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1.  W
hat this paper is going to show

T
h

is p
a
p

e
r w

ill d
e
riv

e
 o

b
se

rv
e
d

 u
n

iv
e
rsa

l ra
n

k
in

g
s o

f fa
ith

fu
ln

e
ss

c
o

n
stra

in
ts fro

m
 b

ia
se

s in
 a

c
q

u
isitio

n
 th

a
t re

su
lt fro

m
 (1

) fre
q

u
e
n

c
y

d
iffe

re
n

c
e
s 

in
 
th

e
 
in

p
u

t 
a
n

d
 
(2

) 
im

p
e
rfe

c
tio

n
s 

in
 
th

e
 
tra

n
sm

issio
n

ch
an

n
el:

1
.1

.  
T

h
e
 c

o
m

p
u

te
r sim

u
la

tio
n

s o
f th

e
 p

re
se

n
t p

a
p

e
r sh

o
w

 th
a
t in

a
c
q

u
isitio

n
, th

e ch
ild

�s co
n

strain
t ran

k
in

g
s w

ill m
o

re o
r less e

n
d

 u
p

w
h

ere th
ey

 y
ield

 a g
ram

m
ar th

at g
en

erates th
e p

aren
ts� lan

g
u

ag
e. B

u
t

th
e
 ra

n
k

in
g

 w
ill d

iv
e
rg

e
 a

 b
it, a

s a
 re

su
lt o

f th
e
 a

b
o

v
e
-m

e
n

tio
n

e
d

freq
u

en
cy

 d
ifferen

ces an
d

 im
p

erfectio
n

s.

1
.2

.  
E

v
e
n

 if th
e
 p

a
re

n
ts� la

n
g

u
a
g

e
 h

a
s a

ll fa
ith

fu
ln

e
ss c

o
n

stra
in

ts

ra
n

k
e
d

 a
t th

e
 sa

m
e
 h

e
ig

h
t, th

e
ir c

h
ild

re
n

 w
ill g

ra
d

u
a
lly

 ra
n

k
 th

e
m

acco
rd

in
g

 to
 o

n
e o

f th
e u

n
iv

e
r
sa

l r
a

n
k

in
g

s th
at h

av
e b

een
 p

ro
p

o
sed

 in

th
e literatu

re (e.g
. licen

sin
g

 b
y cu

e, p
o

sitio
n

a
l fa

ith
fu

ln
ess, p

ro
b

a
b

ilistic

fa
ith

fu
ln

ess, m
a
rked

n
ess a

s sp
ecifica

tio
n
 stren

g
th

).

1
.3

.  
A

ll 
th

e
se

 
ra

n
k

in
g

s 
a
re

 
th

e
re

fo
re

 
c
a
u

se
d

 
a

u
to

m
a

tic
a

lly
 b

y

im
p

erfectio
n

s in
 th

e tran
sm

issio
n

 ch
an

n
el in

 co
m

b
in

atio
n

 w
ith

 a sim
p

le

learn
in

g
 alg

o
rith

m
. N

o
n

e o
f th

e cau
ses p

ro
p

o
sed

 b
efo

re (all o
f w

h
ich

w
ere b

ased
 o

n
 th

e assu
m

p
tio

n
 th

at sp
eak

ers h
av

e so
m

e so
rt o

f ex
p

licit

o
r im

p
licit lin

g
u

istic o
r ex

tralin
g

u
istic k

n
o

w
led

g
e) are n

eed
ed

.

2. T
he required m

inim
al bidirectional gram

m
ar m

odel
2

.1
.  T

h
ese fiv

e r
e
p

r
e
se

n
ta

tio
n

s are b
ased

 o
n

 B
o

ersm
a (1

9
9

8
, 2

0
0

5
),

b
u

t fe
a
tu

re
 a

n
 a

d
d

itio
n

a
l se

p
a
ra

tio
n

 w
ith

in
 th

e
 le

x
ic

o
n

 b
e
tw

e
e
n

 th
e

sig
n

ifié
 an

d
 th

e sig
n

ifia
n

t (S
au

ssu
re 1

9
1

6
), th

e tw
o

 sid
es o

f th
e fo

rm
-

m
ean

in
g

 p
air (see also

 D
ian

a A
p

o
u

ssid
o

u
�s talk

, th
is co

n
feren

ce):

