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Abstract
Currently available alignment tools and procedures for marking-up alignments overlook non-contiguous multiword units for being too
complex within the bounds of the proposed alignment methodologies. This paper presents the CLUE-Aligner (Cross-Language Unit
Elicitation Aligner), a web alignment tool designed for manual annotation of pairs of paraphrastic and translation units, representing
both contiguous and non-contiguous multiwords and phrasal expressions found in monolingual or bilingual parallel sentences.
Non-contiguous block alignments are necessary to express alignments between multiwords or phrases, which contain insertions, i.e.,
words that are not part of the multiword unit or phrase. CLUE-Aligner also allows the alignment of smaller individual or multiword units
inside non-contiguous multiword units. The interactive web application was developed under the scope of the eSPERTo project, which
aims to build a linguistically enhanced paraphrasing system. However, a tool for manual annotation of alignment and for visualization
of automatic phrase alignment can prove useful in human and machine translation evaluation.
Keywords: Alignment tool, phrase alignment, paraphrastic and translation units, non-contiguous multiword units

1.

Introduction

Alignment is an NLP task consisting of the identification of
translation or paraphrastic relationships among words, multiwords or phrasal expressions in bilingual or monolingual
parallel sentences, i.e., sentence pairs that have been identified as translations or paraphrases of each other. Alignments are important data for statistical machine translation
(SMT), where most models are built on the grounds of word
and phrase-level alignment pairs acquired mostly automatically via statistical techniques. Unsupervised learning approaches used in SMT systems are trained to produce probabilistic alignments within each sentence.
Even though MT systems can learn alignments from data
using unsupervised algorithms, recent work has focused
on supervised methods that use manually aligned sentences
(Ambati et al., 2010). Supervised learning normally takes
context, syntax and other grammatical and sematic information into consideration. Thus, manually annotated alignments represent an important asset in the development and
evaluation of SMT systems (Gao and Vogel, 2010), but
they are also useful for other applications, such as translation and paraphrase lexicon induction, crosslingual contrastive studies, terminology extraction, and word sense disambiguation (Vickrey et al., 2005), among others.
The current state of the art in supervised learning and manual alignment is characterised by three main problems: (i)
lack of multilingual datasets, i.e., the number of publicly
available manual alignments is restricted to a few pairs of
languages (cf. section 2.), (ii) lack of linguistically motivated alignment guidelines that take into account noncontiguous multiword units and other non-adjacent linguistic phenomena or syntactic discontinuity, such as extraposition or topicalization, among others, and (iii) lack of tools
that enable the correct alignment of non-contiguous multiwords and phrasal expressions. These shortcomings in
manual alignment standard practices drove us to the development of a new web alignment tool – CLUE-Aligner

– Cross-Language Unit Elicitation Aligner1 – that allows
representing semantically equivalent non-adjacent structures, such as non-contiguous multiword units in both translation and paraphrasing. This paper presents the current
CLUE-Aligner interface, which does not implement automatic aligning yet, even though it can be used for correcting automatic alignments, and describes an experimental
research on the use of CLUE-Aligner interactive tool that
we have used in the alignment of a reference multilingual
sub-corpus of the common test version of the Europarl Proceedings (Koehn et al., 2003; Koehn, 2005), comprising
all possible combinations between English, French, Portuguese, and Spanish parallel texts. The alignment task
resulted in a set of guidelines for the alignment of pairs
of translation units – the CLUE4Translation Alignment
Guidelines2 – and a gold collection with translation pairs
– the Gold CLUE4Translation. These resources have been
developed as an experimental research within the eSPERTo
project3 , whose main objective was the development of
a context-sensitive and linguistically enhanced paraphrase
system that can be used in a large variety of applications, including adaptation between variants of the same language
or integration of paraphrases in the translation workflow.
CLUE-Aligner is also a by-product of the eSPERTo project.

