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R
ésu

m
é

L
es

arb
res

lex
icau

x
(tries)

son
t

isom
orp

h
es

au
x

esp
aces

d
’état

d
es

au
tom

ates
fi
n
is

d
éterm

in
istes

san
s

cy
cle.

L
eu

r
p
artage

en
d
ag

en

p
ro

d
u
it

la
form

e
m

in
im

ale.
D

es
au

tom
ates

ou
tran

sd
u
cteu

rs
d
’états

fi
n
is

p
lu

s
gén

érau
x

p
eu

ven
t

être
d
écrits

p
ar

d
es

arb
res

lex
icau

x

an
n
otés

d
e

d
écoration

s
co

d
an

t
d
es

tran
sition

s
n
on

d
éterm

in
istes

vers

d
es

ad
resses

v
irtu

elles,
d
es

écritu
res

d
e

sortie,
etc.

E
n

restan
t

d
an

s
la

p
rob

lém
atiq

u
e

d
es

ty
p
es

in
d
u
ctifs,

ces
stru

ctu
res

d
e

d
on

n
ées

p
u
res

p
eu

ven
t

être
u
n
iform

ém
en

t
m

in
im

isées
p
ar

le
fon

cteu
r

d
e

p
artage,

et

d
on

c
d
on

n
er

lieu
à

d
es

tran
sd

u
cteu

rs
m

in
im

au
x
.

O
n

ob
tien

t
ain

si
u
n
e

rep
résen

tation
u
n
iform

e
d
’au

tom
ates

p
ar

d
es

forêts
d
e

recou
v
rem

en
t

d
e

leu
rs

grap
h
es

d
e

tran
sition

s
com

m
e

sq
u
elettes

d
éterm

in
istes

p
référen

tiels
m

in
im

au
x
.

C
e

p
oin

t
d
e

v
u
e

est
u
tilisé

sy
stém

atiq
u
em

en
t

d
an

s
la

b
ôıte

à
ou

tils
Z
en

,
d
évelop

p
ée

p
ar

l’au
teu

r
en

P
id

gin
M

L
p
ou

r

la
p
rogram

m
ation

d
’op

ération
s

p
h
on

ologiq
u
es

et
m

orp
h
ologiq

u
es.
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A
u
to

m
a
tes

sim
p
listes

ty
p
e

le
t
t
e
r

=
in

t

a
n
d

w
o
rd

=
lis

t
le

t
t
e
r

;

ty
p
e

t
r
ie

=
[

T
rie

o
f

(
b

o
o
l
×

a
r
c
s

)
]

a
n
d

a
r
c
s

=
lis

t
(

le
t
t
e
r
×

t
r
ie

)
;

P
ar

ex
em

p
le,

voici
l’arb

re
lex

ical
rep

résen
tan

t
l’en

sem
b
le

d
e

m
ots

{[1;
2],

[2],
[2;

2],
[2;

3]}
rep

résen
tan

t
{A

B
,
B

,
B

B
,
B

C
}

:

T
rie

(
F

a
lse

,[(
1

,
T

rie
(
F

a
lse

,[(
2

,
T

rie
(
T

ru
e

,
[
]
)
)
]
)
)
;

(
2

,
T

rie
(
T

ru
e

,
[(

2
,
T

rie
(
T

ru
e

,
[
]
)
)
;

(
3

,
T

rie
(
T

ru
e

,
[
]
)
)
]
)
)
]
)
;

-
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A
p
p
a
rten

a
n
ce

=
A

ccep
ta

n
ce

v
a
lu

e
r
e
c

m
em

w
=

fu
n

[
T

rie
(
b

,
l
)
→

m
a
tch

w
w

ith

[
[
]
→

b

|
[
n

::
r

]
→

t
r
y

m
em

r
(

L
is

t
.
a
s
s
o
c

n
l
)

w
ith

[
N

o
t

fo
u
n
d

→
F

a
ls

e
]

]

];
(
∗

m
em

:
w

o
rd

→
t
r
ie

→
b

o
o
l
∗
)

E
very

trie
d
efi

n
es

th
e

state
grap

h
of

a
sim

p
listic

au
tom

aton
,
w

ith

in
itial

state
th

e
top

n
o
d
e,

an
d

accep
tin

g
states

all
n
o
d
es

m
arked

T
r
u
e.

