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set NT derives e tobefalse
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Bk, Fa=>*e M e EFIRST(a)

FOLLOW(A)={a|S=>* « AaB,a€V;,a,p €V*}
FOLLOW(A)
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« IELAF
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+ TEFIRST(T)

+ FIRST (S) € FIRST (S8)

s #iNT =>* ¢ Il FIRST (8) € FIRST (NT3)
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o BB T RALGR, NT BAFLLERF, SHELSRFER
FRER, R HALRAFLLFRER 55
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+ MHTTokena, MATIRALTT A, HAHN
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« F7a€FIRST(a ), KA~ o,
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Request: What is FIRST(Term')?

Term' — * Int Tern?

Term' — /Int Term’ MJ;E%?’W - !
Term — ¢ First(* Num Term') < First(Term')

First(/ Num Term’) < First(Term')
o F?rst(*);; F_irst(* Num Tern"l’)
1) TEFirs(T) First(/) < First(/ Num Term’)

2) Flrst(S) c llra(Sp) / EEFFIIrrstst((/))

First( 8 ) CH rst(NT )

Firs(SB) © Fll‘rst(NT)
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First(* Num Term') S First(Term’)
First(/ Num Term’) < First(Term')
First(*) € First(* Num Term’)
First(/) © First(/ Num Term'’)

* eFirst(*)

| EFirst(/)

AR KL

LRI

First(* Num Term') < First(Term’)
First(/ Num Term’) < First(Term')
First(*) S First(* Num Term')
First(/) © First(/ Num Term'’)

* EFirst(*)

| €First(/)

AR KL

LRI

First(* Num Term') S First(Term’)
First(/ Num Term’) < First(Term')
First(*) S First(* Num Term')
First(/) © First(/ Num Term'’)

* EFirst(*)

| EFirst(/)
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fi#t

First(Term')={}

First(* Num Term’) = {}
First(/ Num Term’) = {}
First(*) = {}

First(/) = {}

P A RS 0 ()
HAR RN HLEI )

firt

First(Term')={}

First(* Num Term’) = {}
First(/ NumTerm') = {}
First(*) = {*}

First(/) = {/}

VISR )
ARLIA SIS
(R

fift

First(Term')={}

First(* Num Term’) = {*}
First(/ Num Term') = {/}
First(*) = {*}

First(/) = {/}

PR EA TR {}

AFHE BB
1)

First(* Num Term') S First(Term’)
First(/ Num Term’) < First(Term')
First(*) € First(* Num Term’)
First(/) © First(/ Num Term'’)

* eFirst(*)

| EFirst(/)

First(* Num Term') S First(Term’)
First(/ Num Term’) < First(Term')
First(*) S First(* Num Term')
First(/) © First(/ Num Term'’)

* EFirst(*)

| €First(/)

BIEHIN—%: Ha=>"¢

AR S FISRT A (kA0 5 1 | 32

fi#t

First(Term')={*.,/}
First(* Num Term’) = {*}
First(/ Num Term') = {/}
First(*) = {*}

First(/) = {/}

alsite
f&

firt

First((Term')={ & ,*,/}
First(* Num Term’) = {*}
First(/ Num Term') = {/}
First(*) = {*}

First(/) = {/}

PR EAE XL {}

3 FEEIAG)
(AFFAEAL)

] e EFIRST (@)

JEFIRST(X),XEV, UV,

« BEAH TN, ERFELLER, Re A

fE—FIRST&E R 1k

o HXEV,, MXJETFIRST(X)

o #XeV,, HfX->aa, MaETFIRST(X)

o FXEV,, FH X->¢e, W e&TFIRST(X)

s HIXEV,, AX->Y..., HYev,
FIRST(Y)\{ ¢} & TFIRST(X)
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@IIEFIRST( @), a=XX,...X,

o FIRST(X)HdE e TCEMAFIRST(a)

« 4% & EFIRST(X,),

WFIRST(X )BT AE e TWHEIMAFIRST ()

o # e EFIRST(X,), ¢ EFIRST(X,),

WFIRST(X )T HE e JGEMAFIRST(a)

o —ftHh, ¥ e € FIRST(X)),i=1.m, m<n,

FIRST(X) T AE € JTCHEMMAFIRST(a), Am=nkf
MPKs e IMANFIRST ()

FxE A AR L RFATIFIRS TAR B2

for all nonterminals A do First(A):={};
Whilethere are changesto any First(A) do
for each production A — X, X,...X, do
k :=1; Continue:=true;
While Continue=trueand k <=n do
add First(X,) \{ ¢ } to First(A)
if £ isnotin First(X,) then Continue := false;
k:=k+1;
if Continue =truethen add { ¢ } to First(A)

