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The problem: k-best parsing

parsing problem

Input:
@ a grammar G

@ awordw

Output: o )
@ a derivation of win G

(not unique)
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The problem: k-best parsing

k-best parsing problem

Input:

[Huang and Chiang 2005]

e a(A,0,1,0)-weighted grammar (G, wt)

@ a suitable partial order <on (A,0,1,0)

@ anumberk € N

@ awordw

Output:

2w.rt. wt and < (greater is better)
T. Denkinger: Practical problems with CS-parsing for wMCFGs

@ asequence of k best derivations? of w in G

(not unique)
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Multiple context-free grammars

context-free grammars

A — aAbB composes strings

T. Denkinger: Practical problems with CS-parsing for wMCFGs WATA, Leipzig, 2018-05-23

3/13



Multiple context-free grammars

context-free grammars

A — aAbB composes strings

A — [(z,y) - azby](4, B)
Sl VAN
P SIEED I
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Multiple context-free grammars

context-free grammars

A — aAbB composes strings

A— [ axby ](4,B)

multiple context-free grammars

[Seki, Matsumura, Fujii, and Kasami 1991]

A = [((z1,22), (Y1,Y2)) & (az1ysb, y125)](4, B)
(DX T X (X5 x X% )= (D x %)
composes tuples of strings
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Multiple context-free grammars

context-free grammars

A — aAbB composes strings

A— [ axby ](4,B)

multiple context-free grammars

[Seki, Matsumura, Fujii, and Kasami 1991]

A— [ 21131]]2]3,?]101'2 ](AaB)

composes tuples of strings
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Multiple context-free grammars

context-free grammars

A — aAbB composes strings

A— [ axby ](4,B)

multiple context-free grammars

[Seki, Matsumura, Fujii, and Kasami 1991]

A — [ axlg/Zbaylch ](AaB)

composes tuples of strings

= extra expressive power useful for natural language processing
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The Chomsky-Schiitzenberger theorem

CS-theorems [Chomsky and Schiitzenberger 1963]

Let L be a language. T.f.a.e.
1.3 CFGGst L=L(G)
2. dregular language R,

3 Dyck language D,

3 homomorphism h
st. L=h(RND)
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The Chomsky-Schiitzenberger theorem

CS-theorems [Chomsky and Schiitzenberger 1963]
[Yoshinaka, Kaji, and Seki 2010]
Let L be a language. T.f.a.e.
1. IMCFG G st. L = L(G)
2. dregular language R,
3 multiple Dyck language D,

3 homomorphism h
st. L=h(RND)
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The Chomsky-Schiitzenberger theorem

CS-theorems [Chomsky and Schiitzenberger 1963]

[Yoshinaka, Kaji, and Seki 2010]

Let L be a language. T.f.a.e.
1. 3IMCFG G s.t. L =L(G)

2. dregular language R,
3 multiple Dyck language D,
3 homomorphism h
st. L=h(RND)

Idea [Hulden 2011, for CFGs]
Use the decomposition provided by (1. — 2.) for parsing.
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From the CS-theorem to CS-parsing

w € L(G)

T. Denkinger: Practical problems with CS-parsing for wMCFGs
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From the CS-theorem to CS-parsing

w e L(G) <= weh(RND)

(CS-theorem)
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From the CS-theorem to CS-parsing
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< Jue RND:h(u) =w
< Jue RNh Hw):ueD

Each u € R N D encodes a derivation of G.
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From the CS-theorem to CS-parsing

w e L(G) <= weh(RND) (CS-theorem)
< Jue RND:h(u) =w
< Jue RNh Hw):ueD

Each u € R N D encodes a derivation of G.

k-best CS-parsing

parseg, u i, (W)

= (take, o sort¥’ o toDeriv o filter,,,) (R N A~ (w))
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From the CS-theorem to CS-parsing

w e L(G) <= weh(RND) (CS-theorem)
< Jue RND:h(u) =w
< Jue RNh Hw):ueD

Each u € R N D encodes a derivation of G.

k-best CS-parsing

parse 1, (W)
= (take, o sort¥’ o toDeriv o filter,,,) (R N A~ (w))
= (toDeriv o take,, o sort¥ o filter, ) (R N A~ (w))
= (toDeriv o take,, o filter, o sort¥)(R N A~ (w))
= (toDeriv o take, o filter,, o sort,)(R* 1> h™ ! (w))

enumerate from a weighted finite-state automaton

T. Denkinger: Practical problems with CS-parsing for wMCFGs WATA, Leipzig, 2018-05-23

5/13



Derivations and bracket words

T. Denkinger: Practical problems with CS-parsing for wMCFGs

an MCFG G-

a: S = [ry25](A)
B: A — [az,b, cx,](A)
v: A= [g,e]()
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Derivations and bracket words

an MCFG G-

a: S = [ry25](A)
B: A — [az,b, cx,](A)
v: A= [g,e]()