2. Related Work
The concept of an alignment as the representation of a
translation relation between words was introduced and ap1 CLUE-Aligner’s characteristics were briefly introduced in
Barreiro (2016). The often referred to as the "clue alignment approach" (Tiedemann, 2003; Tiedemann, 2011) is based on mainly
word-level alignment clues. Our approach is based on manual
alignments of cross-language multiwords and phrasal expressions.
2 www.l2f.inesc-id.pt/~abarreiro/clue/
translation-alignment-guidelines.pdf
3 eSPERTo – System for Paraphrasing in Editing and Revision
of Text – available at: https://esperto.l2f.inesc-id.pt/
esperto/esperto/demo.pl
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plied to statistical machine translation in the early nineties
(Brown et al., 1990), and it was used as a primary resource for phrase-based (Och and Ney, 2000) and syntaxbased machine translation (Galley et al., 2004). Most of
the literature focuses on automatically building alignments
using unsupervised algorithms, where the machine itself
decides which segments of a sentence in a source language to align with which segments of a sentence in a target language and learns alignments from data (Och and
Ney, 2000). Research on alignment quality improvement
through supervised training is also available, where supervised methods use high quality alignments, which are often hand-made by linguists (Blunsom and Cohn, 2006).
Several guidelines for manual alignment can be found in
the literature for English–French, in the context of the
Blinker project (Melamed, 1998), Czech–English (KruijffKorbayová et al., 2006; Bojar and Prokopová, 2006), and
Spanish–English texts (Lambert et al., 2005), among others. Some basic annotation guidelines for the alignment of
paraphrases have also been proposed.4 .
Despite the aforementioned efforts, manual alignments
scarcity remains a problem, and the available alignments
are mostly bilingual, with the exception of 6 multilingual
sets annotated by Graça et al. (2008). In addition, previously proposed alignment guidelines cover cross-linguistic
phenomena superficially, excluding the important alignment challenges (and challenges to machine translation)
presented by non-contiguous support verb constructions
and other multiwords and phrasal expressions covered in
the CLUE4Translation Alignment Guidelines and reproduced graphically in the CLUE-Aligner.
There are several tools for manual annotation of word alignment that support non-contiguous multiwords, e.g. Alpaco (Rassier and Pedersen, 2003), based on the Blinker
project, Yawat (Germann, 2008), SWIFT (Gilmanov et al.,
2014), among others. These tools use distinct visualization
schemes. The most common alignment visualization types
are links (or lines), matrix, and dynamic markup. Source or
target-ordered bitext and coloring schemes have also been
used. A thorough description of the different visualization types can be found in Germann (2008). The CLUEAligner was inspired in a matrix type visualization alignment tool, Linear-B (Callison-Burch and Bannard, 2004),
(Callison-Burch, 2007). CLUE-Aligner’s design aims to
bring more flexibility to the alignment task, allowing the
block-alignment of contiguous and non-contiguous multiwords and phrasal expressions found in monolingual or
bilingual pairs of parallel sentences, depending on whether
these sentences are paraphrases or translations of each
other. The use of a matrix vizualization scheme was complemented with a coloring scheme that helps distinguish
between sure and possible contiguous and non-contiguous
units, and internal units (or internal blocks), as described in
section 3.. The matrix has the advantage of facilitating the
visualization of the segments that have already been annotated making it easier to focus on the annotation of the remaining ones with a clear view of the intersection between
4 http://www.cs.jhu.edu/~ccb/publications/
paraphrase_guidelines.pdf

Figure 1: CLUE-Aligner interface
source and target segments. However, the strongest feature
of CLUE-Aligner is the alignment and storage of pairs of
paraphrastic units with indication of the place of insertions,
which are represented by "[ ]" (e.g., I urge [ ] to | Exorto
[ ] a, as in Figure 2). This feature is valuable for the use
of these paraphrastic pairs in the construction of translation grammars and syntactic parsers where precision is important, in machine learning to help learning constituents,
among other purposes and applications.

3. CLUE-Aligner
In CLUE-Aligner, each pair of sentences is represented by a
grid, and all translational equivalences are graphically represented in that grid by the intersection of single segments
corresponding to individual words or blocks corresponding to multiword units and phrasal expressions. Each word
of the parallel sentences is displayed individually in the
horizontal or vertical direction. The intersection between
the words of the source and the target language forms a
cell, which represents a segment.5 CLUE-Aligner allows
the annotation of non-contiguous multiword units. Noncontiguous block alignments are necessary to express alignments between multiwords or phrases, which contain words
that are not part of the multiword or phrase. It is also possible to annotate smaller individual or multiword units inside
non-contiguous multiword units. Figure 1 illustrates the
current version of the CLUE-Aligner interface, displaying
an English–Portuguese pair of sentences with single word,
contiguous multiword unit, and non-contiguous multiword
unit alignments.

