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output (ab);
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<output statement> ::= “output” “(” <exp> )
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1. PUSH &ab 2. OUTPUT
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(syntax analizer, parser)
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if (ans > 123 ) I\
output (‘1°) ; i 71X
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recursive descent parsing)

TR AT
(top-down parsing) | LLEEAT
(Left to right scan & Left most derivation)

EEFIRAE S AT

FFAE (operator precedence parsing)

(bottom-up parsing) LRﬂ’q’; *ﬁ
(Left to right scan & Right most derivation)
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FileScanner.java LexicalAnalyzer.java Kc.java
I AIEEE = A FRAT 5B 18 SR AT AR
char Token ) .
char nextChar()][—"| Token nextToken(); 1 VOldfirfejA>()a
IR SAT I =D EGIY T /| FHIEE S <A>%
/| BEITET D
| Token.java ‘ ‘
__ > R
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Etln 787 ﬁ boolean checkSymbol (Symbol);

/| v =D %8R9 5




Ke 75X

Kc # $E SCARAT AR

- le*ef : LexicalAnalyzer # FaIf&MTss

- token : Token # B IRY—O
Kc (sourceFileName : String) #AVANS A

/ parseProgram() . void # <Program>MEMT
parseMainFunction() : void # <MainFuntion>® f# 7
parseBlock() : void # <Block>MD fEAT
parseVar decl() : void # <Var_decl>M T

. : Y
closeFile () : void # ANIT7AILVZHLSD

- syntaxError (message : String) : void # ToO—IRHEFFONE

+ main (args : String[]) : void #AL




BXEiony 3.4

—u JERRIGF B S LSBT A AV YR EERL
— 5 FERRIREEE <A> DREHT

vold parse<A> () {
if (k=22 FHR<A>OI VOB XEER) {
<A>DI—FAERL;
} else syntaxError();
[ ROOBXE—BLEN B RIETS— */

j




8 JCAEAT SR

n BXHEFETOTOT5 LA

Token token; /| BREFGHFAAFFRDN—D>
Token nextToken(); /| RDS—D % imHAD

5l <decl> ::= “int” NAME “;” DfE#T

void parseDecl () {/['\7751‘%5CEA¥&L'CL\%>75\ ’?]
if (token == “int” ) token = nextToken();

clse syntaxError(); ( AT hIEROI—H 25

AL |

if (token == NAME ) token = nextToken();
else syntaxError();
if (token == *;”’) token = nextToken();

clse syntaXError();<{ Ty ]

j
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. Token # =D EERER

- symbol : Symbol  # b=V DFELE
- intValue . int #h—O DB

- strValue : String ~ # b—U> D AT
Token (symbol : Symbol) #AVANSUS

Token (symbol : Symbol, intValue : int) #AVARSIE

Token (symbol : Symbol, StrValue : String) #3A>X+59%
[checkSymbol (symbol : Symbol) : boolean # b—I> DIFELEZFLLER ]
getSymbol () : Symbol #+r—V DEEZTIRYT
getIntValue () . int # =D DEZIRT
getStrValue () . String # b= DERTEIRT




Token 75X

class Token {

‘|‘ Symbol symbol; /* b—5> DiE4E */

int intValue; * BEUE =X XFa—K ¥
String strValue; /* 4 Ft=1x XF5I */

h
NM—ov symbol intValue strValue
main \Y 2N
— EQUAL
123 INTEGER 123
‘a’ CHARACTER | 97 cadxX=Fa—F)
time NAME “time”
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n MO D—HFIFEI
Token.checkSymbol (Symbol) %% FE

boolean checkSymbol (Symbol symbol)

Bl . b= h A2
token.checkSymbol (Symbol.ADD)
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n [BEZEDON—D
+ B (REBE)

- XF(XFa—F)

_ EHACTES)

intValue 74— ILFDEZ1E5

int getlntValue()
strValue 74— ILEDEZFH
String getStrValue()

int val = token.getIntValue();

