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u
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F
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e
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é
r
a
r
d

H
u
e
t

C
h
a
lm

e
r
s

U
n
iv

e
r
sity

,
M

a
y

2
1
st,

2
0
0
4

-
1

-



T
h
e

Z
en

to
o
lk

it
-
G

en
eric

tech
n
o
lo

g
y

A
few

sp
ecifi

c
ap

p
licative

tech
n
iq

u
es:

•
L
o
cal

p
ro

cessin
g

of
fo

cu
sed

d
ata

•
S
h
arin

g

•
L
ex

ical
trees

•
D

iff
eren

tial
w

ord
s

•
F
in

ite
tran

sd
u
cers

as
lex

icon
m

orp
h
ism

s

•
S
earch

b
y

resu
m

p
tion

corou
tin

es

•
M

u
ltiset

ord
erin

g
con

vergen
ce-
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A
u
to

m
a
ta

M
ista

-
A

u
M

W
e

rep
resen

t
fi
n
ite-state

au
tom

ata
b
y

a
m

ix
ed

stru
ctu

re
-

a

d
eterm

in
istic

skeleton
d
ecorated

b
y

n
on

-d
eterm

in
istic

tran
sition

s.

T
h
e

fi
rst

com
p
on

en
t

is
a

forest
of

lex
ical

trees,
u
sed

as
coverin

g
trees

of
th

e
state

tran
sition

s
grap

h
.

T
h
e

rest
of

th
e

tran
sition

s
is

rep
resen

ted
as

an
n
otation

s
statin

g
th

at
on

a
certain

in
p
u
t

(a
w

ord

p
ossib

ly
em

p
ty,

allow
in

g
ε-tran

sition
s),

th
e

au
tom

aton
go

es
to

a
state

d
esign

ated
b
y

a
v
irtu

al
ad

d
ress.

T
h
ere

are
tw

o
k
in

d
s

of
ad

d
resses,

lo
cal

an
d

glob
al.

A
glob

al
ad

d
ress

is
given

b
y

an
in

teger
(in

d
ex

in
g

in
to

th
e

forest
array

)
an

d
a

w
ord

.
A

lo
cal

ad
d
ress

h
as

th
e

sam
e

stru
ctu

re,
b
u
t

n
ow
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a
d
iff

eren
tial

w
ord

.
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fi
rst

com
p
on

en
t

in
d
ex

es
in

to
an

array
rep

resen
tin

g
th

e
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p
ath

in
th

e
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rren
t
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(n
ecessary

b
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arin
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D
iff

eren
tia

l
w

o
rd

s

t
y
p
e

d
e
l
t
a

=
(
i
n
t

*
w
o
r
d
)
;

A
d
iff

e
r
e
n
t
ia

l
w

o
r
d
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a

n
otation

p
erm

ittin
g

to
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a
w

ord
w
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an
oth

er
w

ord
w
′
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arin
g

a
com

m
on

p
refi
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.

It
d
en
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th
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in
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al

p
ath

con
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ectin

g
th

e
w

ord
s
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a
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a
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u
en
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u
p
s

an
d
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ow

n
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if
d
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w
e

go
u
p

n
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an

d
th

en
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ow
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w

ord
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e
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e

d
iff
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r
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c
e

b
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eren
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w
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ere
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.w
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.w
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w

ith

m
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al
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m
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con
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r
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b
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=

p
a
tch

d
w

.-
4

-



T
h
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m
a
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n
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re
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y
p
e

i
n
p
u
t

=
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o
r
d
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t
y
p
e

d
e
l
t
a

=
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i
n
t

*
w
o
r
d
)
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n
d

a
d
d
r
e
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s
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[

G
l
o
b
a
l

o
f

d
e
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t
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c
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e
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t
a
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p
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e
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c
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c
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p
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c
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c
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c
e
s
)

a
n
d

r
e
s
u
m
p
t
i
o
n

=
l
i
s
t

b
a
c
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c
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p
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b
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]
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b
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m
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T
h
e

tra
n
sd

u
cer

stru
ctu

re

t
y
p
e

i
n
p
u
t

=
w
o
r
d

a
n
d

o
u
t
p
u
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=
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o
r
d
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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

t
r
a
n
s

=
[

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

*
t
r
a
n
s
)

a
n
d

c
h
o
i
c
e
s

=
l
i
s
t

(
i
n
p
u
t

*
o
u
t
p
u
t

*
a
d
d
r
e
s
s
)
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t
y
p
e

t
r
a
n
s
d
u
c
e
r

=
(
a
r
r
a
y

t
r
a
n
s

*
d
e
l
t
a
)
;

t
y
p
e

b
a
c
k
t
r
a
c
k

=
(
i
n
p
u
t

*
o
u
t
p
u
t

*
d
e
l
t
a

*
c
h
o
i
c
e
s
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r
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p
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s
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c
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c
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M
em

o
risa

tio
n

o
f
th

e
cu

rren
t

a
ccess

T
h
e

access
stack

[s
n
;s

n
−

1 ;...s
0 ]

is
n
ecessary,

to
in

terp
ret

lo
cal

v
irtu

al

ad
d
resses.

