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Discussion

@ A practical implementation of an LL(1)-parser via recursive
Descent is a straight-forward idea

@ However, only a subset of the deterministic contextfree
languages can be read this way.
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- Constants.java (~/Arbeitsflache/Folien/recDes) - gedit
File Edit View Search Tools Documents Help
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|£/ Constants.java x

package recDes;

public interface Constants {
public static final int NULL = -1;
public static final int PLUS = 0;
public static final int MINUS =
public static final int MUL = 2;
public static final int DIV = 3
public static final int LPAR
public static final int RPAR
public static final int NUMBER
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[£/ Token.java x

package recDes;
public class Token {

private int  type;
public int getType() { return type; }
private int value;

public 1int getValue(){ return value; }

public Token(int type,int value){
this.type=type;
this.value=value;

}
public Token(int type){ this(type,0); }
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[/ Parser.java *

Orte v % a ittt Arbeitsfliche - Folien - recDes
& tit package recDes;
package package package package import java.io.StringBufferInputStream;
. public import impor public ‘
= Arbeitsflache b 3E:E . ggwl arive import java.io.IOException;
o Dateisystem Constants.java Parser.java Scanner.jflex Token.java import static recDes.Constants.™;
=] Netzwerk bl 1
. public class Parser {
public static void main(String[] args) throws IOException {
System.out.println{new Parser().parse("6+6%(4+2)"));
b i
private Scanner s;
private Token lookahead;
/4 start grammar with expr
public int parse(String str) throws IOException {
s = new Scanner(new StringBufferInputStream(str));
lookahead = ;
return expr);
g I
7 ¢ L = #
i | term - expr
1/ | term
private int ption{
int 1 = term();
switch (lookahead.getTy ) A{
case PLUS: match(PLUS); return 1 + expr();
case MINUS: match(MINUS); return 1 - expr():
default: return 1:
»Scannerjava« ausgewahit (15,2 kB), Freier Speicherplatz: 151.2 GB Loading file '/home/ttt/Arbeitsflache/Folien/recD... Java~ Tab Width: 8 ~ Ln1, Coll INS
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|4/ Parser.java % \{J Parserjava *
System.out.println(new Parser().parse("6+6*(4+2)")); }
} 3
private Scanner s; // term ::= factor * term
private Token lookahead; r | factor / term
I | factor
/f start grammar with expr
public int parse(string str) throws IDException { private int term() throws IOException {
s = new Scanner(new StringBufferInputStream(str)); int 1 = factor();
lookahead = s.yylex(); switch (lockahead.getType()) {
return expr(); case MUL: match(MUL); return 1 * term();
} case DIV: match(DIV); return 1 / term();
default: return 1;
/1 oexpr = term + expr }
I | term - expr }
" | term
/4 factor ::= LPAR expr RPAR
private int expr() throws IOException{ I | - factor
int 1 = term(); I | NUMBER
switch (lookahead.getType()) {
case PLUS: match(PLUS); return 1 + expr(); private int factor() throws IOException {
;a:e hiINUS] match(MINUS); return 1 - expr(); switch (lookahead.getType()) {
efault: return 1; case LPAR:
} : match(LPAR) match(RPAR);
} : return val
case MINUS:
// term ::= factor * term match(MINUS);return -factor();
/1 | factor / term case NUMBER:
/" |  factor int value= lookahead.getValue();match(NUMBER);return value;
default:
private int term() throws IOExceotion { Cuctam arr arintln/iCuntav arrar: unmatehad cumhal 1
Java ~ Tab Width: 8 ~ Ln1, Col1l INS Java~ Tab Width: 8 ~ Ln1, Coll INS
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|| Parser.java % |

}
}
/1 factor ::= LPAR expr RPAR
I | - fTactor
" | NUMBER

private int factor() throws IOException {
switch (lookahead.getType()) {

case LPAR:
match(LPAR);int val = expr();match(RPAR);
return val;
case MINUS:
match(MINUS);return -factor();
case NUMBE
int“ lookaheadm match(NUMBER) m
defaul
System.err.println("Syntax error: unmatched symbol ");
return 0;

}

private void match(int type) throws IOException {
if (lookahead.getType() == type)
lookahead = s.yylex();
else {
System.err.println("Syntax error
System.exit(-1);

unexpected Symbol ");

