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Könnten eine Auskunft geben

KOUS PPER PPER ART NN PP VV

NP

S

Rule application

1. Selection of synchronous nonterminals
2. Selection of suitable rule
3. Replacement on both sides

KOUS→

would like
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Extended Tree Transducer

Synchronous grammar rule:

VP

q1 q2 q3

q—

VP

q2 VP

q1 q3

“Classical” top-down tree transducer rule:

q

VP

x1 x2 x3

→

VP

q2

x2

VP

q1

x1

q3

x3



Extended Tree Transducer

Syntactic restrictions

I nondeleting if synchronization bijective (in all rules)
I strict if r1 not a nonterminal (for all rules q → (r , r1))
I ε-free if r not a nonterminal (for all rules q → (r , r1))

Composition (COMP)
executing transformations τ ⊆ TΣ × T∆ and τ ′ ⊆ T∆ × TΓ

one after the other:

τ ; τ ′ = {(s,u) | ∃t ∈ T∆ : (s, t) ∈ τ, (t ,u) ∈ τ ′}
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Rotations (ROT)

{〈σ(σ(t1, t2), t3), σ(t1, σ(t2, t3))〉 | t1, t2, t3 ∈ TΣ}

σ

σ

t1 t2

t3 7→

σ

t1 σ

t2 t3

Preservation of regularity (PRES)
Given τ ⊆ TΣ × T∆ and L ⊆ TΣ regular, is τ(L) regular?

τ(L) = {u | ∃t ∈ L : (t ,u) ∈ τ}
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Extended Tree Transducer

Notation
I (X)TOP = class of tree transformations computable by

(extended) top-down tree transducers
I (X)TOPR = class of . . . transducers with regular look-ahead
I x-(X)TOP(R) = class of . . . transducers with properties x

Example
ln-TOP = class of tree transformations computable by
linear and nondeleting top-down tree transducers



Top-down Tree Transducer

TOPR
∞

TOP∞ l-TOPR
1

l-TOP2 ls-TOPR
1

ls-TOP2 ln-TOP1

lns-TOP1

composition closure indicated in subscript



Top-down Tree Transducer

Model \ Criterion ROT SYM PRES PRES−1 COMP

lns-TOP 7 7 3 3 3

ln-TOP 7 7 3 3 3

ls-TOP 7 7 3 3 72
l-TOP 7 7 3 3 72
ls-TOPR 7 7 3 3 3

l-TOPR 7 7 3 3 3

TOP 3 7 7 3 7∞
TOPR 3 7 7 3 7∞

(SYM = symmetric)



Extended Top-down Tree Transducer
XTOP∞ XTOPR

∞

l-XTOP∞ l-XTOPR
∞

ln-XTOP∞ ε-XTOP∞ TOPR
∞

lns-XTOP∞ lε-XTOP4 lε-XTOPR
3

lnε-XTOP∞ lsε-XTOPR
2

lnsε-XTOP2 lsε-XTOP2 l-TOPF
2 l-TOPR

1

TOP∞

ls-TOP2 l-TOP2

ln-TOP1

lns-TOP1

composition closure indicated in subscript



Extended Top-down Tree Transducer

Model \ Criterion ROT SYM PRES PRES−1 COMP

ln-TOP 7 7 3 3 3
l-TOP 7 7 3 3 72
l-TOPR 7 7 3 3 3

TOPR 3 7 7 3 7∞

lnsε-XTOP 3 3 3 3 72
lns-XTOP 3 7 3 3 7∞
lsε-XTOP(R) 3 7 3 3 72
lε-XTOP 3 7 3 3 74
lε-XTOPR 3 7 3 3 73

(s)l-XTOP(R) 3 7 3 3 7∞
XTOP 3 7 7 3 7∞
XTOPR 3 7 7 3 7∞



Rule extraction

PPER would like your advice about Rule 143 PP

Könnten Sie eine Auskunft zu Artikel 143 geben

KOUS PPER PPER ART NN APPR NN CD VV

PP

PP

NP

S

I very specific rule
I every rule for “advice” contains sentence structure
I (syntax “in the way”)
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Discontinuity

