
C
o
n
str
a
in
in
g
O
T
:
P
r
im
itiv
e
O
p
tim
a
lity
T
h
e
o
r
y

J
a
so
n
E
isn
e
r,
U
.
P
e
n
n
|

M
IT
L
in
g
-L
u
n
ch
,
1
8
S
e
p
1
9
9
7

j
e
i
s
n
e
r
@
l
i
n
c
.
c
i
s
.
u
p
e
n
n
.
e
d
u

1
.
A

m
u
ch
-a
sk
e
d
q
u
e
stio
n
.

W
h
at
con
strain
ts
d
o
es
O
T
allow
?
i.e.,
W
h
at
is
th
e
su
b
stan
ce
of
th
e
th
eory
?

(1)
S
om
e
clearly
ba
d
co
n
stra
in
ts
(b
u
t
w
h
at
m
akes
th
em
b
ad
?):

a.
P
a
lin
d
r
o
m
ic
:
T
h
e
can
d
id
ate
read
s
th
e
sam
e
b
ack
w
ard
s
as
forw
ard
s.

b
.
F
t
Q
u
in
t
:
F
eet
are
q
u
in
tary
(5
sy
llab
les
or
m
oras).

c.
M
e
m
b
e
r
O
f
(a
,
a
a
rd
v
a
rk
,
a
a
rd
v
a
rk
s,
a
a
rd
w
o
lf,
a
a
rd
w
o
lv
e
s,
A
a
ro
n
:
::):

C
an
d
id
ate
m
u
st
b
e
in
th
e
sp
eci�
ed
set
of
su
rface
form
s.

d
.
M
a
t
c
h
e
sO
u
t
p
u
t
O
f
S
P
E
:
T
h
e
ou
tp
u
t
m
atch
es
th
e
resu
lt
of
ap
p
ly
in
g

C
h
om
sk
y
&
H
alle
(1968)
to
th
e
in
p
u
t.

(2)
S
om
e
clearly
o
k
a
y
co
n
stra
in
ts
(b
u
t
w
h
at
m
akes
th
em
okay
?):

a.
C
la
sh
-A
T
R
:
L
ow
vow
els
m
ay
n
ot
b
ear
th
e
a
t
r
featu
re.

b
.
O
n
se
t
:
E
very
sy
llab
le
m
u
st
start
w
ith
a
con
son
an
t.

(3)
S
om
e
q
u
estion
ab
le
con
strain
ts,
b
y
th
e
stan
d
ard
s
of
d
erivation
a
l
p
h
on
olo
gy
:

a.
F
t
B
in
:
F
eet
are
b
in
ary
(2
sy
llab
les
or
m
oras).

b
.
A
lig
n
-L
(F
o
ot,
P
rW
d
):
T
h
e
su
m
of
all
d
istan
ces
from
left
ed
ges
of
feet
to

th
e
left
ed
ge
of
th
e
P
rW
d
is
m
in
im
ized
.
(F
or
con
seq
u
en
ces
see
(34).)

c.
H
alf
th
e
con
strain
ts
th
at
�
rst-year
p
h
on
olog
y
stu
d
en
ts
m
ake
u
p
.

R
eason
s
to
try
to
form
alize
O
T
,
rath
er
th
an
allow
in
g
a
d
h
o
c
E
n
glish
con
strain
ts:

(4)
a.
R
esu
lts
in
an
ex
p
licit,
falsi�
a
b
le
th
eory
of
U
G

b
.
S
im
p
li�
es
th
at
th
eory,
ex
p
osin
g
form
al
sim
ila
rities
am
on
g
con
strain
ts

c.
E
n
ab
les
com
p
u
tatio
n
al
w
ork
(e.g.,
E
isn
er
1997b
)

(to
o
ls
fo
r
lin
g
u
ists;
a
lg
o
rith
m
s
fo
r
g
en
era
tio
n
,
p
a
rsin
g
,
a
cq
u
isitio
n
;
th
eo
rem
s
o
n

ex
p
ressiv
e
p
o
w
er)

d
.
C
on
strain
s
lin
gu
istic
d
escrip
tion

e.
A
id
s
d
escrip
tive
w
ork
b
y
p
rov
id
in
g
w
ell-m
otivated
an
d
w
ell-form
alized

con
strain
ts
an
d
rep
resen
tation
s

(m
a
n
y
co
n
stra
in
ts
g
iv
en
in
fo
rm
a
lly
in
th
e
litera
tu
re,
in
clu
d
in
g
G
A
,
d
o
n
o
t

sp
ecify
h
o
w
to
co
u
n
t
v
io
la
tio
n
s
in
a
ll
circu
m
sta
n
ces)

T
h
e
form
alizatio
n
sketch
ed
in
th
is
talk
is
called
O
T
P
|
O
T
w
ith
p
rim
itive

con
strain
ts.

(5)
Id
en
tify
in
g
su
ch
core
con
strain
ts
is
at
th
e
cen
ter
of
th
e
O
T
p
rogram
:

\
T
h
e
d
a
n
g
er,
th
erefo
re,
lies
in
:
:
:clin
g
in
g
to
a
co
n
cep
tio
n
o
f
U
n
iv
ersa
l
G
ra
m
m
a
r

a
s
little
m
o
re
th
a
n
a
lo
o
se
o
rg
a
n
izin
g
fra
m
ew
o
rk
fo
r
g
ra
m
m
a
rs.
A
m
u
ch
stro
n
g
er

sta
n
ce,
in
clo
se
a
cco
rd
w
ith
th
e
th
ru
st
o
f
recen
t
w
o
rk
,
is
a
va
ila
b
le
:
:
:
U
n
iv
e
r
s
a
l

G
ra
m
m
a
r
ca
n
s
u
p
p
ly
th
e
v
e
r
y
s
u
b
s
ta
n
ce
fro
m

w
h
ic
h
g
ra
m
m
a
r
s
a
re
b
u
ilt:
a
s
e
t

1

o
f
h
ig
h
ly
g
e
n
e
ra
l
co
n
s
tra
in
ts
,
w
h
ic
h
,
th
ro
u
g
h
ra
n
k
in
g
,
in
te
ra
c
t
to
p
ro
d
u
ce
th
e

ela
b
o
ra
te
p
a
rticu
la
rity
o
f
in
d
iv
id
u
a
l
la
n
g
u
a
g
es."

(P
rin
ce
&
S
m
o
len
sk
y
1
9
9
3
,

p
.
1
9
8
)

(see
also
S
m
olen
sk
y
1995,
G
reen
1994)

2
.
T
h
e
se
a
rch
fo
r
c
o
re
m
e
ch
a
n
ism
s

S
u
p
p
ose
w
e
h
ad
a
set
C
o
n
of
core
con
strain
ts
for
p
h
on
olog
y
|
sim
p
le
m
ech
an
ism
s

th
at
cou
ld
b
e
u
sed
to
b
u
ild
u
p
all
th
e
b
asic
p
h
on
olo
gical
p
h
en
om
en
a
.
W
h
at
w
ou
ld
it

lo
ok
like?

A
sk
:
W
h
at
form
al
d
ev
ices
are
regu
larly
u
sed
b
y
con
strain
ts
in
th
e
literatu
re?

(6)
a.
N
a
sV
o
i

(It^o,
M
ester,
&
P
ad
gett
1996)

\
E
v
ery
n
a
sa
l
seg
m
en
t
m
u
st
b
e
lin
k
ed
to
so
m
e
v
o
icin
g
fea
tu
re."

b
.
O
n
se
t

A
lig
n
(�
,
L
,
C
,
L
) �
(eq
u
ivalen
t)

(P
rin
ce
&
S
m
olen
sk
y
1993)

(M
cC
arth
y
&
P
rin
ce
1993)

\
E
v
ery
sy
lla
b
le
m
u
st
b
eg
in
w
ith
(b
e
left-a
lig
n
ed
w
ith
)
so
m
e
co
n
so
n
a
n
t."

c.
C
o
m
m
o
n
th
rea
d
:
\E
very
::
:som
e."

8
�
,
9
�
su
ch
th
at
�
an
d
�
stan
d
in
su
ch
-an
d
-su
ch
lo
cal
relation
sh
ip
.

If
w
e
allow
�
an
d
�
to
b
e
ed
ges
(as
on
e
op
tion
),
w
e
on
ly
n
eed
on
e
k
in
d
of
lo
cal

relation
sh
ip
|
te
m
p
o
ra
l
co
o
c
u
rre
n
ce:

(7)
T
h
e
p
rim
itiv
e
im
p
lic
a
tio
n
fam
ily.

�

!

�

m
ean
s:
8
�
,
9
�
su
ch
th
at
�
an
d
�
coin
cid
e
tem
p
orally.

(8)
R
ew
rite
(6):

a.
n
a
s
!

v
o
i:
8
n
a
s,
9
v
o
i
su
ch
th
at
n
a
s
an
d
v
o
i
coin
cid
e
tem
p
orally.

b
.
�
[
!

C
[:
8
�
[,
9
C
[
su
ch
th
at
�
[
an
d
C
[
coin
cid
e
tem
p
orally.

T
h
u
s
w
e
can
regard
align
m
en
t
as
\ed
ge
licen
sin
g."
(O
r
licen
sin
g
is
\featu
re

align
m
en
t.")
W
e
can
also
m
ix
referen
ces
to
ed
ges
an
d
in
teriors:

(9)
F

!

]�
:
E
very
fo
ot
m
u
st
cross
a
m
ora
b
ou
n
d
ary.
(N
o
d
egen
erate
feet.)

(=
M
in
-2m
:
G
reen
&
K
en
stow
icz
1995)

L
ike
G
A
,
p
rim
itive
im
p
lica
tio
n
is
form
al
rath
er
th
an
su
b
stan
tiv
e:

O
n
se
t
:
�
[
!

C
[,
N
o
O
n
se
t
:
�
[
!

V
[,
C
o
d
a
:
]�
!

]C
,
an
d
N
o
C
o
d
a
:

]�
!

]V
are
all
eq
u
ally
easy
to
ex
p
ress
u
sin
g
th
is
fam
ily.
S
o
as
in
oth
er
th
eories,

U
G
m
u
st
still
state
th
at
O
n
se
t
an
d
N
o
C
o
d
a
are
stron
gly
p
referred
b
y
h
u
m
an

gram
m
ars.
(T
h
e
d
isp
referred
con
strain
ts
m
ay
still
b
e
p
ossib
le:
e.g.,
H
am
m
on
d

1995
p
rop
oses
a
N
o
O
n
se
t
con
strain
t
for
stressless
sy
llab
les.
S
ee
G
reen
1994
on

m
etacon
strain
ts.)

