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« bottom-u * (shift)
p * (reduce) handle
* (accept)
- (shift) ¢
- (reduce) handle
_ $ a+b*c $|shift
(accept) $a +b*c$|(6)DP reduce
- $E + b * c $|shift
$E + b * c $|shift
$E + b *c $|(®)4 reduce
$E + T * c $|shift
$E + T* c $|shift
$E + T*c $|(6) reduce
$E + T*F $| (3 reduce
$E + T $| (D reduce
$E $ | accept
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* * ACTION %
ACTION state | id + * ( ) $ E|[T|F
# LR(left-to-right scanning right most derivation) . GOTO : 1= = e
1 6 acc
2 ” s7 ” ”
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4 5 4 s |2 |3
¢ LR ¢ LR 5 % |6 % |rs
6 S5 s4 9 3
_ 7 5 4 10
) sm 8 6 s11
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LR ACTION GOTO
sate | id | + |~ |[(|) [$ |E|T|F (1@ id*id+id $
10 [ ) 12 |s @ 0ids *id+ids —
1 6 ace @) oF3 *idrid$
¢ LR . . 2 2 |s 2 | @ T2 *idrids
sm ai ACTION[sm, ai] 3 M |m v | ) 0T2*7 id+ids
4 5 7 8 |2 |a @® opT2*7id5 +id$
-  shifts: ai  GOTO[sm,ai] s 5 s[5 6 [ (@ |98 =7 Ry S
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ACTION GoTo ACTION GoTo
state + [~ T s T[F 1 lo ste [id |+ |~ |[(]) |8 T[F
@
o = 1|2 s @ o 1o s “ 2 (3 (0
1 6 ace @3) 0F3 *id+id$ 1 6 acc
2 2 s 2 | @ T2 *id+ids 2 2 s 2 | T2 *id+ids
3 M | v | 6) 0T2*7 id+ids 3 " |m v | T2+*7 id+ids
2 5 @ 8 |2 |8 @® opT2*7id5 +id$ 4 = “ 2 |a T2*7id5 +id$
5 w |rs % |6 @ oT2*7idF 10 +id$ 5 s w | T2*7idF 10 +id$
G 5 5 RE ® T2 +id$ G 5 5 SR T2 +id$
> = = o © pe1 +id$ > = = o E1 +id$
s - Ty ()0 EL+6 ids s - o ()0 EL+6 ids
(11)0E1+61id5 $ Ao EL+6id5 s
0 =7} E e (12)0E1+6F3 $ 9 s na (12)0E1+6F3 $
& S ® |[® (13)0E1+6T9 $ 10 © || © || (13)0E1+6T9 $
1 5 |5 5 |5 4y E 1 s 1n 5 |5 5 |5 4y E 1 s
2. state 0 id s5 shift id
3. * state 5 * ré reduce
id 5 0 state 6OTO 3
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ACTION GoTo ACTION GoTo
state | id | + |~ | (|) [$ T|F @ o id*id+id $ state | id |+ | * | C|) |$ T|F @ o id*id+id $
F—10 s5 A 102)[38 () 0id5 *id+id$ —] F—10 s5 A 2 |3 (2 0id5 *id+id$ —
1 6 acc 1| rid$ 1 ) acc @) 0F3 *id+id$
2 2 [ 2 [r @ [T 2) *id+id$ 2 2 () 2 [r @ 0T2 +id$
3 () v | ) oT2*7 id+ids 3 |4 |4 o) T 2@ id+ids
2 5 @ 8 |2 |8 @® opT2*7id5 +id$ n = = 2 |8 ® opT2*7id5 +id$
5 w |rs % |6 @ oT2*7idF 10 +id$ s © o o @ oT2*7idF 10 +id$
G 5 5 RE ® T2 +id$ A = e =5 ® T2 +id$
> = = o © pe1 +id$ = - = © © pe1 +id$
s - Ty ()0 EL+6 ids ()0 EL+6 ids
(A1)0EL1+6id5 $ @ = 8 (A1)0EL1+6id5 $
0 =7} E e (12)0OE1+6F3 $ 9 @ | & € |[e (12)0E1+6F3 $
& S ® |[® (13)0E1+6T9 $ 10 L ) B |s (13)0E1+6T9 $
1 5 |5 5 |5 aAHoE 1 $ 1 5 |5 5 |5 @80 E1 s
4. state3 * r4 (C5) reduce
T state 0 GOTO 2 T2
5. state 2 * s7 *
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ACTION GoTo ACTION GoTo
state | id |+ |~ |[(]|) |$ |E|T|F @ o id*id+id $ state | id |+ | * | C]) |$ T|F o id*id+id $
F—10 s5 A 102 |38 (2 0id5 *id+id$ — F—10 s5 A 2 |3 (2 0id5 *id+id$ —
1 6 ace @ F3 *id+ids 1 6 ace @ oF3 *idrid$
2 2 s 2 | @ T2 *id+id$ 2 2 s 2 | @ 072 *id+ids
3 M | v |4 6) 0T2* 3 " |m v | ) oT2*7 id+ids
2 5 @ 8 |2 |8 ®) oT2* 2 5 @ 2 |3 @® opT2*7id5 +id$
5 o o ® | (@ 0T2*7idF 10 5 w |rs % |6 @ oT2+*7 idE1D) +id$
G 5 5 RE ® T2 G 5 5 RE ® T2 +id$
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(A0 EL+6id5 @ADoEL+6id5 $
0 =7} E e (2)oE1+6F3 0 =7} E e (a2)oE1+6F3 $
& S ® |[® (13)0E1+6T9 10 (1) [rs 8 |s (13)0E1+6T9 $
1 5 |5 5 |5 4y E 1 1n EE 5 |5 4y E 1 s
1. 1.
2. state 0 id s5 shift id 2. state 0 id s5 shift id
3. * state 5 * ré reduce 3. * state 5 * ré reduce
id 5 0 state 6OTO 3 id 5 0 state 6OTO 3
4. state3 * r4 (C5) 4. state3 * r4 @
reduce T state 0 GOTO 2 T2 reduce T state 0 GOTO 2 T2
5. state 2 s7 * 5. state 2 * s7 *
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< bottom up paraser ¢ LR
yacc
o shift reduce - top-down parser
yacc
L 2
— linux bison
yacc
¢ yacc LR
LALR(Look-ahead LR)
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yacc yacc