S—| | other
| —if (E)SL
L —>eseS|e
E—>0|1

B I BN L R )
S—one | Fsane ||
RO E S OO R R
-ews | Febdem |
BT RNL (E C R—
e-0 | mse0 ||

First(E)={1}
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SCERAE e RN, MWERA LS
REARIFIRSTE K RIL SR

for all nonterminals A do First(A):={};
Whilethere are changesto any First(A) do
for each production A—=>X;X,...X,, do
add First(X,) to First(A);

FOLLOW(A)E X

« SR —ANERGERA, FOLLOW(A) AL RA
Bl TREEH
o HANCEFFERS, N#ETFOLLOW(A)
o HAFEENXB-aAB
nj FIRST(B)\{e} SFOLLOW(A)
o HHFEENR B—~aAB He EFIRST(8)
W FOLLOW(B) SFOLLOW(A)

I FOLLOWAE HI & ik

Follow(start-symbol) := {#};
for all nonterminals A #Zstart-symbol do Follow(A):={};
While there are changes to any Follow sets do

for each production A — X, X,...X, do

for each X; that isa nonterminal do
add First(X;;1Xi;2...X,) \{ & } to Follow(X;)
(* Note: if i=n, then X, Xi,5... X, = &%)
if & isin First(X;;;X,...X,) then
add Follow(A) to Follow(X;)
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4) B, BASCIEG:
E—TE T'—*FT'|IFT'| &
E —+TE'|-TE'|e F—(E)I
T—FT

KRGHENIELERFAKR FOLLOW(AYE

FIRST4HI#43E:

FIRST(E) = FIRST(T) = FIRST(F) ={ (,i}
FIRST(E)={+, €}

FIRST(T)={*, e}

Grammar rule
First(E)={(.i}

I
L [Firs(M={(i}
Firs(P)=(¢ | |

| Firs(F={} |
FirtF)=(Giy | |
| Firs(T)={*} |

First(T’)={*}

First(T")={*,/}
Firs(M=*/e}| |
I

First(E")={+}
Firsi(E)=(+.} _

Follow(E)={#} | Follow(T)={)#}
]

Follow(F)=?

Follow(P)=0# |
I

Follow(F)=?
Follow(F)="?

I

_

— IET
.4+, }
#+.}

I
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FOL L OW£E [ id
s

HOB: FOLLOWE)=(#)  mrimer(o) i es s
HOE: FOLLOW(A)
2] H FIRST(E')\{e} S FOLLOW(T)
MW FOLLOW(T) ={ +}
2] A FIRST(T’)\{e} S FOLLOW(F)
M FOLLOW(F) ={*}
22| 4 FIRST()) S FOLLOW(E)
M FOLLOW(E) ={#,)}

FIRST(E)={+, €} FIRST(T')={*, &}

FOLLOWZ#E4E

E-TE# FOLLOW(E) S FOLLOW(E’)
W FOLLOW(E)={#, )}
E-TE'HE -~ ¢ & FOLLOW(E) € FOLLOW(T)

M FOLLOW(T)={ + #)}

FOLLOW(T) ={ +}
T-FT'AFOLLOW(T) S FOLLOW(T’) |[FOLLOW(F)={*}
FOLLOW(E) ={#,)}
MFOLLOW(T)={+ #,)}

T-FT AT » ¢ HFOLLOW(T)S FOLLOW(F)
MFOLLOW(F)={ *, +#,)}
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B LR \
. 4.4 303 G -

FIRST(E) =FIRST(T) =FIRST(F)={ (,i} E—+TE|e " P

FIRST(E)={+, €} T—FT’ * E'—+TE |¢

FIRST(T)={*, &} T —*FT'| “ T,_) F*T ’
F—~ )i T —*FT' |¢

FOLLOW(E) = FOLLOW(E') ={) , #} F— (E)|i

FOLLOW(T) = FOLLOW(T')={+, ), #}

FOLLOW(F) ={* ,+,),#} PR ST L 4 i )3 F A2 4o T BT

4. 357 T SRR PROCEDURE E”;

« SEICEEMIE K : BEGIN

BRI RS T U PROCEDURE E; IF SYM=“+"THEN PROCEDURE T;
o ARE I
o B A R R M PR R AR A BEGIN BEGIN BEGIN
u:x;vfwm-,—/\ﬂ:z A A AT TE RS 1 74 T;E” ADVANCE ; F;T”

e U4 FIRST(A) N FOLLOW(A)= ¢ END: T-E” END:

|_|_(1)ju£

s L BRI E—TE END
uL-m#ﬁ? =\[D)s

> 1. [METAE - Token E' > 4TE [&

T—FT

Predictive Parsing + Hand Coding = PROCEDURE T”: FROEEBLIRE (75
BEGIN

Recursive Descent Parser BEGIN
IF SYM=<i> THEN ADVANCE

IF SYM=“*>THEN ELSE IF SYM=“(THEN
BEGIN

ADVANCE ;

