čţňÕòňÛá ŋÁłÍÞňÆęĳ ğÁłÈşÉáďť. */
[ \t\n]+ ; /* whitespaceęÛå ğÁłÈşÉáďť. */
. printf( "Unrecognized character: %s\n", yytext );
%%

main( argc, argv )
int argc;
char **argv;
{
    ++argv, --argc; /* skip over program name */
    if ( argc > 0 )
            yyin = fopen( argv[0], "r" );
    else
            yyin = stdin;

    yylex();
}

æ˚ ŽĆt yyinĆ Âć ŞAù «şú v—ȷ Ę‚\˚ „‚ı` `ýÅŹ 7‹˚ 4Ìú ˛ýč ,¸Ş Ü 8Ćt vu«şú ŃI ˛ýč ,‚ŞĆ Âć ˛ýõ č ¡ –3 ćř.

1.2 Lexő Yacc� [G(Lex scanner, Yacc parser)

Lex scannerő Yacc parserŹ ›¸ uÇăŹ EÍ` ÂÙÛ‚Ú, Yacc` Lex˚ \æĆt uÇýř. LexŹ «ş [ıŐĆ Âć ‹ò:‚ *_ú ăL ìC:‚ Ûuù Yacc` ăŹ ,¸ř. YaccŹ «şĆ Âć ùÀ(token)¸ ŻÅă8, LexĆt CWăŹ yylex()ě¡õ Ò;ăŁ, «şý ùÀffi˚ ŢŐ¸ sqŢ [łĆ ”ŹŞõ –¿ ă8t Ť S&Ć ”Ź ìśú ă3 ýř. řò3 vÇă8, Lexő Yaccú PÌ ôèĆ PÌč èĆŹ yacc § Á7‹˚ main()ě¡Ćt yyparse()ě¡ĘŹ yaccĆ ˚ľ ˇffiqŞŹ u[Ûu§õ ÙòL, yyparse()ě¡Ź yylex()ĘŹ lex` ˇffiq sŹ ľu§(lexer)õ ¸Ìľt «şŐĆt ˛ýşæ˚ ùÀú 5Ią3 ýř. Žõ ffiq lexĆt ’[\t ]+’£ vèü}Ï WŰ¸# Ü` ›ù whitespace[ıŹ ÂÙÛ˚ Š£ŤŰĆt ìC£˛ ýă§õ ÙX MŹř. 0Ęt æő ›ù ˚y {Ź [ı# ˛ýč ŻÅ` {Ź [ıŐĆ ÂľtŹ Ť 4Ìú parserĆ3 J;v ŻÅ` {ř. ŤýL řüĆ ąŹ ˛ýč [ı` –ú EÍ Ť 4Ì(ùÀ)ú yacc parserĆ 3 J§8 Ť ˛ýõ č ,¸ř. ¸ć EÍ` lexő yaccõ ›¸ 53 üŹ ^şć Ž£ f´þ ¡ –ú ,¸ř.

6 MS-DOS# OS/2 #˚ OS\Ćtê ¸Ìč ¡ –Ź lexő yaccõ „ŇřÏ MKS(Mortice Kern Systems Inc.)` WWWY [ťăŁ Netscape˚ Fasttrack¸# Microsoft˚ IISĆ Âć *_ ĎŢ #Ć ¸Ìč ¡ –3 ê ăŢř.

1.3 Yacc� PÌ

YaccŹ Yet Another Compiler Compiler˚ cı£, {7‹ă fĄú æć Š£ŤŰú compiler-generator ZŹ compiler-compilerĘL ÙòŹÚ, Yacc` BNFő ›ù Íé˚ rules˚ ĺ@ffi£Ùâ parserõ ˇffiq4Ź Š£ ŤŰ¸ř.(Yacc «şù BNFõ ^şă3 ˇfi č;¸ř.) Yaccõ ¸Ìć Š£ŤŰffiù portable C {7‹ă, APL, Pascal, Ratfor, tbl, eqn #¸ –ř.

