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Chapter 3

SEGMENTAL TRANSPARENCY AS AN OPACITY EFFECT

This chapter examines the analysis of transparent segments in nasal harmony, that is,
segments which are produced with a raised velum within a nasal span.  This realization
of a truly oral segment within a nasal spreading domain is problematic because it
presents a case which appears to deny the claim that feature spreading is segmentally
strictly local.  Chapter two maintained that a spreading nasal feature propagates only
between immediately adjacent segments; skipping a segment is not a possible outcome
in spreading.  This result follows from the well-motivated assumption that the gapped
configuration is universally ill-formed: a representational consequence of interpreting a
multiply-linked feature as a continuous property or gesture.  In the previous chapter,
evidence was adduced from the typology of nasal harmony in support of the claim that
descriptively transparent segments should be analytically grouped with undergoers of
nasal spreading.  Some antecedent derivational or sequential multi-level accounts of
truly transparent segments have maintained the strict locality of spreading by positing a
level of representation at which the transparent segment undergoes spreading (e.g.
Clements 1976; Vago 1976; Walker 1996; Ní Chiosáin and Padgett 1997).  A subsequent
rule or constraint then applies to this representation to change the feature specification
on the transparent segment to realize its surface transparency.  More generally, this kind
of approach analyzes true transparency as an instance of a ‘derivational opacity effect’
(Kiparsky 1971, 1973), in the sense of an outcome that is derived through an opaque
interaction of rules or constraints.  For transparent segments in nasal harmony, I follow
this core idea by analyzing transparency as the outcome of an opaque interaction of
optimality-theoretic constraints.

In Optimality Theory, it has recently been proposed that derivational opacity
effects can be achieved by calling on a correspondence relation that enforces faith
between co-candidates in the evaluation set: the output candidate and a designated
‘sympathy’ candidate (McCarthy 1997, with developments proposed by Itô and Mester
1997a, b).  The sympathy approach to opacity effects is capable of producing
transparent segments in spreading without producing gapped configurations, and it is
independently motivated by other derivational opacity effects known to occur in
language.  This chapter develops a version of Sympathy theory in which opacity effects
arise from the organization of the phonological constraint hierarchy into contiguous
subgroups.  Within this organizational structure, sympathetic faith is utilized to produce
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opaque constraint interactions, including transparency in nasal harmony.  This is the
harmonic sympathy model of opacity in grammar.

This chapter is organized as follows.  First, in section 3.1 I review the arguments
that some kinds of transparent segments truly are surface-transparent to a spreading
feature and I preview the sympathy-based analysis of transparency in Tuyuca.  Section
3.2 then establishes the harmonic sympathy model of the grammar, with exemplification
from a derivational opacity effect in Tiberian Hebrew.  In section 3.3 I develop the full
analysis of transparency in Tuyuca as well as the blocking effects in spreading to
suffixes.  Section 3.4 presents some points of comparison between the harmonic
sympathy model and the ‘constraint-based’ model of sympathy introduced by
McCarthy (1997) with modifications proposed by Itô and Mester (1997a, b).  It is
argued that harmonic sympathy brings a firmer understanding to what brings about
opaque constraint interactions and the evaluative mechanisms involved in selection of
the sympathy candidate.  Section 3.5 then applies the harmonic sympathy framework to
Finnish, analyzing the transparent behavior of certain vowels in vowel harmony as a
(derivational) opacity effect.  Section 3.6 discusses an evaluation metric for derivational
opacity in a grammar.  And finally, an appendix in section 3.7 presents a possible
account of German truncation under harmonic sympathy, reworking a recent analysis of
these facts in the constraint-based model proposed by Itô and Mester (1997a).  A
drawback for harmonic sympathy is discussed and a revision is proposed which better
incorporates the strengths of constraint-based model.

3.1 Antagonistic transparency
A few different proposals have been made to preserve the segmentally strict locality of
spreading in cases where there appears to be transparency, that is, where it appears that
feature spreading has skipped a segment.  These proposals fall into two main analytical
directions.  One line of research has argued that in certain kinds of so-called
‘transparency’, the relevant gesture is actually carried though a segment.  I call this kind
of transparency, false transparency.  Ní Chiosáin and Padgett (1997) take this approach
for ‘transparent’ consonants in vowel harmonies, arguing that consonants actually
undergo the feature spreading but may be perceived as transparent because the
consequences of the spreading property are small in terms of contrast potential for these
segments.  Gafos (1996) also claims that transparent segments in coronal consonant
harmonies are falsely transparent.  He too argues that all segments undergo the harmony,
but perceived transparency arises when the spreading gesture does not produce
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ra
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 b
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re
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, a

s e
xp

re
sse

d
 b

y Itô
 a

n
d

 M
e

ste
r (1

9
9

7
a

, b
), w

ith
 th

e
 ‘

❀
’

sym
b

o
l re

fe
rrin

g
 to

 th
e

 sym
p

a
th

e
tic ca

n
d

id
a

te
.  A

s M
cC

a
rth

y p
o

in
ts o

u
t, th

e
 va

lu
e

 o
f

F
aith-❀

O
 co

n
stra

in
ts is th

a
t th

e
y a

re
 ca

p
a

b
le

 o
f p

ro
d

u
cin

g
 o

p
a

city e
ffe

cts o
f th

e
 typ

e
p

re
vio

u
sly o

b
ta

in
e

d
 th

ro
u

g
h

 d
e

riva
tio

n
a

lly-o
p

a
q

u
e

 ru
le

 in
te

ra
ctio

n
s.  T

h
is a

rise
s u

n
d

e
r

circu
m

sta
n

ce
s w

h
e

re
 th

e
 sym

p
a

th
e

tic ca
n

d
id

a
te

 lo
se

s b
u

t is re
se

m
b

le
d

 in
 th

e
 o

u
tp

u
t b

y
the force of F

aith-❀
O

 (fo
r re

ce
n

t a
p

p
lica

tio
n

s o
f th

is a
p

p
ro

a
ch

 se
e

 Itô
 a

n
d

 M
e

ste
r 1

9
9

7
a

,
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b
; K

a
rvo

n
e

n
 a

n
d

 S
h

e
rm

a
n

 1
9

9
7

a
, b

; M
e

rch
a

n
t 1

9
9

7
; D

a
vis 1

9
9

7
; K

a
ta

ya
m

a
 1

9
9

8
;

S
a

n
d

e
rs 1

9
9

7
 p

ro
vid

e
s a

 m
o

re
 g

e
n

e
ra

l e
xa

m
in

a
tio

n
 o

f sym
p

a
th

e
tic co

rre
sp

o
n

d
e

n
ce

).
T

h
e

 e
m

e
rg

e
n

ce
 o

f tru
ly tra

n
sp

a
re

n
t se

g
m

e
n

ts in
 sp

re
a

d
in

g
 h

a
s b

e
e

n
 a

n
a

lyze
d

 in
d

e
riva

tio
n

a
l m

o
d

e
ls w

ith
 o

p
a

q
u

e
 ru

le
 in

te
ra

ctio
n

s.  A
n

 e
xa

m
p

le
 o

f th
is kin

d
 o

f a
n

a
lysis

fo
r n

a
sa

l h
a

rm
o

n
y in

 a
n

 S
P

E
-style

 fra
m

e
w

o
rk is su

m
m

a
rize

d
 in

 (1
) (u

sin
g

 a
 h

yp
o

th
e

tica
l

form
).

(1)
T

ra
n

sp
a

re
n

cy th
ro

u
g

h
 d

e
riva

tio
n

a
lly-o

p
a

q
u

e
 ru

le
 in

te
ra

ctio
n

:

a.
R

ules:
i.

N
asal S

preading (iterative):
X

 →
 [+

nasal] / [+
nasal] __ 

(X
 is any segm

ent)
ii.

O
b

stru
e

n
t sto

p
 d

e
n

a
sa

liza
tio

n
:

[-so
n

o
ra

n
t, -co

n
tin

u
a

n
t] → [-n

a
sa

l]
N

a
sa

l sp
re

a
d

in
g

 is o
rd

e
re

d
 b

e
fo

re
 o

b
stru

e
n

t sto
p

 d
e

n
a

sa
liza

tio
n

.

b
.

D
erivation:

U
n

d
e

rlyin
g

 re
p

re
se

n
ta

tio
n

/
a)rato/

N
a

sa
l sp

re
a

d
in

g
a
)r )a

)t )o
)

O
b

stru
e

n
t sto

p
 d

e
n

a
sa

liza
tio

n
a
)r )a

)to
)

S
u

rfa
ce

 re
p

re
se

n
ta

tio
n

[
a
)r )a

)to
)]

E
xa

m
p

le
s o

f th
is b

a
sic typ

e
 o

f a
p

p
ro

a
ch

 to
 tra

n
sp

a
re

n
cy in

 vo
w

e
l h

a
rm

o
n

y a
p

p
e

a
r in

C
le

m
e

n
ts (1

9
7

6
) a

n
d

 V
a

g
o

 (1
9

7
6

) (cf. L
ig

h
tn

e
r 1

9
6

5
).  A

n
a

lyse
s o

f th
is kin

d
 a

re
 a

lso
typ

ica
lly a

b
stra

ct in
 th

e
 se

n
se

 th
a

t a
t so

m
e

 le
ve

l o
f re

p
re

se
n

ta
tio

n
 it ca

lls o
n

 a
 se

g
m

e
n

ta
l

stru
ctu

re
 th

a
t n

e
ve

r a
ctu

a
lly su

rfa
ce

s in
 a

n
y o

u
tp

u
t fo

rm
 o

f th
e

 la
n

g
u

a
g

e
.  In

 th
e

 a
b

o
ve

e
xa

m
p

le
, th

e
 a

b
stra

ct se
g

m
e

n
t is a

 n
a

sa
lize

d
 a

lve
o

la
r o

b
stru

e
n

t sto
p

.  M
o

re
 g

e
n

e
ra

lly,
d

e
riva

tio
n

a
lly-o

p
a

q
u

e
 

ru
le

-b
a

se
d

 
a

cco
u

n
ts 

w
h

ich
 

a
ssu

m
e

 
so

m
e

 
a

b
stra

ctn
e

ss 
(i.e

.
se

g
m

e
n

ts th
a

t n
e

ve
r a

ctu
a

lly o
ccu

r in
 a

n
y o

u
tp

u
t o

f th
e

 la
n

g
u

a
g

e
) a

p
p

e
a

r in
 a

n
a

lyse
s b

y
K

isse
b

e
rth

 (1
9

6
9

), H
ym

a
n

 (1
9

7
0

), B
ra

m
e

 (1
9

7
2

), a
n

d
 V

a
g

o
 (1

9
7

3
), a

m
o

n
g

 o
th

e
rs (fo

r a
m

ore com
plete list see references in K

iparsky 1971, 1973; see also this source for general
d

iscu
ssio

n
 o

f th
e

 issu
e

 o
f a

b
stra

ctn
e

ss).  M
a

n
y o

f th
e

se
 ca

se
s p

o
sit a

n
 u

n
d

e
rlyin

g
se

g
m

e
n

t th
a

t u
n

d
e

rg
o

e
s 

a
b

so
lu

te
 

n
e

u
tra

liza
tio

n (te
rm

in
o

lo
g

y a
fte

r K
ip

a
rsky 1

9
7

1
,

1
9

7
3

), i.e
. its co

n
tra

st w
ith

 a
n

o
th

e
r u

n
d

e
rlyin

g
 fo

rm
 is n

e
u

tra
lize

d
 in

 a
ll e

n
viro

n
m

e
n

ts a
t

th
e

 su
rfa

ce
.  In

 th
e

 n
a

sa
l h

a
rm

o
n

y e
xa

m
p

le
 a

b
o

ve
, th

e
 a

b
stra

ct se
g

m
e

n
ta

l re
p

re
se

n
ta

tio
n

o
ccu

rs n
o

t u
n

d
e

rlyin
g

ly, b
u

t a
t a

n
 in

te
rm

e
d

ia
te

 le
ve

l o
f re

p
re

se
n

ta
tio

n
.
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T
h

e
 a

b
stra

ct tre
a

tm
e

n
t o

f tra
n

sp
a

re
n

cy ca
n

 b
e

 re
p

ro
d

u
ce

d
 in

 O
p

tim
a

lity T
h

e
o

ry
u

n
d

e
r th

e
 sym

p
a

th
y a

p
p

ro
a

ch
 to

 d
e

rivin
g

 o
p

a
city e

ffe
cts.  T

h
e

 d
ia

g
ra

m
 in

 (2
) illu

stra
te

s
th

e
 stru

ctu
re

 o
f th

e
 co

rre
sp

o
n

d
e

n
ce

 m
a

p
p

in
g

s in
 re

la
tio

n
 to

 th
e

 a
n

a
lysis in

 (1
).  T

h
e

u
n

d
e

rlyin
g

 re
p

re
se

n
ta

tio
n

 m
a

tch
e

s th
e

 in
p

u
t a

n
d

 e
a

ch
 o

f th
e

 re
p

re
se

n
ta

tio
n

s d
e

rive
d

 a
t

so
m

e
 sta

g
e

 o
f th

e
 d

e
riva

tio
n

 in
 (1

) a
re

 in
clu

d
e

d
 a

s m
e

m
b

e
rs o

f th
e

 ca
n

d
id

a
te

 se
t o

f
o

u
tp

u
ts.  F

a
ith

-IO
 co

n
stra

in
ts e

va
lu

a
te

 th
e

 fa
ith

fu
ln

e
ss o

f e
a

ch
 o

f th
e

 ca
n

d
id

a
te

 o
u

tp
u

ts
to

 th
e

 in
p

u
t.  T

h
e

 in
te

rm
e

d
ia

te
 re

p
re

se
n

tio
n

 w
ith

 fu
ll sp

re
a

d
in

g
 in

 (1
) is d

e
sig

n
a

te
d

 a
s th

e
sym

p
a

th
y ca

n
d

id
a

te
 w

ith
in

 th
e

 e
va

lu
a

tio
n

 se
t; F

a
ith

-
❀

O
 co

n
stra

in
ts w

ill e
n

fo
rce

 th
e

re
se

m
b

la
n

ce
 o

f th
e

 a
ctu

a
l o

u
tp

u
t to

 th
is ca

n
d

id
a

te
.  T

h
e

 a
ctu

a
l o

u
tp

u
t w

ill b
e

 th
e

 su
rfa

ce
representation from

 (1).

(2)
S

ym
p

a
th

e
tic co

rre
sp

o
n

d
e

n
ce

 a
n

d
 se

g
m

e
n

ta
l tra

n
sp

a
re

n
cy:

In
p

u
t:

   /a)rato/
F

A
IT

H
-IO

     ö
÷

           õ
ø

O
u

tp
u

t ca
n

d
id

a
te

s:
            [

a
)r )a

)t )o
)]       ó

        [a
)r )a

)to
)]

         S
ym

pathy   F
A

IT
H

-❀
O

  A
ctual

         candidate
          output

In
 o

rd
e

r fo
r th

e
 sym

p
a

th
y ca

n
d

id
a

te
 n

o
t to

 w
in

 itse
lf, it m

u
st lo

se
 o

n
 th

e
 b

a
sis o

f so
m

e
h

ig
h

-ra
n

ke
d

 co
n

stra
in

t.  T
h

is w
ill b

e
 th

e
 co

n
stra

in
t b

a
n

n
in

g
 n

a
sa

l o
b

stru
e

n
t sto

p
s, w

h
ich

p
la

ys th
e

 ro
le

 o
f th

e
 o

b
stru

e
n

t sto
p

 d
e

n
a

sa
liza

tio
n

 ru
le

.  T
h

e
 a

ctu
a

l o
u

tp
u

t is th
e

candidate m
ost closely resem

bling this candidate w
hile still respecting *N

A
S

O
B

SS
T

O
P.

It is im
p

o
rta

n
t to

 n
o

te
 th

a
t a

ll o
f th

e
 ca

n
d

id
a

te
 re

p
re

se
n

ta
tio

n
s b

e
in

g
 e

va
lu

a
te

d
still re

sp
e

ct lo
ca

lity, th
a

t is, a
 re

p
re

se
n

ta
tio

n
 w

ith
 g

a
p

p
in

g
 a

cro
ss a

 se
g

m
e

n
t is n

e
ve

r
g

e
n

e
ra

te
d

 o
r ca

lle
d

 o
n

 fo
r co

m
p

a
riso

n
.  T

h
e

 re
p

re
se

n
ta

tio
n

 o
f th

e
 a

ctu
a

l o
u

tp
u

t w
ith

 a
tra

n
sp

a
re

n
t o

b
stru

e
n

t is like
 th

a
t sh

o
w

n
 in

 (3
a

), w
ith

 a
 se

p
a

ra
te

 [+
n

a
sa

l] fe
a

tu
re

sp
e

cifica
tio

n
 o

n
 e

ith
e

r sid
e

 o
f th

e
 tra

n
sp

a
re

n
t se

g
m

e
n

t; it is n
o

t a
s in

 (3
b

) w
ith

 o
n

e
[+

n
a

sa
l] fe

a
tu

re
 sp

e
cifica

tio
n

 b
rid

g
in

g
 a

cro
ss th

e
 tra

n
sp

a
re

n
t se

g
m

e
n

t.  T
h

is kin
d

 o
f

re
p

re
se

n
ta

tio
n

 is u
n

ive
rsa

lly ill-fo
rm

e
d

 b
e

ca
u

se
 a

 sin
g

le
 fe

a
tu

re
 o

ccu
rre

n
ce

 fa
ils to

co
rre

sp
o

n
d

 to
 a

 co
n

tin
u

o
u

s g
e

stu
re

; o
n

 fo
rm

a
l g

ro
u

n
d

s, th
e

 re
p

re
se

n
ta

tio
n

 fa
ils to

 b
e

co
n

ve
x (after N

í C
hiosain and P

adgett 1997, recall discussion in 2.2.1).  T
his form

 thus is
n

e
ve

r a
 m

e
m

b
e

r o
f th

e
 ca

n
d

id
a

te
 se

t.
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(3)
a

.
T

h
e

 re
p

re
se

n
ta

tio
n

 o
f th

e
 a

ctu
a

l o
u

tp
u

t
a
)  r )  a

)  t  o
)

  \  |  /          |
          [+

nasal]   [+
nasal]

b
.

A
n

 ill-fo
rm

e
d

 re
p

re
se

n
ta

tio
n

: n
e

ve
r p

a
rt o

f th
e

 ca
n

d
id

a
te

 se
t

a
)  r )  a

)  t  o
)

  \   \   |      /
   [+

nasal]

A
s o

b
se

rve
d

 in
 ch

a
p

te
r 2

, a
n

 o
u

tco
m

e
 like

 th
a

t in
 (3

a
) ca

n
n

o
t b

e
 o

b
ta

in
e

d
 d

ire
ctly

fro
m

 sp
re

a
d

in
g

.  S
p

re
a

d
in

g
 re

q
u

ire
s th

a
t e

a
ch

 o
ccu

rre
n

ce
 o

f a
 fe

a
tu

re
 sp

e
cifica

tio
n

 b
e

lin
ke

d
 to

 a
ll se

g
m

e
n

ts in
 th

e
 m

o
rp

h
e

m
e

; it is n
o

t sa
tisfie

d
 b

y ca
n

d
id

a
te

s co
n

ta
in

in
g

se
p

a
ra

te
 p

ro
je

cte
d

 co
p

ie
s o

f th
a

t fe
a

tu
re

.  (3
a

) is in
ste

a
d

 se
le

cte
d

 o
n

 th
is b

a
sis o

f its
b

e
in

g
 th

e
 b

e
st p

o
ssib

le
 m

a
tch

 to
 th

e
 sym

p
a

th
e

tic ca
n

d
id

a
te

, w
ith

 fu
ll n

a
sa

l sp
re

a
d

in
g

,
re

p
re

se
n

te
d

 a
s in

 (4
).

(4)
T

h
e

 re
p

re
se

n
ta

tio
n

 o
f th

e
 sym

p
a

th
e

tic ca
n

d
id

a
te

a
)  r )  a

)  t )  o
))

   \   \  |  /   /
    [+

nasal]

C
ru

cia
lly, fe

a
tu

ra
l co

rre
sp

o
n

d
e

n
ce

 b
e

tw
e

e
n

 th
e

 sym
p

a
th

e
tic fu

lly n
a

sa
l ca

n
d

id
a

te
 a

n
d

th
e

 a
ctu

a
l o

u
tp

u
t is e

n
fo

rce
d

 b
y a

n
 I

D
E

N
T[F

e
a

tu
re

] co
n

stra
in

t, w
h

ich
 re

q
u

ire
s n

o
t th

a
t

fe
a

tu
re

s 
th

e
m

se
lve

s 
h

a
ve

 
co

rre
sp

o
n

d
e

n
ts 

b
u

t 
th

a
t 

th
e

 
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
re

 id
e

n
tica

l (M
cC

a
rth

y a
n

d
 P

rin
ce

 1
9

9
5

).  It is th
e

 I
D

E
N

T-❀
O

co
rre

sp
o

n
d

e
n

ce
 re

la
tio

n
 fo

r [+
n

a
sa

l] th
a

t p
ro

d
u

ce
s th

e
 o

ccu
rre

n
ce

 o
f se

p
a

ra
te

 [+
n

a
sa

l]
fe

a
tu

re
s o

n
 e

ith
e

r sid
e

 o
f th

e
 tra

n
sp

a
re

n
t se

g
m

e
n

t in
 th

e
 o

p
tim

a
l o

u
tp

u
t, th

a
t is, th

e
o

p
tim

a
lity o

f th
e

 re
p

re
se

n
ta

tio
n

 in
 (3

a
) is d

rive
n

 b
y its sim

ila
rity in

 fe
a

tu
ra

l p
ro

p
e

rtie
s to

th
e

 fu
lly sp

re
a

d
 ca

n
d

id
a

te
 in

 (4
), e

ve
n

 th
o

u
g

h
 (3

a
) itse

lf fa
irs q

u
ite

 p
o

o
rly w

ith
 re

sp
e

ct to
sp

re
a

d
in

g
 a

n
d

 in
vo

lve
s in

tro
d

u
cin

g
 a

n
 e

xtra
 o

ccu
rre

n
ce

 o
f [+

n
a

sa
l].  T

h
is re

su
lt p

ro
vid

e
s

su
p

p
o

rt fo
r a

 vie
w

 o
f fe

a
tu

ra
l fa

ith
 m

e
d

ia
te

d
 th

ro
u

g
h

 se
g

m
e

n
ta

l id
e

n
tity, g

ive
n

 b
y th

e
I D

E
N

T[F
] fo

rm
u

la
tio

n
; a

n
 a

lte
rn

a
tive

 vie
w

 o
f fe

a
tu

ra
l fa

ith
 in

 w
h

ich
 fe

a
tu

re
s th

e
m

se
lve

s
a

re
 in

 co
rre

sp
o

n
d

e
n

ce
 co

u
ld

 n
o

t re
a

lize
 th

is o
u

tco
m

e
.

2

2  O
n

 so
m

e
 o

f th
e

 p
ro

s a
n

d
 co

n
s o

f a
 co

rre
sp

o
n

d
e

n
ce

 vie
w

 o
f fe

a
tu

re
s 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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A
 p

re
vie

w
 o

f th
e

 co
n

stra
in

t ra
n

kin
g

 d
e

rivin
g

 se
g

m
e

n
ta

l tra
n

sp
a

re
n

cy th
ro

u
g

h
sym

pathy is given in the tableau in (5).  T
he candidate w

ith full nasal spreading, in (a), is
d

e
sig

n
a

te
d

 h
e

re
 a

s th
e

 sym
p

a
th

y ca
n

d
id

a
te

, sig
n

a
lle

d
 b

y th
e

 flo
w

e
r sym

b
o

l a
t its rig

h
t.

T
h

is ca
n

d
id

a
te

 lo
se

s in
 th

e
 co

n
te

n
tio

n
 fo

r th
e

 o
p

tim
a

l o
u

tp
u

t, b
e

ca
u

se
 it in

cu
rs a

 fa
ta

l
vio

la
tio

n
 o

f th
e

 u
n

d
o

m
in

a
te

d
 co

n
stra

in
t p

ro
h

ib
itin

g
 n

a
sa

lize
d

 o
b

stru
e

n
t sto

p
s.  T

h
e

 n
e

xt
h

ig
h

e
st co

n
stra

in
t is th

e
 sym

p
a

th
e

tic fa
ith

 co
n

stra
in

t re
q

u
irin

g
 id

e
n

tity b
e

tw
e

e
n

 th
e

sym
p

a
th

y ca
n

d
id

a
te

 (a
) a

n
d

 th
e

 a
ctu

a
l o

u
tp

u
t in

 th
e

 [+
n

a
sa

l] p
ro

p
e

rty o
f se

g
m

e
n

ts.
C

a
n

d
id

a
te

 (c), w
h

ich
 m

a
tch

e
s [+

n
a

sa
l] id

e
n

tity in
 a

ll b
u

t [t], is th
e

 b
e

st o
f th

e
 ca

n
d

id
a

te
s

re
sp

e
ctin

g
 *N A

S
O

B
SS

T
O

P
 o

n
 th

is fa
ith

 co
n

stra
in

t.  T
h

e
 a

lte
rn

a
tive

 in
 (b

) lo
se

s b
e

ca
u

se
in addition to [t], the next segm

ent [o] is also oral.  T
his extra I

D
E

N
T-❀

O
 faith violation is

fa
ta

l, e
ve

n
 th

o
u

g
h

 (b
) is m

u
ch

 b
e

tte
r th

a
n

 (c) o
n

 sp
re

a
d

in
g

.

(5)
P

re
vie

w
 o

f sym
p

a
th

y a
n

a
lysis o

f se
g

m
e

n
ta

l tra
n

sp
a

re
n

cy
   a

)ra
to

*N
A

S
O

B
SS

T
O

P
ID

E
N

T-❀
O

[+
nasal]

S
P

R
E

A
D

[+
nasal]

❀
a

. [a
)r )a

)t )o
)]

*!

b
. [a

)r )a
)]to

**!
**

☞
c. [a

)r )a
)]t[o

)]
*

******

T
h

e
 ta

b
le

a
u

 in
 (5

) sh
o

w
s h

o
w

 sym
p

a
th

y ca
n

 d
e

rive
 th

e
 e

ffe
ct o

f a
n

 o
p

a
q

u
e

 ru
le

in
te

ra
ctio

n
 o

f th
e

 typ
e

 u
se

d
 to

 p
ro

d
u

ce
 se

g
m

e
n

ta
l tra

n
sp

a
re

n
cy in

 sp
re

a
d

in
g

, w
h

ile
 still

m
a

in
ta

in
in

g
 a

 re
strictive

 co
n

ce
p

tio
n

 o
f lo

ca
lity.  C

e
n

tra
l to

 th
is a

cco
u

n
t is th

e
 n

o
tio

n
 o

f a
d

e
sig

n
a

te
d

 sym
p

a
th

y ca
n

d
id

a
te

.  It is n
a

tu
ra

l to
 q

u
e

stio
n

 h
o

w
 th

is d
e

sig
n

a
tio

n
 ta

ke
s

p
la

ce
.  T

h
is w

ill b
e

 th
e

 su
b

je
ct o

f th
e

 n
e

xt se
ctio

n
, w

h
ich

 e
xa

m
in

e
s a

n
 o

p
a

city
in

te
ra

ctio
n

 in
 T

ib
e

ria
n

 H
e

b
re

w
.  T

h
is n

e
xt se

ctio
n

 w
ill co

m
p

le
te

 th
e

 o
u

tlin
e

 o
f th

e
 m

o
d

e
l

fo
r d

e
rivin

g
 o

p
a

city e
ffe

cts in
 O

p
tim

a
lity T

h
e

o
ry, a

n
d

 I w
ill th

e
n

 g
o

 o
n

 to
 d

e
ve

lo
p

 a
 fu

ll
a

cco
u

n
t o

f tra
n

sp
a

re
n

cy a
n

d
 b

lo
ckin

g
 e

ffe
cts in

 n
a

sa
l h

a
rm

o
n

y in
 T

u
yu

ca
.

3
.2

O
pacity in T

iberian H
ebrew

A
 cla

ssic ca
se

 o
f th

e
 typ

e
 d

e
m

a
n

d
in

g
 a

 d
e

riva
tio

n
a

lly-o
p

a
q

u
e

 ru
le

 in
te

ra
ctio

n
 o

ccu
rs in

th
e

 in
te

ra
ctio

n
 o

f e
p

e
n

th
e

sis a
n

d
 la

ryn
g

e
a

l co
d

a
 d

e
le

tio
n

 in
 T

ib
e

ria
n

 H
e

b
re

w
.  T

h
e

d
e

scrip
tio

n
 a

n
d

 g
e

n
e

ra
tive

 a
n

a
lysis o

f th
is p

h
e

n
o

m
e

n
o

n
 a

re
 fro

m
 M

a
lo

n
e

 (1
9

9
3

) (se
e

a
lso

 P
rin

ce
 1

9
7

5
), a

n
d

 th
e

y a
re

 su
m

m
a

rize
d

 b
y M

cC
a

rth
y (1

9
9

7
) in

 h
is fo

u
n

d
a

tio
n

a
l

stu
d

y o
f th

e
 sym

p
a

th
y-b

a
se

d
 a

p
p

ro
a

ch
 to

 o
p

a
city e

ffe
cts in

 O
p

tim
a

lity T
h

e
o

ry.  A
n

 S
P

E
ch

a
ra

cte
riza

tio
n

 o
f th

e
 ru

le
s is g

ive
n

 in
 (6

).  T
h

e
 first ru

le
 e

p
e

n
th

e
size

s a
 vo

w
e

l in
to

 a
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w
o

rd
-fin

a
l co

n
so

n
a

n
t clu

ste
r (M

a
lo

n
e

 1
9

9
3

: 9
3

)
3 a

n
d

 th
e

 se
co

n
d

 d
e

le
te

s g
lo

tta
l sto

p
 in

 a
co

d
a

 (M
a

lo
n

e
 1

9
9

3
: 5

9
).

4

(6)
T

iberian H
ebrew

a.
V

ow
el epenthesis into final clusters:

Ø
 →

 V
 / C

 _ C
#

e
.g

.
/m

elk/  →
  [m

elE
k]

‘kin
g

’

b
.

/-d
e

le
tio

n
 in

 co
d

a
s:

/ →
 Ø

 / _ ]σ
e

.g
.

/qara//  →
 [qara]

‘h
e

 ca
lle

d
’

T
h

e
 ru

le
s in

 (6
) h

a
ve

 th
e

 p
o

te
n

tia
l to

 in
te

ra
ct w

ith
 o

n
e

 a
n

o
th

e
r.  A

s sh
o

w
n

 in
 (7

),
th

e
y o

p
e

ra
te

 in
 a

 co
u

n
te

rb
le

e
d

in
g

 o
rd

e
r, w

h
e

re
b

y e
p

e
n

th
e

sis ta
ke

s p
la

ce
 b

e
fo

re
/-d

e
le

tio
n

.  T
h

is g
ive

s a
 su

rfa
ce

 fo
rm

 [d
e

SE
] fo

r /d
eS// ‘te

n
d

e
r g

ra
ss’, w

h
ich

 is o
p

a
q

u
e

w
ith

 re
sp

e
ct to

 e
p

e
n

th
e

sis, th
a

t is, th
e

re
 is a

n
 o

ccu
rre

n
ce

 o
f a

n
 e

p
e

n
th

e
tic vo

w
e

l in
 a

su
rfa

ce
 e

n
viro

n
m

e
n

t th
a

t d
o

e
s n

o
t m

e
e

t th
e

 stru
ctu

ra
l d

e
scrip

tio
n

 o
f th

e
 e

p
e

n
th

e
sis ru

le
.

(7)
C

o
u

n
te

rb
le

e
d

in
g

 in
 T

ib
e

ria
n

 H
e

b
re

w
:

U
n

d
e

rlyin
g

 re
p

re
se

n
ta

tio
n

/de
S//

V
-epenthesis

d
eSE

/

/ d
e

le
tio

n
d

eSE
S

u
rfa

ce
 re

p
re

se
n

ta
tio

n
[d

e
SE

]
*d

e
S

F
o

llo
w

in
g

 M
cC

a
rth

y’s (1
9

9
7

) in
sig

h
tfu

l a
n

d
 in

n
o

va
tive

 a
n

a
lysis, th

e
 b

a
sic

a
rch

ite
ctu

re
 o

f th
e

 sym
p

a
th

y-b
a

se
d

 a
cco

u
n

t o
f th

is d
e

riva
tio

n
a

l o
p

a
city w

ill b
e

 a
s

illu
stra

te
d

 in
 (8

).  C
a

n
d

id
a

te
 (b

), [
d
e
SE

/], is d
e

sig
n

a
te

d
 a

s th
e

 sym
p

a
th

y ca
n

d
id

a
te

, b
u

t it
lo

se
s in

 th
e

 co
m

p
e

titio
n

 fo
r th

e
 o

p
tim

a
l o

u
tp

u
t o

n
 th

e
 b

a
sis o

f a
 h

ig
h

-ra
n

ke
d

 co
n

stra
in

t
p

ro
h

ib
itin

g
 g

lo
tta

l sto
p

 in
 a

 co
d

a
.  T

h
e

 sym
p

a
th

e
tic fa

ith
 co

n
stra

in
t, M

A
X

-❀
O

, th
e

n
d

e
cid

e
s b

e
tw

e
e

n
 th

e
 tw

o
 a

lte
rn

a
tive

 ca
n

d
id

a
te

s in
 (a

) a
n

d
 (c).  C

a
n

d
id

a
te

 (a
), [

d
e
SE

],

3  T
h

e
 su

rfa
ce

 q
u

a
lity o

f th
e

 e
p

e
n

th
e

tic vo
w

e
l is p

a
rtly co

n
d

itio
n

e
d

 b
y th

e
 e

n
viro

n
m

e
n

t.  If th
e

 first
co

n
so

n
a

n
t in

 th
e

 clu
ste

r is th
e

 p
a

la
ta

l g
lid

e
 [j], th

e
n

 th
e

 e
p

e
n

th
e

tic vo
w

e
l is [i].  If th

e
 first co

n
so

n
a

n
t

is a
 g

u
ttu

ra
l, th

e
n

 th
e

 vo
w

e
l is [a

].  O
th

e
rw

ise
, th

e
 e

p
e

n
th

e
tic vo

w
e

l is [e
] (tra

n
scrib

e
d

 b
y M

a
lo

n
e

 a
s

[E]).
4 T

h
e

 e
xa

m
p

le
s g

ive
n

 h
e

re
 fo

cu
s o

n
ly o

n
 th

e
 se

g
m

e
n

ta
l a

lte
rn

a
tio

n
s re

le
va

n
t to

 th
e

 ru
le

s in
 (6

).  I
a

b
stra

ct a
w

a
y fro

m
 a

lte
rn

a
tio

n
s b

ro
u

g
h

t a
b

o
u

t b
y ru

le
s su

ch
 a

s vo
w

e
l le

n
g

th
e

n
in

g
 a

n
d

 p
o

st-vo
ca

lic
sp

ira
n

tiza
tio

n
 (P

rin
ce

 1
9

7
5

; M
a

lo
n

e
 1

9
9

3
).

- 92 -

w
h

ich
 co

rre
sp

o
n

d
s to

 th
e

 o
p

a
q

u
e

 ru
le

 in
te

ra
ctio

n
, is th

e
 w

in
n

e
r, o

m
ittin

g
 o

n
ly o

n
e

se
g

m
e

n
t th

a
t a

p
p

e
a

rs in
 th

e
 sym

p
a

th
e

tic ca
n

d
id

a
te

.  C
a

n
d

id
a

te
 (c), [

d
e
S], 

w
h

ich
co

rre
sp

o
n

d
s to

 a
 tra

n
sp

a
re

n
t ru

le
 in

te
ra

ctio
n

, lo
se

s b
e

ca
u

se
 it o

m
its tw

o
 se

g
m

e
n

ts th
a

t
a

p
p

e
a

r in
 th

e
 sym

p
a

th
e

tic ca
n

d
id

a
te

.

(8)
O

ve
rvie

w
 o

f th
e

 sym
p

a
th

y a
cco

u
n

t

Input /d
e
S//

*
/]σ

M
A

X
-❀

O

☞
a. d

e
SE

(O
ptim

al, opaque rule interaction)
*

❀
b

. d
e
SE

/

(N
on-optim

al, sym
pathetic)

*!

c. d
e
S

(N
on-optim

al, transparent rule interaction)
**!

T
o

 d
e

ve
lo

p
 th

e
 fu

ll sym
p

a
th

y a
cco

u
n

t o
f th

is o
p

a
city e

ffe
ct in

 T
ib

e
ria

n
 H

e
b

re
w

,
w

e
 m

u
st b

e
g

in
 b

y re
vie

w
in

g
 th

e
 co

n
stra

in
ts a

n
d

 p
re

lim
in

a
ry ra

n
kin

g
s e

sta
b

lish
e

d
 b

y
M

cC
a

rth
y (1

9
9

7
) th

a
t co

rre
sp

o
n

d
 to

 th
e

 ru
le

s o
u

tlin
e

d
 in

 th
e

 d
e

riva
tio

n
a

l a
n

a
lysis.  F

irst,
to

 d
rive

 e
p

e
n

th
e

sis in
to

 a
 co

n
so

n
a

n
t clu

ste
r, *C
O

M
P

L
E

X
 (P

rin
ce

 a
n

d
 S

m
o

le
n

sky 1
9

9
3

),
w

h
ich

 p
e

n
a

lize
s co

m
p

le
x sylla

b
le

 m
a

rg
in

s, m
u

st o
u

tra
n

k th
e

 fa
ith

 co
n

stra
in

t p
ro

h
ib

itin
g

addition of structure, D E
P-IO

 (M
cC

arthy and P
rince 1995).

(9)
*C

O
M

P
LE

X
 >

>
 D

E
P-IO

   /m
elk/

*C
O

M
P

LE
X

D
E

P-IO

☞
a. m

elE
k

*

b. m
elk

*!

In
 o

rd
e

r to
 re

so
lve

 th
e

 clu
ste

r b
y e

p
e

n
th

e
sis ra

th
e

r th
a

n
 d

e
le

tio
n

, M
A

X
-IO

 m
u

st o
u

tra
n

k
D

E
P-IO

.

(10)
M

A
X

-IO
 >

>
 D

E
P-IO

   /m
elk/

M
A

X
-IO

D
E

P-IO

☞
a. m

elE
k

*

b. m
el

*!
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L
o

ca
tin

g
 th

e
 site

 o
f e

p
e

n
th

e
sis b

e
tw

e
e

n
 th

e
 co

n
so

n
a

n
ts ra

th
e

r th
a

n
 a

fte
r th

e
m

 is
a

ch
ie

ve
d

 w
ith

 th
e

 co
rre

sp
o

n
d

e
n

ce
 co

n
stra

in
t, R

-A
N

C
H

O
R-IO

 (M
cC

a
rth

y a
n

d
 P

rin
ce

1
9

9
5

: 3
7

1
), w

h
ich

 re
q

u
ire

s th
a

t th
e

 rig
h

tm
o

st e
le

m
e

n
t o

f th
e

 in
p

u
t h

a
ve

 a
 co

rre
sp

o
n

d
e

n
t

in
 th

e
 rig

h
tm

o
st e

le
m

e
n

t o
f th

e
 o

u
tp

u
t.  T

h
is co

n
stra

in
t is a

b
b

re
via

te
d

 b
e

lo
w

 a
s

A
N

C
H

O
R-R

. 5

(11)
A

N
C

H
O

R-R

   /m
elk/

A
N

C
H

O
R-R

☞
a. m

elE
k

b. m
elkE

*!

T
h

e
 se

co
n

d
 ru

le
 in

 th
e

 d
e

riva
tio

n
a

l a
n

a
lysis p

e
rfo

rm
s g

lo
tta

l sto
p

 co
d

a
 d

e
le

tio
n

.
T

h
is kin

d
 o

f o
u

tco
m

e
 ca

n
 b

e
 re

a
lize

d
 in

 O
p

tim
a

lity T
h

e
o

ry b
y ra

n
kin

g
 a

 co
n

stra
in

t
p

ro
h

ib
itin

g
 g

lo
tta

l sto
p

 in
 a

 co
d

a
 o

ve
r M AX

-IO
. 6

(12)
*/]σ  >

>
 M

A
X

-IO

   /q
a
ra

//
*
/]σ

M
A

X
-IO

☞
a

. q
a
ra

*

b
. q

a
ra

/
*!

/-deletion enforces a violation of right-anchoring, so *
/]σ  m

ust outrank AN
C

H
O

R-R
.

(13)
*/]σ  >

>
 A

N
C

H
O

R-R

   /q
a
ra

//
*
/]σ

A
N

C
H

O
R-R

☞
a

. q
a
ra

*

b
. q

a
ra

/
*!

A
s M

cC
a

rth
y n

o
te

s, th
e

 co
n

stra
in

t h
ie

ra
rch

y th
a

t h
a

s b
e

e
n

 e
sta

b
lish

e
d

 th
u

s fa
r

ca
n

n
o

t b
e

 th
e

 fu
ll sto

ry b
e

ca
u

se
 it d

e
te

rm
in

e
s th

e
 w

ro
n

g
 o

u
tco

m
e

 fo
r a

n
 in

p
u

t like
/d

e
S//.  T

h
e

 o
u

tco
m

e
 th

a
t w

o
u

ld
 b

e
 se

le
cte

d
 h

e
re

 is [
d
e
S/E

] ra
th

e
r th

a
n

 [de
SE

].  T
h

is
in

co
rre

ct o
u

tco
m

e
 is sig

n
a

lle
d

 b
y th

e
 le

ft-p
o

in
tin

g
 h

a
n

d
 b

e
sid

e
 th

e
 p

re
d

icte
d

 b
u

t
in

co
rre

ct w
in

n
e

r.  T
h

e
 rig

h
t-p

o
in

tin
g

 h
a

n
d

 in
d

ica
te

s th
e

 d
e

sire
d

 w
in

n
e

r.

5  R
a

th
e

r th
a

n
 AN

C
H

O
R-R

, M
cC

a
rth

y’s a
cco

u
n

t m
a

ke
s u

se
 o

f th
e

 co
n

stra
in

t, A
L

IG
N

-R
IO

(R
o

o
t, σ

).
6  M

cC
a

rth
y ca

lls th
e

 co
n

stra
in

t p
ro

h
ib

itin
g

 g
lo

tta
l sto

p
s in

 co
d

a
s: ‘C
O

D
A

C
O

N
D

’.
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(14)
Incorrect outcom

e is predicted for /
d
e
S//

   /d
e
S//

1
. */]σ

2
. *C

O
M

P
L

E
X

A
N

C
H

O
R-R

M
A

X
-IO

D
E

P-IO

☞
a. d

e
SE

*
*!

*

(❀
)

b
. d

e
SE

/
*!(1)

*

E
c. d

e
S/E

*
*

d
. d

e
S

*
*!

e
. d

e
S/

*!*(1
, 2

)

B
e

ca
u

se
 ca

n
d

id
a

te
 (c) in

cu
rs a

 su
b

se
t o

f th
e

 vio
la

tio
n

s th
a

t (a
) d

o
e

s, n
o

 re
ra

n
kin

g
 w

ill
se

rve
 to

 se
le

ct ca
n

d
id

a
te

 (a
) o

ve
r (c).  E

ve
n

 if a
n

o
th

e
r co

n
stra

in
t w

e
re

 in
vo

ke
d

 to
 ru

le
o

u
t (c), a

 se
co

n
d

 p
ro

b
le

m
a

tic co
m

p
e

tito
r is th

e
 tra

n
sp

a
re

n
t d

e
riva

tio
n

a
l ca

n
d

id
a

te
 [

d
e
S],

w
h

ich
 a

lso
 in

cu
rs a

 su
b

se
t o

f th
e

 vio
la

tio
n

s th
a

t (a
) d

o
e

s.  T
o

 re
a

lize
 th

e
 co

rre
ct o

u
tco

m
e

,
it w

ill b
e

 n
e

ce
ssa

ry to
 ca

ll o
n

 a
 fa

ith
 re

la
tio

n
 to

 a
 sym

p
a

th
y ca

n
d

id
a

te
.  A

s M
cC

a
rth

y
suggests, this sym

pathy candidate w
ill be the one in (b).  It is in the m

eans of selection of
th

e
 sym

p
a

th
y ca

n
d

id
a

te
 th

a
t I d

e
p

a
rt fro

m
 M

cC
a

rth
y’s a

cco
u

n
t.  M

y p
ro

p
o

sa
l is

o
u

tlin
e

d
 b

e
lo

w
; its g

o
a

l is to
 d

e
ve

lo
p

 a
 m

e
a

n
s o

f se
le

ctin
g

 th
e

 sym
p

a
th

y ca
n

d
id

a
te

 b
y

b
u

ild
in

g
 o

n
 th

e
 b

a
sic m

e
ch

a
n

ism
s o

f o
p

tim
a

lity-th
e

o
re

tic e
va

lu
a

tio
n

 a
n

d
 to

 co
n

stra
in

 th
e

ra
n

g
e

 o
f o

p
a

city e
ffe

cts th
a

t m
a

y b
e

 p
ro

d
u

ce
d

 u
n

d
e

r sym
p

a
th

y.  I co
m

p
a

re
 th

is w
ith

 th
e

a
lte

rn
a

tive
 p

ro
p

o
se

d
 b

y M
cC

a
rth

y (w
ith

 m
o

d
ifica

tio
n

s p
ro

p
o

se
d

 b
y Itô

 a
n

d
 M

e
ste

r
1997a, b) in section 3.4.

T
h

e
 q

u
e

stio
n

 w
e

 a
re

 fa
ce

d
 w

ith
 is h

o
w

 to
 se

le
ct th

e
 sym

p
a

th
y ca

n
d

id
a

te
.  In

 o
rd

e
r

to
 a

n
sw

e
r th

is q
u

e
stio

n
, th

e
 p

ro
b

le
m

 p
re

se
n

te
d

 b
y th

e
 ta

b
le

a
u

 in
 (1

4
) m

u
st b

e
 ca

re
fu

lly
co

n
sid

e
re

d
.  A

n
 im

p
o

rta
n

t b
a

sis o
f O

p
tim

a
lity T

h
e

o
ry is th

e
 n

o
tio

n
 o

f 
ra

n
ke

d
 a

n
d

vio
la

b
le

 co
n

stra
in

ts in
 co

n
flict.  In

 th
e

 n
o

rm
a

l ca
se

, w
h

e
n

 th
e

 sa
tisfa

ctio
n

 o
f tw

o
co

n
stra

in
ts co

n
flicts, th

e
 co

n
flict is re

so
lve

d
 b

y a
 ra

n
kin

g
 w

h
ich

 fo
rce

s th
e

 vio
la

tio
n

 o
f

o
n

e
 co

n
stra

in
t o

ve
r th

e
 o

th
e

r.  T
h

is is w
h

a
t o

ccu
rs in

 (1
4

), w
h

e
re

 ra
n

kin
g

 *
/]σ  o

ve
r

A
N

C
H

O
R

-R
 ca

u
se

s th
e

 sym
p

a
th

y ca
n

d
id

a
te

, in
 (b

), to
 lo

se
 to

 a
lte

rn
a

tive
s w

ith
o

u
t a

la
ryn

g
e

a
l co

d
a

.  In
 th

is re
so

lu
tio

n
, *
/]σ

 g
a

in
s u

n
d

o
m

in
a

te
d

 sta
tu

s in
 th

e
 co

n
stra

in
t

h
ie

ra
rch

y, a
lo

n
g

 w
ith

 *C O
M

P
L

E
X

.  U
n

d
e

r th
is n

o
rm

a
l re

so
lu

tio
n

 o
f th

e
 co

n
flict b

e
tw

e
e

n
*
/]σ  a

n
d

 AN
C

H
O

R-R
, th

e
 AN

C
H

O
R-R

 co
n

stra
in

t lo
se

s a
b

so
lu

te
ly; fo

r e
xa

m
p

le
, h

e
re

ca
n

d
id

a
te

 (c) w
in

s o
ve

r a
lte

rn
a

tive
s, e

ve
n

 th
o

u
g

h
 it is q

u
ite

 d
iffe

re
n

t fro
m

 th
e

 o
n

e
 th

a
t

w
o

u
ld

 h
a

ve
 b

e
e

n
 se

le
cte

d
 b

y A
N

C
H

O
R-R

.  H
o

w
e

ve
r, a

s (1
4

) sh
o

w
s, th

is p
ro

d
u

ce
s th

e
w

ro
n

g
 o

u
tco

m
e

 fo
r T

ib
e

ria
n

 H
e

b
re

w
.  T

h
e

 ca
n

d
id

a
te

 th
a

t w
o

u
ld

 h
a

ve
 b

e
e

n
 ch

o
se

n
 if

A
N

C
H

O
R-R

 h
a

d
 w

o
n

 th
e

 co
n

flict tu
rn

s o
u

t to
 in

flu
e

n
ce

 se
le

ctio
n

 o
f th

e
 o

p
tim

a
l o

u
tp

u
t.
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T
h

is in
flu

e
n

cin
g

 ca
n

d
id

a
te

 is th
e

 sym
p

a
th

e
tic o

n
e

 in
 (b

).  It fa
ils b

e
ca

u
se

 o
f its g

lo
tta

l
sto

p
 co

d
a

; b
u

t se
ttin

g
 th

e
 g

lo
tta

l sto
p

 co
d

a
 co

n
stra

in
t a

sid
e

, w
e

 m
a

y o
b

se
rve

 th
a

t it is
th

e
 m

o
st h

a
rm

o
n

ic ca
n

d
id

a
te

 w
ith

 re
sp

e
ct to

 th
e

 re
m

a
in

d
e

r o
f th

e
 h

ie
ra

rch
y.  If w

e
 w

e
re

to
 sp

lit */]σ  o
ff fro

m
 th

e
 re

st o
f th

e
 h

ie
ra

rch
y, ca

n
d

id
a

te
 (b

) w
o

u
ld

 w
in

.  T
h

e
 a

ctu
a

l
su

rfa
ce

 fo
rm

 is (a
), th

e
 ca

n
d

id
a

te
 w

h
ich

 m
o

st clo
se

ly re
se

m
b

le
s th

e
 sp

e
cia

l fa
ile

d
ca

n
d

id
a

te
 (b

).  T
h

is o
u

tco
m

e
 d

o
e

s n
o

t co
m

e
 o

u
t o

f th
e

 u
su

a
l re

so
lu

tio
n

 o
f co

n
stra

in
t

co
n

flict.  I su
g

g
e

st th
a

t in
 th

is kin
d

 o
f ‘b

a
ttle

 o
f th

e
 tita

n
s’, w

h
e

re
 a

 h
ig

h
-ra

n
ke

d
co

n
stra

in
t is th

re
a

te
n

e
d

 b
y a

n
o

th
e

r, a
 se

co
n

d
 typ

e
 o

f re
so

lu
tio

n
 is p

o
ssib

le
.  T

h
is

re
so

lu
tio

n
 is a

 b
ifu

rca
tio

n
 o

f th
e

 co
n

stra
in

t h
ie

ra
rch

y a
t th

e
 p

o
in

t o
f co

n
flict in

to
 tw

o
ranked m

odular com
ponents.  O

ne of the conflicting constraints, in this case, *
/]σ , is split

o
ff in

to
 th

e
 h

ig
h

e
r se

g
m

e
n

t, w
h

ich
 I w

ill ca
ll th

e
 P

1
 co

m
p

o
n

e
n

t.  T
h

e
 co

m
p

e
tin

g
co

n
stra

in
t, h

e
re

 A N
C

H
O

R-R
, re

m
a

in
s w

ith
 th

e
 re

st o
f th

e
 h

ie
ra

rch
y in

 th
e

 P
2

 co
m

p
o

n
e

n
t.

T
h

e
 P

1
 co

m
p

o
n

e
n

t o
u

tra
n

ks th
e

 P
2

 co
m

p
o

n
e

n
t.  A

s th
e

 co
n

stra
in

t th
a

t b
re

a
ks in

to
 th

e
P

1 com
ponent, */]σ  trium

phs in the conflict: it w
ill be respected in all surface form

s.  T
he

co
n

flictin
g

 
co

n
stra

in
t, 

A N
C

H
O

R
-R

, lo
se

s b
y virtu

e
 o

f its d
o

m
in

a
tio

n
 b

y th
e

 P
1

co
m

p
o

n
e

n
t; h

o
w

e
ve

r, it g
a

in
s a

 co
n

so
la

tio
n

 p
rize

.  I p
ro

p
o

se
 th

a
t th

e
 ca

n
d

id
a

te
 w

h
ich

 is
m

o
st h

a
rm

o
n

ic w
ith

 re
sp

e
ct to

 th
e

 P
2

 h
ie

ra
rch

y is th
e

 sym
p

a
th

y ca
n

d
id

a
te

.  T
h

e
 h

ig
h

-
ra

n
ke

d
 sta

tu
s o

f A N
C

H
O

R
-R

 w
ith

in
 th

e
 P

2
 co

m
p

o
n

e
n

t th
u

s e
n

a
b

le
s its fo

rce
 to

 b
e

re
fle

cte
d

 in
 th

e
 fo

rm
 o

f th
e

 sym
p

a
th

y ca
n

d
id

a
te

.
L

e
t u

s e
xa

m
in

e
 th

e
 re

su
ltin

g
 o

rg
a

n
iza

tio
n

 o
f th

e
 g

ra
m

m
a

r in
 (1

5
).  T

h
is sh

o
w

s th
e

b
ifu

rca
tio

n
 o

f th
e

 p
h

o
n

o
lo

g
ica

l co
n

stra
in

t h
ie

ra
rch

y in
to

 tw
o

 se
g

m
e

n
ts, a

s in
d

u
ce

d
 b

y
th

e
 co

n
flict b

e
tw

e
e

n
 th

e
 u

n
d

o
m

in
a

te
d

 co
n

stra
in

t, *
/]σ , a

n
d

 AN
C

H
O

R-R
.  In

 th
is ta

b
le

a
u

I h
a

ve
 sh

a
d

e
d

 th
e

 P
1

 co
m

p
o

n
e

n
t to

 fo
cu

s o
n

 th
e

 se
le

ctio
n

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
 in

P
2

.  B
e

ca
u

se
 */]σ

 h
a

s b
e

e
n

 e
le

va
te

d
 to

 P
1

 in
 th

e
 re

so
lu

tio
n

 o
f its co

n
flict w

ith
A

N
C

H
O

R-R
, th

e
 co

d
a

 co
n

stra
in

t is th
e

 o
n

e
 th

a
t w

ill b
e

 re
sp

e
cte

d
 in

 th
e

 o
p

tim
a

l o
u

tp
u

t.
H

o
w

e
ve

r, it is A N
C

H
O

R
-R

, a
lo

n
g

 w
ith

 th
e

 re
st o

f th
e

 co
n

stra
in

t h
ie

ra
rch

y th
a

t w
ill

d
e

te
rm

in
e

 th
e

 sym
p

a
th

y ca
n

d
id

a
te

.  W
ith

 th
e

 co
m

p
o

n
e

n
t-b

a
se

d
 o

rg
a

n
iza

tio
n

 o
f th

e
co

n
stra

in
ts, P

2
 se

le
cts [

d
e
SE

/] a
s th

e
 sym

p
a

th
y ca

n
d

id
a

te
, b

e
ca

u
se

 it b
e

st re
sp

e
cts th

is
h

ie
ra

rch
y o

f co
n

stra
in

ts.  T
h

is m
e

a
n

s o
f se

le
ctin

g
 th

e
 sym

p
a

th
y ca

n
d

id
a

te
 a

s th
e

 m
o

st
h

a
rm

o
n

ic w
ith

 re
sp

e
ct to

 so
m

e
 co

m
p

o
n

e
n

t, I ca
ll 

h
a

rm
o

n
ic sym

p
a

th
y.
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(15)
S

e
le

ctio
n

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te

             P
1

   P
2

         com
ponent    co

m
p

o
n

e
n

t
   /d

e
S//

*
/]σ

*C
O

M
P

LE
X

A
N

C
H

O
R-R

M
A

X
-IO

D
E

P-IO

a. d
e
SE

*!
*

*

b
. d

e
SE

/
*

❀
*

c. d
e
S

*!
*

d
. d

e
S/

*
*!

e. d
e
S/E

*!
*

W
ith

 th
e

 sym
p

a
th

y ca
n

d
id

a
te

 id
e

n
tifie

d
 a

s th
e

 o
n

e
 w

ith
 e

p
e

n
th

e
sis a

n
d

 n
o

d
e

le
tio

n
, a

 ta
b

le
a

u
 se

le
ctin

g
 th

e
 o

p
a

q
u

e
 o

p
tim

a
l o

u
tp

u
t ca

n
 n

o
w

 b
e

 e
xh

ib
ite

d
 in

 (1
6

).
S

in
ce

 th
e

 sym
p

a
th

y ca
n

d
id

a
te

 vio
la

te
s *
/]σ  in

 P
1

, it fa
lls o

u
t o

f th
e

 ru
n

n
in

g
 fo

r th
e

o
p

tim
a

l o
u

tp
u

t e
a

rly.  C
a

n
d

id
a

te
s (a

) a
n

d
 (c) su

rvive
 th

e
 g

lo
tta

l sto
p

 co
d

a
 co

n
stra

in
t a

n
d

th
e

 d
e

cid
in

g
 co

n
stra

in
t is th

e
 sym

p
a

th
e

tic fa
ith

 co
n

stra
in

t, M
A

X
-❀

O
.  T

h
is ch

o
o

se
s

[d
e
SE

] over [d
e
S], because [de

SE
] m

ore closely resem
bles the sym

pathy candidate. (N
ote

that candidate (e) from
 (15) is om

itted here; I w
ill return to this form

 presently.)

(16)
H

a
rm

o
n

ic sym
p

a
th

y a
cco

u
n

t o
f o

p
a

city in
 T

ib
e

ria
n

 H
e

b
re

w

    P
1

                                 P
2

   /d
e
S//

*
/]σ

M
A

X
-❀

O
*C

O
M

P
LE

X
A

N
C

H
O

R-R
M

A
X

-IO
D

E
P-IO

☞
a. d

e
SE

*
*

*
*

b
. d

e
SE

/
*!

❀
*

c. d
e
S

**!
*

*

d
. d

e
S/

*!
*

*

T
h

e
 

o
p

a
q

u
e

 
re

so
lu

tio
n

 
o

f 
co

n
stra

in
t 

co
n

flict 
m

e
a

n
s 

w
e

ig
h

tin
g

 
th

e
 

lo
sin

g
constraint, here AN

C
H

O
R-R

, so that the actual output w
ill resem

ble as closely as possible
th

e
 o

u
tp

u
t th

a
t w

o
u

ld
 h

a
ve

 b
e

e
n

 se
le

cte
d

 if A
N

C
H

O
R-R

 w
e

re
 re

sp
e

cte
d

.  T
h

e
 h

ie
ra

rch
y

b
ifu

rca
tio

n
 is w

h
a

t e
n

a
b

le
s se

le
ctio

n
 o

f th
e

 sym
p

a
th

y ca
n

d
id

a
te

 a
n

d
 it is th

e
 p

la
ce

m
e

n
t

o
f sym

p
a

th
e

tic fa
ith

 b
e

tw
e

e
n

 th
e

 tw
o

 o
p

a
q

u
e

ly in
te

ra
ctin

g
 co

n
stra

in
ts th

a
t p

ro
d

u
ce

s th
e

w
e

ig
h

tin
g

 e
ffe

ct o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
 in

 th
e

 se
le

ctio
n

 o
f th

e
 a

ctu
a

l o
u

tp
u

t.  T
h

is
p

o
sitio

n
in

g
 o

f sym
p

a
th

e
tic fa

ith
 g

o
e

s h
a

n
d

-in
-h

a
n

d
 w

ith
 th

e
 h

ie
ra

rch
y b

ifu
rca

tio
n

.  T
h

e
o

rg
a

n
iza

tio
n

 th
a

t I a
ssu

m
e

 lo
ca

te
s sym

p
a

th
e

tic fa
ith

 in
 P

1
.  P

2
 th

e
n

 fu
n

ctio
n

s a
s a

n
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e
m

b
e

d
d

e
d

 o
p

tim
ize

r fo
r th

e
 sym

p
a

th
y ca

n
d

id
a

te
, a

n
d

 th
e

 P
1

 a
n

d
 P

2
 se

g
m

e
n

ts to
g

e
th

e
r

co
m

p
o

se
 th

e
 p

h
o

n
o

lo
g

ica
l g

ra
m

m
a

r.  It sh
o

u
ld

 b
e

 n
o

te
d

 th
a

t th
e

 p
re

lim
in

a
ry ta

b
le

a
u

 in
(1

5
) is sh

o
w

n
 se

p
a

ra
te

ly fo
r e

xp
o

sito
ry p

u
rp

o
se

s o
n

ly; th
e

 ta
b

le
a

u
 in

 (1
6

) re
p

re
se

n
ts th

e
co

m
p

le
te

 e
va

lu
a

tio
n

.  T
h

is e
va

lu
a

tio
n

 in
vo

lve
s tw

o
 o

p
tim

iza
tio

n
s, o

n
e

 w
ith

 re
sp

e
ct to

 P
2

a
n

d
 th

e
 o

th
e

r w
ith

 re
sp

e
ct to

 th
e

 e
n

tire
 h

ie
ra

rch
y.  S

e
le

ctio
n

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
a

n
d

 th
e

 o
p

tim
a

l o
u

tp
u

t is p
e

rfo
rm

e
d

 in
 p

a
ra

lle
l e

va
lu

a
tio

n
 w

ith
 a

 sin
g

le
 in

p
u

t-o
u

tp
u

t
level.

In
 (1

6
), th

e
 w

in
n

in
g

 ca
n

d
id

a
te

 in
cu

rs o
n

e
 vio

la
tio

n
 w

ith
 re

g
a

rd
 to

 M
A

X
-❀

O
, since

th
e

 p
e

rfe
ctly fa

ith
fu

l sym
p

a
th

y ca
n

d
id

a
te

 ca
n

n
o

t w
in

.  H
o

w
e

ve
r, tw

o
 o

th
e

r ca
n

d
id

a
te

s
in

cu
r d

iffe
re

n
t kin

d
s o

f sym
p

a
th

e
tic fa

ith
 vio

la
tio

n
s.  T

h
e

 fa
ilu

re
 o

f th
e

se
 ca

n
d

id
a

te
s is

in
d

ica
tive

 o
f th

e
 ra

n
kin

g
s o

f d
iffe

re
n

t sym
p

a
th

e
tic fa

ith
 co

n
stra

in
ts in

 T
ib

e
ria

n
 H

e
b

re
w

.
O

n
e

 
fa

ile
d

 
ca

n
d

id
a

te
, 

[
d

e
S/E

], sh
o

w
s th

a
t M A

X
-❀

O
 

m
u

st 
b

e
 

o
u

tra
n

ke
d

 
b

y
L

IN
E

A
R

IT
Y

-❀
O

 (M
cC

a
rth

y a
n

d
 P

rin
ce

 1
9

9
5

: 3
7

1
), w

h
ich

 e
n

fo
rce

s co
n

siste
n

cy o
f

p
re

ce
d

e
n

ce
 stru

ctu
re

 b
e

tw
e

e
n

 th
e

 sym
p

a
th

e
tic ca

n
d

id
a

te
 a

n
d

 th
e

 o
u

tp
u

t (1
7

).  A
n

o
th

e
r

failed candidate, [de
SE

/E
],  indicates that D E

P-❀
O

 m
ust also dom

inate MAX
-❀

O
 (18).

(17)
LIN

E
A

R
IT

Y
-❀

O
 >

>
 M

A
X

-❀
O

L
IN

E
A

R
IT

Y
-❀

O
M

A
X

-❀
O

☞
a. d

e
SE

*

b
. d

e
S/E

*!

(18)
D

E
P-❀

O
 >

>
 M

A
X

-❀
O

D
E

P-❀
O

M
A

X
-❀

O

☞
a. d

e
SE

*

b. d
e
SE

/E
*!

T
h

e
 co

m
p

le
te

 ta
b

le
a

u
 w

ith
 th

e
 a

d
d

itio
n

a
l F

a
ith

-
❀

O
 constraints is given in (19):
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(19)
E

xp
a

n
d

e
d

 F
a

ith
-❀O

    P
1

                                      P
2

   /d
e
S//

*
/]σ

1
.D

E
P-❀

O
2.L

IN
-❀

O
M

A
X

-❀
O

*C
O

M
P

LE
X

A
N

C
H

O
R-

R
IG

H
T

M
A

X
-IO

D
E

P-IO

☞
a. d

e
SE

*
*

*
*

b
. d

e
SE

/
*!

❀
*

c. d
e
S

**!
*

*

d
. d

e
S/

*!
*

*

e. d
e
S/E

*!(2)
*

*

f. d
e
SE

/E
*!(1)

*
**

F
o

r ve
rifica

tio
n

 o
f th

e
 h

a
rm

o
n

ic sym
p

a
th

y a
n

a
lysis, ta

b
le

a
u

x a
re

 e
xh

ib
ite

d
 in

 (2
0

-
2

1
), sh

o
w

in
g

 th
a

t th
e

 co
n

stra
in

t h
ie

ra
rch

y co
rre

ctly p
ro

d
u

ce
s /m

e
lk/

 →
 [m

e
lE

k] a
n

d
/q

a
ra// →

 [q
a

ra
].  (2

0
) p

ro
vid

e
s a

n
 e

xa
m

p
le

 w
h

e
re

 th
e

 sym
p

a
th

e
tic ca

n
d

id
a

te
 co

in
cid

e
s

w
ith

 th
e

 o
p

tim
a

l o
u

tp
u

t.

(2
0

)
/m

elk/      P
1

                                       P
2

   /m
e
lk/

*
/]σ

1
.D

E
P-❀

O
2.L

IN
-❀

O
M

A
X

-❀
O

*C
O

M
P

LE
X

A
N

C
H

O
R-

R
IG

H
T

M
A

X
-IO

D
E

P-IO

☞
a

. m
e
lE

k
❀

*

b
. m

e
lE

*!
*

*
*

c. m
e
lk

*!
*

d
. m

e
l

*!*
*

*

(21)
/q

ara//      P
1

                                        P
2

   /q
a
ra

//
*
/]σ

1
.D

E
P-❀

O
2.L

IN
-❀

O
M

A
X

-❀
O

*C
O

M
P

LE
X

A
N

C
H

O
R-

R
IG

H
T

M
A

X
-IO

D
E

P-IO

☞
a

. q
a
ra

*
*

*

b
. q

a
ra

/
*!

❀

c. q
a
r

**!
*

**

d
. q

a
ra

/A
*!(1)

*
*
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A
 sum

m
ary of the constraint hierarchy needed for T

iberian H
ebrew

 is given in (22):

(2
2

)
B

ifu
rca

tio
n

 
trig

e
re

d
 

b
y 

o
p

a
q

u
e

 
re

so
lu

tio
n

 
o

f 
co

n
flict 

b
e

tw
e

e
n

 
*

/]σ
 a

n
d

A
N

C
H

O
R-R

.

a.
P

1:
*/]σ

S
ym

p
a

th
y.

DE
P-❀

O
, LIN

E
A

R
IT

Y
-❀

O
 >

>
 M

A
X

-❀
O

b
.

P
2:

A N
C

H
O

R-R
E

p
e

n
th

e
sis.

*CO
M

P
LE

X, M
A

X
-IO

 >
>

 D
E

P-IO

T
o

 su
m

m
a

rize
, w

e
 h

a
ve

 se
e

n
 th

a
t th

e
 h

a
rm

o
n

ic sym
p

a
th

y m
o

d
e

l is ca
p

a
b

le
 o

f
ca

p
tu

rin
g

 th
e

 o
p

a
city e

ffe
ct in

 T
ib

e
ria

n
 H

e
b

re
w

 e
p

e
n

th
e

sis.  T
h

is m
o

d
e

l a
d

m
its a

 se
co

n
d

kin
d

 o
f re

so
lu

tio
n

 o
f co

n
flict b

e
tw

e
e

n
 co

n
stra

in
ts.  R

a
th

e
r th

a
n

 th
e

 u
su

a
l d

o
m

in
a

tio
n

re
so

lu
tio

n
 w

ith
in

 a
 sin

g
le

 m
o

d
u

le
, th

e
 h

ie
ra

rch
y m

a
y b

e
 b

ifu
rca

te
d

 in
to

 tw
o

 ra
n

ke
d

co
m

p
o

n
e

n
ts w

ith
 sym

p
a

th
e

tic fa
ith

 m
e

d
ia

tin
g

 b
e

tw
e

e
n

 th
e

m
.  A

s a
 re

su
lt o

f th
is sp

lit, th
e

lo
sin

g
 (i.e

. d
o

m
in

a
te

d
) co

n
stra

in
t m

a
y p

la
y a

 sp
e

cia
l ro

le
 in

 se
le

ctin
g

 th
e

 o
p

tim
a

l o
u

tp
u

t:
it co

n
trib

u
te

s to
 th

e
 se

le
ctio

n
 o

f th
e

 sym
p

a
th

y ca
n

d
id

a
te

 th
ro

u
g

h
 its h

ig
h

-ra
n

ke
d

 sta
tu

s
w

ith
in

 th
e

 d
o

m
in

a
te

d
 P

2
 co

m
p

o
n

e
n

t.  T
h

e
 sym

p
a

th
y ca

n
d

id
a

te
 is th

e
 m

o
st h

a
rm

o
n

ic o
n

e
w

ith
 re

sp
e

ct to
 P

2
.  T

h
is m

o
d

e
l th

u
s p

o
sits o

p
a

city a
s in

d
u

ce
d

 b
y se

n
sitivity to

 th
e

ca
n

d
id

a
te

 th
a

t w
o

u
ld

 b
e

 o
p

tim
a

l w
ith

 re
sp

e
ct to

 so
m

e
 co

m
p

o
n

e
n

t: a
 co

n
tig

u
o

u
s se

g
m

e
n

t
o

f E
va

l fo
r a

 la
n

g
u

a
g

e
.  M

o
st co

m
m

o
n

ly th
e

 h
ie

ra
rch

y sp
lit ta

ke
s p

la
ce

 b
e

tw
e

e
n

 tw
o

h
ig

h
-ra

n
kin

g
 co

n
stra

in
ts in

 th
e

 g
ra

m
m

a
r.  A

n
 e

xp
la

n
a

tio
n

 fo
r th

is te
n

d
e

n
cy is d

iscu
sse

d
in

 se
ctio

n
 3

.6
.