It
m

ay
b
e

con
ven

ien
t

to
store

as
w

ell
th

e
cu

rren
t

access

w
o
r
d

w
o
r
d

=
[a

n
;...a

1 ],
stacked

an
d

u
n
stacked

alon
g

th
e

lo
cal

accesses.
W

e
m

ay
th

u
s

d
istin

gu
ish

tw
o

ou
tp

u
t

con
stru

ctors:

A
b
s
o
l
u
t
e

o
f

w
o
r
d

et
R
e
l
a
t
i
v
e

o
f

d
e
l
t
a
.

In
th

e
last

case,
ou

tp
u
t

is
com

p
u
ted

b
y

p
a
tch

ap
p
lied

to
w

o
r
d
.

A
p
p
lication

s:

•
In

fl
ected

form
s

d
iction

ary
u
sed

as
lem

m
atizer

(regu
lar

p
lu

ral:

(δ
=

(1
,[
′s
′]))

•
U

n
glu

e
(δ

=
(0

,[]))

•
S
egm

en
t

(δ
=

(0
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))
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M
o
d
u
la

r
a
u
m

s

A
n

au
m

is
given

b
y

a
p
air

in
(
a
r
r
a
y

a
u
t
o

*
d
e
l
t
a
)
.

W
e

m
ake

th
em

m
o
d
u
lar

b
y

m
ak

in
g

th
e

glob
al

ad
d
resses

relo
catab

le,

an
d

p
ossib

ly
in

terp
retin

g
su

ccess
states

b
y

con
tin

u
ation

s.

C
on

tin
u
ation

s
are

im
p
lem

en
ted

as
ε-tran

sition
s,

i.e.
ex

tra
c
h
o
i
c
e
s
,

w
ith

em
p
ty

in
p
u
t.

N
ow

it
is

easy
to

com
p
ile

regu
lar

ex
p
ression

s
in

to
au

m
s,

as
follow

s:

•
T

h
e

b
ase

case
is

an
y

au
m

,
its

size
th

e
size

of
its

array

•
if

A
=

(a
r
r
a
y

A
,d

e
lta

A
)

is
of

size
a

an
d

B
=

(a
r
r
a
y

B
,d

e
lta

B
)

is

of
size

b,
A

·
B

is
ob

tain
ed

b
y

relo
catin

g
B

b
y

a
,
con

tin
u
in

g
A

b
y

a
+

d
e
lta

B
,
startin

g
at

d
e
lta

A
,
of

size
a

+
b.

•
if

A
=

(a
r
r
a
y

A
,d

e
lta

A
)

is
of

size
a

an
d

B
=

(a
r
r
a
y

B
,d

e
lta

B
)

is

of
size

b,
A

+
B

is
ob

tain
ed

b
y

relo
catin

g
B

b
y

a
,
startin

g
at

a
+

b
+

1,
w

h
ere

w
e

p
u
t
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S
ta

te(F
a
ls

e
,[],[([],d

e
lta

A
);([],a

+
d
e
lta

B
)]),

of
size

a
+

b
+

1.

•
if

A
=

(a
r
r
a
y

A
,d

e
lta

A
)

is
of

size
a
,
th

en
A
∗

is
ob

tain
ed

b
y

con
tin

u
in

g
A

b
y

d
e
lta

A
,
m

ak
in

g
its

startin
g

n
o
d
e

accep
tin

g,
of

size
a
.

T
h
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b
e
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r
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sh
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g.
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A
u
tom
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m
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off

er
an
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t

ap
p
licative

solu
tion

to
m

an
y

fi
n
ite-state

p
ro

cessin
g

p
rob

lem
s,

ty
p
ically

th
e

treatm
en

t
of

lex
icon

rep
resen

tation
,
p
h
on

ology,
m

orp
h
ology

an
d

segm
en

tation
in

com
p
u
tation

al
lin

gu
istics.

T
h
e

d
eterm

in
istic

sp
an

n
in

g
tree

of
th

eir

state
sp

ace
is

th
en

n
atu

rally
th

e
d
iction

ary
of

in
fl
ected

form
s

of

w
ord

s,
w

h
ich

is
th

u
s

p
laced

at
th

e
cen

ter
of

th
e

com
p
u
ter

treatm
en

t

of
lan

gu
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