A
ccep

tan
ce

of
w

ord
w

b
y

au
tom

aton
t

is
sim

p
ly

m
em

w
t.

S
u
ch

au
tom

ata
are

th
e

acy
clic

d
eterm

in
istic

fi
n
ite-state

au
tom

ata,

sh
arin

g
in

itial
com

m
on

p
ath

s.
T

h
ey

recogn
ize

th
e

fi
n
ite

lan
gu

ages.
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M
in

im
a
l
sim

p
listic

a
u
to

m
a
ta

F
a
c
t.

E
very

sim
p
listic

au
tom

aton
ad

m
its

a
u
n
iq

u
e

eq
u
ivalen

t

m
in

im
al

sim
p
listic

au
tom

aton
.

P
r
o
o
f.

S
h
are

th
e

lex
ical

tree
as

a
d
ag,

u
sin

g
th

e
S

h
a
r
e

fu
n
ctor.

A
lg

o
r
ith

m
ic

R
e
m

a
r
k
s
.

L
ists,

b
in

ary
trees,

tern
ary

trees.
Z
ip

p
ers

-

u
n
ary

con
tex

ts.

Im
p
o
r
ta

n
t.

D
o

n
ot

op
tim

ise
to

o
early.

-
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M
ix

ed
a
u
to

m
a
ta

W
e

ad
d

a
zest

of
n
on

-d
eterm

in
ism

,
togeth

er
w

ith
p
oten

tial
lo

op
s

in

th
e

state
sp

ace.
B

u
t

w
e

w
an

t
to

stay
in

th
e

ap
p
licative

p
rogram

m
in

g

p
arad

igm
of

in
d
u
ctive

stru
ctu

res,
an

d
reject

state
grap

h
s

b
u
ilt

w
ith

m
u
tab

le
referen

ces.
W

e
u
se

a
n
otion

of
v
irtu

al
ad

d
ress,

w
h
ere

states

are
n
am

ed
b
y

a
w

ord
d
efi

n
in

g
a

p
ath

from
th

e
in

itial
state;

su
ch

a

w
ord

m
ay

n
ot

b
e

u
n
iq

u
e,

in
case

of
sh

arin
g.

ty
p
e

a
d

d
r
e
s
s

=
[

I
n

it
ia

l
o
f

w
o
rd

]
;

ty
p
e

a
u
to

=
[

S
t
a
t
e

o
f

(
b

o
o
l
×

d
e
t
e
r
×

c
h

o
ic

e
s

)
]

a
n
d

d
e
t
e
r

=
lis

t
(

le
t
t
e
r
×

a
u
to

)

a
n
d

c
h

o
ic

e
s

=
lis

t
(
w

o
rd

×
a
d

d
r
e
s
s

)
;

-
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S
h
o
rtco

m
in

g
s

T
h
e

n
on

d
eterm

in
istic

p
art

of
a

S
tate

rep
resen

ts
a

m
u
ltiset

of

tran
sition

s
gu

ard
ed

b
y

a
w

ord
.

S
in

ce
th

ese
gu

ard
w

ord
s

m
ay

b
e

em
p
ty,

w
e

accom
m

o
d
ate

ε
m

oves,
b
u
t

also
gen

eral
n
on

-d
eterm

in
istic

m
oves.

T
h
e

on
ly

p
rob

lem
is

th
at

v
irtu

al
ad

d
resses

m
u
st

in
d
eed

p
oin

t

to
lo

cation
s

accessib
le

from
th

e
top

n
o
d
e,

w
h
ereas

th
ere

ex
ist

n
on

-d
eterm

in
istic

au
tom

ata
w

h
ich

h
ave

n
o

d
eterm

in
istic

su
b
-au

tom
aton

sp
an

n
in

g
th

e
w

h
ole

sp
ace

set.
In

th
at

case,
w

e
m

ay

still
rep

resen
t

faith
fu

lly
th

e
n
on

-d
eterm

in
istic

au
tom

aton
b
y

con
sid

erin
g

a
forest

of
trees,

rath
er

th
an

a
sin

gle
tree.
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T
rie

F
o
rests

ty
p
e

a
d

d
r
e
s
s

=
[

P
a
th

o
f

(
in

t
×

w
o
rd

)
];

