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0.  Introduction

(1) Background:  Constraint types proposed to contribute to directionality and
control in vowel harmony:

• Feature alignment
(e.g. Kirchner 1993, Akinlabi 1994, Cole & Kisseberth 1995, Pulleyblank 1996).

• Faithfulness to a word-edge syllable (especially root-initial)
(Beckman 1997, 1998, see also Kaun 1995, Walker 2001a, Sasa 2001, among others).

• Faithfulness between stems and their affixed forms (achieving cyclicity)
(Bakovic@ 2000).

(2) Issue: Despite this variety of approaches, obtaining certain directionality effects
and control in vowel harmony remains elusive (see also Hyman 2002, Sasa 2003).

Case study: Servigliano Italian vowel copy

(3) Basic facts:

• Full vowel copy harmony propagates regressively among sequences of
unstressed vowels.

• Vowels that control harmony are (a) final in the clitic group constituent, i.e. a final
stem vowel or enclitic vowel, and (b) the last proclitic vowel.

Schematically:
C = clitic group (Nespor & Vogel 1986, Hayes 1989)

i. Vowel copy initiated by final vowel in C Exx.

[[ …  σ@  σ(]STEM  σ(  σ(]C métt-a=cà   a   =la
‘put it (f sg)’

                  [F]

ii. Vowel copy initiated by last proclitic

C[ σ$  σ( σ( STEM[σ (  σ@ … ]] mè=ssa=la=píjj-a (V copy occurs)

‘he takes it (f sg) from me’

           [F] c&e=fac&-ímo (No V copy)
‘we make ourselves’

USC Phonology Workshop, 11/14/03

2

(4) Problems:
• Regressive copy does not follow from ALIGN-Left(F) or SPREAD-Left(F).
• Trigger control cannot be attributed to strong syllable faith.
• Trigger control and regressive copy do not follow from Stem - Affixed Form faith.

(5) Preview of proposal

• Part I: Domain
Vowel copy harmony operates among the most prosodically weak vowels.

a. Prominence scale (Italian varieties):

V/σ@ > V/Pretonic-Stem-σ( > V/σ(

• Part II: Directionality
Regressive directionality arises from local conjunction of a constraint aligning
syllables to the left edge of the clitic group constituent and IDENT(F). This
attracts unfaithful vowels towards the left.

b. ALLσL &σ IDENT-IO(F)
“If a syllable violates ALLσL, it must obey IDENT-IO(F), and vice versa.”

(6) Organization
• §1 - Data – Servigliano Italian vowel copy harmony.
• §2 - Analysis.
• §3 - Alternatives.
• §4 - Conclusion and further issues.

1.  Servigliano Italian – Data

• Servigliano Italian is spoken in the extreme south of the Marches.  Data and
description are based on Camilli (1929), Maiden (1995) and Nibert (1998).
(Other work on Servigliano Italian includes Leonard 1978, Calabrese 1988, Kaze 1989, 1991,
Flemming 1993, Dyck 1995.)

(7) Vowel inventory:

Front Back
High i u
Mid e o

E �
Low a

(8) Unstressed mid vowel neutralization:
Mid vowels [E, �] regularly raise to [e, o] when unstressed (as in Standard Italian).

(9) Stress:
Main stress falls on one of the last three syllables of the word, excluding enclitics.
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o

n
y

(2
0

)
P

er
ce

pt
ua

l

•
U

n
st

re
ss

e
d

 v
o

w
e

ls
 a

re
 p

e
rc

e
p

tu
a

lly
 w

e
a

k.

➢
P

e
rc

e
p

tib
ili

ty
 i

s 
im

p
ro

ve
d

 b
y 

e
xt

e
n

d
in

g
 t

h
e

 d
u

ra
tio

n
 o

f 
g

e
st

u
re

s 
a

cr
o

ss
m

u
lti

p
le

 s
yl

la
b

le
s.

(O
n

 c
e

rt
a

in
 o

th
e

r 
p

e
rc

e
p

tu
a

lly
-m

o
tiv

a
te

d
 h

a
rm

o
n

ie
s,

 s
e

e
 S

u
o

m
i 

1
9

8
3

, 
K

a
u

n
 1

9
9

5
; 

n
o

te
 a

ls
o

F
le

m
m

in
g

 1
9

9
5

, 
S

te
ri

a
d

e
 1

9
9

5
, 

M
a

jo
rs

 1
9

9
8

, 
Ji

m
é

n
e

z 
1

9
9

8
, 

W
a

lk
e

r 
2

0
0

3
)

.

(2
1)

R
hy

th
m

ic

•
Ita

lia
n 

is
 a

rg
ue

d 
to

 d
is

fa
vo

r 
su

cc
es

si
on

s 
of

 d
ur

at
io

na
l c

on
tr

as
ts

 in
 it

s 
sy

lla
bl

es
,

su
g

g
e

st
e

d
 t

o
 a

ss
is

t 
in

 p
e

rc
e

p
tio

n
 o

f 
th

e
 la

n
g

u
a

g
e

’s
 r

h
yt

h
m

 a
s 

sy
lla

b
le

-t
im

e
d

(F
a

rn
e

ta
n

i 
&

 K
o

ri
 1

9
9

0
).

