EEA

1 BESHNES
VRGBT B L EAT S S AR TRNE A T 48 R Bt b, i — P13 2R (parsing tree).

2 ETXRXEESHEITR

T8 LN EREE (context-free grammar, CFG) ¥

S ->8 ;S E -> ID L ->E
S -> ID := E E -> NAT L >L, E
S -> PRINT ( L ) E ->E + E

E->(E)

THAXE F N EREER—NRAE (derivation):

S ->8; 8
-> ID := E; S
-> ID := E + E; S
-> ID := ID + E; S
-> ID := ID + NAT; S
-> ID := ID + NAT; PRINT(L)
-> ID := ID + NAT; PRINT(L, E)
-> ID := ID + NAT; PRINT(E, E)
-> ID := ID + NAT; PRINT(ID, E)
-> ID := ID + NAT; PRINT(ID, ID)

fE BHgl 7, s FoRiEf), B RRREX, L RRREAIIER. EXMEFT, e 57
WEANSH, FRiEAh A RVFRIINEIZE, ZREARRFIFIAT, BA R0 5.
— B B RIERA G LN LR )
o —MIETTS, Blin: s

o —MEELEFRF (terminal symbols) ££4, Hl40: mwar , ; () + = , HIEVES WA ANEL TR
SEE RN, XA S B W T bR ISR

o —MEAZESF (nonterminal symbols) 45, fill: seL ;

o —HRHPEX (production) , FAAERXK LD A —DMELETRT, BN EXKALZE 5]
(RN AL IR L1

WU T R 7= A AN B R T B 5 15 Bl — DN AL FF7 5 i FEFR RIRAE (derivation ).
FHGEXE E R RIBEN— RN (parsing tree):



I\ E
E * E ->E * E
/| | ->E + E * E
E + E 1D -> ID + E * E
| | -> ID + ID * E
ID ID -> ID + ID * ID
FEATA BT T o

o MR RN LT SO IS
o BT AR ARG, AR R AR

o BF ST RUNUR 7 s — 2% BT SO SRR I A

5 X 5t X RYIERR

N BT SO RIEE A B
E -> ID E ->E + E E ->E *x E E->(E)
[F]—Fric e, AT

E E

I\ / 1\

E + E E * E
| / 1\ / 1\ |
ID E *x E E + E ID
| | | |
ID ID ID ID

BIE LN CRIEE, MRS 53R 5 5 RN X

E ->F
F ->(E)

—m —m

ID

E
F

-> E + E F ->F x F
-> ID

B
I ->
| ->
F ->
I\ ->
* F ->
| ->
ID ->

ZIRIEKOR T REAE HAB IS 00 T 7 AR B

E + E

E+F

E +F x F

E + F x ID
E + ID * ID
F + ID * ID

ID + ID * ID



/ 1\ ->E + E
E + E -> E + E +
| / |\ ->E+ E + F
F E + E -> E + E + ID
| | | ->E + F + ID
ID F F -> E + ID + ID
| | ->F + ID + ID
1D ID -> ID + ID + ID
TH R S
E ->F E ->E + F F ->F *x G
F -> G G -> (E) G -> ID
B E ->E + F
/ |\ ->E+ F + F
E + F -> F + F + F
I\ | -> G+ F +F
E + F G -> ID + F + F
| | | ->ID + G + F
F G 1D -> ID + ID + F
| | -> ID + ID + G
G ID -> ID + ID + ID
|
1D
S
RA/RAIRESNY

IR S A IRA -

—ANIRE, WA IRE I i A AR R 45 4T, IR ATXANIRAE AR — A i A2 IRZE (left-most

derivation);

— MRS, WRERA R &AM FEA R, WARXRMRERITEA— DA IRE (right-
most derivation);
[F]— AR AT BE RS ME— B 8 — P ACURAE,, Rl — AR RAT AR BE S ME— 1 8 — PR B A IR AE

AR — B AR IC A A B, A R A ME— R 2 IRA T U BOX —hric o, B A ME— s
IRAEFT DA BIX —ARic s

ML IRA S ) I A

ID + ID + ID E ->E +

G + ID + ID -> E +

F + ID + ID -> E + ID

E + ID + ID ->E + F + ID
E + G + ID ->E + G + ID
E + F + ID -> E + ID + ID
E + ID -> F + ID + ID
E + G -> G + ID + ID
E +F -> ID + ID + ID
E



