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Abstract. In this article, we propose a method to extract translation
equivalents with similar spelling from comparable corpora. The method
was applied on Wikipedia to extract a large amount of Portuguese-
Spanish bilingual terminological pairs that were not found in existing
dictionaries. The resulting bilingual lexicons consists of more than 27, 000
new pairs of lemmas and multiwords, with about 92% accuracy.

1 Introduction

A comparable corpus consists of documents in two or more languages, which are
not translation of each other and deal with similar topics. The use of comparable
corpora to acquire bilingual lexicons has been growing in the last years [4, 5, 14,
3,17,16,9, 20,19, 15]. However, the number of these studies is not so large in
comparison to those using a strategy based on aligned, parallel texts. A small
but representative sample of extraction methods based on parallel texts is the
following: [6,12,1, 18, 11].

The main advantage of comparable corpora is that they are easily available
using the Web as a huge resource of multilingual texts. By contrast their main
drawback is the low performance of the extraction systems based on them. Ac-
cording to [13], bilingual lexicon extraction from comparable corpora is a too
difficult and ambitious objective, and much more complex than extraction from
parallel, and aligned corpora. In fact, we can conceive a continuum of compa-
rability between two poles: completely unrelated corpora (non comparable) and
fully related parallel texts. The degree of comparability is directly related to the
quality of the extracted lexicons. The more comparable is the corpus, the more
precise the extracted lexicons are.

In this paper, we propose a method to learn bilingual lexicons from com-
parable corpora that try to overcome the low precision reached by most of the
methods relying on comparable corpora. Two aspects will be taken into account
to improve precision:
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The degree of comparability of the corpus: we will discover articles in the
Wikipedia with very high degree of comparability (pseudo-parallel texts).
The extraction of bilingual cognates: the extraction will be focused on bilin-
gual pairs of words with similar spelling (cognates), which are in fact true
translation equivalents and not false friends nor false cognates. Bilingual
cognates are considered here as those words in two languages with similar

spelling and similar meaning.

We assume that it is possible to build high quality bilingual lexicons if the
extraction is performed on very comparable corpora considering only bilingual
cognates. To minimize the low coverage of the lexicons acquired by this method,
it is convenient to use it on family related languages sharing many cognates.
So, our experiments were performed on Portuguese and Spanish, two very close
Latin languages.

Moreover, among the different web sources of comparable corpora, Wikipedia
is likely the largest repository of similar texts in many languages. We only require
the appropriate computational tools to make them comparable. The proposed
method is based on the Wikipedia structure, even if it can be easily generalized
to be adapted to other sources of comparable corpora. In this paper, we will use
the method to enlarge an existing Portuguese-Spanish bilingual dictionary with
new bilingual cognates, most of them representing domain-specific terminology
found in Wikipedia.

This article is organized as follows. In the next two sections, 2 and 3, we
describe the extraction method. Then, in section 4 some experiments are per-
formed in order to learn a large Portuguese-Spanish bilingual lexicon. Finally,
some conclusions are presented in 5.

2 Method Overview

Our extraction method relies on the multilingual structure of Wikipedia. It con-
sists of the following four steps:

Corpus alignment First, we identify the Wikipedia articles in two languages
whose titles are translations of each other.

Degree of comparability Then, to calculate a degree of comparability be-
tween two aligned articles, we apply a similarity measure and select the
most comparable pairs of bilingual articles.

Candidates for translation equivalents From each very comparable pair of
articles, we calculate the Dice similarity between lemmas and select the
most similar ones, which are considered as being candidates for translation
equivalents.

Selecting cognates Finally, using the Edit distance, we check whether the
candidates are cognates and select the most similar ones as true translation
equivalents.

This whole method runs in time linear in the size of its input, and thus scales
readily as the corpus grows. In the following section, we will describe in detail
the four steps of our method.



3 Method Description

The method is based on the following assumption:

The use of distributional similarity to extract bilingual cognates from
very comparable corpora should generate high quality bilingual correla-
tions

Following this assumption, we develop a strategy adapted to the Wikipedia
structure. The output is a bilingual dictionary containing many bilingual pairs
of domain-specific terms.

