
L
e
x
ic

o
n
-d

ir
e
c
te

d
S
e
g
m

e
n
ta

tio
n

a
n
d

T
a
g
g
in

g
o
f

S
a
n
sk

r
it

G
é
r
a
r
d

H
u
e
t

X
IIth

W
o
r
ld

S
a
n
sk

r
it

C
o
n
fe

r
e
n
c
e

H
e
lsin

k
i,

J
u
ly

2
0
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A
b
stract

W
e

p
rop

ose
an

algorith
m

for
segm

en
tin

g
a

con
tin

u
ou

s
S
an

sk
rit

tex
t

b
y

reverse
an

aly
sis

of
san

d
h
i.

It
con

sists
in

con
stru

ctin
g

a
fi
n
ite-state

tran
sd

u
cer

w
h
ose

state
grap

h
is

ob
tain

ed
from

th
e

lex
icon

trie
of

fl
ex

ed
form

s
of

w
ord

s
b
y

d
ecoration

w
ith

ch
oice

p
oin

ts
lab

eled
w

ith

ju
n
ction

rew
rite

ru
les

of
th

e
form

[x
]u
|v
→

w
.

S
u
ch

a
ru

le
m

ean
s

th
at

in
th

e
(left)

con
tex

t
x
,
a

su
ffi

x
u

of
a

w
ord

m
erges

w
ith

a
p
refi

x
v

of

th
e

su
cceed

in
g

w
ord

to
form

th
e

p
h
on

em
e

stream
w

.
T

h
ese

ru
les

are

com
p
iled

from
ex

tern
al

san
d
h
i
tab

les.

It
is

sh
ow

n
th

at
th

e
m

eth
o
d

is
sou

n
d

an
d

com
p
lete,

in
th

at
it

p
ro

d
u
ces

all
correct

san
d
h
i
an

aly
ses

as
a

fi
n
ite

set
of

segm
en

tation

solu
tion

s.
S
in

ce
th

e
m

eth
o
d

is
lex

icon
d
irected

,
an

d
th

e

m
orp

h
ological

stru
ctu

re
is

in
vertib

le,
th

is
gives

au
tom

atically
for

each

segm
en

tation
a

seq
u
en

ce
of

ro
ot

w
ord

s
tagged

w
ith

th
eir

gram
m

atical

featu
res.

S
u
ch

taggin
gs

are
th

u
s

a
fi
rst

ap
p
rox

im
ation

of
th

e
sh

allow

-
2

-



sy
n
tax

of
th

e
sen

ten
ce.

It
is

ex
p
ected

th
at

a
fu

rth
er

an
aly

sis
of

th
e

su
b
categorization

p
attern

s
of

fi
n
ite

verb
al

form
s,

as
w

ell
as

con
cord

con
strain

ts,
w

ill
trim

th
is

set
of

can
d
id

ate
p
arses

to
a

m
an

ageab
ly

sm
all

forest
of

accep
tab

le
in

terp
retation

s.
F
u
rth

er
train

in
g

w
ith

m
an

u
ally

tagged
corp

u
ses

is
ex

p
ected

to
y
ield

a
u
sefu

l
to

ol
for

assistin
g

sch
olars

in
estab

lish
in

g
critical

ed
ition

s,
to

com
p
u
te

con
cord

an
ce

in
d
ex

es,
an

d
to

com
p
ile

statistical
p
rofi

les.
A

rob
u
st

m
o
d
e

w
ill

facilitate
lex

icon
acq

u
isition

from
th

e
corp

u
s

in
ord

er
to

b
o
otstrap

from
an

in
itial

sm
all

lex
icon

(12000
stem

s
y
ield

in
g

200000

fl
ex

ed
form

s)
to

a
m

ore
com

p
lete

lex
icograp

h
ic

coverage.

T
h
e

talk
w

ill
d
escrib

e
h
ow

th
e

m
eth

o
d

d
eals

w
ith

com
p
ou

n
d
s

an
d

h
ow

p
reverb

s
are

p
recom

p
iled

in
th

e
fl
ex

ed
form

s
in

ord
er

to
avoid

overgen
eration

,
w

h
ile

p
reserv

in
g

th
e

left-to-righ
t

ap
p
lication

of

ex
tern

al
san

d
h
i.

