CSH22 SLR(k) and LALR(k) Parsers

SLR(k) and LALR(k) Parser

How many LR(k) states are there for LR parsers?
Upper bound: 2R,
R, ={[A— aeB,x]| A > ap € P, x € 25
Ry = IP| x (1Z1+1)".
Too many states even for LR(1) parsers!!!
Let’s consider LR(0) states
Ry, ={[A — aeB]|A— ap € P}
Rol = [P.

% * * E S
Let S=" O0Az= oaPz="_ oawz="_ oVWzZ =" UVWZ.

We define [A — ae[3] be a valid LR(k) item for a viable prefix da.
Let Ry denote a set of valid LR(0) items.
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We define Validy: (NUZ)™ — 2R or (-)4 for short.
Valido(y) = (v)o
={[A > aep] € Ry| S =", 8Az = dafz, y = dar}

Lemma If [A —> aefy] € (da), then [A — afey] € (5af3)y.
Proof
IS :>*rm 0AZ = oafyz.

o [A — aPey] € (daf)p.
Cololary If [A —> aeXB] € (da)g, [A = aXefB] € (daX),.

Theorem If [B — neAy] € (dn)pand A — a € P, then
[A — ea] € (dn)g and vice versa.

3 * * —
Proof S=",0Bu=_ onAyu="_ dnAvu = onapvu = yapvu,
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Let K Ro.
Definition 8| gggy: 27 — 2%, &y or & for short.
(descy r(p), descy In text).
80K = {[B —> 1, ] € Ro| [A —> 0eBB, x] € K,

B—>mneP,y e First(B-x)}

Definition y pi)”: 270 x (NUZ) — 270, 50* or * for short
(passes-X| r(o), passes-X in text).

10 K = {[A = aXep, x] € Rg| [A > aeXpB, x] € K}

If K € (8)g, 6y K € (8).
If K € (&), 0" K € (8-X)g.
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We define p| riy = (NUE)™ x (NUZ)™ pg or p for short.
Y Po &, If {19 =(d)o.
pg IS an equivalent binary relation on (NUT)".
[v]o = {8 € (NUZ) | v po 8} equivalent class on (NUZ) .

We extend the domain of (-} from (NUZ) " to 2(NV2)",
We may write (3)q Instead of ([6])o. since (&) = {[S])o-
We may write (5)q Instead of [3],, or vice versa, since

(8Yg 11 [3],.
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Canonical Collection of LR(0) states, Cy, and Q: C x (NUX) — C,.
(sets of LR(0O) items, equivalent classes of valid viable prefices).
(&)g := 8y ([S* — S]); Co 1= {(e)o}; P := D3
repaeat
for (6)g € Cq do
for X e NUZ where KX = {[A — aeXp] € (8)g} do
(8-X)o 1= g (10 (K*));
CO .= CO ) <8X>O,
P:=P U {(d)g:X > (6 X)o}

od od
until no more states are added to C,,.
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Fact & Construction of shift actions of I in LR(0) parsing.
If [B— aeXB] € (§)g € Chand X e NuU X, then

[B > aXeB] € (8-X)g € Cq and
Add (8)g | X = (8)9(8-X)g | € T,

Fact & Construction of reduce actions of I' in LR(0) parsing.
If [B > aeAB] € (8)g € Cogand A — X-X,-...-X,, € P, then

I[A = oX1-Xy...- X ] € (B,
[1<Vi<n: I[A = XXy Xi®Xigge... Xp] € (X1 Xow...-Xido,
S X XiDg | Xi > (83X g Xi )8 Xq-... - Xig-Xido | €T,

7[B — aAsp] € (3-A)y € Co, (8)g | — (8)o(3-A) | €T,
Add (8)o(8-X1)0(8-X1-Xo)g...(8-X1-Xn... X )o | = (B)o(8-A)g | € T
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LR(0) parser is a pdt My = {Cq, X, I', P, 1, [e] ), {[€]o[S]o}: $, 1) where
[ = {[8]o[3-X1Jo[8-X1-Xo]...[8-XyXo-.. Xplo | = [8o[8-Alo ||

