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AT DIEE

» FAEETR

» AT R

» FlFIRE R

» PRI —RERR
= FEER

s BHO—FERR

|Mﬂwﬁn
BRSO ATLTOSTINDEES

output (ab);

| FAMWFR | <roomxoscricr g
[ i

gﬁ% cc)” “;7’
[ ]

| BXBITR | <oomxosicin g
[ i

“Output” “(”

EENTIE)

|<output_statement> ::= “output” “(” <exp> )" *;

I
[ O—RERFR | VM7 ISR ER
I

1. PUSH &ab 2. OUTPUT

A

A

X708
(ERS AT LTOSIIMDBEE)

< E)
Program> ::= <Main_function> EOF
Main_function> ::= “main” “(” “)” <Block>
Block> ::=“{” { <Var_decl> } { <Statement> } “}”

(ML,E

s
/.

X

Jlll

ROOBXEBESH)
<Var_decl>@E#=5) == “int” <Name_list> “;”
<Name_list>(Z#4£5) ::= <Name_list> “”” <Name> | <Name>

<Name>#Z#4%) ::= NAME | iR
| NAME “=” <Constant> )

| NAME “[” INTEGER “]”)

| (NAME “[” “]” “=" “{” <Constant_list>“}"")

| NAME “[” “]” “=” STRING

| (NAME “[” INTEGER “]” “[” INTEGER “]”) (#i3&:2%8)
<Constant_list>(e#35l) ::= <Constant_list> “,” <Constant>

| <Constant> BiE

<Constant>(e#) ::= ([“-”] INTEGER) | CHARACTER
f5 : int i, n=-5, a[10], b[]={‘a’, ‘b’, ‘¢’ };

<S

TIREX(X)

tatement>(x) ::= <If statement>
| <While_statement>

| <For_statement>

| <Exp_statement>

| <Outputint_statement>

| <Outoutchar_ statement>
| <Break_statement>

| “{” { <Statement> } “}”

[T7EL]
El

| <Do-while statement> (yi3i%5H)
| <Continue statement> (yi3E:25H)

| <Switch_statement> (yi3E:2%)




| </aEX(X)

<If 'statement>(if3c)

2= “if” “(” <Expression> “)” <Statement>

<While_statement>(while3x)

= “while” “(” <Expression> “)”” <Statement>

<If |Statement> (ifx) (JE3E:E%E)
=1 “(” <Expression> )’ <Statement>
[“else” <Statement>]

TOREX(X)

<For_statement>(forX))

| [T SORINTY2L) 29

2w : 113
.. 101 N L}\plcbblull s

[T
s

<Expression>
<Expresson> *)” <Statement>
<For_statement>(for3X) (Y53E:ERE)

1= “for” “(” [ <Expression> { “,” <Expresson> } | “;”

[ <Expression> ] “;”

[ <Expresson> { “,” <Expresson> } ] )” <Statement>

1l : for (; ;) outputchar (‘!");
for (i=0, j=1, k=2; i<10; ++i, ++j, ++k);

TR (X)

<Exp_statement>(ztx) ::= <Expression> ;"

| <Outputchar_statement>HHX)
::= “outputchar” “(” <Expression> “)” «;”
<Outputint_statement>( 713x)

;= “outputint” “(” <Expression> “)” «;”

k]

<Break_statement>(breakx0) ::= “break” «;”

U0 (X HhiRRE)

<Do-while_statement>(do-whileX)

~=“do”<Statement
“while
<Continue_statement>(continueX) ::= “continue” “;”

>

¢2) “(97

<Expression> “)” “;”

>

10

TUREXGRER)

<Expression>(z) ::= <Exp>

(=T = =" ="y <EXpression> |
<Exp>@@st) = <Exp> “|”

<Logical term>

| <Logical term>( mi=

<Logical_term>(Hi21H)

= <Logical term> “&&” <Logical factor>

| <Logical_ factor>

<Lagical_factor>(##E®E¥) ::= <Arithmetic_expression> )
[(==" 1= [ < [ 7 <= | =)

<Arithmetic_expression> |

T 0FEX (E )

<Arithmetic_expression>(Z =)