£3

< One procedure per nonterminal

< That procedure examines the current input symbol BEGIN

+ Recursively calls procedures for RHS of chosen ADVANCE ;
production

« Procedures return true if parse succeeded, false
otherwise

FT” IF SYM=*)" THEN ADVANCE
END ELSE ERROR

END END
ELSE ERROR

T —*FT' | e END
F—(E)]i

Yinliang Zhao
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PROCEDURE E;
BEGIN

T;E”
END;

PROCEDURE E;
BEGIN

T;E”
END;
PROCEDURE T;
BEGIN

F;T”
END;

PROCEDURE T;
BEGIN

FiT
END;

PROCEDURE F;
BEGIN
IF SYM=“i~ THEN ADVANCE
ELSE IF SYM=*(*THEN
BEGIN
ADVANCE;
E;
IF SYM=°)~ THEN ADVANCE
ELSE ERROR
END
ELSE ERROR
END

PROCEDURE F;
BEGIN
IF SYM=“i" THEN ADVANCE
ELSE IF SYM=*(’THEN
BEGIN
ADVANCE;
E;
IF SYM=“)" THEN ADVANCE
ELSE ERROR
END
ELSE ERROR
END

PROCEDURE T;
BEGIN

F;T”
END;

PROCEDURE T;
BEGIN
FiT”

END;
PROCEDURE T~;
BEGIN

IF SYM=“*THEN
BEGIN

ADVANCE ;

FiT”

END
END

PROCEDURE E;
BEGIN
T;E”
END;
PROCEDURE E~”;
BEGIN

IF SYM=“+”THEN

BEGIN
ADVANCE ;
T;E”

END

END;
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Yinliang Zhao

PROCEDURE E~”;

BEGIN

IF SYM=“+”THEN

BEGIN
ADVANCE;
T;E”

END

END;

PROCEDURE T;
BEGIN

F;T”
END;

PROCEDUQE lE
BEGIN

F;T”
END;

PROCEDURE F;
BEGIN
IF SYM=“i~ THEN ADVANCE
ELSE IF SYM=*(*THEN
BEGIN
ADVANCE;
E;
IF SYM=“)" THEN ADVANCE
ELSE ERROR
END
ELSE ERROR
END

PROCEDURE F;
BEGIN
IF SYM=“i” THEN ADVANCE
ELSE IF SYM=*(’THEN

BEGIN

ADVANCE;

E;

IF SYM=<)" THEN ADVANCE

ELSE ERROR

END
ELSE ERROR
END

PROCEDURE T;
BEGIN

FiT
END;

PROCEDURE T;
BEGIN

FiT
END;

PROCEDURE T7;
BEGIN

IF SYM=“*"THEN
BEGIN

ADVANCE;

F;T”

END
END

PROCEDURE T~ ;
BEGIN

IF SYM=**"THEN
BEGIN

ADVANCE ;

F;T”

END
END

PROCEDURE F;
BEGIN
IF SYM=“i> THEN ADVANCE
ELSE IF SYM=*(’THEN
BEGIN
ADVANCE ;
=
IF SYM=<)> THEN ADVANCE
ELSE ERROR
END
ELSE ERROR
END

PROCEDURE T~ ;
BEGIN

IF SYM=**"THEN
BEGIN

ADVANCE ;

F;T”

END
END

17
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BEIH T BT PRI SEBL

B AR LGN N — AN A TR
« BIETREF: &2 MR R

Mgk R ILE, el ‘
W, Jfik[Hltrue, FEEF )L o TR,
R elfalse, PREFIECR IR ARET A

m Term — Int Term’
Term' — * Int Term’
Term' — /Int Term'’

« Term() e

if(token=Int n){
token = NextToken();
return(TermPrime())

}else return(false)

« TermPrime()
if(token=*) | | (token=/){
token = NextToken();
if (token=Int n) {
token=NextToken();
return(TermPrime())
} else return(false)
}else return(true)

Building A Parse Tree

< Have each procedure return the section of the parse tree
for the part of the string it parsed

- Use exceptions to make code structure clean

+ In general, can adjust parse algorithm to satisfy different
goas—typically, produce abstract parse tree instead of
concrete parse tree