:A —> X1X2...Xn0] S <6X1X2Xn>o}

U {[8o | ax — [8]o[5-2]o [ x| [A — aeaB, y] e (3)o}

W([8]o[8-X1]o- . [8-X1Xor... Xnlo | = [81o[8-Alo |)
= A— X;..X, e P,

A[8]o | ax — [8]o[5-alo | x) = ¢,

B — aeAB, ] < (3) [B — aAeB] € (3-A)

A — oX1X5... X, ] € (8)g

A — X10X5...X,] € (6:X1)g [A — aeaf] € (0)g
:A —> X]_XZ.. : Xn: S <8'X1'X2>O [A —> Ota.B] S <6°a>0

[A = X X5...Xpe] € (6:X1...X1)o
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[DeRemer FL(1971), Simple LR(k) grammars, Comm. ACM 14: pp453 -
460.

LR(0) grammars are seldom.
Reduce on Follow(A)

Simple LR(K) or SLR(k) for short.
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SLR(k) parser is a pdt Mok ={Cp, Z, T, P, 1, [e], {[€],[S]}}: & |) where
I = {[81[8-X1Jo[8-X1-Xa] ... [8-X1-Xg-...-Xplg | X — [8]o[8-Alg | X
A —> X1 Xs...Xp0] € (§-X1Xs... X1, X € Follow,(A)}
U A{[8]o | ax — [3]o[8-alg | x | [A — aeaB, y] € ()0}
([810[8-X]o- .. [8-X1Xo-...-XpIo | X = [810[8-Alg | X)
=A - Xq...X, € P,

A[3]o | ax — [8]p[8-alp | X) =¢.

B — aeAB, y] € (8) [B — aAeB] € (3-A)

:A —> .X]_Xz. : Xn: S <8>0

A — X10X,...X,] € (0:X1)g [A — aeaf] € (d)g
:A —> X]_XZ.. : Xn: S <8'X1'X2>O [A —> Ota.B] S <6°a>0

[A = X X5...Xpe] € (6:X1...X1)g
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LALR(K) parser is a pdt Mok:{CO, 2, T, P, [e]g {[€]o[S]o} $ |) where
I = {[8]o[8-X11o[8-X1-Xy]...[8-X-Xp-...-Xqlo | X — [81o[3-Alg | X

A = X1 Xo... X0, X] € ([X1Xa... Xpl o)}

{[8]o | ax — [8]o[5-aly | x| [A — aeap, y] & (8)o}

A([8lo[8-X1]o- - [8-X1Xz+... Xpo | X = [8]o[8-Alg | X)
= A XX, € P,

W[8]o | ax — [8]o[8-alg | %) =

B —> aeAB] < (8) [B - aAeB] € (5-A)g

:A —> .X]_Xz. : Xn: S <8>O

:A —> X]_.Xz. : Xn: S <8X1>0 [A —> OL.aB] S <6>O
:A —> X]_XZ.. : Xn: S <8'X1'X2>0 [A —> OLa.B] S <6'a>o

[A = X{Xo...Xpe] € (8:-X{... X))o
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Computation of LALR(k) lookahead sets.

[DeRemer FL, Efficient computation of LALR(K) lookahead sets, ACM
Tran. on Programming Languages and Systems, 4, pp615-649, 1982]

Definition Let [A — aef] € (5-a)g. Then Lalr: Ry x Cy — 25
Lalr ([A — aeB], (3-a)o) = {x & T/ [A - aeB, X] & ([§-a] )

Lemma Let [A — aef3] € (d-a)q. Then
Lalr([A — oep], (5-)o)
= Lalry([A — afs], (3-a-B)g) = Lalr([A — eap], (S)o)
where [A — afje] € (d-a-3)g and [A — ea ] € (d).
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Theorem Let [A — aef] € (5-a)q. Then
Lalr (JA — aef], (5-a)g) = Lalr (JA — eaf], (5)p)
= First(y-Lalri([B — neAy], (8)0))
= First () & Lalr,([B — neAy], (8)).
where [B — neAy] € (d)g.

Recursive formula for Lalry.

recursion
Lalr (JA — aeB], (d-a)g) = First(v) @&, Lalri (B — neAwy], (8)q).

basis
Lalr([S” — 5], (&)o) = {c}-
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Choe’s Ph. D. Thesis
Park, CH, Choe KM, Chang CH(1985), A new analysis of LALR(K) for-
malisms, ACM Tran. on Programming Languages and Systems, 7,
ppl59-175.