F
ro

m
 a

 b
ro

a
d

e
r p

e
rsp

e
ctive

, th
is m

e
a

n
s fo

r o
b

ta
in

in
g

 d
e

riva
tio

n
a

l o
p

a
city e

ffe
cts

d
ra

w
s o

n
 a

n
 in

d
e

p
e

n
d

e
n

tly su
p

p
o

rte
d

 m
e

ch
a

n
ism

, n
a

m
e

ly ra
n

kin
g

 se
p

a
ra

te
 m

o
d

u
la

r
co

m
p

o
n

e
n

ts o
f th

e
 g

ra
m

m
a

r.  G
o

lsto
n

 (1
9

9
5

) p
ro

p
o

se
s th

a
t syn

ta
ctic co

n
stra

in
ts o

u
tra

n
k

a
ll p

h
o

n
o

lo
g

ica
l o

n
e

s (se
e

 a
lso

 T
ra

n
e

l 1
9

9
7

).  T
h

is d
e

sig
n

 h
a

s fo
u

n
d

a
tio

n
 in

 th
e

 p
ro

p
o

sa
l

o
f sta

n
d

a
rd

 g
e

n
e

ra
tive

 th
e

o
ry th

a
t syn

ta
x fe

e
d

s p
h

o
n

o
lo

g
y (C

h
o

m
sky a

n
d

 H
a

lle
 1

9
6

8
;

a
lso

 C
h

o
m

sky 1
9

8
6

; b
u

t cf. th
e

 syn
ta

x-p
h

o
n

o
lo

g
y in

te
rfa

ce
 m

o
d

e
ls o

u
tlin

e
d

 b
y N

e
sp

o
r

a
n

d
 V

o
g

e
l 1

9
8

6
; S

e
lkirk 1

9
8

6
; Z

e
c a

n
d

 In
ke

la
s 1

9
9

0
; a

 d
iffe

re
n

t o
rg

a
n

iza
tio

n
 is p

o
site

d
in

 th
e

 L
e

xica
l P

h
o

n
o

lo
g

y m
o

d
e

l, K
ip

a
rsky 1

9
8

2
).  S

tru
ctu

rin
g

 th
e

 g
ra

m
m

a
r in

 th
is w

a
y

m
a

ke
s th

e
 p

re
d

ictio
n

 th
a

t th
e

 ra
n

g
e

 o
f w

o
rd

 o
rd

e
r se

q
u

e
n

ce
s a

tte
ste

d
 in

 la
n

g
u

a
g

e
 w

ill
b

e
 g

ive
n

 b
y th

e
 in

te
ra

ctio
n

 o
f syn

ta
ctic co

n
stra

in
ts a

n
d

 w
ill n

o
t b

e
 d

e
te

rm
in

e
d

 b
y

p
h

o
n

o
lo

g
ica

l co
n

d
itio

n
s.  P

h
o

n
o

lo
g

y is e
xp

e
cte

d
 o

n
ly to

 p
la

y a
 ro

le
 in

 w
o

rd
 o

rd
e

r in
d

e
cid

in
g

 b
e

tw
e

e
n

 syn
ta

ctic stru
ctu

re
s th

a
t tie

 w
ith

 re
sp

e
ct to

 syn
ta

ctic co
n

stra
in

ts, a
p

re
d

ictio
n

 th
a

t g
e

n
e

ra
lly se

e
m

s to
 b

e
 b

o
rn

e
 o

u
t.  T

h
e

 p
ro

p
o

sa
l h

e
re

 is th
a

t th
e
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p
h

o
n

o
lo

g
y itse

lf ca
n

 b
e

 o
rg

a
n

ize
d

 in
to

 ra
n

ke
d

 co
m

p
o

n
e

n
ts.

7  T
h

e
 o

ve
ra

ll stru
ctu

re
 o

f
the gram

m
atical com

ponents is given in (23).

(2
3

)
S

yn
ta

x >
>

 P
h

o
n

o
lo

g
y 1

 >
>

 P
h

o
n

o
lo

g
y 2

I su
g

g
e

st th
a

t th
e

 d
e

fa
u

lt sta
tu

s fo
r a

 g
ra

m
m

a
r is fo

r n
o

 b
ifu

rca
tio

n
 to

 e
xist in

 th
e

p
h

o
n

o
lo

g
ica

l co
n

stra
in

t h
ie

ra
rch

y (th
is is d

iscu
sse

d
 fu

rth
e

r in
 se

ctio
n

 3
.6

); h
o

w
e

ve
r,

e
vid

e
n

ce
 

o
f 

o
p

a
city 

in
d

u
ce

s 
a

 
sp

lit 
in

to
 

tw
o

 
ra

n
ke

d
 

co
m

p
o

n
e

n
ts 

m
e

d
ia

te
d

 
b

y
sym

p
a

th
e

tic fa
ith

. T
h

e
 n

o
tio

n
 o

f h
a

rm
o

n
ic sym

p
a

th
y th

e
n

 a
llo

w
s th

e
 m

o
st h

a
rm

o
n

ic
e

le
m

e
n

t w
ith

 re
sp

e
ct to

 so
m

e
 co

m
p

o
n

e
n

t to
 in

flu
e

n
ce

 th
e

 d
e

cisio
n

 b
e

tw
e

e
n

 ca
n

d
id

a
te

s
re

sp
e

ctin
g

 th
e

 co
n

stra
in

ts o
f h

ig
h

e
r-ra

n
ke

d
 co

m
p

o
n

e
n

ts.

3
.3

T
uyuca

I tu
rn

 n
o

w
 to

 th
e

 a
n

a
lysis o

f a
n

ta
g

o
n

istic tra
n

sp
a

re
n

cy in
 n

a
sa

l h
a

rm
o

n
y.  T

h
is a

n
a

lysis
ca

lls o
n

 a
 p

h
o

n
o

lo
g

ica
l re

p
re

se
n

ta
tio

n
 th

a
t m

a
y n

e
ve

r su
rfa

ce
 b

e
ca

u
se

 it ca
n

n
o

t b
e

p
h

ysica
lly im

p
le

m
e

n
te

d
.  I b

e
g

in
 th

is se
ctio

n
 b

y o
u

tlin
in

g
 m

y a
ssu

m
p

tio
n

s a
b

o
u

t
p

h
o

n
e

tic ve
rsu

s p
h

o
n

o
lo

g
ica

l p
o

ssib
ility, a

n
d

 th
e

n
 I g

o
 o

n
 to

 a
p

p
ly th

e
 h

a
rm

o
n

ic
sym

p
a

th
y m

o
d

e
l o

f d
e

riva
tio

n
a

l o
p

a
city e

ffe
cts to

 tra
n

sp
a

re
n

t se
g

m
e

n
ts in

 T
u

yu
ca

.  In
th

is a
cco

u
n

t, I e
xp

lo
re

 th
e

 im
p

lica
tio

n
s o

f th
e

 b
lo

ckin
g

 b
e

h
a

vio
r o

f sto
p

s in
 su

ffixe
s fo

r
th

e
ir u

n
d

e
rlyin

g
 re

p
re

se
n

ta
tio

n
 a

n
d

 th
e

 u
n

d
e

rsta
n

d
in

g
 o

f th
e

 co
n

tra
sts w

h
ich

 h
o

ld
 in

T
u

yu
ca

.

3.3.1
P

honetic versus phonological possibility

F
irst 

it 
is 

n
e

ce
ssa

ry 
to

 
m

a
ke

 
cle

a
r 

m
y 

a
ssu

m
p

tio
n

s 
a

b
o

u
t 

th
e

 
p

h
o

n
e

tic 
ve

rsu
s

p
h

o
n

o
lo

g
ica

l a
d

m
issib

ility o
f se

g
m

e
n

ts.  L
e

t u
s co

n
sid

e
r a

g
a

in
 th

e
 re

p
re

se
n

ta
tio

n
 o

f th
e

sym
p

a
th

e
tic ca

n
d

id
a

te
 fo

r th
is a

cco
u

n
t.  T

h
is re

p
re

se
n

ta
tio

n
 fro

m
 (4

) fo
r a

 h
yp

o
th

e
tica

l
form

 is repeated below
 in (24).

(2
4

)
T

h
e

 re
p

re
se

n
ta

tio
n

 o
f th

e
 sym

p
a

th
e

tic ca
n

d
id

a
te

a
)  r )  a

)  t )  o
))

   \   \  |  /   /
    [+

nasal]

7  A
 d

iffe
re

n
t kin

d
 o

f sp
lit is p

ro
p

o
se

d
 in

 L
e

xica
l P

h
o

n
o

lo
g

y, e
.g

. K
ip

a
rsky (1

9
8

2
, 1

9
8

5
), a

lso
 re

la
te

d
w

o
rk cite

d
 in

 M
o

h
a

n
a

n
 (1

9
9

5
).
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In
 (2

4
) [+

n
a

sa
l] h

a
s sp

re
a

d
 to

 e
ve

ry se
g

m
e

n
t in

 th
e

 w
o

rd
; th

is is n
e

ce
ssa

ry to
 p

ro
d

u
ce

n
a

sa
liza

tio
n

 o
f th

e
 fin

a
l vo

w
e

l sin
ce

 se
g

m
e

n
ts ca

n
n

o
t b

e
 skip

p
e

d
 in

 sp
re

a
d

in
g

.  T
h

e
fu

lly-sp
re

a
d

 
re

p
re

se
n

ta
tio

n
 

p
o

sits 
a

 
n

a
sa

lize
d

 
vo

ice
le

ss 
a

lve
o

la
r 

o
b

stru
e

n
t 

sto
p

,
tra

n
scrib

e
d

 a
s [t )]. T

h
is se

g
m

e
n

t co
m

b
in

e
s th

e
 fe

a
tu

re
 sp

e
cifica

tio
n

 [+
n

a
sa

l] w
ith

 th
o

se
d

e
fin

in
g

 a
n

 o
b

stru
e

n
t sto

p
, [-so

n
o

ra
n

t] a
n

d
 [-co

n
tin

u
a

n
t].  A

s o
b

se
rve

d
 in

 se
ctio

n
 3

.1
, a

se
g

m
e

n
t o

f th
is kin

d
 ca

n
n

o
t b

e
 p

h
ysica

lly p
ro

d
u

ce
d

 b
e

ca
u

se
 th

e
 d

e
m

a
n

d
s th

a
t a

se
g

m
e

n
t b

e
 a

 b
u

cca
l o

b
stru

e
n

t sto
p

 a
n

d
 n

a
sa

l ca
n

n
o

t b
o

th
 b

e
 sa

tisfie
d

 a
t th

e
 sa

m
e

 tim
e

.
T

h
e

 sp
e

cific p
ro

b
le

m
 is th

a
t re

a
lizin

g
 th

e
 se

g
m

e
n

t w
ith

 a
 lo

w
e

re
d

 ve
lu

m
, a

s re
q

u
ire

d
 b

y
[+

n
a

sa
l], p

re
ve

n
ts th

e
 b

u
ild

-u
p

 o
f p

re
ssu

re
 b

e
h

in
d

 th
e

 o
ra

l clo
su

re
 n

e
e

d
e

d
 to

 in
h

ib
it

sp
o

n
ta

n
e

o
u

s vo
icin

g
, a

 p
ro

p
e

rty re
q

u
ire

d
 fo

r a
n

 o
b

stru
e

n
t sto

p
.  A

 se
g

m
e

n
t like

 [
t )] is

th
u

s p
h

o
n

e
tica

lly im
p

o
ssib

le
 — u

n
d

e
rsta

n
d

in
g

 p
h

o
n

e
tica

lly p
o

ssib
le

 se
g

m
e

n
ts a

s th
o

se
th

a
t ca

n
 b

e
 pro

n
o

u
n

ce
d, i.e

. th
o

se
 th

a
t ca

n
 re

a
lize

 th
e

 im
p

le
m

e
n

ta
tio

n
a

l re
q

u
ire

m
e

n
ts o

f
a

ll o
f th

e
ir p

h
o

n
o

lo
g

ica
l fe

a
tu

re
s (a

fte
r W

a
lke

r a
n

d
 P

u
llu

m
 1

9
9

7
).  It is im

p
o

rta
n

t to
 n

o
te

th
a

t th
e

 p
h

o
n

e
tic im

p
o

ssib
ility o

f a
 n

a
sa

lize
d

 o
b

stru
e

n
t sto

p
 d

o
e

s n
o

t ste
m

 fro
m

 a
co

n
tra

d
ictio

n
 in

 its de
scrip

tio
n —

 it is n
o

t a
t o

n
ce

 sp
e

cifie
d

 b
o

th
 [+

n
a

sa
l] a

n
d

 [-n
a

sa
l]

(i.e
. P

 &
 ~

P
) —

 
th

e
 

p
h

o
n

e
tic 

im
p

o
ssib

ility 
is 

in
ste

a
d

 
a

 
co

n
se

q
u

e
n

ce
 

o
f 

th
e

in
te

rp
re

ta
tio

n
s o

f th
e

 fe
a

tu
re

s yie
ld

in
g

 a
 lo

g
ica

l fa
lse

h
o

o
d

 fo
r re

a
liza

b
le

 se
g

m
e

n
ts

(fo
llo

w
in

g
 a

 lin
e

 p
ro

p
o

se
d

 b
y W

a
lke

r a
n

d
 P

u
llu

m
 1

9
9

7
: 3

).  B
y th

is, I m
e

a
n

 th
a

t th
e

se
g

m
e

n
ts d

e
scrib

e
d

 b
y th

e
 fe

a
tu

re
 sp

e
cifica

tio
n

s 
[+

n
a

sa
l], [-so

n
o

ra
n

t], [-co
n

tin
u

a
n

t]

co
rre

sp
o

n
d

 to
 d

isjo
in

t se
ts o

f p
h

o
n

e
tica

lly p
ro

d
u

ce
a

b
le

 se
g

m
e

n
ts; n

o
 se

g
m

e
n

t ca
n

 b
e

re
a

lize
d

 a
s n

a
sa

l a
n

d
 a

t th
e

 sa
m

e
 tim

e
 b

e
 p

ro
d

u
ce

d
 a

s a
n

 o
b

stru
e

n
t sto

p
.  T

h
e

se
 o

p
p

o
sin

g
re

a
liza

tio
n

a
l re

q
u

ire
m

e
n

ts p
re

ve
n

t a
n

y ca
n

d
id

a
te

 co
n

ta
in

in
g

 [
t )] fro

m
 e

ve
r b

e
in

g
 se

le
cte

d
a

s th
e

 o
p

tim
a

l o
u

tp
u

t.
I p

ro
p

o
se

, h
o

w
e

ve
r, th

a
t th

e
 u

n
p

ro
n

o
u

n
ce

a
b

ility o
f a

 n
a

sa
lize

d
 o

b
stru

e
n

t sto
p

d
o

e
s n

o
t e

xclu
d

e
 fo

rm
s co

n
ta

in
in

g
 n

a
sa

lize
d

 o
b

stru
e

n
ts fro

m
 b

e
in

g
 g

e
n

e
ra

te
d

 (b
y th

e
fu

n
ctio

n
 G

e
n

, P
rin

ce
 a

n
d

 S
m

o
le

n
sky 1

9
9

3
: 4

) a
n

d
 e

va
lu

a
te

d
 a

s p
a

rt o
f th

e
 ca

n
d

id
a

te
 se

t.
T

h
a

t is, th
e

 se
t o

f p
h

o
n

o
lo

g
ica

lly p
o

ssib
le

 se
g

m
e

n
ts —

 th
o

se
 th

a
t a

re
 a

va
ila

b
le

 fo
r

e
va

lu
a

tio
n

 in
 th

e
 g

ra
m

m
a

r —
 in

clu
d

e
s so

m
e

 se
g

m
e

n
ts w

h
ich

 a
re

 n
o

t p
h

o
n

e
tica

lly
p

ro
d

u
ce

a
b

le
.  A

 se
g

m
e

n
t like

 [
t )] sig

n
ifie

s a
 w

e
ll-fo

rm
e

d
 re

p
re

se
n

ta
tio

n
; it sim

p
ly is o

n
e

th
a

t ca
n

n
o

t b
e

 p
ro

n
o

u
n

ce
d

.  In
 th

is u
n

d
e

rsta
n

d
in

g
 o

f th
e

 d
ich

o
to

m
y b

e
tw

e
e

n
 a

d
m

issib
le

p
h

o
n

e
tic a

n
d

 p
h

o
n

o
lo

g
ica

l re
p

re
se

n
ta

tio
n

s I fo
llo

w
 W

a
lke

r a
n

d
 P

u
llu

m
 (1

9
9

7
) (cf. a

lso
W

a
lke

r 1
9

9
6

).  W
a

lke
r a

n
d

 P
u

llu
m

 p
ro

p
o

se
 th

a
t a

 g
ro

u
p

 o
f p

h
o

n
e

tica
lly im

p
o

ssib
le

se
g

m
e

n
ts a

re
 co

n
ta

in
e

d
 in

 th
e

 se
t o

f p
h

o
n

o
lo

g
ica

lly w
e

ll-fo
rm

e
d

 se
g

m
e

n
ts.  T

h
e

y
su

g
g

e
st th

a
t th

e
 se

t o
f p

h
o

n
o

lo
g

ica
lly w

e
ll-fo

rm
e

d
 se

g
m

e
n

ts a
re

 ‘d
e

rive
d

 b
y clo

sin
g

 th
e

se
t o

f p
h

o
n

e
tica

lly d
e

scrib
a

b
le

 se
g

m
e

n
ts u

n
d

e
r fe

a
tu

re
-va

lu
e

 p
a

irin
g

’ (fo
r so

m
e

 se
t o

f
p

h
o

n
o

lo
g

ica
l fe

a
tu

re
s) (1

9
9

7
: 3

2
), w

h
ile

 th
e

 p
h

o
n

e
tica

lly p
o

ssib
le

 se
g

m
e

n
ts a

re
 th

e
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su
b

se
t w

h
ich

 a
re

 re
a

liza
tio

n
a

lly p
o

ssib
le

.  T
h

e
 se

t o
f se

g
m

e
n

ts p
ro

d
u

ce
a

b
le

 b
y G

e
n

 is
th

u
s n

o
t a

n
 in

fin
ite

 o
n

e
, b

u
t it co

n
ta

in
s so

m
e

 w
e

ll-fo
rm

e
d

 ‘a
b

stra
ct’ se

g
m

e
n

ts th
a

t
ca

n
n

o
t 

b
e

 
p

h
ysica

lly 
re

a
lize

d
. 

 
T

h
e

 
situ

a
tio

n
 

w
ith

 
re

sp
e

ct 
to

 
th

e
 

p
h

o
n

e
tic 

a
n

d
p

h
o

n
o

lo
g

ica
l p

o
ssib

ility o
f se

g
m

e
n

ts d
e

scrib
e

d
 b

y th
e

 fe
a

tu
re

 sp
e

cifica
tio

n
s [-so

n
o

ra
n

t],
[+

n
a

sa
l], a

n
d

 [-co
n

tin
u

a
n

t] is re
p

re
se

n
te

d
 d

ia
g

ra
m

m
a

tica
lly in

 (2
5

).  C
ircle

s A
, B

 a
n

d
 C

re
p

re
se

n
t th

e
 se

ts o
f se

g
m

e
n

ts d
e

scrib
e

d
 b

y e
a

ch
 o

f th
e

 fe
a

tu
re

 sp
e

cifica
tio

n
s (a

 fe
w

re
p

re
se

n
ta

tive
 se

g
m

e
n

ts a
re

 g
ive

n
 fo

r e
a

ch
 se

t).

(2
5

)
P

h
o

n
e

tic ve
rsu

s p
h

o
n

o
lo

g
ica

l p
o

ssib
ility o

f a
 n

a
sa

lize
d

 o
b

stru
e

n
t sto

p
.

t

s

z
z
)

d

s)

d
t )

)

n

o
)

a
)

l

[-sonorant]
[+

nasal]

[-continuant]

E
ntire group: 

P
honologically possible 

segm
ents.

S
haded area:

P
honologically possible 

segm
ents that are phonetically 

im
possible.

N
onshaded area:

P
honetically possible segm

ents.

A
B

C

T
h

e
 h

yp
o

th
e

sis is th
a

t th
e

 se
t o

f p
h

o
n

o
lo

g
ica

lly p
o

ssib
le

 se
g

m
e

n
ts d

e
scrib

a
b

le
 w

ith
th

e
se

 fe
a

tu
re

s re
p

re
se

n
ts th

e
 u

n
io

n
 o

f th
e

 th
re

e
 se

ts o
f se

g
m

e
n

ts (A
, B

, a
n

d
 C

) in
 (2

5
).

O
n

 th
e

 o
th

e
r h

a
n

d
, so

m
e

 o
f th

e
se

 p
h

o
n

o
lo

g
ica

lly p
o

ssib
le

 se
g

m
e

n
ts a

re
 n

o
t p

h
o

n
e

tica
lly

p
o

ssib
le

: th
e

y d
o

 n
o

t d
e

scrib
e

 se
g

m
e

n
ts th

a
t ca

n
 b

e
 re

a
lize

d
 w

ith
 th

e
 h

u
m

a
n

 vo
ca

l
a

p
p

a
ra

tu
s.  T

h
e

se
 a

re
 th

e
 se

g
m

e
n

ts in
 th

e
 sh

a
d

e
d

 p
o

rtio
n

: n
a

sa
lize

d
 o

b
stru

e
n

t sto
p

s.
8

T
h

e
se

 m
u

st b
e

 filte
re

d
 o

u
t fro

m
 se

le
ctio

n
 b

y u
n

d
o

m
in

a
te

d
 fe

a
tu

re
 co

o
ccu

rre
n

ce
co

n
stra

in
ts w

h
ich

 ru
le

 o
u

t u
n

p
ro

n
o

u
n

ce
a

b
le

 o
u

tp
u

ts.
A

n
y 

a
n

a
lysis 

o
f 

a
 

la
n

g
u

a
g

e
 

in
 

O
p

tim
a

lity 
T

h
e

o
ry 

a
ssu

m
e

s 
a

 
n

u
m

b
e

r 
o

f
u

n
d

o
m

in
a

te
d

 co
n

stra
in

ts.  S
o

m
e

 o
f th

e
se

 co
n

stra
in

ts se
e

m
 to

 b
e

 u
n

d
o

m
in

a
te

d
 in

 a
lm

o
st

e
ve

ry la
n

g
u

a
g

e
, o

r p
e

rh
a

p
s e

ve
n

 a
ll o

f th
e

m
 (fo

r e
xa

m
p

le
, F

O
O

T-B
IN

A
R

IT
Y

; P
rin

ce
 a

n
d

S
m

o
le

n
sky 1

9
9

3
: 4

7
).  F

o
r co

n
stra

in
ts o

f th
is typ

e
 w

e
 m

a
y q

u
e

stio
n

 w
h

e
th

e
r th

e
y

b
e

lo
n

g
 in

 G
e

n
 o

r in
 th

e
 co

n
stra

in
t h

ie
ra

rch
y.  T

h
e

 a
n

sw
e

r to
 th

is q
u

e
stio

n
 h

a
s im

p
o

rta
n

t

8  A
s w

a
s n

o
te

d
 in

 se
ctio

n
 2

.4
, th

e
 p

h
o

n
e

tic p
o

ssib
ility o

f n
a

sa
lize

d
 frica

tive
s h

a
s b

e
e

n
 ca

lle
d

 in
to

q
u

e
stio

n
, b

u
t th

e
re

 a
p

p
e

a
rs to

 b
e

 e
vid

e
n

ce
 fo

r o
ccu

rre
n

ce
s o

f th
e

se
 se

g
m

e
n

ts in
 so

m
e

 la
n

g
u

a
g

e
s (w

ith
g

ra
d

ie
n

t re
d

u
ctio

n
 o

f n
a

sa
liza

tio
n

 o
r frica

tio
n

).
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im
p

lica
tio

n
s fo

r a
n

a
lysis.  If a

 co
n

stra
in

t is p
a

rt o
f G

e
n

, n
o

 ca
n

d
id

a
te

s in
 th

e
 e

va
lu

a
tio

n
se

t ca
n

 vio
la

te
 it.  O

n
 th

e
 o

th
e

r h
a

n
d

, if a
 co

n
stra

in
t is sim

p
ly u

n
d

o
m

in
a

te
d

, a
 ca

n
d

id
a

te
vio

la
tin

g
 it ca

n
 b

e
 co

m
p

a
re

d
 w

ith
 o

th
e

rs, a
n

d
 th

ro
u

g
h

 a
 sym

p
a

th
y co

rre
sp

o
n

d
e

n
ce

re
la

tio
n

 th
is ca

n
d

id
a

te
 ca

n
 in

flu
e

n
ce

 th
e

 se
le

ctio
n

 o
f th

e
 o

p
tim

a
l o

u
tp

u
t.  I w

ill n
o

t
a

tte
m

p
t to

 d
e

fin
e

 e
ve

ry co
n

stra
in

t th
a

t m
u

st b
e

lo
n

g
 to

 G
e

n
 ve

rsu
s th

e
 e

va
lu

a
tive

h
ie

ra
rch

y, b
u

t so
m

e
 d

istin
ctio

n
s ca

n
 b

e
 m

a
d

e
 cle

a
r.  F

irst, fo
llo

w
in

g
 P

rin
ce

 a
n

d
S

m
o

le
n

sky (1
9

9
3

: 4
) I a

ssu
m

e
 th

a
t G

e
n

 co
n

ta
in

s in
fo

rm
a

tio
n

 a
b

o
u

t th
e

 u
n

ive
rsa

l b
a

sis
fo

r p
h

o
n

o
lo

g
ica

l re
p

re
se

n
ta

tio
n

s —
 it e

n
co

d
e

s th
e

 b
u

ilt-in
 w

irin
g

 o
f p

h
o

n
o

lo
g

ica
l

p
o

ssib
ility.  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
, su

ch
 a

s th
e

 se
t o

f
p

h
o

n
o

lo
g

ica
l fe

a
tu

re
s a

n
d

 th
e

 le
ve

ls o
f p

ro
so

d
ic h

ie
ra

rch
y, a

n
d

 it co
n

ta
in

s in
fo

rm
a

tio
n

a
b

o
u

t th
e

 e
le

m
e

n
ts o

f th
e

ir o
rg

a
n

iza
tio

n
, fo

r e
xa

m
p

le
, fe

e
t a

re
 co

m
p

o
se

d
 o

f sylla
b

le
s, n

o
t

vice
 ve

rsa
, p

ro
so

d
ic co

n
stitu

e
n

ts h
a

ve
 h

e
a

d
s, e

tc..  T
h

e
 se

t o
f ca

n
d

id
a

te
s th

a
t G

e
n

p
ro

d
u

ce
s is th

e
n

 d
e

rive
d

 b
y p

e
rfo

rm
in

g
 co

m
b

in
a

tive
 o

p
e

ra
tio

n
s o

n
 th

e
se

 p
rim

itive
s o

f
stru

ctu
re

 a
n

d
 o

rg
a

n
iza

tio
n

.  In
 a

d
d

itio
n

 to
 fa

ith
 co

n
stra

in
ts, th

e
 kin

d
s o

f co
n

stra
in

ts th
a

t
a

p
p

e
a

r 
in

 
th

e
 

h
ie

ra
rch

y 
e

va
lu

a
tin

g
 

th
e

se
 

ca
n

d
id

a
te

s 
a

re
 

th
o

se
 

th
a

t 
b

a
n

 
sp

e
cific

o
ccu

rre
n

ce
s o

r co
n

fig
u

ra
tio

n
s w

ith
in

 th
e

 lim
its o

f o
rg

a
n

iza
tio

n
a

l p
o

ssib
ility.  E

xa
m

p
le

s
in

clu
d

e
 m

a
rke

d
n

e
ss co

n
stra

in
ts (e

.g
. *[+

lo
w

]), co
o

ccu
rre

n
ce

 co
n

stra
in

ts (e
.g

. *[+
A

T
R

,
+

lo
w

]), 
co

n
stra

in
ts 

o
n

 
se

q
u

e
n

cin
g

 
(e

.g
. 

*C
O

M
P

L
E

X
, 

p
h

o
n

o
ta

ctic 
co

n
stra

in
ts),

co
n

stra
in

ts o
n

 stru
ctu

ra
l co

in
cid

e
n

ce
 (e

.g
. a

lig
n

m
e

n
t), a

n
d

 co
n

stra
in

ts o
n

 strict la
ye

rin
g

(e.g. PA
R

S
E-σ

).
O

f co
u

rse
 a

n
y co

n
stra

in
t th

a
t is vio

la
te

d
 in

 th
e

 o
u

tp
u

t o
f 

so
m

e la
n

g
u

a
g

e
 m

u
st

b
e

lo
n

g
 to

 th
e

 e
va

lu
a

tive
 h

ie
ra

rch
y a

n
d

 n
o

t to
 G

e
n

, b
u

t th
is n

e
e

d
 n

o
t b

e
 th

e
 o

n
ly

crite
rio

n
 b

y w
h

ich
 th

e
 sta

tu
s o

f a
 co

n
stra

in
t b

e
 d

e
te

rm
in

e
d

.  I su
g

g
e

st th
a

t a
 co

n
stra

in
t

ca
n

 a
lso

 b
e

lo
n

g
 to

 th
e

 e
va

lu
a

tive
 h

ie
ra

rch
y e

ve
n

 if it is u
n

vio
la

te
d

 in
 th

e
 o

p
tim

a
l o

u
tp

u
t

se
t o

f e
ve

ry la
n

g
u

a
g

e
.  T

h
is d

o
e

s n
o

t in
 p

rin
cip

le
 u

n
d

e
rm

in
e

 th
e

 o
p

tim
a

lity-th
e

o
re

tic
cla

im
 th

a
t co

n
stra

in
ts a

re
 ra

n
ke

d
 a

n
d

 vio
la

b
le

.  F
o

rm
s vio

la
tin

g
 u

n
d

o
m

in
a

te
d

 co
n

stra
in

ts
w

ill still b
e

 p
a

rt o
f th

e
 ca

n
d

id
a

te
 se

t a
n

d
 a

re
 e

va
lu

a
te

d
 a

lo
n

g
 w

ith
 th

e
 o

th
e

rs.  In
 a

n
y

la
n

g
u

a
g

e
, th

e
 le

a
rn

e
r d

isco
ve

rs th
a

t ce
rta

in
 co

n
stra

in
ts a

re
 u

n
vio

la
te

d
 in

 e
ve

ry o
p

tim
a

l
o

u
tp

u
t: th

e
se

 d
e

fin
e

 th
e

 u
n

d
o

m
in

a
te

d
 co

n
stra

in
t se

t fo
r th

a
t la

n
g

u
a

g
e

.  W
h

a
t I p

ro
p

o
se

is th
a

t fo
r so

m
e

 co
n

stra
in

ts th
e

re
 ca

n
 n

e
ve

r b
e

 e
vid

e
n

ce
 fo

r th
e

 le
a

rn
e

r th
a

t th
e

y a
re

vio
la

te
d

 in
 th

e
 o

p
tim

a
l o

u
tp

u
t.  E

xa
m

p
le

s o
f th

is kin
d

 w
ill b

e
 co

n
stra

in
ts a

g
a

in
st

p
h

o
n

e
tica

lly 
im

p
o

ssib
le

 
re

p
re

se
n

ta
tio

n
s, 

su
ch

 
a

s 
*N

A
S

O
B

S
S

T
O

P.  B
e

ca
u

se
 th

is
co

m
b

in
a

tio
n

 o
f fe

a
tu

re
s d

e
scrib

e
s a

n
 u

n
p

ro
n

o
u

n
ce

a
b

le
 se

g
m

e
n

t, th
e

re
 ca

n
 n

e
ve

r b
e

 a
su

rfa
ce

 fo
rm

 vio
la

tin
g

 th
is co

n
stra

in
t, a

lth
o

u
g

h
 in

 p
rin

cip
le

 th
is co

n
stra

in
t co

u
ld

 b
e

d
o

m
in

a
te

d
 b

y th
e

 n
a

sa
l sp

re
a

d
in

g
 co

n
stra

in
t.  T

h
u

s n
a

sa
lize

d
 o

b
stru

e
n

ts a
re

 n
o

t
e

xclu
d

e
d

 
in

 
a

ctu
a

l 
su

rfa
ce

 
fo

rm
s 

b
e

ca
u

se
 

th
e

y 
a

re
 

n
o

t 
p

o
ssib

le
 

p
h

o
n

o
lo

g
ica

l
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re
p

re
se

n
ta

tio
n

s —
 th

e
se

 fe
a

tu
re

 co
m

b
in

a
tio

n
s ca

n
 still b

e
 p

ro
d

u
ce

d
 b

y G
e

n
 —

 ra
th

e
r it is

a
 co

n
se

q
u

e
n

ce
 o

f p
h

ysica
l lim

ita
tio

n
s o

f th
e

 vo
ca

l a
p

p
a

ra
tu

s.  T
h

is is n
o

t to
 sa

y th
a

t th
e

p
h

o
n

o
lo

g
ica

l h
a

rd
 w

irin
g

 fo
r se

g
m

e
n

t stru
ctu

re
 is n

o
t in

fo
rm

e
d

 b
y p

h
o

n
e

tic p
rin

cip
le

s.
T

h
e

 se
t o

f p
h

o
n

o
lo

g
ica

l fe
a

tu
re

s itse
lf h

a
s a

 p
h

o
n

e
tic b

a
sis a

n
d

 th
e

 u
n

p
ro

n
o

u
n

ce
a

b
ility

o
f a

 n
a

sa
lize

d
 o

b
stru

e
n

t sto
p

 is re
fle

cte
d

 in
 th

e
 p

h
o

n
o

lo
g

y in
 b

e
in

g
 le

a
st fa

vo
re

d
 in

 th
e

fixe
d

 h
ie

ra
rch

y o
f n

a
sa

lize
d

 se
g

m
e

n
ts.  W

h
e

re
 p

h
o

n
o

lo
g

y is d
istin

ct fro
m

 p
h

o
n

e
tics is in

m
a

kin
g

 a
va

ila
b

le
 a

ll fe
a

tu
re

 co
m

b
in

a
tio

n
s, e

ve
n

 th
o

se
 th

a
t d

o
 n

o
t co

rre
sp

o
n

d
 to

 th
e

 se
t

o
f p

ro
n

o
u

n
ce

a
b

le
 se

g
m

e
n

ts.  O
th

e
r co

n
ce

iva
b

le
 e

xa
m

p
le

s o
f p

h
o

n
e

tica
lly im

p
o

ssib
le

se
g

m
e

n
ts d

e
rive

d
 u

n
d

e
r e

xh
a

u
stive

 co
m

b
in

a
tio

n
 o

f fe
a

tu
re

 sp
e

cifica
tio

n
s a

re
 vo

ice
d

g
lo

tta
l sto

p
s a

n
d

 vo
ice

le
ss to

n
e

d
 se

g
m

e
n

ts.  S
o

m
e

 p
o

ssib
le

 ca
se

s o
f p

h
o

n
o

lo
g

ica
l

in
sta

n
ce

s o
f su

ch
 se

g
m

e
n

ts th
a

t a
re

 n
e

u
tra

lize
d

 to
 p

h
o

n
e

tica
lly p

o
ssib

le
 a

rticu
la

tio
n

s in
production are cited and discussed by W

alker &
 P

ullum
 (1997).

3.3.2
H

arm
onic S

ym
pathy in T

uyuca

B
e

ca
u

se
 co

n
stra

in
ts a

g
a

in
st p

h
o

n
e

tica
lly im

p
o

ssib
le

 fe
a

tu
re

 co
m

b
in

a
tio

n
s w

ill n
e

ve
r b

e
vio

la
te

d
 in

 a
n

 o
p

tim
a

l o
u

tp
u

t, th
e

y w
ill b

e
 p

o
site

d
 a

s u
n

d
o

m
in

a
te

d
 in

 e
ve

ry le
a

rn
e

d
g

ra
m

m
a

r.  H
o

w
e

ve
r, g

ive
n

 sym
p

a
th

y th
e

o
ry, th

e
re

 still ca
n

 b
e

 e
vid

e
n

ce
 th

a
t th

e
se

co
n

stra
in

ts a
re

 p
a

rt o
f th

e
 e

va
lu

a
tive

 h
ie

ra
rch

y ra
th

e
r th

a
n

 G
e

n
.  T

h
is e

vid
e

n
ce

 co
m

e
s

fro
m

 su
rfa

ce
 fo

rm
s th

a
t co

u
ld

 n
o

t b
e

 o
p

tim
a

l e
xce

p
t b

y a
 co

rre
sp

o
n

d
e

n
ce

 re
la

tio
n

 to
 a

co
-ca

n
d

id
a

te
 

w
h

ich
 

vio
la

te
s 

a
n

 
u

n
d

o
m

in
a

te
d

 
co

n
stra

in
t 

in
 

th
e

 
g

ra
m

m
a

r.
9  T

h
e

tra
n

sp
a

re
n

cy o
f n

a
sa

l o
b

stru
e

n
ts to

 n
a

sa
l h

a
rm

o
n

y is p
re

cise
ly th

e
 kin

d
 o

f e
vid

e
n

ce
n

e
e

d
e

d
 to

 in
d

ica
te

 th
a

t *N AS
O

B
SS

T
O

P is vio
la

b
le

 in
 g

e
n

e
ra

tio
n

 o
f th

e
 ca

n
d

id
a

te
 se

t.
L

e
t u

s re
ca

ll th
e

 re
su

lt fro
m

 ch
a

p
te

r 2
 fo

r la
n

g
u

a
g

e
s w

ith
 o

b
stru

e
n

t tra
n

sp
a

re
n

cy.  F
o

r
th

e
se

 ca
se

s it w
a

s h
yp

o
th

e
size

d
 th

a
t S

P
R

E
A

D[+
n

a
sa

l] o
u

tra
n

ks a
ll n

a
sa

lize
d

 se
g

m
e

n
t

co
n

stra
in

ts, a
 g

ra
m

m
a

r p
re

d
icte

d
 b

y fa
cto

ria
l co

n
stra

in
t ra

n
kin

g
.  W

h
e

n
 th

is ra
n

kin
g

h
o

ld
s, th

e
 b

e
st ca

n
d

id
a

te
 w

ith
 re

sp
e

ct to
 th

e
 h

ie
ra

rch
y o

f p
h

o
n

o
lo

g
ica

l co
n

stra
in

ts w
ill

b
e

 th
e

 o
n

e
 in

 w
h

ich
 [+

n
a

sa
l] h

a
s sp

re
a

d
 to

 e
ve

ry se
g

m
e

n
t, in

clu
d

in
g

 o
b

stru
e

n
t sto

p
s.

T
h

is re
su

lt fro
m

 se
ctio

n
 2

.2
.2

 fo
r sp

re
a

d
in

g
 w

ith
in

 a
 m

o
rp

h
e

m
e

 in
 T

u
yu

ca
 is re

p
e

a
te

d
 in

(2
6

) b
e

lo
w

.

9  It sh
o

u
ld

 b
e

 n
o

te
d

 th
a

t u
sin

g
 th

e
 fo

rm
 o

f a
 sym

p
a

th
e

tic ca
n

d
id

a
te

 a
s e

vid
e

n
ce

 fo
r w

h
e

th
e

r a
co

n
stra

in
t o

ccu
rs in

 E
va

l o
r G

e
n

 re
q

u
ire

s th
e

 a
ssu

m
p

tio
n

 th
a

t a
n

y co
n

stra
in

ts h
a

ve
 th

e
 p

o
te

n
tia

l to
e

n
te

r in
to

 a
n

 o
p

a
q

u
e

 in
te

ra
ctio

n
 —

 a
n

 e
xte

n
sio

n
 o

f th
e

 th
e

o
ry p

ro
p

o
se

d
 b

y Ito
 a

n
d

 M
e

ste
r (1

9
9

7
b

).
T

h
e

 o
rig

in
a

l p
ro

p
o

sa
l b

y M
cC

a
rth

y lim
ite

d
 sym

p
a

th
y ca

n
d

id
a

te
s to

 o
n

e
s sa

tisfyin
g

 so
m

e
 d

e
sig

n
a

te
d

fa
ith

fu
ln

e
ss co

n
stra

in
t.
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(26)  
T

u
yu

ca
   w

a
)ti

S
P

R
E

A
D

([+
n

a
s], M

)
*N

A
S

O
B

SS
T

O
P

*N
A

S
F

R
IC

*N
A

S
L

IQ
U

ID
*N

A
S

G
LID

E
*N

A
S

V
O

W
E

L
*N

A
S

S
O

N
S

T
O

P

☞
a

. [w
)a
)t )i ‚]

*
*

**

b
. [w

)a
)]ti

*!*
*

*
c. w

[a
)]ti

*!**
*

d
. [w

)a
)]t[i ‚]

*!****
*

**

A
lth

o
u

g
h

 th
is co

n
stra

in
t h

ie
ra

rch
y se

le
cts ca

n
d

id
a

te
 (a

), co
n

ta
in

in
g

 a
 n

a
sa

lize
d

o
b

stru
e

n
t sto

p
, th

is g
ra

m
m

a
r co

u
ld

 n
e

ve
r b

e
 le

a
rn

e
d

, b
e

ca
u

se
 th

is o
u

tp
u

t ca
n

n
o

t b
e

p
ro

n
o

u
n

ce
d

.  Y
e

t th
e

 n
o

tio
n

 o
f a

 sym
p

a
th

e
tic co

rre
sp

o
n

d
e

n
ce

 re
la

tio
n

 a
llo

w
s fo

r a
g

ra
m

m
a

r w
h

ich
 re

a
lize

s a
n

 o
u

tco
m

e
 a

s clo
se

 to
 ca

n
d

id
a

te
 (a

) a
s p

o
ssib

le
.  T

h
is w

o
u

ld
 b

e
a

n
 o

u
tco

m
e

 like
 th

a
t in

 (d
): o

n
e

 th
a

t is id
e

n
tica

l in
 a

ll se
g

m
e

n
ta

l p
ro

p
e

rtie
s to

 (a
), e

xce
p

t
fo

r 
th

e
 

p
h

o
n

e
tica

lly 
im

p
o

ssib
le

 
n

a
sa

liza
tio

n
 

o
n

 
th

e
 

o
b

stru
e

n
t 

sto
p

. 
 

W
ith

o
u

t 
a

sym
p

a
th

e
tic co

rre
sp

o
n

d
e

n
ce

 re
la

tio
n

, ca
n

d
id

a
te

 (d
) ca

n
n

o
t b

e
 d

e
rive

d
.  C

o
m

p
a

rin
g

 its
co

n
stra

in
t vio

la
tio

n
s w

ith
 th

o
se

 o
f th

e
 o

th
e

r p
h

o
n

e
tica

lly-p
o

ssib
le

 ca
n

d
id

a
te

s in
 (2

6
) (in

(b) and (c)), w
e see that it incurs a superset of the constraint violations of its com

petitors;
n

o
 re

ra
n

kin
g

 o
f th

e
se

 co
n

stra
in

ts ca
n

 m
a

ke
 (d

) co
m

e
 o

u
t a

s o
p

tim
a

l.  S
in

ce
 (d

) ca
n

 o
n

ly
b

e
 se

le
cte

d
 b

y ca
llin

g
 o

n
 a

 sym
p

a
th

e
tic ca

n
d

id
a

te
 w

ith
 fu

ll sp
re

a
d

in
g

, like
 (a

), th
e

a
tte

sta
tio

n
 o

f (d
) in

 a
 la

n
g

u
a

g
e

 p
ro

vid
e

s e
vid

e
n

ce
 fo

r th
e

 a
b

stra
ct re

p
re

se
n

ta
tio

n
 in

 (a
) a

s
a

 m
e

m
b

e
r o

f th
e

 ca
n

d
id

a
te

 se
t.  T

h
is is a

ssu
m

in
g

 th
a

t th
e

re
 is re

a
so

n
 to

 b
e

lie
ve

 th
a

t a
n

a
lte

rn
a

tive
 fu

ll sp
re

a
d

in
g

 co
-ca

n
d

id
a

te
, su

ch
 a

s [
w

)a
)n
i ‚], w

h
e

re
 /t/ b

e
co

m
e

s a
 so

n
o

ra
n

t, is
n

o
t th

e
 sym

p
a

th
e

tic o
n

e
.  E

vid
e

n
ce

 to
 th

is e
ffe

ct is d
iscu

sse
d

 in
 se

ctio
n

 3
.3

.5
.

In
 th

e
 h

a
rm

o
n

ic sym
p

a
th

y m
o

d
e

l, a
 p

h
o

n
e

tica
lly-im

p
o

ssib
le

 ca
n

d
id

a
te

 like
 [

w
)a
)t )i ‚]

w
ill b

e
 se

le
cte

d
 a

s th
e

 sym
p

a
th

e
tic ca

n
d

id
a

te
 o

n
ly if it is th

e
 m

o
st h

a
rm

o
n

ic ca
n

d
id

a
te

w
ith

 re
sp

e
ct to

 th
e

 P
2

 co
m

p
o

n
e

n
t.  T

h
is co

m
e

s a
b

o
u

t a
s a

 co
n

se
q

u
e

n
ce

 o
f th

e
 re

so
lu

tio
n

o
f tw

o
 co

n
stra

in
ts vyin

g
 fo

r u
n

d
o

m
in

a
te

d
 sta

tu
s in

 T
u

yu
ca

, n
a

m
e

ly S
P

R
E

A
D[+

n
a

sa
l] a

n
d

*N
A

S
O

B
SS

T
O

P.  T
h

e
 se

g
m

e
n

ta
l m

a
rke

d
n

e
ss co

n
stra

in
t is th

e
 o

n
e

 th
a

t is su
rfa

ce
-tru

e
 in

th
e

 la
n

g
u

a
g

e
, so

 it m
u

st b
e

 th
e

 w
in

n
e

r.  If th
is co

n
stra

in
t co

n
flict w

e
re

 re
so

lve
d

 b
y

ra
n

kin
g

 w
ith

in
 th

e
 P

2
 co

m
p

o
n

e
n

t, th
e

n
 th

e
 re

su
ltin

g
 p

a
tte

rn
 w

o
u

ld
 b

e
 o

n
e

 in
 w

h
ich

o
b

stru
e

n
t sto

p
s b

lo
cke

d
 sp

re
a

d
in

g
 (se

e
, fo

r e
xa

m
p

le
, th

e
 co

n
stra

in
t ra

n
kin

g
 n

e
e

d
e

d
 fo

r
A

p
p

le
cro

ss G
a

e
lic in

 se
ctio

n
 2

.2
.2

).  H
o

w
e

ve
r, o

b
stru

e
n

t sto
p

s a
ctu

a
lly b

e
h

a
ve

tra
n

sp
a

re
n

t in
 T

u
yu

ca
, so

 th
e

 co
n

flict is in
ste

a
d

 re
so

lve
d

 b
y p

ro
m

o
tin

g
 *N

A
S

O
B

SS
T

O
P

to
 th

e
 P

1
 co

m
p

o
n

e
n

t.  F
rica

tive
s a

lso
 b

e
h

a
ve

 tra
n

sp
a

re
n

t, in
d

ica
tin

g
 th

a
t a

 co
n

flict
b

e
tw

e
e

n
 *NA

S
F

R
IC

 a
n

d
 th

e
 n

a
sa

l sp
re

a
d

in
g

 co
n

stra
in

t h
a

s a
lso

 fo
rce

d
 th

e
 frica

tive
n

a
sa

liza
tio

n
 co

n
stra

in
t u

p
 to

 P
1

.
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A
 p

re
lim

in
a

ry re
p

re
se

n
ta

tio
n

 o
f th

e
 re

su
ltin

g
 g

ra
m

m
a

r is g
ive

n
 in

 (2
7

).  T
h

e
m

a
rke

d
n

e
ss 

co
n

stra
in

ts 
a

g
a

in
st 

n
a

sa
lize

d
 

o
b

stru
e

n
ts 

a
re

 
se

p
a

ra
te

d
 

in
to

 
th

e
 

P
1

co
m

p
o

n
e

n
t a

n
d

 h
ig

h
-ra

n
ke

d
 co

n
stra

in
ts w

ith
in

 th
e

 P
2

 h
ie

ra
rch

y in
clu

d
e

 n
a

sa
l sp

re
a

d
in

g
a

n
d

 th
e

 co
m

b
in

a
tio

n
 o

f fa
ith

 a
n

d
 m

a
rke

d
n

e
ss co

n
stra

in
ts p

re
ve

n
tin

g
 a

n
 u

n
d

e
rlyin

g
 /t/

fro
m

 su
rfa

cin
g

 a
s a

n
 [n

], w
h

ich
 I re

fe
r to

 h
e

re
 a

s *t
→

n
 (to

 b
e

 e
xp

lo
re

d
 in

 th
e

 n
e

xt
se

ctio
n

).  B
e

ca
u

se
 o

f *t
→

n
, th

e
 p

h
o

n
e

tica
lly p

o
ssib

le
 ca

n
d

id
a

te
, [

w
)a
)n

i ‚], w
ith

 fu
ll

sp
re

a
d

in
g

, lo
se

s to
 a

n
 a

lte
rn

a
tive

 ca
n

d
id

a
te

.  In
 th

is ta
b

le
a

u
, co

n
stra

in
t co

lu
m

n
s in

 th
e

 P
1

co
m

p
o

n
e

n
t a

re
 sh

a
d

e
d

 to
 fo

cu
s o

n
 se

le
ctio

n
 o

f th
e

 sym
p

a
th

y ca
n

d
id

a
te

 in
 P

2
.  B

e
ca

u
se

th
e

 o
b

stru
e

n
t m

a
rke

d
n

e
ss co

n
stra

in
ts h

a
ve

 b
e

e
n

 p
ro

m
o

te
d

 to
 P

1
 a

n
d

 sp
re

a
d

in
g

 is h
ig

h
-

ra
n

ke
d

 in
 P

2
, sym

p
a

th
y sta

tu
s is a

ssig
n

e
d

 to
 th

e
 a

b
stra

ct ca
n

d
id

a
te

 in
 (a

), w
ith

 fu
ll

spreading. (F
or space reasons, the low

-ranked *N
A

S
S

O
N

S
T

O
P is om

itted here.)

(2
7

)
S

e
le

ctin
g

 th
e

 sym
p

a
th

e
tic ca

n
d

id
a

te

           P
1

             P
2

   w
a
)ti

*N
A

S
O

B
SS

T
O

P
*N

A
S

F
R

IC
S

P
R

E
A

D
([+

n
a

s], M
)

*t→
n

*N
A

S
L

IQ
U

ID
*N

A
S

G
LID

E
*N

A
S

V
O

W
E

L

a
. [w

)a
)t )i ‚]

*
❀

*
**

b
. [w

)a
)]ti

*!*
*

*
c. w

[a
)]ti

*!**
*

d
. [w

)a
)]t[i ‚]

*!****
*

**

e
. [w

)a
)n
i ‚]

*!
*

**

W
ith

 th
e

 sym
p

a
th

y ca
n

d
id

a
te

 id
e

n
tifie

d
 a

s th
e

 a
b

stra
ct o

n
e

 w
ith

 fu
ll sp

re
a

d
in

g
,

th
e

 a
n

a
lysis o

f tra
n

sp
a

re
n

t o
b

stru
e

n
ts in

 T
u

yu
ca

 ca
n

 n
o

w
 b

e
 p

re
se

n
te

d
 in

 (2
8

).  T
h

is
ta

b
le

a
u

 in
co

rp
o

ra
te

s th
e

 sym
p

a
th

y co
rre

sp
o

n
d

e
n

ce
 co

n
stra

in
t, I

D
E

N
T-❀

O
, in P

1.  F
or a

n
a

sa
l m

o
rp

h
e

m
e

 co
n

ta
in

in
g

 a
 vo

ice
le

ss o
b

stru
e

n
t, th

e
 h

a
rm

o
n

ic sym
p

a
th

y ca
n

d
id

a
te

 is
th

e
 a

b
stra

ct o
n

e
 in

 (a
), w

ith
 n

a
sa

liza
tio

n
 o

f a
ll se

g
m

e
n

ts.  T
h

is ca
n

d
id

a
te

 lo
se

s o
n

 th
e

b
a

sis o
f th

e
 P

1
 co

m
p

o
n

e
n

t co
n

stra
in

t a
g

a
in

st n
a

sa
lize

d
 o

b
stru

e
n

t sto
p

s.  I
D

E
N

T-❀
O

 th
e

n
a

cts to
 se

le
ct th

e
 ca

n
d

id
a

te
 o

f th
o

se
 re

m
a

in
in

g
 th

a
t m

o
st clo

se
ly m

a
tch

e
s th

e
 co

n
te

n
t o

f
th

e
 sym

p
a

th
y ca

n
d

id
a

te
.  C

a
n

d
id

a
te

s (d
) a

n
d

 (e
) tie

 o
n

 th
is p

o
in

t (in
so

fa
r a

s th
is is

p
re

se
n

tly a
n

 u
n

d
iffe

re
n

tia
te

d
 I

D
E

N
T

 co
n

stra
in

t), b
u

t (e
) lo

se
s o

n
 th

e
 b

a
sis o

f in
p

u
t-

o
u

tp
u

t fa
ith

.  (d
) is th

u
s th

e
 w

in
n

e
r, a

ch
ie

vin
g

 se
g

m
e

n
ta

l tra
n

sp
a

re
n

cy th
ro

u
g

h
 its

sim
ila

rity to
 th

e
 m

o
st o

p
tim

a
l ca

n
d

id
a

te
 w

ith
 re

sp
e

ct to
 th

e
 P

2
 co

m
p

o
n

e
n

t.
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(2
8

)
T

ra
n

sp
a

re
n

cy in
 T

u
yu

ca
:

           P
1

                           P
2

   w
a
)ti

*N
A

S
O

B
SS

T
O

P
*N

A
S

F
R

IC
ID

E
N

T-❀
O

*t→
n

S
P

R
E

A
D

([+
n

], M
)

*N
A

S
L

IQ
*N

A
S

G
LID

E
*N

A
S

V
O

W
E

L

a
. [w

)a
)t )i ‚]

*!
❀

*
**

b
. [w

)a
)]ti

**!
**

*
*

c. w
[a

)]ti
**!*

***
*

☞
d

. [w
)a
)]t[i ‚]

*
*****

*
**

e
. [w

)a
)n
i ‚]

*
*!

*
**

W
ithin this m

odel, it is the m
arkedness constraints against nasalized obstruents in P

1 that
d

rive
 th

e
 tra

n
sp

a
re

n
t o

u
tco

m
e

 fo
r th

e
se

 se
g

m
e

n
ts (th

e
 a

n
a

lysis o
f tra

n
sp

a
re

n
cy p

ro
p

o
se

d
b

y K
ip

a
rsky 1

9
8

1
 p

ro
vid

e
s fo

u
n

d
a

tio
n

 fo
r th

is a
p

p
ro

a
ch

, se
e

 a
lso

 A
rch

a
n

g
e

li a
n

d
P

u
lle

yb
la

n
k 1

9
9

4
; P

u
lle

yb
la

n
k 1

9
9

6
).  It sh

o
u

ld
 b

e
 n

o
te

d
 th

a
t th

e
 in

te
rim

 re
su

lt fro
m

ch
a

p
te

r 2
 in

 w
h

ich
 th

e
 sp

re
a

d
in

g
 co

n
stra

in
t o

u
tra

n
ks co

n
stra

in
ts a

g
a

in
st n

a
sa

lize
d

o
b

stru
e

n
ts h

a
s b

e
e

n
 re

in
te

rp
re

te
d

 h
e

re
 in

 te
rm

s o
f a

n
 o

p
a

q
u

e
 re

so
lu

tio
n

 o
f th

e
se

co
n

stra
in

ts.  In
 th

is re
so

lu
tio

n
, co

n
stra

in
ts a

g
a

in
st n

a
sa

lize
d

 o
b

stru
e

n
ts a

ctu
a

lly o
u

tra
n

k
n

a
sa

l sp
re

a
d

in
g

, b
u

t n
a

sa
l sp

re
a

d
in

g
 ca

n
 still in

d
u

ce
 vio

la
tio

n
s o

f n
a

sa
lize

d
 o

b
stru

e
n

t
co

n
stra

in
ts in

 th
e

 se
le

ctio
n

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
.  In

 se
ctio

n
 3

.7
, I d

iscu
ss a

 re
vise

d
a

p
p

ro
a

ch
 in

 w
h

ich
 *N A

S
O

B
S co

n
stra

in
ts o

ccu
r in

 tw
o

 p
la

ce
s: u

n
d

o
m

in
a

te
d

 in
 P

1
 a

n
d

d
o

m
in

a
te

d
 b

y sp
re

a
d

in
g

 w
ith

in
 P

2
, m

a
in

ta
in

in
g

 th
e

 re
su

lt th
a

t (w
ith

in
 P

2
) sp

re
a

d
in

g
o

u
tra

n
ks a

ll n
a

sa
liza

tio
n

 co
n

stra
in

ts in
 T

u
yu

ca
.

T
h

e
 kin

d
 o

f o
p

a
city e

ffe
ct w

e
 a

re
 d

e
a

lin
g

 w
ith

 h
e

re
 is so

m
e

w
h

a
t d

iffe
re

n
t fro

m
th

e
 o

n
e

 in
 T

ib
e

ria
n

 H
e

b
re

w
.  In

 d
e

riva
tio

n
a

l te
rm

s, th
e

 o
p

a
city e

ffe
ct in

 T
ib

e
ria

n
 H

e
b

re
w

in
vo

lve
s a

llo
w

in
g

 so
m

e
 u

n
d

e
rlyin

g
 stru

ctu
re

 (a
 g

lo
tta

l sto
p

 co
d

a
) to

 su
rvive

 p
a

rt-w
a

y
in

to
 th

e
 d

e
riva

tio
n

 in
 o

rd
e

r to
 trig

g
e

r so
m

e
 ru

le
 (e

p
e

n
th

e
sis).  A

t th
e

 fin
a

l sta
g

e
 o

f th
e

d
e

riva
tio

n
, th

e
 trig

g
e

rin
g

 stru
ctu

re
 is d

e
le

te
d

.  In
 co

n
tra

st, th
e

 o
p

a
city e

ffe
ct in

 T
u

yu
ca

 is
o

f th
e

 so
rt re

a
lize

d
 in

 d
e

riva
tio

n
a

l fra
m

e
w

o
rks b

y a
p

p
lyin

g
 a

 ru
le

 to
 a

 fo
rm

 to
 d

e
rive

so
m

e
 stru

ctu
re

 th
a

t fe
e

d
s a

 ru
le

 (ite
ra

tive
 n

a
sa

l sp
re

a
d

in
g

) a
n

d
 th

e
n

 a
p

p
lyin

g
 a

n
o

th
e

r
ru

le
 w

h
ich

 ch
a

n
g

e
s th

e
 stru

ctu
re

 b
a

ck to
 its o

rig
in

a
l fo

rm
: th

e
 so

-ca
lle

d
 ‘D

u
ke

 o
f Y

o
rk

G
a

m
b

it’ (α→
β→

α
) (P

u
llu

m
 1

9
7

6
).  U

n
d

e
r h

a
rm

o
n

ic sym
p

a
th

y, D
u

ke
 o

f Y
o

rk G
a

m
b

it
e

ffe
cts a

re
 p

o
ssib

le
 u

n
d

e
r co

n
d

itio
n

s w
h

e
re

 th
e

 co
n

stra
in

t ch
a

n
g

in
g

 
β

 b
a

ck to
 α

 (i.e
. *β

)
is su

rfa
ce

-tru
e

.  M
a

rke
d

n
e

ss co
n

stra
in

ts in
 th

e
 P

1
 co

m
p

o
n

e
n

t co
rre

sp
o

n
d

 to
 su

rfa
ce

-tru
e

n
e

u
tra

liza
tio

n
 ru

le
s.  S

h
iftin

g
 a

 m
a

rke
d

n
e

ss co
n

stra
in

t to
 th

is h
ig

h
e

r co
m

p
o

n
e

n
t, a

llo
w

s
fo

r a
n

 o
u

tp
u

t co
n

ta
in

in
g

 th
e

 b
a

n
n

e
d

 stru
ctu

re
 to

 b
e

 se
le

cte
d

 a
s th

e
 sym

p
a

th
y ca

n
d

id
a

te
,
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b
u

t th
e

 su
p

re
m

a
cy o

f th
e

 co
n

stra
in

t’s p
o

sitio
n

 e
n

fo
rce

s its sa
tisfa

ctio
n

 a
t th

e
 su

rfa
ce

.
N

o
te

 th
a

t a
n

 u
n

d
o

m
in

a
te

d
 co

n
stra

in
t re

m
a

in
in

g
 in

 th
e

 P
2

 co
m

p
o

n
e

n
t ca

n
n

o
t p

ro
d

u
ce

th
is kin

d
 o

f (d
e

riva
tio

n
a

lly) o
p

a
q

u
e

 o
u

tco
m

e
.  U

n
d

o
m

in
a

te
d

 co
n

stra
in

ts in
 th

e
 P

2
se

g
m

e
n

t m
u

st b
e

 re
sp

e
cte

d
 in

 th
e

 sym
p

a
th

y ca
n

d
id

a
te

, sin
ce

 it is se
le

cte
d

 o
n

 th
e

 b
a

sis o
f

its h
a

rm
o

n
icity w

ith
 re

sp
e

ct to
 th

e
 P

2
 h

ie
ra

rch
y.  T

h
is is th

e
 u

su
a

l ca
se

, a
n

d
 it p

ro
d

u
ce

s
tra

n
sp

a
re

n
t ra

th
e

r th
a

n
 o

p
a

q
u

e
 co

n
stra

in
t in

te
ra

ctio
n

s.  I a
ssu

m
e

 th
a

t th
e

 le
a

rn
e

r w
ill

p
o

sit th
e

 m
o

st tra
n

sp
a

re
n

t g
ra

m
m

a
r p

o
ssib

le
 to

 g
e

n
e

ra
te

 th
e

 fo
rm

s s/h
e

 co
m

e
s in

 co
n

ta
ct

w
ith

.  T
h

is h
a

s b
a

sis in
 K

ip
a

rsky’s (1
9

7
1

, 1
9

7
3

) p
ro

p
o

sa
l th

a
t o

p
a

city e
ffe

cts a
re

d
isfa

vo
re

d
 o

r ‘m
a

rke
d

’ in
 g

ra
m

m
a

rs.  In
te

rp
re

te
d

 in
 re

la
tio

n
 to

 th
e

 h
a

rm
o

n
ic sym

p
a

th
y

m
o

d
e

l o
f o

p
a

city, th
is m

e
a

n
s th

a
t th

e
re

 w
ill b

e
 n

o
 b

ifu
rca

tio
n

 in
 th

e
 p

h
o

n
o

lo
g

y e
xce

p
t

w
h

e
re

 th
e

re
 is e

vid
e

n
ce

 to
 th

e
 co

n
tra

ry.  A
ll e

lse
 b

e
in

g
 e

q
u

a
l th

e
n

, F
a

ith
-

❀
O

 vio
la

tio
n

s
a

n
d

 h
ie

ra
rch

y b
ifu

rca
tio

n
 w

ill b
e

 e
sch

e
w

e
d

 in
 g

ra
m

m
a

r o
p

tim
iza

tio
n

.
1

0  N
o

te
 th

a
t e

ve
n

in
 a

 la
n

g
u

a
g

e
 like

 T
u

yu
ca

, F
a

ith
-

❀
O

 vio
la

tio
n

s w
ill b

e
 in

cu
rre

d
 o

n
ly fo

r n
a

sa
l fo

rm
s

co
n

ta
in

in
g

 a
n

 o
b

stru
e

n
t sto

p
.  F

o
r a

ll o
th

e
r n

a
sa

l m
o

rp
h

e
m

e
s, th

e
 sym

p
a

th
e

tic fo
rm

 w
ill

b
e

 th
e

 sa
m

e
 a

s th
e

 o
p

tim
a

l o
n

e
.  T

h
is is illu

stra
te

d
 in

 (2
9

) fo
r th

e
 fo

rm
 [

j ‚o
)r)e

)] ‘little
ch

icke
n

’.

(29)
F

ull spreading in T
uyuca:

           P
1

                           P
2

   jo
)re

*N
A

S
O

B
SS

T
O

P
*N

A
S

F
R

IC
ID

E
N

T-❀
O

*t→
n

S
P

R
E

A
D

([+
n

], M
)

*N
A

S
L

IQ
*N

A
S

G
LID

E
*N

A
S

V
O

W
E

L

☞
a

. [j ‚o
)r)e

)]
❀

*
*

**

b
. [j ‚o

)]re
*!*

**
*

*

c. j[o
)]re

*!**
***

*

d
. [j ‚o

))]r[e
)]

*!
*****

*
**

N
o

te
 th

a
t it is re

a
so

n
a

b
le

 to
 a

sk w
h

y se
g

m
e

n
ta

l tra
n

sp
a

re
n

cy is fo
u

n
d

 o
n

ly w
ith

o
b

stru
e

n
ts in

 n
a

sa
l h

a
rm

o
n

y a
n

d
 n

o
t w

ith
 so

n
o

ra
n

ts a
s w

e
ll, g

ive
n

 th
a

t it w
o

u
ld

 b
e

co
m

p
u

ta
tio

n
a

lly p
o

ssib
le

 to
 p

ro
d

u
ce

 su
ch

 e
ffe

cts.  T
h

is q
u

e
stio

n
 is ta

ke
n

 u
p

 in
 se

ctio
n

3
.6

, w
h

e
re

 it is su
g

g
e

ste
d

 th
a

t a
n

 e
va

lu
a

tio
n

 m
e

tric fo
r o

p
a

q
u

e
 co

n
stra

in
t in

te
ra

ctio
n

s in
gram

m
ar offers explanation.

