Canonical LR(1) Parsers

Def: An LR(1) item is a two-component element of the form
[A>aef, u]

where the first component is a marked production, A — a e B, called the core of the item and p is a lookahead
character that belongs to the set VU { A }.

An LR(1) item [A —> a e f3, n] is said to be valid for viable prefix y if there exists a rightmost derivation
S =k 0AT =g daPr

where y = ¢ a is the viable prefix and p is the first symbol of tor A if t=A.

Aside:
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Is this grammar LR(k) for some fixed k?

What about LL(k) for some fixed k?

Consider the grammar
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Is this grammar LR(k) for some fixed k?



What about LL(k) for some fixed k?

Consider the grammar
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Is this grammar LR(k) for some fixed k?

What about LL(k) for some fixed k?

LR(1) Item Construction
1. Generate the start state item set, C.
1.1. BasisSet: [S—>eaq,A]

1.2. Closure Set: if [A—> e X, u]where X — y e P, then add
[X—> ey, v]to Cyowhere v e FIRST(Bp).

2. Do until no new states or item sets can be created

2.1 {Perform a read operation}
For each item [ A — o ¢ X 3, c ] in some state U include the item [A —> o X e 3, c]in a new
state V. If the basis set already exists, the merge the two states.

2.2 {Close the new state}
Foreachitem[ A— a e X, c]in state V and every production
X—>yeP,add[X > evy,d]toV where d € FIRST,(c).



The LR(1) item sets are Consider the following grammatr:

Co 0. G —> S
1. S >E=E
2. | f
3. E—>T
4. | E+ T
5. T > f
6. | T *f

Click here for the answer.



LR(1) Constructor

Given: LR(1) item sets, Co, Cq4, ..., Cn, Where Cy is the start state and the states of the parser, 0, 1, ..., m, we
have the following algorithm for constructing the LR(1) parse tables F and G.

1. Repeat for each state i in the LR(1) item sets

1.1 {Compute F}

a. if[A—>oaeuf,c]e Ciwhereu eV, and there is a transition from C; to C;on u, then
F(i, u) « Shift.
b. if [A—>ae, u]eC where A— aisthe " production and u € V; U {1}, then

F(i, u) « Reduce j.
C. if [ S> a e, L] e C;, then F(i, ) < Accept
d. Otherwise Error
1.2 {Compute G}
a. If there is a transition from C;to C; on A, then G(i, A) « j.

b. Otherwise Error

Note: State 0 is the start state of the parser.



From the partial LR(1) item sets below, we obtain the following partial LR(1) action table.

State Basis Set Closure Set Next State
or Reduce
0 [G—>eS,A] 17
[S—>eE=E,A] 1
[S—>ef A] 3
[E—> T, =+] 2
[T eT*f, =4%] 2
[T ef =+*] 3
[E—>eE+T,=:4] 1
1 [S—>Ee=E, A] 4
[E>Ee+T,=:4] 5
2 [E—>Te, =+] R3
[To>Te*f =+:*] 11
3 [S—>fe, A] R2
[Tofe, =+:*] R5
4 [S>E=eE, A] 6
[E—>eT, Ait+] 7
[T ef Ai+:*] 8
[To>eT*f Ait:*] 7
[E>eE+T, A+] 6
Action F
f = + * A
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Click here for the answer.



From the partial LR(1) item sets below, we obtain the following partial next state table.

State Basis Set Closure Set Next State
or Reduce
0 [G—>eS,A] 17
[S—>eE=E,A] 1
[S—>ef X] 3
[E>eT, =+] 2
[T eT*f, =4%] 2
[T—oef =1+*] 3
[E>eE+T,=+] 1
1 [S>Ee=E,A] 4
[E>Ee+T, =+] 5
2 [E>Te, =+] R3
[T Texf =+*] 11
3 [S—>fe L] R2
[Tofe, =1+*] R5
4 [S>E=eE, L] 6
[E—> T, Ait] 7
[T ef Ai+:*] 8
[To>eT*f Ait:*] 7
[E—>eE+T,A+] 6
Next state G
State S E T f = + *
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Click here for the answer.



Using the LR(1) parse tables above, the LR parse configuration 5-tuple for f+f=f*f vyields
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ANSWERS

The complete LR(1) item sets for the above grammar are

State
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Basis Set

[G—>eS,A]

[S>Ee=E ]
[E>Ee+T,=:4]

[E>Te, =+]
[T Te*f, =4*]

[S>fe, L]
[Tofe, =+:*]

[S>E=eE 1]

[E>E+eT, =+]

[S>E=Ee ]
[E>Ee+T, A+]

[E>Te, Ait]
[T Te*f Ait+:*]

[Tofe =1+*]
[Tofe, =+*]

[E>E+Te, =4]
[T Te*f, =+*]

[T>T*ef =+7*]
[T T*fe, =+:%]

[E>E+eT, Ai+]

Closure Set

[S>eE=E ]
[S—>ef )]
[E—>eT, =+]
[To>eT*f =1+%*]
[T eof =+*]
[E>eE+T, =+]

[E>eT, At]
[T ef Ai+:*]
[T eT*f A+*]
[E>eE+T, A+]

[T ef =+*]
[ToeT*F, =+*]

[T—oef Ai+:*]

Next State
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[T T*ef Ait+:*]

[To>T*fe, Ait:*]
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