-
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S
olv

in
g

an
E

n
glish

ch
arad

e

m
o
d
u
l
e

S
h
o
r
t

=
s
t
r
u
c
t

v
a
l
u
e

l
e
x
i
c
o
n

=
L
e
x
i
c
o
n
.
m
a
k
e
_
l
e
x

[
"
a
b
l
e
"
;

"
a
m
"
;

"
a
m
i
a
b
l
e
"
;

"
g
e
t
"
;

"
h
e
r
"
;

"
i
"
;

"
t
o
"
;

"
t
o
g
e
t
h
e
r
"
]
;

e
n
d
;

m
o
d
u
l
e

C
h
a
r
a
d
e

=
U
n
g
l
u
e
(
S
h
o
r
t
)
;

C
h
a
r
a
d
e
.
u
n
g
l
u
e
_
a
l
l

(
W
o
r
d
.
e
n
c
o
d
e

"
a
m
i
a
b
l
e
t
o
g
e
t
h
e
r
"
)
;

S
o
l
u
t
i
o
n

1
:
a
m
i
a
b
l
e

t
o
g
e
t
h
e
r

S
o
l
u
t
i
o
n

2
:
a
m
i
a
b
l
e

t
o

g
e
t

h
e
r

S
o
l
u
t
i
o
n

3
:
a
m

i
a
b
l
e

t
o
g
e
t
h
e
r

S
o
l
u
t
i
o
n

4
:
a
m

i
a
b
l
e

t
o

g
e
t

h
e
r

-
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J
u
n
ctu

re
eu

p
h
on

y
an

d
its

d
iscretization

W
h
en

su
ccessive

w
ord

s
are

u
ttered

,
th

e
m

in
im

ization
of

th
e

en
ergy

n
ecessary

to
recon

fi
gu

rate
th

e
vo

cal
organ

s
at

th
e

ju
n
ctu

re
of

th
e

w
ord

s
p
rovo

q
u
es

a
eu

p
h
on

y
tran

sform
ation

,
d
iscretized

at
th

e
level

of

p
h
on

em
es

b
y

a
con

tex
tu

al
rew

rite
ru

le
of

th
e

form
:

[x
]u
|v
→

w

T
h
is

ju
n
ctu

re
eu

p
h
on

y,
or

ex
tern

al
san

d
h
i,

is
actu

ally
record

ed
in

san
sk

rit
in

th
e

w
ritten

ren
d
erin

g
of

th
e

sen
ten

ce.
T

h
e

fi
rst

lin
gu

istic

p
ro

cessin
g

is
th

erefore
segm

en
tation

,
w

h
ich

gen
eralises

u
n
glu

ein
g

in
to

san
d
h
i
an

aly
sis.
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z
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v
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x

-
7

-



A
u
to

t
y
p
e

l
e
x
i
c
o
n

=
t
r
i
e

a
n
d

r
u
l
e

=
(
w
o
r
d

*
w
o
r
d

*
w
o
r
d
)
;

T
h
e

ru
le

trip
le
(
r
e
v

u
,

v
,

w
)

rep
resen

ts
th

e
strin

g
rew

rite
u
|v
→

w
.

N
ow

for
th

e
tran

sd
u
cer

state
sp

ace:

t
y
p
e

a
u
t
o

=
[
S
t
a
t
e

o
f

(
b
o
o
l

*
d
e
t
e
r

*
c
h
o
i
c
e
s
)

]

a
n
d

d
e
t
e
r

=
l
i
s
t

(
l
e
t
t
e
r

*
a
u
t
o
)

a
n
d

c
h
o
i
c
e
s

=
l
i
s
t

r
u
l
e
;

m
o
d
u
l
e

A
u
t
o

=
S
h
a
r
e

(
s
t
r
u
c
t

t
y
p
e

d
o
m
a
i
n
=
a
u
t
o
;

v
a
l
u
e

s
i
z
e
=
h
a
s
h
_
m
a
x
;

e
n
d
)
;

-
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C
om

p
ilin

g
th

e
lex

icon
to

a
m

in
im

al
tran

sd
u
cer

(
*

b
u
i
l
d
_
a
u
t
o

:
w
o
r
d

-
>

l
e
x
i
c
o
n

-
>

(
a
u
t
o

*
s
t
a
c
k

*
i
n
t
)

*
)

v
a
l
u
e

r
e
c

b
u
i
l
d
_
a
u
t
o

o
c
c

=
f
u
n

[
T
r
i
e
(
b
,
a
r
c
s
)

-
>

l
e
t

l
o
c
a
l
_
s
t
a
c
k

=
i
f

b
t
h
e
n

g
e
t
_
s
a
n
d
h
i

o
c
c

e
l
s
e

[
]

i
n

l
e
t

f
(
d
e
t
e
r
,
s
t
a
c
k
,
s
p
a
n
)

(
n
,
t
)

=

l
e
t

c
u
r
r
e
n
t

=
[
n
:
:
o
c
c
]