* .

%token NUM /* yylex token */ ¢ token define

%token SYM lex.c

Y%token STRING

%{ * lex.c

#include /* */

%}

Y%start expression /* yyparse */ <

%% /* */

expression: term yylex

| expression "+" term - lex
term: fa;:tor
| term "** factor

factor: I:IUM ] SY™M ;

%h /* */

#include "lex.c" /* */
Far s /SERE Forsz > /SE8%E

yacc yacc
¢ - expression mainQ ¢ yacc
P Y o 1. yylex token token
% yacc expression.y ny)arse" ; v
R ytabe |y printf(“ok¥n™; 2 token (shift)
o main zoid yyerror() 3. 1
© yverror printf(*'syntax error!¥n’ 4
Yy y exit(1); (reduce)
5. 3.
shift
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yacc action (semantic value) yacc action
* & yacc action

abstract syntax tree, AST) . 0 c action action
~ yace & term reduce { action
B - action reduce
shift action
term: factor { printf("factor is coming™); }
| term *** factor {/printf("factor is adde
> [ term * factor
For7I 2 SE8E IOz IS8T
(semantic value)
¢ yacc < %union
(semantic value) o token
action
- AST
factor %union { / val
term: factor { $$ = $1; } \ AST *val;
| term "** factor ¥
{ $$ = makeAST(MUL_OP,$1,$3); }
/ %type<val> term factor
LA term \ term factor token val
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& factor wtype <val> NUM SYM & yacc LALR parser
fz;1(-:1-:or: NUM | SYM ; & %left
d yylex %left "+
yylex NUM,SYM ¢ yylexO4 expr: expr "+" expr { ...} ;
eeo. /* NUM */
yylval yylval .val = makeNum(n); X+ty+z (x+y) +2)
_ yylvalval return NUM;
yylval. . /S */ ofpi =
yylval .val = * %%right -
makeSymbol (yytext);
return SYM; *
¥




Farzs o /SERE

IO ISERE
*

%left "+ -*

%left **- /‘

%left UMINUS

expr: factor
| expr "+ expr { $$=addSymbol (plusSym,makeList2($1,$3
| exp "-" exp { $$=addSymbol (minusSym,makeList2($1,$3));
| exp *"*" exp { $$=addSymbol (mulSym,makeList2($1,$3)); }
| "-" exp %prec UMINUS { .... }

; AN

%prec

* LR yacc
- shift/reduce conflict, reduce/reduce conflict
+ shift/reduce conflict shift
reduce reduce(
)
- conflict
IF

statement : IF “(" expression ")" statement
| IF "(" expression ")" statement ELSE statement