ëM
eaningí

sem
antic constraints

lexical constraints

ŠU
nderlying Form

Š

/
Surface Form

/

[A
uditory Form

]

[A
rticulatory Form

]

faithfulness constraints

structural constraints

cue constraints

sensorim
otor constraints

articulatory constraints

{{{

lexical
representations

phonological
representations

phonetic
representations

2.2.  Seven constraint types: w
here do they com

e from
?

T
h

e str
u

c
tu

r
a

l 
a
n

d
 fa

ith
fu

ln
e
ss c

o
n

stra
in

ts a
re

 b
a
se

d
 o

n
 P

rin
c
e
 &

S
m

o
le

n
sk

y
 (1

9
9

3
) a

n
d

 M
c
C

a
rth

y
 &

 P
rin

c
e
 (1

9
9

5
), th

e
 a

rticu
la

to
ry

co
n
strain

ts o
n
 Ju

n
 (1

9
9
5
), K

irch
n
er (1

9
9
8
), an

d
 B

o
ersm

a (1
9
9
8
).

T
h

e c
u

e
 co

n
strain

ts (th
e in

terface b
etw

een
 p

h
o

n
o

lo
g

y
 an

d
 p

h
o

n
etics)

are b
ased

 o
n

 B
o

ersm
a (1

9
9

8
) an

d
 E

scu
d

ero
 &

 B
o

ersm
a (2

0
0

3
). T

h
e

term
 w

as co
in

ed
 b

y
 B

o
ersm

a (2
0
0
5
) an

d
 E

scu
d
ero

 (2
0
0
5
).

T
h

e le
x

ic
a

l an
d

 se
m

a
n

tic
 co

n
strain

ts are b
ased

 o
n

 B
o

ersm
a (2

0
0

1
),

E
scu

d
ero

 (2
0

0
5

), an
d

 A
p

o
u

ssid
o

u
 (th

is co
n

feren
ce), w

h
o

 u
se th

em
 fo

r

ch
o

o
sin

g
 b

etw
een

 u
n

d
erly

in
g

 |rat| and |rad
|, |t!"k

a| and |t!#k
a|, or |$

alas|
and |$

a%las|. O
T

 sem
an

ticists u
se sim

ilar fo
rm

-m
ean

in
g

 co
n

strain
ts fo

r

ch
o

o
sin

g
 b

etw
een

 kill an
d

 ca
u

se to
 d

ie (B
lu

tn
er 2

0
0

0
), o

r b
etw

een
 h

im

an
d

 h
im

self (W
ilso

n
 2

0
0
1
).
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2.3.  Sim
plification, just for this talk

F
o

r p
u

rp
o

se
s o

f sim
p

lic
ity

 (b
u

t se
e
 th

e
 D

isc
u

ssio
n

 se
c
tio

n
), I w

ill

co
llap

se M
ean

in
g

 an
d

 U
n

d
erly

in
g

 F
o

rm
 in

to
 o

n
e, b

asically
 assu

m
in

g

th
at th

ere is a 1
-to

-1
 relatio

n
sh

ip
 b

etw
een

 th
e tw

o
 (i.e. th

at th
e lex

ical

co
n

strain
ts are �p

erfect�).

A
lso

, I w
ill u

su
ally

 co
llap

se A
u

d
ito

ry
 an

d
 A

rticu
lato

ry
 F

o
rm

 in
to

 o
n

e

�p
h

o
n

etic fo
rm

�, assu
m

in
g

 th
at sen

so
rim

o
to

r k
n

o
w

led
g

e is �p
erfect�.

