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e for a tree-to-tree transformation device = tree transducer

e here: for a linear extended multi bottom-up tree transducer
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Tree transducer

e used in statistical machine translation  [Knight, Graehl 2005]
e used in XML query processing [Benedikt et al. 2013]
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Motivation

Tree transducer

e used in statistical machine translation  [Knight, Graehl 2005]
e used in XML query processing [Benedikt et al. 2013]

o 7,71 ={(s,u)|3t: (s,t) € 71, (t,u) € 2}
e support modular development
e allow integration of external knowledge sources

e occur naturally in query rewriting

Zoltan Fiilsp and Andreas Maletti Composition Closure of Linear XTOP



The problem
Upper bounds

Linking technique
Lower bounds

Germany

University of Stuttgart o&
ye*

Problem

given a class C of transformations, is there n € N such that

c":Uck ck=c:....:.C
k=1 k times
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Problem

given a class C of transformations, is there n € N such that

= Jck ck=c;---;C

k=1 k times

e Ck C C¥*1 for our classes C

— we search least n such that C" = C"*! (if it exists)

Zoltan Fiilsp and Andreas Maletti Composition Closure of Linear XTOP



The problem
Upper bounds

University of Stuttgart o&

Germany

Linking technique
Lower bounds

Linear Extended Multi Bottom-up Tree Transducer

Extracted rules

S S VP VP NP NP
VANEESVZ NN /N M Guana - /N / N\ B \
aw__qve qw v qvp GkAnA QP GkAna _ GvP skl GmDHKk  dsk GmDHk Gski
NP - . —
PP-MNR PP [ ™ pim b2 in Sk a2 way  mDHk 2 funny
/ \ GPP-MNR / \ h
B QNP‘ b 'qNP GkAnA QynzrAn Al
_— w2 And  kAnA "2 they . were  ynZrAn " looking  Aly = at
VP
VP PP-CLR PP-CLR
dynzrAn~ NP-SBJ GpP-CLR  GpP-MNR T2 T / N\ etk /AN
AN AynZrAn  GPP-CLR ~ GPP-MNR qdAly GNP daly  Gnp
* . ,,,r"'/ — —":; - ~

Zoltan Fiilsp and Andreas Maletti Composition Closure of Linear XTOP



The problem
Upper bounds

Linking technique
Lower bounds

Germany

Linear Extended Multi Bottom-up Tree Transducer

Definition (MBOT)

linear extended multi bottom-up tree transducer (@, X, /, R)

e finite set @ states
e alphabet * input and output symbols
e /| CQ initial states
e finiteset RC Tx(Q) x Q x Tx(Q)* rules
— each g € Q occurs at most once in ¢ ¢, q,7) € R
— each g € @ that occurs in 7 also occurs in ¢ #,q,7) € R
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Linear Extended Multi Bottom-up Tree Transducer

Definition (Syntactic properties)
MBOT (Q,%,/,R) is

e linear extended top-down tree transducer with regular
look-ahead (XTOPR) if |[F| <1 V¢, q,7F) € R

e linear extended top-down tree transducer (XTOP) if |F] =1
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Linear Extended Multi Bottom-up Tree Transducer

Definition (Syntactic properties)

MBOT (Q,%,/,R) is
e linear extended top-down tree transducer with regular
look-ahead (XTOPR) if |[F| <1 V¢, q,7F) € R
e linear extended top-down tree transducer (XTOP) if |F] =1

e linear top-down tree transducer (TOP/TOPR)
if XTOP/XTOPR and ¢ contains exactly one element of

o c-free (resp. strict) if £ ¢ Q (resp. 7 ¢ Q1)
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Linear Extended Multi Bottom-up Tree Transducer

Definition (Syntactic properties)

MBOT (Q,%,/,R) is
e linear extended top-down tree transducer with regular
look-ahead (XTOPR) if |[F| <1 V¢, q,7F) € R
e linear extended top-down tree transducer (XTOP) if |F] =1

e linear top-down tree transducer (TOP/TOPR)
if XTOP/XTOPR and ¢ contains exactly one element of

o c-free (resp. strict) if £ ¢ Q (resp. 7 ¢ Q1)
e delabeling if it isa TOP and
¥ contains at most one element of ¥

e nondeleting if the same elements of @ occur in ¢ and ¥
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Example (textual)
MBOT M = (Q, %, {+},R)
o Q=1{x,q,id id'}

e Y ={0,4,v,a}

e the following rules in R:

o(xq) =5 0(xq)  o(xq) g
5(id,id") =% 5(id, id")  A(id) @4 4(d) o P
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Semantics — Synchronous Generation