. /l B
= Arltnmetlc_expressmn

(“+” | “-”) <Arithmetic_term>
| <Arithmetic_term>
<Arithmetic_term> (E#i18)
::= <Arithmetic_term>
(“*” | /] “%” ) <Arithmetic_factor>
| <Arithmetic_factor>
<Arithmetic_factor>(&#fiEF) ::= <Unsigned_factor>
| “-” <Arithmetic _factor>
| “I” <Arithmetic _factor>

11
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| TUREX(FEELET)

<Unsigned_factor>(f5#LEF) == NAME

NAJRC<F22 s

FNAME-“["<Expression>"}’
| NAME ( “++7] “-")

| (“++7]“--") NAME

| (“++7]“--") NAME “[” <Expression> “]”
| INTEGER | CHARACTER

| “inputchar” | “inputint”

| “(” <Expression> *)”

| <Sum_function> | <Product function>

| NAME “[” <Expresson> “]” ( “++7 | “-- ) (E3R:EE)
| NAME “[” <Expresson> “]” “[”” <Expresson> ““|”(}53R:RRE)

IO (FIRE % - R %)

<Sum_function> (F1ES%k)
=47 “(” <Expression_list> *)”
<Product_function> (#&RBI%k)
= R € <Expression_list> )
<Expression_list> (D) ::=
== <Expression>
| <Expression_list> ““,” <Expression>

13 14
F AR CAE SRR THOETDREIT
FHBFR XA UOESXOENT ETy——
[ INTEGER := ‘0’| Pdec { Dec } [ <main> JFHEIRAC S
O O—=H0™0
HSCRRAT 7« <0 O DREAR oleck ) ]
RT%R <0 7
<main> ::= “main” “(” *)” <blockyw Q { (_/@8 i @
“main”/ N\ “‘CC /N )" /o eblock> Pl
~ @ 7’7D$§$€liﬂ‘“lﬁiﬂ’i 4
FRHT TR AN char A Token MAGESFF 2 s
15 16
YO DT = AR SR AT
| <t e 5O |« FARHR A OOEXERE
{ <if st> Q]\\‘ - XFi = b=or
,:' \~\ s BXEITR . YOO XEHER
L~ @ pRTY —b=oFl= 222
;' Q o Teel = FHRNRERCLE TSR §E
(<if st LALIOBXIER /OB X SV HHEH
N TRy T ) [P St ] (PR, IR
L Q NN/ AN A ) @ Ll
N\ — BXREMAREZERTD
<O LEIR =225 = BXEITKR
18
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[ EXEITR

ERIR

(syntax analizer, parser)

r B BITRZERK

if (ans > 123 )
output (‘1°) ;

| ROCHRAT

n CEG={N, TS, P MNEZ5Nf-LE,

O ET* 2L TS=0 THAMEIE,
TDEHKREHBS

TREE R L RBREMN
19 20
1 . 1 &7
T Kﬁﬂﬁg*ﬁ (top-down parsing) B %ﬁiﬂ**ﬁ' Dl
u | <namelist> ;= <name> | <name> “,”” <namelist
BXEWR <pame> 1= “a” | “b” | “c ',,
a, b, c <namelist>
— <name> “,” <namelist>
— ‘@’ <namehst>
REF \ “a” “” <name> “,” <namelist>
*;*E Ga” (1344 5‘b’7 (1344 <namellst>
Ca” (1344 ‘Lb” € <name>
AnESH [ Bm | ke | AT —namelist> = a.b.c
b}
21 22
=4 . 1 &7
J:aq—ﬁ;jﬁﬂ*ﬁ' (bottom-up parsing) J:?-I-E:]ﬁ**ﬁ' 0)15']
. | <namelist> ;== <name> | <namelist>“.” <name
*%Kﬁg$ﬁ* <name> Py G‘ 2 | E‘b” | (13 I,, 5
a, b’ c ‘La” C(,” LGb” C(,” “C”
— <name> (134 “b” “,” “C”
*;*E — <namellst> [ T34 ‘Gb” ‘6,’7 “C”
-~ — <namelist> “” <name> “,” “c”
REFK — <namelist> “,” “c”
— <namelist> “,” <name>
ARSI | B | x5 | — <namelist> <namelist> = a.b.c
2™

23

24




| WEOCHRAT

[ 2T LTRSToN OB |

| % 7 B H (left most derivation)