(
*

c
u
r
r
e
n
t

o
c
c
u
r
r
e
n
c
e

*
)

i
n

l
e
t

(
a
u
t
o
,
s
t
,
k
)

=
b
u
i
l
d
_
a
u
t
o

c
u
r
r
e
n
t

t

i
n

(
[
(
n
,
a
u
t
o
)
:
:
d
e
t
e
r
]
,
m
e
r
g
e

s
t

s
t
a
c
k
,
h
a
s
h
1

n
k

s
p
a
n
)

i
n

l
e
t

(
d
e
t
e
r
,
s
t
a
c
k
,
s
p
a
n
)

=
f
o
l
d
_
l
e
f
t

f
(
[
]
,
[
]
,
h
a
s
h
0
)

a
r
c
s

i
n

l
e
t

(
h
,
l
)

=
m
a
t
c
h

s
t
a
c
k

w
i
t
h

[
[
]

-
>

(
[
]
,
[
]
)

|
[
h
:
:
l
]

-
>

(
h
,
l
)
]

i
n

l
e
t

k
e
y

=
h
a
s
h

b
s
p
a
n

h

i
n

l
e
t

s
=

A
u
t
o
.
s
h
a
r
e

(
S
t
a
t
e
(
b
,
d
e
t
e
r
,
h
)
)

k
e
y

i
n

(
s
,
m
e
r
g
e

l
o
c
a
l
_
s
t
a
c
k

l
,
k
e
y
)

]
;
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R
u
n
n
in

g
th

e
S
egm

en
tin

g
T
ran

sd
u
cer

v
a
l
u
e

r
e
c

r
e
a
c
t

i
n
p
u
t

o
u
t
p
u
t

b
a
c
k

o
c
c

=
f
u
n

[
S
t
a
t
e
(
b
,
d
e
t
,
c
h
o
i
c
e
s
)

-
>

(
*

w
e

t
r
y

t
h
e

d
e
t
e
r
m
i
n
i
s
t
i
c

s
p
a
c
e

f
i
r
s
t

*
)

l
e
t

d
e
t
e
r

c
o
n
t

=
m
a
t
c
h

i
n
p
u
t

w
i
t
h

[
[
]

-
>

b
a
c
k
t
r
a
c
k

c
o
n
t

|
[
l
e
t
t
e
r

:
:

r
e
s
t
]

-
>

t
r
y

l
e
t

n
e
x
t
_
s
t
a
t
e

=
L
i
s
t
.
a
s
s
o
c

l
e
t
t
e
r

d
e
t

i
n

r
e
a
c
t

r
e
s
t

o
u
t
p
u
t

c
o
n
t

[
l
e
t
t
e
r
:
:
o
c
c
]

n
e
x
t
_
s
t
a
t
e

w
i
t
h

[
N
o
t
_
f
o
u
n
d

-
>

b
a
c
k
t
r
a
c
k

c
o
n
t

]

]
i
n

l
e
t

n
o
n
d
e
t
s

=
i
f

c
h
o
i
c
e
s
=
[
]

t
h
e
n

b
a
c
k

e
l
s
e

[
N
e
x
t
(
i
n
p
u
t
,
o
u
t
p
u
t
,
o
c
c
,
c
h
o
i
c
e
s
)
:
:
b
a
c
k
]

i
n

i
f

b
t
h
e
n

l
e
t

o
u
t

=
[
(
o
c
c
,
I
d
)
:
:
o
u
t
p
u
t
]

(
*

o
p
t

f
i
n
a
l

s
a
n
d
h
i

*
)

-
1
0

-



i
n

i
f

i
n
p
u
t
=
[
]

t
h
e
n

(
o
u
t
,
n
o
n
d
e
t
s
)

(
*

s
o
l
u
t
i
o
n

*
)

e
l
s
e

l
e
t

a
l
t
e
r
n
s

=
[
I
n
i
t
(
i
n
p
u
t
,
o
u
t
)

:
:

n
o
n
d
e
t
s

]

(
*

w
e

f
i
r
s
t

t
r
y

t
h
e

l
o
n
g
e
s
t

m
a
t
c
h
i
n
g

w
o
r
d

*
)

i
n

d
e
t
e
r

a
l
t
e
r
n
s

e
l
s
e

d
e
t
e
r

n
o
n
d
e
t
s

]

a
n
d

c
h
o
o
s
e

i
n
p
u
t

o
u
t
p
u
t

b
a
c
k

o
c
c

=
f
u
n

[
[
]

-
>

b
a
c
k
t
r
a
c
k

b
a
c
k

|
[
(
(
u
,
v
,
w
)

a
s

r
u
l
e
)
:
:
o
t
h
e
r
s
]

