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Strategies for developing machine translation for minority 
languages 

 
5th SALTMIL Workshop on Minority Languages 
Tuesday May 23rd 2006 (morning),  Genoa, Italy 

Organised in conjunction with LREC 2006:  Fifth International Conference 
on Language Resources and Evaluation, Genoa, Italy, 24-26 May 2006 

 
 

Workshop Programme  
 

8:00 Registration and preparation of posters 
 
8:15 Welcome:   Briony Williams (University of Wales, Bangor, UK) 
 
8:30 Stephen Krauwer (University of Utrecht, Netherlands) 

“ENABLER, BLARK, what's next?” 
 
9:00 Delyth Prys (University of Wales, Bangor, UK) 

“The BLARK matrix and its relation to the language resources situation for the Celtic 
languages” 

 
9:30 Christian Monson, Ariadna Font Llitjós, Roberto Aranovich, Lori Levin, Ralf Brown, 
Eric Peterson, Jaime Carbonell & Alon Lavie  (Carnegie-Mellon University and University of 
Pittsburgh, USA) 

“Building NLP Systems for Two Resource-Scarce Indigenous Languages: Mapudungun 
and Quechua” 
 
10:00 Mikel Forcada (University of Alacant, Spain) 

“Open source machine translation: an opportunity for minor languages” 
 
10:30 Anna Sågvall Hein & Per Weijnitz (University of Uppsala, Sweden) 

“Approaching a new language in machine translation” 
 
11:00 COFFEE 
 
11:30 Daniel Yacob (Director, Ge'ez Frontier Foundation) 

“Unicode Development for Under-Resourced Languages”. 
 
12:00 Maja Popović & Hermann Ney (RWTH Aachen University, Germany) 

“Statistical Machine Translation with and without a bilingual training corpus” 
 
12:30 POSTER SESSION 
 
Tod Allman & Stephen Beale, “A Natural Language Generator for Minority Languages”. 
 
Saba Amsalu & Sisay Fissaha Adafre, “Machine Translation for Amharic: Where we are”. 
 



ii 

Carme Armentano-Oller and Mikel Forcada, “Open-source machine translation between small 
languages: Catalan and Aranese Occitan”. 
 
Arantza Casillas, Arantza Díaz de Illarraza, Jon Igartua, R. Martínez & Kepa Sarasola, 
“Compilation and Structuring of a Spanish-Basque Parallel Corpus”. 
 
Bostjan Dvorák, Petr Homola, Vladislav Kubon, “Exploiting Similarity in the MT into a 
Minority Language”. 
 
Adrià de Gispert and José B. Mariño, “Catalan-English Statistical Machine Translation without 
Parallel Corpus: Bridging through Spanish”. 
 
Jorge González, Antonio L. Lagarda, José R. Navarro, Laura Eliodoro, Adrià Giménez, 
Francisco Casacuberta, Joan M. de Val and Ferran Fabregat, “SisHiTra: A Spanish-to-Catalan 
hybrid machine translation system”. 
 
Dafydd Jones and Andreas Eisele, “Phrase-based statistical machine translation between Welsh 
and English”. 
 
Svetla Koeva, Svetlozara Lesseva and Maria Todorova, “Bulgarian sense tagged corpus”. 
 
Mirjam Sepesy Mauèec and Zdravko Kaèiè, “Statistical machine translation using the IJS-
ELAN Corpus” 
 
Sara Morrissey and Andy Way, “Lost in Translation:  The Problems of Using Mainstream MT 
Evaluation Metrics for Sign Language Translation”. 
 
Alicia Pérez, Inés Torres, Francisco Casacuberta and Víctor Guijarrubia,  “A Spanish-Basque 
weather forecast corpus for probabilistic speech translation”. 
 
Kevin Scannell, “Machine translation for closely related language pairs”. 
 
Oliver Streiter, Mathias Stuflesser and Qiu Lan Weng, “Models of Cooperation for the 
Development of NLP Resources: A Comparison of BLARK and XNLRDF”. 
 
John Wogan, Brian Ó Raghallaigh, Áine Ní Bhriain, Eric Zoerner, Harald Berthelsen, Ailbhe Ní 
Chasaide and Christer Gobl, “Developing a Spoken Corpus and a Synthesiser for Irish”. 
 
Pavel Zheltov, “An Attribute-Sample Database System for describing Chuvash affixes”. 
 
 
13:30  END OF WORKSHOP 
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Ì»½¸²±´±¹§ ³¿¹¿¦·²»ò Ò«³¾»® ìïô Ê±´ò ïîô ×«» ëò
Ö«´§ñß«¹«¬ îððïô °ò íéóìðò

Ò»§ô Øò øîððê÷ �Í¬¿¬·¬·½¿´ Ó¿½¸·²» Ì®¿²´¿¬·±² ©·¬¸ ¿²¼
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Í°¿·²ô Ó¿§ îéô ïçèè÷ò ßª¿·´¿¾´» ¿¬
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Í½¿²²»´´ô Õò øîððê÷ò Ó¿½¸·²» ¬®¿²´¿¬·±² º±® ½´±»´§
®»´¿¬»¼ ´¿²¹«¿¹» °¿·®ò ×² ¬¸»» °®±½»»¼·²¹ò

Í¸»®»³¿¬§»ª¿ô Íòå Ò·®»²¾«®¹ô Íò øîððð÷ò Ì±©¿®¼ ¿
Ë²·ª»®¿´ Ì±±´ Ú±® ÒÔÐ Î»±«®½» ß½¯«··¬·±²ò ×²
Ð®±½»»¼·²¹ ±º Ì¸» Í»½±²¼ ×²¬»®²¿¬·±²¿´ Ý±²º»®»²½»
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ß¬¸»²ô Ó¿§ íïóÖ«²» íô îððð÷ò
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Í°»»½¸ ¿²¼ Ô¿²¹«¿¹» Ì»½¸²±´±¹§ º±® Ó·²±®·¬§
Ô¿²¹«¿¹»ò ×² Ð®±½»»¼·²¹ ±º Û«®±°»»½¸ îððïò
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Abstract 
As a contribution to the on-going discussions concerning what strategy to use when approaching a new language, we present our 
experience from working with Swedish in the rule-based and statistical paradigms. We outline the development of Convertus. a robust 
transfer-based system equipped with techniques for using partial analyses, external dictionaries, statistical models and fall-back 
strategies. We also present a number of experiments with statistical translation of Swedish involving several languages. We observe 
that the concrete language pair, translation direction and corpus characteristics have an impact on translation quality in terms of the 
BLEU score. In particular, we study the effects of the openness/closeness of the domain, and introduce the concept of corpus density to 
measure this aspect. Density is based on repetition and overlap of text segments, and it is demonstrated that density correlates with 
BLEU. We also compare a statistical versus a rule-based approach the translation of a Swedish corpus. The rule-based approach for 
which we use Convertus outperforms the statistical in a modest way. For both systems there is much room for improvement and it is 
likely that they both can be further developed to a BLEU score of 0.4 – 0.5 which seems good enough for post-editing to pay off. 
However, a major difference concerns the kinds of errors that are made and how they can be identified. The errors caused by 
Convertus can be easily traced and explained in linguistic terms and hence also avoided by extensions and modifications of the 
dictionaries and the grammars. The errors produced by the statistical system are, however, less predictable and difficult to pin-point 
and eliminate by further training. In particular, the many cases of omissions constitute a serious problem. Our conclusion will be that 
the investment made in developing a rule-based system, preferably backed up by a statistical system, will pay off in the long run. Thus 
it becomes an urgent issue to make rule-based systems available as open-source so that the development of new systems can be 
focused on creating the language resources. 
 

1. Introduction 
In the early days of machine translation, simplistic 

binary dictionaries were the only language resources that 
were used, and the results were poor. An increasing 
understanding of the importance of strategies for word 
sense disambiguation and for including morphological as 
well as syntactic knowledge emerged. A rule-based 
paradigm emerged, realized as direct translation with ad-
hoc translation rules or transfer-based translation based on 
full syntactic sentence structures. Well-known 
shortcomings with the first strategy were due to 
difficulties in covering all contexts that were to be handled 
by translation rules (e.g. SYSTRAN), and with the 
transfer-based approach in covering the sentence structure 
in all its variation (see e.g. Hutchins, J. and Somers, H. 
1992). A problem that was shared for all translation 
systems was developing full-covering dictionaries, and 
adapting them to specific domains hereby reducing the 
number of alternative interpretations. Initially, dictionaries 
were basically handcrafted, in particular as regards the 
definition of translation relations. A major step forward 
was taken with the development of strategies for aligning 
parallel text, bi-text, sentence-wise, word-wise, and 
phrase-wise. These strategies formed the basis for 
automatically extracting translation relations for 
dictionary-building purposes, and so-called statistical 
translation (Brown, P. F. et al. 1993), or example-based 
translation (see e.g. Way, A. and N. Gough. 2005). 
Translation was based on aligned parallel corpora and 
language models of the target language. Using the 
alignment strategies for building translation dictionaries 
for rule-based systems promoted the quality of these  

 

 
systems substantially. Another strategy that was 
introduced to overcome problems with insufficient 
coverage of source language analysis grammar in transfer-
based systems was using partial analyses (see e.g. 
Weijnitz et al. forthcoming.). Two basic strategies, 
statistical mt, and rule-based MT making use of partial  
analyses and the corpus-based translation dictionaries, 
emerged. Further, methods for automatically measuring 
similarity of the machine translated text with a reference 
translation, hereby estimating the quality of the machine 
translation text, were presented and heavily made use of in 
statistical as well as rule-based translation.  

Each strategy has its shortcomings. A major problem 
with statistical MT concerns the identification of the bad 
translations, reasons behind them and ways of correcting 
errors of certain types, such as wrong or omitted lexical 
information, and syntactic errors. In contrast to rule-based 
systems, there are no individual linguistic rules to 
improve, rather global measures such as extending the 
language model or the translation model with more data, 
fine-tuning statistical parameters, and including external 
dictionaries. In other words, there are few linguistic ways 
of improving the translation. In rule-based translation, on 
the other hand, rules can be added and refined. Not 
surprisingly, current research aims at including linguistic 
knowledge into the statistical systems, and statistical 
models into rule-based systems. Ways of combining the 
two strategies into hybrid systems are explored (Hearne, 
M. 2005). 

2. Outline 
Here we will consider a situation where MT for a new 

language requires the building of a new system rather than 
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extending an existing (commercial) system with a new 
language pair. The situation appears e.g. for minority 
languages and less used languages or languages that for 
other reasons are not considered to be commercially 
motivated. Based on the availability of language resources 
and tools, a decision has to be made between a rule-based, 
a statistical or an example-based approach. For an 
illustration of the kinds of issues that may have to be 
considered in making the choice, we will present our 
experience from working in the rule-based and the 
statistical paradigm with MT of Swedish and English. As 
regards the example-based paradigm it is, basically, 
outside of our experience and will not be further discussed 
in this paper. First we will outline the development of a 
rule-based system with fall-back strategies, Convertus1, 
and then the achievements made with statistical MT from 
and to Swedish. In working with different domains and 
typologically different languages, we made some 
observations concerning translation quality in the different 
experimental settings. Typically, a setting is characterized 
by parameters such as language pair, translation direction, 
and domain. The domain is defined by a corpus, and we 
found it motivated to take into account, not only the size 
of the corpus, but also features concerning repetition and 
overlap of text segments. Based on these criteria we 
introduce the term corpus density for capturing the 
openness/closeness of the domain. We will get back to 
these issues and their implications for translation quality 
in terms of BLEU. We will then present an experiment of 
a rule-based and a statistical approach to the translation of 
Swedish into English, and discuss the pro’s and cons’ of 
the two approaches. Finally, we draw some conclusions 
that seem to have some general interest. 

3. Building a transfer-based system for 
translation of Swedish  

As a result of more than ten years of research and 
development we arrived at a system for translating 
Swedish into English with a transfer-based core and 
complementary strategies for handling data outside the 
language description. It generates satisfactory results in 
several domains (automotive literature, agriculture, 
education). In the procedure leading to this system, the 
following main phases may be distinguished: 

 
• Designing, implementing, and testing a modular, 

unification-based core engine, Multra (Beskow, B. 
1993, Sågvall Hein 1994) with dictionaries and 
grammars of experimental size for translation of 
Swedish into English, German, and Russian; 
grammars and dictionaries were hand-crafted. 

• Scaling up the system for one domain, e.g. 
automotive service literature, and one translation pair, 
Swedish to English; the scaling-up process was a 
major under-taking turning the prototype into a real 
system, Mats (Sågvall Hein, A. et al. 2003) capable of 
processing real-world documents. For the scaling-up 
effort a corpus of 16.1k sentence pairs (50,000 
tokens) was established for training and testing, the 
so-called Mats corpus. Much effort was devoted to 
scaling up the dictionaries making use of word 
alignment techniques (Tiedemann, J. 2003), and to 

                                                   
1 http://stp.ling.uu.se/~gustav/convertus  

organizing the lexical material in a database with 
built-in morphology. The modularity of the core 
engine is reflected in the database, which includes a 
source dictionary, a target dictionary and a translation 
dictionary in terms of translations relations between 
lexical units. Options for evaluating the coverage of 
the language description (dictionaries, grammars, 
transfer rules) and tracing the processing at a detailed 
level were also built into the system (Sågvall Hein et 
al. 2003). It should be mentioned, however, that the 
goal of scaling up of the grammars to cover the 
training corpus was not achieved in the project. 

• Compensating for gaps in the language description by 
adding techniques for using partial analyses, external 
dictionaries, statistical models and fall-back strategies 
(Weijnitz et al. forthc); building an evaluation center 
to support systematic evaluation of translation quality 
(Forsbom, E. 2003); this phase lead to a major 
reorganization of the architecture and the process 
control, and motivated a new name of the system, i.e. 
Convertus. 

• Progressively training the system for several domains 
to a BLEU score on the training text of about 0.5 on 
an average; user feed-back in the various projects in 
which the training took place indicates that a BLEU 
score of 0.4-0.5 based on a single reference corpus, is 
good enough for post-editing. 

• Work in process concerns the automatic extraction of 
grammar from corpora (Megyesi 2002, Nivre 2005) 
for experimenting with different parsers and different 
languages, hereby making the system easily adaptable 
to new language pairs.  

 
In conclusion, a well functioning translation system 

for translating Swedish into English in several domains 
was developed with a substantial investment of man 
power during many years. The system as such is not 
limited to translation from Swedish to English, but so far 
there are no language resources of relevant size for other 
language pairs. Achievements of general interest include 
techniques for building monolingual and bilingual 
dictionaries from parallel text as well as a database 
technology for storing and maintaining lexical data with 
inbuilt morphology (Tiedemann 2002). Another language-
independent achievement is a flexible architecture 
permitting the plugging-in of modules for analysis, 
transfer, and generation, for on-line consultation of 
external dictionaries, and for using fall-back strategies for 
recovering processing in different problematic situations, 
e.g. when grammars are insufficient. However, for high-
quality translation, grammars are required, for analysis, as 
well as transfer and generation. This may be a bottleneck 
in applying the technology to new languages, in particular, 
less used languages. With the further development of 
machine-learning techniques for extracting grammar from 
text, this problem may be reduced. Several modules of 
Convertus might be presented as open-source software. 
However, before that, the modules need to be properly 
packaged and documented.  

An alternative strategy when it comes to approaching 
new languages may be to use statistical machine 
translation. Thus, now let us turn to our experience of 
applying statistical machine translation to Swedish. 
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4. Experiments with statistical machine 
translation of Swedish  

To get a grasp of the perspectives of statistical 
machine translation from and to Swedish, we carried out a 
number of experiments. They indicate that language 
differences and translation direction have an impact on the 
translation quality measured by BLEU, in addition to 
corpus size and corpus density. The same system, to be 
described below, was used for all experiments. 

4.1. The system 
Phrase based systems work with both words and 

phrases, using at least two knowledge sources. Both the 
translation model and the language model are usually 
obtained automatically from parallel corpora. By using 
either the source-channel model, the more general direct 
maximum entropy translation model, or some other 
method, the translation model and language model are 
combined (Och, F. J. and Ney H. 2002).  

Pharaoh is a beam search decoder implementing the 
best-performing methods for statistical machine 
translation as of year 2004 (Koehn 2004). The translation 
models were created using UPlug (Tiedemann, J. 2003), 
GIZA++ (Och, F. J. and Ney, H. 2000) and Thot (Ortiz-
Martínez, D. et al. 2005). We used a basic set of models; a 
3-gram target language model and a phrase translation 
model P(target|source), and a length penalty parameter. 
The length and model parameters were automatically 
optimized on development corpora. For our experiments, 
we restricted the source phrase lengths to 4. The language 
models were created using SRILM (Stolcke, A. 2002). 

4.2. Language differences and translation 
direction 

The first experiments were run on the Mats corpus. It 
includes source documents in Swedish with translations 
into several languages, among them English and German. 
Swedish as well as English, belong to the Germanic 
language family. However, English is felt to be closer, and 
easier to learn for a Swede than German.  

The system was trained on 15.8k sentence pairs per 
language, sv-en, and, sv-de, and for each language pair 
300 sentence pairs were kept aside and used for testing. 
As expected, English to Swedish outperforms English to 
German in a significant way (table 1). 

 
Language pair BLEU 
sv->en 0.627 
en->sv 0.646 
sv->de 0.491 
de->sv 0.506 

Table 1: BLEU scores for the Mats corpus 
 
Reversing the translation direction, translating from 

Swedish to English and German, respectively, implies a 
slight decrease in the BLEU value (table 1), i.e. from 
0.646 to 0.627 for English and from 0.506 to 0.491 for 
German (cf. Papineni, K. A. et al. 2002). In other words, 
reversing the translation direction does not seem to have 
any real importance. Still the data will be further 
examined, in particular from a linguistic point of view. 

We also made an experiment with Swedish -> Turkish 
using a sub-domain (information about Sweden) of a 
Swedish-Turkish parallel corpus (Megyesi et al., LREC 
06) for training. Swedish is the source language. All in all, 
the sub-domain comprises 1289 sentence pair and the test 
corpus 206. Evidently, the training corpus is too small for 
successful SMT, and, in addition, the domain is fairly 
open. Further, Turkish belonging to the Altaic language 
family, is typologically very different from Swedish, 
being a Germanic language in the Indo-European 
language family. All things taken together, we cannot 
expect much, and in table 2 we present the results in both 
directions. Here we observe that the results are slightly 
better for Swedish as the source language than as the 
target language, as opposed to the case with English and 
German. Still the difference is very small, and hardly 
statistically significant. We need more data to investigate 
this aspect. 

 
Language pair BLEU 
sv->tr 0.170 
Tr->sv 0.156 

Table 2: BLEU scores for the Turkish corpus 

The experimental findings presented above inspired us 
to proceed in investigating the implications of the concrete 
language pair with regard to the quality of SMT. Thus we 
made a number of experiments for Swedish and other 
languages using Europarl (Koehn, P. 2005) 

BLEU 
from sv 

BLEU 
to sv 

lang.  
pair 

size: 
sent. 

0.2403 0.2090 sv-es 20893 

0.2065 0.2074 sv-es 10630 

0.1238 0.1401 sv-es 1601 

    

0.2382 0.2192 sv-pt 20726 

0.2218 0.2099 sv-pt 10663 

0.1288 0.1249 sv-pt 1601 

    

0.1750 0.2194 sv-nl 20690 

0.1592 0.1969 sv-nl 10645 

0.1020 0.1471 sv-nl 1602 

    

0.1814 0.1910 sv-fi 20663 

0.1670 0.1708 sv-fi 10632 

0.1048 0.0874 sv-fi 1601 
 

Table 3: BLEU scores for Europarl 

We used three different corpus sizes for training, i.e. in 
terms of sentences pairs: approximately, 20k, 10k and 
1,6k. (Cf. the Turkish experiment with a training corpus of 
1,2k sentence pairs.) As expected, as the corpus size 
grows, so does the BLEU score. We may also observe, 
that the best results are achieved for Swedish – Spanish, 
closely followed by Swedish- Portuguese. For both these 
languages, BLEU scores higher for Swedish as a source 
language than as a target language. Spanish and 
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Portuguese are Romance languages, and as might be 
expected, behave in a similar way in relation to Swedish. 
As regards Dutch, a German language, and Finnish, a 
Finno-Ugric language, the results are not conclusive. With 
Swedish as the source language, BLEU scores slightly 
higher for Finnish, but with Swedish as the target, Dutch 
outperforms Finnish fairly well, 0.21 versus 0.19. We 
would have expected a higher score for Dutch being a 
Germanic language, and as such closer to Swedish; here 
the statistical, corpus-based data contradict the typological 
tradition. The data will be further investigated. It is fair to 
assume, that Swedish-English and Swedish-German 
should keep their positions as best and second best in the 
score ranking list, as evidenced by the experiments on the 
automotive corpus.2 They were run on a corpus of 
comparable size, i.e. ~16k sentence pairs. However, a 
source of error may be due to the openness/closeness of 
the domain. Europarl is assumed to represent a more open 
domain than the Scania corpus, and in accordance with 
earlier research (see e.g. Weijnitz et al. 2004) we expect 
these aspects to have an impact on the translation results. 
We will get back to corpus size and density in 3.3. below.  

4.2.1. Measuring language differences 
In view of the impact of language differences on 

statistical translation, we would like to have access to a 
similarity measure for judging the potential of statistical 
machine translation when approaching a new language 
pair. In theoretical linguistics language differences are 
investigated in the sub-field of typology. Here focus is set 
on identifying distinguishing features such as word order, 
grammatical relations, case markings, animacy, etc. These 
features can hardly be translated into a formal, computable 
measure. What seems to be required is a corpus-based 
measure that can be calculated automatically.  

An option that comes into mind is to base such a 
measure on word alignment scores. For Swedish – English 
and Swedish – German, F-values of word alignment 
scores, based on a gold standard, have been presented 
(Tiedemann 2003). The author reports an F-value of 83.0 
for Swedish – English, and 79.3 for Swedish – German. 
The figures are derived from the Mats corpus, i.e. the 
same corpus as was used for training in the SMT 
experiment presented above. The difference in F-value is 
comparable to that of BLEU for the two languages, i.e. a 
BLEU score of 0.65/0.63 (depending on translation 
direction) for English versus an F-value of 83.0, and a 
BLEU score of 0.51/0.49 for German versus an F-value of 
79.3. The idea of using word alignment scores as a basis 
for measuring language differences with a view on 
statistical MT may seem like a circular reasoning; the 
word aligment phase is crucial in SMT and constitutes a 
major part in implementing such a system. Still the idea 
seems worth exploring further. We may consider building 
a matrix of F-values of word alignment scores for a large 
variety of languages to be consulted when considering the 
potential of SMT for a specific translation task. It seems 
preferable to base this inventory of language similarity 
measures on properly balanced corpora. As SMT 
performance depends on training corpus alignment 
                                                   
2 Unfortunately, data on SMT for Swedish-English and Swedish-German 
with regard to Europarl were unavailable at the time of writing due to 
technical problems. 

quality, it is important that all language pairs involved are 
equally well aligned. For a start Europarl (Koehn, P. 
2005) or JRC-Acquis (Steinberger, R. 2006) could be 
useful. In addition, gold standards have to be provided, or 
other means for calculating the global success of the word 
alignment process. 

4.3. Corpus size and density 
Our hypothesis is that there are more training corpus 

features than size that influence SMT performance. By 
corpus density we mean to what extent the corpus is 
repetitive at the sentence and n-gram levels. Table 4 
shows the characteristics of a set of corpora, and their 
BLEU scores obtained when used for SMT. Percents show 
the type/occurrence ratios of the sentences and n-grams. In 
this test, there is a negative correlation between the BLEU 
scores and the sentence ratios. There is also a negative 
correlation, albeit weaker, between BLEU and n-gram 
ratios, and larger n-grams mean stronger correlation. The 
measures relate to the source side of the parallel corpus, 
only. As for the alignment quality, a crucial issue in SMT, 
we have no separate data. Still we assume that density 
correlates not only with the BLEU score but also with 
alignment quality as such. This, however, remains to be 
demonstrated. We conclude that corpus density, in 
addition to size, is a useful criterion when judging the 
prospect of SMT based on a parallel corpus. 

5. Rule-based and statistical translation 
There is a huge difference in effort between creating 

the language resources for a rule-based translation system 
and for building a statistical translation system. On the 
other hand, an SMT critically depends on access to a large 
parallel corpus of high quality within a fairly closed 
domain. The required size of the corpus cannot be 
estimated in the general case. It depends on the language 
pair to be translated, the translation quality to be achieved, 
and the density of the corpus. Above we have given some 
clues that should be useful in this context. A high-quality 
parallel corpus is almost also a sine non qua in building 
the language resources for a rule-based system, and in 
developing and evaluating the system. Spending efforts in 
building such a corpus should pay off in the final end, 
regardless of what strategy is chosen. 

5.1. An experiment with Convertus and 
Pharaoh 

For a comparison between rule-based and statistical 
translation, we made an experiment using Convertus for 
the rule-based approach and Pharaoh, as above, for the 
statistical approach. The experiment was run on the Scania 
98 corpus, and the translation direction was Swedish to 
English.  

System BLEU Pair Corpus 
convertus 0.377 sv->en Scania 98 
pharaoh 0.324 sv->en Scania 98 

 
             Table 5: BLEU for Convertus and Pharaoh 
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BLEU 
from sv  

BLEU 
to sv  Corpus Pair Sentences 

Sentence 
unique 

1-gram 
unique 2-gram unique 

3-gram 
unique 

4-gram 
unique 

0.6274 0.6460 mats sv-en 16716 60.9% 9.1% 44.8% 68.2% 78.2% 
0.5201 0.5267 plug sv-en 22195 61.3% 10.0% 50.8% 79.2% 89.1% 
0.4653 0.4710 agri sv-en 40910 79.6% 6.6% 38.9% 68.6% 80.1% 
0.3523 0.3270 plugfgord sv-en 4997 99.6% 12.5% 52.5% 83.7% 95.2% 
0.2951 0.2944 plugjoinall sv-en 9204 99.8% 12.1% 53.0% 85.1% 96.1% 
0.2297 0.2654 plugfbell sv-en 4207 100.0% 17.2% 63.9% 91.8% 98.6% 

Table 4: Corpus density and BLEU 

 
The training of Pharaoh as well as Convertus was 

based on the Mats corpus, and there was a token overlap 
between training data and test data of 5.8%, and a type 
overlap of 5.3%. This is a small overlap to be compared to 
the token overlap of 31.7%, and type overlap of 29.9% in 
the experiment on the Mats korpus (Table 1). As expected, 
there is a substantial difference in the BLEU score, i.e. 
0.324 (Scania 98) and 0.627 (Mats corpus). As for 
Convertus, the training of the language resources was, 
basically, limited to the vocabulary; thus there is a big 
potential for further training of the grammars for this text 
type (analysis, transfer, as well as generation). In spite of 
that, Convertus scores higher than Pharaoh, even though 
the difference is fairly modest. 

5.1.1. Translation quality 
As has been shown before (e.g. Weijnitz et al. 2004), 

there is a correlation between the BLEU score and human 
assessment of translation quality. Further, according to our 
previous experience, a BLEU score below 0.4 - 0.5 is not 
good enough for post-editing.  An informal study of the 
two versions of the machine-translated text confirms this 
view. 

Most of the errors produced by both systems are due to 
words unknown the systems. The standard action taken by 
them both is to leave the word un-translated. As a fall 
back strategy, Converts consults an external dictionary 
outside the domain. This sometimes leads to a wrong 
choice. However, Convertus optionally provides a list of 
unknown words including both words that were left un-
translated and words for which an external translation was 
chosen. This list provides the basis for up-dating the 
dictionary. Unknown words seem to cause worse 
problems in the SMT system, since there are several cases 
where the unknown word is simply missing. There is no 
“place-holder” of the problematic word, which makes the 
error hard to trace and the translation sometimes 
incomprehensible. Typically, the statistical system has 
problems with the translation of Swedish compounds, due 
to the difficulties of recognizing multiword units in the 
word aligment phase. An example may be lufttorkarens 
function [air dryer operation, the function of the air dryer] 
translated as air function. Evidently, only the first part of 
the compound was recognized by the word aligner and the 
error came out as a case of missing word, and as such hard 
to identify. More often, however, Swedish compounds are 
left untranslated e.g. regulatorfjädrarna [governor springs]. 
As mentioned above, the training of Convertus with 
regard to the Mats corpus was, basically, limited to the 
vocabulary. Shortcomings concerning the transfer 

grammar appear in the translation of phrasal expressions, 
in particular phrasal verbs. Both systems expose structural 
errors and errors in the inflection of verbs and nouns. 
Convertus mainly encounters these problems when the 
subject is not located and when the noun is ambiguous in 
number. For the SMT system the distribution of these 
errors is less predictable. 

The most striking difference between the two systems  
is the amount of omissions produced by the SMT. We 
didn’t calculate their number in this experiment, but in a 
previous study (Weijnitz et al. 2004) the SMT system 
exposes more than four times as many instances of 
omission as the rule-based system. There may be 
differences in the settings of the two experiments, but the 
general impression seems to hold. In general, the cause of 
the errors produced by Convertus can easily be traced and 
explained in linguistic terms. The SMT system on the 
other hand, often produces less predictable errors, such as 
svåra personskador [serious personal injury] translated 
as svåra not followed. There is no obvious way to trace 
the cause of these errors to parameters in the translation or 
language model. 

The rule-based system achieved better results but there 
is much room for improvements in both systems and a lot 
of common problems to be solved. Convertus can be 
improved by adjusting the grammars and extending the 
dictionaries. The statistical tools require larger amounts of 
domain-specific training data for better coverage and 
higher translation quality.  

6. Conclusions 
We outlined the development of a robust, rule-based 

MT-system for Swedish, Convertus, equipped with 
techniques for using partial analyses, external dictionaries, 
statistical models and fall-back strategies. Most modules 
of the system are candidates for open-source software, but 
before that they have to be properly packaged and 
documented. The system has been progressively trained 
for several domains to a BLEU score on training data of 
~0.5%. User feed-back indicate, that a BLEU score of 0.4-
0.5% generated by Convertus represents a translation 
quality good enough for post-editing.  

We also made several experiment withs SMT for 
Swedish to find out more about factors influencing the 
translation quality. The experiments showed that language 
differences are an important issue, with BLEU scores 
ranging from 0.175 to 0.240 on the same corpus 
(Europarl). Translation direction turned out to be of minor 
importance. Corpus size and density were also 
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investigated, and a correlation was confirmed, not only 
between size and BLEU but also between density and 
BLEU. These factors should turn out to be useful in 
estimating the success of an SMT for a certain language 
pair and domain. However, our main conclusion will be 
that the investment made in developing a rule-based 
system, preferably backed up by a statistical system, will 
pay off in the long run. Thus it becomes an urgent issue to 
make rule-based systems available as open-source so that 
the development of new systems can be focused on 
creating the language resources. Regardless of strategy, 
the careful preparation of a parallel corpus appears as a 
crucial first step towards a high-quality MT system, where 
it is not readily available. 
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Abstract 
By adopting a “first-things-first” approach we overcome a number of challenges inherent in developing NLP Systems for resource-
scarce languages.  By first gathering the necessary corpora and lexicons we are then enabled to build, for Mapudungun, a spelling-
corrector, morphological analyzer, and two Mapudungun-Spanish machine translation systems; and for Quechua, a morphological 
analyzer as well as a rule-based Quechua-Spanish machine translation system.  We have also worked on languages (Hebrew, Hindi, 
Dutch, and Chinese) for which resources such as lexicons and morphological analyzers were available.  The flexibility of the AVENUE  
project architecture allows us to take a different approach as needed in each case.  This paper describes the Mapudungun and Quechua 
systems.   
 

1. The AVENUE Project 
The long-term goal of the AVENUE project at CMU is 

to facilitate machine translation for a larger percentage of 
the world’s languages by reducing the cost and time of 
producing MT systems.  There are a number of radically 
different ways to approach MT.  Each of these methods of 
accomplishing machine translation has a different set of 
strengths and weaknesses and each requires different re-
sources to build.  The AVENUE approach combines these 
different types of MT in one “omnivorous” system that 
will “eat” whatever resources are available to produce the 
highest quality MT possible given the resources.  If a par-
allel corpus is available in electronic form, we can use 
example-based machine translation (EBMT) (Brown et 
al., 2003; Brown, 2000), or Statistical machine translation 
(SMT).  If native speakers are available with training in 
computational linguistics, a human-engineered set of rules 
can be developed.  Finally, if neither a corpus nor a hu-
man computational linguist is available, AVENUE uses a 
newly developed machine learning technique (Probst, 
2005) to learn translation rules from data that is elicited 
from native speakers.  As detailed in the remainder of this 
paper, the particular resources that the AVENUE project 
produced facilitated developing an EBMT and a human-
coded rule-based MT system for Mapudungun, and a 
hand-built rule-based MT system for Quechua.  Automatic 
rule learning has been applied experimentally for several 
other language pairs: Hindi-to-English (Lavie et al. 2003) 
and Hebrew-to-English (Lavie et al. 2004).  

The AVENUE project as a whole consists of six main 
modules (Figure 1), which are used in different combina-
tions for different languages: 1) elicitation of a word 
aligned parallel corpus (Levin et al. in press); 2) automatic 
learning of translation rules (Probst, 2005) and morpho-
logical rules (Monson et al. 2004); 3) the run time MT 
system for performing source to target language transla-
tion based on transfer rules;  4) the EBMT system 
(Brown, 1997); 5) a statistical “decoder” for selecting the 
most likely translation from the available alternatives; and 
6) a module that allows a user to interactively correct 

translations and automatically refines the translation rules 
(Font Llitjós et al. 2005a).  

2.  AVENUE and Indigenous Languages of the 
Western Hemisphere 

Over the past six years the AVENUE project at the Lan-
guage Technologies Institute at Carnegie Mellon Univer-
sity has worked with native informants and the govern-
ment of Chile to produce a variety of natural language 
processing (NLP) tools for Mapudungun, an indigenous 
South American language spoken by less than 1 million 
people in Chile and Argentina.  During the final year and 
a half of this time, the AVENUE team has also been devel-
oping tools for Quechua, spoken by approximately 10 
million people in Peru, Bolivia, Ecuador, South of Co-
lombia, and northern Argentina.   

Electronic resources for both Quechua and Mapudun-
gun are scarce.  At the time the AVENUE team started 
working on Mapudungun, even simple natural language 
tools such as morphological analyzers or spelling correc-
tors did not exist.  In fact, there were few electronic re-
sources from which such natural language tools might be 
built.  There were no standard Mapudungun text or speech 
corpora, or lexicons, and no parsed treebanks.   The text 
that does exist is in a variety of competing orthographic 
formats.     More resources exist for Quechua but they are 
still far from what is needed to build a complete MT sys-
tem.   

In addition to these practical challenges facing con-
struction of natural language systems for Mapudungun 
and Quechua, there are also theoretical and human factor 
challenges.  Both Mapudungun and Quechua pose unique 
challenges from a linguistic theory perspective, since they 
have complex agglutinative morphological structures.  In 
addition Mapudungun is polysynthetic, incorporating ob-
jects into the verb of a sentence.  Agglutination and poly-
synthesis are both properties that the majority languages, 
for which most natural language resources have been 
built, do not possess.  Human factors also pose a particu-
lar challenge for these two languages.  Namely, there is a 
scarcity of people trained in computational linguistics who 
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are native speakers or have a good knowledge of these 
indigenous languages. And finally, an often over looked 
challenge that confronts development of NLP tools for 
resource-scarce languages is the divergence of the culture 
of the native speaker population from the western culture 
of computational linguistics. 

Despite the challenges facing the development of natu-
ral language processing systems for Mapudungun and 
Quechua, the AVENUE project has developed a suite of 
basic language resources for each of these languages, and 
has then leveraged these resources into more sophisticated 
natural language processing tools. The AVENUE project led 
a collaborative group of Mapudungun speakers in first 
collecting and then transcribing and translating into Span-
ish by far the largest spoken corpus of Mapudungun avail-
able.  From this corpus we then built a spelling checker 
and a morphological analyzer for Mapudungun. For 
Quechua, we have created parallel and aligned data as 
well as a basic bilingual lexicon with morphological in-
formation. And with these resources we have built two 
prototype machine translation (MT) systems for 
Mapudungun and one prototype MT system for Quechua.  
This paper will detail the construction of these resources 
focusing on overcoming the specific challenges 
Mapudungun and Quechua each present as resource-
scarce languages. 

3. Mapudungun 
Since May of 2000, in an effort to ultimately produce 

a machine translation system for Mapudungun and Span-
ish, computational linguists at CMU’s Language Tech-
nologies Institute have collaborated with Mapudungun 
language experts at the Instituto de Estudios Indigenas 
(IEI - Institute for Indigenous Studies) at the Universidad 
de la Frontera (UFRO) in Chile and with the Bilingual and 
Multicultural Education Program of the Ministry of Edu-
cation (Mineduc) in Chile (Levin et al., 2000).   

From the very outset of our collaboration we battled 
the scarcity of electronic resources for Mapudungun.  The 

first phase of the AVENUE collaboration was to collect and 
produce parallel Mapudungun-Spanish language data 
from which higher-level language processing tools and 
systems could be built.   

One barrier we faced in the collection of Mapudungun 
language data is that there are currently several competing 
orthographic conventions for written Mapudungun.  Early 
in the AVENUE Mapudungun collaboration the IEI-UFRO 
team established a set of orthographic conventions. All the 
data collected under the AVENUE project conforms to this 
set of orthographic conventions.  If the Mapudungun data 
was originally in some other orthographic convention then 
we manually converted it into our own orthography.  Re-
cently, however, a different orthography, Azümchefi, has 
been chosen by the Chilean government for official docu-
ments.  Portions of our data have been automatically con-
verted into Azümchefi using automatic substitution rules.   

3.1. Corpora and Lexicons 
Recognizing the scarcity of Mapudungun language 

data, the AVENUE team began collecting Mapudungun data 
soon after our collaboration began in 2000. Directed from 
CMU and conducted by native speakers of Mapudungun 
at the Universidad de la Frontera in Temuco, Chile, our 
data collection efforts ultimately resulted in three separate 
corpora: 1) a small parallel Mapudungun-Spanish corpus 
of historical texts and newspaper text, 2) 1700 sentences 
in Spanish that were manually translated and aligned into 
Mapudungun (Elicitation Corpus) and 3) a relatively large 
parallel corpus consisting of 170 hours of transcribed and 
translated Mapudungun speech.   These corpora are de-
scribed by Monson et al. (2004).   

3.1.1. Frequency Based Lexicons 
As a first step toward higher level NLP resources for 

Mapudungun the AVENUE team converted the transcribed 
spoken corpus text into a lexicon for Mapudungun.  All 
the unique words in the spoken corpus were extracted and 
then ordered by frequency.  The first 117,003 most fre-
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Figure 1: Data Flow Diagram for the AVENUE Rule-Based MT System 
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quent of these fully-inflected word forms were hand-
checked for spelling according to the adopted ortho-
graphic conventions for Mapudungun.   

 
Amu -ke -yngün 
go -habitual -3plIndic 
They (usually) go 

 
ngütrümtu -a -lu 
call -fut -adverb 
While calling (tomorrow), 
 
Nentu -ñma -nge -ymi 
extract -mal -pass -2sgIndic 
you were extracted (on me) 

 
ngütramka -me -a -fi -ñ 
tell -loc -fut -3obj -1sgIndic 
I will tell her (away) 

 
Figure 2: Examples of Mapudungun verbal morphology 

taken from the AVENUE  corpus of spoken 
Mapudungun 

 
Because Mapudungun has a rich morphology, many 

NLP applications could benefit from knowing not just 
fully inflected word forms but also knowing lexical stems.  
To this end 15,120 of the most frequent fully inflected 
word forms were hand segmented into two parts: The first 
part consisting of the stem of the word and the second part 
consisting of one or more suffixes.  This produced 5,234 
stems and 1,303 suffix groups.  These 5,234 stems were 
then translated into Spanish. 

3.2. Basic Language Tools 
With the basic Mapudungun corpora and lexicons in 

hand, the AVENUE team has developed two basic language 
tools for Mapudungun: a spelling checker (Monson et al., 
2004) for use in a word processing application and a mor-
phological analyzer that produces a syntactic description 
of individual Mapudungun words. 

3.2.1. Mapudungun morphological analyzer 
In contrast to the stand-alone spelling checker, the 

AVENUE team has also developed a morphological ana-
lyzer for Mapudungun designed to be integrated into ma-
chine translation systems.  Mapudungun is an agglutina-
tive and polysynthetic language.  A typical complex verb 
form occurring in our corpus of spoken Mapudungun con-
sists of five or six morphemes.  Since each morpheme 
may alone contain several morpho-syntactic features, it is 
difficult for an MT system to translate Mapudungun 
words directly into another language.  By identifying each 
morpheme in each Mapudungun word and assigning a 
meaning to each identified morpheme, a machine transla-
tion system can translate individually each piece of mean-
ing.  Figure 2 contains glosses of a few morphologically 
complex Mapudungun verbs that occur in the spoken cor-
pus.   

The morphological analyzer takes a Mapudungun 
word as input and as output it produces all possible seg-
mentations of the word.  Each segmentation specifies: 

• A single stem in that word  

• Each suffix in that word  
• A syntactic analysis for the stem and each identified 

suffix.  