Yinliang Zhao

Term — Int Term’
Term' — * Int Term’
Term' — /Int Term’
Term — ¢

2*3* 4B VERY

Term

N\

Int 2 Term’

TN

Int3 Term’

* Int4 Term’

Building Parse Tree (Concrete Tree)
« Term()
if(token=Int n){
oldToken=token; token=NextToken();
node=TermPrime();
if(node=NUL L )return oldToken;
elsereturn(new TermNode(oldT oken,node));
}elsethrow SyntaxError
« TermPrime()
if(token=*)||(token=/){
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(fir st,next,TermPrime())
}else throw SyntaxError
}elsereturn(NULL)

Building Parse Tree (Concrete Tree)

« Term()

if(token=Int n){ < /
oldToken=token; token=NextToken();

node=TermPrime(); Int2

if(node=NUL L )return oldToken;
elsereturn(new TermNode(oldToken,node));
}else throw SyntaxError

« TermPrime()
if(token=")||(token=/){
first=token; next=NextToken();

if(next=Int n){
token=NextToken();
return(new TermPrimeNode(fir st,next, TermPrime()) 2%3%4
}else throw SyntaxError
}elsereturn(NULL) ﬂ

18
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Building Parse Tree (Concrete Tree)

» Term()

if(token=Int n){ /
oldToken=token; token=NextToken();

node=TermPrime(); <== Int 2
if(node=NUL L )return oldToken;
elsereturn(new TermNode(oldToken,node));
}else throw SyntaxError
» TermPrime()
if(token=*)||(token=/){
first=token; next=NextT oken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(fir st,next,TermPrime())
}elsethrow SyntaxError
Yelsereturn(NULL)

Building Parse Tree (Concrete Tree)

« Term()

if(token=Int n){ /
oldToken=token; token=NextToken();

node=TermPrime(); Int2

if(node=NUL L )return oldToken;
elsereturn(new TermNode(oldToken,node));
}else throw SyntaxError
« TermPrime()
if(token=*)||(token=/){ <
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(fir st,next,TermPrime())
}elsethrow SyntaxError
}elsereturn(NULL)

Building Parse Tree (Concrete Tree)

» Term()

if(token=Int n){ /
oldToken=token; token=NextToken();

node=TermPrime(); Int2

if(node=NUL L )return oldToken;
elsereturn(new TermNode(oldToken,node));
}else throw SyntaxError
« TermPrime()
if(token=")||(token=/){
first=token; next=NextToken();
if(next=Int n){ <
token=NextToken();
return(new TermPrimeNode(fir st,next,TermPrime()) 2%3%4
}else throw SyntaxError
}elsereturn(NULL) ﬂ

Yinliang Zhao

Building Parse Tree (Concrete Tree)

» Term()

if(token=Int n){ /
oldToken=token; token=NextToken();

node=TermPrime(); Int 2

if(node=NUL L )return oldToken;
elsereturn(new TermNode(oldToken,node));
}else throw SyntaxError
» TermPrime()
if(token=*)||(token=/){
first=token; next=NextT oken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(fir st,next,TermPrime()) ?‘3 *4
}elsethrow SyntaxError
Yelsereturn(NULL) ﬂ

Building Parse Tree (Concrete Tree)

« Term()

if(token=Int n){ /
oldToken=token; token=NextToken();

node=TermPrime(); Int2

if(node=NUL L )return oldToken;
elsereturn(new TermNode(oldToken,node));
}else throw SyntaxError
« TermPrime()
if(token=*)||(token=/){ <
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(fir st,next,TermPrime()) 2%3%4
}elsethrow SyntaxError
}elsereturn(NULL) ﬂ

Building Parse Tree (Concrete Tree)

« Term()

if(token=Int n){ /
oldToken=token; token=NextToken();

node=TermPrime(); Int2

if(node=NUL L )return oldToken;
elsereturn(new TermNode(oldToken,node));
}else throw SyntaxError

« TermPrime()
if(token=")||(token=/){
first=token; next=NextToken();
if(next=Int n){ <
token=NextToken();
return(new TermPrimeNode(fir st,next,TermPrime()) 2%3%4

}else throw SyntaxError
}elsereturn(NULL) ﬂ
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Building Parse Tree (Concrete Tree)

» Term()

if(token=Int n){ /
oldToken=token; token=NextToken();

node=TermPrime(); Int 2 Term'

if(node=NUL L )return oldToken;

elsereturn(new TermNode(oldToken,node)); Int3 Term'
}else throw SyntaxError
» TermPrime()
if(token=*)||(token=/){ * Int4

first=token; next=NextT oken();

if(next=Int n){

token=NextToken();

