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Motivation: Chomsky-Schiitzenberger parsing

P ChoSchii theorem [CS63]: decompose context-free language into
P reg. language R
P alph. string homomorphism h
P semi-Dyck language D
such that L = h(R N D)
P ChoSchii parsing [Hulll]:
P def. of R and D using grammar imply

P bijection between RN D and derivation trees
P bijection between RN D N h~!(w) and derivation trees for w

P goal: extract semi-Dyck words from reg. language R N h~1(w)
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Motivation: existing algorithm to extract Dyck words [Hull1]

Require: finite state automaton A = (Q, X' U X, ¢nit» Gin» )
Ensure: enumerate words in L(A) N D(X)
1. procedure EXTRACTDYCK(A)

A,C:={v]|(p,0,9),(q77) T} 0

3 for (p,v,q) € A do

4: AN=A{(p,v,9)};CU={(p,v,9)}
5: if (p,q) = (Ginie> 4sin) then yield v
6 (
;
8

AU={(0,uv,q)

| (0,u,p) € C}\C
A U= {(o,0va,T)

(o

| (0,0,p),(¢,7,7) ETINC

P> relies on recursive structure of Dyck words: concatenation and bracketing
P dynamic programming: store intermediate results (backlinks) for state

P backlinks are equivalent to reduct grammar [BPS61]
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n-centered semi-Dyck languages

P example (0] { ([][[{}]])} is 3-centered

P n-centered semi-Dyck word o.t.f. wqy(;) w;...(,,),w,, Where
> w,eX 2
P wy(y)wy.(,,) W, € D(X)
» C(X,n) CD(Y)
> C(X<n)=U,_.
» C(X,<o0)=J

c(Z,n)
C(Z,n') = D(X)

n’eN
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(At most) n-centered regular languages

P (<n)-centered regular word o.t.f.
Wy (1)1Wy () Wy, Where m <,

w, does not contain subsequences in X - ¥ start 00O GLI
> '/l = (Qa b)) UE? Ginit» inan) is (£n>_centered ]
function f: @ — {0,...,n}: o ] Q)D )
( {f(p) < f(r) if (¢,0,7) €T
p,o,q) €T = ,
f(p) = f(q) otherwise {
vice versa for (p, 7, q)
P =~ state partition with ordered cells @ )s 11

P 7 smallest number s.t. A is (<7)-centered = fis
surjective
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Closure properties

L is (<{)-centered, M is (<m)-centered reg. language over X, for £,m € N U {o0}
» LN Mis (<min(¢,m))-centered
» L uUMis (<max(¢,m))-centered
P L is (<oo)-centered
P L\ Mis (</{)-centered
> LND(X)CC(X, <L)
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P n-CYK algorithm applicable for (<n)-centered automata

P span f(o), f(r): fill backlinks for sub-runs accepting semi-Dyck words
P initial: 0,7 — oG for (0,0,p), (p,o,7) €T
P concatenation: 0,7 — (0,p)(p,7)
P bracketing: 0,7 — o(p,q)T for (0,0,p),(q,,7) €T

start

(90-91): 1.
(90591)(q1,92),
((g0,92)),

(‘10#12)]

(90-q1): [
((g0,41))




CYK algorithm for extraction of semi-Dyck words

Require: n.-centered automaton A = (Q, X, ¢, Gsin> 1)
Ensure: enumerates elements of £(A) N D(X)
1: procedure EXTRACTDYCK(.A)

2: A’ := NORMALFORM(A) [> combine transitions (o, o, p), (p,, q) to (0,07, q)
3: C = cyk(A")
4: ENUMERATE(C, Ginit»> 9fin) > c.f. Huang and Chiang [HCO5]
5: function cYK(A)
6: for r € {1,...,n} do
7 for I € {0,...,n—1} do
8: Spier =1 @) | (00,0 €T, f(p) =1, flg) =1+ 7}
9: forme{1,...,7r—1} do
10: Sl,lJr'r U:{(O7q) ‘ (Ovp)ESl,mv(pvq)GSm,l+'r}
11: Sii4r U= U(p,q)GSL,HT R_4(p,q) [> transitively reachable (o, r) via (0,0,p),(g,7,7) €T
12: return (S; ;13 €{0,..,n—1},5€{i+1,..,n})
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Conclusion

P application for Chomsky-Schiitzenberger parsing [Hulll; Denl7]:
» R, h!(w) are (<oo)-centered
P RN A 1(w)is (<|w|)-centered for e-free grammars
P size of closure R 4(p, q) depends on chain rules

P CYK parsing of cfg without binarization

P closure properties:

P parse multiple words at same time
P even using different grammars
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