
Im
p
ro
vin
g
th
e
E
Æ
cien
cy
o
f
P
arsin
g

w
ith
D
isco
n
tin
u
o
u
s
C
o
n
stitu
en
ts

M
ike
D
a
n
iels
a
n
d
D
etm
ar
M
eu
rers

T
h
e
O
h
io
S
ta
te
U
n
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N
L
U
L
P
2
0
0
2

2
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0
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In
tro
d
u
ctio
n

�
B
a
ck
g
ro
u
n
d
:
D
isco
n
tin
u
o
u
s
C
o
n
stitu
en
ts

{
o
n
g
o
in
g
d
evelo
p
m
en
t
o
f
H
P
S
G
lin
eariza
tio
n
g
ra
m
m
ar

(R
ea
p
e
1
9
9
3
,
K
a
th
o
l
2
0
0
0
,
M
�u
ller
1
9
9
9
)

{
in
crea
sin
g
u
se
o
f
d
isco
n
tin
u
o
u
s
co
n
stitu
en
ts
th
ro
u
g
h
o
u
t

syn
ta
ctic
fra
m
ew
o
rk
s
a
n
d
treeb
a
n
k
s
(N
E
G
R
A
(S
k
u
t
et
a
l.

1
9
9
7
),
V
E
R
B
M
O
B
IL
(H
in
rich
s
et
a
l.
2
0
0
0
))

�
P
arsin
g
o
f
G
en
era
lized
ID
/
L
P
g
ra
m
m
ars
(G
ID
L
P
s)

{
C
o
n
text-free
g
ra
m
m
ars
w
ith
tw
o
req
u
irem
en
ts
rela
xed
:

�
th
a
t
th
e
R
H
S
b
e
to
ta
lly
o
rd
ered

�
th
a
t
th
e
L
H
S
sym
b
o
l
d
o
m
in
a
te
a
co
n
tig
u
o
u
s
series
o
f

term
in
a
ls
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In
tro
d
u
ctio
n
(C
o
n
t.)

�
G
o
a
ls

{
E
Æ
cien
t
p
arsin
g
o
f
G
ID
L
P
G
s.

{
R
eco
g
n
ize
a
n
d
ta
ke
a
d
va
n
ta
g
e
o
f
lin
ear/
co
n
text-free

su
b
g
ra
m
m
ars.

�
M
eth
o
d

{
In
g
en
era
l,
p
arsin
g
w
ith
g
ra
m
m
ars
licen
sin
g
d
isco
n
tin
u
o
u
s

co
n
stitu
en
ts
req
u
ires
a
n
exp
o
n
en
tia
l
n
u
m
b
er
o
f
ed
g
es.

{
W
e
fo
cu
s
o
n
m
eth
o
d
s
o
f
lim
itin
g
th
e
n
u
m
b
er
o
f
ed
g
es

req
u
ired
fo
r
p
arsin
g
w
ith
su
ch
g
ra
m
m
ars,
keep
in
g
o
th
er
issu
es

a
s
sim
p
le
a
s
p
o
ssib
le
(fo
r
exa
m
p
le,
u
sin
g
a
to
m
ic
ca
teg
o
ries).
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G
ra
m
m
ar
F
o
rm
a
t

B
a
sed
o
n
th
e
L
in
ear
S
p
eci�
ca
tio
n
L
a
n
g
u
a
g
e
(G
�o
tz
a
n
d
P
en
n
1
9
9
7
;

S
u
h
re
1
9
9
9
).

W
e
h
a
ve
le
x
ic
a
l
e
n
trie
s
o
f
th
e
fo
rm
A
!

t
a
n
d
g
ra
m
m
a
r
ru
le
s
o
f

th
e
fo
rm
A
!

�
;
L
,
w
h
ere:

�
�
is
a
list
o
f
n
o
n
-te
rm
in
a
ls.

�
L
is
a
set
o
f
lin
e
a
riza
tio
n
c
o
n
stra
in
ts:

{
A
<

B

(p
re
c
e
d
e
n
c
e
):
T
h
e
term
in
a
ls
d
o
m
in
a
ted
b
y
A
a
ll

o
ccu
r
to
th
e
left
o
f
th
e
term
in
a
ls
d
o
m
in
a
ted
b
y
B
.