FOr5 3> I SERE
IF

FOTs 3 ISENE
reduce/reduce conflict

. yacc  shiftfedice conflict # reduce/reduce conflict
else if C it
1
shift/reduce conflict
* yacc
if (a >0) if (a > 0) .
[if (6> 0) c = 100; it (b > 0) ¢ = 100; conflict
[¢ D
else else
c = 2000; c = 2000;
statement : IF (" expression ")" statement
| IF "(" expression )" statement ELSE statement
Far s VSERE Fas s ISE8E
¢0 word . .
= * yacc rlght recursion
sequence: /* */ { printf ("empty sequence¥n); }
| maybeword

| sequence word { printf (“added word %s¥n", $2); }

maybeword: /* */ { printf (“empty maybeword¥n'); }
| word { printf (“"single word %s¥n", $1); }

~

word mayword reduce
,sequence  reduce

sequence: /* */ { printf (Tempty sequence¥n); }
| sequence word { printf (“added word %s¥n", $2); }

left recursion

seq: item | seq "," term ; /* left recursion */

T~

seq: item | term *," seq ; /* right recursion */




yylval .val = makeNum((int)strdup(yytext));
—

return STRING;

if(isdigit(c
91 STRING U

do {
c = getChar(Q);
} whileCisdigit(c)):— | push back |

ungetChar(c);
yylval .val = makeNum(n); —— NUM

y return NUMBER;— Token NUMBER AST

Farzs o /SERE Fas s /SE8E
yacc
* ¢ yacc error
yyerror (retrun)
parse error reduce
statement: ....
* | error *;*
>
statement
Farzs o /SERE Fars s /SE8E
tiny C lex.c
* yylex yacc
* AST ( ) yylval.val
- int yylexQ case :):3
- : parser yacc { case "{":
int c,n; case "}":
char *p; / case "]":
again: case "[":
c = getChar(); case ";*
if(isspace(c)) goto again; case -
switch(c){ case "=":
case "+": case EOF:
case "-": return c;
case "*":
case ">":
case "<":
case "(":
Farzs o /SERE Fas s /SE8E
lex.c lex.c
e L] tisataoyt  —
p = yytext; p = yytext;
while((c = get\CKrO) 1= """){ do { /
} Tpt o= cs ‘ yytext *pHt = C;
*p = "¥0"; c = getChar(Q);

3} while(isalpha(c)); ‘ push back
p = "¥0";

ungetChar(c);
By ]

return VAR;

else if(strcmp(y;;;;f?"if“)\=;\gz\

else if(strcmp(yytext,”else™) == token

return ELSE;

else if(strcmp(yytext,”return’™) == 0)
return RETURN;

else if(strcmp(yytext,”while™) == 0)
return WHILE;

else if(strcmp(yytext, for™) == 0)




%type<val> parameter_list block local_vars symbol_list
%type<val> statements statement expr primary_expr arg_I
%type<val> SYMBOL NUMBER STRING

Farzs > /SERE Far s /SERE
lex.c cparser.y
else if(strcmp(yytext,”for") == 0)
return FOR; & parser yacc
else if(strcmp(yytext,"pri
returnM
else { %token NUMBER
yylval.val = makesywext)? %token SYMBOL — token
return SYMBOL; S0 wtoken STRING
3 AST ?EOEQ" YﬁR token token
B " ey o - htoken
:Eli’;rg;‘gstderr, bad char ¥n",c); ttoken ELSE
3 ’ ‘ token  SYMBOL ‘ %token RETURN
%token WHILE -
f lex.
%token FOR define ex-c
‘ ‘ %token PRINTLN
Farszs o /SERE Farzs o /SERE
cparser.y cparser.y
%{ action ©
#include <stdio.h> //// ////‘ token
#include "AST._h"
%} %start program ‘ ‘
‘ AST
%union { val h
AST *val; program: /* empty */ top-down
3 ’ | external_definitions
; | program (
%right "=" S P
wleft "< *>" external_definitions: external_definitions
Wleft "+ *-" token external_definition
wleft =*- | external_definitions external_definition
s T T S
token external_definition

left recursive

FO53 IESENE
cparser.y
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* external_definition

external_definition: ////

SYMBOL parameter_list block
{ defineFunction(getSymbol ($1),$2,$3); }
| VAR SymBOL *;*
{ declarevariable(g mbol ($2) ,NULL); }
| VAR SYMBOL "=" expr "<

{ declarevariable(getSymbol$2),%$4); }
| VAR_SYMBOL "[* expr "]1" *;*
{ decia(gérray(getSymbol($2),$4); }