= 1. 471
| Wﬁﬂ*ﬁ**ﬁ 4 ] 5 : N={S,A,B,C,D}
THEE R recursive descent parsing) T={a.bc.d}
(top-down parsing) LLﬁE*ﬁi o P={S—ABC, A—a, B—bD, C—c, D—d}
(Left to right scan & Left most derivation)
SEE IR AR S—ABC
E RN (operator precedence parsing) ABC—aBC
(bottom-up parsing) | LR R AT aBC—WlE]];g LdC
. . L. al —a
(Left to right scan & Right most derivation) abdC—sabde
x4 38 H (right most derivation)
25 26
=
=EAEJHOBH
REBHDOF R |
fl : N={E,T,F}
i U - . T={a,b,c,d,*,+}
= ENSAICIRISEERITOFEN P (B 4T | T, TF*F |E, F—sa |b| | d}
- EICRBBEAEN |
a*b+c*d
abcd EFGhIjK E—-T+T —»F*F+T (1—F*F)
[chexk —a*F+T
abcde FGhIjK —a*bt+T  (Fob)
—a*b+F*F (1-F*F)
NKYRTIEEEF —a*b+c*F F-¢)
SERBREEICRT HEHEL —a*bte*d ¢y
27 28

Ll bl

REZHOH

if (ans >= 123 ) output (‘a’);

[ <st> — <if st>

— “ifa “(n <exp> “)79 <st>

“if” “(” <factor> “>=" <factor> *)” <st>

“if” “(” “ans” “>=" <factor> “)” <st>

“if? < “ans” “>=" 123" «)” <st>

“if? “(” “ans” “>=" “123” “)” <output_st>

“if” “(” “ans” “>=" “123” “)” “output” “(” <exp> “)” «;”

“ifa “(aa “ansn [N “12397 “)” “Output” “(79 “gaan “)77 T3¢ 1)

>

BiRt(recurtion)

LI j ﬁ"ﬁﬁliﬁdﬂ?a‘jlviﬁ

Bl . <st>u=<if st>

| <while st>
‘ cc{’v {@} cc}’v
<if st> = “if” “(” <exp> )
<while_st> ::=“while” “(” <exp> )

HAHIFRIREL S Mo DB H K
B —DIRIHEEFITR T A REMEN H D

29
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Z BT deft recurtion)

» EEIFENE
- BAOERICEFBE~OBRHHD

BEAEHIE: A% - 2A%a |B

FEERF : <A>—> <B>u|B
<B> — <A>y | R

A H IR (right recurtion)

n EREME
- HIDERIZBESEE~DBEENHS
EEAEBR: <A> > a<A>|B

MEEEF : <A> > a<B>|p
<B> — y<A>|§

31 3
BXREiTOBER
LIRS EHRMEDRRE
| L rxERE W EEROTLE
C BEOFRBEEAESESELELELED EBR>EBRICER
Bl : <ES = 2> <07 <T> | <T> —<E> = <BE> "7 <T>|
{1 smee BRLELESAZE
EAT SBECBEEES
E+T—E+T+T <E> :=<T><E’>
E+T+T—E+T+T+T <E’>:=“4"<T><E>|¢
E+T+T+T—E+T+T+T+T -G ERIREEEEMZ D
KAIZEIELEL
33 34
BXHETORER BRLGVEAE
EERH ERRMEDRE | zmswpes
| e EBRORLE i A>T=<A>alp
BNFiti& = EBNFREiE [CER 11 =mme [ eonesessic
- <E> = <E>"47 <T>| A> = B<A> <A> = B{o}
11 i [ BRLELEHSE A> = a<A>| g
BE(Z
o 1m <TE {4 <To | S PHEER L(G) = {B, Ba, Puc, Paaa, ...}
(| TEG
35 36




EBREORE

A>T=<A> RA>W|B(B,
AEIFEIC EBNFEDEIC

<A> = (BIB,) <A™> <A> 2= (ByIBy) {ofo }
<A™> = (o4]ay) <A™> | €

L(G) = {B, By, Bron, By, Proya, ...,

Ba, Baay, Baon, By, o0ty -}
tROFETERREEBRETRE
LHOLUEEFOREEN KON TLED

EHEREOREDEER

alb/c <T> ::=<F><T">
[ <T> :=<T>"7"<F>|<F> I'>7= F><1T>7¢
<F>:=%a” | “D” | “c” <F>:=“a”|“D” | “c”