řüù Yacc˚ uS¸6, YaccŹ Lexő üæć uSõ `ŞL –ŹÚ ìC£Ź Lex` Yacc˚ uSõ Æ0 7 ,¸ř.

definitions
   # CřĳďÆ łÉîňÝîłÈ %{, }% ąÈşĳęĳ šÀłÈşťąĳ łťňÈňź ńÛå łÁ ňÝñňÛí
%%
rules
   # ąÉÞ ruleňÛá "LHS: RHS;"ň¡ ąÉöňÛá şÏòłÝÞňÆęĳ ňÈęÁňÿŋÝí
%%
user code
   # lexň¡ňÇ ąÏåşÉîłÈ yylex()ęÛå ňÈňÕòşÉáďť.

6 LHSčÛá left-hand symbolňÇ ňËÞŋťęĳ ’:’ňÇ ňÔáőÑÞňź ňĳčÛá statement,

expressioną¡ ąÉöňÈ ňÔáőÑÞňź ňĳčÛá ąÈşĳęÛå ğÉåşťğž, RHSčÛá right-hand
symbolňÇ ňËÞŋťęĳ ’:’ňÇ ňĳęÛáőÑÞňź ňĳčÛá ąÈşĳęÛå ğÉåşÉáďť.

ąÉÞ ruleňÇ ćÛöňÛá ’;’ňÆęĳ šÀłÈşÉáďť.

ŽC) yacc˚ ¸ľõ æć ^şć şŞ ÖĞY –Ğˇ¸ `ăć Is ^şć §ăú `Ţ GS§õ ˇfiřL č : Ť,˚ ìC ìś Žõ Ã¸8 IŠő ›ř.

[ post ] % cat y_calc.y

1. Lex & Yacc 7

%token NAME NUMBER
%%
statement: NAME ’=’ expression
            | expression { printf("= %d\n", $1); }
            ;
expression: expression ’+’ NUMBER { $$ = $1 + $3; }
            | expression ’-’ NUMBER { $$ = $1 - $3; }
            | NUMBER { $$ = $1; }
            ;
[ post ] % cat y_calc.l
%{
#include "y.tab.h"
extern int yylval;
%}
%%
[0-9]+ { yylval = atoi(yytext); return NUMBER; }
[\t ]+ ;
\n return 0; /* čÑáęÈŋÍÞňÝá ňÝîęÏÞŕÿęÈňÏåňÇ ćÛö */
. return yytext[0];
%%

yacc` lexõ Ò;ă8(=yylex()õ Ò;ă8) NAME, NUMBER, ŤýL +, -, =˚ ÍŒ£ ùÀú J; ŃŹ ř.(AŚé vÇĆ ˚ľt ’ ’KĆ nŁŢ [ıŹ Ť [ı Ť ı–£ Æř) Z y calc.yõ Ã8, $1, $2, $3Ź´ ´ «şŃù ùÀ˚ æXĆ ľ¿ăŹ ¯ú `ŞL –L, ¸ ¯ù yaccĆt yylval` type int, A¡£ ˛ý` ü q %d£ A¡õ ;şćř.(y calc.lĆt PÌăL –Ź yylval¸ĘŹ ž¡Ź unionœ£ xsüq –ř. ¸,ú lexĆt ¡Ùž¡£ ˇffiq ¸ÌăŁ yyparse()ě¡õ Ò;ăŹ yacc` ˛ýăêÀ ¯ú ;ţă3 üŹ ,„) ŤýL $2˚ EÍĆ ľ¿ăŹ ,ù ŊSıĆ ľ¿ăŹ [ı` ffiq`§ :[Ć expression˚ RHS˚ { } KĆ t +, ő -£ ¸ÌăL –ř. ŤýL $$Ź LHS˚ ¯, expression˚ ¯¸ ýř.

yaccõ ìC£ PÌă§ æľt example.yĘŹ yacc7‹¸ ȷĄü8 yaccõ ¸ÌăŁ, yyparse()ĘŹ u[Û u§ ě¡õ `Ţ y.tab.cĘŹ Csq Ü‹ú ˇffi§ æľt ’yacc example.y’õ ìśăL C{7‹ăõ ¸Ìľ t, y.tab.oĘŹ ąõD! Ü‹ú ˇfi óĆ, ŚȷfĄ§# řô Š£ŤŰY ¨¿ăŁ ÙăŹ @Yõ ˇfiř. æ ˚ Š£ŤŰ(y calc.yő y calc.l)ú {7‹ăŁ ìść @YŹ IŠő ›ř.