<
return(new TermPrimeNode(fir st,next, TermPrime()) 2%3%4

}elsethrow SyntaxError
Yelsereturn(NULL) ﬂ

Building Parse Tree (Concrete Tree)

« Term()

if(token=Int n){ /
oldToken=token; token=NextToken();

node=TermPrime(); Int2 Term

if(node=NUL L )return oldToken;
elsereturn(new TermNode(oldToken,node)); Int3 Term'
}else throw SyntaxError
+ TermPrime() /l\
if(token=")|[(token=/){ ~<—= * Int4
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(fir st,next,TermPrime()) 2%3%4
}elsethrow SyntaxError
}elsereturn(NULL) ﬂ

Building Parse Tree (Concrete Tree)

» Term()

if(token=Int n){ /
oldToken=token; token=NextToken();

node=TermPrime(); Int2 Term'

if(node=NUL L )return oldToken;
elsereturn(new TermNode(oldToken,node)); Int3 Term'
}else throw SyntaxError
« TermPrime()
if(token=")||(token=/){
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(fir st,next,TermPrime()) 2%3%4
}else throw SyntaxError
}elsereturn(NULL) <——TermPrimeNode(NULL ,NULL,NULL) ﬂ

Yinliang Zhao

Building Parse Tree (Concrete Tree)

» Term()

if(token=Int n){ /
oldToken=token; token=NextToken();

node=TermPrime(); Int 2 Term

if(node=NUL L )return oldToken;
elsereturn(new TermNode(oldToken,node)); Int3 Term'
}else throw SyntaxError
» TermPrime()
if (token=*)||(token=/){ * Int4 Term
first=token; next=NextT oken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(fir st,next,TermPrime()) |=2'i3 *4
}elsethrow SyntaxError
Yelsereturn(NULL) TermPrimeNode(NULL ,NULL,NULL) ﬂ

Building Parse Tree (Concrete Tree)

« Term()

if(token=Int n){ /
oldToken=token; token=NextToken();

node=TermPrime(); Int2

if(node=NUL L )return oldToken;
elsereturn(new TermNode(oldToken,node));
}else throw SyntaxError
« TermPrime()
if(token=")||(token=/){
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(fir st,next,TermPrime()) ?3 *4
}elsethrow SyntaxError
}elsereturn(NULL) TermPrimeNode(NULL ,NULL,NULL) ﬂ

Building Parse Tree (Concrete Tree)

« Term()

if(token=Int n){ /
oldToken=token; token=NextToken();

node=TermPrime(); ==> Int2

if(node=NUL L )return oldToken;

elsereturn(new TermNode(oldToken,node));
}else throw SyntaxError

« TermPrime()
if(token=")||(token=/){
first=token; next=NextToken();
if(next=Int n){

token=NextToken();
return(new TermPrimeNode(fir st,next, TermPrime()) 2%3%4
}else throw SyntaxError
Yelsereturn(NULL) TermPrimeNode(NULL ,NULL,NULL) ﬂ
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Building Parse Tree (Concrete Tree)

L]
» Term()

Term H
if(token=Int n){ /\ o0
oldToken=token; token=NextToken();

node=TermPrime(); Int 2 Term

if(node=NUL L )return oldToken;
elsere(urn(newTermNode(oIdToken,ne)); * Int3 Term’

}elsethrow SyntaxError
« TermPrime() /1\A
if (token=*)]|(token=/){ * Int4 Term
first=token; next=NextT oken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(fir st,next,TermPrime()) 2%3%4
}elsethrow SyntaxError
Yelsereturn(NULL) TermPrimeNode(NULL ,NULL,NULL) ﬂ

BHEEMSELN
Term — Int Term’

<« TermPrimel it A 58 4 h Term' — * Int Term’
X Term’ = /Int Term’
© MOBEBT Tem — ¢
¢ RERRM—ARTEEHKE S
« (root, incomplete) = TermPrime()
o Called with token = * T
em

= Remaining tokens=3* 4 /I\

Incomplete *

Building Parse Tree (Concrete Tree)
« Term()
if(token=Int n){
oldToken=token; token=NextToken();
node=TermPrime();
if(node=NUL L )return oldToken;
elsereturn(new TermNode(oldT oken,node));
}elsethrow SyntaxError
« TermPrime()
if(token=*)||(token=/){
first=token; next=NextToken();
if(next=Int n){
token=NextToken();
return(new TermPrimeNode(fir st,next,TermPrime())
}else throw SyntaxError
}elsereturn(NULL)

Yinliang Zhao

Building Parse Tree (Abstract Tree)