To identify the morphemes (stem and suffixes) in a 
Mapudungun word, a lexicon of stems works together 
with a fairly complete lexicon of Mapudungun suf-
fixes.  The first version of the stem lexicon contains the 
1,670 cleanest stems, and their Spanish translations, that 
were segmented and translated during the lexicon produc-
tion for Mapudungun.  Each entry in this lexicon lists the 
part of speech of the stem as well as other features associ-
ated with the stem such as lexical aspect in the case of 
verb stems.  The suffix lexicon, built by hand by computa-
tional linguists on the AVENUE team, is fairly com-
plete.  Unlike the suffix groups used in the spelling 
checker, each suffix entry in the suffix lexicon for the 
morphological analyzer is an individual suffix.  There are 
105 Mapudungun suffixes in the suffix lexicon.  Each 
suffix lists the part of speech that the suffix attaches to: 
verb, noun, adjective, etc.  Each suffix also lists the lin-
guistic features, such as person, number, or mood that it 
marks.  The morphological analyzer performs a recursive 
and exhaustive search on all possible segmentations of a 
given Mapudungun word.  The software starts from the 
beginning of the word and identifies each stem that is an 
initial string in that word. Next, the candidate stem from 
the word is removed.  The software then examines the 
remaining string looking for a valid combination of suf-
fixes that could complete the word.  The software itera-
tively and exhaustively searches for sequences of suffixes 
that complete the word.  Because the morphological ana-
lyzer also takes into account constraints on the allowable 
ordering of Mapudungun suffixes, most Mapudungun 
words for which the stem is in the stem lexicon receive a 
single analysis.  A few truly ambiguous suffix combina-
tions may cause a Mapudungun word to receive perhaps 
as many as five distinct analyses. 

Once the morphological analyzer has found all possi-
ble and correct segmentations of a word, it combines the 
feature information from the stem and the suffixes en-
countered in the analyzed word to create a syntactic 
analysis that is returned.  For an example, see Figure 3. 

3.3. Machine Translation Systems 

3.3.1. Example-Based Machine Translation system 
Example-Based Machine Translation (EBMT) relies 

on previous translations performed by humans to create 
new translations without the need for human transla-
tors.  The previous translations are called the training cor-
pus.  For the best translation quality, the training corpus 
should be as large as possible, and as similar to the text to 
be translated as possible.  When the exact sentence to be 

pekelan pe-ke-la-n 

 Lexeme = pe (see) 
 subject person = 1  
subject number = singular  
 mode = indicative 
 negation = + 
 aspect = habitual 

 
Figure 3. Example showing the output of the 

morphological analyzer for Mapudungun. 
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translated occurs in the training material, the translation 
quality is human-level, because the previous translation is 
re-used.  As the sentence to be translated differs more and 
more from the training material, quality decreases because 
smaller and smaller fragments must be combined to pro-
duce the translation, increasing the chances of an incorrect 
translation.   

As the amount of training material decreases, so does 
the translation quality; in this case, there are fewer long 
matches between the training texts and the input to be 
translated.  Conversely, more training data can be added at 
any time, improving the system's performance by allow-
ing more and longer matches.  EBMT usually finds only 
partial matches, which generate lower-quality transla-
tions.  Further, EBMT searches for phrases of two or more 
words, and thus there can be portions of the input which 
do not produce phrasal translations.  For unmatched por-
tions of the input, EBMT falls back on a probabilistic 
lexicon trained from the corpus to produce word-for-word 
translations.  This fall-back approach provides some trans-
lation (even though of lower quality) for any word form 
encountered in the training data.  While the translation 
quality of an EBMT system can be human-level when 
long phrases or entire sentence are matched, any mistakes 
in the human translations used for training—spelling er-
rors, omissions, mistranslations—will become visible in 
the EBMT system's output.  Thus, it is important that the 
training data be as accurate as possible.  The training cor-
pus we use for EBMT is the spoken language corpus de-
scribed earlier.  As discussed in section 1.1.1, the corpus 
of spoken Mapudungun contains some errors and awk-
ward translations.   

Highly agglutinative languages pose a challenge for 
Example Based MT.  Because there are so many inflected 
versions of each stem, most inflected words are rare.  If 
the rare words do not occur in the corpus at all, they will 
not be translatable by EBMT.  If they occur only a few 
times, it will also be hard for EBMT to have accurate sta-
tistics about how they are used.  Additionally, word-level 
alignment between the two languages, which is used to 
determine the appropriate translation of a partial match, 
becomes more difficult when individual words in one lan-
guage correspond to many words in the other lan-
guage.  We address both issues by using the morphologi-
cal analyzer for Mapudungun to split words into stems 
and suffixes.  Each individual stem and suffix is more 
common than the original combination of stem and suf-
fixes, and the individual parts are more likely to map to 
single words in Spanish.   

We currently have a prototype EBMT system trained 
on approximately 204,000 sentence pairs from the corpus 
of spoken Mapudungun, containing a total of 1.25 million 
Mapudungun tokens after splitting the original words into 
stems and one or more suffixes.  This separation increased 
BLEU scores (Papineni et al., 2001) on a held out portion 
of the speech corpus by 5.48%, from 0.1530 to 
0.1614.  We expect further increases from improved use 
of morphological analysis, the inclusion of common 
phrases in the corpus, and fixing translation errors and 
awkward translations in the corpus. 

3.3.2. Rule-Based MT system 
Simultaneous to the development of the example 

based machine translation system for Mapudungun we 
have been working on a prototype rule-based MT system.  

Rule-based machine translation, which requires a detailed 
comparative analysis of the grammar of source and target 
languages, can produce high quality translation but takes a 
longer amount of time to implement.  Hand-built rule-
based MT also has lower coverage than EBMT because 
there is no probabilistic mechanism for filling in the parts 
of sentences that are not covered by rules.  

The rule-based machine translation system is com-
posed of a series of components and databases.  The input 
to the system is a Mapudungun sentence, phrase or word, 
which is processed in different stages until a Spanish 
string is output.  The MT system consists of three main 
components: the Mapudungun morphological analyzer 
discussed in section 3.2.1, the transfer system, and the 
Spanish morphological analyzer.  Each of these programs 
makes use of different data bases (lexicons or grammars). 
The transfer system makes use of a transfer grammar and 
a transfer lexicon, which contain syntactic and lexical 
rules in order to map Mapudungun expressions into Span-
ish expressions.  The output of the transfer system is a 
Spanish expression composed of uninflected words plus 
grammatical features, which constitutes the input for the 
Spanish morphological generator.  The morphological 
generator makes use of a Spanish lexicon of inflected 
words (developed by the Universitat Politècnica de Cata-
lunya). Each of these programs and databases, as well as 
their interactions, will be described in more detail in the 
following sections of this paper.  

3.3.2.1. Run-time Transfer System  
At run time, the transfer module translates a source 

language sentence into a target language sentence.  The 
output of the run-time system is a lattice of translation 
alternatives.  The alternatives arise from syntactic ambigu-
ity, lexical ambiguity, multiple synonymous choices for 
lexical items in the dictionary, and multiple competing 
hypotheses from the transfer rules (see next section). 

The run-time translation system incorporates the three 
main processes involved in transfer-based MT: parsing of 
the source language input, transfer of the parsed constitu-
ents of the source language to their corresponding struc-
tured constituents on the target language side, and genera-
tion of the target language output.  All three of these proc-
esses are performed based on the transfer grammar – the 
comprehensive set of transfer rules that are loaded into the 
run-time system.  In the first stage, parsing is performed 
based solely on the SL side, also called x-side, of the 
transfer rules.  The implemented parsing algorithm is for 
the most part a standard bottom-up Chart Parser, such as 
described in Allen (1995).  A chart is populated with all 
constituent structures that were created in the course of 
parsing the SL input with the source-side portion of the 
transfer grammar.  Transfer and generation are performed 
in an integrated second stage.  A dual TL chart is con-
structed by applying transfer and generation operations on 
each and every constituent entry in the SL parse chart.  
The transfer rules associated with each entry in the SL 
chart are used in order to determine the corresponding 
constituent structure on the TL side.  At the word level, 
lexical transfer rules are accessed in order to seed the in-
dividual lexical choices for the TL word-level entries in 
the TL chart.  Finally, the set of generated TL output 
strings that corresponds to the collection of all TL chart 
entries is collected into a TL lattice, which is then passed 
on for decoding (choosing the correct path through the 
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lattice of translation possibilities.)  A more detailed de-
scription of the runtime transfer-based translation sub-
system can be found in Peterson (2002). 

 
{NBar,1}  
Nbar::Nbar: [PART N] -> [N] 
 
((X2::Y1)      
((X1 number) =c pl)   
((X0 number) = (X1 number))  
((Y0 number) = (X0 number)) 
((Y1 number) = (Y0 number)) 
((Y0 gender) = (Y1 gender))) 

(identifier) 
(x-side/y-side 
constituent structures) 
(alignment) 
(x-side constraint) 
(passing feature up)  
(transfer equation) 
(passing feature down)
  
(passing feature up) 

Figure 4. Plural noun marked by particle pu. Example: pu 
ruka::casas (‘houses’) 

3.3.2.2. Transfer Rules 
The function of the transfer rules is to decompose the 

grammatical information contained in a Mapudungun ex-
pression into a set of grammatical properties, such as 
number, person, tense, subject, object, lexical meaning, 
etc. Then, each particular rule builds an equivalent Span-
ish expression, copying, modifying, or rearranging gram-
matical values according to the requirements of Spanish 
grammar and lexicon. 

In the AVENUE system, translation rules have six com-
ponents1: a. rule identifier, which consists of a constituent 
type (Sentence, Nominal Phrase, Verbal Phrase, etc.) and 
a unique ID number; b. constituent structure for both the 
source language (SL), in this case Mapudungun, and the 
target language (TL), in this case Spanish; c. alignments 
between the SL constituents and the TL constituents; d. x-
side constraints, which provide information about features 
and their values in the SL sentence; e. y-side constraints, 
which provide information about features and their values 
in the TL sentence, and f. transfer equations, which pro-
vide information about which feature values transfer from 
the source into the target language. 

In Mapudungun, plurality in nouns is marked, in some 
cases, by the pronominal particle pu.  The NBar rule be-
low (Figure 4) illustrates a simple example of a 
Mapudungun to Spanish transfer rule for plural Mapudun-
gun nouns (following traditional use, in this Transfer 
Grammar, NBar is the constituent that dominates the noun 
and its modifiers, but not its determiners).     

According to this rule, the Mapudungun sequence 
PART N will be transfered into a noun in Spanish.  That is 
why there is only one alignment.  The x-side constraint is 
checked in order to ensure the application of the rule in 
the right context. In this case, the constraint is that the 
particle should be specified for (number = pl); if the noun 
is preceded by any other particle, the rule would not ap-
ply.  The number feature is passed up from the particle to 
the Mapudungun NBar, then transferred to the Spanish 
NBar and passed down to the Spanish noun.  The gender 
feature, present only in Spanish, is passed up from the 
Spanish noun to the Spanish NBar.  This process is repre-
sented graphically by the tree structure showed in Figure 
5. 
                                                   
1 This is a simplified description, for a full description see 
Peterson (2002) and Probst et al. (2003).   

Some of the problems that the Transfer Grammar has 
to solve, among others, are the agglutination of Mapudun-
gun suffixes, that have been previously segmented by the 
morphological analyzer; the fact that tense is mostly un-
marked in Mapudungun, but has to be specified in Span-
ish; and the existence of a series of grammatical structures 
that have a morphological nature in Mapudungun (by 
means of inflection or derivation) and a syntactic nature in 
Spanish (by means of auxiliaries or other free mor-
phemes).  

3.3.2.3. Suffix Agglutination 
The transfer grammar manages suffix agglutination by 

constructing constituents called Verbal Suffix Groups 
(VSuffG).  These rules can operate recursively.  The first 
VSuffG rule turns a Verbal Suffix (VSuff) into a VSuffG, 
copying the set of features of the suffix into the new con-
stituent. Notice that at this level there are no transfer of 
features to the target language and no alignment.  See 
Figure 6.  

The second VSuffG rule combines a VSuffG with an-
other VSuff, passing up the feature structure of both suf-
fixes to the parent node.  For instance, in a word like pe-
fi-ñ (pe-: to see; -fi: 3rd. person object; -ñ: 1st. person sin-
gular, indicative mood; ‘I saw he/she/them/it’), the rule 
{VSuffG,1} is applied to -fi, and  the rule {VSuffG,2} is 
applied to the sequence -fi-ñ.  The result is a Verb Suffix 
Group that has all the grammatical features of its compo-
nents.  This process could continue recursively if there are 
more suffixes to add. 

3.3.2.4. Tense 
Tense in Mapudungun is mostly morphologically un-

marked.  The temporal interpretation of a verb is deter-
mined compositionally by the lexical meaning of the verb 
(the relevant feature is if the verb is stative or not) and the 
grammatical features of the suffix complex.  Figure 7 lists 
the basic rules for tense in Mapudungun.  Since tense 
should be determined taking into account information 
from both the verb and the VSuffG, it is managed by the 
rules that combine these constituents (called VBar rules in 
this grammar).  For instance, Figure 8 displays a simpli-
fied version of the rule that assigns the past tense feature 
when necessary (transfer of features from Mapudungun to 
Spanish are not represented in the rule for brevity).  
Analogous rules deal with the other temporal specifica-
tions. 

3.3.2.5. Typological divergence  
As an agglutinative language, Mapudungun has many 

grammatical constructions that are expressed by morpho-
logical, rather than syntactic, means.  For instance, passive 
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voice in Mapudungun is marked by the suffix -nge.  On 
the other hand, passive voice in Spanish, as well as in 
English, requires an auxiliary verb, which carries tense 
and agreement features, and a passive participle.  

For instance, pe-nge-n (pe-: to see; -nge: passive 
voice; -n: 1rst. person singular, indicative mood; ‘I was 
seen’) has to be translated as fui visto o fue vista.  The 
rule for passive (a VBar level rule in this grammar) has to 
insert the auxiliary, assign it the right grammatical fea-
tures, and inflect the verb as a passive participle.  Figure 9 
shows a simplified version of the rule that produces this 
result (transfer of features from Mapudungun to Spanish 
are not represented in the rule for brevity).  

3.3.2.6. Spanish Morphology generation  
Even though Spanish is not as highly inflected as 

Mapudungun or Quechua, there is still a great deal to be 

gained from listing just the stems in the translation lexi-
con, and having a Spanish morphology generator take care 
of inflecting all the words according to the relevant fea-
tures.  In order to generate Spanish morphology, we ob-
tained a morphologically inflected dictionary from the 
Universitat Politècnica de Catalunya (UPC) in Barcelona 
under a research license. Each citation form (infinitive for 
verbs and masculine, singular for nouns, adjectives, de-
terminers, etc.) has all the inflected words listed with a 
PAROLE tag (http://www.lsi.upc.es/~nlp/freeling/parole-
es.html) that contains the values for the relevant feature 
attributes.  

In order to be able to use this Spanish dictionary, we 
mapped the PAROLE tags for each POS into feature at-
tribute and value pairs in the format that our MT system is 
expecting. This way, the AVENUE transfer engine can eas-
ily pass all the citation forms to the Spanish Morphology 

Figure 7. Tense in Mapudungun. 

{VSuffG,1}    
VSuffG::VSuffG : [VSuff] -> [""] 
((X0 = X1)) 
 

{VSuffG,2}    
VSuffG::VSuffG : [VSuffG VSuff] -> [""] 
((X0 = X1) 
(X0 = X2)) 

 Figure 6. Verbal Suffix Group Rules. 

Lexical/grammatical features Temporal  interpretation 
a. Unmarked tense + unmarked lexical aspect + 
unmarked grammatical aspect  

past (kellu-n::ayudé::(I)helped) 

b. Unmarked tense + stative lexical aspect  present (niye-n::poseo::(I)own) 
c. Unmarked tense + unmarked lexical aspect   + 
habitual grammatical aspect  

present (kellu-ke-n::ayudo::(I)help)   

d. Marked tense (for instance, future) future (pe-a-n::veré::(I)will see) 

{VBar,1} 
VBar::VBar :  [V VSuffG] -> [V] 
((X1::Y1) 
((X2 tense) = *UNDEFINED*) 
((X1 lexicalaspect) = *UNDEFINED*) 
((X2 aspect) = (*NOT* habitual)) 
((X0 tense) = past) …) 

 
 
(alignment)  
(x-side constraint on morphological tense) 
(x-side constraint on verb’s aspectual class) 
(x-side constraint on grammatical aspect) 
(tense feature assignment)  

 
Figure 8. Past tense rule (transfer of features omitted) 

{VBar,6} 
VBar::VBar :  [V VSuffG] -> [V V]  
((X1::Y2)      
((X2 voice) =c passive)    
((Y1 person) = (Y0 person))   
((Y1 number) = (Y0 number))  
((Y1 mood) = (Y0 mood))   
((Y2 number) =c (Y1 number))  
((Y1 tense) = past)    
((Y1 form) =c ser)    
((Y2 mood) = part) 
  …) 

 
(insertion of aux in Spanish side) 
(Mapudungun verb aligned to Spanish verb) 
(x-side voice constraint ) 
(passing person features to aux) 
(passing number features to aux) 
(passing mood features to aux) 
(y-side agreement constraint) 
(assigning tense feature to aux) 
(auxiliary selection)  
(y-side verb form constraint) 
 

 
Figure 9. Passive voice rule (transfer of features omitted). 
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Generator, once the translation has been completed, and 
have it generate the appropriate surface, inflected forms.  

When the Spanish morphological generation is inte-
grated with the run-time transfer system the final rule-
based Quechua-Spanish MT system produces output such 
as the following: 

 
sl: kümelen (I'm fine) 
tl: ESTOY BIEN 

tree: <((S,5 (VPBAR,2 (VP,1 (VBAR,9 (V,10 
'ESTOY') (V,15 'BIEN') ) ) ) ) )>  

 
sl: ayudangelay (he/she were not helped) 
tl: NO FUE AYUDADA 

tree: <((S,5 (VPBAR,2 (VP,2 (NEGP,1 (LITERAL 
'NO') (VBAR,3 (V,11 'FUE') 
(V,8 'AYUDADA') ) ) ) ) ) )> 

tl: NO FUE AYUDADO 
tree: <((S,5 (VPBAR,2 (VP,2 (NEGP,1 (LITERAL 

'NO') (VBAR,3 (V,11 'FUE') 
(V,8 'AYUDADO') ) ) ) ) ) )> 
 

sl: Kuan ñi ruka (John's house) 
tl: LA CASA DE JUAN 

tree: <((S,12 (NP,7 (DET,10 'LA') (NBAR,2 (N,8 
'CASA') ) (LITERAL 'DE') 
(NP,4 (NBAR,2 (N,1 'JUAN') ) ) ) ) )> 

4. Quechua 
Data collection for Quechua started in 2004, when the 

AVENUE team established a collaboration with bilingual 
speakers in Cusco (Peru).  In 2005, one of the authors 
(Ariadna Font Llitjós) spent the summer in Cusco to set 
up basic infrastructure and to develop a first Quechua-
Spanish MT prototype system, with the main goal to have 
an initial system for testing the Translation Correction 
Tool (Font Llitjós & Carbonell, 2004) and the Rule Re-
finement module (Font Llitjós et al., 2005a).  Translation 
and morphology lexicons were automatically created from 
data annotated by a native speaker using Perl scripts.  A 
small translation grammar was written.  Additionally, a 
preliminary user study of the correction of Quechua to 
Spanish translations was also conducted using the Trans-
lation Correction Tool (TCTool), an online user-friendly 
interface. 

4.1. Text Corpora  
As part of the data collected for Quechua, the AVENUE 

Elicitation Corpora (EC) were translated and manually 
aligned by a both a native Quechua speaker and a linguist 
with good knowledge of Quechua.  The EC is used when 
there is no natural corpus large enough to use for devel-
opment of MT.  The EC resembles a fieldwork question-
naire containing simple sentences that elicit specific 
meanings and structures.  It has two parts.  The first part, 
the Functional Elicitation Corpus, contains sentences de-
signed to elicit functional/communicative features such as 
number, person, tense, and gender.  The version that was 
used in Peru had 1,700 sentences.  The second part, the 
Structural Elicitation Corpus, is a smaller corpus designed 
to cover the major structures present in the Penn Treebank 
(Marcus et al., 1992).  Out of 122,176 sentences from the 

Brown Corpus section of the Penn Treebank, 222 different 
basic structures and substructures were extracted; namely, 
25 AdvPs, 47 AdjPs, 64 NPs, 13 PPs, 23 SBARs, and 50 
Ss.  For more information about how this corpus was cre-
ated and what its properties are, see Probst and Lavie 
(2004).  The final Structural Elicitation Corpus which was 
translated into Quechua had 146 Spanish sentences. 

Besides the Elicitation Corpora, there was no other 
Quechua text readily available on electronic format, and 
thus three books which had parallel text in Spanish and 
Quechua were scanned: Cuento Cusqueños, Cuentos de 
Urubamba, and Gregorio Condori Mamani.  Quechua 
speakers examined the scanned Quechua text (360 pages), 
and corrected the optical character recognition (OCR) 
errors, with the original image of the text as a reference. 

4.2. A Rule-Based MT Prototype 
Similar to the Mapudungun-Spanish system, the 

Quechua-Spanish system also contains a Quechua mor-
phological analyzer which pre-processes the input sen-
tences to split words into roots and suffixes.  The lexicon 
and the rules are applied by the transfer engine, and fi-
nally, the Spanish morphology generation module is 
called to inflect the corresponding Spanish stems with the 
relevant features (Section 3.3.2.6).  

4.2.1. Morphology and Translation Lexicons 
In order to build a translation and morphology lexicon, 

the word types from the three Quechua books were ex-
tracted and ordered by frequency.  The total number of 
types was 31,986 (Cuento Cusqueños 9,988; Cuentos de 
Urubamba 12,223; Gregorio Condori Mamani 12,979), 
with less than 10% overlap between books.  Only 3,002 
word types were in more than one book.2  Since 16,722 
word types were only seen once in the books (singletons), 
we decided to segment and translate only the 10,000 most 
frequent words in the list, hoping to reduce the number of 
OCR errors and misspellings.  Additionally, all the unique 
word types from one of the versions of the Elicitation Cor-
pora were also extracted (1,666 types) to ensure basic 
coverage. 

10,000 words were segmented and translated by a na-
tive Quechua speaker.  The (Excel) file used for this task 
contained the following fields: Word Segmentation, Root 
translation, Root POS, Word Translation, Word POS and 
Translation of the final root if there has been a POS 
change.  The reason for the last field is that if the POS 
fields for the root and the word differ, the translation of 
the final root might have changed and thus the translation 
in the lexical entry actually needs to be different from the 
translation of the root.  In Quechua, this is important for 
words such as “machuyani” (I age/get older), where the 
root “machu” is an adjective meaning “old” and the word 
is a verb, whose root really means “to get old” (“ma-
chuyay”) 3 .  Instead of having a lexical entry like V-
machuy-viejo (old), we are interested in having a lexical 
entry V-machu(ya)y-envejecer (to get old). 
                                                   
2 This was done before the OCR correction was completed and 
thus this list contained OCR errors. 
3 -ya- is a verbalizer in Quechua. 

21



From the list of segmented and translated words, a 
stem lexicon was automatically generated and manually 
corrected.  For example, from the word type “chayqa” and 
the specifications given for all the other fields as shown in 
Figure 10, six different lexical entries were automatically 
created, one for each POS and each alternative translation 
(Pron-ese, Pron-esa, Pron-eso, Adj-ese, Adj-esa, Adj-eso).  
In some cases, when the word has a different POS, it actu-
ally is translated differently in Spanish. For these cases, 
the native speaker was asked to use || instead of |, and the 
post-processing scripts were designed to check for the 
consistency of || in both the translation and the POS fields.  
The scripts allow for fast post-processing of thousands of 
words, however manual checking is still required to make 
sure that no spurious lexical entries have been created.  

Some examples of automatically generated lexical entries 
are presented in Figure 11.  Suffix lexical entries, how-
ever, were hand-crafted, see Figure 12.  For the current 
working MT prototype the Suffix Lexicon has 36 entries.  
Cusihuaman’s grammar (2001) lists a total of 150 suf-
fixes. 

4.2.2. Translation Rules 
The translation grammar, written with comprehensive 

rules following the same formalism described in subsec-
tion 3.3.2.2 above, currently contains 25 rules and it cov-
ers subject-verb agreement, agreement within the NP 
(Det-N and N-Adj), intransitive VPs, copula verbs, verbal 
suffixes, nominal suffixes and enclitics.  Figure 13 shows 
a couple of examples of rules in the translation grammar.  

V |: [ni] -> [decir] 
((X1::Y1)) 
 
 
N |: [pacha] -> [tiempo] 
((X1::Y1)) 
 
N |: [pacha] -> [tierra] 
((X1::Y1)) 
 
Pron |: [noqa] -> [yo] 
((X1::Y1)) 
 
Interj |: [alli] -> ["a pesar"]  
((X1::Y1))  

Adj |: [hatun] -> [grande] 
((X1::Y1)) 
 
Adj |: [hatun] -> [alto] 
((X1::Y1)) 
 
Adv |: [kunan] -> [ahora]     
((X1::Y1))     
     
Adv |: [allin] -> [bien]     
((X1::Y1))     
     
Adv |: [ama] -> [no]     
((X1::Y1))      

Figure 11. Automatically generated lexical entries from segmented and translated word 

; "dicen que" on the Spanish side  
Suff::Suff |: [s] -> [""] 
((X1::Y1) 
((x0 type) = reportative)) 
 
; when following a consonant 
Suff::Suff |: [si] -> [""] 
((X1::Y1) 
((x0 type) = reportative)) 
 
Suff::Suff |: [qa] -> [""] 
((X1::Y1) 
 ((x0 type) = emph)) 
 
Suff::Suff |: [chu] -> [""] 
((X1::Y1) 
((x0 type) = interr)) 

VSuff::VSuff |: [nki] -> [""] 
((X1::Y1) 
((x0 person) = 2) 
((x0 number) = sg) 
((x0 mood) = ind) 
((x0 tense) = pres)  
((x0 inflected) = +)) 
 
NSuff::NSuff |: [kuna] -> [""] 
((X1::Y1) 
((x0 number) = pl)) 
 
NSuff::Prep |: [manta] -> [de] 
((X1::Y1) 
((x0 form) = manta)) 
 

Figure 12. Manually written suffix lexical entries. 

Word      Segmentation     Root translation     Root POS       Word Translation   
Word POS  
chayqa       chay+qa        ese | esa | eso         Pron | Adj         ese || es ese      Pron || VP      
 
Figure 10. Example of segmented and translated word type.  
 

{S,2} 
S::S : [NP VP] -> [NP VP] 
(  (X1::Y1)   (X2::Y2) 
 
  ((x0 type) = (x2 type)) 
  ((y1 number) = (x1 number)) 
  ((y1 person) = (x1 person)) 
  ((y1 case) = nom) 
 
; subj-v agreement 
  ((y2 number) = (y1 number)) 
  ((y2 person) = (y1 person)) 
 
; subj-embedded Adj agreement 
  ((y2 PredAdj number) = (y1 number))     
  ((y2 PredAdj gender) = (y1 gender))) 

{SBar,1} 
SBar::SBar : [S] -> ["Dice que" S] 
( (X1::Y2)   
  ((x1 type) =c reportative) ) 
 
{VBar,4} 
VBar::VBar : [V VSuff VSuff] -> [V] 
( (X1::Y1)  
   ((x0 person) = (x3 person))  
   ((x0 number) = (x3 number))  
   ((x2 mood) = (*NOT* ger)) 
   ((x3 inflected) =c +) 
   ((x0 inflected) = +) 
   ((x0 tense) = (x2 tense)) 
   ((y1 tense) = (x2 tense)) 
   ((y1 person) = (x3 person))  
   ((y1 number) = (x3 number))  
   ((y1 mood) = (x3 mood))) 

 Figure 13. Manually written grammar rules for Quechua-Spanish translation..  
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Below are a few correct translations as output by the 
Quechua-Spanish MT system.  For these, the input of the 
system was already segmented (and so they weren’t run 
by the Quechua Morphology Analyzer), and the MT out-
put is the result of inflecting the Spanish citation forms 
using the Morphological Generator discussed in section 
3.3.2.6: 

sl: taki sha ra ni (I was singing) 
tl: ESTUVE CANTANDO 
tree: <((S,1 (VP,0 (VBAR,5 (V,0:0 "ESTUVE") (V,2:1 

"CANTANDO") ) ) ) )> 
 

sl: taki ra n si (it is said that s/he sang) 
tl: DICE QUE CANTÓ 
tree: <((SBAR,1 (LITERAL "DICE QUE") (S,1 (VP,0 

(VBAR,1 (VBAR,4 (V,2:1 "CANTÓ") ) ) ) ) ) )> 
 

sl: noqa qa barcelona manta ka ni (I am from Barcelona) 
tl: YO SOY DE BARCELONA 
tree: <((S,2 (NP,6 (NP,1 (PRONBAR,1 (PRON,0:1  

"YO") ) ) ) (VP,3 (VBAR,2 (V,3:5 "SOY") ) (NP,5 
(NSUFF,1:4 "DE") (NP,2 (NBAR,1 (N,2:3 
"BARCELONA") ) ) ) ) ) )> 

4.3. Preliminary User Studies 
A preliminary user study of the correction of Quechua 

to Spanish translations was conducted where three 
Quechua speakers with good knowledge of Spanish evalu-
ated and corrected nine machine translations, when neces-
sary, through a user-friendly interface called the Transla-
tion Correction Tool (TCTool).  This small user study 
allowed us to see how Quechua speakers used the TCTool 
and whether they had any problems with the interface.  It 
showed that the Quechua representation of stem and suf-
fixes as separate words does not seem to pose a problem 
and that it was relatively easy to use for non-technical 
users.  

5. Conclusions and Future Work 
The “first-things-first” approach the AVENUE project 

has taken to building NLP systems for scarce-resource 
languages has proven effective.  By first focusing effort 
on producing basic NLP resources, the resultant resources 
are of sufficient quality to be put to any number of uses:  
from building all manner of NLP tools to potentially aid-
ing linguists in better understanding an indigenous culture 
and language.  For both Mapudungun and Quechua, sepa-
rate work on morphology analysis and on a transfer 
grammar modularized the problem in a way that allowed 
rapid development.  Besides a spelling-checker for 
Mapudungun, the AVENUE team has developed computa-
tional lexicons, morphology analyzers and one or more 
Machine Translation systems for Mapudungun and 
Quechua into Spanish.  

The AVENUE team has recently put many of the re-
sources we have developed for Mapudungun online at 
http://www.lenguasamerindias.org/mapudungun.  The 
AVENUE interactive website, which is still in an experi-
mental phase, contains a basic Mapudungun-Spanish lexi-
con, the Mapudungun morphological analyzer, and the 
example-based MT system from Mapudungun to Spanish.   

The AVENUE team continues to develop the resources 
for both Mapudungun and Quechua.  We are actively 

working on improving the Mapudungun-Spanish rule-
based MT system by both increasing the size of the lexi-
con as well as improving the rules themselves.  The 
Mapudungun-Spanish example-based MT system can be 
improved by cleaning and increasing the size of the train-
ing text.  For the next version of the MT website, we plan 
to plug in the Translation Correction Tool to allow bilin-
gual users interested in translating sentences to give us 
feedback about the correctness of the automatic transla-
tion produced by our systems in a simple and user-
friendly way. 
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The performance of a statistical machine translation system depends on the size of the available task-specic bilingual training corpus.
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´¿®¹» ½±®°«ò Ì¸» ½±®°« ®»º»®®»¼ ¬± ¿ ïµ ½±²¬¿·² ±²´§
ïððð »²¬»²½» ó «½¸ ¿ ½±®°« ¾¿·½¿´´§ ½¿² ¾» °®±¼«½»¼
³¿²«¿´´§ ·² ®»´¿¬·ª»´§ ¸±®¬ ¬·³»ò

Ì®¿·²·²¹ Í°¿²·¸ Û²¹´·¸
ïòíÓ Í»²¬»²½» ïîèïìîé

Î«²²·²¹ É±®¼õÐÓ íêëéèëïì íìçïèïçî
Ê±½¿¾«´¿®§ ïëíïîì ïðêìçê
Í·²¹´»¬±² ÅûÃ íëòî íêòî

ïíµ Í»²¬»²½» ïííêð
Î«²²·²¹ É±®¼õÐÓ íèëïçè íêêðëë
Ê±½¿¾«´¿®§ îîìîë ïêíîê
Í·²¹´»¬±² ÅûÃ ìéòê ìíòé

ïµ Í»²¬»²½» ïïïí
Î«²²·²¹ É±®¼õÐÓ íïðîî îçìçé
Ê±½¿¾«´¿®§ ëèðç ìéìç
Í·²¹´»¬±² ÅûÃ êðòè ëëòí

¼·½¬ò Û²¬®·» ëîëêê
Î«²²·²¹ É±®¼õÐÓ êðçêì êîðïï
Ê±½¿¾«´¿®§ íïïîê íðéêï
Í·²¹´»¬±² ÅûÃ êéòé êéòì

Ì»¬ Í»²¬»²½» èìð ïðçì
Î«²²·²¹ É±®¼õÐÓ îîééì îêçïé
Ü·¬·²½¬ É±®¼ ìðèï íçëè
ÑÑÊ øïòíÓ÷ ÅûÃ ðòïì ðòîë
ÑÑÊ øïíµ÷ ÅûÃ îòè îòê
ÑÑÊ øïµ÷ ÅûÃ ïðòê çòì
ÑÑÊ ø¼·½¬ò÷ ÅûÃ ïçòï ïêòî

Ì¿¾´» ïæ Ý±®°« ¬¿¬·¬·½ º±® ¬¸» Í°¿²·¸óÛ²¹´·¸ ÛÐÐÍ
¬¿µ øÐÓ ã °«²½¬«¿¬·±² ³¿®µ÷

×² ¿¼¼·¬·±²ô ¿ ½±²ª»²¬·±²¿´ Í°¿²·¸óÛ²¹´·¸ ¼·½¬·±²¿®§ ½±´ó
´»½¬»¼ º®±³ ¬¸» ©»¾ ©¸·½¸ · ²±¬ ®»´¿¬»¼ ¬± ¿²§ °¿®¬·½«ó
lar task is used. The dictionary contains about fty thou-
¿²¼ »²¬®·» ¿²¼ ¬¸·®¬§ ¬¸±«¿²¼ ¼·¬·²½¬ ©±®¼ º±® »¿½¸ ´¿²ó
¹«¿¹»ò

Ì¸» ¬¿¬·¬·½ º±® ¿´´ ½±®°±®¿ ½¿² ¾» »»² ·² Ì¿¾´» ïò Ú±®
¬¸» ´¿®¹» ½±®°«ô ¬¸» ²«³¾»® ±º ÑÑÊ ·² ¬¸» ¬»¬ · ª»®§
³¿´´ô ³«½¸ ´» ¬¸¿² ïûò Ì¸· ²«³¾»® ¹®±© «° ¬± ïðû ¾§
®»¼«½·²¹ ¬¸» ¾·´·²¹«¿´ ½±®°«ô ¿²¼ º±® ¬¸» ¼·½¬·±²¿®§ ¿´±²»
·¬ ®»¿½¸» ïçû º±® Í°¿²·¸ ¿²¼ ïêû º±® Û²¹´·¸ò

Ó±®°¸±ó§²¬¿½¬·½ ¬®¿²º±®³¿¬·±²æ ß¼¶»½¬·ª» ·² ¬¸»
Í°¿²·¸ ´¿²¹«¿¹» ¿®» ««¿´´§ °´¿½»¼ ¿º¬»® ¬¸» ½±®®»°±²¼ó
·²¹ ²±«²ô ©¸»®»¿ º±® Û²¹´·¸ ·¬ · ¬¸» ±¬¸»® ©¿§ ®±«²¼ò
Ì¸»®»º±®»ô º±® ¬¸· ´¿²¹«¿¹» °¿·® ©» ¿°°´·»¼ ´±½¿´ ®»±®¼»®ó
·²¹ ±º ²±«² ¿²¼ ¿¼¶»½¬·ª» ¹®±«° ·² ¬¸» ±«®½» ´¿²¹«¿¹»
¿ ¼»½®·¾»¼ ·² øÐ±°±ª·l½ ¿²¼ Ò»§ô îððê÷ò ×º ¬¸» ±«®½» ´¿²ó
¹«¿¹» · Í°¿²·¸ô »¿½¸ ²±«² · ³±ª»¼ ¾»¸·²¼ ¬¸» ½±®®»ó
°±²¼·²¹ ¿¼¶»½¬·ª» ¹®±«°ò ×º ¬¸» ±«®½» ´¿²¹«¿¹» · Û²¹´·¸ô
»¿½¸ ¿¼¶»½¬·ª» ¹®±«° · ³±ª»¼ ¾»¸·²¼ ¬¸» ½±®®»°±²¼·²¹
²±«²ò ß² ¿¼ª»®¾ º±´´±©»¼ ¾§ ¿¼¶»½¬·ª» ø»ò¹ò �³±®» ·³ó
°±®¬¿²¬�÷ ±® ¬©± ¿¼¶»½¬·ª» ©·¬¸ ¿ ½±±®¼·²¿¬» ½±²¶«²¬·±² ·²
¾»¬©»»² ø»ò¹ò �»½±²±³·½ ¿²¼ °±´·¬·½¿´�÷ ¿®» ¬®»¿¬»¼ ¿ ¿²
¿¼¶»½¬·ª» ¹®±«°ò ×² ¿¼¼·¬·±²ô Í°¿²·¸ ¿¼¶»½¬·ª»ô ·² ½±²¬®¿¬
to English, have four possible inectional forms depend-
·²¹ ±² ¹»²¼»® ¿²¼ ²«³¾»®ò Ì¸· ³·¹¸¬ ·²¬®±¼«½» ¿¼¼·¬·±²¿´
¼¿¬¿ °¿®»²» °®±¾´»³ô »°»½·¿´´§ ·º ±²´§ ¿ ³¿´´ ¿³±«²¬
±º ¬®¿·²·²¹ ¼¿¬¿ · ¿ª¿·´¿¾´»ò Ì¸« ©» ®»°´¿½» ¿´´ Í°¿²·¸
¿¼¶»½¬·ª» ©·¬¸ ¬¸»·® ¾¿» º±®³ò

Ì®¿²´¿¬·±² ®»«´¬æ The following set-ups are dened for
¬¸» Í°¿²·¸óÛ²¹´·¸ ´¿²¹«¿¹» °¿·®æ

26



Í°¿²·¸ Û²¹´·¸ ÉÛÎ ÐÛÎ ÞÔÛË
¼·½¬ ¾¿»´·²» êðòì ìçòí ïçòì

õ®»±®¼»® ¿¼¶»½¬·ª» ëçòì ìéòì îðòï
õ¿¼¶»½¬·ª» ¾¿» ëêòì ìêòè îíòè

ïµ ¾¿»´·²» ëîòì ìðòé íðòð
õ¼·½¬·±²¿®§ ìèòð íêòë íêòð
õ®»±®¼»® ¿¼¶»½¬·ª» ìëòð íëòí íçòè
õ¿¼¶»½¬·ª» ¾¿» ììòë íìòè ìðòç

ïíµ ¾¿»´·²» ìïòè íðòé ìíòî
õ¼·½¬·±²¿®§ ìðòê îçòê ìêòí
õ®»±®¼»® ¿¼¶»½¬·ª» íèòë îçòî ìèòç
õ¿¼¶»½¬·ª» ¾¿» íèòí îçòð ìçòê

ïòíÓ ¾¿»´·²» íìòë îëòë ëìòé
õ®»±®¼»® ¿¼¶»½¬·ª» ííòë îëòî ëêòì

Ì¿¾´» îæ Ì®¿²´¿¬·±² ®»«´¬ ÅûÃ º±® Í°¿²·¸ Û²¹´·¸

¬®¿·²·²¹ ±²´§ ±² ¿ ½±²ª»²¬·±²¿´ ¼·½¬·±²¿®§ ø¼·½¬÷å

training on a very small task-specic bilingual corpus
øïµ÷å

training on a small task-specic bilingual corpus
øïíµ÷å

training on a large task-specic bilingual corpus
øïòíÓ÷ò

Ì¸» ´¿²¹«¿¹» ³±¼»´ º±® ¿´´ »¬ó«° · ¬®¿·²»¼ ±² ¬¸» ´¿®¹»
½±®°«ò
Ì¿¾´» î °®»»²¬ ¬¸» ®»«´¬ º±® ¬¸» ¬®¿²´¿¬·±² º®±³ Í°¿²·¸
¬± Û²¹´·¸ò ×¬ ½¿² ¾» »»² ¬¸¿¬ ¬¸» »®®±® ®¿¬» ±º ¬¸» §¬»³
¬®¿·²»¼ ±²´§ ±² ¬¸» ¼·½¬·±²¿®§ ¿®» ¸·¹¸ ¿²¼ ¬¸¿¬ ³±®°¸±ó
§²¬¿½¬·½ ¬®¿²º±®³¿¬·±² ·³°®±ª» ¬¸» °»®º±®³¿²½»ò ß´ó
though the nal error rates are still high, they might be ac-
½»°¬¿¾´» º±® ¬¿µ ©¸»®» ±²´§ ¬¸» ¹·¬ ±º ¬¸» ¬®¿²´¿¬»¼ ¬»¨¬ ·
needed, like for example document classication or multi-
´·²¹«¿´ ·²º±®³¿¬·±² ®»¬®·»ª¿´ò ß¼¼·¬·±²¿´ ³±®°¸±ó§²¬¿½¬·½
¬®¿²º±®³¿¬·±² «½¸ ¿ ¬®»¿¬³»²¬ ±º Í°¿²·¸ ª»®¾ ½±«´¼
º«®¬¸»® ·³°®±ª» ¬¸» °»®º±®³¿²½»ò
When only a very small amount of task-specic bilingual
°¿®¿´´»´ ¬»¨¬ · «»¼ øïµ÷ô ¿´´ »®®±® ®¿¬» ¿®» ¼»½®»¿»¼ ¿²¼
¬¸» ÞÔÛË ½±®» · ·²½®»¿»¼ ·² ½±³°¿®·±² ¬± ¿ §¬»³
¬®¿·²»¼ ±² ¬¸» ¼·½¬·±²¿®§ ¿´±²»ô ¿´¬¸±«¹¸ ¬¸»§ ¿®» ¬·´´ ®¿¬¸»®
¸·¹¸ò Ú«®¬¸»®ô ·¬ ½¿² ¾» »»² ¬¸¿¬ ¬¸» ¼·½¬·±²¿®§ · ª»®§
¸»´°º«´ ¿ ¿² ¿¼¼·¬·±²¿´ ¬®¿·²·²¹ ½±®°« ¿²¼ ¬¸» ³±®°¸±ó
syntactic transformations have a signicant impact so that
the nal error rates are reduced by about 15% relative in
½±³°¿®·±² ¬± ¬¸» ¾¿»´·²» §¬»³ò Þ§ ·²½®»¿·²¹ ¬¸» ·¦»
of the task-specic training corpus (13k) all error rates are
º«®¬¸»® ¼»½®»¿·²¹ ¿²¼ ½¿² ¾» º«®¬¸»® ®»¼«½»¼ ©·¬¸ ¸»´° ±º
¬¸» ¼·½¬·±²¿®§ ¿²¼ ³±®°¸±ó§²¬¿½¬·½ ¬®¿²º±®³¿¬·±²ò
Ì¸» ¾»¬ ®»«´¬ ±¾¬¿·²»¼ ©·¬¸ ¬¸» ´¿®¹» ½±®°« ¿®» ¿¾±«¬
ïîû ø®»´¿¬·ª»÷ ¾»¬¬»® ¬¸¿² ¬¸» ¾»¬ ®»«´¬ ©·¬¸ ¬¸» ³¿´´
½±®°« øïíµ÷ ¿²¼ ¿¾±«¬ îëû ¾»¬¬»® ·² ½±³°¿®·±² ©·¬¸ ¬¸»
ª»®§ ³¿´´ ½±®°« øïµ÷ò Ì¸»» ¼·ºº»®»²½» »»³ ¬± ¾» ª»®§
´¿®¹»ô ¾«¬ ©» ¸¿ª» ¬± µ»»° ·² ³·²¼ ¸±© ´¿®¹» ¬¸» ¼·ºº»®»²½»
¾»¬©»»² ¬¸» ½±®°« ·¦» ¿®»ô »°»½·¿´´§ ·² ¬»®³ ±º ¬¸» ¬·³»
¿²¼ »ºº±®¬ ²»½»¿®§ º±® ½±´´»½¬·±² ¿²¼ ¸¿²¼´·²¹ ±º ´¿®¹»
½±®°±®¿ò

