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short hand
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yacc
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fred
fred =
fred = 12
fred = 12
fred = 12+
fred = 12 + 13
““expression—»NUMBER+NUMBER *”
12 13

fred = expression

““statement—NAME=expression””

expression statement

yacc

yacc

phrase—cart_animal AND CART
| work _animal AND PLOW
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yacc
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yacc
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yacc
yacc yacc
yacc
yacc
C Aho  Sethi Ullman
Compilers:Principles, Technique,and Tools Addison-Wesley 1986
yaccC
yacc lex lex yacc
yacc
C C
3-1
%{...%} C
%token NAME NUMBER
= £ — PE L +, b
ASCII €7

%token NAME NUMBER
%%
statement: NAME ‘=’ expression
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| expression
;

expression: NUMBER ‘+’ NUMBER

| NUMBER ‘-’ NUMBER
lex yacc
Opbstart
yacc
NUMBER
NAME
int  double char *
yacc
YYSTYPE C yacc
,yacc int
C
$1 $2... $$
expression

3-2
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%token NAME NUMBER
%%
statement: NAME '=' expression
| expression { printf("= %d\n", $1); }

expression: expression '+' NUMBER { $$ = $1 + $3; }
| expression '-' NUMBER { $$ = $1 - $3; }
|  NUMBER { $$ = $1; }
$1 $3
$2
yacc $1 $$
yylex()
yacc
C y.tab.h MS-DOS

%1
#include "y.tab.h"
extern int yylval;
%}

%%
[0-9]+ { yylval = atoi(yytext); return NUMBER; }
[ \t]+ ; /* */

\h return 0; /[* EOF */

. return yytext[0];

%%

catch-all)
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yacc

yylval
yylval yacc  yylval union),
y.tab.h

UNIX yacc ytab.c C
y.tab.h lex lexyyc C
yacc  lex

yyparse() main()

% yacc -d ch3-01.y # y.tab.c y.tab.h

% lex ch3-01.1 # Tex.yy.c

% cc -0 ch3-01 y.tab.c Tex.yy.c -1y -11 # C
% ch3-01

=24

% ch3-01

100 + -50
syntax error

expression
expression: expression '+' expression { $$ = $1 + $3; }
| expression '-' expression { $$ = $1 - $3; }
| expression '*' expression { $$ = $1 * $3; }

| expression '/' expression
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{ if($3 = 0)
yyerror('"divide by zero");
else
$$ = $1 / $3;
3
| '-' expression { $% = -%2; }
| '(' expression ')' { $$ = $2; }
|  NUMBER { 3% = 315 }
C
yyerror() yacc
2+3*4 (2+3)*4
2+(3*4) 3-4-5-6 3-(4-(5-6)) (3-4)-(5-6) 3-3

2+3*4

expression expression

2 + 3 3 * 4
3-3 2+3*4
yacc 16 /
= ‘2+3*4, >
E
2 shift NUMBER
reduce E-NUMBER
E+ shift+
E+3 shift NUMBER

E+E reduce E-NUMBER
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= £ * > = ‘2+3 >

expression: expression ‘+’ expression
= & * b B
expressione: expresion ‘*’ expression
yacc
1956 Fortan
““atb*c’” at+(b*c d/e-f
(d/e)-f
C 15
associativity
C a-b-c (a-b)-c a=b=c

a=(b=c) Fortran ~A.LE.B.LE.C

expression: expression ‘+’ mulexp

| expression ‘-’ mulexp
| mulexp
mulexp: mulexp ‘*’ primary
| mulexp ‘/’ primary
| primary
primary: “(’ expression ‘)’
| -’ primary
| NUMBER

yacc

yacc

3-1

% left ‘47 -’
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% left “*° )/’
% nonassoc UMINUS

yacc||+,’ “_1,
“*,’ “/” UMINUS
%right  yacc
yacc /
expression OPERATOR expression
3-1 ch3-02.y