1
0  A

n
 e

va
lu

a
tio

n
 m

e
tric fo

r o
p

a
city e

ffe
cts is d

iscu
sse

d
 in

 se
ctio

n
 3

.6
.
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3.3.3
U

nderlying representations and contrast
A

s o
u

tlin
e

d
 in

 ch
a

p
te

r 1
, 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. 11  T
h

e
 ra

n
kin

g
s re

sp
o

n
sib

le
 fo

r re
p

re
se

n
ta

tio
n

s a
n

d
 co

n
tra

st in
 T

u
yu

ca
 w

ill
m

a
ke

 a
n

 im
p

o
rta

n
t co

n
trib

u
tio

n
 to

 u
n

d
e

rsta
n

d
in

g
 th

e
 re

a
liza

tio
n

 o
f o

b
stru

e
n

t sto
p

s
u

n
d

e
r n

a
sa

liza
tio

n
 a

n
d

 w
h

y ce
rta

in
 o

u
tco

m
e

s w
h

ich
 a

re
 a

lte
rn

a
tive

s to
 tra

n
sp

a
re

n
cy fo

r
vo

ice
le

ss o
b

stru
e

n
t sto

p
s d

o
 n

o
t o

ccu
r.  R

e
ca

ll th
a

t th
e

 co
n

so
n

a
n

ta
l in

ve
n

to
ry o

f
T

u
yu

ca
 is a

s fo
llo

w
s: [p, b

, t, d
, k

, g
, m

, n
, N

, s, r, w
, j, h] w

ith
 n

a
sa

l a
n

d
 vo

ice
d

sto
p

s in
 co

m
p

le
m

e
n

ta
ry d

istrib
u

tio
n

 a
s d

e
fin

e
d

 b
y n

a
sa

l h
a

rm
o

n
y e

n
viro

n
m

e
n

ts (B
a

rn
e

s
1

9
9

6
).I sta

rt w
ith

 th
e

 o
ccu

rre
n

ce
 o

f vo
ice

d
 sto

p
s a

n
d

 n
a

sa
ls in

 o
u

tp
u

ts o
f T

u
yu

ca
.  It is

im
p

o
rta

n
t th

a
t w

e
 a

d
m

it b
o

th
 o

f th
e

se
 se

g
m

e
n

ts a
s ‘p

h
o

n
e

m
ic’ in

 th
e

 la
n

g
u

a
g

e
 in

 th
e

se
n

se
 th

a
t b

o
th

 kin
d

s o
f se

g
m

e
n

ts in
 th

e
 in

p
u

t w
ill su

rvive
 in

 th
e

 o
u

tp
u

t in
 th

e
 g

e
n

e
ra

l
ca

se
 (i.e

. th
e

y a
re

 n
o

t ru
le

d
 o

u
t sim

p
ly b

y h
ig

h
-ra

n
kin

g
 m

a
rke

d
n

e
ss co

n
stra

in
ts).  T

h
e

su
rfa

ce
 co

m
p

le
m

e
n

ta
ry d

istrib
u

tio
n

 o
f th

e
se

 se
g

m
e

n
ts w

ill co
m

e
 a

b
o

u
t fro

m
 th

e
ir

in
te

ra
ctio

n
 w

ith
 n

a
sa

l sp
re

a
d

in
g

.  T
h

e
 a

rg
u

m
e

n
t fo

r ‘p
h

o
n

e
m

ic’ vo
ice

d
 o

b
stru

e
n

t sto
p

s
in

 T
u

yu
ca

 co
m

e
s fro

m
 th

e
ir b

e
h

a
vio

r u
n

d
e

r n
a

sa
liza

tio
n

: vo
ice

d
 sto

p
s a

re
 re

lu
cta

n
t

u
n

d
e

rg
o

e
rs o

f n
a

sa
liza

tio
n

.  T
h

is p
o

in
t w

a
s ra

ise
d

 in
 ch

a
p

te
r 2

: in
 T

u
yu

ca
, vo

ice
d

 a
n

d
vo

ice
le

ss sto
p

s b
lo

ck sp
re

a
d

in
g

 a
cro

ss m
o

rp
h

e
m

e
 b

o
u

n
d

a
rie

s.  T
h

is b
lo

ckin
g

 p
a

tte
rn

 is a
cle

a
r in

d
ica

tio
n

 th
a

t th
e

se
 sto

p
s a

re
 th

e
 le

a
st co

m
p

a
tib

le
 se

g
m

e
n

ts w
ith

 n
a

sa
liza

tio
n

.  If
th

e
 b

lo
ckin

g
 vo

ice
d

 sto
p

s w
e

re
 u

n
d

e
rlyin

g
ly [+

so
n

o
ra

n
t], th

is o
u

tco
m

e
 w

o
u

ld
 b

e
u

n
e

xp
e

cte
d

, a
s vo

ice
d

 sto
p

s w
o

u
ld

 th
e

n
 b

e
 o

n
e

 o
f th

e
 m

o
st co

m
p

a
tib

le
 se

g
m

e
n

ts w
ith

n
a

sa
liza

tio
n

 a
n

d
 sh

o
u

ld
 b

lo
ck o

n
ly w

h
e

n
 a

ll le
ss co

m
p

a
tib

le
 se

g
m

e
n

ts d
o

 a
s w

e
ll.  I w

ill
first d

e
m

o
n

stra
te

 h
o

w
 ra

n
kin

g
s o

f o
u

tp
u

t-o
rie

n
te

d
 co

n
stra

in
ts p

ro
d

u
ce

 a
n

 in
ve

n
to

ry
in

clu
d

in
g

 b
o

th
 vo

ice
d

 o
b

stru
e

n
t sto

p
s a

n
d

 n
a

sa
ls, a

n
d

 th
e

n
 I w

ill co
m

e
 b

a
ck to

 th
e

 issu
e

o
f th

e
 e

ffe
ct o

f n
a

sa
l h

a
rm

o
n

y o
n

 th
e

 o
u

tp
u

t d
istrib

u
tio

n
 o

f th
e

se
 se

g
m

e
n

ts a
s w

e
ll a

s
vo

ice
le

ss sto
p

s.
T

h
e

 o
ccu

rre
n

ce
 o

f vo
ice

d
 o

b
stru

e
n

t sto
p

s in
 th

e
 in

ve
n

to
ry o

f a
 la

n
g

u
a

g
e

 is a
p

ro
p

e
rty 

th
a

t 
e

m
e

rg
e

s 
fro

m
 

ra
n

kin
g

: 
th

e
 

fa
ith

 
co

n
stra

in
t 

p
re

se
rvin

g
 

o
b

stru
e

n
cy,

I D
E

N
T-IO

[-so
n

o
ra

n
t], m

u
st o

u
tra

n
k th

e
 m

a
rke

d
n

e
ss co

n
stra

in
t a

g
a

in
st vo

ice
d

 o
b

stru
e

n
t

sto
p

s, *[+
vo

ice
, -co

n
tin

u
a

n
t, -so

n
o

ra
n

t].  T
h

e
 e

ffe
ct o

f th
is ra

n
kin

g
 fo

r a
n

 in
p

u
t

containing /d/ is show
n in (30) ([

d
ièa] ‘river’).

1
1  A

s n
o

te
d

 in
 ch

a
p

te
r 1

, th
e

 a
ssu

m
p

tio
n

 th
a

t co
n

tra
st is a

n
 e

m
e

rg
e

n
t p

ro
p

e
rty o

f fa
ith

 a
n

d
m

a
rke

d
n

e
ss co

n
stra

in
t ra

n
kin

g
s is n

o
t cru

cia
l to

 th
e

 co
re

 o
f th

e
 a

n
a

lysis o
f n

a
sa

l h
a

rm
o

n
y.  It m

a
y b

e
th

a
t se

g
m

e
n

ta
l co

n
tra

st is b
e

st h
a

n
d

le
d

 in
 a

n
 a

p
p

ro
a

ch
 d

ra
w

in
g

 o
n

 D
isp

e
rsio

n
 th

e
o

ry (F
le

m
m

in
g

1
9

9
5

a
 re

ca
stin

g
 a

n
d

 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;
P

a
d

g
e

tt 1
9

9
7

 p
ro

vid
e

s a
 re

ce
n

t a
p

p
lica

tio
n

), b
u

t th
a

t is n
o

t a
n

 issu
e

 to
 b

e
 d

e
cid

e
d

 h
e

re
.
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(3
0

)
ID

E
N

T-IO
[-sonorant] >

>
 *[+

voice, -continuant, -sonorant]
   d

ia
ID

E
N

T-IO
[-son]

*[+
voi, -cont -son]

☞
a. d

ia
*

b
. n

ia
*!

T
h

e
 w

in
n

e
r in

 (3
0

) is th
e

 fa
ith

fu
l ca

n
d

id
a

te
 in

 (a
), w

h
ich

 p
re

se
rve

s th
e

 in
p

u
t [-so

n
o

ra
n

t]
p

ro
p

e
rty o

f th
e

 sto
p

.  T
h

e
 cla

im
 o

f o
b

stru
e

n
t sta

tu
s is u

n
co

n
tro

ve
rsia

l fo
r vo

ice
le

ss sto
p

s.
T

h
e

 ra
n

kin
g

, ID
E

N
T-IO

[-so
n

o
ra

n
t] >

>
 *[-vo

ice
, -co

n
tin

u
a

n
t, -so

n
o

ra
n

t], w
ill p

ro
d

u
ce

 th
e

sa
m

e
 re

su
lt fo

r vo
ice

le
ss sto

p
s: a

 vo
ice

le
ss o

b
stru

e
n

t sto
p

 in
 th

e
 in

p
u

t w
ill re

m
a

in
 a

n
o

b
stru

e
n

t in
 th

e
 o

u
tp

u
t.  It sh

o
u

ld
 b

e
 n

o
te

d
 h

e
re

 th
a

t I a
ssu

m
e

 th
a

t th
e

re
 is a

 m
a

rke
d

n
e

ss
co

n
stra

in
t a

g
a

in
st e

ve
ry fe

a
tu

re
 co

m
b

in
a

tio
n

.  T
h

e
 m

a
rke

d
n

e
ss co

n
stra

in
t a

g
a

in
st

vo
ice

le
ss o

b
stru

e
n

ts w
ill a

lw
a

ys b
e

 ra
n

ke
d

 q
u

ite
 lo

w
 in

 th
e

 h
ie

ra
rch

y o
f m

a
rke

d
n

e
ss

co
n

stra
in

ts.
W

h
ile

 it is cle
a

r th
a

t th
e

re
 a

re
 vo

ice
d

 a
n

d
 vo

ice
le

ss o
b

stru
e

n
t sto

p
s in

 th
e

in
ve

n
to

ry o
f T

u
yu

ca
, th

e
re

 is a
lso

 re
a

so
n

 to
 p

o
sit n

a
sa

l sto
p

s a
s w

e
ll.  It is g

e
n

e
ra

lly
re

co
g

n
ize

d
 th

a
t n

a
sa

l sto
p

s a
re

 m
o

re
 h

a
rm

o
n

ic th
a

n
 vo

ice
d

 o
b

stru
e

n
t sto

p
s, sin

ce
 a

n
o

p
e

n
 ve

lo
-p

h
a

ryn
g

e
a

l p
o

rt fa
cilita

te
s vo

icin
g

.  T
h

is su
g

g
e

sts th
a

t th
e

 o
ccu

rre
n

ce
 o

f
vo

ice
d

 o
b

stru
e

n
t sto

p
s in

 a
n

 in
ve

n
to

ry sh
o

u
ld

 im
p

ly th
e

 p
re

se
n

ce
 o

f n
a

sa
ls, a

n
im

p
lica

tio
n

 w
h

ich
 is a

lm
o

st u
n

ive
rsa

lly tru
e

 (M
a

d
d

ie
so

n
 1

9
8

4
).  In

 a
d

d
itio

n
, F

e
rg

u
so

n
(1

9
6

3
) n

o
te

s th
a

t th
e

 p
re

se
n

ce
 o

f n
a

sa
l vo

w
e

ls in
 th

e
 in

ve
n

to
ry o

f a
 la

n
g

u
a

g
e

 im
p

lie
s th

e
o

ccu
rre

n
ce

 o
f n

a
sa

l sto
p

s.  T
h

e
 in

clu
sio

n
 o

f n
a

sa
ls in

 th
e

 T
u

yu
ca

 in
ve

n
to

ry is o
b

ta
in

e
d

b
y th

e
 ra

n
kin

g
 in

 (3
1

), w
h

ich
 ra

n
ks th

e
 id

e
n

tity d
e

m
a

n
d

 fo
r [+

so
n

o
ra

n
t] o

ve
r a

m
a

rke
d

n
e

ss co
n

stra
in

t a
g

a
in

st vo
ice

d
 so

n
o

ra
n

t sto
p

s (I a
ssu

m
e

 th
a

t so
m

e
 p

h
o

n
e

tica
lly-

b
a

se
d

 co
n

stra
in

t fo
rce

s th
e

se
 sto

p
s to

 b
e

 [+
n

a
sa

l]).  T
h

e
 w

in
n

in
g

 ca
n

d
id

a
te

 h
e

re
 is (a

),
w

h
ich

 p
re

se
rve

s th
e

 in
p

u
t n

a
sa

l sto
p

 (n
a

sa
l sp

re
a

d
in

g
 is n

o
t sh

o
w

n
 in

 th
is o

u
tp

u
t; th

e
a

ctu
a

l o
u

tp
u

t is [m
o
)èa
)] ‘sa

lt’).

(31)
I D

E
N

T-IO
[+

so
n

o
ra

n
t] >

>
 *[+

vo
ice

, -co
n

tin
u

a
n

t, +
so

n
o

ra
n

t]
   m

o
a

ID
E

N
T-IO

[+
son]

*[+
voi, -cont, +

son]

☞
a. m

o
a

*
b. b

o
a

*!

W
e

 h
a

ve
 a

ch
ie

ve
d

 th
e

 th
re

e
 se

rie
s o

f sto
p

s in
 th

e
 T

u
yu

ca
 in

ve
n

to
ry: vo

ice
le

ss,
vo

ice
d

, a
n

d
 n

a
sa

l.  L
e

t u
s n

o
w

 co
n

sid
e

r th
e

 o
u

tco
m

e
s fo

r th
e

se
 se

g
m

e
n

ts in
 n

a
sa

l
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h
a

rm
o

n
y.  T

h
e

 ca
se

 o
f a

 m
o

rp
h

e
m

e
 co

n
ta

in
in

g
 a

 n
a

sa
l sto

p
 is sh

o
w

n
 in

 (3
2

).  I co
n

sid
e

r
h

e
re

 a
 p

o
ssib

le
 in

p
u

t in
 w

h
ich

 th
e

 o
n

ly u
n

d
e

rlyin
g

 n
a

sa
l se

g
m

e
n

t is th
e

 n
a

sa
l sto

p
.  H

e
re

th
e

 n
a

sa
l sto

p
 trig

g
e

rs n
a

sa
l sp

re
a

d
in

g
 to

 a
ll se

g
m

e
n

ts in
 th

e
 m

o
rp

h
e

m
e

.  M
o

rp
h

e
m

e
s

co
n

ta
in

in
g

 a
 n

a
sa

l se
g

m
e

n
t in

 th
e

 in
p

u
t w

ill th
u

s co
m

e
 o

u
t a

s n
a

sa
l m

o
rp

h
e

m
e

s.
1

2

Id
e

n
tity co

n
stra

in
ts fo

r [±so
n

o
ra

n
t] fe

a
tu

re
s a

re
 co

lla
p

se
d

 h
e

re
 a

n
d

 a
re

 h
ig

h
-ra

n
ke

d
 in

P
2

.  T
o

 sim
p

lify th
e

 ta
b

le
a

u
, co

n
stra

in
ts a

g
a

in
st n

a
sa

lize
d

 o
b

stru
e

n
ts a

re
 co

lla
p

se
d

, a
s a

re
o

n
e

s a
g

a
in

st n
a

sa
lize

d
 so

n
o

ra
n

ts; a
lso

, o
n

ly co
n

stra
in

ts w
h

ich
 a

re
 im

m
e

d
ia

te
ly re

le
va

n
t

a
re

 sh
o

w
n

.

(3
2

)
/m

/ triggers nasal spreading.

P
1

                   P
2

   m
o
a

*N
A

SO
B

S
ID

E
N

T-❀
O

ID
E

N
T-IO

[±
so

n
]

S
P

R
E

A
D

([+
n

a
s], M

)
*N

A
SS

O
N

☞
a

. [m
o
)a
)]

❀
***

b
. [m

]o
a

*!*
**

*
c. [m

o
)]a

*!
*

**
d. b

o
a

*!**
*

In
 (3

2
), th

e
 sym

p
a

th
e

tic ca
n

d
id

a
te

 is th
e

 o
n

e
 w

h
ich

 fu
lly sa

tisfie
s th

e
 n

a
sa

l sp
re

a
d

in
g

co
n

stra
in

t, w
h

ile
 o

b
e

yin
g

 IDE
N

T[±so
n

].  T
h

is ch
o

o
se

s (a
), w

ith
 n

a
sa

liza
tio

n
 a

cro
ss th

e
m

o
rp

h
e

m
e

, a
s th

e
 sym

p
a

th
e

tic fo
rm

.  B
e

ca
u

se
 (a

) d
o

e
s n

o
t co

n
ta

in
 a

n
y n

a
sa

lize
d

obstruents, it also is selected as the optim
al output, since it best satisfies 

❀
O

-F
aith.

T
h

u
s fa

r w
e

 h
a

ve
 n

o
t e

xp
lo

re
d

 th
e

 co
n

te
n

t o
f th

e
 I

D
E

N
T-❀

O
 co

n
stra

in
ts in

 P
1

.
T

h
e

 o
u

tco
m

e
s fo

r o
b

stru
e

n
t sto

p
s in

 n
a

sa
l sp

re
a

d
in

g
 h

e
lp

 to
 cla

rify th
e

 re
q

u
ire

d
 ra

n
kin

g
.

F
irst I co

n
sid

e
r th

e
 ca

se
 o

f vo
ice

d
 sto

p
s.  A

lth
o

u
g

h
 in

 iso
la

tio
n

 th
e

 ra
n

kin
g

 o
f

I D
E

N
T[-so

n
o

ra
n

t] o
ve

r *[+
vo

ice
, -co

n
tin

u
a

n
t, -so

n
o

ra
n

t] fo
rce

s vo
ice

d
 o

b
stru

e
n

t sto
p

s
in

 th
e

 in
p

u
t to

 b
e

 m
a

in
ta

in
e

d
 a

s o
b

stru
e

n
ts in

 th
e

 o
u

tp
u

t, th
is p

re
se

rva
tio

n
 o

f so
n

o
ra

n
t

id
e

n
tity ca

n
 b

e
 vio

la
te

d
 in

 n
a

sa
l m

o
rp

h
e

m
e

s, i.e
. /

b
, d

, g/ →
 [m

, n
, N].  B

e
ca

u
se

 th
is

o
u

tco
m

e
 in

vo
lve

s ch
a

n
g

in
g

 th
e

 [so
n

o
ra

n
t] p

ro
p

e
rty o

f th
e

 sto
p

, it h
a

s a
 co

st n
o

t fo
u

n
d

in
 th

e
 n

a
sa

liza
tio

n
 o

f o
th

e
r se

g
m

e
n

ts.  T
o

 a
ch

ie
ve

 th
is ch

a
n

g
e

 in
 so

n
o

ra
n

cy, I su
g

g
e

st
th

a
t sym

p
a

th
e

tic fa
ith

 is ca
p

a
b

le
 o

f m
a

p
p

in
g

 a
n

 o
b

stru
e

n
t to

 a
 so

n
o

ra
n

t th
ro

u
g

h
I D

E
N

T-❀
O

[+
n

a
sa

l] o
u

tra
n

kin
g

 IDE
N

T-❀
O

[-so
n

o
ra

n
t]. 

 
T

h
e

 
o

u
tco

m
e

 
fo

r 
a

 
n

a
sa

l
m

o
rp

h
e

m
e

 co
n

ta
in

in
g

 a
 vo

ice
d

 o
b

stru
e

n
t sto

p
 is sh

o
w

n
 in

 (3
3

).

1
2  A

s n
o

te
d

 in
 ch

a
p

te
r 2

, I a
ssu

m
e

 th
a

t it is n
a

sa
l se

g
m

e
n

ts in
 th

e
 first sylla

b
le

 th
a

t trig
g

e
r n

a
sa

l
sp

re
a

d
in

g
.  T

h
is w

ill d
iscu

sse
d

 fu
rth

e
r in

 se
ctio

n
 3

.3
.4

.
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(3
3

)
R

ealization of /d/ in a nasal m
orphem

e.

        P
1

                                P
2

   w
i ‚d

o
*N

A
S

O
B

S
ID

E
N

T-❀
O

[+
n

a
s]

ID
E

N
T-❀

O
[-so

n
]

ID
E

N
T-IO

[±
so

n
]

*[+
vo

i,
-co

n
t, -so

n
]

S
P

R
E

A
D

([+
n

], M
)

*N
A

S
S

O
N

☞
a

. [w
)i ‚n

o
)]

*
*

****

b. [w
)i ‚]d

o
*!*

*
**

**

c. w
[i ‚]d

o
*!**

*
***

*

d
. [w

))i ‚]d
[o

)]
*!

*
*****

***

e. [w
))i ‚d

)o
)]

*!
❀

*
***

N
o

te
 th

a
t I a

ssu
m

e
 h

e
re

 th
a

t /d
/ 

→
 [n

] ta
ke

s p
la

ce
 in

 th
e

 sym
p

a
th

y m
a

p
p

in
g

, a
n

d
 is n

o
t

a
ch

ie
ve

d
 b

y n
a

sa
l sp

re
a

d
in

g
 itse

lf, th
a

t is, fo
r th

e
 p

u
rp

o
se

s o
f n

a
sa

l sp
re

a
d

in
g

,
n

a
sa

liza
tio

n
 o

f /d
/ p

ro
d

u
ce

s a
 ve

ry m
a

rke
d

 se
g

m
e

n
t [

d
)] ra

th
e

r th
a

n
 a

 ve
ry h

a
rm

o
n

ic o
n

e
[n

].  T
h

is is to
 e

xp
la

in
 th

e
 fa

ct th
a

t o
b

stru
e

n
ts a

re
 re

lu
cta

n
t u

n
d

e
rg

o
e

rs o
f n

a
sa

liza
tio

n
.

A
n

 a
lte

rn
a

tive
 in

 w
h

ich
 n

a
sa

l sp
re

a
d

in
g

 o
u

tra
n

ks I
D

E
N

T-IO
[-so

n
], g

ivin
g

 a
 ca

n
d

id
a

te
like

 (a
) a

s th
e

 sym
p

a
th

y ca
n

d
id

a
te

, is d
iscu

sse
d

 (a
n

d
 re

je
cte

d
) in

 se
ctio

n
 3

.3
.5

.  T
h

e
ta

b
le

a
u

 in
 (3

3
) sh

o
w

s th
a

t 
❀

O
-F

a
ith

 ca
u

se
s a

n
 in

p
u

t vo
ice

d
 o

b
stru

e
n

t sto
p

 to
 co

m
e

 o
u

t
a

s a
 n

a
sa

l sto
p

 in
 th

e
 o

u
tp

u
t o

f a
 n

a
sa

l m
o

rp
h

e
m

e
.  In

 a
n

 o
ra

l m
o

rp
h

e
m

e
, th

e
 sym

p
a

th
y

ca
n

d
id

a
te

 w
ill b

e
 th

e
 sa

m
e

 a
s th

e
 o

u
tp

u
t, a

n
d

 so
 a

 vo
ice

d
 sto

p
 w

ill su
rfa

ce
 fa

ith
fu

lly a
s

a
n

 o
ra

l o
b

stru
e

n
t.

F
in

a
lly, I co

n
sid

e
r th

e
 ca

se
 o

f vo
ice

le
ss o

b
stru

e
n

t sto
p

s.  F
o

r th
e

se
 se

g
m

e
n

ts in
 a

n
a

sa
l m

o
rp

h
e

m
e

, th
e

 h
ig

h
-ra

n
kin

g
 sta

tu
s o

f I
D

E
N

T[-so
n

] in
 P

2
 w

ill se
le

ct a
 sym

p
a

th
y

ca
n

d
id

a
te

 w
ith

 a
 n

a
sa

lize
d

 vo
ice

le
ss o

b
stru

e
n

t sto
p

, n
o

t o
n

e
 ch

a
n

g
in

g
 th

e
 vo

ice
le

ss sto
p

in
to

 a
 n

a
sa

l so
n

o
ra

n
t sto

p
, su

ch
 a

s [
n

].  ID
E

N
T

[-so
n

] th
u

s e
lim

in
a

te
s th

e
 /t/
→

[n
]

ca
n

d
id

a
te

 fro
m

 th
e

 ru
n

n
in

g
 fo

r sym
p

a
th

y sta
tu

s.  In
 th

e
 a

n
a

lysis o
f tra

n
sp

a
re

n
cy fo

r [t] in
T

u
yu

ca
 fro

m
 (2

8
), I DE

N
T

[-so
n

] m
a

y b
e

 su
b

stitu
te

d
 fo

r *t
→

n
.  T

h
e

 ta
b

le
a

u
 in

 (3
4

)
illu

stra
te

s th
e

 se
le

ctio
n

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
.
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(3
4

)
S

e
le

ctio
n

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
 fo

r /
w

a
)ti/.

       P
1

                                     P
2

   w
a
)ti

*N
A

SO
B

S
ID

E
N

T-❀
O

[+
n

a
s]

ID
E

N
T-❀

O
[-so

n
]

ID
E

N
T-IO

[±
so

n
]

S
P

R
E

A
D

([+
n

], M
)

*N
A

SS
O

N

a
. [w

)a
)t )i ‚]

*
❀

***

b
. [w

)a
)]ti

**
*!*

**
c. w

[a
)]ti

***
*!**

*

d
. [w

)a
)]t[i ‚]

*
*!****

***

e
. [w

)a
)n
i ‚]

*
*!

****

In
 co

n
tra

st to
 th

e
 o

u
tco

m
e

 fo
r vo

ice
d

 sto
p

s in
 n

a
sa

l m
o

rp
h

e
m

e
s, vo

ice
le

ss sto
p

s
d

o
 n

o
t b

e
co

m
e

 fu
ll n

a
sa

ls in
 th

e
 o

p
tim

a
l o

u
tp

u
t.  W

e
 h

a
ve

 e
sta

b
lish

e
d

 th
a

t sym
p

a
th

e
tic

fa
ith

 
ca

n
 

ch
a

n
g

e
 

a
n

 
o

b
stru

e
n

t 
in

to
 

a
 

so
n

o
ra

n
t 

in
 

o
rd

e
r 

to
 

p
re

se
rve

 
a

 
[+

n
a

sa
l]

sp
e

cifica
tio

n
; th

is g
ive

s [d ‚] →
 [n

].  H
o

w
e

ve
r, a

 n
a

sa
lize

d
 vo

ice
le

ss sto
p

 d
o

e
s n

o
t m

a
p

 to
a

 
vo

ice
d

 
n

a
sa

l 
(i.e

. 
*[t ‚] →

 [n
]), 

in
d

ica
tin

g
 

th
a

t 
I D

E
N

T
-❀

O
[±

vo
ice

] 
o

u
tra

n
ks

I D
E

N
T-❀

O
[+

nasal]:

(3
5

)
V

o
ice

 sp
e

cifica
tio

n
s in

 sym
p

a
th

y ca
n

d
id

a
te

s a
re

 p
re

se
rve

d
.

       P
1

                                                   P
2

   w
a
)ti

*N
A

S
O

B
S

ID
E

N
T-❀

O
[±vo

i]
ID

E
N

T-❀
O

[+
n

a
s]

ID
E

N
T-❀

O
[-so

n
]

ID
E

N
T-IO

[±
so

n
]

S
P

R
E

A
D

([+
n

], M
)

*N
A

S
S

O
N

a
. [w

)a
)t )i ‚]

*!
❀

***

b
. [w

)a
)]ti

**!
**

**
c. w

[a
)]ti

**!*
***

*
☞

d
. [w

)a
)]t[i ‚]

*
*****

***

e
. [w

)a
)n
i ‚]

*!
*

*
****

W
e

 h
a

ve
 se

e
n

 n
o

w
 th

a
t sym

p
a

th
e

tic fa
ith

 m
u

st p
re

se
rve

 vo
icin

g
 co

n
tra

sts b
u

t it
m

a
y ch

a
n

g
e

 a
 vo

ice
d

 o
b

stru
e

n
t sto

p
 in

to
 a

 so
n

o
ra

n
t n

a
sa

l.  I tu
rn

 n
o

w
 to

 th
e

 q
u

e
stio

n
 o

f
vo

ice
le

ss n
a

sa
l o

u
tco

m
e

s fo
r vo

ice
le

ss sto
p

s.  A
lth

o
u

g
h

 vo
ice

d
 sto

p
s ch

a
n

g
e

 to
 vo

ice
d

n
a

sa
l so

n
o

ra
n

t sto
p

s, vo
ice

le
ss sto

p
s d

o
 n

o
t m

a
ke

 a
 p

a
ra

lle
l sh

ift to
 vo

ice
le

ss n
a

sa
ls,

in
ste

a
d

 th
e

y co
m

e
 o

u
t a

s vo
ice

le
ss o

ra
l o

b
stru

e
n

ts.  T
o

 u
n

d
e

rsta
n

d
 th

e
se

 d
iffe

re
n

t
re

so
lu

tio
n

s, it is im
p

o
rta

n
t to

 re
co

g
n

ize
 th

a
t vo

ice
d

 n
a

sa
l sto

p
s a

re
 e

xtre
m

e
ly co

m
m

o
n
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a
cro

ss la
n

g
u

a
g

e
s, b

u
t vo

ice
le

ss n
a

sa
ls a

re
 ve

ry m
a

rke
d

 cro
ss-lin

g
u

istica
lly, th

a
t is, th

e
y

o
ccu

r o
n

ly ra
re

ly in
 th

e
 la

n
g

u
a

g
e

s o
f th

e
 w

o
rld

 (M
a

d
d

ie
so

n
 1

9
8

4
, L

a
d

e
fo

g
e

d
 a

n
d

M
a

d
d

ie
so

n
 1

9
9

6
).  T

h
e

 m
a

rke
d

n
e

ss o
f vo

ice
le

ss n
a

sa
ls m

a
y b

e
 u

n
d

e
rsto

o
d

 b
o

th
 in

 te
rm

s
o

f 
d

isfa
vo

re
d

 
p

e
rce

p
tu

a
l/a

co
u

stic 
p

ro
p

e
rtie

s 
a

n
d

 
a

rticu
la

to
ry 

p
ro

p
e

rtie
s 

o
f 

th
e

se
se

g
m

e
n

ts.  F
irst, vo

ice
le

ssn
e

ss in
 a

 n
a

sa
l se

g
m

e
n

t te
n

d
s to

 o
b

scu
re

 p
e

rce
p

tu
a

l cu
e

s fo
r

p
la

ce
 o

f a
rticu

la
tio

n
.  In

 a
co

u
stic stu

d
ie

s o
f vo

ice
le

ss n
a

sa
ls in

 tw
o

 S
o

u
th

-E
a

st A
sia

n
la

n
g

u
a

g
e

s, B
u

rm
e

se
 (T

ib
e

to
-B

u
rm

a
n

; M
ya

n
m

a
r) a

n
d

 th
e

 H
m

a
r d

ia
le

ct o
f M

izo
 (T

ib
e

to
-

B
u

rm
a

n
, In

d
ia

), L
a

d
e

fo
g

e
d

 a
n

d
 M

a
d

d
ie

so
n

 (1
9

9
6

: 1
1

2
-3

) fin
d

 th
a

t vo
ice

le
ss n

a
sa

ls a
re

a
ctu

a
lly p

a
rtia

lly vo
ice

d
, w

ith
 th

e
 o

n
se

t o
f vo

icin
g

 b
e

g
in

n
in

g
 w

e
ll b

e
fo

re
 th

e
 re

le
a

se
 o

f
o

ra
l clo

su
re

.  T
h

is kin
d

 o
f vo

ice
d

 p
e

rio
d

 h
a

s b
e

e
n

 in
te

rp
re

te
d

 b
y va

rio
u

s re
se

a
rch

e
rs a

s
p

ro
vid

in
g

 fo
rm

a
n

t tra
n

sitio
n

s to
 h

e
lp

 d
istin

g
u

ish
 p

la
ce

 o
f a

rticu
la

tio
n

 (L
a

d
e

fo
g

e
d

 1
9

7
1

;
J. O

h
a

la
 1

9
7

5
; D

a
n

tsu
ji 1

9
8

6
).  S

e
co

n
d

, p
ro

d
u

cin
g

 vo
ice

le
ssn

e
ss in

 a
 n

a
sa

l sto
p

 in
vo

lve
s

a
 w

id
e

-o
p

e
n

 g
lo

ttis, a
 g

e
stu

re
 re

q
u

irin
g

 a
 re

la
tive

ly h
ig

h
 d

e
g

re
e

 o
f e

ffo
rt.  In

 g
e

n
e

ra
l, th

e
a

irflo
w

 th
ro

u
g

h
 th

e
 n

a
sa

l ca
vity th

a
t o

ccu
rs d

u
rin

g
 a

 n
a

sa
l sto

p
 in

d
u

ce
s sp

o
n

ta
n

e
o

u
s

vo
icin

g
; 

th
is 

is 
w

h
y 

n
a

sa
l 

sto
p

s 
a

re
 

ch
a

ra
cte

rize
d

 
a

s 
[+

so
n

o
ra

n
t]. 

 
B

e
ca

se
 

th
e

su
p

ra
la

ryn
g

e
a

l ca
vity co

n
fig

u
ra

tio
n

 fo
r so

n
o

ra
n

ts p
ro

d
u

ce
s vo

icin
g

 in
 th

e
 g

e
n

e
ra

l ca
se

,
th

e
 u

su
a

l vo
ca

l co
rd

 o
p

e
n

in
g

 fo
r vo

ice
le

ss se
g

m
e

n
ts is in

su
fficie

n
t to

 in
h

ib
it vo

icin
g

 in
th

e
 p

ro
d

u
ctio

n
 o

f vo
ice

le
ss so

n
o

ra
n

ts, a
n

d
 so

 th
e

 vo
ca

l co
rd

s m
u

st b
e

 sp
re

a
d

 to
 a

 g
re

a
te

r
d

e
g

re
e

.  C
o

n
siste

n
t w

ith
 th

e
se

 o
b

se
rva

tio
n

s, m
a

n
y a

n
a

lysts h
a

ve
 ch

a
ra

cte
rize

d
 vo

ice
le

ss
n

a
sa

ls (a
n

d
 o

th
e

r vo
ice

le
ss so

n
o

ra
n

ts) a
s a

sp
ira

te
d

, th
a

t is, a
s in

vo
lvin

g
 a

 w
id

e
 g

lo
tta

l
sp

re
a

d
in

g
 g

e
stu

re
 (o

n
 th

is ch
a

ra
cte

riza
tio

n
 o

f a
sp

ira
tio

n
 se

e
 L

o
m

b
a

rd
i 1

9
9

1
 a

n
d

re
fe

re
n

ce
s th

e
re

in
).  P

h
o

n
o

lo
g

ica
l a

rg
u

m
e

n
ts fo

r th
is a

n
a

lysis o
f vo

ice
le

ss n
a

sa
ls h

a
ve

b
e

e
n

 m
a

d
e

 b
y M

e
ste

r a
n

d
 Itô

 (1
9

8
9

, d
ra

w
in

g
 p

a
rtly o

n
 th

e
 p

h
o

n
e

tic d
e

scrip
tio

n
 o

f
B

u
rm

e
se

 vo
ice

le
ss n

a
sa

ls b
y O

ke
ll 1

9
6

9
), C

h
o

 (1
9

9
0

), L
o

m
b

a
rd

i (1
9

9
1

, 1
9

9
5

c), a
n

d
S

teriade (1993b) (cf. C
lem

ents 1985 on voiceless laterals in K
lam

ath).  T
his result is also

su
g

g
e

ste
d

 b
y n

a
sa

l a
irflo

w
 m

e
a

su
re

m
e

n
ts ta

ke
n

 in
 th

e
 p

ro
d

u
ctio

n
 o

f B
u

rm
e

se
 vo

ice
le

ss
n

a
sa

ls (B
h

a
ska

ra
ra

o
 a

n
d

 L
a

d
e

fo
g

e
d

 1
9

9
1

; L
a

d
e

fo
g

e
d

 a
n

d
 M

a
d

d
ie

so
n

 1
9

9
6

: 6
9

, 1
1

2
-

1
1

3
).  T

h
e

 im
p

lica
tio

n
 fo

r re
a

lizin
g

 a
 vo

ice
le

ss sto
p

 a
s a

 vo
ice

le
ss n

a
sa

l in
 n

a
sa

l co
n

te
xts

is th
a

t th
e

 re
su

ltin
g

 n
a

sa
l m

u
st n

o
t o

n
ly b

e
 vo

ice
le

ss b
u

t a
lso

 in
vo

lve
 a

 w
id

e
 g

lo
tta

l
a

p
e

rtu
re

.  T
h

is kin
d

 o
f g

e
stu

re
 is n

o
t co

m
m

o
n

 in
 so

n
o

ra
n

ts cro
ss-lin

g
u

istica
lly, a

n
d

 it
d

o
e

s n
o

t o
ccu

r in
 n

a
sa

ls in
 T

u
yu

ca
.  I w

ill e
n

co
d

e
 th

e
 cro

ss-lin
g

u
istic m

a
rke

d
n

e
ss o

f
vo

ice
le

ss n
a

sa
ls w

ith
 th

e
 co

n
stra

in
t, *N
8, w

h
ich

 p
ro

h
ib

its vo
ice

le
ss n

a
sa

l so
n

o
ra

n
ts.  In

m
ost languages, this constraint w

ill be ranked quite high.  In T
uyuca it is undom

inated.
1

3

1
3  A

sp
ira

tio
n

 o
ccu

rs in
 vo

ice
le

ss 
o

b
stru

e
n

t sto
p

s in
 T

u
yu

ca
 in

 th
e

 e
n

viro
n

m
e

n
t o

f h
ig

h
 vo

w
e

ls
(B

a
rn

e
s a

n
d

 T
a

ka
g

i d
e

 S
ilze

r 1
9

7
6

: 1
2

5
-6

); h
o

w
e

ve
r, a

cro
ss la

n
g

u
a

g
e

s a
sp

ira
tio

n
 o

f o
b

stru
e

n
t sto

p
s is

a
 g

re
a

t d
e

a
l m

o
re

 co
m

m
o

n
 th

a
n

 a
sp

ira
tio

n
 o

f n
a

sa
ls.  L

a
d

e
fo

g
e

d
 a

n
d

 M
a

d
d

ie
so

n
 (1

9
9

6
) n

o
te

 th
a

t in
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In
 

T
u

yu
ca

, 
*N

8 a
ctu

a
lly b

e
lo

n
g

s to
 P

1
 a

lo
n

g
 w

ith
 th

e
 n

a
sa

lize
d

 o
b

stru
e

n
t

co
n

stra
in

ts, b
e

ca
u

se
 it m

u
st d

o
m

in
a

te
 sym

p
a

th
e

tic fa
ith

, sp
e

cifica
lly I

D
E

N
T-❀

O
[+

nasal].
T

h
is ra

n
kin

g
 is n

e
e

d
e

d
 to

 e
n

su
re

 th
a

t a
 [

t )] in
 a

 sym
p

a
th

y ca
n

d
id

a
te

 co
m

e
s o

u
t a

s a
n

 o
ra

l
[t] rather than a nasal [

n
8]. 14  T

his is illustrated in (36) (show
ing only im

m
ediately relevant

co
n

stra
in

ts).  Im
p

o
rta

n
tly, *N8 ru

le
s o

u
t ca

n
d

id
a

te
 (f), w

ith
 a

 vo
ice

le
ss n

a
sa

l, g
ivin

g
 (d

),
w

ith
 a

 tra
n

sp
a

re
n

t vo
ice

le
ss sto

p
 a

s th
e

 o
p

tim
a

l o
u

tp
u

t.

(3
6

)
R

u
lin

g
 o

u
t vo

ice
le

ss n
a

sa
ls.

       P
1

                                           P
2

   w
a
)ti

1
.*N

A
SO

B
S

2
.*N

8

ID
-❀

O
[±vo

i]
ID

-❀
O

[+
n

a
s]

ID
-❀

O
[-so

n
]

ID
E

N
T-IO

[±
so

n
]

S
P

R
E

A
D

([+
n

], M
)

*N
A

SS
O

N

a
. [w

)a
)t )i ‚]

*!(1)
❀

***

b
. [w

)a
)]ti

**!
**

**
c. w

[a
)]ti

**!*
***

*
☞

d
. [w

)a
)]t[i ‚]

*
*****

***

e
. [w

)a
)n
i ‚]

*!
*

*
****

f. [w
)a
)n
8i ‚]

*!(2)
*

*
****

I co
n

clu
d

e
 th

is se
ctio

n
 w

ith
 a

 su
m

m
a

ry o
f th

e
 sym

p
a

th
e

tic fa
ith

 h
ie

ra
rch

y a
n

d
co

n
tra

st ra
n

kin
g

s fo
r T

u
yu

ca
 sto

p
s in

 (3
7

).  T
h

e
 sto

p
 in

ve
n

to
ry ra

n
kin

g
s a

d
m

it th
re

e
se

rie
s o

f sto
p

s in
 T

u
yu

ca
: vo

ice
le

ss, vo
ice

d
, a

n
d

 n
a

sa
l.  T

h
e

 co
m

p
le

m
e

n
ta

ry d
istrib

u
tio

n
o

f vo
ice

d
 o

b
stru

e
n

t sto
p

s a
n

d
 n

a
sa

ls is n
o

t a
ttrib

u
te

d
 to

 a
n

y re
strictio

n
 o

n
 in

p
u

ts o
r

u
n

d
e

rlyin
g

 re
p

re
se

n
ta

tio
n

s, ra
th

e
r it is a

ch
ie

ve
d

 b
y th

e
 ra

n
kin

g
 o

f co
n

stra
in

ts o
n

o
u

tp
u

ts.  T
h

e
se

 p
ro

d
u

ce
 fu

ll [+
n

a
sa

l] sp
re

a
d

in
g

 in
 a

ll m
o

rp
h

e
m

e
s co

n
ta

in
in

g
 a

 n
a

sa
l

se
g

m
e

n
t, a

n
d

 th
ro

u
g

h
 sym

p
a

th
e

tic fa
ith

, m
a

p
 a

 n
a

sa
lize

d
 vo

ice
d

 o
b

stru
e

n
t sto

p
 to

 a
n

a
sa

l so
n

o
ra

n
t sto

p
.  T

h
e

 in
ve

n
to

ry a
n

d
 d

istrib
u

tio
n

 o
f se

g
m

e
n

ts in
 T

u
yu

ca
 is th

u
s a

n
e

m
e

rg
e

n
t p

ro
p

e
rty o

f th
e

 co
n

stra
in

t h
ie

ra
rch

y ra
th

e
r th

a
n

 b
a

se
d

 o
n

 a
n

y co
n

d
itio

n
s o

n
p

o
ssib

le
 in

p
u

ts.

re
la

tio
n

 to
 o

b
stru

e
n

t sto
p

s, ‘a
sp

ira
tio

n
’ so

m
e

tim
e

s d
e

scrib
e

s a
 d

e
la

ye
d

 tim
in

g
 o

f vo
ice

 o
n

se
t ra

th
e

r
th

a
n

 a
 sp

e
cific g

lo
tta

l a
p

e
rtu

re
.  V

o
ice

le
ss n

a
sa

ls, o
n

 th
e

 o
th

e
r h

a
n

d
, a

lw
a

ys re
q

u
ire

 a
 w

id
e

 g
lo

tta
l

a
p

e
rtu

re
 a

n
d

 m
a

y o
r m

a
y n

o
t in

d
u

ce
 a

 vo
ice

 o
n

se
t d

e
la

y.  It is n
o

t cle
a

r w
h

e
th

e
r a

sp
ira

tio
n

 o
f

vo
ice

le
ss sto

p
s in

 T
u

yu
ca

 re
fe

rs to
 a

 vo
ice

 tim
in

g
 re

la
tio

n
 o

r e
xp

a
n

d
e

d
 g

lo
tta

l w
id

th
.  If th

e
 fo

rm
e

r, it
m

a
y b

e
 th

a
t th

e
 w

id
e

 g
lo

ttis g
e

stu
re

 sim
p

ly d
o

e
s n

o
t o

ccu
r in

 a
n

y se
g

m
e

n
t in

 T
u

yu
ca

 a
sid

e
 fro

m
 [h

].
1

4  A
lte

rn
a

tive
ly, th

is co
u

ld
 b

e
 h

a
n

d
le

d
 b

y I
D

E
N

T
-❀

O
[±

a
sp

ira
tio

n
], a

ssu
m

in
g

 th
a

t th
e

 kin
d

 o
f

a
sp

ira
tio

n
 in

vo
lve

d
 in

 vo
ice

le
ss n

a
sa

ls d
iffe

rs so
m

e
w

h
a

t fro
m

 th
e

 co
n

te
xtu

a
l a

sp
ira

tio
n

 o
ccu

rrin
g

 in
vo

ice
le

ss sto
p

s in
 T

u
yu

ca
 (se

e
 n

. 1
3

).
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(3
7

)
a.

S
to

p
 in

ve
n

to
ry ra

n
kin

g
s:

V
oiced &

 voiceless obstruent stops: I
D

E
N

T-IO
[-son] >

> *[±voi, -cont, -son]
V

oiced nasal stops: I
D

E
N

T-IO
[+

son] >
> *[+

voi, -cont, +
son]

b
.

T
u

yu
ca

 sym
p

a
th

e
tic fa

ith
:

I D
E

N
T-❀

O
[±voice] >

>
 ID

E
N

T-❀
O

[+
nasal] >> ID

E
N

T-❀
O

[-sonorant] 15

3.3.4
C

ross-m
orphem

ic spreading and fixed affixes
N

e
xt I co

n
sid

e
r th

e
 p

a
tte

rn
 o

f cro
ss-m

o
rp

h
e

m
ic sp

re
a

d
in

g
 in

 T
u

yu
ca

.  A
s o

u
tlin

e
d

 in
 2

.1
,

n
a

sa
lity sp

re
a

d
s fro

m
 th

e
 ro

o
t to

 a
 se

t o
f a

lte
rn

a
tin

g
 su

ffixe
s (th

e
re

 a
re

 n
o

 p
re

fixe
s in

T
u

yu
ca

).  E
xa

m
p

le
s o

f a
lte

rn
a

tio
n

s w
ith

 th
e

 su
ffix /-ri/ ‘im

p
e

ra
tive

 o
f w

a
rn

in
g

’ a
re

re
p

e
a

te
d

 b
e

lo
w

.

(3
8

)
a. 

O
ral suffix alternant w

ith oral stem
/tu

tiê - ri/ 
→

[tu
tiêri]

‘w
a

tch
 o

u
t o

r yo
u

 w
ill g

e
t sco

ld
e

d
!’

scold - im
p. of w

arning

b
.

N
asal suffix alternant w

ith nasal stem
/h

)‚̂̂‚ê - ri/ 
→

[h
)̂‚‚̂êr)i ‚]

‘w
a

tch
 o

u
t o

r yo
u

 w
ill g

e
t b

u
rn

e
d

!’
burn - im

p. of w
arning

A
s d

iscu
sse

d
 in

 ch
a

p
te

r 2
, B

a
rn

e
s (1

9
9

6
) n

o
te

s th
a

t a
lte

rn
a

tin
g

 su
ffixe

s sh
a

re
 a

co
m

m
o

n
 p

h
o

n
o

lo
g

ica
l p

ro
p

e
rty: th

e
ir in

itia
l se

g
m

e
n

t is a
 so

n
o

ra
n

t co
n

tin
u

a
n

t; sto
p

- a
n

d
frica

tive
-in

itia
l su

ffixe
s a

lw
a

ys b
e

lo
n

g
 to

 th
e

 cla
ss o

f su
ffixe

s w
h

ich
 a

re
 fixe

d
 in

 th
e

ir

1
5  It sh

o
u

ld
 b

e
 n

o
te

d
 th

a
t th

e
 re

ve
rse

 ra
n

kin
g

 o
f I

D
E

N
T-❀

O
[+

n
a

sa
l] a

n
d

 IDE
N

T-❀
O

[±
vo

ice
] w

o
u

ld
yie

ld
 a

 la
n

g
u

a
g

e
 in

 w
h

ich
 b

o
th

 /t/ a
n

d
 /d

/ w
e

re
 re

a
lize

d
 a

s [n
] u

n
d

e
r n

a
sa

liza
tio

n
.  T

h
is p

a
tte

rn
 is

e
xp

e
cte

d
 u

n
d

e
r fa

cto
ria

l ra
n

kin
g

 in
 O

T
, b

u
t it is u

n
a

tte
ste

d
.  I su

g
g

e
st th

a
t th

is ca
n

 b
e

 u
n

d
e

rsto
o

d
 a

s a
co

n
se

q
u

e
n

ce
 o

f th
e

 h
ig

h
ly n

e
u

tra
lizin

g
 e

ffe
ct o

f su
ch

 a
n

 o
u

tco
m

e
, th

a
t is, n

e
u

tra
liza

tio
n

 o
f th

e
co

n
tra

st b
e

tw
e

e
n

 th
e

 se
rie

s o
f sto

p
s in

 n
a

sa
l m

o
rp

h
e

m
e

s in
 a

 la
n

g
u

a
g

e
 like

 T
u

yu
ca

 w
o

u
ld

 p
ro

d
u

ce
 to

o
g

re
a

t a
 re

d
u

ctio
n

 o
f th

e
ir co

n
tra

st p
o

te
n

tia
l.  T

h
e

 n
o

tio
n

 o
f a

 th
re

sh
o

ld
 o

f n
e

u
tra

liza
tio

n
 o

f co
n

tra
st

p
o

te
n

tia
l co

u
ld

 b
e

 u
n

d
e

rsto
o

d
 in

 q
u

a
n

tifica
tio

n
a

l te
rm

s, a
n

d
 I le

a
ve

 p
u

rsu
it o

f th
is m

a
tte

r fo
r fu

rth
e

r
re

se
a

rch
.  A

 se
co

n
d

 p
re

d
ictio

n
 u

n
d

e
r sym

p
a

th
e

tic fa
ith

 re
ra

n
kin

g
 is th

a
t /d

/ co
u

ld
 b

e
 re

a
lize

d
 a

s
tra

n
sp

a
re

n
t [d

] in
 th

e
 o

u
tp

u
t o

f n
a

sa
l h

a
rm

o
n

y (b
y I

D
E

N
T-❀

O
[-so

n
o

ra
n

t] >
>

 ID
E

N
T-❀

O
[+

n
a

sa
l]).

T
h

is o
u

tco
m

e
 d

o
e

s in
 fa

ct o
ccu

r in
 th

e
 n

a
sa

l h
a

rm
o

n
y o

f C
o

a
tzo

sp
a

n
 M

ixte
c (P

ike
 a

n
d

 S
m

a
ll 1

9
7

4
;

G
e

rfe
n

 
1

9
9

6
). 

 
In

te
re

stin
g

ly, 
vo

ice
le

ss 
sto

p
s 

b
lo

ck 
n

a
sa

l 
sp

re
a

d
in

g
 

in
 

th
is 

la
n

g
u

a
g

e
. 

 
T

h
e

g
e

n
e

ra
liza

tio
n

 se
e

m
s to

 b
e

 th
a

t la
n

g
u

a
g

e
s d

o
 n

o
t a

d
m

it tra
n

sp
a

re
n

t o
u

tco
m

e
s fo

r vo
ice

d
 a

n
d

 vo
ice

le
ss

sto
p

s in
 th

e
 sa

m
e

 la
n

g
u

a
g

e
.  A

s W
a

lke
r (1

9
9

6
) n

o
te

s, th
is m

a
y b

e
 b

e
st u

n
d

e
rsto

o
d

 in
 te

rm
s o

f
co

n
tra

st: it is d
ifficu

lt to
 m

a
in

ta
in

 a
 p

e
rce

p
tib

le
 vo

icin
g

 co
n

tra
st in

 o
ra

l sto
p

s b
e

tw
e

e
n

 n
a

sa
l vo

w
e

ls
(se

e
 a

lso
 H

a
ye

s 1
9

9
5

).  I w
ill n

o
t p

u
rsu

e
 th

is fu
rth

e
r h

e
re

, b
u

t n
o

te
 th

a
t a

n
 a

cco
u

n
t m

a
y re

q
u

ire
 a

m
o

re
 e

la
b

o
ra

te
d

 th
e

o
ry o

f co
n

tra
st, su

ch
 a

s th
a

t o
f F

le
m

m
in

g
 (1

9
9

5
a

; 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
).
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o
ra

l/n
a

sa
l q

u
a

lity.  V
o

ice
d

 o
ra

l sto
p

s p
a

tte
rn

 w
ith

 th
e

 o
b

stru
e

n
ts in

 n
e

ve
r a

p
p

e
a

rin
g

 in
th

e
 a

lte
rn

a
tin

g
 a

ffix ca
te

g
o

ry, i.e
. in

 a
ffixe

s a
 vo

ice
d

 sto
p

/n
a

sa
l sto

p
 a

lte
rn

a
tio

n
 n

e
ve

r
occurs. 16  E

xam
ples of obstruent-initial fixed oral suffixes are given in (39).

(3
9

)
a.

[h
)o
)o
è) - p

ˆ]
‘a

t th
a

t p
la

ce
 (o

ve
r th

e
re

)’
th

e
re

 - lo
ca

tive

b
.

[j ‚u
)k
a
) - d

a]
n

o
 g

lo
ss 1

7

T
h

e
 p

h
o

n
o

lo
g

ica
l g

e
n

e
ra

liza
tio

n
 co

n
ce

rn
in

g
 o

b
stru

e
n

ts in
 fixe

d
 a

ffixe
s is e

xp
la

in
e

d
 if

o
b

stru
e

n
ts b

lo
ck n

a
sa

l sp
re

a
d

in
g

 a
cro

ss m
o

rp
h

e
m

e
s.  O

th
e

rw
ise

 th
e

 e
xclu

sio
n

 o
f

o
b

stru
e

n
t-in

itia
l fo

rm
s in

 th
e

 se
t o

f a
lte

rn
a

tin
g

 a
ffixe

s w
o

u
ld

 b
e

 a
n

 u
n

e
xp

la
in

e
d

 g
a

p
.  In

this section I w
ill first present an analysis of the alternating affixes, deriving the blocking

e
ffe

ct o
f o

b
stru

e
n

ts, a
n

d
 I w

ill th
e

n
 g

o
 o

n
 to

 a
n

a
lyze

 th
e

 fixe
d

 a
ffixe

s.  In
te

re
stin

g
ly, w

e
w

ill se
e

 th
a

t th
e

 b
lo

ckin
g

 o
u

tco
m

e
 fo

r o
b

stru
e

n
ts in

 a
lte

rn
a

tin
g

 a
ffixe

s a
rise

s u
n

d
e

r a
stra

ig
h

tfo
rw

a
rd

 ra
n

kin
g

 re
so

lu
tio

n
 o

f th
e

 cro
ss-m

o
rp

h
e

m
e

 sp
re

a
d

in
g

 co
n

stra
in

t a
n

d
 th

e
n

a
sa

l m
a

rke
d

n
e

ss co
n

stra
in

ts b
a

n
n

in
g

 n
a

sa
lize

d
 o

b
stru

e
n

ts, th
a

t is, it a
rise

s w
h

e
n

 th
e

co
n

stra
in

t co
n

flict is re
so

lve
d

 w
ith

 a
 tra

n
sp

a
re

n
t in

te
ra

ctio
n

 b
y ra

n
kin

g
 w

ith
o

u
t

h
ie

ra
rch

y b
ifu

rca
tio

n
.  In

 co
n

tra
st, fo

r sp
re

a
d

in
g

 w
ith

in
 th

e
 m

o
rp

h
e

m
e

, th
e

 co
n

stra
in

t
co

n
flict is re

so
lve

d
 w

ith
 a

n
 o

p
a

q
u

e
 in

te
ra

ctio
n

, p
ro

d
u

cin
g

 ‘skip
p

e
d

’ o
r tra

n
sp

a
re

n
t

n
a

sa
lize

d
 o

b
stru

e
n

ts.  T
h

is m
a

ke
s a

p
p

a
re

n
t a

 m
ism

a
tch

 in
 th

e
 co

m
m

o
n

 te
rm

in
o

lo
g

y:
(d

e
riva

tio
n

a
lly) o

p
a

q
u

e co
n

stra
in

t in
te

ra
ctio

n
s yie

ld
 

tra
n

sp
a

re
n

t b
e

h
a

vio
r o

f se
g

m
e

n
ts

a
n

d
 (d

e
riva

tio
n

a
lly) tra

n
s
p

a
re

n
t co

n
stra

in
t in

te
ra

ctio
n

s yie
ld

 b
lo

ckin
g

 o
r 

o
p

a
q

u
e

b
e

h
a

vio
r o

f se
g

m
e

n
ts.

T
h

e
 stra

ig
h

tfo
rw

a
rd

 in
te

ra
ctio

n
 o

f n
a

sa
lize

d
 o

b
stru

e
n

t co
n

stra
in

ts w
ith

 cro
ss-

m
o

rp
h

e
m

e
 sp

re
a

d
in

g
 ve

rsu
s th

e
 o

p
a

q
u

e
 in

te
ra

ctio
n

 w
ith

 in
tra

-m
o

rp
h

e
m

e
 sp

re
a

d
in

g
ra

ise
s a

 kin
d

 o
f co

m
p

le
xity in

 sp
re

a
d

in
g

 a
n

d
 n

a
sa

lize
d

 se
g

m
e

n
t m

a
rke

d
n

e
ss th

a
t w

e
 h

a
ve

n
o

t ye
t co

n
sid

e
re

d
.  In

 o
rd

e
r to

 e
xa

m
in

e
 its im

p
lica

tio
n

s fo
r th

e
 a

n
a

lysis, w
e

 m
u

st first
d

e
te

rm
in

e
 w

h
a

t ca
u

se
s th

e
 cro

ss-m
o

rp
h

e
m

e
 sp

re
a

d
in

g
.  I p

ro
p

o
se

 th
a

t cro
ss-m

o
rp

h
e

m
e

sp
re

a
d

in
g

 is d
rive

n
 b

y th
e

 w
o

rd
-sp

re
a

d
in

g
 co

n
stra

in
t in

 (4
0

).

1
6  V

o
ice

d
 ve

la
r sto

p
s a

re
 a

n
 e

xce
p

tio
n

; se
e

 d
iscu

ssio
n

 in
 n

. 5
 o

f ch
a

p
te

r 2
.

1
7  B

a
rn

e
s a

n
d

 M
a

lo
n

e
 (1

9
8

8
) g

ive
 th

e
 g

lo
ss fo

r th
is w

o
rd

 in
 S

p
a

n
ish

 a
s ‘h

ilo
 d

e
 cu

m
a

re
’.  ‘H

ilo
 d

e
’

m
e

a
n

s ‘th
re

a
d

 o
f’, b

u
t I h

a
ve

 b
e

e
n

 u
n

a
b

le
 to

 fin
d

 a
 tra

n
sla

tio
n

 fo
r ‘cu

m
a

re
’.
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(4
0

)
SP

R
E

A
D([+

nasal], W
)

L
e

t n
 b

e
 a

 va
ria

b
le

 ra
n

g
in

g
 o

ve
r o

ccu
rre

n
ce

s o
f th

e
 fe

a
tu

re
 sp

e
cifica

tio
n

 [+
n

a
sa

l],
and S

 consist of the ordered set of segm
ents s
1 ...sk  in

 a
 w

o
rd

 W
.  L

e
t A

sso
c(n

, si )
m

ean that n is associated to s
i , w

here si ∈
S

.
T

hen SP
R

E
A

D([+
nasal], W

) holds iff
i.

(∀
si ∈

S
) [[∃n (A

ssoc(n, si )] →
 [(∀

sj ∈
S

) [A
ssoc(n, sj )]]].

ii.
F

or each feature occurrence, n, associated to som
e segm

ent in W
, a

violation is incurred for every sj ∈S
 for w

hich (i) is false.

T
h

e
 co

n
stra

in
t in

 (4
0

) a
n

a
lyze

s sp
re

a
d

in
g

 a
cro

ss m
o

rp
h

e
m

e
s a

s a
 d

e
m

a
n

d
 o

n
sp

re
a

d
in

g
 a

n
y o

ccu
rre

n
ce

 o
f a

 [+
n

a
sa

l] fe
a

tu
re

 to
 a

ll se
g

m
e

n
ts w

ith
in

 th
e

 w
o

rd
.  In

T
u

yu
ca

, th
e

 se
t o

f se
g

m
e

n
ts p

ro
p

a
g

a
tin

g
 n

a
sa

l sp
re

a
d

in
g

 in
 th

e
 m

o
rp

h
e

m
e

 (a
ll se

g
m

e
n

ts)
is a

 su
p

e
rse

t o
f th

o
se

 p
ro

p
a

g
a

tin
g

 w
o

rd
 sp

re
a

d
in

g
 (so

n
o

ra
n

ts).  F
o

r th
is d

iffe
re

n
ce

 in
b

lo
ckin

g
 e

ffe
cts to

 a
rise

, it m
u

st b
e

 th
e

 ca
se

 th
a

t th
e

 in
tra

-m
o

rp
h

e
m

e
 sp

re
a

d
in

g
co

n
stra

in
t, S P

R
E

A
D

([+
n

a
sa

l], M
), o

u
tra

n
ks th

e
 cro

ss-m
o

rp
h

e
m

e
 o

n
e

, S
P

R
E

A
D

-R
([+

nasal], W
):

(41)
S P

R
E

A
D([+

nasal], M
) >

>
 SP

R
E

A
D([+

nasal], W
)

T
h

e
 o

ccu
rre

n
ce

 o
f b

lo
ckin

g
 e

ffe
cts in

 sp
re

a
d

in
g

 a
cro

ss m
o

rp
h

e
m

e
s b

u
t n

o
t w

ith
in

m
o

rp
h

e
m

e
s w

o
u

ld
 b

e
 h

a
n

d
le

d
 b

y in
te

rle
a

vin
g

 a
 n

a
sa

l m
a

rke
d

n
e

ss co
n

stra
in

t b
e

tw
e

e
n

th
e

 m
o

rp
h

e
m

e
 a

n
d

 w
o

rd
 sp

re
a

d
in

g
 co

n
stra

in
ts.  F

o
r e

xa
m

p
le

, b
lo

ckin
g

 b
y o

b
stru

e
n

ts
a

cro
ss m

o
rp

h
e

m
e

s ca
n

 b
e

 o
b

ta
in

e
d

 w
ith

 th
e

 ra
n

kin
g

 in
 (4

2
).  (C

o
n

stra
in

ts a
g

a
in

st
n

a
sa

lize
d

 o
b

stru
e

n
ts a

re
 co

lla
p

se
d

 a
s *N
A

S
O

B
S.)

(4
2

)
S P

R
E

A
D([+

nasal], M
) >

>
 *NA

SO
B

S
 >

>
 SP

R
E

A
D([+

nasal], W
)

O
u

r re
a

so
n

in
g

 h
a

s le
d

 u
s to

 th
e

 ra
n

kin
g

 in
 (4

2
); h

o
w

e
ve

r, w
e

 n
o

w
 fa

ce
 a

 d
ile

m
m

a
:

it w
a

s e
sta

b
lish

e
d

 e
a

rlie
r th

a
t th

e
 tra

n
sp

a
re

n
cy o

u
tco

m
e

 fo
r n

a
sa

lize
d

 o
b

stru
e

n
ts in

m
orphem

es involves the reverse ranking of S
P

R
E

A
D([+

nasal], M
) and *NA

S
O

B
S:

(4
3

)
T

ra
n

sp
a

re
n

cy o
f n

a
sa

lize
d

 o
b

stru
e

n
ts:

     P
1

       P
2

*N
A

S
O

B
S

  
>>

SP
R

E
A

D([+
nasal], M

)
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If *N
A

S
O

B
S o

u
tra

n
ks b

o
th

 SP
R

E
A

D([+
n

a
sa

l], M
) a

n
d

 SP
R

E
A

D([+
n

a
sa

l], W
) b

y m
o

vin
g

to
 P

1
, th

e
n

 w
e

 ca
n

n
o

t re
a

lize
 th

e
 d

iffe
re

n
t b

e
h

a
vio

r o
f n

a
sa

lize
d

 o
b

stru
e

n
ts w

ith
 re

sp
e

ct
to

 th
e

 tw
o

 sp
re

a
d

in
g

 co
n

stra
in

ts.  W
e

 p
re

d
ict in

ste
a

d
 th

a
t n

a
sa

lize
d

 o
b

stru
e

n
ts w

ill
b

e
h

a
ve

 tra
n

sp
a

re
n

t in
 sp

re
a

d
in

g
 w

ith
in

 
a

n
d a

cro
ss m

o
rp

h
e

m
e

s.  T
h

is u
n

d
e

sira
b

le
o

u
tco

m
e

 is illu
stra

te
d

 in
 (4

4
) w

ith
 a

 h
yp

o
th

e
tica

l fo
rm

.  H
e

re
 *N

A
S

O
B

S o
u

tra
n

ks b
o

th
sp

re
a

d
in

g
 co

n
stra

in
ts b

y a
p

p
e

a
rin

g
 in

 P
1

.  C
a

n
d

id
a

te
 (e

), w
ith

 a
 tra

n
sp

a
re

n
t su

ffix
o

b
stru

e
n

t, is ch
o

se
n

 o
ve

r (d
), w

h
e

re
 th

e
 o

b
stru

e
n

t b
lo

cks sp
re

a
d

in
g

. (C
o

n
stra

in
ts a

g
a

in
st

n
a

sa
lize

d
 so

n
o

ra
n

ts a
re

 co
lla

p
se

d
 in

 th
e

 la
st co

lu
m

n
.)

(4
4

)
In

co
rre

ct o
u

tco
m

e
: o

b
stru

e
n

ts a
re

 tra
n

sp
a

re
n

t in
 cro

ss-m
o

rp
h

e
m

e
 sp

re
a

d
in

g

 P
1

                       P
2

   a
)ta-ta

*N
A

SO
B

S
ID

E
N

T-❀
O

[+
nasal]

S
P

R
E

A
D

([+
n

a
s], M

)
S

P
R

E
A

D
([+

n
a

s], W
)

*N
A

SS
O

N

a
. [a

)t )a
)]-ta

*!
**

**
**

b
. [a

)]ta
-ta

***!*
**

****
*

c. [a
)t )a

)-t )a
)]

*!*
❀

***
☞

d
. [a

)]t[a
)]-ta

***!
****

********
**

E
e

. [a
)]t[a

)]-t[a
)]

**
*****

*********
***

***

T
h

e
 p

ro
b

le
m

 co
m

e
s a

b
o

u
t b

e
ca

u
se

 P
2

 se
le

cts ca
n

d
id

a
te

 (c), w
ith

 fu
ll w

o
rd

 sp
re

a
d

in
g

, a
s

th
e

 sym
p

a
th

y ca
n

d
id

a
te

.  C
a

n
d

id
a

te
 (a

), w
h

e
re

 [t] b
lo

cks in
 sp

re
a

d
in

g
 a

cro
ss m

o
rp

h
e

m
e

s,
is th

e
 o

n
e

 th
a

t w
e

 in
ste

a
d

 w
a

n
t to

 b
e

 se
le

cte
d

 a
s sym

p
a

th
e

tic.
T

he issue is sum
m

arized in (45).  F
or each of the spreading constraints, the ban on

n
a

sa
lize

d
 o

b
stru

e
n

ts w
in

s o
ve

r p
e

rfe
ct sa

tisfa
ctio

n
 o

f sp
re

a
d

in
g

.  O
n

e
 o

f th
e

se
 co

n
stra

in
t

co
n

flicts is re
so

lve
d

 w
ith

 a
 (d

e
riva

tio
n

a
lly) o

p
a

q
u

e
 in

te
ra

ctio
n

, yie
ld

in
g

 tra
n

sp
a

re
n

t o
r

skip
p

e
d

 o
b

stru
e

n
ts, a

n
d

 th
e

 o
th

e
r is re

so
lve

d
 w

ith
 a

 (d
e

riva
tio

n
a

lly) tra
n

sp
a

re
n

t
in

te
ra

ctio
n

, yie
ld

in
g

 b
lo

ckin
g

 o
b

stru
e

n
ts.

(4
5

)
a.

*N
A

SO
B

S
 >

>
 SP

R
E

A
D([+

nasal], M
)

O
p

a
q

u
e

 co
n

stra
in

t in
te

ra
ctio

n
: n

a
sa

lize
d

 o
b

stru
e

n
ts b

e
h

a
ve

 tra
n

sp
a

re
n

t.

b
.

*N
A

SO
B

S
 >

>
 SP

R
E

A
D([+

nasal], W
)

T
ra

n
sp

a
re

n
t co

n
stra

in
t in

te
ra

ctio
n

: n
a

sa
lize

d
 o

b
stru

e
n

ts b
lo

ck (in
 a

ffixe
s).
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W
e

 m
a

y n
o

te
 th

a
t o

p
a

q
u

e
 co

n
stra

in
t in

te
ra

ctio
n

s co
m

e
 a

b
o

u
t w

h
e

n
 co

n
stra

in
ts b

e
lo

n
g

to
 se

p
a

ra
te

 co
m

p
o

n
e

n
ts (i.e

. se
g

m
e

n
ts o

f th
e

 co
n

stra
in

t h
ie

ra
rch

y) a
n

d
 tra

n
sp

a
re

n
t

in
te

ra
ctio

n
s o

ccu
r b

e
tw

e
e

n
 co

n
stra

in
ts w

ith
in

 th
e

 sa
m

e
 co

m
p

o
n

e
n

t.  T
h

is m
e

a
n

s th
a

t fo
r

o
b

stru
e

n
ts to

 b
lo

ck in
 sp

re
a

d
in

g
 to

 su
ffixe

s, so
m

e
 co

n
stra

in
t p

ro
h

ib
itin

g
 th

e
 n

a
sa

liza
tio

n
o

f th
e

se
 se

g
m

e
n

ts m
u

st d
o

m
in

a
te

 S
P

R
E

A
D([+

n
a

sa
l], W

) w
ith

in
 th

e
 sa

m
e

 co
m

p
o

n
e

n
t.  A

s
sh

o
w

n
 in

 (4
4

), th
is ca

n
n

o
t b

e
 th

e
 g

e
n

e
ra

l *N
A

S
O

B
S co

n
stra

in
t, b

e
ca

u
se

 w
e

 h
a

ve
 a

lre
a

d
y

e
sta

b
lish

e
d

 th
a

t it m
u

st o
ccu

r in
 P

1
.  T

h
e

 n
a

sa
lize

d
 o

b
stru

e
n

t m
a

rke
d

n
e

ss co
n

stra
in

t in
P

2
 m

u
st b

e
 so

m
e

th
in

g
 m

o
re

 sp
e

cific, n
a

m
e

ly a
 co

n
stra

in
t p

ro
h

ib
itin

g
 th

e
 n

a
sa

liza
tio

n
 o

f
o

b
stru

e
n

ts in
 a

ffixe
s.

