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Chapter 1

BACKGROUND

1.1 Introduction
It has long been known that the feature [nasal], which corresponds to the property of
having a lowered velum during a segment, can come out as the property of not just one
segment but a string of segments in the words of some languages.  Descriptively
speaking, this comes about when an underlyingly nasal segment, such as a phonemic
nasal stop or nasal vowel, triggers the nasalization of an adjacent string of segments in a
predictable and phonologized way.  This is the phenomenon known as nasal feature
spreading or ‘nasal harmony’, which will be examined here.  The aims of this work are
two-fold.  The goal is first to unify our understanding of nasal harmony so that patterns
across languages conform to one basic character, something that has not been achieved
before.  The second goal is to examine the wider implications of this account for
phonological theory.  The theoretical findings are sketched in (1) with amplification
below.

(1) Sketch of theoretical findings:

i. Patterns of nasal harmony across languages can be unified into one basic
type.

ii. Cross-linguistic variation in nasal harmony is governed by a phonetically-
grounded constraint hierarchy ranking segments according to their
compatibility with nasalization (building on insights of previous studies:
Schourup 1972; Pulleyblank 1989; Piggott 1992; Cohn 1993a, c; Padgett
1995c; Walker 1995; cf. also Hume and Odden 1994).

iii. Constraint ranking and violability, fundamental concepts in Optimality
Theory (Prince and Smolensky 1993), are crucial to obtaining a unified
understanding of nasal harmony.  Cross-linguistic variation is achieved by
ranking the spreading constraint at all points in relation to the nasalization
hierarchy.  The unified typology is obtained by positing all nasalization
constraints as violable.
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iv. Descriptively transparent segments should be understood as belonging to
the set of target segments, i.e. segments which undergo nasal spreading.  A
theoretical consequence is that [nasal] spreading (and all feature
spreading) takes place only between adjacent segments, finding new
support for the concept of strict segmental locality in feature spreading
(after a proposal of Ní Chiosáin and Padgett 1997; cf. Gafos 1996;
foundational analyses appear in Ní Chiosáin and Padgett 1993; McCarthy
1994; Flemming 1995b; Padgett 1995a; for related ideas see Allen 1951;
Stampe 1979).

v. Building on previous derivationally-opaque rule-ordered accounts of
segmental transparency (e.g. Clements 1976; Vago 1976), true surface
transparency can be obtained through opaque constraint interaction
(McCarthy 1997; Itô and Mester 1997a, b), a mechanism with independent
motivation in phonological theory.  This obviates the need for calling on
the ‘gapped configuration’, an ad hoc device specific to segmental
transparency.

The account developed here is built on a solid empirical basis; the claim that there
is just one basic kind of nasal harmony is motivated by generalizations established by a
comprehensive cross-linguistic survey encompassing the nasal harmony patterns of over
75 languages.  From a theoretical perspective, there are several important issues
illuminated by this work.  These are outlined above and are explained in more detail in
what follows.

One important aspect of this account is that it draws on a phonetic basis for the
formal analysis of limitations on cross-linguistic variation.  This is expressed in the form
of a phonetically-grounded constraint hierarchy ranking segments according to their
(in)compatibility with nasalization.  The concept of a hierarchical (in)compatibility of
nasalization can be traced back to Schourup (1972) and gains subsequent foundation
from the work of Pulleyblank (1989); Piggott (1992); Cohn (1993a, c); Padgett (1995c);
and Walker (1995) (Hume and Odden 1994 propose a different yet related hierarchy
based on impedence).  The proposed fixed ranking of the nasalization constraints in
relation to one another derives the implications (observed in the present study and by
researchers cited above) that if a segment blocks nasal spreading, all less compatible
segments will also block, and if a segment is targetted by nasal spreading, all more
compatible segments will also be targetted.  Most phonological theories agree that
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se
n

ta
tio

n
 in

 w
h

ich
n

a
sa

liza
tio

n
 h

a
s sp

re
a

d
 to

 a
ll ta

rg
e

t o
r tra

n
sp

a
re

n
t se

g
m

e
n

ts ([
a
)ta

ta] →
 [a

)t )a
)t )a

)]) w
ith

su
b

se
q

u
e

n
t ru

le
 a

p
p

lica
tio

n
 o

r m
a

p
p

in
g

 to
 a

 fo
rm

 w
ith

 n
a

sa
liza

tio
n

 o
f a

ll se
g

m
e

n
ts

e
xce

p
t o

b
stru

e
n

ts ([
a
)t )a

)t )a
)] →

 [a
)ta

)ta
)]).  In

 a
 d

e
riva

tio
n

a
l a

p
p

ro
a

ch
, th

e
 re

p
re

se
n

ta
tio

n
w

ith
 fu

ll n
a

sa
l sp

re
a

d
in

g
 co

n
stitu

te
s a

 fo
rm

 d
e

rive
d

 a
t a

n
 in

te
rm

e
d

ia
te

 sta
g

e
.  In

 th
e

o
p

tim
a

lity-th
e

o
re

tic a
cco

u
n

t d
e

ve
lo

p
e

d
 h

e
re

, th
e

 fu
lly-n

a
sa

lize
d

 fo
rm

 w
ill b

e
 a

 (fa
ile

d
)
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m
e

m
b

e
r o

f th
e

 o
u

tp
u

t ca
n

d
id

a
te

 se
t, d

e
sig

n
a

te
d

 th
e

 sp
e

cia
l sta

tu
s o

f ‘sym
p

a
th

y’
ca

n
d

id
a

te
, fo

llo
w

in
g

 th
e

 p
ro

p
o

sa
l o

f M
cC

a
rth

y (1
9

9
7

) w
ith

 fu
rth

e
r d

e
ve

lo
p

m
e

n
ts b

y Itô
a

n
d

 M
e

ste
r (1

9
9

7
a

, b
).  A

fte
r M

cC
a

rth
y (1

9
9

7
), I ca

ll o
n

 a
 fa

ith
 re

la
tio

n
 b

e
tw

e
e

n
 th

e
sym

p
a

th
y ca

n
d

id
a

te
 a

n
d

 th
e

 a
ctu

a
l o

u
tp

u
t to

 p
ro

d
u

ce
 (d

e
riva

tio
n

a
l) o

p
a

city e
ffe

cts.
T

h
is fa

ith
 m

a
p

p
in

g
 w

ill se
le

ct th
e

 ca
n

d
id

a
te

 m
o

st clo
se

ly re
se

m
b

lin
g

 th
e

 n
a

sa
l ch

a
ra

cte
r

o
f th

e
 fu

lly-sp
re

a
d

 sym
p

a
th

y fo
rm

, w
h

ile
 re

sp
e

ctin
g

 a
 co

n
stra

in
t p

ro
h

ib
itin

g
 n

a
sa

lize
d

o
b

stru
e

n
ts.  T

h
e

 a
ctu

a
l o

u
tp

u
t w

ill th
e

n
 b

e
 a

 fo
rm

 w
ith

 n
a

sa
liza

tio
n

 o
f a

ll se
g

m
e

n
ts

e
xce

p
t su

rfa
ce

-tra
n

sp
a

re
n

t o
b

stru
e

n
ts.  Im

p
o

rta
n

tly, a
t n

o
 p

o
in

t w
ill it b

e
 n

e
ce

ssa
ry to

m
a

ke
 u

se
 o

f a
 fo

rm
 w

ith
 a

 g
a

p
p

e
d

 co
n

fig
u

ra
tio

n
, i.e

. o
n

e
 w

ith
 lin

ka
g

e
 o

f a
 fe

a
tu

re
 a

cro
ss

a
 skip

p
e

d
 tra

n
sp

a
re

n
t se

g
m

e
n

t, a
 re

p
re

se
n

ta
tio

n
 w

h
ich

 h
a

s b
e

e
n

 u
tilize

d
 so

le
ly fo

r th
e

p
u

rp
o

se
 o

f a
n

a
lyzin

g
 se

g
m

e
n

ta
l tra

n
sp

a
re

n
cy (se

e
 P

u
lle

yb
la

n
k 1

9
9

6
 fo

r a
 sim

ila
r

a
rg

u
m

e
n

t a
g

a
in

st u
sin

g
 th

e
 g

a
p

p
e

d
 co

n
fig

u
ra

tio
n

, b
u

t w
ith

 a
 d

iffe
re

n
t a

n
a

lysis o
f

se
g

m
e

n
ta

l tra
n

sp
a

re
n

cy; cf. a
lso

 A
rch

a
n

g
e

li a
n

d
 P

u
lle

yb
la

n
k 1

9
9

4
; b

o
th

 o
f th

e
se

a
cco

u
n

ts d
o

 n
o

t a
ssu

m
e

 strict se
g

m
e

n
ta

l lo
ca

lity a
n

d
 a

llo
w

 ta
rg

e
ttin

g
 o

f h
ig

h
e

r le
ve

l
stru

ctu
re

, su
ch

 a
s m

o
ra

s in
 vo

w
e

l h
a

rm
o

n
y).  T

h
e

 n
e

e
d

 fo
r p

a
ro

ch
ia

l re
p

re
se

n
ta

tio
n

s w
ith

th
e

 g
a

p
p

e
d

 co
n

fig
u

ra
tio

n
 is th

u
s e

lim
in

a
te

d
, a

n
d

 se
g

m
e

n
ta

l tra
n

sp
a

re
n

cy is b
ro

u
g

h
t in

to
th

e
 fo

ld
 o

f a
 w

id
e

sp
re

a
d

 p
h

o
n

o
lo

g
ica

l p
h

e
n

o
m

e
n

o
n

, n
a

m
e

ly d
e

riva
tio

n
a

l o
p

a
city e

ffe
cts.

1.2
N

eutral segm
ents and representations

In
 ta

lkin
g

 a
b

o
u

t n
a

sa
l h

a
rm

o
n

y it w
ill b

e
 n

e
ce

ssa
ry to

 re
fe

r to
 d

iffe
re

n
t kin

d
s o

f
se

g
m

e
n

ta
l b

e
h

a
vio

r.  I o
u

tlin
e

 fo
u

r d
e

scrip
tive

 ca
te

g
o

rie
s o

f se
g

m
e

n
ts in

 (2
) w

ith
 th

e
segm

ent in question underlined and nasalization m
arked w

ith tildes.  T
he first category is

trig
g

e
r se

g
m

e
n

ts; th
e

se
 a

re
 se

g
m

e
n

ts th
a

t in
itia

te
 th

e
 sp

re
a

d
in

g
 o

f n
a

sa
lity (2

a
).  S

e
co

n
d

is th
e

 ca
te

g
o

ry o
f targ

e
t se

g
m

e
n

ts, w
h

ich
 b

e
co

m
e

 n
a

sa
lize

d
 in

 n
a

sa
l h

a
rm

o
n

y (2
b

).  N
e

xt
is th

e
 ca

te
g

o
ry kn

o
w

n
 a

s 
b

lo
ckin

g o
r o

p
a

q
u

e se
g

m
e

n
ts; th

e
se

 se
g

m
e

n
ts re

m
a

in
 o

ra
l a

n
d

b
lo

ck th
e

 co
n

tin
u

a
tio

n
 o

f sp
re

a
d

in
g

 (2
c).  L

a
st is th

e
 ca

te
g

o
ry o

f 
tra

n
sp

a
re

n
t se

g
m

e
n

ts,
w

h
ich

 a
re

 th
o

se
 th

a
t th

a
t re

m
a

in
 o

ra
l th

e
m

se
lve

s b
u

t a
llo

w
 sp

re
a

d
in

g
 to

 co
n

tin
u

e
 (2

d
).

(2)
a.  

T
rig

g
e

r se
g

m
e

n
ts:  S

e
g

m
e

n
ts th

a
t in

itia
te

 n
a

sa
l sp

re
a

d
in

g
,

e.g. /n
a/ →

 [ n
a
)].

b.  
T

a
rg

e
t se

g
m

e
n

ts:
  S

e
g

m
e

n
ts th

a
t u

n
d

e
rg

o
 n

a
sa

l sp
re

a
d

in
g

,
e.g. /n

a/ →
 [n

a
)].
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c. 
B

lo
ckin

g
 o

r o
p

a
q

u
e

 se
g

m
e

n
ts:
  S

e
g

m
e

n
ts th

a
t re

m
a

in
 o

ra
l a

n
d

 b
lo

ck n
a

sa
l

spread, e.g. /na
ta/ →

 [n
a
) ta].

d. 
T

ra
n

sp
a

re
n

t se
g

m
e

n
ts:
  S

e
g

m
e

n
ts th

a
t re

m
a

in
 o

ra
l b

u
t d

o
 n

o
t b

lo
ck n

a
sa

l
spreading, e.g. /na

ta/ →
 [n

a
) ta

)].

