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This falk

Earley recognizer for multiple context-free grammars

@ based on the Datalog representation of MCFGs
(cf. Kanazawa 2007)

@ with the correct prefix property

@ yields an O(n°) recognizer for TAGs
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This falk

Earley recognizer for multiple context-free grammars

@ based on the Datalog representation of MCFGs
(cf. Kanazawa 2007)

@ with the correct prefix property

@ yields an O(n°) recognizer for TAGs

Previous approaches:

@ Matsumura et al. (1989), Harkema (2001), Albro
(2002), de la Clergerie (2002a, 2002b)

@ Nederhof (1999): O(n°) prefix-correct Earley-
style recognizer for TAGs
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My approach

/\

parsing schema control algorithm
canonical chart parsing

(grammar — deduction system) (= seminaive bottom-up

Datalog program Datalog program evaluation)

@ uses well-established, general formalism/method
@ avoids ad hoc techniques as much as possible

@ easier to understand and easier to prove correct



Earley recognizer for CFGs

a | bilEelrd
Ofdle s 8 4

An item

@ is of the form (A — a e, 1i,])

@ encodes the information
5="a1...a8 Ay
=S g O,
— .. @fare 2 a0



Deduction system for Earley

INITIALIZE
(start — @ S, 0, 0)

(A— oce By, i,J)
(B "eE )

PREDIC (B— B € G)

(A— e By, i,j) (B—Be,j k)
(A—> aBey,i, k)

COMPLETE

(A— aeby,i,j)
(A— abe~y,i,j+ 1)

SCAN Qei=t=p

Al cad L(G) iff
(start — S e,0,n) is derivable



Deduction system for Earley

INITIALIZE
(start — @ S, 0, 0)

(A— e Bv,i,J)
(B "eE )

PREDIC (B— B € G)

(A— e By, i,j) (B—Be,j k)
(A—> aBey,i, k)

COMPLETE

(A— aeby,i,j)
(A— abe~y,i,j+ 1)

SCAN Qei=t=p

A SCAN move is made on a; = dw(a;...ajw € L(G))

correct prefix property



Deduction system = Datalog program

(B — o8](.J) :— |A—= ae By|(i.J).
A— aBev|(i,k) . —[A—aeBy|(/,j), |[B— Be](J, k).

A— abev](i, k) :— [A— aeby|(/,j), b(J, k).

s RER L(G) iff

P U {[start'— e SH(0, Qi &7 (01 an(n—1,n)}
- [start — S @](0, n)



Chart parsing control algorithm

CHART-PARSE(aq . . . ay,)

agenda «— [seed,a1(0,1),...,a,(n —1,n)]
chart «— @
while agenda is not empty
do trigger < POP(agenda)
add trigger to chart
new_items < IMMEDIATE_CONSEQUENCES( chart, trigger)

foreach item € new _items —(chart U agenda)
do PUSH(agenda, item,)
return chart



Chart parsing control algorithm

CHART-PARSE(aq . . . ay,)

agenda «— [seed,a1(0,1),...,a,(n —1,n)]
chart «— @
while agenda is not empty
do trigger < POP(agenda)
add trigger to chart
new _items «— IMMEDIATE_CONSEQUENCES( chart, trigger)
if trigger = a;(j — 1,7) and new_items is empty
then reject
foreach item € new_items —(chart U agenda)
do PUSH(agenda, item,)
return chart
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CFGs as Datalog programs

S—ald
I — blc

I — bc

b

C

d

O
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S, l)y:—a(i,j), Sy, k), d(k,1).
S, l):—ali,)), TU, k), d(k,1).
T, ) :—b(i,)), T, k), clk,1).
T(,k):—b(i,j), cl, k).

a(0, L) e BlileaBbesc(D. 3). 1 d(3,4).