- Parser.java (~/Arbeitsflache/Folien/recDes) - gedit
File Edit View Search Tools Documents Help
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[/ Parser.java *

case DIV: match(DIV); return 1 / term();

default: return 1;
¥
3
/# Tactor ::= LPAR expr RPAR
r | - factor

r | NUMBER

private int factor() throws IOException {
switch (lookahead.getType()) {

case LPAR:
match(LPAR);int val = expr();match(RPAR);
return val;
case MINUS:
match(MINUS) return -factor();
case
int value— lookahead.getValue();match(NUMBER);return value;
default:
System.err.println("Syntax error: unmatched symbol ");
return 0;
}

s

private void match(int type) throws IOException {
if (lookahead.getType() == type)
lookahead = s.yylex();
else {

System.err.println("Syntax error: unexpected Symbol ");

} } System.exit(-1);
Java + Tab Width: 8 ~ Ln 9, Col 54 INS Java ~ Tab Width: 8 ~ Ln 59, Col 20 INS
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o mEReR T e tttetabletseidle
|4/ Parser.java % ..: command not found
Lkt~ Al :
import java.io.StringBufferInputStream; ttt@tablEtse}dls : cd .. :
import java.io.IOException; ttt@tabletseidl6 javac recDes/*.java
import static recDes.Constants.*; recDes/Parser.java uses or overrides a deprecated API.
ublic class parser { Recompile with -Xlint:deprecation for details. anner.class
P ttt@tabletseidl6 java recDes.Parser
public static void main(String[] args) throws IOException { Exception in thread "main" java.lang.UnsupportedClassVersionError: recDes/Parser
System.out.println(new Parser().parse("6+6*(4+2)")); : Unsupported major.minor version 51.0
¥ at java.lang.ClasslLoader.defineClass1(Native Method)
private Scanner s: at java.lang.ClassLoader.defineClass(ClassLoader.java:643)
private Token lookahead: at java.security.SecureClassLoader.defineClass(SecureClassLoader.java: 14|
// start grammar with expr at java.net.URLClassLoader.defineClass(URLClassLoader.java:277)
public int parse(String str) throws IOException { at java.net.URLClasslLoader .access$000(URLClassLoader .java:73)
s = new Scanner(new StringBufferInputStream(str)); ] . . " . :
lookahead = s.yylex(): at java.net.URLClassLoader$1.run(URLClassLoader.java:212)
return expr(); at java.security.AccessController.doPrivileged(Native Method)
} at java.net.URLClassloader.findClass(URLClassLoader.java:205)
at java.lang.ClasslLoader.loadClass(ClassLoader.java:323)
// expr ::= term + expr . . .
/r | term - expr at sun.misc.Launcher$AppClassLoader.loadClass(Launcher.java:294)
’r | term at java.lang.ClasslLoader.loadClass(ClassLoader.java:268)
Could not find the main class: recDes.Parser. Program will exit.
private int expr() throws IOException{ ttt@tabletseidl6
int 1 = term();
switch (lookahead.getType()) {
case PLUS: match(PLUS); return 1 + expr();
case MINUS: match(MINUS); return 1 - expr():
default: return 1;
Java ~ Tab Width: 8 ~ Ln 42, Col 45 INS | 5 Objekte, freier Speicherplatz: 151.1 GB




recDes

- Terminal -
Datei Bearbeiten Ansicht Suchen Terminal Hilfe
at java.net.URLClassLoader.access$000(URLClassLoader.java:73)
at java.net.URLClassLoader$1.run(URLClassLoader.java:212)
at java.security.AccessController.doPrivileged(Native Method)
at java.net.URLClasslLoader.findClass(URLClassLoader.java:205)
at java.lang.ClasslLoader.loadClass(ClassLoader.java:323)
at sun.misc.Launcher$AppClassLoader.loadClass(Launcher.java:294)
at java.lang.Classloader.loadClass(ClassLoader.java:268)
Could not find the main class: recDes.Parser. Program will exit.

ttt@tabletseidlé sudo update-alternatives --config javalg

[sudo] password for ttt:
Es gibt 2 Auswahlmoglichkeiten fir die Alternative java (welche fusr/bin/java be

reitstellen).