Û²¹´·¸ Í°¿²·¸ ÉÛÎ ÐÛÎ ÞÔÛË
¼·½¬ ¾¿»´·²» êéòê ëëòç ïìòï

õ®»±®¼»® ¿¼¶»½¬·ª» êêòí ëëòî ïëòé
õ¿´·¹² ¿¼¶»½¬·ª» ¾¿» êëòé ëìòë ïêòë

ïµ ¾¿»´·²» êðòï ìéòì îíòç
õ¼·½¬·±²¿®§ ëêòð ìíòî îèòí
õ®»±®¼»® ¿¼¶»½¬·ª» ëìòð ìîòð íðòë
õ¿´·¹² ¿¼¶»½¬·ª» ¾¿» ëíòç ìîòð íðòê

ïíµ ¾¿»´·²» ìçòê íéòì íêòî
õ¼·½¬·±²¿®§ ìèòê íêòí íéòî
õ®»±®¼»® ¿¼¶»½¬·ª» ìéòì íêòð íèòê
õ¿´·¹² ¿¼¶»½¬·ª» ¾¿» ìéòí íëòé íçòï

ïòíÓ ¾¿»´·²» íçòé íðòê ìéòè
õ®»±®¼»® ¿¼¶»½¬·ª» íçòê íðòë ìèòí

Ì¿¾´» íæ Ì®¿²´¿¬·±² ®»«´¬ ÅûÃ º±® Û²¹´·¸ Í°¿²·¸

×¬ ¸±«´¼ ¾» ²±¬»¼ ¬¸¿¬ ¬¸» ·³°¿½¬ ±º ¿ ¼·½¬·±²¿®§ ¸¿ ²±¬
¾»»² ¬»¬»¼ º±® ¬¸» º«´´ ½±®°« ·²½» ¬¸» ½±®°« ·¬»´º · «ºó
ciently large. The improvements by replacing Spanish ad-
jectives with their base forms are rather insignicant on this
½±®°« ¿²¼ ¬¸»®»º±®» ¿®» ²±¬ ®»°±®¬»¼ò
Ì¸» ¬®¿²´¿¬·±² ®»«´¬ º±® ¬¸» ±¬¸»® ¼·®»½¬·±² ½¿² ¾» »»²
in Table 3. All error rates are higher due to the inectional
³±®°¸±´±¹§ ±º ¬¸» Í°¿²·¸ ´¿²¹«¿¹»ô ¿²¼ ¬¸» »ºº»½¬ ±º ¬¸»
¬®¿·²·²¹ ½±®°« ·¦»ô ¼·½¬·±²¿®§ ¿²¼ ³±®°¸±ó§²¬¿½¬·½ ¬®¿²ó
º±®³¿¬·±² ¿®» ª»®§ ·³·´¿®ò Ì¸» ·³°®±ª»³»²¬ º®±³ ¬¸»
³±®°¸±ó§²¬¿½¬·½ ¬®¿²º±®³¿¬·±² ¿®» ´·¹¸¬´§ ³¿´´»® ¬¸¿²
º±® ¬¸» ¬®¿²´¿¬·±² ·²¬± Û²¹´·¸ ¼«» ¬± ¬¸» º±´´±©·²¹ ®»¿±²æ
²±«²ó¿¼¶»½¬·ª» ®»±®¼»®·²¹ · ´» ·³°±®¬¿²¬ º±® ¬¸» ¬®¿²´¿ó
¬·±² ·²¬± Í°¿²·¸ ¾»½¿«» ¬¸» ¿¼¶»½¬·ª» ¹®±«° · ²±¬ ¿´©¿§
·¬«¿¬»¼ ¾»¸·²¼ ¬¸» ²±«²ò Ì¸»®»º±®» ±³» ®»±®¼»®·²¹ ·²
Û²¹´·¸ ¿®» ²±¬ ®»¿´´§ ²»»¼»¼ò ß º±® ¬¸» Í°¿²·¸ ¿¼¶»½¬·ª»
inections, for this translation direction alignment has been
¬®¿·²»¼ «·²¹ ¿¼¶»½¬·ª» ¾¿» º±®³ô ©¸»®»¿ ¬¸» ¬®¿²´¿¬·±²
³±¼»´ ¸¿ª» ¾»»² ¬®¿·²»¼ ±² ¬¸» ±®·¹·²¿´ ½±®°«ò Ì¸· »²ó
¿¾´» ¾»¬¬»® ´»¿®²·²¹ º®±³ ¬¸» ½±®°« ¬± ±³» »¨¬»²¬ô ¾«¬
nding a correct inection of a Spanish adjective still re-
mains relatively difcult.

íòîò Í»®¾·¿²óÛ²¹´·¸

Ì¸» Í»®¾·¿²óÛ²¹´·¸ °¿®¿´´»´ ½±®°« «»¼ ·² ±«® »¨°»®·ó
³»²¬ · ¬¸» »´»½¬®±²·½ º±®³ ±º ¬¸» ß·³·´ ´¿²¹«¿¹» ½±«®»
¼»½®·¾»¼ ·² øÐ±°±ª·l½ »¬ ¿´òô îððë÷ò Ì¸» º«´´ ½±®°« · ¿´ó
®»¿¼§ ®¿¬¸»® ³¿´´ô ½±²¬¿·²·²¹ ¿¾±«¬ ¬¸®»» ¬¸±«¿²¼ »²ó
tences and twenty ve thousand running words. In order
¬± ·²ª»¬·¹¿¬» »¨¬®»³»´§ °¿®» ¬®¿·²·²¹ ³¿¬»®·¿´ô ¿ ®»¼«½»¼
½±®°« ½±²¬¿·²·²¹ îðð »²¬»²½» ®»ºº»®»¼ ¬± ¿ ðòîµ ¸¿
¾»»² ®¿²¼±³´§ »¨¬®¿½¬»¼ º®±³ ¬¸» ±®·¹·²¿´ ½±®°«ò Ú±® ¬¸·
½±®°«ô ¿ »¬ ±º ¸±®¬ °¸®¿» ¸¿ ¾»»² ·²ª»¬·¹¿¬»¼ ¿ ¿¼¼·ó
¬·±²¿´ ¾·´·²¹«¿´ µ²±©´»¼¹»ò
Ì¿¾´» ì °®»»²¬ ¬¸» ½±®°±®¿ ¬¿¬·¬·½ò ×¬ ½¿² ¾» »»² ¬¸¿¬
»ª»² º±® ¬¸» º«´´ ½±®°« ¬¸» ²«³¾»® ±º ÑÑÊ · ¸·¹¸ô ¿¾±«¬
ëû º±® Û²¹´·¸ ¿²¼ ¿´³±¬ ïîû º±® Í»®¾·¿² ø¼«» ¬± ¬¸»
rich inectional morphology of this language). For the ex-
¬®»³»´§ ³¿´´ ¬®¿·²·²¹ ½±®°«ô ¬¸» ²«³¾»® ±º ÑÑÊ · ¿¾±«¬
í ¬± ì ¬·³» ¸·¹¸»®ò
Ó±®°¸±ó§²¬¿½¬·½ ¬®¿²º±®³¿¬·±²æ The inectional
³±®°¸±´±¹§ ±º ¬¸» Í»®¾·¿² ´¿²¹«¿¹» · ª»®§ ®·½¸ º±® ¿´´
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Ì®¿·²·²¹ Í»®¾·¿² Û²¹´·¸
îòêµ Í»²¬»²½» îêíî

Î«²²·²¹ É±®¼õÐÓ îîîîé îìèðè
Ê±½¿¾«´¿®§ ìëìê îêìë
Í·²¹´»¬±² ÅûÃ êðòð ìëòè

ðòîµ Í»²¬»²½» îðð
Î«²²·²¹ É±®¼õÐÓ ïêêê ïèéè
Ê±½¿¾«´¿®§ ééè êðí
Í·²¹´»¬±² ÅûÃ éçòì êëòë

°¸®¿» Û²¬®·» íëï
Î«²²·²¹ É±®¼õÐÓ êïé éíð
Ê±½¿¾«´¿®§ ííë íïë
Í·²¹´»¬±² ÅûÃ éïòí êêòí

Ì»¬ Í»²¬»²½» îêð
Î«²²·²¹ É±®¼õÐÓ îïðð îííê
Ü·¬·²½¬ É±®¼ èçï êéì
ÑÑÊ øîòêµ÷ ÅûÃ ïïòé ìòç
ÑÑÊ øðòîµ÷ ÅûÃ íëòî îïòè

Ì¿¾´» ìæ Ý±®°« ¬¿¬·¬·½ º±® ¬¸» Í»®¾·¿²óÛ²¹´·¸ ß·³·´
¬¿µ øÐÓ ã °«²½¬«¿¬·±² ³¿®µ÷

±°»² ©±®¼ ½´¿»ô ¾«¬ ·²º±®³¿¬·±² ½±²¬¿·²»¼ ·² ¬¸» ·²ó
ection usually is not relevant for translation into English.
Ì¸»®»º±®»ô ½±²ª»®¬·²¹ ¿´´ Í»®¾·¿² ©±®¼ ·²¬± ¬¸»·® ¾¿»
forms is proposed. Nevertheless, inections of Serbian
ª»®¾ ³·¹¸¬ ½±²¬¿·² ®»´»ª¿²¬ ·²º±®³¿¬·±² ¿¾±«¬ ¬¸» °»®±²ô
©¸·½¸ · »°»½·¿´´§ ·³°±®¬¿²¬ ·º ¬¸» °®±²±«² · ±³·¬¬»¼ò
ß°¿®¬ º®±³ ¬¸·ô ¬¸»®» ¿®» ¬¸®»» Í»®¾·¿² ª»®¾ ©¸·½¸ ¿®»
²»¹¿¬»¼ ¾§ ¿°°»²¼·²¹ ¬¸» ²»¹¿¬·ª» °¿®¬·½´» ¬± ¬¸» ª»®¾ ¿ ¿
prex. Thus the following treatment of the Serbian verbs is
¿°°´·»¼æ »¿½¸ ª»®¾ · ½±²ª»®¬»¼ ·²¬± ¿ »¯«»²½» ±º ·¬ ¾¿»
º±®³ ¿²¼ ¬¸» °¿®¬ ±º ¬¸» ÐÑÍ ¬¿¹ ®»º»®®·²¹ ¬± ¿ °»®±²ò ×º
the negative form is built by appending a prex, the prex
·ò »ò ¬¸» ²»¹¿¬·ª» °¿®¬·½´» · »°¿®¿¬»¼ò
Ú±® ¬¸» ±¬¸»® ¬®¿²´¿¬·±² ¼·®»½¬·±²ô ·²½» ¬¸» ¿®¬·½´» ¿®» ±²»
±º ¬¸» ³±¬ º®»¯«»²¬ ©±®¼ ½´¿» ·² Û²¹´·¸ô ¾«¬ ±² ¬¸»
±¬¸»® ¸¿²¼ ¬¸»®» ¿®» ²± ¿®¬·½´» ¿¬ ¿´´ ·² Í»®¾·¿²ô ¬¸» ¿®¬·½´»
¿®» ®»³±ª»¼ º®±³ ¬¸» Û²¹´·¸ ½±®°«ò
Ì®¿²´¿¬·±² ®»«´¬æ Ú±® ¬¸· ´¿²¹«¿¹» °¿·® ¬¸» º±´´±©·²¹
set-ups are dened:

training on an extremely small task-specic bilingual
½±®°« øðòîµ÷å

training on a small task-specic bilingual corpus
øîòêµ÷ò

Í·²½» ¬¸» ´¿®¹»¬ ¿ª¿·´¿¾´» ½±®°« · ¿´®»¿¼§ ³¿´´ ¿²¼ ¬¸»
»¨¬»®²¿´ °¸®¿» ¾±±µ · »ª»² ³¿´´»®ô ©» ¸¿ª» ²±¬ ·²ª»¬·ó
¹¿¬»¼ ¬®¿²´¿¬·±² «·²¹ ±²´§ ¬¸» °¸®¿» ¾±±µô ¾«¬ ©» «»¼
·¬ ¿ ¿¼¼·¬·±²¿´ ¬®¿·²·²¹ ³¿¬»®·¿´ º±® ¬¸» »¨¬®»³»´§ °¿®»
¬®¿·²·²¹ ½±®°«ò Ì¸» ´¿²¹«¿¹» ³±¼»´ º±® ¿´´ »¬ó«° ©¿
¬®¿·²»¼ ±² ¬¸» º«´´ øîòêµ÷ ½±®°«ò
Û®®±® ®¿¬» º±® ¬¸» ¬®¿²´¿¬·±² º®±³ Í»®¾·¿² ·²¬± Û²¹´·¸ ¿®»
¸±©² ·² Ì¿¾´» ëò ß »¨°»½¬»¼ô ¬¸» »®®±® ®¿¬» ±º ¬¸» §ó
¬»³ ¬®¿·²»¼ ±² ¿² »¨¬®»³»´§ ³¿´´ ¿³±«²¬ ±º °¿®¿´´»´ ½±®ó
°« ¿®» ¸·¹¸ò Ð»®º±®³¿²½» ±º «½¸ ¿ §¬»³ · ½±³°¿®¿ó
¾´» ©·¬¸ ¿ §¬»³ ¬®¿·²»¼ ±²´§ ±² ¿ ½±²ª»²¬·±²¿´ ¼·½¬·±²¿®§ò

Í»®¾·¿² Û²¹´·¸ ÉÛÎ ÐÛÎ ÞÔÛË
ðòîµ ¾¿»´·²» êëòë êðòè èòí

õ°¸®¿» êëòð ëçòè ïðòí
õ¾¿» º±®³ ëçòî ëìòè ïíòç
õª»®¾ ÐÑÍõ²»¹ êðòð ëîòê ïìòè

îòêµ ¾¿»´·²» ììòë íéòç íîòï
õ¾¿» º±®³ ìîòç íéòì íëòì
õª»®¾ ÐÑÍõ²»¹ ìïòç íìòé íìòê

Ì¿¾´» ëæ Ì®¿²´¿¬·±² ®»«´¬ ÅûÃ º±® Í»®¾·¿² Û²¹´·¸

Û²¹´·¸ Í»®¾·¿² ÉÛÎ ÐÛÎ ÞÔÛË
ðòîµ ¾¿»´·²» éíòì êèòì êòè

õ°¸®¿» éïòç êéòë çòí
õ®»³±ª» ¿®¬·½´» êêòé êîòî çòì

îòêµ ¾¿»´·²» ëïòè ìëòè îíòï
õ®»³±ª» ¿®¬·½´» ëðòì ììòê îìòê

Ì¿¾´» êæ Ì®¿²´¿¬·±² ®»«´¬ ÅûÃ º±® Û²¹´·¸ Í»®¾·¿²

ß¼¼·²¹ ¸±®¬ °¸®¿» · ¸»´°º«´ ¬± ±³» »¨¬»²¬ô ¿²¼ ®»°´¿½ó
ing words with base forms has the most signicant impact.
Ú«®¬¸»® ·³°®±ª»³»²¬ ±º ÐÛÎ ¿²¼ ÞÔÛË ½±®» ¿®» ±¾ó
¬¿·²»¼ ¾§ ¬¸» ª»®¾ ¬®»¿¬³»²¬ ¿´¬¸±«¹¸ ÉÛÎ · ´·¹¸¬´§ ¼»¬»ó
®·±®¿¬»¼ò ×²½®»¿·²¹ ¬¸» ·¦» ±º ¬¸» ¾·´·²¹«¿´ ¬®¿·²·²¹ ½±®°«
¬± ¿¾±«¬ ¬¸®»» ¬¸±«¿²¼ »²¬»²½» ¿²¼ ¿°°´§·²¹ ³±®°¸±ó
§²¬¿½¬·½ ¬®¿²º±®³¿¬·±² ´»¿¼ ¬± ¿² ·³°®±ª»³»²¬ ±º ¿¾±«¬
íðû ®»´¿¬·ª»ò Ë·²¹ ¿ ½±²ª»²¬·±²¿´ ¼·½¬·±²¿®§ ¿²¼ ¿¼¼·ó
¬·±²¿´ ³±®°¸±ó§²¬¿½¬·½ ¬®¿²º±®³¿¬·±² ½±«´¼ º«®¬¸»® ·³ó
°®±ª» ¬¸» °»®º±®³¿²½»ò
Ì¿¾´» ê ¸±© ®»«´¬ º±® ¬¸» ¬®¿²´¿¬·±² º®±³ Û²¹´·¸ ·²¬±
Serbian. As expected, all error rates are signicantly higher
¬¸¿² º±® ¬¸» ±¬¸»® ¬®¿²´¿¬·±² ¼·®»½¬·±² ·²½» ¬¸» ¬®¿²´¿¬·±²
·²¬± ¬¸» ³±®°¸±´±¹·½¿´´§ ®·½¸»® ´¿²¹«¿¹» ¿´©¿§ ¸¿ °±±®»®
¯«¿´·¬§ò
Ì¸» ·³°±®¬¿²½» ±º ¬¸» °¸®¿» »»³ ¬± ¾» ´¿®¹»® º±® ¬¸·
¬®¿²´¿¬·±² ¼·®»½¬·±²ò Î»³±ª·²¹ Û²¹´·¸ ¿®¬·½´» ·³°®±ª»
¬¸» ¬®¿²´¿¬·±² ¯«¿´·¬§ º±® ¾±¬¸ »¬ó«°ò ß º±® ¬¸» ±¬¸»®
¬®¿²´¿¬·±² ¼·®»½¬·±²ô ·²½®»¿·²¹ ¬¸» ·¦» ±º ¬¸» ¬®¿·²·²¹ ½±®ó
°« ®»«´¬ ·² «° ¬± íðû ®»´¿¬·ª» ·³°®±ª»³»²¬ò

ìò Ý±²½´«·±²
Í¬®¿¬»¹·» º±® ¬¿¬·¬·½¿´ ³¿½¸·²» ¬®¿²´¿¬·±² ©·¬¸ ´·³·¬»¼
¿³±«²¬ ±º ¾·´·²¹«¿´ ¬®¿·²·²¹ ¼¿¬¿ ¿®» ®»½»·ª·²¹ ³±®» ¿²¼
³±®» ¿¬¬»²¬·±²ò Ð¿¬ ¿²¼ ®»½»²¬ »¨°»®·»²½» ¸¿ª» ¸±©²
¬¸¿¬ ¿² ¿½½»°¬¿¾´» ¬®¿²´¿¬·±² ¯«¿´·¬§ ½¿² ¾» ¿½¸·»ª»¼ ©·¬¸
a very small amount of task-specic parallel text, espe-
½·¿´´§ ·º ½±²ª»²¬·±²¿´ ¼·½¬·±²¿®·»ô °¸®¿¿´ ¾±±µô ¿ ©»´´
¿ ³±®°¸±ó§²¬¿½¬·½ µ²±©´»¼¹» ¿®» ¿ª¿·´¿¾´»ò Ì®¿²´¿¬·±²
§¬»³ ¾«·´¬ ±²´§ ±² ¿ ½±²ª»²¬·±²¿´ ¼·½¬·±²¿®§ ±® ±² »¨ó
tremely small task-specic corpora might be usefull for ap-
plications such as document classication or multilingual
·²º±®³¿¬·±² ®»¬®·»ª¿´ò

ëò ß½µ²±©´»¼¹»³»²¬
Ì¸» ®»°±®¬»¼ ©±®µ · ¾¿»¼ ±² ¬¸» °®±¶»½¬ ¬¸¿¬ ¸¿ª» ¾»»²
«°±®¬»¼ ¾§ ¬¸» Ù»®³¿² Í½·»²½» Ú±«²¼¿¬·±² øÜÚÙ÷ ¿²¼ ¾§
¬¸» Û«®±°»¿² Ð®±¶»½¬ ÌÝóÍ¬¿® øÚÐêóëðêéíè÷ò

28



êò Î»º»®»²½»

Ç¿»® ß´óÑ²¿·¦¿²ô Ë´®·½¸ Ù»®³¿²²ô Ë´º Ø»®³¶¿µ±¾ô Õ»ª·²
Õ²·¹¸¬ô Ðò Õ±»¸²ô Ü¿²·»´ Ó¿®½«ô ¿²¼ Õ»²¶· Ç¿³¿¼¿ò
îðððò Ì®¿²´¿¬·²¹ ©·¬¸ ½¿®½» ®»±«®½»ò ×² Ì¸» Í»ªó
enteenth National Conf. on Articial Intelligenceô °¿¹»
êéî�êéèô ß«¬·²ô ÌÈô Ö«´§ò

Ý¸®· Ý¿´´·±²óÞ«®½¸ ¿²¼ Ó·´» Ñ¾±®²»ò îððíò Ý±ó
¬®¿·²·²¹ º±® ¬¿¬·¬·½¿´ ³¿½¸·²» ¬®¿²´¿¬·±²ò ×² Ð®±½ò ±º
¬¸» ê¬¸ ß²²«¿´ ÝÔËÕ Î»»¿®½¸ Ý±´´±¯«·«³ô Û¼·²¾«®¹¸ô
ËÕô Ö¿²«¿®§ò

Í¸¿®±² Ù±´¼©¿¬»® ¿²¼ Ü¿ª·¼ Ó½Ý´±µ§ò îððëò ×³°®±ªó
·²¹ ¬¿¬·¬·½¿´ ³¿½¸·²» ¬®¿²´¿¬·±² ¬¸®±«¹¸ ³±®°¸±´±¹·ó
½¿´ ¿²¿´§·ò ×² Ð®±½ò ±º ¬¸» Ý±²ºò ±² Û³°·®·½¿´ Ó»¬¸±¼
º±® Ò¿¬«®¿´ Ô¿²¹«¿¹» Ð®±½»·²¹ øÛÓÒÔÐ÷ô Ê¿²½±«ª»®ô
Ý¿²¿¼¿ô Ñ½¬±¾»®ò

ß¼¿³ Ô±°»¦ ¿²¼ Ð¸·´·° Î»²·µò îððëò ×³°®±ª»¼ ¸³³
¿´·¹²³»²¬ º±® ´¿²¹«¿¹» ©·¬¸ ½¿®½» ®»±«®½»ò ×² ìí®¼
ß²²«¿´ Ó»»¬·²¹ ±º ¬¸» ß±½ò º±® Ý±³°«¬¿¬·±²¿´ Ô·²ó
¹«·¬·½æ Ð®±½ò É±®µ¸±° ±² Þ«·´¼·²¹ ¿²¼ Ë·²¹ Ð¿®¿´ó
´»´ Ì»¨¬æ Ü¿¬¿óÜ®·ª»² Ó¿½¸·²» Ì®¿²´¿¬·±² ¿²¼ Þ»§±²¼ô
°¿¹» èí�èêô ß²² ß®¾±®ô Ó×ô Ö«²»ò
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¿´´»´ Ì»¨¬æ Ü¿¬¿óÜ®·ª»² Ó¿½¸·²» Ì®¿²´¿¬·±² ¿²¼ Þ»ó
§±²¼ô °¿¹» êë�éìô ß²² ß®¾±®ô Ó×ô Ö«²»ò

Ûª¹»²§ Ó¿¬«±ªô Ó¿¶¿ Ð±°±ª·l½ô Î·½¸¿®¼ Æ»²ô ¿²¼ Ø»®ó
³¿²² Ò»§ò îððìò Í¬¿¬·¬·½¿´ ³¿½¸·²» ¬®¿²´¿¬·±² ±º
°±²¬¿²»±« °»»½¸ ©·¬¸ ½¿®½» ®»±«®½»ò ×² Ð®±½ò ±º
¬¸» ×²¬ò É±®µ¸±° ±² Í°±µ»² Ô¿²¹«¿¹» Ì®¿²´¿¬·±²
ø×ÉÍÔÌ÷ô °¿¹» ïíç�ïìêô Õ§±¬±ô Ö¿°¿²ô Í»°¬»³¾»®ò

Í±²¶¿ Ò·»A»² ¿²¼ Ø»®³¿²² Ò»§ò îððìò Í¬¿¬·¬·½¿´ ³¿½¸·²»
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Ö«²»ò

Õ·¸±®» Ð¿°·²»²·ô Í¿´·³ Î±«µ±ô Ì±¼¼ É¿®¼ô ¿²¼ É·»óÖ·²¹
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Û«®±°»¿² ß±½·¿¬·±² º±® Ó¿½¸·²» Ì®¿²´¿¬·±² øÛßÓÌ÷ô
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Abstract 
BLARK (Basic Language Resource Kit) was originally developed as a concept to specify the minimum corpora, tools, and skills 
needed to engage in pre-competitive research for a language. It was then meant to help identify existing resources, and co-ordinate 
action to fill any gaps. The BLARK matrix has so far been used for Dutch and Arabic, both fairly well-endowed languages in terms of 
resources, government support and commercial potential. This paper seeks to explore the usefulness of BLARK for languages in a 
much weaker position, having very few resources, and little, if any, official support. It examines in particular the six Celtic languages 
spoken today and asks whether BLARK can be used as a tool to assess their resource needs. It suggests that the lack of basic raw 
materials, such as the absence of daily newspapers in these languages, is a serious drawback for the development of basic resources, 
and is not adequately covered in the present BLARK matrix. However, identifying the raw materials needed, and finding alternatives 
where these do not exist, is in itself a valid exercise. This paper proposes therefore the creation of a preliminary matrix, or PRELARK, 
to aid the development of resources for these languages. 

 

1. BACKGROUND TO BLARK 
The Basic Language Resource Kit or BLARK was 
originally conceived of by Steven Krauwer and proposed 
as a cooperative initiative between ELSNET (European 
Network of Excellence in Language and Speech) and 
ELRA (European Language Resources Association). The 
hope was that “with such an action, every European 
Language, inside or outside the European Union, could 
have its own BLARK” (Krauwer 1998). This led to the 
adoption of the BLARK concept for the Dutch language 
(Cucchiarini, Daelemans & Strik 2001). The BLARK 
matrices were then developed and published on the web 
by ELDA (http://www.elda.org/blark/) with an exercise to 
gather information on Arabic resources from the 
NEMLAR project (Maegaard 2004) completed. The 
BLARK website is an interactive one, with an open 
invitation to all languages to engage with the exercise and 
fill in the matrices, or send in proposals for a new matrix 
and other relevant comments.  

2. WELSH LANGUAGE RESOURCES  
Interest in using the BARK matrices to help the Celtic 
languages was first expressed at a workshop at the 
Language Technologies Unit1, based at Canolfan Bedwyr 
in the University of Wales, Bangor, in December 2005. 
This Unit had, for many years been involved in the 
creation of language resources for Welsh.  These include 
terminology and lexical databases, spelling and grammar 
checkers, and more recently, speech processing resources. 
The Unit was, and remains, entirely self-funded, and had 

                                                        
1 Originally founded as the Centre for the Standardization of 
Welsh Terminology, it subsequently became part of the e-Welsh 
Unit which has recently been renamed to reflect more accurately 
its multilingual role. The Canolfan Bedwyr website may be 
found at http://www.bangor.ac.uk/ar/cb/index.php 

therefore undertaken projects on a needs-led basis, 
responding to invitations to tender where it had the 
necessary skills to offer, and developing grant proposals 
where suitable funding opportunities could be identified. 
However, it was acutely aware of the ad hoc nature of 
these developments and felt the need for a 'roadmap' or  
audit of resources available and needed in order to plan 
future projects in a more comprehensive and orderly 
manner. The BLARK concept provided it with an off the 
peg solution to its needs. 
BLARK was seen as providing greater detail and more 
systematic coverage, compared to other attempts to 
provide a coherent framework for Welsh language 
technologies. Specifically, it compared favourably to the 
Welsh Language Board IT Strategy Document, published 
in March 2006. This document "aspires to the 
normalisation of the Welsh language in the world of 
Information Technology". It lists 64 targets and policy 
statements in order to fulfill its aims, and are relevant to 
the creation of a digital infrastructure. However, they are 
conceived of as discrete targets, with the focus on 
encouraging, discussing, facilitating, engaging in 
dialogue, examining possibilities etc, towards developing 
specific applications, such as machine translation, rather 
than the establishment of a cohesive, coherent 
infrastructure to support the proposed activities.  There is 
therefore no consideration of the importance of basic 
resources, such as written and speech corpora, which may 
be reused and recycled in many applications, thus saving 
time and money. 

3. OTHER CELTIC LANGUAGES 
Some of the projects being undertaken by the Language 
Technologies Unit were of a multilingual nature, 
involving other Celtic languages. These included two 
projects funded under the EU Interreg IIIA Wales/Ireland 
Programme. One was WISPR (Welsh and Irish Speech 
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Processing Resources), and the other was Lexicelt, an 
on-line interactive Welsh/Irish Phrasebook and Dictionary. 
The question was therefore asked whether, if the BLARK 
matrices could prove useful for Welsh, it could also be 
extended to the other five Celtic languages. All six Celtic 
languages share common socio-political situations, as 
well as a common linguistic structure and heritage (Ó 
Néill, 2005). With the exception of Irish, which has 
recently received full status as an official language of the 
EU, none of the Celtic languages has an official status in 
the European Union, and all of them, including Irish, have 
relatively few native-standard speakers2. 
More important than the official status or number of 
speakers however was the lack of some basic materials 
from which to create language resources. For example, 
language corpora of various kinds are core elements for a 
number of language resources. Written corpora depend on 
large amounts of text, such as that provided by daily 
newspapers. However, none of the Celtic languages 
currently has a daily newspaper, and therefore, the task of 
collecting material for a basic, balanced corpus is 
problematic. Material collected from the internet is 
increasingly being used for the creation of large scale 
corpora, and software such as Kevin Scannells' An 
Crúbadán is able to crawl the web and compile corpora 
automatically from web pages in minority languages. It 
has been argued that using the web as a huge on-line 
corpus does away with the need for balanced, 
representitively chosen samples, as everything will be 
included. While this may work for larger languages with 
comprehensive coverage of material on the web, it is less 
satisfactory for very small languages, for example 
Cornish, where the material may be mainly the work of a 
very small core of enthusiasts, with, for example, very 
little 'official' texts.  Neither does it distinguish between 
original and translated material. In the case of Welsh, for 
example, public bodies have to maintain bilingual 
websites, but this material almost always originates in 
English, and the Welsh versions are translations. 
Translated material may be of poor linguistic standard, 
and unsuitable for use as a basis for applications such as 
semantic analysis. One positive aspect of the extensive 
use of translation in such circumstnaces is that bilingual 
text corpora at least should be relatively easy to build, 
paving the way for applications such as machine 
translation and bilingual lexicons. 
Modules such as transcription of broadcast news are also 
difficult to gather if there is no, or very little, radio and 
telvision news being broadcast, as is the case with Irish 
and Manx, and to a lesser degree, Breton and Scots Gaelic. 
Under such circumstnces new stratergies may need to be 
devised, such as the recording of live plays or the 
commissioning of specially prepared scripts to be read 
aloud and recorded.  
The lack of teaching and research into some of these 
Celtic languages is also detrimental to the creation of 
basic resources. Cornish and Manx do not have institutes 
                                                        
2 Note however, that the Isle of Man is not a part of the European 
Union, but a dependency of the British Crown. 

of higher education on their territories, and there are no 
undergraduate courses fully dedicated to teaching these 
languages. This leads to lack of basic materials such as 
contemporary phonetic descriptions, up-to-date grammars, 
and accurate place-name information. 

4. THE NEED FOR A PRELIMINARY 
BLARK 

While BLARK was designed to be language independent, 
and to be geared towards a "smaller language of Europe" 
like Dutch, (Krauwer, 2003), it is still geared towards 
languages which are in a different league from minority 
languages such as the Celtic ones which are unlikely to 
receive much private or public funding for language  
technologies. While Krauwer did envisage the scenario of 
some languages having to "start from scratch" to create 
BLARK components, the reality of being faced with a 
matrix where the score is repeatedly zero as to availability, 
and high in terms of prioritized need, can be daunting.  
What would be helpful therefore, would be a cut-down 
version of BLARK, or a PRELARK (Preliminary 
Language Resources Kit) which would identify the very 
first components needed to provide entry level 
applications into language technologies. This would focus 
not only on the intended basic applications envisaged, but 
also on the limitations placed the lack of available raw 
materials. While this would prove useful to many smaller 
minority languages in Europe, the Celtic languages would 
be well placed to take immediate advantage of it, to build 
on their existing networks of cooperation, and use it to 
share and develop common resources in the wider 
European context. 
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Abstract 
Best known as a standard for character encoding, Unicode should now be understood as a collection of resources for textual computing 
that can aid solution of NLP problems. When an under-resourced language (U-RL) makes use of symbols or an entire system of 
writing that is not supported by electronic standards, Unicode is by design the best option for the temporary encoding the written 
symbols before a standard can be formalised. Leveraging Unicode for such U-RLs involves more than just symbol encoding and the 
NLP researcher must also anticipate developing the most basic of computer resources such as fonts, keyboard and transliteration 
systems. The paper describes in an overview the work entailed and goes further to cover raising the work products of a personal NLP 
project to the level of a national and international ICT standard where the native speaker community at large will also benefit directly. 
 

1. What is Unicode? 

Very often software engineers not familiar with text 
representation techniques will perceive “Unicode” as 
something used to support non-English fonts. Many 
early Unicode fonts did in fact append the term 
“Unicode” to their base name1 and fonts are likely the 
most frequently encountered utilization of Unicode that 
a person will be made consciously aware of. However, 
Unicode is now as pervasive in applications and 
computer systems as text itself –aware of it or not, you 
are already using it and have been for some time. 

 “Unicode” is a very broadly used term, having 
many contexts, and will mean different things to 
different people. Historically, “Unicode” refers to the 
Unicode Standard which defines character encodings 
for the writing systems of the world. The character 
encoding standard is synchronised with a parallel 
standard known as “ISO/IEC 10646” that also addresses 
character encoding. “Unicode” is also used 
interchangeably with “ISO/IEC 10646” by all but 
experts. 

“Unicode” most commonly refers to only the Basic 
Multilingual Plane (BMP) of the original 16 bit 
standard for encoding modern writing systems. In the 
right context “Unicode” may also include the 16 
additional supplementary planes now a part of the 
Unicode Standard where historical scripts and scripts 
used by smaller communities are encoded. 

“Unicode” may refer to the Unicode Consortium
2
 

the governing body that defines Unicode Standard. The 
consortium membership is comprised of members of the 
computer industry, academic institutions, and private 
citizens with an interest in the activities of the 
consortium. The International Standards Organization 
(ISO) and the International Electrotechnical 
Commission (IEC) jointly maintain the ISO/IEC 10646 
standard and participants are almost entirely appointed 
by a government recognised national standards body. 
The Unicode consortium works so closely with the 
ISO/IEC that it has become the primary driving force 
behind revisions of the standard. To further distinguish 

                                                
1
 e.g. in Microsoft Windows the “Lucida Sans Unicode” font 

is the companion to “Lucida Sans” and “Arial Unicode MS” 
the companion to “Arial”. 
2
 Unicode Consortium Homepage: http://unicode.org/  

between these standards bodies and their unified 
standards is not important unless one intends to work 
very deeply on defining the standards themselves. 

“Unicode” may also refer to the Unicode Character 
Database (UCD) which defines the names and 
properties of characters. The database is critical for text 
processing tools such as regular expressions libraries 
and layout engines. Similarly, “Unicode” may refer to a 
collection of annexes, technical reports and technical 
standards that further define textual properties and 
behaviours such as text boundaries, collation and 
equivalence classes. 

“Unicode” may refer to the projects under the 
Unicode Consortium such as the Common Locale Data 
Repository (CLDR) that defines basic vocabulary and 
cultural conventions used in operating systems. 
Likewise “Unicode” can refer to the International 
Components for Unicode (ICU), a project involving 
many of the same people, which implements most of 
the specifications of the Unicode Consortium and data 
such as CLDR. 

 Finally, “Unicode” may refer to the Unicode home 
page portal, mail lists, community, technical committee 
(UTC), twice annual International Unicode Conference 
(IUC), or the process by which these aspects work 
together to further develop the Unicode Standard and its 
family of specifications. 

For the purposes of this paper “Unicode” will refer 
then to the family of standards and technologies 
associated with the Unicode Consortium that can be 
utilised for working with a written language in a 
computer environment. For the NLP researcher, 
“Unicode” need be no more than a means to some other 
end. How Unicode can be applied to help solve 
problems in NLP, and in particular for Under-
Resourced Languages (U-RLs) that may not yet be 
supported in Unicode, will be the focus of this paper. 

2. Working With Unicode 

More than anything else, what Unicode offers NLP 
is a resource for representing written languages. To a 
lesser degree, Unicode can also be an aid for tokenizing 
spoken language with phonetic symbology and for text 
corpora processing from comprehensive properties 
provided for all written symbols.  
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A review of software under the Natural Language 
Software Registry

3
 reveals that many applications have 

already migrated to Unicode which makes them 
accessible to U-RLs already. Typically, Unicode based 
tools are designed to be language neutral and will be 
able to process language specific information through 
modules (classes, xml data, etc) containing settings and 
rules applicable for that language. So adapting a tool for 
a specific language is often a matter of developing the 
needed module. 

NLP tools and applications are most often 
engineered to work on a very specific problem set so it 
will not be the purpose here to recommend one NLP 
resource over another. Rather the objective is to make 
an overview of the most likely tasks entailed to 
customise an existing application to support a given 
language via Unicode as well to leverage Unicode in 
applications that you author yourself.  

2.1. Operating Systems 

Applying Unicode, the first thing that you will need 
is a recent computer operating system (OS) with native 
support for the encoding standard. Fortunately, this side 
of the 21st century it is harder and harder to find an 
operating system that does not support Unicode. The 
newer the operating system the better but you will want 
to consider upgrading if your computer runs with Apple 
MacOS earlier than version 9.2, Microsoft Windows 
other than CE, NT, XP, Vista or 2000, Solaris earlier 
than 2.8, or GNU/Linux with glibc earlier than 2.2.2. 

Linux systems are provided by many different 
distributors with as many different configurations and 
so deserve a little more attention. To determine if the 
version of glibc is of version 2.2.2 or later enter the 
following at the command line: 

 

% ls -l /lib/libc.so.* /lib/libgtk* 

 

which should return a response containing libraries 
similar to: 

 

lrwxr-xr-x  1 root root  13 Nov 29 

2004 /lib/libc.so.6 -> libc-2.3.2.so* 

 
libc.so.6 is a symbolic link to the current version of 
glibc on the system which in the above example is 
version 2.3.2. If the operating system is not at the 
version level indicated here this does not mean that you 
will be unable to work with Unicode. The consequence 
will be that you are less assured that you will be able to 
view or enter Unicode text in terminals or use it with 
some applications. You may in fact still apply the 
encoding for your needs but there are fewer guarantees 
and you will likely have to try several editor 
applications before finding one that can display 
Unicode text as expected (consider Yudit discussed 
later). 

The window desktop environment in a GNU/Linux 
system is entirely separate from the OS.  If your system 
is recent enough to have glibc 2.2.2 or later, then it very 
likely also has GNOME 2.0 or KDE 2.0 or later which 
are Unicode safe window environments. 

                                                
3
 NL Software Registry: http://registry.dfki.de/  

2.2. The IPA 

When working with phonology, Unicode offers the 
symbols of the International Phonetic Alphabet. (IPA) 
The IPA is maintained by the International Phonetic 
Association and defines a unique symbol for every 
phoneme used in spoken languages. The IPA is itself a 
standard for the linguistics community to apply for 
phonetic transcription that will assure mutual 
comprehension within the field in the present and 
future. The IPA should be applied in the NLP 
community wherever spoken language must be 
tokenised and avoids creating your own system where 
data can only be understood by your own applications. 
Using the IPA under Unicode will allow you to take 
advantage of Unicode based software and reduces the 
new resources that you would otherwise have to invest 
time to develop. 

The SIL Doulos font presents all the IPA symbols 
with excelling quality using typeface resembling the 
Times Roman4. 

2.3. The PUA 

When developing a new orthography, extending an 
existing one, or have found that Unicode does not have 
the symbol that you need –you can still use Unicode. 
Unicode has a built in way to support additions to its 
own character repertoire via the Private Use Area 
(PUA). In this region of the character encoding standard 
you may define your own symbols. This is helpful when 
working with an experimental orthography or an as yet 
unsupported writing system, two frequent occurrences 
with U-RLs.  