, (a/b)/c a/(b/c)
AERBICTIEEXROEBENEHLOTLES

37 38
= g
EBRIFREOREDHER BEFOESH
a/b/c n THRIFEOKRSE
[ <I>=<T>""<F>[<F>  <I>:=<F> {77 <F>} i SHEEFOREESHEOERNEHONS
<F>:u=“a”|“D” | “c” <F>:=“a”|“b” | “c”
I FERFICEEFOHBEHEERETD
i | && | || | = |+-|*/
N
:\\< < < < <
&& | NG < | < .
- S I EROEEFEES
(1 o <: HREIOREFEEL
I (a/b)/c a/b/c « (a/b)/c? a/(b/c)? =l > 1> 1 >NE < |E: CEIZFEAR(ETSH)
o _ +, > > >N\
EBNFIZT B EMESMHEICET HERMERTLES s> 1> NG
~
39 40
—Fﬂéﬂﬁg*ﬁo)ﬁ:ﬁﬁgﬁ Tﬂéﬂ*§Xﬁﬁ*ﬁ-0)ﬁ:ﬁ§Elﬁ
1 > -_ .
) | " | 1\YI 5% (back tracking)
| <pnamelist> ::= <name name> “”’ <pnamelist |
<E:me> R “ 9 | “b” | 113 I” L ,\‘y7h7‘y7
. R OB % - EE—HURMESREYTS
a,b, <namelist> DR ERNET 5 : <E> 1:= <T> “+7 <E> | <T> “-” <E> | <T>
) / % R Y (back tracking) <T> ::=<F> “*” <T> | <F> /> <T> | <F>
<name> <name> “,” <namelist> <F>:.=%“a”|“b” | “c” | “d” s
S M afb-c*d EoT+E == CROTPVE
<name> <name> “,” <namelist> T+E—F*T+E
%}?@ /,r \ F*T+E—a*T+E
<name> <name> “,” <namelist> a*T+E—a*F+E
— a*F+E—a*b+E %gg

41
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Z$RY H Left factoring)
n NYIRSVT DX

SNV IR ISHENKIITEEER

EFEYHL
— RABOEEOHERSEHEVLET
BB T <B> (D B> (@D
o

<E> :=<T><E’>
<E7> ::: C‘+” <E> | G‘_” <E> | 8

ZFRY H L (left factoring)
AV S OF ol

SINVIRSVIDEILIRNESITICEE LR

EHEYHL
— RIDDEEOHBIHAEEYLET
Bl <E> <D <B> (T <E> (CDD
0

<B> ;= <T> [ “4+” <BE> | “-” <BE> ]

BB DORAZEIIMTEEOTHRL

43 44
EFEYHL EREYHL
B HER S HBEHEL B FHBEERSY SR EL
<A> =P, | 0By | .. [aB,, |7, 72| ... |7, <A> =By | ay | ... [6B,, |7, V2| .- |7,
HBEHADOEAERT HT-LERIRESEEA HBEBAMSEAZR/IMTEEDHTELL
<A>i=a<A> |y v, 17, <A>=a BBl B I Y|Vl |V
<A> = By Byl [ B
Bl <if st> :=(“if" “(” <exp> “)” <st>] Il : <if st> ==[“if" “(” <exp> )" <st>]
|[4aifa “(97 <exp> “)77 <St> ]nelsen <St> |[“if)7 “(n <exp> “)97 <St> }aelse” <St>
0 #=EysL I =L
<if st> = “if” “(7 <exp> )7 <st> <else> <if st> = “if” “(” <exp> )" <st> [ “else” <st> ]
<else> ii=¢ | “else” <st>
45 46
EFEYHL EfFEYHL
B BBl : <BE> = <T>“+" <B> [ <T> “-" <E> | <T> B BBl : <E> = <T>“+"<BE>[<T> “-"<EBE> [ <T>
<T> ::=<F> “*” <T> | <F>«/” <T> | <F> <T> ::=<F> “*” <T> | <F> /" <T> | <F>
<F> ::: (13 7’ | “b” | “ 2 | 66d’7 <F> ::: (13 ’7 | “b” | ‘6 2 | ‘Gd?’
<E,> ::f_<‘:f>” <E’> . <E> = <T> [ ( ey ‘ @ » ) <E> ]
e e
e <F> ::: (13 ’7 | “b” | ‘6 2 | ‘Gd?’
<T’> R—TY <T> | c:/” <T> | €
<F> ::_ 13 ’7 | G‘b” | 6‘ 2 | “d”
47 48