%token NAME NUMBER
%left '-' "4+
%left "*' '/’
%nonassoc UMINUS
%%
statement: NAME '=' expression

| expression { printf("= %d\n", $1); }
expression: expression '+' expression { $$ = $1 + $3; }

| expression '-' expression { $$ = $1 - $3; }

| expression '*' expression { $$ = $1 * $3; }

| expression '/' expression
{ if($3 == 0)
yyerror('"divide by zero");

else

$$ = $1 / $3;

}

| 1 ]
| '(" expression ')'
|  NUMBER { $% =

%626

-' expression %prec UMINUS

{ $$ = -%$2; 3
{ $% = $2; }
$1; 1}
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““%prec UMINUS~”~ ce.7
Y%prec yacc UMINUS
/
/
if-then-else “ else””
yacc
yacc
26
26 vbltable
3-2 3-3
3-2 ch3-03.y
%{
double vbltable[26];
%3
%union {
double dval;
int vblno;
}

%token <vblno> NAME
%token <dval> NUMBER
%left '-' '4+'

%left '*' '/'
%nonassoc UMINUS
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%type <dval> expression
%%
statement_list: statement '\n'
| statement_list statement '\n'

statement: NAME '=' expression { vbltable[$1] = $3; }
| expression { printf("= %g\n", $1); }

expression: expression '+' expression { $$ = $1 + $3; }
| expression '-' expression { $$ = $1 - $3; }
| expression '*' expression { $$ = $1 * $3; }
| expression '/' expression
{ 1if($3 == 0.0)
yyerror('"divide by zero");
else
$$ = $1 / $3;
}
| '-' expression %prec UMINUS { $$ = -$2; }
| "(' expression ')' { $$ = $2; }
| NUMBER
| NAME { $$ = vbltable[$1]; }
%%
3-3 ch3-03.1
%1
#include "y.tab.h"
#include <math.h>
extern double vbltable[26];
%}
%%
([0-9]1+| C[0-9]*\.[0-9]+) ([eE][-+]17[0-9]+)?) {
yylval.dval = atof(yytext); return NUMBER;
ks
[ \t] ; /* ignore white space */
[a-Z] { yylval.vblno = yytext[0] - 'a'; return NAME; }
g { return 0; /* end of input */ }

\n |
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) return yytext[0];
%%

union

double
NAME vbltable 0 25
double

double
vbltable

%union

%union{
double dval;
int vblno;

C typedef YYSTYPE
union y.tab.h
v.tab.h:

#define NAME 257
#define NUMBER 258
#define UMINUS 259
typedef union {
double dval;
int vblno;
}YYSTYPE;
extern YYSTYPE yylval;

yylval

union

%token <vblno> NAME
%token <dval> NUMBER

%type <dval> expression

%type %left
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%right  %nonassoc
$3.dval

3-2
NAME expression

yylval v.tab.h
yylval

yylval.dval dval
yylval.dval

% ch3-03
2/3
-0.666667
a=2/7

a

= 0.285714
z=a+1
z

= 1.28571
a/z

= 0.222222

ch3hdr.h 3-4

yacc
NUMBER

atof()

“\n,,

symlook(),

$3

statement_list,
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3-4 ch3hdr.h

/7':

Header for calculator program
7':/
#define NSYMS 20 /* maximum number of symbols */
struct symtab {

char *name;

double value;
} symtab[NSYMS];
struct symtab *symlook();

3-5 NAME
%union
symp NAME %token
symlook()  yacc 3-6
lex
name symlook()
name
strdup() symlook()
yytext yytext,
lex
yytext
symlook()
3-5 ch3-04,y

%1
#include "ch3hdr.h"
#include <string.h>
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%}

%union {

double dval;
struct symtab *symp;

}

%token <symp> NAME
%token <dval> NUMBER

%left '-'
Bleft '

l/l

%nonassoc UMINUS

%type <dval> expression

%626

statement_list:

statement:

expression:
|
|
|

%626

3-6

statement '\n'

statement_list statement '\n'

