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Background and Related Work

Parallel Treebanks
Related Work

Tree-to-Tree models have been receiving more attention. One such
model, our DOT system, requires a parallel treebank for training.

A parallel treebank comprises:
sentence pairs

parsed

S
>
» word-aligned
S

tree-aligned

(Volk & Samuelsson, 2004)
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Background and Related Work

Parallel Treebanks
Related Work

Tree-to-Tree models have been receiving more attention. One such
model, our DOT system, requires a parallel treebank for training.

A parallel treebank comprises:

> sentence pairs

» parsed

» word-aligned

> tree-aligned

(Volk & Samuelsson, 2004)

Up until now the annotation was done by hand. This is problematic,
so we had to design an algorithm to automate it. However, we did not
only have DOT in mind. ..

» Useful for training other data-driven models of MT i.e. SMT,
EBMT...

» Translation templates
» Parse disambiguation
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Background and Related Work

Parallel Treebanks
Related Work

What is tree alignment?

» Insertion of links between constituent node pairs

» This holds an implication of translational equivalence between
the surface strings dominated by the nodes

» Alignment is precision based
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Background and Related Work

Parallel Treebanks
Related Work

Work aligning dependency structures includes:

» Ding et al. (2003) - strategy for inducing word alignments over
dependency structures [only contain lexically headed phrases|

» Eisner (2003) - Tree mapping algorithm for dependencies. Heavily
linked to translation process [hard to separate the alignment process,
we want a separate t0ol]
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Parallel Treebanks
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Work aligning dependency structures includes:

» Ding et al. (2003) - strategy for inducing word alignments over
dependency structures [only contain lexically headed phrases|

» Eisner (2003) - Tree mapping algorithm for dependencies. Heavily
linked to translation process [hard to separate the alignment process,
we want a separate t0ol]

Work aligning phrase-structure trees includes:

> Groves et al. (2004) - rule-based approach building on fixed word
alignments [rules are language specific and requires fixed word
alignments]

> Gildea (2003) - method for aligning non-isomorphic ps-trees using an
STSG. Imposes isomorphism [tree structure altered]
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Background and Related Work

Parallel Treebanks
Related Work

Work aligning dependency structures includes:

» Ding et al. (2003) - strategy for inducing word alignments over
dependency structures [only contain lexically headed phrases|

» Eisner (2003) - Tree mapping algorithm for dependencies. Heavily
linked to translation process [hard to separate the alignment process,
we want a separate t0ol]

Work aligning phrase-structure trees includes:

> Groves et al. (2004) - rule-based approach building on fixed word
alignments [rules are language specific and requires fixed word
alignments]

> Gildea (2003) - method for aligning non-isomorphic ps-trees using an
STSG. Imposes isomorphism [tree structure altered]

These are not criticisms of these approaches, simply reasons as to why they
weren’t suitable for our needs

J. Tinsley, V. Zhechev, M. Hearne and A. Way — DCU @ MT Summit XI Robust Language Pair-Independent Sub-Tree Alignment



a priori Requirer
Alignment Algorithm Algorithm

Alignment Algorithm
a priori Requirements
Algorithm Description
Worked Example
Computing Hypotheses Scores
Aligner Variations

J. Tinsley, V. Zhechev, M. Hearne and A. Way — DCU @ MT Summit XI Robust Language Pair-Independent Sub-Tree Alignment



a priori Requirements

Alignment Algorithm

Algorithm developed adhering to the following principles:

» language pair-independence
» preservation of tree structure
» minimal external resources
>

no fixed alignments
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a priori Requirements
Alignment Algorithm Algorith cription

Algorithm developed adhering to the following principles:
» language pair-independence
» preservation of tree structure
» minimal external resources
» no fixed alignments

A well-formed alignment meets the following criteria:

» a node linked (to or from) only once

» descendents of a source linked node may only link to descendents
of the target linked node

» ancestors of a source linked node may only link to ancestors of
the target linked node

These are akin to the crossing constraints of Wu (1997)
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a priori Requirements
Alignment Algorithm Algorithm Description