3.1 Alignment of Bilingual Wikipedia Articles

The input of our strategy is CorpusPedial!, a friendly and easy-to-use XML
structure, generated from Wikipedia dump files. In CorpusPedia, all the internal
links found in the text are put together in a vocabulary list identified by the tag
links. In addition, the tag translations codifies a list of interlanguage links (i.e.,
links to the same articles in other languages) found in each article. Both internal
and interlanguage links are very useful features to build comparable corpora.

For this purpose, the first task is to extract all pairs of bilingual articles re-
lated by interlanguage links. For instance, given the Portuguese article entitled
“Arqueologia”, we search for its Spanish counterpart within the list of Span-
ish translations associated to the Portuguese article. If the Spanish translation,
“Arqueologia”, is in the list, we select the article entitled “Arqueologia” within
the Spanish Wikipedia, and build a small comparable corpus with the pair of
articles. This algorithm is applied article by article and results in a large set of
small, comparable, and aligned pairs of bilingual texts.

3.2 Wikipedia-Based Comparability Measure

The next step is to measure the degree of comparability for each pair of bilingual
texts, such as it was described in [8]. The measure of comparability between two
Wikipedia articles is defined as follows.

For a comparable corpus C built from the Wikipedia, and constituted for
instance by a Portuguese article C, and a Spanish article C,, a comparability
coefficient can be defined on the basis of finding, for each Portuguese term ¢, in
the vocabulary Cp of Cp, its interlanguage link (i.e., translation) in the vocabulary
CY of C,. The vocabulary of a Wikipedia article is the set of “internal links” found
in that article. Those internal links are the key words and terms representing the
content of the article. So, the two articles, C, and C,, tend to have a high degree
of comparability if we find many internal links in C; that can be translated (by

! The software to build CorpusPedia, as well as CorpusPedia files for English, French,
Spanish, Portuguese, and Galician, are freely available at http://gramatica.usc.
es/pln/



means of interlanguage links) into many internal links in CY. Let Transpin (tp,CY)
be a binary function which returns 1 if the translation of the Portuguese term
t, is found in the Spanish vocabulary C¢. The binary Dice coefficient, Dicecomp,
between the two articles C is then defined as:

2 theC;j Transp, (tp,CY)

Dicecomp(Cp,Cs) = ICy| + |C?]
D S

(1)

It follows that two texts in two languages have a high degree of comparability
if the main terms found in one text are translations of the main terms found in
the other text. For instance, the pair of articles “Arqueologia/Arqueologia” has
a low comparability degree because the two texts only share two bilingual pairs
of terms (e.g., “sociedade/sociedad”, “antropologia/antropologia”) out of 95 (i.e.,
Dicecomp = 0.04). By contrast, the degree of comparability of the Portuguese and
Spanish entries for the scientist Brian Goodwin reaches a Dicecomp coefficient
of 0.77, since the two articles share 13 out of 43 terms. Given that some authors
of Wikipedia articles translate (part of) their contributions from the English
version, the two articles on Brian Goodwin are likely to be translations from the
English entry.

This comparability measure is applied to each pair of bilingual articles, and
those pairs whose degree of comparability is higher than a specific threshold
(empirically set to >= 0.3) are finally selected. It results in a set of very com-
parable pairs of bilingual texts. The whole set of very similar bilingual texts can
be perceived as a pseudo-parallel corpus, since we observed that many pairs are
constituted by paragraphs that are either (pseudo) translations of each other or
translations sharing a common source.

3.3 Identifying Translation Equivalent Candidates

In this step, we identify all pairs of translation candidates within each pair
of bilingual texts selected in the previous step. For this purpose, we apply a
distributional-based strategy defined in [9]. The starting point of this strategy is
as follows: lemma [; is a candidate translation of [y if the lemmas with which [;
co-occurs are translations of the lemmas with which lo co-occurs. This strategy
relies on a bilingual list of lemmas (called seed words) provided by an external
bilingual dictionary. So, l; is a candidate translation of ls if they tend to co-occur
with the same seed words. In our strategy, co-occurrences are defined by means
of syntactic contexts, which are identified with a robust dependency parser,
DepPattern [7]. Only three PoS categories of lemmas were taken into account:
common nouns, adjectives, and verbs. In this experiment, proper names were
not considered. They will be processed using a simpler strategy we will describe
later.