L(G) = {a"b"c" | n € N}
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Derivations and bracket words

aS =[x x4 |(A)
an MCFG G-

a: S = [ry25](A)
B: A — [az,b, cx,](A)
v: A= [g,e]()

B:A—=] ax b, c xzy [(A)

B:A—=[ax b, cay |(A) L(G) = {a"b"c" | n € N}

A= e, ]
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Derivations and bracket words

S, e oS, start

a:S =[x xy [(A) é

A Aje 04, A,y
A= axz b, cazy (A

Ao Aje 0, ° A,
B:A—[ax b, cxzy [(A)

Aj®A e 0,04,
v A=[¢e, e

word w =
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Derivations and bracket words

S, e oS, start

a:S — [exeex,0](A) é

Age Ao 04, ® A,
[: A — [eaex ebe ecex,0](A)

Ao Ao eA, oA,
f: A — [eaex ebe ecex,e](A)

Aj®A e 0,04,
7 A [ace 050

word w =
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Derivations and bracket words
Sli LCH start
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Derivations and bracket words
SlK o3, start
a:S — [sxeex,e](A) é

Age Ao 04, ® A,
[: A — [eaex ebe ecex,0](A)
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Derivations and bracket words

Sy oS, start
a:S — [prjeex,e](A)

Ay Aje 04, A, €
f: A — [eaex ebe ecer,e](A)
A e Aje 04, ° A,

f: A — [eaex ebe ecex,e](A)

Aj®A e 0,04,
7 A [ace 050

word w =
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Derivations and bracket words

Sy oS, start
a:S — [prjeex,e](A)

Ay Ao 04, ® A, €
f: A — [eapr ebe ecer,e]|(A) a
Ay Aje oA, °A,

f: A — [eaex ebe ecex,e](A)

Aj®A e 0,04,
7 A [ace 050

word w = a
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Derivations and bracket words

Sy oS, start
a:S — [prjeex,e](A)

Ay Ao 04, ® A, €
f: A — [eapr ebe ecer,e]|(A) a
Ay Aje oA, °A,

f: A — [eaqr ebe ecex,0]|(A)

A 0A @ 0A 04,
7 A= [oce,0ce]()

word w = aa
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Derivations and bracket words

e5S,

a:S — [prjeex,e](A)

Aje 04, ®A,

zy0bs ecom,e](A)

Aje 04, A,

zyobe,ecesye](A)

word w = aa

T. Denkinger: Practical problems with CS-parsing for wMCFGs

start
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Derivations and bracket words

e5S,

a:S — [prjeex,e](A)

Aje 04, ®A,

zy0bs ecom,e](A)

Aje 04, A,

Ty qbe eceny0](A)

word w = aa
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Derivations and bracket words

e5S,

a:S — [prjeex,e](A)

Aje 04, ®A,

zy0bs ecom,e](A)

Aje 04, A,

®y- b.,.Ct’EQ'](A)

word w = aa
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Derivations and bracket words

o5,
a:S — [prjeex,e](A)

Aje 04, ® A,

zy0bs ecom,e](A)

word w = aab
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Derivations and bracket words

word w = aabbcc
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1]
—+
Y
=
—+

9 9
a E
9 9
ajor (Agoe
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Derivations and bracket words

word w = aabbcc

T. Denkinger: Practical problems with CS-parsing for wMCFGs

1]
—+
Y
=
—+

9 3
a (Doe
e 3
(yob (Aoe

w’ = aaabbcc ¢ L(G)
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Derivations and bracket words

start

](ll.l[(lx.Q

word w = aabbcc w’ = aaabbcc ¢ L(G)

word u = [ (1, [5all,, [hall, (11710 b5 bl L
o Bel2y Bel3y B2 12,02 12,03 1L 2l
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From the CS-theorem to CS-parsing

w e L(G) <= weh(RND) (CS-theorem)
< Jue RND:h(u) =w
< Jue RNh Hw):ueD

Each u € R N D encodes a derivation of G.

k-best CS-parsing

parse 1, (W)
= (take, o sort¥’ o toDeriv o filter,,,) (R N A~ (w))
= (toDeriv o take,, o sort¥ o filter, ) (R N A~ (w))
= (toDeriv o take,, o filter, o sort¥)(R N A~ (w))
= (toDeriv o take, o filter,, o sort,)(R* 1> h™ ! (w))

enumerate from a weighted finite-state automaton
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Practical problems