[ post ] % yacc -d y_calc.y /* y.tab.hň¡ y.tab.cąť ğÉáďÛåňÿŋÝáďť */
[ post ] % lex y_calc.l
[ post ] % cc -o y_calc y.tab.c lex.yy.c -ly -ll
[ post ] % ./y_calc
1+101
= 102
[ post ] % ./y_calc
1000-300+200+100
= 1000

Ł§tŹ y.tab.hõ lexerĆt includeă§ :[Ć, yaccĆt ˇffiqs§ æľ -d SSæXõ ¸ÌăŢř. lexõ¸ ÌăŁ, lex.yy.cõ ˇffiL, yaccú ¸ÌăŁ, y.tab.cõ ˇffiqt liby.aő libl.aõ ¨¿ăŁ ÙăŹ ìśÜ‹ú ˇffi3 ýř.

6 YaccĆt˚ ?ÒĄ - řüY ›ù ŽCõ f´ľÃı.

expression : expression ’+’ expression
    | expression ’-’ expression
    | expression ’*’ expression
    | expression ’/’ expression
    | ’-’ expression

1. Lex & Yacc 8

| ’(’ expression ’)’
| NUMBER

æ˚ yacc [łú `ŞL, 2+3*4õ 7ñăšL ă8, Ť´Y ›¸, (2+3)*4£ 7SS!ýõ uĄč ¡ê –L, 2+(3*4)£ ˛ýþ ¡ê –3 üq, [C` f§3 ýř. Zć 2-3-4-5˚ EÍĆê, 2-(3-(4-5))‚Ş, (2-3)-(4-5)‚ Ş [C` f§3 ýř 0Ęt Y»ăŞ Mù [łœ£ Ęœ ¡` –ŹÚ, Íx£æő @ęłYú [łĆ ˇK ăŹ Şłœ£ ć`ŞŹ æ˚ [C` f§Ş M3 5Ź ,¸L, řô ć`ŞŹ ¸ć [Cõ ľ@ă§ æăŁ yaccĆt ŞAüq –Ź PÌăŹ <žú ¸ÌăŁ(%prec, %left, %right, ...) Íx£æő @ęłYú ŞAă Ź ,¸ř. ¸õ ľ@ăŹ ŞłĆŹ [łú ĘôŹ EÍ˚ §Æ:‚ I¸%qŹ Íx£æõ m3 `ŞŹ ŊS ıĆ ÂľtŹ LHSĆ ą3 ˇffiqt, yý reduceüêÀ ăŹ ,¸6, @ęłYĆ Âľtê ˝ô`Ş£ [C õ ľ@č ¡ –ř. X˚ [łú Ęôqt shift/reduce conflictõ ľ@ć ,ù IŠő ›ř.

expression: expression ’+’ mulexp
  | expression ’-’ mulexp
  | mulexp
  ;
mulexp : mulexp ’*’ primary
  | mulexp ’/’ primary
  | primary
  ;
primary: ’(’ expression ’)’
  | ’-’ primary
  | NUMBER
  ;

[Cõ ľ@ăŹ Zřô Şłœ£ yaccĆt CWăŹ <žqõ ¸ÌăŹ Şłœ£ ¸ <žqõ ¸Ìľt, Í x£æ Ď @ęłYú CWč ¡ –3 ýř. =`Ş îÌć <ž˚ Žõ ffiqÃ8 řüY ›ř.

%left ’+’ ’-’
%left ’*’ ’/’
%right ’=’
%nonassoc UMINUS /* unary operatorňÇ ŋÍòňÇęĳ ąÏåşÉîĺÍîŕÝÞňÈ ŋÍÞňÕòňÈ ňÉáďÔáďť. */

æő ›¸ §Áă3 ü8, + - * / = ˚ Íx£æŹ + - ` `$ 0L, * /` Ť,Ãř mL, Â«ŊSı =¸ mL, ÙÒŊSı‚ -` `$ mù Íx£æõ `ŢřŹ ,ú ÃŁsL –ř. Zć +# -, *, /Ź £Åœ£ @ę łYú `ŞL, Â«ŊSı =Ź ÍQœ£ @ęłYú 0ôř.