You may define additional letters in this region of 
the standard and use them safely with your own 
applications and others. If you want to visualise the 
symbols that you have encoded in the PUA you will 
need to modify a font to contain these symbols. Since 
you have made your own “private encoding” within 
Unicode you risk losing some portability. Sending a 
document to a colleague that contains your additions, 
you will also need to send along your modified font. If 
your PUA additions are processed in a multilingual 
system where another researcher has also made PUA 
extensions, there is the possibility of encoding 
collisions. This is an exceedingly rare occurrence but 
becomes possible when you go from the private use 
case to one that is public. 

The PUA may also be used to encode other useful 
tokens, for example tags and other markers that you 
would like to have in a text stream that you would 
processes yourself. You may not need to view tokens of 
this type but if you chose to do so it is again a matter of 
modifying a font. 

2.4. Fonts 

Fonts provide us with an instance of Unicode 
encoded characters. Fonts can have many styles 
(typefaces) and the Unicode standard does not tell us 
how letters should appear (glyphs) or how they should 
be typed (hardware dependent). The standard simply 
assigns numeric addresses (in computer memory these 
are byte sequences) to the abstraction notion of a 

                                                
4
 SIL Doulos Font: http://scripts.sil.org/DoulosSILfont   
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“letter”. A “Unicode font” is one that applies these 
assignments (encoding) to the letters that it contains. 
Not every “Unicode font” will contain all letters of 
Unicode, in fact few do. The reasons here are primarily 
the labour required to produce a complete coverage of 
Unicode’s 51,980 graphical characters as well as the 
undesirably file sizes that result (fonts are files) which 
can be on the order of 20 Mb. Few people really need 
all characters of all alphabets and so most Unicode fonts 
will only support a few writing systems needed by a 
target community. This approach works fine so long as 
you are aware of the supported character range within 
the font, when letters are not available an application 
may instead substitute a blank space, a dot, a question 
mark or commonly a rectangle (�).  

When working with a U-RL there is a greater 
likelihood that the orthography of the language is not 
yet supported in Unicode. In this case you will need to 
create your own fonts in order to view text in the native 
script. This need not be an obstacle because there are 
freely available tools to create and edit fonts, but it will 
require an investment of your time that will vary 
depending on number of letters that need be created. 

Fonts come in two types they are either bitmaps – a 
matrix of on or off dots like a tile design, or they are 
outlines of the shapes of the letters. The outlined 
versions (“TrueType” is the most common) are more 
portable and scale to different sizes with better quality 
than do the bitmap fonts, but they can take more time to 
produce. If your intent is not to market the fonts 
commercially than you do not need to be an artist to be 
able create letters you need only be able to use a mouse. 

A number of commercial and free tools are available 
for creating and manipulating fonts. Working with 
bitmap fonts “gbdfed”5 is a very easy to use tool that 
runs natively under Linux but can also be used on other 
operating systems where the GTK library has been 
ported to. “FontForge”6 is an open source outline font 
editor that can run on most every major operating 
system (some additions may be required) that also 
supports some bitmap formats. It will always be a less 
intensive effort to start with an open source font and to 
modify it for your needs than to start completely from 
scratch. Fonts that do not also contain the Latin letters 
can later be problematic to work with, some systems 
will refuse to use them, so including the ASCII range of 
letters is always recommend. Seemingly countless free 
and open source fonts can be found readily with an 
internet search. 

2.5. International Components for Unicode 

By far the most extensive, complete and Unicode 
specific resource is the International Components for 
Unicode (ICU)7. ICU comes in the form of both a 
C/C++ library and a Java JAR. The resource was 
initially a project of IBM before going Open Source, it 
has the participation of many of the key Unicode 
personnel and offers reference implementations of the 
Unicode family of standards. 

                                                
5
 gbdfed Homepage: 

http://crl.nmsu.edu/~mleisher/gbdfed.html 
6 FontForge Homepage: http://fontforge.sf.net/  
7
 ICU Homepage: http://icu-project.org/  

The ICU homepage described the resource as “…a 
mature, widely used set of C/C++ and Java libraries for 
Unicode support, software internationalization and 
globalization (i18n/g11n). It grew out of the JDK 1.1 
internationalization APIs, which the ICU team 
contributed, and the project continues to be developed 
for the most advanced Unicode/i18n support. ICU is 
widely portable and gives applications the same results 
on all platforms and between C/C++ and Java 
software.” (ICU) 

ICU should be considered as a resource for Unicode 
text processing, some of its services will be touched on 
in following sections. 

2.6. Transliteration 

Transliteration is the systematic conversion of one 
system of writing onto another. It is most often used in 
NLP for converting text to and from some encoding 
system into a Romanised form that legacy resources can 
then understand. As more resource become Unicode 
enabled there is proportionally less reliance on the 
conversion technique. Transliteration will however 

always be useful when facing text that is not in a script 
that you are familiar with, working with toponymic 
lexicons, and making rough conversions to and from a 
writing system and the IPA.  

As provided, the ICU transliteration capability is 
promoted as supporting “50+” systems. New 

<icu:transform type="Latin"> 

  # variables 

  $gammaLike = [ΓΚΞΧγκξχ�] ; 

  ... 

  # convert all to decomposed 

  ::NFD (NFC) ;  

  ... 

  α ↔ a ;  Α ↔ A ; 

  β ↔ v ;  Β ↔ V ; 

  # contextual transforms 

  γ } $gammaLike ↔ n } $egammaLike ;  

  Γ } $gammaLike ↔ N } $egammaLike ; 

  γ ↔ g ;  Γ ↔ G ; 

  δ ↔ d ;  ∆ ↔ D ; 

  ε ↔ e ;  Ε ↔ E ; 

  ζ ↔ z ;  Ζ ↔ Z ; 

  # contextual transform 

  Θ } $beforeLower ↔ Th ;  

  θ ↔ th ; Θ ↔ TH ; 

  ι ↔ i ;  Ι ↔ I ; 

  κ ↔ k ;  Κ ↔ K ; 

  λ ↔ l ;  Λ ↔ L ; 

  µ ↔ m ;  Μ ↔ M ; 

  # contextual transforms 

  ν } $gammaLike → n\' ; 

  Ν } $gammaLike ↔ N\' ; 

  ν ↔ n ;  Ν ↔ N ; 

  ... 

  # convert back to composed 

  ::NFC (NFD) ;  

 </icu:transform> 

Figure 1: Latin ↔ Greek Transliteration Sample in ICU 
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transliteration systems can be added without requiring 
source code recompilation. Figure one presents a 
familiar example with the Latin and Greek alphabets: 

A very valuable feature of transliteration in ICU is 
the extension to “compound transforms”. Under the 
concept of compound transformations defined 
transliteration systems may be chained together for 
special conversions. For example: 
 

[:Lu:] Latin-Katakana; Latin-Hiragana; 
 

Defines a compound transformation where 
uppercase Latin letters (identified with the Unicode 
character class [:Lu:]) are converted into Katakana. The 
output of the first transformation, terminated with the 
semicolon “;” symbol, becomes the input for the next. 
The remaining lowercase Latin characters will be 
converted into Hiragana. For example: 

 

Reversible transliteration systems require strict 
adherence. The most common deviations from stringent 
transliteration come from the application of 
transcription rules. There are legitimate reasons for 
applying transliteration and transcription together, for 
example when a transcription is well established and the 
transliterated rendering would cause confusion. The 
meta-language for transcription should be capable of 
contextual processing to make some conversion of 
transcription and other phonological phenomena that 
manifest in an orthography possible. This capability 
will also be useful in validation and conformance work 
where conversion from transcription to stringent 
transliteration is the objective. 

For example, a regular expression based rule for the 
elision of gemination characters: 
 

 ([^aeiou]){2} ⇒ $1; 
 

which replaces two occurrences of a non-vowel (i.e. a 
consonant) with a single occurrence. Contextual 
transliteration of Greek gamma: 
 

{γ} [ ΓΚΧΞγκχξ ] > n; 

 γ > g; 
 

which converts gamma into n if gamma is followed by 
any of: Γ, Κ, Χ, Ξ, γ, κ, χ or ξ. To enhance phonetic 
transcription it is advantageous to precondition an 
English string to better represent the spoken value of the 
word in the target language. For example “progeny” in 
American English spoken form is “pro-ǧə-ni” (IPA). 
Rules can be applied here, within the domain of 
American English orthography: 
 

([^aeiou])y$ > $1i; 

oge > oje; 
 

thus the Cyrillic rendering, for example becomes 
“пройени” and not naïvely as “прогены”. These 
special rules should generally be applied prior to regular 
transliteration. At the end of a transliteration process the 
capability may also help further simplify symbol 

clusters that have occurred from the application of 
earlier rules. 

2.7. Keyboards 

When a U-RL requires a writing system which has 
little or no computer legacy it can be useful to develop a 
typing system for entering new in-language text. 
Adding an Input Method (a typing system, or “IM”) is 
very platform and API specific exercise. Unlike 
character encoding and fonts formats, there are no 
recognised standards for a keyboard implementation 
that is portable across operating systems or window 
environments. Unless you have hired typist to enter or 
compose text for your project, developing a keyboard 
system will likely not be worth the investment of time 
to learn the APIs and develop the IM software. When 
time is an issue it will be more efficient to develop a 
transliteration system, enter the text samples you need 
in regular Latin script, and convert them into the target 
script (still under Unicode encoding) with a 
transliterator. 

If it is essential to have an IM for your project the 
best options on a Window system will be to work with 
the very robust Tavultesoft Keyman Developer8 which 
has a small licensing fee. On Linux systems the trend 
has been to move towards the Smart Common Input 
Method (SCIM)9 where an IM can be defined in 
configuration files without having to develop new 
source code. The SCIM based Keyboard Mappings For 
Linux (KMFL) also offers some Linux compatibility for 
Keyman IMs. Keyman and SCIM attempt to provide 
keyboard support for all applications within a window 
environment. Some applications do provide their own 
keyboard interpreters as a means to obtain greater 
independence from the window system and thus offer 
some portability between window and operating 
systems. Yudit

10
 and Emacs are two such examples of 

editor applications that provide their own IM 
infrastructure. Adding an IM to Emacs11 will take a 
little knowledge of the Lisp programming language and 
in Yudit it is a matter of writing a text based mapping 
file. 

As a last resort, a platform portable IM can be 
developed in either Java or JavaScript but under the 
restricted contexts of where these languages can be 
used. 

2.8. Text Processing 

Unicode and ICU do not address analytical 
linguistic issues directly but do provide many of the 
language neutral facilities that you would build upon to 
address language specific problems. For instance ICU 
does not have support for stemming but will apply 
Unicode definitions for character properties to offer text 
segmentation, normalization, and highly advanced 
pattern matching. 

A number of writing systems have numerous legacy 
encoding systems; for example Vietnamese had 43 
systems  (Erard) and Ethiopic over 70. Unicode offers a 

                                                
8 Tavultesoft Homepage: http://tavultesoft.com/  
9
 SCIM Homepage: http://www.scim-im.org/  

10 Yudit Homepage: http://yudit.org/  
11

 Emacs Home: http://www.gnu.org/software/emacs/  

 Input ⇒ [:Lu:] Latin-Katakana; ⇒ Latin-Hiragana; 

Washington ⇒   ウashington   ⇒  ウあしんぐとん
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vendor neutral encoding that legacy systems can be 
converted into. Algorithms may then be developed to 
understand only a single system. ICU offers over 700 
encoding system conversions and developers may add 
to it as needed. (Davis and Scherer) 

ICU also provides character normalization services. 
A character in Unicode may still have for than one 
form,  this is common with “composed characters”. For 
example ‘ä’ may be the singe character with address 
U+00E4 or may also be comprised of the two characters 
‘a’ + ‘¨’ with the addresses U+0061 and U+0308.  
There are seemingly endless numbers of possible 
composed characters and ICU will know how to map 
components into a single character if available or 
possibly a Unicode defined named sequence; thus 
making text comparisons more successful. 

Similar to normalization the notion of equivalence 
classes is supported in regular expressions languages.  
ICU extends the Java regular expressions support to 
account for all character classes in the “Unicode 
Character Database”12.  Here every property of a 
character is defined, such as case, letter type, 
punctuation type, numeric type, and so on, there are a 
great number of these classes.  In a very simple example 
of how they are applied in a regular expression, the 
following statement would match only letters with 
“uppercase” property but excluding (‘-’) those in the 
Latin alphabet: 

 
/[\p{Lu}-\p{Latin}]/ 

 
Both the C/C++ and Java APIs support the Unicode 

style regular expressions extensions as defined in the 
Unicode Technical Report #18

13
.  The Perl and C# 

programming languages also support Unicode style 
regular expressions without depending on ICU.  While 
very powerful for complex pattern matching the 
Unicode regular expressions syntax does not always go 
far enough to support lesser understood properties of U-
RL scripts.  The Perl regular expressions support is very 
simple to extend and some modules have been 
developed to support pattern matching in syllabic 
scripts such as Cherokee and Ethiopic. For example 
with the Regexp::Ethiopic

14
 Perl module the expression: 

 
/[�-�]{#4,6#}/ 
 

matches any character in the range of � through � but 
only in the 4

th
 or 6

th
 orders, ie the set: 

 
[������	
���] 
 

The module demonstrates overloading of the Perl 
regular expressions engine.  The same can be done with 
the ICU classes, it is often faster however to prototype 
and experiment in Perl first and then follow with a Java 
or C/C++ implementation as needed. 

3. Working for Unicode 

                                                
12 http://www.unicode.org/Public/UNIDATA/UCD.html  
13 http://www.unicode.org/reports/tr18/  
14

 http://search.cpan.org/~dyacob/Regexp-Ethiopic/  

As an NLP researcher working with an U-RL your 
objective will be to solve some very specific problem 
within a limited period of time and within the fiscal 
constraints of a budget. The native speaker community 
will benefit from the body of knowledge of their 
language having been expanded by your work. You will 
have made it easier for future researchers to enter into 
and further explore the language. You may solve the 
problem that lies before you and move on to others, you 
have no further obligation to work with the language 
beyond your original mandate. If you’re lucky, 
however, your experience with the U-RL may become a 
labour of love that you continue to seek funding to work 
on or take up in personal time. 

If you are so able and wish to do so, working 
beyond the problem that brought you to the U-RL, you 
can expect to be drawn deeper and deeper into the 
community and engage in every broader computing 
resource problems. Indeed, you may be one of very few, 
or even the only, person actively developing software 
for the community for quite some time. As the 
resources that you develop and provide become utilised 
by the research and native-speaker community, you 
inherit some responsibility to maintain them and 
provide support services. 

Gradually you will also become a technical bridge 
between the community and the greater software 
industry. At this level you have become a subject expert 
on the language and its computing resources. The best 
service that you can do for the language, and yourself, 
is to build upon your experience and community 
contacts to advance your work to the level of standards 
for the language. With standards available for the 
language software companies have in a sense the “legal 
basis” that they need to begin support for the 
requirements of the language. This will be a great 
benefit to the native speakers and with the software 
industry picking up support for a language you will be 
relieved of the burden of having to maintain and support 
your earlier work. 

3.1. Character Encoding and The Script 
Encoding Initiative 

If in the course of your work you have developed a 
font or experimental encoding system for the script, you 
will want to consider permanent encoding in the 
Unicode Standard. Doing so will ensure that the letters 
will live on for the life of the standard itself and give 
software companies the technical foundation needed to 
support the script and language. 

The challenge of obtaining the standard however is 
not unlike trying to be your own trial lawyer in 
courtroom in a foreign environment where you do not 
know the laws. It is not for the faint of heart and will 
most definitely become a bigger undertaking than you 
had in mind. 

It will be much better to have an experienced 
standardisation expert on your side that knows the 
system and can navigate the process for you while you 
provide the subject matter expertise. Launched in April 
2002 at University of Berkeley, the Script Encoding 
Initiative (SEI)

15
 is just such an expert.  
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 SEI Homepage: http://www.linguistics.berkeley.edu/sei/  
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The SEI has “…the goal of organizing and 
orchestrating the completion of the Unicode Standard. 
SEI involves other institutions than software companies, 
reaching out to academia and the public sector, drawing 
upon scholars around the world as a major resource and 
on their research results, existing publications and script 
descriptions. SEI also involves a small group of experts 
in script encoding to work with scholars to make 
finished, workable proposals and to move those 
proposals through the standardization process as soon as 
possible.” (Anderson) 

Even if you never anticipate working on a standard 
for the script, do collect as much cultural information 
about the writing system as you can while you have the 
opportunity in the field. If not you, a native speaker or 
another researcher wishing to work with the SEI, can 
apply the information in a proposal process. There is 
almost always more to letters than just the sounds they 
make. 

3.2. Script Name and Language Codes 

Along with the encoding of the written symbols of 
the script, the script and language identities likewise 
need to be encoded in the respective standards. In this 
case the standard relevant to language encoding is the 
ISO 639 family (parts 1, 2 and 3). It is in this standard 
where “en” is defined as a code for “English” and “lol” 
for “Mongo”. These ISO 639 language codes are used 
by applications and operating systems to configure a 
language setting. 

Parts one and two cover only 506 of the 7,300 main 
languages tracked by the Ethnologue. (SIL) Part three 
attempts to cover all of the world’s languages and has 
been a draft standard for a number of years and should 
become a final standard shortly. 

If the U-RL that you are working with is not 
covered by ISO 639-3, you will want to request its 
inclusion from the registrar

16
. Requests can also be 

made for the encoding of a dialect. It is still possible to 
request a code assignment from ISO 639-2 which may 
help gain software support faster. However, ISO 639-2 
does require evidence of 50 in-language documents 
from 5 institutes that most U-RLs are unlikely to have

17
. 

To encode a script identity, such as “tfng” for 
“Tifinagh”, ISO 15924 is the applicable standard. As 
with language name encodings the registrar should be 
contacted if the script the U-RL uses has not been 
assigned a code

18
. 

3.3. National Standards 

Most every country will have some government 
recognized body such as a ministry, industrial 
consortium, or professional organization entrusted to 
define standards for the nation as a whole. Working 
with a national standards body should always be 
attempted before approaching an international body. 

It may be the case that the national standards body 
does not have the interest, expertise, funds or other 
resources to develop a national standard for technology 
focused topics such as character encoding, collation, 
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 ISO 15924 Registrar: http://www.unicode.org/iso15924/  

keyboard mappings, or more deeply linguistic areas 
such as lexicons. 

On the other hand, a standards body may be grateful 
for any help it can get and will welcome your initiative 
particularly in information technology areas. 
Potentially, a standards body may fund and even take 
over the “defacto standard” that you have intrinsically 
developed for your resources and evolve it into a formal 
standard. Having a national standards body endorse and 
legalize a defacto standard for a system puts the highest 
level of clout behind it. This will make it much easier to 
achieve international recognition for the standard, 
particularly if the standards body is also the nation’s 
representative to the ISO. Local software companies 
may also begin supporting the standard without waiting 
for the international recognition. 

4. Conclusion 

In uncharted territory there will be more to explore 
academically, and more pure knowledge build, but at 
the cost of moving a little slower while you tread the 
first roads. 

The entry cost into working on a U-RL will always 
be higher relative to working on a well explored 
language. This greater cost is incurred for the lack of 
informational, computational and the lowest level of 
resources for language representation on a computer. 
With each passing year the growing availability of 
Unicode based tools helps lower the entry cost in both 
time and money required to undertake U-RL research. 
Indeed, it has never been easier. 

While there can be a greater burden upon an NLP 
researcher to develop basic level resources to engage in 
U-RL research, there is also the opportunity to realize a 
greater and more meaningful impact from the research 
activity. By developing those resources and filling the 
resource void, you are helping the language and its 
culture make the leap into the information era and have 
a better chance at surviving into the future. 
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Abstract 
 The Bible Translator’s Assistant (TBTA) is a natural 
language generator (NLG) designed specifically for field linguists 
doing translation work in minority languages.  In particular, TBTA is 
intended to generate drafts of the narrative portions of the Bible as 
well as numerous community development articles in a very wide 
range of languages.  TBTA uses the rich interlingua approach.  The 
semantic representations developed for TBTA consist of a controlled 
English based metalanguage augmented by a feature system designed 
specifically for minority languages.  The grammar in TBTA has two 
sections: a restructuring grammar and a synthesizing grammar.  The 

restructuring grammar restructures the semantic representations in 
order to produce a new underlying representation that is appropriate 
for a particular target language.  Then the synthesizing grammar 
synthesizes the final surface forms.  To date TBTA has been tested 
with four languages: English, Korean, Jula (Cote d’Ivoire) and Kewa 
(Papua New Guinea).  Experiments with the Jula text indicate that 
TBTA triples the productivity of professional mother tongue 
translators without any loss of quality.  A model of TBTA is shown 
below in Figure 1. 

 

 
Figure 1. Underlying model of The Bible Translator’s Assistant 

 
1. The Semantic Representations 

 The development of an adequate method of 
meaning representation for TBTA’s source texts proved to 
be a challenge.  Formal semantics (Cann, 1993; Rosner, 
1992), conceptual semantics (Jackendoff, 2002) and 
generative semantics (Lakoff, 1975) were each considered 
but found inadequate.  Using the foundational principles 
of Natural Semantic Metalanguage theory, a set of 
semantically simple English molecules was identified in a 
principled manner (Wierzbicka, 1996; Goddard, 1998).  
These semantic molecules serve as the primary lexemes in 
TBTA’s ontology.  The ontology also includes 
semantically complex lexemes, but each of those lexemes 
has an associated expansion rule that automatically 

expands the complex concept in terms of the semantic 
molecules for those target languages that don’t have a 
lexicalized semantic equivalent. 

The feature set developed for TBTA encodes 
semantic, syntactic and discourse information.  Each 
feature is an exhaustive etic list of the values pertinent to 
the world’s languages.  For example, each nominal is 
marked for Number, and the possible values are Singular, 
Dual, Trial, Quadrial and Plural.  Each of these values is 
necessary because some languages morphologically 
distinguish all five of these categories.  Examples of some 
of the features and their values are listed below in Tables 
1 through 4. 
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Number Singular, Dual, Trial, Quadrial, Plural 
Participant Tracking First Mention, Integration, Routine, Exiting, Offstage, Restaging, Generic, Interrogative, 

Frame Inferable 
Polarity Affirmative, Negative 
Proximity Near Speaker and Listener, Near Speaker, Near Listener, Remote within sight, Remote out of 

sight, Temporally Near, Temporally Remote, Contextually Near, Contextually Remote, Not 
Applicable 

Person First, Second, Third, First & Second, First & Third, Second & Third, First & Second & Third 
Participant Status Protagonist, Antagonist, Major Participant, Minor Participant, Major Prop, Minor Prop, 

Significant Location, Insignificant Location, Significant Time, Not Applicable 
  

Table 1. Partial listing of the Features for Things (Nominals) 
 
Time Discourse, Present, Immediate Past, Earlier Today, Yesterday, 2 days ago, 3 days ago, a week 

ago, a month ago, a year ago, During Speaker’s lifetime, Historic Past, Eternity Past, 
Unknown Past, Immediate Future, Later Today, Tomorrow, 2 days from now, 3 days from 
now, a week from now, a month from now, a year from now, Unknown Future, Timeless 

Aspect Discourse, Habitual, Imperfective, Progressive, Completive, Inceptive, Cessative, 
Continuative, Gnomic 

Mood Indicative, Definite Potential, Probable Potential, ‘might’ Potential, Unlikely Potential, 
Impossible Potential, ‘must’ Obligation, ‘should’ Obligation, ‘should not’ Obligation, 
Forbidden Obligation, ‘may’ (permissive) 

Reflexivity Not Applicable, Reflexive, Reciprocal 
Polarity Affirmative, Negative, Emphatic Affirmative, Emphatic Negative 

 
Table 2. Partial listing of the Features for Events (Verbs) 

 
Semantic Role Participant, Patient, State, Source, Destination, Instrument, Addressee, Beneficiary, Not 

Applicable 
 

Table 3. Partial listing of the Features for Thing Phrases (NPs) 
 
Type Independent, Coordinate Independent, Restrictive Thing Modifier, Descriptive Thing 

Modifier, Event Modifier, Participant, Patient, Attributive Patient 
Illocutionary Force Declarative, Imperative, Content Interrogative, Yes-No Interrogative 
Topic NP Participant, Patient, State, Source, Destination, Instrument, Beneficiary 
Discourse Genre Narrative, Expository, Hortatory, Procedural, Expressive, Descriptive, Epistolary, Dramatic 

Narrative, Dialog 
Notional Structure 
Schema (Longacre, 
1996) 

Narrative-Exposition, Narrative-Inciting Incident, Narrative-Developing Conflict, Narrative-
Climax, Narrative-Denouement, Narrative-Final Suspense, Narrative-Conclusion, Hortatory-
Authority Establishment, Hortatory-Problem or Situation, etc. 

Salience Band 
(Longacre, 1996) 

Pivotal Storyline, Primary Storyline, Secondary Storyline, Script Predictable Actions, 
Backgrounded Actions, Flashback, Setting, Irrealis, Evaluation, Cohesive Material, Not 
Applicable 

Direct Quote Man to Woman, Woman to Man, Man to Man, Woman to Woman, Father to Child, Child to 
Father, Mother to Child, Child to Mother, Husband to Wife, Wife to Husband, Employer to 
hired Worker, Hired Worker to Employer, Teacher to Student, Student to Teacher, King to 
Man, Man to King, King to Woman, Woman to King, Queen to Man, Man to Queen, Queen 
to Woman, Woman to Queen, etc. 

 
Table 4.  Partial listing of the Features for Propositions 

 
 Because it’s impossible to represent meaning in a 
completely language neutral way, it was decided that a 
subset of English sentence structures would be used.  

Taking all of the above into consideration, the semantic 
representation for the very simple sentence John did not 
read those books is shown below in Figure 2. 
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Figure 2. Semantic Representation of John did not read those books. 
 
As seen in Figure 2, each lexeme has a set of features 
indicated by the numerals and letters immediately below 
it, each Object Phrase (NP) is marked for its semantic role, 

and the proposition is characterized by a set of features.  
The features associated with the event read in Figure 2 
are expanded below in Figure 3. 

 
     Event-2ArUINN 
  Polarity – Negative 
         Reflexivity – Not Applicable 
         Mood – Indicative 
         Aspect – Unmarked 
         Time – Discourse 
         Lexical Sense - A 
         Semantic Complexity Level 2 

 
Figure 3. Expansion of Features associated with read shown in Figure 2 

 
2. The Generator’s Grammar 

 As was mentioned above, users of TBTA build a 
restructuring grammar and a synthesizing grammar for 
their target languages.  The restructuring grammar 
restructures the semantic representations so that they 
contain the target language’s structures, lexemes and 
features.  The synthesizing grammar then synthesizes the 
final surface forms.  The synthesizing grammar in TBTA 
has been designed to look as much as possible like the 

descriptive grammars that linguists routinely write.  
Therefore the synthesizing grammar includes phrase 
structure rules, constituent movement rules, clitic rules, 
spellout rules, morphophonemic rules, and feature 
copying rules.  Figure 4 shows all of the types of rules in 
the synthesizing grammar and the sequence in which 
they’re executed. 

 

 
Figure 4. Overview of the Synthesizing Grammar in TBTA 

 
 Samples of some of these rules are shown below in 
Figures 5 through 7.  Figure 5 shows a Feature Copying 
rule for Jula.  Certain verbs in Jula are reduplicated when 
their objects are plural.  Therefore a Feature Copying rule 

copies the number of the object nominals to the verb.  If 
there are multiple object nominals, the system finds all of 
them and sums their number values (e.g., singular + 
singular = dual, singular + dual = trial, etc.). 
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Figure 5. Feature Copying rule for Jula 
 
 Figure 6 below shows a table spellout rule for Jula.  
All transitive verbs in Jula are marked with an auxiliary 

that indicates both tense and polarity.  The table in this 
rule shows the six auxiliary verbs and their environments. 

 

 
 

Figure 6. Spellout Rule for Jula 
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Figure 7. Clitic Rule for Kewa 
 
Kewa marks many of its NPs with post-clitics which 
signal a variety of relationships.   Figure 7 above shows a 

Clitic Rule for Kewa that inserts the post-clitic –ná which 
indicates possession. 

 
3. Generating Target Text 

As the linguist builds his lexicon and grammar, 
TBTA acquires knowledge of the target language and is 
able to generate target text; the more knowledge the 
linguist enters, the less assistance TBTA requires.  
Figures 8 and 9 shown below indicate that each 

subsequent chapter of text requires less effort by the 
linguist.  Eventually TBTA acquires sufficient knowledge 
of the target language that it is able to generate drafts of 
all the analyzed source materials without any additional 
assistance from the linguist. 

 

 
 

Figure 8. Number of new grammatical rules required for each chapter of Kewa text 
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Figure 9. Number of new grammatical rules required for each chapter of Jula text 
 

 TBTA has been tested with four languages: 
English, Korean, Jula which is spoken in Cote d’Ivoire 
and Mali, and Kewa which is a clause chaining language 
with a switch reference system spoken in Papua New 
Guinea.  In each of these four tests TBTA has produced 
text that is easily understandable, grammatically perfect 
and semantically equivalent to the source texts.  However, 

the generated texts lack naturalness and need to be post-
edited in order to produce presentable first drafts.  
Experiments with the Jula text indicate that TBTA triples 
the productivity of professional mother tongue translators 
without any loss of quality.  Those experiments will be 
described in Section 4. 

 
4. Evaluating the Generated Text 

 In order to determine whether or not the quality of 
the text generated by TBTA is sufficient so that it actually 
improves the productivity of a translator, several 
experiments were performed with the generated Jula text.  
As was shown above in Figure 9, a lexicon and grammar 
were developed for Jula so that TBTA could generate a 
draft of the biblical book of Nahum.  Then eight 
professional mother tongue Jula translators in Mali were 
asked to participate in an experiment that was designed to 
determine the quality of the generated text.  In particular, 
four of the translators were asked to edit the first half of 
the generated text and make it a presentable first draft.  
Then they were asked to manually translate the second 
half of Nahum from the French La Bible en Français 
Courant, again producing a presentable first draft.  The 
other four translators were asked to perform the same two 
tasks, but they manually translated the first half of Nahum 
and then edited the second half of the generated text.  All 
of the translators were told that they’d be timed during 
each of the two tasks.  Table 5 below shows the results of 

this experiment.  On average these eight professional 
mother tongue translators spent three times as much time 
translating as they did editing.  These results were 
encouraging, but another experiment was considered 
necessary to determine whether or not the translators had 
actually done a thorough job of editing the generated text.   
 In the second experiment, the eight drafts of 
Nahum were evaluated by forty other Jula speakers in 
order to compare the quality of the two halves of each text.  
These other speakers had no idea how the texts had been 
produced or where the texts had come from.  Each of the 
evaluators was given one text that consisted of two halves 
– one half had been manually translated and the other half 
had been generated by TBTA and then edited by the same 
translator.  The evaluators were each asked just one 
question: Is the quality of either half significantly better 
than the quality of the other half, or are the two halves 
essentially equal in quality?  The results of this 
experiment are also summarized below in Table 5.   
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Translator Editing Time Translating Time Ratio Evaluations 
Translator #1 24 minutes 65 minutes 2.7:1 C1 - M1 - E3 
Translator #2 51 minutes 89 minutes 1.7:1 C1 - M2 - E2 
Translator #3 56 minutes 132 minutes 2.4:1 C4 - M1 
Translator #4 40 minutes 150 minutes 3.8:1 C2 - M3 
Translator #5 70 minutes 145 minutes 2.1:1 C1 - E4 
Translator #6 52 minutes 120 minutes 2.3:1 E5 
Translator #7 62 minutes 192 minutes 3.1:1 C2 - M1 - E2 
Translator #8 20 minutes 296 minutes 14.8:1 C1 - M3 - E1 
 

Table 5. Evaluating the Quality of the generated Jula text 
 
Average translation time: 1189/8 = 149 minutes 
Average editing time:  375/8 = 47 minutes 
Ratio: 3.2:1 
 
 In the Evaluations column of Table 5, the numbers 
prefaced with a ‘C’ indicate the number of evaluators that 
chose the computer generated half as better, the numbers 
prefaced with an ‘M’ indicate the number of evaluators 
that considered the manually translated half to be better, 
and the numbers prefaced with an ‘E’ indicate the number 
of evaluators that said the two halves of the text were 
equal in quality.  Considering all of the evaluations 
together, a total of twelve evaluators thought that the 
edited computer generated half was better, eleven 
evaluators chose the manually translated half as being 

better, and seventeen evaluators considered the two halves 
to be of equal quality.  Therefore twenty-nine of the forty 
evaluators said that the halves that had been generated by 
TBTA and then manually edited were as good as or better 
than the halves that had been professionally translated.  
So this second experiment confirmed that the translators 
had done a thorough job of editing the generated text even 
though they had only spent a third as much time editing as 
translating.  Therefore, in this particular case, TBTA 
tripled the productivity of professional mother tongue 
translators without any loss of quality. 

 
5. Conclusions

 TBTA is a tool that will help field linguists who 
are translating texts into a variety of languages.  The 
information encoded in the semantic representations 
combined with the capabilities of the restructuring and 
synthesizing grammars enables this project to generate 
target text that is easily understandable, grammatically 
perfect, and semantically equivalent to the source texts.  

The generated texts lack naturalness, but this problem 
may be easily corrected with post-editing.  Additional 
experiments are currently being performed to ascertain the 
quality of the generated texts in other languages.  It is 
hoped that this project will help produce translations of 
many different documents into the world’s minority 
languages. 

 

45



 
6. References 

 
Allman, T., Beale, S. (2004).  An environment for quick ramp-up multi-lingual authoring.  In International Journal of 

Translation, Vol. 16, No. 1. 
 
Beale, S., Nirenburg, S., McShane, M., and Allman, T. (2005).  Document Authoring the Bible for Minority Language 

Translation.  In Proceedings of MT-Summit.  Phuket, Thailand.   
 
Cann, R. (1993). Formal Semantics, Cambridge: Cambridge University Press. 
 
Goddard, C. (1998). Semantic Analysis: A Practical Introduction, New York: Oxford University Press. 
 
Jackendoff, R. (2002) Foundations of Language, New York: Oxford University Press. 
 
Lakoff, G. (1975). Pragmatics in Natural Logic.  In Keenan, E. (ed.) (1975) Formal Semantics of Natural Language, 
Cambridge: Cambridge University Press. 
 
Longacre, R. (1996). The Grammar of Discourse, New York: Plenum Press. 
 
Rosner, M., Johnson, R. (1992). Computational Linguistics and Formal Semantics, Cambridge: Cambridge University 
Press. 
 
Wierzbicka, A. (1996) Semantics: Primes and Universals, New York: Oxford University Press. 

46



Ó¿½¸·²» Ì®¿²´¿¬·±² º±® ß³¸¿®·½æ É¸»®» ©» ¿®»

Í¿¾¿ ß³¿´« ú Í·¿§ Ú·¿¸¿ ß¼¿º®»

Ú¿µ«´¬x¿¬ ºx«® Ô·²¹«·¬·µ «²¼ Ô·¬»®¿¬«®©·»²½¸¿º¬ô Ë²·ª»®·¬x¿¬ Þ·»´»º»´¼
Õ·µ»®¬®¿» êô Þ·»´»º»´¼
Ì»´æ ððìç øð÷ëîï ïðêíëïç

¿¾¿à«²·ó¾·»´»º»´¼ò¼»
×²º±®³¿¬·½ ×²¬·¬«¬»ô Ë²·ª»®·¬§ ±º ß³¬»®¼¿³

Ì»´æ ððíïîðëîëéëìë
sssaha@science.uva.nl

ß¾¬®¿½¬
É» ¼»½®·¾» ±³» ±º ¬¸» »ºº±®¬ ·² ®»»¿®½¸ ¿²¼ ®»±«®½» ¿½¯«··¬·±² ¬±©¿®¼ ¼»ª»´±°·²¹ ¿² ß³¸¿®·½ ³¿½¸·²» ¬®¿²´¿¬·±² §¬»³ò ß ¾®·»º
¿½½±«²¬ ±º ¬¸» ½¸¿´´»²¹» ±º «²¿ª¿·´¿¾·´·¬§ ±º ¬»¨¬ ½±®°±®¿ ¿²¼ ´·²¹«·¬·½ ¬±±´ · °®»»²¬»¼ò ×² ¬¸» ¼·®»½¬·±² ±º ®»»¿®½¸ô ±«® «®ª»§ ¸±©
that only limited attempts to integrate Amharic into a unication based machine translation system and to extract lexical information from
bilingual corpora which are the basis for machine translation have been made. In order to ll the gap, signicant research on different
¿°»½¬ ±º ¬¸» ´¿²¹«¿¹» ²»»¼ ¬± ¾» ¼±²»ò ×² ¬¸· °¿°»® ©» ·¼»²¬·º§ ¿²¼ ¼»½®·¾» ±³» ±º ¬¸» ¬¿µ ¬¸¿¬ ²»»¼ ¬± ¾» ¹·ª»² ¼«» ¿¬¬»²¬·±² ¾±¬¸
·² ¬»®³ ±º ®»±«®½» ¿½¯«··¬·±² ¿²¼ ¼»ª»´±°·²¹ ¬±±´ò Ì¸· ©¿§ ©» ¸±°» ¬± ·²°·®» ·¼»¿ ¿²¼ ³±®» ¼·½«·±² ±² ¬¸» ·«»ò

ïò ×²¬®±¼«½¬·±²
Ó¿½¸·²» ¬®¿²´¿¬·±² øÓÌ÷ §¬»³ ¸¿ª» ¸±©² ¬± °®±ª·¼»
signicant economic gains in a number of areas. Now
¬¸¿¬ ²±¬¿¾´» °®±¹®» ¸¿ ¾»»² ³¿¼» ·² ¬¸» ¼»ª»´±°³»²¬ ±º
ÓÌ §¬»³ º±® »½±²±³·½¿´´§ ·³°±®¬¿²¬ ´¿²¹«¿¹» ±º ¬¸»
©±®´¼ô ¬¸» º±½« ¸¿ ¸·º¬»¼ ®»½»²¬´§ ¬± ¬¸» ¼»·¹² ±º ³»¬¸ó
±¼ º±® ¬¸» ®¿°·¼ ¼»ª»´±°³»²¬ ±º ÓÌ §¬»³ º±® ³·²±®·¬§
´¿²¹«¿¹» ©¸·½¸ ¸¿ª» ²± ±® ª»®§ ´·¬¬´» ²¿¬«®¿´ ´¿²¹«¿¹» °®±ó
½»·²¹ ®»±«®½»ò ß³¸¿®·½ · ±²» ±º «½¸ ´¿²¹«¿¹» º±®
©¸·½¸ ´·³·¬»¼ ®»»¿®½¸ ¸¿ ¾»»² ½¿®®·»¼ ±«¬ ·² ¬¸» ¿®»¿ ±º
ÓÌ ±® ÒÔÐ ·² ¹»²»®¿´ò
×² ¬¸· °¿°»®ô ©» °®±ª·¼» ¿ ¸±®¬ «³³¿®§ ±º ±³» ±º ¬¸»
©±®µ ¼±²» ·² ¬¸» ¿®»¿ ±º ß³¸¿®·½ ²¿¬«®¿´ ´¿²¹«¿¹» °®±ó
½»·²¹ô ©¸·½¸ ¿®» »»²¬·¿´ ¬± ¬¸» ¼»ª»´±°³»²¬ ±º ³¿½¸·²»
¬®¿²´¿¬·±² §¬»³ º±® ß³¸¿®·½ò Í»½¬·±² îò °®±ª·¼» ¾¿½µó
¹®±«²¼ ·²º±®³¿¬·±² ±² ß³¸¿®·½ ´¿²¹«¿¹»ò Í»½¬·±² íò ¾®·»º
¬¸» ²»»¼ ¿²¼ ½¸¿´´»²¹» º±® ¼»ª»´±°·²¹ ÓÌ §¬»³ ¿²¼ ¬¸»
®»±«®½» ¿²¼ ¬±±´ ¿ª¿·´¿¾´»ò Í»½¬·±² ìò ú ëò ¼»½®·¾»
®»´»ª¿²¬ ®»»¿®½¸ ¬±©¿®¼ ¸¿ª·²¹ ¿² ÓÌ §¬»³ ¿²¼ º«¬«®»
¼·®»½¬·±² ·² ½±®°« ¿½¯«··¬·±² ¼»ª»´±°·²¹ ®»´»ª¿²¬ ¬±±´ò

îò ß³¸¿®·½ Ô¿²¹«¿¹»
ß³¸¿®·½ · ¿ Í»³·¬·½ ´¿²¹«¿¹» ©¸·½¸ · ©·¼»´§ °±µ»²
·² Û¬¸·±°·¿ò ×¬ ¸¿ ïéòì ³·´´·±² ²¿¬·ª» ¿²¼ ¿®±«²¼ ì ³·´ó
´·±² ²±²ó²¿¬·ª» °»¿µ»® ¿²¼ ¿ ´±²¹ ¸·¬±®§ ±º »®ª·½» ¿ ¿
³»¼·«³ ·² »¼«½¿¬·±² ¿²¼ ¹±ª»®²³»²¬ ¿½¬·ª·¬·» øÉ·µ·°»¼·¿ô
îððê÷ò ×¬ ¸¿ ·¬ ±©² ½®·°¬ øÚ·¼»´÷ ¬¸¿¬ · ¾±®®±©»¼ º®±³
Ù»»¦ô ¿²±¬¸»® Û¬¸·±°·¿² Í»³·¬·½ ´¿²¹«¿¹» øÔ»´¿«ô ïççë÷ò
Ì¸» ½®·°¬ · ¿ §´´¿¾¿®§ ©®·¬·²¹ §¬»³ ©¸»®» »¿½¸ ½¸¿®¿½ó
¬»® ®»°®»»²¬ ¿² ±°»² ÝÊ §´´¿¾´»ò
ß³¸¿®·½ ¸¿ ¿ ½±³°´»¨ ³±®°¸±´±¹§ò É±®¼ º±®³¿¬·±²
involves prexation, sufxation, inxation, reduplication,
¿²¼ Í»³·¬·½ ¬»³ ·²¬»®¼·¹·¬¿¬·±²ô ¿³±²¹ ±¬¸»®ò Ô·µ» ±¬¸»®
Í»³·¬·½ ´¿²¹«¿¹»ô ß³¸¿®·½ ª»®¾ ¿²¼ ¬¸»·® ¼»®·ª¿¬·±²
constitute a signicant part of the lexicon. In Semitic lan-
¹«¿¹»ô ©±®¼ô »°»½·¿´´§ ª»®¾ô ¿®» ¾»¬ ª·»©»¼ ¿ ½±²ó
·¬·²¹ ±º ¼·½±²¬·²«±« ³±®°¸»³» ¬¸¿¬ ¿®» ½±³¾·²»¼ ·²
¿ ²±²ó½±²½¿¬»²¿¬·ª» ³¿²²»®ò Í§²¬¿½¬·½¿´´§ô ß³¸¿®·½ · ¿²
ÍÑÊ ´¿²¹«¿¹»ò