... with the weighted finite state automaton R"
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Practical problems
... with the weighted finite state automaton R"

start

](lyl [}12
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Practical problems
... with the weighted finite state automaton R"!

start

enumerate R

@ by ascending weight

@ Dijkstra-like algorithm

]llk.l[(l\,,Z
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Practical problems

... with the weighted finite state automaton R"!

start
enumerate R
@ by ascending weight
[ we, 1L @ Dijkstra-like algorithm
[hals /wig @ };_)5_1];23/1 initial idea:
@ attach weights to
2w, 2 8

[L-brackets

(A2 Bel2 1

]}k.l[}\,,2/1
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Practical problems

... with the weighted finite state automaton R"!

start

[i[!x.l/Wta }312}(1y/]

[}ja“f.l/w% @ E.l]%“

221

(A2 Bel2 1

]}k.l[}\,.2/1

T. Denkinger: Practical problems with CS-parsing for wMCFGs

enumerate R
@ by ascending weight
@ Dijkstra-like algorithm

initial idea:
@ attach weights to

[L-brackets

problem:

@ loops with weight 1
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13



Solutions and workarounds |

start

[é [é,l/Wta }}y,z}i“
alb wt, (A3
11w, 220

](lyl [}1,2/1
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Solutions and workarounds |

start

](lk.l[(l},,Z/1
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@ assume that
wt, # 1 in loops

WATA, Leipzig, 2018-05-23

9/13



Solutions and workarounds |

start

@ assume that
wt, # 1 in loops
[ala./wt Ja2la/1 @ assume that
1o 5 1 weights can be
Ll wt, (Ay) 21 .
lsals. /Wt J5.ls factorised
e, 22N

]}k.l[}\,,2/1
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Solutions and workarounds |

start

(oo /Wi Hz}
@ da“/\/wTﬁ
L/ 3/wE,
I bl gt (4,)

]}k.l[}\,.2/1

T. Denkinger: Practical problems with CS-parsing for wMCFGs

ww
ERIEAvAL
\/W
[Bel? 1/\/W

@ assume that
wt, # 1 in loops

@ assume that
weights can be
factorised

@ distribute factors
of wt, among
transitions with

[o:)o (52155
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Solutions and workarounds Il

Assumption 1: weights wt, that occur in loops are # 1
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Solutions and workarounds Il

Assumption 1: weights wt, that occur in loops are # 1
= restrict the grammar
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Solutions and workarounds Il

Assumption 1: weights wt, that occur in loops are # 1
= restrict the grammar

restricted weighted MCFGs:

may not have derivations of the form

withwt, =..=wt, =1
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@ useful probabilistic MCFGs are al-
ways restricted
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Solutions and workarounds Il

Assumption 1: weights wt, that occur in loops are # 1
= restrict the grammar

restricted weighted MCFGs:

may not have derivations of the form

withwt, =..=wt, =1

@ useful probabilistic MCFGs are al-
ways restricted

@ B-weighted MCFGs can be trans-
formed to restricted N-weighted
MCFGs with the same support
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Solutions and workarounds IlI

Assumption 2: weights can be factorised
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Solutions and workarounds IlI

Assumption 2: weights can be factorised
= restrict weight algebra
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Solutions and workarounds IlI

Assumption 2: weights can be factorised
= restrict weight algebra

factorisable (multiplicative) monoid with zero
Vae AN{0,1}: Jaj,ay € AN{l}: a1 0Qay=0a
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Solutions and workarounds IlI

Assumption 2: weights can be factorised
= restrict weight algebra

factorisable (multiplicative) monoid with zero
Vae AN{0,1}: Jaj,ay € AN{l}: a1 0Qay=0a

two examples from nlp:

(A,0,1,0) factorisation

(0,1],-,1,0) o= 70 7a
(Rggofhoa_oo) a=a/2+a/2
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Conclusion and outlook

Theorem (k-best parsing)

Let (G, wt) be a restricted weighted MCFG over a factorisable
monoid with zero and < be a suitable partial order on the monoid.

Then (toDeriv o take,, o filter, o sort ) (R* > h™*(w))

solves the k-best parsing problem for (G, wt) and a word w.
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Conclusion and outlook

Theorem (k-best parsing)

Let (G, wt) be a restricted weighted MCFG over a factorisable
monoid with zero and < be a suitable partial order on the monoid.
Then

(toDeriv o take,, o filter, o sort ) (R* > h™*(w))

solves the k-best parsing problem for (G, wt) and a word w.

Conjecture

The restrictions are not problematic in practice.

@ refined and implemented by T. Ruprecht (in his master thesis)

@ he currently investigates practical viability

Thank you for your attention.
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