{
A
<
<

B

(im
m
e
d
ia
te
p
re
c
e
d
e
n
c
e
):
T
h
e
rig
h
tm
o
st
term
in
a
l

d
o
m
in
a
ted
b
y
B

o
ccu
rs
im
m
ed
ia
tely
to
th
e
left
o
f
th
e

leftm
o
st
term
in
a
l
d
o
m
in
a
ted
b
y
B
.

{
[A
]
(iso
la
tio
n
):
A
d
o
m
in
a
tes
a
n
u
n
in
terru
p
ted
seq
u
en
ce
o
f

term
in
a
ls
in
th
e
in
p
u
t.
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R
H
S
O
rd
er

�
E
ven
th
o
u
g
h
th
e
rig
h
t-h
a
n
d
sid
e
o
f
a
g
ra
m
m
ar
ru
le
m
ay
b
e

p
artia
lly
o
rd
ered
,
w
e
still
req
u
ire
it
to
b
e
sta
ted
a
s
a
list.

�
T
h
is
o
rd
erin
g
o
f
th
e
n
o
n
-term
in
a
ls
in
�
is
u
sed
to
g
u
id
e
p
arsin
g
;

it
n
eed
n
o
t
re

ect
su
rfa
ce
o
rd
er.

�
F
o
r
exa
m
p
le,
th
e
ru
le

s
!

verb
1

n
o
m
2

a
cc
3 ;
f
2
<

1
,
3
<

1
g

req
u
ires
th
a
t
th
e
verb
b
e
p
arsed
�
rst,
even
th
o
u
g
h
it
m
u
st
fo
llo
w

th
e
o
th
er
tw
o
co
n
stitu
en
ts.
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S
a
m
p
le
G
ra
m
m
ar

1

s
!

verb
1

n
o
m
2

a
cc
3 ;
f
2
<

1
;3
<

1
g

2

s
!

verb
1

n
o
m
2 ;
f
2
<

1
g

3

s
!

co
n
j
1

s
2

s
3 ;
f
2
<
<

1
;1
<
<

3
;[2
];[3
]g

4

a
cc
!

a
d
j
1

a
cc
2 ;
f
g

5

n
a
la
s
!

n
o
m

`N
a
la
'
(a
p
ro
p
er
n
a
m
e)

6

n
a
g
ara
m
!

a
cc

`city'

7

a
g
a
cch
a
t
!

verb

`w
en
t'

8

ca
iva
!

co
n
j

`a
n
d
th
en
'

9

a
va
d
a
t
!

verb

`sp
o
ke'

1
0

ru
cira
m
!

a
d
j

`sh
in
in
g
'6



E
xa
m
p
le

(1
)

ru
cira
m

n
a
la
s
n
a
g
ara
m

a
g
a
cch
a
t
ca
iva

n
a
la
s
a
va
d
a
t

sh
in
in
g

n
a
la

city

w
en
t

a
n
d
th
en
n
a
la

sp
o
ke

`N
a
la
w
en
t
to
th
e
sh
in
in
g
city
a
n
d
th
en
N
a
la
sp
o
ke.'

s

[s]

a
cc

[s]

a
d
j

n
o
m

a
cc

verb

co
n
j
n
o
m

verb

ru
cira
m

n
a
la
s

n
a
g
ara
m

a
g
a
cch
a
t

ca

n
a
la
s

a
va
d
a
t

(S
o
lid
lin
e
s
re
p
re
se
n
t
d
o
m
in
a
n
c
e
,
w
h
ile
d
a
sh
e
d
arro
w
s
re
p
re
se
n
t
th
e
p
re
c
e
d
e
n
c
e
re
la
tio
n
s
e
n
fo
rc
e
d
b
y
th
e
g
ra
m
m
ar.)
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P
arsin
g
F
ra
m
ew
o
rk

�
B
a
sed
o
n
E
arley's
A
lg
o
rith
m
:
a
to
p
-d
o
w
n
,
g
o
a
l-d
irected

a
p
p
ro
a
ch
.

�
A
lso
a
b
o
tto
m
-u
p
a
p
p
ro
a
ch
:
d
riven
b
y
lexica
l
in
fo
rm
a
tio
n
.