=02 DEFHIFIRES -3 —FERETHE
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5l <decl> ::= “int” NAME “;” DfE#HT

void parseDecl () {
if (token.checkSymbol (Symbol.INT))
token = nextToken();
else syntaxError();
if (token.checkSymbol (Symbol.NAME))
token = nextToken();
else syntaxError();
if (token.checkSymbol (Symbol. SEMICOLON))
token = nextToken();
else syntaxError();

j




JERRIGEE B <A> DEHT

+- <A> ;= a (€ (NUT)*) DEEFT
1. <A>:=cDLZF

fa]£ L0
2. <A>:=“Q” (€ T)DEE
if (token == *“a”) token = nextToken();

else syntaxError();




JERIGEE B <A> DR
+l <A> =0 (€ (NUT)*) oﬁ :Qifégﬁ;ﬁm J

3. <A>:=<B>(& N)DLE
€ §é First (<B>) D &E

if (token & First (<B>)) parse<B>();
else syntaxError();
2. & € First (<B>) D &S

| <B-EHT AV IR~ :

if (token & (First (<B>)-¢)) parse<B>();
— 7

[ clse BifEL




JERIRED B <A> i) D FEHT

+- <A> =0 (€ (NUT)*) U)@ e oY ]
4. <A>:=0|P,y| Byl e DET

if (token € First (B,)) {
B, DREHT;

} else 1f (token € First (3,)) {
B, D AEHT;

} else 1f (token € First (35)) {
B, D EEHT;

ielse: < ioxm |

L




JERRIMER B <A> orig) DARAT

+- <A> =0 (e NUT)*) D HERT g L ]
4. <A> =0, [ B,y | B; D

if (token € First (B,)) {
510)%!::*5',

} else if (token € First (B,)) {
ﬁzmﬁg*ﬁ' .

} else if (token & First (B5)) {
530)%!::*5', .

| else s_yntaxError();4 SELGTNIE

. BXIZ—




JERIRED B <A> i) D FEHT

+- <A> ;= a (€ (NUT)*) DEEFT
4. <A>1=P B, | Ps e DS

switch (token) {
case First (B,) : B, D EEHT; break;
case First (B,) : B, D #ZHT; break;
case First (B;) : P, D #EHT; break;
default : break;

N

h (8 [ 25 ics }

L e MIELVZE X default : syntaxError();




JERIRED B <A> aw) DEHT

+- <A> ;= a (€ (NUT)*) DEEFT
5. <A>:=0B,B,B; DEE

3, D ARAT;

3, D HEHT;
3, D HEHT;




JERIREE B <A> @ma) DT

+- <A> ;= a (€ (NUT)*) DEEFT
6. <A>:={B} D&EE

while (token € First (B)) {
B AT

j




JEFRIMER B <A> @&w) DEEAT

+- <A> ;= a (€ (NUT)*) DEEFT
7. <A> .= [P] DLEE

if (token € First (B)) {
B AT

[GA\

j

Ise syntaxError(); (Zf$1%L> |




JERUIRER B <A> gz D FEHT

+- <A> ;= a (€ (NUT)*) DEEFT
8. <A>:=(P) DLE

B EEAT;




I % um 5C 5 R T D

-_TEJJ . <MainFunction> ::=

“main,, ¢/ 66)99 <B10Ck>

parseMainFunction() {

if (token == “main”) token = nextToken();

else syntaxError ();

RIBESHEORDI—IEHE |

if (token == “(”) token = nextToken();

else syntaxError ();

if (token == *°)”) token = nextToken();

else syntaxError ();

if (token & First (<Bloc]

else syntaxError ();

RIS E LS T BAYYEA j

<>)) parseBlock();

;
_OD#IJE

\ 7

ZIE<Block>MFirst
BENNE
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45;I <Factor> ::= NAME | INTEGER
| CHARACTER | “input”

parseFactor() {
switch (token) {
case NAME : token = nextToken(); break;
case INTEGER : token = nextToken(); break;
case CHARACTER : token = nextToken(); break;

case “mput” : token = nextToken(); break;

default : syntaxError ();
j [%l:*‘}ﬁ: ]

\9




JERInEe S BT DB @ma)

-_T,hZIJ <Block> ::=*“{” { <Decl> | { <St>} “}”

parseBlock() {

if (token == *“{”) token = nextToken();
else syntaxError();
while (token & First (<Decl>)) parseDecl(); / { <Decl> }
while (token & First (<St>)) parseSt(); /] { <St>}
if (token == *“}”) token = nextToken();

else syntaxError();

j

ZDH|FEIZIF <Decl>, <St> DFirst EEHINHE




JERInEe S BT DB @ma)