2.4.  B
idirectional parallel processing

F
o

r th
is talk

 I sim
p

ly
 assu

m
e th

at b
o

th
 co

m
p

reh
en

sio
n

 an
d

 p
ro

d
u

ctio
n

are p
arallel p

ro
cesses (i.e. th

ey
 d

o
 n

o
t co

n
sist o

f seq
u

en
tial m

o
d

u
les):

|
U

nderlying Form
|

/
Surface Form

/

[A
uditory Form

]

[A
rticulatory Form

]

comprehension

production

2.5.  C
ase: place assim

ilation

T
h

e fo
rm

s th
at h

av
e to

 b
e ev

alu
ated

 in
 co

m
p

reh
en

sio
n

 as w
ell as in

p
ro

d
u

ctio
n

 are trip
lets o

f U
n

d
erly

in
g

 F
o

rm
 (e.g

. |an+
pa|, w

hich includes
a m

orphem
e boundary), a discrete phonological S

urface F
orm

 (e.g.
/am

pa/), and a phonetically detailed auditory/articulatory form
 (e.g.

[aM
pa], w

here [N
] stands for a reduced coronal nasal). For instance, the

triplet |an
+

p
a
|!/am

p
a/![am

pa] 
show

s 
full 

�phonological� 
place

assim
ilation, w

hereas the triplet 
|an+

pa|!/anpa/![am
pa] show

s full
�phonetic� place assim

ilation.

3.  L
earning place assim

ilation from
 your parents

3
.1

.  T
h

e p
r
im

a
r
y

 la
n

g
u

a
g

e
 d

a
ta

 fo
r th

e b
eg

in
n

in
g

 in
fan

t co
n

sists o
f

a
u

d
ito

ry
 

fo
rm

s 
a
n

d
 

a
 

se
m

a
n

tic/
p

ra
g

m
a
tic

 
c
o

n
te

x
t. 

F
o

r 
th

is 
ta

lk
,

h
o

w
e
v

e
r, sim

u
la

tio
n

s b
e
g

in
 in

 a
 la

te
r sta

g
e
, n

a
m

e
ly

 w
h

e
n

 th
e
 c

h
ild

alread
y

 h
as co

rrect lex
ical fo

rm
-m

ean
in

g
 p

airs. T
h

e p
rim

ary
 lan

g
u

ag
e

d
ata co

n
sist, th

en
, o

f p
a

ir
s o

f u
n

d
e
r
ly

in
g

 fo
r
m

 a
n

d
 a

u
d

ito
r
y

 fo
r
m

,

e.g
. |an+

pa| ![am
pa].

3.2.!!L
anguage environm

ent for coronal nasal place assim
ilation.

F
or the sim

ulations in chapter 3, I assum
e a D

utch or C
atalan type of

place assim
ilation: u

n
d

erly
in

g
 |an+

pa| is pronounced (by the parents) as
[am

pa] in 80%
 of the cases, and as [anpa] in 20%

 of the cases, w
hile

u
n

d
erly

in
g

 |at+
m

a| is pronounced as [atm
a] in 99%

 of the cases, and as
[apm

a] in 1%
 of the cases. U

nderlying form
s w

ith labial codas are
pronounced fully labially. T

he full distribution
 of underlying�auditory

pairs is then:

|an+
pa| [anpa]

20
|am

+
ta| [am

ta]
100

|an+
pa| [am

pa]
80

|am
+

ta| [anta]
0

|at+
m

a| [atm
a]

99
|ap+

na| [apna]
100

|at+
m

a| [apm
a]

1
|ap+

na| [atna]
0

  Q
uestion 1: w

ill the sim
ulated learners m

im
ic these distributions?

3
.3

.  T
h

e le
a

r
n

in
g

 ta
sk

 is to
 fin

d
 th

e in
term

ed
iate fo

rm
s, n

am
ely

 th
e

su
r
fa

c
e
 fo

r
m

s. L
ik

e o
th

er su
rface stru

ctu
res (e.g

. fo
o

t stru
ctu

re), th
ese

fo
rm

s are in
au

d
ib

le an
d

 are n
o

t p
art o

f th
e p

rim
ary

 lan
g

u
ag

e d
ata; th

ey

h
a
v

e
 

to
 

b
e
 

c
o

n
stru

c
te

d
 

b
y

 
th

e
 

le
a
rn

e
r. 