•
A

m
on

g 
F

ar
ne

ta
ni

 &
 K

or
i’s

 fi
nd

in
gs

:
-

S
eq

ue
nc

es
 o

f 
un

st
re

ss
ed

 s
yl

la
bl

es
 in

 I
ta

lia
n 

ar
e 

co
m

m
on

 (
up

 t
o 

fo
ur

 s
yl

la
bl

es
).

-
W

ith
in

 u
n

st
re

ss
e

d
 s

e
q

u
e

n
ce

s,
 s

yl
la

b
le

s 
d

o
 n

o
t 

va
ry

 m
u

ch
 in

 le
n

g
th

.
-

A
b

se
n

ce
 o

f 
w

o
rd

-f
in

a
l l

e
n

g
th

e
n

in
g

 a
n

d
 u

n
sy

st
e

m
a

tic
 o

cc
u

rr
e

n
ce

 o
f 

p
h

ra
se

-
fin

a
l l

e
n

g
th

e
n

in
g

 c
o

n
tr

ib
u

te
s 

to
 u

n
ifo

rm
ity

 o
f 

u
n

st
re

ss
e

d
 v

o
w

e
l d

u
ra

tio
n

.
-

S
e

co
n

d
a

ry
 s

tr
e

ss
 in

 c
o

m
p

o
u

n
d

s 
is

 o
ft

e
n

 n
o

t 
re

a
liz

e
d

.

➢
V

o
w

e
l 

co
p

y 
h

a
rm

o
n

y 
co

n
tr

ib
u

te
s 

to
 c

o
n

si
st

e
n

cy
 o

f 
d

u
ra

tio
n

 i
n

 s
e

q
u

e
n

ce
s 

o
f

u
n

st
re

ss
e

d
 s

yl
la

b
le

s,
 w

h
ic

h
 c

o
n

tr
ib

u
te

s 
to

 s
yl

la
b

le
-t

im
e

d
 r

h
yt

h
m

.

(2
2

)
A

rt
ic

ul
at

or
y

•
C

er
ta

in
 v

ow
el

 h
ar

m
on

ie
s 

ar
e 

su
gg

es
te

d 
to

 a
ris

e 
fr

om
 m

ax
im

iz
in

g 
V

-t
o-

V
co

a
rt

ic
u

la
tio

n
 a

n
d

/o
r 

a
s 

a
 p

e
rc

e
p

tu
a

l r
e

su
lt 

o
f 

V
-t

o
-V

 c
o

a
rt

ic
u

la
tio

n
. 

(e
.g

. 
O

h
a

la
1

9
9

4
, 

S
te

ri
a

d
e

 1
9

9
4

, 
M

a
jo

rs
 1

9
9

8
, 

B
e

d
d

o
r 

e
t 

a
l. 

2
0

0
1

, 
K

a
u

n
 t

o
 a

p
p

e
a

r.
)

➢
M

a
xi

m
iz

in
g

 V
-t

o
-V

 c
o

a
rt

ic
u

la
tio

n
 m

ig
h

t 
p

la
y 

a
 m

o
tiv

a
tin

g
 r

o
le

 h
e

re
.

2.
2 

 D
ire

ct
io

na
lit

y

(2
3

)
P

ro
p

o
sa

l
D

ire
ct

io
na

lit
y 

is
 a

n 
ef

fe
ct

 o
f 

lo
ca

l c
on

ju
nc

tio
n 

of
 ALI

G
N

 a
nd

 ID
E

N
T 

co
ns

tr
ai

nt
s

o
p

e
ra

tin
g

 o
ve

r 
sy

lla
b

le
s.

(2
4

)
L

o
ca

l 
co

n
ju

n
ct

io
n

L
e

t 
C

o
n

1
 a

n
d

 C
o

n
2

 b
e

 c
o

n
st

ra
in

ts
 a

n
d

 D
 b

e
 a

 g
iv

e
n

 d
o

m
a

in
. 

T
h

e
n

:

C
o

n
1

 &
D

 C
o

n
2

 i
s 

vi
o

la
te

d
 w

h
e

n
 t

h
e

re
 i

s 
so

m
e

 D
 i

n
 w

h
ic

h
 b

o
th

 C
o

n
1

 a
n

d
 C

o
n

2
a

re
 v

io
la

te
d

.
(S

m
o

le
n

sk
y 

1
9

9
3

, 
1

9
9

5
, 

1
9

9
7

; 
se

e
 a

ls
o

 B
a

ko
vi

c
@ 2

0
0

0
, 

L
u

b
o

w
ic

z 
2

0
0

2
, 

It
ô

 &
 M

e
st

e
r 

2
0

0
3

)



R
ac

he
l W

al
ke

r

7

(2
5

)
S

ch
em

at
ic

 il
lu

st
ra

tio
n

C
on

1
C

on
2

C
on

1 
&

 C
on

2

C
an

d1
*

3
3

C
an

d2
3

*
3

C
an

d3
*

*
*

•
T

h
e

 a
b

o
ve

 a
d

d
re

ss
e

s 
ca

se
s 

w
h

e
re

 a
 c

a
n

d
id

a
te

 in
cu

rs
 a

 
si

n
g

le
 v

io
la

tio
n

 w
ith

re
sp

e
ct

 t
o

 e
a

ch
 o

f 
th

e
 r

e
le

va
n

t 
co

n
st

ra
in

ts
. 