T
h
e

rest
of

th
e

con
stru

ction
is

th
e

sam
e

as
ab

ove,
b
u
t

n
ow

an

au
tom

aton
is

given
as

a
vector

of
au

to
stru

ctu
res,

togeth
er

w
ith

th
e

ad
d
ress

of
its

in
itial

state:

ty
p
e

a
u
to

=
[

S
t
a
t
e

o
f

(
b

o
o
l
×

d
e
t
e
r
×

c
h

o
ic

e
s

)
]

a
n
d

d
e
t
e
r

=
lis

t
(

le
t
t
e
r
×

a
u
to

)

a
n
d

c
h

o
ic

e
s

=
lis

t
(
w

o
rd

×
a
d

d
r
e
s
s

)
;

ty
p
e

a
u
to

m
a
to

n
=

(
a
r
r
a
y

a
u
to

×
a
d

d
r
e
s
s

)
;

-
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M
in

im
a
l
m

ix
ed

a
u
to

m
a
ta

M
ix

ed
au

tom
ata

h
ave

m
in

im
al

rep
resen

tation
s

as
w

ell,
ob

tain
ed

u
n
iform

ly
b
y

sh
arin

g
th

eir
stru

ctu
re.

H
ow

ever,
in

gen
eral

su
ch

m
in

im
al

rep
resen

tation
s

m
ay

n
ot

b
e

u
n
iq

u
e.

In
d
eed

,
th

ere
m

ay
b
e

oth
er

w
ay

s
of

rep
resen

tin
g

an
eq

u
ivalen

t
m

ix
ed

au
tom

aton
y
ield

in
g

sm
aller

stru
ctu

res
in

term
s

of
n
u
m

b
ers

of
n
o
d
es

an
d
/or

ed
ges.

F
u
rth

erm
ore,

ou
r

sim
p
listic

v
irtu

al
ad

d
ress

m
ech

an
ism

w
ill

p
reven

t

th
e

recogn
ition

of
eq

u
ivalen

t
term

in
al

su
b
-au

tom
ata.
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B
o
tto

m
-u

p
a
d
d
ressin

g

In
ord

er
to

facilitate
su

ch
term

in
al

sh
arin

g,
an

d
avoid

th
e

in
effi

cien
t

traversal
of

th
e

state
sp

ace
from

th
e

ro
ot

of
th

e
in

itial
trees

in
th

e

forest,
w

e
en

rich
ou

r
v
irtu

al
ad

d
resses

w
ith

lo
cal

ad
d
resses,

rep
resen

ted
w

ith
d
iff

eren
tial

w
ord

s.

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
,
as

follow
s.

ty
p
e

d
e
lt

a
=

(
in

t
×

w
o
rd

)
;

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

(|w
1|,w

2)
w

h
ere

w
=

p
.w

1
an

d
w

’=
p
.w

2,
w

ith
m

ax
im

al
p
refi

x
p
.

In

M
L
,
w

e
com

p
u
te

d
iff

w
w

’.
A

n
d

w
′
m

ay
b
e

retrieved
from

w
an

d

d
=

d
iff

w
w

’
as

w
’=

p
atch

d
w

.

-
1
0
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M
ix

ed
a
u
to

m
a
ta

w
ith

d
u
a
lity

D
iff

eren
tial

w
ord

s
d
en

ote
th

e
sh

ortest
p
ath

b
etw

een
tw

o
n
o
d
es

in
th

e

sp
an

n
in

g
tree

of
th

e
stru

ctu
re,

as
an

in
teger

tellin
g

h
ow

m
an

y
step

s

u
p

is
th

e
closest

com
m

on
an

cestor,
an

d
a

w
ord

giv
in

g
th

e
p
ath

d
ow

n
.

N
ow

w
e

au
th

orize
b
oth

glob
al

an
d

lo
cal

v
irtu

al
ad

d
resses:

ty
p
e

a
d

d
r
e
s
s

=
[

G
lo

b
a
l

o
f

d
e
lt

a
|

L
o
c
a
l

o
f

d
e
lt

a
]
;

T
h
e

m
ix

ed
au

tom
ata

ty
p
e

is
d
efi

n
ed

as
ab

ove,
u
sin

g
th

is
n
ew

a
d
d
r
e
s
s

ty
p
e.

W
e

n
ow

h
ave

d
u
ality

b
etw

een
G

lob
al

an
d

L
o
cal

ad
d
resses.