It sh
o

u
ld

 b
e

 n
o

te
d

 th
a

t th
e

se
 ca

te
g

o
rie

s a
re

 fo
r d

e
scrip

tive
 p

u
rp

o
se

s o
n

ly a
n

d
 d

o
 n

o
t

n
e

ce
ssa

rily co
rre

sp
o

n
d

 to
 th

e
 a

n
a

lytica
l d

istin
ctio

n
s th

a
t w

ill b
e

 m
a

d
e

.  A
s p

re
vie

w
e

d
 in

th
e

 p
re

ce
d

in
g

 se
ctio

n
, it w

ill b
e

 a
rg

u
e

d
 in

 a
 la

te
r ch

a
p

te
r th

a
t th

e
 ca

te
g

o
rie

s o
f ta

rg
e

t a
n

d
tra

n
sp

a
re

n
t se

g
m

e
n

ts sh
o

u
ld

 b
e

 co
lla

p
se

d
 in

 so
m

e
 re

sp
e

cts in
 th

e
 a

n
a

lysis.
T

h
e

 d
e

scrip
tive

 cla
sse

s o
f se

g
m

e
n

ts th
a

t fa
il to

 b
e

co
m

e
 n

a
sa

lize
d

 in
 n

a
sa

l
h

a
rm

o
n

y, i.e
. th

e
 b

lo
ckin

g
 a

n
d

 tra
n

sp
a

re
n

t se
g

m
e

n
ts, to

g
e

th
e

r co
n

stitu
te

 th
e

 
n

e
u

tra
l

se
g

m
e

n
ts.  T

h
e

 ca
n

o
n

ica
l d

e
riva

tio
n

a
l a

u
to

se
g

m
e

n
ta

l o
r fe

a
tu

re
-g

e
o

m
e

tric a
p

p
ro

a
ch

 to
se

g
m

e
n

ta
l n

e
u

tra
lity ca

lls o
n

 re
p

re
se

n
ta

tio
n

s to
 d

istin
g

u
ish

 th
e

se
 se

g
m

e
n

ts.  T
h

e
 p

re
se

n
t

w
o

rk p
la

ce
s le

ss fo
cu

s o
n

 a
ssu

m
p

tio
n

s a
b

o
u

t re
p

re
se

n
ta

tio
n

s, b
u

t b
e

fo
re

 p
re

vie
w

in
g

 th
is,

I 
w

ill 
b

rie
fly 

re
vie

w
 

th
e

 
re

p
re

se
n

ta
tio

n
a

l-d
e

riva
tio

n
a

l 
a

p
p

ro
a

ch
. 

 
In

 
th

e
re

p
re

se
n

ta
tio

n
a

lly-d
rive

n
 kin

d
 o

f a
cco

u
n

t, e
xp

la
n

a
tio

n
 o

f b
lo

ckin
g

 m
a

ke
s u

se
 o

f th
e

sta
n

d
a

rd
 a

u
to

se
g

m
e

n
ta

l a
ssu

m
p

tio
n

 o
f th

e
 N

o
 C

ro
ssin

g
 C

o
n

stra
in

t, w
h

ich
 fo

rb
id

s lin
e

crossing (G
oldsm

ith 1976).

(3)
N

o
 C

ro
ssin

g
 C

o
n

stra
in

t

*
α   β
  ×F

1  F
2

A
s va

rio
u

s a
n

a
lysts h

a
ve

 n
o

te
d

, th
e

 ill-fo
rm

e
d

n
e

ss o
f lin

e
 cro

ssin
g

 ca
n

 b
e

 u
n

d
e

rsto
o

d
 in

te
rm

s o
f co

n
tra

d
icto

ry p
re

ce
d

e
n

ce
 re

la
tio

n
s (se

e
 S

a
g

e
y 1

9
8

8
; H

a
m

m
o

n
d

 1
9

8
8

; S
co

b
b

ie
1

9
9

1
; A

rch
a

n
g

e
li a

n
d

 P
u

lle
yb

la
n

k 1
9

9
4

).  O
n

 th
e

 o
n

e
 h

a
n

d
, 

α
 p

re
ce

d
e

s β o
n

 o
n

e
 tie

r,
a

n
d

 F1  p
re

ce
d

e
s F2  o

n
 a

n
o

th
e

r tie
r.  H

o
w

e
ve

r, sin
ce

 F
1  is lin

ke
d

 to
 β a

n
d

 F2  is lin
ke

d
 to

α
, F2  p

re
ce

d
e

s F1 .  T
h

u
s F1  p

re
ce

d
e

s F2  a
n

d
 F2  p

re
ce

d
e

s F1 , g
ivin

g
 a

 p
re

ce
d

e
n

ce
co

n
tra

d
ica

tio
n

.
U

sin
g

 th
e

 N
o

 C
ro

ssin
g

 C
o

n
stra

in
t, m

a
n

y re
p

re
se

n
ta

tio
n

a
lly-b

a
se

d
 a

cco
u

n
ts

a
ch

ie
ve

 b
lo

ckin
g

 o
f sp

re
a

d
in

g
 th

ro
u

g
h

 th
e

 p
re

se
n

ce
 o

f stru
ctu

re
.  In

 n
a

sa
l h

a
rm

o
n

y, th
is

co
u

ld
 co

n
sist o

f th
e

 p
re

se
n

ce
 o

f a
 [-n

a
sa

l] sp
e

cifica
tio

n
 o

n
 th

e
 b

lo
ckin

g
 se

g
m

e
n

t.  T
h

is is
illu

stra
te

d
 in

 (4
).  In

 (4
a

) th
e

 [+
n

a
sa

l] fe
a

tu
re

 sp
re

a
d

s u
p

 to
 th

e
 se

g
m

e
n

t sp
e

cifie
d

 a
s

[-nasal].  S
preading across the [-nasal] segm

ent is ruled out by N
o C

rossing (4b).
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(4)
R

e
p

re
se

n
ta

tio
n

a
l a

p
p

ro
a

ch
 to

 se
g

m
e

n
ta

l b
lo

ckin
g

a.
In

p
u

t
O

u
tp

u
t

α  β  γ  δ
→

α  β  γ  δ
 |        |

  \  /    |
         [+

N
]  [-N

]      
          [+

N
]  [-N

]

b
.

In
p

u
t

*O
u

tp
u

t

α  β  γ  δ
→

α  β  γ  δ
 |        |

   \  |    ×
         [+

N
]  [-N

]      
               [+

N
] [-N

]

F
o

r 
se

g
m

e
n

ta
l 

tra
n

sp
a

re
n

cy, 
re

p
re

se
n

ta
tio

n
a

l 
a

cco
u

n
ts 

m
a

ke
 

u
se

 
o

f 
a

co
n

fig
u

ra
tio

n
 in

 w
h

ich
 sp

re
a

d
in

g
 ta

ke
s p

la
ce

 a
cro

ss a
n

 in
te

rve
n

in
g

 se
g

m
e

n
t.  In

 so
m

e
a

cco
u

n
ts, th

is m
a

y o
ccu

r b
y sim

p
ly skip

p
in

g
 th

e
 ta

rg
e

t n
o

d
e

, yie
ld

in
g

 a
 g

a
p

p
e

d
co

n
fig

u
ra

tio
n

 
a

cro
ss 

th
e

 
tra

n
sp

a
re

n
t 

se
g

m
e

n
t 

(
γ), a

s in
 (5

a
).  F

e
a

tu
re

-g
e

o
m

e
tric

a
p

p
ro

a
ch

e
s a

vo
id

 g
a

p
p

in
g

 a
cro

ss a
 ta

rg
e

t n
o

d
e

 b
y p

o
sitin

g
 a

 m
o

re
 e

la
b

o
ra

te
d

 se
g

m
e

n
t

stru
ctu

re
 in

 w
h

ich
 th

e
 sp

re
a

d
in

g
 fe

a
tu

re
 is d

e
p

e
n

d
e

n
t o

n
 a

n
 o

rg
a

n
izin

g
 tie

r (fo
r e

xa
m

p
le

,
a

 su
p

ra
la

ryn
g

e
a

l tie
r).  W

ith
 th

is m
o

d
e

l, th
e

 skip
p

in
g

 e
ffe

ct co
m

e
s a

b
o

u
t b

y virtu
e

 o
f th

e
a

b
se

n
ce

 o
f stru

ctu
re

, i.e
. w

h
e

n
 a

 se
g

m
e

n
t la

cks th
e

 ta
rg

e
t n

o
d

e
 fo

r fe
a

tu
re

 sp
re

a
d

in
g

 in
its re

p
re

se
n

ta
tio

n
.  T

h
e

 sta
n

d
a

rd
 a

ssu
m

p
tio

n
 o

f lo
ca

lity in
 a

 fe
a

tu
re

 g
e

o
m

e
tric fra

m
e

w
o

rk
is th

a
t n

o
d

e
 a

d
ja

ce
n

cy is e
va

lu
a

te
d

 o
n

 its o
w

n
 tie

r, so
 lo

ca
lity is n

o
t vio

la
te

d
 in

 lin
kin

g
a

cro
ss a

n
 in

te
rve

n
in

g
 se

g
m

e
n

t p
ro

vid
e

d
 th

a
t n

o
 ta

rg
e

t n
o

d
e

s th
e

m
se

lve
s a

re
 skip

p
e

d
.

A
n

 e
xa

m
p

le
 o

f th
is kin

d
 o

f se
g

m
e

n
ta

l skip
p

in
g

 (o
f 

γ) is sh
o

w
n

 in
 (5

b
).  T

h
is kin

d
 o

f
a

p
p

ro
a

ch
 fo

r n
a

sa
l h

a
rm

o
n

y is e
m

p
lo

ye
d

 b
y P

ig
g

o
tt (1

9
9

2
), a

n
d

 it h
a

s b
e

e
n

 w
id

e
ly

u
tilize

d
 in

 o
th

e
r fe

a
tu

re
-g

e
o

m
e

tric a
cco

u
n

ts o
f tra

n
sp

a
re

n
cy o

f va
rio

u
s kin

d
s.

(5)
S

e
g

m
e

n
ta

l tra
n

sp
a

re
n

cy b
y g

a
p

p
in

g
/skip

p
in

g

a.
In

p
u

t
O

u
tp

u
t

α  β  γ  δ
→

α  β  γ  δ   
(g

a
p

p
in

g
)

 |        
  \    \    /

         [+
N

]       
               [+

N
]
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b
.

In
p

u
t

O
u

tp
u

t

root
α  β  γ  δ

α  β  γ  δ   
(se

g
m

e
n

t skip
p

in
g

)
 |    |   

 |
→

 |    |       |
organizing tier  •   •      •     

             •   •      •
 |        

  \    \    /
nasal tier         [+

N
]       

               [+
N

]