M
cC
arth
y
&
P
rin
ce
(1993)
h
ave
p
rev
iou
sly
n
oted
th
at
align
m
en
t
p
lay
s
a
u
n
ify
in
g

role,
an
d
h
ave
su
ggested
th
at
it's
th
e
core
m
ech
an
ism

for
all
of
p
h
on
olo
gy
:

(10)
a.
\
T
h
ese
ex
a
m
p
les
o
n
ly
h
in
t
a
t
th
e
g
en
era
lity
o
f
th
e
p
h
en
o
m
en
o
n
to
b
e
ex
p
lo
red

2



h
ere,
w
h
ich
ex
ten
d
s
to
in
clu
d
e
a
ll
th
e
va
rio
u
s
w
a
y
s
th
a
t
co
n
stitu
en
ts
m
a
y
b
e

en
jo
in
ed
to
sh
a
re
a
n
ed
g
e
in
p
ro
so
d
y
a
n
d
m
o
rp
h
o
lo
g
y.
D
a
ta
lik
e
th
ese
h
a
v
e
b
een

g
iv
en
w
id
ely
d
isp
a
ra
te
trea
tm
en
ts
in
th
e
litera
tu
re
:
:
:"
(p
.
1
)

b
.
\
T
a
k
en
to
g
eth
er
w
ith
X
-lik
e
restrictio
n
s
o
n
im
m
ed
ia
te
d
o
m
in
a
tio
n
a
n
d
in
ter-

p
reted
w
ith
in
th
e
a
p
p
ro
p
ria
te
th
eo
ry
o
f
co
n
stra
in
t
sa
tisfa
ctio
n
,
G
A

p
ro
v
id
e
s
a

m
ec
h
a
n
is
m

fo
r
co
m
p
le
te
ly
s
p
ec
<ify
in
g
a
c
la
s
s
o
f
fo
r
m
a
l
la
n
g
u
a
g
e
s
th
a
t,
w
h
en
su
b
-

sta
n
tiv
e
p
a
ra
m
eters
a
re
set,
o
u
g
h
t
to
be
a
ll-b
u
t-co
e
x
te
n
s
iv
e
w
ith
p
o
s
s
ib
le
h
u
m
a
n

la
n
g
u
a
g
e
s
."
(p
.
2
)

A
secon
d
con
strain
t
fam
ily
:

A
b
ove,
w
e
u
n
i�
ed
featu
re
licen
sin
g
an
d
align
m
en
t.

T
h
e
op
p
osite
of
featu
re
licen
sin
g
is
featu
re
clash
.

T
h
e
op
p
osite
of
align
m
en
t
is
d
isalign
m
en
t,
i.e.,
ed
ge
clash
.

(11)
a.
*[low
,
a
t
r
]

(C
ole
&
K
isseb
erth
1994)

\
L
o
w
fea
tu
res
a
re
in
co
m
p
a
tib
le
w
ith
a
t
r

fea
tu
res."

b
.
N
o
n
f
in
a
lit
y
=
*A
lig
n
(P
rW
d
,
R
,
F
,
R
)

(e.g.,
B
u
ck
ley
1995)

\
P
ro
so
d
ic
w
o
rd
s
m
a
y
n
o
t
b
e
rig
h
t-a
lig
n
ed
w
ith
feet."

(12)
T
h
e
p
rim
itiv
e
c
la
sh
fam
ily.

�

?

�

m
ean
s:
8
�
,
69
�
su
ch
th
at
�
an
d
�
coin
cid
e
tem
p
orally.

[cf.
(7)]

E
q
u
iva
len
tly
:
8
�
8
�
,
�
an
d
�
are
tem
p
orally
d
isjoin
t.

(13)
R
ew
rite
(11):

a.
lo
w

?

a
t
r
:
A
ll
lo
w

an
d
a
t
r
featu
res
are
tem
p
orally
d
isjoin
t.

b
.
]
P
r
W

d

?
]F
:
E
ach
]
P
r
W

d

d
o
es
n
ot
coin
cid
e
w
ith
(fall
on
)
an
y
]F
.

A
gain
,
th
is
form
u
latio
n
su
ggests
w
e
can
m
ix
ed
ges
an
d
in
teriors,
an
d
w
e
can
:

(14)
F

?
M

[:
A
fo
ot
m
ay
n
ot
cross
a
m
orp
h
em
e
b
ou
n
d
ary.

(=
T
a
u
t
o
-F
,
C
row
h
u
rst
1994)

(In
fa
ct,
(1
4
)
is
m
o
re
p
la
u
sib
le
th
a
n
C
ro
w
h
u
rst's
fo
rm
u
la
tio
n
,
*
F
[
�

M

[
�
]F
.

It
w
o
u
ld
b
e
su
rp
risin
g
to
�
n
d
a
la
n
g
u
a
g
e
th
a
t
cru
cia
lly
b
lo
ck
ed
M

[
o
n
ly
w
h
ere

C
ro
w
h
u
rst
sta
tes,
w
h
ile
still
a
llo
w
in
g
it
to
in
terru
p
t
a
sy
lla
b
le
o
r
a
tern
a
ry
fo
o
t.)

N
u
ll
h
y
p
o
th
e
sis:
T
h
ese
tw
o
fam
ilies
of
lo
cal
p
rim
itiv
e
con
strain
ts
|
im
p
lica
tio
n
an
d

clash
|
are
th
e
o
n
ly
on
es
n
eed
ed
.

�

!

�
say
s
th
at
�
's
attract
�
's.

�

?

�
say
s
th
at
�
's
rep
el
�
's.

3
.
W
h
a
t
re
p
re
se
n
ta
tio
n
s
a
re
b
e
in
g
c
o
n
stra
in
e
d
?

T
h
e
p
rim
itive
con
strain
ts
are
easiest
to
in
terp
ret
if
w
e
assu
m
e
th
at
n
k
is
rep
resen
ted

as
in
(15b
),
n
ot
(15a).
T
h
is
rep
resen
tation
is
in
sp
ired
b
y
O
p
tim
al
D
om
ain
s
T
h
eory

(C
ole
&
K
isseb
erth
1994)
an
d
C
orresp
on
d
en
ce
T
h
eory
(M
cC
arth
y
&
P
rin
ce
1995).

3

(15)
a.

v
o
i

n
a
s
/

|
/

C

C

\

/

v
e
l

b
.

v
o
i [

]v
o
i

n
a
s [

]n
a
s

C
[

C
[]C

]C

v
e
l [

]v
e
l

�
!
�
!
tim
e
lin
e�
!
�
!

(T
h
e
tim
elin
e
is
really
ju
st
an
ord
ered
set
of
ed
ge

b
rackets.
T
h
u
s,
on
ly
h
orizon
tal
ord
er
m
atters
in
th
e

d
raw
in
g
ab
ove.
Ign
ore
sp
acin
g
an
d
vertical
ord
er.)

(16)
K
ey
ch
aracteristics
of
th
e
n
ew
rep
resen
tation
:

a.
C
on
stitu
en
ts


oat
alon
g
a
tim
e
lin
e.

E
x
am
p
le
con
stitu
en
ts:
n
a
s
(au
tosegm
en
tal),
�
(p
roso
d
ic),
x
(stress

m
ark
),
S
te
m

(m
orp
h
olo
gica
l),
H
-d
om
ain
(featu
re
d
om
ain
)

b
.
T
h
e
tim
elin
e
is
con
tin
u
ou
s,
n
ot
d
iv
id
ed
in
to
segm
en
ts.

c.
A
ll
con
stitu
en
ts
h
ave
w
id
th
an
d
ed
ges.
T
h
u
s
w
e
can
refer
n
atu
rally
to
th
e

ed
ges
of
sy
llab
les
(or
m
orp
h
em
es)
w
h
ose
segm
en
tal
featu
res
are
scattered

across
m
u
ltip
le
tiers
an
d
p
erh
ap
s
sh
ared
w
ith
oth
er
sy
llab
les
(cf.
It^o
&

M
ester
1994).

d
.
F
or
au
tosegm
en
ts
w
ith
w
id
th
,
su
ch
as
[n
a
s],
th
in
k
of
p
h
on
etic
gestu
res.

(15b
),
w
h
ich
b
egin
s
w
ith
sim
u
ltan
eou
s
n
a
s [
(=
low
er
th
e
velu
m
)
an
d
v
o
i [

(=
b
egin
v
ib
ratio
n
of
th
e
vo
cal
fold
s).
T
h
e
p
rim
itiv
e
con
strain
ts
can
on
ly

a�
ect
th
e
o
rd
e
r
of
b
racket
ed
ges;
it
is
u
p
to
th
e
p
h
on
etic
com
p
on
en
t
to

d
eterm
in
e
actu
al
d
u
ration
s.

e.
A
sso
ciation
or
C
orresp
on
d
en
ce
of
tw
o
con
stitu
en
ts
is
in
d
icated
b
y
h
av
in
g

th
em
overlap
.
(In
d
ep
en
d
en
tly
p
rop
osed
b
y
B
ird
&
K
lein
1990.)
E
.g.,
th
e

velar
gestu
re
in
can
d
id
ate
(15b
)
sp
an
s
b
oth
con
son
an
ts.

f.
N
o
n
eed
for
faith
fu
ln
ess
con
strain
ts
on
th
e
in
sertion
,
d
eletion
,
or
relo
cation

of
asso
ciatio
n
lin
es
(cf.
K
irch
n
er
1993,
M
yers
1994,
F
�ery
1994).

g.
N
o
n
eed
for
(in
v
io
la
b
le)
w
ell-form
ed
n
ess
con
strain
ts
again
st
gap
p
in
g
or

crossin
g
of
asso
ciatio
n
s
(cf.
K
irch
n
er
1993,
F
�ery
1994,
O
osten
d
orp
1995).

h
.
N
o
n
eed
for
C
orresp
on
d
en
ce
in
d
ices.