U
sin

g
lo

cal
ad

d
resses

togeth
er

w
ith

sh
arin

g
raises

th
e

p
rop

er

in
terp

retation
of

su
ch

v
irtu

al
ad

d
resses,

sin
ce

goin
g

u
p

in
a

d
ag

is
n
ot

a
w

ell-d
efi

n
ed

n
otion

.
W

e
n
eed

to
keep

a
stack

of
accesses

in
th

e

cu
rren

t
d
eterm

in
istic

sp
ace,

w
h
ile

w
e

traverse
it.

T
ak

in
g

it
as

a
vector

of
au

to
n
o
d
es,

glob
al

an
d

lo
cal

ad
d
resses

are
accessed

sim
ilarly

:

in
d
ex

in
g

a
vector

of
n
o
d
es,

th
en

n
av

igatin
g

d
ow

n
a

lo
cal

trie.

-
1
1

-



A
reco

g
n
izer

fo
r

m
ix

ed
a
u
to

m
a
ta

ty
p
e

d
e
lt

a
=

(
in

t
×

w
o
rd

)

a
n
d

a
d

d
r
e
s
s

=
[

G
lo

b
a
l

o
f

d
e
lt

a
|

L
o
c
a
l

o
f

d
e
lt

a
]
;

ty
p
e

a
u
to

=
[

S
t
a
t
e

o
f

(
b

o
o
l
×

d
e
t
e
r
×

c
h

o
ic

e
s

)
]

a
n
d

d
e
t
e
r

=
lis

t
(

le
t
t
e
r
×

a
u
to

)

a
n
d

c
h

o
ic

e
s

=
lis

t
(
w

o
rd

×
a
d

d
r
e
s
s

)
;

ty
p
e

a
u
to

m
a
to

n
=

(
a
r
r
a
y

a
u
to

×
a
d

d
r
e
s
s

)
;

A
n

au
tom

aton
valu

e
is

a
p
air

(forest,in
it

ad
d
ress)

w
ith

forest
an

au
to

vector,
an

d
in

it
ad

d
ress=

G
lob

al(in
it

d
ag,in

it
p
ath

).
W

e
also

d
eclare

an
au

to
vector

lo
cal

of
size

greater
th

an
th

e
m

ax
im

u
m

d
ep

th
of

th
e

forest
d
ags.

T
h
e

cu
rren

t
state

is
rep

resen
ted

as
a

n
atu

ral
n
u
m

b
er

d
ep

th
in

d
ex

in
g

th
e

lo
cal

vector.

-
1
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S
ta

ck
m

a
n
ip

u
la

tio
n

T
w

o
op

eration
s

on
th

e
stack

in
d
ex

d
ep

th
are

p
rov

id
ed

:
p
op

,
w

h
ich

takes
as

argu
m

en
t

a
n
atu

ral
n
u
m

b
er,

an
d

p
u
sh

,
w

h
ich

takes
as

argu
m

en
t

a
w

ord
:

v
a
lu

e
p
o
p

d
e
p
th

n
=

if
n
>

d
e
p
th

th
e
n

r
a
is

e
S

t
a
c
k

e
r
r
o
r

e
ls

e
(
d
e
p
th
−

n
)
;

v
a
lu

e
r
e
c

p
u
sh

d
e
p
th

=
fu

n

[
[
]
→

d
e
p
th

|
[

le
t
t
e
r

:
:

r
e
s
t

]
→

le
t

d=
d
e
p
th

+
1

in

d
o
{

lo
c
a
l
.(

d
):=

m
a
tch

lo
c
a

l
.(

d
e
p
th

)
w

ith

[
S

t
a
t
e
(

,
d
e
t

,
)
→

a
s
s
o
c

le
t
t
e
r

d
e
t

]

;
p
u
sh

d
r
e
s
t
}

];

-
1
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T
ra

n
sitio

n
s

T
h
e

n
ex

t
fu

n
ction

ex
ecu

tes
a

tran
sition

at
a

given
ad

d
ress:

v
a
lu

e
t
r
a
n

s
it

io
n

d
e
p
th

=
fu

n

[
G

lo
b
a
l(

n
,w

)
→

d
o
{

lo
c
a
l
.(

0
)
:=

fo
r
e
s
t

.(
n

)
;

p
u
sh

0
w
}

|
L

o
c
a
l(

n
,w

)
→

p
u
sh

(
p
o
p

d
e
p
th

n
)

w

];

W
e

th
u
s

in
itialise

th
e

in
itial

valu
e

of
th

e
stack

from
in

it
ad

d
ress

b
y
:

v
a
lu

e
in

it
d

e
p

t
h

=
t
r
a
n

s
it

io
n

in
it

a
d

d
r
e
s
s

;

an
d

th
e

in
itial

state
is

lo
cal.(in

it
d
ep

th
),

sin
ce

w
e

m
ain

tain
as

in
varian

t
th

at
th

e
cu

rren
t

state
is

lo
cal.(d

ep
th

).