T
h

is so
lu

tio
n

 is g
ro

u
n

d
e

d
 in

 th
e

 n
o

tio
n

 o
f p

o
sitio

n
a

l m
a

rke
d

n
e

ss.  T
h

e
 id

e
a

u
n

d
e

rlyin
g

 p
o

sitio
n

a
l m

a
rke

d
n

e
ss is th

a
t m

a
rke

d
 p

h
o

n
o

lo
g

ica
l stru

ctu
re

 m
a

y b
e

d
isp

re
fe

rre
d

 o
r e

xclu
d

e
d

 in
 p

ro
so

d
ica

lly o
r m

o
rp

h
o

lo
g

ica
lly w

e
a

k p
o

sitio
n

s.  It g
ive

s
b

a
sis to

 w
o

rk o
n

 p
o

sitio
n

a
l lice

n
sin

g
, w

h
ich

 h
a

s b
e

e
n

 p
ro

p
o

se
d

 to
 h

a
ve

 a
p

p
lica

tio
n

s to
 a

w
id

e
 ra

n
g

e
 o

f p
h

o
n

o
lo

g
ica

l p
h

e
n

o
m

e
n

a
, sp

a
n

n
in

g
 fe

a
tu

re
s, se

g
m

e
n

ts, sylla
b

le
s, a

n
d

m
e

trica
l stru

ctu
re

 (e
.g

. Itô
 1

9
8

6
; G

o
ld

sm
ith

 1
9

9
0

; L
o

m
b

a
rd

i 1
9

9
1

; Itô
 a

n
d

 M
e

ste
r 1

9
9

3
;

S
te

ria
d

e
 1

9
9

5
b

, 1
9

9
7

; Itô
, M

e
ste

r, a
n

d
 P

a
d

g
e

tt 1
9

9
5

; P
a

d
g

e
tt 1

9
9

5
b

; Z
o

ll 1
9

9
6

, 1
9

9
7

, in
p

re
ss; W

a
lke

r 1
9

9
7

b
; a

m
o

n
g

 o
th

e
rs; fo

r re
fe

re
n

ce
s to

 th
e

 b
ro

a
d

e
r ra

n
g

e
 o

f w
o

rk o
n

 th
e

ro
le

 o
f p

o
sitio

n
a

l p
ro

m
in

e
n

ce
 in

 p
h

o
n

o
lo

g
y, se

e
 cita

tio
n

s in
 Z

o
ll 1

9
9

7
).  T

h
e

 m
a

rke
d

p
h

o
n

o
lo

g
ica

l stru
ctu

re
s w

e
 a

re
 co

n
ce

rn
e

d
 w

ith
 h

e
re

 a
re

 n
a

sa
lize

d
 o

b
stru

e
n

ts.  In
 th

e
sym

p
a

th
y ca

n
d

id
a

te
, w

o
rd

 sp
re

a
d

in
g

 ca
n

 d
rive

 th
is kin

d
 o

f stru
ctu

re
 in

 ro
o

ts b
u

t n
o

t in
su

ffixe
s.  T

h
is is a

n
 e

xa
m

p
le

 o
f e

xclu
sio

n
 o

f m
a

rke
d

 se
g

m
e

n
ts in

 m
o

rp
h

o
lo

g
ica

lly w
e

a
k

p
o

sitio
n

s; a
ffixe

s, w
h

ich
 a

re
 d

e
p

e
n

d
e

n
t m

o
rp

h
e

m
e

s, a
re

 w
e

a
ke

r th
a

n
 ro

o
ts, w

h
ich

 h
a

ve
th

e
 sta

tu
s o

f m
o

rp
h

o
lo

g
ica

l h
e

a
d

s.  W
ith

in
 cu

rre
n

t o
p

tim
a

lity-th
e

o
re

tic w
o

rk, e
ffe

cts o
f

p
o

sitio
n

a
l p

ro
m

in
e

n
ce

 h
a

ve
 b

e
e

n
 im

p
le

m
e

n
te

d
 in

 tw
o

 d
iffe

re
n

t w
a

ys: th
ro

u
g

h
 p

o
sitio

n
a

l
m

a
rke

d
n

e
ss co

n
stra

in
ts, w

h
ich

 e
n

fo
rce

 th
e

 co
in

cid
e

n
ce

 o
f m

a
rke

d
 stru

ctu
re

 w
ith

p
ro

m
in

e
n

t p
o

sitio
n

s (Z
o

ll 1
9

9
6

, 1
9

9
7

, in
 p

re
ss a

n
d

 p
re

cu
rso

rs cite
d

 a
b

o
ve

), a
n

d
 th

ro
u

g
h

p
o

sitio
n

a
l fa

ith
, w

h
ich

 e
n

fo
rce

 fa
ith

 re
q

u
ire

m
e

n
ts sp

e
cific to

 p
ro

m
in

e
n

t p
o

sitio
n

s (e
.g

.
M

cC
a

rth
y a

n
d

 P
rin

ce
 1

9
9

5
; B

e
ckm

a
n

 1
9

9
5

, 1
9

9
7

, 1
9

9
8

; P
a

d
g

e
tt 1

9
9

5
a

; U
rb

a
n

czyk
1996b; A

lderete 1995, 1996, 1997a; S
m

ith 1997; W
alker 1997b; K

atayam
a 1998).

In
 a

 ca
re

fu
l e

xa
m

in
a

tio
n

 o
f a

 ra
n

g
e

 o
f p

o
sitio

n
a

l lice
n

sin
g

 e
ffe

cts, Z
o

ll p
re

se
n

ts
e

vid
e

n
ce

 d
e

m
o

n
stra

tin
g

 a
 n

e
e

d
 fo

r p
o

sitio
n

a
l m

a
rke

d
n

e
ss co

n
stra

in
ts (1

9
9

6
, 1

9
9

7
, in

p
re

ss).  Z
o

ll (1
9

9
7

) fo
cu

se
s o

n
 tw

o
 kin

d
s o

f p
h

e
n

o
m

e
n

a
 w

h
ich

 n
e

ce
ssita

te
 p

o
sitio

n
a

l
m

a
rke

d
n

e
ss co

n
stra

in
ts.  T

h
e

se
 a

re
 (i) th

e
 b

lo
ckin

g
 o

f d
e

rive
d

 m
a

rke
d

 stru
ctu

re
 in

 w
e

a
k

p
o

sitio
n

s, a
n

d
 (ii) th

e
 g

u
id

in
g

 o
f m

a
rke

d
 stru

ctu
re

 to
 stro

n
g

 p
o

sitio
n

s.  Z
o

ll d
iscu

sse
s th

e
first p

o
in

t in
 re

la
tio

n
 to

 a
 lice

n
sin

g
 e

ffe
ct in

 th
e

 p
ro

so
d

ic stru
ctu

re
 o

f G
u

u
g

u
 Y

im
id

h
irr.

T
his language is rem

arkable for lim
iting the occurrence of heavy syllables to the first tw

o
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sylla
b

le
s, a

 d
o

m
a

in
 w

h
ich

 m
a

y b
e

 d
e

fin
e

d
 a

s th
e

 h
e

a
d

 (o
r in

n
e

rm
o

st) p
ro

so
d

ic w
o

rd
(P

w
d

) (K
a

g
e

r 1
9

9
5

).  P
o

sitio
n

a
l m

a
rke

d
n

e
ss ca

n
 e

xp
la

in
 th

is re
strictio

n
 b

y re
q

u
irin

g
 th

a
t

a
 h

e
a

vy sylla
b

le
 b

e
lo

n
g

 to
 th

e
 h

e
a

d
 P

w
d

 (o
r a

lte
rn

a
tive

ly b
a

n
n

in
g

 h
e

a
vy sylla

b
le

s in
n

o
n

-h
e

a
d

 p
o

sitio
n

s).  Im
p

o
rta

n
tly, th

e
 p

o
sitio

n
a

l m
a

rke
d

n
e

ss co
n

stra
in

t a
lso

 b
lo

cks th
e

d
e

riva
tio

n
 o

f h
e

a
vy sylla

b
le

s in
 w

e
a

k p
o

sitio
n

s.  G
u

u
g

u
 Y

im
id

h
irr h

a
s a

 su
ffix [-n

d
a

],
w

h
ich

 in
d

u
ce

s le
n

g
th

e
n

in
g

 o
f th

e
 p

re
ce

d
in

g
 vo

w
e

l w
h

e
n

 it o
ccu

rs in
 th

e
 h

e
a

d
 P

w
d

.
W

h
e

n
 th

e
 vo

w
e

l p
re

ce
d

in
g

 [-n
d

a
] is o

u
tsid

e
 o

f th
e

 h
e

a
d

 P
w

d
, it d

o
e

s n
o

t le
n

g
th

e
n

.  T
h

e
le

n
g

th
e

n
in

g
 in

 th
e

se
 ca

se
s is b

lo
cke

d
 b

y th
e

 co
n

stra
in

t re
q

u
irin

g
 th

a
t a

 h
e

a
vy sylla

b
le

b
e

lo
n

g
 to

 th
e

 h
e

a
d

 P
w

d
.  Z

o
ll p

o
in

ts o
u

t th
a

t th
is o

u
tco

m
e

 is n
o

t o
n

e
 th

a
t ca

n
 b

e
a

ch
ie

ve
d

 w
ith

 p
o

sitio
n

a
l fa

ith
 co

n
stra

in
ts.  T

h
e

 p
o

sitio
n

a
l fa

ith
 a

p
p

ro
a

ch
 to

 a
 lice

n
sin

g
e

ffe
ct in

 th
e

 h
e

a
d

 P
w

d
 w

o
u

ld
 m

a
ke

 u
se

 o
f fa

ith
 co

n
stra

in
ts sp

e
cific to

 th
is stru

ctu
ra

l
p

o
sitio

n
.  R

a
n

kin
g

 th
e

 p
o

sitio
n

-sp
e

cific fa
ith

 co
n

stra
in

t h
ig

h
e

r th
a

n
 n

o
n

-p
o

sitio
n

a
l fa

ith
is ca

p
a

b
le

 o
f p

ro
d

u
cin

g
 va

rio
u

s p
o

sitio
n

a
l lice

n
sin

g
 e

ffe
cts; h

o
w

e
ve

r, it ca
n

n
o

t b
lo

ck th
e

d
e

riva
tio

n
 o

f m
a

rke
d

 stru
ctu

re
 o

u
tsid

e
 o

f th
e

 lice
n

sin
g

 p
o

sitio
n

.  A
p

p
lie

d
 to

 G
u

u
g

u
Y

im
id

h
irr, p

o
sitio

n
a

l fa
ith

 co
n

stra
in

ts w
o

u
ld

 p
re

d
ict th

a
t stro

n
g

 p
o

sitio
n

s (e
.g

. h
e

a
d

p
o

sitio
n

s) sh
o

u
ld

 b
e

 m
o

re
 re

sista
n

t to
 ch

a
n

g
e

 th
a

n
 w

e
a

k p
o

sitio
n

s (e
.g

. n
o

n
-h

e
a

d
p

o
sitio

n
s), a

n
d

 if stro
n

g
 p

o
sitio

n
s ca

n
 b

e
 a

lte
re

d
 to

 a
d

m
it vo

w
e

l le
n

g
th

e
n

in
g

, th
e

n
w

e
a

ke
r p

o
sitio

n
s m

u
st a

lso
 a

d
m

it th
is ch

a
n

g
e

.  H
o

w
e

ve
r, th

e
 p

o
sitio

n
a

l lice
n

sin
g

 e
ffe

ct
in

 G
u

u
g

u
 Y

im
id

h
irr is n

o
t o

f th
is kin

d
, a

n
d

 is o
n

e
 th

a
t m

u
st b

e
 h

a
n

d
le

d
 b

y p
o

sitio
n

a
l

m
a

rke
d

n
e

ss.
Z

o
ll’s se

co
n

d
 a

rg
u

m
e

n
t co

m
e

s fro
m

 th
e

 re
lo

ca
tio

n
 o

f m
a

rke
d

 stru
ctu

re
 fro

m
 a

w
e

a
k p

o
sitio

n
 to

 a
 stro

n
g

 p
o

sitio
n

.  S
h

e
 o

b
se

rve
s th

a
t a

 p
o

sitio
n

a
l m

a
rke

d
n

e
ss

co
n

stra
in

t re
q

u
irin

g
 th

a
t m

a
rke

d
 stru

ctu
re

 co
in

cid
e

 w
ith

 a
 stro

n
g

 p
o

sitio
n

 ca
n

 ca
u

se
m

a
rke

d
 stru

ctu
re

 to
 m

ig
ra

te
 fro

m
 a

 w
e

a
k p

o
sitio

n
 in

 w
h

ich
 it o

rig
in

a
te

s to
 a

 stro
n

g
p

o
sitio

n
.  T

h
is o

u
tco

m
e

 re
ta

in
s th

e
 m

a
rke

d
 stru

ctu
re

 in
 th

e
 o

u
tp

u
t ra

th
e

r th
a

n
 lo

sin
g

 it a
ll

to
g

e
th

e
r, b

e
tte

r sa
tisfyin

g
 M AX

.  Z
o

ll sh
o

w
s th

a
t a

 p
h

e
n

o
m

e
n

o
n

 o
f th

is kin
d

 o
ccu

rs in
th

e
 m

im
e

tic p
a

la
ta

liza
tio

n
 o

f Ja
p

a
n

e
se

, d
e

scrib
e

d
 b

y M
e

ste
r a

n
d

 Itô
 (1

9
8

9
).  P

o
sitio

n
a

l
fa

ith
, o

n
 th

e
 o

th
e

r h
a

n
d

, ca
n

n
o

t e
xp

la
in

 th
is kin

d
 o

f e
ve

n
t, b

e
ca

u
se

 th
e

 m
ig

ra
tin

g
stru

ctu
re

 d
id

 n
o

t o
rig

in
a

te
 in

 a
 p

ro
m

in
e

n
t p

o
sitio

n
.  P

o
sitio

n
a

l fa
ith

 co
n

stra
in

ts e
n

fo
rce

fa
ith

fu
ln

e
ss to

 stro
n

g
 p

o
sitio

n
s, a

n
d

 th
e

y th
u

s re
sist ch

a
n

g
e

 in
 th

e
se

 lo
ca

tio
n

s.  It sh
o

u
ld

b
e

 n
o

te
d

 th
a

t a
lth

o
u

g
h

 p
o

sitio
n

a
l fa

ith
 d

o
e

s n
o

t a
p

p
ly to

 th
e

se
 p

o
sitio

n
a

l m
a

rke
d

n
e

ss
p

h
e

n
o

m
e

n
a

, p
o

sitio
n

a
l fa

ith
 co

n
stra

in
ts o

ffe
r e

xp
la

n
a

tio
n

 fo
r o

th
e

r kin
d

s o
f p

o
sitio

n
a

l
lice

n
sin

g
 e

ffe
cts.  F

o
r e

xa
m

p
le

, p
o

sitio
n

a
l fa

ith
 h

a
s b

e
e

n
 u

tilize
d

 to
 d

e
rive

 e
ffe

cts o
f

trig
g

e
rin

g
 o

f sp
re

a
d

in
g

 fro
m

 stro
n

g
 p

o
sitio

n
s a

n
d

 ta
rg

e
ttin

g
 o

f w
e

a
k p

o
sitio

n
s (B

e
ckm

a
n

1995, 1997, 1998).  A
rgum

ents for positional faith w
ill be discussed later in this section.
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Z
o

ll m
a

ke
s a

 co
n

vin
cin

g
 ca

se
 fo

r p
o

sitio
n

a
l m

a
rke

d
n

e
ss co

n
stra

in
ts.  H

e
r fin

d
in

g
th

a
t o

n
ly p

o
sitio

n
a

l m
a

rke
d

n
e

ss co
n

stra
in

ts ca
n

 b
lo

ck th
e

 d
e

riva
tio

n
 o

f m
a

rke
d

 stru
ctu

re
in

 w
e

a
k p

o
sitio

n
s is d

ire
ctly re

le
va

n
t to

 th
e

 m
a

tte
r o

f o
b

stru
e

n
ts b

lo
ckin

g
 n

a
sa

l
sp

re
a

d
in

g
 in

 a
ffixe

s in
 T

u
yu

ca
.  T

h
e

 b
lo

ckin
g

 o
f m

a
rke

d
 stru

ctu
re

 is th
e

 kin
d

 o
f

p
h

e
n

o
m

e
n

o
n

 w
e

 a
re

 d
e

a
lin

g
 w

ith
 h

e
re

, i.e
. w

e
 a

re
 d

e
a

lin
g

 w
ith

 a
n

 in
sta

n
ce

 o
f p

o
sitio

n
a

l
m

a
rke

d
n

e
ss.  T

o
 re

fle
ct th

e
 d

isp
re

fe
re

n
ce

 fo
r m

a
rke

d
 m

a
te

ria
l in

 a
ffixe

s, I su
g

g
e

st th
a

t
m

a
rke

d
n

e
ss co

n
stra

in
ts m

a
y b

e
 sp

e
cific to

 th
is m

o
rp

h
o

lo
g

ica
l p

o
sitio

n
 (P

a
d

g
e

tt 1
9

9
5

b
m

a
ke

s a
 sim

ila
r p

ro
p

o
sa

l fo
r b

lo
ckin

g
 fo

rm
a

tio
n

 o
f co

m
p

le
x se

g
m

e
n

ts in
 a

ffixe
s in

 G
a

)).
T

h
e

 co
n

stra
in

t a
g

a
in

st n
a

sa
lize

d
 o

b
stru

e
n

ts in
 a

ffixe
s is g

ive
n

 in
 (4

6
) (cf. Z

o
ll 1

9
9

6
,

1
9

9
7

, 
in

 
p

re
ss 

fo
r 

a
 

so
m

e
w

h
a

t 
d

iffe
re

n
t 

fo
rm

u
la

tio
n

 
o

f 
p

o
sitio

n
a

l 
m

a
rke

d
n

e
ss

co
n

stra
in

ts).

(4
6

)
*N

A
S

O
B

S
a

ffix

A
ffix-sp

e
cific m

a
rke

d
n

e
ss co

n
stra

in
ts o

ccu
r in

 a
d

d
itio

n
 to

 th
e

 m
o

re
 g

e
n

e
ra

l n
o

n
-

p
o

sitio
n

a
l m

a
rke

d
n

e
ss co

n
stra

in
ts p

ro
h

ib
itin

g
 n

a
sa

lize
d

 se
g

m
e

n
ts.  It is w

h
e

n
 th

e
se

co
n

stra
in

ts a
re

 ra
n

ke
d

 se
p

a
ra

te
ly in

 th
e

 g
ra

m
m

a
r th

a
t a

sym
m

e
trie

s b
e

tw
e

e
n

 th
e

 sta
tu

s o
f

n
a

sa
lize

d
 se

g
m

e
n

ts in
 ro

o
ts a

n
d

 a
ffixe

s b
e

co
m

e
s a

p
p

a
re

n
t.

W
e

 h
a

ve
 se

e
n

 th
a

t th
e

 n
o

n
-p

o
sitio

n
a

l m
a

rke
d

n
e

ss co
n

stra
in

t h
a

s a
n

 o
p

a
q

u
e

in
te

ra
ctio

n
 w

ith
 m

o
rp

h
e

m
e

-d
o

m
a

in
 n

a
sa

l sp
re

a
d

in
g

: th
is yie

ld
s tra

n
sp

a
re

n
t o

b
stru

e
n

t
sto

p
s in

 th
e

 g
e

n
e

ra
l ca

se
; h

o
w

e
ve

r, in
 a

ffixe
s th

e
re

 is a
 tra

n
sp

a
re

n
t in

te
ra

ctio
n

 o
f w

o
rd

-
d

o
m

a
in

 sp
re

a
d

in
g

 w
ith

 m
a

rke
d

n
e

ss yie
ld

in
g

 o
b

stru
e

n
t b

lo
ckin

g
 o

f n
a

sa
l sp

re
a

d
.  T

h
is is

a
ch

ie
ve

d
 

b
y 

p
la

cin
g

 
th

e
 

a
ffix-sp

e
cific 

m
a

rke
d

n
e

ss 
co

n
stra

in
t 

a
g

a
in

st 
n

a
sa

lize
d

o
b

stru
e

n
ts b

e
tw

e
e

n
 m

o
rp

h
e

m
e

 a
n

d
 w

o
rd

-sp
re

a
d

in
g

 in
 P

2
 to

 b
lo

ck n
a

sa
liza

tio
n

 o
f

o
b

stru
e

n
ts in

 cro
ss-m

o
rp

h
e

m
e

 sp
re

a
d

in
g

 in
 th

e
 sym

p
a

th
y ca

n
d

id
a

te
.  T

h
e

 n
o

n
-p

o
sitio

n
a

l
m

a
rke

d
n

e
ss co

n
stra

in
t a

g
a

in
st n

a
sa

lize
d

 o
b

stru
e

n
ts is p

la
ce

d
 in

 P
1

 to
 o

b
ta

in
 fu

ll n
a

sa
l

sp
re

a
d

in
g

 in
 a

ll o
th

e
r p

o
sitio

n
s in

 th
e

 sym
p

a
th

y ca
n

d
id

a
te

, i.e
. w

ith
in

 m
o

rp
h

e
m

e
s.  T

h
e

stru
ctu

re
 o

f th
e

 ra
n

kin
g

 is illu
stra

te
d

 in
 (4

7
-4

8
).

T
h

e
 ta

b
le

a
u

 in
 (4

7
) illu

stra
te

s se
le

ctio
n

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
.  W

ith
in

 P
2

,
*N

A
S

O
B

S
a

ffix  o
u

tra
n

ks th
e

 cro
ss-m

o
rp

h
e

m
e

 n
a

sa
l sp

re
a

d
in

g
 co

n
stra

in
t, w

h
ich

 in
 tu

rn

o
u

tra
n

ks co
n

stra
in

ts a
g

a
in

st n
a

sa
lize

d
 so

n
o

ra
n

ts.  T
h

is ra
n

kin
g

 se
le

cts ca
n

d
id

a
te

 (a
) a

s
sym

p
a

th
e

tic, w
h

e
re

 /t/ b
lo

cks sp
re

a
d

in
g

 in
 th

e
 su

ffix.  O
n

 th
e

 o
th

e
r h

a
n

d
, a

 ro
o

t-b
a

se
d

 /t/
is n

a
sa

lize
d

 in
 th

e
 sym

p
a

th
y ca

n
d

id
a

te
.  A

lte
rn

a
tive

s fo
r th

e
 sym

p
a

th
y ca

n
d

id
a

te
 lo

se
either on the affixal m

arkedness constraint (c) or on spreading (b, d, e).



- 123 -

(4
7

)
S

e
le

ctio
n

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
 in

 cro
ss-m

o
rp

h
e

m
e

 sp
re

a
d

in
g

P
1

                      P
2

   a
)ta-ta

*N
A

SO
B

S
ID

E
N

T-❀
O

[+
nasal]

S
P

R
E

A
D

([+
n

], M
)

*N
A

SO
B

Saf
S

P
R

E
A

D
([+

n
], W

)
*N

A
SS

O
N

a
.[a

)t )a
)]-ta

*
❀

**
**

b
. [a

)]ta
-ta

**
*!*

****
*

c.[a
)t )a

)-t )a
)]

**
*!

***

d
.[a

)]t[a
)]-ta

*
*!***

********
**

e
.[a

)]t[a
)]-t[a

)]
*

*!****
********

****
***

T
h

e
 ta

b
le

a
u

 in
 (4

8
) sh

o
w

s se
le

ctio
n

 o
f th

e
 a

ctu
a

l o
u

tp
u

t.  T
h

is is th
e

 ca
n

d
id

a
te

w
h

ich
 m

o
st clo

se
ly re

se
m

b
le

s th
e

 sym
p

a
th

y ca
n

d
id

a
te

, w
h

ile
 re

sp
e

ctin
g

 th
e

 n
o

n
-

p
o

sitio
n

a
l *N

A
S

O
B

S. 1
8  S

in
ce

 th
e

 sym
p

a
th

y ca
n

d
id

a
te

 is th
e

 o
n

e
 w

ith
 fu

ll sp
re

a
d

in
g

 in
th

e
 ro

o
t a

n
d

 b
lo

ckin
g

 b
y o

b
stru

e
n

ts a
cro

ss m
o

rp
h

e
m

e
s, th

e
 a

ctu
a

l o
u

tp
u

t is th
e

 o
n

e
 in

(d
) w

ith
 a

n
 o

ra
l su

ffix a
n

d
 n

a
sa

liza
tio

n
 o

f a
ll se

g
m

e
n

ts in
 th

e
 ro

o
t e

xce
p

t fo
r [t].

C
a

n
d

id
a

te
 (e

), w
ith

 n
a

sa
liza

tio
n

 o
f th

e
 su

ffix vo
w

e
l, in

tro
d

u
ce

s n
a

sa
liza

tio
n

 in
 th

e
o

u
tp

u
t th

a
t is n

o
t p

re
se

n
t in

 th
e

 sym
p

a
th

e
tic ca

n
d

id
a

te
.  T

h
is co

u
ld

 b
e

 ru
le

d
 o

u
t b

y
ID

E
N

T-❀
O

[-nasal] or sim
ply by the spreading constraint, as show

n here.

(4
8

)
S

e
le

ctio
n

 o
f th

e
 a

ctu
a

l o
u

tp
u

t in
 cro

ss-m
o

rp
h

e
m

e
 sp

re
a

d
in

g

P
1

                      P
2

   a
)ta-ta

*N
A

SO
B

S
ID

E
N

T-❀
O

[+
nasal]

S
P

R
E

A
D

([+
n

], M
)

*N
A

SO
B

Saf
S

P
R

E
A

D
([+

n
], W

)
*N

A
SS

O
N

a
. [a

)t )a
)]-ta

*!
❀

**
**

b
. [a

)]ta
-ta

*!*
**

****
*

c. [a
)t )a

)-t )a
)]

*!*
*

***
☞

d
. [a

)]t[a
)]-ta

*
****

********
**

e
. [a

)]t[a
)]-t[a

)]
*

*****!
********

****
***

1
8  T

h
e

 o
ccu

rre
n

ce
 o

f th
e

 n
o

n
-p

o
sitio

n
a

l *N
A

S
O

B
S

 in
 P

1
 ra

n
ke

d
 o

ve
r *NA

S
O

B
S

a
ffix  in

 P
2

 is
so

m
e

w
h

a
t u

n
e

xp
e

cte
d

 g
ive

n
 th

e
 p

o
sitio

n
a

l m
a

rke
d

n
e

ss co
n

te
xt.  H

o
w

e
ve

r, th
is ra

n
kin

g
 o

f th
e

m
a

rke
d

n
e

ss co
n

stra
in

ts g
ive

s a
 p

o
sitio

n
a

l m
a

rke
d

n
e

ss e
ffe

ct th
ro

u
g

h
 th

e
 tra

n
sp

a
re

n
t in

te
ra

ctio
n

 o
f

*N
A

S
O

B
S

a
ffix  w

ith
 sp

re
a

d
in

g
 co

n
stra

in
ts in

 co
n

tra
st to

 th
e

 o
p

a
q

u
e

 in
te

ra
ctio

n
 o

f *N
A

S
O

B
S

.  A
n

a
lte

rn
a

tive
 w

ith
o

u
t a

 p
o

sitio
n

a
l m

a
rke

d
n

e
ss co

n
stra

in
t a

n
d

 p
la

cin
g

 *N
A

S
O

B
S

 in
 b

o
th

 P
1

 a
n

d
 P

2
 is

o
u

tlin
e

d
 in

 se
ctio

n
 3

.7
.
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T
o

 ve
rify th

e
 a

n
a

lysis, I e
xh

ib
it th

re
e

 ta
b

le
a

u
x b

e
lo

w
 illu

stra
tin

g
 th

e
 a

n
a

lysis o
f

cro
ss-m

o
rp

h
e

m
e

 sp
re

a
d

in
g

 in
 T

u
yu

ca
 w

ith
 a

ctu
a

l fo
rm

s fro
m

 th
e

 la
n

g
u

a
g

e
.  T

h
e

 first
e

xa
m

p
le

 sh
o

w
s th

e
 b

lo
ckin

g
 e

ffe
ct o

f a
 vo

ice
le

ss o
b

stru
e

n
t in

 sp
re

a
d

in
g

 fro
m

 a
 ro

o
t to

 a
su

ffix.  In
 th

is ca
se

, w
ith

 n
o

 o
b

stru
e

n
t in

 th
e

 ro
o

t, th
e

 sym
p

a
th

y ca
n

d
id

a
te

 co
in

cid
e

s w
ith

th
e

 a
ctu

a
l o

u
tp

u
t.

(4
9

)
/h

o
)o - p

ˆ/ ‘at that place (over there)’

P
1

                    P
2

   h
o
)o - p

ˆ
*N

A
SO

B
S

ID
E

N
T-❀

O
[+

nasal]
S

P
R

E
A

D
([+

n
], M

)
*N

A
SO

B
Saf

S
P

R
E

A
D

([+
n

], W
)

*N
A

SS
O

N

☞
a. [h

)o
)o
)]-p

ˆ
❀

**
***

b
. h

[o
)]o-p

ˆ
*!*

**
****

*

c. [h
)o
)o
)))-p

)ˆ ‚]
*!

*
****

d. [h
)o
)o
)))]-p[ˆ ‚]

*!
******

****

N
e

xt, w
e

 se
e

 a
n

 e
xa

m
p

le
 o

f a
 vo

ice
d

 o
b

stru
e

n
t b

lo
ckin

g
 a

cro
ss m

o
rp

h
e

m
e

s.

(5
0

)
/ju

)k
a - d

a/ no gloss

  P
1

                        P
2

   ju
)k
a - d

a
*N

A
SO

B
S

ID
E

N
T-❀

O
[+

nasal]
S

P
R

E
A

D
([+

n
], M

)
*N

A
SO

B
Saf

S
P

R
E

A
D

([+
n

], W
)

*N
A

S
S

O
N

a
. [j ‚u

)k
)a
)]-d

a
*!

❀
**

***

b
. j[u

)]k
a-d

a
**!*

***
*****

*

c. [j ‚u
)k
)a
)-d

)a
)]

*!*
*

****

d
. [j ‚u

)k
)a
)]-d

[a
)]

*!
*

*******
****

☞
e

. [j ‚u
)]k

[a
)]-d

a
*

*****
*********

***

F
inally, (51) show

s nasalization across a m
orphem

e boundary to a liquid-initial suffix.
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(51)
/h

ˆ ‚̂ - ri/ ‘w
a

tch
 o

u
t o

r yo
u

 w
ill g

e
t b

u
rn

e
d

!’

 P
1

                      P
2

   h
ˆ ‚̂ - ri

*N
A

SO
B

S
ID

E
N

T-❀
O

[+
nasal]

S
P

R
E

A
D

([+
n

], M
)

*N
A

SO
B

Saf
S

P
R

E
A

D
([+

n
], W

)
*N

A
SS

O
N

a
. [h

)̂‚̂‚]-ri
*!*

**
***

b
. h

[ˆ ‚]ˆ-ri
*!***

**
****

*
☞

c. [h
)̂‚̂‚-r)i ‚]

❀
*****

d
. [h

)ˆ ‚̂‚]-r[i ‚]
*!

*
******

****

W
e

 h
a

ve
 n

o
t ye

t se
e

n
 a

 ca
se

 cru
cia

lly ca
llin

g
 o

n
 a

 d
istin

ctio
n

 b
e

tw
e

e
n

 m
o

rp
h

e
m

e
-

dom
ain versus w

ord-dom
ain spreading.  A

n exam
ple of this kind w

ill be addressed in the
upcom

ing discussion of suffixes w
hich are fixed in their oral/nasal property.

In
 T

u
yu

ca
, w

e
 h

a
ve

 se
e

n
 th

a
t th

e
 in

te
ra

ctio
n

 b
e

tw
e

e
n

 *N
A

S
O

B
S

a
ffix  a

n
d

 n
a

sa
l

sp
re

a
d

in
g

 is a
 tra

n
sp

a
re

n
t o

n
e

, co
m

in
g

 a
b

o
u

t fro
m

 *N
A

S
O

B
S

a
ffix  d

o
m

in
a

tin
g

 th
e

 n
a

sa
l

w
o

rd
 sp

re
a

d
in

g
 co

n
stra

in
t w

ith
in

 th
e

 P
2

 co
m

p
o

n
e

n
t.  In

te
re

stin
g

ly, a
n

o
th

e
r T

u
ca

n
o

a
n

la
n

g
u

a
g

e
 ch

o
o

se
s th

e
 a

lte
rn

a
tive

 o
u

tco
m

e
 fo

r cro
ss-m

o
rp

h
e

m
e

 sp
re

a
d

in
g

.  T
h

e
 so

u
th

e
rn

d
ia

le
ct o

f B
a

ra
sa

n
o

, a
 T

u
ca

n
o

a
n

 la
n

g
u

a
g

e
 sp

o
ke

n
 in

 C
o

lo
m

b
ia

, h
a

s a
 sim

ila
r p

a
tte

rn
 o

f
n

a
sa

liza
tio

n
 to

 T
u

yu
ca

 (S
m

ith
 a

n
d

 S
m

ith
 1

9
7

1
; Jo

n
e

s a
n

d
 Jo

n
e

s 1
9

9
1

).  L
ike

 T
u

yu
ca

,
S

o
u

th
e

rn
 B

a
ra

sa
n

o
 h

a
s n

a
sa

l m
o

rp
h

e
m

e
s in

 w
h

ich
 a

ll se
g

m
e

n
ts a

re
 n

a
sa

lize
d

 e
xce

p
t

vo
ice

le
ss o

b
stru

e
n

ts, a
n

d
 n

a
sa

liza
tio

n
 sp

re
a

d
s a

cro
ss m

o
rp

h
e

m
e

s to
 a

lte
rn

a
tin

g
 a

ffixe
s.

T
h

e
re

 is a
lso

 a
 se

t o
f a

ffixe
s w

h
ich

 re
m

a
in

 fixe
d

 in
 th

e
ir n

a
sa

l q
u

a
lity: a

ffixe
s in

 th
is se

t
a

re
 e

ith
e

r a
lw

a
ys o

ra
l o

r a
lw

a
ys n

a
sa

l.  Im
p

o
rta

n
tly, S

o
u

th
e

rn
 B

a
ra

sa
n

o
 d

iffe
rs fro

m
T

u
yu

ca
 in

 in
clu

d
in

g
 so

m
e

 o
b

stru
e

n
t-in

itia
l su

ffixe
s in

 its se
t o

f a
lte

rn
a

tin
g

 a
ffixe

s.  T
h

is
in

d
ica

te
s th

a
t o

b
stru

e
n

ts b
e

h
a

ve
 tra

n
sp

a
re

n
t in

 a
ll p

o
sitio

n
s.  E

xa
m

p
le

s o
f a

lte
rn

a
tin

g
a

ffixe
s b

e
g

in
n

in
g

 w
ith

 o
b

stru
e

n
t sto

p
s a

re
 g

ive
n

 in
 (5

2
) (d

a
ta

 fro
m

 Jo
n

e
s a

n
d

 Jo
n

e
s

1991).

(5
2

)
O

b
stru

e
n

t-in
itia

l a
lte

rn
a

tin
g

 a
ffixe

s in
 S

o
u

th
e

rn
 B

a
ra

sa
n

o
a

.
/-ti/ ‘q

u
e

stio
n

’

O
ral alternant: /ah

i - a
 - ti    m

)̈/
     →

  [a
h
ia

ti  m
)̈]

‘d
o

 yo
u

 u
n

d
e

rsta
n

d
?

’
             hear-pres.-question  you

N
asal alternant: /̄a

) - g
¨
 - ti    j¨/     →

   [¯
a
)N

)̈ti ‚  j¨]
‘w

ill I b
e

 th
e

re
?

’
             be-m

asc. sg.-question  1 sg.
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b
.

/-b
¨

/ ‘p
a

st n
o

n
th

ird
 p

e
rso

n
 a

n
im

a
te

’

O
ral alternant: /ah

i - b
¨
    j¨/

→
 

[a
h
ib

¨
  j¨]

‘I h
e

a
rd

’
             hear-nonthird person past  1 sg.

N
asal alternant: /̄a

)N
o
) - b

¨
    j¨/

→
 

[¯
a
)N
o
)m

¨
)  j¨] ‘I spoke’

             talk-nonthird person past  1 sg.

In
 a

n
a

lytica
l te

rm
s, th

e
 d

iffe
re

n
ce

 b
e

tw
e

e
n

 T
u

yu
ca

 a
n

d
 S

o
u

th
e

rn
 B

a
ra

sa
n

o
 co

m
e

s
o

u
t a

s a
 d

iffe
re

n
ce

 in
 w

h
e

re
 *N AS

O
B

S
a

ffix  o
ccu

rs in
 P

2
, a

s sh
o

w
n

 in
 (5

3
).  In

 S
o

u
th

e
rn

B
a

ra
sa

n
o

, *NA
S

O
B

S
a

ffix  is d
o

m
in

a
te

d
 b

y th
e

 n
a

sa
l w

o
rd

-d
o

m
a

in
 sp

re
a

d
in

g
 co

n
stra

in
t in

P
2

, yie
ld

in
g

 a
 sym

p
a

th
y ca

n
d

id
a

te
 w

ith
 fu

ll sp
re

a
d

in
g

, e
ve

n
 a

cro
ss a

ffixe
s.  In

 T
u

yu
ca

,
*N

A
S

O
B

S
a

ffix  o
u

tra
n

ks w
o

rd
 sp

re
a

d
in

g
 to

 g
ive

 b
lo

ckin
g

 b
y o

b
stru

e
n

ts in
 a

ffixe
s.

T
u

yu
ca

 th
u

s sh
o

w
s a

n
 a

ffixa
l p

o
sitio

n
a

l m
a

rke
d

n
e

ss e
ffe

ct w
ith

 re
sp

e
ct to

 n
a

sa
lize

d
se

g
m

e
n

ts, b
u

t S
o

u
th

e
rn

 B
a

ra
sa

n
o

 d
o

e
s n

o
t.

1
9

(5
3

)
a.  S

o
u

th
e

rn
 B

a
ra

sa
n

o
: No

 p
o

sitio
n

a
l m

a
rke

d
n

e
ss e

ffe
ct in

 a
ffixe

s
P

1: *N
A

SO
B

S >
>  P

2: S
P

R
E

A
D([+

nasal], W
) >

>
 *NA

SO
B

S
affix

b.  T
u

yu
ca

: P
ositional m

arkedness effect in affixes for nasalized obstruents.
P

1: *N
A

SO
B

S >
>

  P
2: *N

A
SO

B
S

affix  >
>

 SP
R

E
A

D([+
nasal], W

)

N
a

sa
liza

tio
n

 in
 o

th
e

r T
u

ca
n

o
a

n
 la

n
g

u
a

g
e

s a
lso

 fa
lls in

to
 o

n
e

 o
f th

e
se

 tw
o

 p
a

tte
rn

s.
T

a
tu

yo
 (C

o
lo

m
b

ia
; G

o
m

e
z-Im

b
e

rt 1
9

8
0

) is o
f th

e
 S

o
u

th
e

rn
 B

a
ra

sa
n

o
 typ

e
, w

h
e

re
o

b
stru

e
n

ts ca
n

 p
ro

p
a

g
a

te
 n

a
sa

l sp
re

a
d

in
g

 in
 a

ll p
o

sitio
n

s.  T
u

ca
n

o
 (C

o
lo

m
b

ia
; W

e
st a

n
d

W
e

lch
 1

9
6

7
, 1

9
7

2
; B

ivin
 1

9
8

6
; T

rig
o

 1
9

8
8

; N
o

ske
 1

9
9

5
) fo

llo
w

s th
e

 T
u

yu
ca

 p
a

tte
rn

w
ith

 o
b

stru
e

n
t b

lo
ckin

g
 in

 a
ffixe

s.
T

h
e

 n
e

xt p
o

in
t in

 th
e

 a
n

a
lysis o

f cro
ss-m

o
rp

h
e

m
e

 n
a

sa
l sp

re
a

d
in

g
 in

 T
u

yu
ca

co
n

ce
rn

s fixe
d

 a
ffixe

s.  A
s n

o
te

d
 in

 se
ctio

n
 2

.1
 (a

n
d

 re
p

e
a

te
d

 a
b

o
ve

), T
u

yu
ca

 h
a

s a
 se

t
o

f a
lte

rn
a

tin
g

 su
ffixe

s a
n

d
 a

 se
t o

f su
ffixe

s w
h

ich
 a

re
 fixe

d
 in

 th
e

ir o
ra

l/n
a

sa
l p

ro
p

e
rty.

T
h

e
 a

lte
rn

a
tin

g
 su

ffixe
s sh

a
re

 th
e

 p
h

o
n

o
lo

g
ica

l p
ro

p
e

rty o
f n

e
ve

r b
e

g
in

n
in

g
 w

ith
 a

n
o

b
stru

e
n

t (o
r n

a
sa

l sto
p

), a
s d

iscu
sse

d
 a

b
o

ve
, so

 sto
p

- o
r frica

tive
-in

itia
l su

ffixe
s a

lw
a

ys
fa

ll in
 th

e
 fixe

d
 n

a
sa

lity ca
te

g
o

ry (so
n

o
ra

n
t co

n
tin

u
a

n
t-in

itia
l su

ffixe
s m

a
y o

ccu
r in

1
9  T

h
e

 sa
m

e
 re

su
lt fo

r S
o

u
th

e
rn

 B
a

ra
sa

n
o

 co
u

ld
 b

e
 o

b
ta

in
e

d
 b

y p
ro

m
o

tin
g

 *N
A

S
O

B
Sa

ffix  to
 P

1
;

h
o

w
e

ve
r, I a

ssu
m

e
 th

a
t p

ro
m

o
tio

n
 o

f a
 m

a
rke

d
n

e
ss co

n
stra

in
t to

 P
1

 is o
n

ly p
o

site
d

 b
y th

e
 le

a
rn

e
r

w
h

e
n

 a
 tra

n
sp

a
re

n
t co

n
stra

in
t in

te
ra

ctio
n

 w
ill n

o
t p

ro
d

u
ce

 th
e

 co
rre

ct re
so

lu
tio

n
.  T

h
e

 im
p

lica
tio

n
s o

f
(d

e
riva

tio
n

a
l) o

p
a

city e
ffe

cts fo
r th

e
 le

a
rn

e
r a

re
 d

iscu
sse

d
 in

 se
ctio

n
 3

.6
.
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e
ith

e
r g

ro
u

p
).  A

 p
a

rtia
l list o

f T
u

yu
ca

 su
ffixe

s g
ro

u
p

e
d

 a
cco

rd
in

g
 to

 th
e

ir a
lte

rn
a

tin
g

ve
rsu

s fixe
d

 n
a

sa
lity b

e
h

a
vio

r is g
ive

n
 in

 (5
4

-5
5

) (re
p

e
a

te
d

 fro
m

 ch
a

p
te

r 2
).

(5
4

)
A

lternating suffixes:

a.
-a

anim
ate plural

b
.

-h
a

co
n

tra
st

c.
-ja

im
perative

d
.

-w
ˆ

e
vid

e
n

tia
l

e.
-w

o
e

vid
e

n
tia

l
f.

-ri
im

perative of w
arning

g
.

-re
specifier

h
.

-ro
adverbializer

i.
-ra

pl. nom
inative

(5
5

)
F

ixed oral suffixes:
F

ixed nasal suffixes:

a.
-a

re
ce

n
t p

a
st

o
.

-h )a)
e

m
p

h
a

tic

b
.

-ja
e

vid
e

n
tia

l
p

.
-j ‚a)

try
c.

-w
ˆ

classifier
q

.
-w

)̂ ‚
singularizer

d
.

-w
o

classifier
r.

-w
)o
)

classifier
e.

-ri
inanim

ate sg. nom
inative

s.
-

r)i ‚
tim

e(s)
f.

-re
inanim

ate pl. nom
inative

g
.

-sa
classifier

t.
-sa

)
co

n
tin

u
e

 a
ctio

n
h

.
-b

a
classifier

u
.

-m
a)

classifier
i.

-d
a

classifier
v.

-n
a)

a
t th

a
t in

sta
n

t
j.

-g
a

e
vid

e
n

tia
l

w
.

-N
a)

dim
inutive

k.
-g

o
e

vid
e

n
tia

l
l.

-p
i

to
o

 m
u

ch
x.

-pi ‚
classifier

m
.

-to
e

vid
e

n
tia

l
y.

-to
)

classifier
n

.
-k

a
large inanim

ate sg.
z.

-
k
a)

a
lso

W
ith

 th
e

 d
istrib

u
tio

n
 o

f o
b

stru
e

n
ts in

 th
is g

ro
u

p
in

g
 e

xp
la

in
e

d
, w

e
 m

ig
h

t co
n

sid
e

r th
e

p
o

ssib
ility th

a
t fixe

d
 a

ffixe
s fa

ll in
to

 a
n

 id
e

n
tifia

b
le

 g
ra

m
m

a
tica

l cla
ss o

r la
te

r ‘le
ve

l’ o
f

a
ffixa

tio
n

, w
h

e
re

 n
a

sa
l sp

re
a

d
in

g
 d

o
e

s n
o

t a
p

p
ly.  H

o
w

e
ve

r, th
is kin

d
 o

f a
p

p
ro

a
ch

 is n
o

t
te

n
a

b
le

 fo
r th

e
 d

a
ta

.  B
a

rn
e

s (1
9

9
6

: 3
4

-5
) n

o
te

s th
a

t g
ra

m
m

a
tica

l g
ro

u
n

d
s a

re
 in

su
fficie

n
t

to
 p

re
d

ict w
h

e
th

e
r a

 su
ffix w

ill fa
ll in

to
 th

e
 a

lte
rn

a
tin

g
 o

r fixe
d

 n
a

sa
lity ca

te
g

o
ry.  T

h
e

re
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d
o

e
s n

o
t a

p
p

e
a

r to
 b

e
 a

 co
rre

la
tio

n
 b

e
tw

e
e

n
 th

e
 d

e
riva

tio
n

a
l ve

rsu
s in

fle
ctio

n
a

l sta
tu

s o
f

a
 su

ffix a
n

d
 n

a
sa

liza
tio

n
 ca

te
g

o
ry; a

lso
 fixe

d
 su

ffixe
s ca

n
 o

ccu
r b

e
fo

re
 o

r a
fte

r
a

lte
rn

a
tin

g
 su

ffixe
s in

 th
e

 lin
e

a
r se

q
u

e
n

ce
 o

f a
ffixe

s.  B
a

rn
e

s n
o

te
s th

a
t in

 a
d

d
itio

n
 to

ro
o

ts, a
sp

e
ctu

a
l a

n
d

 m
o

o
d

 su
ffixe

s a
re

 a
lw

a
ys fixe

d
 in

 th
e

ir n
a

sa
lity, b

u
t it is n

o
t cle

a
r

w
h

e
th

e
r th

e
re

 is a
n

y sig
n

ifica
n

ce
 to

 th
e

 fixe
d

 n
a

sa
lity o

f a
sp

e
ctu

a
l a

n
d

 m
o

o
d

 su
ffixe

s,
and this rem

ains an issue for further research.
20, 21

T
h

e
 o

ccu
rre

n
ce

 o
f d

iffe
re

n
t lin

e
a

r o
rd

e
rin

g
s o

f fixe
d

 a
n

d
 a

lte
rn

a
tin

g
 su

ffixe
s is

illu
stra

te
d

 in
 (5

6
-5

7
) b

e
lo

w
 (d

a
ta

 fro
m

 B
a

rn
e

s a
n

d
 M

a
lo

n
e

 1
9

8
8

).  (5
6

a
) sh

o
w

s a
n

e
xa

m
p

le
 w

h
e

re
 a

 n
a

sa
l ro

o
t is fo

llo
w

e
d

 b
y a

 fixe
d

 o
ra

l su
ffix a

n
d

 th
e

n
 a

n
 a

lte
rn

a
tin

g
su

ffix.  H
e

re
 th

e
 a

lte
rn

a
tin

g
 su

ffix co
m

e
s o

u
t a

s o
ra

l fo
llo

w
in

g
 th

e
 fixe

d
 o

ra
l su

ffix.
(5

6
b

) g
ive

s a
n

 o
ra

l ro
o

t fo
llo

w
e

d
 b

y a
 fixe

d
 n

a
sa

l su
ffix a

n
d

 th
e

n
 a

n
 a

lte
rn

a
tin

g
 su

ffix.
H

e
re

 th
e

 a
lte

rn
a

tin
g

 su
ffix is n

a
sa

l in
 th

e
 o

u
tp

u
t. (I fo

llo
w

 th
e

 d
e

scrip
tive

 n
o

ta
tio

n
 o

f
B

a
rn

e
s a

n
d

 M
a

lo
n

e
, u

sin
g

 “N
” fo

r n
a

sa
l m

o
rp

h
e

m
e

s, “O
” fo

r o
ra

l o
n

e
s, a

n
d

 “[ ]” fo
r

m
o

rp
h

e
m

e
s th

a
t a

lte
rn

a
te

 in
 n

a
sa

lity.  I h
a

ve
 m

a
rke

d
 n

a
sa

lity o
n

 th
e

 first vo
w

e
l in

 th
e

input here for nasal m
orphem

es.)

(5
6

)
a.            N

        O
   [ ]

                            |          |      |

w
a
)k
u
@ - ri - w

a
→

    
[w

)a)k
u
è)riw

a]
‘th

e
y d

id
 n

o
t th

in
k’

th
in

k - n
e

g
. - e

vid
e

n
tia

l

b
.          O

      N
    [ ]

                          |        |       |

a
sio- h

a
) - w

ˆ   
→

    
[a

sio
h
)a
)w

)̂ ‚]
‘I h

e
a

te
d

 it’
heat - em

phatic - evidential

2
0  B

a
rn

e
s (p

e
rso

n
a

l co
m

m
u

n
ica

tio
n

 1
9

9
7

) n
o

te
s th

a
t th

e
re

 d
o

e
s n

o
t a

p
p

e
a

r to
 b

e
 a

n
y co

rre
la

tio
n

b
e

tw
e

e
n

 m
o

re
 ‘e

xte
rn

a
l’ su

ffixe
s a

n
d

 th
e

ir p
ro

b
a

b
ility o

f b
e

in
g

 fixe
d

 in
 n

a
sa

lity, a
n

d
 sh

e
 re

p
o

rts a
sim

ila
r a

p
p

a
re

n
t la

ck o
f co

rre
la

tio
n

 in
 T

a
tu

yo
 (T

u
ca

n
o

a
n

).  B
u

t sh
e

 p
o

in
ts o

u
t th

a
t th

e
re

 is still m
o

re
w

o
rk to

 b
e

 d
o

n
e

 in
 th

e
 in

ve
stig

a
tio

n
 o

f th
is su

b
je

ct.
2

1  T
h

e
 a

b
se

n
ce

 o
f a

 cle
a

r g
ra

m
m

a
tica

l ca
te

g
o

ry b
a

sis fo
r th

e
 fixe

d
 n

a
sa

lity ve
rsu

s a
lte

rn
a

tin
g

 sta
tu

s
o

f a
 m

o
rp

h
e

m
e

 is co
n

siste
n

t w
ith

 th
e

 K
a

ye
’s (1

9
7

1
) fin

d
in

g
s co

n
ce

rn
in

g
 D

e
sa

n
o

 (T
u

ca
n

o
a

n
).  L

ike
B

a
rn

e
s, K

a
ye

 fin
d

s th
a

t m
a

jo
r g

ra
m

m
a

tica
l ca

te
g

o
ry m

o
rp

h
e

m
e

s (e
.g

. n
o

u
n

 a
n

d
 ve

rb
s) a

re
 a

lw
a

ys
fixe

d
 in

 th
e

ir o
ra

l/n
a

sa
l sp

e
cifica

tio
n

 (w
ith

 o
n

e
 e

xce
p

tio
n

), b
u

t su
ffixe

s a
re

 m
o

re
 va

ria
b

le
.  K

a
ye

 n
o

te
s

th
a

t o
n

e
 o

f th
e

 fo
u

r p
a

rticip
ia

l e
n

d
in

g
s is fixe

d
 a

n
d

 tw
o

 o
f th

e
 th

re
e

 ca
se

 e
n

d
in

g
s a

re
 fixe

d
.  H

o
w

e
ve

r,
su

ffixe
s in

 o
th

e
r m

in
o

r g
ra

m
m

a
tica

l ca
te

g
o

rie
s p

a
tte

rn
 to

g
e

th
e

r, e
ith

e
r a

ll b
e

in
g

 fixe
d

 in
 th

e
ir

o
ra

l/n
a

sa
l p

ro
p

e
rty o

r a
ll a

lte
rn

a
tin

g
.  F

o
r e

xa
m

p
le

, p
e

rso
n

a
l e

n
d

in
g

s, n
o

u
n

 fin
a

ls, a
n

d
 d

ire
ctio

n
a

ls a
ll

a
re

 fixe
d

 in
 th

e
ir n

a
sa

l sp
e

cifica
tio

n
, b

u
t m

o
o

d
 m

a
rke

rs, e
vid

e
n

tia
ls, a

n
d

 cla
ssifie

rs a
re

 a
ll a

lte
rn

a
tin

g
.

F
o

r th
o

se
 th

a
t a

re
 co

n
siste

n
t a

cro
ss a

 m
in

o
r g

ra
m

m
a

tica
l ca

te
g

o
ry it is n

o
t cle

a
r w

h
e

th
e

r th
e

re
 is a

co
m

m
o

n
 b

a
sis d

istin
g

u
ish

in
g

 th
e

 se
t o

f ca
te

g
o

rie
s w

h
ich

 a
re

 fixe
d

 in
 n

a
sa

lity ve
rsu

s th
o

se
 th

a
t a

re
a

lte
rn

a
tin

g
.
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T
h

e
 d

a
ta

 in
 (5

7
) g

ive
 e

xa
m

p
le

s o
f a

n
 a

lte
rn

a
tin

g
 su

ffix o
ccu

rrin
g

 b
e

tw
e

e
n

 a
 ro

o
t

a
n

d
 a

 fixe
d

 su
ffix.  In

 th
is co

n
fig

u
ra

tio
n

, th
e

 a
lte

rn
a

tin
g

 su
ffix ta

ke
s o

n
 th

e
 o

ra
l/n

a
sa

l
q

u
a

lity o
f th

e
 p

re
ce

d
in

g
 m

o
rp

h
e

m
e

.  T
h

is in
d

ica
te

s th
a

t w
o

rd
 sp

re
a

d
in

g
 is in

 fa
ct

d
ire

ctio
n

a
l, fro

m
 le

ft-to
-rig

h
t.  T

h
is p

ro
p

e
rty o

f cro
ss-m

o
rp

h
e

m
e

 sp
re

a
d

in
g

 w
ill b

e
 b

u
ilt

in
to

 th
e

 a
n

a
lysis b

e
lo

w
.

(5
7

)
a.          O

   [ ]    N
                          |      |       |

a
tiê - a - w

i ‚
   

→
    

[a
tia

@w
)i ‚]

‘h
e

 re
ce

n
tly ca

m
e

’
com

e - recent past - evidential

b.          N
        [ ]    O

                          |           |       |

b
a
)k
a
 - ri - p

ˆ
   →

    [m
a
)k
a
)r)i ‚p

ˆ]
‘to

 th
e

 to
w

n
s’

tow
n - inan. pl. - clitic

In
 (5

8
) w

e
 se

e
 a

 w
o

rd
 co

n
sistin

g
 o

f six m
o

rp
h

e
m

e
s e

a
ch

 fixe
d

 in
 th

e
ir o

ra
l/n

a
sa

l
p

ro
p

e
rty.  T

h
is fo

rm
 cle

a
rly sh

o
w

s th
a

t fixe
d

 m
o

rp
h

e
m

e
s d

o
 n

o
t a

ffe
ct e

a
ch

 o
th

e
r a

n
d

m
ultiple sw

itches betw
een oral and nasal m

orphem
es is possible.

(58)
  N

        O
       N

       O
       N

     O
               |          |         |          |         |       |

si ‚d
iê - p

e
ti - h

o
)a - d

ˆg
a - b

i ‚ - jig
ˆ

   →
       [si ‚n

i ‚p
e
tiêh

)o
)a
)d
ˆg

a
m

i ‚jig
ˆ]

drink-all-com
pletive-desid.-contraexpect.-evid.      ‘he w

anted to drink it all 
      u

p
 b

u
t...’

I p
ro

p
o

se
 to

 a
ttrib

u
te

 th
e

 a
lte

rn
a

tin
g

 ve
rsu

s fixe
d

 sta
tu

s o
f m

o
rp

h
e

m
e

s to
d

iffe
re

n
ce

s in
 d

e
m

a
n

d
s o

n
 in

p
u

t-o
u

tp
u

t fa
ith

 fo
r th

e
 d

iffe
re

n
t se

ts o
f m

o
rp

h
e

m
e

s
(fo

llo
w

in
g

 p
ro

p
o

sa
ls o

f Itô
 a

n
d

 M
e

ste
r 1

9
9

5
a

; P
a

te
r 1

9
9

5
; B

e
ckm

a
n

 1
9

9
5

, 1
9

9
7

, 1
9

9
8

w
ith

 
fo

u
n

d
a

tio
n

 
fro

m
 

M
cC

a
rth

y 
a

n
d

 
P

rin
ce

 
1

9
9

4
a

, 
1

9
9

5
). 

 
O

n
e

 
p

e
rsiste

n
t 

a
n

d
u

n
su

rp
risin

g
 g

e
n

e
ra

liza
tio

n
 in

 T
u

yu
ca

 a
n

d
 a

cro
ss m

a
n

y o
f th

e
 T

u
ca

n
o

a
n

 la
n

g
u

a
g

e
s is

th
a

t ro
o

ts o
r le

xica
l m

o
rp

h
e

m
e

s (i.e
. n

o
u

n
s a

n
d

 ve
rb

s) a
re

 fixe
d

 in
 th

e
ir o

ra
l/n

a
sa

l
sp

e
cifica

tio
n

.  H
o

w
e

ve
r, th

e
 n

o
tio

n
 o

f ‘rich
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
 p

o
sits th

a
t a

ll in
p

u
ts a

re
 p

o
ssib

le
, g

ive
s u

s th
e

 p
o

ssib
ility th

a
t a

ll
m

o
rp

h
e

m
e

s in
 a

n
 in

p
u

t co
m

e
 w

ith
 a

 sp
e

cifica
tio

n
 fo

r [±n
a

sa
l]; it fa

lls to
 th

e
 co

n
stra

in
t

h
ie

ra
rch

y to
 se

le
ct a

n
 o

u
tco

m
e

 w
h

e
re

b
y th

e
 ro

o
t sp

e
cifica

tio
n

 w
ill b

e
 p

re
se

rve
d

 a
n

d
sp

re
a

d
 to

 th
e

 su
ffix (re

strictin
g

 a
tte

n
tio

n
 fo

r th
e

 m
o

m
e

n
t to

 a
lte

rn
a

tin
g

 su
ffixe

s).  I
a

ssu
m

e
 th

a
t th

e
 n

a
sa

l sp
e

cifica
tio

n
 fo

r a
 ro

o
t o

rig
in

a
te

s in
 th

e
 first sylla

b
le

 (se
e
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d
iscu

ssio
n

 in
 ch

a
p

te
r 2

).  T
h

is o
u

tco
m

e
 ca

n
 b

e
 o

b
ta

in
e

d
 b

y ca
llin

g
 o

n
 p

o
sitio

n
a

l fa
ith

constraint specific to the initial syllable of the root (after B
eckm

an 1995, 1997, 1998; see
a

lso
 M

cC
a

rth
y a

n
d

 P
rin

ce
 1

9
9

4
a

, 1
9

9
5

 o
n

 p
rivile

g
e

d
 ro

o
t-fa

ith
).

B
e

ckm
a

n
’s (1

9
9

8
) stu

d
y o

f p
o

sitio
n

a
l p

rivile
g

e
 sta

n
d

s a
lo

n
g

sid
e

 Z
o

ll’s w
o

rk a
s

a
n

 im
p

o
rta

n
t su

rve
y a

n
d

 a
n

a
lysis in

 th
e

 a
re

a
 o

f p
o

sitio
n

a
l lice

n
sin

g
 e

ffe
cts.  T

h
e

 fo
cu

s o
f

B
e

ckm
a

n
’s 

w
o

rk 
is 

o
n

 
th

e
 

ro
le

 
o

f 
p

o
sitio

n
-se

n
sitive

 
fa

ith
fu

ln
e

ss 
co

n
stra

in
ts 

in
e

xp
la

in
in

g
 a

 va
rie

ty o
f p

o
sitio

n
a

l a
sym

m
e

trie
s in

 p
h

o
n

o
lo

g
ica

l p
h

e
n

o
m

e
n

a
.  A

 ce
n

tra
l

p
o

in
t o

f h
e

r stu
d

y is th
a

t ro
o

t-in
itia

l sylla
b

le
s e

xh
ib

it p
rivile

g
e

 e
ffe

cts a
n

d
 th

a
t th

e
se

e
ffe

cts m
a

y b
e

 e
xp

la
in

e
d

 b
y ca

llin
g

 o
n

 fa
ith

fu
ln

e
ss co

n
stra

in
ts sp

e
cific to

 th
is p

o
sitio

n
.

T
o

 e
sta

b
lish

 th
e

 sp
e

cia
l sta

tu
s o

f ro
o

t-in
itia

l syla
b

le
s, B

e
ckm

a
n

 p
re

se
n

ts e
vid

e
n

ce
 fro

m
b

o
th

 p
sych

o
lin

g
u

istic a
n

d
 p

h
o

n
o

lo
g

ica
l d

o
m

a
in

s.  T
h

e
 p

sych
o

lin
g

u
istic e

vid
e

n
ce

 co
m

e
s

fro
m

 in
itia

lity e
ffe

cts in
 p

ro
ce

ssin
g

.  T
h

e
se

 in
clu

d
e

 th
e

 fin
d

in
g

 th
a

t u
tte

ra
n

ce
-in

itia
l

p
o

rtio
n

s m
a

ke
 th

e
 b

e
st cu

e
s fo

r w
o

rd
 re

co
g

n
itio

n
 a

n
d

 le
xica

l re
trie

va
l, th

e
 sp

e
cia

l
re

le
va

n
ce

 o
f in

itia
l m

a
te

ria
l fo

r w
o

rd
 re

ca
ll in

 tip
-o

f-to
n

g
u

e
 sta

te
s, a

n
d

 th
e

 sa
lie

n
ce

 o
f

m
isp

ro
n

u
n

cia
tio

n
s in

 in
itia

l p
o

sitio
n

s (se
e

 B
e

ckm
a

n
 1

9
9

8
: 5

3
 fo

r cita
tio

n
s o

f th
e

 re
le

va
n

t
stu

d
ie

s).  P
h

o
n

o
lo

g
ica

l e
vid

e
n

ce
 fo

r a
 sp

e
cia

l sta
tu

s fo
r th

e
 ro

o
t-in

itia
l sylla

b
le

 co
m

e
s

fro
m

 la
n

g
u

a
g

e
s e

xh
ib

itin
g

 p
o

sitio
n

a
l n

e
u

tra
liza

tio
n

 o
f co

n
tra

sts in
 n

o
n

-in
itia

l sylla
b

le
s.

B
e

ckm
a

n
 p

o
in

ts o
u

t th
a

t m
a

n
y la

n
g

u
a

g
e

s w
ith

 vo
w

e
l h

a
rm

o
n

y n
e

u
tra

lize
 ce

rta
in

 vo
w

e
l

co
n

tra
sts o

u
tsid

e
 o

f th
e

 ro
o

t-in
itia

l sylla
b

le
; th

is o
ccu

rs fre
q

u
e

n
tly, fo

r e
xa

m
p

le
, in

la
n

g
u

a
g

e
s w

ith
in

 th
e

 T
u

rkic, T
u

n
g

u
sic, M

o
n

g
o

lia
n

, F
in

n
o

-U
g

ric, a
n

d
 B

a
n

tu
 fa

m
ilie

s (se
e

re
fe

re
n

ce
s cite

d
 in

 B
e

ckm
a

n
 1

9
9

8
).  F

u
rth

e
r, in

 la
n

g
u

a
g

e
s th

a
t e

xh
ib

it n
e

u
tra

liza
tio

n
 o

f
vo

w
e

l co
n

tra
sts in

 n
o

n
-in

itia
l sylla

b
le

s, th
e

 se
t o

f vo
w

e
ls o

ccu
rrin

g
 in

 n
o

n
-in

itia
l

p
o

sitio
n

s is o
fte

n
 a

 su
b

se
t o

f th
e

 fu
ll in

ve
n

to
ry o

f vo
w

e
ls o

ccu
rrin

g
 in

 th
e

 ro
o

t-in
itia

l
syllable; also non-initial vow

els tend to be less m
arked in character than root-initial ones.

B
e

ckm
a

n
 o

b
se

rve
s th

a
t p

o
sitio

n
a

l n
e

u
tra

liza
tio

n
 e

ffe
cts in

 n
o

n
-in

itia
l sylla

b
le

s a
re

 n
o

t
lim

ite
d

 to
 vo

w
e

l co
n

tra
sts.  S

h
e

 d
o

cu
m

e
n

ts a
 n

u
m

b
e

r o
f la

n
g

u
a

g
e

s in
 w

h
ich

 th
e

in
ve

n
to

ry o
f co

n
so

n
a

n
ts is g

re
a

te
r in

 th
e

 ro
o

t-in
itia

l sylla
b

le
 th

a
n

 in
 n

o
n

-in
itia

l p
o

sitio
n

s.
B

e
ckm

a
n

 p
re

se
n

ts a
n

 e
le

g
a

n
t a

cco
u

n
t o

f th
e

se
 p

o
sitio

n
a

l a
sym

m
e

trie
s b

y m
a

kin
g

u
se

 o
f p

o
sitio

n
a

l fa
ith

 co
n

stra
in

ts sp
e

cific to
 th

e
 ro

o
t-in

itia
l p

o
sitio

n
, w

h
e

re
 th

e
a

va
ila

b
ility o

f th
is p

o
sitio

n
 co

m
e

s fro
m

 its e
n

h
a

n
ce

d
 sa

lie
n

ce
 in

 co
n

tra
st to

 n
o

n
-in

itia
l

p
o

sitio
n

s. 
 

T
h

e
 

fo
llo

w
in

g
 

ra
n

kin
g

 
sch

e
m

a
 

p
la

ys 
a

 
ce

n
tra

l 
ro

le
 

in
 

h
e

r 
a

n
a

lysis:
I D

E
N

T-σ
1 [F

] >
>

 M
a

rke
d

n
e

ss C
o

n
stra

in
t >

>
 I

D
E

N
T[F

].  T
h

is ra
n

kin
g

 p
la

ce
s fa

ith
 fo

r th
e

ro
o

t-in
itia

l p
o

sitio
n

 o
ve

r so
m

e
 m

a
rke

d
n

e
ss co

n
stra

in
t, w

h
ich

 in
 tu

rn
 d

o
m

in
a

te
s n

o
n

-
p

o
sitio

n
a

l fa
ith

.  A
s a

 co
n

se
q

u
e

n
ce

, th
e

 ro
o

t-in
itia

l sylla
b

le
 w

ill h
a

ve
 a

 p
rivile

g
e

d
 sta

tu
s

n
o

t se
e

n
 in

 n
o

n
-in

itia
l sylla

b
le

s, w
h

e
re

b
y ro

o
t-in

itia
l fa

ith
 a

lo
n

e
 ca

n
 e

n
fo

rce
 vio

la
tio

n
s o

f
th

e
 m

a
rke

d
n

e
ss co

n
stra

in
t.  B

e
ckm

a
n

 sh
o

w
s th

a
t th

is ra
n

kin
g

 h
a

s tw
o

 im
p

o
rta

n
t
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co
n

se
q

u
e

n
ce

s: (i) it yie
ld

s trig
g

e
rin

g
 o

f p
h

o
n

o
lo

g
ica

l p
ro

ce
sse

s b
y th

e
 ro

o
t-in

itia
l

sylla
b

le
, a

n
d

 (ii) it p
ro

d
u

ce
s b

lo
ckin

g
 o

f n
e

u
tra

lizin
g

 p
h

e
n

o
m

e
n

a
 in

 th
is p

o
sitio

n
.  T

h
e

se
co

n
se

q
u

e
n

ce
s o

f th
e

 ra
n

kin
g

 a
re

 e
xe

m
p

lifie
d

 b
y B

e
ckm

a
n

 (1
9

9
5

, 1
9

9
7

, 1
9

9
8

) in
 a

d
e

ta
ile

d
 stu

d
y o

f p
o

sitio
n

a
l n

e
u

tra
liza

tio
n

 a
n

d
 h

a
rm

o
n

y in
 th

e
 B

a
n

tu
 la

n
g

u
a

g
e

, S
h

o
n

a
,

as w
ell as in an analysis of the S

outh D
ravidian language, T

am
il (B

eckm
an 1998).