�
M
o
d
i�
ed
to
start
w
ith
lexica
l
seed
in
g
a
n
d
to
u
se
a
n
a
ctive
ch
art.
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E
d
g
e
C
o
vera
g
e:
E
arley

�
A
n
a
ctive
ch
art
co
n
ta
in
s
ed
g
es
en
co
d
in
g
in
-p
ro
cess
a
s
w
ell
a
s

co
m
p
leted
p
arses
o
f
a
(su
b
)strin
g
.

�
T
ra
d
itio
n
a
lly,
ed
g
e
co
vera
g
e
is
m
o
d
elled
b
y
a
n
in
terva
l.

�
F
o
r
in
sta
n
ce,
h[0
,2
],
S
,
[V
P
]i
m
ig
h
t
rep
resen
t
th
e
ed
g
e
fo
r

T
h
e
d
o
g
in
0 T
h
e
1 d
o
g
2 sleep
s
3 .9



E
d
g
e
C
o
vera
g
e:
G
ID
L
P

�
G
ID
L
P
g
ra
m
m
ars
a
llo
w
fo
r
d
isco
n
tin
u
ity,
a
n
d
so
a
sin
g
le
in
terva
l

is
n
o
lo
n
g
er
su
Æ
cien
t:
a
co
n
stitu
en
t
m
ay
d
o
m
in
a
te
a
n
y
su
b
set
o
f

th
e
in
p
u
t.

�
F
o
llo
w
in
g
Jo
h
n
so
n
(1
9
8
5
)
a
n
d
R
ea
p
e
(1
9
9
1
),
w
e
rep
resen
t
ed
g
e

co
vera
g
e
w
ith
b
itvecto
rs.

�
E
a
ch
a
ctive
b
it
rep
resen
ts
th
e
in
clu
sio
n
o
f
th
e
w
o
rd
a
t
th
a
t

p
o
sitio
n
;
th
e
left
ed
g
e
o
f
th
e
in
p
u
t
co
rresp
o
n
d
s
to
th
e
left
ed
g
e

o
f
th
e
vecto
r.

1
0



E
n
co
d
in
g
B
itvecto
rs

�
W
e
w
a
n
t
to
rep
resen
t
th
e
co
vera
g
e
o
f
th
e
d
isco
n
tin
u
o
u
s

a
ccu
sa
tive
n
o
u
n
p
h
ra
se
ru
cira
m
n
a
g
ara
m
in
th
e
exa
m
p
le
g
iven

earlier:

ru
c
ira
m

n
a
la
s
n
a
g
a
ra
m

a
g
a
cch
a
t
ca
iva
n
a
la
s
a
va
d
a
t

yes

n
o

yes

n
o

n
o

n
o

n
o

�
T
h
e
fo
llo
w
in
g
are
eq
u
iva
len
t
in
term
s
o
f
d
escrip
tive
p
o
w
er:

{
In
terva
l
lists
(Jo
h
n
so
n
1
9
8
5
):
[
[
0
,
1
]
,
[
2
,
3
]
]

{
B
it
lists
(R
ea
p
e
1
9
9
1
):
[
1
,
0
,
1
,
0
,
0
,
0
,
0
]

{
B
in
ary
n
u
m
b
ers:
0
0
0
0
1
0
1
2

(=
5
1
0 )

(N
o
tice
th
a
t
th
e
lea
st
sig
n
i�
ca
n
t
b
it
o
f
th
e
n
u
m
b
er
co
rresp
o
n
d
s
to

th
e
left-m
o
st
w
o
rd
in
th
e
in
p
u
t.)

1
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C
o
m
p
u
tin
g
W
ith
B
itvecto
rs

�
P
arsin
g
req
u
ires
a
n
u
m
b
er
o
f
b
itw
ise
o
p
era
tio
n
s:
o
verla
p
,
lb
o
u
n
d
,

su
Æ
x,
a
n
d
so
o
n
.
(S
ee
A
p
p
en
d
ix
A
in
th
e
h
a
n
d
o
u
t
fo
r
a
fu
ll
list.)

