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Weighted LCFRS [Vijay-Shanker, Weir, and Joshi 1987; Denkinger 2016]

» string LCFRS as case of MCFG
» rules of form A — (ax; 1, cx12)(A)

» composition representation implies function using string substitution
» linear and non-deleting composition

> rule weights pg: P — W

» semiring of weights
> weight of a derivation: product of rule weights

A F(Ar..., A k 3
PG( K/--‘-\A& ):PG(A‘)f(AI:-u,Ak))'ilelPG(A)

» weight of a derived word: sum of derivations yielding word
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Ranges and instantiations

range: pair of indices limiting subword, e.g. gaasbced — (0,2)
range concatenation: (i,/)(j, k) = (i, k)

range vector: sequence of non-overlapping ranges

vvyyvyy

instantiated composition: replace terminal sequences with ranges in word

> (ax11, cx12)aabced = {{(0, 1)x1,1,(3,4)x12), ((0,1)x1,1, (4,5)x12), ... }
» is ambiguous
» implies partial function using range concatenation

3/15



Weighted deduction [Shieber, Schabes, and Pereira 1995]

ai a as s ak antecedents

NI
» rule application n r r
Lo
c1 (o5} consequence
» weighted rules pup(r)
> weighted items ,UD,C(CI) :‘LLD(I’l) . ,uD,A(al) o ,U,D”A(ak)

+ no(r2) - 1p,a(as) - pp,a(as)(ax)
P enumerate items using Knuth's algorithm [Nederhof 2003]

P heuristics [Angelov and Ljunglsf 2014]
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Deductive parsing: common behavior

, A
#e(S = Baab x2d)(A) active ! target item
S b
initialize complete —
(x1,1(2,3), x1,2(5, 6)) (0, [aabeed|))

passive ((0,2),(3,5))

((0,2),(3,5))

pG(S — (x1,1b, x1,2d)(A)) - up ()

P parsing items
> weight paid on initialization
P> completion is free

» heuristic: approx. cost for target item via inide/outside weights
[Angelov and Ljunglof 2014]
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CYK parsing [Seki et al. 1991]

» inijtialize
intialize

> complete

A —(a,c)()
intialize
((1,2),(4,5))

S — (x1,1x2,1x1,2%2,2) (A, B)
(x1,1%2,1X1,2X2,2)
el

complete

((0,2),(3,5))

((2,3),(5,6))

A — <{:1X1717 CX112>(A)

((0,1)x1,1, (3,4)x1,2)

((0,6))

6/15



Naive-active parsing [Burden and Ljunglsf 2005]

» initialize

A — (a,c)()

intialize —

((1,2),(4,5))

£

> complete

S = {x,1xe,1%1,2%2,2) (A, B)

(x1,1X2,1X1,2%2,2)

— complete

AB

((0,2),(3,5))

—

A— (ax171, CX1’2>(A)

intialize — <(0, 1)X1,]_, (3, 4)X1’2>

A

S — (x1,1x2,1x1,2%2,2) (A, B)

<(07 2)X171(3, 5)X1,2>

— complete —

B
/
((2,3), (5,6))

((0,6))
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Active parsing [Burden and Ljunglof 2005]

» initialize

A — (a,c)()

intialize —

((1,2), (4,5)e)

1

> complete

S — (x1,1%2,1x1,2%2,2) (A, B)

(e ® x1,1x0,1X1,2%2,2)

— complete

4

((0,2),(3,5))

—

A— (aX1717 CX1,2>(A)

intialize® —>| ((0,1) @ xq,1, cx12)

4

S — <X1 1X2,1X1,2X2 2>(A B)

((0,2) ® x2,1x1 2x2,2)

— complete

1—((0,2),(3, 5)/

—

S
((0,6))
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Results | — Beam search
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Short interlude: box plots

‘ outlier
3-IQR < whiskers
third quartile
IQR median

first quartile
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Results Il — parse time for fixed sentence lengths
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Results Il — Grammar size
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Conclusions

P> implemented

» deduction systems for parsers,
» Knuth's algorithm,
» three parsers

in Vanda
used implementation to parse German sentences in NeGra
best performance using active parser

CYK parser performed significantly worse

vvyyy

possible future work:

» implement incremental parser
> extend implementation for (P)MCFG
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Results | — Beam search
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Results IIl — Grammar size
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Knuth's Algorithm

knuth(D = (I, R)):
Chart « 0

Agenda «+ {(r(e),(r,e)) | r € R}

6 while Agenda # ():

7 (trigger, backtrace), Agenda < pop(Agenda)

8

9 if not trigger € dom(Chart):

10 Chart < Chart{trigger/backtrace}

1 Agenda < Agenda U{(r(a),(r,a))|r € R, € dom(Chart)*: trigger in a}
12 else:

13 Chart <« Chart{trigger/backtrace}

15 return Chart
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CYK parsing

> two types rules
» initial active items of nonterminals

[A — f‘(Al7 .. .,Ak),d)]

» complete all nonterminals at once using passive items

[A — f(Al, ce 7Ak),(ﬂ (Al,ﬁl) e (Ak,pk)
(A, (p1,- .-, p))

> weights
P ey (Gw)([A = F(AL ., Ak), ¢]) = pe(A = F(AL, ..., Ad))
> apiew([A—= F(AL .. ~7Ak)7¢]) = OéDCVK 6w (A ) = ag(A)
> Boey(Gm([A = F(AL .., AL, ¢]) = O, Be(Ai)