3.1. Types of Alignment
Based on a cross-linguistic analysis of particular cases of
multiwords and other phrasal units, in our research work
we annotated pairs of translation units as sure or possible
alignments (Och and Ney, 2000; Graça et al., 2008) (cf.
3.1.1.), some of them as single word alignments (cf. 3.1.2.,
others as block alignments (cf. 3.1.3.).
5 In our research work, a source and a target language can correspond to the same language, as in the case of paraphrases.
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3.1.1. Sure and Possible Alignments
Sure alignments (S-alignments) establish relationships between semantically equivalent expressions. They correspond to expressions/translations that satisfy the criteria for
optimum equivalence.6 S-alignments have the property of
reciprocity with regards to source-target direction. For example, the English domain term venture capital markets
S-aligns7 with the equivalent term mercados de capital de
risco in Portuguese.
In contrast with sure alignments, possible alignments
(P-alignments) correspond to expressions/translations that
meet some, but not all of the requirements for absolute
equivalence. P-alignments do not have the property of reciprocity with regards to source-target direction. For example, the English verb began P-aligns8 with the idiomatic
verbal expression a vu le jour, literally, has seen the day, in
French.
3.1.2. Single Word Alignments
In the alignment task, when the annotator clicks on a cell
in the grid once, the cell becomes black, which means it
is an individual sure or S-alignment (non-ambiguous and
optimal). When the annotator clicks on a cell in the grid
again, the cell becomes grey, which means it is an individual possible or P-alignment (ambiguous or non-optimal).
Both black and grey cells in the grid represent individual
word alignments. Black cells represent full semantic correspondence. Grey cells represent approximate semantic
correspondence. Individual word S and P-alignments are
one-to-one alignments.9 In Figure 1, the single word alignments reform – reformas and structural – estruturais are
gray and not black because of the singular–plural disagreement.
3.1.3. Block Alignments
In addition to one-to-one alignments, there are one-tomany, or many-to-many word alignments, which correspond to the alignment of multiword units, phrasal expressions, or larger segments of a sentence, such as full paraphrases.10 One-to-many and many-to-many word alignments are visually represented by block alignments. In
6 Optimum equivalence refers to the highest level of translation

equivalence on both linguistic and extra-linguistic levels (Bayar,
2007).
7 Henceforth, “S-aligns" will be used to designate the establishment of a sure alignment between one or more elements of a
source and a target language pair.
8 Henceforth, “P-aligns" will be used to designate the establishment of a possible alignment between one or more elements
of a source and a target language pair.
9 A one-to-one word alignment represents the mapping of a single word in the sentence of the source language to a single word
in the sentence of the target language, i.e., two words in semantic
correspondence between the two languages of the language-pair
(or in two paraphrases of the same language).
10 A one-to-many word alignment represents the mapping of a
single word in the sentence of the source language to a sequence of
two or more words in the sentence of the target language; a manyto-many segment alignment represents the mapping of a sequence
of words in the sentence of the source language to a sequence of
words in the sentence of the target language.

Figure 2: Phrase alignments in non-contiguous block
CLUE-Aligner, block alignments can be created by clickling and dragging the mouse cursor. A dashed line border
in the grid represents a P-block-alignment, and a plain line
border in the grid represents an S-block-alignment.
CLUE-Aligner also allows the annotation of noncontiguous multiword units. Non-contiguous block alignments are necessary to express alignments between multiwords or phrases, which contain words that are not part of
the multiword or phrase. Non-contiguous multiword units
are blocks which contain insertions - words or groups of
words which are not part of the block alignment. Insertions
are represented by orange cell groups (inside the block) corresponding to each insertion’s line/column (depending on
whether the insertion belongs to the source/target sentence).
The annotator can individually indicate which words are
insertions by creating these orange cell groups. Light
and dark orange cell groups represent P-insertions and Sinsertions, respectively. This sureness property of insertions is determined according to the sureness of the block
they belong into. Insertions (in the source and target sentences) can also be aligned. When two insertions (both
within the same non-contiguous block) are aligned, their
grid intersection (the cells that form this intersection) is
green (cf. Figure 2). These green cell groups can also be
created by the annotator. Light and dark green cell groups
represent P-block and S-block (insertion) alignments, respectively, and the annotator may change this sureness
property independently of the "parent" block’s sureness.

