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LR(1)-Item
An LR(1)-item is a pair [B — « e 3, x| with

x € Follow;(B) = U{Firstl (v)| S="uBv}

Admissible LR(1)-Items The Characteristic LR(1)-Automaton

The item [B — « .lls admissable for v « if:

B w with {z} = Firsty (w) The set of admissible 7. 12(1)-items for viable prefixes is again

computed with the help of the finite automaton (G, 1).

c(G, 1)

States: LR(1)-items
Start state: [ — o 5, €
Final states: {[B— e, 2| | B+~ € P,z € Follow,(B)}
Transitions:
([A—aeX g 2] X,[AvaXef ), X € (NUT)
([A—aeBf, x|e [B— o, a']),
-1A(VB a8, Bé”)’ e P,
x € Flrst o1 {z}

|

owith 7y oy =7y




Admissible LR(1)-Items The Characteristic LR(1)-Automaton

The item [B — e 3, z] is admissable for v « if:
S—ryBw with {z} = Firsty (w) The set of admissible L12(1)-items for viable prefixes is again
computed with the help of the finite automaton (G, 1).

c(G, 1)
States: LR(1)-items

Start state: [S"— o 5, €
Final states: {[B— e, 2] | B—~ € P,z € Follow(B)}

Transitions:
([AmaeX p, 2], X[A—=aXef z]), X € (NUT)
([A—=aeBf, x|e [B— o, a'll,

A—aBfB, B>y € P,
x' € Firsty(8) @1 {z}

... with Yo -Ym =Y

The Canonical LR(1)-Automaton The Canonical LR(1)-Automaton

The canonical LR (1)-automaton LR((, 1) is created from ¢(G, 1), by

performing arbitrarily many e-transitions and then making the For example: S 5 E

resulting automaton deterministic ... F = E+T | T
r — TxF | F
Fo— (E) | int

Firsty(S") = Firsty (F) = Firsty(T') = First; (F) = name, int, (

1 = 1. ag = 5(q0, F) = {[T—+Fe
1
1, 1w = 6(qq, it {[F —int »
1.
I 5 = dap, ) = {[£ (e E)
1. [ o E+ T
1} [E o7
[T~ oT=F
1 = q0,E) = I [T — oF
1} [ ()
[ o int
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[E— T, {e, +3 = T = TxF | F
[T — o L= F, {e, +,*}], Fo— (E) | int

[T"— o F, {e, 4, x}],
[F— o (E), {e,4, *x}],
[FF— eint, {e, +, *
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The Canonical LR(1)-Automaton The Canonical LR(1)-Automaton

For example: s s B
F — FE+T | T
T — TxF | F
F = (E) | int
First;(S") = First; (£) = First; (1) = First;(F) = name, int, (
b = b(ap, T) = A{[E—Te, {),+}, 9% = (g9, %) = {0 e
[T—T e+F, {),+,«}} £, ).+, #H.
int, {),+. *}]}
5 = 8(ag, F) = A{[T - Fe, {),+,*}]}
ag = a5 EB) = A{[F—=(Ee).{). +.=}]}
= Saf, ) = {[F —sinte, {),+,=}]} [E—Ee+T, {),+}}
af = Slag.+) = {[E—-E+eT, {). 4}, ab = 6(afT) = {[E—E+Te, {),+}],
[T— oT«F, {).4)+H, [T— TexF, {),+,*}H}
[T o “H
[F e (E), {1+, %}, afy = 5(qk, F) = {[T—=T=xFe, {),+,=}}
[F— wint, {),+, «}]} i .
a1 = 6(ag, )) = {[F (Eye, {J),+,=}}

The Canonical LR(1)-Automaton The LR(1)-Parser:

—
\ L]
=
Discussion:
\
@ In the example, the number of states was almost doubled J

... and it can become even worse

Y

@ The conflicts in states ¢1, qzre now resolved !
e.g. we have for:

with:
[ n[Fre A egg @) = feri o )i |

action
E goto

@ The goto-table encodes the transitions:
goto[g, X] =0(¢, X) € @

@ The action-table describes for every state ¢ and possible
lookahead w the necessary action.




The LR(1)-Parser:

The LR(1)-Parser:

Possible actions are:

)
LR(1) shift // Shift-operation
reduce (A7) Reduction with callback/output
) ) error /| Error
States: QU {f} (f fresh)
Start state: ¢ - for example: action | § int ) + *
Final state: f S B . o |50 s
- . E — E+T° | T 7 E,1 E1 s
Transitions: T — TxF° | F! @ 1l e
Shift: (pya,pq) i ¢q=goto[q,al, Foo (E)" | int? & Tl T ﬁ ! j !
. s = action [Py w] :;i 1 1 r i !i
Reduce: (pa1 ... qp,epq) it [A—=Be] € qp), a ’ P 1‘:1 [‘:l
q= goyto(pA A), . q0 E.0 £,.0 s
A— B e] = action|g5/, w] b Eo0| E0 |s
Finish: (qop,e. [ if [§"— Se] € p q10 7,0 7,0 |T,0
qio 7,0 7,0 [0
with  LR(G, 1) = (Q,T,d,q90,F) . g1 F,0 F,0 |F,0
¢ ro|lro |ro

The Canonical LR(1)-Automaton The Canonical LR(1)-Automaton

In general: We identify two conflicts:

In general: We identify two conflicts:

Reduce-Reduce-Conflict:
[A — e, .'1:] 5 [A’ —~ e, .'1:] c g with A#£ A vy #£y
Shift-Reduce-Conflict:
[A=~yez], A —aeaB yl € ¢
with @ € T und z € {a} ®y, First,(8) @ {y} .