Discussion

e typical semantics: derivation semantics; input-driven
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Semantics — Synchronous Generation

Discussion

e typical semantics: derivation semantics; input-driven
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e unsuitable for our purposes

e input and output fragments should always be visible
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Semantics — Synchronous Generation

Definition (Generation step)

(t,A,D,u) = (t',A,D' )

if and only if 3¢ € @, Iv € pos(t) labeled by ¢, and 3¢ % 7 e P
o |F] =|A(v)| and w = A(v)
o t' =t[l], and ' = u[r]z
o A'=(A\L)Ulinks, 5(¢ > ) and D' = D U L with

L={(v,w)|weA{v)}
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Semantics — Synchronous Generation

e state-computed dependencies:

My = {(t,D,u) | t,u € Ts, (q,{(¢,2)},0,q) =) (t,0,D, u)}

e computed dependencies: dep(M) = |, Mq
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Semantics — Synchronous Generation

e state-computed dependencies:

My = {(t,D,u) | t,u € Ts, (q,{(¢,2)},0,q) =) (t,0,D, u)}

e computed dependencies: dep(M) = |, Mq

e computed transformation:

™ = {(ta u) | <t’ D, u> € dep(M)}
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Semantics — Synchronous Generation

e state-computed dependencies:

My = {(t,D,u) | t,u € Ts, (q,{(¢,2)},0,q) =) (t,0,D, u)}

e computed dependencies: dep(M) = |, Mq

e computed transformation:
™ = {(t,u) | (t, D, u) € dep(M)}

e (can be made to) coincide with traditional semantics
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Known Results on Composition Closure

TOP | XTOP | MBOT

e-free, strict, nondeleting
e-free, strict

e-free

N NN =
e

otherwise (without delabeling)
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TOP | XTOP | MBOT

e-free, strict, nondeleting
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N NN =
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otherwise (without delabeling)
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Delabelings Move Around

e = e-free; d = delabeling

s = strict; n = nondeleting

switch delabeling from back to front:

e[s]-XTOPR ; [s]d-TOPR C e[s]- XTOPR C [s]d-TOPR ; esn-XTOP
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Delabelings Move Around

e = e-free; d = delabeling

s = strict; n = nondeleting

switch delabeling from back to front:

e[s]-XTOPR ; [s]d-TOPR C e[s]- XTOPR C [s]d-TOPR ; esn-XTOP
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Delabelings Move Around

e = e-free; d = delabeling

s = strict; n = nondeleting

switch delabeling from back to front:

e[s]-XTOPR ; [s]d-TOPR C e[s]- XTOPR C [s]d-TOPR ; esn-XTOP

e other transducer becomes strict and nondeleting

Zoltan Fiilsp and Andreas Maletti Composition Closure of Linear XTOP



The problem
Upper bounds

Linking technique
Lower bounds

RO
University of Stuttgart M
ye*

Germany

Delabelings Move Around

e = e-free; d = delabeling

s = strict; n = nondeleting

switch delabeling from back to front:

e[s]-XTOPR ; [s]d-TOPR C e[s]- XTOPR C [s]d-TOPR ; esn-XTOP

e other transducer becomes strict and nondeleting

e other transducer looses look-ahead
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e-free and Look-ahead

e = e-free; d = delabeling

s = strict; n = nondeleting

(e[s]-XTOPR)" C [s]d-TOPR ; esn-XTOP? C (e[s]-XTOPR)3
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e-free and Look-ahead

e = e-free; d = delabeling

s = strict; n = nondeleting

(e[s]-XTOPRY" C [s]d-TOPR ; esn-XTOP? C (e[s]-XTOPR)3

Proof.

(e[s]-XTOP)"*

‘ N 1N 1N
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e-free and Look-ahead

e = e-free; d = delabeling

s = strict; n = nondeleting

(e[s]-XTOPRY" C [s]d-TOPR ; esn-XTOP? C (e[s]-XTOPR)3

Proof.