-_T,hZIJ <Block> ::=*“{” { <Decl> | { <St>} “}”

First (<Decl>) = {*int”}
First (<St>) = {*“1f”, “while”, NAME, INTEGER, “output”, ...}

1

parseBlock() {
if (token == “{”) token = nextToken(); else syntaxError();
while (token == “int”) parseDecl();
while (token == “if” || token == “‘while”

| token == NAME || token == INTEGER
| token == “output” || ... ) parseSt();
if (token == *“}”) token = nextToken(); else syntaxError();

j




First RE D¥IE
jLFirst (<St>) L\gj&%{ﬁ%“ ]

{117, “while”, “break”, “output”, ...}
First (<Exp>)
= {INTEGER, NAME, “input”, “++”, ...}

BRVDZVGEEFHIERAVIYREEOTHEEF

/* token HY <St> DFirst EHRED true ZFIRY */
boolean 1sStFirst (Token token) {
return (token == “1f” || token == “while”
| token == “break” || token == “output”

...




QFfﬁglﬂﬁnE?ﬁﬂﬁd)@l (BHE)

m {5l : <Decl> ::= “int” NAME [ “=" <Const> | *“;”

parseDecl() {

if (token == “int”) token = nextToken();
else syntaxError ();

if (token == NAME) token = nextToken();
else syntaxError ();

if (token == “=") { )
token = nextToken();
if (token € First (<Const>)) parseConst();> [| R D EEHT

else syntaxError ();
}% else syntaxError() &4 7750y ] y

if (token == *“;’) token = nextToken(); else syntaxError();
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A7

m . <Term> ::= <Tetn%‘+” <Factor > | <Factor>

TOFETOISLTHE...
parseTerm() {

if (token € First (<Term>)) { EBRFEENDSL
parseTerm(); B IL—TZFES

if (token == “+”’) token = nextToken();
else syntaxError();
if (token & First (<Factor>)) parseFactor();
else syntaxError();
} else 1f (token & First (<Factor>)) parseFactor();
else syntaxError();




ERIFREDHDIHE DR

= J%I,L: <Term> ::= <Tetm> “+” <Factor > | <Factor>

EBRIREDKREZITD

LE@J%(:

<Term> ::= <Factor> <T’> EBNFED;EIC
<T’> ::=*“+" <Factor > <T’> | ¢

V

<Term> ::= <Factor> { “+” <Factor > }




EBRIRIEDH LTS DT

AEIEIZ : <Term> ::= <Factor> <T’>
| <T’> .:=“+” <Factor > <T’>| ¢

parseTerm() {
if (token & First (<Factor>)) parseFactor();
else syntaxError();
if (token == “+”) parseT’();

j

parseT’() {
if (token == “+") {

token = nextToken();
if (token € First (<Factor>)) parseFactor();
else syntaxError();

if (token == “+”) parseT’();
j

j




ERIREDHDIEE DREN

EBELE ;%12 <Term> ::= <Factor > { “+” <Factor> }

parseTerm() {
if (token & First (<Factor>)) parseFactor();
else syntaxError();
while (token == “+7) { A
token = nextToken();
if (token € First (<Factor>)) >{} DR
parseFactor();
else syntaxError();




Bl — DBEE Z D Im & D REHT

m {5l : <Term> ::= <Factor > “+” <Term> | <Factor>

COEETOHFSLTRE,, P OEEN

parseTerm() {
if (token & First (<Factor>)) { Bl— D& E
parseFactor();
if (token == “+”) token = nextToken();
else syntaxError();
if (token & First (<Term>)) parseTerm();
else syntaxError();
t else 1f (token € First (<Factor>)) parseFactor();

else syntaxError();
\ [ MRS DR IRIZIFA SR




Bl — DRBEE Z D Im & D REHT

O aﬂj <Term> ::= <Factor> “+” <Term> | <Factor>

EfEYHELZEITD

@E%U L

<Term> ::= <Factor> | “+” <Term> |




Bl — DRBEE Z D Im & D REHT

EEL) i L: <Term> ::= <Factor > [ “+” <Term> |

parseTerm() {
if (token € First (<Factor>)) parseFactor();
else syntaxError();
if (token == “+7) { )
token = nextToken();
if (token € First (<Term>))
parseTerm();
else syntaxError();