CFGs as Datalog programs

S - aSd S(i, DeaaWath B SULK)., d(kh)
S — aTd S(i )i atFT) Tk K), d{ict)
T Sl Lg% b(/, (MK ), ofKid).
T — bc Thmic) gl J), cLhk)
b|lc|d a(0, Bl R Bl eec(2, 3). ./ d(3,4).
| “2 8t
S 5(0,4)
g TR
il a(0,1) T(1,3) d(3.4)
a AT

b e b1, 296l 2:3)



Magic sets

Magic-setfs rewriting

@ equivalent to Earley deduction (OLDT resolution)

@ introduces top-down prediction into bottom-up
evaluation

® binarizes the rules

@ the result essentially coincides with the Earley
deduction system when applied to a Datalog
program expressing a CFG



Magic sets

Magic-setfs rewriting

@ equivalent to Earley deduction (OLDT resolution)

@ introduces top-down prediction into bottom-up
evaluation

® binarizes the rules

@ the result essentially coincides with the Earley
deduction system when applied to a Datalog
program expressing a CFG

A — ea(/, 1) m_A(1)
A — a e S](i, ) St
A — ael(i,])) A(l,J)
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Example

. S ) — abisg), SGR Tl
L S ) LAl RGO dle
TG D) B e
 T( k) — b i el

m_S(0).

m_S(j) :— sup1.1(1,J).
m_T () :— supo.1(i,J).
m_T () :— sups1(/,J).

sEmeL (e ) — mesiiati, j).
supy (i, k) :— supy11(i,J), SU, k).
S(i, 1) :— supy (i, k), d(k, 1).
sups 1(1,J) :— m-S(i), a(/,J).
supp (i, k) :— sup>1(1,4), TU, k).
S3Ui, 1) i— supss(i, k), d(k, ).
SUP3 KT, ) st (r ), b1, 1),
sups (i, k) :— supsz1(i,Jj), T, k).
T(i, 1) :— supso(i, k), c(k, ).
supa (1)) i=emT: (1), b/, 1).
P Kpe=ssupas (R ), e K)-
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Multiple context-free grammar

5(X1Y1XQY2) T P(Xl,X2)1 Q(YLYZ)-

P(axi, cxp) i— P(a, x2). va bhelld” | map = 1)
P(a,.a}
Q(byr, dyz) :— Q(y1, y2).
Q(b, d).
S(abcd) S(aabbccdd)
g Sl e
P(a,c) Q(b,d) P(aa,cc) Q(bb, dd)

HEN Q(b, d)



MCFGs as Datalog programs

S5( x _Y1kX2/y2) — PO, x2), Qv yz). SUim) = Pl J k. 1), QU k. |, m).
B m

P(_a_xlk, /C x> ) i— P(x1,x2). P(i,k,1,n) :—a(i,j), P, k,m, n), c(l,m).
I J m n

P(aicil P(i,j, k,1):—a(i,j), clk, ).

ji il
Q(by1, dy2) :— Q(y1, y2). QUSRI - b( 1, j) 2d ¢l n1), QUj, k,.m, n).
Q(b, d). Qi j k. 1) :— b(i, ), d(k,I).
S(abcd) 5(0,4)
P(aic) Qb .d) e, 1,973 1.2, 3,4)

i TEET N N

a(0,1) ¢(2,3) b(1,2) d(3, 4)
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Magic-sets rewriting

SO ) i— PO R PPOT(

- PPk T e @B (0, ) P2 e e Gl
PO ke, f) i= 2P, Y, Tk, D).

L QPPYT(f K ) =R ek e e (&, s
- QPPN ke s BER (1), dRiCiel)

adornment



Magic-sets rewriting
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SLD derivation
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Magic-sets rewriting

SO ) i— PO R PPOT(

: PPk i @ e P2 e e

- PYT ke 1) A AT (Y, el d)

L QPPYT(f K ) =R ek e e (&, s
: QPPOI( [ s et U

- m_P(i) :— m_S(i).

- m_QU, k, ) :— supy 1(i,J, k, 1.

: m_P(j) :— sups1(1,J).

- m_Q, k,m) :— sups-(i,J, k, I, m).
supy (1,4, k, 1) :— m_S(i), P(i,J, k, ).

: S(i,m) :— supy 1(i,J, k, 1), QU, k, I, m).
: supy 1(1,J) :— m_P(i), a(i,J).