-
1
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M
o
re

serv
ice

ro
u
tin

es

T
h
e

n
ex

t
serv

ice
rou

tin
e

ch
eck

s
th

e
p
refi

x
relation

b
etw

een
w

ord
s;

th
e

follow
in

g
on

e
ad

van
ces

th
e

in
p
u
t

tap
e

b
y

n
ch

aracters;

v
a
lu

e
r
e
c

p
r
e
fix

u
v

=

m
a
tch

u
w

ith

[
[
]
→

T
ru

e

|
[
a

::
r

]
→

m
a
tch

v
w

ith

[
[
]
→

F
a
ls

e

|
[
b

::
s

]
→

a=
b

&
&

p
r
e
fix

r
s

]

];

v
a
lu

e
r
e
c

a
d
v
a
n
c
e

n
w

=
if

n
=

0
th

e
n

w

e
ls

e
a
d
v
a
n
c
e

(
n
−

1
)

(
L

is
t

.
t
l

w
)
;

-
1
5

-



T
h
e

rea
ctiv

e
en

g
in

e

W
e

rep
resen

t
th

e
in

p
u
t

as
a

w
ord

an
d

a
b
ack

track
state

as
a

trip
le

storin
g

a
p
artial

in
p
u
t,

th
e

d
ep

th
in

d
ex

in
g

th
e

cu
rren

t
state

in
th

e

stack
,
an

d
a

list
of

n
on

d
eterm

in
istic

ch
oices.

F
in

ally,
a

resu
m

p
tion

is

a
set

of
b
ack

track
states,

w
h
ich

in
a

fi
rst

ap
p
rox

im
ation

w
e

rep
resen

t

as
a

list:

ty
p
e

in
p

u
t

=
w

o
rd

a
n
d

d
e
p
th

=
in

t
;

ty
p
e

b
a
c
k
tra

c
k

=
(
in

p
u

t
×

d
e
p
th

×
c
h

o
ic

e
s
)

a
n
d

re
su

m
p
tio

n
=

lis
t

b
a
c
k
tra

c
k

;

e
x
c
e
p

t
io

n
F

in
is

h
e
d

;

T
h
e

reactive
en

gin
e

takes
as

argu
m

en
ts

an
in

p
u
t

tap
e,

a
resu

m
p
tion

,

an
d

th
e

d
ep

th
in

d
ex

in
th

e
lo

cal
stack

d
efi

n
in

g
th

e
cu

rren
t

state.

-
1
6
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R
ea

ct

v
a
lu

e
r
e
c

r
e
a
c
t

in
p

u
t

r
e
s

d
e
p
th

=
m

a
tch

lo
c
a
l
.(

d
e
p
th

)
w

ith

[
S

t
a
t
e
(
b

,
d
e
t

,
c
h

o
ic

e
s

)
→

(
∗

w
e

t
r
y

th
e

d
e
t
e
r
m

in
is

t
ic

s
p

a
c
e

f
ir

s
t
∗
)

le
t

d
e
t
e
r

c
o
n
t

=
m

a
tch

in
p

u
t

w
ith

[
[
]
→

b
a
c
k
tra

c
k

c
o
n
t

|
[

le
t
t
e
r

:
:

r
e
s
t

]
→

t
r
y

le
t

n
e
x

t
s
t
a
t
e

=
L

is
t

.
a
s
s
o
c

le
t
t
e
r

d
e
t

in

le
t

n
e
x
t

d
e
p

th
=

d
e
p
th

+
1

in

d
o
{

lo
c
a

l
.(

n
e
x
t

d
e
p

th
):=

n
e
x

t
s
t
a
t
e

;
r
e
a
c
t

r
e
s
t

c
o
n
t

n
e
x
t

d
e
p

th
}

w
ith

[
N

o
t

fo
u
n
d

→
b

a
c
k
tra

c
k

c
o
n
t

]