A
s 

n
o

te
d

 
a

b
o

ve
 

in
 

th
e

 
d

iscu
ssio

n
 

o
f 

Z
o

ll’s 
w

o
rk, 

p
o

sitio
n

a
l 

m
a

rke
d

n
e

ss
co

n
stra

in
ts a

re
 n

e
e

d
e

d
 to

 e
xp

la
in

 so
m

e
 p

o
sitio

n
a

l lice
n

sin
g

 e
ffe

cts.  H
o

w
e

ve
r, fo

r th
e

kin
d

s o
f p

o
sitio

n
a

l n
e

u
tra

liza
tio

n
 e

ffe
cts e

xa
m

in
e

d
 in

 B
e

ckm
a

n
’s w

o
rk, a

 stro
n

g
 ca

se
 is

p
re

se
n

te
d

 fo
r p

o
sitio

n
a

l fa
ith

 co
n

stra
in

ts fo
r ro

o
t-in

itia
l sylla

b
le

s.  T
h

e
se

 p
o

sitio
n

a
l fa

ith
co

n
stra

in
ts a

lso
 h

a
ve

 a
p

p
lica

tio
n

 to
 th

e
 d

istrib
u

tio
n

 o
f n

a
sa

liza
tio

n
 in

 T
u

yu
ca

. R
a

n
kin

g
ro

o
t-in

itia
l fa

ith
 co

n
stra

in
ts fo

r [n
a

sa
l] o

ve
r n

o
n

-p
o

sitio
n

a
l fa

ith
 co

n
stra

in
ts ca

n
 p

ro
d

u
ce

a
n

 e
m

e
rg

e
n

t co
n

tra
st e

ffe
ct w

h
e

re
b

y n
a

sa
lity is co

n
tra

stive
 in

 th
e

 in
itia

l ro
o

t sylla
b

le
 b

u
t

n
o

t e
lse

w
h

e
re

.  In
 a

d
d

itio
n

, it w
ill d

e
rive

 p
re

se
rva

tio
n

 o
f (in

itia
l sylla

b
le

) ro
o

t fe
a

tu
re

s
o

ve
r a

ffix fe
a

tu
re

s a
n

d
 w

ill th
u

s fo
rce

 n
a

sa
l sp

re
a

d
in

g
 to

 b
e

 trig
g

e
re

d
 b

y a
 ro

o
t se

g
m

e
n

t.
T

h
e

 ta
b

le
a

u
 in

 (5
9

) p
re

se
n

ts a
 h

yp
o

th
e

tica
l in

p
u

t w
h

e
re

 a
 su

ffix b
e

lo
n

g
in

g
 to

 th
e

a
lte

rn
a

tin
g

 cla
ss o

f a
ffixe

s co
m

e
s w

ith
 a

 [+
n

a
sa

l] sp
e

cifica
tio

n
 a

n
d

 is a
ffixe

d
 to

 a
n

u
n

d
e

rlyin
g

ly o
ra

l ro
o

t.  T
h

e
 w

o
rd

 sp
re

a
d

in
g

 co
n

stra
in

t is n
o

w
 sh

o
w

n
 to

 b
e

 a
 rig

h
tw

a
rd

sp
re

a
d

in
g

 co
n

stra
in

t.  T
h

e
 ro

le
 o

f th
e

 w
o

rd
-sp

re
a

d
in

g
 co

n
stra

in
t in

 th
e

 a
n

a
lysis is to

a
ch

ie
ve

 sp
re

a
d

in
g

 a
cro

ss m
o

rp
h

e
m

e
s, a

n
d

 th
is is a

lw
a

ys le
ft-to

-rig
h

t.
2

2, 2
3  T

o
 fo

cu
s o

n
th

e
 issu

e
 a

t h
a

n
d

, th
e

 ta
b

le
a

u
 h

e
re

 is so
m

e
w

h
a

t sim
p

lifie
d

.  O
n

ly ca
n

d
id

a
te

s co
n

ta
in

in
g

so
n

o
ra

n
ts in

 th
e

 re
le

va
n

t co
n

te
xts w

ill b
e

 co
n

sid
e

re
d

; th
is m

e
a

n
s th

a
t m

a
tte

rs o
f

se
g

m
e

n
ta

l tra
n

sp
a

re
n

cy w
ill n

o
t a

rise
, so

 sym
p

a
th

y a
n

d
 th

e
 P

1
/P

2
 sp

lit a
re

 n
o

t sh
o

w
n

.
S

o
n

o
ra

n
t 

n
a

sa
liza

tio
n

 
co

n
stra

in
ts 

a
re

 
co

lla
p

se
d

 
(*N

A
S

S
O

N
). 

 
T

h
e

 
co

n
stra

in
t

I D
E

N
Tσ

1
-IO

ro
o

t [±
n

a
sa

l] 
d

e
m

a
n

d
s 

id
e

n
tity 

o
f 

[n
a

sa
l] 

fe
a

tu
re

 
sp

e
cifica

tio
n

s 
fo

r
co

rre
sp

o
n

d
e

n
t se

g
m

e
n

ts in
 th

e
 first sylla

b
le

 o
f th

e
 ro

o
t,

 a
n

d ID
E

N
T-IO

[±n
a

sa
l] e

xp
re

sse
s

th
e

 sa
m

e
 re

q
u

ire
m

e
n

t fo
r co

rre
sp

o
n

d
e

n
t se

g
m

e
n

ts in
 a

n
y p

o
sitio

n
.  S

in
ce

 n
a

sa
lity is a

p
h

o
n

e
m

ic co
n

tra
st in

 th
e

 first sylla
b

le
 b

u
t n

o
t e

lse
w

h
e

re
, I

D
E

N
Tσ

1
-IO

ro
o

t [±n
a

sa
l] w

ill
o

u
tra

n
k *N

A
S

S
O

N
 (a

n
d

 sp
re

a
d

in
g

 fo
r ca

se
s in

 w
h

ich
 w

o
rd

-sp
re

a
d

in
g

 is in
co

m
p

le
te

), a
n

d

2
2  N

o
te

 th
a

t w
h

e
n

 a
n

 a
lte

rn
a

tin
g

 a
ffix is fla

n
ke

d
 b

y tw
o

 fixe
d

 m
o

rp
h

e
m

e
s, th

e
 le

ft o
f w

h
ich

 is th
e

ro
o

t, th
e

 a
g

re
e

m
e

n
t o

f th
e

 a
lte

rn
a

tin
g

 a
ffix w

ith
 th

e
 ro

o
t ra

th
e

r th
a

n
 th

e
 fo

llo
w

in
g

 a
ffix ca

n
n

o
t b

e
d

e
rive

d
 fro

m
 a

 F
a

ith
 R

o
o

t >
>

 F
a

ith
 A

ffix ra
n

kin
g

 (M
cC

a
rth

y a
n

d
 P

rin
ce

 1
9

9
4

a
, 1

9
9

5
), sin

ce
 e

ith
e

r
o

u
tco

m
e

 re
sp

e
cts R

o
o

t F
a

ith
.

2
3  K

a
ye

 (1
9

7
1

: 4
1

) n
o

te
s a

 fe
w

 fo
rm

s in
 D

e
sa

n
o

 w
h

e
re

 sp
re

a
d

in
g

 is le
ftw

a
rd

 to
 a

n
 a

lte
rn

a
tin

g
 su

ffix
fro

m
 a

 fo
llo

w
in

g
 fixe

d
 su

ffix.  In
 th

e
se

 ca
se

s, h
e

 p
ro

p
o

se
s th

a
t th

e
 a

lte
rn

a
tin

g
 a

n
d

 fixe
d

 a
ffix fo

rm
 a

co
n

stitu
e

n
t in

 th
e

 w
o

rd
 stru

ctu
re

 in
d

e
p

e
n

d
e

n
t fro

m
 o

n
e

 co
n

ta
in

in
g

 th
e

 ro
o

t.  It is n
o

t a
p

p
a

re
n

t
w

h
e

th
e

r th
e

 sa
m

e
 p

h
e

n
o

m
e

n
o

n
 o

ccu
rs in

 T
u

yu
ca

, b
u

t if it d
o

e
s, it co

u
ld

 b
e

 a
n

a
lyze

d
 stru

ctu
ra

lly
a

lo
n

g
 sim

ila
r lin

e
s.  It is co

n
ce

iva
b

le
 th

a
t fu

rth
e

r a
n

a
lysis o

f th
e

 w
o

rd
 co

n
stitu

e
n

cy stru
ctu

re
 in

T
u

ca
n

o
a

n
 m

a
y p

ro
ve

 to
 o

b
via

te
 th

e
 n

e
e

d
 fo

r stip
u

la
tin

g
 d

ire
ctio

n
a

lity in
 cro

ss-m
o

rp
h

e
m

e
 sp

re
a

d
in

g
.
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*N
A

S
S

O
N

 w
ill in

 tu
rn

 d
o

m
in

a
te

 th
e

 n
o

n
-p

o
sitio

n
a

l I
D

E
N

T
-IO

[+
n

a
sa

l].  In
 (5

9
) th

is
ra

n
kin

g
 ca

u
se

s a
 su

ffix sp
e

cifie
d

 a
s [+

n
a

sa
l] in

 th
e

 in
p

u
t to

 lo
se

 th
is sp

e
cifica

tio
n

 in
 th

e
o

u
tp

u
t a

n
d

 su
rfa

ce
 a

s o
ra

l.

(5
9

)
E

m
e

rg
e

n
t n

e
u

tra
liza

tio
n

 o
f n

a
sa

l co
n

tra
st in

 a
lte

rn
a

tin
g

 a
ffixe

s
   w

ia - ri ‚
ID

E
N

Tσ1-IO
rt

[±nasal]
S

P
R

E
A

D-R
([+

n
a

s], W
)

*N
A

SS
O

N
ID

E
N

T-IO
[+

nasal]

☞
a

. w
ia-ri

*

b
. w

ia-[r)i ‚]
*!*

c. [w
)i ‚a

)-r)i ‚]
*!*

*****

N
o

te
 th

a
t su

ffixe
s b

e
g

in
n

in
g

 in
 a

 n
a

sa
l sto

p
 n

e
ve

r e
xh

ib
it n

a
sa

lity a
lte

rn
a

tio
n

s.  In
th

e
se

 ca
se

s, th
e

 fa
ilu

re
 o

f th
e

 su
ffix to

 b
e

co
m

e
 o

ra
l a

fte
r a

n
 o

ra
l ro

o
t m

a
y b

e
 e

xp
la

in
e

d
b

y ID
E

N
T-IO

[+
so

n
o

ra
n

t] d
o

m
in

a
tin

g
 th

e
 sp

re
a

d
in

g
 co

n
stra

in
t.  T

h
is p

re
ve

n
ts a

 n
a

sa
l

sto
p

 fro
m

 ch
a

n
g

in
g

 to
 a

n
 o

ra
l vo

ice
d

 o
b

stru
e

n
t, a

s sh
o

w
n

 in
 (6

0
) fo

r a
 p

o
ssib

le
 in

p
u

t fo
r

[h
o
a
@-m

a
)si ‚-ri-g

a] ‘I ca
n

’t (d
o

 n
o

t kn
o

w
 th

e
 w

a
y) to

 le
a

ve
 th

e
 cle

a
rin

g
’ (B

a
rn

e
s 1

9
9

6
:

4
2

).  T
h

is fo
rm

 co
n

ta
in

s a
n

 o
ra

l ro
o

t fo
llo

w
e

d
 b

y a
 n

a
sa

l su
ffix fo

llo
w

e
d

 b
y tw

o
 fixe

d
o

ra
l su

ffixs.  In
 th

is ta
b

le
a

u
 I o

n
ly co

n
sid

e
r ca

n
d

id
a

te
s w

ith
 n

a
sa

l sp
re

a
d

in
g

 w
ith

in
 fixe

d
m

o
rp

h
e

m
e

s; th
e

 b
lo

ckin
g

 o
f sp

re
a

d
in

g
 a

cro
ss fixe

d
 su

ffixe
s is d

iscu
sse

d
 b

e
lo

w
.  I a

lso
a

b
stra

ct a
w

a
y fro

m
 tra

n
sp

a
re

n
cy, sh

o
w

in
g

 [s] a
s n

a
sa

lize
d

 in
 th

e
 o

u
tp

u
t.

(6
0

)
N

asal-stop initial affixes rem
ain nasal

h
o
a - m

a
si - ri - g

a
ID

E
N

Tσ1-IO
rt

[±nasal]
ID

E
N

T-IO
[±

so
n

]
S

P
R

E
A

D-R
([+

n
], W

)
*N

A
SS

O
N

ID
E

N
T-IO

[+
nasal]

☞
a. h

o
a-m

a
)s)i ‚-ri-g

a
****

***

b. h
o
a-b

a
si-ri-g

a
*!

*

T
h

e
 ta

b
le

a
u

 in
 (6

1
) sh

o
w

s a
 h

yp
o

th
e

tica
l ca

se
 w

h
e

re
 th

e
 first sylla

b
le

 o
f th

e
 ro

o
t

is [+
nasal] in the input and the suffix is [-nasal].  T

he ranking of I
D

E
N

Tσ
1

-IO
ro

o
t [±n

a
sa

l]
o

ve
r *N

A
S

S
O

N
 w

ill p
re

se
rve

 th
is in

p
u

t [+
n

a
sa

l] p
ro

p
e

rty a
n

d
 sp

re
a

d
in

g
 w

ill ca
u

se
 it to

sp
re

a
d

 to
 o

th
e

r ro
o

t se
g

m
e

n
ts a

n
d

 th
e

 su
ffix in

 th
e

 o
u

tp
u

t.  N
o

te
 th

a
t b

e
ca

u
se

 n
a

sa
l

sp
re

a
d

in
g

 ca
n

 p
ro

d
u

ce
 n

a
sa

liza
tio

n
 o

f in
p

u
t o

ra
l se

g
m

e
n

ts in
 w

e
a

k p
o

sitio
n

s, n
o

n
-

p
o

sitio
n

a
l fa

ith
 fo

r [-n
a

sa
l] m

u
st b

e
 d

o
m

in
a

te
d

 b
y th

e
 sp

re
a

d
in

g
 co

n
stra

in
t.
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(61)
S

ustained nasal contrast in initial syllable
   i ‚ja - ri

ID
E

N
Tσ1-IO

rt
[+

nasal]
S

P
R

E
A

D-R
([+

n
a

s], W
)

ID
E

N
T-IO

[-nasal]
*N

A
SS

O
N

ID
E

N
T-IO

[+
nasal]

☞
a

. [i ‚j ‚a
)-r)i ‚]

****
*****

b
. [i ‚j ‚a

)]-ri
*!*

**
***

c. [i ‚]ja-ri
*!***

*

d
. ija-ri

*!
*

T
h

u
s fa

r w
e

 h
a

ve
 se

e
n

 th
a

t th
e

 fo
llo

w
in

g
 ra

n
kin

g
 ca

llin
g

 o
n

 fa
ith

 fo
r th

e
 in

itia
l

sylla
b

le
 o

f th
e

 ro
o

t ve
rsu

s n
o

n
-p

o
sitio

n
a

l fa
ith

 ca
n

 p
ro

d
u

ce
 th

e
 fixe

d
 p

ro
p

e
rty o

f ro
o

ts
ve

rsu
s th

e
 a

lte
rn

a
tin

g
 p

ro
p

e
rty o

f a
ffixe

s (w
ith

 fu
rth

e
r e

xe
m

p
lifica

tio
n

 to
 fo

llo
w

).

(6
2

)
I D

E
N

Tσ
1-IO

rt [±nasal] >
>

 SP
R

E
A

D-R
([+

nasal], W
) >

>
 IDE

N
T-IO

[-nasal], 
*N

A
SS

O
N

 >
>

 ID
E

N
T-IO

[+
nasal]

T
h

e
re

 is a
 th

ird
 se

t o
f m

o
rp

h
e

m
e

s th
a

t w
e

 still m
u

st co
n

sid
e

r.  T
h

e
se

 a
re

 th
e

 fixe
d

su
ffixe

s.   S
in

ce
 it w

ill b
e

 n
e

ce
ssa

ry to
 d

istin
g

u
ish

 a
lte

rn
a

tin
g

 fro
m

 fixe
d

 su
ffixe

s, I w
ill

ca
ll fixe

d
 su

ffixe
s ‘C

la
ss 1

’ a
n

d
 a

lte
rn

a
tin

g
 o

n
e

s ‘C
la

ss 2
’.  W

ith
 re

sp
e

ct to
 IO

-fa
ith

,
fixe

d
 su

ffixe
s p

a
tte

rn
 w

ith
 th

e
 ro

o
ts.  A

n
 in

p
u

t [+
n

a
sa

l] sp
e

cifica
tio

n
 w

ill b
e

 p
re

se
rve

d
 in

th
e

 o
u

tp
u

t a
n

d
 w

ill sp
re

a
d

 (rig
h

tw
a

rd
) to

 a
lte

rn
a

tin
g

 su
ffixe

s.  T
h

e
 d

istin
ctio

n
 b

e
tw

e
e

n
C

la
ss 1

 a
n

d
 C

la
ss 2

 su
ffixe

s sim
p

ly re
fe

rs to
 th

e
 se

p
a

ra
te

 lists o
f a

lte
rn

a
tin

g
 ve

rsu
s fixe

d
suffixes.  A

s discussed above, som
e m

inor gram
m

atical categories of suffixes (e.g. aspect,
m

o
o

d
) fa

ll co
m

p
le

te
ly in

to
 o

n
e

 cla
ss o

r th
e

 o
th

e
r in

 T
u

ca
n

o
a

n
, b

u
t th

is is n
o

t a
lw

a
ys th

e
ca

se
.  In

 m
a

kin
g

 a
 d

istin
ctio

n
 b

e
tw

e
e

n
 fa

ith
 fo

r se
p

a
ra

te
 g

ro
u

p
s o

f a
ffixe

s, I fo
llo

w
 Itô

a
n

d
 M

e
ste

r (1
9

9
5

a
, cf. a

lso
 1

9
9

5
b

), w
h

o
 p

ro
p

o
se

 th
a

t fa
ith

 d
e

m
a

n
d

s a
re

 d
iffe

re
n

t fo
r

e
a

ch
 o

f fo
u

r le
xica

l stra
ta

 in
 th

e
 Ja

p
a

n
e

se
 le

xico
n

; a
lso

 P
a

te
r (1

9
9

5
), w

h
o

 o
b

ta
in

s
a

p
p

a
re

n
t e

xce
p

tio
n

a
lity in

 E
n

g
lish

 stre
ss w

ith
 le

xica
lly-sp

e
cific fa

ith
 (se

e
 a

lso
 K

a
rvo

n
e

n
1

9
9

8
 fo

r a
n

 a
p

p
lica

tio
n

 to
 F

in
n

ish
 lo

a
n

w
o

rd
 p

h
o

n
o

lo
g

y; cf. In
ke

la
s, O

rg
u

n
 a

n
d

 Z
o

ll
1

9
9

6
 fo

r a
 d

iffe
re

n
t kin

d
 o

f p
ro

p
o

sa
l).  S

in
ce

 th
e

 C
la

ss 1
 o

r fixe
d

 su
ffixe

s p
a

tte
rn

 w
ith

ro
o

ts w
ith

 re
sp

e
ct to

 th
e

ir fixe
d

 n
a

sa
l p

ro
p

e
rtie

s, I p
o

sit a
 ra

n
kin

g
 in

 w
h

ich
 th

e
 n

a
sa

l
identity constraint for the first syllable of the C

lass 1 suffixes is situated in the sam
e place

as root faith.  T
his gives the ranking in (63).

24

2
4  T

h
e

 fa
ith

 co
n

stra
in

t fo
r C

la
ss 1

 su
ffixe

s m
u

st b
e

 fo
rm

u
la

te
d

 a
s sp

e
cific to

 th
e

 in
itia

l sylla
b

le
 o

f th
e

m
o

rp
h

e
m

e
, b

e
ca

u
se

 th
e

re
 a

re
 a

 fe
w

 fixe
d

 a
ffixe

s/clitics w
ith

 tw
o

 sylla
b

le
s a

n
d

 th
e

re
 is a

lw
a

ys fu
ll n

a
sa

l
sp

re
a

d
in

g
 w

ith
in

 th
e

se
 d

e
p

e
n

d
e

n
t m

o
rp

h
e

m
e

s (B
a

rn
e

s 1
9

9
6

).
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(6
3

)
ID

E
N

Tσ
1-IO

rt [±nas], ID
E

N
Tσ

1-IO
C

1-af [±nas] >
>

 SP
R

E
A

D-R
([+

nas], W
) >

>
ID

E
N

T-IO
[-nas], *N

A
SS

O
N

 >
>

 ID
E

N
T-IO

[+
nas]

T
h

is ra
n

kin
g

 re
fle

cts th
e

 fa
ct th

a
t in

 T
u

yu
ca

 th
e

re
 is a

 sp
lit in

 ro
o

t ve
rsu

s a
ffix fa

ith
, a

s
se

e
n

 in
 m

a
n

y la
n

g
u

a
g

e
s (M

cC
a

rth
y a

n
d

 P
rin

ce
 1

9
9

4
a

, 1
9

9
5

; B
e

ckm
a

n
 1

9
9

5
, 1

9
9

7
, 1

9
9

8
;

S
e

lkirk 1
9

9
5

; U
rb

a
n

czyk 1
9

9
6

b
; A

ld
e

re
te

 1
9

9
6

, 1
9

9
7

a
; W

a
lke

r 1
9

9
7

b
), b

u
t a

lso
 w

ith
in

affix faith there is a split: som
e of the affixes have been prom

oted w
ith respect to faith so

th
a

t th
e

y p
a

tte
rn

 w
ith

 th
e

 ro
o

ts.
T

h
e

 a
p

p
lica

tio
n

 o
f th

is ra
n

kin
g

 to
 fo

rm
s co

n
ta

in
in

g
 b

o
th

 a
lte

rn
a

tin
g

 a
n

d
 fixe

d
a

ffixe
s is sh

o
w

n
 in

 (6
4

-6
6

) (d
a

ta
 fro

m
 (5

7
)).  In

 e
a

ch
 o

f th
e

se
 in

sta
n

ce
s, it is th

e
 se

co
n

d
m

o
rp

h
e

m
e

 w
h

ich
 is a

lte
rn

a
tin

g
 a

n
d

 th
e

 fin
a

l o
n

e
 w

h
ich

 is fixe
d

.  H
e

re
 I a

g
a

in
 se

t a
sid

e
th

e
 m

a
tte

r o
f se

g
m

e
n

ta
l tra

n
sp

a
re

n
cy, sim

p
ly sh

o
w

in
g

 tra
n

sp
a

re
n

t o
b

stru
e

n
ts a

s
n

a
sa

lize
d

 in
 th

e
 o

u
tp

u
t, a

s is th
e

 ca
se

 w
ith

in
 P

2
.  T

o
 sim

p
lify th

e
 p

re
se

n
ta

tio
n

,
I D

E
N

T
-IO

[-n
a

sa
l] is n

o
t in

clu
d

e
d

 in
 th

is o
r su

b
se

q
u

e
n

t ta
b

le
a

u
x.  In

 (6
4

), w
e

 se
e

e
vid

e
n

ce
 fo

r th
e

 ra
n

kin
g

 o
f I
D

E
N

Tσ
1

 o
ve

r th
e

 sp
re

a
d

in
g

 co
n

stra
in

t.

(6
4

)
[m

a
)k
a
) - ri - p

ˆ] ‘to the tow
ns’

m
a
)k
a-ri-p

ˆ
root    C

2
 C

1
1. ID

E
N

Tσ1-IO
rt [±nas]

2. ID
E

N
Tσ1-IO

C
1-af [±nas]

S
P

R
E

A
D-R

([+
n

a
s], W

)
*N

A
SS

O
N

ID
E

N
T-IO

[+
nasal]

☞
a

. [m
a
)k
)a
)-r)i ‚]-p

ˆ
**

*****

b
. [m

a
)k
)a
)]-ri-p

ˆ
***!*

***

c. [m
a
)k
)a
)-r)i ‚-p

)ˆ ‚]
*!*(2)

******

d
. [m

a
)]k

a-ri-p
ˆ

***!***
**

e. b
a
k
a-ri-p

ˆ
*!*(1)

**

T
h

e
 ta

b
le

a
u

 in
 (6

5
) sh

o
w

s a
 ca

se
 w

ith
 a

n
 a

lte
rn

a
tin

g
 su

ffix fla
n

ke
d

 b
y a

n
 o

ra
l ro

o
t

a
n

d
 fixe

d
 n

a
sa

l su
ffix.  In

 th
is ca

se
, th

e
 a

lte
rn

a
tin

g
 su

ffix a
g

re
e

s w
ith

 th
e

 o
ra

l q
u

a
lity o

f
th

e
 p

re
ce

d
in

g
 ro

o
t, n

o
t th

e
 fo

llo
w

in
g

 n
a

sa
l su

ffix.  N
o

te
 th

a
t w

ith
 th

e
 d

ire
ctio

n
a

l
fo

rm
u

la
tio

n
 o

f th
e

 w
o

rd
 sp

re
a

d
in

g
 co

n
stra

in
t, n

a
sa

l m
a

rke
d

n
e

ss co
n

stra
in

ts w
ill p

re
ve

n
t

regressive nasal spreading from
 the final nasal suffix:
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(6
5

)
[a

ti - a - w
)i ‚] ‘he recently cam

e’

  a
tiê - a - w

)i ‚

  root  C
2

  C
1

1. ID
E

N
Tσ1-IO

rt [±nas]

2. ID
E

N
Tσ1-IO

C
1-af [±nas]

S
P

R
E

A
D-R

([+
n

a
s], W

)
*N

A
SS

O
N

ID
E

N
T-IO

[+
nasal]

☞
a

. a
ti-a-[w

)i ‚]
**

b
. a

ti-[a
)-w

)i ‚]
***!

c. [a
)t ‚i ‚-a

)-w
)i ‚]

*!(1)
*****

In
 (6

6
) w

e
 se

e
 th

a
t e

ve
n

 w
ith

 n
a

sa
liza

tio
n

 p
o

site
d

 o
n

 th
e

 a
lte

rn
a

tin
g

 m
o

rp
h

e
m

e
 in

the input, this affix w
ill still com

e out as oral in the output follow
ing an oral root.

(6
6

)
[a

tiê - a - w
)i ‚] ‘he recently cam

e’
(H

yp
o

th
e

tica
l in

p
u

t w
ith

 n
a

sa
liza

tio
n

 o
n

 a
lte

rn
a

tin
g

 se
co

n
d

 m
o

rp
h

e
m

e
)

  a
ti - a

) - w
)i ‚

root    C
2

  C
1

1. ID
E

N
Tσ1-IO

rt [±nas]

2. ID
E

N
Tσ1-IO

C
1-af [±nas]

S
P

R
E

A
D-R

([+
n

a
s], W

)
*N

A
SS

O
N

ID
E

N
T-IO

[+
nasal]

☞
a

. a
ti-a-[w

)i ‚]
**

b
. a

ti-[a
)-w

)i ‚]
***!

*

c. [a
)t ‚i ‚-a

)-w
)i ‚]

*!(1)
*****

A
t th

is p
o

in
t th

e
 a

n
a

lysis h
a

s a
d

d
re

sse
d

 th
e

 b
lo

ckin
g

 b
e

h
a

vio
r o

f o
b

stru
e

n
ts in

cro
ss-m

o
rp

h
e

m
e

 n
a

sa
l sp

re
a

d
in

g
 a

n
d

 th
e

 d
istin

ctio
n

 b
e

tw
e

e
n

 a
lte

rn
a

tin
g

 su
ffixe

s ve
rsu

s
those that are fixed in their oral/nasal property.  T

he separate behavior of fixed or C
lass 1

su
ffixe

s is o
b

ta
in

e
d

 b
y ra

n
kin

g
 a

 m
o

rp
h

e
m

e
-cla

ss-sp
e

cific fa
ith

 co
n

stra
in

t h
ig

h
e

r in
 th

e
co

n
stra

in
t h

ie
ra

rch
y th

a
n

 th
e

 g
e

n
e

ra
l fa

ith
 co

n
stra

in
t (a

fte
r P

a
te

r 1
9

9
5

; Itô
 a

n
d

 M
e

ste
r

1
9

9
5

a
).  T

h
e

 se
p

a
ra

te
 o

ccu
rre

n
ce

s o
f C

la
ss 1

 fa
ith

 a
n

d
 g

e
n

e
ra

l fa
ith

 in
 a

 sin
g

le
 co

n
stra

in
t

h
ie

ra
rch

y is a
b

le
 to

 p
ro

d
u

ce
 th

e
 co

rre
ct o

u
tp

u
t fo

r w
o

rd
s co

n
ta

in
in

g
 C

la
ss 1

 a
n

d
 C

la
ss 2

a
ffixe

s in
 a

n
y o

rd
e

r.  A
n

 in
te

re
stin

g
 co

n
se

q
u

e
n

ce
 o

f th
is ra

n
kin

g
 is th

a
t it is a

b
le

 to
a

ch
ie

ve
 th

e
 o

ccu
rre

n
ce

 o
f fixe

d
 o

ra
l, fixe

d
 n

a
sa

l, a
n

d
 a

lte
rn

a
tin

g
 a

ffixe
s w

ith
o

u
t ca

llin
g

o
n

 te
rn

a
ry u

se
 o

f d
istin

ctive
 fe

a
tu

re
s.  T

h
is kin

d
 o

f a
p

p
ro

a
ch

, sp
e

cifyin
g

 a
ffixe

s a
s

[+
n

a
sa

l], [-n
a

sa
l] o

r [0
n

a
sa

l] in
 th

e
 in

p
u

t, w
a

s p
ro

p
o

se
d

 b
y N

o
ske

 (1
9

9
5

) fo
r T

u
ca

n
o

su
ffixe

s in
 a

 d
e

riva
tio

n
a

l fra
m

e
w

o
rk.  P

o
sitin

g
 a

 C
la

ss 1
-sp

e
cific fa

ith
 co

n
stra

in
t in

 O
T

elim
inates the need for m

aking any crucial use of ternary [nasal] specification.
T

h
e

 la
st issu

e
 I w

ill a
d

d
re

ss in
 th

is se
ctio

n
 is th

e
 fu

ll n
a

sa
l sp

re
a

d
in

g
 w

ith
in

 fixe
d

su
ffixe

s.  E
a

rlie
r in

 th
is se

ctio
n

, it w
a

s e
sta

b
lish

e
d

 th
a

t vo
ice

d
 o

b
stru

e
n

t sto
p

s b
lo

ck th
e

sp
re

a
d

in
g

 o
f n

a
sa

liza
tio

n
 a

cro
ss m

o
rp

h
e

m
e

s, b
e

ca
u

se
 sp

re
a

d
in

g
 is d

o
m

in
a

te
d

 in
 P

2
 b

y a
p

o
sitio

n
a

l m
a

rke
d

n
e

ss co
n

stra
in

t p
ro

h
ib

itin
g

 th
e

 o
ccu

rre
n

ce
 o

f n
a

sa
lize

d
 o

b
stru

e
n

t sto
p

s
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in
 a

ffixe
s.  G

ive
n

 th
is a

n
d

 th
e

 a
ssu

m
p

tio
n

 th
a

t n
a

sa
liza

tio
n

 o
rig

in
a

te
s in

 a
 se

g
m

e
n

t in
 th

e
first sylla

b
le

 o
f a

 m
o

rp
h

e
m

e
 w

e
 m

a
y e

xp
e

ct th
a

t vo
ice

d
 o

b
stru

e
n

t sto
p

s w
o

u
ld

 n
o

t
u

n
d

e
rg

o
 n

a
sa

l sp
re

a
d

in
g

 w
ith

in
 su

ffixe
s, e

ith
e

r fixe
d

 o
r a

lte
rn

a
tin

g
, th

a
t is, th

e
y co

u
ld

o
ccu

r in
 th

e
 o

u
tp

u
t o

f a
n

 a
ffix co

n
ta

in
in

g
 a

 n
a

sa
l vo

w
e

l.  H
o

w
e

ve
r, th

e
y d

o
 u

n
d

e
rg

o
n

a
sa

liza
tio

n
 in

 fixe
d

 n
a

sa
l su

ffixe
s.  V

o
ice

d
 o

ra
l a

n
d

 n
a

sa
l sto

p
s in

 su
ffixe

s a
lw

a
ys a

g
re

e
w

ith
 th

e
 n

a
sa

lity o
f th

e
 su

ffix vo
w

e
l.  S

o
m

e
 e

xa
m

p
le

s o
f o

ra
l a

n
d

 n
a

sa
l fixe

d
 su

ffixe
s

w
ith

 vo
ice

d
 sto

p
s a

re
 g

ive
n

 in
 (6

7
).

(6
7

)
O

ral
N

asal

a.
-b

a
classifier

d
.

-m
a)

co
n

tin
u

e
 a

ctio
n

b
.

-d
a

classifier
e.

-na)
a

t th
a

t in
sta

n
t

c.
-g

a
e

vid
e

n
tia

l
f.

-N
a)

dim
inutive

If a nasal stop occurs in the input of a suffix, it w
ill trigger nasal spreading, giving

a
 fixe

d
 n

a
sa

l su
ffix.  F

o
r vo

ice
d

 o
b

stru
e

n
t sto

p
s, th

e
 d

e
scrip

tive
 g

e
n

e
ra

liza
tio

n
 is th

a
t

th
e

y b
lo

ck n
a

sa
liza

tio
n

 in
 sp

re
a

d
in

g
 a

cro
ss m

o
rp

h
e

m
e

s, b
u

t th
e

y u
n

d
e

rg
o

 n
a

sa
l

sp
re

a
d

in
g

 o
rig

in
a

tin
g

 fro
m

 a
 ta

u
to

-m
o

rp
h

e
m

ic n
a

sa
l se

g
m

e
n

t.  T
h

is re
su

lt a
ctu

a
lly fa

lls
o

u
t o

f th
e

 se
p

a
ra

te
 ra

n
kin

g
 o

f th
e

 co
n

stra
in

ts o
n

 n
a

sa
l sp

re
a

d
in

g
 w

ith
in

 th
e

 m
o

rp
h

e
m

e
a

n
d

 w
ith

in
 th

e
 w

o
rd

 illu
stra

te
d

 in
 (4

7
): S PR

E
A

D
([+

n
a

s], M
) >

>
 *N

A
S

O
B

S
a

ffix  >
>

S
P

R
E

A
D([+

n
a

s], W
).  A

s sh
o

w
n

 in
 (6

8
), th

e
 d

o
m

in
a

tio
n

 o
f *N
A

S
O

B
S

a
ffix  b

y m
o

rp
h

e
m

e
sp

re
a

d
in

g
 p

re
d

icts fu
ll sp

re
a

d
in

g
 w

ith
in

 m
o

rp
h

e
m

e
s, p

ro
d

u
cin

g
 n

a
sa

l a
lte

rn
a

n
ts o

f
vo

ice
d

 o
b

stru
e

n
t sto

p
s a

n
d

 tra
n

sp
a

re
n

t vo
ice

le
ss o

b
stru

e
n

ts.  B
e

ca
u

se
 a

n
 in

p
u

t [+
n

a
sa

l]
fe

a
tu

re
 sp

e
cifica

tio
n

 in
 th

e
 first sylla

b
le

 ca
n

 sp
re

a
d

 to
 a

 [-n
a

sa
l] se

g
m

e
n

t in
 th

e
 sa

m
e

sylla
b

le
, in

clu
d

in
g

 o
b

stru
e

n
ts, it m

u
st b

e
 th

e
 ca

se
 th

a
t I

D
E

N
Tσ

1-IO
C

la
ss1

-a
f [+

n
a

sa
l]

o
u

tra
n

ks fa
ith

 fo
r [-n

a
sa

l].  T
h

e
 sa

m
e

 w
ill h

o
ld

 fo
r in

itia
l-sylla

b
le

 ro
o

t fa
ith

.  (6
8

) sh
o

w
s

se
le

ctio
n

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
 w

ith
 a

 n
a

sa
lize

d
 o

b
stru

e
n

t.  T
h

e
 in

p
u

t h
e

re
 is a

h
yp

o
th

e
tica

l o
n

e
 w

ith
 a

 n
a

sa
l vo

w
e

l a
n

d
 vo

ice
d

 o
b

stru
e

n
t sto

p
 in

 th
e

 first sylla
b

le
 o

f th
e

fixed nasal suffix.
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(6
8

)
[k

o
a - m

a
è)] ‘allow

 m
e to dig’ (selection of the sym

pathetic candidate)
  k

o
a - b

a
)

1. I D
E

N
Tσ1-IO

rt [+
nas]

2. ID
E

N
Tσ1-IO

C
1-af [+

nas]
S

P
R

E
A

D
([+

n
], M

)
1. *N

A
SO

B
Saffix

2. ID
E

N
Tσ1-IO

rt [-nas]
3. ID

E
N

Tσ1-IO
C

1-af [-nas]

S
P

R
E

A
D-R

([+
n

], W
)

❀
a. k

o
a-[b

)a
)]

**(1
, 3

)

b
. [k

)o
)a
)-b

)a
)]

***!*(1
, 2

, 3
)

c. k
o
a-b[a

)]
*!

d. k
o
a-ba

*!(2)

T
h

e
 ta

b
le

a
u

 in
 (6

9
) sh

o
w

s se
le

ctio
n

 o
f th

e
 a

ctu
a

l o
u

tp
u

t.  I
D

E
N

T-IO
[-so

n
o

ra
n

t] is
a

d
d

e
d

 in
 P

2
 h

e
re

 to
 se

le
ct th

e
 sym

p
a

th
y ca

n
d

id
a

te
 w

ith
 a

 n
a

sa
lize

d
 o

b
stru

e
n

t ra
th

e
r

th
a

n
 th

e
 so

n
o

ra
n

t n
a

sa
l sto

p
, a

s e
sta

b
lish

e
d

 in
 3

.3
.3

.  R
e

a
so

n
s fo

r re
je

ctin
g

 a
n

 a
n

a
lysis

w
ith

 (e
) a

s th
e

 sym
p

a
th

y ca
n

d
id

a
te

 a
re

 d
iscu

sse
d

 in
 se

ctio
n

 3
.3

.5
.

(6
9

)
[k

o
a - m

a
è)] ‘allow

 m
e to dig’

       P
1

       P
2

  k
o
a - b

a
è)

*N
A

S
O

B
S

ID
-❀

O
[+

n
a

s]
1.ID

E
N

Tσ1-IO
rt [+

n]
2.ID

E
N

Tσ1-IO
C

1-af [+
n]

3.ID
E

N
T-IO

[-son]

S
P

R
E

A
D

([+
n

], M
)

1.*N
A

SO
B

Saffix
2.ID

E
N

Tσ1-IO
rt [-n]

3.ID
E

N
Tσ1-IO

C
1-af [-n]

a. k
o
a-[b

)a
)]

*!
❀

**(1
, 3

)

b
. [k

)o
)a
)-b

)a
)]

*!
****(1

, 2
, 3

)

c. k
o
a-b[a

)]
*!

*
d. k

o
a-ba

*!*
*(2)

☞
e

. k
o
a-[m

a
)]

*(3)
*(3)

f. [k
)o
)a
)-m

a
)]

*(3
)

**!*(2
, 3

)

A
 fin

a
l su

m
m

a
ry o

f th
e

 ra
n

kin
g

s e
sta

b
lish

e
d

 fo
r cro

ss-m
o

rp
h

e
m

e
 sp

re
a

d
in

g
 a

n
d

blocking in P
2 is given in (70).
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(7
0

)
ID

E
N

Tσ
1-IO

rt [+
nas], ID

E
N

Tσ
1-IO

C
lass1-af [+

nas], SP
R

E
A

D([+
nas], M

),
  |

ID
E

N
T-IO

[+
son]

*N
A

SO
B

S
af , ID

E
N

Tσ
1-IO

rt [-nas], ID
E

N
Tσ

1-IO
C

lass1-af [-nas]
\

            /
        S P

R
E

A
D-R

([+
nas], W

)
 /

\
         *N

A
SS

O
N

  ID
E

N
T-IO

[-nas]
       |

     I D
E

N
T-IO

[+
nas]

T
o

 re
vie

w
, th

e
 u

n
d

o
m

in
a

te
d

 ra
n

kin
g

 o
f in

itia
l sylla

b
le

 id
e

n
tity fo

r [+
n

a
sa

l] in
 ro

o
ts a

n
d

C
la

ss 1
 a

ffixe
s p

ro
d

u
ce

s th
e

 trig
g

e
rin

g
 o

f n
a

sa
l sp

re
a

d
 fro

m
 th

e
 first sylla

b
le

 o
f th

e
se

m
o

rp
h

e
m

e
s.  In

 co
m

b
in

a
tio

n
 w

ith
 p

o
sitio

n
a

l I
D

E
N

T fo
r [-n

a
sa

l], th
e

se
 co

n
stra

in
ts a

lso
a

ch
ie

ve
 th

e
 fixe

d
 o

ra
l/n

a
sa

l p
ro

p
e

rty o
f ro

o
ts a

n
d

 C
la

ss 1
 a

ffixe
s.  In

te
rle

a
vin

g
 th

e
p

o
sitio

n
a

l 
m

a
rke

d
n

e
ss 

co
n

stra
in

t, 
*N
A

S
O

B
S

a
ffix  

b
e

tw
e

e
n

 
m

o
rp

h
e

m
e

 
a

n
d

 
w

o
rd

sp
re

a
d

in
g

 re
a

lize
s th

e
 b

lo
ckin

g
 e

ffe
ct o

f o
b

stru
e

n
ts in

 cro
ss-m

o
rp

h
e

m
e

 sp
re

a
d

in
g

 a
n

d
th

e
 ta

rg
e

ttin
g

 o
f o

b
stru

e
n

ts in
 sp

re
a

d
in

g
 w

ith
in

 m
o

rp
h

e
m

e
s.  B

o
th

 sp
re

a
d

in
g

 co
n

stra
in

ts
p

ro
d

u
ce

 n
a

sa
liza

tio
n

 o
f so

n
o

ra
n

ts, so
 *N
A

S
S

O
N

 is ra
n

ke
d

 b
e

lo
w

 sp
re

a
d

in
g

.  A
lte

rn
a

tin
g

(C
la

ss 2
) a

ffixe
s a

g
re

e
 w

ith
 th

e
 n

a
sa

lity o
f th

e
 p

re
ce

d
in

g
 m

o
rp

h
e

m
e

, re
g

a
rd

le
ss o

f a
n

y
[n

a
sa

l] fe
a

tu
re

 sp
e

cifica
tio

n
 th

e
y co

m
e

 w
ith

 in
 th

e
 in

p
u

t.  T
h

is is a
ch

ie
ve

d
 b

y ra
n

kin
g

 th
e

w
o

rd
 sp

re
a

d
in

g
 co

n
stra

in
t o

ve
r n

o
n

p
o

sitio
n

a
l fa

ith
, yie

ld
in

g
 th

e
 a

b
se

n
ce

 o
f a

 su
rfa

ce
n

a
sa

l co
n

tra
st in

 C
la

ss 2
 a

ffixe
s, a

s w
e

ll a
s in

 n
o

n
in

itia
l sylla

b
le

s o
f ro

o
ts a

n
d

 C
la

ss 1
affixes. 25

3.3.5
A

nother abstract alternative
In

 th
is se

ctio
n

, I re
tu

rn
 to

 th
e

 issu
e

 o
f th

e
 a

b
stra

ct re
p

re
se

n
ta

tio
n

 ca
lle

d
 o

n
 in

 th
e

sym
p

a
th

y ca
n

d
id

a
te

 fo
r o

b
stru

e
n

t sto
p

s u
n

d
e

rg
o

in
g

 n
a

sa
l sp

re
a

d
in

g
.  T

h
e

 a
n

a
lysis th

a
t

h
a

s b
e

e
n

 d
e

ve
lo

p
e

d
 h

e
re

 o
f tra

n
sp

a
re

n
t n

a
sa

l o
b

stru
e

n
t sto

p
s in

 T
u

yu
ca

 p
o

sits a
p

h
o

n
e

tica
lly-im

p
o

ssib
le

 b
u

t p
h

o
n

o
lo

g
ica

lly-a
cce

ssib
le

 se
g

m
e

n
t co

m
b

in
in

g
 th

e
 fe

a
tu

re
[+

n
a

sa
l] w

ith
 a

n
 o

b
stru

e
n

t sto
p

 [-so
n

o
ra

n
t, -co

n
tin

u
a

n
t] (th

e
 d

istin
ctio

n
 b

e
tw

e
e

n
p

h
o

n
o

lo
g

ica
l a

n
d

 p
h

o
n

e
tic p

o
ssib

ility w
a

s d
iscu

sse
d

 in
 3

.3
.1

).  T
h

e
 a

ssu
m

p
tio

n
 o

f
re

p
re

se
n

ta
tio

n
s w

ith
 p

h
o

n
o

n
o

lo
g

ica
lly p

o
ssib

le
 b

u
t h

ig
h

ly m
a

rke
d

 n
a

sa
lize

d
 o

b
stru

e
n

ts
h

a
s a

 stro
n

g
 m

o
tiva

tio
n

:
 o

b
stru

e
n

ts a
re

 re
lu

cta
n

t u
n

d
e

rg
o

e
rs o

f n
a

sa
l sp

re
a

d
in

g
.

  T
h

is

2
5  S

in
ce

 in
itia

l-sylla
b

le
 fa

ith
 fo

r [+
n

a
sa

l] o
u

tra
n

ks n
a

sa
l m

a
rke

d
n

e
ss co

n
stra

in
ts fo

r a
ll cla

sse
s o

f
se

g
m

e
n

ts in
 P

2
, it w

ill in
 fa

ct b
e

 th
e

 ca
se

 th
a

t a
n

y se
g

m
e

n
t in

 th
e

 in
itia

l sylla
b

le
 sp

e
cifie

d
 a

s [+
n

a
sa

l]
in

 th
e

 in
p

u
t w

ill trig
g

e
r n

a
sa

l sp
re

a
d

in
g

; th
e

 trig
g

e
rs w

ill n
o

t b
e

 lim
ite

d
 strictly to

 n
a

sa
l sto

p
s a

n
d

vo
w

e
ls.  In

 th
e

 o
u

tp
u

t-ce
n

te
re

d
 fra

m
e

w
o

rk o
f O

T
, th

is is n
o

t a
 p

ro
b

le
m

, sin
ce

 th
e

 co
rre

ct d
istrib

u
tio

n
o

f n
a

sa
lity is still a

ch
ie

ve
d

 in
 th

e
 se

t o
f o

p
tim

a
l o

u
tp

u
ts.  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

; Itô
, M

e
ste

r, a
n

d
 P

a
d

g
e

tt 1
9

9
5

) w
o

u
ld

 in
 a

n
y ca

se
 se

le
ct u

n
d

e
rlyin

g
 re

p
re

se
n

ta
tio

n
s

o
f n

a
sa

l m
o

rp
h

e
m

e
s w

ith
 se

g
m

e
n

ts n
a

sa
lize

d
 in

 th
e

 o
u

tp
u

t a
lso

 n
a

sa
lize

d
 in

 th
e

 in
p

u
t.
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re
lu

cta
n

ce
 is e

vid
e

n
ce

d
 in

 tw
o

 w
a

ys, o
n

e
 co

n
ce

rn
in

g
 im

p
lica

tio
n

s w
h

e
n

 o
b

stru
e

n
ts

u
n

d
e

rg
o

 n
a

sa
l sp

re
a

d
in

g
 a

n
d

 th
e

 o
th

e
r co

n
ce

rn
in

g
 im

p
lica

tio
n

s w
h

e
n

 o
b

stru
e

n
ts b

lo
ck.

F
irst, w

h
e

n
 o

b
stru

e
n

ts b
e

co
m

e
 n

a
sa

lize
d

 in
 th

e
 o

u
tp

u
t (e

.g
. /d

/
 →

 [n
]) o

r b
e

h
a

ve
tra

n
sp

a
re

n
t, a

ll o
th

e
r se

g
m

e
n

ts in
 th

e
 syste

m
 a

lso
 u

n
d

e
rg

o
 n

a
sa

liza
tio

n
; th

u
s th

e
re

 a
re

 n
o

ca
se

s o
f n

a
sa

l h
a

rm
o

n
y w

h
e

re
 n

a
sa

liza
tio

n
 sp

re
a

d
s to

 vo
w

e
ls a

n
d

 vo
ice

d
 sto

p
s, vo

ice
le

ss
sto

p
s b

e
h

a
ve

 tra
n

sp
a

re
n

t, a
n

d
 th

e
 re

m
a

in
in

g
 se

g
m

e
n

ts b
lo

ck sp
re

a
d

in
g

.  S
e

co
n

d
, if a

n
y

se
g

m
e

n
ts b

lo
ck n

a
sa

l sp
re

a
d

in
g

, o
b

stru
e

n
t sto

p
s w

ill b
e

 in
clu

d
e

d
 in

 th
is g

ro
u

p
; e

ve
n

 in
 a

la
n

g
u

a
g

e
 like

 T
u

yu
ca

 w
h

e
re

 o
b

stru
e

n
ts u

n
d

e
rg

o
 n

a
sa

liza
tio

n
 (o

r b
e

h
a

ve
 tra

n
sp

a
re

n
t)

w
ith

in
 a

 m
o

rp
h

e
m

e
, th

e
y still a

re
 th

e
 o

n
ly se

g
m

e
n

ts to
 b

lo
ck n

a
sa

l sp
re

a
d

 a
cro

ss
m

o
rp

h
e

m
e

s.  T
h

e
se

 p
o

in
ts m

a
ke

 cle
a

r th
a

t th
e

re
 a

re
 sto

p
s in

 T
u

yu
ca

 w
h

ich
 a

re
o

b
stru

e
n

ts in
 th

e
ir u

n
d

e
rlyin

g
 ch

a
ra

cte
r (a

n
 e

m
e

rg
e

n
t o

u
tco

m
e

 d
e

rive
d

 b
y th

e
 ra

n
kin

g
s

e
sta

b
lish

e
d

 in
 3

.3
.3

).  F
u

rth
e

r, th
e

y su
p

p
o

rt p
o

sitin
g

 a
 sym

p
a

th
y ca

n
d

id
a

te
 co

n
ta

in
in

g
n

a
sa

lize
d

 o
b

stru
e

n
t sto

p
s ra

th
e

r th
a

n
 n

a
sa

l so
n

o
ra

n
t sto

p
s, b

e
ca

u
se

 th
is re

p
re

se
n

ta
tio

n
reflects the m

arkedness of nasalizing these segm
ents.

It is p
o

ssib
le

, h
o

w
e

ve
r, to

 co
n

stru
ct a

n
 a

cco
u

n
t o

f n
a

sa
l sp

re
a

d
in

g
 if w

e
 a

ssu
m

e
th

a
t n

a
sa

lize
d

 o
b

stru
e

n
ts a

re
 n

o
t w

e
ll-fo

rm
e

d
 re

p
re

se
n

ta
tio

n
s a

n
d

 a
re

 n
e

ve
r a

cce
ssib

le
.

T
h

e
 sym

p
a

th
y ca

n
d

id
a

te
 fo

r a
 n

a
sa

l m
o

rp
h

e
m

e
 w

ith
 a

n
 o

b
stru

e
n

t sto
p

 w
o

u
ld

 th
e

n
co

n
ta

in
 a

 n
a

sa
l so

n
o

ra
n

t ra
th

e
r th

a
n

 a
 n

a
sa

l o
b

stru
e

n
t.  In

 3
.3

.3
, a

 h
ig

h
-ra

n
ke

d
 co

n
stra

in
t

in
 P

2
, I D

E
N

T-IO
[-so

n
o

ra
n

t], fo
rce

d
 th

e
 sym

p
a

th
y ca

n
d

id
a

te
 to

 ch
o

o
se

 a
n

 o
b

stru
e

n
t o

ve
r

a
 so

n
o

ra
n

t sto
p

.  If th
is co

n
stra

in
t w

e
re

 d
o

m
in

a
te

d
 b

y th
e

 m
o

rp
h

e
m

e
 sp

re
a

d
in

g
co

n
stra

in
t, th

e
n

 w
e

 co
u

ld
 p

ro
d

u
ce

 th
e

 e
ffe

ct o
f /t/ 
→

 [n
8] a

n
d

 /d
/ →

 [n
] in

 th
e

 sym
p

a
th

y
candidate.  T

his is illustrated in (71) for a nasal m
orphem

e w
ith a m

edial voiceless stop.

(71)
 /t/ →

 [n
8] in

 th
e

 sym
p

a
th

y ca
n

d
id

a
te

      P
1

    
                 P

2
   w

a
)ti

*N
8

ID
E

N
T-❀

O
[±vo

i]
ID

E
N

T-❀
O

[+
n

a
s]

S
P

R
E

A
D

([+
n

a
s], M

)
1. I D

E
N

T-IO
[-son]

2. ID
E

N
T-IO

[±voi]
*N

A
SS

O
N

a
. [w

)a
)n
8i ‚]

*!
❀

*(1)
****

b
. [w

)a
)]ti

**!
**

**
c. w

[a
)]ti

**!*
***

*
☞

d
. [w

))a
)]t[i ‚]

*
*****

***

e
. [w

)a
)n
i ‚]

*!
**(1

, 2
)

****

- 140 -

It sh
o

u
ld

 b
e

 n
o

te
d

 th
a

t like
 th

e
 n

a
sa

lize
d

 o
b

stru
e

n
t a

n
a

lysis, th
is a

cco
u

n
t m

a
ke

s u
se

 o
f

a
n

 a
b

stra
ct re

p
re

se
n

ta
tio

n
, th

a
t is, it ca

lls o
n

 a
 sym

p
a

th
y ca

n
d

id
a

te
 w

h
ich

 co
n

ta
in

s a
se

g
m

e
n

t [n8] th
a

t n
e

ve
r o

ccu
rs a

s a
n

 o
u

tp
u

t co
rre

sp
o

n
d

e
n

t fo
r /t/ in

 th
e

 la
n

g
u

a
g

e
.

T
h

e
 ta

b
le

a
u

 in
 (7

2
) sh

o
w

s th
e

 ca
se

 o
f a

 n
a

sa
l m

o
rp

h
e

m
e

 w
ith

 a
 m

e
d

ia
l vo

ice
d

sto
p

.  H
e

re
 th

e
 sym

p
a

th
y ca

n
d

id
a

te
 co

in
cid

e
s w

ith
 th

e
 a

ctu
a

l o
u

tp
u

t.

(7
2

)
/d

/ →
 [n

] in
 th

e
 sym

p
a

th
y ca

n
d

id
a

te

P
1

                  P
2

   w
i ‚d

o
*N

8
I D

E
N

T-❀
O

[±vo
i]

ID
E

N
T-❀

O
[+

n
a

s]
S

P
R

E
A

D
([+

n
a

s], M
)

1. ID
E

N
T-IO

[-son]
2. ID

E
N

T-IO
[±voi]

*N
A

SS
O

N

☞
a

.[w
)i ‚n

o
)]

❀
*(1)

****

b
.[w

)i ‚]d
o

*!*
**

**

c.w
[i ‚]d

o
*!**

***
*

d
.[w

))i ‚]d
[o

)]
*!

*****
***

T
h

e
 a

b
o

ve
 ta

b
le

a
u

x sh
o

w
 th

a
t th

e
re

 is a
 ra

n
kin

g
 w

h
ich

 is ca
p

a
b

le
 o

f a
n

a
lyzin

g
n

a
sa

l h
a

rm
o

n
y w

ith
o

u
t ca

llin
g

 o
n

 p
h

o
n

e
tica

lly-im
p

o
ssib

le
 re

p
re

se
n

ta
tio

n
s.  T

h
e

 q
u

e
stio

n
is sh

o
u

ld
 w

e
 ca

ll o
n

 th
is ra

n
kin

g
?

  T
h

e
 a

n
sw

e
r se

e
m

s to
 b

e
 n

o
.  If w

e
 ca

ll o
n

 ra
n

kin
g

s
like

 th
e

 a
b

o
ve

, a
n

 o
ve

rg
e

n
e

ra
tio

n
 p

ro
b

le
m

 a
rise

s: w
e

 p
re

d
ict th

e
 p

o
ssib

ility o
f a

la
n

g
u

a
g

e
 w

h
e

re
 vo

ice
le

ss sto
p

s b
e

h
a

ve
 tra

n
sp

a
re

n
t a

n
d

 vo
ice

d
 sto

p
s b

e
co

m
e

 n
a

sa
lize

d
w

h
e

n
 o

th
e

r se
g

m
e

n
ts b

lo
ck sp

re
a

d
in

g
 —

 a
n

 u
n

a
tte

ste
d

 p
a

tte
rn

.  T
h

is is p
ro

d
u

ce
d

 u
n

d
e

r
a

 ra
n

kin
g

 w
h

e
re

 so
m

e
 n

a
sa

liza
tio

n
 co

n
stra

in
ts d

o
m

in
a

te
 sp

re
a

d
in

g
, a

s sh
o

w
n

 b
e

lo
w

 w
ith

a
 h

yp
o

th
e

tica
l fo

rm
 w

h
e

re
 [d

] u
n

d
e

rg
o

e
s n

a
sa

l sp
re

a
d

in
g

 a
n

d
 [l] b

lo
cks.
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(7
3

)
/d

/ u
n

d
e

rg
o

e
s b

u
t /l/ b

lo
cks in

 n
a

sa
l sp

re
a

d
in

g
: a

n
 u

n
a

tte
ste

d
 o

u
tco

m
e

           P
1

      P
2

   a
)d
a
la

*N
8

ID
-❀

O
[+

n
a

s]
*N

A
SF

R
*N

A
SL

IQ
S

P
R

E
A

D
([+

n
], M

)
1.I D

E
N

T-IO
[-son]

2.ID
E

N
T-IO

[±voi]
*N

A
SG

L
ID

E
*N

A
SV

O
W

E
L

*N
A

SS
O

N
S

T
O

P

a
.[a

)]d
a
la

*!*
****

*
b

.[a
)]d

[a
)]la

*!
********

**
c.[a

)]d
[a

)]l[a
)]

*!
********

****
***

☞
d

.[a
)n
a
)]la

❀
**

*(1)
***

e
.[a

)n
a
)l ‚a

)]
*!

*(1)
****

f.[a
)]d

[a
)l ‚a

)]
*!

*
******

***

T
h

e
 p

ro
b

le
m

 is th
a

t if o
b

stru
e

n
t sto

p
s (e

.g
. [t, d

]) ca
n

 co
rre

sp
o

n
d

 to
 n

a
sa

l sto
p

s (e
.g

. [n
])

in
 a

 sym
p

a
th

y ca
n

d
id

a
te

, vio
la

tin
g

 o
n

ly a
 lo

w
-ra

n
ke

d
 n

a
sa

liza
tio

n
 co

n
stra

in
t, th

e
ir

re
lu

cta
n

ce
 to

 u
n

d
e

rg
o

 (o
r b

e
h

a
ve

 tra
n

sp
a

re
n

t) is lo
st.  T

h
is d

o
e

s n
o

t a
rise

 u
n

d
e

r th
e

a
cco

u
n

t m
a

kin
g

 re
fe

re
n

ce
 to

 n
a

sa
lize

d
 o

b
stru

e
n

ts.  U
n

d
e

r o
n

e
 sce

n
a

rio
 w

ith
 n

a
sa

lize
d

o
b

stru
e

n
ts, *N A

S
O

B
SS

T
O

P w
ill b

e
 to

p
-ra

n
ke

d
 in

 P
2

, p
ro

d
u

cin
g

 b
lo

ckin
g

 b
y o

b
stru

e
n

t
sto

p
s.  U

n
d

e
r a

n
o

th
e

r, th
e

 sym
p

a
th

y ca
n

d
id

a
te

 w
ill co

n
ta

in
 a

 n
a

sa
lize

d
 sto

p
, vio

la
tin

g
*N

A
S

O
B

S
S

T
O

P
 in

 P
1

, a
n

d
 th

is co
n

fig
u

ra
tio

n
 o

n
ly co

m
e

s a
b

o
u

t w
h

e
n

 sp
re

a
d

in
g

d
o

m
in

a
te

s a
ll lo

w
e

r-ra
n

ke
d

 n
a

sa
liza

tio
n

 co
n

stra
in

ts o
ccu

rrin
g

 in
 P

2
.  T

h
e

 re
a

so
n

 fo
r th

is
is that the prom

otion of *N A
S

O
B

SS
T

O
P to P

1 com
es about as a resolution of the conflict

b
e

tw
e

e
n

 th
e

 n
a

sa
l m

a
rke

d
n

e
ss co

n
stra

in
t a

n
d

 S
P

R
E

A
D([+

n
a

s], M
), a

n
d

 I a
ssu

m
e

 th
a

t th
e

p
ro

m
o

tio
n

 a
rise

s a
s a

n
 a

lte
rn

a
tive

 o
u

tco
m

e
 w

h
e

n
 S

P
R

E
A

D
([+

n
a

s], M
) th

re
a

te
n

s to
d

o
m

in
a

te
 *NA

S
O

B
S

S
T

O
P.  In

 o
rd

e
r fo

r SP
R

E
A

D
([+

n
a

s], M
) to

 b
e

 in
 a

 p
o

sitio
n

 to
p

o
te

n
tia

lly o
u

tra
n

k *N A
S

O
B

SS
T

O
P, it m

u
st d

o
m

in
a

te
 th

e
 lo

w
e

r n
a

sa
liza

tio
n

 co
n

stra
in

ts
in

 th
e

 h
ie

ra
rch

y w
ith

in
 P

2
.

W
e

 h
a

ve
 se

e
n

 th
a

t th
e

re
 is g

o
o

d
 re

a
so

n
 to

 ca
ll o

n
 th

e
 re

p
re

se
n

ta
tio

n
 o

f n
a

sa
lize

d
o

b
stru

e
n

t sto
p

s.  T
h

is ca
p

tu
re

s th
e

 h
ie

ra
rch

ica
l im

p
lica

tio
n

s fo
r n

a
sa

liza
tio

n
 o

f sto
p

s in
n

a
sa

l h
a

rm
o

n
y.  In

 a
d

d
itio

n
, u

n
d

e
r th

e
 n

u
ll h

yp
o

th
e

sis, th
e

 p
o

ssib
ility o

f th
is a

n
a

lysis is
g

ive
n

 to
 u

s b
y th

e
 th

e
o

ry.  O
p

tim
a

lity-th
e

o
re

tic co
n

stra
in

ts a
re

 p
o

site
d

 a
s vio

la
b

le
.

G
ive

n
 th

a
t a

ll o
f th

e
 o

th
e

r n
a

sa
lize

d
 se

g
m

e
n

t co
n

stra
in

ts a
re

 vio
la

b
le

 in
 va

rio
u

s
la

n
g

u
a

g
e

s, w
e

 e
xp

e
ct th

a
t re

p
re

se
n

ta
tio

n
s vio

la
tin

g
 *N

A
S

O
B

SS
T

O
P sh

o
u

ld
 b

e
 ca

lle
d

 o
n

in
 so

m
e

 la
n

g
u

a
g

e
 a

s w
e

ll.  T
h

e
 a

n
a

lysis w
e

 n
e

e
d

 is th
u

s a
va

ila
b

le
 to

 u
s, b

u
t n

o
w

 w
e

 a
re

fa
ce

d
 w

ith
 e

xp
la

in
in

g
 w

h
y a

 la
n

g
u

a
g

e
 w

ith
 a

 h
ie

ra
rch

y like
 th

a
t in

 (7
3

) d
o

e
s n

o
t o

ccu
r .

A
 ke

y e
le

m
e

n
t o

f th
is h

ie
ra

rch
y is th

a
t sp

re
a

d
in

g
 d

o
m

in
a

te
s I

D
E

N
T-IO

[-so
n

o
ra

n
t].  T

h
is
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ra
n

kin
g

 e
n

a
b

le
s co

rre
sp

o
n

d
e

n
ce

 b
e

tw
e

e
n

 o
b

stru
e

n
t sto

p
s in

 th
e

 in
p

u
t a

n
d

 so
n

o
ra

n
t

n
a

sa
l sto

p
s in

 th
e

 sym
p

a
th

e
tic o

u
tp

u
t.  T

o
 ru

le
 th

is o
u

t, I su
g

g
e

st th
a

t th
e

re
 is a

n
o

ve
rrid

in
g

 ra
n

kin
g

 stru
ctu

re
 fo

r n
a

sa
l h

a
rm

o
n

y:

(7
4

)
I D

E
N

T-IO
[-sonorant] >

>
 SP

R
E

A
D[+

nasal]

T
h

is ra
n

kin
g

 w
o

u
ld

 p
re

ve
n

t n
a

sa
l sp

re
a

d
in

g
 fro

m
 ch

a
n

g
in

g
 u

n
d

e
rlyin

g
 [-so

n
o

ra
n

t]
sp

e
cifica

tio
n

s.  T
h

e
 co

n
se

q
u

e
n

ce
 w

o
u

ld
 b

e
 th

a
t o

n
ly sym

p
a

th
e

tic fa
ith

 co
u

ld
 in

d
u

ce
ch

a
n

g
e

s in
 u

n
d

e
rlyin

g
 o

b
stru

e
n

cy.  T
h

e
 u

n
d

e
sira

b
le

 a
lte

rn
a

tive
 w

o
u

ld
 th

e
n

 b
e

 ru
le

d
 o

u
t,

b
e

ca
u

se
 u

n
d

e
rlyin

g
 o

b
stru

e
n

ts co
u

ld
 n

o
t co

rre
sp

o
n

d
 to

 so
n

o
ra

n
ts in

 th
e

 sym
p

a
th

y
ca

n
d

id
a

te
; th

e
y w

o
u

ld
 h

a
ve

 to
 b

e
co

m
e

 n
a

sa
lize

d
 o

b
stru

e
n

ts o
r b

lo
ck.  T

h
e

 fa
ct th

a
t

n
a

sa
l sp

re
a

d
in

g
 ca

n
n

o
t in

d
u

ce
 vio

la
tio

n
 o

f [-so
n

o
ra

n
t] id

e
n

tity p
re

se
n

tly h
a

s th
e

 sta
tu

s
o

f a
 stip

u
la

tio
n

 in
 th

e
 a

n
a

lysis re
q

u
ire

d
 to

 ca
p

tu
re

 th
e

 d
e

scrip
tive

 g
e

n
e

ra
liza

tio
n

.  F
u

rth
e

r
re

se
a

rch
 m

u
st b

e
 d

o
n

e
 to

 b
e

tte
r u

n
d

e
rsta

n
d

 th
e

 m
o

tiva
tio

n
 fo

r th
is o

u
tco

m
e

.

3
.4

S
om

e points of com
parison betw

een harm
onic and constraint-based sym

pathy
In

 se
ctio

n
 3

.2
 I p

re
se

n
te

d
 a

n
 a

cco
u

n
t o

f o
p

a
city in

 
/-d

e
le

tio
n

 a
n

d
 e

p
e

n
th

e
sis in

 T
ib

e
ria

n
H

e
b

re
w

 in
 th

e
 m

o
d

e
l o

f h
a

rm
o

n
ic sym

p
a

th
y.  T

h
is a

cco
u

n
t fo

llo
w

e
d

 th
a

t o
f M

cC
a

rth
y

(1
9

9
7

) in
 m

o
st o

f th
e

 p
a

rticu
la

rs o
f co

n
stra

in
t ra

n
kin

g
 a

n
d

 in
 e

m
p

lo
yin

g
 th

e
 b

a
sic

m
e

ch
a

n
ism

 o
f sym

p
a

th
y.  W

h
e

re
 th

e
 tw

o
 a

cco
u

n
ts d

iffe
r is p

rim
a

rily in
 th

e
 m

e
a

n
s o

f
se

le
ctio

n
 o

f th
e

 sym
p

a
th

y ca
n

d
id

a
te

.  In
 th

is se
ctio

n
 I b

rie
fly re

vie
w

 a
 ve

rsio
n

 o
f

M
cC

a
rth

y’s 
‘co

n
stra

in
t-b

a
se

d
 

sym
p

a
th

y’ 
m

e
th

o
d

 
o

f 
id

e
n

tifyin
g

 
th

e
 

sym
p

a
th

y
ca

n
d

id
a

te
.  I su

g
g

e
st th

a
t h

a
rm

o
n

ic sym
p

a
th

y e
xp

lica
te

s se
le

ctio
n

 o
f th

e
 sym

p
a

th
y

ca
n

d
id

a
te

 b
y co

n
n

e
ctin

g
 it m

o
re

 clo
se

ly to
 th

e
 kin

d
s o

f e
va

lu
a

tive
 m

e
ch

a
n

ism
s th

a
t a

re
in

d
e

p
e

n
d

e
n

tly-m
o

tiva
te

d
 in

 O
p

tim
a

lity T
h

e
o

ry.  In
 a

d
d

itio
n

, I sh
o

w
 th

a
t h

a
rm

o
n

ic
sym

p
a

th
y b

rin
g

s n
e

w
 u

n
d

e
rsta

n
d

in
g

 to
 a

 se
t o

f u
n

d
e

sira
b

le
 (d

e
riva

tio
n

a
l) o

p
a

city e
ffe

cts
w

h
ich

 th
e

 ‘co
n

stra
in

t-b
a

se
d

’ m
o

d
e

l is ca
p

a
b

le
 o

f g
e

n
e

ra
tin

g
.