[ D RRAR




Bl — DRBEE Z D Im & D REHT

o dlj - <Term> ::= <Factor> “+” <Term>
<Factor> ““-” <Term>

<Factor>
BE3:CES
<Term> ::= <Factor> [ “+” <Term> | “-” <Term>|
N
CCHBFEEDHD

<Term> ::= <Factor> [ (*“+ | “-”) <Term>]




Bl — DRBEE Z D Im & D REHT

<1Fe,rm> .= <Factor > [ (“+” | “-””) <Term> ]

parseTerm() {
if (token € First (<Factor>)) parseFactor();
else syntaxError();
if (token == “+7 || token == “-7) {
token = nextToken();
if (token € First (<Term>))
parseTerm();
else syntaxError();

[ DR
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s AN IOBXE—HBLIEA 0T
L OEXHEITIS—
parseMainFunction() {

if (token == “main”) token = nextToken();
else syntaxError (“main AA®HYEHA);
if (token == *(”) token = nextToken();

else syntaxError (“( BAHYEEA);

if (token == *)”) token = nextToken();
else syntaxError () BAdHYEHA);
if (token & First (<Block>)) parseBlock();
else syntaxError (First (<Block>) + “HAdHYFEHA”);

IS—REREIS—AvtE—UFFRRLTEL




EBXRTEFEOIS—0E

IS REBETI—Avt—SERRLTEL

private void syntaxError (String err mes) {
System.out.println (analyzeAt() + “TIS—&H");
/* Lexical Analyzer @ analyzeAt() Z HWNCIS—fRIERT */
System.out.println (err mes); /* TS5—Avt—C KT */
closeFile (); [ ART7AIVEFLS */
System.exit (0); (x TOYTLELE */

IS—EmMELUVIS—REANLI—HFIC

AN GWNIS—AvE—TZERT S




7075 LKEZEFRFOILE

+. JO9 S LKREZERFICT7ZPAILKRELIE
AN ILET

void parseProgram () {
if (token € First (<MainFunction>))
parseMainFunction();

else syntaxError O; | 974 kERTTR—5> ]
if (token == “$”

AV /NAILSE T AL
} else syntaxError (“Z7A LR TIEXBUYFEA);




T/\J AIZ...

static final boolean DEBUG = false:

vold parse<A> () {

if (DEBUG)
System.out.println ( /* T/\JT1EERZH 1 */);

DEBUG = true; ELTEITITHET/NT FHRE B
(TINIDBHBLELFE)
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static final boolean TRACE = false;
int level = 0;

vold parse<A> () {

++level;

if (TRACE) {
for (int 1=0; 1<level; ++1) System.out.print (* );
System.out.println (“<A>F1R");

h

/| <A> FEHT

if (TRACE) {
for (int 1=0; 1<level; ++1) System.out.print (* );
System.out.println (“<A>#2 T );

h

--level;

;




N —R B RE

% java kc.Kc foo.k
program Fia

main BHIR
ver decl Fta
ver decl 2T
statement A5
if statement Ff%A

exp FIA

F—RBEEEN DD E(A—HITEL>TEF
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18 SCRRAT AN BB DU
15'] . First (OL) = {“X”, “a”}
T First (B) = {*x”, “b”}
Firsr (y) = {"x”, “c”}

<A> = alBly <A><B><C> H|Z
<B>::= {a}p BEDRIFEEE M x” F£&
<C> = [OL] 3 E DR EMHITE TSN

AEfEYHELDELL

LL(1) MGETIEWE/ NI SO EL TIE
B AR A EE




INVI 59T 8B Y DIE AR

m fEIEENT AV YEZ boolean B

+ nfZ5E T = true BRITREX = false

—RUEAH false TEB I RDES

HINA—2 A

[* <A>DIEXEEHZITD
HEXEEMNTASE T TENIL true 23R T */

boolean parse<A> () {

return true; // FEXEENTET
4 else {

return false; // ¥E3XEEHT L BX
b

j

if (h—2> BIM<A>DT OB ESE) |




INVDI RSO Y DFESTHEHT
— FARMBNIEICLTOM—I2E

SR IALD

main | J[EDY— i E

loc

LexicalAnalyzer

)
| E

do {

token = nextToken();
tokenList [1] = token;

