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Motivation

<book>
<pers>
<info>
<name>
</name>
<adr>
</adr>
</info>
<contact>
</contact>
</pers>
</book>
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Overview
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Outline
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Nested Word Automata

book
pers pers
name name

@ Visibly Pushdown Automata [Alur et al'04]
@ Streaming Tree Automata [Gauwin et al'08]
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Nested Word Automata

book
pers pers
name name

< book >
< pers > < name > < [name > < adr > < /adr > < /[pers >
< pers > < name > < [name > < adr > < [adr > < /pers >

< /book >
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Nested Word Automata

book

pers pers

name adr name adr
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Nested Word Automata

book

pers pers

name adr name adr
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Nested Word Automata

0

O

1 book

pers pers

/

name adr name adr

< book >
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—_—

cl name:yp
_—

3
5

cl book:7yp
_—
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op pers:iyp
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Nested Word Automata

1 book

e
2 pers pers

name adr name adr

< book >
< pers >
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Nested Word Automata

0
O
1 book
e
pers pers
3 name dr name adr

< book >
< pers > < name >
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Nested Word Automata

O
1 book
,%// \
pers pers
3 name 4 name adr

< book >
< pers > < name > < /name >
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Nested Word Automata

0
0 op book:yp 1
1 book 6 Op persip
1——2
op name:yn
2———3
cl name:yp
3 LM, g
e e op adr:vs
2 pers 2 pers 4 — = 3
cladr:ya
3———5
5 cl pers:yp 1
Ya Ya 1 cl book:7yp 6
3 name 4 adr 5 3 name 4 adr

< book >
< pers > < name > < [name > < adr > < /adr > < /[pers >
< pers > < name > < [name > < adr > < [adr > < /pers >

< /book >
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Nested Word Automata |

0
0 op book:6 1
1 book 6 op pers:1
1——2
op name:4
22— 3
cl name:4
g chnamed,
2 pers 2 pers 4 F adr:5 3
cladr:b
3 —1> 5
cl pers:
5 Pt
1 cl book:6 6
3 name 4 adr 5 3 name 4 adr
< book >
< pers > < name > < [name > < adr > < /adr > < /[pers >
< pers > < name > < [name > < adr > < [adr > < /pers >
< /book >
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Nested Word Automata

NA Definition

T = (X, states, stack, rules, initial, final)
A la:
Rules of the form g RLN q e
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Nested Word Automata

NA Definition

T = (X, states, stack, rules, initial, final)

Rules of the form g opam, q

clary
qg—

/

Determinism (dNA)

@ In a opening transition g RLN q’, g and a determines v and ¢'.

0 o clay n /
@ In a closing transition ¢ —— ¢’ , g, a and ~y determines q’.
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Nested Word Automata

NA Definition

T = (X, states, stack, rules, initial, final)

Rules of the form g RLN q q <Ly, q

Determinism (dNA)

@ In a opening transition g RLN q’, g and a determines v and ¢'.

0 o clay 0 /
@ In a closing transition ¢ —— ¢’ , g, a and ~y determines q’.

Top Down(NA')
@ stack symbols = states

. cla:q’
@ all closing rules have the form ¢ ——— ¢’
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Nested Word Transducers

Nested Word to Word (N2w) Definition

T = (X,states, stack, rules, initial, final)
Rules of the form g

opa Iy / cla
—_— q

Yoo
q——m(¢q
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Nested Word Transducers

Nested Word to Word (N2w) Definition
T = (X,A states, stack, rules, initial, final)
Rules of the form g m q

/

cla/uy
e

q
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Nested Word Transducers

Nested Word to Word (N2w) Definition
T = (X,A states, stack, rules, initial, final)

opa/uy cla/uvy
Rules of the form ¢ ——— ¢’ g——— ¢
IIT]] . T): — A*
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Nested Word Transducers