(17)
T
h
e
b
eh
av
io
r
of
G
e
n
:

a.
H
y
p
o
th
e
sis:
G
e
n
can
't
d
o
an
y
th
in
g
fan
cy,
like
p
alin
d
ro
m
es|
n
o
th
in
g
th
at

th
e
p
rim
itiv
e
con
strain
ts
cou
ld
n
't
also
h
an
d
le.
S
o
for
con
ven
ien
ce,
let's

m
ake
G
en
as
sim
p
le
as
p
ossib
le,
an
d
let
u
n
d
om
in
ated
con
strain
ts
clean
u
p

th
e
h
u
ge
u
n
b
rid
led
can
d
id
ate
set
th
at
resu
lts.

b
.
G
en
p
laces
con
stitu
en
ts
free
ly
alon
g
th
e
con
tin
u
o
u
s
tim
elin
e.

T
h
at
is,
as
far
as
G
en
is
con
cern
ed
,
b
rackets
m
ay
lan
d
an
y
w
h
ere.

C
on
d
ition
s
su
ch
as
th
e
p
roso
d
ic
h
ierarch
y
are
en
forced
b
y
u
n
d
om
in
ated

p
rim
itive
con
strain
ts,
n
ot
b
y
G
en
.

c.
H
ow
ever,
G
en
req
u
ires
th
at
ed
ge
b
rackets
com
e
in
m
atch
ed
p
airs.

d
.
G
en
also
d
o
es
n
ot
allow
d
istin
ct
con
stitu
en
ts
of
th
e
sam
e
ty
p
e
(e.g.,
tw
o

sy
llab
les
or
tw
o
la
b
au
tosegm
en
ts)
to
overlap
.
(E
lem
en
ts
on
th
e
sam
e
tier

n
ever
lin
k
to
each
oth
er.)

e.
G
en
is
free
on
ly
w
ith
regard
to
ou
tp
u
t
m
aterial.
It
is
forced
to
p
lace
a
cop
y

4



of
th
e
in
p
u
t
m
aterial
in
to
every
can
d
id
a
te,
on
its
ow
n
tier,
for
p
u
rp
oses
of

I-O
C
orresp
on
d
en
ce.
(C
f.
C
on
tain
m
en
t
(P
rin
ce
&
S
m
olen
sk
y
1993),
S
trict

C
on
sisten
cy
C
on
strain
t
(P
olgard
i
1995).)

(18)
B
ecau
se
th
e
tim
elin
e
is
con
tin
u
ou
s
rath
er
th
an
d
iv
id
ed
in
to
segm
en
ts,
b
rackets

can
fall
in
m
id
-segm
en
t:

a.
C
on
tou
r
ton
es:

H
[

]H
L
[

]L

V
[

]V

H
. . .
\

L

. . .

\

/

...

v
o
w
e
l

b
.
G
em
in
ates
(lon
g
vow
els
are
sim
ilar):

�
[

][�

]�

C
[

]C

C
[

]C

V
[

]V

V
[

]V

�

�

/
|
\

/
|

C

V

C

V

4
.
In
p
u
t
a
n
d
o
u
tp
u
t

I-O
C
orresp
on
d
en
ce
(b
etw
een
in
p
u
t
an
d
ou
tp
u
t
featu
res):
S
ign
aled
b
y
align
m
en
t

b
etw
een
in
p
u
t
an
d
ou
tp
u
t
tiers.

C
orresp
on
d
en
ce
relation
s
w
ith
an
d
w
ith
ou
t
sp
read
in
g:

(19)

a.

v
o
i [

]v
o
i

v
o
i [

]v
o
i

P
erfect
faith
fu
ln
ess

b
.

v
o
i [

]v
o
i

V
iolates
M
a
x
-IO
(P
a
r
se
):
v
o
i
!

v
o
i

c.

v
o
i [

]v
o
i

V
iolates
D
e
p
-IO
(F
ill):
v
o
i
!

v
o
i

d
.

v
o
i [

]v
o
i

v
o
i [

]v
o
i

L
ike
(a),
th
is
sp
read
version
satis�
es
P
a
r
se
&
F
ill,

w
h
ich
on
ly
req
u
ire
overlap
.
S
p
read
in
g
m
ay
b
e
req
u
ired

to
satisfy
som
e
oth
er
con
strain
t.
O
n
th
e
oth
er
h
an
d
,

variou
s
con
strain
ts
can
b
e
in
voked
again
st
sp
read
in
g:

eith
er
v
o
i
?
]v
o
i

or
]v
o
i
!

]v
o
i

or
]v
o
i
!

]v
o
i

cou
ld

b
e
u
sed
to
b
lo
ck
(d
).
(C
f.
Y
ip
,
1994:21
,fn
.
11,
on

M
S
e
g
v
s.
*In
sert
S
tru
ctu
re)

T
h
u
s,
th
e
tim
elin
e
m
ech
an
ism

u
n
i�
es
C
orresp
on
d
en
ce
relation
s
w
ith
au
tosegm
en
tal

asso
ciation
s.
B
oth
are
en
co
d
ed
b
y
overlap
on
th
e
con
stitu
en
t
tim
elin
e.
T
h
is


esh
es

ou
t
a
p
rop
osal
of
M
cC
arth
y
&
P
rin
ce
(1995):

(20)
\
T
h
e
re-ca
stin
g
o
f
a
u
to
seg
m
en
ta
l
a
sso
cia
tio
n
in
term
s
o
f
co
rresp
o
n
d
en
ce
rela
tio
n
s

m
a
y
b
e
ex
p
ected
to
h
a
v
e
co
n
seq
u
en
ces
fo
r
th
e
a
n
a
ly
sis
o
f
to
n
a
l,
h
a
rm
o
n
ic,
a
n
d

rela
ted
p
h
en
o
m
en
a
.
W
e
d
o
n
o
t
ex
p
lo
re
th
ese
id
ea
s
h
ere,
th
o
u
g
h
th
ey
a
re
clea
rly

w
o
rth
d
ev
elo
p
in
g
."
(p
.
2
2
)

5

In
gen
eral,
th
e
lex
icon
an
d
m
orp
h
olo
gy
m
igh
t
n
ot
com
p
letely
sp
ecify
th
e
in
p
u
t
tiers.

In
th
is
case,
can
d
id
ates
m
ay
d
i�
er
even
on
th
eir
in
p
u
t
tiers|
so
lon
g
as
all
can
d
id
a
tes

are
con
sisten
t
w
ith
w
h
at
th
e
lex
icon
an
d
m
orp
h
olog
y
d
o
sp
ecify.

(21)
a.
p
h
o
n
o
lo
g
ica
lly
co
n
d
itio
n
ed
a
llo
m
o
rp
h
y
:
can
d
id
a
tes
try
d
i�
eren
t
allom
orp
h
s

on
th
e
in
p
u
t
tim
elin
e,
an
d
th
e
con
strain
ts
d
ecid
e
w
h
at
w
ork
s
b
est.

b
.


o
a
tin
g
to
n
e
s
a
n
d
fea
tu
re
s:
th
e
lex
icon
sp
eci�
es
on
ly
th
at
H
falls
som
e-

w
h
ere
on
th
e
in
p
u
t.
D
i�
eren
t
can
d
id
a
tes
try
d
i�
eren
t
lo
cation
s
for
it
in
th
e

in
p
u
t.
T
h
e
ou
tp
u
t
m
ay
or
m
ay
n
ot
corresp
on
d
.

c.


o
a
tin
g
m
o
rp
h
e
m
e
s,
te
m
p
la
tic
m
o
rp
h
o
lo
g
y
:
m
orp
h
olog
y
sp
eci�
es
th
e
ord
er

of
u
n
d
erly
in
g
segm
en
ts
w
ith
in
each
m
orp
h
em
e,
b
u
t
lets
th
e
m
orp
h
em
es

overlap
so
th
at
th
eir
segm
en
ts
in
term
ix
freely
on
th
e
in
p
u
t
tiers.
T
h
ese

segm
en
ts
m
ay
n
ot
b
e
p
reserved
in
th
e
ou
tp
u
t.

d
.
e
p
e
n
th
e
sis
(C
C

)

C
V
C
):
T
h
e
lex
icon
d
o
es
n
ot
sp
ecify
w
h
eth
er

in
p
u
t
segm
en
ts
are
ad
jacen
t,
so
th
ey
m
ay
b
e
p
u
sh
ed
ap
art.

V
[

]V

C
[

]C

C
[

]C

C
[

]C

C
[

]C

e.
sy
n
co
p
e
(C
V
C

)

C
C
):
T
h
e
lex
icon
d
o
es
n
ot
sp
ecify
w
h
eth
er
in
p
u
t
seg-

m
en
ts
h
ave
p
ositive
w
id
th
,
so
th
ey
m
ay
b
e
cru
sh
ed
to
zero
w
id
th
.

C
[

][C

]C

C
[

][C

]C

V
[
]V

T
h
e
cru
sh
in
g
of
V
,
w
h
en
th
ere
is
n
o
su
rface
V
,
allow
s
th
e
C
's
to
b
e

ad
jacen
t.
T
h
is
is
en
cou
raged
b
y
]S
e
g
m
e
n
t
!

S
e
g
m
e
n
t [
an
d
ex
p
ected
b
y

assim
ilation
con
strain
ts.

(O
n
ly
on
th
e
in
p
u
t
tier
m
ay
con
stitu
en
ts
h
ave
zero
w
id
th
.)

In
sh
ort,
th
e
lex
icon
an
d
m
orp
h
olo
g
y
p
rov
id
e
an
u
n
d
e
rsp
e
c
i�
e
d
tim
e
lin
e
|
an

ord
erin
g
over
a
set
of
in
p
u
t
ed
ge
b
rackets.
In
gen
eral
th
is
is
on
ly
a
p
artial
ord
er-

in
g.
T
h
e
can
d
id
ate
set
con
sists
of
all
p
ossib
le
fu
lly
sp
eci�
ed
version
s
of
th
is
in
p
u
t

m
aterial,
an
n
otated
in
all
p
ossib
le
w
ay
s
w
ith
ou
tp
u
t
con
stitu
en
ts.

5
.
F
o
rm
a
l
d
e
�
n
itio
n
o
f
th
e
c
o
n
stra
in
ts

(22)

F
orm
al
statem
en
t
of
th
e
p
rim
itiv
e
con
strain
t
fam
ilies:

a.
�

!

�
:
E
ach
�
tem
p
orally
overlap
s
som
e
�
.

S
co
rin
g
:
E
ach
�
w
ith
ou
t
a
�
in
cu
rs
on
e
v
iola
tion
m
ark
.

b
.
�

?

�
:
E
ach
�
tem
p
orally
overlap
s
n
o
�
.