He bought a new and fuel-efficient car

Er hat ein neues und sparsames Auto gekauft

PPER VAFIN ART ADJA KON ADJA NN VVPP

CAP

NP

VP

S
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Proof.
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Summary
Model \ Criterion ROT SYM PRES PRES−1 COMP

ln-TOP 7 7 3 3 3

l-TOP 7 7 3 3 72

l-TOPR 7 7 3 3 3

TOPR 3 7 7 3 7∞

lnsε-XTOP 3 3 3 3 72

lns-XTOP 3 7 3 3 7∞
lsε-XTOP(R) 3 7 3 3 72

lε-XTOP 3 7 3 3 74

lε-XTOPR 3 7 3 3 73

(s)l-XTOP(R) 3 7 3 3 7∞
XTOP(R) 3 7 7 3 7∞

l(n)-XMBOT 3 7 7 3 3

XMBOT 3 7 7 3 7∞
reg.-preserving l-XMBOT 3 7 3 3 3

invertable l-XMBOT 3 3 3 3 3



Evaluation

Task System BLEU

English→ German

STSG 15.22
MBOT 15.90

phrase-based 16.73
hierarchical 16.95

GHKM 17.10

English→ Arabic

STSG 48.32
MBOT 49.10

phrase-based 50.27
hierarchical 51.71

GHKM 46.66

English→ Chinese

STSG 17.69
MBOT 18.35

phrase-based 18.09
hierarchical 18.49

GHKM 18.12

from [SEEMANN, BRAUNE, M., 2015]



Literature

Selected references

ARNOLD, DAUCHET: Morphismes et Bimorphismes d’Arbres
Theoret. Comput. Sci. 20, 1982

ENGELFRIET: Bottom-up and Top-down Tree Transformations
— A Comparison. Math. Systems Theory 9, 1975

ENGELFRIET, MANETH: Macro Tree Translations of Linear Size Increase
are MSO Definable. SIAM J. Comput. 32, 2003

ENGELFRIET, LILIN, ∼: Extended Multi Bottom-up Tree Transducers
— Composition and Decomposition. Acta Inf. 46, 2009

ROUNDS: Mappings and Grammars on Trees
Math. Systems Theory 4, 1970

THATCHER: Generalized 2 Sequential Machine Maps
J. Comput. System Sci. 4, 1970



Current Research

Decoding

I input regular tree language
I extended CYK algorithm for translation

(parse the input; translation develops)

Observations
I phrase-based system makes no search errors

[CHANG, COLLINS, 2011]

I STSG and MBOT do
I heuristics (??? BLEU)
I exact decoding with syntax forest (+2–3 BLEU)



Current Research

Decoding

I input regular tree language
I extended CYK algorithm for translation

(parse the input; translation develops)

Observations
I phrase-based system makes no search errors

[CHANG, COLLINS, 2011]

I STSG and MBOT do
I heuristics (??? BLEU)
I exact decoding with syntax forest (+2–3 BLEU)



Current Research

Decoding

I input regular tree language
I extended CYK algorithm for translation

(parse the input; translation develops)

Observations
I phrase-based system makes no search errors

[CHANG, COLLINS, 2011]
I STSG and MBOT do

I heuristics (??? BLEU)
I exact decoding with syntax forest (+2–3 BLEU)



Current Research

Rule extraction
I too many extractable rules

I which restrictions? [SEEMANN, BRAUNE, M., 2015]
I efficient representation (maybe symbolic)

I only best syntax tree
I rule extraction with syntax forest (ambitious)

Translation models
I only word-based systems for word alignment

I efficient restrictions of modern systems
I unsupervised learning

I models for semantics-based translation
I graph-based models



Current Research

Rule extraction
I too many extractable rules

I which restrictions? [SEEMANN, BRAUNE, M., 2015]
I efficient representation (maybe symbolic)

I only best syntax tree
I rule extraction with syntax forest (ambitious)

Translation models
I only word-based systems for word alignment

I efficient restrictions of modern systems
I unsupervised learning

I models for semantics-based translation
I graph-based models



Current Research
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