NAME '=' expression { $1->value = $3; }
expression { printf("= %g\n", $1); }
expression '+' expression { $$ = $1 + $3; }
expression '-' expression { $$ = $1 - $3; }
expression '*' expression { $$ = $1 * $3; }
expression '/' expression
{ 1if($3 == 0.0)

yyerror("divide by zero");

else

$$ = $1 / $3;
3
'-' expression %prec UMINUS { $$ = -$2; }
'(" expression ')' { $%$ = $2; }
NUMBER
NAME { $$ = $1->value; }

ch3-04 _pgm

/* Tlook up a symbol table entry, add if not present */
struct symtab *

symlook(s)
char *s;
{

char *p;
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struct symtab *sp;

for(sp = symtab; sp < &symtab[NSYMS]; sp++) {
/* is it already here? */
if(sp->name && !strcmp(sp->hame, s))
return sp;

/% is it free */
if(!sp->name) {
sp->name = strdup(s);
return sp;
}
/* otherwise continue to next */
}
yyerror("Too many symbols");
exit(l); /* cannot continue */
} /* symlook */

3-7
ch3hdr.h ““[A-Za-z][A-Za-z0-9]*>~
symlook()
yylval.symp

3-7 ch3-04,1
%1
#include "y.tab.h"
#include "ch3hdr.h"
#include <math.h>
%}

%%

([0-91+1(C[0-9]1*\.[0-9]+) ([eE][-+]17[0-9]+)7) {
yylval.dval = atof(yytext);
return NUMBER;

}
[ \t] ; /* ignore white space */
[A-za-z] [A-Za-z0-9]* { /* return symbol pointer */
yylval.symp = symlook(yytext);
return NAME,;
}

"$"{ return 0; }
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\n |
return yytext[0];

% ch3-04

foo = 12

foo /5

= 2.4
thisisanextremelylongvarlablenamewhichnobodywouldwanttotype = 42
* thisisanextremelylongvarlablenamewhichnobodywouldwanttotype
126

w

X &

s2 = sqrt(2)
s2

= 1.41421

s2 * s2

=2

%token SQRT LOG EXP

%626

expression:
| SQRT ‘(’ expression ‘)’ { $% = sqrt($3);?}
| LOG ‘(’ expression ‘)’ { $$ = 1og($3); }
| EXP ‘(’ expression ‘)’ { $$ = exp($3); }
““sqrt”” SORT
sqrt return SQRT;
1 lex ““lex

“<yytext””
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Tog return LOG
exp return EXP;

[A-Zza-z][A-Za-z0-9]* {

sqrt

funcptr
C

struct symtab {
char *name;
double (*funcptr)(;
double value;
}symtab [NSYMS] ;

main()
addfunc() yyparse() addfunc()
funcptr

main()

{
extern double sqrt(), exp(, log(Q;

addfunc(“sqrt”, sqrt);
addfunc(“exp”, exp);
addfunc(“log”, log);
yyparseQ);

addfunc(name, func)
char *name;

double (*func)(Q;

{

struct symtab *sp = symlook(name);

20
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sp->funcptr = func;

FUNC
NAME

%token <symp> NAME FUNC
%%
expression:

| FUNC ‘(' expression ‘)’ { $$ = ($1->funcptr)($3); }

FUNC

[A-Zza-z] [A-Za-z0-9]* {
struct symtab *sp = symlook(yytext);

yylval.symp = sp;
if(sp->funcptr)
return FUNC;
else
return NAME;

NAME:

%token <symp> NAME
%%
expression:

FUNC

NAME

21
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NAME ‘(‘ expression ‘)’ { . . . }

3-8 3-11 3-9

% ch3-05

sqrt(3)

= 1.73205

foo(3)

foo not a function
=0

sqrt = 5
sqrt(sqrt)

= 2.23607

COBOL 300
PL/T

IF IF = THEN THEN ELSE = THEN; ELSE ELSE = IF;

3-8 ch3hdr2.h
/:':
Header for calculator program

:':/
#define NSYMS 20 /* maximum number of symbols */

struct symtab {
char *name;
double (*funcptr)(Q;
double value;

} symtab[NSYMS];

struct symtab *symlook();

3-9 ch3-05.y
%{
#include "ch3hdr2.h"

22
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#include <string.h>
#include <math.h>
%}

%union {

double dval;

struct symtab *symp;
3
%token <symp> NAME
%token <dval> NUMBER
%left '-' '"4+'
%left '*' '/!
%nonassoc UMINUS