WARZER, EEPRIRA R BAIRE, (E2 LR A2 5 U W] B b AT 2 L . X5 A
IR S FRZIHI 5 T2 A S o

5 BARATHR

THCREN B 2T, A RR AL (BE R RAIRE) iR AL
M FEZEAERE: WA RMbNCE, WA AT .

o AR B ML

o PRI A AR AL AT

o FRZERARHER R AR LR 10 20 O SR 0 2 0 DX A
¥

| ID + ID + ID
-> ID | + ID + ID
-> G | + ID + ID
->F | + ID + ID
->E | + ID + ID
->E + | ID + ID
->E + ID | + ID
->E+ G | + ID
->E + F | + ID
->E | + ID
->E + | ID
-> E + ID |
-> E + G |
-> E + F |
-> E |

M5 R 1) 326 5 17 L«
o BEREREN, MBEMAMTEL, NAEFR AL ML?
o FZRMLTTRNE, N2 Wik

Bl7

| ID + ID + ID
->ID | + ID + ID

-> G | + ID + ID E+E | + ID
->F | + ID + ID

->E | + ID + ID E | + ID
->E + | ID + ID

->E + ID | + ID E+F + | ID

->E + G | + ID
->E + F | + ID

6 ERABPITHIEH
B INET D
o DRABLIKEA TSN n B

o FEBUW R — 25 A



o i BHHE LS i+ 1 AR AEMARAR SR REE o &7 ARG MRS I — .
iER
e Fx® | TEBAMAWIS T N: — Fx (E)

SRV FEAER: B> L F F>FEx.6 6> (E) .
e Fx@®+ | ) TORBAMAMESAILLTN: — Fx  E+

o RIFNEER: E>  F F>F*.6 ¢G>(.E) E->E+.F

7 BBARTHERFIE

DAFEH 26 2 M ) e A BORPIRFS , M3 NFA . T3 — B SR A 0 B — 2% e
AR B — 25 Hilid . % NFA A IRGS AR 24 DIRAS,  SOA W — 8 455
MgEHe, R AR5 B RS X A NFA #£%.

€ START -> . E LN E-> . F

€ START -> . E LN E-> .E+F

E: staRT > . E ACN START > E .

e E->.F THNF-> Fxe

e E->.F BHNF-> @

F:e> . F BN E>F

e E-> . E+F TN ES . F

€ E-> . E+F TN E> . E+F

E:E-> . E+F BN ESE. +F

+ E>E.+F BN ESE+.F

e Es>E+.F BN F> . Fxo

e E>E+.F BHNIF-> . ¢

i, HAIIARF SR
15 A AT AR A

FIr e F e 1 RERTATHIIME S5

E+F+ | ...
START -> . E
E-> . F
E->.E+F
F -> .G
F->.F*G
G->. (E)
G -> . ID
E+F+ | ...
START -> E .

E->E . +F



E+F + | ...

E->E+ . F

F -> G

F ->.F %G

G -> . ID

G ->. (E)
E + F +

E ->E + F .

F ->F . xG

ENERESSN | ...

( No possible state )

T follow EEMFIEE
5E X
e x j& Follow( v ) e R M AMY v x ... RAREHSE AN,
o 'x 4% First( v ) MICER M HMY x 0 ZAREBALN v 1.
o BIRIFENREE x RAETFIEL.
First & MTHHE
o XMERALS x , x € First( x )o
o WEREFAER vy >z .., First( 2z ) € First( v )o
Follow #& H)THA
o WMERE4R v vz .., First(/z ) S Follow( ¥ ).

o MEEER 25 .. v, Follow( z ) < Follow( ¥ ).

AR 7 HrseEE S 12 S
ID * (ID + ID) EI@%)\%EZ@%*E



o WIUH: I I (I + 1)

e BWA: miI*x(m+m)

o MZ: cix(m+1m) , AN x| ... AALT

o M%) Filx(m+m) , FHANex1 ... AUAT

e MA: Fxl(m+m) , FAN x A& Follow( & ) FHIILE
o BA: Fx (Il m+ 1)

e MA: Fx(m |+ 1)

o MZ: Frcel+m) , BN FxCm+1 ... ARAT
o FZ: Fx(Fi1+m) » KN FxcCe+ 1 ... ATAT
o MZ): Fx(El+m) , N Fx(Fr+1 ... ANAAT