Similarity between lemmas l; and [l is computed using the following version
of the Dice coefficient:



(2)

Dicegistriv(l1,12) =

2> man(f(li, sq), f(l2,8))
f) + f(l2)

where f(l1, s;) represents the number of times the lemma I; co-occurs with seed
s;, and f(ly) the total frequency of I; in the corpus. As a result, each lemma of the
source language is assigned a list of candidate translations. Potential candidates
are restricted to be of the same category: nouns are compared with nouns, verbs
with verbs, and adjectives with adjectives.

It is worth mentioning that this strategy takes into account multiwords. Be-
fore computing similarity, the most representative multiword terms are identified
with GaleXtra?, a multilingual term extractor that uses both patterns of PoS
tags and association measures to select term candidates. So, Dice similarity is
computed on pairs of bilingual lemmas containing single lemmas and/or multi-
word terms.

Since our objective is to enlarge the existing bilingual dictionary, only bilin-
gual pairs of lemmas that are not in that source dictionary are considered as
candidate translation equivalents.

3.4 Identifying Bilingual Cognates

The final step is to identify cognates out of the set of translation equivalent
candidates. For this purpose, we use a spelling similarity measure based on Edit
distance. The spelling based similarity, noted Dice.qs, between two lemmas, Iy
and [o, is defined by means of the following equation:

_ 2 edS(ll,lg)
length(ly) + length(ls)

Diceeds(ll, lg) =1 (3)

where eds(l1,12) is the Edit distance of lemmas {1 and I, and length(l;) repre-
sents the number of characters of [;. It means that the Dice 45 similarity between
the spelling of two lemmas is a function of their Edit distance and their string
lengths. This similarity measure allows us to select those pairs of translation can-
didates that share similar spelling, i.e., that can be perceived as being bilingual
cognates. We assume that the final selected bilingual cognates are very probably
correct translations.

4 Experiments

We performed an experiment aimed at learning a large set of new bilingual
correlations from the Portuguese and Spanish versions of Wikipedia.

2 htpp://http://gramatica.usc.es/~gamallo/gale-extra/index2.1.htm



4.1 Existing dictionaries

Our method requires a list of seed words taken from existing bilingual resources.
We used two different dictionaries:

OpenTrad The general purpose bilingual dictionary Portuguese-Spanish inte-
grated in the open source machine translation system, OpenTrad-Apertium
[2]. The dictionary is freely available®. For our experiment, we selected all
bilingual pairs containing nouns, verbs, and adjectives.

Wikipedia We created a new Portuguese-Spanish dictionary using the inter-
language links of Wikipedia. Since Wikipedia is an encyclopedia dealing with
named entities and terms, this new dictionary only contains proper names
and domain-specific terminology.

Table 1 shows the size of the two existing dictionaries and the total union
of them. We count the different number of bilingual correspondences (not the
number of entries). A bilingual correspondence is, for instance, the pair “so-
ciedade/sociedad”. The total size obtained by the union of both resources is

263, 362 different bilingual correspondences.

nouns|adject.|verbs| total
OpenTrad| 4,210 1,428|4,226] 9,854
Wiki 253,367 - -| 253, 367
Union 257,708| 1,428|4,226/263,362
Table 1. Existing lexical resources

Note that the two dictionaries are complementary: we only found 131 entries
in common.

4.2 Extraction

nouns|adject.|verbs| total

single lemmas 9,374| b5,725| 2,215| 17,314

multiword terms| 9,585 -l 944| 10,529

all lemmas 18,959| 5,725|3,159(27,843
Table 2. Results of the extraction

After applying our method on the whole Wikipedia in Portuguese and Span-
ish, we extracted 27, 843 new bilingual correspondences. None of them were in the

3 http://sourceforge.net/projects/apertium/files/



two input dictionaries. Preliminary tests led us to set the thresholds of Dicecomp,
Dicegistrip, and Diceeqs to 0.3, 0.6, and 0.6, respectively. Table 2 depicts the fi-
nal results. In the first row, we show the extractions of single lemmas, while the
second row is just focused on multiwords. The total extractions considering both
multiword terms and single lemmas are shown in the third row.

Notice that the size of the new bilingual dictionary, 27843 lemmas, is much
larger than that of the general purpose dictionary of OpenTrad, which only
contain 9,854 bilingual correspondences.

4.3 Evaluation

accuracy
nouns 91%
verbs 89%
adjectives  95%
total 92%

Table 3. Accuracy of the extracted bilingual pairs.