S
co
rin
g
:
E
ach
overlap
in
cu
rs
on
e
v
iola
tio
n
m
ark
.

(23)
W
h
at
can
�
an
d
�
b
e?

a.
E
d
g
e
s
su
ch
as
lo
w
[
or
]lo
w

.

b
.
In
te
rio
rs
su
ch
as
lo
w
.

6



D
en
ote
on
ly
th
e
in
terior
of
a
con
stitu
en
t,
w
ith
o
u
t
its
ed
g
e
s.

T
h
u
s,
lo
w

an
d
a
t
r
d
o
n
ot
overlap
h
ere:

A
T
R
[

]A
T
R

lo
w
[

]lo
w

I.e.,
th
e
ab
ove
can
d
id
a
te
satis�
es
lo
w

?

a
t
r
b
u
t
v
iolates
lo
w

!

a
t
r
.

c.
C
o
n
ju
n
c
tio
n
s
an
d
d
isju
n
c
tio
n
s
as
in
(24).

(D
isp
referred
in
an
aly
ses,
on
grou
n
d
s
of
th
eir
greater
com
p
lex
ity
|
th
ey

refer
to
m
ore
featu
res.)

(24)
O
ccasion
ally,
m
u
st
allow
th
e
follow
in
g
gen
eralized
form
s
of
(22).
I
p
rop
ose
to

lim
it
con
ju
n
ction
/d
isju
n
ctio
n
to
th
ese
con
�
gu
ration
s
on
ly.

a.
(
�
1
an
d
�
2
an
d
::
:)
!

(
�
1
or
�
2
or
:
:
:)

S
co
rin
g:
V
iolated
on
ce
b
y
each
set
of
ob
jects
f
A
1
;A
2
;
::
:g
of
ty
p
es

�
1
;
�
2 ;
:
::
resp
ectively
th
at
all
overlap
on
th
e
tim
elin
e
an
d
w
h
ose

in
tersection
d
o
es
n
ot
overlap
an
y
ob
ject
of
ty
p
e
�
1 ;
�
2
;
::
:.

b
.
(
�
1
an
d
�
2
an
d
::
:)
?

(
�
1
an
d
�
2
an
d
:
:
:)

S
co
rin
g:
V
iolated
on
ce
b
y
each
set
of
ob
jects
f
A
1
;
A
2 ;
::
:
;
B
1 ;
B
2
;:
:
:g

of
ty
p
es
�
1
;�
2
;:
:
:
;�
1
;
�
2
;:
:
:
resp
ectively
th
at
all
overlap
on
th
e

tim
elin
e.

(C
o
u
ld
a
lso
b
e
n
o
ta
ted
:
�
1

?

�
2

?

�
�
�

?

�
1

?

�
2

?

�
�
�.)

E
ach
v
iolatio
n
m
ark
is
still
triggered
in
d
iv
id
u
a
lly
b
y
a
b
ad
lo
ca
l
con
d
ition
in

th
e
can
d
id
a
te,
e.g.,
a
m
om
en
t
on
th
e
tim
elin
e
w
h
en
certain
ed
ges
are
p
resen
t

an
d
oth
ers
are
n
ot.

N
ote
th
at
som
e
con
strain
ts
req
u
ire
crisp
align
m
en
t
of
ed
ges
(
x
[
!

y [),
w
h
ile
oth
ers

are
w
eaker
an
d
req
u
ire
on
ly
overlap
(x
!

y
),
allow
in
g
sp
read
in
g.
(C
f.
th
e
v
iola
b
le

C
r
isp
E
d
g
e
con
strain
t
of
It^o
&
M
ester
(1994).)

6
.
S
o
m
e
fu
rth
e
r
e
x
a
m
p
le
c
o
n
stra
in
ts
fro
m

th
e
lite
ra
tu
re

T
h
is
section
illu
strates
h
ow
all
th
e
ty
p
es
of
p
rim
itive
con
strain
ts
are
u
b
iq
u
ito
u
s

across
d
i�
eren
t
areas
of
p
h
on
olog
y.

M
y
ap
olo
gies
in
ad
van
ce
for
an
y
errors
or
m
isch
aracterization
s
in
th
ese
lists.
S
om
e
of

th
ese
tran
slatio
n
s
to
O
T
P
are
n
ot
ex
act,
b
u
t
ap
p
ear
to
act
correctly
on
th
e
d
ata

in
th
e
p
ap
ers
cited
.
A
lso,
n
ote
th
at
som
etim
es
th
ere
is
m
ore
th
an
on
e
w
ay
to

p
arap
h
rase
a
con
strain
t.

(\
R
O
A
"
cita
tio
n
s
(h
ttp
:/
/
ru
ccs.ru
tg
ers.ed
u
/
ro
a
.h
tm
l)
n
o
t
fu
rth
er
listed
in
th
e
b
ib
lio
g
ra
p
h
y.)

K
ey
to
u
n
fam
ilia
r
n
otation
:

f
e
a
t

version
of
featu
re
on
ou
tp
u
t
tier

f
e
a
t

version
of
featu
re
on
in
p
u
t
tier
(u
n
d
erlin
e
d
en
otes
\u
n
d
erly
in
'
"
m
aterial)

�
s

stron
g
m
ora,
con
tain
in
g
on
set
an
d
n
u
cleu
s
(Z
ec
1988).

�
w

w
eak
m
ora,
con
tain
in
g
co
d
a
if
an
y
(Z
ec
1988).

(O
n
e
cou
ld
also
u
se
ex
p
licit
con
stitu
en
ts
O
n
s,
N
u
c,
C
o
d
a.)

x

a
2n
d
ary
stress
m
ark
over
a
stress-b
earin
g
u
n
it
(�
rst
layer
of
th
e
grid
)

X

a
w
ord
-p
rim
ary
stress
m
ark
(secon
d
layer
of
th
e
grid
)

S
e
g

segm
en
tal
ro
ot
n
o
d
e
(altern
atively,
C
or
V
),
as
d
istin
gu
ish
ed

from
m
orp
h
olo
g
ical
ro
ot
R
o
o
t

7

S
o
m
e
im
p
lica
tio
n
co
n
stra
in
ts
fro
m

th
e
lite
ra
tu
re
.

(25)
\
S
a
m
e
e
d
g
e
"
im
p
lic
a
tio
n
:

a.
F
e
a
tu
re
s

1.

]r
a
is
e
d

!

]u
p
p
e
r

A
lig
n
[R
][U
].
B
rad
sh
aw
R
O
A
-93j.

b
.
P
ro
so
d
y

1.

]
P
r
W

d

!

]�

A
lig
n
:
W
d
]
=
�
].
M
yers,
R
O
A
-6.

2.

]F
!

]�
w

Ia
m
b
ic
Q
u
a
n
t
it
y
:
In
a
rh
y
th
m
ic
u
n
it
(W

S
),
S

is
h
eav
y.
H
u
n
g,
R
O
A
-24.

3.

]
P
r
W

d

!

]�
w

A
lig
n
-H
:
A
lign
(P
rW
d
,
R
,
h
eav
y
sy
llab
le,
R
).

K
ager,
R
O
A
-70.

4.

x
[
!

F
[

F
o
o
t
-F
o
r
m
(tro
ch
aic):
If
th
ere
is
a
h
ead
,
it
is

on
th
e
L
.
H
u
n
g,
R
O
A
-9.
T
r
o
c
h
a
ic
:
A
lign
(��
,
L
,

F
o
ot,
L
).
K
ager,
R
O
A
-35.

5.

F
[
!

x
[

A
lig
n
(F
t,
L
;
H
ead
(F
t),
L
).
B
erm
u
d
ez-O
tero,

R
O
A
-136.

6.

]
P
r
W

d

!

]X

F
in
a
l-S
t
r
:

A
lign
(d
o
m
a
in
,
R
,
��
,
R
).
K
ager,

R
O
A
-35.

7.

]F
!

]�

F
ill:
R
esp
ect
th
e
u
su
al
p
roso
d
ic
h
ierarch
y,
w
ith
-

ou
t
catalex
is.
In
kelas,
R
O
A
-39.
(T
ake
catalex
is

to
b
e
F
[
�
[
���
]�
���
]F
,
an
d
assu
m
e
an
oth
er
con
-

strain
t
]F
?

�
.)

c.
F
e
a
tu
re
-p
ro
so
d
y
in
te
ra
c
tio
n

1.

F
[
!

C
[

A
lig
n
(F
t,
L
,
O
n
set):
T
h
e
left
ed
ge
of
a
fo
ot
m
u
st

alw
ay
s
b
e
align
ed
to
th
e
on
set
of
th
e
�
rst
sy
lla-

b
le
in
th
e
fo
ot.
G
o
ed
em
an
s,
R
O
A
-26.
(A
ssu
m
e

w
e
also
h
ave
F
[
!

�
[.)

2.

x
[
!

V
[

N
o
O
n
se
t
:
S
tressless
sy
llab
les
d
o
n
ot
h
ave
on
sets.

H
am
m
on
d
,
R
O
A
-58.

3.

H

[
!

P
r
W

d [

A
lig
n
(H
ton
e,
L
,
P
W
d
,
L
).
M
yers,
R
O
A
-6.

4.

]�
s

!

]s
o
n
,
et
al.

H
N
u
c
:
A
h
igh
er
son
ority
n
u
cleu
s
is
m
ore
h
ar-

m
on
ic
th
an
on
e
of
low
er
son
ority.
F
�ery,
R
O
A
-34,

follow
in
g
P
&
S
1993.

5.

]�
s

!

]V

P
r
o
je
c
t
( N
,
V
):
N
u
cleu
s
m
u
st
b
e
a
vow
el.
O
ost-

en
d
orp
,
R
O
A
-84.

6.

�
[
!

A
0 [

S
t
r
o
n
g
O
n
se
t
:
S
y
llab
les
b
egin
w
ith
a
closu
re

A
0 .
B
akov
ic,
R
O
A
-96.

7.

(
]�
an
d
]h
i
)
!

]b
a
c
k

*
:
::i]�
.
K
en
stow
icz,
R
O
A
-103.

8.

(
]lo
w

an
d
]�
)
!

]x

N
o
[a]:
[a]
is
n
ot
allow
ed
in
u
n
-

stressed

op
en

sy
llab
les.

K
ager,

R
O
A
-93a.

9.

(
]h
i

an
d
]�
)
!