F
o

r 
th

e
 

le
a
rn

in
g

 
p

a
ir

|an+
pa|[am

pa], the child probably constructs either /am
pa/ or /anpa/.

  Q
uestion 2: w

hat w
ill the sim

ulated learners� surface form
s look like?
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3.4.!!T
he learning algorithm

 is a sim
ple bidirectional optim

ization,
w

hich is illustrated in the tableau below
, w

here an illustrative exam
ple

gram
m

ar (different from
 the ones used in m

y sim
ulations) contains one

faithfulness constraint, one unlikely structural constraint, four cue
constraints, and three articulatory constraint.

T
he tableau illustrates the learning of the pair |an+

pa
| ![am

pa] and
contains all candidates that contain either |an+

pa| or [am
pa] (or both).

T
he num

bers above the tableau show
 the continuous �disharm

onies�
(ranking values +

 evaluation noise) of every constraint (I assum
e

Stochastic O
T

; see B
oersm

a 1997 and B
oersm

a &
 H

ayes 2001).

T
he candidate that the learner w

ill regard as �correct� (!) is the one that
is the m

ost optim
al of all the candidates that contain both |an+

pa| and
[am

pa]; the �forw
ard� w

inner (!
) is the best of all the candidates that

contain |an+
pa|; and the �backw

ard� w
inner (!

) is the best of all the
candidates that contain [am

pa].

T
he tableau show

s how
 the constraints w

ill m
ove if one or both of the

w
inners differs from

 the �correct� candidate. A
ll constraints violated in

an �incorrect� w
inner w

ill m
ove up the continuous ranking scale, and all

constraints violated in the �correct� form
 w

ill m
ove dow

n (by tw
o steps

in the tableau, because the form
 is com

pared to tw
o other form

s).

3.5.!!Sim
plification num

ber 5

A
fter the previous four sim

plifications (collapsing w
ord-m

eaning pairs,
collapsing 

auditory 
and 

articulatory 
form

s, 
assum

ing 
parallel

com
prehension, 

and 
assum

ing 
the 

single 
learning 

algorithm
 

of
bidirectional optim

ization), there is a fifth sim
plification.

T
his sim

plification, not im
plem

ented in the tableau below
, is that

production does not neutralize, i.e. the underlying form
 can alw

ays be
recovered from

 the auditory form
 (or from

 the surface form
). F

or
instance, there w

ill exist an underlying form
 |an+

pa|, but there w
ill not

exist an underlying form
 |am

+
pa| such as appears in the tableau below

.

W
ith this sim

plification, bidirectional optim
ization reduces to �forw

ard�
optim

ization (no �
!

� in the learning tableaus), i.e. robust perception
w

ith virtual production (A
poussidou &

 B
oersm

a 2004). T
h

is is fu
lly

co
m

p
arab

le to
 T

esar &
 S

m
o

len
sk

y
�s (1

9
9

8
, 2

0
0

0
) �ro

b
u

st in
terp

retiv
e

p
a
rsin

g
 w

ith
 c

o
n

stra
in

t d
e
m

o
tio

n
�, e

x
c
e
p

t th
a
t th

e
 m

a
p

p
in

g
s fro

m

S
u

rface F
o

rm
 to

 A
u

d
ito

ry
 F

o
rm

 (T
esar &

 S
m

o
len

sk
y

�s O
v

ert F
o

rm
)

an
d

 fro
m

 S
u

rface F
o

rm
 to

 U
n

d
erly

in
g

 F
o

rm
 are in

 th
e p

resen
t p

ap
er n

o

lo
n

g
er triv

ial b
u

t h
an

d
led

 b
y

 th
e g

ram
m

ar, i.e. b
y

 th
e ran

k
in

g
s o

f cu
e

co
n

strain
ts an

d
 faith

fu
ln

ess co
n

strain
ts, resp

ectiv
ely

.

|
an+

pa|
[am

pa]
*/

p/
[t]

101.7

*/
t/

[p]
101.0

ID
E

N
T

100.0

*/
n/

[m
]