(e[s]-XTOPR)™
C ¢[s]-XTOPR ; [s]d-TOP® ; esn-XTOP?

‘ N 1N
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e-free and Look-ahead

e = e-free; d = delabeling

s = strict; n = nondeleting

(e[s]-XTOPRY" C [s]d-TOPR ; esn-XTOP? C (e[s]-XTOPR)3

Proof.

(e[s]-XTOPR)"+1
C ¢[s]-XTOPR ; [s]d-TOP® ; esn-XTOP?
[s]d-TOP® ; esn-XTOP3

N

‘ N
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e-free and Look-ahead

e = e-free; d = delabeling

s = strict; n = nondeleting

(e[s]-XTOPRY" C [s]d-TOPR ; esn-XTOP? C (e[s]-XTOPR)3

Proof.

(e[s]-XTOPR)"+1
C ¢[s]-XTOPR ; [s]d-TOP® ; esn-XTOP?
C [s]d-TOPR ; esn-XTOP3
C [s]d-TOPR ; esn-XTOP? O
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e-free, but no Look-ahead

e[s]-XTOP" C QR ; [s]d-TOP ; esn-XTOP? C ¢[s]-XTOP*
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e-free, but no Look-ahead

e[s]-XTOP" C QR ; [s]d-TOP ; esn-XTOP? C ¢[s]-XTOP*

uses onIy standard encoding of look-ahead
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Results so far

TOP | e-XTOP
strict, nondeleting 1 2
strict, look-ahead 1
strict 2
look-ahead 1
— 2
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Results so far

TOP | e-XTOP
strict, nondeleting 1 2
strict, look-ahead 1
strict 2
look-ahead 1 <3
— 2 <4
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Delabelings Move Around Even More

delabeling homomorphism moving from front to back:

sd-HOM ; es-XTOP C es-XTOP C esn-XTOP ; sd-HOM
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Delabelings Move Around Even More

delabeling homomorphism moving from front to back:

sd-HOM ; es-XTOP C es-XTOP C esn-XTOP ; sd-HOM
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Delabelings Move Around Even More

delabeling homomorphism moving from front to back:

sd-HOM ; es-XTOP C es-XTOP C esn-XTOP ; sd-HOM

e other transducer becomes nondeleting
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Delabelings Move Around Even More

delabeling homomorphism moving from front to back:

sd-HOM ; es-XTOP C es-XTOP C esn-XTOP ; sd-HOM

e other transducer becomes nondeleting

e other transducer needs to be strict and have no look-ahead
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e-free and Strict

(es-XTOPR)" C esn-XTOP ; es-XTOP C es-XTOP?
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Lower bounds

e-free and Strict

(es-XTOPR)" C esn-XTOP ; es-XTOP C es-XTOP?

(es-XTOPR)™ ! C (es-XTOPR)" ; es-XTOP

N 1N 1N

N 1N
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Lower bounds

e-free and Strict

(es-XTOPR)" C esn-XTOP ; es-XTOP C es-XTOP?

(es-XTOPR)™ ! C (es-XTOPR)" ; es-XTOP
C esn-XTOP : sd-HOM ; es-XTOP?

N 1N

N 1N
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e-free and Strict

(es-XTOPR)" C esn-XTOP ; es-XTOP C es-XTOP?

(es-XTOPR)™ ! C (es-XTOPR)" ; es-XTOP
C esn-XTOP : sd-HOM ; es-XTOP?
C esn-XTOP3 : sd-HOM

N 1N 1N
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e-free and Strict

(es—XTOPR)” C esn-XTOP ; es-XTOP C es-XTOP?

(es-XTOPR)™ ! C (es-XTOPR)" ; es-XTOP
C esn-XTOP : sd-HOM ; es-XTOP?
C esn-XTOP3 : sd-HOM
esn-XTOP? ; sd-HOM

N 1N 1N
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e-free and Strict

(es—XTOPR)” C esn-XTOP ; es-XTOP C es-XTOP?

(es-XTOPR)™ ! C (es-XTOPR)" ; es-XTOP
C esn-XTOP : sd-HOM ; es-XTOP?
C esn-XTOP3 : sd-HOM
C esn-XTOP? : sd-HOM
C esn-XTOP ; es- XTOPR
C O
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e-free and Strict

(es—XTOPR)” C esn-XTOP ; es-XTOP C es-XTOP?