(
]x
or
]b
a
c
k

)

N
o

[i]:

[i]
is
n
ot
allow
ed
in
u
n
-

stressed

op
en

sy
llab
les.

K
ager,

R
O
A
-93a.

d
.
I-O

re
la
tio
n
sh
ip
s
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1.

H

[
!

H

[

L
e
f
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1.

H

[
?
H
[

*A
lig
n
(H
,L
)-I/O
:
H
igh
ton
e
in
ou
tp
u
t
m
u
st
n
ot

left-align
w
ith
its
p
osition
in
in
p
u
t.

B
ick
m
ore,

R
O
A
-161.

2.

(
]
P
r
W

d

an
d
]�
w

)
?
]V

F
r
e
e
-V
:
P
rW
d
-�
n
al
vow
els
m
u
st
n
ot
b
e
p
arsed
.

S
o
�
n
al
h
eav
y

sy
llab
les
are
C
V
C
,
n
ot
C
V
V
.

K
ager,
R
O
A
-70.

d
.
M
o
rp
h
o
p
h
o
n
o
lo
g
y

1.

]M

?
]lo
w

*a]:
N
o
low
vow
el
in
a
m
orp
h
em
e-�
n
al
op
en
sy
l-

lab
le.
K
ager,
R
O
A
-93c.

2.

H

[
?
M

[

*A
lig
n
(H
,
L
,
S
ou
rce
M
orp
h
em
e,
L
)
w
ith
n
o
v
io-

lation
b
y
d
istan
ce.
B
ick
m
ore,
R
O
A
-161.

(30)
\
O
p
p
o
site
e
d
g
e
"
c
la
sh
:

a.
F
e
a
tu
re
s

1.

]H
?
H
[

O
C
P
:
*F
F
,
w
h
ere
F
is
a
p
arsed
[ou
tp
u
t]

featu
re
sp
eci�
cation
.
\F
u
rth
erm
ore,
w
e

w
ill
con
sid
er
tw
o
ton
es
to
b
e
ad
jacen
t

if
th
ey
are
asso
ciated
b
y
p
arsed
asso
cia-

tion
s
w
ith
ad
jacen
t
ton
e
b
earers"
(so
d
o-

m
ain
s
are
u
n
n
ecessary
).
M
yers,
R
O
A
-6.

2.

]s
o
n

?
v
o
i [

*rg:

N
o
son
oran
t-vo
iced
clu
sters.

N
�i

C
h
ios�ain
,
R
O
A
-89.

3.

(
]n
a
s

an
d
C
[
)
?
]v
o
i

*N
C�
:
N
o
n
asal
{
voiceless
ob
stru
en
t
se-

q
u
en
ces.
P
ater,
R
O
A
-160.

4.

(
]v
e
l

an
d
]c
o
n
t
)
?
la
b [

N
o
V
e
lC
o
n
t
L
a
b
:
N
o
seq
u
en
ce
of
a
ve-

lar
con
tin
u
a
n
t
b
efore
a
lab
ia
l.
B
rad
sh
aw
,

R
O
A
-93j.

5.

(
]n
a
s

an
d
C
[
)
?

v
o
i

N
o
-N
C
-L
in
k
.
It^o,
M
ester,
&
P
ad
gett,

R
O
A
-38.

b
.
P
ro
so
d
y
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1.

]x
?
x
[

*
C
la
sh
:
N
o
ad
jacen
t
stron
g
b
eats
on
th
e
grid
.

K
ager,
R
O
A
-35.
N
o
C
la
sh
.

A
n
ttila,
R
O
A
-63.

C
f.
R
h
y
t
h
m
,
H
u
n
g,
R
O
A
-9.

2.

]F
?
F
[

*
F
t
F
t
:
F
eet
m
u
st
n
ot
b
e
ad
jacen
t.
K
ager,
R
O
A
-

35.

(31)
\
In
te
rio
r"
c
la
sh
:

a.
F
e
a
tu
re
s

1.

v
o
i
?

g
l

*[voiced
,
gl]:
N
o
im
p
lo
sives.
B
u
ck
ley,
R
O
A
-57.

2.

te
n
s
e
?

lo
w

*T
E
N
S
E
-low
:
N
o
ten
se
low
vow
els.
B
en
u
a,
R
O
A
-

74.

3.

p
h
a
r

?

d
o
r

*M
id
(n
o
m
id
vow
els):
*[P
h
ar,
D
or].
A
ld
erete,

R
O
A
-94.

4.

h
i
?

lo
w

N
on
-o
ccu
rren
ce
of
+
h
i
an
d

+
low
.

K
irch
n
er,

R
O
A
-4.

5.

S
e
g

?

W

o
r
d

*S
t
r
u
c
t
u
r
e
(R
o
ot).
M
yers,
R
O
A
-6.

6.

H

?

W

o
r
d

*S
tru
ct(A
):
T
h
ere
m
u
st
b
e
n
o
asso
ciatio
n
.
M
yers,

R
O
A
-6.

7.

lo
w

?

W

o
r
d

*[low
].
O
osten
d
orp
,
R
O
A
-84
(follow
in
g
P
rin
ce
&

S
m
olen
sk
y
1993).

b
.
P
ro
so
d
y

1.

�

?

P
rW
d

M
o
n
o
sy
lla
b
ic
it
y
:
T
h
e
few
er
sy
llab
les,
th
e
b
et-

ter.
N
oske,
R
O
A
-109.
*
S
t
r
u
c
(�
):
N
o
sy
llab
les.

Z
oll,
R
O
A
-143.

c.
F
e
a
tu
re
-p
ro
so
d
y
in
te
ra
c
tio
n

1.

�
w

?

(
g
l
an
d
:
:
:
)

C
o
d
a
-h
:
A
/h
/
m
ay
on
ly
o
ccu
r
in
an
on
set.
O
os-

ten
d
orp
,
R
O
A
-84.

(32)
\
M
ix
e
d
"
c
la
sh
:

a.
F
e
a
tu
re
s

1.

h
i
?
S
e
g [,
lo
?
S
e
g [

*
M
u
lt
-H
e
ig
h
t
:

N
o

m
u
ltip
ly

lin
ked

h
eigh
t
featu
res.
K
irch
n
er,
R
O
A
-4.

2.

f
r
o
n
t
?
f
r
o
n
t [,
etc.

*
S
p
r
e
a
d
:

D
o
n
ot
in
sert
asso
ciation

lin
es.

3.

R
d
D
o
m

?
H
iD
o
m
[,
etc.

U
n
ifo
r
m
it
y
:
T
h
e
(rou
n
d
-)h
arm
o
n
y
d
o-

m
ain
m
u
st
b
e
m
on
oton
ic:
h
igh
or
low
.

C
ole
&
K
isseb
erth
,
R
O
A
-98.
(C
f.
p
ara-

sitic
h
arm
on
y.)

4.

(
]V
an
d
V
[
)
?

h
i,
etc.

N
o
L
o
n
g
V
o
w
e
l
:
T
w
o
ad
jacen
t
vo
calic

ro
ots
m
ay
n
ot
b
e
lin
ked
to
th
e
sam
e
m
a-

terial
(b
u
t
d
ip
h
th
o
n
g
s
are
allow
ed
).
O
os-

ten
d
orp
,
R
O
A
-84.

b
.
P
ro
so
d
y
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1.

F

?
M

[

T
a
u
t
o
m
o
r
p
h
e
m
ic
-F
o
o
t
:

�
F
[�
M

[�
]F
.

C
row
h
u
rst,
R
O
A
-19.

2.

�
s

?
S
e
g [

*
B
r
a
n
c
h
(S
)�
.
W
alker,
R
O
A
-142.

3.

F

?
�
[,
etc.

U
n
a
r
it
y
:
A
p
roso
d
ic
category
p
con
tain
s
n
o
m
ore

th
an
on
e
of
th
e
n
ex
t
low
er
p
roso
d
ic
category
p
-1.

A
.
G
reen
,
R
O
A
-115.

4.

F
[
?

�

S
y
llIn
t
:
S
y
lla
b
le
in
tegrity
(v
iolab
le).
E
verett,

R
O
A
-163.

5.

�

?

(
]C
an
d
C
[
)

*
C
o
m
p
le
x
:
O
n
ly
on
e
elem
en
t
can
b
e
in
on
set
or

co
d
a
p
osition
.

c.
F
e
a
tu
re
-p
ro
so
d
y
in
te
ra
c
tio
n

1.

C

?
]�

G
e
m
in
a
t
e
:
N
o
gem
in
ate
con
son
an
ts.

O
osten
-

d
orp
,
R
O
A
-84.

2.

�

?
H
[,
etc.

*
C
o
m
p
le
x
(T
):
A
ton
e-b
earer
m
u
st
n
ot
b
e
asso-

ciated
w
ith
m
ore
th
an
on
e
ton
e.
M
yers,
R
O
A
-6.

3.

�

?
C
[

N
o
C
o
m
p
le
x
O
n
se
t
O
r
R
h
y
m
e
.
N
oske,
R
O
A
-109.

4.

�

?
C
[

*
C
o
m
p
le
x
:
N
o
com
p
lex
on
set
or
co
d
a.
K
en
stow
-

icz,
R
O
A
-103.

5.

r
im
e
?
n
a
s [,
etc.

R
h
y
m
e
H
a
r
m
o
n
y
:
A
ll
segm
en
ts
in
th
e
rh
y
m
e

m
u
st
sh
are
an
y
n
asal
sp
eci�
cation
.
Y
ip
,
R
O
A
-81,

R
O
A
-135.

d
.
M
o
rp
h
o
p
h
o
n
o
lo
g
y

1.

R
e
d

?
F
[,

R
e
d
=
F
o
ot.
C
arleton
&
M
yers,
R
O
A
-16.
(A
lso

n
eed
R
e
d [
!

F
[,
]R
e
d

!

]F
.)

2.

la
b
?
M

[

M
o
n
o
lo
g
:
T
h
e
ed
ges
of
a
m
orp
h
olo
gica
l
d
om
ain

sh
ou
ld
b
e
crisp
;
n
o
featu
re
sh
ou
ld
b
e
lin
ked
b
oth

to
an
ed
ge
segm
en
t
of
th
at
d
om
ain
an
d
to
an
el-

em
en
t
ou
tsid
e
of
th
e
d
om
ain
.
O
osetn
d
orp
,
R
O
A
-

84.
(A
lso
n
eed
la
b
?
]M
.)

3.

(
x
[
an
d
V
[
)
?