« Term()
if(token=Int n){
node=new TermNode(token,NUL L ,NULL);
token=NextToken(); TermPrime(node); return node;
}elsethrow SyntaxError
« TermPrime(node)
if(token=*)||(token=/){
node.op=token; token=NextT oken();
if(token=Int n){
noderight=token; token=NextToken();
if(token=*)||(token=/){ oldNode = node;
node=new TermNode(oldNode,NUL L ,NULL);
TermPrime(node); }
return node;
}elsethrow SyntaxError
}elsereturn(new TermNode(oldToken,NUL L ,NULL));

Building Parse Tree (Abstract Tree)

+ Term()
if(token=Int n){ <——=
node=new TermNode(token,NULL ,NULL);
token=NextToken(); TermPrime(node); return node;
}Yelse throw SyntaxError
<« TermPrime(node)

if(token=")||(token=/){
node.op=token; token=NextToken(); /

if(token=Int n){ Int 2
node.right=token; token=NextT oken();
if(token="*)||(token=/){ oldNode = node;
node=new TermNode(oldNode,NULL ,NULL);
TermPrime(node); }
return node;
}elsethrow SyntaxError

}elsereturn(new TermNode(oldToken,NULL,NULL));

Building Parse Tree (Abstract Tree)

+ Term()
if(token=Int n){
node=new TermNode(token,NULL ,NULL); <—
token=NextToken(); TermPrime(node); return node;
}else throw SyntaxError
<« TermPrime(node)
if(token=")||(token=/){
node.op=token; token=NextToken();
if(token=Int n){
node.right=token; token=NextT oken();
if(token="*)||(token=/){ oldNode = node;
node=new TermNode(oldNode,NULL ,NULL);
TermPrime(node); }
return node;
}elsethrow SyntaxError

}elsereturn(new TermNode(oldToken,NULL,NULL));

Int 2
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Building Parse Tree (Abstract Tree)

» Term()
if(token=Int n){
node=new TermNode(token,NULL ,NULL);
token=NextToken(); TermPrime(node); return node;
}else throw SyntaxError
> TermPrime(node)
if(token=*)||(token=/){
node.op=token; token=NextToken();
if(token=Int n){
noderight=token; token=NextT oken();
if(token=*)||(token=/){ oldNode = node;
node=new TermNode(oldNode,NULL ,NULL);
TermPrime(node); }
return node;
}elsethrow SyntaxError

Int 2

}elsereturn(new TermNode(oldToken,NULL,NULL));

Building Parse Tree (Abstract Tree)

+ Term()
if(token=Int n){
node=new TermNode(token,NULL ,NULL);
token=NextToken(); TermPrime(node); return node;
}Yelse throw SyntaxError
> TermPrime(node)
if(token=*)||(token=/}{ ~<—
node.op=token; token=NextToken();
if(token=Int n){
noderight=token; token=NextT oken();
if(token="*)||(token=/){ oldNode = node;
node=new TermNode(oldNode,NULL ,NULL);
TermPrime(node); }
return node;
}elsethrow SyntaxError

Int 2

}elsereturn(new TermNode(oldToken,NULL,NULL));

Building Parse Tree (Abstract Tree)

+ Term()
if(token=Int n){
node=new TermNode(token,NULL ,NULL);
token=NextToken(); TermPrime(node); return node;
}Yelse throw SyntaxError
» TermPrime(node)
if(token=")||(token=/){
node.op=token; token=NextToken();
if(token=Intn){ <—
node.right=token; token=NextT oken();
if(token="*)||(token=/){ oldNode = node;
node=new TermNode(oldNode,NULL ,NULL);
TermPrime(node); }
return node;
}elsethrow SyntaxError

Int 2

}elsereturn(new TermNode(oldToken,NULL,NULL));

Yinliang Zhao

Building Parse Tree (Abstract Tree)

» Term()
if(token=Int n){
node=new TermNode(token,NULL ,NULL);
token=NextToken(); TermPrime(node); return node;
}else throw SyntaxError
> TermPrime(node)
if(token=*)||(token=/){
node.op=token; token=NextToken();
if(token=Int n){
noderight=token; token=NextT oken();
if(token=*)||(token=/){ oldNode = node; <
node=new TermNode(oldNode,NULL ,NULL);
TermPrime(node); }
return node;
}elsethrow SyntaxError

Intz2 [

}elsereturn(new TermNode(oldToken,NULL,NULL));

Building Parse Tree (Abstract Tree)