° *z)\: F* (E+ | ID)

e« MAN: Fx(E+1 )

e M%) Fx(E+cl) » KON Fx(E+) | ... ANAMYT
o %) Fx(E+F1) , BIN Fx(E+e) | ... AAAT

o MY Fx e, BEOARSNERNTT BRGNS A AT AT
o« BA: [Fx(E) |

o MZ): Fxc

o W%y Fu, BN ExFr 1 . AHAT

o W% 1, IFAEM E | EoF

o ®A: EE0F |

o MZ): [smanrt |

o BRI 4L

10 H3E

INFEOMES
o WURAE[R]— I ZIBEREHEAT I N3 AT, SCREHEAT A BRAE , IXAAR I — DN /LI #H 5% (shift /re-

duce conflict)-
Ly /L) ph

o HRAEF — I ZIREHEAT IR A R AL Z0 38/, XAy — DL /B R (reduce/reduce

conflict)o
B 5 M REIR A&
o E—ELTXLEREDE, WRBAML ST, —EASHIBN/ ML MR, HASHI
LT /I, S AATATT— R FRic B A A 2 B

7



o RZA—GE

A ->BXY A ->CXZ
B->U0VW C->U0UVW

Bison 18571z
N Cy X BT ETFXRIEESMAD. S5 HREES I
o Fi Cc XXH): H CIES LR TAMLA o EiErEE S 28

o C PR AKIE AT
o SRR ARG R S TETR 2 M R R AR X
o VAT EAR NG R E M

€ X While 1 5 HIHl R G244
lang.h

enum BinOpType {
T_PLUS, T_MINUS, T_MUL, T_DIV, T_MOD,
T_LT, T_GT, T_LE, T_GE, T_EQ, T_NE,
T_AND, T_OR

};

enum UnOpType {
T_UMINUS, T_NOT
};

enum ExprType {
T_CONST, T_VAR,
T_BINOP, T_UNOP,
T_DEREF,
T_MALLOC, T_RI, T_RC
1

struct expr {
enum ExprType t;
union {
struct {unsigned int value; } CONST;
struct {char * name; } VAR;
struct {enum BinOpType op;
struct expr * left;
struct expr * right; } BINOP;
struct {enum UnOpType op; struct expr * arg; } UNOP;
struct {struct expr * arg; } DEREF;
struct {struct expr * arg; } MALLOC;
struct {void * none; } RI;
struct {void * none; } RC;
} a;
1



enum CmdType {
T_DECL, T

Ig

_ASGN,

struct cmd {

enum CmdType t;

union {

struct

struct

struct

struct

struct

struct

struct

} a;
g

{char x*
{struct
{struct
{struct

struct
{struct
{struct
{struct

T_SEQ, T_IF, T_WHILE, T_WI, T_WC

name; } DECL;

expr * left; struct expr * right; } ASGN;
cmd * left; struct cmd * right; } SEQ;

expr * cond;

cmd * left; struct cmd * right; } IF;

expr * cond; struct cmd * body; } WHILE;

expr * arg; } WI;
expr * arg; } WC;

Fe Il AR AN R B R KL lang

struct
struct

struct

struct
struct
struct
struct

struct

struct
struct
struct

struct

struct
struct

struct

expr
expr

expr

expr
expr
expr
expr

expr

cmd
cmd
cmd

cmd

cmd
cmd

cmd

* TConst (unsigned int value);

* TVar

(char * name);

* TBinOp (enum BinOpType op,

struct expr * left,

struct expr * right);

* TUnOp (enum UnOpType op, struct expr * arg);

* TDeref (struct expr * arg);

* TMalloc(struct expr * arg);
* TReadInt ();
* TReadChar () ;

* TDecl

(char * name);

* TAsgn(struct expr * left, struct expr * right);

* TSeq(struct cmd * left, struct cmd * right);

* TIf(struct expr * cond,

S

truct cmd * left,

struct cmd * right);

* TWhile(struct expr * cond, struct cmd * body);

* TWriteInt (struct expr * arg);

* TWriteChar (struct expr * arg);

AR KL lang.h

void print_binop(enum BinOpType op);

void print_unop(enum UnOpType op);

void print_expr(struct expr * e);

void print_cmd(struct cmd * c);

A3k lang.y

Wi

#include <stdio.h>

#include

#include

"lang.h"

"lexer.

h"

int yyerror (char * str);

int yylex();

struct cmd * root;

Y



o FEIRTER S MTAR T KOOI AR AR E DR PR AL

o Hi lyy1rex0 S Flex VLS M 442 HE K R 2L

o yyerror(str) JEACPRTEVRAN RN L EIE

o root JEIRIRI TR JE AL KT VERIAR T A
AT A RAE C HAIFEAE lang.y

Y%union {
unsigned int n;
char * ij;
struct expr * e;
struct cmd * c;

void * none;