3.2. CLUE-Aligner Interface
CLUE-Aligner is implemented by a Perl script, which handles the server side processing of all files (such as parsing
user uploaded files and updating alignments information)
and generates an HTML page, displaying all the interface
gadgets, with Javascript (making use of the jQuery library)
for handling the logic of the application.
CLUE-Aligner Web interface divided in 3 main sections.
The first section is a row of buttons and a drop-down
menu displayed on top of the web page. These buttons
are: "Browse Source Corpus", "Browse Target Corpus",
"Browse Alignments", "Load Corpus", "Save Alignments",
and "Export Alignments". The Browse Corpus buttons are
used to upload the corpora files. CLUE-Aligner’s goal is to
align words and multiwords within sentences, which means
the corpora must be sentence aligned (parallel). Each half
of the corpus corresponds to the source or target corpus.
This means that there is a file for each half of the corpus
(2 files per parallel corpus). These are text files whose format consists of one sentence per line surrounded by <s>
and </s> tags. These markup tags can store arbitrary in-
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formation (e.g., original corpus line numbers) as attributes,
which may be important to the annotator, but unnecessary
to, and therefore ignored by, the CLUE-Aligner. Sentences
on the same line (in each corpus file) are considered to
be aligned by CLUE-Aligner. The "Browse Alignments"
button is used for uploading the alignments file where the
alignments information is stored. This file is only uploaded
if the annotator is resuming previous work - if the annotator is starting from scratch, there is no need to upload
any file because there are no alignments saved yet. Previous work can also correspond to automatic aligning. Automatic alignments can be saved into that file (which must
conform to specified format) for further manual annotator
refinement in CLUE-Aligner. Note that when using a previously saved alignments file, the source and target corpus
must be the same as they were when the file was saved.
After selecting these files, the user must click the "Load
Corpus" button so that CLUE-Aligner can load that information (corpora and alignments) and display it as grid and
list of alignments (in the second and third sections). The
"Save Alignments" button is used for saving the annotator’s progress, by downloading an alignments file. This file
contains the necessary information to resume the work performed by the annotator in the next session. It is a nonreadable text file containing only indices indicating which
cells in the alignment tables should be aligned according
to what has been recorded in the previous session. These
files may eventually be generated by an automatic aligner
in the future to speed up the alignment task. The "Export
Alignments" button is used for exporting all the alignments,
i.e., pairs of paraphrastic (or identical) units in text format,
where each line "<SOURCE TEXT> | <TARGET TEXT>
(<SURENESS>)" corresponds to an alignment. This file is
in text format containing one pair of alignments per line,
separated by ‘|’. The alignments containing pairs of paraphrastic units can be used to train machine learning systems. Figure 3 illustrates the format of the alignments data
and alignments text files corresponding to Figure 4. Finally,
the drop-down menu in this first section lets the annotator
switch between parallel sentences in the corpus.
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the third section of the interface. It is also possible to annotate single/block alignments inside other blocks. It is not
possible, however, to annotate blocks that cross over each
other - a block can only be completely inside or completely
outside another block. Non-contiguous block alignments
can be created in CLUE-Aligner by annotating insertions.
This can be done by first creating another block (spanning
all rows/columns belonging to the block for target/source
insertions, respectively) representing the corresponding insertions of the block and then switching that block’s type
in the third section of the interface (explained in the next
paragraph). This is visualized in the third section where the
missing words are represented by "[ ]". Besides being able
to exclude words from a non-contiguous block alignment,
the annotator can also align some (or all) of those excluded
words by annotating insertion alignments. This can be done
by first creating a block spanning the cell group intersection of the corresponding insertions and then switching that
block’s type in the third section of the interface (explained
in the next paragraph). Switching a block’s sureness is also
done in the third section of the interface. These insertion
alignments are also listed in the third section.
The third section is a listing of all alignments for the current pair of sentences. In this listing, word and multiword
alignments can be visualized, changed and removed. Each
alignment is displayed in the format "<SOURCE TEXT> |
<TARGET TEXT> (<SURENESS>)". Each one of these
lines is followed by a "Remove" button that can be clicked
if the annotator wishes to remove the alignment (from both
the list and grid). The annotator can left click an alignment
to switch between possible and sure alignments and right
click to switch block types. Block types switches can be between "regular"-"insertion" blocks or "regular"-"insertion
alignment" blocks. What determines which one of these
switches is done depends on the context of each specific
block. If the block spans all rows/columns of an outer
block, then CLUE-Aligner knows this can only be transformed into an "insertion" block and interprets the switching accordingly. If not, then CLUE-Aligner knows this can
only be transformed into an "insertion alignment" block and
switches the type accordingly. These type switches can
be undone by left clicking any cell belonging to the corresponding green/orange group. Every change is also reflected in the grid.

