
A
u
to

m
a
ta

M
ista

G
é
r
a
r
d

H
u
e
t

Z
o
h
a
r

F
e
stsc

h
r
ift,

T
a
o
r
m

in
a
,
J
u
n
e

2
0
0
3

-
1

-



P
ra

ctica
l
o
rig

in

Z
e
n

a
n
d

th
e

A
r
t

o
f
S
y
m

b
o
lic

C
o
m

p
u
tin

g
:

L
ig

h
t

a
n
d

F
a
st

A
p
p
lic

a
tiv

e
A

lg
o
r
ith

m
s

fo
r

C
o
m

p
u
ta

tio
n
a
l
L
in

g
u
istic

s

G
é
r
a
r
d

H
u
e
t

IN
R

IA

P
A

D
L
,
N

ew
O

rlea
n
s,

J
a
n
u
a
ry

2
0
0
3

-
2

-



T
ries

T
ries,

or
lex

ical
trees,

store
sp

arse
sets

of
w

ord
s

sh
arin

g
in

itial

p
refi

x
es.

T
h
ey

are
d
u
e

to
R

en
é

d
e

la
B

rian
tais

(1959).
W

e
u
se

a
very

sim
p
le

rep
resen

tation
w

ith
lists

of
sib

lin
gs.

t
y
p
e

t
r
i
e

=
[
T
r
i
e

o
f

(
b
o
o
l

*
f
o
r
e
s
t
)

]

a
n
d

f
o
r
e
s
t

=
l
i
s
t

(
W
o
r
d
.
l
e
t
t
e
r

*
t
r
i
e
)
;

T
ries

are
m

an
aged

(search
,
in

sertion
,
etc)

u
sin

g
th

e
zip

p
er

tech
n
ology.

-
3

-



Im
p
o
rta

n
t

rem
a
rk

s

T
ries

m
ay

b
e

con
sid

ered
as

d
eterm

in
istic

fi
n
ite

state
au

tom
ata

grap
h
s

for
accep

tin
g

th
e

(fi
n
ite)

lan
gu

age
th

ey
rep

resen
t.

T
h
is

rem
ark

is
th

e

b
asis

for
m

an
y

lex
icon

p
ro

cessin
g

lib
raries.

S
u
ch

grap
h
s

are
acy

clic
(trees).

B
u
t

m
ore

gen
eral

fi
n
ite

state

au
tom

ata
grap

h
s

m
ay

b
e

rep
resen

ted
as

an
n
otated

trees.
T

h
ese

an
n
otation

s
accou

n
t

for
n
on

-d
eterm

in
istic

ch
oice

p
oin

ts,
an

d
for

v
irtu

al
p
oin

ters
in

th
e

grap
h
.

-
4

-



S
o
lv

in
g

a
ch

a
ra

d
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

-
5

-



J
u
n
ctu

re
eu

p
h
o
n
y

a
n
d

its
d
iscretiza

tio
n

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.

-
6

-



u
v

w
x

-
7

-



z
u

v

w

u v

x

-
8

-



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
)
;

-
9

-



C
o
m

p
ilin

g
th

e
lex

ico
n

to
a

m
in

im
a
l
tra

n
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
)

]
;

-
1
0

-



R
u
n
n
in

g
th

e
S
eg

m
en

tin
g

T
ra

n
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
1

-



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
2

-



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

]

]
;

-
1
3

-



E
x
a
m

p
le

o
f
S
a
n
sk

rit
S
eg

m
en

ta
tio

n

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
4

-



M
o
re

ex
a
m

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
5

-



S
a
n
sk

rit
T
a
g
g
in

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
6

-



S
ta

tistics

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
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p
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d
e
l
t
a

=
(
i
n
t

*
w
o
r
d
)
;

A
d
iff

eren
tial

w
ord

is
a

n
otation

p
erm

ittin
g

to
retrieve

a
w

ord
w

from

an
oth

er
w

ord
w

′
sh

arin
g

a
com

m
on

p
refi

x
.

It
d
en

otes
th

e
m

in
im

al

p
ath

con
n
ectin

g
th

e
w

ord
s

in
a

tree,
as

a
seq

u
en

ce
of

u
p
s

an
d

d
ow

n
s:

if
d

=
(n

,u
)

w
e

go
u
p

n
tim

es
an

d
th

en
d
ow

n
alon

g
w

ord
u
.

W
e

com
p
u
te

th
e

d
iff

eren
ce

b
etw

een
w

an
d

w
′
as

a
d
iff

eren
tial

w
ord

d
if

f
w

w
′
=

(|w
1|,w

2)
w

h
ere

w
=

p
.w

1
an

d
w

′
=

p
.w

2,
w

ith

m
ax

im
al

com
m

on
p
refi

x
p
.

T
h
e

con
verse

of
d
i
f
f

:
w
o
r
d

-
>

w
o
r
d

-
>

d
e
l
t
a

is

p
a
t
c
h

:
d
e
l
t
a

-
>

w
o
r
d

-
>

w
o
r
d
:

w
′
m

ay
b
e

retrieved
from

w
an

d

d
=

d
if

f
w

w
′
as

w
′
=

p
a
tch

d
w

.-
2
3

-



T
h
e

a
u
to

m
a
to

n
stru

ctu
re

t
y
p
e

i
n
p
u
t

=
w
o
r
d
;

t
y
p
e

d
e
l
t
a

=
(
i
n
t

*
w
o
r
d
)

a
n
d

a
d
d
r
e
s
s

=
[

G
l
o
b
a
l

o
f

d
e
l
t
a

|
L
o
c
a
l

o
f

d
e
l
t
a

]
;

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

(
i
n
p
u
t

*
a
d
d
r
e
s
s
)
;

t
y
p
e

a
u
t
o
m
a
t
o
n

=
(
a
r
r
a
y

a
u
t
o

*
d
e
l
t
a
)
;

t
y
p
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