EFRYHL

E%thﬂb > =<T>“+7 <> | <T> “7 <BE> | <T>
1§|] :<E> = <T> <E’> B <E P T + E+ | T b— E | T
<E’> ::: G‘_"_” <E> | 6‘_” <E> | 8 <T> Q
<T>::=<F><T"> <T> () F\ <E>
<Ta> —TT <T> | “/” <T> | € <T> @
3F/9&ET$7IETBE7J'—I~7I~>
<F> ::_ (13 ” | “b” | (193] | “d”
a*b - c*d E—>TE’ <E>=<T><E>
TE’_}FT’E’ /{‘yolsa‘yaﬁl/[: <E’> ::: “_"_” <E> | “_’7 <E> | 8
FT'E'—aT’E’  gzifrayae ey <E>
aT’E’—a*bE’ <T>
a*bE’—a*b-T <E>
a*b-T—a*b-FT’ REMARA T
49 50
EFEYHL
ZE lo L&/ {\\ I\ — %
% ) Hj 17 7 Ja S—aBcd, B—bc | b
i n N\VIRTVINESE HEFRLALY i /
REMIRRYNSBER RN OO0 040
{5l S—aBcd, B—bc | b EREMARA—F<b
EFEUHL S—aBcd, B—»bB’,B’—c | ¢
S—aBcd, B—bB’ B’
—aBcd, B— —c|e . . yQ\Q ‘ :
abcd S—aBcd ShhSh C C O c
aBcd—abB’cd = ) SEREMART I
abB’cd—abecd SRZFE- EREYHLELTE NFA DEE
51 52
=2 D FEEH LL(k) X &
<E>u= <> { (" <T>) [ (/7 <T>) § 1 : <factor> ::= NAME“=—"|NAME
* a*b . R EDIL—L%E
. _/‘ |NAM 7 NAME } o />
. 4 ENTRFTS? | NAMH “<” [NAME
L a==b CCETHDIE
b= ERZEHT S ERMHIBITES
s Lb,
m LL (k) X% 2:’>DI<315L0)2I~ g;i‘c 2o (X AR AT E] HE
kLD ERFEHTNIE (2) 3
R R BETR A
53 54




LL(k) 3C&

{5l : <unsigned> ::= NAME “[” <exp> “]"]
| NAME “[” <eXp> “]’ “++3?
| NAME “[5’ <exp> “]’ “__3’