T
h

e
 n

e
e

d
 fo

r ca
llin

g
 o

n
 se

g
m

e
n

ta
l skip

p
in

g
 co

n
fig

u
ra

tio
n

s in
 fe

a
tu

re
 lin

kin
g

 to
o

b
ta

in
 tra

n
sp

a
re

n
cy e

ffe
cts h

a
s b

e
e

n
 ca

lle
d

 in
to

 q
u

e
stio

n
 (N

í C
h

io
sá

in
 a

n
d

 P
a

d
g

e
tt

1
9

9
7

; cf. a
lso

 G
a

fo
s 1

9
9

6
; fo

r fo
u

n
d

a
tio

n
a

l a
n

a
lyse

s se
e

 N
í C

h
io

sá
in

 a
n

d
 P

a
d

g
e

tt 1
9

9
3

;
M

cC
a

rth
y 1

9
9

4
; F

le
m

m
in

g
 1

9
9

5
b

; P
a

d
g

e
tt 1

9
9

5
a

; m
o

re
 g

e
n

e
ra

lly o
n

 d
isa

llo
w

in
g

g
a

p
p

in
g

 a
cro

ss ta
rg

e
ts se

e
 K

ip
a

rsky 1
9

8
1

; L
e

ve
rg

o
o

d
 1

9
8

4
; A

rch
a

n
g

e
li a

n
d

 P
u

lle
yb

la
n

k
1994; P

ulleyblank 1996).  T
he ill-form

edness of spreading across intervening segm
ents is

a
 fo

rm
a

l th
e

o
re

tica
l issu

e
 w

h
ich

 w
ill b

e
 d

iscu
sse

d
 in

 ch
a

p
te

r 2
.  In

 a
d

d
itio

n
 to

 th
e

 fo
rm

a
l

d
im

e
n

sio
n

 th
e

re
 is th

e
 q

u
e

stio
n

 o
f m

o
tiva

tio
n

 a
n

d
 e

xp
la

n
a

to
ry a

d
e

q
u

a
cy.  O

n
 th

e
su

b
je

ct o
f m

o
tiva

tio
n

, it is m
a

tte
r o

f co
n

ce
rn

 th
a

t th
is kin

d
 o

f skip
p

in
g

 re
p

re
se

n
ta

tio
n

 is
u

tilize
d

 so
le

ly to
 o

b
ta

in
 se

g
m

e
n

ta
l tra

n
sp

a
re

n
cy.  E

ve
n

 w
ith

 th
is n

e
u

tra
lity-sp

e
cific

d
e

vice
, th

e
re

 a
re

 p
ro

b
le

m
s in

 th
e

 e
xp

la
n

a
tio

n
 p

ro
vid

e
d

.  G
ive

n
 th

e
 re

p
re

se
n

ta
tio

n
a

l
a

ssu
m

p
tio

n
s co

n
ce

rn
in

g
 se

g
m

e
n

ta
l b

lo
ckin

g
 a

n
d

 tra
n

sp
a

re
n

cy, n
o

 sin
g

le
 fe

a
tu

re
-

g
e

o
m

e
tric stru

ctu
re

 ca
n

 p
ro

d
u

ce
 th

e
 b

lo
ckin

g
 b

e
h

a
vio

r o
f o

b
stru

e
n

ts in
 so

m
e

 la
n

g
u

a
g

e
s

a
n

d
 th

e
ir tra

n
sp

a
re

n
t b

e
h

a
vio

r in
 o

th
e

rs.  T
h

is d
ile

m
m

a
 le

a
d

s P
ig

g
o

tt (1
9

9
2

), to
 p

ro
p

o
se

th
a

t th
e

re
 a

re
 tw

o
 kin

d
s o

f n
a

sa
l h

a
rm

o
n

y w
h

ich
 d

iffe
r in

 th
e

 d
e

p
e

n
d

e
n

cy o
f th

e
 fe

a
tu

re
[n

a
sa

l] in
 th

e
 g

e
o

m
e

try: in
 h

a
rm

o
n

y w
ith

 a
 se

t o
f b

lo
ckin

g
 co

n
so

n
a

n
ts, [n

a
sa

l] a
p

p
e

a
rs

u
n

d
e

r a
 ce

rta
in

 o
rg

a
n

izin
g

 n
o

d
e

 in
 (so

m
e

) co
n

so
n

a
n

ts, w
h

ile
 in

 p
a

tte
rn

s w
ith

 tra
n

sp
a

re
n

t
o

b
stru

e
n

ts, [n
a

sa
l] is d

e
p

e
n

d
e

n
t o

n
 a

n
o

th
e

r o
rg

a
n

izin
g

 n
o

d
e

 p
re

se
n

t o
n

ly in
 so

n
o

ra
n

ts.
W

h
ile

 it o
ffe

rs th
e

 b
e

st a
va

ila
b

le
 a

n
a

lysis u
n

d
e

r fe
a

tu
re

-g
e

o
m

e
tric a

ssu
m

p
tio

n
s o

f
se

g
m

e
n

ta
l n

e
u

tra
lity, th

e
 va

ria
b

le
 d

e
p

e
n

d
e

n
cy a

cco
u

n
t is u

n
sa

tisfyin
g

 in
 th

a
t it fa

ils to
fin

d
 a

 co
m

m
o

n
a

lity a
cro

ss a
ll n

a
sa

l h
a

rm
o

n
y p

a
tte

rn
s.  T

h
is is a

 re
su

lt d
rive

n
 in

 p
a

rt b
y

th
e

 a
ssu

m
p

tio
n

 th
a

t sp
re

a
d

in
g

 ta
ke

s p
la

ce
 b

y skip
p

in
g

 o
ve

r tra
n

sp
a

re
n

t se
g

m
e

n
ts, w

h
ich

la
ck ta

rg
e

t stru
ctu

re
.

T
h

e
 o

p
tim

a
lity-th

e
o

re
tic a

cco
u

n
t th

a
t I p

ro
p

o
se

 tu
rn

s a
w

a
y fro

m
 u

sin
g

 th
e

 d
e

vice
o

f se
g

m
e

n
ta

l skip
p

in
g

 in
 sp

re
a

d
in

g
 to

 o
b

ta
in

 tra
n

sp
a

re
n

cy; in
 fa

ct, it is th
e

 a
ssu

m
p

tio
n

 o
f

th
is kin

d
 o

f re
p

re
se

n
ta

tio
n

 th
a

t h
a

s le
d

 u
s a

stra
y fro

m
 p

e
rce

ivin
g

 a
 u

n
ifie

d
 u

n
d

e
rsta

n
d

in
g

o
f n

a
sa

l h
a

rm
o

n
y p

a
tte

rn
s, w

h
e

th
e

r th
e

y e
xh

ib
it e

xa
m

p
le

s o
f se

g
m

e
n

ta
l b

lo
ckin

g
 o

r
tra

n
sp

a
re

n
cy.  T

h
e

 a
u

to
se

g
m

e
n

ta
l re

p
re

se
n

ta
tio

n
s I a

ssu
m

e
 a

re
 m

in
im

a
l, co

n
sistin

g
 o

f
fe

a
tu

re
s lin

ke
d

 d
ire

ctly to
 ro

o
t n

o
d

e
s.  G

e
n

e
ra

liza
tio

n
s co

n
ce

rn
in

g
 fe

a
tu

re
 cla

ss b
e

h
a

vio
r
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h
a

ve
 b

e
e

n
 e

xp
la

in
e

d
 in

d
e

p
e

n
d

e
n

t o
f fe

a
tu

re
 o

rg
a

n
izin

g
 stru

ctu
re

 in
 O

p
tim

a
lity T

h
e

o
ry

u
n

d
e

r F
e

a
tu

re
 C

la
ss T

h
e

o
ry, d

e
ve

lo
p

e
d

 b
y P

a
d

g
e

tt (1
9

9
5

a
).  I p

u
t fo

rth
 a

 typ
o

lo
g

ica
l

a
rg

u
m

e
n

t th
a

t tra
n

sp
a

re
n

t se
g

m
e

n
ts sh

o
u

ld
 b

e
 re

g
a

rd
e

d
 a

s u
n

d
e

rg
o

e
rs o

f fe
a

tu
re

sp
re

a
d

in
g

, g
ivin

g
 ju

st tw
o

 kin
d

s o
f o

u
tco

m
e

s fo
r se

g
m

e
n

ts w
ith

 re
sp

e
ct to

 sp
re

a
d

in
g

:
th

e
y ca

n
 b

e
 ta

rg
e

ts o
r b

lo
cke

rs.  S
e

g
m

e
n

ta
l tra

n
sp

a
re

n
cy is a

n
a

lyze
d

 a
s th

e
 re

su
lt o

f th
e

in
d

e
p

e
n

d
e

n
tly-m

o
tiva

te
d

 th
e

o
re

tica
l m

e
ch

a
n

ism
 w

h
ich

 o
b

ta
in

s (d
e

riva
tio

n
a

l) o
p

a
city

e
ffe

cts.  T
o

 o
b

ta
in

 b
lo

ckin
g

 e
ffe

cts I d
o

 n
o

t a
ssu

m
e

 in
p

u
t sp

e
cifica

tio
n

 o
f [-n

a
sa

l] o
n

b
lo

ckin
g

 
se

g
m

e
n

ts, 
ra

th
e

r 
I 

ca
ll 

o
n

 
o

p
tim

a
lity-th

e
o

re
tic, 

o
u

tp
u

t-o
rie

n
te

d
 

fe
a

tu
re

co
o

ccu
rre

n
ce

 
co

n
stra

in
ts 

p
ro

h
ib

itin
g

 
th

e
 

co
m

b
in

a
tio

n
 

o
f 

[+
n

a
sa

l] 
w

ith
 

d
iffe

re
n

t
se

g
m

e
n

ta
l cla

sse
s (w

ith
 b

a
sis in

 th
e

 p
ro

p
o

sa
ls o

f K
ip

a
rsky 1

9
8

5
; P

u
lle

yb
la

n
k 1

9
8

9
;

A
rch

a
n

g
e

li a
n

d
 P

u
lle

yb
la

n
k 1

9
9

4
).  A

n
a

lyzin
g

 b
lo

ckin
g

 in
 th

is w
a

y h
a

s tw
o

 im
p

o
rta

n
t

b
e

n
e

fits.  F
irst, b

e
ca

u
se

 th
e

 fe
a

tu
re

 co
o

ccu
rre

n
ce

 co
n

stra
in

ts a
re

 ra
n

ke
d

, it p
ro

vid
e

s a
fo

rm
a

l m
e

a
n

s o
f in

co
rp

o
ra

tin
g

 th
e

 h
ie

ra
rch

ica
l cro

ss-lin
g

u
istic va

ria
tio

n
 in

 se
ts o

f
b

lo
cke

rs a
n

d
 ta

rg
e

ts a
cro

ss la
n

g
u

a
g

e
s.  A

rra
yin

g
 th

e
 n

a
sa

liza
tio

n
 co

n
stra

in
ts a

cco
rd

in
g

to
 p

h
o

n
e

tic co
m

p
a

tib
ility g

ive
s a

 fixe
d

 n
a

sa
liza

tio
n

 co
n

stra
in

t h
ie

ra
rch

y, a
n

d
 th

e
n

h
ie

ra
rch

ica
l va

ria
tio

n
 co

m
e

s o
u

t a
s d

iffe
re

n
ce

s in
 w

h
e

re
 la

n
g

u
a

g
e

s m
a

ke
 th

e
 cu

t
b

e
tw

e
e

n
 se

g
m

e
n

ts th
a

t a
re

 co
m

p
a

tib
le

 e
n

o
u

g
h

 w
ith

 n
a

sa
liza

tio
n

 to
 u

n
d

e
rg

o
 n

a
sa

l
sp

re
a

d
in

g
 

a
n

d
 

th
o

se
 

th
a

t 
a

re
 

n
o

t. 
 

S
e

co
n

d
, 

p
o

sitin
g

 
n

a
sa

l 
fe

a
tu

re
 

co
o

ccu
rre

n
ce

co
n

stra
in

ts a
s vio

la
b

le
 (in

 a
n

 o
p

tim
a

lity-th
e

o
re

tic m
o

d
e

l) ra
th

e
r th

a
n

 n
e

ce
ssa

rily
re

sp
e

cte
d

 in
 th

e
 o

u
tp

u
t o

f la
n

g
u

a
g

e
s, yie

ld
s n

o
t o

n
ly th

e
 cro

ss-lin
g

u
istic va

ria
tio

n
, b

u
t it

is a
lso

 cru
cia

l to
 o

b
ta

in
in

g
 a

 u
n

ifie
d

 a
cco

u
n

t o
f n

a
sa

l h
a

rm
o

n
y.  A

n
 in

sig
h

t o
f th

is stu
d

y
is th

a
t tra

n
sp

a
re

n
t se

g
m

e
n

ts p
a

tte
rn

 w
ith

 ta
rg

e
ts; in

 o
rd

e
r to

 a
ch

ie
ve

 th
is, tra

n
sp

a
re

n
t

se
g

m
e

n
ts m

u
st a

lso
 b

e
 a

b
le

 to
 u

n
d

e
rg

o
 n

a
sa

l sp
re

a
d

in
g

, re
q

u
irin

g
 a

 n
o

tio
n

 o
f a

ll
n

a
sa

liza
tio

n
 co

n
stra

in
ts a

s p
o

te
n

tia
lly vio

la
b

le
 in

 o
u

tp
u

ts.  B
y tu

rn
in

g
 th

e
 a

n
a

lytica
l

fo
cu

s a
w

a
y fro

m
 re

p
re

se
n

ta
tio

n
a

l e
xp

la
n

a
tio

n
 a

n
d

 to
w

a
rd

s o
u

tco
m

e
s o

f h
ie

ra
rch

ie
s o

f
ra

n
ke

d
 a

n
d

 vio
la

b
le

 co
n

stra
in

ts, th
e

 a
cco

u
n

t b
rin

g
s n

e
w

 in
sig

h
t to

 th
e

 u
n

d
e

rsta
n

d
in

g
 o

f
th

e
 typ

o
lo

g
y o

f n
a

sa
l h

a
rm

o
n

y.