]
in

-
1
7

-



le
t

n
e
x

t
r
e
s

=
if

c
h

o
ic

e
s
=

[]
th

e
n

r
e
s

e
ls

e
[(

in
p
u
t

,
d
e
p
th

,
c
h

o
ic

e
s

)
:
:

r
e
s

]
in

if
b

th
e
n

if
in

p
u

t
=

[]
th

e
n

n
e
x

t
r
e
s

(
∗

s
o
lu

t
io

n
∗
)

e
ls

e
d

e
t
e
r

n
e
x

t
r
e
s

e
ls

e
d

e
t
e
r

n
e
x

t
r
e
s

]

a
n
d

b
a
c
k
tra

c
k

=
fu

n

[
[
]
→

r
a
is

e
F

in
is

h
e
d

|
[(

in
p
u
t

,
d
e
p
th

,
c
h

o
ic

e
s

)
:
:

r
e
s

]
→

c
h

o
o
s
e

in
p

u
t

r
e
s

d
e
p
th

c
h

o
ic

e
s

]

a
n
d

c
h

o
o
s
e

in
p

u
t

r
e
s

d
e
p
th

=
fu

n

[
[
]
→

b
a
c
k
tra

c
k

r
e
s

|
[(

w
,
a
d

d
r
e
s
s

)
:
:

o
t
h

e
r
s

]
→

-
1
8

-



le
t

n
e
x

t
r
e
s

=
[(

in
p
u
t

,
d
e
p
th

,
o
t
h

e
r
s

)
:
:

r
e
s

]
in

if
p

r
e
fix

w
in

p
u

t
th

e
n

le
t

n
e
x
t

in
p

u
t

=
a
d
v
a
n
c
e

(
L

is
t

.
le

n
g
t
h

w
)

in
p

u
t

a
n
d

n
e
x
t

d
e
p

th
=

t
r
a
n

s
it

io
n

d
e
p
th

a
d

d
r
e
s
s

in

r
e
a
c
t

n
e
x
t

in
p

u
t

n
e
x

t
r
e
s

n
e
x
t

d
e
p

th

e
ls

e
b

a
c
k
tra

c
k

n
e
x

t
r
e
s

];

N
ow

,
recogn

izin
g

an
in

p
u
t

w
ord

is
ju

st
callin

g
th

e
reactive

en
gin

e
on

th
e

ap
p
rop

riate
in

itial
situ

ation
:

v
a
lu

e
r
e
c
o
g
n

iz
e

w
=

t
r
y

le
t

=
r
e
a
c
t

w
[
]

in
it

d
e
p

t
h

in
T

ru
e

w
ith

[
F

in
is

h
e
d

→
F

a
ls

e
]
;

-
1
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-



M
ix

ed
tra

n
sd

u
cers

It
is

easy
to

ex
ten

d
ou

r
m

ix
ed

fi
n
ite

au
tom

ata
to

m
ix

ed
tran

sd
u
cers,

eq
u
ip

p
ed

w
ith

an
ou

tp
u
t

tap
e

in
ad

d
ition

to
th

e
in

p
u
t

tap
e.

O
u
tp

u
t

w
ord

s
lab

el
th

e
n
on

-d
eterm

in
istic

tran
sition

s.

ty
p
e

in
p

u
t

=
w

o
rd

a
n
d

o
u
tp

u
t

=
w

o
rd

a
n
d

d
e
p
th

=
in

t
;

ty
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
ic

e
s

)
]

a
n
d

d
e
t
e
r

=
lis

t
(

le
t
t
e
r
×

t
r
a
n

s
)

a
n
d

c
h

o
ic

e
s

=
lis

t
(
in

p
u

t
×

o
u
tp

u
t
×

a
d

d
r
e
s
s

)
;

ty
p
e

t
r
a
n

s
d

u
c
e
r

=
(
a
r
r
a
y

t
r
a
n

s
×

d
e
lt

a
)
;

ty
p
e

b
a
c
k
tra

c
k

=
(
in

p
u

t
×

o
u
tp

u
t
×

d
e
p
th

×
c
h

o
ic

e
s
)

a
n
d

re
su

m
p
tio

n
=

lis
t

b
a
c
k
tra

c
k

;

-
2
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-



T
ra

n
sd

u
ce

T
h
e

reactive
en

gin
e

ab
ove

gen
eralises

in
th

e
n
atu

ral
w

ay.