Auswahl Prioritat Status
1061 Auto-M

1061 manuel

ler Modus
2 1051 manuel

ler Modus

Dricken Sie die Eingabetaste, um die aktuelle Wahl[*] beizubehalten,
oder geben Sie die Auswahlnummer ein:

anner.class
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|| Parser.java %

package recDes;

import java.io.SstringBufferInputStream;
import java.io.IOException;

import static recDes.Constants.*;

public class Parser {

public static void main(String[] args) throws IOException {
System.out.println(new Parser().parse("6+6*(4+2)"));

}

private Scanner s;
private Token lookahead;

/f start grammar with expr

public int parse(string str) throws IDException {
s = new Scanner(new StringBufferInputStream(str));
lookahead = s.yylex();
return expr();

}

/1 oexpr = term + expr
1 term - expr
" | term

private int expr() throws IOException{
int 1 = term():
switch (lookahead.getType()) {
case PLUS: match(PLUS); return 1 + expr();
case MINUS: match(MINUS); return 1 - expr();
default: return 1:
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Bottom-up Analysis

Attention:
Many grammars are not LL(k) !

A reason for that is:
Definition

Grammar G is called left-recursive, if

A—TAB foran A€ N, B € (TUN)*

Bottom-up Analysis

Theorem:

Let a grammar G be reduced and left-recursive, then G is not L
for any k.

Proof:

Let |4 sAlgla cp

and /A be reachable from 5’|

Assumption: G is LL(k)

107/149

108/ 149

Bottom-up Analysis

Attention:

Many grammars are not|LL(k) !

A reason for that is:
Definition
Grammar G is called left-recursive

if

foran A e N, 3 € (TUN)*

Example:

~
e |7
F | F

ES
E) | name | int

=~
LA

E
T
(
... is left-recursive

Bottom-up Analysis

Theorem:

Let a grammar G be reduced and left-recursive, then G is not LL(k)
for any .

Proof:

Lot < p
and A be reachable from §
Assumption: G is LL(k)

:»First,((a*y) N
First; (« BTl ~¥) = ]
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Bottom-up Analysis

Theorem:

Let a grammar G be reduced and left-recursive, then G is not LL(k)
for any k.

Proof:
Let A-Affa]er '

and A be reachable from §

Assumption: G is LL(k)
=-First,[a]5" ) N
First,(a "' v) =0

First,( | )

Bottom-up Analysis

Theorem:

Let a grammar G be reduced and left-recursive, then G is not LL(k)
for any k.

Proof:
Let AAf|la € P
and A be reachable from §

Assumption: G is LL(k)
=First (a 8" v) N
Firsty(a 8" ' y) =0

Case 1:
Case 2:

B —*e | — Contradiction !l
B—"w # € == Firsty(a8"~) N Firsti(a g~ ~)#0
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Bottom-up Analysis

Theorem:

Let a grammar G be reduced and left-recursive, then G is not| LL(k

for any k.

Proof:
let A—AB|la € P
and A be reachable from §

Assumption: G is LL(k)
=First (e 8" %) N
Firsti(a "' 4) =0

Firste( | )

Bottom-up Analysis

Theorem:

Let a grammar G be reduced and left-recursive, then G is not LL(k)
for any .

Proof:
Let A AB|la €P ST
and A be reachable from S

Assumption: G is LL(k)
= First, (a @#~) N

Firste (o jpiy) = 0

2 |

Firsty( | )
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Bottom-up Analysis

Theorem:

Let a grammar G be reduced and left-recursive, then G is not LL(k)
for any k.

Proof:

Let A—Af|la €P
and A be reachable from §
Assumption: G is LL(k)

sFirst (a 8" ) N
Firsty(a "' y) =0

Casel1: /3 *¢ — Contradiction L
Case2: [ —*w # ¢ —— Firsti{a 8y) N First Ja s )£ 0

Bottom-up Analysis

Theorem:

Let a grammar G be reduced and left-recursive, then G is not LL(k)
for any k.

Proof:

Let AAf|la € P
and A be reachable from §
Assumption: G is LL(k)

>Firsty(a 5" v) N
First,(a 8" ! yp—5

Case1: jJ—"e¢ — Contraghetien :l
Case2: J—"w # e — k»y) N Firste(a 541 y) #0
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Shift-Reduce Parser

Idea:
We delay the decision whether to reduge unt

Daonald Knuth

know, whether the input matches the [ of a rule!
R
G

Co nstr]uiml]: Shift-Reduce parser M. \‘K\

@ The input is shifted successively to the pushdown.