1.3
O

ptim
ality theory

1.3.1
C

onstraint ranking and violability
T

h
e

 th
e

o
re

tica
l fra

m
e

w
o

rk th
a

t I a
ssu

m
e

 h
e

re
 is th

a
t o

f O
p

tim
a

lity T
h

e
o

ry (O
T

; P
rin

ce
a

n
d

 S
m

o
le

n
sky 1

9
9

3
).  T

h
is a

p
p

ro
a

ch
 d

e
p

a
rts fro

m
 g

e
n

e
ra

tive
 fra

m
e

w
o

rks in
 w

h
ich

 a
se

q
u

e
n

ce
 o

f ru
le

s a
re

 a
p

p
lie

d
 to

 a
n

 in
p

u
t to

 ca
rry it th

ro
u

g
h

 va
rio

u
s in

te
rm

e
d

ia
te

 fo
rm

s
to

 a
 su

rfa
ce

 o
u

tp
u

t.  O
p

tim
a

lity T
h

e
o

ry in
ste

a
d

 co
n

ce
ive

s o
f g

ra
m

m
a

rs a
s a

 h
ie

ra
rch

y o
f

ra
n

ke
d

 a
n

d
 vio

la
b

le
 u

n
ive

rsa
l co

n
stra

in
ts w

h
ich

 e
va

lu
a

te
 th

e
 w

e
ll-fo

rm
e

d
n

e
ss o

f o
u

tp
u

t
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fo
rm

s.  P
a

ra
lle

l e
va

lu
a

tio
n

 o
f a

 se
t o

f ca
n

d
id

a
te

 o
u

tp
u

t fo
rm

s se
le

cts th
e

 a
ctu

a
l o

u
tp

u
t b

y
virtu

e
 o

f it b
e

in
g

 th
e

 m
o

st h
a

rm
o

n
ic o

r 
o

p
tim

a
l w

ith
 re

sp
e

ct to
 th

e
 co

n
stra

in
t h

ie
ra

rch
y.

T
h

e
 g

o
a

l o
f co

n
stra

in
t ra

n
kin

g
 is th

u
s to

 se
le

ct a
ll a

n
d

 o
n

ly th
o

se
 o

u
tp

u
ts w

h
ich

 a
re

w
ell-form

ed in the language.
In

 a
n

 o
p

tim
a

lity-th
e

o
re

tic g
ra

m
m

a
r th

e
re

 a
re

 th
re

e
 co

m
p

o
n

e
n

ts: 
G

e
n

, C
o

n
, an

d
E

va
l (P

rin
ce

 a
n

d
 S

m
o

le
n

sky 1
9

9
3

).  G
e

n
 is a

 fu
n

ctio
n

 w
h

ich
 g

e
n

e
ra

te
s th

e
 ra

n
g

e
 o

f
ca

n
d

id
a

te
 o

u
tp

u
ts fo

r a
n

 in
p

u
t 

i.  G
e

n
 in

clu
d

e
s th

e
 p

rim
itive

s o
f p

h
o

n
o

lo
g

ica
l stru

ctu
re

a
n

d
 co

n
ta

in
s in

fo
rm

a
tio

n
 a

b
o

u
t th

e
 in

vio
la

b
le

 e
le

m
e

n
ts o

f th
e

ir o
rg

a
n

iza
tio

n
.  In

g
e

n
e

ra
tin

g
 th

e
 in

fin
ite

 se
t o

f ca
n

d
id

a
te

 o
u

tp
u

ts fo
r a

 g
ive

n
 in

p
u

t, it is co
n

stra
in

e
d

 b
y

th
e

se
 in

vio
la

b
le

 p
rim

itive
s b

u
t o

th
e

rw
ise

 p
o

sits strin
g

s a
n

d
 stru

ctu
re

s fre
e

ly, w
h

ich
 m

a
y

o
r m

a
y n

o
t re

se
m

b
le

 th
e

 in
p

u
t fo

rm
.  C

o
n

 is th
e

 se
t o

f u
n

ive
rsa

l co
n

stra
in

ts o
u

t o
f w

h
ich

g
ra

m
m

a
rs a

re
 co

n
stru

cte
d

.  T
h

e
 co

n
stra

in
ts b

e
lo

n
g

in
g

 to
 C

o
n

 a
re

 th
o

se
 th

a
t m

a
y b

e
vio

la
te

d
 in

 th
e

 ca
n

d
id

a
te

 o
u

tp
u

ts o
f a

 la
n

g
u

a
g

e
.  W

h
ile

 th
e

 m
e

m
b

e
rs o

f C
o

n
 re

m
a

in
 fixe

d
a

cro
ss la

n
g

u
a

g
e

s, la
n

g
u

a
g

e
-p

a
rticu

la
r o

rd
e

rin
g

s a
re

 im
p

o
se

d
 o

n
 th

e
 co

n
stra

in
ts; th

is
ranking is the language-particular com

ponent of the gram
m

ar 
Γ

.  S
election of the optim

al
ca

n
d

id
a

te
 fro

m
 th

e
 in

fin
ite

 ca
n

d
id

a
te

 se
t fa

lls to
 E

va
l.  E

va
l is a

 fu
n

ctio
n

 th
a

t
co

m
p

a
ra

tive
ly e

va
lu

a
te

s th
e

 se
t o

f o
u

tp
u

t ca
n

d
id

a
te

s w
ith

 re
sp

e
ct to

 a
 g

ive
n

 co
n

stra
in

t
h

ie
ra

rch
y, th

e
 ra

n
kin

g
 o

f C
o

n
 th

a
t co

n
stitu

te
s 

Γ
.  T

h
e

 stru
ctu

re
 o

f a
n

 o
p

tim
a

lity-th
e

o
re

tic
g

ra
m

m
a

r is o
u

tlin
e

d
 in

 (6
).  T

h
e

 fu
n

ctio
n

 G
e

n
 o

p
e

ra
te

s o
n

 a
n

 in
p

u
t to

 yie
ld

 a
n

 (in
fin

ite
)

se
t o

f ca
n

d
id

a
te

 o
u

tp
u

ts.  E
va

l th
e

n
 e

va
lu

a
te

s th
is se

t o
f ca

n
d

id
a

te
 o

u
tp

u
ts in

 re
la

tio
n

 to
Γ

 to
 se

le
ct th

e
 o

p
tim

a
l o

u
tp

u
t, th

e
 a

ctu
a

l o
u

tp
u

t fo
rm

 fo
r th

e
 in

p
u

t.

(6)
S

chem
a for an optim

ality-based gram
m

ar:

a.
G

en (inputi ) 
→

 
{cand1 , cand2 , ...}

b
.

E
val (Γ

, {cand1, cand2 , ...}) →
 

{ca
n

dre
a

l }

T
h

e
 o

p
tim

a
lity-th

e
o

re
tic e

va
lu

a
tio

n
 o

f a
n

 o
u

tp
u

t fo
rm

 is illu
stra

te
d

 w
ith

 a
co

n
cre

te
 e

xa
m

p
le

 in
 (7

).  E
va

lu
a

tio
n

 is d
isp

la
ye

d
 in

 a
 ta

b
le

a
u

 w
h

ich
 a

rra
ys th

e
 in

p
u

t a
n

d
ca

n
d

id
a

te
 o

u
tp

u
ts a

t th
e

 le
ft, a

n
d

 th
e

 h
ie

ra
rch

y o
f co

n
stra

in
ts h

e
a

d
s su

cce
ssive

 co
lu

m
n

s
w

ith
 ra

n
kin

g
 d

e
sce

n
d

in
g

 fro
m

 le
ft to

 rig
h

t.  B
y co

n
ve

n
tio

n
, cru

cia
l co

n
stra

in
t ra

n
kin

g
 is

m
a

rke
d

 b
y so

lid
 lin

e
s se

p
a

ra
tin

g
 co

n
stra

in
t co

lu
m

n
s; if ra

n
kin

g
 o

f tw
o

 co
n

stra
in

ts is
u

n
d

e
te

rm
in

e
d

, th
e

y a
re

 se
p

a
ra

te
d

 b
y a

 d
o

tte
d

 lin
e

 o
r n

o
 lin

e
 a

t a
ll.  R

o
w

s ta
b

u
la

te
 th

e
vio

la
tio

n
s in

cu
rre

d
 b

y e
a

ch
 ca

n
d

id
a

te
 w

ith
 re

sp
e

ct to
 th

e
 h

ie
ra

rch
y o

f co
n

stra
in

ts.  T
h

e
in

p
u

t h
e

re
 is /n

a
r/, a

n
d

 G
e

n
 o

p
e

ra
te

s o
n

 th
is to

 g
ive

 a
 se

t o
f ca

n
d

id
a

te
s to

 e
va

lu
a

te
 a

s
p

o
ssib

le
 o

u
tp

u
ts fo

r th
is in

p
u

t.  T
h

re
e

 o
f th

e
 m

o
re

 co
m

p
e

titive
 ca

n
d

id
a

te
s a

re
 sh

o
w

n
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h
e

re
.  T

h
e

 e
va

lu
a

tio
n

 o
f th

e
se

 ca
n

d
id

a
te

s is p
e

rfo
rm

e
d

 in
 re

la
tio

n
 to

 th
e

 h
ie

ra
rch

y o
f

co
n

stra
in

ts o
f w

h
ich

 I h
a

ve
 sh

o
w

n
 a

 se
g

m
e

n
t h

e
re

, w
ith

 a
 m

a
rke

d
n

e
ss co

n
stra

in
t

fo
rb

id
d

in
g

 n
a

sa
lize

d
 liq

u
id

s (*N A
S

L
IQ

U
ID

, a
b

b
re

via
tin

g
 a

 fe
a

tu
re

 co
o

ccu
rre

n
ce

co
n

stra
in

t) ra
n

ke
d

 o
ve

r a
 co

n
stra

in
t re

q
u

irin
g

 th
a

t th
e

 fe
a

tu
re

 [+
n

a
sa

l] sp
re

a
d

 to
 a

ll
segm

ents in the w
ord (SPR

E
A

D[+
nasal]).  E

valuation is perform
ed from

 left to right.  F
irst

e
xa

m
in

in
g

 th
e

 co
lu

m
n

 fo
r *N A

S
L

IQ
U

ID
, it is a

p
p

a
re

n
t th

a
t ca

n
d

id
a

te
 (c) in

cu
rs a

vio
la

tio
n

 (m
a

rke
d

 b
y ‘*’).  T

h
is vio

la
tio

n
 is fa

ta
l fo

r th
is ca

n
d

id
a

te
, sin

ce
 th

e
re

 a
re

co
m

p
e

tito
rs w

h
ich

 d
o

 n
o

t vio
la

te
 th

is co
n

stra
in

t.  T
h

e
 fa

ta
lity is sig

n
a

lle
d

 b
y th

e
e

xcla
m

a
tio

n
 m

a
rk a

n
d

 su
cce

e
d

in
g

 co
lu

m
n

s fo
r th

is ca
n

d
id

a
te

 a
re

 sh
a

d
e

d
.  M

o
vin

g
 o

n
 to

th
e

 S P
R

E
A

D
[+

n
a

sa
l] co

n
stra

in
t co

lu
m

n
, ca

n
d

id
a

te
 (a

) b
e

tte
r sa

tisfie
s th

e
 sp

re
a

d
in

g
co

n
stra

in
t th

a
n

 (b
), b

e
ca

u
se

 (a
) h

a
s fa

ile
d

 to
 sp

re
a

d
 to

 o
n

ly o
n

e
 se

g
m

e
n

t, w
h

ile
 (b

) h
a

s
fa

ile
d

 to
 sp

re
a

d
 to

 tw
o

.  T
h

is is a
 ca

se
 o

f g
ra

d
ie

n
t co

n
stra

in
t vio

la
tio

n
, w

h
e

re
 vio

la
tio

n
s

a
re

 co
m

p
u

te
d

 in
cre

m
e

n
ta

lly o
n

 so
m

e
 b

a
sis (a

 fo
rm

a
l e

xp
re

ssio
n

 o
f th

e
 sp

re
a

d
in

g
co

n
stra

in
t a

n
d

 co
m

p
u

ta
tio

n
 o

f its vio
la

tio
n

s is d
iscu

sse
d

 in
 ch

a
p

te
r 2

).  C
a

n
d

id
a

te
 (a

),
w

ith
 sp

re
a

d
in

g
 o

f [+
n

a
sa

l] to
 th

e
 vo

w
e

l b
u

t n
o

t th
e

 liq
u

id
, is th

u
s th

e
 w

in
n

e
r o

f th
is

ca
n

d
id

a
te

 se
t, a

s sig
n

a
lle

d
 b

y th
e

 rig
h

t-p
o

in
tin

g
 h

a
n

d
.

(7)
C

onstraint tableau:  *N A
S

L
IQ

U
ID

 >
>

 SP
R

E
A

D[+
nasal]

Input /nar/
*N

A
SL

IQ
U

ID
S

P
R

E
A

D[+
nasal]

☞
a. n

a
)r     (cand1 )

*

b. n
a
r     (cand2 )

**!

c. n
a
)r)     (cand3 )

*!