; ]

getSymbol

void defineFunction(Symbol *fsym,AST *params,AST *body)
fsym params AST
body AST

void declareVariable(Symbol *vsym,AST *init_value);
vsym init_value AST
NULL

void declareArray(Symbol *asym,AST *size);
asym size AST




T

arg_lisi: —
expr printin
{ $$ = makeList1($1l); }
| arg_list *," expr

{ $$ = addLast($1,%$3); }
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cparser.y cparser.y
. & block ' '}
[P local_vars
(G AST
parameter_list:
D" block: "{" local_vars statements "}"
{ $$ = NULL; } { $$ = makeAST(BLOCK_STATEMENT,$2,$3); }
“(" symbol_list )" . ;
I{ §$ :y$2_ 3 ) . statements: ‘ BLOCK_STATEMENT ‘
. ’ makeListl statement AST
’ { $$ = makeList1($1); } S
symbol_list: addLast | statements statement S
SYMBOL { $$ = addLast($1,%$2); }
{ $$ = makeListl($1); } ;
| symbol_list =,* SYMBOL local_vars: /‘ ‘
{ $$ = addLast($1,$3); } | CZRNULL */ { $% = NULL; }
. symbol_List *:*
{85 = $2; 3 VAR ‘
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cparser.y cparser.y
. AST . e —
oy ) — N s
C v blo { = makeAST(EQ_OP,$1,$3); }
| b|°CE _//”’///( then  olse 2 | SYMBOL "[* expr *]" "=" expr 7
|{I§$'E'$2;pi “y* statement / ST { $$ = makeAST(SET_ARRAY_OP,makeList2($1,$3),$6); }
{ $$ = makeAST(IF_STATEMENT,$3,makeList2($5,NULL)); } ! {eégr: ;akiﬁg’;(pm 2
| IF "(" expr ")" statement ELSE statement | expr “-* expr - ’ AST
I{R§$U;NmakeAST(!FﬁSTATEMENT,$3,makeList2($5,$7)); } { $$ = makeAST(MINUS_OP,$1,$3); } AST
expr "; —n
I{RﬁugNm.fxlf?AST(RETURN_STATEMENT,$2,NULL); ¥ ! {eégr: makgig;(w,__opﬁl'%); } AST
> | expr "<* expr
i PO ST AL L ) (5 = ST 051,500 3
expr ">" expr
{ $$ = makeAST(WHILE_STATEMENT,$3,$5); } { $$ = makeAST(GT_OP,$1,$3); } %right,%left
| FOR *(" expr ";" expr ";" expr ")" statement - -
{ $$ = makeAST(FOR_STATEMENT ,makeList3($3,$5,$7),%$9); }
ForsI 2 SE8E For s /SE8%E
cparser.y cparser.y
& primary_expr:
primary_expr: * clex.c include
SYMBOL
| NUMBER R
| STRING CALL_OP AST "
| SYmMBOL “[* expr “1"
{ $$ = makeAST(GET_ARRAY_OP,$1,$3); } #include "clex.c"
| SyMBOL "(* arg_list *)~
{ $$ = makeAST(CALL_OP,$1,$3); }
| PRINTLN *(" arg_list *)"
{ $$ = makeAST(PRINTLN_OP,$3,NULL); } clex.c
; token




Far s /SERE

ForFs FSERE
yyerror
 yacc
yyerror
- yyerror

void yyerror()

printf('syntax error!¥n');

& cparser.y yacc parser
% yacc cparser.y

* y.tab.c
(cparser.c) C

% mv y.tab.c cparser.c

exit(l); % cc -c cparser.c
3
* clex.c cparser.c include
ForsI 2 SE8E Forss /S 8%E
& tiny-C *
* val
typedef struct symbol {
char *name;

* int val; /* ~ */

- : header AST *func_params;

_ . AST *func_body;

_ } Symbol;
Forss 2 SE8%E Forsz /S 8%E

int executeExpr(AST *p)
{

if(p == NULL) return O;
switch(p->op){
case NUM:

return p->val;
case SYM:

return getValue(getSymbol(p));
case EQ_OP:

return setValue(getSymbol (p->left),executeExpr(p->right)
case PLUS_OP:

return executeExpr(p->left) + executeExpr(p->right);
case MINUS_OP:

return executeExpr(p->left) - executeExpr(p->right);
case MUL_OP:

return executeExpr(p->left) * executeExpr(p->right);
case LT_OP:

return executeExpr(p->left) < executeExpr(p->right);

case GT_OP:

L 2
int getValue(Symbol *var)

return var->val;

}

int setvValue(Symbol *var,int val)

{
var->val = val;
return val;
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¢ tiny C yacc
* <program> := {<statement> ";"}*
<statement> := <assignment> | <print_statment>
<assignment> := <variable> "=" <expression>
<print_statemnt> := "print" <expression>
<expression> := <expression> <op> <expression> |
<variable> |
<nubmer> |
" (" <expression>T)"
<variable> := { >
<nubmer> := { }*
<op> 1= 47 | "-* xw -/
<variable>
<nubmer>
token C
Farzs o /SERE
* C main
X = 1+2;
y = 100;
z = (X+y)*10+34;
print z+1;
*
*
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