-
>

l
e
t

a
l
t
e
r
n
s

=
[

N
e
x
t
(
i
n
p
u
t
,
o
u
t
p
u
t
,
o
c
c
,
o
t
h
e
r
s
)

:
:

b
a
c
k

]

i
n

i
f

p
r
e
f
i
x

w
i
n
p
u
t

t
h
e
n

l
e
t

t
a
p
e

=
a
d
v
a
n
c
e

(
l
e
n
g
t
h

w
)

i
n
p
u
t

a
n
d

o
u
t

=
[
(
u

@
o
c
c
,
E
u
p
h
o
n
y
(
r
u
l
e
)
)
:
:
o
u
t
p
u
t
]

i
n

i
f

v
=
[
]

(
*

f
i
n
a
l

s
a
n
d
h
i

*
)

t
h
e
n

i
f

t
a
p
e
=
[
]

t
h
e
n

(
o
u
t
,
a
l
t
e
r
n
s
)

e
l
s
e

b
a
c
k
t
r
a
c
k

a
l
t
e
r
n
s

-
1
1

-



e
l
s
e

l
e
t

n
e
x
t
_
s
t
a
t
e

=
a
c
c
e
s
s

v

i
n

r
e
a
c
t

t
a
p
e

o
u
t

a
l
t
e
r
n
s

v
n
e
x
t
_
s
t
a
t
e

e
l
s
e

b
a
c
k
t
r
a
c
k

a
l
t
e
r
n
s

]

a
n
d

b
a
c
k
t
r
a
c
k

=
f
u
n

[
[
]

-
>

r
a
i
s
e

F
i
n
i
s
h
e
d

|
[
r
e
s
u
m
e
:
:
b
a
c
k
]

-
>

m
a
t
c
h

r
e
s
u
m
e

w
i
t
h

[
N
e
x
t
(
i
n
p
u
t
,
o
u
t
p
u
t
,
o
c
c
,
c
h
o
i
c
e
s
)

-
>

c
h
o
o
s
e

i
n
p
u
t

o
u
t
p
u
t

b
a
c
k

o
c
c

c
h
o
i
c
e
s

|
I
n
i
t
(
i
n
p
u
t
,
o
u
t
p
u
t
)

-
>

r
e
a
c
t

i
n
p
u
t

o
u
t
p
u
t

b
a
c
k

[
]

a
u
t
o
m
a
t
o
n

]

]
;

-
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E
x
am

p
le

of
S
an

sk
rit

S
egm

en
tation

p
r
o
c
e
s
s

"
t
a
c
c
h
r
u
t
v
a
a
"
;

C
h
u
n
k
:

t
a
c
c
h
r
u
t
v
a
a

m
a
y

b
e

s
e
g
m
e
n
t
e
d

a
s
:

S
o
l
u
t
i
o
n

1
:

[
t
a
d

w
i
t
h

s
a
n
d
h
i

d
|
"
s

-
>

c
c
h
]

[
"
s
r
u
t
v
a
a

w
i
t
h

n
o

s
a
n
d
h
i
]

-
1
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M
ore

ex
am

p
les

p
r
o
c
e
s
s

"
o
.
m
n
a
m
a
.
h
\
"
s
i
v
a
a
y
a
"
;

S
o
l
u
t
i
o
n

1
:

[
o
m

w
i
t
h

s
a
n
d
h
i

m
|
n

-
>

.
m
n
]

[
n
a
m
a
s

w
i
t
h

s
a
n
d
h
i

s
|
"
s

-
>

.
h
"
s
]

[
"
s
i
v
a
a
y
a

w
i
t
h

n
o

s
a
n
d
h
i
]

p
r
o
c
e
s
s

"
s
u
g
a
n
d
h
i
.
m
p
u
.
s
.
t
i
v
a
r
d
h
a
n
a
m
"
;

S
o
l
u
t
i
o
n

1
:

[
s
u
g
a
n
d
h
i
m

w
i
t
h

s
a
n
d
h
i

m
|
p

-
>

.
m
p
]

[
p
u
.
s
.
t
i

w
i
t
h

n
o

s
a
n
d
h
i
]

[
v
a
r
d
h
a
n
a
m

w
i
t
h

n
o

s
a
n
d
h
i
]-

1
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-



S
an

sk
rit

T
aggin

g

p
r
o
c
e
s
s

"
s
u
g
a
n
d
h
i
.
m
p
u
.
s
.
t
i
v
a
r
d
h
a
n
a
m
"
;

S
o
l
u
t
i
o
n

1
:

[
s
u
g
a
n
d
h
i
m

<
{

a
c
c
.

s
g
.

m
.