E
va

lu
a

tio
n

 o
f 

a
 c

a
se

 w
h

e
re

 t
h

e
re

 is
m

o
re

 t
h

a
n

 o
n

e
 v

io
la

tio
n

 is
 a

d
d

re
ss

e
d

 b
e

lo
w

.

(2
6

)
T

h
e

 c
o

n
st

ra
in

ts

a.
A

LL
σL

: A
lig

n(
σ,

 L
, C

, L
)

T
he

 le
ft 

ed
ge

 o
f 

ev
er

y 
sy

lla
bl

e 
m

us
t 

co
nc

id
e 

w
ith

 t
he

 le
ft 

ed
ge

 o
f 

so
m

e 
cl

iti
c

g
ro

u
p

 c
o

n
st

itu
e

n
t.

(A
lig

n
m

e
n

t 
sc

h
e

m
a

 a
ft

e
r 

M
cC

a
rt

h
y 

&
 P

ri
n

ce
 1

9
9

3
. 

O
th

e
r 

a
p

p
lic

a
tio

n
s 

o
f 

A
L

L
σX

 i
n

 w
o

rk
 b

y
M

e
st

e
r 

&
 P

a
d

g
e

tt
 1

9
9

4
, 

It
ô

 &
 M

e
st

e
r 

1
9

9
7

, 
S

p
a

e
lti

 1
9

9
7

, 
C

u
rt

in
 2

0
0

1
, 

a
m

o
n

g
 o

th
e

rs
.)

b
.

ID
E

N
T

-I
O

(b
ac

k)
 

(l
ik

e
w

is
e

 c
o

n
st

ra
in

ts
 e

xi
st

 f
o

r 
[r

o
u

n
d

],
 [

h
ig

h
],

 [
lo

w
])

C
o

rr
e

sp
o

n
d

e
n

t 
se

g
m

e
n

ts
 a

re
 id

e
n

tic
a

l i
n

 s
p

e
ci

fic
a

tio
n

 f
o

r 
[b

a
ck

].

(2
7

)
L

o
ca

l 
co

n
ju

n
ct

io
n

 o
f 

a
b

o
ve

 c
o

n
st

ra
in

ts

a.
A

LL
σL

 &
σ 

ID
E

N
T

-I
O

(b
ac

k)
“I

f a
 s

yl
la

bl
e 

vi
ol

at
es

 A L
L

σL
, i

t m
us

t n
ot

 v
io

la
te

 ID
E

N
T-

IO
(b

ac
k)

, a
nd

 v
ic

e 
ve

rs
a.

b
.

T
he

 lo
ca

l c
on

ju
nc

tio
n 

of
 AL

L
σL

 a
nd

 ID
E

N
T-

IO
(b

ac
k)

 is
 v

io
la

te
d 

w
he

n 
th

er
e 

is
 a

g
iv

e
n

 s
yl

la
b

le
 w

h
ic

h
 in

cu
rs

 a
 v

io
la

tio
n

 w
ith

 r
e

sp
e

ct
 t

o
 e

a
ch

 o
f 

th
e

se
 c

o
n

st
ra

in
ts

.

c.
T

h
e

 d
e

g
re

e
 t

o
 w

h
ic

h
 t

h
e

 lo
ca

l c
o

n
ju

n
ct

io
n

 is
 v

io
la

te
d

 is
 p

ro
p

o
rt

io
n

a
l t

o
 t

h
e

de
gr

ee
 o

f 
an

 o
ffe

nd
in

g 
sy

lla
bl

e’
s 

m
is

al
ig

nm
en

t.

(2
8

)
Ill

u
st

ra
tio

n
 o

f 
a

ss
e

ss
m

e
n

t:
 

(D
a

sh
e

d
 li

n
e

s 
a

re
 f

o
r 

ill
u

st
ra

tiv
e

 p
u

rp
o

se
s 

o
n

ly
.)

/σ
 

 σ
 

σ/
  A

LL
σL

 &
σ

  |
   

  |
   

  |
   

   
  

ID
E

N
T(

ba
ck

)
 A

LL
σL

  I
D

E
N

T(
ba

ck
)

   
  [

+
B

] [
-B

] [
+

B
]

a
.

[ [
 σ

@ 1
 σ

2]
ST

E
M
  σ

3]
C

  
  

+
σ 2

 *
σ

2 
*

σ 2
 *

σ 3
 *

*
   

   
 [

+
B

k]

b
.

[ [
 σ

@ 1
 σ

2]
ST

E
M
 σ

3]
C

σ 2
 *

σ 3
 *

σ 3
 *

*
σ 3

 *
*

!
 

   
  [

-B
k]

U
S

C
 P

h
o

n
o

lo
g

y 
W

o
rk

sh
o

p
, 

1
1

/1
4

/0
3

8

(2
9)

A
ss

es
sm

en
t o

f v
io

la
tio

ns
 in

 (
28

)
Le

t 
C

i-
M

ar
ks

(X
) 

be
 t

he
 n

um
be

r 
of

 m
ar

ks
 e

le
m

en
t 

X
 in

cu
rs

 w
ith

 r
es

pe
ct

 t
o

co
n

st
ra

in
t 

C i.