Nested Word to Word (N2w) Definition
T = (X,A states, stack, rules, initial, final)

opa/uy p cla/uvy
qg——

Rules of the form ¢ ——— ¢
IIT]] . T): — A*

q

/

Determinism and Top Down
Same definition as NA.
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Nested Word Transducer Example

Grégoire Laurence ( INRIA Lille, Mostrare, Ul Equivalence of dNZWS



Nested Word Transducer Example

0
D)
50N
1 a 3
N
-
1 b 2
N
2 *AT
b
1\_/72
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Nested Word Transducer Example

0
Y
50N
<c>] a 3 <a></a></c>
N
-
e 1 b 2<b></b>
N T
2
~
b b
-1 b 2< >< /b >
N~~—0w_“"7
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Nested Word Transducer Example

0
Y
50N
<c>]1 a 3 <a></a></c>
N
-
el b 2<b>< /b>
N T
2
~
b b
c1 b 2< >< /b >
N~~—0w_“"7

u]
)
I
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it
5
pe)
Pl

Grégoire Laurence ( INRIA Lille, Mostrare, Ul Equivalence of dNZWS



Nested Word Transducer Example

0
Y
50N
<c>] a 3 <a></a></c>
N
-
el b 2<b>< /b>
N T
2
~
b b
c1 b 2< >< /b >
N~~—0w_“"7
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Nested Word Transducer Example

0
Y
50N
<c>]1 a 3 <a></a></c>
N ecC
q |
2 ,‘T /
€ b <b></b>
1 2 / obe
N T
2
~
b b
c1 b 2< >< /b >
N~~—0w_“"7
(=] = - = = Q>
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Nested Word Transducer Example

0
Y
50N
<c>]1 a 3 <a></a></c>
_ ecC
- yd
b
51\4I 2<b>< /b> obe obe
2 *AT
c1 b 2<b></b>
N~— "7

u]
)
I
il
it
5
pe)
Pl
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Nested Word Transducer Example

0
Y
50N
<c>1\4? 3 <a></a></c> oCe
2 ~4T /‘\
el b 2<b>< /b>
‘4| T be ebe ea
2N
<b>< /b>
b
€ 1\_/'2
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Equivalence Problem

Equivalence of dn2ws

Two dN2ws Ti, T are equivalent iff they are defined on the same domain
and for each tree t in this domain we have [T1](t) = [T2](¢t).

@ nondeterministic equivalence is undecidable [Griffiths'68]
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Outline
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Morphism Equivalence on CFG

A (word) morphism
o M:¥Y — A*

@ M(vi-va---vy) = M(vi)- M(v2)--- M(vp)

Grégoire Laurence ( INRIA Lille, Mostrare, Ul

o
Equivalence of dNZWS



Morphism Equivalence on CFG

A (word) morphism
o M:¥ — A*
@ M(vi-va---vy) = M(vi)- M(v2)--- M(vp)

Equivalence on CcFG

Two morphisms M, M, are equivalent on a CFG G iff Mi(w) = Ma(w)
for all w € L(G).
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Morphism Equivalence on CFG

A (word) morphism
o M:¥ — A*
@ M(vi-va---vy) = M(vi)- M(v2)--- M(vp)

Equivalence on CcFG

Two morphisms M, M, are equivalent on a CFG G iff Mi(w) = Ma(w)
for all w € L(G).

Theorem[Plandowski’'94]

The morphism equivalence problem for context-free languages can be
solved in polynomial time.
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Outline
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From Morphisms to dN2w*

Proposition

Morphism equivalence on CFGs can be reduced in quadratic time to
dN2w-equivalence.
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From Morphisms to dN2w*

Proposition
Morphism equivalence on CFGs can be reduced in quadratic time to
dN2w-equivalence.

Given a CFG G and a morphism M,
we construct a dNaw! T

@ input : (extended) parse tree t of w € L(G)
e output : [T](t) = M(w)
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From Morphisms to

CFG G

rl:
r2:
r3:
r4:
r5:

S — RS
S—R
R — AB
A—a
B—b

dnow !