Observation Construcion of C, and computation Lalry.

Recomputations of ak* In every same LR(k) state are redundant!
Kernel(Essential in text) items are enough to consider.

Definition essential LR(k) items.
[A — aef, X] € Ry Is a essential LR(k) item, ifa #eor A=S".

Definition Let {9)), € C, denote a set of valid essential items in (5),.
Then (&) < () and &y (8)y = (8) = dk ().
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5 (S = Bk (B = (B v BT (d)k
where (8) N O (3 = D
() essential items

O, T(8),  non-essential items
R R Rl [

The following statements are equivalent:

An LR(K) state (&Y = Gy oL [6],
A set of valid LR(k) items (O)y-
A set of valid essential LR(k) items (O
A set of valid viable prefices [0]
A set of valid stack strings [O]k
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Fact Let [A > aeXB, ] € (8). Then 1, *([A = aeXP, x]) € (&-X)y.

Observation All iems in xo"(K*) and [S” — S] in algorithm for of C,

in page 5 are essential but KX may contain non-essential items.

Definition L relation, L < N x (NUX).
ALX IfA— XB eP.

Lemma Let (8), € Cy, “[A — aeXP] € (&) (a=e or A=S’). Then
Y e NUZ 5. X LY and %, (€8)) € (8-Y ).

Essential items and L relation are enough
for the definition and the construction of not only C, but C,.
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Canonical Collection of LR(k) states, C,,
(sets of essential LR(Kk) items, equivalent classes of valid viable prefices).
(&M :=A{[S" — 3]} Co :={de}: P 1= 9;
repaeat
for <<6>>k S Ck do

for X e NUZ where KX = {[B — neXy] e (&) do
for Y e NUZ where X LY, K" = {[A — aeYB]e(8),} do
&Yk = x (K3
Cx = Cy L (3 Y )k
P:=PuU{&)xY — «&-Y)y}

od od od
until no more states are added to C,.
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Lemma If [C — neBy, y] € (&), and A € N .5. B L" A where
B=Bg [L<Vi<n:7Bi;—>Bijyje P],B,=A and A — af € P. Then
[1<7i<n:7[Biq — By yil € O ()
where yj € Firste(yi.y yr-wy) If1=1, v y1 = €],
[A — eaf, X] € 6, 8), where x e First,(y, y1-y-y), and
[A > aef, X] € (5-a)y.
. Lalr ([A — aeB], (6:a))q)-
= First,(y,) & Lalr([B,.1 — *Bpypl, @Q) A =By,
= First(yn) © First(yn.1) @ Lalr([Bp.o — ¢Bp_1vp.1l. @Q)
= Firsty(vnyn-1) ©k First(vn.2) O Lalri([By.z — ¢Bp ovn-2], (820).

= Firsty(vn..v2) @ Firsty(y1) O Lalr([Bo — ¢Byy1], (8)9).
= First(yn.. v1) © First(y) & Lalr([C — neBy], (8)g) By =B.
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Definition Let A, B € N,ALB,and A — B3 € P. Then
we define path: N x N — 22 as path, (A, B) = First,(j3).
Definition Let A, B e N and A L* B. Then we define Path,: N x N — 2=
Path, (A, A) = {&}
Pathy (A, B) = path,(C, B) @, Path,(A, C), if AL" B
where 7C e N 5. AL Cand CL B.

Essential items, L relation, and Path, are enough
for the definition, the construction of C,,
and the computation of Lalr,.

Example What is the Path, (B, A) in the above Lemma.
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Theorem Let [A — aef] € (8-a)g. Then
Lalr ([A — aeB], (8-a)g)
= Pathy(A’, A) @, First,(y) @ Lalri([B — neA’vy], {8)0).

where A’ L™ A, [B = neA’y] € (8.

Recursive formula for Lalry.

recursion

Lalr ([A — aeB], (8-a)g)
Pathy (A, A) ®, First,(y) @, Lalr ([B — neA’y], (8)o)

where A’ L™ A, [B = neA’y] € (8.

basis
Lalr([S” — eS1, (=)o) = {e}.
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