A
n

 im
p

o
rta

n
t fe

a
tu

re
 o

f O
T

 illu
stra

te
d

 b
y th

e
 a

b
o

ve
 e

xa
m

p
le

 is th
a

t co
n

stra
in

ts
a

re
 ra

n
ke

d
 a

n
d

 vio
la

b
le

.  C
o

n
stra

in
ts a

re
 ra

n
ke

d
 in

 a
 

strict d
o

m
in

a
n

ce
 h

ie
ra

rch
y su

ch
th

a
t e

a
ch

 co
n

stra
in

t h
a

s a
b

so
lu

te
 p

rio
rity o

ve
r a

n
y co

n
stra

in
t th

a
t it d

o
m

in
a

te
s (i.e

. th
a

t
is ra

n
ke

d
 lo

w
e

r) (P
rin

ce
 a

n
d

 S
m

o
le

n
sky 1

9
9

3
: 2

).  In
 th

is w
a

y, ra
n

kin
g

 e
xp

re
sse

s th
e

p
re

ce
d

e
n

ce
 o

f o
n

e
 co

n
stra

in
t o

ve
r th

e
 o

th
e

r a
n

d
 sa

tisfa
ctio

n
 o

f a
 h

ig
h

e
r-ra

n
ke

d
co

n
stra

in
t ca

n
 d

rive
 th

e
 vio

la
tio

n
 o

f a
 lo

w
e

r-ra
n

ke
d

 o
n

e
.  A

s a
 re

su
lt, th

e
 o

p
tim

a
l o

u
tp

u
t

m
a

y a
ctu

a
lly vio

la
te

 m
a

n
y co

n
stra

in
ts.  C

o
n

stra
in

ts th
u

s d
o

 n
o

t re
p

re
se

n
t su

rfa
ce

-tru
e

g
e

n
e

ra
liza

tio
n

s fo
r th

e
 la

n
g

u
a

g
e

, ra
th

e
r th

e
y e

xp
re

ss p
h

o
n

o
lo

g
ica

l d
e

m
a

n
d

s w
h

ich
 a

re
ra

n
ke

d
 in

 th
e

ir re
q

u
ire

m
e

n
t fo

r sa
tisfa

ctio
n

.  T
h

e
 d

e
m

a
n

d
s e

xp
re

sse
d

 b
y co

n
stra

in
ts w

ill
b

e
 sa

tisfie
d

 w
h

e
n

e
ve

r p
o

ssib
le

, a
n

d
 th

e
y w

ill b
e

 vio
la

te
d

 in
 a

n
 o

u
tp

u
t o

n
ly w

h
e

n
co

m
p

e
lle

d
 b

y h
ig

h
e

r-ra
n

ke
d

 a
n

d
 co

n
flictin

g
 co

n
stra

in
t d

e
m

a
n

d
s.
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A
s n

o
te

d
 a

b
o

ve
, th

e
 u

n
ive

rsa
l co

n
stra

in
ts o

f C
o

n
 a

re
 ra

n
ke

d
 o

n
 a

 la
n

g
u

a
g

e
-

p
a

rticu
la

r b
a

sis.  V
a

ria
tio

n
 a

cro
ss la

n
g

u
a

g
e

s co
m

e
s a

b
o

u
t a

s a
 co

n
se

q
u

e
n

ce
 o

f p
e

rm
u

tin
g

th
e

 ra
n

kin
g

s o
f co

n
stra

in
ts, a

n
d

 th
e

 se
t o

f p
o

ssib
le

 g
ra

m
m

a
rs is g

ive
n

 b
y th

e
 se

t o
f a

ll o
f

th
e

 p
o

ssib
le

 ra
n

kin
g

s.  A
ssu

m
in

g
 th

a
t a

ll ra
n

kin
g

s a
re

 p
o

ssib
le

, 
n co

n
stra

in
ts w

ill g
ive

 n!
p

o
ssib

le
 g

ra
m

m
a

rs, th
is is th

e
 n

o
tio

n
 o

f la
n

g
u

a
g

e
 typ

o
lo

g
y a

s 
fa

cto
ria

l 
typ

o
lo

g
y

d
iscu

sse
d

 b
y P

rin
ce

 a
n

d
 S

m
o

le
n

sky (1
9

9
3

: 8
4

).  Im
p

o
rta

n
tly, fa

cto
ria

l ra
n

kin
g

 o
f

co
n

stra
in

ts m
a

y b
e

 m
o

d
u

la
te

d
 b

y fixe
d

 ra
n

kin
g

s o
f se

ts o
f re

la
te

d
 co

n
stra

in
ts g

ive
n

 b
y

p
h

o
n

e
tic o

r ha
rm

o
n

ic sca
le

s (P
rin

ce
 a

n
d

 S
m

o
le

n
sky 1

9
9

3
).  T

h
e

se
 fixe

d
 ra

n
kin

g
s w

ill b
e

fa
cto

re
d

 o
u

t fro
m

 th
e

 p
o

ssib
le

 p
e

rm
u

ta
tio

n
s.  A

 w
e

ll-kn
o

w
n

 e
xa

m
p

le
 o

f th
is kin

d
 is th

e
sylla

b
le

 p
e

a
k a

n
d

 m
a

rg
in

 sca
le

s a
rra

yin
g

 se
g

m
e

n
ts a

cco
rd

in
g

 to
 th

e
ir so

n
o

rity (P
rin

ce
and S

m
olensky 1993).  A

 case to be discussed in this w
ork is a nasalization scale ranking

se
g

m
e

n
ts a

cco
rd

in
g

 to
 th

e
ir co

m
p

a
tib

ility w
ith

 n
a

sa
lity.

1.3.2
C

onstraints and C
orrespondence theory

T
h

e
 co

n
stra

in
ts o

f C
o

n
 fa

ll in
to

 tw
o

 m
a

in
 ca

te
g

o
rie

s: 
m

a
rke

d
n

e
ss 

co
n

stra
in

ts
 a

n
d

fa
ith

fu
ln

e
ss co

n
stra

in
ts.
  M

a
rke

d
n

e
ss co

n
stra

in
ts a

re
 a

ll o
f th

o
se

 th
a

t e
va

lu
a

te
 th

e
 w

e
ll-

fo
rm

e
d

n
e

ss o
f e

le
m

e
n

ts o
f th

e
 p

h
o

n
o

lo
g

ica
l stru

ctu
re

 (e
.g

. co
n

stra
in

ts o
n

 p
ro

so
d

ic
structure, feature cooccurrence, the O

C
P

, nonfinality, alignm
ent, spreading, etc.).  F

eature
co

o
ccu

rre
n

ce
 

co
n

stra
in

ts, 
su

ch
 

a
s 

*N
A

S
L

IQ
U

ID
 

(i.e
. 

*[+
n

a
sa

l, 
+

a
p

p
ro

xim
a

n
t,

+
co

n
so

n
a

n
ta

l]), a
re

 a
 kin

d
 o

f m
a

rke
d

n
e

ss co
n

stra
in

t th
a

t w
ill p

la
y a

n
 im

p
o

rta
n

t ro
le

 in
th

e
 a

n
a

lysis.  I a
ssu

m
e

 th
a

t fo
r e

ve
ry fe

a
tu

re
 co

m
b

in
a

tio
n

 th
e

re
 is a

 co
o

ccu
rre

n
ce

co
n

stra
in

t, a
lth

o
u

g
h

 th
is is n

o
t cru

cia
l to

 th
e

 a
n

a
lysis.  S

o
m

e
 se

g
m

e
n

ts w
ill o

b
vio

u
sly b

e
m

o
re

 h
a

rm
o

n
ic o

n
 p

h
o

n
e

tic g
ro

u
n

d
s th

a
n

 o
th

e
rs, fo

r e
xa

m
p

le
, n

a
sa

l so
n

o
ra

n
t sto

p
s, su

ch
a

s [n
] a

re
 p

re
fe

rre
d

 to
 n

a
sa

lize
d

 frica
tive

s.  T
h

is p
h

o
n

e
tic g

ro
u

n
d

in
g

 u
n

d
e

rlie
s th

e
te

n
d

e
n

cy fo
r co

n
stra

in
ts a

g
a

in
st n

a
sa

l sto
p

s to
 b

e
 lo

w
-ra

n
ke

d
 a

cro
ss la

n
g

u
a

g
e

s,
e

xp
la

in
in

g
 th

e
ir o

ccu
rre

n
ce

 in
 a

lm
o

st a
ll e

ve
ry la

n
g

u
a

g
e

.
A

n
o

th
e

r im
p

o
rta

n
t kin

d
 o

f m
a

rke
d

n
e

ss co
n

stra
in

t is th
e

 fa
m

ily o
f a

lig
n

m
e

n
t

co
n

stra
in

ts, w
h

ich
 re

q
u

ire
 th

e
 n

e
a

re
st p

o
ssib

le
 co

in
cid

e
n

ce
 o

f e
d

g
e

s o
f p

h
o

n
o

lo
g

ica
l

a
n

d
/o

r g
ra

m
m

a
tica

l co
n

stitu
e

n
ts (M

cC
a

rth
y a

n
d

 P
rin

ce
 1

9
9

3
b

).  A
 g

e
n

e
ra

l sch
e

m
a

 fo
r

alignm
ent constraints is given in (8) (after M

cC
arthy and P

rince 1993b: 2).
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(8)
A

lignm
ent constraint schem

a

A
L

IG
N

(C
a

t1 , E
d

g
e1 , C

a
t2 , E

d
g

e2 ) =
d

e
f

∀
C

a
t1  ∃

C
a

t2  su
ch

 th
a

t E
d

g
e1  o

f C
a

t1  a
n

d
 E

d
g

e2  o
f C

a
t2  co

in
cid

e
.

W
h

e
reC

a
t1 , C

at2  ∈
 P

C
at ∪ 

G
C

a
t

E
dge1 , E

dge2  ∈
 {right, left}

C
o

n
stra

in
ts in

 th
e

 a
lig

n
m

e
n

t ca
te

g
o

ry h
a

ve
 b

e
e

n
 u

tilize
d

 in
 th

e
 o

p
tim

a
lity-th

e
o

re
tic

a
n

a
lysis o

f a
 w

id
e

 ra
n

g
e

 o
f p

h
e

n
o

m
e

n
a

, e
sp

e
cia

lly in
 th

e
 a

re
a

 o
f p

ro
so

d
ic m

o
rp

h
o

lo
g

y,
a

n
 a

p
p

lica
tio

n
 th

a
t w

ill b
e

 illu
stra

te
d

 b
y th

e
ir p

ivo
ta

l fu
n

ctio
n

 in
 th

e
 a

n
a

lysis o
f M

b
e

d
iscu

sse
d

 in
 ch

a
p

te
r 6

.  In
 a

d
d

itio
n

, b
u

ild
in

g
 o

n
 a

 p
ro

p
o

sa
l o

f K
irch

n
e

r (1
9

9
3

) a
lig

n
m

e
n

t
co

n
stra

in
ts 

h
a

ve
 

b
e

e
n

 
u

se
d

 
b

y 
m

a
n

y 
a

n
a

lysts 
to

 
d

rive
 

fe
a

tu
re

 
sp

re
a

d
in

g
 

(e
.g

.
P

u
lle

yb
la

n
k 1

9
9

3
, 1

9
9

6
; S

m
o

le
n

sky 1
9

9
3

; A
kin

la
b

i 1
9

9
6

, to
 a

p
p

e
a

r; Itô
 a

n
d

 M
e

ste
r

1
9

9
4

; C
o

le
 a

n
d

 K
isse

b
e

rth
 1

9
9

4
, 1

9
9

5
; W

a
lke

r 1
9

9
5

; B
e

ckm
a

n
 1

9
9

8
; cf. a

lso
 R

in
g

e
n

a
n

d
 V

a
g

o
 1

9
9

7
).  F

o
llo

w
in

g
 th

e
 w

o
rk o

f P
a

d
g

e
tt (1

9
9

5
b

) o
n

 n
a

sa
l p

la
ce

 a
ssim

ila
tio

n
, th

e
n

a
sa

l fe
a

tu
re

 sp
re

a
d

in
g

 co
n

stra
in

t in
 th

is a
cco

u
n

t (d
iscu

sse
d

 in
 ch

a
p

te
r 2

) is n
o

t
form

ulated strictly in term
s of alignm

ent, in order to em
phasize the non-directional nature

o
f n

a
sa

l sp
re

a
d

in
g

 in
 la

n
g

u
a

g
e

s like
 T

u
yu

ca
; h

o
w

e
ve

r, th
is d

istin
ctio

n
 is n

o
t a

 cru
cia

l
o

n
e

 in
 th

e
 a

n
a

lysis.
T

h
e

 se
co

n
d

 m
a

in
 co

n
stra

in
t ca

te
g

o
ry is th

a
t o

f fa
ith

fu
ln

e
ss co

n
stra

in
ts.  F

o
llo

w
in

g
M

cC
a

rth
y 

a
n

d
 

P
rin

ce
 

(1
9

9
5

), 
I 

a
d

o
p

t 
th

e
 

C
o

rre
sp

o
n

d
e

n
ce

 
vie

w
 

o
f 

fa
ith

fu
ln

e
ss.