SCETHDIE
a [ 14243 +4+5+6+7 | ++ | pehpdipce i,

<exp>XERICh—I U HKLATREEHY
= IhlX LL(k) 3GETIHEND

LL(k)3E=>LL(N) X E

FF 71 B
m LIL(K) Xi&B

SEFEYHLTLLO)XEIC

15| : <factor> ::== NAME “=" NAME
|NAME “>” NAME
|NAME “<” NAME

ﬂ EFEYHL

<factor> ::= NAME (“=="| “>” | “<”) NAME

55 56
LL(1)3i LL() 3RS X DR
Y SEERITRHN—D
B RS B <unsigned> ::== NAME NAME
n LL(D)XOA i | INTEGER INTEGER
HEOR—S (BRI DR —T) DR 40 <exp> 7 (7
THE X AT AT Re78 XXk | “input” “input”
s ZANRICERRADEHHEHLEE, b—I0F <unsigned>DFEHT() {
HARSATNIXEDHEDLEEIRT EHhHND swich (nextToken ) {
s BA—DEDIZHLT. BEAD LB N—H (1R case NAME :  { T DR } break;
HEVNETELS case INTEGER : { BEHDEHT } break;
case “(”: {“(” <exp>“)” MDFRHT } break;
@ case “input”:  { AJIDEHT } break;
- }
RIZKBDN—DEHFEATD ) RO—5UERNIT
A YR DB SRR AT BE EDWEBETZHNAIND
57 58
RS 3 AN
LL(1)3EE X D 4T First R H
SEBRITKRDHN—DIY TERESA B £ A
B <st> = “{” { <st> } u}” “{,, i (i»ﬁﬁﬁm I:IE-'?% =] )
S m First (o) = {*a” [ oa=af}
| <while_st> ' — =L 02D EELFED
| <if st> CNBDEEITKD BB oD KHEICKIRIHRESDES
| <write_st> h=o21F7 <if [st> »=[“if” |*(” <expression> ) <statement>
| <exp_st> <while_st> ::=[‘while” |'(” <expression> “)”” <statement>
if XDFEBEDR—I2IE “if
£IERIHTL S D First FRE 2KkHD while XD FEBEDR—2 2 [F “while”
First (<if st>) ={“if"}
First (<while_st>= { “while” }
59 60
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First&E&

Bl . <A>="a” | “b” | “c”
<B>::=“dd” “ee” | “ft” “gg”
<C>:=<A>|<B>
First (<A>) = { “a”, “b”, “c” }
First (<B>) = { “dd”, “ff” }
First (<C>) = { “a”, “b”, “c”, “dd”, “ff” }
First (<A>) First (<B>)

First EEDKRHA

m  First (@) DKRH A eNUTH
—  EAKEETIE First (0) = (EES)

. an=ed&E

First (o) +=¢;
=“g” (ET) D&E

First (o) +=“a”;
3. 0=<A>(EN)DEE

First (o) += First (<A>);
<A> €N, “a”E€ T, € (NUT)*

2. o

61 62
First REDRHA First REDROHA
B 4 0 =E<XCPDEE B
1. e First (<X>) Q& 6. a:=ip }F(.Dti) First (B)
1rst += First t g
First (o) += First (<X>); ;
5 1:1:.(&) = 1;:&(% ); 7. a:u=[p] DEE
- sEFirst (<X>) . First (A) += First (B) + &;
First (o) += (First (<X>) -¢) + First (B); 8. o= (B) DEE
5. an=B|ynLE First (A) += First (B);
First (o) += First (B) + First (y);
<X> EN, o, B,y € (N U T)* @ pEN U T)*
63 64
. A
First(REDROHA First £8
Bl : <S> ::=“a” | <B><C>
4. 8-)L_)b <B> = ubnl‘ €
B 4. O =<X>POEE <C>=¢”
1. & First(<X>) M &F First (o) += First (<X>) First () = {g} UL—il)
2. e EFirst(<X>) M &F First (o) += ( First (<X>) -¢) + First (B); First (“a”) = {“a”} L—IL2)
Bl <A> = <B>“a” F%I'St (“b”) = {“b”} JL—JL2)
<B> = b | g First (“c”) = {“c”} (L—JL2.)
First (<C>) = First (“c”) = {“c”} (L—i2)
A=ba,AZea=a First (<B>) = First (“b”)+First (g) = {“b”, &}  (L—15)
First (<A>) = {*b”, “a”} First (<B><C>) = (First (<B>)-¢)+First (<C>)
First (<B>) - First (“a”) . = U7,y UL—IL4-2)
First (<S>) = First (“a”) + First (<B><C>)
= {‘Gaﬁﬂ, 6‘b7” ‘4057} ()l,—)l/s)
65 66
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<st>DFEHT() {

First SR &% AL XEHT

nextToken & First E& %L

if (nextToken € First (<if_st>)) {
<if st> DEHT;
} else if (nextToken € First (<while_st>)) {
<while_st> DEHT;
} else if (nextToken == “{"") {
“L7 L <st> )<Y DERHT
} else if (nextToken == ;) {
“ RRHT;

} else syntaxError();

WX R TR/ OCE

5 : First (o) = {“x”, “a”}

First (B) — {“X”, ubn}
Firsr (,Y) — {“X”, “C”}

<A> = a|Bly A> <B> <Co $[

<B>:={0}p SEEDRIHEBEA 0 12

<C>:=[a] B EDIEMNHFE TERL
EFVBLEHLL

LL(1) 3GETHEWENY IS ELTIE
BT EE

67

68
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