íò ßª¿·´¿¾´» Ü¿¬¿ ¿²¼ Ì±±´ ¬± «°°±®¬ ÓÌ
Ì¸» ²»»¼ º±® ¿«¬±³¿¬·½ ³»¿² ±º °®±½»·²¹ ß³¸¿®·½ ´¿²ó
¹«¿¹» ¸¿ ®»½»²¬´§ ¾»»² ®»½±¹²·»¼ øÞ¿§±«ô îðððå Þ¿§«ô
îððîå ß´»³¿§»¸« ¿²¼ É·´´»¬¬ô îððîå Ù»¬¿½¸»©ô îððïå Ú·ó
¿¸¿ô îððì¿å ß¼¿º®»ô îððì¾å ß³¿´« ¿²¼ Ù·¾¾±²ô îððëå
ß´»³«ô îððë÷ò Ó±¬ ±º ¬¸»» ¬«¼·» ¿®» ´·³·¬»¼ ·² ½±°»
¿²¼ ¿®» º¿® º®±³ ³»»¬·²¹ ¬¸» ¼»³¿²¼ ±º ³±¼»®² ÒÔÐ ¿°ó
°´·½¿¬·±² «½¸ ¿ ÓÌò Ë²¿ª¿·´¿¾·´·¬§ ±º ¬»¨¬ ·² ³¿½¸·²»
®»¿¼¿¾´» º±®³ô ¬¸» ´·³·¬»¼ ²«³¾»® ±º ®»»¿®½¸»® ©±®µ·²¹
·² ¬¸» ¿®»¿ ¿²¼ ¬¸» »½±²±³·½ ´·³·¬¿¬·±² ¬± «°°±®¬ °®±¶»½¬
·² ®»±«®½» ¿½¯«··¬·±² ¿²¼ ¼»ª»´±°·²¹ ¬±±´ ¿®» ±³» ±º
¬¸» ³¿¶±® °®±¾´»³ º¿½·²¹ ¬¸» ¼»ª»´±°³»²¬ ±º ß³¸¿®·½
ÓÌò Ü»°·¬» ¬¸»» ¸±®¬ó½±³·²¹ô ¬¸» ®»½»²¬ »ºº±®¬ ½±«°´»¼
©·¬¸ ¬¸» ·²½®»¿·²¹ ¿ª¿·´¿¾·´·¬§ ±º ·²º±®³¿¬·±² ¬»½¸²±´±¹§
º±® ß³¸¿®·½ ®»«´¬»¼ ·² «»º«´ ®»±«®½»ò

ß³¸¿®·½ Í½®·°¬

ß¼ª¿²½» ¸¿ª» ¾»»² ³¿¼» ©·¬¸ ®»°»½¬ ¬± ¬¸» ®»°®»»²¬¿ó
¬·±² ¿²¼ ³¿²·°«´¬¿¬·±² ±º ß³¸¿®·½ ½®·°¬ «·²¹ ½±³°«¬»®ò
Í»ª»®¿´ º±²¬ ¿²¼ »²½±¼·²¹ ½¸»³» ¸¿ª» ¾»»² °®±°±»¼
º±® ¬¸» ½®·°¬ ·² ¬¸» °¿¬ô ©¸·½¸ ®»«´¬»¼ ·² ¬¸» °®±´·º»®¿ó
¬·±² ±º ²±²ó¬¿²¼¿®¼ ±º¬©¿®» °¿½µ¿¹»ò Ý«®®»²¬´§ô ¬¸»®»
¿®» «²·½±¼» ½±³°¿¬·¾´» º±²¬ô ¿²¼ ½±³°¿²·» ¿®» «°¼¿¬·²¹
¬¸»·® °¿½µ¿¹» ¬± ¬¸· ¬¿²¼¿®¼ò
Ì¸» ½®»¿¬·±² ±º ¬¸» Ë²·½±¼» ¬¿²¼¿®¼ º±® Û¬¸·±°·½ ©¿ ¿²
·³°±®¬¿²¬ ¬»° º±® ½±³°«¬¿¬·±²¿´ ´·²¹«·¬ ·² ¬¸¿¬ ½»®¬¿·²
°®±¾´»³ ±º ·²½±³°¿¬·¾·´·¬§ ¬± ±°»®¿¬·²¹ §¬»³ ¿²¼ ¬¸»
²»»¼ ¬± ¬®¿²´·¬»®¿¬» ¬»¨¬ º®±³ ¼·ºº»®»²¬ °¿½µ¿¹» ¬± ¿ ½±³ó
³±² ®»°®»»²¬¿¬·±² ·² Ô¿¬·² ½®·°¬ ¸¿ ¾»»² ¿´´»ª·¿¬»¼ò

Ì»¨¬ Ý±®°±®¿

Ø·¬±®·½¿´´§ô ß³¸¿®·½ ¸¿ »®ª»¼ ¿ ¬¸» ²¿¬·±²¿´ ´¿²¹«¿¹»
±º Û¬¸·±°·¿ò Ý«®®»²¬´§ ·¬ · ¾»·²¹ «»¼ ¿ ¬¸» ©±®µ·²¹ ´¿²ó
¹«¿¹» ±º ¬¸» Ú»¼»®¿´ Ù±ª»®²³»²¬ ¿²¼ »ª»®¿´ ´±½¿´ ¹±ª»®²ó
³»²¬ò Ì¸· ¸¿ ®»«´¬»¼ ·² ¿ ´¿®¹» ¯«¿²¬·¬§ ±º °«¾´·½¿¬·±²
©¸·½¸ ®¿²¹» º®±³ ²»© ¿®¬·½´»ô ©±®µ·²¹ ¼±½«³»²¬ ·² ±®ó
¹¿²·¿¬·±² ¿²¼ ²±ª»´ ¬± ®»´·¹·±« ³¿²«½®·°¬ ¿²¼ ¬»¿½¸ó
·²¹ ³¿¬»®·¿´ º±® »´»³»²¬¿®§ ½¸±±´ò ß³±²¹ ¬¸»» ¼±½ó
«³»²¬ô ²»© ¿®¬·½´»ô ¬¸» Þ·¾´»ô ¹±ª»®²³»²¬ ¼±½«³»²¬
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«½¸ ¿ ½±²¬·¬«¬·±²¿´ °¿°»®ô ¶«¼·½·¿®§ ¼±½«³»²¬ô º±®³
±º Þ¿²µ ¿²¼ ×²«®¿²½» ¿²¼ ±¬¸»® ½±³°¿²·» ¿®» ¿ª¿·´¿¾´»
·² ¾·´·²¹«¿´ ª»®·±²å ¿²¼ ·² ³±¬ ½¿» ·² ³¿½¸·²» ®»¿¼¿¾´»
º±®³ò Ì¸» ®»¬ ¿®» ³±¬´§ ³±²±´·²¹«¿´ °®·²¬ ¼±½«³»²¬ò

Þ·´·²¹«¿´ Ü·½¬·±²¿®·»

Ì¸»®» ¿®» ¼·ºº»®»²¬ °®·²¬ ¾·´·²¹«¿´ ¼·½¬·±²¿®·» øß³¸¿®·½ó
Û²¹´·¸÷ò Í±³» ±º ¬¸»» ¼·½¬·±²¿®·» ¿®» ¿´± ¿ª¿·´¿¾´» ·²
³¿½¸·²» ®»¿¼¿¾´» º±®³ øßµ´·´«ô ïççèå Ô»´¿«ô ïççêå Ü¿ª·ó
¼±ª·½ Ó´¿¼»²ô ïççî÷ò Ì¸»®» ¿®» ¿´± ±²´·²» ¼·½¬·±²¿®ó
·» øÛ´·¿¾ô å Ý¿·²ô ÷ò Ì¸±«¹¸ ¬¸»» ¼·½¬·±²¿®·» ³¿§ ¸¿ª»
´·³·¬»¼ ½±ª»®¿¹» ¾±¬¸ ·² ¬¸» ´»¨·½¿´ »²¬®·» ¬¸»§ ½±²¬¿·² ¿²¼
¬¸» ´»¨·½¿´ ¼¿¬¿ ½¿¬»¹±®·» º±® ¬¸» »²¬®·»ô ¬¸»§ ½¿² ¾» «»º«´
º±® ¾±±¬¬®¿°°·²¹ ´¿®¹» ½¿´» ¼·½¬·±²¿®·» ±® ±¬¸»® ´·²¹«·¬·½
®»±«®½» «½¸ ¿ ©±®¼´·¬ ¿²¼ ¬¸»¿«®·ò

Ô·²¹«·¬·½ Ì±±´

Í¬«¼·» ·² ¬¸» ´¿²¹«¿¹» ±º Û¬¸·±°·¿ô °¿®¬·½«´¿®´§ ß³¸¿®·½ô
¸¿ª» ¾»»² ³¿·²´§ ³±¬·ª¿¬»¼ ¾§ °«®» ´·²¹«·¬·½ ·²¬»®»¬
øÞ¿§»ô ïçèêå Ô»´¿«ô ïççëå Þ»²¼»® ¿²¼ Ø¿·´«ô ïçéè÷ò Ó±¬
±º ¬¸» ©±®µ ¿®» ±º ¼»½®·°¬·ª» ²¿¬«®» ¿²¼ º±½« ³¿·²´§
±² ¬¸» ³±®°¸±´±¹§ ±º ¬¸» ´¿²¹«¿¹»ò Í±³» ±º ¬¸» ®¿®» ¿¬ó
¬»³°¬ ¿¬ º±®³¿´··²¹ ß³¸¿®·½ ¹®¿³³¿® ¸¿ª» ¾»»² ½¿®®·»¼
±«¬ ©·¬¸·² ¬¸» º®¿³»©±®µ ±º »¿®´§ ¬¸»±®·» ±º ¬®¿²º±®³¿ó
¬·±²¿´ ¹®¿³³¿® ¿²¼ ¿®» ´·³·¬»¼ ·² ½±°»ò Î»¹¿®¼·²¹ ¬¸»
½±³°«¬¿¬·±²¿´ ¿°»½¬ô ·¬ · ±²´§ ®»½»²¬´§ ¬¸¿¬ ©±®µ ¸¿ª»
¾»¹«² ¬± ¿°°´§ ±³» ±º ¬¸» ¬»½¸²·¯«» ±º º±®³¿´ ´·²¹«·ó
¬·½ øÞ¿§±«ô îðððå Þ¿§«ô îððîå ß´»³¿§»¸« ¿²¼ É·´´»¬¬ô
îððîå Ù»¬¿½¸»©ô îððïå Ú·¿¸¿ô îððì¿å ß¼¿º®»ô îððì¾å
ß³¿´« ¿²¼ Ù·¾¾±²ô îððë÷ò Ì¸» ®»«´¬ ±º ³±¬ ±º ¬¸»»
©±®µ ¿®» °®±¬±¬§°» ©·¬¸ ´·³·¬»¼ ½±°»ò Ì± ¬¸» ¾»¬ ±º
±«® µ²±©´»¼¹»ô ¬¸»®» ¿®» ²± ©·¼» ½±ª»®¿¹» °¿®¬ó±ºó°»»½¸
¬¿¹¹»®ô ³±®°¸±´±¹·½¿´ ¿²¿´§»® ±® §²¬¿½¬·½ °¿®»® º±®
ß³¸¿®·½ò Î»½±¹²··²¹ ¬¸»» °®±¾´»³ô ±³» ®»½±³³»²ó
¼¿¬·±² ¸¿ª» ¾»»² ³¿¼» ¬± ¼»ª»´±° ®»±«®½» ®»¯«·®»¼
º±® ¬¸» ¼»ª»´±°³»²¬ ±º ¬¸»» ¬±±´ «½¸ ¿ ß³¸¿®·½ ¬®»»ó
¾¿²µ øß´»³« »¬ ¿´òô îððí÷ò

ìò Î»´¿¬»¼ Î»»¿®½¸
É·¬¸ ®»°»½¬ ¬± ÓÌô ±²» ±º ¬¸» »¿®´§ ¿¬¬»³°¬ ¬± ·²¬»¹®¿¬»
Amharic into a unication based machine translation sys-
¬»³ · ©±®µ ¼±²» ¾§ øÚ·¿¸¿ ¿²¼ Ø¿´´»®ô îððí¿÷ò Ì¸· ©±®µ
°®±ª·¼»¼ º±®³¿´ ¼»½®·°¬·±² ±º ß³¸¿®·½ ´¿²¹«¿¹» ¾±®®±©ó
·²¹ ·¼»¿ º®±³ ½±²¬»³°±®¿®§ ´·²¹«·¬·½ ¬¸»±®·»ô ¿²¼ ¿°ó
°´·»¼ ¼·ºº»®»²¬ ²¿¬«®¿´ ´¿²¹«¿¹» ¬±±´ ¿²¼ ¬»½¸²·¯«» º±®
±´ª·²¹ ±³» ±º ¬¸» °®±¾´»³ ±º ß³¸¿®·½ ´¿²¹«¿¹»ò Ð®·ó
marily, Xerox nite state tools (XFST) are used for mod-
»´´·²¹ ß³¸¿®·½ ³±®°¸±´±¹§ò ß³¸¿®·½ §²¬¿¨ · ¼»½®·¾»¼
using a unication-based grammar formalism. A fragment
±º ¬¸» ¹®¿³³¿® ¬¸« ¼»ª»´±°»¼ ¸¿ª» ¾»»² «»¼ ¬± ¼»ª»´±° ¿
°®±¬±¬§°» ¬®¿²º»®ó¾¿»¼ ß³¸¿®·½óÛ²¹´·¸ ³¿½¸·²» ¬®¿²ó
´¿¬·±² §¬»³ò Ý±®°«ó¾¿»¼ ³»¬¸±¼ «½¸ ¿ ½±´´±½¿¬·±²
extraction, clustering and classication techniques were ap-
°´·»¼ º±® ´»¨·½¿´ ¼»ª»´±°³»²¬ øß¼¿º®» ¿²¼ Ø¿´´»®ô îððí¾÷ò
Ø±©»ª»®ô ¿ ©·¬¸ ±¬¸»® ®»´¿¬»¼ ®»»¿®½¸»ô ¬¸· ©±®µ ©¿
»ª»®»´§ ´·³·¬»¼ ¾§ ¬¸» ·²¿¼»¯«¿½§ ±º ³±²±´·²¹«¿´ ´·²¹«·ó
¬·½ ®»»¿®½¸» ¿²¼ ®»±«®½» ¿ª¿·´¿¾´» º±® ß³¸¿®·½ ¿¬ ¬¸»
¬·³»ò
Î»½»²¬´§ô ¬¸»®» · ·²½®»¿·²¹ ·²¬»®»¬ ·² ¬¸» »¨¬®¿½¬·±² ±º
bilingual lexicon from parallel corpora which we briey

«³³¿®·» ¾»´±©ò

ìòïò Þ·´·²¹«¿´ Ô»¨·½±² Û¨¬®¿½¬·±²

Ü»ª»´±°³»²¬ ±º ¾·´·²¹«¿´ ´»¨·½±² ½±²¬·¬«¬» ¿² ·³°±®¬¿²¬
¿²¼ ¿½¸·»ª»¿¾´» ¸±®¬ ¬»®³ ¹±¿´ ¬¸¿¬ ½±²¬®·¾«¬» ¹®»¿¬´§
¬± ³¿½¸·²» ¬®¿²´¿¬·±² ®»»¿®½¸ ¿½¬·ª·¬·» º±® ß³¸¿®·½ò
Þ·´·²¹«¿´ ´»¨·½±² ¿½¯«··¬·±² º®±³ ß³¸¿®·½óÛ²¹´·¸ °¿®ó
¿´´»´ ½±®°±®¿ô «·²¹ ¬¸» Þ·¾´» ¿ ¿ ¼¿¬¿ ±«®½» ¸¿ª» ¾»»²
¹·ª»² ¼«» ¿¬¬»²¬·±² ®»½»²¬´§ øß¬»´¿½¸ ß´»³« ¿²¼ Û®·µ±²ô
îððìå ß³¿´«ô îððê¿å ß³¿´« ¿²¼ Ù·¾¾±²ô îððêå ß³¿´«ô
îððê¾÷ò
ß¬»´¿½¸ ß´»³« ¿²¼ Û®·µ±² øîððì÷ ¼»ª·»¼ ¿ ³»¬¸±¼
º±® ·¼»²¬·º§·²¹ ²±«² ¬®¿²´¿¬·±² »¯«·ª¿´»²¬ º®±³ ß³¸¿®·½ó
Û²¹´·¸ ¾·´·²¹«¿´ ½±®°«ò Ì¸»§ «»¼ ¬¿¬·¬·½¿´ ³»¬¸±¼ ©·¬¸
and without the use of an afx stripper for Amharic.
Í»ª»®¿´ ³±¼«´» ¬¸¿¬ ©±®µ ·²¼»°»²¼»²¬´§ ¿²¼ ½´¿·³ ¬± ¸¿ª»
®»¿±²¿¾´» ¼»¹®»» ±º «½½» ¸¿ª» ¿´± ¾»»² ¼»ª»´±°»¼ ¾§
ß³¿´« ¿²¼ Ù·¾¾±² øîððê÷æ

ïò ß²¿´§· ±º ¬»®³ ¼·¬®·¾«¬·±² ·² ¬»¨¬ º±® ïæï ¿´·¹²³»²¬
îò ß²¿´§· ±º ½±²¬»¨¬ ±º ¬»®³ º±® ³æ² ¿´·¹²³»²¬
3. Use of relatively xed realization of keywords as an-

½¸±® º±® ¿´·¹²³»²¬
ìò Ë» ±º §²¬¿½¬·½ ´±½¿¬·±² º±® °¿®·²¹ ß³¸¿®·½ ª»®¾

Ì¸»» ³±¼«´» «» ¬¸» ¼·¬®·¾«¬·±²¿´ °®±°»®¬·» ±º ´»¨·½¿´
·¬»³ ·² °¿®¿´´»´ ½±®°±®¿ ¿²¼ ½¸¿®¿½¬»®·¬·½ ±º §²¬¿½¬·½¿´´§
xed expressions. Promising results have been achieved
¾§ ³±¼«´» ïô î ¿²¼ í øß³¿´«ô îððê¿å ß³¿´«ô îððê¾÷ò
Í±³» °®»´·³·²¿®§ ®»«´¬ ¸¿ª» ¿´± ¾»»² ±¾¬¿·²»¼ ¾§ ³±¼ó
«´» ìò

ëò Ú«¬«®» É±®µ
We believe that signicant work needs to be done at all
´»ª»´ ±º ß³¸¿®·½ ÒÔÐ ·² ±®¼»® ¬± ¾®·²¹ ¿¾±«¬ ³»¿²·²¹ó
º«´ ½¸¿²¹» ¬± ¬¸» ½«®®»²¬ ¬¿¬«ò Û»²¬·¿´´§ô ¼«» ¿¬¬»²¬·±²
²»»¼ ¬± ¾» ¹·ª»² ¬± ¿°»½¬ ¬¸¿¬ ©» ¾®±¿¼´§ ½¿¬»¹±®·» ¿
½±®°« ¿½¯«··¬·±² ¿²¼ ¼»ª»´±°·²¹ ´·²¹«·¬·½ ¬±±´ò Í«¾»ó
¯«»²¬´§ô ©» º±®©¿®¼ ¬®¿½¬¿¾´» ¿°°®±¿½¸» ©¸·½¸ ©» ¿´± ¾»ó
´·»ª» ¿®» ¿°°´·½¿¾´» º±® ´¿²¹«¿¹» ·² ·³·´¿® ·¬«¿¬·±²ò

ëòïò Ý±®°« ß½¯«··¬·±²

Ô¿®¹» ¬»¨¬ ½±®°±®¿ º±®³ ¬¸» ¾¿· ±º ³¿²§ ³±²±´·²¹«¿´ ¿²¼
³«´¬·´·²¹«¿´ ®»»¿®½¸ ·² ²¿¬«®¿´ ´¿²¹«¿¹» °®±½»·²¹ô ®¿²¹ó
·²¹ º®±³ ¼»ª»´±°·²¹ ³«´¬·´·²¹«¿´ ´»¨·½±² ¬± ¬¿¬·¬·½¿´ ³¿ó
½¸·²» ¬®¿²´¿¬·±² §¬»³ò ß°°¿®»²¬´§ô ½±´´»½¬·²¹ ¬»¨¬ ½±®ó
°±®¿ ©®·¬¬»² ·² ¼·ºº»®»²¬ ´¿²¹«¿¹» ½±²¬·¬«¬» ¿² ·³°±®¬¿²¬
°®»®»¯«··¬» º±® ¬¸»» ®»»¿®½¸ ¿½¬·ª·¬·»ò Í±³» ±º ¬¸» ¬¿µ
¬¸¿¬ ½¿² ¾» ¼±²» ·² ¬¸· ®»°»½¬ ¿®»æ

ïò Û¨°´±·¬ ¬¸» ©»¾æ ß«¬±³¿¬·½ ±® »³·ó¿«¬±³¿¬·½ ¿½¯«·ó
·¬·±² ±º ¿ª¿·´¿¾´» ½±®°±®¿ º®±³ ¬¸» É»¾ · ¿² »¿§
©¿§ ¬± ±¾¬¿·² º®»» ¼¿¬¿ò Ó¿·²´§ô ²»©°¿°»® ¿®½¸·ª»
¿®» ¿ª¿·´¿¾´» ·² ´¿®¹» ¯«¿²¬·¬·»ò

îò Ý±´´¿¾±®¿¬·ª» ½±²¬»²¬ ¼»ª»´±°³»²¬ øÉ·µ·÷æ ß³¸¿®·½
· ±²» ±º ¬¸» ´¿²¹«¿¹» º±® ©¸·½¸ ¿ º®»» »²½§½´±°»¼·¿ô
·ò»ò É·µ·°»¼·¿ô · ¾»·²¹ ½®»¿¬»¼ ¾§ É·µ·³»¼·¿ º±«²ó
¼¿¬·±² øÉ·µ·°»¼·¿ô îððê÷ò Ì¸±«¹¸ ¬¸» ½«®®»²¬ ½±²¬»²¬
±º ß³¸¿®·½ É·µ·°»¼·¿ · ª»®§ ³¿´´ô ·¬ ¸¿ ¿ °±¬»²¬·¿´
±º »²¿¾´·²¹ ¿ ®¿°·¼ ¼»ª»´±°³»²¬ ±º ß³¸¿®·½ ½±®°«å
°®±ª·¼»¼ ¬¸¿¬ ¿¼»¯«¿¬» ¿©¿®»²» · ½®»¿¬»¼ ¿³±²¹
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ß³¸¿®·½ °»¿µ·²¹ ½±³³«²·¬§ò ß²§ ²¿¬·ª» ß³¸¿®·½
°»¿µ»® ©·¬¸ ¿ ©±®µ·²¹ µ²±©´»¼¹» ±º Û²¹´·¸ ½¿²
¬®¿²´¿¬» Û²¹´·¸ É·µ·°»¼·¿ °¿¹» ·²¬± ß³¸¿®·½ ª»®ó
·±²ò É·µ· °®±ª·¼» ¿ ¹»²»®¿´ º®¿³»©±®µ ·² ©¸·½¸
°»±°´» ±² ¬¸» É»¾ ½¿² ½±´´¿¾±®¿¬·ª»´§ ¼»ª»´±° ½±²ó
¬»²¬ò Î»½±¹²··²¹ ¬¸· º¿½¬ô Ç¿½±¾ øîððê÷ ¸¿ ½®»¿¬»¼
¿² ß³¸¿®·½ É·µ· ·¬» ©¸»®» °»±°´» ½¿² ¸¿®» ·¼»¿
¿²¼ ½±²¬®·¾«¬» ®»±«®½»ò

íò Û¨°´±·¬·²¹ ¼¿¬¿ º®±³ ±¬¸»® ±«®½»æ ß² ·²¬»¹®¿¬»¼
¿°°®±¿½¸ ±º «·²¹ ÑÝÎ §¬»³ º±® ½¿²²·²¹ °®·²¬
¼±½«³»²¬ ø¬¸»®» ¿®» ±³» ¿¬¬»³°¬ ¬± ¼»ª»´±° ÑÝÎ
§¬»³ øÝ±©»´´ ¿²¼ Ø«¿·²ô îððíå ß´»³«ô îððë÷÷ô
¹¿¬¸»®·²¹ °®·²¬ ª»®·±² ±º ¿²§¬¸·²¹ ¿ª¿·´¿¾´» º®±³ ¿«ó
¬¸±® ±® °«¾´·¸»®ô ¿²¼ ±®¹¿²··²¹ °®±¶»½¬ º±® ³¿²«ó
¿´´§ »²½±¼·²¹ ¼±½«³»²¬ ·²¬± »´»½¬®±²·½ º±®³¿¬ò

ìò Ü»ª»´±°·²¹ °®±¹®¿³ º±® ¼¿¬¿ ½±²ª»®·±²æ Ì± ¸¿ª»
¼¿¬¿ ±º ´±²¹»® °»®·±¼ ±º ¬·³»ô ¬±±´ ¬¸¿¬ ½±²ª»®¬ ¬»¨¬
©®·¬¬»² ·² ²±²ó¬¿²¼¿®¼ °¿½µ¿¹» ²»»¼ ¬± ¾» ¼»ª»´ó
±°»¼ò Ì¸· «®»´§ · ¿ ²»½»¿®§ ¬¿µ ¿²¼ ´» »¨°»²ó
·ª»ò

ëòîò Ü»ª»´±°·²¹ Ì±±´

ß ¬®¿¬»¹·½ ¿°°®±¿½¸ ±º ¼»ª»´±°·²¹ ¬±±´ ¬¸¿¬ »²¿¾´» º¿¬
°®±¼«½¬·±² ±º ³¿½¸·²» ¬®¿²´¿¬·±² §¬»³ · ±º «¬³±¬ ·³ó
°±®¬¿²½»ò É» °®±°±» ±³» «»º«´ ¬®¿¬»¹·» ¿ º±´´±©æ

ïò ß¼±°¬·²¹ ¬±±´ ¼»ª»´±°»¼ º±® ®»´¿¬»¼ ´¿²¹«¿¹»æ
ß³¸¿®·½ ¸¿®» ¿ ²«³¾»® ±º ½±³³±² ´·²¹«·¬·½ °®±°ó
»®¬·» ©·¬¸ ß®¿¾·½ ¿²¼ Ø»¾®»© º±® ©¸·½¸ ¿½¬·ª» ®»ó
»¿®½¸ · ¾»·²¹ ½¿®®·»¼ ±«¬ò Ë» ±º ®»±«®½» ¼»ª»´ó
±°»¼ º±® ¬¸»» ´¿²¹«¿¹» ³¿§ °»»¼ «° ±³» ±º ¬¸»
»ºº±®¬ ±² ß³¸¿®·½ ÒÔÐò

îò Ó¿½¸·²» ´»¿®²·²¹ ¿°°®±¿½¸» ¬± ´¿²¹«¿¹» ³±¼»´´·²¹æ
Û¨°´±®·²¹ ¿°°´·½¿¬·±² ±º «²«°»®ª·»¼ ³¿½¸·²» ´»¿®²ó
·²¹ ³»¬¸±¼ º±® ß³¸¿®·½ ²»»¼ ¬± ¾» ¹·ª»² ¼«» ¿¬¬»²ó
¬·±²ò

íò Ë·²¹ ±²» ´¿²¹«¿¹» ¿ ¿ °·ª±¬æ Ú±½«·²¹ ·²¬± ¬®¿²´¿¬ó
·²¹ ¬»¨¬ ·² ±²» ´¿²¹«¿¹»ô ²¿³»´§ Û²¹´·¸ô ¿²¼ ¬± °»®ó
º±®³ ¬¸» ¬®¿²´¿¬·±² º®±³ ±¬¸»® ´¿²¹«¿¹» ¬¸®±«¹¸ ¬¸·
´¿²¹«¿¹»ò

4. Building domain specic translation machines: A
°¸¿» ¾§ °¸¿» ¿°°®±¿½¸ ±º ¿¼¼®»·²¹ ¿ «¾´¿²¹¿«¹»
©±«´¼ ¾» ³«½¸ »¿·»® ·²¬»¿¼ ±º ¬®§·²¹ ¬± ½®»¿¬» ¿ ¹»²ó
»®¿´ °«®°±» ÓÌ §¬»³ ¿¬ ±²½»ò

ëò Ú¿¬ °®±¼«½¬·±² ±º «²·¼·®»½¬·±²¿´ ÓÌ §¬»³æ Ò±¬
³«½¸ · ¬¸»®» ¬± ¬®¿²´¿¬» º®±³ ß³¸¿®·½ ¬± Û²¹´·¸ô
¾«¬ ¬¸» ®»ª»®» · ¿ ´±¬ô ± ¼»ª»´±°·²¹ ¿ «²·¼·®»½¬·±²¿´
ÓÌ §¬»³ ¬¸¿¬ ¬®¿²´¿¬» º®±³ Û²¹´·¸ ¬± ß³¸¿®·½
©±«´¼ ¾» °®¿½¬·½¿´ò

êò Î»º»®»²½»
Í·¿§ Ú·¿¸¿ ß¼¿º®» ¿²¼ Ö±¸¿²² Ø¿´´»®ò îððí¾ò ß°°´·½¿ó

¬·±² ±º ½±®°«ó¾¿»¼ ¬»½¸²·¯«» ¬± ¿³¸¿®·½ ¬»¨¬ò ×² ÓÌ
Í«³³·¬ ×È É±®µ¸±° Ó¿½¸·²» Ì®¿²´¿¬·±² º±® Í»³·¬·½
Ô¿²¹«¿¹»æ ×«» ¿²¼ ß°°®±¿½¸»ò
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Abstract 
We describe the use of an open-source shallow-transfer machine translation engine, Apertium, and existing open-source linguistic data 
to build a bidirectional machine translation system for a new pair of 'small' languages, Catalan (6 million speakers) and the Aranese 
variety (5000 speakers) of Occitan (about 1 million speakers), and discuss its possible uses and their effects on the linguistic 
normalization of the smaller language.

1.  Introduction 
Language technologies are pervasive in society: the 

use of spell-checkers, translators, search engines, etc. is 
growing. Among these tools, machine translation systems 
are proving their utility, especially when it comes to 
translating large amounts of text between related 
languages, both to produce texts that will be published 
after post-editing and to allow users to understand 
documents written in a language that they cannot read 
fluently. In the case of languages having a small number 
of speakers, machine translation systems may indeed be 
very useful to generate texts in the less-spoken language 
and to help speakers of the majority language get closer to 
the cultural reality of the minority. This is particularly 
interesting in the current context, in which cultural and 
linguistic differences are being perceived as a richness 
instead of as a trouble. 
 
Unfortunately, however, small languages are usually 
ignored by enterprises (they do not consider them 
economically interesting) and, in absence of clear support 
by public institutions, may remain without linguistic 
resources. It is in these cases indeed where it is most 
important that linguistic tools and data are made available 
to the community, because this makes it easier and 
cheaper to generate new tools and data. Also, one has to 
take into account that many languages which are far from 
a status of officiality or normality have activist groups 
with people having the necessary linguistic skills and who 
are willing to volunteer to create and improve these 
resources. 
 
The Transducens group and Prompsit Language 
Engineering are currently developing open-source 
linguistic data for use with an open-source shallow-
transfer machine translations system called Apertium for a 
pair of small related languages: Catalan and Aranese, a 
subdialect of Occitan. 

1.1.  Catalan 
Catalan (a medium-sized Romance language having 

about 6 million speakers) is spoken mainly in Spain, 
where has been recognized as co-official in some regions, 
but is also the official language of Andorra, and is spoken 

in South-Eastern France and in the Sardinian city of 
l'Alguer (Alghero), Italy, where it is basically non-official, 
but there exist groups that struggle for its normality, 
especially groups asking for Catalan schooling of 
children. Publicly-funded Catalan schooling is possible 
since the eighties in the areas of Spain where it is official 
(Catalonia, Valencia and Balearic Islands). 

1.2.   Aranese Occitan 
Occitan is spoken mainly in France but also in parts of 

Italy and Spain. This language, one of the main literary 
languages in Medieval Europe, and usually called 
Provençal after one of its main dialects, is reported to still 
have about a million speakers, but has almost no legal 
existence in France and Italy and a limited status of co-
officiality in a small valley of the Pyrenees in Catalonia, 
inside the territory of Spain, called Val d'Aran. In 
addition, standardization of Occitan as a single language 
faces still a number of open issues. Aranese, a subdialect 
of Gascon (another of the main dialects of Occitan) is the 
variety spoken in this valley. According to the Linguistic 
Census published by the Catalan Statistical Institute 
IDESCAT, out of 7500 inhabitants in the Val d'Aran, 
4700 people can speak it, 4400 can read it and 2000 can 
write it; the Government of Catalonia has adopted an 
orthographical standard for Aranese (Comission de Còdi 
Lingüistic 1999). For more information on Aranese, see 
Generalitat de Catalunya and Govern de les Illes Balears 
(2001). As to Occitan taken as a whole, there are groups, 
mainly in France, who want to increase the legal 
recognition of Occitan, with people prepared to build 
linguistic data and who could collaborate with us to adapt 
our translator to a more general variety of Occitan and 
even to generate a French—Occitan translator. 

1.3. Uses of Aranese-Catalan machine 
translation 

Machine translation between Catalan and Aranese may 
serve two important groups of uses. On the one hand, 
most official and educational documents published in 
Catalonia are in Catalan; therefore Catalan—Aranese 
machine translation would be an important asset in what 
could be called the "linguistic normalization" of Aranese 
in the Val d'Aran (it would be used to produce Aranese 
versions of these documents which would have to be post-
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edited). On the other hand, it could also be useful for non-
Aranese Catalan speakers who want to read, for example, 
approximate translations of Aranese-only web documents.  

2.  The Apertium machine translation 
toolbox 

2.1. What is Apertium? 
A brief description of Apertium follows; more details 

can be found in Corbí-Bellot et al. (2005) and at the 
project webpage http://www.apertium.com. Apertium is a 
machine translation toolbox born as part of a large 
government-funded project involving universities and 
linguistic technology companies. 

Apertium is based on an intuitive approach: to produce 
fast, reasonably intelligible and easily correctable 
translations between related languages, it suffices to use a 
MT strategy which uses shallow parsing techniques to 
refine word-for-word machine translation. Apertium uses 
finite-state transducers for lexical processing (powerful 
enough to treat many kinds of multi-word expressions), 
hidden Markov models (HMM) for part-of-speech tagging 
(solving categorial lexical ambiguity), and finite-state-
based chunking for structural transfer (local structural 
processing based on simple and well-formulated rules for 
some simple structural transformations such as word 
reordering, number and gender agreement, etc.). 

 
The Apertium machine translation toolbox, whose 

components have been released under open-source 
licenses such as the GNU General Public License1 and one 
of the Creative Commons licenses2, includes: 

1.  
• the open-source engine itself, a modular shallow-

transfer machine translation engine largely based 
upon that of systems we have already developed, such 
as interNOSTRUM (Canals-Marote et al. 2001) for 
Spanish—Catalan and Traductor Universia (Garrido-
Alenda et al. 2004) for Spanish—Portuguese, 

• extensive documentation (including document type 
declarations) specifying the XML format of all 
linguistic (dictionaries, rules) and document format 
management files, 

• compilers converting these data into the high-speed 
(tens of thousands of words a second) formats used 
by the engine, and 

• pilot linguistic data for Spanish—Catalan and 
Spanish—Galician and format management 
specifications for the HTML, RTF and plain text 
formats. 

 
In addition to these language pairs and to the translator 

presented in this paper, the Transducens group has also 
created linguistic data for the Spanish—Portuguese 
language pair. 

2.2. Why apertium? 

                                                   
1 http://www.gnu.org/licenses/gpl.txt 
2 The Creative Commons Attribution—

NonCommercial-ShareAlike 2.5 license: 
http://creativecommons.org/licenses/by-nc-sa/2.5/ 

To build the Aranese-Catalan translator we have 
chosen the Apertium architecture because it offered 
several advantages: on the one hand, Apertium may be 
seen as an open-source rewriting and improvement of the 
machine translation architecture which was successfully 
used by Transducens to build Spanish-Catalan 
(http://www.interNOSTRUM.com, Canals-Marote et al. 
2001) and Spanish-Portuguese 
(http://traductor.universia.net, Garrido-Alenda et al. 2004) 
machine translation systems; the results encouraged us to 
use the architecture for this new pair of related languages. 

 
On the other hand, since the toolbox and the linguistic 

data has an open-source license, we have been able to take 
advantage of the whole architecture and the linguistic data 
for Catalan, and it has only been necessary to create 
monolingual data for Aranese and bilingual data for 
Catalan-Aranese and adapt those of Catalan. 

 
We have also found the way in which linguistic data 

are managed in the Apertium toolbox very convenient. On 
the one hand, linguistic data are found in independent 
files. This makes it very easy to develop or improve or a 
translator, since it frees those people responsible of 
building and maintaining the linguistic information of 
worrying about programming details, and makes it easy to 
recycle linguistic data from other language pairs. On the 
other hand, all modules in Apertium have a rather 
straightforward linguistic motivation (and many bear 
names based on those of well-defined linguistic operations 
such as morphological analyzer from morphological 
analysis). As a result, building an Apertium machine 
translation system for a pair of languages means just 
building the required linguistic data for each module in 
well-defined, XML-based formats. As a result of this, and 
of the intuitive approach to machine translation used in 
Apertium, the amount of linguistic knowledge necessary 
about the source and target language to build data for 
Apertium is kept to a minimum, and it may be easily 
learned on top of basic high-school grammar skills such 
as: morphological analysis of words: parts-of-speech or 
lexical categories (noun, verb, preposition, etc.) and basic 
morphology (number, gender, case, person, etc.; 
agreement (such as gender and number agreement 
between nouns and their modifiers: adjectives, 
determiners, etc.); main local structural differences 
between the source and target language: position of 
adjectives with respect to nouns (e.g, adjective after noun 
in Spanish, before noun in English), prepositional regime, 
etc. 

2.3. How does Apertium work? 
The engine is a classical shallow-transfer or 

transformer system consisting of an eight-module 
assembly line: 
2. The de-formatter separates the text to be translated 

from the format information (RTF, HTML, etc.). 
Format information is encapsulated so that the rest of 
the modules treat it as blanks between words.  

3. The morphological analyser tokenizes the text in 
surface forms (lexical units as they appear in texts) 
and delivers, for each surface form, one or more lexical 
forms consisting of lemma, lexical category and 
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morphological inflection information. The system is 
capable of dealing with contractions and fixed-length 
multi-word lexical units (either invariable or inflected). 

4. Part-of-speech tagger: a sizeable fraction of 
surface forms (for instance, about 30% in Romance 
languages) are homographs, that is, ambiguous forms 
for which the morphological analyser delivers more 
than one lexical form. The part-of-speech tagger 
chooses one of them, according to the lexical forms of 
neighbouring words. When translating between related 
languages, ambiguous surface forms are one of the 
main sources of errors when incorrectly solved. The 
part-of-speech tagger reads in a file containing a hidden 
Markov model (HMM) which has been trained on 
representative source-language texts (using an open-
source training program in the toolbox). The behaviour 
of both the part-of-speech tagger and the training 
program are both controlled by a tagger definition file. 

5. The structural transfer module uses finite-state 
pattern matching to detect (in the usual left-to-right, 
longest-match way) fixed-length patterns of lexical 
forms (chunks or phrases) needing special 
processing due to grammatical divergences between the 
two languages (gender and number changes to ensure 
agreement in the target language, word reorderings, 
lexical changes such as changes in prepositions, etc.) 
and performs the corresponding transformations. 

6. The lexical transfer module is called by the 
structural transfer module; it reads each source-
language lexical form and delivers a corresponding 
target-language lexical form. The dictionary contains a 
single equivalent for each source-language entry; that 
is, no word-sense disambiguation is performed. For 
some words, however, multi-word entries are used to 
safely select the correct equivalent in frequently-
occurring fixed context. 

7. The morphological generator delivers a target-
language surface form for each target-language lexical 
form, by suitably inflecting it.  

8. The post-generator performs orthographical 
operations such as contractions and insertion of 
apostrophes. 

9. Finally, the re-formatter restores the format 
information encapsulated by the de-formatter into the 
translated text and removes the encapsulation 
sequences used to protect certain characters in the 
source text.  
 
To ease diagnosis and independent testing, modules 

communicate between them using text streams. This 
allows for some of the modules to be used in isolation, 
independently of the rest of the MT system, for other 
natural-language processing tasks. 

 
These linguistic data are dictionaries (two monolingual 

dictionaries, two post-generation dictionaries, a bilingual 
dictionary), two structural transfer rules that perform 
grammatical and other transformations between the two 
languages involved in each direction, and control data for 
each one of the part-of-speech taggers; these data are 
XML files, whose format is governed by document-type 
definitions (DTD). Details may be found in  the 
documentation posted in the web 

http://www.apertium.org. 