: sups (i, k, m, n) :— sup>1(1,J), P, kK, m, n).
- P(i, k, I, n) :— sup>5(i, k,m,n), c(l,m).
L sups1 () = e E RN

 P(i,j, k, ) :— sups 1(i,J), c(k, ).

- supa 1 (0 kD) = O G RRes (



Magic-sets rewriting

:m_P(i) :— m_S(i).

- m_QU, k, ) :— supy 1(i,J, k, 1.

: m_P(J) :— sup>1(/,J).

- m_Q, k,m) :— sups-(i,J, k, I, m).

supy (i, J, k, 1) :— m_S(i), P(i,Jj, k, ).

- S(i,m) :— supy1(i, 4, k, 1), QU, k, I, m).

: supy 1(1,J) :— m_P(i), a(i,J).

 sups (i, k, m, n) :— sup>1(i,J), P, kK, m, n).
 P(i, k,I,n) :— sup>5(i, k,m, n), c(l,m).

: sups 1 (HJ) = =Pl sk

 P(i,J, k, ) :— sups 1(i,J), c(k, ).

supa (1,4, k. 1) i— m_Q(i, k, 1), b(i,]).

 supa (1,4, k, I, m) :— supg 1(i, 4, k, 1), d(], m).
Qi k, 1,n) :— supso(i, j, k, I, m), QU, k, m, n).
sups 1(1, 4, k) :— m_Q(i,J, k), b(i,J).

Qi J, k, 1) :— sups 1(1,J, k), d(k, ).



- m_P(i) :— m_S(i).
: m_QU, k. I) :— supy1(i. j. k. ). 0

. m_P ()& supyiki, [} m_S(0)
- m_QU, k, m) = supas(i,j, k., m). o po)

supy (i, J, k, 1) :— m_S(i), P(i,Jj, k, ).

- S(i,m) :— supy1(i, 4, k, 1), QU, k, I, m).

: supy 1(1,J) :— m_P(i), a(i,J).

 sups (i, k, m, n) :— sup>1(i,J), P, kK, m, n).
 P(i, k,I,n) :— sup>5(i, k,m, n), c(l,m).

: sups 1 (HJ) = =Pl sk

 P(i,J, k, ) :— sups 1(i,J), c(k, ).

supa (1,4, k. 1) i— m_Q(i, k, 1), b(i,]).

 supa (1,4, k, I, m) :— supg 1(i, 4, k, 1), d(], m).
Qi k, 1,n) :— supso(i, j, k, I, m), QU, k, m, n).
sups 1(1, 4, k) :— m_Q(i,J, k), b(i,J).

Qi J, k, 1) :— sups 1(1,J, k), d(k, ).

Magic-sets rewriting

1

sup»1(0, 1)
sup31(0, 1)

m_P(1)

2
Py 1:2)

SUDl_l(O, 1, 1, 2)
m2QEET 1, 2)
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Cause of non-prefix-correctness

SLD derivation

?— Sl
:1>?— PO, 1, k1, h), QUi, ki, h, x).
v a(0,1), c(k1, h), Q1. k1, h, x).

a(élg?_ C(kl, /1), Q(l, kl, /1,X).
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SLD derivation

?— Sl
:1>?— PO, 1, k1, h), QUi, ki, h, x).
v a(0,1), c(k1, h), Q1. k1, h, x).
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S5(0, x)
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incomplete derivation free



Cause of non-prefix-correctness

SLD derivation adornment
72— 5(0, x). SR ke i

= 72— P(0, j1, ki, h), QUt, k1, . x).

=2 72— a(0, j1), c(ky, h), Q(j1, k1, h, x).

a_(élg?_ C(kl, /1), Q(]_, /(1, /1,X).

S5(0, x)

SRR

P(O,l,kl,/l) Q(l,kl,/l,X)

PN

a(O, 1) C(kl, /1)

incomplete derivation free



Securing prefix-correctness

5( X1 Y1 X2 YQ) ‘T P(Xl,X2)1Q(Y1,Y2)-
| ] R

S(i,m):— P(i,j, k., D, QU, k, I, m).