To evaluate the quality of the extracted dictionary, a test set of 450 bilingual
pairs were randomly selected. The test set was created with the aim of obtaining
these three balanced subsets:

— 150 bilingual pairs of nouns
— 150 bilingual pairs of verbs
— 150 bilingual pairs of adjectives

Results are depicted in Table 3. Accuracy is the number of correct pairs di-
vided by the number of evaluated pairs. The best performance was achieved by
the extraction of adjectives, since it reaches 95% accuracy. By contrast, verb
extraction only achieves 89%. The total accuracy is still high: about 92%. This
performance is much better than state-of-the-art work on extraction from com-
parable corpora, whose best scores were about 70% accuracy [14]. The good
quality of the generated translation equivalents allows us to reduce the time
spent in manual correction. It follows that our method permits to minimize the
effort to build a new bilingual dictionary of two related languages.

4.4 Error Analysis

We found 39 errors out of 450 evaluated extractions. Most of them (58%) were
due to foreign words, namely English words appearing in the input text as part
of titles or citations. For instance, the translation pair “about/about” was in-
correctly learnt from two Portuguese and Spanish texts containing such a word
within a non translated English expression. It would not be difficult to avoid



this kind of problem if we use a language identifier to find parts of the input
text written in other languages.

The second type of most common errors (8%) were caused by prefixes ap-
pearing in one of the two correlated words, for instance:

americanismo / anti-americanismo
anti-fascista / fascista
hispanorabe / neo-hispano-drabe

Note that it would be possible to filter out those cases by making use of a list
of productive prefixes.

In Table 4, we show some types of errors found in the evaluation. As the
two most common errors (foreign words and prefixes), which represent 66% of
the total number of errors, can be easily filtered out, the total accuracy of our
system could achieve 97%.

frequency
foreign words  58%
prefixes 8%
typos 8%
multiwords 5%
PoS-tagging 3%

Table 4. Types of errors.

4.5 Further Experiments: the Case of Proper Names

As proper names are less ambiguous than common nouns, verbs, and adjectives,
we consider it is not necessary to grasp high quality bilingual correspondences
by using distributional-contextual similarity. So, we defined a simpler strategy
to extract translation equivalents of proper names:

Given two bilingual pairs of articles in Wikipedia, for instance the Portuguese
and Spanish articles entitled “Arqueologia/Arqueologia”, all proper names found
in those articles are identified, then a list of bilingual pairs is created, and the
Diceeqs similarity is computed between them. If two pairs of bilingual proper
names with similar spelling has a Dice.qs similarity higher than 0.9, they are
selected as being a translation equivalent candidate. Notice that we do not com-
pute the degree of comparability between the two Wikipedia articles nor the
distributional Diceg;sirip similarity between the two proper names. In this case,
we assume that two proper names with very similar spelling in two languages,
and appearing in two texts with similar or identical titles, are strong candidates
to be true translation equivalents.

This strategy led us to extract 818,797 new bilingual pairs of proper names
that were not found in the two existing dictionaries. This kind of bilingual pairs



can be integrated into rule-based machine translation systems, as OpenTrad.
As this system is not provided with a Named Entity Recognition module, it
proposes bilingual translations of proper names on the basis of large lists of
bilingual correspondences of proper names.

5 Conclusions

We have proposed a method to extract new bilingual terminology from Wikipedia-
based comparable corpora, achieving more than 90% accuracy. The proposed
strategy was adapted to the internal structure of Wikipedia, but it could be
applied to other types of comparable text corpora with minor changes.

One of the main drawbacks of our strategy is due to the inherent limitations
of Edit distance to measure the spelling based similarity between lemmas that
have undergone systematic changes in the past. For instance, action nouns in
Portuguese may contain the suffix -¢do while the equivalent suffix in Spanish is
-cion. If we consider that these two suffix represent the same abstract concept,
the distance between two words such as organizacao and organizacion, whose
dissimilarity is just due to the suffix, must be close to 0, i.e., they should be
taken as identical cognates. However, the Edit distance between these two words
does not consider the strong relationship between the two suffixes. To address
these cases, [10] proposed a new spelling similarity based on the generalization of
substitution patterns. A different strategy, based on linguistic knowledge, could
be the use of a list of equivalent bilingual pairs of prefixes and suffixes. In future
work, we will make use of both strategies to enlarge the coverage of the extracted
dictionaries.
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