99.9

*/
m
/

[n]
99.6

*[lipñtongue synchronization]
98.6

*[lip gesture]
98.3

*/
m

p/
97.9

*[tongue gesture]
96.9

|
an+

pa|/
anpa/

[am
pa]

√
*→

→
*→

→

|
an+

pa|/
anpa/

[anpa]
☞

←
*

←
*

←
*

|
an+

pa|/
am

pa/
[am

pa]
*

*
*

|
an+

pa|/
am

pa/
[anpa]

*
*

*
*

*
*

|
am

+
pa|/

anpa/
[am

pa]
*

*
*

|
am

+
pa|/

am
pa/

[am
pa]

☞

←
*

←
*
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3
.6

.  S
im

u
la

tio
n

: a
 sin

g
le co

n
stra

in
t fo

r p
la

ce fa
ith

fu
ln

ess

T
he tableau below

 show
s sim

ulation results for a learner w
ith four cue

constraints (the one on top m
eans �a phonological elem

ent /p/ does not
correspond to a phonetic [t]�), one articulatory constraint L

A
Z

Y

(violated by the articulatory distance betw
een the coda and the onset, in

som
e arbitrary units), and a single faithfulness constraint I D

E
N

TP
L

A
C

E.
T

he learner is restricted to the four underlying form
s show

n. A
fter

400,000 learning pairs draw
n from

 the distribution in §3.2, this learner

ends up w
ith the ranking values above the tableau (training schem

e:
100,000 learning pairs each at plasticities of 1, 0.1, 0.01, and 0.001; the
strength of the evaluation noise is alw

ays 2.0). T
he num

bers at the right
are output frequencies given the underlying form

 |an+
pa| (or |at+

m
a|),

com
puted by running it through the stochastic gram

m
ar 100,000 tim

es.

A
n

sw
e
r
s: w

ith
 th

ese co
n

strain
ts an

d
 can

d
id

ates, learn
ers rep

licate th
eir

p
aren

ts� d
istrib

u
tio

n
; an

d
 w

ith
 a sin

g
le I D

E
N

T
P

L
A

C
E
, th

e su
rface fo

rm
 is

alw
ay

s /am
p

a/, i.e., assim
ilatio

n
 o

f |n
| m

u
st b

e en
tirely

 p
h

o
n

etic.

*[t]
/

p/

105.9

*[n]
/

m
/

105.3

ID
E

N
TP

L
A

C
E

102.6

*[p]
/

t/

100.9

L
A

Z
Y

93.9

*[m
]

/
n/

91.5

|
an+

pa|/
anpa/

[am
pa]

☞
*

|
an+

pa|/
anpa/

[anpa]
*!**

|
an+

pa|/
am

pa/
[am

pa]
*!

|
an+

pa|/
am

pa/
[anpa]

*!
*

***

|
am

+
ta|/

anta/
[am

ta]
*!

***
*

|
am

+
ta|/

anta/
[anta]

*!

|
am

+
ta|/

am
ta/

[am
ta]

*!**

|
am

+
ta|/

am
ta/

[anta]
*!

|
at+

m
a|/

atm
a/

[apm
a]

*!

|
at+

m
a|/

atm
a/

[atm
a]

*!**

|
at+

m
a|/

apm
a/

[apm
a]

*!

|
at+

m
a|/

apm
a/

[atm
a]

*!
*

***

|
ap+

na|/
atna/

[apna]
*!

*
***

|
ap+

na|/
atna/

[atna]
*!

|
ap+

na|/
apna/

[apna]
*!**

|
ap+

na|/
apna/

[atna]
*!

|
an+

pa|
:

80%

20%

  0%

  0%

|
at+

m
a|

:

  0.7%

99.2%

  0.1%

     0%
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3
.7

.  S
im

u
la

tio
n

: m
o
re p

h
o
n

o
lo

g
y
 b

y
 m

o
re g

ra
n

u
la

r fa
ith

fu
ln

ess

T
o

 ach
iev

e m
o

re �p
h

o
n

o
lo

g
ical� so

lu
tio

n
s, th

is tab
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p
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en
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p
o

ssib
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sp
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b
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Ju

n
 

(1
9

9
5

), 
n

a
m

e
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h

a
v

e
 

tw
o
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p
a
ra
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faith
fu

ln
ess co

n
strain

ts fo
r th
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o

 v
alu

es o
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e p
lace featu

re, n
am

ely

I D
E

N
T
P

L
A

C
E
(|lab

ial|) 
a
n

d
 

ID
E

N
T
P

L
A

C
E
(|co
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n

al|), 
a
n

d
 

to
 

h
a
v

e
 

tw
o

sep
arate faith

fu
ln

ess co
n

strain
ts fo

r th
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o
 d

ifferen
t m

an
n

ers, n
am

ely

I D
E

N
T
P

L
A

C
E
(n

asal) an
d

 ID
E

N
T
P

L
A

C
E
(p

lo
siv

e).

A
nsw

ers: w
ith these constraints and candidates, the learners replicate

their parents� distribution. T
he 81%

 [am
pa] form

s are now
 distributed

m
ore or less evenly betw

een �phonetic� assim
ilation (candidate 1,

/anpa/) and �phonological� assim
ilation (candidate 3, /am

pa/).

N
o

te
: th

e p
o

in
tin

g
 fin

g
er at th

e can
d

id
ate |a

n
+

p
a|/

a
n

p
a/

[am
p

a] ju
st

m
ean

s th
at th

is is th
e m

o
st h

arm
o

n
ic trip

let in
 th

e learn
er�s lan

g
u

ag
e.

*[n]
/

m
/

107.0

*[t]
/

p/

106.9

ID
PL

(|
lab|

)

106.9

*[p]
/

t/

102.3

ID
PL

(plos)

101.7

L
A

Z
Y

94.8

ID
PL

(nas)

93.8

*[m
]

/
n/

93.5

ID
PL

(|
cor|

)

88.6

|
an+

pa|/
anpa/

[am
pa]

☞
*

|
an+

pa|/
anpa/

[anpa]
*!**

|
an+

pa|/
am

pa/
[am

pa]
*!

*

|
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pa|/
am

pa/
[anpa]

*!
***

*
*

|
am

+
ta|/

anta/
[am

ta]
*!

***
*

*

|
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ta|/

anta/
[anta]
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[anta]
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|
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|
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m
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*!
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*
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*
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*
*

***

|
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na|/
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[atna]
*!

*

|
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na|/
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[apna]
*!**

|
ap+

na|/
apna/

[atna]
*!

|
an+

pa|
:

45%

19%

36%

  0%

|
at+

m
a|

:

  0.4%

98.9%

  0.7%

     0%
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7
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ts �

ID
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L
�
 (=

 I D
E

N
T

P
L

A
C

E
) 

sp
e
c
ific

 
to

 
e
a
c
h

 
o

f 
th

e
 

fo
u

r

u
n

d
e
rly

in
g

 
se

g
m

e
n

ts. 
T

h
e
 

c
u

e
 

c
o

n
stra

in
ts 

a
re

 
still 

u
n

iv
e
rsa

l 
(n

o

*
[m

]/
m
/

) 
a
n

d
 

d
isc

re
te

 
(n

o
 

*
[M

]/
m
/

). 
T

h
is 

m
e
a
n

s 
th

a
t 

th
e
 
c
u

e

co
n

strain
ts an

d
 th

e faith
fu

ln
ess co

n
strain

ts h
av

e th
e ex

act sam
e d

eg
ree

o
f g

ra
n

u
la

rity
 (fo

u
r) a

n
d

 th
e
 e

x
a
c
t sa

m
e
 b

ia
s (to

w
a
rd

s �
id

e
n

tity
�
).

