The canonical LR(1)-automaton

Script generated by TTT

The canonical LR(1)-automaton LR(G, 1) is created from ¢(G, 1), by
performing arbitrarily many e-transitions and then making the
resulting automaton deterministic ...

Title: Simon: Compilerbau (03.06.2013) But again, it can be constructed directly from the grammar
Analoguously to LR(0), we need a helper function:
Date: Mon Jun 03 14:19:02 CEST 2013 55 (g) = qU{B— sma | IAaeB F ] €q.f e (NUT) -
_ . B'—=*BpB A x€First(B5) @ {x'}}
Duration: 32:39 min
Then, we define:
Pages: 34 States:| Sets of LR(1)-items; |
Start state:| 5/ [ — o5, ]}
Final states: [{¢ | 3A —a € P: IA_A‘Q'l X € q} |
Transitions: §(q,X) :|E|{[A —ae] 3, x] | [A—alelX 3, x] € g}
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The canonical LR(1)-automaton LR(G, 1) is created from ¢(G, 1), by
performing arbitrarily many e-transitions and then making the
resulting automaton deterministic ...

But again, it can be constructed directly from the grammar
Analoguously to LR(0), we need a helper function:

0 (g)=qU{[B—evy,x]| JA—aeB 3 x| €qg,f0 € (NUT) :
B"—=*Bf A xeFirsty(38") @ {x'}}
Then, we define:

States: Sets of LR(1)-items;
Start state: 4 {[S' — o 5, ¢]}
Final states: {4y | 34 —~a € P: [A—ae x| € g}
Transitions: 0(g,X) =0/ {[A—-aXe 3, x] |[[A—aeX(, x] € g}
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ESE+T )

E 27 ) The canonical LR(1)-automaton LR(G, 1) is created from ¢(G, 1), by
performing arbitrarily many e-transitions and then making the
resulting automaton deterministic ...

But again, it can be constructed directly from the grammar
Analoguously to LR(0), we need a helper function:

3(q)=qU{[B—ev,x] | F[A—aeB 3 X €q,f (NUT)" :
B'—=*BpB A x€First(B5) @ {x'}}
Then, we define:
States: Sets of LR(1)-items;
Start state: 4 {[' — o 5, ¢]}
Final states: {¢ | 3A ~a e P: [A—ae x| € ¢}
Transitions: §(q.X) =d  {[A—aXe 8, x] |[A—>aeX3, x| € g}
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CTFQ@alnomcal tf{ tomatonL (G, 1) is created from ¢(G, 1), by

7~perfx:r.r.l:nln g arbi arrrylﬁany e-transifions and then making the

_ﬁa’u‘tomatgh gptggministic ..

T in, it cah he tondfructed dlre tly from the grammar
Analdguously to Fr¢d); #ie need a hplper function:
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A B 3 x| € g, 3 E (NUT)
B BB A xeFirsti(B5) @ {x'}}

States: Sets of LR(1)-items;
O[S — .S, €}
Final states:

AvacP: [Arae x € g}
Transitions: d(47X) =6/ {[A vaXe 5, 1] |[A—raeX§, x| € q} @ O Q
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>£‘_ "f':’ The canonical LR(1)-automaton LR(G, 1) is created from ¢(G, 1), by
performing arbitrarily many e-transitions and then making the
resulting automaton deterministic ...

But again, it can be constructed directly from the grammar
Analoguously to LR(0), we need a helper function:

0/ (q) =qU{[B— ey, x] | 3 [A—u:r e B A3 X € g, 3 E (NU ™
B'—*Bp A x € First, (p o {x'1}
Then, we define:
States: Sets of LR(1)-items;
Start state: J; {[S' + o 5, ]}

> Final states: {g | 3A—+a € P: [A—ae x| € g}
Transitions:_ 5r {A—»@J &) | A —>a. &) € q}
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The Canonical LR(1)-Automaton

1‘195—9@ of LR(1)-Abtgmaton

for example:

Tfoiﬁxa mf:_Le

e
I 40 ’-laf-’ [ hé: *{ }]{ 1 g = (g0, F) = ([T —Fes ) g0 = {F — 0[.' {I }]{ I ga = (qo, F) = {[r—>F @
— E 4> T, {e,+ ol 4 e, + >
— E— o7, {e +}] = %;,. int) {[F—inte, {e,+,%}} [E— oT, {e,4}], ga = 6(go,int) {[F —int e {{TFF}]}
F E£5> 3!"‘1) k:«.’ {e, 4+, *}], [T — oT*F, {e,+,*}], !
: J [!'J o F, {e,+,*}], qs = O(qo, {[[ (o E) 1, [T — oF, {&,+,*}], gs = g, () = {[F—-(eE), {e,+,*}],
7: _.D;ut g[ — o (E), {e,+ £}, — e« E4T 1, [F— o (E), {e, +,*}], [I-_:—> e E4T, {),+},
I+—> *ﬂt {e, 1]} [.’ — oT 1> [F— eint, {e,+,*}]} [I;_4> . .I_: {),+}.
[T— oTxF [T— oTxF, {),+,*}
gy —i =%, {e -> [T— o F 1. q = O(gn,E) = [T — 0.".7{).+.*}].
I—>[0+I {e +H} [F— o (E) [F— o (E), {).4+.%}]
[F— eint 1} [F— oint, {),+.%}]}
@ = (g u S Te. {e ), @ = M) =
!—)I.:«.’ {e, +,%}}
The canonical LR(1)-Automaton The canonical LR(1)-Automaton
for example: for example:
gi = dgs, () = {[F—=(eE) g = d(gp,*x) = {[T—=TxeF 1, g = dlgs, () = {[F—=(eE) o Lan = d(g,+) = {[IT—=TxerF I
[E— e E4+T 1, [F— o (E) I [E— ¢« E+1T 1. [F— ®(E) 1,
E— oT 1 [F— eint 1} E— oT 1, [F— eint 1}
T— oTxF 1. T— T xF 1,
T— oF I, ax = d(g,E) = {[F—(Ee) qp T oF l, s = 8(¢s,E) = {[F—(Ee) I}
F— e(E) 1. [E—Ee+T F— e(LE) 1, [E—Ee+T 1}
[F— eint 1} [F— eint 1}
g9 = (g5, T) = {[E—=E+Te 1. ’ q | g9 = d(gs,T) = {{I—_’—) E+Te 1, n
g6 = d(q, = E—E4+eT . IF— TexfF g6 = (g, = E—E+4+eT . I'— T exF
7 (91, +) { £ .-t:-*,,- ] ! [ Q O I} 7 g1, +) Eobdel L
T oF 1, qgo = g, F) = {[T—>Txre 1} T eofF 1. guw = 8¢, F) = {[T—>TxFe 1}
F— o(E) 1, F— e(LE) ],
[F— eint 1} agn = dlgs,)) = {[F>(E)e 1} [F— eint I}ogn = 8gs, ) = A{[F—>(E)e 1}
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for example:

gt = d(gs, () = {F—=(eE), {),+.*H, 97 = d(g2,%) = {[IT—=TxeF 1,

[E— o« E+T, {),+}], [F o(E) l.

[E— oT, {),+}]. [F— eint 1}

[T— e«T*F, {),+,#}],

[I— ok {), 4,1, gs = dlgs,£) = {[F—=(Ee) |}

[F— e (E), {).+ *}. [E-Ee+T It

[F— eint, {),4,*}}

g = 8(g.T) = {[E—E+Te 1,

go = d(gn4) = {[EE+eT, {e,+}], [T TexF 1}

[T— oTxF, {e+,*}],

[T— o F, {e,+,%}], qgo = g, F) = {[T—=Tx*Fe 1}

[F— o (E), {e,+,+},

[F— eint, {F +.%}} gu = d(gs,)) = {[F—=(E)e 1}
Thee canonical LR(1)-Automaton The canonical LR(1)-Automaton

Discussion:

@ In the example, the number of states was almost doubled
.. and it can become even worse

@ The conflicts in states ¢;. ¢-, go are now resolved !
e.g. we have for:

Go = b%bJrlo {F +}|

1—"1."|{F+ *}}

with:

{e,+} N (Firsty(* F)® {e, +,+}) = {e,+} N {x|=10
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The LR(1)-Parser: The LR(1)-Parser:

\_U_u Possible actions are:

shift // Shift-operation
reduce (A —~) // Reduction with callback/output
error // Error
— ' —{ [ 1] ... for example: | _
—‘(—,‘ aCtlon Ausgabe E — E4T 0 ‘ T 1 a(%on - 6.U int ( ) + ;
: : =1 F
— T — TxF% | F ! ¢ T s
i goto Fo— (E)" | int! 7 E, 1 s
e q3 T,1 r,1 7,1
A T,1 T,1 T.I
g | | F.1 F,1 F,1
7 F,1 F,1 F,1
| The goto-table encodes the transitions: P || 50 E,0 s
7 E,0 E,0 s
gotolg. X] = d(¢,X) € O g | | 7,0 T,0 T,0
o[ The action-table describes for every state ¢ and possible Z 1o 1.0 ; 3 IZ 3
lookahead w the necessary action. 7 " ' F.0 F.0 F.0 7
The Canonical LR(1)-Automat The LR(1)-Parser:
In general: We identify two conflicts:
Y
Reduce-Reduce-Conflict: o action —>{ [ []
A—ve x], A/ —wlaxl < g with A#£A Vvy#£9 [ Ausgabe
Shift-Reduce-Conflict:
A—~ve i, A'—waeaB, ) € g gOtO
with afe Tund x € {a} .

forp state g O .