3. The Aranese—Catalan machine 
translation system 

To build linguistic data for the Aranese-Catalan 
translator, we have used existing open-source Spanish-
Catalan data (package apertium-es-ca in 
http://www.apertium.org). We have been able to use the 
Catalan post-generation dictionary and the control files for 
the Catalan part-of-speech tagger.  The Catalan 
morphological dictionary has been used with small 
changes (such as entries specially designed for the 
Catalan-Spanish language pair). As to structural transfer 
rules, we have been able to reuse rules already present in 
other language pairs (for example, gender and number 
agreement in noun phrases), but new rules have also been 
written such as the one that translates Aranese 
"en+tot+<infinitive>" into Catalan "<gerund>" (for 
instance, en tot cantar by cantant "singing"). Only 
those data involving Aranese have been built from zero: 
the morphological dictionary, the post-generator, and the 
bilingual dictionary. The lexical categories of Catalan 
have been preseved for Aranese; this eased the design of 
our first Aranese part-of-speech tagger: we have been able 
to use temporarily that for Catalan, in view of the fact that 
our Aranese dictionaries were too small to build a training 
corpus. The current tagger, however, has already been 
trained in an unsupervised way (using the Baum-Welch 
algorithm on a small Aranese corpus.  

Having Catalan data available has made it possible for 
us to build prototypes in a very short time. The main 
problem we have found is the relative scarcity of Aranese 
resources such as Aranese grammars, dictionaries, or text. 
We have used an Aranese course (Ané Brito et al. 1987), a 
web grammar (González i Planas 2003), the official 
orthographic norms for Aranese (Comission de Còdi 
Lingüistic 1999), a children's Catalan-Aranese vocabulary 
(Oficina de Foment de l'Aranés and Associació Punt 
d'Intercanvi 2004), verb conjugation tables (Frías and Rius 
2006), and corpora, such as the Aranese supplement Aué 
of the Catalan daily Avui (many issues may be found at 
http://www.occitania.org/aueoccitania.asp), the Aranese 
documents in the Government of Catalonia web 
(http://www.gencat.net), etc. 

3.1. Current status of the translator and 
immediate work 

At the time of writing these lines, and after less than 2  
person-months of work, we have produced an Aranese—
Catalan prototype with dictionaries having 2500 lemmas 
(in addition to 1500 proper names), and 33 structural 
transfer rules. The results of a quick evaluation on a short 
Aranese text (a mixture of government and newspaper 
texts having 2525 source words, 2700 target words) is 
shown in the following table.  

 
A brief evaluation of the Aranese—Catalan system 

 Correct Incorrect Total 
Known 2290 84.8% 96 3.6% 2386 88.4%

Unknown 151 5.6% 163 6.0% 314 11.6%
Total 2441 90.4% 259 9.6% 2700 100%
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As may be seen, the current coverage (total known 
words) is 88.4% and the total error rate is 9.6% (total 
incorrectly translated words); these figures take into 
account the fact that the system leaves unknown Aranese 
words (11.6%) untranslated, some of which (5.6%) 
happen to be correct in Catalan too. 

By the time the workshop takes place, we expect to 
have increased the coverage of the Aranese-Catalan 
prototype (which would have a native Aranese part-of-
speech tagger instead of the Catalan one now in use) 
above 90% as well as to have an equivalent Catalan-
Aranese system obtained by inverting and adapting the 
former. The error rates for these systems may be expected 
to be in the range 5—10%.  

4. Concluding remarks 
Language technologies offer an excellent opportunity 

that small languages have to be able to take advantage of. 
Apertium, both because of being free and because of the 
way it treats linguistic data, is an adequate toolbox which 
permits the development of new MT systems in little time. 
As learning to manage the linguistic information is easy, 
nonspecialists may learn in a short time to add vocabulary 
and to make small modifications, so that, if it were 
necessary, dictionary growth could be made by volunteers 
who would find it to be a very motivating task in view of 
the possible consequences of the availability of such a 
system.  

 
We have also seen that, the more linguistic data are 

available, the easier it is to develop new data.  This is the 
reason why it is so important that linguistic data 
developed have licenses that make it possible to adapt 
them to create new resources. 
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Abstract 
This paper presents a full experiment on large-vocabulary Catalan-English statistical machine translation without an English-Catalan 
parallel corpus, in the context of the debates of the European Parliament. For this, we make use of an English-Spanish European 
Parliament Proceedings parallel corpus and a Spanish-Catalan general newspaper parallel corpus, both of which of more than 30 M 
words. Given the language proximity between Spanish and Catalan languages, we investigate the cost of using Spanish as a bridge 
towards large-vocabulary Catalan-English translation in a wholly automatical statistical machine translation framework. Experimental 
results are promising, as the achieved translation quality is nearly equivalent to that of the Spanish-English language pair, practically 
carrying SMT research for the Catalan language to the level of more prominent language, in terms of data availability. 
 

1. Motivation 
Catalan is a Romance language spoken or understood 

by as many as 12 million people who live mostly in Spain, 
where it is co-official in several regions, but also in 
Andorra (where it is the national language), and some 
parts of France and Italy.  

Despite this, when it comes to the parallel corpora 
necessary to build statistical machine translation systems, 
it becomes nearly impossible to find freely-available 
large-vocabulary data in Catalan and other languages. 
Thanks to the bilingual nature of most of the Catalan 
society, one exception can be found in the Spanish 
language. In fact, much Catalan-Spanish parallel content 
is being generated on a regular basis (institutions, 
companies, newspapers, etc.), thus producing training 
material of which statistical machine translation models 
can make good use.  

Belonging to the same family of languages, being very 
much influenced and sharing in many cases the same 
speakers, Spanish and Catalan languages exhibit a 
morphological and grammatical similarity favouring the 
quick deployment of high-quality machine translation 
tools. Since many more parallel corpora in Spanish are 
available, one can reasonably think of using Spanish as a 
bridge towards statistical machine translation from 
Catalan to other languages, and viceversa. 

Under this particular situation, the question of whether 
the Spanish language can be used as a feasible bridge for 
building state-of-the-art SMT systems between Catalan 
and any other language is raised.  

In this direction, this paper presents a full experiment 
on large-vocabulary Catalan-English statistical machine 
translation without an English-Catalan parallel corpus, in 
the context of the proceedings of the European Parliament 
debates1. For this, we make use of an English-Spanish 
European Parliament Proceedings parallel corpus and a 
Spanish-Catalan general newspaper parallel corpus, both 
of which of more than 30 M words, and we implement 

                                                   
1 So far European Parliament debates are not being manually 
translated into Catalan. 

two strategies, namely the straight catenation of systems 
and a direct training between Catalan and English. 

The organization of the paper is as follows. Section 2 
details the experimental setup, presenting the copora we 
worked with, as well as the two approaches followed to 
produce English-Catalan translations, including the 
evaluation procedure. Section 3 introduces the statistical 
machine translation system used in all experiments, 
whereas section 4 reports results for all language pairs. 
Finally, conclusions are presented in section 5. 

 

2. Experimental Setup 

2.1. Parallel Corpora 
In order to carry out the experiments, two parallel 

corpora have been used. On the one hand, a general 
newspaper Catalan-Spanish corpus has been used, whose 
main statistics are shown in Table 1, including number of 
sentences, running words, vocabulary size and average 
sentence length. 

 
 General Newspaper 
 Catalan Spanish 
Sentences 2.18 M 
Running Words 43.28 M 41.51 M 
Vocabulary 390.2 k 397.4 k 
Avg. Sent. Length 19.86 19.05 

Table 1: Catalan-Spanish corpus statistics 
 
On the other hand, for English-Spanish a parallel 

corpus containing the proceedings of the European 
Parliament from 1996 to September 2004 has been used 
(see Table 2 for main statistics). 

 
 European Parliament proceedings 
 English Spanish 
Sentences 1.22 M 
Running Words 33.37 M 34.96 M 
Vocabulary 104.8 k 151.5 k 
Avg. Sent. Length 27.28 28.60 

Table 2: English-Spanish corpus statistics 
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As it can be seen, even though this is a large-

vocabulary task, it proves much more domain-limited as 
the newspaper task, which includes politics, society, 
international and sports sections. Note that, whereas in the 
newspaper corpus a new English word occurs every 111 
running words on average, this happens every 318 words 
for the EU Parliament corpus.  

2.2. Bridging strategies 
In order to carry out Catalan-English translation, we 

have implemented two strategies, namely sequential and 
direct. 

Regarding the sequential strategy, it simply consists of 
catenating two independent statistical machine translation 
systems, one between Catalan and Spanish, and the other 
between English and Spanish. Therefore, this is an 
additive error approach, as errors from one system 
propagate to the input of the following system. 

 
On the other hand, the direct approach consists of 

translating the whole Spanish side of the English-Spanish 
parallel text into Catalan by using the Spanish-to-Catalan 
system, which is of a more general domain. Then, an 
English-Catalan system is directly trained by using this 
automatically produced noisy Catalan text. With this we 
expect that some translation errors of the Spanish-Catalan 
system will not correlate with English text and may get 
very low probabilities when training English-Catalan 
translation models. 

2.3. Task evaluation 
For evaluating the Catalan-to-English task, we require 

clean Catalan source development and test data, as well as 
references for the English-to-Catalan direction. With the 
aim of minimising the human cost necessary to obtain 
these data, we automatically translated source and 
references from the Spanish-English task, and a human 
reviewer made the minimum corrections necessary to 
obtain a correct Catalan sentence carrying the same 
message as the Spanish and English sentences.  

 
Apart from an effort reduction motivation, this has two 

additional advantages. Firstly, we end up with exactly the 
same development and test sets for Spanish-English and 
Catalan-English, which lets as compare both tasks and 
evaluate the quality loss from one task to the other. And 
furthermore, the corrected Catalan data can be used as a 
very accurate evaluation reference for the Spanish-Catalan 
system. 

 
 Sent Wrds Vocab AvLen Refs 
Cat à Eng 

Dev 504 15646 2627 31.0 3 
Test 840 23140 3914 27.6 2 

Eng à Cat/Spa 
Dev 504 15331 2300 30.4 3 
Test 1094 26876 3975 24.6 2 

Spa à Eng 
Dev 504 15415 2735 30.6 3 
Test 840 22753 4085 30.4 2 

Table 3: Statistics of European Parliament develop and 
test sets for each translation direction. 

 
Table 3 shows the main statistics of the resultant 

Catalan develop and test sets, including number of 
sentences, runnings words, vocabulary size, average 
sentence length and number of reference translations. As 
this sets are produced from correcting the automatic 
translations of Spanish text, English references are 
identical both for CatàEng and SpaàEng directions. 

3. Baseline SMT system 
The SMT system used for these experiments follows 

the maximum entropy framework (Berger, 1996), where 
we can define the translation hypothesis t given a source 
sentence s as the target sentence maximizing a log-linear 
combination of feature functions, as described in the 
following equation:  
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where λm correspond to the weighting coefficients of 
the log-linear combination, and the feature functions 
hm(s,t) to a logarithmic scaling of the probabilities of each 
model. 

Following this approach, the translation system 
described in this paper implements a log-linear 
combination of one translation model and four additional 
feature models. In contrast with standard phrase-based 
approaches, our translation model is a bilingual Ngram 
model expressed in tuples as bilingual units (Mariño et al. 
2005). These units are extracted from the automatical 
word alignment of a given parallel text generated by IBM 
Models (Brown et al., 1993) with the GIZA++ Toolkit 
(Och and Ney, 2003). 

 
The tuple N-gram translation model is a language 

model of a particular language composed by bilingual 
units which are referred to as tuples. This model 
approximates the joint probability between source and 
target languages by using N-grams as described by the 
following equation: 
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where (s,t)i refers to the ith tuple of a given bilingual 

sentence pair which is segmented into K units. It is 
important to notice that, since both languages are linked 
up in tuples, the context information provided by this 
translation model is bilingual. 

As additional feature functions, the system includes 
the following models: 

 
• a target language model 
• a word bonus model 
• a source-to-target lexicon model 
• a target-to-source lexicon model 

 
The first of these feature functions is a language model 

of the target language, estimated as an standard N-gram 
over the target words, as expressed by equation 3: 
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where tk refers to a partial hypothesis containing k target 
words, and wn to the nth target word in it. 

Usually, this feature function is accompanied by a 
word bonus model in order to compensate the system 
preference for short target sentences caused by the 
presence of the previous target language model. This 
bonus depends on the total number of words contained in 
the partial translation hypothesis, and it is computed as 
follows: 

 
tkinwordsofnumber

kWB eth =)(    (4) 
 
Finally, the third and fourth feature functions 

correspond to source-to-target and target-to-source lexicon 
models. These models use IBM model 1 translation 
probabilities to compute a lexical weight for each tuple, 
which accounts for the statistical consistency of the pairs 
of words inside the tuple. These lexicon models are 
computed according to equation 5, where word-to-word 
probabilities are obtained from IBM model 1:  
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Once the models were computed, sets of optimal log-

linear coefficients are estimated on the development set 
for each translation direction using an in-house 
implementation of the widely-used simplex algorithm 
(Nelder and Mead, 1965). This system is proved to 
achieve state-of-the-art performance (Koehn and Monz, 
2005; Eck and Hori, 2005). 

As decoder, we used the freely-available Ngram-based 
decoder MARIE (Crego, 2005). 

4. Results 
In this section the translation results are presented and 

discussed. First, we evaluate separately the Catalan-
Spanish and English-Spanish tasks. Then, translations for 
the Catalan-English task are evaluated. As automatic 
evaluation measures, we use Word Error Rate (WER), 
Position-independent word Error Rate (PER) and BLEU 
scores (Papineni et at., 2001). 

 
 BLEU WER PER 
Cat à Eng sequential 0.5147 36.31 27.08 
Cat à Eng direct 0.5217 35.79 26.79 
Spa à Eng 0.5470 34.41 25.45 
Eng à Cat sequential 0.4680 40.66 32.24 
Eng à Cat direct 0.4672 40.50 32.11 
Eng à Spa 0.4714 40.22 31.41 
Spaà Cat 0.8421 9.88 8.74 
Cat à Spa 0.8334 10.08 8.86 

Table 4: Translation results for all translation 
directions. Whereas all directions to and from English 
belong to the domain of EU Parlamentary Sessions, 
Spanish-Catalan results are in general newspaper task. 

4.1. English-Spanish and Catalan-Spanish tasks 
Results for the Spanish-to-English and English-to-

Spanish translation directions (belonging to European 
Parliament task) are shown in the 3rd and 6th rows of Table 
4, respectively. Results for the Catalan-to-English and 
English-to-Catalan translation directions are shown in the 
last two rows of Table 4.  

Although these results correspond to a different task 
(general newspaper domain, evaluated on a 2000 
sentences test with a single reference translation), the 
quality increase due to proximity between Spanish and 
Catalan is remarkable. 

Interestingly, whereas the Ngram-based translation 
model takes advantage of the additional features in the 
Spanish-English tasks (obtaining a performance increase 
in development of several BLEU absolute points), this 
behaviour is not observed in the Catalan-Spanish tasks, 
where simply the ngram translation model suffices to 
generate high-quality translations. This behaviour tells 
about the grammatical similarity between Spanish and 
Catalan, which allows for a less-sparse estimation of the 
model even with much larger vocabulary sizes. 

 
As mentioned in section 2.3., when generating 

development and test Catalan texts through correction of 
automatically-translated texts from Spanish to Catalan, we 
obtain references, which are adapted to the Spanish-to-
Catalan European Parliament task. That is, references 
which evaluate only those mistakes committed by the 
Spanish-to-Catalan automatic translator (without 
including alternative translations which do not match the 
produced translation, if this is correct). When evaluating 
this task, we obtain the following results: 

 
 BLEU WER PER 
Spa à Cat adapted ref 0.9345 3.79 3.49 
 
which reflect once again the high quality obtained with the 
Catalan-Spanish Ngram-based translation model trained 
on broad-domain newspaper data2. 

4.2. Catalan-English task 
As it can be seen in Table 4, results show in general 

that the automatic evaluation measures achieved in the 
Catalan-English task are pretty similar to those of the 
Spanish-English task, meaning that nearly no loss is found 
when bridging through Spanish to obtain a Catalan-
English system. This is especially remarkable  when 
English is the source language, which turns to be the most 
challenging case, basically due to the morphological 
richness of Romance languages in contrast to English. 

 
At a more specific level, in Catalan-to-English, the 

performance loss due to the bridging through Spanish is 
higher (comparing the scores of the Catalan-to-English 
with the scores of the Spanish-to-English) than in the 
opposite direction. However, in this case the direct 
training with a noisy Catalan European Parliament corpus 
achieves slightly yet significantly improved scores in 
contrast to the sequential strategy. 

This behaviour is not so clearly observed in the more 
difficult opposite direction, where both strategies achieve 
qualitatively the same performance, as automatic 
measures show discrepancies (best result is marked in 
bold). Remarkably, the scores are nearly as good as the 
English-to-Spanish experiment, although in this case the 
references are in different languages and therefore the 
results not strictly comparable. 

                                                   
2 A demo of this Catalan-to-Spanish and Spanish-to-Catalan 
ngram-based SMT system can be found at http://www.n-ii.org 
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5. Conclusions 
All in all, we believe that this is a very positive 

experience, whose implications are relevant, as one can 
conclude that it is indeed possible to build a large-scale 
statistical machine translation system between Catalan and 
any other language, so long as a large-vocabulary parallel 
corpus between the selected language and Spanish is 
found.  

The achieved translation quality is nearly equal to that 
of the statistical translation system between Spanish and 
the given language, practically putting research in Catalan 
machine translation at the level of a major language, more 
powerful in terms of data availability. 

On the other hand, and contrary to the catenation 
strategy, the approach implemented here has the 
advantage of producing a new corpus that can be 
improved and reused in further research.  

Even though this corpus contains the translation 
mistakes generated by the Spanish-Catalan statistical 
system, this experiment proves that it is useful enough for 
training a state-of-the-art Catalan system. Besides, as 
these mistakes do not necessarily correlate with English 
data, the direct training achieves a small cancellation of 
some errors, slightly improving performance in one 
translation direction. 

 

6. Further research 
Unfortunately, at the moment the presented strategy 

seems to be valid only for those minority languages that 
are very closely related to other better-represented 
languages (for example, Galician). Therefore, it remains 
as a further research to investigate whether similar 
strategies could be devised for those minority languages 
which do not relate closely to any major language (for 
example, Basque).  

 
Additionally, it will be interesting to investigate ways 

to detect consistent errors and clean them from the new 
noisy Catalan corpus, improving both the training of the 
Catalan-English models and the post-processing of the 
Spanish-Catalan translation system.  

Finally, another further research line points towards 
multi-lingual machine translation, trying to take advantage 
of the information from both Spanish and Catalan data to 
improve translation into and from English. 
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¬®¿²¼«½»® øÕ¿®¬¬«²»²ô ïççíå Î±½¸»ô ïçççå Î±½¸» ¿²¼
Í½¸¿¾»ô ïççé÷ ¸¿ª» ¾»»² «½½»º«´´§ «»¼ ¬± ·³°´»³»²¬
¾±¬¸ ®«´»ó¾¿»¼ ¿²¼ ½±®°«ó¾¿»¼ ÓÌ §¬»³ò Ì»½¸²·¯«»

Ì¸· ©±®µ ©¿ °¿®¬·¿´´§ «°°±®¬»¼ ¾§ ¬¸» �ß¹8²½·¿ Ê¿´»²ó
½·¿²¿ ¼» Ý·8²½·¿ § Ì»½²±´±¹·¿� «²¼»® ¹®¿²¬ ÙÎËÐÑÍðíñðíï ¿²¼
¾§ ¬¸» Í°¿²·¸ °®±¶»½¬ ×ÌÛÚÌÛ øÌ×ÝîððíóðèêèïóÝðîóðî÷ò

based on nite-state models have also allowed for the de-
ª»´±°³»²¬ ±º «»º«´ ¬±±´ º±® ²¿¬«®¿´ ´¿²¹«¿¹» °®±½»·²¹
(Mehryar, 1997; Mohri et al., 2000; Oazer, 1996; Roche
¿²¼ Í½¸¿¾»ô ïççëå Ý¿¿½«¾»®¬¿ »¬ ¿´òô îððì÷ô ©¸·½¸ ¿®» ·²ó
¬»®»¬·²¹ ¾»½¿«» ±º ¬¸»·® ·³°´·½·¬§ ¿²¼ ¬¸»·® ¿¼»¯«¿¬» ¬»³ó
poral complexity. SisHiTra makes use of nite-state models
¬± ½±³¾·²» µ²±©´»¼¹»ó¾¿»¼ ¿²¼ ½±®°«ó¾¿»¼ ¬»½¸²·¯«»
± ¿ ¬± °®±¼«½» ¿ Í°¿²·¸ó¬±óÝ¿¬¿´¿² ÓÌ §¬»³ ©·¬¸ ²±
semantic constraints. Some other nite-state approaches
¬± Í°¿²·¸ Ý¿¬¿´¿² ¬®¿²´¿¬·±²ô «½¸ ¿ ·²¬»®ÒÑÍÌÎËÓ
(Forcada et al., 2001), conrm their adequateness to MT
¾»¬©»»² ¬¸»» ¬©± ´¿²¹«¿¹»ò
Í·Ø·Ì®¿ù ³¿·² ¿·³ · ¬¸» ¿½¸·»ª»³»²¬ ±º ¸·¹¸ ¯«¿´·¬§
¬®¿²´¿¬·±² º®±³ Í°¿²·¸ ¬± Ý¿¬¿´¿² ø¿²¼ ª·½» ª»®¿÷ º±®
¼·»³·²¿¬·±² °«®°±»ò Ñº ½±«®»ô ¬¸· · ¿² ·¼»¿´ ±¾¶»½ó
¬·ª» º±® ¿²§ ÓÌ §¬»³å ¸±©»ª»®ô ·² ±«® ½¿»ô ·¬ · ¿² »ó
°»½·¿´´§ ·³°±®¬¿²¬ ·«» ¬¸¿¬ ¸¿ ¾»»² ¬¿µ»² ·²¬± ¿½½±«²¬
·² ¬¸» ¼»·¹² ±º »¿½¸ ¬¿¹»ò Ì¸«ô ©» ½±²·¼»® ¬¸¿¬ °»®º»½¬
¬®¿²´¿¬·±² ©±«´¼ ¾» ¬¸±» ¬¸¿¬ ¼·¼ ²±¬ »»³ ¬± ¾» ¬¸» ®»ó
«´¬ ±º ¿ ¬®¿²´¿¬·±² °®±½»ô ¾«¬ ¬¸¿¬ »»³»¼ ¿ ·º ¬¸»§ ¸¿¼
¾»»² °®±¼«½»¼ ¼·®»½¬´§ ·² ¬¸» ¬¿®¹»¬ ´¿²¹«¿¹»ò Ì¸· · ²±¬
¿ °®±¾´»³ º±® ¿ ¸«³¿² ¬®¿²´¿¬±®ô ¾«¬ ·¬ · ½®«½·¿´ º±® ÓÌ
§¬»³ò Ú±® ·²¬¿²½»ô »³¿²¬·½ ¿³¾·¹«·¬§ · »¿·´§ ±´ª»¼
by a human speaker or reader, but it is usually a signicant
°®±¾´»³ ·² ÓÌò ß ¿ ½±²»¯«»²½» ±º ¬¸¿¬ô ¬¸» »ª¿´«¿¬·±² ±º
Í·Ø·Ì®¿ù °»®º±®³¿²½» · ·² ¬»®³ ±º ¸±© º¿® ¸§°±¬¸»»
¿®» º®±³ ¿ »¬ ±º ¬®¿²´¿¬·±² ®»º»®»²½»ô ©¸·½¸ »¨°»®¬ ¸¿ª»
½±²·¼»®»¼ ¬± ¾» ´·²¹«·¬·½¿´´§ ±°¬·³¿´ò
Ì¸» Í·Ø·Ì®¿ °®±¬±¬§°» · ¼»·¹²»¼ ¬± ¾» ¿ »®·¿´ °®±½»
where every module performs a specic task. There is an
±²´·²» ª»®·±² ®«²²·²¹ ±² ¬¸» ×²¬»®²»¬ï ¬¸¿¬ · ¿¾´» ¬± ¬®¿²ó
late plain text, web pages, and LaTEX les.
Ú«¬«®» ª»®·±² ±º Í·Ø·Ì®¿ ©±«´¼ ¾» »¨¬»²¼»¼ ¬± ±¬¸»® ´¿²ó
¹«¿¹» °¿·® øÐ±®¬«¹«»»ô Ú®»²½¸ô ×¬¿´·¿²ô »¬½ò÷ò ×² ¬¸» º±´ó

ï¸¬¬°æññ°®¸´¬¼»³±ò·¬·ò«°ªò»ñ�¬¿ª¿´ñ
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´±©·²¹ »½¬·±²ô ©» ©·´´ »¨°´¿·² Í·Ø·Ì®¿ù ¿®½¸·¬»½¬«®»ò

îò Í§¬»³ ¿®½¸·¬»½¬«®»
Í·Ø·Ì®¿ · ¿ ¹»²»®¿´ ½±°» Í°¿²·¸ó¬±óÝ¿¬¿´¿² ¬®¿²´¿¬±®
©·¬¸ ¿ ©·¼» ª±½¿¾«´¿®§ ®»½¿´´ô ± ·¬ · ¿¾´» ¬± ¼»¿´ ©·¬¸ ¿´´
µ·²¼ ±º »²¬»²½»ò ß °®»ª·±« ª»®·±² ±º ¬¸» Í·Ø·Ì®¿ §ó
¬»³ ½¿² ¾» º±«²¼ ·² øÒ¿ª¿®®± »¬ ¿´òô îððì÷ò
Ì¸» ³»¬¸±¼±´±¹·» ¬± ¾» «»¼ ·² ¬¸» ®»°®»»²¬¿¬·±² ±º ¬¸»
different knowledge sources are based on nite-state ma-
½¸·²»æ ±² ¬¸» ±²» ¸¿²¼ô ¬±½¸¿¬·½ ¬®¿²¼«½»®ô ©¸·½¸ ¿®»
»³°´±§»¼ ¿ ¼¿¬¿ ¬®«½¬«®» º±® ¼·½¬·±²¿®§ ®»¯«»¬ ¿ ©»´´
¿ º±® ·²¬»®ó³±¼«´» ½±³³«²·½¿¬·±²å ±² ¬¸» ±¬¸»® ¸¿²¼ô Ø·¼ó
¼»² Ó¿®µ±ª Ó±¼»´ øØÓÓ÷ô ©¸·½¸ ¿®» ¿°°´·»¼ ·² ¼·¿³ó
¾·¹«¿¬·±² °®±½»» øÍ¿²½¸· »¬ ¿´òô îððï÷ò Ú·²·¬» ¬¿¬»
¸¿ª» °®±ª»² ¬± ¾» ¿¼»¯«¿¬» ³±¼»´ º±® ¬®¿²´¿¬·±² °«®°±»ò
Ì¸»§ ½¿² ¾» »¿·´§ ·²º»®®»¼ º®±³ ½±®°±®¿ô ¿²¼ ¬¸»®» ¿®»
efcient algorithms for their manipulation (Viterbi, beam
»¿®½¸ô »¬½ò÷ò ×² ¿¼¼·¬·±²ô ´·²¹«·¬·½ µ²±©´»¼¹» ½¿² ¾»
°®±°»®´§ ·²½±®°±®¿¬»¼ò
ß °®»ª·±«´§ ¬¿¬»¼ô ¬®¿²´¿¬·±² °®±¬±¬§°» ³±¼«´» ¿®»
based on nite-state machines, providing a homogeneous
and efcient framework. Engine modules process input
text by means of a cascade of nite-state models that repre-
»²¬ ¾±¬¸ ´·²¹«·¬·½ ¿²¼ ¬¿¬·¬·½¿´ µ²±©´»¼¹»ò Ú·²·¬»ó¬¿¬»
³±¼»´ ¿®» ¿´± «»¼ ¬± ®»°®»»²¬ °¿®¬·¿´ ·²º±®³¿¬·±² ¼«®·²¹
¬®¿²´¿¬·±² ¬¿¹»ò
Ì¸» Í·Ø·Ì®¿ §¬»³ · ¬®«½¬«®»¼ ·² ¬¸» º±´´±©·²¹ ³±¼«ó
´»æ

Ì¸» °®»°®±½» ³±¼«´»æ ×¬ ¼·ª·¼» ¬¸» ±®·¹·²¿´ ¬»¨¬
·²¬± »²¬»²½»ô ¬¸« ¿´´±©·²¹ ¬¸» ¬®¿²´¿¬·±² °®±½»
¬± ¾» ¿°°´·»¼ ¬± »¿½¸ ·²¼·ª·¼«¿´ »²¬»²½»ò Ô»¬ « ·²ó
¬®±¼«½» ¿ ·³°´» »¨¿³°´» ·² ±®¼»® ¬± ¾»¬¬»® «²¼»®¬¿²¼
¸±© Í·Ø·Ì®¿ °»®º±®³ò Ú·¹«®» ï ¸±© ±³» Í°¿²·¸
¬»¨¬ ¬± ¾» ¬®¿²´¿¬»¼ò

Ô¿ »¬«¼·¿²¬» ¿¬»²¼·-ò

Ú·¹«®» ïæ Ì®¿²´¿¬·±² ¬»¨¬

Ó±®»±ª»®ô »²¬»²½» ¿®» °´·¬ «° ¿ ¿ »¯«»²½» ±º
¬®¿²´¿¬·±² «²·¬ô ©¸»®» »ª»®§ ¬®¿²´¿¬·±² «²·¬ · ¬¸»²
identied and classied into one of the following
¹®±«°æ °«²½¬«¿¬·±² ³¿®µô ²«³¾»®ô ¿¾¾®»ª·¿¬·±²ô
°®±°»® ²¿³»ô ±® ¹»²»®¿´ ©±®¼ò Ñ«¬°«¬ · »¨°®»»¼
·² ¿ ¨³´ º±®³¿¬ô ·² ©¸·½¸ »ª»®§ °¿®¿¹®¿°¸ô »²¬»²½»ô
¬®¿²´¿¬·±² «²·¬ô ¿²¼ ½¿» ·²º±®³¿¬·±²ô ¸¿ ¾»»² ¼»ó
¬»½¬»¼ ø»» Ú·¹«®» î÷ò

¼±½
°
±
«¬ ±®¬ãþÓþ ´¿ ñ«¬ «¬ »¬«¼·¿²¬» ñ«¬
«¬ ¿¬»²¼·- ñ«¬ «¬ «¬·ãþ·¹²±þ ò ñ«¬
ñ±

ñ°
ñ¼±½

Ú·¹«®» îæ Ð®»°®±½»

ß ·¬ ½¿² ¾» ¼»¼«½»¼ º®±³ Ú·¹«®» ïô ¬¸» ¬®¿²´¿¬·±²
»¨¿³°´» · ½±³°±»¼ ±º ±²´§ ±²» »²¬»²½»ò Ú·¹«®» î
¸±© ¸±© °®»°®±½» ¸¿ »¹³»²¬»¼ ¬¸» ©¸±´» ¬»¨¬ô
thus identifying the most signicant components. Xml
¬¿¹ ¬¿²¼ º±® ¿ º±´´±©æ

� ÅñÃ¼±½ ´¿¾»´ ®»º»® ¬± ¬¸» ©¸±´» ¼±½«³»²¬ò

� ÅñÃ° ´¿¾»´ °±·²¬ °¿®¿¹®¿°¸ ±«¬ò

� ÅñÃ± ´¿¾»´ ¸±© »²¬»²½» ¾»¹·²²·²¹ñ»²¼·²¹ò

� ÅñÃ«¬ ´¿¾»´ ·¼»²¬·º§ ¬®¿²´¿¬·±² «²·¬ò

Ò±¬» ¬¸¿¬ °«²½¬«¿¬·±² ³¿®µ ³«¬ ¾» ·±´¿¬»¼ º®±³
©±®¼ ·² ±®¼»® ¬± °®±°»®´§ ¼»¬»½¬ ¬¸» ®·¹¸¬ ¬®¿²´¿¬·±²
«²·¬ò ×² ¬¸» »¨¿³°´»ô º«´´ ¬±° · »°¿®¿¬»¼ º®±³ ´¿¬
©±®¼ ¿¬»²¼·-ò

In addition, upper case characters are identied, then
´±©»®»¼ ± ¿ ¬± ¾» ¿¾´» ¬± °»®º±®³ ½¿»ó·²¼»°»²¼»²¬
¼·½¬·±²¿®§ ®»¯«»¬ò Ñ²½» ¬¸» ¬®¿²´¿¬·±² °®±½» ¸¿
¾»»² ½¿®®·»¼ ±«¬ô ½¿» ·²º±®³¿¬·±² ½¿² ¾» ®»¬±®»¼ ¬±
¬¸»·® ±®·¹·²¿´ º±®³¿¬ò Ú·¹«®» î ¸±© ¸±© «°°»®½¿ó
·²¹ ø·² ¬¸» »¨¿³°´»ô ·²·¬·¿´ ©±®¼ Ô¿÷ · ¸¿²¼´»¼ ¾§
³»¿² ±º ¿ ¬®¿²´¿¬·±² «²·¬ º»¿¬«®»ô ò Ð±·¾´» ª¿ó
´«» º±® ¿®» ùÓù ø·²·¬·¿´ ½¸¿®¿½¬»®÷ô ùÌù ø¿´´ ¬¸» ½¸¿ó
®¿½¬»®÷ ±® ùËùô ©¸·½¸ ·² ½±²¶«²½¬·±² ©·¬¸ ¿²±¬¸»® º»¿ó
¬«®»ô , take into account some particular congu-
®¿¬·±²ô ¶«¬ ¿ ·¬ ¸¿°°»² ©·¬¸ Í·Ø·Ì®¿ò

Ì¸» ¹»²»®¿¬·±² ³±¼«´»æ ß ¼·½¬·±²¿®§ ®»¯«»¬ °®±ó
¼«½» ¿ §²¬¿½¬·½ ¹®¿°¸ ¬¸¿¬ ®»°®»»²¬ ¿´´ ¬¸» °±·¾´»
¿²¿´§» ±ª»® ¬¸» ·²°«¬ »²¬»²½» ¬±¹»¬¸»® ©·¬¸ ¿´´ ¬¸»·®
°±·¾´» ¬®¿²´¿¬·±²ò Ú±® ¬¸» °®±°±»¼ »¨¿³°´»ô Ú·¹«ó
®» í ¸±© ¬¸» ®»«´¬ ±º ¬¸· ¬¿¹»ò

Ú·¹«®» íæ Ü·½¬·±²¿®§ ¿½½»

Ûª»®§ »¼¹» ®»°®»»²¬ ¿ ¼·½¬·±²¿®§ ¿²©»®ô ©¸·½¸ ·
¼·®»½¬´§ ®»´¿¬»¼ ¬±ô ¿¬ ´»¿¬ô ±²» ¬®¿²´¿¬·±² «²·¬ ø²±¬»
¬¸¿¬ »¬ °¸®¿» ©±«´¼ ¾» ³±¼»´´»¼ ¿ ¿ ¬®¿²·¬·±² º®±³
¬¿¬» ¬± ô ©¸»®» ÷ò Ì¸»®»º±®»ô ¬®¿²·¬·±²
¬¸¿¬ ¸¿®» ¬¸» ¿³» ±«®½»ñ¬¿®¹»¬ ¬¿¬» ®»º»® ¬± ¬¸» ¼·ºó
º»®»²¬ ®»¿¼·²¹ ¬¸¿¬ ¿² ·²°«¬ »¹³»²¬ ¸¿ô ¿½½±®¼·²¹ ¬±
¬¸» ¼·½¬·±²¿®§ò ×²º±®³¿¬·±² ±² »¼¹» · ½±³°±»¼ ±º ¿
´»¨·½¿´ ½¿¬»¹±®§ô ¬±¹»¬¸»® ©·¬¸ ¿ ±²»ó¬±ó³¿²§ ®»´¿¬·±²ó
¸·° ±º Í°¿²·¸ ¿²¼ Ý¿¬¿´¿² ¼¿¬¿¾¿» »²¬®·»ò Þ»½¿«»
±º °¿½» ´·³·¬¿¬·±²ô ±²´§ ±²» ¬®¿²´¿¬·±² °»® »¼¹» ¿°ó
°»¿®ô ¿´¬¸±«¹¸ ·¬ ³«¬ ¾» ±¾»®ª»¼ ¿ ·º ¬¸»®» ½±«´¼
¾» »ª»®¿´ ±²»ò

Ì¸» ¼·¿³¾·¹«¿¬·±² ³±¼«´»æ Í§²¬¿½¬·½ ¿²¼ »³¿²¬·½
¼·¿³¾·¹«¿¬·±² · °»®º±®³»¼ «·²¹ ¬¿¬·¬·½¿´ ³±¼»´ò
Ú·®¬ô ³±®°¸±´±¹·½¿´ ¿²¼ §²¬¿½¬·½ ¼·¿³¾·¹«¿¬·±² ·
carried out through a tagging process, nding the most
´·µ»´§ °¿¬¸ ±ª»® ¬¸» ¿²¿´§· ¹®¿°¸ò Ì¸· ·³°´·» ¿ »¹ó
³»²¬¿¬·±² ±º ¬¸» ¬¸» ·²°«¬ »²¬»²½» ·²¬± ¬±µ»²ô »´»½ó
¬·²¹ ±²» ´»¨·½¿´ ½¿¬»¹±®§ °»® ¬±µ»²ò ×² ¿ »½±²¼ ¬»°ô
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»³¿²¬·½ ¼·¿³¾·¹«¿¬·±² · ¿´± °»®º±®³»¼ ¾§ ³»¿²
±º ½±²¬»¨¬ó¼»°»²¼»²¬ ³»¬¸±¼ò Ì¸¿¬ ³»¿² ½¸±±·²¹
±²» ±º ¬¸» °®±ª·¼»¼ ¬®¿²´¿¬·±² º±® »ª»®§ «®ª·ª·²¹
»¼¹» º®±³ ¬¸» °®»ª·±« ³±®°¸±ó§²¬¿½¬·½ ¼·¿³¾·¹«¿ó
¬·±² ¬¿¹»ò Ì¸· · ¿½½±³°´·¸»¼ ¬¸®±«¹¸ ¬¸» ª»®§
¿³» ¬¿¬·¬·½¿´ ¿°°®±¿½¸ô ²¿³»´§ ¬¸» ±²» ¬¸¿¬ · ¾¿»¼
±² ØÓÓô «·²¹ ¿ Ý¿¬¿´¿² ´¿²¹«¿¹» ³±¼»´ ¿²¼ ¿
¬±½¸¿¬·½ ¼·½¬·±²¿®§ò Ú·¹«®» ì ¸±© ¬¸» ®»«´¬ ±º ¬¸»
¼·¿³¾·¹«¿¬·±² ³±¼«´» ±ª»® ¬¸» °®±°±»¼ »¨¿³°´»ò

Ú·¹«®» ìæ Í¬¿¬·¬·½¿´ ¼·¿³¾·¹«¿¬·±²

Ì¸» °±¬°®±½» ³±¼«´»æ Ø»®»ô »ª»®¿´ ®«´»ó¾¿»¼
½±²ª»®·±² ¿®» ¿°°´·»¼ ·² ±®¼»® ¬± ¬®¿²º±®³ ±«¬°«¬
ø¬¸¿¬ · ²±¬ §»¬ ·² ²¿¬«®¿´ ´¿²¹«¿¹»÷ ·²¬± ½±®®»½¬ »²ó
¬»²½» º®±³ ¬¸» ¬¿®¹»¬ ´¿²¹«¿¹»ò Ì¸· ·²½´«¼» ²±«²
phrase agreement, inection, spelling, and format.
Figure 5 shows the nal output.