}
[
s
u
g
a
n
d
h
i
]

>
w
i
t
h

s
a
n
d
h
i

m
|
p

-
>

.
m
p
]

[
p
u
.
s
.
t
i

<
{

i
i
c
.

}
[
p
u
.
s
.
t
i
]

>
w
i
t
h

n
o

s
a
n
d
h
i
]

[
v
a
r
d
h
a
n
a
m

<
{

a
c
c
.

s
g
.

m
.

|
a
c
c
.

s
g
.

n
.

|
n
o
m
.

s
g
.

n
.

|
v
o
c
.

s
g
.

n
.

}
[
v
a
r
d
h
a
n
a
]

>
w
i
t
h

n
o

s
a
n
d
h
i
]

-
1
5

-



T
h
e

gen
eral

case

p
r
o
c
e
s
s

"
m
e
.
s
a
a
n
a
j
a
a
\
"
m
\
"
s
c
a
"
;

S
o
l
u
t
i
o
n

1
:

[
m
e
.
s
a
a
n

<
{

a
c
c
.

p
l
.

m
.

}
[
m
e
.
s
a
]

>
w
i
t
h

n
o

s
a
n
d
h
i
]

[
a
j
a
a
n

<
{

a
c
c
.

p
l
.

m
.

}
[
a
j
a
#
1
]

|
{

a
c
c
.

p
l
.

m
.

}
[
a
j
a
#
2
]

>

w
i
t
h

s
a
n
d
h
i

n
|
c

-
>

"
m
"
s
c
]

[
c
a

<
{

u
n
d
.

}
[
c
a
]

>
w
i
t
h

n
o

s
a
n
d
h
i
]

S
o
l
u
t
i
o
n

2
:

[
m
a
a

<
{

u
n
d
.

}
[
m
a
a
#
2
]

|
{

a
c
c
.

s
g
.

*
}
[
a
h
a
m
]

>

-
1
6
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w
i
t
h

s
a
n
d
h
i

a
a
|
i

-
>

e
]

[
i
.
s
a
a
n

<
{

a
c
c
.

p
l
.

m
.

}
[
i
.
s
a
]

>
w
i
t
h

n
o

s
a
n
d
h
i
]

[
a
j
a
a
n

<
{

a
c
c
.

p
l
.

m
.

}
[
a
j
a
#
1
]

|
{

a
c
c
.

p
l
.

m
.

}
[
a
j
a
#
2
]

>

w
i
t
h

s
a
n
d
h
i

n
|
c

-
>

"
m
"
s
c
]

[
c
a

<
{

u
n
d
.

}
[
c
a
]

>
w
i
t
h

n
o

s
a
n
d
h
i
]

-
1
7
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S
tatistics

T
h
e

com
p
lete

au
tom

aton
con

stru
ction

from
th

e
fl
ex

ed
form

s
lex

icon

takes
on

ly
9s

on
a

864M
H

z
P

C
.
W

e
get

a
very

com
p
act

au
tom

aton
,

w
ith

on
ly

7337
states,

1438
of

w
h
ich

accep
tin

g
states,

fi
ttin

g
in

746K
B

of
m

em
ory.

W
ith

ou
t

th
e

sh
arin

g,
w

e
w

ou
ld

h
ave

gen
erated

ab
ou

t
200000

states
for

a
size

of
6M

B
!

T
h
e

total
n
u
m

b
er

of
san

d
h
i
ru

les
is

2802,
of

w
h
ich

2411
are

con
tex

tu
al.

W
h
ile

4150
states

h
ave

n
o

ch
oice

p
oin

ts,
th

e
rem

ain
in

g

3187
h
ave

a
n
on

-d
eterm

in
istic

com
p
on

en
t,

w
ith

a
fan

-ou
t

reach
in

g

164
in

th
e

w
orst

situ
ation

.
H

ow
ever

in
p
ractice

th
ere

are
n
ever

m
ore

th
an

2
ch

oices
for

a
given

in
p
u
t,

an
d

segm
en

tation
is

ex
trem

ely
fast.

-
1
8

-



S
ou

n
d
n
ess

an
d

C
om

p
leten

ess
of

th
e

A
lgorith

m
s

T
h
e
o
r
e
m

.
If

th
e

lex
ical

sy
stem

(L
,R

)
is

strict
an

d
w

eak
ly

n
on

-overlap
p
in

g
s

is
an

(L
,R

)-sen
ten

ce
iff

th
e

algorith
m

(s
e
g
m

e
n
t

a
ll

s)
retu

rn
s

a
solu

tion
;
con

versely,
th

e
(fi

n
ite)

set
of

all

su
ch

solu
tion

s
ex

h
ib

its
all

th
e

p
ro

ofs
for

s
to

b
e

an
(L

,R
)-sen

ten
ce.