Alignment Algorithm
» Hypothesise initial alignments: any source node can link to any target
node and vice versa;
> assign a score to each hypothetical link;

> select an optimal set of links based on these scores, adhering to the
well-formedness criteria, using a greedy search
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a priori Requirements
Alignment Algorithm Algorithm Descripti
ed Ex

nple
Hypoth

Alignment Algorithm

» Hypothesise initial alignments: any source node can link to any target
node and vice versa;

> assign a score to each hypothetical link;

> select an optimal set of links based on these scores, adhering to the
well-formedness criteria, using a greedy search

Initialisation
for each source non-termnal s do
for each target non-termnal t do
generate scored hypot hesis ~((s,t))
end for
end for
bl ock all zero-scored hypot heses
Selection
whi | e non-bl ocked hypot heses renain do
l'ink and bl ock the highest-scoring hypothesis
bl ock all contradicting hypotheses
end while
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a priori Requiremer
Alignment Algorithm Algorithm De ptic
Worked Example

Computing H
Aligner Variatiol

HEADER-1 PP-1
/\ /\
PP-2 COLON-9 P-2 NP-7
— | T — T
P-3 NP-4 : P-3 D-5 P-6 D-8 NP-9
I _— | I | | T
from D-5 NP-6 a partir de une N-10 N-11
| | I
a N-7 N-8 application Windows
I I
Windows Application
1 2 3 5 6 7 8 9 10 11
1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4|0 o o o0 o0 o o 0 0
5/ 0 o o0 o 0 0 0 0
6 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0
8| o o o o o0 O 0 O 0
9|0 o o0 o 0 0 0
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a priori Requiremer
Algorithm De ptic
Worked Example
Computing H
Aligner Variatiol

Alignment Algorithm

PP-2 COLON-9 P2 _ NP-7
ISR -
P-3 _~ -NP-4 P-3 D-5 P-6 D-8 NP-9
I - | I | |
from D-5 NP-6 a partir de une N-10 N-11
| — | I
a N-7 N-8 application Windows
I I
Windows Application
1 2 3 5 6 7 8 9 10 11
1 @ 0 0 0 0 0 0 0 0 0
2 -+ 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4|0 o o o0 o0 o o 0 0
5/ 0 o o0 0 -2 o0 @ 0 0 0
6 0 0 0 0 0 2 0 0
7 0 0 0 0 0 0 0 0
8| o o o o o0 O 0 O 0
9|0 o o0 o 0o -2 o0 0
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a priori Requiremer

Alignment Algorithm Algorithm De ptic
Worked Example
Computing H
Aligner Variatiol

P-
| T
from D-5 NP-6 a partir de une N-10 N-11
| — | I
a N-7 N-8 application Windows
I I
Windows Application
1 2 3 5 6 7 8 9 10 11
1 @ 0 0 0 0 0 0 0 0 0
2 -+ 0 0 0 0 0 0 0 0 0
3 0 @ 0 0 0 0 0 0 0 0
4|0 o o o0 o0 o o 0 0
5/ 0 o o0 0 -2 o0 @ 0 0 0
6 0 0 0 0 0 2- 0 0
7 0 0 0 0 -3- 0 0 0 0
8| o o o o o0 O 0 O 0
9 {0 o o o0 -3 0 = o0 0
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Worked Example
Computing H
Aligner Variatiol
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| I
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pti
ample
Hypotheses Scores

Alignment Algorithm

Aligner Variations

Given tree pair <S,T> and hypothesis <s,t>, we compute the
following strings:

S| = 8i...Siz § =51...8;~18iz+1---Sm
t; = tjtjr 1= Tl---tj—ltjz+1---Tn

D MT Summit XI Robust Language Pair-Independent Sub-Tree Alignment
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Alignment Algorithm

Aligner Variations

Given tree pair <S,T> and hypothesis <s,t>, we compute the
following strings:

S| = 8i...Siz § =51...8;~18iz+1---Sm
t; = tjtjr 1= Tl---tj—ltjz+1---Tn

/\/‘*“/{j\ st = bec

t = x
o +oT Y
a w -z s = a

tp, = wz

Robust Language Pair-Independent Sub-Tree Alignment
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a priori Requir
Alignment Algorithm Algorithm D
d mf