�
T
h
e
n
a
tu
re
o
f
cu
rren
t
h
ard
w
are
a
llo
w
s
b
itw
ise
o
p
era
tio
n
s
to
b
e

co
m
p
u
ted
in
p
ara
llel
in
a
sin
g
le
p
ro
cesso
r
in
stru
ctio
n
.

�
T
h
u
s
it
ta
kes
ju
st
a
s
lo
n
g
to
,
say,
co
m
p
u
te
th
e
b
itw
ise-A
N
D
o
f

tw
o
2
0
-b
it
n
u
m
b
ers
a
s
it
d
o
es
fo
r
tw
o
3
0
-b
it
n
u
m
b
ers.

�
In
g
en
era
l,
fo
r
a
p
ro
cesso
r
th
a
t
h
a
s
a
w
o
rd
size
o
f
n
,
arith
m
etic

co
m
p
u
ta
tio
n
tim
e
is
p
ro
p
o
rtio
n
a
l
to
th
e
b
a
se-n
lo
g
arith
m
o
f
th
e

in
p
u
ts.
O
p
era
tio
n
s
o
n
a
n
y
list-b
a
sed
rep
resen
ta
tio
n
w
ill
ta
ke
tim
e

p
ro
p
o
rtio
n
a
l
to
th
e
len
g
th
o
f
th
e
list
itself.
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E
d
g
e
C
o
n
stra
in
ts

�
W
e
a
lso
u
se
b
itvecto
rs
to
en
co
d
e
c
o
n
stra
in
ts
o
n
co
vera
g
e;

b
itvecto
rs
u
sed
th
is
w
ay
are
ca
lled
b
itm
a
sk
s.

�
W
e
sto
re
a
n
eg
a
tive
a
n
d
p
o
sitive
b
itm
a
sk
o
n
ea
ch
ed
g
e,

rep
resen
tin
g
d
i�
eren
t
a
sp
ects
o
f
p
reced
en
ce
in
fo
rm
a
tio
n
.

A
ssu
m
e
w
e've
fo
u
n
d
a
n
o
u
n
a
s
th
e
th
ird
w
o
rd
o
f
a
sen
ten
ce:

{
N
eg
a
tive:
If
w
e
k
n
o
w
th
a
t
verb
s
fo
llo
w
n
o
u
n
s,
w
e
sh
o
u
ld
n
't

lo
o
k
fo
r
verb
s
in
th
e
�
rst
o
r
seco
n
d
p
o
sitio
n
.

{
P
o
sitive:
If
w
e
k
n
o
w
th
a
t
verb
s
im
m
ed
ia
tely
fo
llo
w
n
o
u
n
s,

th
en
a
n
y
verb
w
e
�
n
d
m
u
st
co
ver
a
t
lea
st
th
e
fo
u
rth
p
o
sitio
n
.

1
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P
red
ictio
n

�
G
iven
a
n
ed
g
e
w
ith
a
n
o
n
-em
p
ty
R
H
S
,
co
n
sid
er
th
e
�
rst
elem
en
t

o
f
th
a
t
R
H
S
a
n
d
see
if
a
n
y
ru
les
h
a
ve
th
a
t
ca
teg
o
ry
a
s
th
eir
L
H
S
.

C
o
n
sid
er
th
e
ed
g
e

s
:
s
2

s
3 ;f
s
2

<
<

0
0
1
0
0
0
0
;0
0
1
0
0
0
0
<
<

s
3
;[s
2 ];[s
3 ]g
,

C
o
vera
g
e
=
0
0
1
0
0
0
0
,
N
M
a
sk
=
0
0
1
0
0
0
0

O
n
e
q
u
a
lifyin
g
ru
le
in
th
e
g
ra
m
m
ar
is
n
u
m
b
er
3
:

s
!

c
1

s
2

s
3 ;f
2
<
<

1
;1
<
<

3
g
.

1
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�
C
o
m
p
u
te
th
e
m
a
sk
s
fo
r
ea
ch
su
ch
ru
le
b
y
co
n
sid
erin
g
ea
ch
o
rd
er

co
n
stra
in
t
in
tu
rn
:

{
F
o
r
p
reced
en
ce
co
n
stra
in
ts,
h
a
ve
w
e
a
lrea
d
y
fo
u
n
d
o
n
e
o
f
th
e

a
p
p
ro
p
ria
te
ca
teg
o
ries?
If
so
,
a
p
p
ly
a
left-
o
r
rig
h
t-m
a
sk
,
a
s

a
p
p
ro
p
ria
te.