If
σ i

 a
nd

 σ j
 e

ac
h 

vi
ol

at
e 

AL
L

σL
 &

σ 
ID

E
N

T-
IO

(b
ac

k)
,

ID
E

N
T(

ba
ck

)-
M

ar
ks

(σ i
) 

=
 ID

E
N

T(
ba

ck
)-

M
ar

ks
(σ j

),
an

d A
LL

σL
-M

ar
ks

(σ
i)

 >
 A

LL
σL

-M
ar

ks
(σ

j)
,

T
h

e
n

AL
L

σL
 &

σ 
ID

E
N

T(
ba

ck
)-

M
ar

ks
(σ i

) 
> 

A
LL

σL
 &

σ 
ID

E
N

T(
ba

ck
)-

M
ar

ks
(σ j

)

W
h

y 
co

n
jo

in
 A L

L
σL

 a
n

d
 ID

E
N

T(
V

-F
e

a
tu

re
) 

co
n

st
ra

in
ts

?
•

V
o

w
e

l f
e

a
tu

re
s 

a
re

 p
ro

p
e

rt
ie

s 
o

f 
th

e
 s

yl
la

b
le

 h
e

a
d

, 
a

n
d

 t
h

e
y 

te
n

d
 t

o
 o

ve
rl

a
p

co
n

so
n

a
n

ts
 i

n
 t

h
e

 s
yl

la
b

le
 

(e
.g

. 
Ö

h
m

a
n

 1
9

6
6

, 
B

ro
w

m
a

n
 &

 G
o

ld
st

e
in

 1
9

8
6

 e
t 

se
q

)
.

•
T

h
e

 c
o

n
st

ra
in

ts
 c

a
n

 b
e

 in
te

rp
re

te
d

 a
s 

sh
a

ri
n

g
 a

 c
o

m
m

o
n

 a
rg

u
m

e
n

t 
–

 t
h

e
 s

yl
la

b
le

.

(3
0

)
R

e
su

lts
•

T
he

 lo
ca

l c
on

ju
nc

tio
n 

of
 AL

L
σL

 a
nd

 ID
E

N
T(

F
) 

ca
us

es
 u

nf
ai

th
fu

l s
yl

la
bl

es
 to

 b
e

lo
ca

te
d

 a
s 

cl
o

se
 t

o
 t

h
e

 le
ft

 e
d

g
e

 o
f 

th
e

 w
o

rd
 a

s 
p

o
ss

ib
le

.

•
A

cc
o

m
p

lis
h

e
s 

le
ft

w
a

rd
 d

ir
e

ct
io

n
a

lit
y 

in
 v

o
w

e
l c

o
p

y 
h

a
rm

o
n

y.

A
d

va
n

ta
g

e
s 

o
f 

a
 l

o
ca

l 
co

n
ju

n
ct

io
n

 a
p

p
ro

a
ch

 t
o

 d
ir

e
ct

io
n

a
lit

y 
in

 h
a

rm
o

n
y

•
C

a
p

ita
liz

e
s 

o
n

 r
e

so
u

rc
e

s 
a

lr
e

a
d

y 
a

va
ila

b
le

 in
 t

h
e

 t
h

e
o

ry
.

-
E

d
g

e
 s

e
n

si
tiv

ity
 o

f 
AL

IG
N

 c
o

n
st

ra
in

ts
.

-
L

o
ca

l 
co

n
ju

n
ct

io
n

 o
f 

co
n

st
ra

in
ts

.
-

G
ra

d
ie

n
t 

a
ss

e
ss

m
e

n
t 

o
f 

A
L

IG
N

 c
o

n
st

ra
in

ts
 (b

u
t 

se
e

 b
e

lo
w

).

•
C

o
m

p
a

tib
le

 w
ith

 A
G

R
E

E 
a

n
d

 S
yn

ta
g

m
a

tic
 I

d
e

n
tit

y 
a

p
p

ro
a

ch
e

s 
(B

a
ko

vi
c@ 2

0
0

0
,

K
rä

m
er

 2
00

1) ,
 a

s 
sh

ow
n 

in
 (

31
).

 H
en

ce
 it

s 
ap

pl
ic

ab
ili

ty
 is

 n
ot

 li
m

ite
d 

to
 a

na
ly

se
s 

of
vo

w
e

l h
a

rm
o

n
y 

a
s 

sp
re

a
d

in
g

.

(3
1)

Ill
u

st
ra

tio
n

: 
T

h
e

 o
u

tp
u

t 
re

p
re

se
n

ta
tio

n
s 

b
e

lo
w

 b
o

th
 t

ie
 w

ith
 r

e
sp

e
ct

 t
o

 v
io

la
tio

n
s

of
 A

LL
σL

 &
σ 

ID
E

N
T(

ba
ck

).
 F

or
m

s 
in

 (
a)

 a
nd

 (
b)

 e
ac

h 
in

cu
r 

on
e 

vi
ol

at
io

n.
In

p
u

t:
σ

   
σ

σ
   

   
 | 

   
   

 |
 |

  
   

 [+
B

]  
[-B

]  
[+

B
]  

O
u

tp
u

ts
:

a.
σ 1

   
σ 2

σ 3
b

.
σ 1

   
σ 2

 σ
3

   
   

 | 
   

   
 |

 |
   

  
   

   
 |

 
   

   
  |

  
   

[+
B

]  
[+

B
]  

[+
B

]
   

 [+
B

]  
   

   
  [

+B
]

P
o

ss
ib

le
 d

ra
w

b
a

ck
s

•
R

e
q

u
ir

e
s 

g
ra

d
ie

n
t 

co
n

st
ra

in
t 

e
va

lu
a

tio
n

. 
M

cC
a

rt
h

y 
(2

0
0

2
) 

h
a

s 
ca

lle
d

 s
u

ch
a

ss
e

ss
m

e
n

t 
in

to
 q

u
e

st
io

n
. 