Computing Hypotheses Scores
Aligner Variations

Individual string-correspondence scores are calculated according to
word-alignment probabilities given by running the word-alignment
component of the Moses system (Koehn et al. 2007)

The score for the given hypothesis <s,t> is computed according to:

(s, 1)) = alsi|ti) altilsi) a(Silt) a(tisr) (1)

J. Tinsley, V. Zhechev, M. Hearne and A. Way — DCU @ MT Summit XI Robust Language Pair-Independent Sub-Tree Alignment



a priori Requir
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Computing Hypotheses Scores
Aligner Variations

Individual string-correspondence scores are calculated according to
word-alignment probabilities given by running the word-alignment
component of the Moses system (Koehn et al. 2007)

The score for the given hypothesis <s,t> is computed according to:

v((s, 1) = alsilti) a(tils:) e(Silt) a(ti|30) (1)
where:
lyl |zl
alzly) = HZP ) (2)
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a priori Requirements
Alignment Algorithm

Computing Hypotheses Scores
Aligner Variations

Individual string-correspondence scores are calculated according to
word-alignment probabilities given by running the word-alignment
component of the Moses system (Koehn et al. 2007)

The score for the given hypothesis <s,t> is computed according to:

v((s, 1) = alsilti) a(tils:) e(Silt) a(ti|30) (1)
where:
lyl |zl
alzly) = HZP ) (2)

NB: We are NOT fixing on the proposed word-alignments

J. Tinsley, V. Zhechev, M. Hearne and A. Way — DC MT Summit XI Robust Language Pair-Independent Sub-Tree Alignment



Alignment Algorithm

& I
Aligner Variations

Let us call the scoring function scorel and the tie resolution skip!

Configuration Variations
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Alignment Algorithm

Let us call the scoring function scorel and the tie resolution skip!
Configuration Variations

» spanl: delay links with pre-terminal nodes. [Reduce the
(negative) influence of high scoring function words]
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Alignment Algorithm e ptic
d Example

mputing Hyp:
Aligner Variations

HEADER-1 PP-1
/\ /\
PP-2 COLON-9 P-2 NP-7
— | T — T
P-3 NP-4 : P-3 D-5 P-6 D-8 NP-9
I _— | I | | T
from D-5 NP-6 a partir de une N-10 N-11
| | I
a N-7 N-8 application Windows
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HEADER-1 PP-1
/\ /\
PP-2 COLON-9 P-2 NP-7
— | T ——
P-3 NP-4 : P-3 D-5 P-6 D-8 NP-9
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a N-7 N-8 application Windows
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6 0 0 0 0 0 0 P 0
7 0 0 0 0 P 0 0 0 0 P
8 | o 0 0o o 0 0 0 0 P 0
9 | o 0 o o P 0 P 0 0 P
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Alignment Algorithm

Let us call the scoring function scorel and the tie resolution skip!
Configuration Variations

> spanl: delay links with pre-terminal nodes. [Reduce the
(negative) influence of high scoring function words]
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Alignment Algorithm Algorithm D
ked
mpL

po
Aligner Variations

Let us call the scoring function scorel and the tie resolution skip!
Configuration Variations
> spanl: delay links with pre-terminal nodes. [Reduce the
(negative) influence of high scoring function words]

> skip2: skip all links containing a tied node. [Avoid selecting
lower scoring links whilst better ones are postponed|
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a priori Requiremer

Alignment Algorithm

mputing Hyp:
Aligner Variations

Tied Hypotheses:

> W - X
> Y -7
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a priori Requiremer

Alignment Algorithm

mputing Hyp:
Aligner Variations

Tied Hypotheses:

> W - X
> Y -7

skip1

P> Postpone these links
» Link the next highest scoring hypothesis

» Reintroduce these links in the next iteration
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Alignment Algorithm

mputing Hyp:
Aligner Variations

Tied Hypotheses:

> W - X
> Y -7

skip1

P> Postpone these links
» Link the next highest scoring hypothesis

» Reintroduce these links in the next iteration

BUT: what if W — X is correct
AND: the next highest link is W — A, which is wrong.