R
o
o
t

F
t
O
n
se
t
f
r
tg:
A
lign
(F
t
th
at
is
in
ro
ot,
L
,
C
or

R
o
ot,
L
).
B
u
ck
ley,
R
O
A
-56.

7
.
H
o
w
a
b
o
u
t
m
e
a
su
rin
g
d
ista
n
c
e
?

T
w
o
im
p
ortan
t
d
i�
eren
ces
b
etw
een
F
[
!

P
r
W

d
[
an
d
A
lig
n
(F
,
L
,
P
rW
d
,
L
):

�
T
h
e

!

fam
ily
d
o
e
sn
't
m
ea
su
re
d
ista
n
ce
.

E
.g.,
(��
�
)(��
�
)(��
�
)�
v
iola
tes
F
[
!

P
r
W

d
[
tw
ice,
on
ce
for
each
n
on
-in
itial
fo
ot.

�
T
h
e

!

fam
ily
isn
't
o
n
ly
u
sed
fo
r
ed
g
e
s.

In
terestin
gly,
Z
oll
(1996:13
7
{3
8
)
h
as
in
d
ep
en
d
en
tly
argu
ed
th
at
licen
sin
g
h
as
ju
st

th
ose
p
rop
erties
(lead
in
g
to
h
er
con
strain
t
C
o
in
c
id
e
(x
,y
)):

\
T
h
ere
a
re
tw
o
p
ro
p
erties
o
f
licen
sin
g
w
h
ich
d
istin
g
u
ish
it
fro
m
th
e
ca
ses
o
f
a
�
x
a
tio
n

d
iscu
ssed
[in
M
&
P
(1
9
9
3
)].

\
F
irst,
licen
sin
g
o
f
m
a
rk
ed
stru
ctu
re
n
ev
er
in
v
o
lv
es
a
n
in
ju
n
ctio
n
to
b
e
a
s
clo
se
to
a

stro
n
g
p
o
sitio
n
a
s
p
o
ssib
le.
R
a
th
er,
licen
sin
g
a
lw
a
y
s
co
n
stitu
tes
a
n
a
ll-o
r-n
o
th
in
g

p
ro
p
o
sitio
n
w
h
ereb
y
m
a
rk
ed
stru
ctu
res
a
re
licit
in
licen
sed
p
o
sitio
n
s
b
u
t
ill-fo
rm
ed

ev
ery
w
h
ere
else."

\
T
h
e
seco
n
d
im
p
o
rta
n
t
d
i�
eren
ce
is
th
a
t
licen
sin
g
d
o
es
n
o
t
strictly
in
v
o
lv
e
co
in
cid
en
ce

15

o
f
ed
g
es
o
r
d
ista
n
ce
fro
m
a
n
ed
g
e,
b
u
t
is
co
n
cern
ed
ra
th
er
w
ith
m
em
b
ersh
ip
in
a

co
n
stitu
en
t
w
h
ich
m
a
y
b
e
p
erip
h
era
l
...
[e.g
.]
h
ea
v
y
sy
lla
b
les
b
elo
n
g
to
th
e
�
rst
fo
o
t."

Q
:
Is
th
is
lo
cal
version
of
align
m
en
t
p
ow
erfu
l
en
ou
gh
?

A
:
P
erh
ap
s
so.
F
or
cases
w
h
ere
it's
really
n
ecessary
to
m
easu
re
d
istan
ce,
for
ex
am
p
le

to
con
trol
th
e
w
id
th
of
a
featu
re
d
om
ain
:

(33)
a.
�

!

X
D
o
m
:
X
-d
om
ain
sh
ou
ld
b
e
as
w
id
e
as
p
ossib
le
(con
tain
m
an
y
�
's).

b
.
�

?

X
D
o
m
:
X
-d
om
ain
sh
ou
ld
b
e
as
n
arrow
as
p
ossib
le
(con
tain
few
�
's).

N
ote
th
at
th
is
trick
,
u
n
lik
e
G
A
,
au
tom
atically
sp
eci�
es
th
e
u
n
its
of
m
easu
rem
en
t.
It

also
avoid
s
oth
er
d
e�
n
itio
n
a
l
p
rob
lem
s
w
ith
G
A
.

Q
:
Is
G
en
eralized
A
lign
m
en
t
to
o
p
ow
erfu
l?

A
:
P
rob
ab
ly.
It's
a
fam
ily
of
n
on
-lo
cal
con
strain
ts
th
at
d
o
ad
d
ition
.
T
h
at
lets
u
s

ex
p
ress
very
n
on
-lo
cal,
u
n
attested
p
h
en
om
en
a
.

E
x
a
m
p
le
o
f
u
n
w
a
rra
n
ted
p
o
w
e
r:
T
h
e
G
A
con
strain
t
in
(34)
w
an
ts
th
e


oatin
g
ton
e

to
an
ch
or
as
close
to
th
e
cen
ter
of
th
e
w
ord
as
p
ossib
le
(su
b
ject
to
h
igh
er-ran
k
ed

con
strain
ts).

(34)
N
o
tes:

1
.
�
d
en
o
tes
to
n
e,
n
o
t
stress.

2
.
T
h
e
n
th
co
lu
m
n
reco
rd
s
th
e
d
eg
ree
o
f
m
isa
lig
n
m
en
t
o
f
th
e
n
th
sy
lla
b
le,
a
t
lea
st

if
G
A
m
ea
su
res
th
is
in
sy
lla
b
les
ra
th
er
th
a
n
seg
m
en
ts
(o
r
m
o
ra
s:
see
M
ester
&

P
a
d
g
ett
(1
9
9
3
)).

3
.
A
ssu
m
e
th
a
t
h
ig
h
-ra
n
k
ed
fa
ith
fu
ln
ess
co
n
stra
in
ts
ru
le
o
u
t
o
th
er
ca
n
d
id
a
tes.

F
o
r
ex
a
m
p
le,
a
s
th
ere
is
o
n
ly
o
n
e


o
a
tin
g
to
n
e
u
n
d
erly
in
g
ly,
��
��
��
��
��
��
��
is
ru
led

o
u
t
b
y
D
e
p
(H
).

�
�
�
�
�
�
�
+
[H
]

A
l
ig
n
(�
,
R
,
H
,
R
)

a
.
��
�
�
�
�
�
�

0

*

*
*

*
*
*

*
*
*
*

*
*
*
*
*

*
*
*
*
*
*

=
2
1

b
.
�
��
�
�
�
�
�

*

0

*

*
*

*
*
*

*
*
*
*

*
*
*
*
*

=
1
6

c.
�
�
��
�
�
�
�

*
*

*

0

*

*
*

*
*
*

*
*
*
*

=
1
3

~

d
.
�
�
�
��
�
�
�

*
*
*

*
*

*

0

*

*
*

*
*
*

=
1
2

e.
�
�
�
�
��
�
�

*
*
*
*

*
*
*

*
*

*

0

*

*
*

=
1
3

f.
�
�
�
�
�
��
�

*
*
*
*
*

*
*
*
*

*
*
*

*
*

*

0

*

=
1
6

g
.
�
�
�
�
�
�
��

*
*
*
*
*
*

*
*
*
*
*

|{z}"

*
*
*
*

*
*
*

*
*

*

0

=
2
2

|{z}

ca
n
d
id
a
te's
to
ta
l
v
io
ls

v
io
la
tio
n
s
co
n
trib
u
ted
b
y
2
n
d
sy
lla
b
le's
m
isa
lig
n
m
en
t

If
th
ere
w
ere
tw
o


oatin
g
ton
es,
th
ey
'd
w
an
t
to
an
ch
or
at
1
/
4
an
d
3
/
4
of
th
e
w
ay

th
rou
gh
th
e
w
ord
.

T
h
is
k
in
d
of
n
on
-lo
cal
b
eh
av
ior
v
ia
G
A
is
u
n
attested
to
m
y
k
n
ow
led
ge.
It
is
also

b
eyon
d
th
e
p
ow
er
of
k
n
ow
n
com
p
u
tation
a
l
O
T
m
eth
o
d
s,
in
p
articu
lar
th
e
�
n
ite-state

m
eth
o
d
of
E
lliso
n
(1995)
an
d
th
e
con
tex
t-free
m
eth
o
d
of
T
esar
(1996).
T
h
e
p
rim
itiv
e

con
strain
ts
are
p
rovab
ly
in
cap
ab
le
of
p
ro
d
u
cin
g
su
ch
b
eh
av
io
r.

8
.
H
o
w
to
h
a
n
d
le
n
o
n
-lo
c
a
l
p
h
e
n
o
m
e
n
a
?

S
in
ce
O
T
P
u
ses
on
ly
th
e
p
rim
itive
con
strain
ts
of
x5,
it
claim
s
th
at
a
ll
p
h
o
n
o
lo
g
y
is
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lo
ca
l.

S
om
e
ap
p
aren
tly
n
on
-lo
cal
p
h
en
om
en
a
can
b
e
rean
aly
zed
:

�
M
e
trica
l
stre
ss.
M
ost
n
on
-lo
cal
con
strain
ts
in
th
e
literatu
re
con
cern
m
etrical

stress,
w
h
ich
h
as
received
b
oth
lo
cal
an
d
n
on
-lo
ca
l
an
aly
ses
in
th
e
p
ast.

{
L
o
ca
l:
N
on
-O
T
,
iterative
accou
n
ts
(e.g.,
P
rin
ce
1983,
H
alle
&
V
ergn
au
d

1987,
K
ager
1993,
H
ayes
1985,
1995).

{
N
o
n
-lo
ca
l:
M
cC
arth
y
&
P
rin
ce
(1993)
p
rop
ose
u
sin
g
G
en
eralized
A
lign
-

m
en
t
con
strain
ts
to
m
easu
re
th
e
d
istan
ce
from
each
fo
ot
to
th
e
ed
ge
of

th
e
w
ord
.

{
L
o
ca
l:
L
ess
p
ow
erfu
l
altern
atives
to
G
A
are
p
ossib
le.
C
ou
ld
u
se
d
i-

rection
al
\greed
y
"
version
s
of
p
rim
itive
con
strain
ts
like
P
a
r
se
(�
)
or

F
ill(R
o
ot),
in
w
h
ich
early
v
iola
tion
s
cou
n
t
as
d
ecisively
w
orse
th
an
later

on
es.
(C
f.
K
ager
(1994),
w
h
o
argu
es
for
a
greed
y
A
lig
n
evalu
ated
\fo
ot

b
y
fo
ot.")