P
e
rh

a
p

s n
o

t su
rp

risin
g

ly
, *

[m
]/n/ and ID

E
N

TP
L

A
C

E(n) end up being
ranked equally high. F

or the com
bination of underlying |an+

pa| and
phonetic [am

pa], the surface form
 w

ill therefore be /anpa/ half of the
tim

e 
(�phonetic 

assim
ilation�) 

and 
/a

m
p

a/
 

half 
of 

the 
tim

e
(�phonological assim

ilation�). T
h

is sim
u

la
te

d
 le

a
r
n

e
r
 ap

p
ears to

 h
av

e

th
e sam

e tro
u

b
le lo

calizin
g

 assim
ilatio

n
 as th

e lin
g

u
istic co

m
m

u
n

ity
 h

as

as a w
h

o
le.

ID
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m
|

)

105.9

*[t]
/

p/
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*[n]
/

m
/

105.5

ID
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)

104.9
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t|
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*[p]
/
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L
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Z
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|
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atch the input distribution, though.   (for the plosives, it�s still half-half)
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In the sim

ulation, som
ething goes out of hand: L

A
Z

Y
 shoots off beyond

the bottom
 of the hierarchy. T

his is because *[n]/n/ w
ill now

 outrule
the �all-anpa� candidate.

A
nsw

ers. T
hese learners do not m

atch their parents� distribution.

T
o allow

 the presence of arbitrary constraints (including seem
ingly

contrary ones like *[n]/n/), w
e w

ill need som
e sanity data such as

|in+
ti| [inti].          

(note: such sanity data could also com
e from

 the onset of the

second syllable in each form
 here, but I assum

e that all the constraints m
entioned here

are specific to the coda, so that /apna/[apna] does not violate */n/[n])
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3.10.  Simulation: more underlying forms, for more reliable learning

When an equal number of non-assimilating forms (exemplified by forms with the vowel /i/) is
included (all faithful and with perfect cues), we again get an 80% assimilation for |n|, and it is again
due to an equal ranking of *[m]/n/ and IDENTPLACE(|n|) just below LAZY. A 1% assimilation for
|t| is again due to an equal ranking of *[p]/t/ and IDENTPLACE(|t|) 3 noise strengths above LAZY.

Conclusion: it�s important to have sufficiently broad primary language data.

IDPL
(|p|)

122.6

*[n]
/m/

122.6

*[t]
/p/

122.1

IDPL
(|m|)

121.7

*[p]
/t/

118.6

IDPL
(|t|)

118.5

LAZY

111.1

*[m]
/n/

110.4

IDPL
(|n|)

109.9

*[n]
/n/

101.5

*[t]
/t/

85.6

*[p]
/p/

73.8

*[m]
/m/

65.6

|an+pa|/anpa/[ampa] *!

|an+pa|/anpa/[anpa] *!** *

|an+pa|/ampa/[ampa] *! *

|an+pa|/ampa/[anpa] *! *** *

|am+ta|/anta/[amta] *! *** *

|am+ta|/anta/[anta] *! *

|am+ta|/amta/[amta] *!** *

|am+ta|/amta/[anta] *!

|at+ma|/atma/[apma] *!

|at+ma|/atma/[atma] *!** *

|at+ma|/apma/[apma] *! *

|at+ma|/apma/[atma] *! * ***

|ap+na|/atna/[apna] *! * ***

|ap+na|/atna/[atna] *! *

|ap+na|/apna/[apna] *!** *

|ap+na|/apna/[atna] *!

|im+pi|/impi/[impi]☞ *

|im+pi|/impi/[inpi] *! ***

|im+pi|/inpi/[impi] *! *

|im+pi|/inpi/[inpi] *! *** *

|in+ti|/inti/[imti] *!** *

|in+ti|/inti/[inti] *!

|in+ti|/imti/[imti] *!** * *

|in+ti|/imti/[inti] *! *

|ip+mi|/ipmi/[ipmi] *!

|ip+mi|/ipmi/[itmi] *! ***

|ip+mi|/itmi/[ipmi] *! *

|ip+mi|/itmi/[itmi] *! *** *

|it+ni|/itni/[ipni] *! ***

|it+ni|/itni/[itni] *!

|it+ni|/ipni/[ipni] *! *** *

|it+ni|/ipni/[itni] *! *

3.11. Remaining problem: real auditory cue values are not unary, not binary, but multi-valued.
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