Reduce-Reduce-Conflict:
[A — e, .'1:] A [A' —~7e, .'1:] c q with A#£A'vy#4y
Shift-Reduce-Conflict:
[A=~e z], [A'=aeafB y € ¢
witha € Tund z € {a} .

forastate ¢ € Q. forastate ¢ € @.

Such states are now called LR(1)-unsuited Such states are now called LZ(k)-unsuited

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




Precedences

Many parser generators give the chance to fix Shift-/Reduce-Conflicts
by patching the action table either by hand or with token precedences.

... for example:

s’ E°
8 E+E"
ExFE! . ¢

»{0)

int

L

int? E

What if precedences are not enough?

In practice, L2(k)-parser generators working with the lookahead sets
of sizes larger then & = 1 are not common, since computing
lookahead sets with £ > 1 blows up exponentially. However,

@ there exist several practical L2z(k) grammars of
e.g. Java 1.6+ (L2(2)), ANSI C, etc.

© often, more lookahead is only exhausted locally

© should we really give up, whenever we are confronted with a

Shift-/Reduce-Conflict?

(E)? ) —~

L
~_

k>1,

What if precedences are not enough?

Example (very simplified lambda expressions):

E — (E)"|ident! | L?

L - ) = E°

{ —  ({idlist) )7 ident!
— ) ident” | ident!

LR(2) to LR(1)

... Example:
S = Abb|[Bbct
A = aA|a!
B — aB'la

% 3



LR(2) to LR(1)

V
(!

Right-context-extraction
Right-context-propagation

v
(!

in the example:
Right-context is already extracted, so we only perform
Right-context-propagation:

S — AbW|Bbc
A — aA|d
B — aB'la

V
A2

Right-context-extraction
Right-context-propagation

V
A2

in the example:
Right-context is already extracted, so we only perform

Right-context-propagation:

S = AbY |Bbct
A = ad’lat

B — aB|a'

LR(2) to LR(1)

... Example:

S — Abb|Bbc!
A - aA|al
B — aB'|a
S rightmost-derives one of these forms:

a™abb ;a™abe ;a"a Abb ,a"a Bbe, Abb , Bbe = LR(2)

in LR(1), you will have Reduce-/Reduce-Conflicts between the
productions A, 1 and B, 1 as well as A, 0 and B, 0 under lookahead b

v
¥

Right-context-extraction
| Right-context-propagation

v
VY

in the example:
Right-context is already extracted, so we only perform
Right-context-propagation:

S — {ADYBO (B D)t
S = Ab’|Bbct (A0 = a4 abt
> P DA
A —  at a { ) — af ) lao
A A0 | g1 0 abl

B — aB%lat
unreachable



LR(2) to LR(1)

v
¥

Example cont'd:

s - AW B
A aA0abt
B — aB"|ab

Right-context-extraction
Right-context-propagation

v
¥

in the example:
Right-context is already extracted, so we only perform
Right-context-propagation:

o K — (AN LBD)
I:l S 5 A |Bbe! ) = a(Ab?lab
A o ad|a > :11 — a ‘4(] ) 1‘ ab
B — aB%a . o (]\ul
B — aB"|a

LR(2) to LR(1) LR(2) to LR(1)

Example 2 cont'd:
[ S—a]'s right context is now terminal a = perform Right-context-propagation
Example contd:

S = AW B
A = a AV abt
B — aB"|al!

= o o




LR(2) to LR(1) LR(2) to LR(1)

Example 2 finished:

Example 2 finished:
With fresh nonterminals we get the final grammar

With fresh nonterminals we get the final grammar

bCAY |bSbB,! |a?|aac?

S = S = bCA"|bSVB, |a?|aac?
- 0 -1 A = 0l gel
S — bSS© , ‘; - ;.!’f,‘l - S = bS8 , . ‘(,‘j,{‘ 5y B!
1 > : A% 2 > ; AV
| e 9 ¢ - bCD[bSHE"|aa’aaca® } Zu(‘z ¢ = bCD[bSHE'|aa®|aaca®
| aac D — a&'lacal o D — a|acat
E — E —

D’ | SbE! CDY| ShE?

LR(2) to LR(1)

For a Rule A — a, which is reduce-conflicting under terminal x
@ B Ais also considered reduce-conflicting under terminal x
@ B fAC~ is transformed by right-context-extraction on C":

B=BACy = B-=BAx(/C)y |yeFisuene BAy /)y

@ B f Axistransformed by right-context-propagation on A:
B—BAxy = B-=g8{Any

@ The appropriate rules, created from introducing (1:)— 4 and
[ )— n are added to the grammar