%token NAME NUMBER
%left ’-’ ’+’
%left ’*’ ’/’
%nonassoc UMINUS
expression: expression ’+’ expression
         | expression ’-’ expression
         | expression ’*’ expression
         | expression ’/’ expression
         | ’-’ expression %prec UMINUS
         | ’(’ expression ’)’
         | NUMBER
         ;

æĆt |^Ć Ã¸Ź %prec UMINUSŹ ’-’ expressionY ›ù [ıŐú 7ñă3 ü8 -Ć ÂľtŹ UMINUS £ ŞAý Íx£æõ PÌăĘŹ ˚y¸ř. 0Ęt, ?Òć [łĆt Ã¸Ź shift/reduce conflict` fč:, Íx£æő @ęłYú :Ìěœ£˚, Ö3 ľ@č ¡` –3 ýř.

6 Zřô Yacc˚ ?ÒĄ, LALR(1)¸ Iĺ [ł˚ Ž řüY ›ù [łú U_Ãı.

1. Lex & Yacc 9

phrase: cart_animal AND CART
        | work_animal AND PLOW
cart_animal: HORSE | GOAT
work_animal: HORSE | OX

æ˚ ŽŹ ffiq, HORSE AND CART ĘŹ «ş¸ ffiqţú EÍĆ, HORSEõ cart animal£ reduceľb ă ŹŞ, work animal£ reduceľb ăŹŞ Nš8, HORSEõ ÃL, ANDõ ÃL, CARTõ ÃL #tb N ¡ ` –3 ýř. Yacc` ˛ýč ¡ {Ź ¸ [CŹ, yacc` u[ Ûuú ăŹÚ PÌăŹ §Áù LALR(1)‚Ú LALRù LookAhead Left Recursive, Ň, ć „˚ şqõ Ì ÃL ”Ź [łú @Ač ¡ –řŹ ,¸§ :[¸ ř. 0Ęt, HORSE řüĆ 2„˚ şqõ Ì ›qb ăŹ EÍ‚Ú, ¸ EÍ LALR(2)[ł¸6, yaccŹ ć „ ˚ lookaheadˇú Ç ¡ –Ź [ł‚ LALR(1)Ć ľ¿ăt£, æ˚ [łù ˛ýč ¡ {ř. 0Ęt æ˚ [ł ù řüY ›¸ LALR(1)[łœ£ Ęôq sqb ćř.

phrase -> cart_animal CART
         | work_animal PLOW
cart_animal -> HORSE | GOAT
work_animal -> HORSE | OX

æ˚ [łù HORSEõ ÃL, Ę£ ›˚ ć şq‚ CARTˇú Ã8 cart animal£ reducečŞ, work animal£ reduceľbčŞõ N3 ýř.

ŽC) řüY ›¸ ž¡ ˛ý` `ăć Î\ GS§õ uÇăšL ćř.

a = 2.3 + 3.5
b = 3.5 + 5.2
c = a + b - 1
c
= 13.5

æő ›ù §ăú ¡śăš8 §Æ:œ£ §r$Ź£ PÌþ ¡ –Ź îÇì¸øú îŞăL, îÇì¸øĆ ž ¡˚ ¸öY ¯ú îŞľb ćř. řüù ž¡¸ö¸ Ű[˚ N7ţˇú `ŢřL `Ać Ťăć Žõ Ã‚ , ¸ř.