Securing prefix-correctness
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Securing prefix-correctness

5( X1 Y1 X2 YQ) ‘T 'D(Xl,X2)1Q()/1,)/2)-
| ] R

St —POF KTkt~
S(i,m):— Pi(1,)),Qi(J, k), P(i,J, k, 1), RU, k, I, m).

P(i,j, k., I):—a(i,j),clk,I).
Pi(i,f) :— a(i,j).



Securing prefix-correctness

5( X1 Y1 X2 Y2) ‘T P(Xl,X2)1Q()/1,)/2)-
| ] R

St —POF KTkt~
S(i,m):— Pi(1,)),Qi(J, k), P(i,J, k, 1), RU, k, I, m).
P(i,j, k, 1) :— aux(i,j), c(k, ).

Pi(1,)) :— aux(i,J).
aux(i,j) :— a(i,j).




Securing prefix-correctness

5( X1 Y1 X2 Y2) ‘T P(Xl,X2)1Q()/1,)/2)-
| ] R

St —POF KTkt~
S(i,m):— Pi(1,)),Qi(J, k), P(i,J, k, 1), RU, k, I, m).

P(i,j, k, 1) :— aux(i,j), c(k, ).
Pi(1,)) :— aux(i,J).

aux(i,j) :— a(i,j).

SP(i, my i— P72 R R e R e (. k, [, m).
Pbbbf(/,j, k) — atbe be(k, /).

Plbf(/,j) AU’ e

aux’ (i, j) = a¥(eal




(O .00 ==L EO)Y R () - DN

R CER
W N aGa

New starting point

- S97(i, m) = PP, 1), Q8N k), RS SRR [ o)
- PPI(i, J) i— awd™(i, j, k).

. PPOY (i k, 1, n) i= auxd" (i, J, k),
cauxs (i, J, k) i— k),
: PP(i, )= auxg' (s f)-

. PPRRI( ok, Bs e (i),
cauxs (i, J) :— .
QY1) i— auxa(i, j, k).

- QPP (i, k, I, n) i— auxa™(i, j, k),
caux) (i, J, k) i — MK
QY (i,4) :— auxg’(i, ).
QPPN ko by el
auxg (i,J) i—

 PRRERINK  m. i)

Q[ kom, n).



Magic-sets rewriting

:m_P(i) :— m_S(i).

: m_Qi{J)E= sUBEIEE )

- m_P(i,J, k) :— supy >(1,J, k).
m_QU, k, 1) :— sup13(i,J, k, 1).

- m_auxz(i) :— m_Py(i).

- m_auxz(i) :— m_P(i, k, ).

- m_P(J, k, m) :— sups-(i,J, k, I, m).
- m_P1(J) :— sups1(i,J).

- m_auxs(f) :— m_Pi(i).

: m_auxz(i) :— m_P(i,J, k).

: m_auxa(l) :(— m_Q1(i).

- m_auxa (i) :— m_Q(i, k, I).

: m_Q(J, k,m) :— supg-(i,J, k, I, m).
: m_Q1(Jj) :— sup1o1(i, J).

: m_auxs(1) :(— m_Q1(1).

- m_auxs (1) :— m_Q(i,J, k).

supy1(1,J) -— m_s(i), Pi(i,J).

2 supy (1, J, k) :— sup11(i,J), Q1(, k).

2 supy (/. 4, k1) i sty o (U RS RN G
: S(i,m) :— sup13(i,J, k, 1), Q(J, k, I, m).

D36
Lo
I3
24 .
o5 .
I26 .
to7
I'2g .
oG
130 -
e
a5
133 .
134 .
I35 .
136 -
37 .
I3g .
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Pi(i, k) :— m_Pi(i), auxz(i, ], k).

sups (1,4, k, 1) :— m_P(i, k, 1), auxz(i, J, k).
supso(i,J, k, I, m) :— sups1(i,J, k, 1), c(l, m).
P(i, k,I,n):— sups-(i,Jj, k, I, m), P(j, kK, m, n).
sups1(i,J) :— m_auxx(i), a(i, Jj).

auxa(i,J, k) :— sups1(i,4), PL1(J, k).

Pi(i,j) :— m_Pi(i), auxs(i,J).

supg.1(i, 4, k) :— m_P(i,J, k), auxs(i,J).