Ôù»¬«¼·¿²¬ ª¿ ¿¬»²¼®»ò

Ú·¹«®» ëæ Ì®¿²´¿¬»¼ ¬»¨¬

ÓÌ ²»»¼ ¬± ±³»¸±© »³¿²¬·½¿´´§ ¼·¿³¾·¹«¿¬» ±«®½»
©±®¼ ¾»º±®» ¬«®²·²¹ ¬¸»³ ·²¬± ¬¿®¹»¬ ´¿²¹«¿¹» ·¬»³ò Í»ó
³¿²¬·½ ¼·¿³¾·¹«¿¬·±² ³»¬¸±¼ ¬®§ ¬± ¼»¬»®³·²» ¬¸» ·³ó
°´·½·¬ ³»¿²·²¹ ±º ¿ ©±®¼ ·² ¿ «®®±«²¼·²¹ ½±²¬»¨¬ò Í·Ø·Ì®¿
³¿µ» «» ±º ¬¿¬·¬·½¿´ ³±¼»´ º±® ¼±·²¹ «½¸ ¿ ¬¿µò
Í¬¿¬·¬·½¿´ ³±¼»´ ¿®» ¾»½±³·²¹ °±°«´¿® º±® »ª»®¿´ ®»¿ó
±²ò Ì¸» ³±¬ ·³°±®¬¿²¬ ®»¿±² · ¬¸¿¬ ¬¸»§ ¿®» ½¸»¿°»®
¿²¼ º¿¬»® ¬± ¹»²»®¿¬» ¬¸¿² µ²±©´»¼¹»ó¾¿»¼ §¬»³ò Í¬¿ó
¬·¬·½¿´ ¬»½¸²·¯«» ´»¿®² ¿«¬±³¿¬·½¿´´§ º®±³ ½±®°±®¿ô ©·¬¸ó
±«¬ ¬¸» °®±½» ±º °®±¼«½·²¹ ´·²¹«·¬·½ µ²±©´»¼¹»ò Ñº
½±«®»ô ±¾¬¿·²·²¹ ½±®°±®¿ º±® ³±¼»´ ¬®¿·²·²¹ · ²±¬ ¿ ¬¿µ
¬¸¿¬ · º®»» ±º »ºº±®¬ò
Ó±¼»´ º±® »³¿²¬·½ ¼·¿³¾·¹«¿¬·±² ·² Í·Ø·Ì®¿ ²»»¼
°¿®¿´´»´ ½±®°±®¿ô ¬¸¿¬ ·ô ½±®°±®¿ ©¸»®» ¬»¨¬ »¹³»²¬ ø«½¸
¿ »²¬»²½» ±® °¿®¿¹®¿°¸÷ ·² ¿ ´¿²¹«¿¹» ¿®» ³¿¬½¸»¼
©·¬¸ ¬¸»·® ½±®®»°±²¼·²¹ ¬®¿²´¿¬·±² ·² ¬¸» ±¬¸»® ´¿²¹«¿¹»ò
Ì¸»» ½±®°±®¿ ¸¿ª» ¾»»² ±¾¬¿·²»¼ º®±³ ¼·ºº»®»²¬ ¾·´·²¹«¿´
electronic publications (newspapers, ofcial texts, etc.) and
¬¸»§ ¸¿ª» ¾»»² °¿®¿´´»´»¼ ¬¸®±«¹¸ ¼·ºº»®»²¬ ¿´·¹²³»²¬ ¿´¹±ó
®·¬¸³ò
Í·Ø·Ì®¿ù ³±¼«´» ©»®» ·³°´»³»²¬»¼ º±´´±©·²¹ ¬©± ¼·ºó
º»®»²¬ ½¸»³»æ °®»ó ¿²¼ °±¬°®±½» ³±¼«´» ©»®» ½±¼»¼
·² ex ´¿²¹«¿¹»ô ©¸·½¸ · ¿ ª»®§ «»º«´ ¬±±´ º±® ¹»²»®¿¬·²¹
°®±¹®¿³ ¬¸¿¬ °»®º±®³ °¿¬¬»®²ó³¿¬½¸·²¹ ±º ®»¹«´¿® »¨°®»ó
·±² ·² ¬»¨¬å ¿²¼ô ¬¸» ®»³¿·²·²¹ ³±¼«´» ©»®» ¿´´ ©®·¬¬»²
·² Ýô º±´´±©·²¹ ¿ Ê·¬»®¾·øÊ·¬»®¾·ô ïçêé÷ »¿®½¸·²¹ ¬®¿¬»¹§ò
×² ¬¸» ²»¨¬ »½¬·±²ô ©» ©·´´ »¨°´¿·² ·² ¼»¬¿·´ Í·Ø·Ì®¿ù ½±®ó
²»®¬±²»æ ·¬ ¼·½¬·±²¿®§ò

íò Ô·²¹«·¬·½ µ²±©´»¼¹» ¿ ¿ ¼¿¬¿¾¿»
Ñ²» ±º ¬¸» ¿¼ª¿²¬¿¹» ±º ±«® §¬»³ · ·¬ ½±²ª»²·»²¬ ·²ó
½±®°±®¿¬·±² ±º ´·²¹«·¬·½ µ²±©´»¼¹»ô ©¸·½¸ »»³ ¬± ¾» »ó

»²¬·¿´ ¬± ¿½¸·»ª» ²¿¬«®¿´ ¬®¿²´¿¬·±²ò Ì¸· µ²±©´»¼¹» ·
®»°®»»²¬»¼ ¿ ¿ ¼¿¬¿¾¿» ©¸»®» ¬¸» ³¿·² ¬¿¾´» ®»¹·¬»®
®»º»® ¬± ½±³³±² ¼·½¬·±²¿®§ »²¬®·»ô ¬¸¿¬ ·ô ©±®¼ ±® »¬
°¸®¿» º®±³ ¬¸» ±«®½» ´¿²¹«¿¹» ø¹»²»®¿´´§ µ²±©² ¿ ¬±ó
µ»²÷ò
Û¿½¸ °±·¾´» ¬®¿²´¿¬·±² · ½±²·¼»®»¼ º±® »ª»®§ ±«®½» ¬±ó
µ»² ¾§ ³»¿² ±º ¿ ±²»ó¬±ó³¿²§ ®»´¿¬·±²¸·°ò Ì¸«ô ·² ±®¼»®
¬± ¼»½·¼» ©¸·½¸ ¬®¿²´¿¬·±² · ¬¸» ³±¬ «·¬¿¾´»ô ±³» »¨¬®¿
·²º±®³¿¬·±² ³«¬ ¾» ¬¿µ»² ·²¬± ¿½½±«²¬ô «½¸ ¿ «®®±«²ó
¼·²¹ ½±²¬»¨¬ô ¬¸» ¼·¿´»½¬¿´ ª¿®·»¬§ ¬¸¿¬ · ½¸±»²ô ±® ¬¸»
target language structure. All this information is reected
in our dictionary elds. These elds are:

Í°¿²·¸ ´·¬»®¿´æ ¬¸» ¬±µ»²ù ½·¬¿¬·±² º±®³ò Ì¸¿¬ ·ô ³¿ó
culine, if it has only gender inection; singular mascu-
line, if it also has number inection; innitive, if it is
¿ ª»®¾ô »¬½ò

Ô¿¾»´ ±º ¬¸» Í°¿²·¸ ¬±µ»²ò ×¬ ·²¼·½¿¬» ¬¸» ¬±µ»²ù
root and the way it is inected.

Ó±®°¸±¬¿½¬·½ò Ù®¿³³¿¬·½¿´ ½¿¬»¹±®§ ±º ¬¸» Í°¿²·¸
¬±µ»² ø²±«²ô ¿¼¶»½¬·ª»ô ª»®¾ô ¿¼ª»®¾ô »¬½ò÷ ¬±¹»¬¸»®
©·¬¸ ±³» §²¬¿½¬·½ ¿²¼ ´»¨·½¿´ ·²º±®³¿¬·±² ø·º ¿ ª»®¾
· ¬®¿²·¬·ª»ô ·²¬®¿²·¬·ª»ô ¿«¨·´·¿®ô »¬½òå ±® ·º ¿ ½±²¶«²½ó
¬·±² · ½±®®»´¿¬·ª»ô «¾±®¼·²¿¬·²¹ô »¬½òå ¿²¼ ± ±²÷ò

Î»³··±² ø±²´§ ¿°°´·»¼ ¬± ª»®¾÷ò Ë²´·µ» ²±«² ±®
adjectives, all the verb forms from the same innitive
¼± ²±¬ ²»½»¿®·´§ ¸¿ª» ¬± ¸¿®» ¬¸» ¿³» ®±±¬ò Ì¸»®»ó
º±®»ô ©» ²»»¼ ¬± »¨°´·½·¬»´§ ·²¬®±¼«½» »ª»®§ ¼·ºº»®»²¬
°¿·® ø®±±¬ô °¿®¿¼·¹³÷ ¿ ¿ »°¿®¿¬» »²¬®§ò Ø±©»ª»®ô
¬®¿²´¿¬·±² ·²º±®³¿¬·±² · ²±¬ ½´±²»¼ º±® »ª»®§ ®»¹·¬»®
but only stored in the one corresponding to the inni-
tive. This eld links all these different entries towards
¬¸»·® ½±³³±² ¬®¿²´¿¬·±² ·²º±®³¿¬·±²ò

Morphological unit class. Tokens are classied into
one of the following 4 classes: common, innitive
verbs, prexes, and sufxes. The usefulness of the
rst two groups has already been explained. Prexes
and sufxes are special tokens that are needed in or-
¼»® ¬± ¾» ¿¾´» ¬± °¿®» ø¿²¼ ¬®¿²´¿¬»÷ «²µ²±©² ©±®¼ô
©¸·½¸ ¿®» ¬®«´§ ½±³°±»¼ ±ºæ

a) a well known prex plus a dictionary entry
±®

b) a dictionary entry plus a well known sufx

Ì¸»®»º±®»ô ©» ½¿² ·¼»²¬·º§ ¿²¼ «½½»º«´´§ ¬®¿²´¿¬»
¿²§ ½±³°±«²¼ ±® ¼»®·ª¿¬» ©±®¼ ²±¬ »¨°´·½·¬»´§ ·²ó
½´«¼»¼ ·² ¬¸» ¼¿¬¿¾¿»ò

ß¾¾®»ª·¿¬·±²ò ×¬ ¸±© ·º ¬±µ»² ¿®» ¿¾¾®»ª·¿¬·±² ±®
¿½®±²§³ò

Case. It species if tokens are always written in upper
½¿»ò

Nominal inection. Description of all the Spanish and
Catalan inectional paradigms.

Extra. Additional information (literal or gurative
»²»ô ««¿´ ½±²¬»¨¬ô »¬½ò÷ò
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Ò«³¾»® ±º ³»¿²·²¹ ±º ¬¸» Í°¿²·¸ ¬±µ»²ò

Í»²»ò ß »¬ ±º ¼·ºº»®»²¬ ³»¿²·²¹ º±® ¬¸» ½«®®»²¬
Í°¿²·¸ ¬±µ»²ò Û¿½¸ ±º ¬¸»³ ¸¿ ¬¸» º±´´±©·²¹ ·²º±®ó
³¿¬·±²æ

� Ì¸»³¿¬·½ ³¿®µò Ü·ºº»®»²¬ ¬±°·½ ©¸»®» ¬±µ»²
³·¹¸¬ ¿°°»¿® ø¬»½¸²±´±¹§ô ¾·±´±¹§ô °±®¬ô ¸±©ô
chemistry, business, etc.). This eld helps to do
»²» ¼·¿³¾·¹«¿¬·±² ·² ±®¼»® ¬± ½¸±±» ¬¸» ®·¹¸¬
³»¿²·²¹ ¿½½±®¼·²¹ ¬± ¬¸» ¬»®³·²±´±¹·½¿´ °¸»®»
©¸·½¸ ¬±µ»² ¿®» ®»º»®®·²¹ ¬±ò

� Í»³¿²¬·½ ³¿®µò Õ²±©´»¼¹»ó¾¿»¼ ´±¹·½¿´ ¿²¼
»³¿²¬·½ ·²º±®³¿¬·±²ò

� Í»²» ±®¼»®ò Ð®·±®·¬§ ±ª»® ¬¸» »¬ ±º ³»¿²·²¹
±º ¬¸» Í°¿²·¸ ¬±µ»²ò ×² ¿¼¼·¬·±²ô »¿½¸ »²»
¸¿ ¿ »¬ ±º Ý¿¬¿´¿² »¯«·ª¿´»²½»ô ¬¸¿¬ ·ô ¬¸»®»
· ¿ ¬®¿²´¿¬·±² ø±® ¿ »¬ ±º §²±²§³±« ±²»÷ º±®
»¿½¸ ³»¿²·²¹ ±º ¿ Í°¿²·¸ ¬±µ»²ò Û¯«·ª¿´»²½»
that belong to the rst sense are preferred to the
±²» º®±³ ¬¸» »½±²¼ »²»å ·² ¬«®²ô ¬¸»» ¿®» °®»ó
º»®®»¼ ¬± ¬¸» ±²» º®±³ ¬¸» ¬¸·®¼ »²»ô ¿²¼ ±
±²ò Ì¸»» ª¿´«» ¸¿ª» ¾»»² ³¿²«¿´´§ »¬¿¾´·¸»¼
¿½½±®¼·²¹ ¬± ±³» ´·²¹«·¬·½ ½®·¬»®·¿ô ¬¿µ·²¹ ·²¬±
¿½½±«²¬ ¾±¬¸ º®»¯«»²½§ ±º «» ¿²¼ ´·²¹«·¬·½ »¨ó
°®»·ª»²»ò

� Û¯«·ª¿´»²½»ò ß »¬ ±º §²±²§³ º±® ¿ ¹·ª»²
»²» ±º ¬¸» Í°¿²·¸ ¬±µ»²ò Û¿½¸ »¯«·ª¿´»²½» ¸¿
¬¸» º±´´±©·²¹ ·²º±®³¿¬·±²æ

Ð®·±®·¬§ ±º ¿ °¿®¬·½«´¿® ¬®¿²´¿¬·±² ±ª»® ¿ »¬ ±º
§²±²§³ò ß °®»ª·±«´§ »¨°´¿·²»¼ô ¿ ±«®½»
¬±µ»² ½¿² ¸¿ª» »ª»®¿´ ³»¿²·²¹ô ¿²¼ ±²½»
±²» · ½¸±»²ô ¬¸»®» ¿®» »ª»®¿´ »¯«·ª¿´»²¬
¬®¿²´¿¬·±²ò É» ¿´± »¬ ¿ ®¿²¹» ±º °®·±®·¬·»
±ª»® ¬¸»» §²±²§³ò

Ý¿¬¿´¿² ´·¬»®¿´ò Í»» Í°¿²·¸ ´·¬»®¿ ò́
Ý¿¬¿´¿² ´¿¾»´ò Í»» Í°¿²·¸ ´¿¾»´ò
Ý¿¬¿´¿² ¹®¿³³¿¬·½¿´ ½¿¬»¹±®§ò ×² ¹»²»®¿ ố
¹·ª»² ¬¸» ·³·´¿®·¬§ ¾»¬©»»² ¾±¬¸ ´¿²¹«¿¹»ô
Ý¿¬¿´¿² ¬±µ»² ·²¸»®·¬ ¬¸»·® ½±®®»°±²¼·²¹
¹®¿³³¿¬·½¿´ ½¿¬»¹±®§ ±º ¬¸» Í°¿²·¸ ¬±µ»²ò
Ð®»º»®»²½»ò ×¬ ®»º»® ¬± ¬¸» ´·²¹«·¬·½ ¼·¿´»½¬
¬¸¿¬ · ³±®» ´·µ»´§ ¬± °®±¼«½» ¬¸» Ý¿¬¿´¿²
·¬»³ò Ì©± ±º ¬¸»» Ý¿¬¿´¿² ¼·¿´»½¬ ¿®» ¬¿µ»²
·²¬± ¿½½±«²¬æ »¿¬»®² ¿²¼ ©»¬»®²ò Ì¸· ¼·ó
¬·²½¬·±² ¿´´±© « ¬± °®±¼«½» ¿¼»¯«¿¬» »¨ó
°®»·±² ¿½½±®¼·²¹ ¬± ¬¸» «»®ù ´·²¹«·¬·½
¿®»¿ò ×² º«¬«®» ®»ª»®» ª»®·±² øº®±³ Ý¿¬¿´¿²
¬± Í°¿²·¸÷ô ·¬ ©·´´ ¾» »»²¬·¿´ ¬± ½±²·¼»® ¬¸»
©¸±´» Ý¿¬¿´¿² ª±½¿¾«´¿®§ò

Although only a very supercial description of our dictio-
²¿®§ ¸¿ ¾»»² °®»»²¬»¼ ¸»®»ô ·¬ °®±ª·¼» ¿ ¹»²»®¿´ º®¿³»ó
©±®µ º±® ¾«·´¼·²¹ ²»© ¼·½¬·±²¿®·» º±® ±¬¸»® ´¿²¹«¿¹» °¿·®ò

ìò Ûª¿´«¿¬·±²
Í»ª»®¿´ ½±®°±®¿ ©»®» ½±´´»½¬»¼ ¬± ¿» ¬¸» ¬®¿²´¿¬·±²
¯«¿´·¬§ ¿½¸·»ª»¼ò ß ½±³°¿®·±² ¾»¬©»»² Í·Ø·Ì®¿ ¿²¼
±³» ±¬¸»® Í°¿²·¸ó¬±óÝ¿¬¿´¿² §¬»³ ¸¿ ¾»»² ³¿¼»ò

ìòïò Ý±®°±®¿

×² ±®¼»® ¬± ¾» ¿¾´» ¬± ³¿µ» ¿ ¬¿¬·¬·½¿´ »¬·³¿¬·±² ±º ¬¸»
¼·ºº»®»²¬ ³±¼»´ «»¼ ·² ¬¸» ·³°´»³»²¬»¼ ª»®·±² ±º ¬¸»
°®±¬±¬§°»ô »ª»®¿´ ½±®°±®¿ ©»®» ½±´´»½¬»¼ò
Specic tools were developed to look for information
¬¸®±«¹¸ ¬¸» ©»¾ò Ì¸» Ô»¨Û° ½±®°« øÝ¿®³±²¿ »¬ ¿´òô
ïççè÷ô ©·¬¸ ²»¿®´§ çðòððð ®«²²·²¹ ©±®¼ô ©¿ «»¼ ¬± »¬·ó
³¿¬» §²¬¿½¬·½ ¼·¿³¾·¹«¿¬·±² ³±¼»´ °¿®¿³»¬»®ò ß ´¿¾»´ô
º®±³ ¿ »¬ ±º ¿°°®±¨·³¿¬»´§ éð ½¿¬»¹±®·»ô ©¿ ³¿²«¿´´§
¿·¹²»¼ ¬± »¿½¸ ©±®¼ò
Ì©± ±¬¸»® ½±®°±®¿ øÛ´ Ð»®·-¼·½± ¼» Ý¿¬¿´«²§¿ ¿²¼ Ü·ó
ari ocial de la Generalitat Valenciana÷ ©»®» ±¾¬¿·²»¼ ¾§
³»¿² ±º ©»¾ ¬±±´ò Ì¸»» ½±®°±®¿ ©·´´ ¾» «»¼ ·² ±³»
§¬»³ ·³°®±ª»³»²¬ «½¸ ¿ ¬®¿·²·²¹ ³±¼»´ º±® »³¿²ó
¬·½ ¼·¿³¾·¹«¿¬·±²ò Ì¸»» ½±®°±®¿ ½±²·¬ ±º °¿®¿´´»´ ¬»¨¬
¬¸¿¬ ¿®» ¿´·¹²»¼ ¿¬ ¬¸» »²¬»²½» ´»ª»´ ·² ¿ Í°¿²·¸ó¬±óÝ¿¬¿´¿²
¬®¿²´¿¬·±² º®¿³»©±®µ ©·¬¸±«¬ »³¿²¬·½ ½±²¬®¿·²¬ò
ß² »ª¿´«¿¬·±² ½±®°« ©¿ ½®»¿¬»¼ ¬± °»®º±®³ ¬¸» §¬»³
¿»³»²¬ò Ì¸· ½±®°« · ½±³°±»¼ ±º îìð »²¬»²½» °¿·®
øìíèç ®«²²·²¹ ©±®¼÷ô ©¸·½¸ ©»®» »¨¬®¿½¬»¼ º®±³ ¼·ºº»®»²¬
±«®½» ¿²¼ °«¾´·¸»¼ ·² ¾±¬¸ ´¿²¹«¿¹»ò Ò»»¼´» ¬± ¿§ô
¬¸»§ ¿®» ²±¬ ·²½´«¼»¼ ·² ¿²§ ¬®¿·²·²¹ ½±®°«ò

ïîð »²¬»²½» °¿·® º®±³ Û´ Ð»®·-¼·½± ¼» Ý¿¬¿´«²§¿ô
©·¬¸ ²± »³¿²¬·½ ½±²¬®¿·²¬ò

ëð °¿·® º®±³ Diari Ocial de la Generalitat Valen-
½·¿²¿, an ofcial publication from the Valencian Com-
³«²·¬§ ¹±ª»®²³»²¬ò

ëð °¿·® º®±³ ¬»½¸²·½¿´ ±º¬©¿®» ³¿²«¿´ò

îð °¿·® º®±³ ©»¾·¬» øÊ¿´»²½·¿ Ð±´§¬»½¸²·½¿´ Ë²·ó
ª»®·¬§ô Ê¿´»²½·¿ ½·¬§ ½±«²½·´ô »¬½ò÷ò

ìòîò Î»«´¬

É±®¼ »®®±® ®¿¬» øÉÛÎî÷ · ¿ ¬®¿²´¿¬·±² ¯«¿´·¬§ ³»¿«®»
¬¸¿¬ ½±³°«¬» ¬¸» »¼·¬·±² ¼·¬¿²½» ¾»¬©»»² ¬®¿²´¿¬·±² ¸§ó
potheses and a predened reference translation. The edi-
¬·±² ¼·¬¿²½» ½¿´½«´¿¬» ¬¸» ²«³¾»® ±º «¾¬·¬«¬·±²ô ·²»®ó
¬·±²ô ¿²¼ ¼»´»¬·±² ¬¸¿¬ ¿®» ²»»¼»¼ ¬± ¬«®²»¼ ¿ ¬®¿²´¿¬·±²
¸§°±¬¸»· ·²¬± ¬¸» ®»º»®»²½» ¬®¿²´¿¬·±²ò Ì¸» ¿½½«³«´¿¬»¼
²«³¾»® ±º »®®±® º±® ¿´´ ¬¸» ¬»¬ »²¬»²½» · ¬¸»² ¼·ª·¼»¼
¾§ ¬¸» ²«³¾»® ±º ®«²²·²¹ ©±®¼ô ¿²¼ ¬¸» ®»«´¬·²¹ °»®½»²ó
¬¿¹» ¸±© ¬¸» ¿ª»®¿¹» ²«³¾»® ±º ·²½±®®»½¬ ©±®¼ò Í·²½» ·¬
½¿² ¾» ¿«¬±³¿¬·½¿´´§ ½±³°«¬»¼ô ·¬ ¸¿ ¾»½±³» ¿ ª»®§ °±°«ó
´¿® ³»¿«®»ò Ì¸» ÉÛÎ ®»«´¬ º±® ¬¸» Í·Ø·Ì®¿ §¬»³ ¿®»
·³·´¿® ¬± ¬¸» ±²» ¿½¸·»ª»¼ ¾§ ±¬¸»® ²±²ó½±³³»®½·¿´ §ó
¬»³ ø·²¬»®ÒÑÍÌÎËÓí ¿²¼ ÍßÔÌì÷ ¿ ¸±©² ·² Ì¿¾´» ïò
·²¬»®ÒÑÍÌÎËÓ · ¿ ®»¿´¬·³» ÓÌ §¬»³ ¬¸¿¬ °®±ª·¼» ¿°ó
°®±¨·³¿¬» ¬®¿²´¿¬·±² º®±³ Í°¿²·¸ ¬± Ý¿¬¿´¿²ò Ì»¨¬
½¿² ¾» °®±½»»¼ ·² ¿²§ ±º ¬¸» º±´´±©·²¹ º±®³¿¬æ ßÒÍ×ô
ØÌÓÔô ¿²¼ ÎÌÚò ÍßÔÌ · ¿ ½±³°´»¬»´§ µ²±©´»¼¹»ó¾¿»¼
ÓÌ §¬»³ ¬¸¿¬ °»®º±®³ ¿² ·²¬»®¿½¬·ª» ³»¬¸±¼ ¬¸¿¬ ³·²·ó
³·¦» ³·¬¿µ»ô ¬¸« °®±ª·¼·²¹ ²¿¬«®¿´²» ¬± ¬®¿²´¿¬·±²ò

îß´± µ²±©² ¿ Ì®¿²´¿¬·±² ÉÛÎ øÌÉÛÎ÷
íÍ»» ¸¬¬°æññ©©©ò·²¬»®²±¬®«³ò½±³
ìÍ»» ¸¬¬°æññ©©©ò½«´¬ò¹ª¿ò»ñ¿´¬ñ¿´¬Á°®±¹®¿³»Á¿´¬îò¸¬³
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Ì¿¾´» ïæ ÉÛÎ ½±³°¿®·±² ¾»¬©»»² ±³» ÓÌ §¬»³

Í§¬»³ ÉÛÎ
·²¬»®ÒÑÍÌÎËÓ ïîòê
Í·Ø·Ì®¿ ïîòë
ÍßÔÌ íòð ïîòî

ß ¼·¿¼ª¿²¬¿¹» ±º ÉÛÎ · ¬¸¿¬ ·¬ ±²´§ ½±³°¿®» ¬¸» ¬®¿²ó
lation hypothesis with a xed reference translation. This
¼±» ²±¬ ±ºº»® ¿²§ ³¿®¹·² ¬± °±·¾´§ ½±®®»½¬ ¬®¿²´¿¬·±²
¬¸¿¬ ¿®» »¨°®»»¼ ·² ¿ ¼·ºº»®»²¬ ©®·¬·²¹ ¬§´»ò Ì¸»®»º±®»ô
¬± ¿ª±·¼ ¬¸· °®±¾´»³ô ©» «»¼ ¬¸» ÉÛÎ ©·¬¸ ³«´¬·®»º»ó
®»²½» øÓÉÛÎë÷ ¬± »ª¿´«¿¬» ¬¸» °®±¬±¬§°»ò ÓÉÛÎ ½±²ó
·¼»® »ª»®¿´ ®»º»®»²½» ¬®¿²´¿¬·±² º±® ¬¸» ¿³» ¬»¬ »²ó
¬»²½»ô ¬¸»² ½±³°«¬» ¬¸» »¼·¬·±² ¼·¬¿²½» ©·¬¸ ¿´´ ±º ¬¸»³ô
®»¬«®²·²¹ ¬¸» ³·²·³«³ ª¿´«» ¿ ¬¸» »®®±® ½±®®»°±²¼·²¹ ¬±
¬¸¿¬ »²¬»²½»ò ÓÉÛÎ ±ºº»® ¿ ³±®» ®»¿´·¬·½ ³»¿«®» ¬¸¿²
ÉÛÎ ¾»½¿«» ·¬ ¿´´±© º±® ³±®» ª¿®·¿¾·´·¬§ ·² ¬®¿²´¿¬·±²
¬§´»ò Ñ¬¸»® ¬©± ³±®» ®»º»®»²½» ©»®» ½®»¿¬»¼ ¾§ »¨°»®¬
´·²¹«·¬ô ³¿µ·²¹ ª¿®·¿¬·±² ¬± ¬¸» ±®·¹·²¿´ ®»º»®»²½» »²ó
¬»²½»ò Ì¸» ÓÉÛÎ ®»«´¬ º±® ¬¸» Í·Ø·Ì®¿ §¬»³ ¿®» ¬¸»
¾»¬ ·² ¬¸» ¬¸®»» ¬»¬»¼ §¬»³ô ¿ ¸±©² ·² Ì¿¾´» îò

Ì¿¾´» îæ ÓÉÛÎ ½±³°¿®·±² ¾»¬©»»² ±³» ÓÌ §¬»³

Í§¬»³ ÓÉÛÎ
·²¬»®ÒÑÍÌÎËÓ êòë
Í·Ø·Ì®¿ ìòï
ÍßÔÌ íòð êòï

É·¬¸ ®»¹¿®¼ ¬± ¬¸» ¬®¿²´¿¬·±² °»»¼ô Í·Ø·Ì®¿ · ¿¾´» ¬±
°®±½» ³±®» ¬¸¿² ïððð ©±®¼ °»® »½±²¼ô ©¸·½¸ ½¿² ¾»
½±²·¼»®»¼ ¿ ®»¿´¬·³» ©±®µ·²¹ò

ëò Ý±²½´«·±² ¿²¼ º«¬«®» ©±®µ
Í·Ø·Ì®¿ ¸±© ¸±© ¼»¼«½¬·ª» ¿²¼ ·²¼«½¬·ª» ¬»½¸²·¯«»
½¿² ¾» «½½»º«´´§ ½±³¾·²»¼ ¬± °®±¼«½» ¿ ÓÌ §¬»³ ©·¬¸
²± »³¿²¬·½ ½±²¬®¿·²¬ º®±³ Í°¿²·¸ ¬± Ý¿¬¿´¿²ô ¿ ²»¿®´§
ofcial European minority language that is spoken by an
·³°±®¬¿²¬ ²«³¾»® ±º ¬¸» Û«®±°»¿² °»±°´»ò Ì¸» ¬®¿²´¿ó
tion process is based on nite-state machines and statis-
¬·½¿´ ³±¼»´ ¬¸¿¬ ¿®» ¿«¬±³¿¬·½¿´´§ ·²º»®®»¼ º®±³ °¿®¿´´»´
½±®°±®¿ò Ì¸» ¬®¿²´¿¬·±² ®»«´¬ ¿®» °®±³··²¹ô ¾«¬ ¬¸»®» ¿®»
¬·´´ »ª»®¿´ °±·²¬ ¬¸¿¬ ³«¬ ¾» ·³°®±ª»¼ò
×² ¿¼¼·¬·±²ô ¿² ¿°°®±°®·¿¬» ®»°®»»²¬¿¬·±² ±º ´·²¹«·¬·½
µ²±©´»¼¹» ¸¿ ¾»»² ·²½±®°±®¿¬»¼ ·²¬± ¿ ÓÌ §¬»³ ¿ ¿
¼¿¬¿¾¿»ô ©¸·½¸ · »»²¬·¿´ º±® ±¾¬¿·²·²¹ ²¿¬«®¿´ ¬®¿²´¿ó
¬·±²ò Ó±®»±ª»®ô ¬¸· ¼¿¬¿¾¿» ¬®«½¬«®» ½±«´¼ ¾» »¿·´§
¿¼¿°¬»¼ ¬± ±¬¸»® ´¿²¹«¿¹» °¿·®ò
Ì¸» ³±¬ ®»´»ª¿²¬ ¿®»¿ ©¸»®» ¬¸» §¬»³ ½±«´¼ ¾» ·³ó
°®±ª»¼ ¿®»æ

Í»³¿²¬·½ ¼·¿³¾·¹«¿¬·±²ô ©¸»®» ¬¿¬·¬·½¿´ ³±¼»´ º±®
¿³¾·¹«±« ©±®¼ ½±«´¼ ¾» ¬®¿·²»¼ ·² ±®¼»® ¬± ¾»
¿¾´» ¬± ½¸±±» ¬¸» ³±¬ ¿°°®±°®·¿¬» ½±²¬»¨¬ó¼»°»²¼»²¬
¬®¿²´¿¬·±²ò

ëÓ«´¬·ó®»º»®»²½» É±®¼ Û®®±® Î¿¬»

Ê»®¾ °¸®¿» ¿¹®»»³»²¬ò

É» ¿´± ¾»¿® ·² ³·²¼ ¿ Í·Ø·Ì®¿ ®»ª»®·±² ·² ±®¼»® ¬± ¬®¿²ó
´¿¬» º®±³ Ý¿¬¿´¿² ¬± Í°¿²·¸ò ß °®»´·³·²¿®§ ª»®·±² ±º ¬¸»
²»»¼»¼ ´·²¹«·¬·½ ¼·½¬·±²¿®§ ½¿² ¾» ¿«¬±³¿¬·½¿´´§ ±¾¬¿·²»¼
º®±³ ±«® ½«®®»²¬ ¼¿¬¿¾¿»ò
Ú·²¿´´§ô Í·Ø·Ì®¿ù º®¿³»©±®µ ½±«´¼ ¾» »¨¬»²¼»¼ ¬± ±¬¸»®
Î±³¿²½» ´¿²¹«¿¹» øÐ±®¬«¹«»»ô Ú®»²½¸ô ×¬¿´·¿²ô »¬½ò÷ò

êò Î»º»®»²½»
Öò Ý¿®³±²¿ô Íò Ý»®ª»´´ô Ôò Ó@®¯«»¦ô Óòßò Ó¿®¬3ô Ôò Ð¿¼®-ô

Îò Ð´¿½»®ô Øò Î±¼®3¹«»¦ô Óò Ì¿«´7ô ¿²¼ Öò Ì«®³±ò ïççèò
ß² Û²ª·®±²³»²¬ º±® Ó±®°¸±§²¬¿½¬·½ Ð®±½»·²¹ ±º Ë²ó
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Abstract 
This paper shows how a baseline phrase-based statistical machine translation (SMT) system can be set up for translation between 
English and Welsh, a UK language spoken by about 610,000 people, using well-documented and freely available tools and techniques. 
Our results indicate that the achievable performance for this language pair is among the better of those European languages reported in 
Koehn (2005). We argue that these preliminary results should be seen as a rst step towards hybrid systems where linguistic 
knowledge from lexical and morphological resources are combined with additional terminology and stochastic preferences acquired 
from existing translations. 

1. Introduction 
As demonstrated in Koehn (2005), phrase-based 

statistical machine translation (SMT) can lead to 
interesting levels of translation quality for many language 
pairs if parallel corpora of sufficient size can be used for 
training. Results are particularly notable for target 
languages that do not make use of extensive morphology. 

Compared with older models of SMT, where decoding 
(translation) methods were based directly on the 
mathematical models used for computing the word 
alignments, the phrase-based variant of SMT has the 
advantage of being exible in the size of the building 
blocks it uses. Re-use of long subsequences of sentences 
leads to the high precision known from the use of 
translation memories (TMs). In contrast to TMs, where 
recall can fall dramatically when applied to texts written 
from scratch, phrase-based SMT shows a much softer 
degradation in these cases. 

The availability of relevant tools (Koehn, 2006) made 
possible the organisation of a project seminar during the 
Summer semester, 2005 at Saarland University to 
investigate the use of these tools in the development of at 
least baseline SMT functionality for a number of different 
language pairs. Whereas most of these systems were built 
using the Europarl corpora (Koehn, 2002), and did not 
explore further than the 110 language pairs covered in 
Koehn (2005), our work involving the minority language 
of Welsh shows that this particular approach is equally 
applicable when one member of the language pair has 
little conventional language technology available to those 
wishing to conduct state-of-the-art computational 
linguistic research. 

2. Corpus collection 
Of crucial importance for any statistical analysis of 

language is the availability of a sufficiently large, high-
quality corpus. Our corpus is collected from the online 
version of the Record of Proceedings of the Plenary 
Meetings of the National Assembly for Wales.  

The Welsh Assembly is an elected body representing 
almost 3 million people and is responsible for developing 
policy and allocating funds made available to it from the 
UK Treasury. It consists of 60 members, who held their 
rst meeting in May, 1999. Plenary meetings are held 
twice a week, and consist of questions and debate. 

Meetings are bilingual, and a speaker may speak in the 
language of their choice.  

A verbatim report is made available to the public 
within 24 hours of any given meeting, with a 5-day, fully 
translated, official version made available on the 
Assembly website <http://www.wales.gov.uk/organipo/>. 
Though its publications are subject to Crown copyright 
protection, the Assembly has a policy of open access to 
information, and its records are free to use and can be 
reproduced under waiver conditions. The waiver 
conditions allow reproduction and distribution for any 
purpose and in any medium as long as the Record remains 
accurate and Crown copyright is acknowledged.  

Collecting the source material for the corpus was 
simply a matter of crawling the relevant sections of the 
Assembly’s website. The proceedings are presented as 
HTML in a 2-column table format, where each row of the 
table contains a turn of a speaker, one column for each 
language.  

Of slight inconvenience is the fact that the left column 
always represents the speaker’s utterance in its original 
language. A number of Assembly members choose to 
make their comments in Welsh, so the contents of the left 
column arbitrarily switches from English to Welsh. An ad-
hoc language guesser was constructed, using data from the 
CPAN Perl module Language::Guess (Ceglowski, 2004), 
to identify Welsh and English paragraphs.  

After sentence segmentation, corresponding 
Welsh/English paragraphs that differed in number of 
sentences were rejected. Inspection revealed that after this 
step corresponding sentences within speaker turns were 
aligned between languages. A nal cleaning step was 
performed to remove a few garbage lines, convert HTML 
entities to ASCII equivalents and tokenize words and 
punctuation (apostrophes and hyphens within words were 
preserved). Table 1 shows some measurements of the nal 
bilingual, sentence-aligned corpus. 
 

 Welsh English 
Sentences 510,813 
Tokens 10,760,861 10,703,378 
Types 65,219 49,719 

Table 1: Corpus measurements after processing 
 
Given the high-quality and size of this corpus, we are 

happy to make it available to other interested researchers. 
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Even in a monolingual form, it currently represents the 
largest freely-available Welsh corpus. Contact 
<dafyddj@gmail.com> for more details. 

3. Software 
Our work was made possible by the availability of 

software tools that cover the whole system development 
cycle from initial word-alignment and phrase table 
training to decoding and evaluation. 

3.1. GIZA++ 
GIZA++, developed by Franz Josef Och (2003), is 

used to calculate word alignments between corresponding 
bilingual sentences according to rened statistical models. 
A detailed description of the design of the software can be 
found in Och and Ney (2003).  

GIZA++ is itself an extension of the original GIZA 
software developed as part of the 1999 Summer workshop 
hosted by the Center for Language and Speech Processing 
at Johns Hopkins University (CLSP, 1999). The software 
is released under the GNU Public License. 

3.2. Pharaoh 
Phillip Koehn’s Pharaoh (2004) system consists of 

scripts for extracting phrases from word-aligned sentences 
(provided by GIZA++, for example), and a decoder, 
which actually performs translation of  an input sentence, 
given an appropriate translation model and a target 
language model. In this case, the translation model is a 
phrase-table that contains a set of phrase correspondences 
in the form of a foreign phrase, a native phrase, and a 
conditional probability that one could be the translation of 
the other.  

Pharaoh is provided (Koehn, 2004b), without source 
code, for non-commercial purposes by the University of 
Southern California. 

3.3. SRI Language Modeling Toolkit 
SRI International provide a toolkit (SRI, 2006) for 

building and applying n-gram based language models 
under an open-source community licence that allows not-
for-prot use and requires any code changes to be shared 

with other users. The Pharaoh decoder works with SRI 
language models. 

4. Training and Decoding 
Philipp Koehn provides a script, ‘train-phrase-

model.perl’, as part of the Pharaoh package that automates 
the training process, using the above software. We split 
our corpus into a training set of 460,813 sentences, 
holding out 50,000 sentences for potential tuning and 
testing. Using this training data we generated bi-
directional phrase tables of around 20 million phrases 
each (approx. 1.8 Gb in size on disk).  

Due to the problem of loading and storing such a large 
amount of data in memory, sentence translation is 
accomplished via a lter script, that extracts a subset of 
phrases from the full phrase tables that account for actual 
phrases found in the source sentences. Nevertheless, this 
ltering incurs a time penalty, and data structures can still 
take over a minute to load into memory, with subsequent 
translation taking between 5 and 10 seconds per sentence.  

5. Evaluation 
Systematically measuring similarity between MT 

results and a human reference translation has become 
quite popular in the last ve years (Papineni et al., 2002), 
but the metrics used for these comparisons, such as the 
BLEU score, are typically very supercial and do not 
allow qualied statements on absolute translation quality 
or comparison between systems across widely different 
architectures (Callison-Burch et al., 2006).  

On the other hand, automatic evaluation has the 
advantage of being cheap, both in time and resources, and 
is therefore appropriate for measuring progress or 
regression during the development of a given system. In 
that sense, our measurements are based on BLEU, due to 
lack of time for more extensive manual investigations, and 
should only be viewed as a very rst step towards a 
meaningful evaluation.  

We picked a 5000 sentence test set, from previously 
held out data, as a basis for our measurements. Table 2 
shows the BLEU scores measured on translations from 
Welsh to English and vice-versa. Figure 1 shows an 
example set of translations. 

English to Welsh 
Source 
‘ iaith pawb ’ clearly states that the availability of education through the medium of welsh has increased steadily 

in recent years , and that that is an aim your government wants to encourage 
Translation 
mae ‘ iaith pawb ’ yn datgan yn glir bod y ddarpariaeth o addysg drwy gyfrwng y gymraeg wedi cynyddu raddol 

yn ystod y blynyddoedd diwethaf , a bod eich llywodraeth yn dymuno annog nod 
Welsh to English 
Source 
mae ‘ iaith pawb ’ yn datgan yn glir fod y gallu i gael addysg drwy gyfrwng y gymraeg wedi cynyddu’n gyson 

yn y blynyddoedd diwethaf , a bod eich llywodraeth yn dymuno hybu’r amcan hwnnw 
Translation 
‘ iaith pawb ’ states clearly that the able to receive their education through the medium of welsh has steadily 

increased in recent years , and that your government wants to promote that objective 

Figure 1: Examples of a spoken utterance and its corresponding translations. 
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To give some context to these measurements, the 
highest and lowest BLEU scores reported in Koehn (2005) 
are 40.2 for translating Spanish to French, and 10.3 for 
Dutch to Finnish. It should be noted that these systems 
were developed and tested on a different corpus from a 
different domain. 

6. Other work 
Our work is not the rst reported instance of Welsh to 

English statistical machine translation. Phillips (2001) 
reports on the implementation of software to construct 
stochastic translation models from bilingual sources. In an 
interesting approach, he used the Bible as training text for 
building his system, extending this with a morphological 
component and a bilingual dictionary to compensate for 
the limited vocabulary of the Bible.  

Due to a lack of an independent corpus, our Welsh 
language model was generated from our approx. 10 
million word training corpus. Kevin P. Scannell’s An 
Crúbadán project (Scannell, 2004) has collected a Welsh 
corpus of 95 million words. His software crawls the web, 
specically collecting texts in minority languages, 
bootstrapping further crawls by using seed text as search 
terms to discover more web pages in the target language. 
We hope to investigate the use of this internet corpus as a 
basis for the language model required for translation into 
Welsh. 

7. Conclusions 
We see our SMT system as a rst step towards 

machine translation for Welsh. We are convinced that 
better quality and coverage can be achieved when 
linguistic knowledge, such as rule-based morphological 
analysis and parsing is included in the process. Whereas 
this may look straightforward on the English side, a lack 
of language technology resources for Welsh is a 
hindrance.  

However, we see the option to use the existence of 
large amounts of parallel texts and high-quality word 
alignments to project (parts of) linguistic analyses along 
these alignments to the other language, thus bootstrapping 
linguistic knowledge for Welsh in a manner that avoids 
the expense of treebanking but still promises higher 
quality than fully unsupervised approaches. We plan to 
use techniques and results from the Ptolemaios project 
(Kuhn, 2004) for a further exploration of this perspective.  