[ post ] % cat variable.y
%{
double vbltable[26]; /* doubleşÏòňÇ ąÈňÍÞŋÉòłĳ ĺţňÏå */
%}
%union {
                double dval;
                int vblno;
        }
%token <vblno> NAME
%token <dval> NUMBER
%left ’-’ ’+’
%left ’*’ ’/’
%nonassoc UMINUS
%type <dval> expression
%%
statement_list: statement ’\n’
          | statement_list statement ’\n’
          ;
statement: NAME ’=’ expression { vbltable[$1] = $3; }
          | expression { printf("= %g\n",$1); }
          ;

1. Lex & Yacc 10

expression: expression ’+’ expression { $$ = $1 + $3; }
          | expression ’-’ expression { $$ = $1 - $3; }
          | expression ’*’ expression { $$ = $1 * $3; }
          | expression ’/’ expression
                    { if($3 == 0.0)
                             yyerror("divide by zero");
                       else $$ = $1 /$3;
                    }
           | ’-’expression %prec UMINUS { $$ = -$2; }
           | ’(’expression’)’ { $$ = $2; }
           | NUMBER
           | NAME { $$ = vbltable[$1]; }
           ;
%%
main()
{
    yyparse();
}

ž¡¸ö¸ Ű[˚ N7ţˇú `Ţ 26„˚ ÙŹõ `Ţ ŢŐ‚ vbltable[26]ú xsľt ž¡˚ ¯ú îŞă êÀ ćř. æĆt %unionù lexerĆt ŃŹ token‚ NAMEY NUMBERõ NAMEù vbltable[]˚ ć ‚ÛSS õ Şaă3 ăŁ, 0Ùâ 25˚ ¯ú `Ş3 ăŹ Ł8Ć, NUMBERŹ ì¡˚ ¯ú `ŞêÀ ćř. 0Ęt, ›ù token¸ĘL ăÌĘê, `ŞŹ ¯¸ řò3 üŹÚ, `ŞŹ ¯ù ţĘê, ć £^ĆŹ ąŤ ć „˚ tokenˇ¸ ‚éü§ :[Ć, ›ù §r$Źõ îŞăêÀ æő ›¸ %unionœ£ xsă3 ýř. ŤýL %union[ù ì C, y.tab.cKĆt C˚ unionœ£ žÞüq ˛ýýř. “%type <dval> expression” [$ù Ńè, token<¸ I ęĘ tokenœ£ AľŞŞ Mù LHS˚ EÍĆê N”ù Í«œ£ zA¸ `ăăřŹ ,ú ÃŁuř. “NAME ’=’ expression { vbltable[$1] = $3; }”˚ [$ù £‘˚ [łœ£ reduceþ : ąô‘˚ actionÙõ ìśă3 üŹÚ, ˚yŹ $1 Ň NAME˚ ¯(0Ùâ 25P¸˚ ¯ú yylex()£Ùâ ŃUř)œ£ vbltable˚ ć ÙŹĆ $3 Ň expression˚ ¯ú OŹ ,¸ř. Žõ ffiq x = 2.0 + 3.2¸}œ8 xĆ Âć $1ù 23¸ ü6 vbltable[23] = 5.2˚ ˚yõ `Ţř. “’-’ expression %prec UMINUS { $$ = -$2; }”˚ [$ù -2ő ›ù şq` ffiqţú : -Ź 2-3Ćt˚ -` IęĘ %precĆ ˚ľ ÙÒŊSı‚ -£ Íx £æõ ~q ŊS¸ ¸ØqŹú ˚yćř. “NAME { $$ = vbltable[$1]; }”ù ˇc yĘŹ ž¡¸ö¸ sqŞ8 $1˚ ¯¸ 0Ùâ 25P¸˚ ¯ |Ćt 24ě ń ľ¿üt£ vbltable[24]˚ ¯ú SSØĆ 9$ă3 ýř.