(es-XTOPR)™ ! C (es-XTOPR)" ; es-XTOP
C esn-XTOP : sd-HOM ; es-XTOP?
C esn-XTOP3 : sd-HOM
C esn-XTOP? : sd-HOM
C esn-XTOP ; es- XTOPR
C esn-XTOP ; es-XTOP O
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Upper Bounds

TOP | e-XTOP
strict, nondeleting 1 2
strict, look-ahead 1
strict 2
look-ahead 1 <3
— 2 <4
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Upper Bounds

TOP | e-XTOP
strict, nondeleting 1 2
strict, look-ahead 1 <2
strict 2 <2
look-ahead 1 <3
— 2 <4
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Properties of Dependencies

Definition (Hierarchy properties)

A dependency (t, D, u) is
e input hierarchical if
QO waLwm
@ 3I(vi,wy) € D with wi < w»
for all (v, w1), (v2, w2) € D with vi < v,

=>4 e
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Properties of Dependencies

Definition (Hierarchy properties)

A dependency (t, D, u) is
e input hierarchical if
QO waLwm
@ 3I(vi,wy) € D with wi < w»
for all (v, w1), (v2, w2) € D with vi < v,

o
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Properties of Dependencies

Definition (Hierarchy properties)

A dependency (t, D, u) is
e input hierarchical if
QO waLwm
@ 3I(vi,wy) € D with wi < w»
for all (v, w1), (v2, w2) € D with vi < v,
e strictly input hierarchical if
Q vi < v, implies w; < wy
Q@ vi = v, implies vy < wy or wr < wy
for all (vi,w1),(v2,w2) € D
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Properties of Dependencies

Definition (Distance properties)

A dependency (t, D, u) is
e input link-distance bounded by b € N if
for all (vi,w1), (v1v/, wn) € D with |v/| > b
I(vav,w3) € D such that v< v and 1 < |v| < b
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Properties of Dependencies

Definition (Distance properties)

A dependency (t, D, u) is
e input link-distance bounded by b € N if
for all (vi,w1), (v1v/, wn) € D with |v/| > b
I(vav,w3) € D such that v< v and 1 < |v| < b
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Properties of Dependencies

Definition (Distance properties)

A dependency (t, D, u) is
e input link-distance bounded by b € N if
for all (vi,w1), (v1v/, wn) € D with |v/| > b
I(vav,w3) € D such that v< v and 1 < |v| < b
e strict input link-distance bounded by b if for all
vi, viv’' € pos(t) with |[v/| > b
I(viv,w3) € D such that v< v and 1 < |v| < b
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Dependencies

strictly input hierarchical and strictly output hierarchical
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Dependencies

strictly input hierarchical and strictly output hierarchical
with strict input link-distance 2
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Dependencies

strictly input hierarchical and strictly output hierarchical
with strict input link-distance 2 and strict output link-distance 1

Zoltan Fiilsp and Andreas Maletti Composition Closure of Linear XTOP



The problem
Upper bounds

University of Stuttgart 0&
ye*

Germany

Linking technique
Lower bounds

Theorem on Dependency Properties

hierarchical link-distance bounded
Model \ Property | input output | input output
n-XTOP | strictly strictly | strictly strictly
XTOPR | strictly strictly v strictly
MBOT v strictly v strictly
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Linking Theorem for e-free XTOPR

Let My, ..., My be e-free XTOPR over ¥ such that

{(cltr, .- o tn], Itrse v tal) [ty oo s tn € TS Ty 50005 T,

for some contexts c, ¢’ € Cs(X,) and special T C Tx.
VI<i<kVl<j<n

3t € T, Hui—1, Dj, uj) € dep(M;), 3(vji, wj;) € D; such that
ug = C[tl, ce tn] and uy = C/[tl, ce, tn]

pos,.(c’) < wik

vii < wji_1) if i > 2

pos, () < vj1
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Linking Theorem for e-free XTOPR

Corollary [see Sect. 3.4 in ]

The illustrated tree transformation 7 cannot be computed by any
e-free XTOPR

/

o la U o It

SN N

g 4 3 otz 't
/ [N . N

5" th—3 Tn-2 /q‘ tn_3 tn—a

/\ vl
tn, o1 ln Th-1 tpn—2
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Lower bounds