W
h

e
th

e
r 

th
e

 d
ir

e
ct

io
n

a
lit

y 
re

su
lt 

ca
n

 b
e

 m
a

in
ta

in
e

d
u

n
d

e
r 

a
n

 a
ss

u
m

p
tio

n
 o

f 
ca

te
g

o
ri

ca
l a

lig
n

m
e

n
t 

co
n

st
ra

in
ts

 r
e

m
a

in
s 

to
 b

e
 s

e
e

n
.

•
M

ig
h

t 
p

ro
d

u
ce

 p
ro

b
le

m
a

tic
 e

ff
e

ct
s 

a
t 

o
d

d
s 

w
ith

 p
o

si
tio

n
a

l f
a

ith
fu

ln
e

ss
, 

b
e

ca
u

se
fa

vo
rs

 lo
cu

s 
o

f 
fa

ith
 v

io
la

tio
n

s 
a

t 
w

o
rd

-e
d

g
e

s.



R
ac

he
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2.
3 

 C
on

st
ra

in
t R

an
ki

ng

•
F

o
r 

e
a

ch
 f

e
a

tu
re

 s
h

o
w

in
g

 le
ft

w
a

rd
 h

a
rm

o
n

y,
 t

h
e

re
 w

ill
 b

e
 a

 lo
ca

l c
o

n
ju

n
ct

io
n

 f
o

r
A

L
L

σL
 a

n
d

 t
h

e
 id

e
n

tit
y 

co
n

st
ra

in
t 

p
e

rt
a

in
in

g
 t

o
 t

h
a

t 
fe

a
tu

re
. 

F
o

r 
e

xp
o

si
tio

n
a

l
co

nv
en

ie
nc

e,
 ID

E
N

T-
IO

(V
-F

ea
tu

re
) 

w
ill

 b
e 

us
ed

 a
s 

a 
co

ve
r 

co
ns

tr
ai

nt
.

(3
2

)
A

G
R

E
E

-σ
X

W
E

A
K
(V

-F
) 

>
>

 I
D

E
N

T
-I

O
(V

-F
)

•
R

a
n

ki
n

g
 n

e
ce

ss
a

ry
 f

o
r 

vo
w

e
l c

o
p

y 
h

a
rm

o
n

y 
to

 o
b

ta
in

 a
lte

rn
a

tio
n

s.

(3
3

)

  /
c&e

=
li=

m
et

t-
o/

A
G

R
E

E-
σ X

W
E

A
K
(V

-F
)

ID
E

N
T-

IO
(V

-F
)

+
 a

. c
&i=

li=
m

ét
t-

o
*

   
  b

. c
&e=

li=
m

ét
t-

o
*!

(3
4

)
A

G
R

E
E

-σ
X

W
E

A
K
(V

-F
) 

>
>

 A
LL

σL
 &

σ 
ID

E
N

T
-I

O
(V

-F
)

•
R

a
n

ki
n

g
 n

e
e

d
e

d
 b

e
ca

u
se

 c
o

p
y 

ca
n

 e
n

fo
rc

e
 v

io
la

tio
n

 o
f 

th
e

 lo
ca

l c
o

n
ju

n
ct

io
n

,
i.e

. 
it 

p
ro

d
u

ce
s 

u
n

fa
ith

fu
l s

yl
la

b
le

s 
n

o
t 

p
e

rf
e

ct
ly

 a
lig

n
e

d
 a

t 
th

e
 le

ft
 w

o
rd

 e
d

g
e

.
(3

5
)

  /
m

et
t-

i=
c&e

=
la

/
A

G
R

E
E-

σ X
W

E
A

K
(V

-F
)

A
LL

σL
 &

σ 
ID

E
N

T-
IO

(V
-F

)

+
 a

. 
m

ét
t-a

1=
c&a

2=
la

3
   

  R
eg

re
ss

iv
e 

co
py

* 1
, *

* 2

  
  

 b
. 

m
ét

t-i 1
=

c&i 2
=

li 3
   

  P
ro

gr
es

si
ve

 c
op

y

**
2,

 *
*!

*
3

   
  c

. m
ét

t-e
1=

c&e
2=

le
3

   
  B

id
ire

ct
io

na
l c

op
y

* 1
, 

**
*!

3

  
  

 d
. 

m
ét

t-i=
c&e

=
la

   
  N

o 
co

py

*!
*

(3
6

)
S

um
m

ar
y:

 A
na

ly
si

s 
of

 S
er

vi
gl

ia
no

 v
ow

el
 c

op
y 

ha
rm

on
y

V
o

w
e

ls
 t

h
a

t 
p

a
rt

ic
ip

a
te

 i
n

 c
o

p
y 

h
a

rm
o

n
y

•
W

ea
ke

st
 v

ow
el

s 
in

 t
er

m
s 

of
 p

ro
m

in
en

ce
.