F
a

ith
fu

ln
e

ss co
n

stra
in

ts in
 co

rre
sp

o
n

d
e

n
ce

 th
e

o
ry d

e
m

a
n

d
 id

e
n

tity o
f stru

ctu
re

 a
n

d
co

n
te

n
t in

 th
e

 in
p

u
t a

n
d

 o
u

tp
u

t, o
r in

 th
e

 ca
se

 o
f re

d
u

p
lica

tio
n

, b
e

tw
e

e
n

 th
e

 b
a

se
 a

n
d

re
d

u
p

lica
n

t (re
d

u
p

lica
tio

n
 w

ill b
e

co
m

e
 re

le
va

n
t in

 th
e

 a
n

a
lysis o

f M
b

e
 in

 ch
a

p
te

r 6
).  A

n
illu

stra
tio

n
 o

f th
e

 syste
m

s o
f fa

ith
fu

ln
e

ss re
la

tio
n

s h
o

ld
in

g
 in

 a
 fo

rm
 w

ith
 a

 re
d

u
p

lica
tive

affix is given in (9).  T
his is the B

asic M
odel of M

cC
arthy and P

rince (1995)

(9)
T

he B
asic M

odel

In
p

u
t:

/A
fR

E
D  +

 S
tem

/
       ↑↓

 I-O
 F

a
ith

fu
ln

e
ss

O
u

tp
u

t:
      R

   ↔
    B

      B
-R

 Id
e

n
tity

In
p

u
t-o

u
tp

u
t fa

ith
fu

ln
e

ss (F
a

ith
-IO

) e
va

lu
a

te
s fa

ith
 b

e
tw

e
e

n
 in

p
u

t a
n

d
 o

u
tp

u
t, a

n
d

 b
a

se
-

R
E

D
 fa

ith
fu

ln
e

ss (F
a

ith
-B

R
) e

va
lu

a
te

s fa
ith

 b
e

tw
e

e
n

 a
 b

a
se

 a
n

d
 re

d
u

p
lica

n
t.  F

o
cu

sin
g

o
n

 
th

e
 

co
rre

sp
o

n
d

e
n

ce
 

o
f 

strin
g

s, 
M

cC
a

rth
y 

a
n

d
 

P
rin

ce
 

(1
9

9
5

: 
2

6
2

) 
d

e
fin

e

- 14 -

co
rre

sp
o

n
d

e
n

ce
 a

s in
 (1

0
) w

h
e

re
 S

1  re
fe

rs to
 a

n
 e

le
m

e
n

t su
ch

 a
s a

n
 in

p
u

t o
r b

a
se

 a
n

d
 S

2

re
fe

rs to
 th

e
 o

u
tp

u
t o

r re
d

u
p

lica
n

t.

(10)
C

o
rre

sp
o

n
d

e
n

ce
G

ive
n

 tw
o

 strin
g

s S1  a
n

d
 S2 , co

rre
sp

o
n

d
e

n
ce

 is a
 re

la
tio

n
 R

 fro
m

 th
e

 e
le

m
e

n
ts o

f
S

1  to
 th

o
se

 o
f S2 .  E

le
m

e
n

ts α∈
S

1  a
n

d
 β∈

S
2  a

re
 re

fe
rre

d
 to

 a
s co

rre
sp

o
n

d
e

n
ts o

f
o

n
e

 a
n

o
th

e
r w

h
e

n
 

α
R

β
.

G
e

n
 m

a
y fre

e
ly p

o
sit co

rre
sp

o
n

d
e

n
ce

 re
la

tio
n

s o
r th

e
 la

ck th
e

re
o

f, a
n

d
 th

e
se

 re
la

tio
n

s a
re

e
va

lu
a

te
d

 b
y co

n
stra

in
ts o

n
 co

rre
sp

o
n

d
e

n
t e

le
m

e
n

ts w
ith

 o
n

ly co
m

p
le

te
 id

e
n

tity a
n

d
co

rre
sp

o
n

d
e

n
ce

 b
e

tw
e

e
n

 in
p

u
t a

n
d

 o
u

tp
u

t fu
lly sa

tisfyin
g

 th
e

 a
rra

y o
f fa

ith
fu

ln
e

ss
co

n
stra

in
ts.  T

h
re

e
 kin

d
s o

f co
rre

sp
o

n
d

e
n

ce
 co

n
stra

in
ts o

n
 se

g
m

e
n

ts w
ill b

e
 o

u
tlin

e
d

h
e

re
 w

ith
 o

th
e

rs d
e

ta
ile

d
 in

 th
e

 te
xt o

f la
te

r ch
a

p
te

rs a
s th

e
y b

e
co

m
e

 re
le

va
n

t.
T

h
re

e
 fa

m
ilie

s o
f co

rre
sp

o
n

d
e

n
ce

 co
n

stra
in

ts o
n

 se
g

m
e

n
ts a

re
 g

ive
n

 in
 (1

1
),

fo
llo

w
in

g
 th

e
 fo

rm
u

la
tio

n
 o

f M
cC

a
rth

y a
n

d
 P

rin
ce

 (1
9

9
5

: 2
6

4
).  T

h
e

 M
A

X
 fa

m
ily o

f
co

n
stra

in
ts e

xp
re

sse
s th

e
 re

q
u

ire
m

e
n

t th
a

t se
g

m
e

n
ts n

o
t b

e
 d

e
le

te
d

 (1
1

a
).  M

A
X

-IO
d

e
m

a
n

d
s th

is o
f a

n
 o

u
tp

u
t in

 re
la

tio
n

 to
 a

n
 in

p
u

t, a
n

d
 M

A
X

-B
R

 d
e

m
a

n
d

s th
is fo

r a
re

d
u

p
lica

n
t in

 re
la

tio
n

 to
 a

 b
a

se
.  T

h
e

 D
E

P fa
m

ily o
f co

n
stra

in
ts a

cts a
g

a
in

st th
e

 in
se

rtio
n

o
f e

le
m

e
n

ts in
 a

n
 o

u
tp

u
t o

r re
d

u
p

lica
n

t w
h

ich
 a

re
 n

o
t in

 co
rre

sp
o

n
d

e
n

ce
 w

ith
 se

g
m

e
n

ts
in

 th
e

 in
p

u
t o

r b
a

se
 (1

1
b

).  I
D

E
N

T co
n

stra
in

ts re
fe

r to
 th

e
 fe

a
tu

ra
l co

n
te

n
t o

f se
g

m
e

n
ts,

re
q

u
irin

g
 th

a
t co

rre
sp

o
n

d
e

n
t se

g
m

e
n

ts b
e

 fe
a

tu
ra

lly id
e

n
tica

l to
 e

a
ch

 o
th

e
r (1

1
c).

Im
p

o
rta

n
tly, I D

E
N

T co
n

stra
in

ts d
e

m
a

n
d

 id
e

n
tity o

f fe
a

tu
ra

l p
ro

p
e

rtie
s o

f co
rre

sp
o

n
d

e
n

t
se

g
m

e
n

ts a
n

d
 d

o
 n

o
t e

va
lu

a
te

 co
rre

sp
o

n
d

e
n

ce
 b

e
tw

e
e

n
 fe

a
tu

re
s th

e
m

se
lve

s.
1  T

h
is

ch
a

ra
cte

riza
tio

n
 o

f fe
a

tu
ra

l fa
ith

 w
ill p

ro
ve

 to
 b

e
 cru

cia
l in

 th
e

 a
n

a
lysis o

f se
g

m
e

n
ta

l
tra

n
sp

a
re

n
cy a

s a
 (d

e
riva

tio
n

a
l) o

p
a

city e
ffe

ct.  F
o

llo
w

in
g

 P
a

te
r (in

 p
re

ss) a
n

d
 M

cC
a

rth
y

a
n

d
 P

rin
ce

 (1
9

9
5

), I a
ssu

m
e

 th
a

t I
D

E
N

T co
n

stra
in

ts ca
n

 b
e

 d
iffe

re
n

tia
te

d
 in

to
 [+

F
] a

n
d

[-F
] versions for the sam

e feature.

(11)
a.

M
A

X

E
ve

ry se
g

m
e

n
t o

f S1  h
a

s a
 co

rre
sp

o
n

d
e

n
t in

 S
2 . (N

o
 d

e
le

tio
n

 o
f se

g
m

e
n

ts.)

b
.

D
E

P

E
ve

ry se
g

m
e

n
t o

f S2  has a correspondent in S
1 . (N

o
 in

se
rtio

n
 o

f se
g

m
e

n
ts.)

 1  W
h

ile
 a

n
 ID

E
N

T co
n

ce
p

tio
n

 o
f fe

a
tu

ra
l fa

ith
 ca

n
 h

a
n

d
le

 m
a

n
y kin

d
s o

f fe
a

tu
ra

l p
h

e
n

o
m

e
n

a
 a

n
d

in
d

e
e

d
 is cru

cia
l fo

r so
m

e
, th

e
re

 a
re

 so
m

e
 ca

se
s w

h
e

re
 a

 co
rre

sp
o

n
d

e
n

ce
 vie

w
 o

f fe
a

tu
re

s se
e

m
s to

 b
e

re
q

u
ire

d
.  F

o
r d

iscu
ssio

n
, se

e
 M

cC
a

rth
y a

n
d

 P
rin

ce
 (1

9
9

5
); L

o
m

b
a

rd
i (1

9
9

5
a

, 1
9

9
8

); C
a

u
sle

y
(1

9
9

6
); W

a
lke

r (1
9

9
7

b
); Y

ip
 (to

 a
p

p
e

a
r) (cf. a

lso
 L

a
m

o
n

ta
g

n
e

 a
n

d
 R

ice
 1

9
9

5
).
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c.
ID

E
N

T[F
]

L
e

t α
 b

e
 a

 se
g

m
e

n
t in

 S1  a
n

d
 β

 b
e

 a
n

y co
rre

sp
o

n
d

e
n

t o
f 

α
 in

 S
2 .  If α is

[γF
], then β is [γF

].  (C
orrespondent segm

ents are identical in feature F
.)

T
h

e
 a

b
o

ve
 o

u
tlin

e
s th

e
 b

a
sics o

f C
o

rre
sp

o
n

d
e

n
ce

 th
e

o
ry.  In

 ch
a

p
te

r 3
, a

n
o

th
e

r
co

rre
sp

o
n

d
e

n
ce

 re
la

tio
n

 w
ill b

e
 a

d
d

e
d

, o
n

e
 h

o
ld

in
g

 b
e

tw
e

e
n

 a
 ‘sym

p
a

th
y’ ca

n
d

id
a

te
a

n
d

 th
e

 a
ctu

a
l o

u
tp

u
t (a

fte
r M

cC
a

rth
y 1

9
9

7
).  T

h
is w

ill b
e

 d
iscu

sse
d

 in
 th

e
 te

xt w
h

e
n

 it
b

e
co

m
e

s re
le

va
n

t.

1.3.3
Inputs and em

ergent contrast
O

n
 th

e
 su

b
je

ct o
f in

p
u

ts, I a
ssu

m
e

 th
e

 p
rin

cip
le

 o
f ‘R

ich
n

e
ss o

f th
e

 B
a

se
’ (P

rin
ce

 a
n

d
S

m
o

le
n

sky 1
9

9
3

: 1
9

1
), w

h
ich

 h
yp

o
th

e
size

s th
a

t a
ll in

p
u

ts a
re

 p
o

ssib
le

.  T
h

e
 co

n
stra

in
ts

in
 C

o
n

 e
va

lu
a

te
 o

u
tp

u
ts o

n
ly (in

clu
d

in
g

 th
e

ir fa
ith

fu
ln

e
ss to

 th
e

 in
p

u
t), a

n
d

 th
e

y d
o

 n
o

t
h

o
ld

 o
f in

p
u

ts.  T
h

is g
ive

s u
s a

 u
n

ive
rsa

l se
t o

f in
p

u
ts fo

r a
ll la

n
g

u
a

g
e

s.  T
h

e
 ro

le
 o

f th
e

co
n

stra
in

t h
ie

ra
rch

y co
m

p
o

n
e

n
t o

f th
e

 g
ra

m
m

a
r is th

e
n

 to
 se

le
ct o

n
ly th

o
se

 o
u

tp
u

ts
w

h
ich

 co
n

fo
rm

 to
 th

e
 p

h
o

n
o

lo
g

ica
l g

e
n

e
ra

liza
tio

n
s o

f th
e

 la
n

g
u

a
g

e
.  A

s a
 co

n
se

q
u

e
n

ce
,

it is n
e

ce
ssa

ry fo
r th

e
 a

n
a

lyst to
 e

n
su

re
 th

a
t th

e
 co

n
stra

in
t ra

n
kin

g
s p

ro
p

o
se

d
 fo

r a
 g

ive
n

la
n

g
u

a
g

e
 w

ill p
ro

d
u

ce
 a

 g
ra

m
m

a
tica

l o
u

tco
m

e
 fo

r a
n

y p
o

ssib
le

 in
p

u
t, e

ve
n

 if th
a

t in
p

u
t

co
n

ta
in

s stru
ctu

re
s th

a
t n

e
ve

r su
rfa

ce
 in

 th
e

 la
n

g
u

a
g

e
.