M
cC

a
rth

y’s sym
p

a
th

y-b
a

se
d

 a
cco

u
n

t o
f T

ib
e

ria
n

 H
e

b
re

w
 is a

 la
n

d
m

a
rk in

 th
e

analysis of opacity effects in O
T

, bringing an illum
inating new

 perspective to these kinds
o

f p
h

e
n

o
m

e
n

a
.  In

 w
h

a
t fo

llo
w

s, I su
m

m
a

rize
 h

o
w

 se
le

ctio
n

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
ta

ke
s p

la
ce

 in
 T

ib
e

ria
n

 H
e

b
re

w
 u

n
d

e
r th

e
 co

n
stra

in
t-b

a
se

d
 sym

p
a

th
y a

p
p

ro
a

ch
.  T

h
e

p
ro

b
le

m
 p

re
se

n
te

d
 b

y a
 tra

n
sp

a
re

n
t a

p
p

ro
a

ch
 to

 th
e

 T
ib

e
ria

n
 p

ro
b

le
m

 is re
p

e
a

te
d

 b
e

lo
w

:
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(7
5

)
In

co
rre

ct o
u

tco
m

e
 fo

r /
d
e
S// u

n
d

e
r a

 tra
n

sp
a

re
n

t a
cco

u
n

t:

   /d
e
S//

1
. */]σ

2
. *C

O
M

P
L

E
X

A
N

C
H

O
R-R

M
A

X
-IO

D
E

P-IO

a
. d

e
S/

*!*(1
, 2

)

(❀
)

b
. d

e
SE

/
*!(1)

*

☞
c. d

e
SE

*
*!

*

E
d

. d
e
S/E

*
*

e
. d

e
S

*
*!

T
h

e
 w

in
n

e
r u

n
d

e
r th

is ra
n

kin
g

 is ca
n

d
id

a
te

 (d
); h

o
w

e
ve

r th
is d

o
e

s n
o

t co
rre

sp
o

n
d

 to
 th

e
attested form

 in H
ebrew

.  T
he attested form

, in (c), incurs a superset of the violations that
(d

) d
o

e
s, so

 n
o

 re
ra

n
kin

g
 o

f th
e

 co
n

stra
in

ts w
ill se

rve
 to

 se
le

ct (c) o
ve

r (d
).  T

h
e

 so
lu

tio
n

(fo
llo

w
in

g
 M

cC
a

rth
y) is to

 d
e

sig
n

a
te

 ca
n

d
id

a
te

 (b
) a

s sym
p

a
th

e
tic a

n
d

 th
e

n
 se

le
ct (c) b

y
virtue of its resem

blance to (b).
U

n
d

e
r th

e
 h

a
rm

o
n

ic sym
p

a
th

y a
cco

u
n

t, th
is situ

a
tio

n
 is re

so
lve

d
 b

y b
ifu

rca
tin

g
th

e
 h

ie
ra

rch
y so

 th
a

t */]σ  b
e

lo
n

g
s to

 th
e

 P
1

 co
m

p
o

n
e

n
t.  T

h
e

 sym
p

a
th

y ca
n

d
id

a
te

 is
th

e
n

 se
le

cte
d

 b
y b

e
in

g
 th

e
 m

o
st h

a
rm

o
n

ic w
ith

 re
sp

e
ct to

 th
e

 P
2

 co
n

stra
in

t h
ie

ra
rch

y.  In
M

cC
a

rth
y’s o

rig
in

a
l a

p
p

ro
a

ch
, h

e
 n

o
te

s th
a

t o
f th

e
 ca

n
d

id
a

te
s re

sp
e

ctin
g

 A
N

C
H

O
R-R

, 2
6

ca
n

d
id

a
te

 (b
) is th

e
 m

o
st h

a
rm

o
n

ic, a
n

d
 h

e
 p

ro
p

o
se

s to
 sin

g
le

 o
u

t th
e

 sym
p

a
th

y
ca

n
d

id
a

te
 o

n
 th

is b
a

sis.  M
cC

a
rth

y su
g

g
e

sts th
a

t th
e

 sym
p

a
th

e
tic ca

n
d

id
a

te
 is id

e
n

tifie
d

b
y b

e
in

g
 th

e
 m

o
st h

a
rm

o
n

ic o
f th

e
 se

t o
f ca

n
d

id
a

te
s sa

tisfyin
g

 so
m

e
 d

e
sig

n
a

te
d

‘sym
p

a
th

y co
n

stra
in

t’.  O
p

a
city e

ffe
cts a

rise
 w

h
e

n
 th

e
 sym

p
a

th
e

tic ca
n

d
id

a
te

 fa
ils a

s th
e

a
ctu

a
l o

u
tp

u
t b

y in
cu

rrin
g

 a
 vio

la
tio

n
 o

f so
m

e
 co

n
stra

in
t d

o
m

in
a

tin
g

 th
e

 sym
p

a
th

y
co

n
stra

in
t.  S

e
le

ctio
n

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
 w

ith
 a

 d
e

sig
n

a
te

d
 sym

p
a

th
y co

n
stra

in
t

is illu
stra

te
d

 in
 (7

6
).  T

h
e

 sym
p

a
th

y sta
tu

s o
f A

N
C

H
O

R-R
 is sig

n
ifie

d
 b

y th
e

 ra
ise

d
 ‘

❀
’

sym
b

o
l.  C

o
n

stra
in

t ro
w

s fo
r ca

n
d

id
a

te
s vio

la
tin

g
 th

is co
n

stra
in

t a
re

 sh
a

d
e

d
; th

e
 m

o
st

h
a

rm
o

n
ic o

f th
e

 re
m

a
in

in
g

 ca
n

d
id

a
te

s is th
e

 sym
p

a
th

y ca
n

d
id

a
te

.

2
6  M

cC
a

rth
y fo

rm
u

la
te

s AN
C

H
O

R-R
 a

s a
n

 IO
 ro

o
t to

 sylla
b

le
 rig

h
t-a

lig
n

m
e

n
t fa

ith
fu

ln
e

ss co
n

stra
in

t.
T

h
is w

ill b
e

 d
iscu

sse
d

 p
re

se
n

tly.
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(7
6

)
S

e
le

ctio
n

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
 b

y d
e

sig
n

a
te

d
 sym

p
a

th
y co

n
stra

in
t:

   /d
e
S//

1
. */]σ

2
. *C

O
M

P
L

E
X

A
N

C
H

O
R-R

❀
M

A
X

-IO
D

E
P-IO

a
. d

e
S/

**!(1
, 2

)

❀
b

. d
e
SE

/
*(1)

*

c. d
e
SE

*
*

*

d
. d

e
S/E

*
*

e
. d

e
S

*
*

T
h

e
 sym

p
a

th
y ca

n
d

id
a

te
 lo

se
s a

s th
e

 a
ctu

a
l o

u
tp

u
t b

e
ca

u
se

 o
f its g

lo
tta

l sto
p

 co
d

a
.

P
la

cin
g

 
sym

p
a

th
e

tic 
fa

ith
 

co
n

stra
in

ts 
b

e
lo

w
 

*
/]σ

 se
le

cts th
e

 co
rre

ct o
u

tp
u

t.  A
s

discussed in section 3.2, L
IN

E
A

R
IT

Y
-❀

O
 outranks MA

X
-❀

O
:

(7
7

)
S

e
le

ctio
n

 o
f th

e
 o

p
tim

a
l o

u
tp

u
t:

   /d
e
S//

1
.*/]σ

2
.*C

O
M

P
L

E
X

L
IN

E
A

R
IT

Y
-❀

O
M

A
X

-❀
O

A
N

C
H

O
R-

R
IG

H
T

❀
M

A
X

-IO
D

E
P-IO

a
. d

e
S/

*!*(1
, 2

)
*

❀
b

. d
e
SE

/
*!(1)

*

☞
c. d

e
SE

*
*

*
*

d
. d

e
S/E

*!
*

*

e
. d

e
S

**!
*

*

M
cC

a
rth

y’s co
n

stra
in

t-b
a

se
d

 sym
p

a
th

y a
cco

u
n

t p
ro

vid
e

s a
 tru

ly in
sig

h
tfu

l
a

cco
u

n
t o

f o
p

a
city in

 T
ib

e
ria

n
 H

e
b

re
w

.  T
h

e
 a

im
 o

f th
e

 re
vise

d
 h

a
rm

o
n

y sym
p

a
th

y
a

cco
u

n
t is to

 p
re

se
rve

 th
e

se
 in

sig
h

ts, w
h

ile
 p

ro
b

in
g

 th
e

 q
u

e
stio

n
 o

f w
h

a
t e

n
g

e
n

d
e

rs
d

e
riva

tio
n

a
l o

p
a

city.  L
e

t u
s co

n
sid

e
r m

o
re

 g
e

n
e

ra
lly th

e
 ra

n
g

e
 o

f o
p

a
city e

ffe
cts w

h
ich

a
re

 p
re

d
icte

d
 b

y co
n

stra
in

t-b
a

se
d

 sym
p

a
th

y ve
rsu

s h
a

rm
o

n
ic sym

p
a

th
y.  M

cC
a

rth
y

(1
9

9
7

) p
ro

p
o

se
s to

 lim
it o

p
a

city e
ffe

cts u
n

d
e

r co
n

stra
in

t-b
a

se
d

 sym
p

a
th

y b
y re

strictin
g

sym
p

a
th

y sta
tu

s to
 th

e
 se

t o
f fa

ith
fu

ln
e

ss co
n

stra
in

ts.  In
 a

cco
rd

a
n

ce
 w

ith
 th

is, h
e

fo
rm

u
la

te
s 

th
e

 
d

e
sig

n
a

te
d

 
sym

p
a

th
y 

co
n

stra
in

t 
a

s 
a

n
 

IO
 

fa
ith

fu
ln

e
ss 

a
lig

n
m

e
n

t
co

n
stra

in
t: A L

IG
N

-R
IO

(R
o

o
t, σ

) (ra
th

e
r th

a
n

 AN
C

H
O

R-R
).  H

e
 n

o
te

s th
a

t th
is re

strictio
n

ru
le

s o
u

t th
e

 O
p

tim
a

lity T
h

e
o

ry e
q

u
iva

le
n

t o
f w

h
a

t P
u

llu
m

 (1
9

7
6

) ca
lls th

e
 ‘D

u
ke

 o
f

Y
o

rk G
a

m
b

it’ (α→
β→

α
) b

e
ca

u
se

 th
e

 sym
p

a
th

e
tic ca

n
d

id
a

te
 ca

n
 n

e
ve

r b
e

 le
ss fa

ith
fu

l
to

 th
e

 in
p

u
t th

a
n

 th
e

 a
ctu

a
l o

u
tp

u
t.  H

o
w

e
ve

r, th
is lim

ita
tio

n
 tu

rn
s o

u
t to

 b
e

 to
o

re
strictive

.  In
 th

e
ir a

n
a

lysis o
f o

p
a

city in
 G

e
rm

a
n

 tru
n

ca
tio

n
s, Itô

 a
n

d
 M

e
ste

r (1
9

9
7

a
:
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1
2

7
) n

o
te

 th
a

t it is n
e

ce
ssa

ry to
 a

llo
w

 o
th

e
r co

n
stra

in
ts, b

e
sid

e
s fa

ith
fu

ln
e

ss, to
 se

rve
 a

s
th

e
 sym

p
a

th
y co

n
stra

in
t.  T

h
e

y fin
d

 th
a

t fo
r G

e
rm

a
n

 tru
n

ca
tio

n
, a

n
 a

lig
n

m
e

n
t co

n
stra

in
t

m
u

st b
e

 a
w

a
rd

e
d

 sym
p

a
th

y sta
tu

s.  T
o

 th
is w

e
 m

a
y a

d
d

 th
a

t if tra
n

sp
a

re
n

t se
g

m
e

n
ts in

sp
re

a
d

in
g

 w
e

re
 to

 b
e

 a
n

a
lyze

d
 u

n
d

e
r th

e
 co

n
stra

in
t-b

a
se

d
 m

o
d

e
l, th

e
 sp

re
a

d
in

g
co

n
stra

in
t 

w
o

u
ld

 
re

q
u

ire
 

sym
p

a
th

y 
sta

tu
s. 

 
G

ra
n

tin
g

 
sym

p
a

th
y 

sta
tu

s 
to

 
o

th
e

r
co

n
stra

in
ts b

e
sid

e
s fa

ith
 a

d
m

its th
e

 p
o

ssib
ility o

f D
u

ke
 o

f Y
o

rk G
a

m
b

it e
ffe

cts.  T
h

is is a
p

o
sitive

 re
su

lt in
 th

e
 ca

se
 o

f tra
n

sp
a

re
n

cy in
 sp

re
a

d
in

g
.  In

 th
e

 a
n

a
lysis o

f tra
n

sp
a

re
n

cy
in

 T
u

yu
ca

 n
a

sa
l h

a
rm

o
n

y, it w
a

s n
o

te
d

 th
a

t it is a
 ca

se
 o

f a
n

 a
tte

ste
d

 o
p

a
city e

ffe
ct th

a
t

needs to m
ake use of a D

uke of Y
ork G

am
bit (i.e. t 

→
 t ) →

 t).  H
arm

onic sym
pathy lim

its
D

u
ke

 o
f Y

o
rk G

a
m

b
it e

ffe
cts to

 ca
se

s w
h

e
re

 th
e

 in
te

rm
e

d
ia

te
 re

p
re

se
n

ta
tio

n
 n

e
ve

r
su

rfa
ce

s in
 th

e
 la

n
g

u
a

g
e

 (o
r a

t le
a

st n
o

t in
 th

e
 re

le
va

n
t e

n
viro

n
m

e
n

t).  T
h

e
 tra

n
sp

a
re

n
t

b
e

h
a

vio
r o

f se
g

m
e

n
ts th

u
s a

d
d

s su
p

p
o

rt to
 Itô

 a
n

d
 M

e
ste

r’s fin
d

in
g

 th
a

t sym
p

a
th

y
sta

tu
s m

u
st b

e
 e

xte
n

d
e

d
 to

 o
th

e
r co

n
stra

in
ts (in

 th
is ca

se
, a

 sp
re

a
d

in
g

 co
n

stra
in

t, o
r

a
lte

rn
a

tive
ly, a

n
o

th
e

r a
lig

n
m

e
n

t co
n

stra
in

t if th
is w

e
re

 u
se

d
 to

 d
rive

 sp
re

a
d

in
g

; se
e

d
iscu

ssio
n

 in
 ch

a
p

te
r 1

).  Itô
 a

n
d

 M
e

ste
r fu

rth
e

r n
o

te
 th

a
t sin

ce
 a

ssig
n

in
g

 sym
p

a
th

e
tic

sta
tu

s to
 a

 co
n

stra
in

t a
m

o
u

n
ts to

 in
d

u
cin

g
 a

 se
p

a
ra

te
 o

p
tim

iza
tio

n
 (in

 th
e

 se
n

se
 o

f
W

ilso
n

 1
9

9
7

) in
 w

h
ich

 th
a

t co
n

stra
in

t is to
p

-ra
n

ke
d

, a
n

d
 ra

n
kin

g
 va

ria
tio

n
 a

m
o

n
g

st
co

n
stra

in
ts is a

 b
a

sic e
le

m
e

n
t o

f O
T

, th
e

n
 ‘th

e
 lo

g
ic o

f O
T

 itse
lf co

m
p

e
ls u

s to
 e

xp
e

ct
o

th
e

r co
n

stra
in

ts in
 [th

e
 d

e
sig

n
a

te
d

 sym
p

a
th

y co
n

stra
in

t] ro
le

 a
s w

e
ll’ (1

9
9

7
a

: 1
2

6
-1

2
7

,
n

. 1
2

).  F
o

r fu
tu

re
 w

o
rk, th

e
y ra

ise
 th

e
 im

p
o

rta
n

t q
u

e
stio

n
 w

h
e

th
e

r a
n

y co
n

stra
in

t ca
n

h
a

ve
 d

e
sig

n
a

te
d

 sym
p

a
th

y sta
tu

s.  T
h

e
 m

o
d

e
l o

f h
a

rm
o

n
ic sym

p
a

th
y is d

e
ve

lo
p

e
d

 in
p

u
rsu

it o
f th

is g
e

n
e

ra
l issu

e
: it a

tte
m

p
ts to

 b
rin

g
 a

 firm
e

r u
n

d
e

rsta
n

d
in

g
 to

 w
h

a
t b

rin
g

s
a

b
o

u
t o

p
a

q
u

e
 co

n
stra

in
t in

te
ra

ctio
n

s in
 g

ra
m

m
a

r a
n

d
 th

e
 circu

m
sta

n
ce

s u
n

d
e

r w
h

ich
th

e
y o

ccu
r.

C
o

n
ce

rn
in

g
 w

h
a

t kin
d

s o
f co

n
stra

in
ts m

a
y e

n
te

r in
to

 o
p

a
q

u
e

 in
te

ra
ctio

n
s, th

e
h

a
rm

o
n

ic sym
p

a
th

y m
o

d
e

l fo
llo

w
s Itô

 a
n

d
 M

e
ste

r in
 ta

kin
g

 a
s th

e
 n

u
ll h

yp
o

th
e

sis th
a

t
a

n
y co

n
stra

in
t h

a
s th

e
 p

o
te

n
tia

l to
 in

te
ra

ct o
p

a
q

u
e

ly.  A
s n

o
te

d
 in

 th
e

 a
n

a
lysis o

f
T

u
yu

ca
, th

is a
llo

w
s sym

p
a

th
e

tic co
rre

sp
o

n
d

e
n

ce
 to

 b
e

 u
se

d
 a

s a
 te

st fo
r w

h
a

t co
n

stra
in

ts
b

e
lo

n
g

 to
 G

e
n

 a
n

d
 w

h
ich

 b
e

lo
n

g
 to

 th
e

 e
va

lu
a

tive
 h

ie
ra

rch
y.  C

o
n

stra
in

ts b
e

lo
n

g
in

g
 to

G
e

n
 ca

n
 n

e
ve

r b
e

 vio
la

te
d

 in
 a

n
y o

u
tp

u
t ca

n
d

id
a

te
, in

clu
d

in
g

 th
e

 sym
p

a
th

y ca
n

d
id

a
te

,
b

u
t co

n
stra

in
ts b

e
lo

n
g

in
g

 to
 E

va
l ca

n
 p

o
te

n
tia

lly b
e

 vio
la

te
d

 in
 th

e
 sym

p
a

th
y ca

n
d

id
a

te
,

e
ve

n
 if th

e
y a

re
 u

n
d

o
m

in
a

te
d

 a
n

d
 a

re
 re

sp
e

cte
d

 in
 th

e
 a

ctu
a

l o
u

tp
u

t.
A

lth
o

u
g

h
 h

a
rm

o
n

ic sym
p

a
th

y a
n

d
 co

n
stra

in
t-b

a
se

d
 sym

p
a

th
y (a

s u
n

d
e

rsto
o

d
h

e
re

) b
o

th
 sh

a
re

 th
e

 a
ssu

m
p

tio
n

 th
a

t a
n

y co
n

stra
in

t ca
n

 u
n

d
e

rg
o

 a
n

 o
p

a
q

u
e

 in
te

ra
ctio

n
and are sim

ilar in several other respects (e.g. draw
ing on sym

pathetic faith), they differ in
so

m
e

 re
sp

e
cts in

 th
e

 im
p

le
m

e
n

tio
n

 o
f o

p
a

city.  C
o

n
stra

in
t-b

a
se

d
 sym

p
a

th
y a

ttrib
u

te
s a
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p
rivile

g
e

d
 sta

tu
s to

 o
n

e
 p

a
rticu

la
r co

n
stra

in
t in

 n
a

rro
w

in
g

 th
e

 ca
n

d
id

a
te

s th
a

t a
re

 e
lig

ib
le

to
 b

e
 sym

p
a

th
e

tic.  O
n

ce
 th

e
 ca

n
d

id
a

te
s vio

la
tin

g
 th

is co
n

stra
in

t a
re

 e
lim

in
a

te
d

, th
e

co
n

stra
in

t h
ie

ra
rch

y ch
o

o
se

s th
e

 m
o

st o
p

tim
a

l o
f th

e
 re

m
a

in
d

e
r a

s sym
p

a
th

e
tic.

H
a

rm
o

n
ic sym

p
a

th
y re

in
te

rp
re

ts th
is id

e
a

 in
 te

rm
s o

f a
 h

ie
ra

rch
y sp

lit a
s p

a
rt o

f a
n

o
p

a
q

u
e

 re
so

lu
tio

n
 o

f a
 co

n
flict b

e
tw

e
e

n
 tw

o
 co

n
stra

in
ts.  O

p
a

city co
m

e
s a

b
o

u
t w

h
e

n
 a

co
n

stra
in

t co
n

flict is re
so

lve
d

 w
ith

 a
 h

ie
ra

rch
y b

ifu
rca

tio
n

 a
t th

e
 p

o
in

t b
e

tw
e

e
n

 th
e

co
n

flictin
g

 co
n

stra
in

ts.  It is th
e

 h
ig

h
-ra

n
kin

g
 sta

tu
s o

f th
e

 co
n

stra
in

t fa
llin

g
 in

to
 P

2
 th

a
t

re
fle

cts its p
rivile

g
e

d
 co

n
trib

u
tio

n
 to

 se
le

ctio
n

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
, a

 ca
n

d
id

a
te

se
le

cte
d

 b
y o

p
tim

iza
tio

n
 w

ith
 re

sp
e

ct to
 th

e
 d

o
m

in
a

te
d

 P
2

 se
g

m
e

n
t o

f th
e

 h
ie

ra
rch

y.
H

a
rm

o
n

ic sym
p

a
th

y th
u

s d
o

e
s n

o
t n

e
e

d
 to

 a
ssig

n
 a

 ‘sym
p

a
th

y’ sta
tu

s to
 a

n
y p

a
rticu

la
r

co
n

stra
in

t; in
ste

a
d

 it se
e

ks to
 m

a
ke

 a
 clo

se
r lin

k b
e

tw
e

e
n

 se
le

ctio
n

 o
f th

e
 sym

p
a

th
y

ca
n

d
id

a
te

 a
n

d
 o

p
tim

a
lity-th

e
o

re
tic m

e
ch

a
n

ism
s, i.e

. e
va

lu
a

tio
n

 b
y a

 strictly ra
n

ke
d

co
n

stra
in

t h
ie

ra
rch

y a
n

d
 re

so
lu

tio
n

 o
f co

n
stra

in
t co

n
flict b

y ra
n

kin
g

.  W
h

a
t is n

e
w

 u
n

d
e

r
h

a
rm

o
n

ic sym
p

a
th

y is th
a

t it a
llo

w
s th

e
 p

h
o

n
o

lo
g

ica
l co

n
stra

in
t h

ie
ra

rch
y to

 b
e

o
rg

a
n

ize
d

 in
to

 se
g

m
e

n
ts a

s a
n

 a
lte

rn
a

tive
 w

a
y o

f re
so

lvin
g

 co
n

stra
in

t co
n

flict, yie
ld

in
g

a
n

 o
p

a
q

u
e

 re
so

lu
tio

n
 o

f co
n

flictin
g

 co
n

stra
in

ts.  T
h

e
 se

p
a

ra
tio

n
 o

f h
ie

ra
rch

ie
s in

to
ra

n
ke

d
 

co
m

p
o

n
e

n
ts 

h
a

s 
in

d
e

p
e

n
d

e
n

t 
m

o
tiva

tio
n

 
in

 
th

e
 

a
n

a
lysis 

o
f 

S
yn

ta
x 

>
>

P
h

o
n

o
lo

g
y, 

w
h

ich
 

p
o

sits 
th

e
 

syn
ta

ctic 
se

g
m

e
n

t 
o

f 
th

e
 

co
n

stra
in

t 
h

ie
ra

rch
y 

a
s

d
o

m
in

a
tin

g
 th

e
 p

h
o

n
o

lo
g

ica
l se

g
m

e
n

t (G
o

lsto
n

 1
9

9
5

; a
lso

 T
ra

n
e

l 1
9

9
7

; se
e

 d
iscu

ssio
n

 in
se

ctio
n

 3
.2

) —
 h

a
rm

o
n

ic sym
p

a
th

y a
llo

w
s fo

r a
 b

ifu
rca

tio
n

 w
ith

in
 P

h
o

n
o

lo
g

y.
In

 a
d

d
itio

n
 to

 th
e

 d
iffe

re
n

ce
s in

 im
p

le
m

e
n

ta
tio

n
, th

e
 tw

o
 m

o
d

e
ls d

iffe
r in

 so
m

e
 o

f
th

e
 d

e
riva

tio
n

a
l o

p
a

city e
ffe

cts th
a

t th
e

y p
ro

d
u

ce
.  In

 p
a

rticu
la

r, th
e

 co
n

stra
in

t-b
a

se
d

m
o

d
e

l is ca
p

a
b

le
 o

f g
e

n
e

ra
tin

g
 a

 se
t o

f u
n

a
tte

ste
d

 o
p

a
city e

ffe
cts th

a
t ca

n
n

o
t b

e
 d

e
rive

d
u

n
d

e
r th

e
 p

re
se

n
t m

o
d

e
l o

f h
a

rm
o

n
ic sym

p
a

th
y.  T

h
is p

o
in

t co
n

ce
rn

s th
e

 p
re

se
rva

tio
n

 o
f

u
n

ive
rsa

l h
ie

ra
rch

ie
s, w

h
e

re
 ra

n
kin

g
 is fixe

d
 b

y a
 u

n
ive

rsa
l h

a
rm

o
n

icity sca
le

 o
r M

e
ta

-
C

o
n

stra
in

t (P
rin

ce
 a

n
d

 S
m

o
le

n
sky 1

9
9

3
; se

e
 a

lso
 M

cC
a

rth
y a

n
d

 P
rin

ce
 1

9
9

5
 o

n
 R

o
o

t
F

a
ith

 >
>

 A
ffix F

a
ith

).  A
n

 e
xa

m
p

le
 is th

e
 u

n
ive

rsa
l sylla

b
le

 p
e

a
k h

ie
ra

rch
y p

ro
p

o
se

d
 b

y
P

rin
ce

 a
n

d
 S

m
o

le
n

sky (1
9

9
3

: 1
3

4
); th

is ra
n

ks co
n

stra
in

ts a
g

a
in

st sp
e

cific se
g

m
e

n
ta

l
sylla

b
le

 p
e

a
ks a

cco
rd

in
g

 to
 th

e
ir so

n
o

rity.  It is p
a

rtia
lly re

p
re

se
n

te
d

 b
e

lo
w

:

(7
8

)
*P

/t >
>

 *P
/d >

>
 *P

/n >
>

 *P
/i >

>
 *P

/e >
>

 *P
/a

T
h

e
 fixe

d
 ra

n
kin

g
 o

f th
e

se
 co

n
stra

in
ts e

n
co

d
e

s th
e

 u
n

ive
rsa

l p
re

fe
re

n
ce

 fo
r a

 m
o

re
so

n
o

ro
u

s se
g

m
e

n
t a

s a
 sylla

b
le

 p
e

a
k o

ve
r a

 le
ss so

n
o

ro
u

s o
n

e
.  H

o
w

e
ve

r, b
y a

ssig
n

in
g

sym
p

a
th

y sta
tu

s to
 o

n
e

 o
f th

e
 lo

w
e

r ra
n

ke
d

 co
n

stra
in

ts in
 th

is h
ie

ra
rch

y, co
n

stra
in

t-
b

a
se

d
 sym

p
a

th
y is a

b
le

 to
 su

b
ve

rt th
e

 im
p

lica
tio

n
 th

e
 h

ie
ra

rch
y is in

te
n

d
e

d
 to

 ca
p

tu
re

.
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F
o

r e
xa

m
p

le
, a

ssig
n

in
g

 sym
p

a
th

y sta
tu

s to
 *P

/i w
h

ile
 ra

n
kin

g
 F

a
ith

-
❀

O
 o

ve
r DE

P-IO
results in epenthesis of a vow

el to m
ake /i/ a m

argin rather than a peak, as show
n in (79).

(7
9

)
/i/ m

ust be a m
argin

tadi
M

A
X

-IO
*P

/t
*P

/d
F

aith-❀
O

D
E

P-IO
*P

/n
*P

/i ❀
*P

/e
*P

/a

a
. .ta

.d
i.

*!
*

*

❀
 ☞

b
. .ta

.d
A

j.
*

**

H
ow

ever, ranking DE
P-IO

 over peak constraints dom
inating *P

/i results in segm
ents less

so
n

o
ro

u
s th

a
n

 [i] a
s p

e
a

ks:

(80) 
/n/ can be syllabic:

tadn
M

ax-IO
*P

/t
*P

/d
F

aith-❀
O

D
E

P-IO
*P

/n
*P

/i ❀
*P

/e
*P

/a

❀
 ☞

a
. .ta

.d
n

.
*

*

b
. .ta

.d
A

n
.

*!
*

**

T
h

is kin
d

 o
f u

se
 o

f co
n

stra
in

t-b
a

se
d

 sym
p

a
th

y in
 re

la
tio

n
 to

 a
 m

a
rke

d
n

e
ss h

ie
ra

rch
y

sin
g

le
s o

u
t o

n
e

 co
n

stra
in

t to
 b

e
h

a
ve

 a
s if it h

a
d

 u
n

d
o

m
in

a
te

d
 sta

tu
s in

 se
le

ctio
n

 o
f th

e
sym

p
a

th
y ca

n
d

id
a

te
, e

ve
n

 th
o

u
g

h
 it m

a
y b

e
 lo

w
-ra

n
ke

d
 in

 th
e

 h
ie

ra
rch

y.  In
 th

e
h

a
rm

o
n

ic sym
p

a
th

y m
o

d
e

l th
is typ

e
 o

f e
ffe

ct ca
n

n
o

t b
e

 a
ch

ie
ve

d
, b

e
ca

u
se

 h
a

rm
o

n
ic

sym
p

a
th

y m
a

in
ta

in
s th

e
 ra

n
kin

g
 o

f a
 m

a
rke

d
n

e
ss h

ie
ra

rch
y b

y e
m

p
lo

yin
g

 a
 co

n
tin

u
o

u
s

se
g

m
e

n
t w

ith
in

 th
e

 o
ve

ra
ll co

n
stra

in
t h

ie
ra

rch
y to

 id
e

n
tify th

e
 sym

p
a

th
y ca

n
d

id
a

te
.  T

h
e

effects of universal hierarchies w
ill thus be preserved.

A
 

se
co

n
d

 
ca

se
 

d
e

riva
b

le
 

u
n

d
e

r 
co

n
stra

in
t-b

a
se

d
 

sym
p

a
th

y 
is 

a
lso

 
w

o
rth

co
n

sid
e

rin
g

.  T
h

is e
xa

m
p

le
 co

u
ld

 b
e

 cla
ssifie

d
 a

s in
vo

lvin
g

 a
 typ

e
 o

f D
u

ke
 o

f Y
o

rk
G

a
m

b
it.  In

 th
is in

sta
n

ce
, a

 se
g

m
e

n
ta

l m
a

rke
d

n
e

ss co
n

stra
in

t, *p
, is d

e
sig

n
a

te
d

 a
s

sym
p

a
th

e
tic, so

 a
s to

 re
n

d
e

r it e
ffe

ctive
ly in

visib
le

 to
 co

n
d

itio
n

s o
n

 sylla
b

le
 stru

ctu
re

.  In
derivational term

s, it is as if [p] is ‘turned off’ (i.e. deleted or extrasyllabic) at som
e stage

o
f th

e
 d

e
riva

tio
n

 a
n

d
 th

e
n

 la
te

r tu
rn

e
d

 b
a

ck o
n

 a
g

a
in

.  A
 ra

n
kin

g
 p

ro
d

u
cin

g
 th

is re
su

lt is
a

s fo
llo

w
s.  C

o
n

sid
e

r a
 la

n
g

u
a

g
e

 w
h

ich
 fo

rb
id

s co
m

p
le

x sylla
b

le
 m

a
rg

in
s.  It re

so
lve

s
in

p
u

ts w
ith

 su
ch

 a
 stru

ctu
re

 b
y e

p
e

n
th

e
sizin

g
 a

 vo
w

e
l.  T

h
is o

u
tco

m
e

 is p
ro

d
u

ce
d

 b
y th

e
fo

llo
w

in
g

 ra
n

kin
g

:
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(81) 
E

penthesis to avoid com
plex syllable m

argins:
M

A
X

-IO
, *C

O
M

P
LE

X
 >

>
 D

E
P-IO

/tark/
M

A
X

-IO
*C

O
M

P
LE

X
D

E
P-IO

☞
a. tarIk

*

b
. ta

r
*!

c. tark
*!

S
u

p
p

o
se

 th
a

t th
e

 m
a

rke
d

n
e

ss co
n

stra
in

t, *p
, w

a
s a

ssig
n

e
d

 sym
p

a
th

y sta
tu

s.  S
in

ce
 [p

]
o

ccu
rs fre

e
ly in

 w
o

rd
s o

f th
e

 la
n

g
u

a
g

e
, M
A

X
-IO

 m
u

st d
o

m
in

a
te

 *p
.  H

o
w

e
ve

r, th
e

sym
p

a
th

y sta
tu

s o
f *p

 w
ill se

rve
 to

 se
le

ct ca
n

d
id

a
te

s w
ith

o
u

t [p
] a

s th
e

 sym
p

a
th

y fo
rm

.
S

e
le

ctio
n

 o
f th

e
 sym

p
a

th
e

tic co
-ca

n
d

id
a

te
 fo

r a
 w

o
rd

 co
n

ta
in

in
g

 /p
/ is illu

stra
te

d
 in

 (8
2

).
A

 co
lu

m
n

 co
n

ta
in

in
g

 o
th

e
r se

g
m

e
n

ta
l m

a
rke

d
n

e
ss co

n
stra

in
ts, *k a

n
d

 *r, is a
d

d
e

d
 h

e
re

for com
parison.

  (8
2

) 
*p

 a
s th

e
 sym

p
a

th
y co

n
stra

in
t:

/tarp/
M

A
X

-IO
*p

❀
*r, *k

*C
O

M
P

LE
X

D
E

P-IO

a. tarIp
*

*
*

b
. ta

rp
*

*
*

❀
c. tar

*
*

d. ta
**!

R
a

n
kin

g
 DE

P-❀
O

 b
e

lo
w

 M
A

X
-IO

 w
ill n

o
w

 se
le

ct a
s o

p
tim

a
l th

e
 ca

n
d

id
a

te
sa

tisfyin
g

 M
A

X
 w

h
ich

 m
o

st clo
se

ly re
se

m
b

le
s th

e
 sym

p
a

th
y fo

rm
.  F

o
r a

n
 in

p
u

t like
/tarp/, this w

ill be the com
pletely faithful output, even though it violates *C

O
M

P
L

E
X

.

  (83) S
e

le
ctin

g
 th

e
 a

ctu
a

l o
u

tp
u

t:

/tarp/
M

A
X

-IO
D

E
P-❀

O
*p

❀
*r, *k

*C
O

M
P

LE
X

D
E

P-IO

a. tarIp
**!

*
*

*

☞
b

. ta
rp

*
*

*
*

❀
c. tar

*!
*

d. ta
*!*

In
 co

n
tra

st, co
d

a
 clu

ste
rs th

a
t d

o
 n

o
t co

n
ta

in
 [p

] w
ill b

e
 u

n
a

ffe
cte

d
 b

y th
e

 d
e

riva
tio

n
a

l
o

p
a

city e
ffe

ct; th
e

y w
ill b

e
 re

so
lve

d
 b

y e
p

e
n

th
e

sis:
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  (84) 
F

orm
s not containing [p] are unaffected:

/tark/
M

A
X

-IO
D

E
P-❀

O
*p

❀
*r, *k

*C
O

M
P

LE
X

D
E

P-IO

❀
 ☞

a. tarIk
**

*

b
. ta

r
*!

*

c. tark
**

*!

B
e

ca
u

se
 th

e
 co

n
stra

in
t-b

a
se

d
 m

o
d

e
l ca

n
 p

o
te

n
tia

lly sin
g

le
 o

u
t a

n
y co

n
stra

in
t fo

r
sym

p
a

th
y sta

tu
s, it is ca

p
a

b
le

 o
f p

ro
d

u
cin

g
 th

is se
g

m
e

n
t-sp

e
cific e

xce
p

tio
n

a
lity to

g
e

n
e

ra
l p

h
o

n
o

lo
g

ica
l p

h
e

n
o

m
e

n
a

 in
 th

e
 la

n
g

u
a

g
e

.  T
h

is se
e

m
s to

 b
e

 a
 p

o
w

e
r th

a
t w

o
u

ld
b

e
st b

e
 e

sch
e

w
e

d
.

In
 th

is re
sp

e
ct, th

e
 p

re
se

n
t m

o
d

e
l o

f h
a

rm
o

n
ic sym

p
a

th
y is d

istin
ct fro

m
co

n
stra

in
t-b

a
se

d
 sym

p
a

th
y: h

a
rm

o
n

ic sym
p

a
th

y ca
n

n
o

t d
e

rive
 th

e
 se

g
m

e
n

t-sp
e

cific
in

visib
ility o

f th
e

 so
rt d

e
rive

d
 a

b
o

ve
.  If w

e
 a

tte
m

p
t to

 re
p

ro
d

u
ce

 th
is e

ffe
ct u

n
d

e
r

h
a

rm
o

n
ic sym

p
a

th
y, w

e
 m

u
st in

vo
ke

 a
 co

n
stra

in
t h

ie
ra

rch
y b

ifu
rca

tio
n

 b
e

tw
e

e
n

 M
A

X
-

IO
 a

n
d

 *p
, w

ith
 M

A
X

 m
o

vin
g

 in
to

 th
e

 P
1

 co
m

p
o

n
e

n
t.  A

s in
 th

e
 ra

n
kin

g
 u

n
d

e
r

co
n

stra
in

t-b
a

se
d

 sym
p

a
th

y, th
is m

e
a

n
s th

a
t M

A
X

-IO
 w

ill b
e

 re
sp

e
cte

d
 in

 th
e

 a
ctu

a
l

o
u

tp
u

t a
n

d
 *p

 w
ill co

n
trib

u
te

 to
 se

le
ctio

n
 o

f th
e

 sym
p

a
th

y ca
n

d
id

a
te

.  H
o

w
e

ve
r,

h
a

rm
o

n
ic sym

p
a

th
y d

o
e

s n
o

t a
ctu

a
lly d

e
sig

n
a

te
 *p

 a
s sp

e
cia

l in
 d

e
te

rm
in

in
g

 th
e

sym
p

a
th

y ca
n

d
id

a
te

; th
is ro

le
 is p

la
ye

d
 b

y th
e

 e
n

tire
 P

2
 h

ie
ra

rch
y.  W

ith
 M

A
X

-IO
 o

u
t o

f
th

e
 p

ictu
re

 in
 P

2
, a

ll o
f th

e
 se

g
m

e
n

ta
l m

a
rke

d
n

e
ss co

n
stra

in
ts w

ill co
n

trib
u

te
 to

 se
le

ctio
n

o
f th

e
 sym

p
a

th
y fo

rm
.  T

h
is re

su
lts in

 a
n

 ‘e
m

e
rg

e
n

ce
 o

f th
e

 u
n

m
a

rke
d

’ (M
cC

a
rth

y a
n

d
P

rin
ce

 1
9

9
4

b
): th

e
 sym

p
a

th
e

tic ca
n

d
id

a
te

 w
ill b

e
 o

f u
n

m
a

rke
d

 sh
a

p
e

, e
.g

. a
lw

a
ys a

 C
V

syllable. 27

  (8
5

) 
/ta

rp
/: S

e
le

ctio
n

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te

       
      P

1
       

       P
2

/tarp/
M

A
X

-IO
*p

*k, *r
*C

O
M

P
LE

X
D

E
P-IO

a. tarIp
*(!)

*(!)
*

b
. ta

rp
*(!)

*(!)
*(!)

c. tar
*

*!

d
. ta

**
❀

2
7  I a

ssu
m

e
 h

e
re

 th
a

t a
 h

ig
h

-ra
n

ke
d

 R
E

A
L

IZ
E

M
O

R
P

H in
 P

2
 ru

le
s o

u
t th

e
 n

u
ll p

a
rse

 a
lte

rn
a

tive
.
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  (8
6

) 
/ta

rk/: S
e

le
ctio

n
 o

f th
e

 sym
p

a
th

y ca
n

d
id

a
te

       
      P

1
       

       P
2

/tark/
M

A
X

-IO
*p

*k, *r
*C

O
M

P
LE

X
D

E
P-IO

a. tarIk
*!*

*

b
. ta

rk
*(!)*

*(!)

c. tak
*

*!

d
. ta

**
❀

M
A

X
-IO

 a
n

d
 sym

p
a

th
e

tic fa
ith

 w
ill n

o
w

 se
le

ct th
e

 co
m

p
le

te
ly fa

ith
fu

l o
u

tp
u

t in
 b

o
th

cases.  E
penthesis into coda clusters w

ill sim
ply never take place.

 (87) 
/tarp/: S

election of the optim
al output

       P
1

                        P
2

/tarp/
M

A
X

-IO
D

E
P-❀

O
*p

*k, *r
*C

O
M

P
LE

X
D

E
P-IO

a. tarIp
**!

*
*

*

☞
b

. ta
rp

*
*

*
*

c. tar
*!

*

d. ta
*!*

❀

  (88) 
/tark/: S

election of the optim
al output

       P
1

                        P
2

/tark/
M

A
X

-IO
D

E
P-❀

O
*p

*k, *r
*C

O
M

P
LE

X
D

E
P-IO

a. tarIk
**!

**
*

☞
b

. ta
rk

*
**

*

c. tak
*!

*

d. ta
*!*

❀

T
h

e
 a

b
o

ve
 h

a
s sh

o
w

n
 th

a
t o

p
a

city in
d

u
ce

d
 b

y a
 co

n
flict b

e
tw

e
e

n
 M

A
X

-IO
 a

n
d

*p
 ca

n
n

o
t p

ro
d

u
ce

 th
e

 e
ffe

ct o
f p

-sp
e

cific in
te

rm
e

d
ia

te
 in

visib
ility if M

A
X

-IO
 is

p
ro

m
o

te
d

 to
 P

1
.  T

h
e

 a
lte

rn
a

tive
 re

so
lu

tio
n

 w
o

u
ld

 b
e

 to
 p

ro
m

o
te

 *p
 to

 P
1

.  In
 th

is ca
se

,
*p

 w
o

u
ld

 o
u

tra
n

k M A
X

-IO
 yie

ld
in

g
 a

b
se

n
ce

 o
f [p

] in
 a

ll su
rfa

ce
 fo

rm
s in

 th
e

 la
n

g
u

a
g

e
.

F
ro

m
 a

 b
ro

a
d

e
r p

e
rsp

e
ctive

, co
n

stra
in

t-b
a

se
d

 sym
p

a
th

y a
n

d
 th

is m
o

d
e

l o
f h

a
rm

o
n

ic
sym

p
a

th
y d

iffe
r in

 th
e

 fo
llo

w
in

g
 re

sp
e

ct.  B
o

th
 m

o
d

e
ls a

re
 ca

p
a

b
le

 o
f p

ro
d

u
cin

g
 w

h
a

t
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m
a

y b
e

 co
n

sid
e

re
d

 D
u

ke
 o

f Y
o

rk g
a

m
b

it e
ffe

cts fo
r a

 sp
e

cific se
g

m
e

n
t, b

u
t h

a
rm

o
n

ic
sym

p
a

th
y a

ch
ie

ve
s th

is o
n

ly w
h

e
n

 th
a

t se
g

m
e

n
t n

e
ve

r su
rfa

ce
s in

 th
e

 la
n

g
u

a
g

e
 (o

r a
t

le
a

st n
o

t in
 th

a
t e

n
viro

n
m

e
n

t); co
n

stra
in

t-b
a

se
d

 sym
p

a
th

y in
clu

d
e

s th
e

se
 ca

se
s a

s w
e

ll a
s

th
o

se
 in

 w
h

ich
 th

e
 se

g
m

e
n

t b
e

h
a

ve
s in

visib
le

 b
u

t d
o

e
s in

 fa
ct su

rfa
ce

.  A
n

 e
xa

m
p

le
 o

f a
D

u
ke

 o
f Y

o
rk g

a
m

b
it u

n
d

e
r su

rfa
ce

 n
e

u
tra

liza
tio

n
 o

f th
e

 in
te

rm
e

d
ia

te
 se

g
m

e
n

t is
tra

n
sp

a
re

n
cy o

f a
 se

g
m

e
n

t in
 sp

re
a

d
in

g
, a

n
 a

tte
ste

d
 o

p
a

city p
h

e
n

o
m

e
n

o
n

.  A
n

 e
xa

m
p

le
of the other kind is the p-specific invisibility to com

plex syllable m
argins, a phenom

enon
u

n
like

ly to
 o

ccu
r.  In

 te
rm

s o
f co

n
stra

in
t-b

a
se

d
 sym

p
a

th
y, it sta

n
d

s a
s a

n
 o

b
se

rva
tio

n
a

l
g

e
n

e
ra

liza
tio

n
 th

a
t va

rio
u

s co
n

stra
in

ts m
a

y b
e

 sym
p

a
th

e
tic, su

ch
 a

s fa
ith

fu
ln

e
ss

co
n

stra
in

ts (T
ib

e
ria

n
 H

e
b

re
w

, M
cC

a
rth

y 1
9

9
7

), a
n

d
 a

lig
n

m
e

n
t o

r sp
re

a
d

in
g

 co
n

stra
in

ts
(G

e
rm

a
n

, Itô
 a

n
d

 M
e

ste
r 1

9
9

7
a

; T
u

yu
ca

, th
is ch

a
p

te
r), b

u
t n

o
t se

g
m

e
n

t-sp
e

cific
constraints (e.g. *p, *P

/i).  H
arm

onic sym
pathy rules out the segm

ent-specific invisibility
w

ith
o

u
t stip

u
la

tio
n

.  O
n

 th
e

 o
th

e
r h

a
n

d
, so

m
e

 p
o

te
n

tia
l d

ra
w

b
a

cks o
f th

e
 cu

rre
n

t m
o

d
e

l
o

f h
a

rm
o

n
ic sym

p
a

th
y w

ill b
e

 co
n

sid
e

re
d

 in
 se

ctio
n

 3
.7

.  A
 re

vise
d

 ve
rsio

n
 o

f h
a

rm
o

n
ic

sym
p

a
th

y d
e

sig
n

e
d

 to
 a

d
d

re
ss th

e
se

 d
ra

w
b

a
cks is clo

se
r to

 th
e

 co
n

stra
in

t-b
a

se
d

 m
o

d
e

l
a

n
d

 h
a

s th
e

 p
o

te
n

tia
l to

 b
e

 fa
ce

d
 w

ith
 th

e
 sa

m
e

 o
ve

rg
e

n
e

ra
tio

n
 p

ro
b

le
m

s.  It w
ill b

e
p

ro
p

o
se

d
, h

o
w

e
ve

r, th
a

t b
y sp

e
llin

g
 o

u
t o

p
a

q
u

e
 co

n
stra

in
t in

te
ra

ctio
n

s in
 te

rm
s o

f
ra

n
kin

g
 

a
n

d
 

co
n

stra
in

t 
h

ie
ra

rch
y 

se
g

m
e

n
ta

tio
n

, 
th

e
 

re
vise

d
 

ve
rsio

n
 

o
f 

h
a

rm
o

n
ic

sym
p

a
th

y p
ro

vid
e

s a
 fra

m
e

w
o

rk in
 w

h
ich

 th
e

 u
n

a
tte

ste
d

 n
a

tu
re

 o
f ce

rta
in

 o
p

a
city

e
ffe

cts ca
n

 b
e

 b
e

tte
r u

n
d

e
rsto

o
d

.
T

o
 su

m
m

a
rize

, in
 th

is se
ctio

n
 I h

a
ve

 co
n

sid
e

re
d

 th
e

 a
lte

rn
a

tive
 co

n
stra

in
t-b

a
se

d
m

o
d

e
l fo

r id
e

n
tifyin

g
 sym

p
a

th
e

tic ca
n

d
id

a
te

s.  W
h

ile
 th

is a
p

p
ro

a
ch

 h
a

s b
ro

u
g

h
t

im
p

o
rta

n
t in

sig
h

t to
 o

u
r u

n
d

e
rsta

n
d

in
g

 o
f d

e
riva

tio
n

a
l o

p
a

city in
 T

ib
e

ria
n

 H
e

b
re

w
(M

cC
a

rth
y 1

9
9

7
) a

n
d

 G
e

rm
a

n
 (Itô

 a
n

d
 M

e
ste

r 1
9

9
7

a
), it is a

lso
 ca

p
a

b
le

 o
f p

ro
d

u
cin

g
so

m
e

 u
n

d
e

sira
b

le
 o

p
a

city e
ffe

cts.  T
h

e
 p

re
se

n
t m

o
d

e
l o

f h
a

rm
o

n
ic sym

p
a

th
y m

o
d

e
l is

th
u

s p
re

fe
ra

b
le

 o
n

 th
e

 b
a

sis o
f b

e
in

g
 m

o
re

 re
strictive

, p
a

rticu
la

rly w
ith

 re
sp

e
ct to

p
re

se
rvin

g
 th

e
 g

e
n

e
ra

liza
tio

n
s ca

p
tu

re
d

 b
y fixe

d
 co

n
stra

in
t h

ie
ra

rch
ie

s.  A
n

o
th

e
r

a
ttra

ctive
 fe

a
tu

re
 o

f h
a

rm
o

n
ic sym

p
a

th
y is th

a
t it re

in
te

rp
re

ts th
e

 ‘sym
p

a
th

y’ sta
tu

s o
f

constraints m
ore directly in term

s of the kinds of m
echanism

s that are already required in
O

p
tim

a
lity T

h
e

o
ry, n

a
m

e
ly e

va
lu

a
tio

n
 o

f ca
n

d
id

a
te

s b
y strictly ra

n
ke

d
 co

n
stra

in
t

h
ie

ra
rch

ie
s a

n
d

 re
so

lu
tio

n
 o

f co
n

stra
in

t co
n

flict b
y ra

n
kin

g
.  W

h
e

re
 it in

n
o

va
te

s is in
p

e
rm

ittin
g

 p
h

o
n

o
lo

g
ica

l co
n

stra
in

t h
ie

ra
rch

ie
s to

 b
e

 o
rg

a
n

ize
d

 in
to

 se
g

m
e

n
ts to

 p
ro

d
u

ce
o

p
a

city e
ffe

cts: it a
llo

w
s fo

r a
n

 o
p

a
q

u
e

 re
so

lu
tio

n
 o

f a
 co

n
stra

in
t co

n
flict.  F

u
rth

e
r

in
ve

stig
a

tio
n

 o
f o

p
a

city e
ffe

cts w
ill su

re
ly co

n
tin

u
e

 to
 re

fin
e

 o
u

r u
n

d
e

rsta
n

d
in

g
 o

f th
e

a
p

p
ro

p
ria

te
ly co

n
stra

in
e

d
 m

e
a

n
s fo

r d
e

sig
n

a
tin

g
 a

 sym
p

a
th

e
tic ca

n
d

id
a

te
.  H

a
rm

o
n

ic
sym

p
a

th
y is a

 p
ro

m
isin

g
 ste

p
 in

 th
is d

ire
ctio

n
.  In

 se
ctio

n
 3

.7
, I co

n
sid

e
r so

m
e

 fu
rth

e
r
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issu
e

s b
e

a
rin

g
 o

n
 th

e
 co

m
p

a
riso

n
 o

f h
a

rm
o

n
ic a

n
d

 co
n

stra
in

t-b
a

se
d

 sym
p

a
th

y, a
n

d
 I

su
g

g
e

st a
 p

o
ssib

le
 re

visio
n

 o
f h

a
rm

o
n

ic sym
p

a
th

y to
 b

e
tte

r in
co

rp
o

ra
te

 so
m

e
 stre

n
g

th
s

o
f th

e
 co

n
stra

in
t-b

a
se

d
 m

o
d

e
l.

3
.5

F
innish

I n
o

w
 tu

rn
 to

 a
 co

n
sid

e
ra

tio
n

 o
f h

a
rm

o
n

ic sym
p

a
th

y in
 re

la
tio

n
 to

 a
n

o
th

e
r (d

e
riva

tio
n

a
l)

o
p

a
city e

ffe
ct, n

a
m

e
ly tra

n
sp

a
re

n
t vo

w
e

ls in
 F

in
n

ish
 vo

w
e

l h
a

rm
o

n
y.  A

s n
o

te
d

 in
 3

.1
,

m
a

n
y ca

se
s o

f tra
n

sp
a

re
n

t vo
w

e
ls in

 vo
w

e
l h

a
rm

o
n

y a
re

 cle
a

rly in
sta

n
ce

s o
f a

n
ta

g
o

n
istic

tra
n

sp
a

re
n

cy, w
h

e
re

 th
e

 sp
re

a
d

in
g

 fe
a

tu
re

 is tru
ly in

co
m

p
a

tib
le

 w
ith

 th
e

 tra
n

sp
a

re
n

t
se

g
m

e
n

t.  A
 fa

lse
 tra

n
sp

a
re

n
cy a

cco
u

n
t d

o
e

s n
o

t a
p

p
ly to

 th
e

se
 ca

se
s.  T

h
e

 e
xa

m
p

le
 o

f
a

n
ta

g
o

n
istic tra

n
sp

a
re

n
cy in

 vo
w

e
l h

a
rm

o
n

y th
a

t I w
ill e

xa
m

in
e

 h
e

re
 co

m
e

s fro
m

F
innish, a language of the U

ral-A
ltaic fam

ily.  T
hroughout the U

ral-A
ltaic fam

ily, there is
w

id
e

sp
re

a
d

 vo
w

e
l h

a
rm

o
n

y fo
r b

a
ckn

e
ss, ro

u
n

d
in

g
, a

n
d

 [A
T

R
], w

h
ich

 h
a

ve
 b

e
e

n
 m

u
ch

discussed in the literature.  In F
innish, it is vow

el backness that spreads.
T

h
e

 su
rfa

ce
 vo

w
e

l in
ve

n
to

ry o
f F

in
n

ish
 is g

ive
n

 in
 (8

9
) (e

a
ch

 vo
w

e
l m

a
y b

e
 lo

n
g

o
r sh

o
rt) (R

in
g

e
n

 1
9

7
5

; K
ip

a
rsky 1

9
8

1
; d

a
ta

 ta
ke

n
 fro

m
 va

n
 d

e
r H

u
lst &

 va
n

 d
e

 W
e

ije
r

1
9

9
5

).

(8
9

)
fro

n
t

b
a

ck
h

ig
h

i
y

     u

m
id

e
O

     o

lo
w

Q
a

T
h

e
 in

te
re

stin
g

 a
sym

m
e

try in
 th

e
 F

in
n

ish
 in

ve
n

to
ry is th

e
 a

b
se

n
ce

 o
f b

a
ck co

u
n

te
rp

a
rts

fo
r th

e
 h

ig
h

 a
n

d
 m

id
 u

n
ro

u
n

d
e

d
 vo

w
e

ls /i/ a
n

d
 /e

/ (*
µ

, *F
).  T

h
e

se
 tw

o
 u

n
p

a
ire

d
 vo

w
e

ls
a

re
 ‘n

e
u

tra
l’ in

 th
e

 syste
m

.
F

in
n

ish
 e

xh
ib

its a
 vo

w
e

l h
a

rm
o

n
y in

 w
h

ich
 a

ll vo
w

e
ls m

u
st e

ith
e

r b
e

 fro
n

t o
r

b
a

ck.  T
h

is is a
 sta

tic g
e

n
e

ra
liza

tio
n

 h
o

ld
in

g
 w

ith
in

 ste
m

s.  A
lte

rn
a

tio
n

s co
n

d
itio

n
e

d
 b

y
vo

w
e

l h
a

rm
o

n
y a

re
 a

p
p

a
re

n
t in

 su
ffixe

s (like
 o

th
e

r U
ra

l-A
lta

ic la
n

g
u

a
g

e
s, F

in
n

ish
 is a

su
ffixin

g
 la

n
g

u
a

g
e

).  F
in

n
ish

 su
ffixe

s h
a

ve
 tw

o
 a

lte
rn

a
n

ts, a
n

d
 th

e
 ste

m
 se

le
cts th

e
 o

n
e

a
g

re
e

in
g

 w
ith

 n
o

n
-n

e
u

tra
l ste

m
 vo

w
e

ls.

(9
0

)
 a.

ty
h
m

Q
-stQ

‘stupid’ (ill.)
 b.

tu
h
m

a-sta
‘n

a
u

g
h

ty’ (ill.)
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S
u

ffixe
s co

n
ta

in
in

g
 a

n
 /i/ o

r /e
/ d

o
 n

o
t h

a
ve

 a
 b

a
ck a

lte
rn

a
n

t, b
e

ca
u

se
 o

f th
e

 a
b

se
n

ce
 o

f a
b

a
ck co

u
n

te
rp

a
rt fo

r th
e

se
 vo

w
e

ls.  H
o

w
e

ve
r, th

e
se

 n
o

n
-a

lte
rn

a
tin

g
 vo

w
e

ls d
o

 n
o

t
d

e
te

rm
in

e
 th

e
 fro

n
t-b

a
ck q

u
a

lity o
f th

e
 vo

w
e

l in
 a

n
y su

cce
e

d
in

g
 su

ffixe
s.  V

o
w

e
ls in

su
cce

e
d

in
g

 su
ffixe

s w
ill a

g
re

e
 w

ith
 th

e
 la

st n
o

n
-n

e
u

tra
l vo

w
e

l in
 th

e
 ste

m
, so

 b
a

ck
vo

w
e

ls w
ill fo

llo
w

 /i/ a
n

d
 /e

/ if th
e

re
 is a

 b
a

ck vo
w

e
l in

 th
e

 ste
m

.  /i/ a
n

d
 /e

/ th
u

s b
e

h
a

ve
tra

n
sp

a
re

n
t to

 th
e

 h
a

rm
o

n
y:

(91)
a.

v
Q

rttin
Q

-llQ
-n

i-h
Q

n
‘w

ith
 sp

in
n

in
g

 w
h

e
e

l, a
s yo

u
 kn

o
w

’
 

b
.

p
a
lttin

a-lla-n
i-h

an
‘w

ith
 lin

e
n

 clo
th

, a
s yo

u
 kn

o
w

’
c.

ljO-d
Q

-k
se-n

i-k
O

‘for m
e to hit’

d
.

ljo-d
a-k

se-n
i-k

o
‘fo

r m
e

 to
 cre

a
te

’

T
h

e
 a

n
a

lysis o
f n

a
sa

l h
a

rm
o

n
y h

a
s sh

o
w

n
 th

a
t th

e
re

 is g
o

o
d

 re
a

so
n

 to
 b

e
lie

ve
 th

a
t

sp
re

a
d

in
g

 is a
 strictly lo

ca
l p

h
e

n
o

m
e

n
o

n
 ta

kin
g

 p
la

ce
 o

n
ly b

e
tw

e
e

n
 a

d
ja

ce
n

t se
g

m
e

n
ts.

N
o

n
-lo

ca
l o

u
tco

m
e

s ca
n

n
o

t b
e

 d
rive

n
 d

ire
ctly b

y th
e

 d
e

m
a

n
d

 o
f sp

re
a

d
in

g
; th

e
se

 in
ste

a
d

co
m

e
 a

b
o

u
t th

ro
u

g
h

 a
n

 o
p

a
q

u
e

 co
n

stra
in

t in
te

ra
ctio

n
 w

h
e

re
 sym

p
a

th
e

tic fa
ith

 d
rive

s a
n

o
u

tp
u

t m
o

st clo
se

ly re
se

m
b

lin
g

 th
e

 fu
lly sp

re
a

d
 ca

n
d

id
a

te
 in

 fe
a

tu
ra

l p
ro

p
e

rtie
s w

h
ile

still re
sp

e
ctin

g
 so

m
e

 h
ig

h
-ra

n
ke

d
 se

g
m

e
n

ta
l m

a
rke

d
n

e
ss co

n
stra

in
t.  T

h
is re

su
lt ca

n
 b

e
m

a
in

ta
in

e
d

 fo
r a

n
ta

g
o

n
istica

lly-tra
n

sp
a

re
n

t vo
w

e
ls in

 vo
w

e
l h

a
rm

o
n

y b
y p

o
sitin

g
 a

n
o

p
a

q
u

e
 

re
so

lu
tio

n
 

o
f 

th
e

 
co

n
flict 

b
e

tw
e

e
n

 
th

e
 

[b
a

ck] 
sp

re
a

d
in

g
 

co
n

stra
in

t 
a

n
d

se
g

m
e

n
ta

l m
a

rke
d

n
e

ss co
n

stra
in

ts p
ro

h
ib

itin
g

 th
e

 o
ccu

rre
n

ce
 o

f th
e

 b
a

ck co
u

n
te

rp
a

rts
to

 th
e

 tra
n

sp
a

re
n

t vo
w

e
ls (*

µ
, *F

).  In
 co

n
tra

st to
 n

a
sa

l h
a

rm
o

n
y, tra

n
sp

a
re

n
cy in

 vo
w

e
l

h
a

rm
o

n
y d

o
e

s n
o

t a
rise

 w
ith

 se
g

m
e

n
ts th

a
t a

re
 u

n
ive

rsa
lly in

co
m

p
a

tib
le

 w
ith

 th
e

sp
re

a
d

in
g

 
fe

a
tu

re
; 

th
e

 
tra

n
sp

a
re

n
t 

se
g

m
e

n
ts 

a
re

 
typ

ica
lly 

th
o

se
 

fo
r 

w
h

ich
 

th
e

co
u

n
te

rp
a

rts th
a

t w
o

u
ld

 b
e

 d
e

rive
d

 in
 vo

w
e

l h
a

rm
o

n
y a

re
 sim

p
ly b

a
n

n
e

d
 in

 th
e

la
n

g
u

a
g

e
 fo

r so
m

e
 re

a
so

n
 (e

.g
. la

n
g

u
a

g
e

-p
a

rticu
la

r co
n

tra
st d

e
m

a
n

d
s).  T

h
u

s, /i/ a
n

d
 /e

/
b

e
h

a
ve

 tra
n

sp
a

re
n

t in
 F

in
n

ish
 sim

p
ly b

e
ca

u
se

 [
µ

] a
n

d
 [F

] a
re

 d
isa

llo
w

e
d

 in
 th

is
p

a
rticu

la
r la

n
g

u
a

g
e

, a
lth

o
u

g
h

 th
is is n

o
t b

e
ca

u
se

 th
e

y a
re

 p
h

o
n

e
tica

lly im
p

o
ssib

le
se

g
m

e
n

ts to
 m

a
ke

; th
e

se
 se

g
m

e
n

ts d
o

 a
ctu

a
lly o

ccu
r in

 so
m

e
 la

n
g

u
a

g
e

s.
T

h
e

 co
n

stra
in

t co
n

flict th
a

t b
rin

g
s a

b
o

u
t th

e
 o

ccu
rre

n
ce

 o
f tra

n
sp

a
re

n
t se

g
m

e
n

ts
in

 F
in

n
ish

 is b
e

tw
e

e
n

 th
e

 sp
re

a
d

in
g

 co
n

stra
in

t, S
P

R
E

A
D[±

b
a

ck] a
n

d
 th

e
 m

a
rke

d
n

e
ss

co
n

stra
in

ts, *µ
, *F

 (a
b

b
re

via
tin

g
 fe

a
tu

re
 co

o
ccu

rre
n

ce
 co

n
stra

in
ts co

rre
sp

o
n

d
in

g
 to

th
e

se
 se

g
m

e
n

ts).  T
h

e
 m

a
rke

d
n

e
ss co

n
stra

in
ts a

re
 th

e
 o

n
e

s th
a

t w
in

 in
 th

e
 ra

n
kin

g
; th

e
se

co
n

stra
in

ts a
re

 su
rfa

ce
-tru

e
 in

 th
e

 la
n

g
u

a
g

e
.  O

n
 th

e
 o

th
e

r h
a

n
d

, S
P

R
E

A
D[±b

a
ck] w

in
s in

th
e

 sym
p

a
th

y co
m

p
e

titio
n

.  T
h

e
 co

n
stra

in
t co

n
flict is th

u
s re

so
lve

d
 w

ith
 a

 h
ie

ra
rch

y
b

ifu
rca

tio
n

 w
ith

 *µ
, *F

 a
d

va
n

cin
g

 to
 P

1
 a

n
d

 S PR
E

A
D[±b

a
ck] lo

ca
te

d
 a

t th
e

 to
p

 o
f th

e
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P
2

 h
ie

ra
rch

y.  T
h

e
 o

u
tco

m
e

 is illu
stra

te
d

 in
 (9

2
-9

3
).  T

h
e

 sp
re

a
d

in
g

 co
n

stra
in

t d
o

m
in

a
te

s
th

e
 m

a
rke

d
n

e
ss co

n
stra

in
ts a

g
a

in
st vo

w
e

ls th
a

t a
ctu

a
lly o

ccu
r in

 F
in

n
ish

.  A
lso

 sh
o

w
n

h
e

re
 is th

a
t h

ig
h

-ra
n

ke
d

 in
itia

l-sylla
b

le
 fa

ith
 in

 P
2

 e
n

fo
rce

s p
re

se
rva

tio
n

 o
f th

e
 fe

a
tu

ra
l

properties of the initial syllable, resulting in the initial syllable triggering spreading (after
B

e
ckm

a
n

 1
9

9
5

, 1
9

9
7

, 1
9

9
8

).  T
h

e
 ta

b
le

a
u

 in
 (9

2
) sh

o
w

s se
le

ctio
n

 o
f th

e
 sym

p
a

th
y

candidate, w
hich is the one w

ith full spreading from
 the initial syllable.

(9
2

)
S

e
le

ctio
n

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
 (h

yp
o

th
e

tica
l in

p
u

t)

                          P
1

                           P
2

p
a
lttin

Q
-lla-n

i-h
Q

n
*
µ*
F

ID
E

N
T-❀

O
[±back]

S
P

R
E

A
D

[±back]
F

aith-σ
1

*i, *e
, *y, *u

,
*
O

, *o
, *Q

, *a
F

aith

a
.p

a
lttin

a-lla-n
i-h

a
n

**
*!*****
*****...

******
**

b
.p

a
lttµ

n
a-lla-n

µ
-h

a
n

**
❀

****
****

c. p
Q

lttin
Q

-llQ
-n

i-h
Q

n
******

*!
******

**

T
h

e
 ta

b
le

a
u

 in
 (9

3
) illu

stra
te

s se
le

ctio
n

 o
f th

e
 a

ctu
a

l o
u

tp
u

t.  T
h

is is th
e

 ca
n

d
id

a
te

 w
h

ich
m

o
st clo

se
ly re

se
m

b
le

s th
e

 sym
p

a
th

y ca
n

d
id

a
te

 in
 [±

b
a

ck] sp
e

cifica
tio

n
s, w

h
ile

 still
re

sp
e

ctin
g

 th
e

 m
a

rke
d

n
e

ss co
n

stra
in

ts p
ro

h
ib

itin
g

 [
µ

] a
n

d
 [F

].  T
h

is is th
e

 o
u

tp
u

t in
w

h
ich

 /i/ b
e

h
a

ve
s tra

n
sp

a
re

n
t.

(9
3

)
S

e
le

ctio
n

 o
f th

e
 a

ctu
a

l o
u

tp
u

t

                          P
1

                           P
2

p
a
lttin

Q
-lla-n

i-h
Q

n
*
µ*
F

ID
E

N
T-❀

O
[±back]

S
P

R
E

A
D

[±back]
F

aith-σ
1

*i, *e
, *y, *u

,
*
O

, *o
, *Q

, *a
F

aith

☞
a

.p
a
lttin

a-lla-n
i-h

a
n

**
*******
****...

******
**

b
.p

a
lttµ

n
a-lla-n

µ
-h

a
n

*!*
❀

****
****

c. p
Q

lttin
Q

-llQ
-n

i-h
Q

n
***!***

*
******

**

T
h

e
 a

b
o

ve
 ta

b
le

a
u

x o
u

tlin
e

 h
o

w
 th

e
 tra

n
sp

a
re

n
t vo

w
e

ls in
 vo

w
e

l h
a

rm
o

n
y ca

n
b

e
 a

n
a

lyze
d

 a
s a

risin
g

 th
ro

u
g

h
 a

n
 o

p
a

q
u

e
 co

n
stra

in
t in

te
ra

ctio
n

.  T
h

is sim
p

ly p
re

se
n

ts a
n

o
ve

rvie
w

 o
f th

e
 g

e
n

e
ra

l a
p

p
ro

a
ch

; th
e

 vo
w

e
l h

a
rm

o
n

y o
f F

in
n

ish
 a

n
d

 o
th

e
r la

n
g

u
a

g
e

s
o

ffe
r a

d
d

itio
n

a
l co

m
p

le
xitie

s w
h

ich
 w

ill n
o

t b
e

 e
xa

m
in

e
d

 h
e

re
, a

lth
o

u
g

h
 th

e
y a

re
ce

rta
in

ly o
f a

n
a

lytica
l in

te
re

st.  W
h

a
t is im

p
o

rta
n

t a
b

o
u

t th
e

 a
b

o
ve

 a
cco

u
n

t is th
a

t it
b

rin
g

s a
n

ta
g

o
n

istic tra
n

sp
a

re
n

cy in
 b

o
th

 vo
w

e
l h

a
rm

o
n

y a
n

d
 in

 n
a

sa
l h

a
rm

o
n

y u
n

d
e

r
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th
e

 u
m

b
re

lla
 o

f th
e

 m
o

re
 g

e
n

e
ra

l p
h

o
n

o
lo

g
ica

l p
h

e
n

o
m

e
n

o
n

 o
f d

e
riva

tio
n

a
l o

p
a

city
e

ffe
cts. 