@ Is there a complete right-hand side (a handle) atop the
pushdown, it is replaced (reduced) by the corresponding
left-hand side

Shift-Reduce Parser

Example:

o o U
ARG
Q8
=

bl

The pushdown automaton:

States: qo, f,a, b, A, B, S;
Start state: ¢,
End state: [
qo || a@||90a
a Qf” A l
A | b| Ab
b €| B
AB | € S
qoS | € |}‘_,

109/149
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Shift-Reduce Parser

Construction:
In general, we create an automaton M{ = (0, T, d, qo, F) with:
® 0 =TUNU{q,f} (qo.f  fresh);
° F={f}
@ Transitions:
b = {(g.x.qx)|qge0.xeT} U // Shift-transitions
{(ga,e,qA) | g€ Q. A—a € P} U // Reduce-transitions

{4 N // finish

111/149

Shift-Reduce Parser

Observation:

@ The sequence of reductions corresponds to a reverse
rightmost-derivation for the input

@ To prove correctnes, we have to prove:

(e, w)F" (A, €) iff

A—"w

@ The shift-reduce pushdown automaton A% is in general also
non-deterministic

@ For a deterministic parsing-algorithm, we have to identify
computation-states for reduction

—— LR-Parsing

112/149

Shift-Reduce Parser

Construction:
In general, we create an automaton MX = (Q, T, 4, o, F) with:

® Q=TUNU{q,f} (qo.f fresh);

o F={f}

@ Transitions:

b = {(g.x,qx)|qe0,xeT} U //  Shift-transitions

{(ga,e,qA) | g€ Q,A—« € P} U // Reduce-transitions

{(05,6,)} // finish
Example-computation:
{C](); ({b) ! {Cf() a, b) ! {qu: b)
(goA b, €) (qo AB, €)
('ff() S¢ E) ! (f 6)
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Shift-Reduce Parser

Construction:
In general, we create an automaton MX = (0, T, 4, gy, F) with:

® 0 =TUNU{q.f} (go.f  fresh);

o F={f}

@ Transitions:

0 = {lgxqx)|q€QxeT} U J/ Shift-transitions

{(gov,e,gA) | g€ O,A—~« € P} U // Reduce-transitions

{@S.e.N)} // finish
Example-compmt&L:I:| :l
140, ﬂ‘b) ! {f]() a, b) {ff( A, b)
(C]()A b ¥ E) (C]() AB ) 6)
(C]() S: E) ! (f, 6)
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Bottom-up Analysis

is viable for [B—~e] iff S—; aBv

(o] [E[n]

Az iz

... with

Bottom-up Analysis

o =aq ...

i

114/149

Thelitem [B— e ] | is called admissibleffor o' iff S—;«aBv
with o = a~:
(o [ [&a]
‘ (8% 113 12
\
A\
lion
g &)
Lwith a=ap ... o

115/149

Bottom-up Analysis

a~ isviable for| [B—~e| |iff S—}aBv
Aol io
/
ol |
| (85 ‘ fﬁg ig
\\
o] | BT

Lowith a=a; ... a,

Conversely, for an arbitrary valid word o we can determine the
set of all later on possibly matching rules ...

Characteristic Automaton

Observation:

The set of viable prefixes from (N U T)* for (admissible) items can be
computed from the content of the shift-reduce parser's pushdown
with the help of a finite automaton:

States: Iltems
Start state: [ — 5]
Final states: {[B—~ve] | B~ € P}
Transitions:
(1) (A %af-Xﬁ] [A—aXep]),
(2) ([A—~aeBf]E[B— oq]),

Xe (NUDA—aXj e P
A—aBfF, B—y € P,

The automaton ¢(G) is called characteristic automaton for G.

114/149
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Characteristic Automaton

for example: E - E+T | T
T — TxF | F
F = (E) | int

N E
[S— Ef——=5—F.
E + T
|E— E+T =] E—Fe+T | E—E+T

\EH.T}—I..H EHT.|
‘T—»-T*F'—I—| T—-T-*F'—*—| TS
T —fTr]

( E
[Fo o(E) =] F— (+E) ] F— (E+)
int
‘Fa-intl—m-H F—ints |

J

Characteristic Automaton

for example: E —» E+T | T
T — T*F | F
F — (E) | int

‘E—--T}—I—H E—-T-|
‘T—--T*Fl—’-| T—-T-*F'—*-—| r—»rmr}—-ﬁr T— T+ Fe \
oo of=r]