[ post ] % cat variable.l
%{
#include "y.tab.h"
#include <math.h>

extern double vbltable[26];
%}
%%
([0-9]+|([0-9]*\.[0-9]+)([eE][-+]?[0-9]+)?) {
                  yylval.dval = atof(yytext); return NUMBER;
                }
[\t] ; /* ignore white space */
[a-z] { yylval.vblno = yytext[0] - ’a’; return NAME; }
"$" { return 0; } /* end of input */
\n |
. return yytext[0];
%%

æ˚ lexÜ‹ú Ã8, yylval.dval£ vÇć ,¸ –Ź Ú, ¸,ù yylval` unionÍ«œ£ xs¸ üq–œt£, NUMBERÍ¸8, ¯ú Oú:Ćê, yylval.dvaléœ£ ăŁ, OœĘŹ ,ú #Í6ř. Zć ž¡` Ű[ N7

1. Lex & Yacc 11

ţˇú `Aă§ :[Ć, ş£& 0Ùâ 25P¸˚ ¯œ£ vbltableú ‚Ûñă3 üŹÚ, lexĆt˚ yylval.vblno = yytext[0] - ’a’Ź yylvalĆ 0Ùâ 25P¸˚ ¯ú O3 ýř. æ˚ Š£ŤŰ(variable.l Y variable.y)ú {7‹ ăŁ ìść @YŹ IŠő ›ř.

[ post ] % yacc -d variable.y
[ post ] % lex variable.l
[ post ] % cc -o variable y.tab.c lex.yy.c -ll
[ post ] % ./variable
7.5+3.5
= 10
200/20+20/2
= 20
x=20/2
y=x+1
y
= 11

1.4 Lexő Yacc� ffÌ

řüù ìC£ Lexő Yaccõ ôèĆ @ęăŁ PÌć Ž¸ř.

[ post ] % cat example.h
#define NOUN 257
#define PRONOUN 258
#define VERB 259
#define ADVERB 260
#define ADJECTIVE 261
#define PREPOSITION 262
#define CONJUNCTION 263
[ post ] % cat example.l
%{
/*
 * build a lexical analyzer to be used by a high-level parser.
 */
#include "example.h" /* token codes from the parser */
#define LOOKUP 0 /* default - not a defined word type. */
int state;

%}
%%

\n { state = LOOKUP; }
\.\n { state = LOOKUP; return 0; } /* čÑáęÈŋÍÞňÝá ŕÿęÈďÉáňÄňÇ ćÛöňÛå ňÇğÈ */
^verb { state = VERB; }
^adj { state = ADJECTIVE; }
^adv { state = ADVERB; }
^noun { state = NOUN; }
^prep { state = PREPOSITION; }
^pron { state = PRONOUN; }
^conj { state = CONJUNCTION; }
[a-zA-Z]+ {
            if (state != LOOKUP) {
                  add_word(state, yytext);
            } else {

1. Lex & Yacc 12

                  switch(lookup_word(yytext))
                  {
                      case VERB : return(VERB);
                      case ADJECTIVE : return(ADJECTIVE);
                      case ADVERB : return(ADVERB);
                      case NOUN : return(NOUN);
                      case PREPOSITION : return(PREPOSITION);
                      case PRONOUN : return(PRONOUN);
                      case CONJUNCTION : return(CONJUNCTION);
                      default : printf("%s: don’t reconize\n", yytext);
                                           /* don’t return just ignore it */
                  }
            }
          }
. ;

%%
/* şÉá ďÉáňÿ śťňÈšÆňź ďţşťňž ďÉáňÿ ňžęÿąţęÛå ąÉóąÈ ňÄşÉá ąÁŋĳŕź łÍáňÍá */
struct word {
        char *word_name;
        int word_type;
        struct word *next;
};
struct word *word_list;
extern void *malloc();

int add_word(type, word)
int type; char *word;
{
        struct word *wp;
        if (lookup_word(word) != LOOKUP) {
                printf("!!! warning: word %s already defined \n",word);
                return 0;
        }

        /* word not there, allocate a new entry and link it on the list */
        wp = (struct word *) malloc(sizeof(struct word));
        wp->next = word_list;
        /* have to copy the word itself as well */

        wp->word_name = (char *)malloc(strlen(word)+1);
        strcpy(wp->word_name, word);
        wp->word_type = type;
        word_list = wp;
        return 1; /* it worked */
}

int lookup_word(word)
char *word;
{
        struct word *wp = word_list;
        /* search down the list looking for the word */
        for (; wp; wp = wp->next) {
                if (strcmp(wp->word_name, word) == 0)
                        return wp->word_type;

1. Lex & Yacc 13

        }
        return LOOKUP; /* not found */
}

verb, noun #Ć Âľt stateõ ¸ÌăŁ, v¸ ȷ#§ ;ńŞ #ąŹ şqffiú îÇì¸øĆ #Àă3 üŹ ,¸ add word()ě¡¸L Ť #Àý şqõ U_ÃŹ ě¡` lookup word()¸ř.