 
U

n
d

e
r 

th
is 

a
p

p
ro

a
ch

, 
tru

e
 

tra
n

sp
a

re
n

cy 
is 

n
o

t 
a

n
a

lyze
d

 
w

ith
 

p
a

ro
ch

ia
l

co
n

stra
in

ts sp
e

cific to
 skip

p
in

g
 o

f se
g

m
e

n
ts in

 sp
re

a
d

in
g

.  S
e

g
m

e
n

ta
l tra

n
sp

a
re

n
cy is

ra
th

e
r o

n
e

 in
sta

n
tia

tio
n

 o
f th

e
 o

p
a

city e
ffe

cts th
a

t a
re

 p
e

rva
sive

 in
 th

e
 p

h
o

n
o

lo
g

ie
s o

f
la

n
g

u
a

g
e

s o
f th

e
 w

o
rld

.

3.6.
A

n evaluation m
etric for opacity

I co
n

clu
d

e
 th

is d
iscu

ssio
n

 b
y re

vie
w

in
g

 w
h

e
re

 w
e

 sta
n

d
 n

o
w

 o
n

 th
e

 su
b

je
ct o

f
d

e
riva

tio
n

a
l o

p
a

city, se
g

m
e

n
ta

l tra
n

sp
a

re
n

cy a
n

d
 th

e
 lo

ca
lity o

f sp
re

a
d

in
g

.  C
h

a
p

te
r 2

p
re

se
n

te
d

 a
 typ

o
lo

g
ica

l a
rg

u
m

e
n

t th
a

t fe
a

tu
re

 sp
re

a
d

in
g

 is strictly se
g

m
e

n
ta

lly lo
ca

l: a
u

n
ifie

d
 typ

o
lo

g
y w

ith
 a

ll e
xp

e
cte

d
 h

ie
ra

rch
ica

l va
ria

n
ts a

tte
ste

d
 is a

ch
ie

ve
d

 if syste
m

s
w

ith
 so

m
e

 tra
n

sp
a

re
n

t o
b

stru
e

n
ts a

re
 re

g
a

rd
e

d
 a

s p
a

tte
rn

s in
 w

h
ich

 a
ll se

g
m

e
n

ts a
ctu

a
lly

u
n

d
e

rg
o

 [n
a

sa
l] sp

re
a

d
in

g
.  T

h
is a

n
a

lytica
l ste

p
 a

lso
 h

a
s th

e
 im

p
o

rta
n

t re
su

lt o
f

e
xp

la
in

in
g

 w
h

y tra
n

sp
a

re
n

t a
n

d
 ta

rg
e

t se
g

m
e

n
ts p

a
tte

rn
 to

g
e

th
e

r in
 im

p
lyin

g
 th

a
t a

ll
se

g
m

e
n

ts m
o

re
 co

m
p

a
tib

le
 w

ith
 n

a
sa

liza
tio

n
 w

ill a
lso

 b
e

 p
e

rm
e

a
te

d
 b

y n
a

sa
liza

tio
n

.
T

h
e

se
 typ

o
lo

g
ica

l g
ro

u
n

d
s o

ffe
r re

a
so

n
 to

 b
e

lie
ve

 th
a

t th
e

 g
a

p
p

e
d

 co
n

fig
u

ra
tio

n
 is n

o
t a

p
o

ssib
le

 p
h

o
n

o
lo

g
ica

l re
p

re
se

n
ta

tio
n

, i.e
. it m

a
y n

o
t b

e
 vio

la
te

d
 in

 th
e

 se
t o

f o
u

tp
u

ts th
a

t
G

e
n

 p
ro

d
u

ce
s.  T

h
e

 u
n

ive
rsa

l ill-fo
rm

e
d

n
e

ss o
f th

e
 g

a
p

p
e

d
 co

n
fig

u
ra

tio
n

 is a
lso

m
o

tiva
te

d
 o

n
 o

th
e

r g
ro

u
n

d
s.  It h

a
s b

a
sis in

 th
e

 co
n

ce
p

tio
n

 o
f e

a
ch

 fe
a

tu
re

 o
ccu

rre
n

ce
a

s co
rre

sp
o

n
d

in
g

 to
 a

n
 u

n
in

te
rru

p
te

d
 g

e
stu

re
, w

ith
 fo

u
n

d
a

tio
n

 in
 th

e
 in

sig
h

ts o
f

A
rticulatory P

honology (B
row

m
an and G

oldstein 1986, 1989, 1990; G
afos 1996).  It also

is su
p

p
o

rte
d

 b
y in

d
e

p
e

n
d

e
n

t w
o

rk a
rg

u
in

g
 fo

r th
e

 se
g

m
e

n
ta

lly-strict lo
ca

lity o
f fe

a
tu

re
sp

re
a

d
in

g
 (N

í C
h

io
sá

in
 a

n
d

 P
a

d
g

e
tt 1

9
9

7
; cf. G

a
fo

s 1
9

9
6

; w
ith

 fo
u

n
d

a
tio

n
 in

 a
n

a
lyse

s
b

y 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

; P
a

d
g

e
tt 1

9
9

5
a

; F
le

m
m

in
g

 1
9

9
5

b
;

W
alker and P

ullum
 1997; am

ong others).
Im

p
o

rta
n

tly, in
 a

d
d

itio
n

 to
 th

e
se

 va
rio

u
s m

o
tiva

tio
n

s fo
r re

je
ctin

g
 a

 vio
la

b
le

co
n

ce
p

tio
n

 o
f th

e
 g

a
p

p
e

d
 co

n
fig

u
ra

tio
n

, th
e

 a
n

a
lysis in

 th
is ch

a
p

te
r h

a
s la

id
 o

u
t o

n
e

m
o

re
: th

e
 g

a
p

p
e

d
 co

n
fig

u
ra

tio
n

 is n
o

t n
e

e
d

e
d

 to
 o

b
ta

in
 tra

n
sp

a
re

n
cy o

f se
g

m
e

n
ts in

sp
re

a
d

in
g

 (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, 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).  In
 th

is ch
a

p
te

r I h
a

ve
 sh

o
w

n
 th

a
t se

g
m

e
n

ta
l tra

n
sp

a
re

n
cy ca

n
b

e
 a

ch
ie

ve
d

 th
ro

u
g

h
 a

 m
u

ch
 m

o
re

 g
e

n
e

ra
l d

e
vice

 th
a

t is re
q

u
ire

d
 fo

r a
 ra

n
g

e
 o

f
p

h
o

n
o

lo
g

ica
l p

h
e

n
o

m
e

n
a

 b
e

yo
n

d
 ju

st se
g

m
e

n
ta

l tra
n

sp
a

re
n

cy, n
a

m
e

ly d
e

riva
tio

n
a

l
o

p
a

city e
ffe

cts.  A
n

y a
d

e
q

u
a

te
 th

e
o

ry o
f p

h
o

n
o

lo
g

y m
u

st b
e

 a
b

le
 to

 p
ro

d
u

ce
 th

e
o

p
a

city e
ffe

cts w
h

ich
 a

re
 w

id
e

sp
re

a
d

 in
 th

e
 p

h
o

n
o

lo
g

ie
s o

f th
e

 la
n

g
u

a
g

e
s o

f th
e

 w
o

rld
.

In
 a

n
a

lyzin
g

 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, tra

n
sp

a
re

n
cy is

- 156 -

u
n

d
e

rsto
o

d
 a

s o
n

e
 o

f a
 se

t o
f w

e
ll-d

o
cu

m
e

n
te

d
 e

ffe
cts o

f th
is kin

d
, n

o
t a

s a
 u

n
iq

u
e

 e
ve

n
t

re
q

u
irin

g
 a

 p
h

e
n

o
m

e
n

o
n

-sp
e

cific th
e

o
ry.

U
n

d
e

r th
e

 tre
a

tm
e

n
t o

f tra
n

sp
a

re
n

cy a
s a

 d
e

riva
tio

n
a

l o
p

a
city e

ffe
ct, th

e
 n

o
tio

n
 o

f
fe

a
tu

re
 sp

re
a

d
in

g
 a

s strictly lo
ca

l ca
n

 b
e

 m
a

in
ta

in
e

d
, co

n
siste

n
t w

ith
 th

e
 fin

d
in

g
s o

f
o

th
e

r 
w

o
rk 

cite
d

 
a

b
o

ve
. 

 
H

o
w

e
ve

r, 
h

a
vin

g
 

a
ch

ie
ve

d
 

th
e

 
e

ffe
ct 

o
f 

se
g

m
e

n
ta

l
tra

n
sp

a
re

n
cy th

ro
u

g
h

 o
p

a
q

u
e

 co
n

stra
in

t in
te

ra
ctio

n
s, w

e
 m

u
st e

xa
m

in
e

 h
o

w
 th

is e
ffe

ct
o

f ‘skip
p

in
g

’ in
 sp

re
a

d
in

g
 is to

 b
e

 lim
ite

d
.  I su

g
g

e
st th

a
t th

is lim
ita

tio
n

 co
m

e
s in

 th
e

a
cq

u
isitio

n
 o

f th
e

 skip
p

in
g

 e
ffe

ct, a
n

d
 tw

o
 d

iffe
re

n
t kin

d
s o

f a
cq

u
isitio

n
 fa

cto
rs co

m
e

in
to

 p
la

y: o
n

e
 is a

 p
e

rce
p

tio
n

 issu
e

 a
n

d
 th

e
 o

th
e

r is a
 co

m
p

le
xity issu

e
.  L

e
t u

s co
n

sid
e

r
th

e
 

m
a

tte
r 

o
f 

tra
n

sp
a

re
n

cy 
in

 
th

e
 

ca
se

 
o

f 
n

a
sa

l 
h

a
rm

o
n

y. 
 

T
h

e
 

cro
ss-lin

g
u

istic
g

e
n

e
ra

liza
tio

n
 is th

a
t o

n
ly o

b
stru

e
n

ts e
ve

r b
e

h
a

ve
 tra

n
sp

a
re

n
t.  T

h
is is a

n
a

lyze
d

 a
s

co
m

in
g

 a
b

o
u

t w
h

e
n

 co
n

stra
in

ts a
g

a
in

st n
a

sa
lize

d
 o

b
stru

e
n

ts in
te

ra
ct o

p
a

q
u

e
ly w

ith
 th

e
n

a
sa

l sp
re

a
d

in
g

 co
n

stra
in

t b
y o

ccu
rrin

g
 in

 th
e

 se
p

a
ra

te
 P

1
 se

g
m

e
n

t.  It is co
n

ce
iva

b
le

th
a

t m
o

re
 n

a
sa

lize
d

 se
g

m
e

n
t co

n
stra

in
ts co

u
ld

 a
lso

 b
e

 p
ro

m
o

te
d

 to
 P

1
, fo

r e
xa

m
p

le
,

co
n

stra
in

ts a
g

a
in

st n
a

sa
lize

d
 a

p
p

ro
xim

a
n

ts.  W
e

 m
a

y th
e

n
 e

xp
e

ct a
ll co

n
so

n
a

n
ts to

b
e

h
a

ve
 tra

n
sp

a
re

n
t to

 n
a

sa
l sp

re
a

d
in

g
, a

s illu
stra

te
d

 b
y th

e
 ta

b
le

a
u

 in
 (9

4
).

(9
4

)
T

ra
n

sp
a

re
n

cy o
f a

ll co
n

so
n

a
n

ts

            P
1

                                                             P
2

   e
)w

a
la

*N
A

S
O

B
SS

T
O

P
*N

A
S

F
R

IC
*N

A
S

L
IQ

U
ID

*N
A

S
G

LID
E

ID
E

N
T-❀

O
[+

nasal]
S

P
R

E
A

D
([+

n
], W

)
*N

A
S

V
O

W
E

L

a
.[e

)w
)a
)l ‚a

)]
*!

*
❀

***

b
.[e

))]w
a
la

***!*
****

*
c.[e

)w
)a
)]l[a

)]
*!

*
******

***
☞

d
.[e

)]w
[a

)]l[a
)]

**
********

****
***

Y
e

t co
n

sid
e

r h
o

w
 th

e
 p

ro
n

o
u

n
ce

d
 o

u
tp

u
ts o

f su
ch

 a
 la

n
g

u
a

g
e

 w
o

u
ld

 b
e

 p
e

rce
ive

d
 b

y
th

e
 le

a
rn

e
r.  A

n
 o

ra
l liq

u
id

 o
r g

lid
e

 o
ccu

rrin
g

 b
e

tw
e

e
n

 tw
o

 n
a

sa
l vo

w
e

ls w
o

u
ld

 b
e

extrem
ely difficult to distinguish from

 a nasalized liquid or glide in the sam
e context, e.g.

it is difficult to perceive the difference betw
een /

a
)la

)/ and /a
)l ‚a

)/.  T
he basis for this claim

 is
a

s fo
llo

w
s.  F

irst, u
n

like
 o

b
stru

e
n

ts, a
p

p
ro

xim
a

n
ts d

o
 n

o
t h

a
ve

 a
co

u
stic cu

e
s o

f b
u

rst o
r

frica
tio

n
 to

 sig
n

a
l th

e
 ra

ise
d

 sta
tu

s o
f th

e
 ve

lu
m

.  S
e

co
n

d
, th

e
re

 is little
 a

u
d

ito
ry

d
istin

ctio
n

 b
e

tw
e

e
n

 n
a

sa
lize

d
 a

n
d

 n
o

n
-n

a
sa

lize
d

 a
p

p
ro

xim
a

n
ts (C

o
h

n
 1

9
9

3
a

: 3
6

2
;

L
a

d
e

fo
g

e
d

 a
n

d
 M

a
d

d
ie

so
n

 1
9

9
6

: 1
3

2
).  In

 th
e

 e
n

viro
n

m
e

n
t o

f a
 n

a
sa

l vo
w

e
l, th

is
d

istin
ctio

n
 

w
o

u
ld

 
b

e
 

m
in

im
ize

d
 

e
ve

n
 

fu
rth

e
r, 

b
e

ca
u

se
 

o
f 

th
e

 
te

n
d

e
n

cy 
fo

r 
th

e
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n
a

sa
liza

tio
n

 to
 o

ve
rla

p
 to

 so
m

e
 d

e
g

re
e

 o
n

to
 th

e
 n

e
ig

h
b

o
rin

g
 co

n
so

n
a

n
t (C

o
h

n
 1

9
9

3
a

).
In

 a
d

d
itio

n
, e

ve
n

 w
h

e
n

 o
ra

l, a
p

p
ro

xim
a

n
ts sh

a
re

 sim
ila

r a
co

u
stic p

ro
p

e
rtie

s w
ith

 n
a

sa
ls,

n
a

m
e

ly (w
e

a
k) fo

rm
a

n
t stru

ctu
re

s (L
a

d
e

fo
g

e
d

 1
9

9
3

; F
le

m
m

in
g

 1
9

9
5

a
).  In

 th
e

 ca
se

 o
f

la
te

ra
ls, F

le
m

m
in

g
 (1

9
9

5
a

: 1
1

) p
o

in
ts o

u
t th

a
t th

e
 a

u
d

ito
ry sim

ila
rity b

e
tw

e
e

n
 [l] a

n
d

 [n
]

a
ctu

a
lly in

d
u

ce
s su

b
stitu

tio
n

 o
f [n

] fo
r /l/ in

 fo
rtitio

n
 e

n
viro

n
m

e
n

ts in
 K

o
re

a
n

 a
n

d
 C

u
n

a
.

G
ive

n
 th

e
 sim

ila
rity in

 a
u

d
ito

ry o
u

tp
u

t fo
r o

ra
l a

p
p

ro
xim

a
n

ts a
n

d
 th

e
ir n

a
sa

l co
u

n
te

rp
a

rts
it is re

a
so

n
a

b
le

 fo
r th

e
 le

a
rn

e
r to

 p
o

sit th
e

 m
o

st d
e

riva
tio

n
a

lly-tra
n

sp
a

re
n

t a
lte

rn
a

tive
 a

s
th

e
 o

u
tp

u
t, i.e

. th
e

 o
n

e
 in

 w
h

ich
 th

e
 a

p
p

ro
xim

a
n

t a
ctu

a
lly is n

a
sa

lize
d

 in
 th

e
 o

u
tp

u
t

ra
th

e
r th

a
n

 o
ra

l.  T
h

is yie
ld

s a
 g

ra
m

m
a

r in
 w

h
ich

 so
n

o
ra

n
ts co

m
e

 o
u

t a
s ta

rg
e

ts ra
th

e
r

th
a

n
 su

rfa
ce

-tra
n

sp
a

re
n

t.
T

h
e

 m
a

tte
r o

f d
e

riva
tio

n
a

l-tra
n

sp
a

re
n

cy le
a

d
s in

to
 th

e
 se

co
n

d
 issu

e
 o

f a
cq

u
isitio

n
,

co
n

ce
rn

in
g

 th
e

 re
la

tive
 d

ifficu
lty o

f le
a

rn
in

g
 d

e
riva

tio
n

a
l o

p
a

city.  In
 h

is d
iscu

ssio
n

 o
f

d
e

riva
tio

n
a

l o
p

a
city, K

ip
a

rsky (1
9

7
1

, 1
9

7
3

) su
g

g
e

sts th
a

t o
p

a
q

u
e

 g
ra

m
m

a
rs a

re
 m

a
rke

d
in

 th
e

 se
n

se
 th

a
t th

e
y a

re
 h

a
rd

e
r to

 le
a

rn
 a

n
d

 th
e

 d
ire

ctio
n

 o
f la

n
g

u
a

g
e

 ch
a

n
g

e
 w

ill b
e

to
w

a
rd

s d
e

riva
tio

n
a

l tra
n

sp
a

re
n

cy.  T
h

e
 sym

p
a

th
y a

cco
u

n
t o

f d
e

riva
tio

n
a

l o
p

a
city le

n
d

s
in

sig
h

t to
 K

ip
a

rsky’s cla
im

s.  U
n

d
e

r th
is a

p
p

ro
a

ch
 to

 o
p

a
city e

ffe
cts, a

n
 o

p
a

q
u

e
co

n
stra

in
t in

te
ra

ctio
n

 is m
o

re
 co

m
p

le
x th

a
n

 a
 tra

n
sp

a
re

n
t o

n
e

 b
e

ca
u

se
 it in

vo
lve

s
co

m
p

u
tin

g
 

a
n

 
e

xtra
 

e
va

lu
a

tio
n

 
o

r 
o

p
tim

iza
tio

n
 

o
f 

th
e

 
ca

n
d

id
a

te
s, 

n
a

m
e

ly 
th

e
o

p
tim

iza
tio

n
 th

a
t se

le
cts th

e
 sym

p
a

th
y ca

n
d

id
a

te
.  A

 d
e

riva
tio

n
a

lly-tra
n

sp
a

re
n

t g
ra

m
m

a
r

m
a

ke
s u

se
 o

f ju
st o

n
e

 o
p

tim
iza

tio
n

, th
e

 se
le

ctio
n

 o
f th

e
 a

ctu
a

l o
u

tp
u

t.  It is re
a

so
n

a
b

le
 to

a
ssu

m
e

 th
a

t th
e

 fe
w

e
r o

p
tim

iza
tio

n
s re

q
u

ire
d

 in
 se

le
ctin

g
 a

n
 o

u
tp

u
t, th

e
 e

a
sie

r th
e

gram
m

ar is to learn.
In

 a
d

d
itio

n
 to

 re
p

re
se

n
tin

g
 th

e
 in

cre
a

se
d

 co
m

p
le

xity o
f d

e
riva

tio
n

a
l o

p
a

city in
co

m
p

a
riso

n
 to

 d
e

riva
tio

n
a

l tra
n

sp
a

re
n

cy, sym
p

a
th

e
tic fa

ith
 a

lso
 g

ive
s u

s a
 m

e
a

n
s o

f
e

va
lu

a
tin

g
 th

e
 d

e
g

re
e

 o
f d

ifficu
lty fo

r le
a

rn
in

g
 a

 p
a

rticu
la

r o
p

a
city e

ffe
ct.  I su

g
g

e
st th

a
t

th
e

 g
re

a
te

r th
e

 g
a

p
 b

e
tw

e
e

n
 th

e
 sym

p
a

th
e

tic o
u

tp
u

t a
n

d
 th

e
 a

ctu
a

l o
u

tp
u

t, th
e

 h
a

rd
e

r
the language w

ill be to learn, that is, gram
m

ars w
ith m

ore sym
pathetic faith violations are

m
o

re
 d

ifficu
lt to

 a
cq

u
ire

 th
a

n
 o

n
e

s w
ith

 fe
w

e
r vio

la
tio

n
s.  C

o
m

in
g

 b
a

ck to
 th

e
 q

u
e

stio
n

o
f n

a
sa

l h
a

rm
o

n
y, th

is m
e

a
n

s th
a

t g
ra

m
m

a
rs w

ith
 fe

w
e

r tra
n

sp
a

re
n

t se
g

m
e

n
ts w

ill b
e

e
a

sie
r to

 le
a

rn
.  A

 la
n

g
u

a
g

e
 in

 w
h

ich
 a

ll co
n

so
n

a
n

ts b
e

h
a

ve
d

 tra
n

sp
a

re
n

t w
o

u
ld

 th
u

s b
e

d
ifficu

lt to
 a

cq
u

ire
 n

o
t o

n
ly fro

m
 th

e
 p

e
rsp

e
ctive

 o
f p

e
rce

p
tio

n
 (a

s n
o

te
d

 a
b

o
ve

), b
u

t
a

lso
 b

e
ca

u
se

 o
f th

e
 g

re
a

t d
iffe

re
n

ce
 b

e
tw

e
e

n
 th

e
 sym

p
a

th
e

tic o
u

tp
u

t a
n

d
 th

e
 a

ctu
a

l
o

u
tp

u
t.  M

o
re

 g
e

n
e

ra
lly, a

n
a

lyzin
g

 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 p
re

d
icts th

a
t b

lo
ckin

g
 b

y a
 se

g
m

e
n

t w
ill b

e
 a

 m
o

re
 co

m
m

o
n

 o
u

tco
m

e
 in

 sp
re

a
d

in
g

th
a

n
 th

e
 se

g
m

e
n

t b
e

h
a

vin
g

 tra
n

sp
a

re
n

t, a
n

d
 th

is se
e

m
s to

 b
e

 g
e

n
e

ra
lly b

o
rn

e
 o

u
t.  T

h
is

vie
w

 o
f a

cq
u

isitio
n

a
l d

ifficu
lty p

ro
vid

e
s e

xp
la

n
a

tio
n

 fo
r th

e
 o

b
se

rva
tio

n
 m

a
d

e
 in

 3
.2

 th
a

t
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o
p

a
q

u
e

 in
te

ra
ctio

n
s te

n
d

 to
 o

ccu
r b

e
tw

e
e

n
 h

ig
h

-ra
n

ke
d

 co
n

stra
in

ts, fo
r e

xa
m

p
le

,
b

e
tw

e
e

n
 tw

o
 co

n
stra

in
ts th

a
t a

re
 co

m
p

e
tin

g
 fo

r u
n

d
o

m
in

a
te

d
 sta

tu
s.  T

h
e

 te
n

d
e

n
cy fo

r
o

p
a

city to
 co

m
e

 a
b

o
u

t in
 a

 ‘b
a

ttle
 o

f th
e

 tita
n

s’ ra
th

e
r th

a
n

 in
 a

 co
n

flict b
e

tw
e

e
n

 lo
w

-
ra

n
ke

d
 co

n
stra

in
ts is p

re
d

icte
d

 b
y a

ttrib
u

tin
g

 d
e

g
re

e
 o

f d
issim

ilia
rity 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 a

s d
ire

ctly co
rre

la
te

d
 to

 th
e

 d
e

g
re

e
 o

f
d

ifficu
lty fo

r th
e

 le
a

rn
e

r.  If P
1

 co
n

ta
in

s ju
st o

n
e

 co
n

stra
in

t, th
e

n
 sym

p
a

th
e

tic fa
ith

vio
la

tio
n

s ca
n

 b
e

 in
d

u
ce

d
 o

n
ly b

y th
e

 sin
g

le
 P

1
 co

n
stra

in
t.  A

s m
o

re
 co

n
stra

in
ts a

re
a

d
d

e
d

 to
 P

1
 (co

rre
sp

o
n

d
in

g
 to

 co
n

flicts b
e

tw
e

e
n

 lo
w

e
r-ra

n
ke

d
 co

n
stra

in
ts), th

e
 g

re
a

te
r

th
e

 p
o

te
n

tia
l fo

r vio
la

tio
n

s o
f sym

p
a

th
e

tic fa
ith

 in
 th

e
 a

ctu
a

l o
u

tp
u

t, th
a

t is, th
e

 p
o

te
n

tia
l

fo
r d

iffe
re

n
ce

 b
e

tw
e

e
n

 th
e

 sym
p

a
th

y fo
rm

 a
n

d
 re

a
l o

u
tp

u
t fo

rm
 in

cre
a

se
s, fo

r e
xa

m
p

le
 in

(9
4

), th
e

 sym
p

a
th

y ca
n

d
id

a
te

 ca
n

 d
iffe

r fro
m

 th
e

 a
ctu

a
l o

u
tp

u
t in

 n
a

sa
liza

tio
n

 o
f a

ll
co

n
so

n
a

n
ts, n

o
t ju

st o
b

stru
e

n
ts.  In

 g
ra

m
m

a
rs w

ith
 o

p
a

city e
ffe

cts, a
cq

u
isitio

n
a

l fa
cto

rs
w

ill thus favor sm
all P

1 segm
ents.

W
e

 m
a

y co
n

clu
d

e
 th

a
t w

h
e

n
 fa

ce
d

 w
ith

 a
 ch

o
ice

 b
e

tw
e

e
n

 se
ve

ra
l a

lte
rn

a
tive

g
ra

m
m

a
rs (i.e

. co
n

stra
in

t ra
n

kin
g

s) th
a

t a
ll p

ro
d

u
ce

 th
e

 sa
m

e
 co

rre
ct o

u
tp

u
t, th

e
 le

a
rn

e
r

w
ill ch

o
o

se
 th

e
 g

ra
m

m
a

r th
a

t m
in

im
ize

s o
p

a
q

u
e

 co
n

stra
in

t in
te

ra
ctio

n
s a

n
d

 m
a

xim
ize

s
sim

ila
rity b

e
tw

e
e

n
 th

e
 sym

p
a

th
y ca

n
d

id
a

te
 a

n
d

 a
ctu

a
l o

u
tp

u
t w

h
e

n
 o

p
a

city is re
q

u
ire

d
.

G
ram

m
ar optim

ization thus eschew
s opacity.

3
.7

A
ppendix: G

erm
an and harm

onic sym
pathy revisited

O
n

e
 o

f th
e

 b
re

a
kth

ro
u

g
h

s in
 a

n
a

lysis o
f d

e
riva

tio
n

a
l o

p
a

city e
ffe

cts in
 O

p
tim

a
lity T

h
e

o
ry

is th
e

 sym
p

a
th

y-b
a

se
d

 a
cco

u
n

t o
f o

p
a

city in
 G

e
rm

a
n

 tru
n

ca
tio

n
 d

e
ve

lo
p

e
d

 b
y Itô

 a
n

d
M

e
ste

r (1
9

9
7

a
).  T

h
e

ir a
n

a
lysis in

 th
e

 co
n

stra
in

t-b
a

se
d

 m
o

d
e

l o
f sym

p
a

th
y th

e
o

ry is
im

p
o

rta
n

t b
o

th
 in

 th
e

 e
xte

n
sive

 in
sig

h
ts it b

rin
g

s to
 th

e
 u

n
d

e
rsta

n
d

in
g

 o
f G

e
rm

a
n

p
h

o
n

o
lo

g
y a

n
d

 in
 th

e
 e

la
b

o
ra

tio
n

 o
f sym

p
a

th
y th

e
o

ry.  If h
a

rm
o

n
ic sym

p
a

th
y is to

 b
e

co
n

sid
e

re
d

 a
 via

b
le

 a
p

p
ro

a
ch

 to
 d

e
riva

tio
n

a
l o

p
a

city, it m
u

st b
e

 a
b

le
 to

 a
cco

u
n

t fo
r th

e
G

e
rm

a
n

 o
p

a
city a

s w
e

ll.  In
 th

is a
p

p
e

n
d

ix I o
u

tlin
e

 a
 h

a
rm

o
n

ic sym
p

a
th

y a
cco

u
n

t o
f

G
e

rm
a

n
 tru

n
ca

tio
n

, fo
llo

w
in

g
 th

e
 a

n
a

lysis o
f Itô

 a
n

d
 M

e
ste

r in
 se

ve
ra

l re
sp

e
cts.  I b

e
g

in
b

y re
vie

w
in

g
 th

e
 re

le
va

n
t p

o
in

ts o
f th

e
 co

n
stra

in
t-b

a
se

d
 sym

p
a

th
y a

n
a

lysis a
n

d
 th

e
n

fo
cu

s o
n

 th
e

 m
o

d
ifica

tio
n

s n
e

e
d

e
d

 to
 ca

p
tu

re
 th

e
 fa

cts u
n

d
e

r h
a

rm
o

n
ic sym

p
a

th
y.  I

d
iscu

ss a
 d

ra
w

b
a

ck o
f th

e
 h

a
rm

o
n

ic sym
p

a
th

y a
p

p
ro

a
ch

 ra
ise

d
 b

y th
is a

cco
u

n
t, a

n
d

p
ro

p
o

se
 a

 p
o

ssib
le

 re
visio

n
 to

 h
a

rm
o

n
ic sym

p
a

th
y w

h
ich

 b
rin

g
s it clo

se
r in

 lin
e

 w
ith

co
n

stra
in

t-b
a

se
d

 sym
p

a
th

y.  T
h

is re
vise

d
 ve

rsio
n

 se
rve

s a
s a

 d
e

ve
lo

p
m

e
n

t o
f co

n
stra

in
t-

b
a

se
d

 sym
p

a
th

y w
h

ich
 re

w
o

rks a
n

d
 e

xp
lica

te
s th

e
 co

n
ce

p
t o

f a
 se

p
a

ra
te

 o
p

tim
iza

tio
n

se
le

ctin
g

 th
e

 sym
p

a
th

y ca
n

d
id

a
te

.  T
h

e
 im

p
lica

tio
n

s o
f th

is re
vise

d
 a

p
p

ro
a

ch
 fo

r th
e
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a
n

a
lysis o

f T
u

yu
ca

 a
n

d
 fo

r issu
e

s o
f o

ve
rg

e
n

e
ra

tio
n

 o
f d

e
riva

tio
n

a
l o

p
a

city e
ffe

cts a
re

briefly outlined.
G

e
rm

a
n

 e
xh

ib
its a

 p
ro

d
u

ctive
 p

a
tte

rn
 o

f tru
n

ca
tio

n
, d

e
rivin

g
 va

rio
u

s kin
d

s o
f

sh
o

rte
n

in
g

s in
clu

d
in

g
 h

yp
o

co
ristics.  S

o
m

e
 e

xa
m

p
le

s a
re

 g
ive

n
 in

 (9
5

) (fro
m

 Itô
 a

n
d

M
e

ste
r 1

9
9

7
a

, se
e

 cita
tio

n
s th

e
re

in
 fo

r p
re

vio
u

s a
n

a
lyse

s).  In
 th

e
 fo

llo
w

in
g

 d
a

ta
, d

o
u

b
le

co
n

so
n

a
n

ts a
p

p
e

a
r a

s a
n

 o
rth

o
g

ra
p

h
ic co

n
ve

n
tio

n
 sig

n
ifyin

g
 sh

o
rtn

e
ss o

f th
e

 p
re

ce
d

in
g

vo
w

e
l; th

e
y d

o
 n

o
t re

p
re

se
n

t g
e

m
in

a
te

 co
n

so
n

a
n

ts.

(9
5

)
a

.
T

ru
n

ca
ta

 m
a

xim
izin

g
 se

q
u

e
n

ce
 C

0 V
C

1

B
a

se
T

ru
n

ca
tio

n

G
o

rb
a

tsch
o

w
G

orbi
*G

orri
(nam

e of politician)
H

a
n

s
H

ansi
*H

a
n

n
i

(personal nam
e)

A
lkoholiker

A
lki

*A
lli

‘a
lco

h
o

lic’
G

ruft
G

rufti
*G

ruffi
‘o

ld
e

r p
e

rso
n

’
H

irn
H

irni
*H

irri
‘b

ra
in

’
Im

perialist
Im

pi
*Im

m
i

‘im
perialist’

T
ourist

T
ouri

*T
oui

‘to
u

rist’
R

a
d

e
n

ko
vic@

R
a

d
i

*R
a

i
(w

e
ll-kn

o
w

n
 g

o
a

lke
e

p
e

r)

b
.

N
on-m

axim
al truncata

B
a

se
T

ru
n

ca
tio

n

G
abriele

G
abi

*G
abri

(personal nam
e)

A
n

d
re

a
s

A
n

d
i

*A
n

d
ri

(p
e

rso
n

a
l n

a
m

e
)

D
agm

ar
D

a
g

g
i

*D
agm

i
(personal nam

e)
H

einrich
H

eini
*H

einri
(personal nam

e)
U

lrich
U

lli
*U

lri
(personal nam

e)
S

iegfried
S

iggi
*S

iegf(r)i
(personal nam

e)
K

linsm
ann

K
linsi

*K
linsm

i
(nam

e of soccer player)
L

ittb
a

rski
Litti

*L
ittb

i
(n

a
m

e
 o

f so
cce

r p
la

ye
r)

Im
ker

Im
m

i
*Im

ki
‘b

e
e

ke
e

p
e

r’
K

n
o

b
la

u
ch

K
n

o
b

i
*K

n
o

b
li

‘g
a

rlic’

A
s Itô

 a
n

d
 M

e
ste

r p
o

in
t o

u
t, th

e
 ch

a
lle

n
g

e
 p

re
se

n
te

d
 b

y th
e

se
 d

a
ta

 is id
e

n
tifyin

g
 th

e
e

xa
ct sh

a
p

e
 o

f th
e

 tru
n

ca
tu

m
 (th

e
 p

o
rtio

n
 co

p
ie

d
 fro

m
 th

e
 b

a
se

 a
n

d
 su

ffixe
d

 w
ith

 [-i]).
T

h
e

 o
u

tp
u

t o
f th

e
 tru

n
ca

tio
n

 is a
lw

a
ys tw

o
 sylla

b
le

s in
 le

n
g

th
, a

n
d

 m
a

te
ria

l fro
m

 th
e

 b
a

se
is co

p
ie

d
 fro

m
 le

ft to
 rig

h
t to

 fill th
e

 first sylla
b

le
 a

n
d

 th
e

 o
n

se
t to

 th
e

 se
co

n
d

.  T
h

e
 d

a
ta
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in
 (9

5
a

) su
g

g
e

st th
a

t th
e

 co
p

ie
d

 m
a

te
ria

l is a
lw

a
ys th

e
 m

a
xim

a
l strin

g
 m

a
tch

in
g

 th
e

 fo
rm

:
C

0 V
C

1 , i.e
. G

o
rb

a
tsch

o
w tru

n
ca

te
s to

 Go
rb

i n
o

t *G
o

rri.  H
o

w
e

ve
r, th

e
 d

a
ta

 in
 (9

5
b

)
sh

o
w

 th
a

t th
e

 m
e

d
ia

l co
n

so
n

a
n

t clu
ste

r is n
o

t a
lw

a
ys m

a
xim

ize
d

.  F
o

r e
xa

m
p

le
, th

e
tru

n
ca

tio
n

 o
f G

a
b

rie
le is G

a
b

i n
o

t *G
a

b
ri.  Itô

 a
n

d
 M

e
ste

r m
a

ke
 th

e
 im

p
o

rta
n

t
o

b
se

rva
tio

n
 th

a
t th

e
 g

e
n

e
ra

l fo
rm

 th
e

 tru
n

ca
tio

n
s ta

ke
 is p

ro
d

u
ce

d
 (d

e
scrip

tive
ly) b

y
suffixing [-i] to the m

axim
um

 possible syllable of G
erm

an derivable from
 the sequence of

segm
ents in the base scanned from

 left to right.
T

h
e

 
G

e
rm

a
n

 
tru

n
ca

tio
n

 
fa

cts 
a

re
 

re
sista

n
t 

to
 

a
n

 
a

cco
u

n
t 

a
ssu

m
in

g
 

o
n

ly
tra

n
sp

a
re

n
t co

n
stra

in
t in

te
ra

ctio
n

.  Itô
 a

n
d

 M
e

ste
r o

u
tlin

e
 a

 tra
n

sp
a

re
n

t a
p

p
ro

a
ch

 a
lo

n
g

th
e

 fo
llo

w
in

g
 lin

e
s.  F

irst, th
e

 re
d

u
ce

d
 size

 o
f th

e
 tru

n
ca

te
d

 fo
rm

 is a
n

a
lyze

d
 w

ith
 th

e
ra

n
kin

g
 in

 (9
6

) g
ivin

g
 rise

 to
 a

n
 ‘e

m
e

rg
e

n
ce

 o
f th

e
 u

n
m

a
rke

d
’ (M

cC
a

rth
y &

 P
rin

ce
1

9
9

4
b

).  T
h

is ra
n

kin
g

 p
la

ce
s a

 size
 re

strictin
g

 co
n

stra
in

t b
e

tw
e

e
n

 in
p

u
t-o

u
tp

u
t (IO

) fa
ith

a
n

d
 tru

n
ca

tio
n

-sp
e

cific b
a

se
-tru

n
ca

tu
m

 (B
T

) fa
ith

.

(9
6

)
M

A
X

-IO
  >

>
  A

LL
F

TL  >
>

  M
A

X
-B

T

T
h

e
 a

n
a

lytica
l a

ssu
m

p
tio

n
 h

e
re

 is th
a

t o
u

tp
u

t-o
u

tp
u

t (O
O

) fa
ith

 a
p

p
lie

s to
 tru

n
ca

tio
n

(fo
llo

w
in

g
 B

e
n

u
a

 1
9

9
7

), su
ch

 th
a

t id
e

n
tity is re

q
u

ire
d

 b
e

tw
e

e
n

 th
e

 o
u

tp
u

t fo
rm

 o
f th

e
b

a
se

 a
n

d
 th

e
 o

u
tp

u
t fo

rm
 o

f th
e

 tru
n

ca
tu

m
 (T

R
U

N
C

).  T
h

e
 fa

ith
 re

la
tio

n
s a

re
 illu

stra
te

d
diagram

m
atically in (97) (from

 Itô and M
ester 1997a).

(9
7

)
B

a
se

-tru
n

ca
tu

m
 fa

ith
 re

la
tio

n
s:

In
p

u
t

/g
o
rb

a
tÉSo

f/
/T

R
U

N
C +

 i/

F
a

ith
-IO

      ô
 

 
 

 
ô

O
u

tp
u

t
[g

o
rb

a
tÉSo

f]
[g

o
rb

 i]

     Ç
 
 

F
a

ith
-B

T
          È

T
h

e
 o

u
tco

m
e

 se
le

cte
d

 b
y th

e
 ra

n
kin

g
 in

 (9
6

) is illu
stra

te
d

 in
 (9

8
).  M

A
X

-IO
 is re

le
va

n
t

o
n

ly fo
r [-i] in

 th
e

 in
p

u
t, b

e
ca

u
se

 th
e

 T
R

U
N

C
 p

o
rtio

n
 d

o
e

s n
o

t h
a

ve
 u

n
d

e
rlyin

g
segm

ental m
aterial.  MA

X
-IO

 thus rules out candidates (e-g), in w
hich [-i]

 fails to surface.
M

A
X

-B
T

 p
ro

m
o

te
s a

 ca
n

d
id

a
te

 th
a

t fu
lly co

p
ie

s th
e

 m
a

te
ria

l in
 th

e
 b

a
se

; h
o

w
e

ve
r, th

e
d

o
m

in
a

tio
n

 o
f th

is co
n

stra
in

t b
y A LL

F
T

L
 (A

L
IG

N
(fo

o
t, L

, P
w

d
, L

)), re
su

lts in
 a

n
 o

u
tp

u
t

w
ith

 n
o

 m
o

re
 th

a
n

 tw
o

 sylla
b

le
s.  S

in
ce

 th
e

 rh
ym

e
 o

f th
e

 se
co

n
d

 sylla
b

le
 m

u
st b

e
 [i] (b

y
M

A
X

-IO
), the truncatum

 w
ill consist of as m

uch m
aterial from

 the base as w
ill fill the first
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sylla
b

le
 a

n
d

 fo
rm

 th
e

 m
a

xim
a

l p
o

ssib
le

 o
n

se
t to

 th
e

 se
co

n
d

.  P
A

R
S

E-σ
 is a

d
d

e
d

 h
e

re
 to

prevent segm
ental m

aterial outside of the foot from
 surviving.

(9
8

)
T

ra
n

sp
a

re
n

t a
cco

u
n

t o
f tru

n
ca

tio
n

B
ase: (.go

r.b
a).(tÉSo

f.)
Input: /TR

U
N

C - i/
M

A
X

-IO
A

LLF
TL

P
A

R
S

E−σ
M

A
X

-B
T

a. (.g
o
r.b

a).(tÉSo
.f-i.)

*!

b
. (.g

o
r.b

a).tÉS-i.
*!

o
f

☞
c. (.g

o
r.b-i.)

a
tÉSo

f

d
. (.g

o
.r-i.)

b
a
tÉSo

f!

e. (.g
o
r.ba.)

*!
tÉSo

f

f. (.g
o
rb

.)
*!

a
tÉSo

f

g
. (.g

o
r.)

*!
b
a
tÉSo

f

W
h

ile
 th

e
 tra

n
sp

a
re

n
t a

cco
u

n
t is su

cce
ssfu

l fo
r in

sta
n

ce
s o

f tru
n

ca
tio

n
 w

h
ich

m
a

xim
ize

 th
e

 C0 V
C

1  se
q

u
e

n
ce

, it fa
ils fo

r th
e

 n
o

n
-m

a
xim

a
l ca

se
s.  T

h
is is illu

stra
te

d
 in

(9
9

) fo
r th

e
 tru

n
ca

te
d

 fo
rm

 o
f 

G
a

b
rie

le
.  In

ste
a

d
 o

f se
le

ctin
g

 th
e

 d
e

sire
d

 w
in

n
e

r (d
), th

e
m

axim
izing effect of M A

X
-B

T
 chooses (c).  T

his undesirable outcom
e is signalled by the

le
ft-p

o
in

tin
g

 h
a

n
d

.

(9
9

)
T

ra
n

sp
a

re
n

t a
cco

u
n

t fa
ils

B
a

se
: (.ga

.b
ri).(e

.le.)
Input: /TR

U
N

C - i/
M

A
X

-IO
A

LLF
TL

P
A

R
S

E−σ
M

A
X

-B
T

a
. (.g

a
.b

ri).(e
.le).-i.

*(!)
*(!)

b
. (.g

a
.b

ri).(e
.l-i.)

*!
e

E
c. (.g

a
.b

r-i.)
ie

le

☞
d. (.g

a
.b-i.)

rie
le!

e. (.g
a
b
.)

*!
rie

le

T
h

e
 tra

n
sp

a
re

n
t a

cco
u

n
t is in

su
fficie

n
t to

 d
istin

g
u

ish
 b

e
tw

e
e

n
 th

e
 tru

n
ca

tio
n

 o
f

th
e

 m
a

xim
izin

g
 fo

rm
s in

 (9
5

a
) a

n
d

 th
e

 n
o

n
-m

a
xim

a
l o

n
e

s in
 (9

5
b

).  Itô
 a

n
d

 M
e

ste
r

p
ro

p
o

se
 in

ste
a

d
 to

 m
a

ke
 u

se
 o

f th
e

 in
sig

h
t th

a
t th

e
 tru

n
ca

tu
m

 co
rre

sp
o

n
d

s to
 th

e
m

a
xim

a
l p

o
ssib

le
 sylla

b
le

 o
f G

e
rm

a
n

 th
a

t ca
n

 b
e

 fo
rm

e
d

 b
y th

e
 se

q
u

e
n

ce
 o

f se
g

m
e

n
ts in

th
e

 b
a

se
.  T

o
 d

o
 th

is, th
e

y ca
ll o

n
 a

 sym
p

a
th

y ca
n

d
id

a
te

 w
h

ich
 co

n
sists o

f p
re

cise
ly th

is
fo

rm
.  T

h
is ca

n
d

id
a

te
 is id

e
n

tifie
d

 b
y a

ssig
n

in
g

 sym
p

a
th

e
tic sta

tu
s to

 a
n

 a
lig

n
m

e
n

t
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co
n

stra
in

t: AL
Lσ

L
 (A

L
IG

N
(σ

, L
, P

w
d

, L
)).  R

a
n

kin
g

 th
is co

n
stra

in
t b

e
tw

e
e

n
 M

A
X

-IO
a

n
d

 M
A

X
-B

T
 se

le
cts a

s th
e

 sym
p

a
th

y ca
n

d
id

a
te

 a
 sin

g
le

 sylla
b

le
 co

n
ta

in
in

g
 m

a
xim

a
l

m
a

te
ria

l fro
m

 th
e

 b
a

se
.  N

o
te

 th
is d

o
e

s n
o

t n
e

ce
ssa

rily co
rre

sp
o

n
d

 to
 th

e
 a

ctu
a

l
sylla

b
ifica

tio
n

 o
f th

is se
q

u
e

n
ce

 o
f se

g
m

e
n

ts in
 th

e
 b

a
se

.  S
e

le
ctio

n
 o

f th
e

 sym
p

a
th

y
candidate is illustrated in (100).  C

andidates violating A
L

Lσ
L are shaded here.

2
8

(1
0

0
)

S
e

le
ctio

n
 o

f sym
p

a
th

y ca
n

d
id

a
te

 w
ith

 co
n

stra
in

t-b
a

se
d

 sym
p

a
th

y
B

a
se

: .ga
.b

ri.e
.le.

Input: /TR
U

N
C - i/

M
A

X
-IO

A
LLσ

L
❀

M
A

X
-B

T

a
. .g

a
.b

ri.e
.le.-i.

σσσσσσσσσσ
b

. .g
a
.b

ri.e
.l-i.

σσσσσσ
e

c. .g
a
.b

r-i.
σσσ

ie
le

d. .g
a
.b-i.

σ
rie

le

e. .g
a
.-i.

σ
b
rie

le

❀
f. .g

a
b
.

*
rie

le

g
. .g

a
.

*
b
rie

le!

T
h

e
 ca

n
d

id
a

te
 in

 (f) is th
e

 b
e

st o
f th

e
 ca

n
d

id
a

te
s re

sp
e

ctin
g

 A
L

Lσ
L

, b
u

t it lo
se

s in
th

e
 co

m
p

e
titio

n
 fo

r th
e

 a
ctu

a
l o

u
tp

u
t b

e
ca

u
se

 o
f its vio

la
tio

n
 o

f M
A

X
-IO

.  T
h

e
 a

ctu
a

l
o

u
tp

u
t is th

e
 ca

n
d

id
a

te
 w

h
ich

 m
a

tch
e

s th
e

 se
g

m
e

n
ta

l m
a

te
ria

l in
 (f) w

ith
 th

e
 a

d
d

itio
n

 o
f

th
e

 [-i] su
ffix.  T

h
is is a

ch
ie

ve
d

 b
y ra

n
kin

g
 th

e
 sym

p
a

th
e

tic fa
ith

fu
ln

e
ss co

n
stra

in
t,

D
E

P-❀
O

, b
e

lo
w

 M
A

X
-IO

 a
n

d
 a

b
o

ve
 MA

X
-B

T
.  T

h
e

 co
m

p
le

te
 ta

b
le

a
u

 is e
xh

ib
ite

d
 in

(101).

2
8  Itô

 a
n

d
 M

e
ste

r (1
9

9
7

a
, n

.1
5

) n
o

te
 th

a
t a

lte
rn

a
tive

 ca
n

d
id

a
te

s [.a
i.] a

n
d

 [.i.] a
re

 ru
le

d
 o

u
t a

s
sym

p
a

th
e

tic o
n

 th
e

 b
a

sis o
f o

th
e

r h
ig

h
-ra

n
kin

g
 co

n
stra

in
ts.
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(101)
C

o
n

stra
in

t-b
a

se
d

 sym
p

a
th

y co
n

stra
in

t a
cco

u
n

t o
f tru

n
ca

tio
n

B
a

se
: .ga

.b
ri.e

.le.
Input: /TR

U
N

C - i/
M

A
X

-IO
D

E
P-❀

O
A

LLσ
L

❀
M

A
X

-B
T

a
. .g

a
.b

ri.e
.le.-i.

rie
le

i!
σσσσσσσσσσ

b
. .g

a
.b

ri.e
.l-i.

rie
li!

σσσσσσ
e

c. .g
a
.b

r-i.
ri!

σσσ
ie

le

☞
d. .g

a
.b-i.

i
σ

rie
le

e. .g
a
.-i.

i
σ

b
rie

le!

❀
f. .g

a
b
.

*!
rie

le

g
. .g

a
.

*!
b
rie

le

T
h

is sym
p

a
th

y a
cco

u
n

t a
lso

 a
ch

ie
ve

s th
e

 co
rre

ct re
su

lts fo
r a

 b
a

se
 like

 [
g
o
rb

a
tÉSo

f].  In
th

is ca
se

 th
e

 sym
p

a
th

y ca
n

d
id

a
te

 w
ill b

e
 [

g
o
rb

], b
e

ca
u

se
 th

e
 co

n
so

n
a

n
t clu

ste
r ca

n
co

n
stitu

te
 a

 w
e

ll-fo
rm

e
d

 co
d

a
, a

n
d

 th
e

 a
ctu

a
l o

u
tp

u
t is th

e
 ca

n
d

id
a

te
 a

d
d

in
g

 ju
st [-i] to

this form
, giving [g

o
rb

i].
Itô

 a
n

d
 M

e
ste

r’s sym
p

a
th

y-b
a

se
d

 a
n

a
lysis b

rin
g

s n
e

w
 u

n
d

e
rsta

n
d

in
g

 to
 th

e
G

e
rm

a
n

 tru
n

ca
tio

n
 p

h
e

n
o

m
e

n
o

n
.  In

 th
is co

n
stra

in
t-b

a
se

d
 sym

p
a

th
y a

cco
u

n
t, th

e
d

o
m

in
a

te
d

 a
lig

n
m

e
n

t co
n

stra
in

t, A LLσ
L

, is a
ssig

n
e

d
 sym

p
a

th
e

tic sta
tu

s, re
su

ltin
g

 in
se

le
ctio

n
 o

f th
e

 m
a

xim
a

l m
o

n
o

sylla
b

ic ca
n

d
id

a
te

 fo
r G

e
rm

a
n

 a
s th

e
 sym

p
a

th
y ca

n
d

id
a

te
.

T
h

ro
u

g
h

 sym
p

a
th

e
tic co

rre
sp

o
n

d
e

n
ce

, th
is sym

p
a

th
y ca

n
d

id
a

te
 d

e
te

rm
in

e
s th

e
 a

m
o

u
n

t
o

f b
a

se
 m

a
te

ria
l th

a
t w

ill b
e

 co
p

ie
d

 in
 th

e
 tru

n
ca

tu
m

.  U
n

d
e

r th
e

 h
a

rm
o

n
ic sym

p
a

th
y

m
o

d
e

l, th
e

 m
e

a
n

s o
f se

le
ctin

g
 th

e
 sym

p
a

th
y ca

n
d

id
a

te
 is fra

m
e

d
 in

 a
 so

m
e

w
h

a
t d

iffe
re

n
t

w
a

y.  T
h

e
 sym

p
a

th
e

tic fo
rm

 is o
n

e
 th

a
t is m

o
st h

a
rm

o
n

ic w
ith

 re
sp

e
ct to

 a
 co

n
tig

u
o

u
s

se
g

m
e

n
t o

f a
 b

ifu
rca

te
d

 co
n

stra
in

t h
ie

ra
rch

y, th
e

 h
ie

ra
rch

y fo
rm

in
g

 th
e

 P
2

 se
g

m
e

n
t.  T

h
e

sym
p

a
th

e
tic ca

n
d

id
a

te
 fa

ils to
 su

rfa
ce

 itse
lf w

h
e

n
 it vio

la
te

s so
m

e
 h

ig
h

-ra
n

ke
d

 co
n

stra
in

t
b

e
lo

n
g

in
g

 to
 P

1
.  If Itô

 a
n

d
 M

e
ste

r’s a
cco

u
n

t w
e

re
 to

 b
e

 tra
n

sla
te

d
 d

ire
ctly in

to
 th

is
m

o
d

e
l, th

e
 P

1
 co

n
stra

in
t w

o
u

ld
 b

e
 M AX

-IO
; th

is is th
e

 co
n

stra
in

t d
o

m
in

a
tin

g
 ALLσ

L
th

a
t is vio

la
te

d
 in

 th
e

 sym
p

a
th

y ca
n

d
id

a
te

.  H
o

w
e

ve
r, u

n
d

e
r th

e
 fa

ith
-b

a
se

d
 co

n
ce

p
tio

n
o

f in
ve

n
to

ry stru
ctu

re
 p

ro
p

o
se

d
 b

y P
rin

ce
 a

n
d

 S
m

o
le

n
sky (1

9
9

3
), M

A
X

-IO
 is d

o
m

in
a

te
d

b
y a

ll o
f th

e
 m

a
rke

d
n

e
ss co

n
stra

in
ts th

a
t co

rre
sp

o
n

d
 to

 p
ro

h
ib

ite
d

 se
g

m
e

n
ts in

 G
e

rm
a

n
(e

.g
. *L

, *∫
, *÷, e

tc.).  It is co
n

ce
iva

b
le

 th
a

t M AX
-IO

 a
n

d
 a

ll o
f its d

o
m

in
a

tin
g

m
a

rke
d

n
e

ss co
n

stra
in

ts co
u

ld
 b

e
lo

n
g

 to
 P

1
, b

u
t th

is m
o

ve
 w

o
u

ld
 p

e
rm

it p
o

te
n

tia
l

sym
p

a
th

y ca
n

d
id

a
te

s co
n

ta
in

in
g

 th
e

 p
ro

h
ib

ite
d

 se
g

m
e

n
ts, a

 co
n

se
q

u
e

n
ce

 th
a

t m
a

y h
a

ve
p

ro
b

le
m

a
tic re

su
lts fo

r o
th

e
r p

h
e

n
o

m
e

n
a

 in
 th

e
 la

n
g

u
a

g
e

.  T
o

 sid
e

ste
p

 th
is p

o
ssib

ility, I
w

ill p
u

rsu
e

 a
n

 a
n

a
lysis in

 w
h

ich
 th

e
 P

1
 co

n
stra

in
t in

 G
e

rm
a

n
 is n

o
t a

 fa
ith

 co
n

stra
in

t b
u

t
ra

th
e

r a
n

 u
n

d
o

m
in

a
te

d
 o

rg
a

n
iza

tio
n

a
l p

a
rsin

g
 co

n
stra

in
t: P

A
R

S
ES

E
Gσ

, w
h

ich
 re

q
u

ire
s
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th
a

t a
ll o

u
tp

u
t se

g
m

e
n

ts b
e

 p
a

rse
d

 in
to

 sylla
b

le
s.

2
9  A

 se
g

m
e

n
t vio

la
tin

g
 th

is co
n

stra
in

t
w

ill n
o

t b
e

 sylla
b

ifie
d

 b
u

t it w
ill still b

e
 p

ro
n

o
u

n
ce

d
, b

e
ca

u
se

 it is co
n

ta
in

e
d

 in
 th

e
o

u
tp

u
t.  S

u
ch

 a
 se

g
m

e
n

t w
ill b

e
 a

p
p

e
n

d
e

d
 to

 p
ro

so
d

ic stru
ctu

re
 a

t so
m

e
 h

ig
h

e
r le

ve
l,

su
ch

 a
s th

e
 fo

o
t o

r p
ro

so
d

ic w
o

rd
.

3
0   T

h
e

 co
n

stra
in

t w
h

ich
 th

re
a

te
n

s P
A

R
S

ES
E

Gσ
 a

n
d

in
d

u
ce

s th
e

 h
ie

ra
rch

y b
ifu

rca
tio

n
 is a

n
 a

lig
n

m
e

n
t co

n
stra

in
t fo

r th
e

 tru
n

ca
tio

n
 su

ffix:

(102)
A

LIG
N

-T
O

-σ
@:  A

LIG
N

([i ]A
f , L, σ

@, R
).

T
h

is a
lig

n
m

e
n

t co
n

stra
in

t e
xp

re
sse

s th
e

 re
q

u
ire

m
e

n
t th

a
t th

e
 le

ft e
d

g
e

 o
f th

e
 [-i] a

ffix
co

in
cid

e
 w

ith
 th

e
 rig

h
t e

d
g

e
 o

f th
e

 h
e

a
d

 sylla
b

le
 (d

e
n

o
te

d
 b

y 
σ

@).  T
h

is co
n

stra
in

t is
sim

ila
r to

 th
e

 o
n

e
 p

ro
p

o
se

d
 b

y M
cC

a
rth

y a
n

d
 P

rin
ce

 (1
9

9
3

b
) fo

r th
e

 [-ka
-] p

o
sse

ssive
a

ffix in
 U

lw
a

, w
h

ich
 a

lig
n

s th
e

 a
ffix to

 th
e

 rig
h

t e
d

g
e

 o
f th

e
 m

a
in

 stre
ss fo

o
t:

A
L

IG
N

([ka]A
f , L

, F
t', R

) (o
n

 a
lig

n
m

e
n

t to
 h

e
a

d
s se

e
 a

lso
 P

ie
rre

h
u

m
b

e
rt 1

9
9

3
b

; L
o

re
n

tz
1

9
9

5
).T

h
e

 p
ro

b
le

m
 th

a
t a

rise
s u

n
d

e
r a

 tra
n

sp
a

re
n

t in
te

ra
ctio

n
 o

f P
A

R
S

ES
E

G
σ

 a
n

d
A

LIG
N

-T
O

-σ
@ is illustrated in (103).

(103)
P A

R
S

ES
E

Gσ
 >

>
 A

LIG
N

([i ]A
f , L, σ

@, R
)  >

>
 M

A
X

-B
T

B
a

se
: .ga

.b
ri.e

.le.
Input: /TR

U
N

C - i/
P

A
R

S
ES

E
Gσ

A
LIG

N
-T

O
-σ

@
M

A
X

-B
T

☞
a. .g

a
.b

i.
(O

ptim
al, opaque constraint interaction)

*
riele!

(❀
)

b
. .g

a
b
.<

i>
(N

on-optim
al, sym

pathetic)
*!

riele

E
c. .g

a
b
.ri.

(N
on-optim

al, transparent constraint interaction)
*

iele

T
he unsyllabified status of [i] in candidate (b) is signified by the angle brackets.  U

nder a
tra

n
sp

a
re

n
t co

n
stra

in
t in

te
ra

ctio
n

, th
e

 ca
n

d
id

a
te

 sa
tisfyin

g
 a

ffix-to
-h

e
a

d
 a

lig
n

m
e

n
t lo

se
s

o
n

 a
 P A

R
S

ES
E

G
σ

 vio
la

tio
n

.  T
h

is tu
rn

s th
e

 co
m

p
e

titio
n

 o
ve

r to
 (a

) ve
rsu

s (c), w
h

ich
b

o
th

 h
a

ve
 e

xh
a

u
stive

 p
a

rsin
g

 o
f se

g
m

e
n

ts in
to

 sylla
b

le
s.  C

a
n

d
id

a
te

 (c) is th
e

n
 se

le
cte

d

2
9  I a

ssu
m

e
 th

a
t co

ro
n

a
l vo

ice
le

ss frica
tive

s o
ccu

rin
g

 a
t th

e
 p

e
rip

h
e

ry o
f a

 sylla
b

le
 n

e
xt to

 a
 sto

p
 a

re
n

o
t e

xtra
-sylla

b
ic b

u
t a

re
 p

a
rse

d
 in

to
 th

e
 sylla

b
le

, fo
rcin

g
 a

 vio
la

tio
n

 o
f th

e
 so

n
o

rity-se
q

u
e

n
cin

g
co

n
stra

in
t.

3
0  A

 in
p

u
t-o

rie
n

te
d

 ve
rsio

n
 o

f th
is co

n
stra

in
t w

a
s first p

ro
p

o
se

d
 b

y P
rin

ce
 a

n
d

 S
m

o
le

n
sky (1

9
9

3
:

8
5

).  T
h

e
 PA

R
S

E co
n

stra
in

t o
f P

rin
ce

 a
n

d
 S

m
o

le
n

sky fu
n

ctio
n

e
d

 a
s a

 fa
ith

fu
ln

e
ss co

n
stra

in
t.  In

 th
is

re
sp

e
ct it d

iffe
rs fro

m
 th

e
 p

re
se

n
t P
A

R
S

ES
E

Gσ co
n

stra
in

t, w
h

ich
 sim

p
ly e

xp
re

sse
s a

 d
e

m
a

n
d

 o
n

 th
e

la
ye

rin
g

 o
f p

ro
so

d
ic stru

ctu
re

 in
 th

e
 o

u
tp

u
t.
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a
s th

e
 w

in
n

e
r sin

ce
 it co

p
ie

s m
o

re
 b

a
se

 m
a

te
ria

l th
a

n
 (a

).  H
o

w
e

ve
r, th

is o
u

tco
m

e
 is n

o
t

th
e

 co
rre

ct o
n

e
 fo

r G
e

rm
a

n
; (a

) co
rre

sp
o

n
d

s to
 th

e
 a

ctu
a

l a
tte

ste
d

 fo
rm

.  A
 h

a
rm

o
n

ic
sym

p
a

th
y a

n
a

lysis ca
n

 o
b

ta
in

 th
is re

su
lt b

y ca
llin

g
 o

n
 a

 sym
p

a
th

e
tic co

rre
sp

o
n

d
e

n
ce

re
la

tio
n

 b
e

tw
e

e
n

 ca
n

d
id

a
te

 (b
) a

n
d

 th
e

 a
ctu

a
l o

u
tp

u
t.  T

h
e

 co
n

stra
in

t co
n

flict h
e

re
 m

u
st

th
u

s n
o

t b
e

 re
so

lve
d

 b
y sim

p
le

 ra
n

kin
g

, b
u

t ra
th

e
r b

y a
 h

ie
ra

rch
y sp

lit, so
 th

a
t

A
L

IG
N

-T
O

-σ
@ m

a
y co

n
d

itio
n

 se
le

ctio
n

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
.  W

e
 w

ill se
e

 la
te

r in
th

is se
ctio

n
 th

a
t th

is a
p

p
ro

a
ch

 w
ill h

a
ve

 to
 b

e
 re

vise
d

; h
o

w
e

ve
r, I w

ill first w
o

rk o
u

t th
e

d
e

ta
ils o

f th
is a

cco
u

n
t in

 o
rd

e
r to

 id
e

n
tify a

 sh
o

rtco
m

in
g

 o
f th

e
 p

re
se

n
t m

o
d

e
l o

f
h

a
rm

o
n

ic sym
p

a
th

y.
In

 se
le

ctin
g

 th
e

 sym
p

a
th

y ca
n

d
id

a
te

, th
e

 fu
n

ctio
n

 th
a

t A
L

IG
N

-T
O

-σ
@ p

e
rfo

rm
s is

sim
ila

r to
 th

a
t o

f AL
Lσ

L
 in

 re
strictin

g
 th

e
 m

e
d

ia
l co

n
so

n
a

n
t clu

ste
r to

 a
 p

o
ssib

le
 co

d
a

 o
f

G
e

rm
a

n
; h

o
w

e
ve

r, th
e

 fo
rm

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
 is so

m
e

w
h

a
t d

iffe
re

n
t in

 th
e

 tw
o

a
cco

u
n

ts.  T
h

e
 co

n
stra

in
t-b

a
se

d
 sym

p
a

th
y a

n
a

lysis m
a

ke
s u

se
 o

f a
 tru

n
ca

tu
m

-size
d

sym
p

a
th

y ca
n

d
id

a
te

 w
h

ich
 vio

la
te

s M AX
-IO

 b
y fa

ilin
g

 to
 in

clu
d

e
 th

e
 su

ffix [-i].  In
p

ro
ce

d
u

ra
l te

rm
s, th

is co
rre

sp
o

n
d

s to
 th

e
 fo

rm
 th

a
t w

o
u

ld
 b

e
 d

e
rive

d
 fro

m
 th

e
 b

a
se

 b
y

sylla
b

le
 circu

m
scrip

tio
n

 b
e

fo
re

 [-i] is su
ffixe

d
 (a

s n
o

te
d

 b
y Itô

 a
n

d
 M

e
ste

r 1
9

9
7

a
: 1

2
5

).
O

n
 th

e
 o

th
e

r h
a

n
d

, th
e

 h
a

rm
o

n
ic sym

p
a

th
y a

cco
u

n
t ca

lls o
n

 a
 sym

p
a

th
y re

la
tio

n
 to

 a
fo

rm
 

o
b

e
yin

g
 

M
A

X
-IO

.  In
 th

is ca
se

 th
e

 sym
p

a
th

y ca
n

d
id

a
te

 co
n

ta
in

s th
e

 sa
m

e
se

g
m

e
n

ta
l se

q
u

e
n

ce
 a

s th
e

 o
u

tp
u

t b
u

t w
ith

 sylla
b

ifica
tio

n
 o

n
ly o

f th
e

 tru
n

ca
tu

m
.

S
e

ria
lly, th

is lo
o

se
ly co

rre
sp

o
n

d
s to

 th
e

 fo
rm

 a
fte

r circu
m

scrip
tio

n
 a

n
d

 i-su
ffixa

tio
n

 b
u

t
before resyllabification of the final string.

S
o

 fa
r, w

e
 h

a
ve

 d
e

te
rm

in
e

d
 th

a
t th

e
 h

a
rm

o
n

ic sym
p

a
th

y a
cco

u
n

t in
vo

lve
s

sp
littin

g
 o

ff PA
R

S
ES

E
Gσ

 in
to

 P
1

 a
n

d
 a

ssig
n

in
g

 a
 h

ig
h

-ra
n

ke
d

 sta
tu

s to
 A

L
IG

N
-T

O
-σ

@ in
P

2, but som
e further details rem

ain.  F
irst, to obtain the m

inim
ized size in truncation, I call

o
n

 a
n

 e
m

e
rg

e
n

ce
 o

f th
e

 u
n

m
a

rke
d

 ra
n

kin
g

 sim
ila

r to
 th

a
t w

h
ich

 Itô
 a

n
d

 M
e

ste
r su

g
g

e
st

fo
r th

e
 tra

n
sp

a
re

n
t a

cco
u

n
t.  T

h
is sa

n
d

w
ich

e
s a

 size
 re

stricto
r (h

e
re

 A
L

Lσ
L

) b
e

tw
e

e
n

 IO
and B

T
 faith: M

A
X

-IO
 >

>
 A

L
Lσ

L >
>

 M
A

X
-B

T
.  S

econd, I note a high-ranked constraint
in

 th
e

 P
2

 co
m

p
o

n
e

n
t w

h
ich

 ru
le

s o
u

t va
rio

u
s ca

n
d

id
a

te
s fo

r sym
p

a
th

y o
r o

p
tim

a
l o

u
tp

u
t

sta
tu

s.  T
h

is is a
 so

n
o

rity se
q

u
e

n
cin

g
 co

n
stra

in
t, S

S
C

, w
h

ich
 e

xp
re

sse
s th

e
 re

q
u

ire
m

e
n

t
th

a
t co

m
p

le
x o

n
se

ts rise
 in

 so
n

o
rity a

n
d

 co
m

p
le

x co
d

a
s fa

ll in
 so

n
o

rity (th
e

 n
o

tio
n

 o
f

so
n

o
rity se

q
u

e
n

cin
g

 g
o

e
s b

a
ck to

 S
ie

ve
rs 1

8
8

1
; Je

sp
e

rse
n

 1
9

0
4

).
3

1  W
ith

 th
e

se
 ra

n
kin

g
s

in
 p

la
ce

, th
e

 ta
b

le
a

u
 sh

o
w

in
g

 se
le

ctio
n

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
 is e

xh
ib

ite
d

 in
 (1

0
4

).