-I--I—i;

! while (token != “$”)—

[
-
o

— |

| PTAIRERT =T




INVI RSV HY DIFXFRT

int loc: /| IREDI—IME

/¥ R—ONEZIDEDD */
void proceed() {

++loc;

token = tokenList [loc];

j

FRI—=JHUEZEEDMEICRL. £ LIZ-O—FZHIERT S */

void backtrack (int backPoint) {
tokenList [backPoint +1 ] ~ tokenList [loc] D aA—kZHIIFR
loc = backPoint;
token = tokenList [loc];

j




INVI T HY DIF X EEHTER

n BXHEFETOTOT5 LA

int loc: /| IREDI—IME
void proceed(); /=—YHBEIDEDS
void backtrack(); /<—o#%EEDLEICRL. a—FZHIBRT 5

[* <A>DIEXFEMZITO BXHEMZET T TENIL true RY */
boolean parse<A> () {
int backPoint = loc; /| BRI EZ SR
proceed(); return true; /B XEITET

backtrack (backPoint); return false; // #&3Xfi#HT < EX

} [ mwmuEECE? |




INVIRTYIHYD
& T DB

XRERT 2
Jr- 4 AR A %T 2

— <E> ::=<T>“§” | <F> “§”
— <T> :=<F>“+" <F>
e <F> p— cca” | ccb” | “C”

First (<T>) = {*a”, “b”, “¢c”
First (<F>) — {cca”, “b”, cccaa

h
h
First $£& CHIE TEL

S /I\YII VI ELIZ IR RE




INVIRSYIHBY D
+1‘%3{%’:#}?0)15']

m A RiER A
. <E> ::: <T> 66$” | <F> cc$”
_<T> ::=<F> “+” <F>

— <F>:=%“a" | “D” | “c”
boolean parseF(){
if (token == *““a” | token == “b”’ | token == “c”’) {
proceed(); /| % — 714%75—1’35'6’\
return true; /| FRMISE T <F>::=“a”|“b”
! else return false; / f2HT L EX
;




INVI TV HY DIF I EEHT

_<T> - =<F> “+” <F>

boolean parseT(){
int backPoint = loc; / BRI E % iC1E
if (parseF()) {
if (token == “+7) {
proceed();
if (parseF()) {
return true; / BEHSE T <T> 1= <F> “+” <F>
} else { backtrack (backPoint); return false; }
} else { backtrack (backPoint); return false; }
} else { backtrack (backPoint); return false; }

} f_?:;;ﬁ%ﬁEtET }




INVI T HY DIg R

boolean parseE(){
int backPoint = loc; // BRI EZEEIE
if (parseT()) { // <BE> ::=<T>“$” DFEHT
if (token == “§”) {
proceed(); return true; // FEHET <BE> :=<T>“$”
} else backtrack (backPoint); // ##HTkBR, /Sy I +5v 5
} R—VENBEEILRY
if (parseF()) { // <E>::=<F>“$” MDHEEHT
if (token == “$”) {
proceed(); return true; // FEMIET <B> = <F>“§”
i else { backtrack (backPoint); return false; }
} else { backtrack (backPoint); return false; }

j
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| Ajjglj (14 99 66_|_99 66b99 66$99

boolean parseE(){
int backPoint = loc; // BtEHIiE %=
if (parseT())
if (token == “$”)
proceed(); returntrue; / EHSET
} else backtrack (backPoint); // fi##1 & BX

h

if (parseF()) {
if (token == “$”) {

proceed(); returntrue; /EHSET
} else { backtrack (backPoint); return false; }
} else { backtrack (backPoint); return false; }

;




18 S RE AT D

| ]\jjglj €6 99 cc_|_99 ccb” cc$”

boolean parseEO.{

int backPoin boolean parseT(){
if (parseT())| intbackPoint = loc; / BitAtIEZFEIE

if (token | 1f(parseF()) {

procec if (token == “+7) {
} else bac proceed();
! if (parseF()) {
1f (parseF()) return true; / BT T
if (token } else { backtrack (backPoint); return false; }

proces } else { backtrack (backPoint); return false; }
velse { | else { backtrack (backPoint); return false; }

! else { back |

;