Linking Theorem for e-free XTOPR

Corollary [see Thm. 5.2 in |

The illustrated tree transformation 7 cannot be computed by any
e-free XTOPR

gl
: /\
v J
| /\
5
/
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Linking Theorem for e-free XTOPR

Inverse of topicalization
0
/ \ /
ta 6
/ \ A
— ts ¢
/ X /
t3 d tn—1 0
/ N\
tn—1 tn tn tl
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Corollary

Topicalization cannot be computed by any composition chain of
e-free XTOPR

Uns  V(n-1)3
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Linking Theorem for e-free MBOT

Let M =(Q,X,/,R) be an e-free MBOT such that

{(c[tr, s ta], [try - s ta]) | t1y-- s th € T C 7Ty

for some contexts c, ¢’ € Cg(X,) and special T C Tx.
V1<j<n, 3teT,Iu,D,u) cdep(M), 3(vj,w;) € D with
o u=clty,...,ty) and v’ = c'[t1, ..., t,]
® pos,.(c) <

e pos, (c') < w;
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Linking Theorem for e-free MBOT

Corollary

Inverse of topicalization cannot be computed by any e-free MBOT

/\ /
/\ /N

t3 o
/ ! /
t3' ¢ th—1 &
/ N\ /\
tn—l ty tn tl
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Known Result

Theorem [see ]
es-XTOP C es-XTOPR C es-XTOP? = (es-XTOPR)?
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Known Result

Theorem [see ]
es-XTOP C es-XTOPR C es-XTOP? = (es-XTOPR)?

e look-ahead adds power at first level

e none of the basic classes is closed under composition O
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Lower Bounds

TOP | e-XTOP
strict, nondeleting 1 2
strict, look-ahead 1 <2
strict 2 <2
look-ahead 1 <3
— 2 <4
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TOP | eeXTOP
strict, nondeleting 1 2
strict, look-ahead 1 2
strict 2 2
look-ahead 1 <3
_ 2 <
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Main theorem

e-XTOP? C (e-XTOPR)2 C e-XTOP3 C (e-XTOPR)3

I >}>
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Main theorem

e-XTOP? C (e-XTOPR)? C e-XTOP3 C (e-XTOPR)3
vAvi_iand v <v;and v < vjy1

tn ta-1 <72t

% S
\ZF oty L,»_\ N ,1/\&4 -
/ | DN N

m r“‘
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Main theorem

e-XTOP? C (e-XTOPR)? C e-XTOP3 C (e-XTOPR)3
vAvi_iand v <v;and v < vjy1
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Main theorem

Theorem

e-XTOP? C (e-XTOPR)? C e-XTOP3 C (e-XTOPR)3
vAvi_iand v <v;and v < vjy1
vV Zviipand vV <v;and v A v
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TOP | eeXTOP
strict, nondeleting 1 2
strict, look-ahead 1 2
strict 2 2
look-ahead 1 <3
_ 2 <
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Lower Bounds
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TOP | e-XTOP
strict, nondeleting 1 2
strict, look-ahead 1 2
strict 2 2
look-ahead 1 3

— | 2 3-4 (4)
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TOP | XTOP | XTOPR
e-free, nondeleting 1 00 00
strict 2 00 00
nondeleting 1 00 00
strict, nondeleting 1 00 00
— 2 00 00

e completely different technique [Fiilop, Maletti, 2013] Ol
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Summary

TOP | XTOP | XTOPR | MBOT

e-free, strict, nondeleting
e-free, strict

e-free

NN
eI SN SR Y
B ow onooN
e s

otherwise (without delabeling)

Zoltan Fiilsp and Andreas Maletti Composition Closure of Linear XTOP



The problem
Upper bounds

g technique

Germant
Lower bounds 4

University of Stuttgart (%
ye*

Summary
(n)-MBOT
? XTOP®®
e XTOP* ?
eXTOP3 XTOP?
/

eXTOP?

/ n-XTOP®  XTOPR

|
ne-XTOP? XTOP

eXTOP /

ne-XTOP

Zoltan Fiilsp and Andreas Maletti Composition Closure of Linear XTOP



	The problem
	Upper bounds
	Linking technique
	Lower bounds