H
ere,
w
e're
p
red
ictin
g
s
2 ,
w
h
ich
is
m
en
tio
n
ed
in
th
e

co
n
stra
in
t
s
2

<
<

0
0
1
0
0
0
0
.
S
in
ce
th
e
p
red
icted
elem
en
t

n
eed
s
to
p
reced
e
a
k
n
o
w
n
lo
ca
tio
n
,
w
e
a
u
g
m
en
t
th
e

n
eg
a
tive
m
a
sk
w
ith
su
Æ
x(lb
o
u
n
d
(0
0
1
0
0
0
0
))
=
1
1
1
0
0
0
0
.

1
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{
F
o
r
im
m
ed
ia
te
p
reced
en
ce,
a
lso
a
u
g
m
en
t
th
e
p
o
sitive
m
a
sk

w
ith
th
e
b
it
a
d
ja
cen
t
to
th
e
a
p
p
ro
p
ria
te
b
o
u
n
d
o
f
th
e
p
o
sitio
n
.

W
ith
th
e
co
n
stra
in
t
s
2

<
<

0
0
1
0
0
0
0
,
w
e
u
se
th
e
b
it

a
d
ja
cen
t
to
th
e
left
b
o
u
n
d
o
f
0
0
1
0
0
0
0
:
w
e
a
u
g
m
en
t
th
e

p
o
sitive
m
a
sk
w
ith
0
0
0
1
0
0
0
.

�
M
a
ke
su
re
th
e
n
eg
a
tive
m
a
sk
h
a
s
en
o
u
g
h
\
h
o
les"
fo
r
th
e
R
H
S
o
f

th
e
cu
rren
t
ru
le
to
�
t
in
to
.

T
h
e
n
eg
a
tive
m
a
sk
1
1
1
0
0
0
0
d
o
es
in
fa
ct
h
a
ve
en
o
u
g
h

sp
a
ce
fo
r
th
e
th
ree
elem
en
ts
o
f
th
e
ru
le
w
e're
p
red
ictin
g
.

�
E
n
ter
th
e
resu
ltin
g
ed
g
e
in
to
th
e
ch
art.

W
e
en
d
u
p
w
ith
s
:
c
s
2

s
3 ;f
s
2

<
<

c
;
c
<
<

s
3 g
;

C
o
vera
g
e
=
0
0
0
0
0
0
0
,
N
M
a
sk
=
1
1
1
0
0
0
0
,

P
M
a
sk
=
0
1
0
0
0
0
0

1
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C
o
m
p
letio
n

�
G
iven
a
n
a
ctive
a
n
d
a
p
a
ssive
ed
g
e:

A
ctive:

s
:
s
2
s
3 ;f
s
2

<
<

0
0
1
0
0
0
0
;0
0
1
0
0
0
0
<
<

s
3
;[s
2 ];[s
3 ]g
;

C
o
vera
g
e
=
0
0
1
0
0
0
0
,
N
M
a
sk
=
0
0
1
0
0
0
0

P
a
ssive:

s
:
;f
g
,
C
o
vera
g
e
=
0
0
0
1
1
1
0

{
C
h
eck
th
a
t
th
e
a
ctive
ed
g
e's
n
eg
a
tive
m
a
sk
d
o
es
n
o
t
o
verla
p

w
ith
th
e
p
a
ssive
ed
g
e's
co
vera
g
e.

0
0
1
0
0
0
0
d
o
es
n
o
t
o
verla
p
w
ith
0
0
0
1
1
1
0
.

1
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{
If
w
e're
a
b
o
u
t
to
crea
te
a
p
a
ssive
ed
g
e:
ch
eck
th
a
t
th
e

p
a
ssive
ed
g
e's
co
vera
g
e
is
b
itw
ise-im
p
lied
b
y
th
e
a
ctive
ed
g
e's

p
o
sitive
m
a
sk
.

N
o
th
in
g
to
ch
eck
h
ere,
sin
ce
w
e'll
still
n
eed
to
�
n
d
s
3 .

{
If
th
e
a
ctive
ed
g
e
co
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