+ Term()
if(token=Int n){
node=new TermNode(token,NULL ,NULL);
token=NextToken(); TermPrime(node); return node;
}Yelse throw SyntaxError
> TermPrime(node)
if(token=")||(token=/){
node.op=token; token=NextToken();
if(token=Int n){
node.right=token; token=NextT oken();
if(token="*)||(token=/){ oldNode = node;
node=new TermNode(oldNode,NULL ,NULL);
TermPrime(node); }
return node;
}elsethrow SyntaxError

Int 2

}elsereturn(new TermNode(oldToken,NULL,NULL));

Building Parse Tree (Abstract Tree)

+ Term()
if(token=Int n){
node=new TermNode(token,NULL ,NULL);
token=NextToken(); TermPrime(node); return node;
}else throw SyntaxError
» TermPrime(node)
if(token=*)||(token=/){ ~<—
node.op=token; token=NextToken();
if(token=Int n){
node.right=token; token=NextT oken();
if(token="*)||(token=/){ oldNode = node;
node=new TermNode(oldNode,NULL ,NULL);
TermPrime(node); }
return node;
}elsethrow SyntaxError

Int 2 b

}elsereturn(new TermNode(oldToken,NULL,NULL));
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Building Parse Tree (Abstract Tree)

» Term()
if(token=Int n){
node=new TermNode(token,NULL ,NULL);
token=NextToken(); TermPrime(node); return node;
}else throw SyntaxError
« TermPrime(node)
if(token=*)||(token=/){
node.op=token; token=NextToken();
if(token=Int n){ Int 2
noderight=token; token=NextT oken();
if(token=*)||(token=/){ oldNode = node;
node=new TermNode(oldNode,NULL ,NULL);
TermPrime(node); }
return node;
}elsethrow SyntaxError

ew TermNode(oldToken,NULL ,NULL));

Building Parse Tree (Abstract Tree)

+ Term()
if(token=Int n){
node=new TermNode(token,NULL ,NULL);
token=NextToken(); TermPrime(node); return node;
}Yelse throw SyntaxError
<« TermPrime(node)
if(token=")||(token=/){
node.op=token; token=NextToken();
if(token=Int n){ Int2
noderight=token; token=NextToken(); «—
if(token="*)||(token=/){ oldNode = node;
node=new TermNode(oldNode,NULL ,NULL);
TermPrime(node); }
return node;
}elsethrow SyntaxError

}elsereturn(new TermNode(oldToken,NULL,NULL));

Building Parse Tree (Abstract Tree)

+ Term()
if(token=Int n){
node=new TermNode(token,NULL ,NULL);
token=NextToken(); TermPrime(node); return node;
}Yelse throw SyntaxError
» TermPrime(node)
if(token=")||(token=/){
node.op=token; token=NextToken();
if(token=Int n){ Int2
node.right=token; token=NextT oken();
if(token="*)||(token=/){ oldNode = node;
node=new TermNode(oldNode,NULL ,NULL);
TermPrime(node); }
returnnode, <——
}elsethrow SyntaxError

}elsereturn(new TermNode(oldToken,NULL,NULL));

Yinliang Zhao

Building Parse Tree (Abstract Tree)

« Term()
if(token=Int n){
node=new TermNode(token,NULL ,NULL);
token=NextToken(); TermPrime(node); return node;
}else throw SyntaxError
« TermPrime(node)
if(token=*)||(token=/){
node.op=token; token=NextToken();

if(token=Int n){ Int 2 [
noderight=token; token=NextT oken();

if(token=*)||(token=/){ oldNode = node;
node=new TermNode(oldNode,NULL ,NULL);
TermPrime(node); }
return node;
}elsethrow SyntaxError

}elsereturn(new TermNode(oldToken,NULL,NULL));

FEFPSEI /NG

¢ f e, HBNLAL, WAHARSRIK
o+ AL

+ 1 FETerm() Al TermPrime()

- NextToken()

» TermNode() F1TermPrimeNode()

4.4 TP W2

- HIE TR TR
o SRR AT RAERSE IS A T TR T
- XM ER S BB TR R S U T ) AT AR
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4.5.1 T MR TR 2
WA

Top—Down
Parser

TR S ATRM

T2 PP A6 A

« BN SEELTTokend, AWmAH
+ 1R RIRRH HRAR—RFISCERS
Frifnt, #OSattk
« R ZHBAMIA, a], Hfaev,; Aev,

= B R\ATRATRBMEKHES (HATHE
&8 X )

T 3 A AR R B 1R

w WX YATER TS, ay HrToken, U
o EX=astt, WHEIL, B RIS
« FiX=aA#, WXL, MANIREBI—P0;
« FXEV, MEBEMIEMEIICEMX, &, &%
FC X ZE R e AR, BN A
a W M[X, Al AREERX—~UVW, X HE, Bw.
V. URIREHR: SFEIET R a4
A&,
o FHEMX, ARG, WA RLERRE.
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E—TE’
E'—+TE'|e
T—FT’