•
P

er
ce

pt
ib

ili
ty

: 
H

ar
m

on
y 

im
pr

ov
es

 p
er

ce
pt

ib
ili

ty
 o

f 
vo

w
el

 q
ua

lit
y 

in
 w

ea
ke

st
p

o
si

tio
n

s.

•
R

hy
th

m
ic

 U
ni

fo
rm

ity
: C

op
y 

ha
rm

on
y 

im
pr

ov
es

 u
ni

fo
rm

ity
 o

f s
yl

la
bl

e 
tim

in
g 

in
se

q
u

e
n

ce
s 

o
f 

u
n

st
re

ss
e

d
 v

o
w

e
ls

.

•
C

oa
rt

ic
ul

at
io

n:
 C

op
y 

ha
rm

on
y 

m
ax

im
iz

es
 V

-t
o-

V
 c

oa
rt

ic
ul

at
io

n 
ac

ro
ss

 u
ns

tr
es

se
d

sy
lla

bl
es

.

U
S

C
 P

h
o

n
o

lo
g

y 
W

o
rk

sh
o

p
, 

1
1

/1
4

/0
3

10

(3
6

)
S

um
m

ar
y 

(c
on

tin
ue

d)

D
ir

e
ct

io
n

a
lit

y 
o

f 
co

p
y 

h
a

rm
o

n
y

•
O

bt
ai

ne
d 

vi
a 

lo
ca

l c
on

ju
nc

tio
n 

of
 ALL

σL
 a

nd
 ID

E
N

T-
IO

(F
),

 w
hi

ch
 c

au
se

fa
ith

fu
ln

es
s 

vi
ol

at
io

ns
 –

 if
 t

he
y 

oc
cu

r 
– 

to
 o

pt
im

al
ly

 o
cc

ur
 a

s 
fa

r 
le

ft 
as

 p
os

si
bl

e.
•

A
G

R
E

E 
co

ns
tr

ai
nt

 w
hi

ch
 d

riv
es

 h
ar

m
on

y 
re

m
ai

ns
 n

on
di

re
ct

io
na

l.
•

N
o

 n
e

w
 c

o
n

st
ra

in
ts

 n
e

e
d

e
d

.

3.
  

A
lte

rn
at

iv
es

3.
1 

 D
ire

ct
io

na
lit

y 
in

 P
re

vi
ou

s 
A

pp
ro

ac
he

s 
to

 V
ow

el
 H

ar
m

on
y

L
e

ft
w

a
rd

 f
e

a
tu

re
 a

lig
n

m
e

n
t 

o
r 

sp
re

a
d

in
g

(3
7

)
A

LI
G

N
-[

ba
ck

]-
L

A
lig

n
 t

h
e

 le
ft

 e
d

g
e

 o
f 

e
ve

ry
 [

b
a

ck
] 

fe
a

tu
re

 w
ith

 t
h

e
 le

ft
 e

d
g

e
 o

f 
th

e
 c

lit
ic

 g
ro

u
p

co
n

st
itu

e
n

t.

P
ro

bl
em

•
W

ill
 n

ot
 a

cc
om

pl
is

h 
le

ftw
ar

d 
di

re
ct

io
na

lit
y 

he
re

. A
lig

nm
en

t c
on

st
ra

in
ts

 a
re

e
va

lu
a

te
d

 o
ve

r 
o

u
tp

u
ts

 o
n

ly
.

(3
8

)
S

tr
u

ct
u

re
s 

b
e

lo
w

 b
o

th
 s

a
tis

fy
 ALI

G
N

-[
b

a
ck

]-
L

e
ft

:
a.

C
[σ

   
 σ

b
.

C
[σ

   
σ

   
 | 

   
   

 
   

  
   

   
   

 |
 [-

ba
ck

]  
  

   
   

   
  [

+
ba

ck
]

W
o

rd
-f

in
a

l 
fa

ith
fu

ln
e

ss

•
W

or
d-

fin
al

 f
ai

th
 is

 a
rg

ue
d 

to
 p

la
y 

a 
ro

le
 in

 c
er

ta
in

 v
ow

el
 h

ar
m

on
y 

pr
oc

es
se

s.
(H

ym
a

n
 1

9
9

8
, 

K
rä

m
e

r 
2

0
0

1
, 

W
a

lk
e

r 
2

0
0

3
; 

o
th

e
r 

a
p

p
lic

a
tio

n
s 

a
re

 d
is

cu
ss

e
d

 b
y 

P
e

tr
o

va
 e

t 
a

l.
2

0
0

0
, 

C
u

rt
in

 2
0

0
1

. 
N

o
te

 a
ls

o
 S

te
ri

a
d

e
 1

9
9

4
, 

B
a

rn
e

s 
2

0
0

2
)

(3
9

)
W

F
-I

D
E

N
T-

IO
(F

)
A

n
 o

u
tp

u
t 

se
g

m
e

n
t 

in
 t

h
e

 w
o

rd
 f

in
a

l s
yl

la
b

le
 a

n
d

 it
s 

in
p

u
t 

co
rr

e
sp

o
n

d
e

n
t 

m
u

st
ha

ve
 id

en
tic

al
 s

pe
ci

fic
at

io
ns

 f
or

 f
ea

tu
re

 [
F

].