Figure 3: Alignments data and alignments text files
The second section consists of the grid itself, where the annotator can align words or multiwords. This grid is composed of cells that represent the intersection of two words,
each from one of the two parallel sentences. Single word
alignments are created by changing a single cell to black
(sure) or grey (possible) by left-clicking the corresponding
cell. Multiwords are aligned by left-clicking and dragging
the cursor to include a cell group that corresponds to the desired units’ intersection. This action will create an S-block
alignment. Every alignment is displayed in text format in

Figure 4: Insertion of an adjective modifier
Figure 4 exemplifies both "insertion" and "insertion alignment" blocks in the grid, with the corresponding alignments
in text format. As can be seen, the adjective modifier insertions increasingly predominant in the English sentence is
excluded from the alignment play [ ] a role – desempenham
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um papel. To achieve this, the annotator must first create a
regular block spanning those cells (for both "insertion" and
"insertion alignment" blocks), yielding the temporary state
pictured in Figure 5 (grid and list of pairs). The annotator
must then right click the alignment increasingly predominant – desempenham um papel in that (temporary) list to
achieve the intended result.11

Figure 5: Insertions example temporary grid
Until now, we have used CLUE-Aligner to perform manual
alignments only, but CLUE-Aligner can start by loading
previously (and, possibly, automatically) generated alignments (segments) for the corpora parallel sentences. During
the annotation task, the annotator manually corrects any inaccurate automatic alignments (if provided), and/or defines
the new alignments for multiwords and phrasal expressions,
which represent translation units. Multiwords or phrasal
units in the translation unit display window can be used in
future automatic monolingual and bilingual alignments. In
our research, we have used them to create the Gold CLUE
collection.

4. Guidelines and Gold Collection
Our alignment guidelines contain statements by which to
determine courses of action regarding the alignment of multiwords and phrasal expressions that correspond to pairs of
translation units. The alignment task of the translation pairs
of units resulted in the gold collection, achievable due to the
CLUE-Aligner.

4.1. CLUE4Translation Alignment Guidelines
The CLUE4Translation Alignment Guidelines are a work
in progress set of guidelines that summarize the most important decisions for the alignment of pairs of multiword
and other phrasal units in parallel sentences of the multilingual Europarl training corpus (Koehn, 2005). In addition to the alignment of one-to-one, one-to-many and
many-to-one words, they take into special account the
annotation of "phrase alignment", which includes multiwords and phrasal expressions that correspond to translation units. In the Guidelines, alignments are linguisticallyinformed and motivated. Although our research has led to
the identification of four main classes of challenges to the
alignment (lexical and semantico-syntactic, morphological,
morpho-syntactic, and semantico-discursive), the focus of
the CLUE4Translation Alignment Guidelines is on the lexical and semantico-syntactic phenomena, namely the align11 In this example, the fully induced block increasingly predominant – cada vez mais predominante alignment is explicitly
marked following the Logos Model approach, where adverbs are
attached to the verbal adjectives they modify.
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ment of cross-linguistic multiwords and phrasal expressions as representation objects in the alignment between
the parallel sentences. These guidelines are presented with
examples of support verb constructions, compound verbs,
and prepositional predicates, among others, used to justify
and motivate the annotation decisions. The guidelines also
discuss problems, such as variability, insertion of external
elements inside multiword units, and preposition selection
by each language. Based on a cross-linguistic analysis of
particular cases of multiwords and phrasal expressions, we
have annotated valid pairs of translation units as S or Palignments.
The CLUE4Translation Alignments Guidelines were inspired by the Logos Model (Scott, 2003; Barreiro et al.,
2011), which relies on deep semantico-syntactic analysis to
translate not only contiguous multiword units, such as the
support verb construction to draw a distinction between, but
also non-contiguous multiword units, such as the support
verb construction to bring [INSERTION] to a conclusion,
as in the sentence I would urge the European Commission
to bring the process of adopting the directive on additional
pensions to a conclusion, often mistranslated by machine
translation systems.