@ The goto-table encodes the transitions:
gotolg, X] = o(¢,X) € O

@ The action-table describes for every state ¢ and possible
lookahead w the necessary action.
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Such states are now called LR(1){unsiited




The Canonical LR(1)-Automat Specia| LR(k){Subclasses

Theorem:

A reduced contextfree grammar G is called LR(k) iff the canonical
LR (k)-automaton|LR(G, k) has no LR(k)-unsuited states.

In general: We identify two conflicts:

Reduce-Reduce-Conflict:
A—ve x], [A/—=~"ex] € g with A#£A Vy#4

Shift-Reduce-Conflict:
[A—~ve x|, [A'—waeaB, y] € g

with a € T und x € {a} -f}Firstﬂ,B) Or {1y}

forastate g Q.

Such states are now called LR (k)-unsuited
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Special LR(k)-Subclasses Special LR(k)-Subclasses
Theorem: Theorem:
A reduced contextfree grammar G is called LR(k) iff the canonical A reduced contextfree grammar G is called LR(k) iff the canonical
LR(k)-automaton LR(G. k) has no LR(k)-unsuited states. LR(k)-automaton LR(G. k) has no LR(k)-unsuited states.
Discussion: Discussion:
@ Our example apparently is LR(1) @ Our example apparently is LR(1)
@ In general, the canonical LR(k)-automaton has much more states @ In general, the canonical LR(k)-automaton has much more states
then LR(G) = LR(G,0) then LR(G) = LR(G,0)
@ Therefore in practice, subclasses of LR (k)-grammars are often @ Therefore in practice, subclasses of LR(k)-grammars are often
considered, which only use LR(G) ... considered, which only use LR(G) ...

@ For resolving conflicts, the items are assigned special
lookahead-sets:

@ indlependently on the state itsell _

© dependent on the state itself — LALR(k)
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Parsing Methods

deterministic languages
=LR(1) = ... =LR(k)
LALR(k)
SRS
. LA
Chapter 5: ©
regular
Summary [
LL(1) lsee  LLK | eee
Disclission:
@ All contextfree languages, that can be parsgd with a determipistic
pushdown automaton, can be characterized with an
LR(1)-grammar.
grammars describe all prefixfree detgrministic contextfree
languages
@ The language-classes of LL(k)-grammars form-a-hierareby-within
the deterministic contextfree languages.
144/150 146/150
Lexical and Syntactical Analysis: Lexical and Syntactical Analysis:
From Regular Expressions to Finite Automata
ot s Computation of lookahead sets: .
01 01,.":';"‘"*-. 2 34 »0 3 F(§) 2 FAE)  FAE) 2 FE) abe .. e T I The \.;It“.ﬁame
AN T 2 ER ED 2 e | [ D
(%] s . a (T 2 F(F) (R 2 (,name, i a
012 01 [ 01 .‘4?2/'7 3f 7 A 2 ’;2 b 0 lf *
oo A0 11 [zl s M0 aa | [ a T
012 £~ Sf 012 0f 0 b *‘ a " 2
[o B E 4] O ‘
b From ltem-Pushdown Automata to LL(1)-Parsers:
From Finite Automata to Scanners
Wl wle[i[e e[ o] T TR e[ D[ v
b Fa : L5 -
- ) AlH
‘ | el
14
149/150
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Ende der Prasentation. Klicken Sie zum SchlieBen.

Lexical and syntactical Analysis:

From characteristic to canohical Automata:
5 of ‘_\ Ee N ;
LR WA + S {6 =g
L g EETUIEE g BRI g B2 F int »
N it o4 = it
vy r it/ F
. F - F - F - F F '
s 0 - 11 *
L= - N ( e
1 . ol Eeai!
ot - 1 (At
A 4"1 \ " 4
t -] 0 2 . =17 =10

W B
£ il ] ;
? . = iy s
A . iyl ; 8
J \ oy ’_‘ & Y [
i \ S 2 711 (11 *
g 0 f (int ) F v
B ¥ 7t e - 1
VOSSF e 0 ——»|| action
\ H"t o =7} —=10
5 i goto
[ITTT "

= ‘Compiler Construction | Sl=IES
Datei Bearbeiten Ansicht Gehe zu Hilfe
4 vorherige [150 | (291von291) |Auf Seitenbreite einpassen &
&

Lexical and syntactical Analysis:

From characteristic to canonical Automata:

T4 A1 (6 9
T, i Gt T 5o it \
L - T ol
3 . | !’ int_»i 4 int
' , int
T x - - - T ° +
s =3 11 *
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