3
1  A

s p
o

in
te

d
 o

u
t in

 n
. 2

9
, th

is co
n

stra
in

t m
a

y b
e

 vio
la

te
d

 b
y a

 co
ro

n
a

l vo
ice

le
ss frica

tive
 a

d
ja

ce
n

t to
a

 sto
p

.  H
o

w
e

ve
r, th

e
 d

e
ta

ils o
f th

o
se

 ca
se

s d
o

 n
o

t co
n

ce
rn

 u
s h

e
re

.
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(1
0

4
)

S
e

le
ctio

n
 o

f th
e

 sym
p

a
th

y ca
n

d
id

a
te

:

                          P
1

     
P

2
B

a
se

: .(g
a
$.b

ri).(e
@.le).

Input: /TR
U

N
C - i/

P
A

R
S

E
S

E
Gσ

A
LIG

N
-T

O
-σ

@
1.M

A
X

-IO
2

.S
S

C
A

LLσ
L

M
A

X
-B

T

a
. .g

a
$.b

ri.e
@.le.<

-i>
*

*!*
******

b
. .g

a
@.b

r-i.
*!*

*
ie

le

c. .g
a
@b
.r-i.

*!
*

ie
le

d
. .g

a
@.b-i.

*!
*

rie
le

e
. .g

a
@.-i.

*!
b
rie

le

f. .g
a
@b
.<

r-i>
**

*!
ie

le

g
. .g

a
@.<

b
r-i>

***
*!*

ie
le

h
. .g

a
@.<

b-i>
**

*!
rie

le

i. .g
a
@b
r.<

-i>
*

*!(2)
ie

le

j. .g
a
@b
.

*!(1)
rie

le

k. .g
a
@b
.<

-i>
*

❀
rie

le

l. .g
a
@.<

-i.>
*

b
rie

le!

C
a

n
d

id
a

te
s (a

-e
), w

h
ich

 co
n

ta
in

 m
o

re
 th

a
n

 o
n

e
 sylla

b
le

, m
a

y a
ll b

e
 ru

le
d

 o
u

t o
n

 th
e

 b
a

sis
o

f th
e

 size
 m

in
im

ize
r, AL

L
σ

L
, a

lth
o

u
g

h
 m

a
n

y o
f th

e
se

 ca
n

d
id

a
te

s a
lso

 vio
la

te
 [-i]

a
lig

n
m

e
n

t.  C
a

n
d

id
a

te
s (f-h

) illu
stra

te
 h

o
w

 th
e

 [-i] a
lig

n
m

e
n

t co
n

stra
in

t ru
le

s o
u

t
ca

n
d

id
a

te
s fa

ilin
g

 to
 p

la
ce

 u
n

p
a

rse
d

 [-i] flu
sh

 w
ith

 a
 sylla

b
le

 e
d

g
e

 in
 th

e
 sym

p
a

th
y

ca
n

d
id

a
te

; a
n

y a
d

d
itio

n
a

l u
n

p
a

rse
d

 se
g

m
e

n
ta

l m
a

te
ria

l ca
u

se
s [-i] to

 b
e

 m
isa

lig
n

e
d

.
T

h
e

se
 ca

n
d

id
a

te
s lo

se
 e

ve
n

 th
o

u
g

h
 (f) a

n
d

 (g
) in

clu
d

e
 m

o
re

 b
a

se
 m

a
te

ria
l th

a
n

 th
e

w
in

n
e

r.  T
h

e
 d

e
cisio

n
 co

m
e

s d
o

w
n

 to
 ca

n
d

id
a

te
s (k) a

n
d

 (l), w
h

ich
 b

o
th

 co
n

ta
in

 a
 sin

g
le

sylla
b

le
 a

n
d

 a
lig

n
 [-i] to

 th
e

 sylla
b

le
 e

d
g

e
.  T

h
e

 m
a

xim
izin

g
 fu

n
ctio

n
 o

f M
A

X
-B

T
 th

e
n

selects (k) over (l). 32

(1
0

4
) 

sh
o

w
s 

th
a

t 
th

is 
ra

n
kin

g
 

id
e

n
tifie

s 
th

e
 

sym
p

a
th

e
tic 

ca
n

d
id

a
te

 
a

s 
(k)

[.g
a
@b
.<

i>
], th

e
 m

o
st h

a
rm

o
n

ic ca
n

d
id

a
te

 w
ith

 re
sp

e
ct to

 th
e

 P
2

 h
ie

ra
rch

y.  T
h

e
 a

ctu
a

l

3
2  A

 co
n

ce
iva

b
le

 a
lte

rn
a

tive
 w

ith
 fu

ll sylla
b

ifica
tio

n
 o

f th
e

 sym
p

a
th

y ca
n

d
id

a
te

 w
o

u
ld

 p
o

sit th
e

o
p

a
q

u
e

 in
te

ra
ctio

n
 a

s a
risin

g
 b

e
tw

e
e

n
 A

L
IG

N
-T

O
-σ

@ a
n

d
 ON

S
E

T, g
ivin

g
 a

 sym
p

a
th

y ca
n

d
id

a
te

 o
f th

e
fo

rm
: [.g

a
b
.i.], w

ith
 a

n
 o

n
se

tle
ss fin

a
l sylla

b
le

.  T
h

e
 P

1
 d

e
m

a
n

d
 to

 sa
tisfy O
N

S
E

T in
 th

e
 a

ctu
a

l o
u

tp
u

t
w

o
u

ld
 fo

rce
 th

e
 a

p
p

ro
p

ria
te

 sylla
b

ifica
tio

n
 in

 th
e

 o
p

tim
a

l fo
rm

.  H
o

w
e

ve
r, w

h
ile

 O
N

S
E

T is w
id

e
ly

re
sp

e
cte

d
 in

 G
e

rm
a

n
, it is n

o
t u

n
d

o
m

in
a

te
d

, w
h

ich
 ra

ise
s co

m
p

lica
tio

n
s fo

r th
e

 a
n

a
lysis.  W

ie
se

 (1
9

9
6

:
5

8
-9

) n
o

te
s th

a
t g

lo
tta

l sto
p

 in
se

rtio
n

 ta
ke

s p
la

ce
 to

 fill th
e

 o
n

se
t o

f a
 vo

w
e

l-in
itia

l sylla
b

le
 in

 fo
o

t-
in

itia
l p

o
sitio

n
 b

u
t n

o
t fo

o
t-m

e
d

ia
lly (co

m
p

a
re

: C
h

á
o

s ‘ch
a

o
s’ ve

rsu
s cha[/]ó

tisch
 ‘ch

a
o

tic’).  T
h

is
p

a
tte

rn
 is g

ive
n

 b
y th

e
 ra

n
kin

g
: ONS

E
TF

T , M
A

X
 >

>
 D

E
P

 >
>

 O
N

S
E

T.  F
o

r ON
S

E
T

 to
 h

a
ve

 a
n

 o
p

a
q

u
e

in
te

ra
ctio

n
 w

ith
 AL

IG
N

-T
O

-σ
@, th

is fu
ll h

ie
ra

rch
y w

o
u

ld
 h

a
ve

 to
 b

e
lo

n
g

 to
 P

1
, g

ivin
g

 rise
 to

 p
o

ssib
le

p
ro

b
le

m
s w

ith
 fre

e
 F

a
ith

 vio
la

tio
n

s in
 th

e
 sym

p
a

th
y ca

n
d

id
a

te
.
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o
u

tp
u

t is th
e

 ca
n

d
id

a
te

 w
h

ich
 m

a
tch

e
s th

e
 sym

p
a

th
e

tic fo
rm

 in
 se

g
m

e
n

tism
, w

h
ile

sa
tisfyin

g
 PA

R
S

ES
E

G
σ

.  T
h

e
 tra

n
sp

a
re

n
t co

m
p

e
tito

r, [.
g
a
@b
.ri.], lo

se
s o

n
 a

 DE
P-❀

O
violation, as show

n in (105).  (T
he candidates [

.g
a
@b
.] and [.g

a
@.-i.] are not included in this

ta
b

le
a

u
 a

n
d

 w
ill b

e
 d

iscu
sse

d
 b

e
lo

w
.)

(1
0

5
)

S
e

le
ctio

n
 o

f th
e

 a
ctu

a
l o

u
tp

u
t:

                        P
1

                            P
2

B
a

se
: (.ga

$.b
ri).(e

@.le.)
Input: /TR

U
N

C - i/
P

A
R

S
E

S
E

Gσ
D

E
P-❀

O
A

LIG
N

-
T

O
-σ

@
1.M

A
X

-IO
2

.S
S

C
A

LLσ
L

M
A

X
-B

T

a
. .g

a
$.b

ri.e
@.le.<

-i>
*!

rie
le

**
******

b
. .g

a
@.b

r-i.
r!

**
*

ie
le

c. .g
a
@b
.r-i.

r!
*

*
ie

le

☞
d

. .g
a
@.b-i.

*
*

rie
le

e
. .g

a
@b
.<

r-i>
*!*

r
*

ie
le

f. .g
a
@.<

b
r-i>

*!**
r

**
ie

le

g
. .g

a
@.<

b-i>
*!*

*
rie

le

h
. .g

a
@b
r.<

-i>
*!

r
*(2)

ie
le

i. .g
a
@b
.<

-i>
*!

❀
rie

le

j. .g
a
@.<

-i.>
*!

b
rie

le

A
lth

o
u

g
h

 ca
n

d
id

a
te

 (d
) w

in
s o

ve
r (c) o

n
 D
E

P-❀
O

, it fa
re

s w
o

rse
 o

n
 a

n
o

th
e

r
sym

p
a

th
e

tic fa
ith

 co
n

stra
in

t: SRO
L

E-❀
O

, w
h

ich
 re

q
u

ire
s th

a
t co

rre
sp

o
n

d
e

n
t se

g
m

e
n

ts
h

a
ve

 id
e

n
tica

l sylla
b

le
 ro

le
s (M

cC
a

rth
y a

n
d

 P
rin

ce
 1

9
9

3
a

 ch
. 7

; G
a

fo
s 1

9
9

6
).  A

vio
la

tio
n

 o
f S R

O
L

E-❀
O

 is in
cu

rre
d

 fo
r [b

], w
h

ich
 a

p
p

e
a

rs in
 a

 co
d

a
 in

 th
e

 sym
p

a
th

y
ca

n
d

id
a

te
 b

u
t in

 a
n

 o
n

se
t in

 th
e

 a
ctu

a
l o

u
tp

u
t (d

).  In
 th

e
 a

lte
rn

a
tive

 ca
n

d
id

a
te

 (c), [b
]

m
a

in
ta

in
s its co

d
a

 sta
tu

s.  S
in

ce
 (c) lo

se
s to

 (d
) in

 sp
ite

 o
f its sa

tisfa
ctio

n
 o

f S
R

O
L

E,
D

E
P-❀

O
 m

ust outrank SR
O

LE-❀
O

.

(106)
D

E
P-❀

O
 >

>
 SR

O
LE-❀

O

D
E

P-❀
O

S
R

O
LE-❀

O

☞
a. (.g

a
@.b

i.)
*

b
. (.g

a
@b
.ri.)

*!
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A
 se

co
n

d
 sym

p
a

th
e

tic fa
ith

 ra
n

kin
g

 is e
vid

e
n

t w
h

e
n

 w
e

 co
m

p
a

re
 [(.

g
a
@.b

i.)] w
ith

 th
e

a
lte

rn
a

tive
s [(.ga

@.i.)] a
n

d
 [(.g

a
@b
.)].  In

 co
n

tra
st to

 th
e

 w
in

n
in

g
 ca

n
d

id
a

te
, [(.
g
a
@.i.)] a

n
d

[(.g
a
@b
.)] obey S R

O
LE-❀

O
 fo

r [b
] b

u
t vio

la
te

 M
A

X
-❀

O
.  T

h
is in

d
ica

te
s th

a
t MA

X
-❀

O
a

lso
 o

u
tra

n
ks SR

O
L

E
-❀

O
.  T

h
e

se
 ra

n
kin

g
s o

f sym
p

a
th

e
tic fa

ith
 co

n
stra

in
ts w

ill
p

re
su

m
a

b
ly a

lso
 b

e
 re

q
u

ire
d

 u
n

d
e

r Itô
 a

n
d

 M
e

ste
r’s a

cco
u

n
t, I a

m
 sim

p
ly w

o
rkin

g
 o

u
t

th
e

 d
e

ta
ils o

f th
e

 ra
n

kin
g

s h
e

re
.

(107)
M

A
X

-❀
O

 >
>

 SR
O

LE-❀
O

M
A

X
-❀

O
S

R
O

LE-❀
O

☞
a. (.g

a
@.b

i.)
*

b
. (.g

a
@.i.)

*!

c. (.g
a
@b
.)

*!

T
h

e
 a

cco
u

n
t is ve

rifie
d

 b
e

lo
w

 fo
r th

e
 clu

ste
r m

a
xim

iza
tio

n
 e

xa
m

p
le

, [
g
o
rb

a
tÉSo

f]
→

 [g
o
rb

i].  (108) illustrates selection of the sym
pathy candidate [(.

g
o
rb

.<
i>

)].  M
A

X
-B

T
p

la
ys a

 m
a

xim
izin

g
 ro

le
 h

e
re

, e
n

su
rin

g
 th

a
t th

e
 sym

p
a

th
y ca

n
d

id
a

te
 h

a
s th

e
 la

rg
e

st
p

o
ssib

le
 co

d
a

 clu
ste

r.
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(1
0

8
)

S
e

le
ctio

n
 o

f th
e

 sym
p

a
th

y ca
n

d
id

a
te

:

                          P
1

     
P

2
B

ase:(.go
@r.b

a).(tÉSo
$f.)

Input:/T
R

U
N

C - i/
P

A
R

S
E

S
E

Gσ
A

LIG
N

-T
O

-σ
@

1.M
A

X
-IO

2
.S

S
C

A
LLσ

L
M

A
X

-B
T

a
. .g

o
@r.b

a.tÉSo
$.<

f-i>
**

*!****
***

b
. .g

o
@r.b

a.<
tÉS-i>

**
*!**

*
o
f

c. .g
o
@r.b-i.

*!
*

a
tÉSo

f

d. .g
o
@.r-i.

*!
*

b
a
tÉSo

f

e. .g
o
@.-i.

*!
rb

a
tÉSo

f

f. .g
o
@r.<

b-i>
**

*!
a
tÉSo

f

g
. .g

o
@rb

.<
-i>

*
❀

a
tÉSo

f

h
. .g

o
@r.<

-i>
*

b
a
tÉSo

f!

i. .g
o
@.<

r-i>
**

*!
b
a
tÉSo

f

j. .g
o
@.<

-i>
*

rb
a
tÉSo!f

k. .g
o
@r.b

a
.

*!(1)
*

tÉSo
f

l. .g
o
@rb

.
*!(1)

a
tÉSo

f

(1
0

9
) e

xh
ib

its th
e

 co
m

p
le

te
 ta

b
le

a
u

, in
clu

d
in

g
 sym

p
a

th
e

tic fa
ith

 co
n

stra
in

ts.
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(1
0

9
)

S
e

le
ctio

n
 o

f th
e

 a
ctu

a
l o

u
tp

u
t:

                     P
1

                                        P
2

B
: (.g

o
@r.b

a).(tÉSo
$f.)

I: /T
R

U
N

C - i/
P

A
R

S
E

S
E

Gσ
1.M

A
X

-❀
O

2
.D

E
P-❀

O
S

R
O

L
E

-❀
O

A
LIG

N
-

T
O

-σ
@

1.M
A

X
-IO

2.S
S

C
A

LL
σ

L
M

A
X

-
B

T

a
. .g

o
@r.b

a.tÉSo
$.<

f-i>
*!*

a
tÉSo

f(2
)

*
*****

***

b
. .g

o
@r.b

a.<
tÉS-i>

*!*
a
tÉS(2

)
*

***
*

o
f

☞
c. .g

o
@r.b-i.

*
*

*
a
tÉSo

f

d. .g
o
@.r-i.

b!(1)
*

*
*

b
a
tÉSo

f

e. .g
o
@.-i.

r!b(1)
*

rb
a
tÉSo

f

f. .g
o
@r.<

b-i>
*!*

*
a
tÉSo

f

g
. .g

o
@rb

.<
-i>

*!
❀

a
tÉSo

f

h
. .g

o
@r.<

-i>
*!

b(1)
b
a
tÉSo

f

i. .g
o
@.<

r-i>
*!*

b(1)
*

b
a
tÉSo

f

j. .g
o
@.<

-i>
*!

rb(1)
rb

a
tÉSo

f

k. .g
o
@r.b

a
.

i!(1
)a(2

)
*

*(1)
*

tÉSo
f

l. .g
o
@rb

.
i!(1

)
*(1)

a
tÉSo

f

A
 su

m
m

a
ry o

f th
e

 ra
n

kin
g

s th
a

t h
a

ve
 b

e
e

n
 e

sta
b

lish
e

d
 th

u
s fa

r fo
r th

e
 h

a
rm

o
n

ic
sym

pathy analysis of G
erm

an truncation is given in (110).

(110)
B

ifu
rca

tio
n

 trig
g

e
re

d
 b

y o
p

a
q

u
e

 re
so

lu
tio

n
 o

f co
n

flict b
e

tw
e

e
n

 P
A

R
S

ES
E

Gσ
 a

n
d

A
LIG

N
-T

O
-σ

@

a.
P

1:
PA

R
S

ES
E

Gσ
S

ym
p

a
th

y.
D E

P-❀
O

, M
A

X
-❀

O
 >

>
SR

O
LE-❀

O

b
.

P
2:

S
ize restriction.

MA
X

-IO
 >

>
 A

LLσ
L >

>
 M

A
X

-B
T

M
edial clusters.

A LIG
N

-T
O

-σ
@, S

S
C

 >
>

 MA
X

-B
T

A
t th

is sta
g

e
 it is n

e
ce

ssa
ry to

 p
o

in
t o

u
t a

 p
ro

b
le

m
 th

a
t e

m
e

rg
e

s u
n

d
e

r th
is

a
cco

u
n

t.  T
h

e
 p

ro
b

le
m

 a
rise

s b
e

ca
u

se
 th

e
 co

n
stra

in
t, P

A
R

S
ES

E
Gσ, w

h
ich

 p
la

ys a
 b

ro
a

d
fu

n
ctio

n
 in

 d
e

te
rm

in
in

g
 w

e
ll-fo

rm
e

d
 o

u
tp

u
ts, is re

m
o

ve
d

 fro
m

 P
2

.  T
h

is m
e

a
n

s th
a

t
P

A
R

S
ES

E
Gσ

 ca
n

n
o

t p
la

y a
n

y p
a

rt in
 th

e
 se

le
ctio

n
 o

f th
e

 sym
p

a
th

y ca
n

d
id

a
te

.  M
A

X
-IO

m
a

y th
u

s e
n

fo
rce

 se
le

ctio
n

 o
f a

 sym
p

a
th

y ca
n

d
id

a
te

 w
ith

 u
n

sylla
b

ifie
d

 m
a

te
ria

l.
S

ym
p

a
th

e
tic fa

ith
 w

o
u

ld
 th

e
n

 ca
u

se
 th

e
se

 se
g

m
e

n
ts to

 b
e

 p
re

se
rve

d
 in

 th
e

 o
p

tim
a

l
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o
u

tp
u

t, p
ro

d
u

cin
g

 strin
g

s th
a

t d
o

 n
o

t a
ctu

a
lly o

ccu
r in

 G
e

rm
a

n
.

3
3  A

n
 e

xa
m

p
le

 is g
ive

n
in

 (1
1

1
) w

ith
 a

 p
o

ssib
le

 in
p

u
t fo

r [
g
a
b
rie

le] co
n

ta
in

in
g

 e
xtra

n
e

o
u

s u
n

sylla
b

ifia
b

le
se

g
m

e
n

ts.  S
in

ce
 tru

n
ca

tio
n

 is n
o

t d
ire

ctly re
le

va
n

t h
e

re
, I h

a
ve

 o
m

itte
d

 tru
n

ca
tio

n
-

re
la

te
d

 co
n

stra
in

ts fro
m

 th
e

 ta
b

le
a

u
.

(111)
P

re
d

ictin
g

 u
n

a
tte

ste
d

 strin
g

s in
 a

ctu
a

l o
u

tp
u

t:

                     P
1

                               P
2

Input:  b
d
g
a
b
rie

le
P

A
R

S
E

S
E

Gσ
1. M

A
X

-❀
O

2. D
E

P-❀
O

1. M
A

X
-IO

2. D
E

P-IO
S

S
C

a. .g
a
.b

ri.e
.le

.
*!*(1)

**(1)
E

b. .b
d
g
a
.b

ri.e
le

.
*

c. <b
d>

.g
a
.b

ri.e
.le

.
*!*

❀

d. .b
´
d
.g

a
.b

ri.e
.le

.
*!(2)

*(2)

T
h

e
 sym

p
a

th
y ca

n
d

id
a

te
 in

 (1
1

1
) is [<

b
d

>
.g

a
b
.ri.e

.le
.], w

h
ich

 sa
tisfie

s MA
X

-IO
 b

y
p

re
se

rvin
g

 a
ll in

p
u

t se
g

m
e

n
ts a

n
d

 circu
m

ve
n

ts sylla
b

le
 w

e
ll-fo

rm
e

d
n

e
ss b

y fa
ilin

g
 to

p
a

rse
 th

e
 first tw

o
 co

n
so

n
a

n
ts.  D

E
P-IO

 is sh
o

w
n

 in
 th

is ta
b

le
a

u
 to

 illu
stra

te
 th

a
t p

a
rsin

g
th

e
 se

g
m

e
n

ts in
to

 a
 w

e
ll-fo

rm
e

d
 sylla

b
le

 b
y e

p
e

n
th

e
sizin

g
 a

 vo
w

e
l, a

s in
 (d

), w
ill still b

e
less harm

onic than the sym
pathy candidate in (c), because candidate (d) violates D

E
P-IO

,
w

h
ile

 th
e

 co
n

stra
in

t th
a

t (c) vio
la

te
s, P

A
R

S
ES

E
G

σ
, is n

o
t co

n
ta

in
e

d
 in

 P
2

.  W
ith

ca
n

d
id

a
te

 
(c) 

se
le

cte
d

 
a

s 
th

e
 

sym
p

a
th

y 
ca

n
d

id
a

te
, 

th
e

 
a

ctu
a

l 
o

u
tp

u
t 

is 
(b

),
[.b

d
g
a
.b

ri.e
.le

.], w
ith

 th
e

 strin
g

 o
f in

itia
l co

n
so

n
a

n
ts sylla

b
ifie

d
 in

to
 th

e
 first sylla

b
le

.
T

h
is o

u
tp

u
t is se

le
cte

d
 b

e
ca

u
se

 sym
p

a
th

e
tic fa

ith
 fo

rce
s th

e
 a

ctu
a

l o
u

tp
u

t to
 b

e
 id

e
n

tica
l

in
 se

g
m

e
n

tism
 to

 th
e

 sym
p

a
th

e
tic ca

n
d

id
a

te
, a

n
d

 P
A

R
S

ES
E

Gσ re
q

u
ire

s th
a

t a
ll se

g
m

e
n

ts
b

e
 p

a
rse

d
 in

to
 so

m
e

 sylla
b

le
.  T

h
e

 o
u

tp
u

ts th
a

t co
rre

sp
o

n
d

 to
 w

e
ll-fo

rm
e

d
 o

u
tco

m
e

s fo
r

G
erm

an, in (a) and (d), lose on the basis of sym
pathetic faith.

It sh
o

u
ld

 b
e

 n
o

te
d

 th
a

t th
is kin

d
 o

f p
ro

b
le

m
 d

o
e

s n
o

t a
rise

 u
n

d
e

r co
n

stra
in

t-b
a

se
d

sym
p

a
th

y, b
e

ca
u

se
 in

 th
a

t m
o

d
e

l a
ll o

f th
e

 co
n

stra
in

ts co
n

trib
u

te
 to

 se
le

ctio
n

 o
f th

e
sym

p
a

th
y ca

n
d

id
a

te
; d

e
riva

tio
n

a
l o

p
a

city is n
o

t a
ch

ie
ve

d
 b

y se
ttin

g
 a

 co
n

stra
in

t a
sid

e
 in

a
 se

p
a

ra
te

 co
m

p
o

n
e

n
t.  O

n
e

 w
a

y o
f re

so
lvin

g
 th

e
 p

ro
b

le
m

 fo
r th

e
 a

n
a

lysis o
f G

e
rm

a
n

 in
h

a
rm

o
n

ic sym
p

a
th

y is to
 p

o
sit a

 d
iffe

re
n

t co
n

stra
in

t in
 P

1
 fo

r th
e

 o
p

a
city e

ffe
ct, o

n
e

 th
a

t
is specific to truncation.  A

 truncation-specific constraint is given in (112); this constraint
is a

n
 M

C
a

t-to
-M

C
a

t a
lig

n
m

e
n

t co
n

stra
in

t (M
cC

a
rth

y a
n

d
 P

rin
ce

 1
9

9
3

b
) d

e
m

a
n

d
in

g
 th

a
t

th
e

 rig
h

t e
d

g
e

 o
f a

n
y T RU

N
C

 b
e

 a
lig

n
e

d
 w

ith
 le

ft e
d

g
e

 o
f [-i] in

 th
e

 o
u

tp
u

t.

3
3  T

h
a

n
ks to

 A
rm

in
 M

e
ste

r fo
r ra

isin
g

 th
is issu

e
.
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(112)
TR

U
N

C-T
O

-[-i]:
A

LIG
N

(T
R

U
N

C, R
, [i]A

f , L)

If th
e

 a
lig

n
m

e
n

t co
n

stra
in

t in
 (1

1
2

) w
e

re
 th

e
 co

n
stra

in
t in

 P
1

 in
ste

a
d

 o
f

P
A

R
S

ES
E

G
σ

, th
e

n
 fu

ll sylla
b

ifica
tio

n
 co

u
ld

 a
lw

a
ys b

e
 e

n
fo

rce
d

 in
 th

e
 sym

p
a

th
y

ca
n

d
id

a
te

.  W
ith

 PA
R

S
ES

E
G

σ
 re

sp
e

cte
d

 in
 P

2
, it re

m
a

in
s fo

r u
s to

 e
n

su
re

 th
a

t th
e

sym
p

a
th

y ca
n

d
id

a
te

 fo
r a

 tru
n

ca
to

ry fo
rm

 w
ill co

n
sist o

f ju
st o

n
e

 sylla
b

le
 w

ith
 n

o
a

d
d

itio
n

a
l u

n
p

a
rse

d
 m

a
te

ria
l, m

a
tch

in
g

 th
e

 sym
p

a
th

y ca
n

d
id

a
te

 se
le

cte
d

 u
n

d
e

r Itô
 a

n
d

M
e

ste
r’s a

cco
u

n
t.  T

h
e

 a
lig

n
m

e
n

t co
n

stra
in

t in
 P

1
 w

ill th
e

n
 re

q
u

ire
 th

a
t [-i] o

ccu
r

fo
llo

w
in

g
 th

e
 tru

n
ca

tu
m

 in
 th

e
 a

ctu
a

l o
u

tp
u

t, p
ro

d
u

cin
g

 a
 vio

la
tio

n
 o

f D
E

P-❀
O

.  T
h

e
sym

p
a

th
e

tic fa
ith

 co
n

stra
in

ts w
ill p

re
ve

n
t a

n
y a

d
d

itio
n

a
l m

a
te

ria
l fro

m
 b

e
in

g
 a

d
d

e
d

.  T
h

e
ra

n
kin

g
 M

A
X

-IO
 >

>
 A

L
Lσ

L
 >

>
 M

A
X

-B
T

 re
stricts th

e
 size

 o
f TRU

N
C

 to
 o

n
e

 sylla
b

le
.

H
o

w
e

ve
r, in

 a
d

d
itio

n
 to

 th
is, w

e
 m

u
st re

strict th
e

 sym
p

a
th

y ca
n

d
id

a
te

 to
 ju

st T
R

U
N

C

m
a

te
ria

l (i.e
. b

a
se

-d
e

p
e

n
d

e
n

t m
a

te
ria

l) e
xclu

d
in

g
 [-i].  T

h
is ca

n
 b

e
 a

ch
ie

ve
d

 w
ith

a
lig

n
m

e
n

t co
n

stra
in

ts re
q

u
irin

g
 th

a
t th

e
 le

ft a
n

d
 rig

h
t e

d
g

e
s o

f th
e

 tru
n

ca
tu

m
 b

e
 a

lig
n

e
d

to
 th

e
 le

ft a
n

d
 rig

h
t e

d
g

e
s o

f th
e

 w
o

rd
, re

sp
e

ctive
ly.  T

h
e

se
 co

n
stra

in
ts a

re
 g

ive
n

 in
 (1

1
3

)
a

n
d

 re
fle

ct th
a

t fo
r th

e
 p

u
rp

o
se

s o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
, th

e
 tru

n
ca

to
ry fo

rm
 b

e
h

a
ve

s
as if there w

ere no suffix.

(113)
T R

U
N

C-T
O

-W
D

:

a.
A

LIG
N

(T
R

U
N

C, R
, W

D
, R

)
b

.
A

LIG
N

(T
R

U
N

C, L, W
D

, L)

T
h

e
 ta

b
le

a
u

x in
 (1

1
4

-1
1

5
) illu

stra
te

 th
e

 a
cco

u
n

t u
sin

g
 th

e
se

 co
n

stra
in

ts fo
r th

e
truncation of G

a
b

rie
le.  T

he tableau in (114) dem
onstrates how

 T
R

U
N

C
-T

O
-W

D
 selects a

ca
n

d
id

a
te

 co
n

ta
in

in
g

 o
n

ly TRU
N

C
 m

a
te

ria
l a

n
d

 th
e

 e
m

e
rg

e
n

ce
 o

f th
e

 u
n

m
a

rke
d

 ra
n

kin
g

re
stricts TR

U
N

C
 size

 to
 o

n
e

 sylla
b

le
.

3
4  O

n
ly ca

n
d

id
a

te
s re

sp
e

ctin
g

 th
e

 so
n

o
rity

se
q

u
e

n
cin

g
 co

n
stra

in
t a

re
 co

n
sid

e
re

d
 h

e
re

.

3
4  I a

ssu
m

e
 th

a
t h

ig
h

-ra
n

ke
d

 co
n

stra
in

ts in
 P

2
 ru

le
 o

u
t ca

n
d

id
a

te
s in

 w
h

ich
 [-i] fo

rm
s a

 w
o

rd
 o

n
 its

o
w

n
 o

r o
ccu

rs o
u

tsid
e

 o
f a

 w
o

rd
 b

o
u

n
d

a
ry.
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(114)
S

e
le

ctio
n

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
:

                   P
1

                         P
2

B
:(.g

a
$.b

ri).(e
@.le.)

I:/T
R

U
N

C
 - i/

T
R

U
N

C
-T

O
-[-i]

1
.D

E
P-❀

O
2.M

A
X

-❀
O

1
.P

A
R

S
ES

E
Gσ

2
.T

R
U

N
C-T

O
-

    W
D

M
A

X
-IO

A
LLσ

L
M

A
X

-B
T

a
. .g

a
$.b

ri.e
@.le.-i.

rie
le

i(1
)

*!(2)
*****
*****

b
. .g

a
@.b

r-i.
ri(1

)
*!(2)

*
ie

le

c. .g
a
@.b-i.

i(1
)

*!(2)
*

rie
le

d
. .g

a
@b
.

*
❀

i
rie

le

e .g
a
@.

*
b(2)

i
b
rie

le!

f. .g
a
@.-i.

i(1)b(2)
*!(2)

*
b
rie

le

In
 (1

1
5

) w
e

 se
e

 th
e

 se
le

ctio
n

 o
f th

e
 a

ctu
a

l o
u

tp
u

t.  T
h

is is o
n

e
 th

a
t a

d
d

s th
e

 [-i]
su

ffix to
 th

e
 tru

n
ca

tu
m

.

(115)
S

e
le

ctio
n

 o
f th

e
 a

ctu
a

l o
u

tp
u

t:

                   P
1

                           P
2

B
:(.g

a
$.b

ri).(e
@.le.)

I:/T
R

U
N

C
 - i/

T
R

U
N

C
-T

O
-[-i]

1
.D

E
P-❀

O
2.M

A
X

-❀
O

1
.P

A
R

S
ES

E
Gσ

2
.T

R
U

N
C-T

O
-

    W
D

M
A

X
-IO

A
LLσ

L
M

A
X

-B
T

a
. .g

a
$.b

ri.e
@.le.-i.

ri!e
le

i(1
)

*(2)
*****
*****

b
. .g

a
@.b

r-i.
ri!(1

)
*(2)

*
ie

le

☞
c. .g

a
@.b-i.

i(1
)

*(2)
*

rie
le

d
. .g

a
@b
.

*!
❀

i
rie

le

e .g
a
@.

*!
b(2)

i
b
rie

le

f. .g
a
@.-i.

i(1)b!(2)
*(2)

*
b
rie

le

T
h

is a
p

p
ro

a
ch

 re
so

lve
s th

e
 p

ro
b

le
m

 o
f p

re
d

ictin
g

 u
n

a
tte

ste
d

 strin
g

s in
 G

e
rm

a
n

 b
y

p
o

sitin
g

 th
e

 P
1

 co
n

stra
in

t a
s o

n
e

 sp
e

cific to
 tru

n
ca

tio
n

.  B
e

ca
u

se
 o

f th
is sp

e
cificity, th

e
placem

ent of this constraint in P
1 w

ill not im
pact non-truncatory form

s.
A

n
 a

lte
rn

a
tive

 so
lu

tio
n

 in
vo

lve
s re

visin
g

 th
e

 o
p

a
q

u
e

 re
so

lu
tio

n
 o

f co
n

stra
in

t
co

n
flict in

 h
a

rm
o

n
ic sym

p
a

th
y.  R

e
ca

ll th
a

t th
e

 p
ro

b
le

m
 fo

r th
e

 a
n

a
lysis o

f G
e

rm
a

n
w

h
ich

 p
la

ce
d

 PA
R

S
ES

E
G

σ
 in

 P
1

 w
a

s th
a

t th
is co

n
stra

in
t n

o
 lo

n
g

e
r p

la
ye

d
 a

n
y ro

le
w

h
a

tso
e

ve
r in

 se
le

ctio
n

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
.  T

h
is p

ro
b

le
m

 co
u

ld
 b

e
 o

ve
rco

m
e

 if
th

e
 o

p
a

q
u

e
 in

te
ra

ctio
n

 o
f tw

o
 co

n
stra

in
ts w

a
s re

so
lve

d
 b

y th
e

 w
in

n
in

g
 co

n
stra

in
t b

e
in

g
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p
ro

m
o

te
d

 to
 a

 P
1

 se
g

m
e

n
t a

n
d

 a
lso

 o
ccu

rrin
g

 d
o

m
in

a
te

d
 b

y th
e

 se
co

n
d

 co
n

stra
in

t w
ith

in
P

2
, th

a
t is, h

ie
ra

rch
y b

ifu
rca

tio
n

 w
o

u
ld

 b
e

 in
d

u
ce

d
 so

 th
a

t a
 co

n
stra

in
t w

h
ich

 is
d

o
m

in
a

te
d

 b
y a

n
o

th
e

r in
 se

le
ctio

n
 o

f th
e

 sym
p

a
th

y ca
n

d
id

a
te

 w
ill still b

e
 re

sp
e

cte
d

 in
th

e
 a

ctu
a

l o
u

tp
u

t.  P
o

sitin
g

 th
is o

ccu
rre

n
ce

 o
f a

 co
n

stra
in

t in
 b

o
th

 P
1

 a
n

d
 P

2
, e

n
a

b
le

s th
e

w
in

n
in

g
 co

n
stra

in
t (i.e

. th
e

 o
n

e
 in

 P
1

) to
 still co

n
trib

u
te

 (a
lth

o
u

g
h

 d
o

m
in

a
te

d
) to

 th
e

 P
2

o
p

tim
iza

tio
n

.  T
h

is a
llo

w
s a

 m
o

re
 g

e
n

e
ra

l co
n

stra
in

t to
 o

ccu
r in

 P
1

, sin
ce

 it w
ill a

lso
 still

p
e

rfo
rm

 a
 ro

le
 w

ith
in

 P
2

.  In
 th

e
 ca

se
 o

f th
e

 a
n

a
lysis o

u
tlin

e
d

 in
 (1

1
4

-1
1

5
), w

e
 co

u
ld

re
p

la
ce

 th
e

 tru
n

ca
tio

n
-sp

e
cific P

1
 co

n
stra

in
t w

ith
 R

E
A

L
IZ

E
M

O
R

P
H, a

 co
n

stra
in

t
re

q
u

irin
g

 th
a

t e
ve

ry m
o

rp
h

e
m

e
 in

 th
e

 in
p

u
t b

e
 p

h
o

n
o

lo
g

ica
lly e

xp
re

sse
d

 in
 th

e
 o

u
tp

u
t

(S
a

m
e

k-L
o

d
o

vici 1
9

9
2

, 1
9

9
3

; G
n

a
n

a
d

e
sika

n
 1

9
9

6
; R

o
se

 1
9

9
7

).  R
E

A
L

IZ
E

M
O

R
P

H

w
o

u
ld

 a
lso

 o
ccu

r d
o

m
in

a
te

d
 b

y T
R

U
N

C
-T

O
-W

D
 w

ith
in

 P
2

.  B
e

ca
u

se
 th

e
 m

o
rp

h
e

m
e

re
a

liza
tio

n
 co

n
stra

in
t is o

th
e

rw
ise

 h
ig

h
-ra

n
ke

d
 in

 P
2

, m
o

rp
h

e
m

e
 re

a
liza

tio
n

 w
ill b

e
re

sp
e

cte
d

 in
 th

e
 g

e
n

e
ra

l ca
se

 in
 sym

p
a

th
y ca

n
d

id
a

te
s e

xce
p

t w
h

e
n

 a
 vio

la
tio

n
 is in

d
u

ce
d

b
y tru

n
ca

tu
m

-to
-w

o
rd

 a
lig

n
m

e
n

t.  T
h

e
 ta

b
le

a
u

 in
 (1

1
6

) illu
stra

te
s h

o
w

 th
is re

vise
d

 m
o

d
e

l
h

a
n

d
le

s th
e

 G
e

rm
a

n
 tru

n
ca

tio
n

.

(116)
G

erm
an truncation under revised m

odel of harm
onic sym

pathy:

                   P
1

                         P
2

B
:(.g

a
$.b

ri).(e
@.le.)

I:/T
R

U
N

C
 - i/

R
EALIZE

M
O

R
P

H
1

.D
E

P-❀
O

2.M
A

X
-❀

O
T

R
U

N
C-

T
O

-W
D

1
.M

AX-IO
2

.R
EALIZEM

O
R

P
H

A
LLσ

L
M

A
X

-B
T

a
. .g

a
$.b

ri.e
@.le.-i.

ri!e
le

i(1
)

*(2)
*****
*****

b
. .g

a
@.b

r-i.
ri!(1

)
*(2)

*
ie

le

☞
c. .g

a
@.b-i.

i(1
)

*(2)
*

rie
le

d
. .g

a
@b
.

*!
❀

**(1
, 2

)
rie

le

e
. .g

a
@.

*!
b(2)

**(1
, 2

)
b
rie

le

f. .g
a
@.-i.

i(1)b!(2)
*(2)

*
b
rie

le

A
 b

e
n

e
fit o

f th
is re

vise
d

 m
o

d
e

l is th
a

t it e
lim

in
a

te
s th

e
 tru

n
ca

tio
n

-sp
e

cific
a

lig
n

m
e

n
t co

n
stra

in
t in

 P
1

, a
lth

o
u

g
h

 th
e

 a
n

a
lysis m

u
st still ca

ll o
n

 th
e

 tru
n

ca
tio

n
-sp

e
cific

T
R

U
N

C
-T

O
-W

D
 w

ith
in

 P
2

.  T
h

e
 g

o
a

l o
f th

is a
cco

u
n

t is sim
p

ly to
 e

xh
ib

it a
 p

o
ssib

le
 w

a
y

o
f a

n
a

lyzin
g

 th
e

 fa
cts in

 th
e

 h
a

rm
o

n
ic sym

p
a

th
y m

o
d

e
l, w

h
ile

 p
re

se
rvin

g
 th

e
 in

sig
h

ts o
f

Itô
 a

n
d

 M
e

ste
r’s a

cco
u

n
t w

h
e

re
 p

o
ssib

le
.  T

h
e

 th
e

o
re

tica
l fo

cu
s h

e
re

 is co
n

ce
rn

e
d

 n
o

t
w

ith
 th

e
 d

e
ta

ile
d

 p
a

rticu
la

rs o
f a

n
a

lysis b
u

t ra
th

e
r w

ith
 th

e
 o

ve
ra

ll o
p

a
city m

o
d

e
l in

w
h

ich
 th

e
 a

n
a

lysis is fra
m

e
d

.  In
 sh

o
w

in
g

 th
a

t it is p
o

ssib
le

 to
 p

ro
d

u
ce

 th
e

 o
p

a
city e

ffe
ct

in
 G

e
rm

a
n

 tru
n

ca
tio

n
 u

n
d

e
r th

e
 h

a
rm

o
n

ic sym
p

a
th

y m
o

d
e

l, th
e

 a
b

o
ve

 a
cco

u
n

t e
n

a
b

le
s
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u
s to

 co
n

clu
d

e
 th

a
t h

a
rm

o
n

ic sym
p

a
th

y is n
o

t so
 re

strictive
 th

a
t it fa

ils to
 ca

p
tu

re
 th

is
kin

d
 o

f a
tte

ste
d

 ca
se

.  H
o

w
e

ve
r, in

 th
e

 ca
se

 o
f th

e
 G

e
rm

a
n

 o
p

a
city e

ffe
ct, b

y ca
llin

g
 o

n
p

ro
ce

ss-sp
e

cific co
n

stra
in

ts to
 m

a
in

ta
in

 th
e

 h
a

rm
o

n
ic sym

p
a

th
y m

o
d

e
l, th

e
 a

n
a

lysis m
u

st
a

ttrib
u

te
 m

o
re

 co
m

p
le

xity to
 C

o
n

 (i.e
. th

e
 se

t o
f u

n
ive

rsa
l co

n
stra

in
ts) th

a
n

 th
a

t re
q

u
ire

d
u

n
d

e
r co

n
stra

in
t-b

a
se

d
 sym

p
a

th
y.

T
h

e
 re

vise
d

 m
o

d
e

l o
f h

a
rm

o
n

ic sym
p

a
th

y, in
 w

h
ich

 a
 co

n
stra

in
t in

 P
1

 a
lso

 o
ccu

rs
d

o
m

in
a

te
d

 w
ith

in
 P

2
, is im

p
o

rta
n

t n
o

t ju
st to

 re
so

lve
 th

e
 p

ro
b

le
m

 fo
r th

e
 a

n
a

lysis o
f

G
e

rm
a

n
 b

u
t a

lso
 to

 a
d

d
re

ss th
e

 m
o

re
 g

e
n

e
ra

l co
n

ce
rn

 fo
r th

e
 first m

o
d

e
l o

f h
a

rm
o

n
ic

sym
p

a
th

y th
a

t if a
 co

n
stra

in
t o

ccu
rs o

n
ly in

 P
1

, it n
o

 lo
n

g
e

r p
la

ys a
n

y ro
le

 a
t a

ll in
se

le
ctio

n
 o

f th
e

 sym
p

a
th

y ca
n

d
id

a
te

.  T
h

e
 re

vise
d

 a
p

p
ro

a
ch

 a
lso

 h
a

s a
 p

o
sitive

co
n

se
q

u
e

n
ce

 in
 re

la
tio

n
 to

 th
e

 a
n

a
lysis o

f o
p

a
city in

 T
u

yu
ca

 d
e

ve
lo

p
e

d
 e

a
rlie

r in
 th

is
ch

a
p

te
r.  B

e
ca

u
se

 th
e

 n
a

sa
lize

d
 o

b
stru

e
n

t co
n

stra
in

ts w
o

u
ld

 o
ccu

r in
 b

o
th

 P
1

 a
n

d
 P

2
,

th
e

 ra
n

kin
g

 stru
ctu

re
 in

 P
2

 w
o

u
ld

 m
irro

r th
e

 fa
cto

ria
l ra

n
kin

g
 re

su
lt fro

m
 ch

a
p

te
r 2

, i.e
. a

la
n

g
u

a
g

e
 

like
 

T
u

yu
ca

, 
w

ith
 

tra
n

sp
a

re
n

t 
o

b
stru

e
n

ts, 
w

o
u

ld
 

b
e

 
o

n
e

 
in

 
w

h
ich

 
a

ll
n

a
sa

liza
tio

n
 co

n
stra

in
ts a

re
 d

o
m

in
a

te
d

 w
ith

in
 P

2
.  T

h
e

 tra
n

sp
a

re
n

t b
e

h
a

vio
r o

f th
e

se
se

g
m

e
n

ts in
 th

e
 a

ctu
a

l o
u

tp
u

t w
o

u
ld

 a
rise

 a
s a

n
 o

p
a

city e
ffe

ct fro
m

 th
e

 n
a

sa
l o

b
stru

e
n

t
m

a
rke

d
n

e
ss co

n
stra

in
ts o

ccu
rrin

g
 u

n
d

o
m

in
a

te
d

 in
 P

1
.  T

h
e

 re
vise

d
 ra

n
kin

g
 stru

ctu
re

 is
illu

stra
te

d
 in

 (1
1

7
).  (N

a
sa

lize
d

 o
b

stru
e

n
t co

n
stra

in
ts a

re
 co

lla
p

se
d

 h
e

re
 a

s w
e

ll a
s

n
a

sa
lize

d
 so

n
o

ra
n

t co
n

stra
in

ts.)

(117)
T

ra
n

sp
a

re
n

cy in
 T

u
yu

ca
:

           P
1

            P
2

   w
a
)ti

*N
A

SO
B

S
ID

E
N

T-❀
O

[+
nasal]

S
P

R
E

A
D

([+
n

a
s], M

)
*N

A
SO

B
S

*N
A

SS
O

N

a
. [w

)a
)t )i ‚]

*!
❀

*
***

b
. [w

)a
)]ti

**!
**

**
c. w

[a
)]ti

**!*
***

*
☞

d
. [w

)a
)]t[i ‚]

*
*****

***

In
 a

d
d

itio
n

 to
 p

re
se

rvin
g

 th
e

 fa
cto

ria
l ra

n
kin

g
 re

su
lt, th

is re
vise

d
 m

o
d

e
l w

o
u

ld
sim

p
lify th

e
 a

n
a

lysis o
f cro

ss-m
o

rp
h

e
m

e
 sp

re
a

d
in

g
 in

 T
u

yu
ca

.  In
 p

a
rticu

la
r, w

ith
 th

e
n

a
sa

lize
d

 o
b

stru
e

n
t co

n
stra

in
ts a

p
p

e
a

rin
g

 w
ith

in
 P

2
, th

e
ir d

o
m

in
a

tio
n

 o
f th

e
 w

o
rd

-
sp

re
a

d
in

g
 co

n
stra

in
t ca

n
 b

e
 a

ch
ie

ve
d

 w
ith

o
u

t ca
llin

g
 o

n
 a

ffix-sp
e

cific n
a

sa
l m

a
rke

d
n

e
ss

co
n

stra
in

ts.  R
e

ca
ll fro

m
 se

ctio
n

 3
.3

.4
 th

a
t ra

n
kin

g
 th

e
 w

o
rd

-sp
re

a
d

in
g

 co
n

stra
in

t b
e

lo
w

*N
A

S
O

B
S w

ith
in

 P
2

 p
ro

d
u

ce
s th

e
 b

lo
ckin

g
 b

e
h

a
vio

r o
f o

b
stru

e
n

ts in
 cro

ss-m
o

rp
h

e
m

e
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sp
re

a
d

in
g

.  E
a

rlie
r th

is P
2

 co
n

stra
in

t w
a

s p
o

site
d

 to
 b

e
 *N

A
S

O
B

S
a

ffix , sin
ce

 th
e

 m
o

re
g

e
n

e
ra

l co
n

stra
in

t w
a

s a
lre

a
d

y lo
ca

te
d

 in
 P

1
; h

o
w

e
ve

r, w
ith

 a
 re

vise
d

 m
o

d
e

l in
 w

h
ich

*N
A

S
O

B
S

 o
ccu

rs d
o

m
in

a
te

d
 b

y th
e

 m
o

rp
h

e
m

e
-sp

re
a

d
in

g
 co

n
stra

in
t in

 P
2

, a
 p

o
sitio

n
a

l
m

a
rke

d
n

e
ss co

n
stra

in
t is n

o
t re

q
u

ire
d

.  In
 se

ctio
n

 3
.3

.4
 it w

a
s n

o
te

d
 th

a
t it w

a
s o

d
d

 fo
r

th
e

 
g

e
n

e
ra

l 
*NA

S
O

B
S

 
co

n
stra

in
t 

to
 

d
o

m
in

a
te

 
*NA

S
O

B
S

a
ffix  in

 th
e

 p
o

sitio
n

a
l

m
a

rke
d

n
e

ss co
n

te
xt, b

u
t m

a
kin

g
 u

se
 o

f *N
A

S
O

B
S in

 b
o

th
 P

1
 a

n
d

 P
2

 o
b

via
te

s th
is issu

e
.

T
h

e
 ta

b
le

a
u

 in
 (1

1
8

) sh
o

w
s h

o
w

 th
e

 o
ccu

rre
n

ce
 o

f *N
A

S
O

B
S

 in
 b

o
th

 se
g

m
e

n
ts o

f th
e

h
ie

ra
rch

y yie
ld

s tra
n

sp
a

re
n

t o
b

stru
e

n
ts w

ith
in

 m
o

rp
h

e
m

e
s a

n
d

 b
lo

ckin
g

 o
b

stru
e

n
ts in

cross-m
orphem

e spreading.

(118)
M

o
rp

h
e

m
e

-in
te

rn
a

l tra
n

sp
a

re
n

cy a
n

d
 cro

ss-m
o

rp
h

e
m

e
 b

lo
ckin

g
 b

y o
b

stru
e

n
ts:

P
1

                  P
2

   a
)ta-ta

*N
A

SO
B

S
ID

E
N

T-❀
O

[+
nasal]

S
P

R
E

A
D

([+
n

], M
)

*N
A

SO
B

S
S

P
R

E
A

D
([+

n
], W

)
*N

A
SS

O
N

a
.[a

)t )a
)]-ta

*!
❀

*
**

**

b
. [a

)]ta
-ta

*!*
**

****
*

c.[a
)t )a

)-t )a
)]

*!*
**

***
☞

d
.[a

)]t[a
)]-ta

*
****

********
**

e
.[a

)]t[a
)]-t[a

)]
*

*****!
********

****
***

T
h

is re
vise

d
 a

p
p

ro
a

ch
 to

 h
a

rm
o

n
ic sym

p
a

th
y w

ith
 a

 co
n

stra
in

t o
ccu

rrin
g

 in
 b

o
th

P
1

 a
n

d
 P

2
 a

m
o

u
n

ts to
 sa

yin
g

 th
a

t d
e

riva
tio

n
a

l o
p

a
city co

m
e

s a
b

o
u

t w
h

e
n

 a
 co

n
stra

in
t is

d
o

m
in

a
te

d
 b

y a
n

o
th

e
r fo

r th
e

 p
u

rp
o

se
s o

f se
le

ctin
g

 th
e

 sym
p

a
th

y ca
n

d
id

a
te

, b
u

t w
in

s in
th

e
 se

le
ctio

n
 o

f th
e

 a
ctu

a
l o

u
tp

u
t.  In

 th
is se

n
se

, it is sim
ila

r to
 a

 kin
d

 o
f sp

e
ll-o

u
t o

f h
o

w
a

 sym
p

a
th

e
tic co

n
stra

in
t in

 co
n

stra
in

t-b
a

se
d

 sym
p

a
th

y co
n

trib
u

te
s to

 th
e

 se
le

ctio
n

 o
f

th
e

 sym
p

a
th

y ca
n

d
id

a
te

.  Itô
 a

n
d

 M
e

ste
r (1

9
9

7
a

: 1
2

6
) d

e
fin

e
 se

le
ctio

n
 o

f th
e

 sym
p

a
th

y
ca

n
d

id
a

te
 in

 co
n

stra
in

t-b
a

se
d

 sym
p

a
th

y a
s th

e
 ca

n
d

id
a

te
 b

e
st sa

tisfyin
g

 th
e

 co
n

stra
in

t
h

ie
ra

rch
y o

f th
e

 la
n

g
u

a
g

e
, e

xce
p

t w
ith

 th
e

 sym
p

a
th

y co
n

stra
in

t to
p

-ra
n

ke
d

.  A
ssig

n
in

g
 a

co
n

stra
in

t sym
p

a
th

y sta
tu

s is th
u

s e
q

u
iva

le
n

t to
 in

vo
kin

g
 a

 se
co

n
d

 o
p

tim
iza

tio
n

 w
ith

o
n

e
 co

n
stra

in
t re

ra
n

ke
d

.  U
n

d
e

r th
e

 re
vise

d
 ve

rsio
n

 o
f h

a
rm

o
n

ic sym
p

a
th

y, th
e

 h
ie

ra
rch

y
fo

r th
e

 o
p

tim
iza

tio
n

 d
e

te
rm

in
in

g
 th

e
 sym

p
a

th
y ca

n
d

id
a

te
 is th

e
 h

ie
ra

rch
y re

p
re

se
n

te
d

 b
y

P
2

.  T
h

e
 h

ie
ra

rch
y fo

r se
le

ctio
n

 o
f th

e
 a

ctu
a

l o
u

tp
u

t is th
e

n
 P

1
 a

n
d

 P
2

 to
g

e
th

e
r, w

h
e

re
 a

dom
inated constraint in P

2 occurs again in P
1 to be top-ranked in this optim

ization.  T
his

a
p

p
ro

a
ch

 sh
a

re
s w

ith
 co

n
stra

in
t-b

a
se

d
 sym

p
a

th
y th

e
 id

e
a

 th
a

t se
le

ctio
n

 o
f th

e
 sym

p
a

th
y

ca
n

d
id

a
te

 in
vo

lve
s a

n
 o

p
tim

iza
tio

n
 co

rre
sp

o
n

d
in

g
 to

 a
 d

iffe
re

n
t co

n
stra

in
t ra

n
kin

g
 fro

m
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th
a

t se
le

ctin
g

 th
e

 a
ctu

a
l o

u
tp

u
t.  C

o
n

stra
in

t-b
a

se
d

 sym
p

a
th

y e
xp

re
sse

s th
is th

ro
u

g
h

a
ssig

n
in

g
 a

 co
n

stra
in

t sym
p

a
th

e
tic sta

tu
s; th

e
 re

vise
d

 ve
rsio

n
 o

f h
a

rm
o

n
ic sym

p
a

th
y

e
xp

re
sse

s th
e

 ra
n

kin
g

 fo
r th

e
 sym

p
a

th
y o

p
tim

iza
tio

n
 d

ire
ctly in

 th
e

 h
ie

ra
rch

y b
y m

a
kin

g
th

e
 sym

p
a

th
y ca

n
d

id
a

te
 th

e
 o

n
e

 th
a

t is o
p

tim
a

l w
ith

 re
sp

e
ct to

 P
2

, a
 co

n
tig

u
o

u
s se

g
m

e
n

t
o

f E
va

l.  A
s o

u
tlin

e
d

 e
a

rlie
r in

 th
is ch

a
p

te
r, th

e
 b

ifu
rca

tio
n

 o
f th

e
 h

ie
ra

rch
y a

n
d

o
ccu

rre
n

ce
 o

f a
 co

n
stra

in
t in

 P
1

 (a
s w

e
ll a

s in
 P

2
), ca

n
 b

e
 u

n
d

e
rsto

o
d

 in
 te

rm
s o

f a
n

o
p

a
q

u
e

 re
so

lu
tio

n
 o

f co
n

stra
in

t co
n

flict, a
n

 a
lte

rn
a

tive
 to

 sim
p

le
 ra

n
kin

g
 w

ith
o

u
t

b
ifu

rca
tio

n
. 

 
In

 
th

e
 

o
p

a
q

u
e

 
re

so
lu

tio
n

 
o

f 
co

n
flict 

b
e

tw
e

e
n

 
tw

o
 

co
n

stra
in

ts, 
o

n
e

co
n

stra
in

t w
in

s in
 d

e
te

rm
in

in
g

 th
e

 a
ctu

a
l o

u
tp

u
t, b

y o
ccu

rrin
g

 in
 P

1
; th

e
 o

th
e

r co
n

stra
in

t
w

in
s in

 se
le

ctio
n

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
 b

y d
o

m
in

a
tin

g
 th

e
 o

th
e

r in
 P

2
.  H

a
rm

o
n

ic
sym

p
a

th
y th

u
s se

e
ks to

 e
xp

lica
te

 a
n

d
 d

e
ve

lo
p

 th
e

 n
o

tio
n

 o
f re

ra
n

kin
g

 fo
r a

 sym
p

a
th

y
o

p
tim

iza
tio

n
, a

n
 id

e
a

 ce
n

tra
l to

 sym
p

a
th

y th
e

o
ry.

F
in

a
lly, I b

rie
fly re

tu
rn

 to
 th

e
 tw

o
 kin

d
s o

f u
n

a
tte

ste
d

 o
p

a
city e

ffe
cts d

iscu
sse

d
 in

se
ctio

n
 3

.4
 w

h
ich

 co
n

stra
in

t-b
a

se
d

 sym
p

a
th

y w
a

s ca
p

a
b

le
 o

f g
e

n
e

ra
tin

g
.  T

h
e

 e
a

rlie
r

ve
rsio

n
 o

f h
a

rm
o

n
ic sym

p
a

th
y ru

le
d

 o
u

t th
e

se
 e

ffe
cts; h

o
w

e
ve

r, u
n

d
e

r th
e

 re
vise

d
ve

rsio
n

 o
f h

a
rm

o
n

ic sym
p

a
th

y, th
e

se
 m

u
st b

e
 re

e
xa

m
in

e
d

.  T
h

e
 first ca

se
 in

vo
lve

d
m

a
in

ta
in

in
g

 th
e

 im
p

lica
tio

n
s o

f u
n

ive
rsa

l co
n

stra
in

t h
ie

ra
rch

ie
s (e

.g
. g

ive
n

 b
y u

n
ive

rsa
l

h
a

rm
o

n
icity sca

le
s).  T

h
e

 ta
b

le
a

u
x in

 (1
1

9
-1

2
0

), re
p

e
a

te
d

 fro
m

 se
ctio

n
 3

.4
 illu

stra
te

 a
p

ro
b

le
m

 th
a

t a
rise

s fro
m

 a
ssig

n
in

g
 sym

p
a

th
y sta

tu
s to

 a
 lo

w
-ra

n
ke

d
 co

n
stra

in
t in

 th
e

p
e

a
k h

ie
ra

rch
y.  H

e
re

 a
ssig

n
m

e
n

t o
f sym

p
a

th
y sta

tu
s to

 *P
/i ca

u
se

s /i/ to
 co

m
e

 o
u

t a
s a

m
argin but the less harm

onic /n/ can still be syllabic.

(119)
/i/ m

ust be a m
argin

tadi
M

A
X

-IO
*P

/t
*P

/d
F

aith-❀
O

D
E

P-IO
*P

/n
*P

/i ❀
*P

/e
*P

/a

a
. .ta

.d
i.

*!
*

*

❀
 ☞

b
. .ta

.d
A

j.
*

**

(120) 
/n/ can be syllabic:

tadn
M

ax-IO
*P

/t
*P

/d
F

aith-❀
O

D
E

P-IO
*P

/n
*P

/i ❀
*P

/e
*P

/a

❀
 ☞

a
. .ta

.d
n

.
*

*

b
. .ta

.d
A

n
.

*!
*

**
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U
n

d
e

r th
e

 re
vise

d
 ve

rsio
n

 o
f h

a
rm

o
n

ic sym
p

a
th

y, th
is p

ro
b

le
m

 still d
o

e
s n

o
t co

m
e

 a
b

o
u

t.
In

 o
rd

e
r fo

r *P
/i to

 b
e

 re
sp

e
cte

d
 in

 se
le

ctio
n

 o
f th

e
 sym

p
a

th
y ca

n
d

id
a

te
, it m

u
st b

e
o

b
e

ye
d

 in
 th

e
 o

u
tp

u
t b

e
st-sa

tisfyin
g

 P
2

; h
o

w
e

ve
r, if *P

/i m
u

st b
e

 re
sp

e
cte

d
, th

e
n

 a
ll

h
ig

h
e

r-ra
n

ke
d

 p
e

a
k co

n
stra

in
ts m

u
st a

lso
 b

e
 o

b
e

ye
d

 in
 th

e
 sym

p
a

th
y ca

n
d

id
a

te
.  T

h
u

s,
b

e
ca

u
se

 h
a

rm
o

n
ic sym

p
a

th
y sp

e
lls o

u
t th

e
 ra

n
kin

g
 fo

r th
e

 sym
p

a
th

y o
p

tim
iza

tio
n

, it
e

xp
la

in
s w

h
y u

n
ive

rsa
l h

ie
ra

rch
ie

s a
re

 re
sp

e
cte

d
 in

 o
p

a
city e

ffe
cts.

F
o

r co
m

p
le

te
n

e
ss, u

n
ive

rsa
l h

ie
ra

rch
ie

s sh
o

u
ld

 a
lso

 b
e

 co
n

sid
e

re
d

 in
 re

la
tio

n
 to

th
e

 o
ccu

rre
n

ce
 o

f m
a

rke
d

n
e

ss co
n

stra
in

ts w
ith

in
 P

1
.  In

 th
e

 a
n

a
lysis o

f n
a

sa
l h

a
rm

o
n

y, it
sh

o
u

ld
 b

e
 th

e
 ca

se
 th

a
t if a

n
y n

a
sa

l m
a

rke
d

n
e

ss co
n

stra
in

t o
ccu

rs in
 P

1
, a

ll h
ig

h
e

r-ra
n

ke
d

constraints in the nasalization fam
ily m

ust occur in P
1 as w

ell.  F
or exam

ple, if *N
A

SF
R

IC

w
e

re
 to

 a
p

p
e

a
r in

 P
1

 (a
s re

so
lu

tio
n

 o
f a

 co
n

flict w
ith

 S
P

R
E

A
D

[+
n

a
sa

l]), 
th

e
n

*N
A

S
O

B
SS

T
O

P
 m

u
st a

lso
 o

ccu
r d

o
m

in
a

tin
g

 *NAS
F

R
IC

 in
 P

1
.  T

h
is ca

n
 b

e
 e

xp
la

in
e

d
 if

u
n

ive
rsa

l co
n

stra
in

t h
ie

ra
rch

ie
s a

re
 in

te
rp

re
te

d
 a

s re
q

u
irin

g
 th

a
t w

h
e

re
ve

r a
 co

n
stra

in
t is

lo
ca

te
d

 in
 th

e
 h

ie
ra

rch
y fo

r a
 g

ive
n

 g
ra

m
m

a
r, it m

u
st b

e
 d

o
m

in
a

te
d

 b
y so

m
e

 o
ccu

rre
n

ce
o

f e
a

ch
 o

f th
e

 co
n

stra
in

ts d
o

m
in

a
tin

g
 it in

 a
 u

n
ive

rsa
l h

ie
ra

rch
y.  T

h
u

s, a
n

y o
ccu

rre
n

ce
o

f *N
A

S
F

R
IC

 in
 a

 co
n

stra
in

t h
ie

ra
rch

y m
u

st b
e

 d
o

m
in

a
te

d
 b

y so
m

e
 o

ccu
rre

n
ce

 o
f

*N
A

S
O

B
SS

T
O

P.  T
h

e
 a

p
p

ro
p

ria
te

 im
p

lica
tio

n
s w

ill th
u

s b
e

 m
a

in
ta

in
e

d
 in

 th
e

 re
vise

d
harm

onic sym
pathy m

odel.
T

h
e

 se
co

n
d

 u
n

a
tte

ste
d

 o
p

a
city e

ffe
ct co

n
sid

e
re

d
 in

 se
ctio

n
 3

.4
 is o

n
e

 in
 w

h
ich

 a
se

g
m

e
n

t-sp
e

cific m
a

rke
d

n
e

ss co
n

stra
in

t, *p
, is a

ssig
n

e
d

 sym
p

a
th

y sta
tu

s.  In
 a

 la
n

g
u

a
g

e
w

ith
 e

p
e

n
th

e
sis in

to
 co

m
p

le
x clu

ste
rs, th

e
 sym

p
a

th
e

tic sta
tu

s o
f *p

 ca
n

 re
n

d
e

r [p
]

in
visib

le
 to

 e
p

e
n

th
e

sis, b
u

t h
ig

h
-ra

n
ke

d
 M

A
X

-IO
 ca

n
 still fo

rce
 [p

] to
 su

rfa
ce

 in
 o

u
tp

u
ts.

T
h

e
 first ve

rsio
n

 o
f h

a
rm

o
n

ic sym
p

a
th

y w
a

s a
b

le
 to

 ru
le

 th
is o

u
t, b

e
ca

u
se

 p
la

cin
g

M
A

X
-IO

 in
 P

1
 ca

u
se

d
 a

ll sylla
b

le
s to

 re
ve

rt to
 a

n
 u

n
m

a
rke

d
 C

V
 sh

a
p

e
 (se

e
 d

iscu
ssio

n
 in

se
ctio

n
 3

.4
).  H

o
w

e
ve

r, if MA
X

-IO
 a

lso
 o

ccu
rs in

 P
2

 d
o

m
in

a
te

d
 o

n
ly b

y *p
, th

e
n

 th
e

u
n

a
tte

ste
d

 o
u

tco
m

e
 ca

n
 b

e
 a

ch
ie

ve
d

:
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(121)
/tarp/: N

o epenthesis

   P
1

              P
2

/tarp/
M

A
X

-IO
D

E
P-❀

O
*p

M
A

X
-IO

*k, *r
*C

O
M

P
LE

X
D

E
P-IO

a. tarIp
**!

*
*

*

☞
b

. ta
rp

*
*

*
*

c. tar
*!

❀
*

*

d. ta
*!*

**

e. tap
*!

*
*

(122)
/tark/: E

penthesis

P
1

                           P
2

/tark/
M

A
X

-IO
D

E
P-❀

O
*p

M
A

X
-IO

*k, *r
*C

O
M

P
LE

X
D

E
P-IO

☞
a. tarIk

❀
**

*

b. tark
**

*!

c. tak
*!

*
*

d. ta
*!*

**

e. tar
*!

*

T
h

e
 a

b
o

ve
 o

p
a

city e
ffe

ct re
m

a
in

s a
n

 o
u

tsta
n

d
in

g
 issu

e
 fo

r co
n

stra
in

t-b
a

se
d

 sym
p

a
th

y
a

n
d

 th
e

 re
vise

d
 ve

rsio
n

 o
f h

a
rm

o
n

ic sym
p

a
th

y.  In
 th

e
 h

a
rm

o
n

ic sym
p

a
th

y m
o

d
e

l it m
a

y
b

e
 o

b
se

rve
d

 th
a

t th
e

 u
n

d
e

sira
b

le
 e

ffe
ct co

m
e

s a
b

o
u

t w
h

e
n

 a
 se

g
m

e
n

ta
l m

a
rke

d
n

e
ss

co
n

stra
in

t d
o

m
in

a
te

s fa
ith

 (M AX
-IO

) in
 P

2
 b

u
t th

e
 fa

ith
 co

n
stra

in
t w

in
s o

u
t in

 se
le

ctio
n

o
f th

e
 a

ctu
a

l o
u

tp
u

t b
y a

p
p

e
a

rin
g

 in
 P

1
.  T

h
is g

ive
s a

 P
2

 h
ie

ra
rch

y in
 w

h
ich

 [p
] is

e
xclu

d
e

d
 fro

m
 th

e
 se

g
m

e
n

ta
l in

ve
n

to
ry, a

n
d

 a
 P

1
 +

 P
2

 h
ie

ra
rch

y in
 w

h
ich

 [p
] is a

m
e

m
b

e
r o

f in
ve

n
to

ry.  It w
o

u
ld

 se
e

m
 to

 b
e

 th
e

 ca
se

 th
a

t o
p

a
city e

ffe
cts in

 w
h

ich
 th

e
in

ve
n

to
ry P

2
 a

d
m

its is a
 sm

a
lle

r su
b

se
t o

f th
e

 in
ve

n
to

ry a
d

m
itte

d
 b

y P
1

 sh
o

u
ld

 b
e

 ru
le

d
o

u
t.  T

h
is o

b
se

rva
tio

n
 p

o
in

ts to
 a

 p
o

ssib
le

 d
ire

ctio
n

 fo
r u

n
d

e
rsta

n
d

in
g

 w
h

y th
is kin

d
 o

f
o

p
a

city e
ffe

ct d
o

e
s n

o
t o

ccu
r, b

u
t I w

ill le
a

ve
 e

xp
lo

ra
tio

n
 o

f th
e

 co
n

n
e

ctio
n

 b
e

tw
e

e
n

 P
2

a
n

d
 in

ve
n

to
ry stru

ctu
re

 fo
r fu

rth
e

r re
se

a
rch

.
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