P(i,j, k,I):— supg 1(i,J, k), c(k, ).

auxs(i,J) :— m_auxs(i), a(i,Jj).

Q1(i, k) :(=— m_Q1(1), auxa(i,;, k).

supg 1(i,J, k, 1) :— m_Q(i, k, 1), auxa(i, J, k).
supg (i, J, k, I, m) :— supg 1(i,J, k, 1), d(l, m).
Qi k,I,n):— supg-(i,J, k,I,m),Q(, k, m, n).
supig1(f,J) :— m_auxa(i), b(i,J).
auxa(i,J, k) :— sup101(/,J), Q1. k).
Q1(i,J) :— m_Q1(i), auxs(i,J).
supio1(i,J, k) :— m_Q(1,J, k), auxs(i,J).
Qi J, k, 1) :— sup1>1(i,J, k), d(k, ).
auxs(i,J) :— m_auxs(i), b(i,J).



Application to tree-adjoining grammar



Application to tree-adjoining grammar



Application to tree-adjoining grammar

QR(i,I,m p):— B(i,j,o,p),a(y, k), H(k, I, m, n), R(n, o).



Application to tree-adjoining grammar

QR(i,I,m p):— B(i,j,o,p),a(y, k), H(k, I, m, n), R(n, o).

aux(i,j, k, ) :— B1(i,J), a(y, k), Hi(k, ).
QR1(r, 1) :— aux(i, j, k, ).
Q. I, m,p):— aux(i,j, k, 1), H(k, I, m,n), R(n, o), B(i,J, 0, p).



Magic-sets rewriting

m_B1(/) :(— m_aux(i).

m_H1(k) :— supi (i, J, k).
m_aux(i) :— m_Q1(/).

m_aux(i) :— m_Q(i, I, m).
m_H(k,l, m) :— sups1(1,J, k, I, m).
m_R(n) :— sup3»(i,J, 1, m, n).
m_B(i,j, 0) :— supz3(i,J, I, m, o).

supy 1(1,J) :(— m_aux(i), B1(i,J).

supi o1, J, k) :— supy 1(i,4), a(J, k).

aux(i,j, k, 1) :— supy»(i,J, k), Hi(k, ).

Q1(r, 1) :— m_Q1(i, 1), aux(i, J, k, 1).

supz (1,4, k, 1,m) :— m_Q(i, I, m), aux(i, J, k, ).
supso(i,J,1,m, n) :—sups1(i,J, k, I, m), H(k, |, m, n).
supss(i,J, 1, m,0) :— sups»(i, , I, m n), R(n, o).

Q(/, 1, m,p) :— supss(i,j,1,m, 0), B(i,j,o0,p).



Magic-sets rewriting

m_B1(/) :(— m_aux(i).

m_H1(k) :— supi (i, J, k).
m_aux(i) :— m_Q1(/).

m_aux(i) :— m_Q(i, I, m).
m_H(k,l, m) :— sups1(1,J, k, I, m).
m_R(n) :— sup3»(i,J, 1, m, n).
m_B(i,j, 0) :— supz3(i,J, I, m, o).

supy 1(1,J) :(— m_aux(i), B1(i,J).

supi o1, J, k) :— supy 1(i,4), a(J, k).

aux(i,j, k, 1) :— supy»(i,J, k), Hi(k, ).

Q1(r, 1) :— m_Q1(i, 1), aux(i, J, k, 1).

supz (1,4, k, 1,m) :— m_Q(i, I, m), aux(i, J, k, ).

supso(i,J,1,m, n) :—sups1(i,J, k, I, m), H(k, |, m, n).

sups (1,4, 1, m, o) :— supso(i, . I, m,n), R(n, o). O(n6)
QU7 [, m, p) :— SugsElETr e B RIS




Time and space complexity

C
iQp
jmo
8o S
/m‘
b

Q. I, m, p):— aux(i, ], /I< 1), H(/I< [, m, II’)) R(II’) cl)) B(i, J, cl), ,tlj) Q(/, I, m, ,tl))

Optimal complexity bounds are obtained without any
fine-tuning