( E
=X ] e ) e reyan

int
[F— -int |—m-H F— inte |
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Characteristic Automaton

Observation:

The set of viable prefixes from (VU T)* for (admissible) items can be
computed from the content of the shift-reduce parser's pushdown
with the help of a finite automaton:

States: Items
Start state: (' — 5]
Final states: {(B—~e] |B—~ € P}

Transmons
0 ([A—»a-@ —»aX@{)’]), Xe (NUT)A—=aXj € P;
([A—=aeBAlE [B— e4]), A—aBB, B—vy € P

The automaton ¢(G) is called characteristic automaton for G.
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Characteristic Automaton

Observation:

The set of viable prefixes from (N U T)* for (admissible) items can be
computed from the content of the shift-reduce parser's pushdown
with the help of a finite automaton:

rye] | B—v € P}

Bl.XJA—aXef]), Xe (NUT),A—aXB € P;
([A—aeBfe [B— oq]), A—aBfS, B—~y € P

The automaton ¢(G) is called characteristic automaton for G.

116/149




Characteristic Automaton

for example:

E — E+T | T
T — TxF | F
F — (E) | int

ETe |
KT—»-T*F'—T—|T—-T-*F|—*—|T—’T*-F r
>
/T-"
]
( E
( [Foo(E) | F— («E) ] F— (E})

NI
| F— sint|——=[ F—inte |
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Characteristic Automaton
for example: E —» E+T | T
T — T+«F | F
F — (E) | int
N E
|S—eE——=]5—E-
¢ (j E + T
[E— E+T | E—BoaT || E~E+eT
\E—--T}—T-HE—-T-|
Ty . ;
KT—..T*F'—-|T—-T-*Fl—-|T—>T*.F}—-HT—>T*F-
~.
-
EETy =t vy
( E
(‘FH-(E}HFH(-EJHFH(E-) J
N
\ At
[F— -int |—t-H F—int |
117/149

Canonical LR(0)-Automaton

The canonical LR(0)-automaton LR(G) is created from ¢(G) by:

@ performing arbitrarily many e-transitions after every consuming
transition

© performing the powerset construction

,-‘};-':\\-. + = i RN
A6 ~2)
... for example: E/ it /1N +
:;./' |nt ’r/é;{(—;,’—;‘—y_mt_f_i_ : \
[/ int";/ r \ A
L F =F . L
( 0\" ,!/ 3\].,‘ l f hﬁ ) || ‘ *
=/ N/ N/
e ] N j( A | /‘X ‘ .‘l
N { f'/_ N /// E /'{_\// ) .""
\  =(5) —=(8)
f \ 7 \“_ﬁ‘*_ ( S ;
\ (L/LT S V
N =~ F =
118/149
Characteristic Automaton
for example: E - E+T | T
T — TxF | F
F — (E) | int

AN E
E r—
|EH.E+T}—-+EHE.+T}—+-{EaE+.T|—-HEHE+T.||
===
|T—>.T*F}—T—-|T—-T.*F}—*—-1T—’T*.[-'|—F-HT—~T*F.”
C oo | |

( E }
[Foro(E) —={Fo (sE) = Fo (Ee) = F> (E) ||
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Characteristic Automaton

for example:

E — E+T | T
T — T+F | F
F — (E) | int

IE—--E+T|—I—E-—| E—-E-+T|—+—-| E—E+eT
T

|‘ EH!T}—I—-H EHT-|

‘T—;-T*F'—T—| T_.T.*F|_*—| T Tx oF
F

EETIR Fvr)

T

r

( E
[Fo o(E) =] F— (+E) ] F— (E+)
int
‘Fa-intl—m-H F—ints |

|

Characteristic Automaton

for example:

E — E+T | T
T — TxF | F
F — (E) | int
RN E
B

T

2 -TM-HE~T-|
t Oy . ;
\T—..T*F|—-|T—.T.*r|——|T—>T*.F}—-HT—.T*F.\
AN
T—--F}—-HT—-F-|
( E )
(FH-(EJ|——|Fa(-Ej|—>|F~a(E-)
| F— eint ——={ F— inte
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Canonical LR(0)-Automaton

The canonical LR(0)-automaton LR(G) is created from ¢(G) by:

@ performing arbitrarily many e-transitions after every consuming

transition
© performing the powerset construction

=J[+] T
"_,Lfl\\ﬁo— ) o

} | 6 f——————————={ 9 ))
=/ A N/
. for example: \)t //’T "‘\+ \
/int ,;-(/:l)j\(_/_,—k_mt_‘_i_ \
(0) d /’3; ‘ / | @ j\ P
/T\ \?—;/ .r"l /’( |‘ — ‘ Jl
L ff / P /
\ ~ TN e |
N A &)
T (Lli;_\'—- _g_ o y{r’
*I‘I//’_TQ\\. -\\‘{,L\ F (‘//:'\\\
©® : Uma)
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Characteristic Automaton
for example: E — E+T | T
T — TxF | F
F — (E) | int
Y :
E
— £+ T

EHE.+T}—+—{EaE+-T|—T-HEHE+T. ||
T RN
Fr—fi=7/]
p—
S T TN * F
|T—>‘-‘T*F}——-|TfTb\»=F}——-1T—,T*.Fl—-HT—~T>:F.”
N
-
- E )
[FelE) T ) T (Bl P (B0
= ..

t

|T—--F
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Characteristic Automaton

Observation:

The set of wable prefixes from (N UT)* fo@d
computeg-rerthe-ten tent of the shift-reduce p
with the automaton:

State
Start s

Final state P}

Transiti

(0 (] wd I ), X € (NUT),A—=aX
(2) ([4—7»@'7;[41% o)), A—aBfB, B—~y €

The autgm 1tm called characteristic automaton for G.

O

Canonical LR(0)-Automaton

The canonical LR(0)-automaton LR(G) is created from ¢(G) by:

@ performing arbitrarily many e-transitiong after every consuming
transition

@ performing the|powerset construction |

. for example:

3 e P
F;
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Canonical LR(0)-Automaton

The canonical LR(0)-automaton LR(G) is created from ¢(G) by:

@ performing arbitrarily many e-transitions after every consu
transition

© performing the powerset construction

= T =
AL ,,'\?/‘ &
. for example: E/ it/ R,
S SN
/ int _,.L:/.q\'\-'o-(—/—"'—"«r_m_‘_i \
:"" e - \\:ié\ / ,-"I I"‘.. o N\ ‘I".
[/ it \
D_F /3s/ / o) "‘*
(0 —=(3) | , ‘. (x1)) |
//f‘T\/ N | /X |‘ )&-:// ‘ ‘I
E \\\\ ( F )£?// | / f
\ e e E /"\/ |
\ ’f:k\5’£::——— ‘3-‘l33/j /
s N - /
\*‘.‘.'/;_;Q\\‘- -\\{l\y\ F (‘//-':'i\\
& * Y
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Characteristic Automaton
for example: E — E+T | T
T — TxF | F
F — (E) | int

RN
(| Els . E+T}—-| E—+Ee +T}—-{ EHE+-T|—-H E—E+T |

T[]
Tey . ;
QT—»-T*F}—-{T—-T.M}—-{T—,f*.ﬂ—-Hr—,T*F.||

~.

[ or]
( E }
r [Foro(E) b—={Fo (sE) = Fo (Ep) = F> (E) ||
>
\ ARt

[ F— sint

ming
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Canonical LR(0)-Automaton

The canonical LR(0)-automaton LR(G) is created from ¢(G) by:
@ performing arbitrarily many e-transitions after every consuming

transition
©@ performing the powerset construction

J—=(s) ~(9)
P Q§:59 i ///&T/i. N—’
... for example: E// /T \
[t A |
L ‘\ \
G [: /;::\, \ / E \
(0 —=i{3)) | / \
0 &) Y ﬂ = | \*
T‘.\\ FT '\ / |
\ \(_ Ve '\/ E Pan ) I’I
\ \*fi 5 F— —=(8) /
R ST N ( pg /
“L/¢] —_— /
\*“/;é% -\\?(l!: F -’.//(:Q\\\
@ : O
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Canonical LR(0)-Automaton
Example: E — E+T | T
T — T«F | F
F — (E) | int
Therefore we determine:
119/149

Characteristic Automaton

for example:

E - E4T | T
T — TxF | F
F — (E) | int

& () E + T /——
[E— eE+T—{ E—Ee T ] E— E+eT|— E—E+T4 |

// {’R> T *® F
U T ol F |l T+ Tox [ = T Ir oF | T T= s |

( E )
G S TS G S =

NI

[ 7 «int
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Canonical LR(0)-Automaton
The canonical LR(0)-automaton LR(G) is created from ¢(G) by:
@ performing arbitrarily many e-transitions after every consuming
transition
© performing the powerset construction
#//i\\ * (6) r -—l/f;\u
P \E_:)// ) P )\’T/\ \\u:(/
... for eqample: ﬁ[‘// \,"11/ /f’. |+ \
! ./::“ ; K int K
f / int £ \ \\I
f,-(l)-( F A |/ \ @ | e
[ =t 1) |/ 1| (f ":\ |
/‘\T\/ =/ ,r‘ll /( |‘ — ‘ Jl
I‘-.\\( f‘ﬁ / E |' ) ‘J‘
\ ~a (B X /
\ =@
Nt Y
\*{;_:\\\. '“\?(’l“\ F "‘-/fiﬁ\l
\&J * Y
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Canonical LR(0)-Automaton Canonical LR(0)-Automaton

The canonical LR(0)-automaton LR(G) is created from ¢(G)
@ performing arbitr@ man

transition E+T | T
@ performing the powerset construction TF | F
(E) | int
q = 5(([0@ = {[S —{Hy]. .
[E T}
g2 = d(qo,T) = {[E—Tel,
[T —TexF|}
g3 = 0(go,F) = A{[I —Fe]}
gs = 0(qgo,int) = {[F —inte]}
Canonical LR(0)-Automaton Canonical LR(0)-Automaton

Observation:
gs = olgn, () = {[F ] g1 = 6(q,x) = {[T—=T=xeF], The canonical LR(0)-automaton can be greated directly fr
L ~F [F— e (E)], grammar.
[L' r e Tl : [F— eint]} Therefore we need a helper function 4;
T— oTxF|,
" e F, gs = g5, E) = A{[F—~(Ee)]} () — ey o
s e (E)], £ Ee+T]} Pcla) = qUAB= ol | H[fg"*'
[[’ » eint]} '
g = 0(ge,T) = {[E—E+Te), We define:
s = Olg,+) = L s E+eT), T TexF _
! @, +) ﬁh,—*,—]] [ ) States: Sets of items;
UI' XY qgu = 6(g1,F) = {[T—=TxFe|} Start state: 4. {[S'— 5]}
F— e (E)], : . . . . ;
F s eint]} g = 5as)) = {[F(E)e]} Final states: {¢y | 3A—a € P: [A—«ae] € g}

Transitions: i(¢,X) =0, {[A—aXe ] |[A—=aeX ] € ¢}
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Canonical LR(0)-Automaton

Observation:

The canonical LR(0)-automaton can be created directly from the
grammatr.

Therefore we need a helper function é;  (e-closure)

0:(q)=qU{[B— en] | F[A—aeB ] € g,
B e (NUT) : B —"Bp}
We define:

States: Sets of items;
Start state: ;] {[S" — 5]}
Final states: {¢ | 34 »a € P: [A >ae] € g}
Transitions: (')'(q.,= i {[A—=dXef5] | [A—.»a"ﬂ] € q}
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LR(0)-Parser
... for example:
q1 =
g = UE Tl g9 = k[E%EJrTl]. |
(7 —7exrl} | [T |
g3 = {[T—Fe]} go = {[T—=T «Fe]}
qs = A{[F—inte]} qu = A{[F=(E)e]}

The final states ¢;. ¢z, g9 contain more then one admissible item
> non deterministic!
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LR(0)-Parser

Idea for a parser:
@ The parser manages a viable prefix &« = X; ... X, on the
pushdown and uses LR(G) , to identify reduction spots.
@ It can reduce with A — ~ , if [A — ~ o] is admissible for «

Optimization:

We push the states instead of the X; in order not to process the
pushdown’s content with the automaton anew all the time.
Reduction with A — ~ leads to popping the uppermost |+| states and
continue with the state on top of the stack and input A.

Attention:

This parser is only deterministic, if each final state of the canonical
LR(0)-automaton is|conflict free.

LR(0)-Parser

The construction of the LR(0)-parser:

States: QU {/}
Start state: ¢,
Final state: /

(f fresh)

Transitions:

Shift: (pya,pq) i g=d(p,a) Z0

Reduce: (pgr..-qm,€,pq) if A—=X...X,0] € qn,
g =06(p,A)

Finish: (gop,e,f) if [ —Se] € p

with LR(G) = (0, T, 5, g, F) .
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