4.2. Gold CLUE4Translation
The Gold CLUE4Translation is the gold collection made of
6 sets of aligned corpora resultant from our alignment task.
We used the common test version of the European Parliament Proceedings taken from Q4/2000 portion of the data,
2000-10 to 2000-12 (Koehn, 2005). The bilingual texts are
available at the European Parliament Proceedings Parallel
Corpus website.12 The reference sub-corpus is aligned at
the sentence level, ranging from sentence number 101 to
sentence number 500.
The gold collection was achieved using the following
methodology. A polyglot linguist, with knowledge of all
languages contemplated in this study, annotated manually
a total of 2,400 sentence alignments (400 x 6 language
pairs) and built the CLUE4Translation Alignment Guidelines based on linguistic knowledge inspired in the Logos
Model, paying special attention to multiwords and phrasal
expressions that correspond to translation units. The annotator has performed two tasks simultaneously, multiword
identification and alignment. The annotation criterium used
by the annotator to decide whether an alignment is an Salignment rather than a P-alignment was the quality of being optimal or non-optimal and the quality of reciprocity
with regards to source and target language. Statistics on the
type (S or P) and the total number of word alignments (WA)
and multiword unit alignments (MWU) for each language
pair are presented in Table 1.
Figure 6 exemplifies the adverbial insertions still and ainda,
excluded from the alignment pair There is [ ] a need to – é
[ ] necessário que. Since these insertions are direct translations of each other, they are, therefore, aligned with each
other. The same can be said of the noun phrase insertions
entrepreneurs and os empresários, excluded from the alignment pair give [ ] easier access to – seja fácil [ ] recorrer a, which are S-block-aligned as a pair of translation
12 www.statmt.org/europarl/archives.html#v1
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Pair
EN–ES
EN–FR
EN–PT
ES–FR
PT–ES
PT–FR

S

WA
P

Total

S

7581
6995
6443
8488
7945
7022

430
586
607
589
566
787

8011
7581
7050
9077
8511
7809

2962
3401
1547
2806
3139
3220

MWU
P
Total
785
740
1399
403
387
700

3747
4141
2946
3209
3526
3920

Table 1: Number of WA and MWU per language pair

Figure 6: Insertions example grid
units. Note that even though these insertions are inside an
S-aligned block, they can also be P-aligned (as is the case
with entrepreneurs and os empresários). An outer block
alignment’s "sureness" does not impose the same "sureness" for inner insertion alignments. Individual alignments
outside the insertions’ intersection can also be either S or
P-aligned, as for example is – é and need – necessário, respectively.

5. Conclusions and Future Directions
Linguistic-based alignments extracted from good quality
translation corpora can contribute to increased precision
and recall in SMT systems, with the subsequent improvement of translation quality. They are also a valuable asset
for applications that require monolingual paraphrases.
In this paper, we have presented CLUE-Aligner, a new web
alignment tool that allows the alignment of non-contiguous
multiwords and phrasal expressions to improve translation
applications. Even though we move forward by creating an
alignment tool that handles non-adjacent structures, there
is still room for improvement, such as being able to feed
the CLUE-Aligner with existing translation or paraphrastic knowledge previously aligned or generated with a linguistic processing tool. Future work aims the enhancement
of CLUE-Aligner to align and extract automatically large
amounts of alignment pairs to be applied to paraphrasing
and machine translation case studies.
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