P
ro

bl
em

•
D

oe
s 

no
t 

de
te

rm
in

e 
w

hi
ch

 w
or

d-
fin

al
 s

yl
la

bl
e 

w
ill

 c
on

tr
ol

 h
ar

m
on

y.

(4
0)

S
tr

uc
tu

re
s 

be
lo

w
 b

ot
h 

ea
ch

 c
on

ta
in

 t
w

o 
sy

lla
bl

es
 t

ha
t 

vi
ol

at
e 

W
F

-I
D

E
N

T
-I

O
(F

):
(P

ro
so

d
ic

 p
h

ra
si

n
g

 a
ft

e
r 

N
ib

e
rt

 1
9

9
8

.)

/m
et

t-
i=

c&e
=

la
/

‘p
ut

 it
 (

f 
sg

) 
th

er
e’

a.
 [[

m
ét

ta
] ω

 [c
&a]

ω
 [l

a]
ω

] C
 b

. [
[m

ét
ti]

ω
 [c

&i] ω
 [l

i]
ω

] C
c.

 [[
m

ét
te

] ω
 [c

&e]
ω

 [l
e]

ω
] C

   
[F

]
  [

F
]

   
   

[F
]
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(4
1)

F
u

rt
h

e
r 

p
o

in
ts

•
C

an
di

da
te

s 
(4

0a
-c

) 
w

ill
 t

ie
 e

ve
n 

if 
w

or
d-

fin
al

 f
ai

th
fu

ln
es

s 
is

 u
se

d 
to

ge
th

er
 w

ith
le

ftw
ar

d 
fe

at
ur

e 
al

ig
nm

en
t.

•
F

a
ith

fu
ln

e
ss

 t
o

 a
 c

lit
ic

 g
ro

u
p

 f
in

a
l s

yl
la

b
le

 w
o

u
ld

 n
o

t 
re

so
lv

e
 t

h
e

 p
ro

b
le

m
 b

e
ca

u
se

re
g

re
ss

iv
e

 h
a

rm
o

n
y 

lik
e

w
is

e
 h

o
ld

s 
in

 u
n

st
re

ss
e

d
 p

ro
cl

iti
c 

se
q

u
e

n
ce

s.

S
te

m
 -

 a
ff

ix
e

d
 s

te
m

 f
a

ith
fu

ln
e

ss

•
O

b
ta

in
s 

ce
rt

a
in

 d
ir

e
ct

io
n

a
lit

y 
e

ff
e

ct
s 

vi
a

 “
cy

cl
ic

ity
” (B
a

ko
vi

c@ 2
0

0
0

).

(4
2

)
S

A
-I

D
E

N
T[

F
]

A
 s

eg
m

en
t 

in
 a

n 
af

fix
ed

 f
or

m
 [

 
S

te
m 

+
 a

ff
ix

 ] 
m

us
t 

ha
ve

 t
he

 s
am

e 
va

lu
e 

of
 t

he
fe

at
ur

e 
[F

] 
as

 it
s 

co
rr

es
po

nd
en

t 
in

 t
he

 s
te

m
 o

f 
af

fix
at

io
n 

[ 
S

te
m

 ].

•
N

ot
 a

pp
lic

ab
le

 h
er

e.
 V

ow
el

 t
ha

t 
co

nt
ro

ls
 h

ar
m

on
y 

is
 r

ig
ht

m
os

t 
in

 u
ns

tr
es

se
d

se
q

u
e

n
ce

s 
–

 in
 m

a
n

y 
ca

se
s 

n
o

t 
co

n
ta

in
e

d
 w

ith
in

 a
n

 e
m

b
e

d
d

e
d

 s
te

m
 c

o
n

st
itu

e
n

t.
1

3.
2 

 A
no

th
er

 A
lte

ra
tiv

e:
 E

xp
an

di
ng

 E
dg

e 
R

ef
er

en
ce

 in
 F

ai
th

fu
ln

es
s

•
A

n
ch

o
r 

co
n

st
ra

in
ts

 c
o

m
b

in
e

 f
a

ith
fu

ln
e

ss
 w

ith
 r

e
fe

re
n

ce
 t

o
 e

d
g

e
s 

(M
cC

a
rt

h
y 

&
P

ri
n

ce
 1

9
9

5
) .

•
E

xa
m

pl
e:

 LE
F

T-
A

N
C

H
O

R
-I

O
: 

T
he

 le
ft 

ed
ge

 o
f 

th
e 

w
or

d 
in

 t
he

 in
pu

t 
co

rr
es

po
nd

s
to

 t
h

e
 le

ft
 e

d
g

e
 o

f 
th

e
 w

o
rd

 in
 t

h
e

 o
u

tp
u

t.