F
a
c
t.

In
classical

S
an

sk
rit,

ex
tern

al
san

d
h
i
is

stron
gly

n
on

-overlap
p
in

g
in

n
ou

n
p
h
rases.

C
f.
h
t
t
p
:
/
/
p
a
u
i
l
l
a
c
.
i
n
r
i
a
.
f
r
/
~
h
u
e
t
/
P
U
B
L
I
C
/
t
a
g
g
e
r
.
p
d
f

-
1
9

-



D
iffi

cu
lties

(n
ou

n
p
h
rases)

•
O

vergen
eration

w
ith

sh
ort

p
articles

āt,
ām

,
u
p
a

•
R

em
oval

of
m

eta-n
otation

s
(liṅ

-ga)

•
clash

of
āya

w
ith

gen
itives

•
O

vergen
eration

w
ith

-ga,
-d

a,
-p

a,
-ya,

etc

•
B

ah
u
v
r̄ıh

i
com

p
ou

n
d
s

•
sa,

d
u
als

-
2
0

-



O
vergen

eration
is

u
n
avoid

ab
le

B
G

24[2]17

C
h
u
n
k
:

n
a
a
s
a
t
o
v
i
d
y
a
t
e
b
h
a
a
v
a
.
h

m
a
y

b
e

s
e
g
m
e
n
t
e
d

a
s
:

S
o
l
u
t
i
o
n

S
h
a
n
k
a
r
a

:

[
n
a

]
[

a
s
a
t
a
s

]
[

v
i
d
y
a
t
e

]
[

b
h
a
a
v
a
s

]

S
o
l
u
t
i
o
n

M
a
d
h
v
a

:

[
n
a

]
[

a
s
a
t
a
s

]
[

v
i
d
y
a
t
e

]
[

a
b
h
a
a
v
a
s

]

[M
ad

h
av

D
esh

p
an

d
e]

E
ach

com
m

en
tator

h
as

h
is

ow
n

logic
to

d
efen

d

th
eir

ow
n

p
ecu

liar
w

ay
segm

en
tin

g
th

e
lin

e,
an

d
it

is
clear

th
at

m
an

u
scrip

ts
alon

e
d
o

n
ot

h
elp

.

-
2
1

-



D
iffi

cu
lties

(verb
p
h
rases)

H
ow

sh
ou

ld
p
reverb

p
refi

x
in

g
b
e

m
o
d
eled

?

T
h
e

n
atu

ral
id

ea
w

ou
ld

b
e

to
affi

x
p
reverb

s
to

con
ju

gated
verb

form
s,

startin
g

at
ro

ots,
an

d
to

store
th

e
corresp

on
d
in

g
fl
ex

ed
form

s
alon

g

w
ith

th
e

d
eclin

ed
n
ou

n
s.

B
u
t

th
is

is
n
ot

th
e

righ
t

m
o
d
el

for
S
an

sk
rit

verb
al

m
orp

h
ology,

b
ecau

se
p
reverb

s
asso

ciate
to

ro
ot

form
s

w
ith

ex
tern

al
an

d
n
ot

in
tern

al
san

d
h
i.

A
n
d

p
u
ttin

g
p
reverb

s
in

p
arallel

w
ith

ro
ot

form
s

an
d

n
ou

n
form

s
w

ill
n
ot

w
ork

eith
er,

b
ecau

se
th

e

n
on

-overlap
p
in

g
con

d
ition

m
en

tion
ed

ab
ove

fails
for

p
reverb

ā.
A

n
d

th
is

overlap
p
in

g
actu

ally
m

akes
ex

tern
al

san
d
h
i
n
on

asso
ciative.

F
or

in
stan

ce,
n
otin

g
san

d
h
i
w

ith
th

e
vertical

b
ar,

w
e

get:
(ih

a
|
ā)

|
ih

i
=

ih
ā
|
ih

i
=

ih
eh

i
(com

e
h
ere).

W
h
ereas:

ih
a
|
(ā

|
ih

i)
=

ih
a
|
eh

i
=

*ih
aih

i,
in

correct.
T

h
is

d
efi

n
itely

d
o
om

s
th

e
id

ea
of

storin
g

con
ju

gated
form

s
su

ch
as

eh
i.

-
2
2

-



P
h
an

tom
p
h
on

em
es

T
h
e

solu
tion

to
th

is
p
rob

lem
is

to
p
rep

are
ā-p

refi
x
ed

ro
ot

form
s

in

th
e

case
w

h
ere

th
e

ro
ot

form
s

starts
w

ith
i
or

ı̄
or

u
or

ū
-

th
e

cases

w
h
ere

a
n
on

-asso
ciative

b
eh

av
iou

r
of

ex
tern

al
san

d
h
i
ob

tain
s.