IR 2 P E TR A R 7 X B FREE A 45 R 5
o 0 R BB BRI ER T A R

o 1 RN EREHEEL I

o o RRRIBAXIIEIED WSS

o o ROREFIEEITEE S ITAR

LBLETF AR 4S54T lang.y

%token <n> TM_NAT

%token <i> TM_IDENT

%token <none> TM_LEFT_BRACE TM_RIGHT_BRACE

%token <none> TM_LEFT_PAREN TM_RIGHT_PAREN

%itoken <none> TM_MALLOC TM_RI TM_RC TM_WI TM_WC

%token <none> TM_VAR TM_IF TM_THEN TM_ELSE TM_WHILE TM_DO
%token <none> TM_SEMICOL TM_ASGNOP TM_OR TM_AND TM_NOT
%token <none> TM_LT TM_LE TM_GT TM_GE TM_EQ TM_NE
%token <none> TM_PLUS TM_MINUS TM_MUL TM_DIV TM_MOD
%type <c> NT_WHOLE NT_CMD

%type <e> NT_EXPR

» Uwoken FTRALETT, [teype FORARLLELT:
o RIS AT UEI TR TR
L 5456 lang.y

Y%nonassoc TM_ASGNOP

%left TM_OR

%left TM_AND

%left TM_LT TM_LE TM_GT TM_GE TM_EQ TM_NE
%left TM_PLUS TM_MINUS

%left TM_MUL TM_DIV TM_MOD

%left TM_NOT

%left TM_LEFT_PAREN TM_RIGHT_PAREN

%right TM_SEMICOL

10



o BRSG HI AL Se AR
o [FA—47 BN IR S RAR A .
FERIERIBEE lang.y

h

NT_WHOLE:
NT_CMD {
$$ = ($1);
root = $$;
}

JITA VB 7 BT AE — 4. T 75

S AR T I R A U 455 X B 77 2R 5
M (88 oo AR AR T8 SUAH

o M st . s2 SERORAE TS HIE SUH;

ERCIERIEE (8D

NT_EXPR:
TM_NAT {
$$ = (TConst($1));
+
| TM_LEFT_PAREN NT_EXPR TM_RIGHT_PAREN {
$$ = (8$2);
}
| TM_MINUS NT_EXPR {
$$ = (TUnOp (T_UMINUS,$2));
}
| NT_EXPR TM_PLUS NT_EXPR {
$$ = (TBinOp(T_PLUS,$1,$3));
}
| NT_EXPR TM_MINUS NT_EXPR {
$$ = (TBinOp (T_MINUS,$1,$3));
}

Flex 5 Bison H[Ff#

11



J%option noyywrap yylineno

%option outfile="lexer.c" header-file="lexer.h"
w{

#include "lang.h"

#include "parser.h"

hY

hh

0l [1-91[0-91* {
yylval.n = build_nat(yytext, yyleng);
return TM_NAT;

}

"var" {
return TM_VAR;

main.c C(HITEIZEH)

#include <stdio.h>
#include "lang.h"
#include "lexer.h"

#include "parser.h"

extern struct cmd * root;

void yyparse();

int main(int argc, char **argv) {
yyin = stdin;
yyparse () ;
fclose(stdin);

print_cmd(root);

2Pk Makefile

lexer.c: lang.l
flex lang.1l
parser.c: lang.y
bison -o parser.c -d -v lang.y
lang.o: lang.c lang.h
gcc -c lang.c
parser.o: parser.c parser.h lexer.h lang.h
gcc -c parser.c
lexer.o: lexer.c lexer.h parser.h lang.h
gcc -c lexer.c
main.o: main.c lexer.h parser.h lang.h
gcc -c main.c
main: lang.o parser.o lexer.o main.o
gcc lang.o parser.o lexer.o main.o -o main
h.c: h.y
%o®8 Jholl

AT IR
o WULEET AST #HATHE— I B IEER A
o Hlhn: HE while 1ESREFRGAREES, WRA WA ENIRERET;
o Hltn: HE while 155 R 2 &AM 03R4 MG SEOUA Y, I SRS WA E v AREE

12
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faray
=5

4

Bison A RGEE 7 B a4 B

o SRV (wison sv J54 S8 AL BT I DFA {5 BRI parser.output, AR

13



	语法分析的任务 
	上下文无关语法与解析树 
	歧义与歧义的消除 
	最左/最右派生与规约 
	移入规约分析 
	已移入部分的结构 
	已移入部分的结构判定 
	基于follow集合的判定法 
	移入规约分析完整过程实例 
	冲突 
	Bison语法分析器 