•
V

e
rs

io
n

s 
o

f 
‘A

n
ch

o
r’

 c
o

n
st

ra
in

ts
, 

w
h

ic
h

 e
n

fo
rc

e
 f

a
ith

fu
ln

e
ss

 a
t 

th
e

 e
d

g
e

 o
f 

a
fe

a
tu

re
 o

r 
a

 t
o

n
e

’s
 a

ss
o

ci
a

tio
n

s 
h

a
ve

 b
e

e
n

 s
u

g
g

e
st

e
d

 (
th

o
u

g
h

 n
o

t 
a

ll 
a

re
 c

a
lle

d
a

n
ch

o
ri

n
g

 c
o

n
st

ra
in

ts
) (C

o
le

 &
 K

is
se

b
e

rt
h

 1
9

9
5

, 
M

ye
rs

 1
9

9
7

, 
W

a
lk

e
r 

2
0

0
1

b
).

E
d

g
e

-f
a

ith
fu

ln
e

ss
 f

o
r 

fe
a

tu
re

 a
ss

o
ci

a
tio

n
s

(4
3

)
ID

E
N

T
-I

O
(F

)-
R

ig
ht

“T
h

e
 r

ig
h

tm
o

st
 a

ss
o

ci
a

tio
n

 o
f 

a
 f

e
a

tu
re

 is
 f

a
ith

fu
l.”

L
e

t α
 b

e
 a

 s
e

g
m

e
n

t 
in

 t
h

e
 in

p
u

t 
a

n
d

 
β 

its
 c

o
rr

e
sp

o
n

d
e

n
t 

in
 t

h
e

 o
u

tp
u

t.
 I

f 
β 

is
 t

h
e

rig
ht

m
os

t 
se

gm
en

t 
to

 w
hi

ch
 a

 f
ea

tu
re

 [
F

] 
is

 a
ss

oc
ia

te
d,

 t
he

n 
α 

an
d 

β 
m

us
t 

ha
ve

id
en

tic
al

 s
pe

ci
fic

at
io

ns
 fo

r 
[F

].

(4
4)

O
ut

pu
t 

(a
) 

be
lo

w
 v

io
la

te
s 

I
D

E
N

T-
IO

(F
)-

R
ig

ht
 b

ut
 (

b)
 o

be
ys

 it
:

In
p

u
t:

σ
   

σ
   

   
 | 

   
   

 |
  

   
 [-

F
]  

[+
F

]  

O
u

tp
u

t
a.

σ 1
   

 σ
2

b
.

σ 1
   

σ 2
   

 
|  

   
   

   
  

   
   

   
 |

   
[-

F
]  

  
   

   
   

   
 [+

F
]

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

1  
S

e
e

 H
a

n
ss

o
n

 (
2

0
0

1
) 

fo
r 

a
 p

ro
p

o
sa

l 
to

 c
a

p
tu

re
 l

e
ft

w
a

rd
 c

o
n

so
n

a
n

t 
h

a
rm

o
n

y 
vi

a
 t

a
rg

e
te

d
co

n
st

ra
in

ts
. 

T
h

a
t 

p
ro

p
o

sa
l 

co
n

n
e

ct
s 

th
e

 p
re

fe
re

n
ce

 f
o

r 
re

g
re

ss
iv

e
 a

ss
im

ila
tio

n
 t

o
 a

 h
yp

o
th

e
si

ze
d

 b
a

si
s

fo
r 

co
n

so
n

a
n

t 
h

a
rm

o
n

y 
in

 p
ro

d
u

ct
io

n
 p

la
n

n
in

g
 –

 s
p

e
e

ch
 e

rr
o

rs
 a

re
 m

o
st

 o
ft

e
n

 a
n

tic
ip

a
to

ry
. 

W
h

e
th

e
r

e
xt

e
n

si
o

n
 o

f 
th

is
 a

p
p

ro
a

ch
 t

o
 v

o
w

e
l 

h
a

rm
o

n
y 

is
 a

p
p

ro
p

ri
a

te
 r

e
m

a
in

s 
to

 b
e

 e
xp

lo
re

d
.

U
S

C
 P

h
o

n
o

lo
g

y 
W

o
rk

sh
o

p
, 

1
1

/1
4

/0
3

12

R
e

su
lt

R
e

g
re

ss
iv

e
 d

ir
e

ct
io

n
a

lit
y 

re
su

lts
 f

ro
m

 r
e

q
u

ir
e

m
e

n
t 

th
a

t 
ri

g
h

t 
e

d
g

e
 o

f 
fe

a
tu

re
’s

a
ss

o
ci

a
tio

n
s 

b
e

 f
a

ith
fu

l.

P
o

ss
ib

le
 p

ro
s

•
P

o
ss

ib
le

 f
u

n
ct

io
n

a
l m

o
tiv

a
tio

n
 in

 t
e

n
d

e
n

cy
 f

o
r 

co
a

rt
ic

u
la

tio
n

 t
o

 b
e

 a
n

tic
ip

a
to

ry
.

•
H

a
s 

ca
p

a
ci

ty
 t

o
 o

b
ta

in
 a

 b
ro

a
d

e
r 

ra
n

g
e

 o
f 

d
ir

e
ct

io
n

a
lit

y 
e

ff
e

ct
s 

in
 h

a
rm

o
n

y 
th

a
n

lo
ca

l 
co

n
ju

n
ct

io
n

.
-

B
e

ca
u

se
 t

h
e

 c
o

n
st

ra
in

t 
th

a
t 

d
ri

ve
s 

h
a

rm
o

n
y 

e
n
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