v
a
lu

e
t
r
a
n

s
d

u
c
e

w
=

le
t

(
o
u
t

,
r
e
s
)

=
r
e
a
c
t

w
[
]

[
]

in
it

d
e
p

t
h

in

L
is

t
.
re

v
o
u
t
;

T
h
is

algorith
m

retu
rn

s
an

ou
tp

u
t

w
ord

(togeth
er

w
ith

a
resu

m
p
tion

valu
e)

if
its

argu
m

en
t

is
recogn

ized
b
y

th
e

tran
sd

u
cer;

oth
erw

ise
it

raises
th

e
ex

cep
tion

F
in

ish
ed

.

-
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T
ra

n
sd

u
cin

g
co

ro
u
tin

es

M
eth

o
d
ological

rem
ark

s
ab

ou
t

n
on

-d
eterm

in
ism

p
rogram

m
in

g.

-
2
2

-



V
a
ria

tio
n
s

T
h
e

lo
cal

vector
h
old

s
th

e
access

stack
in

th
e

cu
rren

t
state

com
p
on

en
t.

W
e

cou
ld

also
keep

th
e

seq
u
en

ce
of

letters
d
efi

n
in

g
th

e

cu
rren

t
tran

sition
con

tex
t

in
a

com
p
an

ion
vector.

T
h
is

is
u
sefu

l
for

in
stan

ce
for

gen
eratin

g
ou

tp
u
t

of
cop

y
in

g
tran

sd
u
cers.

It
is

sh
ow

n
for

in
stan

ce
in

th
e

Z
en

m
an

u
al

h
ow

to
recogn

ize
th

e
lan

gu
age

L
+

of

seq
u
en

ces
of

w
ord

s
from

a
lex

icon
L

,
w

ith
a

tran
sd

u
cer

w
h
ich

ou
tp

u
ts

all
“u

n
glu

ein
g”

solu
tion

s.
H

ere
th

e
b
ack

track
stack

h
old

s

p
airs

(in
p
u
t,ou

tp
u
t),

w
h
ere

ou
tp

u
t

keep
s

th
e

lo
cal

tran
sition

con
tex

t.

A
n
oth

er
ex

am
p
le

is
lem

m
atization

.
W

e
m

ay
for

in
stan

ce
store

all

p
lu

ral
form

s
in

a
trie,

w
ith

accep
tin

g
n
o
d
es

h
old

in
g

as
an

n
otation

th
e

d
iff

eren
tial

w
ord

ad
d
ressin

g
th

e
sin

gu
lar

form
.

N
ote

th
at

w
h
en

w
e

sh
are

th
is

stru
ctu

re,
all

regu
lar

p
lu

rals
are

sh
ared

as
on

e
su

ccess
n
o
d
e

say
in

g
“m

y
sin

gu
lar

form
is

on
e

level
u
p

on
th

is
access

p
ath

”.

-
2
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-



F
ro

m
m

a
ch

in
es

to
p
a
ttern

s
fo

r
rea

ctiv
e

p
ro

cesses

M
ore

gen
erally,

w
e

m
ay

d
efi

n
e

au
tom

ata
stru

ctu
res

w
ith

variou
s

d
ecoration

s,
au

gm
en

tin
g

th
e

accep
tan

ce
b
o
olean

an
d

th
e

n
on

-d
eterm

in
istic

tran
sition

s
w

ith
oth

er
valu

es.
A

n
d

th
e

reactive

en
gin

e
m

ay
recu

rse
w

ith
oth

er
p
aram

eters.
In

th
is

w
ay

w
e

get
aw

ay

from
th

e
sim

p
le

p
arad

igm
“au

tom
aton

as
a

m
ach

in
e”

to
a

m
ore

gen
eral

p
arad

igm
“au

tom
aton

state
sp

ace
as

in
p
u
t

p
attern

for
a

reactive
p
ro

cess”.

-
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C
o
n
clu

sio
n

M
o
d
u
larity.

C
om

p
ilin

g
regu

lar
ex

p
ression

s
an

d
relation

s.

-
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A
u

rev
o
ir

M
a

sab
b
atiq

u
e

à
B

ord
eau

x
p
ren

d
fi
n
.

U
n

gran
d

m
erci

au
L
aB

R
I

d
e

m
’avoir

accu
eilli.
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