%type <dval> expression
%%
statement_list: statement '\n'
| statement_list statement '\n'

statement: NAME '=' expression { $1->value = $3; }
{ printf("= %g\n", $1); }

| expression

] ||

expression: expression '+' expression { $$ = $1 + $3; }

| expression '-' expression { $$%
expression { $%

e
Vgt

| expression
| expression '/' expression
{ 1if($3 == 0.0)

$1 - $3; }
$1 * $3; }

yyerror('"divide by zero");

else
$$ = $1 / $3;
3
| '-' expression %prec UMINUS { $$ = -$2; }
| '(' expression ')' { $$ = $2; }
|  NUMBER
| NAME { $$ = $1->value; }
|

NAME '(' expression ')'{
if($1->funcptr)

$$ = ($1->funcptr)($3);

else {

printf("%s not a function\n", $l1->name);

$$ = 0.0;

23
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%626

3-1 ch3-05.y

/* Tlook up a symbol table entry, add if not present */
struct symtab *
symlook(s)
char *s;
{

char *p;

struct symtab *sp;

for(sp = symtab; sp < &symtab[NSYMS]; sp++) {
/* is it already here? */
if(sp->name && !strcmp(sp->name, s))
return sp;

/* is it free */
if(!sp->name) {
sp->name = strdup(s);
return sp;

}
/* otherwise continue to next */
ks
yyerror("Too many symbols");
exit(l); /* cannot continue */
} /* symlook */

addfunc(name, func)
char *name;
double (*func)(;

{
struct symtab *sp = symlook(name);
sp->funcptr = func;

}

main()

{

extern double sqrt(), exp(, logQ;

addfunc("sqgrt", sqrt);
addfunc("exp", exp);
addfunc("Tog", 1og);
yyparseQ);

24
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3-11 ch3-05.1

#include "y.tab.h"
#include "ch3hdr2.h"
#include <math.h>

%}

%%

([0-91+[C[0-9]1*\.[0-9]+) ([eE][-+]7[0-9]+)?) {
yylval.dval = atof(yytext);
return NUMBER;

[ \t] ; /* 1ignore white space */

[A-za-z] [A-za-z0-9]* { /* return symbol pointer */
struct symtab *sp = symlook(yytext);

yylval.symp = sp;
return NAME;

"$"{ return 0; }

\n |

return yytext[0];
%%

make

UNIX make Makefile 3-12
3-12 MakeFfile
#LEX = flex -1
#YACC = byacc

CC = cc -DYYDEBUG=1

ch3-05: y.tab.o lex.yy.o
$(cC) -o ch3-05 y.tab.h Tex.yy.o -1y -11 -1Im

25
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Tex.yy.o: lex.yy.c y.tab.h
lex.yy.o y.tab.o: ch3hdr2.h
y.tab.c y.tab.h: ch3-05.y

$CvAcc) -d ch3-05.y
Tex.yy.c: ch3-05.1

$(LEX) ch3lex.]1

flex lex  Berkeley yacc AT&T
yacc flex -1
CcC YYDEBUG
ch3 3 yacc -ly lex -l -Im
yace yyerror() main() lex
lex flex
sqrt() exp() log()
bison(yacc  GNU y.tab.c

bison
y.tab.c y.tab.h: ch3yac.y

bison -d ch3yac.y

mv ch3yac.tab.c y.tab.c

mv ch3yac.tab.h y.tab.h

Makefile bison
-y bison yacc
make Steve Talbott Managing Projects with
Make O’Reilly&Associates
yacc
SQL

26



Lex Yacc

expression: NAME ‘(‘ expression ‘,‘ expression ‘)’
atan()
STRING expression
stringexp
char *
stringexp 42 + “grapefruit”
“+” ?
statement: NAME ‘(’ NAME ‘)’ ‘=’ { start_save($1l, $3); }
expression

{ end_save(); define_func($1l, $3); }

start_save() end_save()
$3

expression: USERFUNC ‘(’ expression ‘)’ { start_replay($1, $3); }
expression /* replays the function */
{ $%$ = $6; } /* use its value */

$3

27