18 S RE AT D

| ]\jjglj €6 99 cc 29 ccb” cc$”

boolean parseEO.{

int backPoin boolean parseT(){
if (parseT())| intbackPoint = loc; / BitAtIEZFEIE

if (token | 1f (parseF()) {

procex if (token == “+7) {
! else bag proceed();
! if (parseF()) {
1f (parseF()) return true; / TS T
if (token } else { backtrack (backPoint); return false; }

proces } else { backtrack (backPoint); return false; }
velse { | else { backtrack (backPoint); return false; }

! else { back |

;




18 S RE AT D

| ]\jjglj 44 99 c¢_|_99 ccb” cc$”

boolean parseEO.{
int backPoin boolean parseT(){
if (parseT())| intbackPoint = loc; / BitAtIEZFEIE

if (token | 1f (parseF()) {

procec if (token == “+7) {
} else bag proceed();
! if (parseF()) {
1f (parseF()) return true; / TS T
if (token } else { backtrack (backPoint); return false; }

proces } else { backtrack (backPoint); return false; }
velse { | else { backtrack (backPoint); return false; }

! else { back |

;
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| ]\jjglj €6 99 cc_l_” ccb” cc$99

boolean parseEO.{

int backPoin boolean parseT(){
if (parseT())| intbackPoint = loc; / BitAtIEZFEIE

if (token | 1f (parseF()) {

procec if (token == “+7) {
} else bag proceed();
! if (parseF()) {
if (parseF()) return true; // ###T5E T
if (token } else { backtrack (backPoint); return false; }

proces } else { backtrack (backPoint); return false; }
velse { | else { backtrack (backPoint); return false; }

! else { back |

;




8 X AERT DI

| Ajjglj (44 99 66_|_93 66b99 66$99

boolean parseE(){
int backPoint = loc; // BtEHIiE %=
if (parseT())
if (token == “$”)
proceed(): return true; //fEWET
} else backtrack (backPoint); // f&#7 5%k BR

h

if (parseF()) {
if (token == “$”) {

proceed(); returntrue; /EHSET
} else { backtrack (backPoint); return false; }
} else { backtrack (backPoint); return false; }

;




&S AEAT D)
CADF S SRR T

boolean parseE(){
int backPoint = loc; // BtEHIiE %=
if (parseT())
if (token == “$”)
proceed(); return true; / fEHTET
} else backtrack (backPoint); // fi##1 & BX

h

if (parseF()) {
if (token == “$”) {

proceed(); returntrue; /EHSET
} else { backtrack (backPoint); return false; }
} else { backtrack (backPoint); return false; }

;




TR T OB
- ANF S

boolean parseE(){
int backPoint = loc; // BtEHIiE %=
if (parseT())
if (token == “$”)
proceed(); returntrue; / EHSET
} else backtrack (backPoint); // fi##1 & BX

h

if (parseF()) {
if (token == “$”) {

proceed(); returntrue; /EHSET
} else { backtrack (backPoint); return false; }
} else { backtrack (backPoint); return false; }

;




18 S RE AT D

AR S

boolean parseEO.{

int backPoin boolean parseT(){
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boolean parseE(){
int backPoint = loc; // BtEHIiE %=
if (parseT())
if (token == “$”)
proceed(); returntrue; / EHSET
} else backtrack (backPoint); // ###T 5 BX
h
if (parseF()) {
if (token == “$”) {
proceed(); returntrue; /EHSET
i else { backtrack (backPoint); return false; }
i else { backtrack (backPoint); return false; }
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boolean parseE(){
int backPoint = loc; // BtEHIiE %=
if (parseT())
if (token == “$”)
proceed(); return true; / fEWET
} else backtrack (backPoint); // f&#7 5%k BR
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if (parseF()) {
if (token == “$”) {

proceed(); return true; // fEHIET
} else { backtrack (backPoint); return false; }
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boolean parseE(){
int backPoint = loc; // BtEHIiE %=
if (parseT())
if (token == “$”)
proceed(); returntrue; / EHSET
} else backtrack (backPoint); // fi##1 & BX

h

if (parseF()) {
if (token == “$”) {

proceed(); return true; / fEHET
} else { backtrack (backPoint); return false; }
} else { backtrack (backPoint); return false; }

;