{
L
o
ca
l:
E
isn
er
(1997a)
gives
an
O
T
P
ty
p
ology
of
m
etrical
stress.

T
h
is
p
ap
er
u
ses
a
sm
all
set
of
p
rim
itive
con
strain
ts,
w
h
ich
are
freely

reran
ked
to
get
attested
sy
stem
s.
T
h
is
gives
a
u
n
i�
ed
�
n
e-grain
ed

accou
n
t
of
th
e
follow
in
g
p
h
en
om
en
a
d
escrib
ed
b
y
H
ayes
(1995).

1
.
a
sy
m
m
etric
fo
o
t
sh
a
p
e
ty
p
o
lo
g
y

2
.
ia
m
b
ic
len
g
th
en
in
g

3
.
u
n
b
o
u
n
d
ed
stress

4
.
sim
p
le
w
o
rd
-in
itia
l
a
n
d
w
o
rd
-�
n
a
l
stress

5
.
L
R
a
n
d
R
L
fo
o
tin
g
,
b
u
t
n
o
clea
r
ca
ses
o
f
R
L
ia
m
b
s

6
.
sy
lla
b
le
a
n
d
fo
o
t
ex
tra
m
etrica
lity

7
.
n
o
ca
ses
o
f
�
n
a
l-sy
lla
b
le
ex
tra
m
etrica
lity
fo
r
L
R
tro
ch
ees

8
.
stro
n
g
a
n
d
w
ea
k
p
ro
h
ib
itio
n
s
o
n
d
eg
en
era
te
feet

9
.
w
o
rd
-lev
el
stress,
in
clu
d
in
g
p
ro
m
in
en
ce-b
a
sed
sy
stem
s

T
h
e
asy
m
m
etries
ab
ove
are
red
u
ced
to
(i)
th
e
u
n
iversal
on
set-co
d
a

asy
m
m
etry
an
d
(ii)
th
e
u
n
iversal
ten
d
en
cy
of
ex
tram
etricality
to
b
e
�
n
al.

�
In
te
rv
o
ca
lic
p
h
e
n
o
m
e
n
a
(e.g.,
len
ition
).
A
con
strain
t
like
*V
sV
(G
reen
&

K
en
stow
icz
1995)
ap
p
ears
n
on
-lo
ca
l,
sin
ce
[s]
m
u
st
lo
ok
to
bo
th
sid
es
to
d
ecid
e

w
h
eth
er
it
can
su
rface
as
s
or
m
u
st
b
ecom
e
z.
H
ow
ever,
a
lo
cal
rean
aly
sis
is

p
ossib
le.

S
a
m
p
le
rea
n
a
ly
s
is
:
F
o
r
*
V
sV
,
sa
y
th
a
t
/
s/
a
lw
a
y
s
w
a
n
ts
to
su
rfa
ce
a
s
[z],
b
u
t
o
n
ly

su
cceed
s
in
th
e
V
sV
co
n
tex
t.
F
o
r
in
sta
n
ce:
(
c
o
r
a
n
d
c
o
n
t
)
!

v
o
i
ru
les
o
u
t
[s]
in

fa
v
o
r
o
f
[z].
It
is
o
u
tra
n
k
ed
b
y
]z
!

(
]v
o
i

o
r
V
[
),
w
h
ich
sa
y
s
th
a
t
a
n
y
su
rfa
ce

[z]
n
o
t
u
n
d
erly
in
g
ly
v
o
iced
is
fo
llo
w
ed
b
y
a
v
o
w
el,
a
n
d
a
lso
b
y
th
e
m
irro
r
im
a
g
e
o
f

th
is,
so
th
a
t
su
ch
a
[z]
m
u
st
a
lso
b
e
p
reced
ed
b
y
a
v
o
w
el.
H
ere
]z
a
b
b
rev
ia
tes

(
]c
o
r

a
n
d
]c
o
n
t

a
n
d
]v
o
i
).

H
ow
ever,
red
u
p
lica
tio
n
o
ccu
p
ies
a
sp
ecial
role
in
p
h
on
olo
gy,
in
th
at
it
is
in
h
eren
tly

n
on
-lo
cal;
it
can
n
ot
b
e
rean
aly
zed
as
lo
cal.

T
h
erefore,
to
h
an
d
le
red
u
p
lication
in
O
T
P
w
e
n
eed
a
rep
resen
tation
al
trick
(sim
ilar

to
C
lem
en
ts
1985).
T
ran
slate
th
e
C
orresp
on
d
en
ce
accou
n
t
of
M
cC
arth
y
&
P
rin
ce

(1995)
in
to
O
T
P
as
follow
s:
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a.
A
s
for
all
relation
s,
O
T
P
can
en
force
C
orresp
on
d
en
ce
on
ly
lo
cally,
so

C
orresp
on
d
en
t
elem
en
ts
m
u
st
alw
ay
s
overlap
on
th
e
tim
elin
e,

b
.
T
h
u
s,
I-B
faith
fu
ln
ess
req
u
ires
I
an
d
B
to
o
ccu
p
y
th
e
sam
e
p
ortion
of
th
e

tim
elin
e.
(on
sep
arate
in
p
u
t
an
d
ou
tp
u
t
tiers)

c.
B
-R
faith
fu
ln
ess
ap
p
aren
tly
req
u
ires
R
an
d
B
to
o
ccu
p
y
th
e
sam
e
p
ortion

of
th
e
tim
elin
e.
B
u
t
th
is
w
ou
ld
ru
le
ou
t
B
-R
ju
n
ctu
re
e�
ects.
w
h
ich
req
u
ire

B
to
p
reced
e
R
or
v
ice-versa.
(e.g.,
en
forcem
en
t
of
*V
h
V
in
J
avan
ese)

d
.
S
o
in
stead
req
u
ire
R
(on
th
e
ou
tp
u
t
tier)
an
d
a
cop
y
of
B
(on
its
ow
n

sp
ecial
tier)
to
o
ccu
p
y
th
e
sam
e
p
ortion
of
th
e
tim
elin
e.

e.
G
en
p
ro
d
u
ces
on
ly
can
d
id
a
tes
in
w
h
ich
th
is
cop
y
of
B
is
p
erfect.
T
h
u
s,
G
en

m
u
st
k
n
ow
h
ow
to
d
o
red
u
p
lication
of
m
orp
h
em
es,
n
ot
ju
st
a�
x
atio
n
.

f.
N
ow
all
th
e
n
on
-lo
cality
is
h
an
d
led
w
ith
in
G
en
;
th
e
v
iolab
le
con
strain
ts

rem
ain
lo
cal.

(35)
S
om
e
can
d
id
a
tes
p
ro
d
u
ced
b
y
G
en
on
R
E
D
(b
e
d
a
h
)-e.
In
J
avan
ese,
�
rst

can
d
id
ate
w
in
s.

a.

b
ed
ah
-e

In
p
u
t
tier
(u
sed
for
I-B
faith
fu
ln
ess)

b
ed
a
b
ed
a
-e

O
u
tp
u
t
tier:
p
assed
to
p
h
on
etics
(h
ere
v
iolates
M
a
x
-IO
)

[R
ed
][B
ase][A
f]

M
orp
h
em
ic
tier:
m
en
tion
ed
b
y
som
e
con
strain
ts

b
ed
a
.

E
x
act
cop
y
of
b
ase
(u
sed
for
B
-R
corresp
on
d
en
ce)

b
.

b
ed
ah
-e

b
ed
ah
b
ed
ah
-e

S
atis�
es
M
a
x
-IO
,
b
u
t
v
iolates
su
rface
con
strain
t
*
V
h
V

[R
ed
][B
ase][A
f]

b
ed
ah
.

E
x
act
cop
y
of
th
is
can
d
id
a
te's
b
ase
(en
forced
b
y
G
en
)

c.

b
ed
ah
-e

b
ed
ah
b
ed
a
-e

S
atis�
es
M
a
x
-IO
&
*
V
h
V
,
b
u
t
n
ot
D
e
p
-B
R
,
i.e.,
C

!

C

[R
ed
][B
ase][A
f]

b
ed
a
.

E
x
act
cop
y
of
th
is
can
d
id
a
te's
b
ase
(en
forced
b
y
G
en
)

d
.

b
ed
ah
-e

b
ed
a
b
ed
ah
-e

S
atis�
es
M
a
x
-IO
&
*
V
h
V
,
b
u
t
n
ot
M
a
x
-B
R
,
i.e,
C

!

C

[R
ed
][B
ase][A
f]

b
ed
ah
.

E
x
act
cop
y
of
th
is
can
d
id
a
te's
b
ase
(en
forced
b
y
G
en
)

In
a
lan
gu
a
ge
also
req
u
irin
g
I-R
faith
fu
ln
ess
(M
cC
arth
y
&
P
rin
ce's
(1995)

F
u
ll
M
o
d
el),
G
en
m
u
st
p
u
t
tw
o
cop
ies
on
th
e
in
p
u
t
tier:
b
ed
ah
b
ed
ah
-e.

H
ap
lolo
gy
is
a
related
ex
am
p
le
th
at
m
ay
also
b
e
in
trin
sically
n
on
-lo
cal.
(Y
ip
1995)

9
.
C
o
n
stra
in
ts
u
se
d
fo
r
stre
ss
ty
p
o
lo
g
y

S
ee
E
isn
er
(1997a)
for
th
e
O
T
P
accou
n
t
of
stress
ty
p
olog
y
su
m
m
arized
in
x8
ab
ove.

U
n
d
om
in
a
ted
,
p
roso
d
ic-h
iera
rch
y
con
strain
ts:
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(36)
a.
F
ill-F
:
F
[
!

�
[

,

]F
!

]�

(sa
y
s
w
h
ere
feet
ca
n
a
p
p
ea
r)

\
E
a
ch
fo
o
t
is
strictly
b
u
ilt
fro
m
sy
lla
b
les:
it
sta
rts
a
n
d
en
d
s
o
n
sy
lla
b
le
ed
g
es

(p
erh
a
p
s
th
e
ed
g
es
o
f
d
i�
eren
t
sy
lla
b
les)."

b
.
P
a
r
se
-�
:
�

!

F

(sa
y
s
w
h
ere
feet
m
u
s
t
a
p
p
ea
r)

\
E
v
ery
sy
lla
b
le
o
v
erla
p
s
w
ith
(ro
u
g
h
ly,
is
`lin
k
ed
to
')
so
m
e
fo
o
t."