Hearne and A. Way — DCU @ MT Summit XI Robust Language ndependent Sub-Tree Alignmer



a priori Requirements
Alignment Algorithm

Aligner Variations

Tied Hypotheses:

> W - X
> Y -7

skip1
P> Postpone these links
» Link the next highest scoring hypothesis
» Reintroduce these links in the next iteration

BUT: what if W — X is correct
AND: the next highest link is W — A, which is wrong.

Instead of simply postponing the tied hypothesis, we
postpone:
> W — anything
anything — X

>
» Y — anything
» anything — Z
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Configuration Variations
» spanl: delay links with pre-terminal nodes. [Reduce the
(negative) influence of high scoring function words]

> skip2: skip all links containing a tied node. [Avoid selecting
lower scoring links whilst better ones are postponed]
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a priori Requir
Alignment Algorithm Algorithm D
ked
mpL

po
Aligner Variations

Let us call the scoring function scorel and the tie resolution skip!
Configuration Variations
» spanl: delay links with pre-terminal nodes. [Reduce the
(negative) influence of high scoring function words]

> skip2: skip all links containing a tied node. [Avoid selecting
lower scoring links whilst better ones are postponed]

» score2: [Reduce bias towards shorter-span constituents]

1zl S~y Pl
a(zly) = H Divy P(]yi) (3)

e lyl
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Intrinsic Evaluation
Extrinsic Evaluation
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Intri

Evaluation

Evaluation Setup

» English—French HomeCentre Corpus, 810 tree pairs
» Manually translated and aligned at Xerox PARC
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Evaluation

Evaluation Setup

» English—French HomeCentre Corpus, 810 tree pairs
» Manually translated and aligned at Xerox PARC
» 8 aligner configurations:
skip1_scorel  skip1_scorel_spanl
skip1_score2  skipl_score2_spanl

skip2_scorel  skip2_scorel_spanl
skip2_score?2  skip2_score2_spanl
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Evaluation

Evaluation Setup

» English—French HomeCentre Corpus, 810 tree pairs
» Manually translated and aligned at Xerox PARC
» 8 aligner configurations:
skip1_scorel  skip1_scorel_spanl
skip1_score2  skipl_score2_spanl
skip2_scorel  skip2_scorel_spanl
skip2_score?2  skip2_score2_spanl
» Aligned unlinked treepairs using each configuration
» Carried out intrinsic and extrinsic evaluation
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Intrinsic Evaluation
Extrinsic Evaluation

Evaluation

We perform an intrinsic evaluation by comparing the links induced by
the alignment algorithm against a manually-aligned gold standard.

J. Tinsley, V. Zhechev, M. Hearne and A. Way — DCU @ MT Summit XI Robust Language Pair-Independent Sub-Tree Alignment



Intrinsic Evaluation
Extrir valuation

Evaluation

We perform an intrinsic evaluation by comparing the links induced by
the alignment algorithm against a manually-aligned gold standard.

all links non-lezical links
Configurations Precision Recall Precision Recall
skipl_scorel 0.6096 0.7723 0.8424 0.7394
skipl_score2 0.6192 0.7869 0.8107 0.7756
skip2_scorel 0.6162 0.7783 0.8394 0.7486
skip2_score2 0.6215 0.7867 0.8107 0.7756

skipl_scorel _spanl 0.6229 0.8101 0.8137 0.7998
skipl_score2_spanl 0.6220 0.7963 0.8027 0.7871
skip2_scorel _spanl 0.6256 0.8100 0.8139 0.8002
skip2_score2_spanl 0.6245 0.7962 0.8031 0.7871
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Evaluation

Intrinsic Evaluation

Extrir

valuation

We perform an intrinsic evaluation by comparing the links induced by
the alignment algorithm against a manually-aligned gold standard.