B
u
t

in
stead

of
ap

p
ly

in
g

th
e

stan
d
ard

san
d
h
i
ru

le
ā
|
i
=

e
(an

d
sim

ilarly

for
ı̄)

w
e

u
se

ā
|
i
=

*e
w

h
ere

*e
is

a
p
h
an

tom
p
h
on

em
e

w
h
ich

ob
ey

s

sp
ecial

san
d
h
i
ru

les
su

ch
as:

a
|
*e

=
e

an
d

ā
|
*e

=
e.

T
h
rou

gh
th

e

u
se

of
th

is
p
h
an

tom
p
h
on

em
e,

overlap
p
in

g
san

d
h
is

w
ith

ā
are

d
ealt

w
ith

correctly.
S
im

ilarly
w

e
in

tro
d
u
ce

an
oth

er
p
h
an

tom
p
h
on

em
e

*o,

ob
ey

in
g

e.g.
ā
|
u

=
*o

(an
d

sim
ilarly

for
ū
)

an
d

a
|
*o

=
ā
|
*o

=
o.

-
2
3

-



P
reverb

seq
u
en

ces

W
e

p
rop

ose
to

m
o
d
el

th
e

recogn
ition

of
verb

al
p
h
rases

b
u
ilt

from
a

seq
u
en

ce
of

n
ou

n
p
h
rases,

a
seq

u
en

ce
of

p
reverb

s,
an

d
a

con
ju

gated

ro
ot

form
b
y

a
cascad

e
of

segm
en

tin
g

au
tom

ata,
w

ith
an

au
tom

aton

for
n
ou

n
s

(th
e

on
e

d
em

on
strated

ab
ove),

an
au

tom
aton

for
seq

u
en

ces

of
p
reverb

s,
an

d
an

au
tom

aton
for

con
ju

gated
ro

ot
form

s
au

gm
en

ted

w
ith

p
h
on

y
form

s
(i.e.

ā
p
refi

x
es

u
sin

g
p
h
an

tom
p
h
on

em
e

san
d
h
i).

T
h
e

san
d
h
i
p
red

iction
stru

ctu
re

w
h
ich

con
trols

th
e

au
tom

aton
is

d
ecom

p
osed

in
to

th
ree

p
h
ases,

N
ou

n
s,

P
reverb

s
an

d
R

o
ots.

W
h
en

w
e

are
in

p
h
ase

N
ou

n
s,

w
e

p
ro

ceed
eith

er
to

m
ore

N
ou

n
s,

or
to

P
reverb

s,

or
to

R
o
ots,

ex
cep

t
if

th
e

p
red

icted
p
refi

x
is

p
h
on

y,
in

w
h
ich

case
w

e

p
ro

ceed
to

p
h
ase

R
o
ot.

W
h
en

w
e

are
in

p
h
ase

P
reverb

s,
w

e
p
ro

ceed

to
V

erb
s,

ex
cep

t
if

th
e

p
red

icted
p
refi

x
is

p
h
on

y,
in

w
h
ich

case
w

e

b
ack

track
(sin

ce
p
reverb

ā
is

accou
n
ted

for
in

P
reverb

s).
F
in

ally,
if

w
e

are
in

p
h
ase

R
o
ots

w
e

b
ack

track
.

-
2
4

-



D
isp

atch

T
h
is

p
ro

ced
u
re

is
very

ex
p
licitly

stated
in

th
e

M
L

fu
n
ction

d
i
s
p
a
t
c
h

w
h
ich

is
th

e
h
eart

of
th

e
segm

en
tin

g
tran

sd
u
cer

con
trol

lo
op

:

v
a
l
u
e

d
i
s
p
a
t
c
h

p
h
a
s
e

i
n
p
u
t

o
u
t
p
u
t

b
a
c
k

v
=

m
a
t
c
h

p
h
a
s
e

w
i
t
h

[
N
o
u
n
s

-
>

i
f

p
h
a
n
t
o
m

v
t
h
e
n

[
A
d
v
a
n
c
e
(
R
o
o
t
s
,
i
n
p
u
t
,
o
u
t
p
u
t
,
v
)

:
:

b
a
c
k

]

e
l
s
e

[
A
d
v
a
n
c
e
(
N
o
u
n
s
,
i
n
p
u
t
,
o
u
t
p
u
t
,
v
)

:
:

[
A
d
v
a
n
c
e
(
P
r
e
v
e
r
b
s
,
i
n
p
u
t
,
o
u
t
p
u
t
,
v
)