VA — f(A1,...,Ak) E P, € fy
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CYK parsing - example
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CYK parsing (optimized) - example

0
«(G, ){(( 1Ae2> [ 0_>1x11 23X12} <<63I,364>>

[E:(l—);) 11( 4)>><(B>)} [5%<<XX1111)$211):1’22)327,22>>(A7 B)} ’}

{(01 >( ron) (@)}



Naive parsing

P three types rules
P initial active items of nonterminals

VA = f(Ay,...,AL) € P,Y¢ € f,
[A— (AL, .., AL), &, A1 ... Ak ( )

» complete one nonterminal using a passive item

[A— f(A1,..., A, &, Ai ... Al] (A, pi)
[A — f(Al, ey Ak), ¢(p;), A,'+1 . Ak]

P> convert a completed active item

[A—= f(A1,..., AL, p, €]
(A.p)

> weights
¥ toeyc(,w)([A = F(AL - A, 6, Ai - Ad]) = (A —
F(AL -, AK) © Ot ipeyi(6,m) (A £)))
if the item was previously completed with (Aj,pj) for each j € [i]
> Dy (6,w)( [A—= f(A1,..., Ak, 0, A ... Al]) = ()zE)CY}<((;7,,|,)((A7 p) = ag(A)
> Boey(Gm([A = F(AL ., AL), 6, Ai .. A]) = O Ba(A)
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Naive parsing — example

0

A= (g,)() A — (ax1,1, cx1,2)(A) B — (g,e)()
FDya(G.w) (e, e2) |, [((O, 1)X1,1:4(2, 3x2) |, | (esses)

€ €

((1,2)x1, 1,(3 A)x12) |, (x1,1%2,1X1,2X%2,2)

|:B <bX1 1, dxy 2>(B) _S — <X1,1X2,1X1,2X2,2>(A7 B):| }

- B
Dna(G,w) (e1,e)) " \(es, &))"
A— aX]_ 1, CX1,2 (A) -B — <bX1,1, dX1’2>(B) S — <X171X2’1X1,2X272>(A7 B)
FDNA G,w) (O 1 (2 3 ) <(17 2)7 (374» ) <X2,1X212> s
€ B

FDpa(Gow)

S — X1 1X2,1X1,2X2 2>(A B)
|: ((0, lx21(23)x22> :| }
B

}_DNA G,w)

{-

{ H

e (o) (0ae ) () )
{

o (olam)
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Naive parsing (optimized) - example

0
A— (ax1 1, CX1 2>(A)
A ’ ’ B
'_DNA(G,W) { ((eh eZ)) ) |:<(0, 1)X1,1/74(27 3)Xl,2>:| ) (<e37 64>)

B — (bx1,1,dx1,2)(B) S — (x1,1%2,1x1,2x2,2) (A, B)
o | (1, 2)xa,1, (3, 4)xa,2) | (x1,1%2,1x1,2%2,2)
B AB

S — (x1,1%2,1x1,2%2,2) (A, B)
A B e o o)
"owmEm { - <<<o, 1),<2,3)>) ’ (<(1,2),(3,4>>) ’ [ bege) } }
S = (x1,1%2,1x1,2%22)(A, B)
Foya(e,w) { (<:5>), [ ((071)X2,1Bg2,3)x2,2> } }

ol { - (<(o,54>>) }
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Active parsing |

» rules
P initial active items of nonterminals

VA = f(AL, ..., A) EP
[A= F(AL,..,AL), (e e f), L] = (A K

» read terminal
[A — f(A17 s 7Ak)7 <¢7 re 0¢>7 r]

[A — f(A1,..., Ak), (Y, (r - ro) @ P), r}
» read component of non-completed nonterminal

[A — f(Al, ey Ak), <’Lﬁ, re x,-,qu), F] (A,‘, p,’)
[A = F(A1,. . A, (W, (r - pij) @ ), Tli/pl]

» read component of known nonterminal

[A — f(Al, .. .,Ak)7 <’¢,I‘OX,"J'¢>, F]
[A = f(A1,..., AL, (1, (r-T(i);) e 9),T]

P convert a completed active item

[A—= f(A1,...,A), (o), T]
(A¢,)
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Active parsing |l

> weights

P per G ([A = F(AL L AL, (0 6),T]) = pg(A = F(A1, ..., A) © 2, oncr (6 (4 T

> ap,r6w)([A—= F(AL ..., AW, (b e ), T]) = ap, (6w ((A p)) = ac(A)
> Boacrew)([A(AL ..., A) = £, (Y 0 8),T]) = Orepiq: igdom(r) 6 (A7)
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Active parsing (optimized) — example

0

A— (ax1 1, CX1 2>(A)
A ’ ’ B
FDpa(G,w) {((el,ez)> ) [ ((0,1) 0>i1,1,cx1,2> ] ; (<e3,e4))

B — <bX1717 dX1,2>(B) S — <X1YlX271X1,2X2’2>(A, B)
s ((1,2) exy1,dx12) |, (e ® x1,1x0,1X1,2X0,2) e
1 1

S — (x1,1%2,1x1,2%2,2) (A, B)
A B o Xo < X1 550
F Dpa(G.w) { - <<(o, 1),(2,3») ) (<(1,2),(3,4)>> ’ [ (e x2,131,202) } }

1— <E‘1, 62>

- S S— <OX111X2,1X1,2X2,2)(A, B)
Dya(G,w) § -+ > (<e5)) , <(1 ;)&6?25??;?%;) e

ol { - (<(o,54>>) }
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