all links non-lezical links
Configurations Precision Recall Precision Recall
skipl_scorel 0.6096 0.7723 0.8424 0.7394
skipl_score2 0.6192 0.7869 0.8107 0.7756
skip2_scorel 0.6162 0.7783 0.8394 0.7486
skip2_score2 0.6215 0.7867 0.8107 0.7756
skipl_scorel _spanl 0.6229 0.8101 0.8137 0.7998
skipl_score2_spanl 0.6220 0.7963 0.8027 0.7871
skip2_scorel _spanl 0.6256 0.8100 0.8139 0.8002
skip2_score2_spanl 0.6245 0.7962 0.8031 0.7871

» spanl configurations outperform those excluding it

» relatively high precision phrase alignments

» on average 3 more links than manual alignments

J. Tinsley, V. Zhechev, M. Hearne and A. Way — DCU @ MT Summit XI
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Intrin: n
Evaluation

Extrinsic Evaluation

We perform an extrinsic evaluation by using these alignments to train
a DOT system (Hearne & Way, 2006) and then measuring translation
quality using automatic metrics.
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Evaluation

We perform an extrinsic evaluation by using these alignments to train
a DOT system (Hearne & Way, 2006) and then measuring translation
quality using automatic metrics.

Configurations BLEU NIST METEOR Coverage
manual 0.5222 6.8931 71.8531 % 68.5417%
skipl_scorel 0.5038 6.8673 71.3805 % 71.8750%
skipl_score2 0.5296 6.8557 72.7302 % 72.5000%
skip2_scorel 0.5091 6.9145 71.7764 % 71.8750%
skip2_score2 0.5333  6.8855 72.9615% 72.5000%

skipl_scorel_spanl | 0.5258 6.9004 72.5916% 72.5000%
skipl_score2_spanl 0.5285 6.8452 73.0014% 72.5000%
skip2_scorel_spanl 0.5273 6.9384 72.7157% 72.5000%
skip2_score2_spanl 0.5290 6.8762 72.8765% 72.5000%

J. Tinsley, V. Zhechev, M. Hearne and A. Way — DCU @ MT Summit XI Robust Language Pair-Independent Sub-Tree Alignment



Evaluation

We perform an extrinsic evaluation by using these alignments to train
a DOT system (Hearne & Way, 2006) and then measuring translation
quality using automatic metrics.

Configurations BLEU NIST METEOR Coverage
manual 0.5222 6.8931 71.8531 % 68.5417%
skipl_scorel 0.5038 6.8673 71.3805 % 71.8750%
skipl_score2 0.5296 6.8557 72.7302 % 72.5000%
skip2_scorel 0.5091 6.9145 71.7764 % 71.8750%
skip2_score2 0.5333  6.8855 72.9615% 72.5000%

skipl_scorel_spanl | 0.5258 6.9004 72.5916% 72.5000%
skipl_score2_spanl 0.5285 6.8452 73.0014% 72.5000%
skip2_scorel_spanl 0.5273 6.9384 72.7157% 72.5000%
skip2_score2_spanl 0.5290 6.8762 72.8765% 72.5000%

» no particular configuration appears to be consistently the best

» all configurations are competitive with manual scores, some
outperform them

» greater translation coverage is achieved with automatic
alignments
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Discussion

Conclusions

We conclude that:
» the aligner is a viable solution to the problem of alignment
induction
» spanl makes the most positive impact on alignment quality

» our lexical alignments are of high quality as they have been
syntactically driven by the phrase alignments already in place

» the key to further improvements may be to increase phrase
alignment recall
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Recent and Future Work

Some recent work carried out has included

» demonstrating the ability of the aligner to capture translational
divergences (Hearne et al. 2007)

» using the aligner to build parallel treebanks from parallel corpora
for English—Spanish and English-German

» using the data encoded in the treebanks to successfully train
PBSMT systems, thus confirming the language pair-independent
nature of the aligner and the high quality of alignments induced
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Recent and Future Work

Some avenues for future work include

» Scaling up DOT experiments

» Adapting the algorithm to allow for alignment of strings/trees to
strings/trees

» Investigating the use of n-best parse lists to possibly reduce the
influence of parser error
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Thank you for listening
Go rai bh mai th agai bh
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