řüù yaccÜ‹ example.yÜ‹˚ 4Ì¸ř.

[ post ] % cat example.y
%{
 /*
  A lexer for basic grammar to use for recognizing english sentences.
  */
#include <stdio.h>
%}
%token NOUN PRONOUN VERB ADVERB ADJECTIVE PREPOSITION CONJUNCTION
%%
sentence: subject VERB object { printf("Sentence is valid.\n"); }
  ;
subject: NOUN
  | PRONOUN
  ;
object: NOUN
  ;
%%

extern FILE *yyin;
main()
{
  while(!feof(yyin)) {
     yyparse();
  }
}

yyerror(s)
char *s;
{
  fprintf(stderr,"%s\n",s);
}

æ˚ yaccÜ‹Ćt "%token NOUN PRONOUN VERB ADVERB ADJECTIVE PREPOSITION CON- JUNCTION"[ù «ş §Æşæ‚ ùÀœ£ ˛ýćřŹ ,ú ˚yăL Ł§tŹ lexerĆ3t J;ŃŹ , ¸ ýř. Ň, yyparse()` »ě yylex()õ Ùò8, Ť @YŹ NOUN¸# PRONOUN #˚ tokenœ£ ą3 ü Ź ,¸ř. 0Ęt, yyparseŹ Ťăć ùÀ˚ #Ő¸ [łĆ ”ŹŞõ ÛuăŁ, ”œ8 ŸĆ sqŢ, action‚ Csq [$ú ¡śă3 ýř. yacc˚ «şù yyin¸ĘŹ Ü‹Ćt ffiqą3 üL, ;şù yyout¸ĘŹ Ü‹£ 53 ýř. §Æ:œ£Ź yyinY yyoutù stdinY stdout, Ň vu «,;şœ£ zA¸ üq–œt£, ÅÃȷő Ü8ú `ľ «;ş¸ ¸ØqŞ3 ýř. ¸õ ĘôqsŹ ,ù XĆt CèăŢ}ř. yyparse()Ź yacc` ˇffi qsŹ u[Ûu§(parser)¸L, yyerror()Ź u[Ûu |Ć Ćă` fDú : ÙòŹ ě¡¸ř. řüù XĆt z<ć lexÜ‹(example.l)Y yaccÜ‹(example.y)ú ìC {7‹ăŁ ¡ść @Y¸ř.

[ post ] % lex example.l
[ post ] % yacc example.y
[ post ] % cc -o example lex.yy.c y.tab.c -ll

2. œLêt 14

[ post ] % ./example
noun pig fish I
verb run am are
verb outrun
pig outrun fish
Sentence is valid.
noun you
you are pig
Sentence is valid.
pig are
syntax error
syntax error
pig outrun fish.
Sentence is valid.
verb am
!!! warning: word am already defined
I am fish
Sentence is valid.
i am fish
i: don’t reconize
syntax error

1.5 Makefile� ffÌ

{7‹ <òõ ^ŹÜăL, Š£ŤŰ Ã¡õ Ö3 ă§ æľt řüY ›¸ makefileõ A˚ăŁ ‘ýă3 { 7‹ú ¡śč ¡ –ř.

[ post ] % cat makefile
CC = cc
LIBS = -ll
LEX = lex
YACC = yacc
CFLAGS = -DYYDEBUG=1
all: speech
speech: y.tab.c lex.yy.c
                $(CC) -o speech y.tab.c lex.yy.c $(LIBS)
y.tab.c: example.y
                $(YACC) -d example.y
lex.yy.c : exaple.l
                $(LEX) example-07.l
[ post ] % make
cc -o speech y.tab.c lex.yy.c -ll

2 œLêt

• lex & yacc - O’Reilly & Associates. Inc.