(37)
a.
P
a
r
se
-F
:
F

!

x

(sa
y
s
w
h
ere
stress
m
u
s
t
a
p
p
ea
r)

\
A
n
y
fo
o
t
b
ea
rs
stress
so
m
ew
h
ere
(o
v
erla
p
s
w
ith
a
t
lea
st
o
n
e
stress
m
a
rk
)."

b
.
F
ill-x
(tro
ch
aic):
x
[
!

F
[

,

]x
!

]�

,

x

?
]�

(sa
y
s
w
h
ere
stress
ca
n
a
p
p
ea
r)

\
S
tress
o
n
ly
a
p
p
ea
rs
a
t
th
e
sta
rt
o
f
a
fo
o
t."

\
S
tress
en
d
s
o
n
a
m
o
ra
b
o
u
n
d
a
ry,
so
ex
ten
d
s
o
v
er
so
m
e
in
teg
ra
l
n
u
m
b
er
o
f

m
o
ra
s."

\
S
tress
m
a
y
n
o
t
ex
ten
d
a
cro
ss
(o
v
erla
p
w
ith
)
a
sy
lla
b
le
b
o
u
n
d
a
ry."

T
h
e
b
asic
su
b
stan
tive
con
strain
ts
for
secon
d
ary
stress:

(38)
S
p
r
e
a
d
-x
(tro
ch
aic):
]x
?
�
w

[

\
S
tress
sh
o
u
ld
n
't
en
d
im
m
ed
ia
tely
b
efo
re
a
w
ea
k
m
o
ra
(b
u
t
m
a
y
sp
rea
d
o
n
to
it)."

(39)
A
n
t
iL
a
p
se
(�
):
(
]�
an
d
�
[
)
!

(
]x
or
x
[
)

\
E
v
ery
sy
lla
b
le
b
o
u
n
d
a
ry
co
in
cid
es
w
ith
th
e
ed
g
e
o
f
a
stress
m
a
rk
.
T
h
a
t
is,

a
d
ja
cen
t
sy
lla
b
les
m
u
st
co
n
tra
st
fo
r
stress."

(40)
W
e
ig
h
t
E
d
g
e
(iam
b
ic):
]F
!

]�
w

(altern
atively,
]x
!

]�
w

)

\
T
h
e
stressed
(rig
h
t)
ed
g
e
o
f
a
fo
o
t
sh
o
u
ld
b
e
su
p
p
o
rted
b
y
sy
lla
b
le
w
eig
h
t,
i.e.,
b
y

a
w
ea
k
m
o
ra
."

(41)
F
illW
e
ig
h
t
:
�
w

[
!

(
S
[
or
�
w

[
)

\
D
o
n
't
len
g
th
en
:
w
ea
k
m
o
ra
s
o
n
th
e
su
rfa
ce
m
u
st
co
rresp
o
n
d
to
u
n
d
erly
in
g

seg
m
en
ts
o
r
w
ea
k
m
o
ra
s."

(42)
S
t
r
e
ssA
ll:
�

!

x
(altern
atively,
]�
!

]F
or
�
[
!

F
[)

\
O
th
er
th
in
g
s
eq
u
a
l,
h
a
v
e
a
s
m
a
n
y
feet
a
s
p
o
ssib
le
(w
h
ere
feet
a
n
d
stresses
a
re
in

1
-1
co
rresp
o
n
d
en
ce)."

(43)
B
r
a
n
c
h
(iam
b
ic):
x
[
?
F
[

[co
m
p
a
re
th
e
ia
m
b
ic
v
ersio
n
o
f
(3
7
)]

\
J
u
st
a
s
th
e
rig
h
t
ed
g
e
o
f
a
n
ia
m
b
ic
fo
o
t
in
sists
o
n
stress,
th
e
left
ed
g
e
a
b
so
lu
tely

rejects
it.
H
en
ce
stress
m
a
y
n
o
t
co
n
su
m
e
th
e
en
tire
fo
o
t,
b
u
t
m
u
st
a
ltern
a
te."

E
x
tram
etricality
an
d
p
rim
ary
stress
req
u
ire
ad
d
ition
a
l
con
strain
ts,
given
in
th
e

p
ap
er.

1
0
.
C
o
m
p
u
ta
tio
n
a
l
issu
e
s

Q
:
G
en
p
ro
d
u
ces
in
�
n
itely
m
an
y
can
d
id
a
tes.
H
ow
d
o
w
e
�
n
d
th
e
b
est?

A
:
B
y
u
sin
g
in
te
n
sio
n
a
l
d
e
sc
rip
tio
n
s
of
th
e
in
�
n
ite
sets.
F
or
ex
am
p
le,
s
o
n

!

v
o
i

�

�
w

?

v
o
i
y
ield
s
\U
tteran
ces
in
w
h
ich
ob
stru
en
t
co
d
as
are
voiceless
an
d

son
oran
ts
are
voiced
."

If
w
e
stick
to
th
e
p
rim
itive
con
strain
ts,
w
e
can
u
se
�
n
ite-state
au
tom
ata
as
ou
r

in
ten
sion
a
l
d
escrip
tion
s.
E
.g.,
th
e
in
�
n
ite
set
of
can
d
id
ates
th
at
su
rv
ive
con
strain
ts

1{5
can
b
e
d
escrib
ed
in
�
n
ite
sp
ace
w
ith
an
au
tom
aton
.
T
h
en
w
e
u
se
con
strain
t
6
to

n
arrow
th
is
set
d
ow
n
fu
rth
er,
etc.

(S
trategy
is
d
u
e
to
E
llison
(1994);
E
isn
er
(1997b
)
gives
an
e�
cien
t
version
.)
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A
n
a
lo
g
y
:
In
m
ath
em
atics,
w
e
d
on
't
w
ork
d
irectly
w
ith
th
e
in
�
n
ite
su
m

1
1
�2
+

1
2
�
3
+

1
3
�
4
+

1
4
�
5
+
:
:
:

b
ecau
se
th
at
w
ou
ld
take
forever.
In
stead
w
e
m
an
ip
u
la
te
th
e
n
otation P
1i=

1

1

i�(
i+
1
) .

T
h
is
lets
u
s
d
raw
in
terestin
g
con
clu
sio
n
s
w
ith
ou
t
p
ro
cessin
g
th
e
term
s
on
e
b
y
on
e:

1
Xi=

1

1

i
�(i
+
1)
=

1
Xi=

1

1i
�

1
i
+
1
=

1
Xi=

1

1i
�

1
Xi=

1

1
i
+
1
=
(1
+

1
Xi=

2

1i
)
�

1
Xi=

2

1i
=
1

B
U
T
:
T
o
�
n
d
th
e
op
tim
al
can
d
id
a
te
is
N
P
-h
ard
on
th
e
size
of
th
e
gram
m
ar
(E
isn
er

1997b
).
S
o
w
h
ile
th
e
au
tom
aton
algorith
m

ab
ove
is
u
su
ally
e�
cien
t,
a
n
y
algorith
m

w
ill
b
e
slow
for
a
p
ath
olog
ical
gram
m
ar.
T
h
is
is
u
n
fortu
n
ate
for
learn
in
g
th
eories

th
at
m
ay
b
lu
n
d
er
in
to
su
ch
a
gram
m
ar
an
d
try
to
test
it.

In
ad
d
ition
to
th
e
algorith
m

to
�
n
d
th
e
op
tim
al
can
d
id
a
te,
w
e
can
also
ch
aracterize

th
e
ex
p
ressive
p
ow
er
of
O
T
P
:

(44)
a.
E
q
u
a
l
in
p
ow
er
to
O
T
F
S
,
in
w
h
ich
G
en
is
a
�
n
ite-state
tran
sd
u
cer
an
d
th
e

con
strain
ts
are
arb
itrary
w
eigh
ted
F
S
A
s.
A
n
y
form
al
O
T
P
gram
m
ar
can
b
e

con
verted
to
a
form
al
O
T
F
S
gram
m
ar,
an
d
v
ice-versa.

H
ow
ever,
th
e
tw
o
gram
m
ars
m
ay
h
ave
very
d
i�
eren
t
con
stitu
en
t
ty
p
es

an
d
con
strain
t
gran
u
larity.
O
T
P
gram
m
ars
are
m
ore
�
n
e-grain
ed
,
so

th
ey
m
ake
stron
ger
p
red
iction
s
ab
ou
t
th
e
e�
ect
of
reran
k
in
g
con
strain
ts.

b
.
M
o
re
p
ow
er
th
an
sy
stem
s
of
ord
ered
rew
rite
ru
les.
T
h
e
cru
cial
ex
am
p
le
is

d
u
e
to
B
ob
F
ran
k
,
G
iorgio
S
atta,
an
d
P
au
l
S
m
olen
sk
y
|
a
fu
n
n
y
trick
th
at

O
T
P
can
d
o
b
u
t
�
n
ite-state
tran
sd
u
cers
can
't.

c.
L
e
ss
p
ow
er
th
an
if
G
en
eralized
A
lign
m
en
t
w
ere
allow
ed
.
T
h
e
cru
cial

ex
am
p
le
is
(34)|
a
fu
n
n
y
trick
th
at
G
A
can
d
o
b
u
t
O
T
P
can
't.

1
1
.
W
h
a
t
ro
le
d
o
th
e
p
rim
itiv
e
c
o
n
stra
in
ts
p
la
y
in
O
T
?

T
h
ree
k
in
d
s
of
con
strain
ts:

�
P
rim
itiv
e:
th
e
im
p
lica
tio
n
an
d
clash
fam
ilies.

�
C
om
p
ou
n
d
:
E
x
p
ressib
le
as
a
m
on
olith
ic
b
lo
ck
of
p
rim
itiv
e
con
strain
ts
in
�
x
ed

ord
er.
(K
en
n
ed
y
(1996)
u
ses
b
lo
ck
s
of
A
lign
con
strain
ts.)

�
C
om
p
lex
:
A
n
y
con
strain
t
n
ot
ex
p
ressib
le
in
th
is
restricted
fram
ew
ork
.

T
h
e
b
alan
ce
am
on
g
th
ese
rem
ain
s
to
b
e
seen
.
It
is
n
ot
yet
clear
w
h
at
com
p
ou
n
d
or

com
p
lex
con
strain
ts
are
actu
ally
n
eed
ed
(an
d
w
h
ich
of
th
e
p
rim
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