:
:

[
A
d
v
a
n
c
e
(
R
o
o
t
s
,
i
n
p
u
t
,
o
u
t
p
u
t
,
v
)

:
:

b
a
c
k

]
]
]

|
P
r
e
v
e
r
b
s

-
>

i
f

p
h
a
n
t
o
m

v
t
h
e
n

b
a
c
k

e
l
s
e

[
A
d
v
a
n
c
e
(
R
o
o
t
s
,
i
n
p
u
t
,
o
u
t
p
u
t
,
v
)

:
:

b
a
c
k

]

|
R
o
o
t
s

-
>

b
a
c
k

]
;

-
2
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P
reverb

s

It
rem

ain
s

to
ex

p
lain

w
h
at

form
s

to
en

ter
in

th
e

P
reverb

s
au

tom
aton

.

W
e

cou
ld

of
cou

rse
ju

st
en

ter
in

d
iv

id
u
al

d
istin

ct
p
reverb

s,
an

d
allow

lo
op

in
g

in
th

e
P

reverb
s

p
h
ase.

B
u
t

th
is

w
ou

ld
b
e

grossly

over-gen
eratin

g.
A

t
th

e
oth

er
ex

trem
e,

w
e

cou
ld

record
in

th
e

lex
icon

th
e

p
reverb

seq
u
en

ces
u
sed

w
ith

a
given

ro
ot.

B
u
t

th
en

in
stead

of

on
e

ro
ots

form
s

au
tom

aton
,
w

e
w

ou
ld

h
ave

to
u
se

m
an

y
d
iff

eren
t

au
tom

ata
(at

least
on

e
for

every
eq

u
ivalen

ce
class

of
th

e
relation

“ad
m

its
th

e
sam

e
p
reverb

seq
u
en

ces”).
W

e
p
rop

ose
a

m
id

d
le

w
ay,

w
h
ere

w
e

h
ave

on
e

p
reverb

s
au

tom
aton

storin
g

all
th

e
p
reverb

seq
u
en

ces
u
sed

for
at

least
on

e
ro

ot.
N

am
ely

:
ati,

ad
h
i,

ad
h
yava,

an
u
,

an
u
p
arā,

an
u
p
ra,

an
u
v
i,

an
tah. ,

ap
a,

ap
ā,

ap
i,

ab
h
i,

ab
h
in

i,
ab

h
ip

ra,

ab
h
iv

i,
ab

h
isam

,
ab

h
y
ā,

ab
h
y
u
d
,
ab

h
y
u
p
a,

ava,
ā,

u
d
,
u
d
ā,

u
p
a,

u
p
an

i,
u
p
asam

,
u
p
ā,

u
p
ād

h
i,

n
i,

n
is,

n
irava,

p
arā,

p
ari,

p
arin

i,

p
arisam

,
p
ary

u
p
a,

p
i,

p
ra,

p
rati,

p
ratin

i,
p
rativ

i,
p
ratisam

,
p
raty

ā,

-
2
6

-



p
raty

u
d
,
p
ran

i,
p
rav

i,
p
rav

y
ā,

p
rā,

v
i,

v
in

i,
v
in

ih. ,
v
ip

arā,
v
ip

ari,

v
ip

ra,
v
yati,

v
yap

a,
v
yava,

v
y
ā,

v
y
u
d
,
sa,

sa.m
n
i,

sa.m
p
ra,

sa.m
p
rati,

sa.m
p
rav

i,
sa.m

v
i,

sam
,
sam

ava,
sam

ā,
sam

u
d
,
sam

u
d
ā,

sam
u
d
v
i,

sam
u
p
a.

W
e

rem
ark

th
at

p
reverb

ā
on

ly
o
ccu

rs
last

in
a

seq
u
en

ce
of

p
reverb

s,

i.e.
it

can
o
ccu

r
on

ly
n
ex

t
to

th
e

ro
ot.

T
h
is

ju
stifi

es
n
ot

h
av

in
g

to

au
gm

en
t

th
e

P
reverb

s
seq

u
en

ces
w

ith
p
h
an

tom
p
h
on

em
es.

-
2
7

-



D
em

on
stration

:
“com

e
h
ere”

C
h
u
n
k
:

i
h
e
h
i

m
a
y

b
e

s
e
g
m
e
n
t
e
d

a
s
:

S
o
l
u
t
i
o
n

1
:

[
i
h
a

<
{

u
n
d
.

}
[
i
h
a
]

>
w
i
t
h

s
a
n
d
h
i

a
|
a
a
|
i

-
>

e
]

[
a
a
|
i
h
i

<
{

i
m
p
.

s
g
.
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