Morphism M
M(a) = ab
M(b) = b
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From Morphisms to

CFG G

rl:
r2:
r3:
r4:
r5:

S — RS
S—R
R — AB
A—a
B—b

dnow !

Morphism M
M(a) = ab
M(b) = b
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From Morphisms to

CFG G

rl: S— RS
r2: S— R
r3: R — AB
rd: A— a
r5: B— b

dnow !

Morphism M
M(a) = ab
M(b) = b
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From Morphisms to

CFG G

rl:
r2:
r3:
r4:
r5:

S — RS
S—R
R — AB
A—a
B—b

dnow !

Morphism M
M(a) = ab
M(b) = b

o L) (rz, 0)
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From Morphisms to

CFG G

rl:
r2:
r3:
r4:
r5:

S — RS
S—R
R — AB
A—a
B—b

dnow !

Morphism M

M(a) = ab
M(b) = b

(ra,0)

(r270) op r3:(r2,1) (r370) (r370) op ra:(r3,1)
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From Morphisms to dN2w*

CFG G

rl:
r2:
r3:
r4:
r5:

S — RS
S—R
R — AB
A—a
B—b

Morphism M

M(a) = ab
M(b) = b

!

(I’z,O) rn

l

(f'3,0) r

SN

(ra,0)

l

d

(a,0) opa(ml)
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From Morphisms to

CFG G

rl:
r2:
r3:
r4:
r5:

S — RS
S—R
R — AB
A—a
B—b

dnow !

Morphism M

M(a) = ab
M(b) = b

r4, O)

l
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d

cla: (r4,1)

(47)

Equivalence of dNZWS
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a (I‘47 1)
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From Morphisms to

dnow !

CFG G i

rl1: S — RS (r,0) r

r2: S— R

r3: R — AB l

rd: A— a r,0) n (n,1

r5: B— b ) A/(/’) (\i\
Morphism M (rs,0) 1 (,-3,1)A(r5,0) rs (r3,2)
M(a) = ab

M(b) = b l T l T

(r3,1) opr5i(r3,2) (r5,0)
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d_ a (n1) d_ b (r51)

clrs: (r3 ,2)

(r571) (37 )
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From Morphisms to dN2w*

CFG G i
rl1: S — RS (r,0) r f
r2: S— R
r3: R — AB l T
rd: A— a
r3,0) 3 (r,1
r5: B— b ) A/(/) (\i\
Morphism M (r,0) 12 (r3,1)  (r5,0) 15 (r3,2)
M(a) = ab
M(b) = b l T l T
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d_ a (n1) d_ b (r51)

clnr:f

(rg, 1) f
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From Morphisms to

CFG G

rl:
r2:
r3:
r4:
r5:

S — RS
S—R
R — AB
A—a
B—b

dnow !

o

!

e(r,0) n f ¢

| ]

€ (I’3,0) B3 (I’g,l) 3

Morphism M
M(a) = ab
M(b) = b

SV RNN

€ (rs,0) 1 (r3,1) € € (r5,0) r5 (r3,2)

T T

(2,0
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) opa/M(a):(rs,1)

abd_a (ml)e b d_ b (r5,1)¢

) op b/M(b):(rs,1)

d (I’5,0 d

Equivalence of dN2wS Mostrare, 06 May 2009 14 /1



From Morphisms to dN2w*

dNow

trivial

extended parse tree

o(IM| + |61?)
dnowt
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From dN2w to Morphisms

Proposition

dN2w-equivalence can be reduced in polynomial time to morphism
equivalence on CFGs.
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From dN2w to Morphisms

Proposition

dN2w-equivalence can be reduced in polynomial time to morphism
equivalence on CFGs.

For dN2w T7 and T, we define :

@ a CFG G which recognizes successfull parallel runs,
L(G) C (rulest, x rulest,)*.