In
 

O
T

, 
a

 
d

istin
ctio

n
 

m
a

y 
b

e
 

d
ra

w
n

 
b

e
tw

e
e

n
 

in
p

u
ts 

a
n

d
 

u
n

d
e

rlyin
g

re
p

re
se

n
ta

tio
n

s.  In
p

u
t fo

rm
s b

e
lo

n
g

 to
 th

e
 u

n
ive

rsa
l se

t fo
r a

ll la
n

g
u

a
g

e
s, a

n
d

 th
is is th

e
se

t fo
r w

h
ich

 it is th
e

 ta
sk o

f th
e

 co
n

stra
in

t h
ie

ra
rch

y o
f th

e
 la

n
g

u
a

g
e

 to
 p

ro
d

u
ce

 o
n

ly
g

ra
m

m
a

tica
l o

u
tco

m
e

s.  B
e

ca
u

se
 m

o
re

 p
o

ssib
le

 in
p

u
ts e

xist th
a

n
 a

ctu
a

l o
u

tp
u

ts, th
e

re
w

ill b
e

 a
 m

a
n

y-to
-o

n
e

 m
a

p
p

in
g

 fro
m

 in
p

u
ts to

 o
u

tp
u

ts.  O
n

 th
e

 o
th

e
r h

a
n

d
, fo

r a
 g

ive
n

o
u

tp
u

t o
f a

n
 a

ctu
a

l fo
rm

 in
 th

e
 la

n
g

u
a

g
e

, it h
a

s b
e

e
n

 p
ro

p
o

se
d

 th
a

t th
e

 le
a

rn
e

r p
o

sits a
sin

g
le

 u
n

d
e

rlyin
g

 re
p

re
se

n
ta

tio
n

; th
is is n

o
t ju

st a
 p

o
ssib

le
 in

p
u

t b
u

t o
n

e
 w

h
ich

co
rre

sp
o

n
d

s to
 th

e
 a

ctu
a

l in
p

u
t p

o
site

d
 fo

r th
a

t le
xica

l ite
m

 (P
rin

ce
 a

n
d

 S
m

o
le

n
sky

1
9

9
3

).  In
 O

T
, se

le
ctio

n
 o

f th
e

 u
n

d
e

rlyin
g

 re
p

re
se

n
ta

tio
n

 fro
m

 th
e

 se
t o

f p
o

ssib
le

 in
p

u
ts

fo
r a

n
 o

u
tp

u
t fo

rm
 fo

llo
w

s th
e

 p
rin

cip
le

 o
f L

e
xico

n
 O

p
tim

iza
tio

n
 (P

rin
ce

 a
n

d
 S

m
o

le
n

sky
1

9
9

3
: 1

9
2

; Itô
, M

e
ste

r a
n

d
 P

a
d

g
e

tt 1
9

9
5

: 5
9

3
; se

e
 a

lso
 In

ke
la

s 1
9

9
4

).  L
e

xico
n

O
p

tim
iza

tio
n

 se
le

cts a
s th

e
 re

a
l in

p
u

t (i.e
. th

e
 u

n
d

e
rlyin

g
 re

p
re

se
n

ta
tio

n
), th

e
 o

n
e

 o
f a

ll
th

e
 p

o
te

n
tia

l in
p

u
ts th

a
t is m

o
st h

a
rm

o
n

ic w
ith

 re
sp

e
ct to

 th
e

 co
n

stra
in

t h
ie

ra
rch

y fo
r th

e
la

n
g

u
a

g
e

.  T
h

u
s, o

f a
ll th

e
 p

o
ssib

le
 in

p
u

ts th
a

t m
a

p
 to

 a
 p

a
rticu

la
r o

u
tp

u
t, th

e
 o

n
e

 th
a

t
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w
ill b

e
 se

le
cte

d
 a

s th
e

 o
p

tim
a

l in
p

u
t o

r u
n

d
e

rlyin
g

 fo
rm

 is th
e

 o
n

e
 th

a
t m

o
st clo

se
ly

resem
bles the output form

.
W

ith
 th

e
 p

rin
cip

le
 o

f R
ich

n
e

ss o
f th

e
 B

a
se

 a
n

d
 co

n
stra

in
ts h

o
ld

in
g

 o
f o

u
tp

u
ts n

o
t

in
p

u
ts, se

g
m

e
n

ta
l in

ve
n

to
rie

s a
n

d
 co

n
tra

sts a
re

 n
o

t p
ro

p
e

rtie
s a

ssu
m

e
d

 to
 h

o
ld

 o
f in

p
u

ts,
ra

th
e

r th
e

y m
u

st b
e

 d
e

rive
d

 b
y th

e
 in

te
ra

ctio
n

 o
f co

n
stra

in
ts in

 th
e

 h
ie

ra
rch

y.  I fo
llo

w
P

rin
ce

 a
n

d
 S

m
o

le
n

sky (1
9

9
3

) in
 a

ssu
m

in
g

 th
a

t in
ve

n
to

rie
s a

n
d

 co
n

tra
st a

re
 e

m
e

rg
e

n
t

p
ro

p
e

rtie
s o

f th
e

 ra
n

kin
g

 o
f fa

ith
 a

n
d

 m
a

rke
d

n
e

ss co
n

stra
in

ts.
2  I illu

stra
te

 w
ith

 a
n

e
xa

m
p

le
 o

f a
 la

n
g

u
a

g
e

 e
xh

ib
itin

g
 a

 d
istrib

u
tio

n
 in

 w
h

ich
 vo

w
e

ls a
re

 p
h

o
n

e
m

ica
lly o

n
ly

oral, but are contextually nasalized follow
ing a nasal stop.  T

his follow
s the details of the

a
n

a
lysis o

f M
a

d
u

re
se

 p
ro

p
o

se
d

 b
y M

cC
a

rth
y a

n
d

 P
rin

ce
 (1

9
9

5
).

In
 th

e
 g

e
n

e
ra

l ca
se

, n
a

sa
l vo

w
e

ls a
re

 p
ro

h
ib

ite
d

 in
 th

e
 la

n
g

u
a

g
e

.  T
h

is m
a

y b
e

o
b

ta
in

e
d

 in
 th

e
 o

u
tp

u
ts o

f th
e

 la
n

g
u

a
g

e
 b

y ra
n

kin
g

 a
 co

n
stra

in
t a

g
a

in
st n

a
sa

l vo
w

e
ls

(*N
A

S
V

O
W

E
L) over a constraint requiring identity for [nasal] (I

D
E

N
T-IO

[±nasal]).  T
hus,

if a
n

 in
p

u
t w

e
re

 to
 co

n
ta

in
 a

 n
a

sa
l vo

w
e

l (a
 p

o
ssib

ility g
ive

n
 b

y R
ich

n
e

ss o
f th

e
 B

a
se

), it
w

ould m
ap to an output containing an oral vow

el.  T
his is illustrated in (12).

(12)
*N

A
SV

O
W

E
L >

>
 ID

E
N

T-IO
[±nasal]

  /d
a
)/

*N
A

SV
O

W
E

L
ID

E
N

T-IO
[±nasal]

☞
a. d

a
*

b
. d

a
)

*!

N
o

te
 th

a
t a

n
o

th
e

r in
p

u
t /d

a
/ w

o
u

ld
 a

lso
 m

a
p

 to
 th

e
 sa

m
e

 o
u

tp
u

t.  B
y L

e
xico

n
O

p
tim

iza
tio

n
, /d

a
/ w

o
u

ld
 b

e
 se

le
cte

d
 a

s th
e

 u
n

d
e

rlyin
g

 re
p

re
se

n
ta

tio
n

, b
e

ca
u

se
 it is m

o
re

h
a

rm
o

n
ic w

ith
 re

sp
e

ct to
 th

e
 co

n
stra

in
t h

ie
ra

rch
y.  T

h
is is sh

o
w

n
 b

y th
e

 ‘ta
b

le
a

u
 d

e
s

ta
b

le
a

u
x’ (a

fte
r Itô

, M
e

ste
r, a

n
d

 P
a

d
g

e
tt 1

9
9

5
) in

 (1
3

) w
h

ich
 co

m
p

a
re

s th
e

 h
a

rm
o

n
icity

o
f th

e
 tw

o
 p

o
ssib

le
 in

p
u

ts fo
r th

e
 sa

m
e

 o
u

tp
u

t.  N
a

sa
lize

d
 vo

w
e

ls w
ill th

u
s n

o
t o

ccu
r in

th
e

 g
e

n
e

ra
l ca

se
 in

 th
e

 u
n

d
e

rlyin
g

 re
p

re
se

n
ta

tio
n

s o
f th

e
 la

n
g

u
a

g
e

.

2  N
o

te
 th

a
t th

is a
ssu

m
p

tio
n

 co
n

ce
rn

in
g

 co
n

tra
st is n

o
t n

e
ce

ssa
rily a

 cru
cia

l o
n

e
 to

 th
e

 a
n

a
lysis.

F
le

m
m

in
g

 (1
9

9
5

a
) d

e
ve

lo
p

s a
n

 o
p

tim
a

lity-th
e

o
re

tic a
p

p
ro

a
ch

 ca
lle

d
 D

isp
e

rsio
n

 T
h

e
o

ry (e
xte

n
d

in
g

id
e

a
s o

f L
in

d
b

lo
m

 1
9

8
6

, 1
9

9
0

; se
e

 S
te

ria
d

e
 1

9
9

5
b

 fo
r re

la
te

d
 id

e
a

s; a
lso

 P
a

d
g

e
tt 1

9
9

7
).  T

h
e

D
isp

e
rsio

n
 

T
h

e
o

ry 
a

p
p

ro
a

ch
 

o
ffe

rs 
so

m
e

 
va

lu
a

b
le

 
e

xp
la

n
a

tio
n

 
a

n
d

 
m

a
y 

w
e

ll 
b

e
 

a
 

p
re

fe
ra

b
le

a
lte

rn
a

tive
, b

u
t th

is is a
 m

a
tte

r b
e

yo
n

d
 th

e
 sco

p
e

 o
f th

e
 p

re
se

n
t stu

d
y.
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(13)
L

e
xico

n
 O

p
tim

iza
tio

n
: se

le
ctin

g
 th

e
 u

n
d

e
rlyin

g
 re

p
re

se
n

ta
tio

n

   In
p

u
t

  O
utput

*N
A

SV
O

W
E

L
ID

E
N

T-IO
[±nasal]

☞
a. d

a
☞

 d
a

b
. d

a
)

☞
 d

a
*!

In
 th

e
 e

n
viro

n
m

e
n

t o
f a

 n
a

sa
l co

n
so

n
a

n
t, n

a
sa

l vo
w

e
ls d

o
 o

ccu
r; in

 fa
ct th

e
y m

u
st

b
e

 n
a

sa
lize

d
 in

 th
is co

n
te

xt.  T
h

is m
a

y b
e

 d
rive

n
 b

y a
 g

e
n

e
ra

l n
a

sa
l sp

re
a

d
in

g
 co

n
stra

in
t,

w
h

ich
 I w

ill e
xp

re
ss a

s S PR
E

A
D[+

n
a

sa
l], re

q
u

irin
g

 th
a

t th
e

 fe
a

tu
re

 [+
n

a
sa

l] sp
re

a
d

 to
 a

ll
se

g
m

e
n

ts w
h

e
n

 it o
ccu

rs in
 th

e
 o

u
tp

u
t o

f a
 w

o
rd

.  T
o

 e
n

fo
rce

 th
e

 o
ccu

rre
n

ce
 o

f a
 n

a
sa

l
vo

w
e

l in
 th

e
 o

u
tp

u
t, S P

R
E

A
D[+

n
a

sa
l] m

u
st o

u
tra

n
k *NA

S
V

O
W

E
L.  T

h
e

 o
u

tco
m

e
 fo

r a
nasal +

 oral vow
el input is show

n in (14); the vow
el is nasalized in the output.  T

his is an
e

xa
m

p
le

 w
h

e
re

 fa
ith

 a
n

d
 m

a
rke

d
n

e
ss in

te
ra

ct to
 p

ro
d

u
ce

 a
llo

p
h

o
n

y.