T —>*FT'|¢

id+id*idsr AT it FE 7~

i

id+id*idsr AT it FE 7~

id +id * id#
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id+id*id 7 drit 2

id +id * id#

id+id*idsr AT it FE 7~

id +id * id#

i

id+id*idsr AT it FE 7~

id +id * id#
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id +id * id#

id +id * id#

i

id +id * id#
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id+id*id 7 drit 2

id +id * id#

id+id*id s Pt 2 2~

id +id * id#

f

id+id*id s Pt #2215

id +id * id#
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id +id * id#

id +id * id#

i

id +id * id#
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id+id*id 7 drit 2

id +id * id#

id+id*id s Pt 2 2~

T'->*FT
F->id
id +id * id# 8

f

id+id*id s Pt #2215

F->id

T'->*FT

F->id

id +id * id# T->e
E'->¢e
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E->TE’
T->FT’
F->id
T->¢
E'->+TE’
T->FT'
F->id
T ->*FT’
F->id
id +id * id# e

E->¢

o OIMTARI A A W — A, B

A

+ FRITGE A A LA I FL5 2 i A Tokenlt

Ji%r A Tokenx 23 #1

« AR O

o BBHRILE
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4.5.2 FETIM 5B

@ 4 T SCIEGRYIE TN 73 HT M
< W SOER AN EXA> o BT EL R

I

© # & CFIRST(a), WHEA>a fni# M[A, b], bE I R

T—FT'

FOLLOW(A)sib=+: [T—Fr | [Foiowe:[Folne| |
I - G T N
(ree [

[E~+TE | [Followm=] |
[E~TE|  [Fllowm=] |
([ E~-e | T |

B1

+ EVEISCEG:

E~TE T'—*FT'JFT'|e

E —~+TE'|TE|e F—>(E)i

T—FT

o RGMEMEIER a KIFIRSTE;

o ROHIEAELLHFARFOLLOWSE:

o MG STEGHRITN 43k « FIRST(E) = FIRST(T) = :::szzji#)) .
FIRST(F)={(,i}
FIRST(E')={+,-,¢e} Follow(F)={*/,+,-)#
FIRST(T')={*,/,e} Follow(E")={) #}

Follow(T")={+.-,)#}

Grammar rule
- [Firs(®=®
L [FirsM=G}
EEEGEC
First(T")={*}
= =
Fr(E )] FIRST(Q) ={s} Follow(Q)={#}

FIRST(S) ={ s} Follow(S)={;, #
FIRST(Q)={;, e} Follow(Q")={#}

Yinliang Zhao



Compiler2008 TopDownParsing

S— 1 |other FIRST(S) = { if, other }’

| —if (E)SL FIRST() ={if}
L—eseS|e FIRST(L)={ else &}
E—0|1 FIRST(E) = {0,1}

FOLLOW(S) = {#, s} FOLLOW(l) = {# els}
FOLLOW(L) = {#, els} FOLLOW(E) ={)}

S| s |
Il-

Parsing Stack Input Action
if(0)if(1)other else other#
if(0)if(1)other else other# 1—if(E)SL
if(0)if(1)other else other#
0)if(1)other else other#
0)if(1)other else other# E—~0
0)if(1)other else other# match
if(1)other else other# match
if(1)other else other# S—l

#LI if(1)other else other# 1—if(E)SL

#LLSE(if if(1)other else other# match
#LLS)E 1)other else other# match
#LLSE 1)other else other# E—1

#LLY)1 1)other else other# match

#LLYS) )other else other# match

#LLS other else other# S—other

#LLother other else other# match

#LL else other# L—eseS

#L.Selse else other# match

#L.S other# S—other

#1_other other# ch

#L # 2

4.6 LL(L)7 ik /NG

« LL (1) ¥
o PITERMAEZE g XAH
« LL (1) 3CERI&G
o SCEGRLL(DM, WHFGHIRE &L 1A
AT ANAF = ERR A -> ol B

(1) FIRST(a) NFIRST(B) = ¢

(2) #B=>* ¢, W FIRST(a) N FOLLOW(A) = ¢
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H BT T 2 A A B R Ab

SR AR

o —HRIEGRIG, IERES kS5

w U D — MR R IT S BN EHR Cerror cascade
problem) ;

o WEARAERY R _EAEEIR.

« HIER RIS IE
o BRINALRF %é‘u*ﬁ'ﬁ)\TokenTIEm
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