@ two morphisms M; and M, s.t.:
For all s € L(G), Myi(s) = [T1](t) and Ma(s) = [T2](¢t).
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From dN2w to Morphisms

T L

(init = {0}, fin = {3})

r: 0 opa/<e>m g n

e 1l opb/eiy, 1 r}

ze il clb/<b></b>ys 2 r3’)

e 2 cla/<a></a></c>m 3 -
y 4

Grégoire Laurence ( INRIA Lille, Mostrare, Ul

0
U
- 3
2 2

opa/<c>iy;
i il 1N
op b/<b>:v}
B il N
cla/</a></c>:vy
B A it O

clb/</b><a>:iv;
i s el 2N

(init = {0}, fin = {4'})

"
y

y
.

v
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From dN2w to Morphisms

T

(init = {0}, fin = {3})
opa/<c>mi
— - 51

clb/<b></b>:y 5
it R LN

0

e 1l opb/eyn 1
1
5 cla/<a></a></c>m

3

y

(n,n) (f4,f3)

!

a
(r27 r2) b (r37 r4)
~
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T>

(init = {0'}, fin = {4'})
Hie o opa/<c>iy, v

r2’: v op b/<b>:v; o

r3’): 3 cla/</a></c>:vy a4
e clb/</b><a>:y; 3

v

Mostrare, 06 May 2009

17 /1



From dN2w to Morphisms

Tl T2

(init = {0}, fin = {3}) (init = {0}, fin = {4'})
) opa/<c>m 1 o opa/<c>iy 1

P 12 i 17 SRE/<E> o

clb/<b></b>:y
it R LN

cla/</a></c>:y
r3: 1 2 r:g: 3/ / / / 1 4/
cla/<a></a></c>m clb/</b><a>n,
5 Y
ry: 2 3 e A ST, op
v
(r1,r) (nwa)

[S] = (r1.r1) - [(1,2), (1, 3] - (14, 13)

!

a
(r27 r2) b (r37 r4)
~
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From dN2w to Morphisms

Ty T
(init = {0}, fin = {3}) (init = {0}, fin = {4'})
e 0 opa/<c>iy 1 o opa/<c>iy 1
- 1 opb/ea 1 I’2/: 1 op b/<b>:v, o
o 1 ST 3 Sy,
ry @ Y SE2S[2s/eom, 5 1 o SBISI>< g
(rlarl) a (r47r3)
P S = () - [(1,2), (1 3] (re 1)
(r,n) b (r r) [(1’ 2)’ (1/’ 3,)] - (r2' ré) ) [(1’ 1)’ (2,72,)] : (r3a ri)
s 12 3,74
~r
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From dN2w to Morphisms

T]_ T2
(init = {0}, fin = {3}) (init = {0}, fin = {4'})
0 opa/<c>im1 1 I’{: o opa/<c>iy 1/
e 1l op b/ 1 I’2,: 1 op b/<b>:v, o
1 clb/<b></b>:y 2 r?,): 3 cla/</a></c>:vy a4
g fLa/<a></a></e>m 4 o o SLE/S/b><a>y o
y 4-
(r,n) a(r,n)
LI )= () [(1.2). (1. 3)] - (e 1)
. ,) (1,2).(1.3)] — (2.7) - [(1L.1).(2.2)] - (5.7
s 12 ) 14
~

[(1,1),(2,2)] — ¢
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From dN2w to Morphisms

T]_ T2
(init = {0}, fin = {3}) (init = {0}, fin = {4'})
0 opa/<c>im1 1 I’{: o opa/<c>iy 1/
e 1l op b/ 1 I’2,: 1 op b/<b>:v, o
1 clb/<b></b>:y 2 r?,): 3 cla/</a></c>:vy a4
g fLa/<a></a></e>m 4 o o SLE/S/b><a>y o
y 4-
(r,n) a(r,n)
LI )= () [(1.2). (1. 3)] - (e 1)
. ,) (1,2).(1.3)] — (2.7) - [(1L.1).(2.2)] - (5.7
s 12 ) 14
~

[(1,1),(2,2)] — ¢

I\/ll((r3, rfl)) =< b>< /b > Mz((l’3, ré)) =< /b >< a>
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From dN2w to Morphisms

parallel run

O(IT1|? x | T2?)