(14)
S P

R
E

A
D[+

nasal] >
>

 *NA
SV

O
W

E
L

  /n
a/

S
P

R
E

A
D[+

nasal]
*N

A
SV

O
W

E
L

ID
E

N
T-IO

[±nasal]

☞
a

. n
a
)

*
*

b
. n

a
*!

A
n

o
th

e
r in

p
u

t th
a

t w
ill m

a
p

 to
 th

e
 sa

m
e

 o
u

tp
u

t a
s in

 (1
4

) is th
e

 o
n

e
 w

ith
n

a
sa

liza
tio

n
 o

f th
e

 vo
w

e
l /
n
a
)/.  S

in
ce

 th
is fo

rm
 is clo

se
r to

 th
e

 a
ctu

a
l o

u
tp

u
t th

a
n

 /
n
a/,

L
e

xico
n

 O
p

tim
iza

tio
n

 w
ill se

le
ct th

e
 fo

rm
 w

ith
 th

e
 n

a
sa

lize
d

 vo
w

e
l a

s u
n

d
e

rlyin
g

 in
 th

is
case:

(15)
Lexicon O

ptim
ization

   In
p

u
t

  O
utput

SP
R

E
A

D[+
n

a
s]

*N
A

SV
O

W
E

L
ID

E
N

T-IO
[±nasal]

☞
a

. n
a
)

☞
 n

a
)

*
b

. n
a

☞
 n

a
)

*
*!

N
a

sa
lize

d
 vo

w
e

ls a
re

 th
u

s n
o

t e
xclu

d
e

d
 fro

m
 u

n
d

e
rlyin

g
 re

p
re

se
n

ta
tio

n
s, in

 fa
ct th

e
y a

re
p

o
site

d
 in

 u
n

d
e

rlyin
g

 re
p

re
se

n
ta

tio
n

s in
 th

is la
n

g
u

a
g

e
 p

re
cise

ly w
h

e
re

 th
e

y o
ccu

r w
ith

a
n

 
a

llo
p

h
o

n
ic 

d
istrib

u
tio

n
 

in
 

th
e

 
o

u
tp

u
t; 

o
ra

l 
vo

w
e

ls 
w

ill 
o

ccu
r 

in
 

u
n

d
e

rlyin
g

re
p

re
se

n
ta

tio
n

s in
 th

e
 ‘e

lse
w

h
e

re
’ e

n
viro

n
m

e
n

t.  A
s a

 co
n

se
q

u
e

n
ce

, th
e

 d
istin

ctio
n

b
e

tw
e

e
n

 p
h

o
n

e
m

ic ve
rsu

s a
llo

p
h

o
n

ic d
istrib

u
tio

n
s d

o
e

s n
o

t co
rre

sp
o

n
d

 to
 a

 d
istin

ctio
n

in
 th

e
 p

o
ssib

ility o
f o

ccu
rrin

g
 in

 in
p

u
ts o

r e
ve

n
 in

 th
e

 se
t o

f u
n

d
e

rlyin
g

 re
p

re
se

n
ta

tio
n

s,
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ra
th

e
r it is a

 d
istrib

u
tio

n
a

l g
e

n
e

ra
liza

tio
n

 h
o

ld
in

g
 o

f o
u

tp
u

ts th
a

t is o
b

ta
in

e
d

 b
y th

e
ra

n
kin

g
 o

f fa
ith

 a
n

d
 m

a
rke

d
n

e
ss co

n
stra

in
ts.

1.4
O

rganization of the thesis
T

h
e

 o
rg

a
n

iza
tio

n
 o

f th
e

 th
e

sis is a
s fo

llo
w

s.  C
h

a
p

te
r 2

 d
e

ve
lo

p
s a

 d
e

scrip
tio

n
 a

n
d

a
n

a
lysis o

f a
 cro

ss-lin
g

u
istic typ

o
lo

g
y o

f n
a

sa
l h

a
rm

o
n

y.  In
 th

is ch
a

p
te

r I e
xe

m
p

lify th
e

h
ie

ra
rch

ica
l va

ria
tio

n
 in

 n
a

sa
l h

a
rm

o
n

y a
n

d
 p

re
se

n
t th

e
 cro

ss-lin
g

u
istic g

e
n

e
ra

liza
tio

n
s

e
sta

b
lish

e
d

 b
y a

 co
m

p
re

h
e

n
sive

 su
rve

y o
f n

a
sa

l h
a

rm
o

n
y p

a
tte

rn
s.  I th

e
n

 g
o

 o
n

 to
co

n
stru

ct a
n

 o
p

tim
a

lity-th
e

o
re

tic a
n

a
lysis o

f th
e

 cro
ss-lin

g
u

istic va
ria

tio
n

 in
 th

e
 se

ts o
f

ta
rg

e
ts a

n
d

 b
lo

cke
rs, m

a
kin

g
 u

se
 o

f a
 h

ie
ra

rch
y o

f n
a

sa
liza

tio
n

 co
n

stra
in

ts a
n

d
e

xh
a

u
stin

g
 th

e
 p

o
ssib

le
 ra

n
kin

g
s o

f a
 n

a
sa

l sp
re

a
d

in
g

 co
n

stra
in

t in
 re

la
tio

n
 to

 th
is

h
ie

ra
rch

y.  T
h

e
 n

a
sa

l h
a

rm
o

n
y d

a
ta

b
a

se
 a

n
d

 its fin
d

in
g

s a
re

 su
m

m
a

rize
d

 in
 a

n
 a

p
p

e
n

d
ix

to
 th

e
 ch

a
p

te
r.

C
h

a
p

te
r 3

 tu
rn

s to
 th

e
 m

a
tte

r o
f a

n
a

lysis o
f tra

n
sp

a
re

n
t se

g
m

e
n

ts.  H
e

re
 I p

ro
p

o
se

th
a

t su
rfa

ce
 tra

n
sp

a
re

n
t o

u
tco

m
e

s b
e

 a
n

a
lyze

d
 a

s a
 (d

e
riva

tio
n

a
l) o

p
a

city e
ffe

ct.  I
d

e
ve

lo
p

 a
n

 a
n

a
lysis ca

llin
g

 o
n

 th
e

 ‘S
ym

p
a

th
y’ th

e
o

ry a
p

p
ro

a
ch

 to
 o

p
a

city e
ffe

cts in
 O

T
(M

cC
a

rth
y 1

9
9

7
 w

ith
 e

xte
n

sio
n

s b
y Itô

 a
n

d
 M

e
ste

r 1
9

9
7

a
, b

).  W
h

ile
 a

d
o

p
tin

g
 m

a
n

y o
f

th
e

 co
re

 id
e

a
s o

f sta
n

d
a

rd
 S

ym
p

a
th

y th
e

o
ry, I p

ro
p

o
se

 a
 re

vise
d

 m
o

d
e

l fo
r d

e
sig

n
a

tin
g

th
e

 sym
p

a
th

y ca
n

d
id

a
te

; th
is re

vise
d

 m
o

d
e

l is ca
lle

d
 

h
a

rm
o

n
ic sym

p
a

th
y.  T

u
yu

ca
, a

T
u

ca
n

o
a

n
 la

n
g

u
a

g
e

 o
f C

o
lo

m
b

ia
, fo

rm
s a

 ca
se

 stu
d

y in
 th

is ch
a

p
te

r fo
r tra

n
sp

a
re

n
cy a

n
d

b
lo

ckin
g

 in
 n

a
sa

l h
a

rm
o

n
y.

C
h

a
p

te
r 4

 p
re

se
n

ts a
n

 a
co

u
stic stu

d
y o

f G
u

a
ra

n
í, a

 T
u

p
í la

n
g

u
a

g
e

 o
f P

a
ra

g
u

a
y.

T
h

is a
co

u
stic in

ve
stig

a
tio

n
 first e

sta
b

lish
e

s th
a

t so
-ca

lle
d

 ‘tra
n

sp
a

re
n

t’ vo
ice

le
ss sto

p
s in

th
e

 n
a

sa
l h

a
rm

o
n

y o
f th

e
 la

n
g

u
a

g
e

 a
re

 in
 fa

ct su
rfa

ce
-o

ra
l, ve

rifyin
g

 th
a

t th
e

re
 is tru

ly a
n

e
e

d
 to

 o
b

ta
in

 tra
n

sp
a

re
n

cy in
 th

e
 o

u
tp

u
t.  T

h
e

 ch
a

p
te

r g
o

e
s o

n
 to

 re
p

o
rt o

n
 a

co
m

p
a

riso
n

 o
f o

th
e

r a
co

u
stic fe

a
tu

re
s o

f vo
ice

le
ss sto

p
s in

 o
ra

l ve
rsu

s n
a

sa
l vo

ca
lic

e
n

viro
n

m
e

n
ts.  It is d

isco
ve

re
d

 th
a

t w
h

ile
 vo

ice
le

ss sto
p

s re
m

a
in

 o
ra

l b
e

tw
e

e
n

 n
a

sa
l

vo
w

e
ls, th

e
re

 a
re

 co
n

te
xt-d

e
p

e
n

d
e

n
t d

iffe
re

n
ce

s in
 vo

ice
 o

n
se

t tim
e

 a
n

d
 clo

su
re

d
u

ra
tio

n
.  T

h
e

se
 re

su
lts sig

n
a

l th
e

 n
e

e
d

 fo
r a

 d
istin

ctio
n

 b
e

tw
e

e
n

 p
h

o
n

o
lo

g
ica

l
re

p
re

se
n

ta
tio

n
s a

n
d

 p
h

o
n

e
tic o

u
tco

m
e

s, a
n

d
 th

e
y a

lso
 h

a
ve

 im
p

lica
tio

n
s fo

r th
e

 p
h

o
n

e
tic

co
rre

sp
o

n
d

e
n

ts o
f p

h
o

n
o

lo
g

ica
l fe

a
tu

re
s.

In
 ch

a
p

te
r 5

 I co
n

sid
e

r o
th

e
r p

ro
p

o
sa

ls fo
r th

e
 a

n
a

lysis o
f tra

n
sp

a
re

n
t se

g
m

e
n

ts
a

n
d

 th
e

 typ
o

lo
g

y o
f n

a
sa

l h
a

rm
o

n
y.  F

in
a

lly, in
 ch

a
p

te
r 6

 I e
xa

m
in

e
 o

th
e

r p
h

e
n

o
m

e
n

a
th

a
t m

a
y b

e
 m

ista
ke

n
 fo

r n
a

sa
l h

a
rm

o
n

y b
u

t I a
rg

u
e

 a
re

 n
o

t in
sta

n
ce

s o
f n

a
sa

l fe
a

tu
re

sp
re

a
d

in
g

.  A
 n

a
sa

l a
g

re
e

m
e

n
t p

h
e

n
o

m
e

n
o

n
 in

 M
b

e
 fo

rm
s a

 ca
se

 stu
d

y.  P
h

o
n

o
lo

g
ica

l
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a
n

d
 m

o
rp

h
o

lo
g

ica
l e

vid
e

n
ce

 fro
m

 th
e

 la
n

g
u

a
g

e
 is a

sse
m

b
le

d
 to

 su
p

p
o

rt a
n

 a
n

a
lysis o

f
th

e
 n

a
sa

l a
g

re
e

m
e

n
t a

s a
 ca

se
 o

f n
a

sa
l co

p
y, i.e

. re
d

u
p

lica
tio

n
.  T

h
e

 lim
ita

tio
n

 o
f co

p
y to

a
 n

a
sa

l se
g

m
e

n
t is sh

o
w

n
 to

 fa
ll o

u
t fro

m
 in

d
e

p
e

n
d

e
n

tly-m
o

tiva
te

d
 ra

n
kin

g
s in

 th
e

la
n

g
u

a
g

e
 

a
n

d
 

co
n

stra
in

t 
ra

n
kin

g
s 

p
re

d
icte

d
 

b
y 

fa
cto

ria
l 

typ
o

lo
g

y. 
 

T
h

e
 

ch
a

p
te

r
co

n
clu

d
e

s w
ith

 a
 b

rie
f e

xa
m

in
a

tio
n

 o
f lo

n
g

-d
ista

n
ce

 n
a

sa
l a

g
re

e
m

e
n

t e
ffe

cts in
 so

m
e

B
a

n
tu

 la
n

g
u

a
g

e
s, a

n
d

 it is su
g

g
e

ste
d

 th
a

t th
e

se
 a

re
 in

sta
n

ce
s o

f co
o

ccu
rre

n
ce

 e
ffe

cts.  A
d

ire
ctio

n
 fo

r fu
rth

e
r p

u
rsu

it o
f th

is a
p

p
ro

a
ch

 is o
u

tlin
e

d
.
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