S
dnow Morphism

extended parse tree

trivial
o(IM| + |G/?)

dnowt
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Other Models

Top Down Ranked Tree to Word (dr2w!)
q(a(x1, ..

. ,Xk)) — ug - ql(X]_) suyp .. U qk(xk) s Ug.
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Other Models

Top Down Ranked Tree to Word (dr2w!)
q(a(x1, ..

. ,Xk)) — ug - ql(X]_) suyp .. U qk(xk) s Ug.

Deterministic Bottom Up Ranked Tree to Word (dr2w')
a(q1(v1), - -

s Gk(vi)) — q(uo - vi - uy -+ v - ug).
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Other Models

parallel run

o(IT11? x | T2/?)

dNnow Morphism

extended parse tree

trivial
o(IM| + |G?)

dnowt
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Other Models

parallel run
o(ITi? x | T2I?)

- N

dNnow Morphism

extended parse tree

trivial
o(IM| + |G?)

dnowt

first child next sibling

O(|Z|?  |statesT|?)

drowt
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Other Models

parallel run
o(ITi? x | T2I?)

- N

dNnow Morphism

extended parse tree

trivial
o(IM| + |G?)

dnowt

first child next sibling ranked C unranked

O(|Z|?  |statesT|?) (5] * n)

drowt
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Other Models

parallel run
o(ITi? x | T2I?)

- N

dNnow Morphism

extended parse tree

trivial
o(IM| + |G?)

dnowt

first child next sibling ranked C unranked

O(|Z|?  |statesT|?) (5] * n)

parallel run
[S1] * [S2]
Grégoire Laurence ( INRIA Lille, Mostrare, Ul Equivalence of dNawS Mostrare, 06 May 2009
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Outline
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Conclusion

Summary
@ new model of deterministic nested word transducers.
@ equivalence problem on various classes.

@ relation to morphisms equivalence on CFG.

Future work
@ other problems on dN2w.

@ grammatical inference.
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From Morphisms to dNow!

r € rulesg  lhs(r) € initialg r € rulesg  rhs(r) =
o opr/ei (r 0) (r.0) opa/M()i(r)
( 7| |) clr/ef g Sra/sny) cla/e:(r,1)
r,r" € rulesg

—(n1)
lhs(r') =

rhs(r)=qi---qx 1<j<]|r|
(r,j—1) 250D, (v o)
(', |F]) 22D, 4y

q;
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From dN2w to Morphisms

la/ug: . .
q r=p —2 g0 pycinitialy,  g) € finaly,

/ opa/urv; / , cla/upya N ;.
r,h Erulesy, m=pp ——=q hHh=p,———— qy p2 € initialy, g5 € finaly,

o= (r,r2) - (g1, p1), (g2, p5)) - (1, 12)

/ opa/uiivi
ri,n €rulesy;, n=p ———

P cla/uj:vi /
n=p——4aq,

/ o opa/up:y2 ;o clajupm
n,ncrulesy, n=p————qQ hHh=p ———

((pr, 1), (P2, 62)) = (1, r2) - ((q1, p1), (G2, P2)) - (11, 12)
P1; P1, Gi € statest,  pa, p3, G2 € statesr,

((p1,q1), (P2, 92)) — ((P1,P1), (P2, P3)) - ((P1, q1), (P2, G2))

/ opa/uiivi
r,rn €rulesy;, n=p———q

g1 € statesr,, q» € statesr,
((q1,91), (g2, q2)) — €
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