We note that there is currently some interest in the 
commercial development of Welsh/English machine 
translation. A report commissioned by the Welsh 
Language Board (Somers, 2004) makes the 
recommendation that initial work in this area should be 
focused on the development of an SMT system capable of 
producing low-quality but usable translations. We hope 
our work shows that this is indeed a realistically 
achievable goal. 
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From Welsh Into Welsh 
40.22 36.17 

Table 2: BLEU scores for Welsh-English translation 
calculated over 5000 test sentences 
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Ü»°¿®¬³»²¬ ±º Ý±³°«¬¿¬·±²¿´ Ô·²¹«·¬·½ô ×ÞÔ ó ÞßÍ
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Abstract
Ì¸» Þ«´¹¿®·¿² Í»²» Ì¿¹¹»¼ Ý±®°« · ¼»®·ª»¼ º®±³ ¬¸» �Þ®±©²� Ý±®°« ±º Þ«´¹¿®·¿² ¿²¼ ¿²²±¬¿¬»¼ ©·¬¸ ©±®¼ »²» º®±³ ¬¸» 
Þ«´¹¿®·¿² É±®¼Ò»¬ò Ì¸» °¿°»® ¹·ª» ¿ ¾®·»º ¿½½±«²¬ ±º ¬¸» ¿´®»¿¼§ ¿ª¿·´¿¾´» ¿²¼ ½«®®»²¬´§ ¼»ª»´±°»¼ ´¿²¹«¿¹» ®»±«®½» ¿²¼ ¬±±´ 
©¸·½¸ »²¿¾´»¼ ¬¸» ½±³°·´¿¬·±² ¿²¼ ¿²²±¬¿¬·±² ±º ¬¸» Þ«´¹¿®·¿² Í»²» Ì¿¹¹»¼ Ý±®°«ò É» ¾®·»º´§ ¼»½®·¾» ¬¸» ¿¼±°¬»¼ ³»¬¸±¼±´±¹§ 
º±® ½±²¬®«½¬·²¹ ¿²¼ °®»°®±½»·²¹ ¬¸» ±«®½» ½±®°« ±º êí ììð ©±®¼æ ¿´´ ©±®¼ ©»®» ´»³³¿¬·»¼ô Ð±Íó¬¿¹¹»¼ ¿²¼ ´·²µ»¼ ¬± ¬¸» 
½±®®»°±²¼·²¹ »¬ ±º »²» ·² ¬¸» Þ«´¹¿®·¿² É±®¼Ò»¬ò Ì¸» °¿°»® ¿´± °®»»²¬ ¬¸» ¿²²±¬¿¬·±² ½®·¬»®·¿ «²¼»®´§·²¹ ¬¸» »²» »´»½¬·±² 

°®±½» ¿²¼ ±«¬´·²» ¬¸» ¹»²»®¿´ ¼·®»½¬·±² ±º »¨°¿²·±² ¿²¼ ³±¼·º·½¿¬·±² ±º ¬¸» Þ«´¹¿®·¿² É±®¼Ò»¬ò ß¬ ¬¸» °®»»²¬ ¬¿¹» ìë ëêî 
©±®¼ ø·²¹´» ©±®¼ ¿²¼ ³«´¬·ó©±®¼ »¨°®»·±²÷ ¿®» »³¿²¬·½¿´´§ ¿²²±¬¿¬»¼ò Ì¸» ½¸·»º ·²¬»²¼»¼ ¿°°´·½¿¬·±² ±º ¬¸» Þ«´¹¿®·¿² Í»²» 
Ì¿¹¹»¼ Ý±®°« · ¬± »®ª» ¿ ¿ ¬»¬ ¿²¼ ñ ±® ¬®¿·²·²¹ ¼¿¬¿»¬ º±® ©±®¼ »²» ¼·¿³¾·¹«¿¬·±² ©·¬¸ ¬¸» º«®¬¸»® ¿·³ ±º ¼»ª»´±°·²¹ ¿ 
Þ«´¹¿®·¿² ó Û²¹´·¸ ¾·ó¼·®»½¬·±²¿´ ³¿½¸·²» ¬®¿²´¿¬·±² §¬»³.

1. Introduction
Ì¸» ³¿·² ±¾¶»½¬·ª» ±º ¬¸· °¿°»® · ¬± °®»»²¬ ¬¸» 

Þ«´¹¿®·¿² Í»²» Ì¿¹¹»¼ Ý±®°« øÞ«´Í»³Ý±®÷ ¼»®·ª»¼ 
º®±³ ¬¸» �Þ®±©²� Ý±®°« ±º Þ«´¹¿®·¿² ¿²¼ ¿²²±¬¿¬»¼ 
©·¬¸ ©±®¼ »²» º®±³ ¬¸» Þ«´¹¿®·¿² É±®¼Ò»¬ øÞ«´Ò»¬÷

ï
ò

Ì¸» ½¸·»º ·²¬»²¼»¼ ¿°°´·½¿¬·±² ±º ¬¸» Þ«´¹¿®·¿² Í»²» 
Ì¿¹¹»¼ Ý±®°« · ¬± »®ª» ¿ ¿ ¬»¬ ¿²¼ ñ ±® ¬®¿·²·²¹ 
¼¿¬¿»¬ º±® ©±®¼ »²» ¼·¿³¾·¹«¿¬·±² ©·¬¸ ¬¸» º«®¬¸»® 
¿·³ ±º »³°´±§·²¹ ¬¸» ®»«´¬ ·² ¬¸» ·³°´»³»²¬¿¬·±² ±º ¿ 
Þ«´¹¿®·¿²óÛ²¹´·¸ ¾·¼·®»½¬·±²¿´ ³¿½¸·²» ¬®¿²´¿¬·±² øÓÌ÷
§¬»³ò Ì¸» °¿°»® ¿´± ¹·ª» ¿ ¾®·»º ¿½½±«²¬ ±º ¬¸» ¿´®»¿¼§ 
¿ª¿·´¿¾´» ¿²¼ ½«®®»²¬´§ ¼»ª»´±°»¼ ´¿²¹«¿¹» ®»±«®½» ¿²¼ 
¬±±´ ©¸·½¸ »²¿¾´»¼ ¬¸» ½±³°·´¿¬·±² ¿²¼ ¿²²±¬¿¬·±² ±º 
Þ«´Í»³Ý±®ò

×¬ · ¹»²»®¿´´§ ¿½µ²±©´»¼¹»¼ ¬¸¿¬ ¬¿¬·¬·½¿´ ¿°°®±¿½¸» 
ø½±³°´»¬»´§ ±® °¿®¬·¿´´§ «²¼»®´§·²¹ ¿²§ ¼·¿³¾·¹«¿¬·±² 
°®±½»÷ ½¿² ¾» »ºº·½·»²¬´§ ½±³¾·²»¼ ©·¬¸ ¼¿¬¿ ¼»®·ª»¼ 
º®±³ ¿²²±¬¿¬»¼ ½±®°±®¿ º±® ¬»¬·²¹ ¿²¼ ñ ±® ¬®¿·²·²¹ ¿ 
©·¬¸·² ¬¸» ±ó½¿´´»¼ «°»®ª·»¼ ½±®°«ó¾¿»¼ ³»¬¸±¼ò 
Ì¸» ¬¿¬»³»²¬ ¬¸¿¬ þ¿ ´±¹·½¿´ ²»¨¬ ¬»° º±® ¬¸» ®»»¿®½¸ 
½±³³«²·¬§ ©±«´¼ ¾» ¬± ¼·®»½¬ »ºº±®¬ ¬±©¿®¼ ·²½®»¿·²¹ 
¬¸» ·¦» ±º ¿²²±¬¿¬»¼ ¬®¿·²·²¹ ½±´´»½¬·±²ô ©¸·´» 
¼»»³°¸¿·¦·²¹ ¬¸» º±½« ±² ½±³°¿®·²¹ ¼·ºº»®»²¬ ´»¿®²·²¹ 
¬»½¸²·¯«» ¬®¿·²»¼ ±²´§ ±² ³¿´´ ¬®¿·²·²¹ ½±®°±®¿þ øÞ¿²µ± 
ú Þ®·´´ô îððï÷ º«´´§ ½±²º·®³ ±«® «²¼»®¬¿²¼·²¹ ±º ¸±© 
°¿®¬ ±º °»»½¸ ¿²¼ ©±®¼ »²» ¼·¿³¾·¹«¿¬·±² øÉÍÜ÷ 
¸±«´¼ ¾» ¸¿²¼´»¼ò Ì¸»®»º±®»ô »ºº±®¬ ¸±«´¼ ¾» 
½±²½»²¬®¿¬»¼ ·² ¬¸» ¼»ª··²¹ ±º ¿ ¾¿´¿²½»¼ ½±³¾·²¿¬·±² ±º 
¬¸» ½«®®»²¬´§ »³°´±§»¼ ³»¬¸±¼ ¬¸¿¬ ©·´´ ¾» ¿¾´» ¬± §·»´¼
¿ ¬®±²¹ °±·¬·ª» ·³°¿½¬ ±² ¬¸» »ºº»½¬·ª»²» ±º ÉÍÜò

×² ¬¸» ½±³°·´¿¬·±² ±º Þ«´Í»³Ý±® ©» ¹»²»®¿´´§ º±´´±©
¬¸» ³»¬¸±¼±´±¹§ ¿¼±°¬»¼ º±® ¬¸» Û²¹´·¸ »³¿²¬·½¿´´§ 
¿²²±¬¿¬»¼ ½±®°« � Í»³Ý±®ô ½®»¿¬»¼ ¿¬ ¬¸» Ð®·²½»¬±² 
Ë²·ª»®·¬§ øÚ»´´¾¿«³ »¬ ¿´òô ïççè÷ò Ì¸» ´¿¬¬»® · ¿ «¾»¬ ±º 
¬¸» Þ®±©² Ý±®°« ±º Í¬¿²¼¿®¼ ß³»®·½¿² Û²¹´·¸ 
½±²¬¿·²·²¹ ¿´³±¬ éðð ððð ®«²²·²¹ ©±®¼ò ß´´ ¬¸» ©±®¼ 
·² Í»³Ý±® ¿®» Ð±Íó¬¿¹¹»¼ô ¿²¼ ³±®» ¬¸¿² îðð ððð 
½±²¬»²¬ ©±®¼ ¿®» ¿¼¼·¬·±²¿´´§ ´»³³¿¬·¦»¼ ¿²¼ ¬¿¹¹»¼ 
©·¬¸ Ð®·²½»¬±² É±®¼Ò»¬ »²»ò

ï
Ì¸» ·²ª»¬·¹¿¬·±² · ¼»ª»´±°»¼ «²¼»® ¬¸» ²¿¬·±²¿´ º«²¼»¼ 

°®±¶»½¬ �Þ«´Ò»¬ � Ô»¨·½¿´ó»³¿²¬·½ Ò»¬©±®µ ±º ¬¸» Þ«´¹¿®·¿² 
Ô¿²¹«¿¹»�ò

2. Bulgarian resources
Ô·µ»©·»ô ±«® ¬¿®¹»¬ ½±®°« º±® »³¿²¬·½ ¿²²±¬¿¬·±² · 

¿ «¾»¬ ±º ¬¸» �Þ®±©²� Ý±®°« ±º Þ«´¹¿®·¿² øÞÝÞ÷ 
øÕ±»ª¿ »¬ ¿´òô îððë¿÷ò ÞÝÞ ½±²·¬ ±º ëðð ½±®°« «²·¬ ±º 
¿°°®±¨·³¿¬»´§ îððð ©±®¼ »¿½¸ô ¼·¬®·¾«¬»¼
°®±°±®¬·±²¿´´§ ¬± ´¿²¹«¿¹» «» ·² ïë ½¿¬»¹±®·»ô ¬¸« 
º±®³·²¹ ¿² ±ª»®¿´´ ±º ï ððï îèê ©±®¼ò Ì¸» ³»¬¸±¼±´±¹§ 
±º ¬¸» ¼»ª»´±°·²¹ ±º Þ®±©² Ý±®°« ±º Þ«´¹¿®·¿² · ¿ 
½´±» ¿ °±·¾´» ¬± ¬¸» ±®·¹·²¿´ Þ®±©² ½±®°« ·² ¬»®³ ±º 
¬®«½¬«®» ¿²¼ ½±²¬»²¬ô ¾«¬ ¬·´´ ·¬ ¼·ºº»® ·² ±³» ®»°»½¬æ
±³» ½¿¬»¹±®·» »·¬¸»® °¿®¬·¿´´§ ±® ²±¬ ¿¬ ¿´´ ®»°®»»²¬»¼ ·² 
½±²¬»³°±®¿®§ Þ«´¹¿®·¿² ´¿²¹«¿¹» «» ©»®» ®»°´¿½»¼ ¾§ 
³±®» ¿°°®±°®·¿¬» ±²»ò Ì¸» «¾ó½±®°« º±® »²» 
¿²²±¬¿¬·±² °®»»®ª» ¬¸» ±®·¹·²¿´ ¬®«½¬«®» ±º ÞÝÞ ¾§ 
·²½´«¼·²¹ ¿ »½¬·±² ±º »¿½¸ ÞÝÞ «²·¬ ¿³°´»¼ ¿½½±®¼·²¹ 
¬± ¬¸» ¼»²·¬§ ±º ¸·¹¸ º®»¯«»²½§ ©±®¼ò

Ì¸» ´·²¹«·¬·½ ¼¿¬¿¾¿» ©¸·½¸ »®ª» ¿ ¿ ±«®½» º±® 
·²¬®±¼«½·²¹ ¿²¼ ®»±´ª·²¹ ¿³¾·¹«·¬§ · ¬¸» Þ«´¹¿®·¿² 
É±®¼Ò»¬ ó Þ«´Ò»¬ øÕ±»ª¿ô îððì¿÷ò Í§²»¬ ø¿ ¾¿·½ 
¬®«½¬«®¿´ «²·¬ ±º ©±®¼²»¬÷ ¿®» »¯«·ª¿´»²½» »¬ 
½±²¬¿·²·²¹ ¿ ²«³¾»® ±º ±¾´·¹¿¬±®§ »´»³»²¬æ ´·¬»®¿´ 
ø·²¹´» ©±®¼ ¿²¼ ³«´¬·ó©±®¼ »¨°®»·±² øÓÉÛ÷ ©·¬¸ 
¬¸» ¿³» ®»º»®»²¬·¿´ ³»¿²·²¹ô »¨°®»»¼ ¾§ ¿² 
·²¬»®°®»¬¿¬·ª» ¼»º·²·¬·±²ô «¿¹» »¨¿³°´» ¿²¼ ´¿²¹«¿¹» 
²±¬»ò Ì¸» §²»¬ ¿®» ·²¬»®®»´¿¬»¼ ·² ¿ ´»¨·½¿´ó»³¿²¬·½ 
²»¬©±®µ � ©±®¼²»¬ô ¾§ ³»¿² ±º ¿ »¬ ±º »³¿²¬·½ 
®»´¿¬·±² «½¸ ¿ ¸§°»®±²§³§ô ¿²¬±²§³§ô ³»®±²§³§ô »¬½ò 
Û«®±É±®¼Ò»¬ øÛÉÒ÷ »¨¬»²¼»¼ ¬¸» Ð®·²½»¬±² É±®¼Ò»¬ 
øÐÉÒ÷ ©·¬¸ ½®±ó´·²¹«¿´ ®»´¿¬·±²ô ©¸·½¸ ©»®» º«®¬¸»® 
¿¼±°¬»¼ ·² Þ¿´µ¿Ò»¬ øÞÉÒ÷ øÍ¬¿³±« »¬ ¿´òô îððî÷ ¿²¼ ¾§ 
¬¸» Þ«´¹¿®·¿² É±®¼Ò»¬ ¿ °¿®¬ ±º ·¬ò Ì¸» »¯«·ª¿´»²¬ 
§²»¬ ·² ¬¸» ¼·ºº»®»²¬ ´¿²¹«¿¹» ¿®» ³¿°°»¼ ¬± ¬¸» ¿³» 
×²¬»®óÔ·²¹«¿´ ×²¼»¨ ø×Ô×÷ô ¬¸« ½±²²»½¬·²¹ ¬¸» ·²¼·ª·¼«¿´ 
©±®¼²»¬ ·² ¿ ¹´±¾¿´ ´»¨·½¿´ó»³¿²¬·½ ²»¬©±®µò Ì¸» ×²¬»®ó
Ô·²¹«¿´ ×²¼»¨ · ¾¿»¼ ±² ÐÉÒ ¿²¼ · ½±²»½«¬·ª»´§ 
§²½¸®±²·¦»¼ ©·¬¸ ²»© ÐÉÒ ª»®·±²ò

ß¬ ¬¸» ³±³»²¬ Þ«´Ò»¬ ½±²·¬ ±º îé ðìë §²»¬ 
ø§²±²§³ »¬÷ô ½±²¬¿·²·²¹ ëé ìçê ´·¬»®¿´ô ¿²¼ ¬¸» 
¿ª»®¿¹» ²«³¾»® ±º ´·¬»®¿´ °»® §²»¬ · îòïîò Ì¸» 
´¿²¹«¿¹»ó·²¬»®²¿´ ®»´¿¬·±² »²½±¼»¼ ·² ¬¸» Þ«´¹¿®·¿² 
É±®¼Ò»¬ ¿®» »ª»²¬»»² øº±´´±©·²¹ ¬¸» Ð®·²½»¬±² 
É±®¼Ò»¬÷ô ¬¸»·® ±½½«®®»²½» ¿®» ìè íéïô ¬¸» ¿ª»®¿¹» 
²«³¾»® ±º ®»´¿¬·±² °»® §²»¬ · ïòéçò
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3. Development and pre-processing of the source 
corpus

Ì¸» ¿²²±¬¿¬·±² ½±®°« ½±²·¬ ±º ëðð »¨½»®°¬ 
ø½´·°°·²¹÷ ±º ¿°°®±¨·³¿¬»´§ ïðð ©±®¼ »¿½¸ô »´»½¬»¼ 
¿½½±®¼·²¹ ¬± ¿ ½®·¬»®·±² º±® ©»´´ó¾¿´¿²½»¼ ¼»²·¬§ ±º 
¸·¹¸»¬ º®»¯«»²½§ Þ«´¹¿®·¿² ±°»²ó½´¿ ´»³³¿ ´±½¿¬»¼ ·² 
ÞÝÞò Ì¸» ½¿´½«´¿¬·±² ±º ¬¸» º®»¯«»²½§ ´·¬ · ¾¿»¼ ±² ¬¸» 
±½½«®®»²½» ±º ½±²¬»²¬ ©±®¼ ·² ¬©± Þ«´¹¿®·¿² ÐÑÍ 
¼·¿³¾·¹«¿¬»¼ ½±®°±®¿ � éï èéê ©±®¼ º®±³ Ñ®©»´´� 
ïçèì ¿²¼ ¿ »´»½¬·±² ±º íîè çêì ©±®¼ º®±³ ¬¸®»»
¬¸»³¿¬·½ ¼±³¿·² � »½±²±³§ô ´¿© ¿²¼ °±´·¬·½ øìðð èìð 
©±®¼ ¿´¬±¹»¬¸»®÷ò

Ì¸» ¬¿µ ±º ½±²¬®«½¬·²¹ ¬¸» ½±®°« º±® ¿²²±¬¿¬·±²
½±²·¬»¼ ·² ¬¸» »´»½¬·±² ±º ¿ ïððó©±®¼ »¨½»®°¬ ø½´·°°·²¹÷
º®±³ »ª»®§ º·´» ·² ¬¸» �Þ®±©²� Ý±®°« ±º Þ«´¹¿®·¿² «½¸ 
¬¸¿¬ ©±«´¼ ½±²¬¿·² ¬¸» ¸·¹¸»¬ ¼»²·¬§ ±º ©±®¼ º®±³ ¬¸» 
º®»¯«»²½§ ´·¬ò Ì¸» »´»½¬·±² °®±½»¼«®» ·²ª±´ª»¼ »ª»®¿´ 
»¨°»®·³»²¬ ©·¬¸ º®»¯«»²½§ ´·¬ ±º ¼·ºº»®»²¬ ·¦» ¼»®·ª»¼ 
º®±³ ¬¸» ±®·¹·²¿´ ±²» ¾§ ½±²»½«¬·ª»´§ »¨½´«¼·²¹ ©±®¼ 
±½½«®®·²¹ ±²»ô ¬©± ¿²¼ ¬¸®»» ¬·³»ò Î»´¿¬·ª» ©»·¹¸¬ ©»®» 
¿·¹²»¼ ¬± ¬¸» ´»³³¿ º»¿¬«®·²¹ ±² ¬¸» ´·¬ ©¸·½¸ ©»®» 
º«®¬¸»® ³±¼·º·»¼ °®±°±®¬·±²¿´´§ ¬± ¬¸» º®»¯«»²½§ ±º ¬¸»
´»³³¿� ±½½«®®»²½» ¾±¬¸ ·² ÞÝÞ ¿²¼ ·² Þ«´Ò»¬ô ± ¬¸¿¬ 
´» º®»¯«»²¬ ©±®¼ ¸¿ª» ¹®»¿¬»® ©»·¹¸¬ò Ú«®¬¸»®ô 
¿¼¼·¬·±²¿´ ©»·¹¸¬ ©»®» ½¿´½«´¿¬»¼ ¿½½±®¼·²¹ ¬± °¿®¬ ±º 
°»»½¸ ¿ º±´´±©æ ðòì ¬± ²±«²ô ðòí ¬± ª»®¾ô ðòî ¬± 
¿¼¶»½¬·ª» ¿²¼ ðòï ¬± ¿¼ª»®¾ ·² ±®¼»® ¬± °®±ª·¼» ¿ ¾»¬¬»® 
¾¿´¿²½» ·² ¬¸» °®±°±®¬·±² ±º ²±«² ¿²¼ ª»®¾ ·² 
½±³°¿®·±² ©·¬¸ ¿¼¶»½¬·ª» ¿²¼ ¿¼ª»®¾ò ßº¬»® ¬¸» 
½´·°°·²¹� »´»½¬·±² ¬¸» º±´´±©·²¹ ¬¿¬·¬·½ ©¿ ³¿¼»æ 

²±«²ô ª»®¾ô ¿¼¶»½¬·ª» ¿²¼ ¿¼ª»®¾ ©»®» ¼·ª·¼»¼ ·² ¬©± 
¹®±«° ¼»°»²¼·²¹ ±² ¬¸»·® ±½½«®®»²½» ±² ¬¸» º®»¯«»²½§ 
´·¬ò Ú±® »¿½¸ ¹®±«° ¬¸» ²«³¾»® ±º ©±®¼ »²½±«²¬»®»¼ ·² 
¬¸» ©±®¼²»¬ ¿²¼ ¬¸» ²«³¾»® ±º ³«´¬·°´»ó»²» ©±®¼ ©¿
½¿´½«´¿¬»¼ò Í«¾»¯«»²¬´§ô ¬¸» ½´·°°·²¹ ¬¸¿¬ ¸¿¼ ¬¸» ¾»¬ 
´»¨·½¿´ ½±ª»®¿¹» »¬·³¿¬»¼ ·² ¬»®³ ±º ¬¸» ¹®»¿¬»¬ ²«³¾»® 
±º ¼·ºº»®»²¬ ´»³³¿ ·² ½±³¾·²¿¬·±² ©·¬¸ ¬¸» ¹®»¿¬»¬
²«³¾»® ±º ½±®®»°±²¼·²¹ ©±®¼²»¬ »²» ©»®» »´»½¬»¼
º±® ¬¸» ½±®°«ò

Ì¸» ®»«´¬·²¹ ½±®°« ©¿ º«®¬¸»® »²´¿®¹»¼ ¾§ 
»¨°¿²¼·²¹ ¬¸» ½´·°°·²¹ ¬± ¬¸» ´»º¬ ¿²¼ ®·¹¸¬ »²¬»²½» 
¾±«²¼¿®·»ô ¬¸« ¿³±«²¬·²¹ ¬± ¿ ¬±¬¿´ ±º êí ììð ©±®¼ò 
Ì¸» ©±®¼ º±®³ ·² ¬¸» ±«®½» ½±®°« ©»®» ´»³³¿¬·¦»¼ô 
Ð±Íó¬¿¹¹»¼ ¿²¼ ´·²µ»¼ ¬± ¬¸» ½±®®»°±²¼·²¹ »¬ ±º »²» 
·² Þ«´Ò»¬ô ·º ¿ª¿·´¿¾´»ò ê ðíï ´»³³¿ ©»®» ¿«¬±³¿¬·½¿´´§ 
´·²µ»¼ ¬± ±²´§ ±²» »²»ô í éðì ´»³³¿ ´»º¬ ©·¬¸±«¬ ¿ 
»²» ³¿¬½¸»¼ ·² Þ«´Ò»¬ ¿²¼ ïë íìí ´»³³¿ ®»½»·ª»¼ 
³±®» ¬¸¿² ±²» »²»ò Ú·¹«®» ï ¾»´±© ¸±© ¬¸» 
¼·¬®·¾«¬·±² ±º ±°»² ½´¿ ´»³³¿ ·² ¬¸» ®»«´¬·²¹ ½±®°« 
¿½®± °¿®¬ ±º °»»½¸ ¿²¼ ¬¸» ½±ª»®¿¹» ±º ¬¸» ¿³» 
´»³³¿ ·² ¬¸» Þ«´¹¿®·¿² É±®¼Ò»¬ò Ñ«¬·¼» ¬¸»» º·¹«®» 
®»³¿·² ¬¸» º«²½¬·±² ©±®¼ ©¸·½¸ ¸¿¼ ¬± ¾» ¿¼¼·¬·±²¿´´§ 
»²½±¼»¼ò ×² ¬¸» ½±«®» ±º ¿²²±¬¿¬·±² ·²¹´»ó»²» »²¬®·» 
¿®» «¾¶»½¬ ¬± ª¿´·¼¿¬·±² ¿²¼ °±·¾´§ ²»© »²» º±® «½¸
´»³³¿ ¿®» »²½±¼»¼ ©¸»®» ²»»¼»¼å º±® ¬¸» ´»³³¿ ²±¬ 
¸¿ª·²¹ ¿ ½±®®»°±²¼·²¹ »²¬®§ ¿ ²»© §²»¬ ¼»²±¬·²¹ ¬¸» 
¿°°®±°®·¿¬» »²» · ¬± ¾» ·²½´«¼»¼ ·² Þ«´Ò»¬ ø±® ¬¸» »²» 
±º ¿² ¿´®»¿¼§ »¨·¬·²¹ §²»¬ ¸¿ ¬± ¾» ®»ª·»¼÷ ¿²¼ ¬¸»² 
¿±½·¿¬»¼ ©·¬¸ ¬¸» ©±®¼å º±® ³«´¬·°´» »²» ´»³³¿ ¬¸» 
°¿®¬·½«´¿® »²» «»¼ ·² ¬¸» ½±²¬»¨¬ ¸¿ ¬± ¾» °·½µ»¼ «°ô ±® 
·º ²±¬ ¿ª¿·´¿¾´» ó »²½±¼»¼ò

0

2000

4000

6000

8000

10000

12000 Nouns
Verbs
Adj
Adv

Nouns 11225 10557 3262 7295 668

Verbs 7606 6612 1291 5321 994

Adj 4525 3950 1335 2615 575

Adv 1722 255 143 112 1467

All words WN senses 1 sense >1 sense No sense

Ú·¹«®» ïæ Ü·¬®·¾«¬·±² ±º ½±²¬»²¬ó©±®¼ ´»³³¿ ¿½®± ÐÑÍ ¿²¼ ½±ª»®¿¹» ·² Þ«´Ò»¬

4. Annotation tool
Í»²» ¿²²±¬¿¬·±² · ½±²¼«½¬»¼ ©·¬¸ ¬¸» ¿²²±¬¿¬·±² ¬±±´ 

Ý¸±±»® ¼»ª»´±°»¼ ¿¬ ¬¸» Ü»°¿®¬³»²¬ ±º Ý±³°«¬¿¬·±²¿´ 
Ô·²¹«·¬·½ øÜÝÔ÷îò Ý¸±±»® ©¿ ¼»·¹²»¼ ¿ ³«´¬·ó°«®°±» 
³«´¬·óº«²½¬·±²¿´ °´¿¬º±®³ ¿·³»¼ ¿¬ °»®º±®³·²¹ ª¿®·±« ¬¿µ 
¬¸¿¬ ®»¯«·®» ½±®°±®¿ ¿²²±¬¿¬·±² ¿ ©»´´ ¿ ¿¬ »²¿¾´·²¹ 
¿«¬±³¿¬·½ ¿²¿´§· ¿²¼ ³¿²«¿´ ¼·¿³¾·¹«¿¬·±² ±º ´¿®¹» 
ª±´«³» ±º ¬»¨¬ øÕ±»ª¿ »¬ ¿´òô îððë¿÷ò Ú·¹«®» î ¾»´±© ¸±© 
Ý¸±±»®ù ´¿§±«¬ò Ì¸» ¿°°´·½¿¬·±²ù ª·«¿´·¿¬·±² ¿²¼ »¼·¬·²¹ 

î
Þ±®·´¿ª Î·¦±ª º®±³ ÜÝÔ ¸¿ °®±¹®¿³³»¼ ¬¸» ¿²²±¬¿¬·±² ¬±±´ò

º«²½¬·±²¿´·¬·» °®±ª·¼» ¬»¨¬ ¼·°´¿§ ³¿²¿¹»³»²¬ ¿²¼ ¿ 
²«³¾»® ±º ±¬¸»® º«²½¬·±² «½¸ ¿æ ¬»¨¬ ²¿ª·¹¿¬·±² 
¿½½±®¼·²¹ ¬± ª¿®·±« ¬®¿¬»¹·»ô »´»½¬·±² ±º °¿®¬·½«´¿® 
±°¬·±² ¿ª¿·´¿¾´» º±® °¿®¬·½«´¿® ´¿²¹«¿¹» «²·¬ô ¹®±«° 
»´»½¬·±² ±º ¿¼¶¿½»²¬ ±® ¼·¬¿²¬ «²·¬ ø«½¸ ¿ ³«´¬·ó
©±®¼ »¨°®»·±²ô »¨°®»·±² ©¸±» ½±²¬·¬«»²¬ ½¿² 
¾» ·²¬»®ª»²»¼ ¾§ ±¬¸»® ©±®¼ô »¬½ò÷ò Ì¸» ½±®°« º±® 
¿²²±¬¿¬·±² · ¼·°´¿§»¼ ·² ¬¸» ´»º¬ ¬±° ©·²¼±©ô ¬¸» 
§²½¸®±²·¦¿¬·±² ©·¬¸ ¬¸» ±¬¸»® ©·²¼±© · ·²¬¿²¬´§ 
·²·¬·¿¬»¼ ±² ²¿ª·¹¿¬·²¹ ¿´±²¹ ¬¸» ¬»¨¬ò Ñ² »´»½¬·²¹ ¿ 
½«®®»²¬ ©±®¼ ø½±´±«®»¼ ®»¼ ±² ¬¸» °·½¬«®»÷ ¬¸» 
¼»º·²·¬·±² ±º ¬¸» »²» ¿ª¿·´¿¾´» ·² Þ«´Ò»¬ º±® ¬¸» 
©±®¼ ¿®» ¼·°´¿§»¼ ·² ¬¸» ¾±¬¬±³ ©·²¼±©ò 

80



Ú·¹«®» îæ Ô¿§±«¬ ±º ¬¸» ¿²²±¬¿¬·±² ¬±±´

Ì¸» ®·¹¸¬ «°°»® ©·²¼±© ¸±© ¿´´ ¬¸» ·²º±®³¿¬·±² º±® 
¬¸» »²» ½±®®»°±²¼·²¹ ¬± ¬¸» »´»½¬»¼ ·¬»³ ·² ¬¸» ¾±¬¬±³ 
©·²¼±© ·²½´«¼·²¹ ¬¸» §²±²§³ »¬ô ¼»º·²·¬·±²ô «¿¹» 
»¨¿³°´» ¿²¼ ¬¸» ®»´¿¬·±² ¿ª¿·´¿¾´» ·² Þ«´Ò»¬ò Ì¸» »¬ ±º 
½¸±·½» ¿ª¿·´¿¾´» º±® ¿ ¹·ª»² ©±®¼ ½¿² ¾» ±®¼»®»¼ ¿½½±®¼·²¹ 
¬± ¼·ºº»®»²¬ ½®·¬»®·¿ô °®»»²¬´§ ¬¸» ¿¼±°¬»¼ ±²» · ¬¸» 
º®»¯«»²½§ ±º »´»½¬·±² ±º ¬¸» »²» ·² ¬¸» °®±½» ±º ©±®¼ 
»²» ¿²²±¬¿¬·±²ò

Ì¸» ¿°°´·½¿¬·±² ¼»·¹² »²ª·¿¹» ¿ ²«³¾»® ±º °¿ 
¬®¿¬»¹·» «½¸ ¿æ °¿·²¹ ¿´´ ´¿²¹«¿¹» «²·¬ ·² ¬¸» ½±®°«ô 
¬±°°·²¹ ¿¬ ´¿²¹«¿¹» «²·¬ ©¸·½¸ ¿®» ¿±½·¿¬»¼ ©·¬¸ ½»®¬¿·² 
·²º±®³¿¬·±² ·² ¬¸» ´·²¹«·¬·½ ¼¿¬¿¾¿»ô °¿·²¹ ±²´§ 
¿³¾·¹«±« ´¿²¹«¿¹» «²·¬ô ´¿²¹«¿¹» «²·¬ ¬¸¿¬ ¸¿ª» ¾»»² 
³±¼·º·»¼ ·² ¬¸» ¼¿¬¿¾¿» ·²½» ¬¸» ´¿¬ »´»½¬·±² ±º ¬¸» ¿³» 
·¬»³ ¾§ ¬¸» ½«®®»²¬ «»®ô ±® ¬±°°·²¹ ¿¬ ¿´´ ±½½«®®»²½» ±º ¿ 
°¿®¬·½«´¿® ·¬»³ò 

ß ³¿¶±® ¿»¬ ±º ¬¸» ¿²²±¬¿¬·±² º®¿³»©±®µ · ¬¸¿¬ ·¬ 
¸¿²¼´» ·²¹´» ¿ ©»´´ ¿ ³«´¬·©±®¼ »¨°®»·±² øÓÉÛ÷ 
®»º»®®·²¹ ¬± ¿ ·²¹´» ½±²½»°¬ ø·ò»ò Ò»© Ç±®µô ²·¬®·½ ¿½·¼ô »¬½ò÷
®»¹¿®¼´» ±º ¬¸»·® ¬®«½¬«®¿´ ±® ½±²¬·¬«»²¬ ª¿®·¿¬·±²ô 
¬®»¿¬·²¹ «½¸ »¨°®»·±² ¿ ·²¹´» ¬®·²¹ ©·¬¸ °¿½» ¿¬ 
½»®¬¿·² °´¿½»ò Ì¸» ¬±±´ ¿´´±© »´»½¬·±² ±º ¿¼¶¿½»²¬ ¿ ©»´´ 
¿ ±º ¼·¬¿²¬ ÓÉÛ ½±²¬·¬«»²¬ô ¬¸« ³¿²¿¹·²¹ °»½·º·½ 
§²¬¿½¬·½ °®±°»®¬·» ±º ³«´¬·©±®¼ »¨°®»·±² ó ·²¬»®ª»²·²¹ 
©±®¼ ¾»¬©»»² ½±²¬·¬«»²¬ô ª¿®§·²¹ ½±²¬·¬«»²¬ô ¼·ºº»®»²¬ 
©±®¼ ±®¼»®ô §²¬¿½¬·½ ¬®¿²º±®³¿¬·±²ô »¬½ò Ì¸· ¸¿ ¾»»² 
°±·²¬»¼ ±«¬ ¿ ±²» ±º ¬¸» ³¿·² °®±¾´»³ ±º »²½±¼·²¹ ±º 
ÓÉÛ ·² É±®¼Ò»¬ øÚ»´´¾¿«³ô ïççè÷ò Ì¸» ½±³°±²»²¬ ±º ¿ 
ÓÉÛ ·² ¬¸» ½±®°« ¿®» ¿±½·¿¬»¼ ©·¬¸ ¬¸»·® ´»³³¿
¬¸®±«¹¸ ©¸·½¸ ¬¸» ¬±±´ ³¿µ» ½±®®»°±²¼»²½» ¬± ¬¸» 
®»´»ª¿²¬ ´·¬»®¿´ ·² Þ«´Ò»¬ò 

Ý¸±±»® · ¿ ³«´¬·°´»ó«»® °´¿¬º±®³ ¬¸¿¬ °»®º±®³ 
¼§²¿³·½ ·²¬»®¿½¬·±² ¾»¬©»»² ¬¸» ´±½¿´ «»®ò Ë»® 
½±³³«²·½¿¬·±² · ·³°´»³»²¬»¼ ¾§ ³»¿² ±º ¿ »®ª»® ¬¸¿¬ 
¬¿µ» ½¿®» ±º ¿ ²«³¾»® ±º ¿½¬·ª·¬·» ·² ¬©± °®·²½·°¿´ 
¼·®»½¬·±²æ

×²¬»®¿½¬·±² ¾»¬©»»² ¬¸» ´±½¿´ «»® ¿²¼ ¬¸» 
´·²¹«·¬·½ ¼¿¬¿¾¿»å
×²¬»®¿½¬·±² ¾»¬©»»² ¬¸» ´±½¿´ «»®ò

Ý¸±±»®ù ¼¿¬¿¾¿» · °»®³¿²»²¬´§ «°¼¿¬»¼ ©·¬¸ 
»²´¿®¹»¼ Þ«´Ò»¬ ª»®·±² ½±²¬®·¾«¬»¼ ¾§ ¬¸» ·²¼·ª·¼«¿  ́
¿²²±¬¿¬±®ò Ì¸«ô ²»©´§ó»²¬»®»¼ ¿²¼ »¼·¬»¼ »²» ¿®» 
·³°±®¬»¼ º±® »´»½¬·±² ¾§ ¬¸» ¿²²±¬¿¬±®ô ¿²¼ °¿»¼ 
¿´±²¹ ª·¿ ¬¸» ±°¬·±² ±º ²¿ª·¹¿¬·±² ¿´±²¹ «²»´»½¬»¼ 
·¬»³ò Þ§ ¬¿µ·²¹ ½¿®» ±º ¬¸» º®»¯«»²½§ «°¼¿¬» ¿²¼ ¬¸» 
®»°»½¬·ª» ®»±®¼»®·²¹ ±º ¬¸» »²» ¬¸» ¬±±´ µ»»° ¬®¿½µ 
±º ¿²¼ ¬±®» ª¿´«¿¾´» ·²º±®³¿¬·±² ¿¾±«¬ ´¿²¹«¿¹» ¼¿¬¿ 
©¸·´» º¿½·´·¬¿¬·²¹ ¬¸» ¿²²±¬¿¬±®ù ©±®µò  

5. Development of the Bulgarian Sense Tagged 
Corpus

ßº¬»® ¬¸» °®±½»·²¹ ±º ¬¸» ±«®½» ½±®°«ô 
¿²²±¬¿¬·±² ±º ¬¸» ´¿²¹«¿¹» «²·¬ ·² ¬¸» ½±®°« ©·¬¸ ¬¸» 
½±®®»½¬ »²» ·² ¬¸» Þ«´¹¿®·¿² É±®¼Ò»¬ · °»®º±®³»¼ò

Ú±® ¬¿¹¹»¼ ©±®¼ ·² ¬¸» ½±®°« ¬¸» º±´´±©·²¹ 
±«¬°«¬ ¿®» °®±¼«½»¼æ

Ú±® ²±«²ô ª»®¾ô ¿¼¶»½¬·ª» ¿²¼ ¿¼ª»®¾ ó
É±®¼ô Ô»³³¿ô Í»²» ·¼»²¬·º·½¿¬·±² ·²½´«¼·²¹ 
¬¸» ×Ü ²«³¾»® ¿²¼ ÐÑÍ ±º ¬¸» ½±®®»°±²¼·²¹ 
»²» ·² Þ«´Ò»¬ò
Ú±® ³«´¬·ó©±®¼ »¨°®»·±² ó ÓÉÛô Ô»³³¿ô 
Í»²» ·¼»²¬·º·½¿¬·±² ·²½´«¼·²¹ ¬¸» ×Ü ²«³¾»® 
¿²¼ ÐÑÍ ±º ¬¸» ½±®®»°±²¼·²¹ »²» ·² Þ«´Ò»¬ò
Ú±® º«²½¬·±² ©±®¼ ó É±®¼ô Ô»³³¿ô Í»²» 
·¼»²¬·º·½¿¬·±²ò

Ú±® »¨¿³°´» ¬¸» Þ«´¹¿®·¿² »²¬»²½» Ñ¾·½¸¿´ ³»µ·§¿ 
µ¿´·º±®²·§µ· µ´·³¿¬ øØ» ´±ª»¼ ¬¸» ±º¬ Ý¿´·º±®²·¿² 
½´·³¿¬»÷ ©·´´ ¾» ¿²²±¬¿¬»¼ ¿ º±´´±©æ
Ñ¾·½¸¿´¥±¾·½¸¿³ýÛÒÙîðóðïéîíééìóª£ 
ø´±ª»æ¸¿ª» ¿ ¹®»¿¬ ¿ºº»½¬·±² ±® ´·µ·²¹ º±®÷ 
³»µ·§¿¥³»µýÛÒÙîðóððìïïçíïó¿£
ø³·´¼æ ³·´¼ ¿²¼ °´»¿¿²¬÷
µ¿´·º±®²·§µ·¥µ¿´·º±®²·§µ·ýÛÒÙóðîèçíéëèó¿£
øÝ¿´·º±®²·¿²æ ±º ±® ®»´¿¬»¼ ¬± ±® ½¸¿®¿½¬»®·¬·½ ±º 
Ý¿´·º±®²·¿ ±® ·¬ ·²¸¿¾·¬¿²¬÷
µ´·³¿¬¥µ´·³¿¬ýÛÒÙîðóïíêçîéïéó²£

ø½´·³¿¬»æ ¬¸» ©»¿¬¸»® ·² ±³» ´±½¿¬·±² ¿ª»®¿¹»¼ ±ª»® 
±³» ´±²¹ °»®·±¼ ±º ¬·³»÷
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Sense Tagged Corpus
Ò»© »²» ¿¼¼»¼ ·² Þ«´Ò»¬ ë íîè

ß²²±¬¿¬»¼ «²·¬ ìë ëêî

ß²²±¬¿¬»¼ ·²¹´» ©±®¼ ìð îëë

ß²²±¬¿¬»¼ ÓÉÛ î ïéé

É±®¼ ´»º¬ º±® ¿²²±¬¿¬·±² ïé èéè

Ì¿¾´» ïæ Ý«®®»²¬ ¬¿¬» ±º Þ«´Í»³Ý±®

Ì¸» ½«®®»²¬ ¬¿¬» ±º Þ«´Í»³Ý±® ·²½´«¼» ìë ëêî
»³¿²¬·½¿´´§ ¿²²±¬¿¬»¼ ·²¹´» ©±®¼ ¿²¼ ³«´¬·ó©±®¼ 
»¨°®»·±² øÌ¿¾´» ï÷ô ±º ©¸·½¸ ìð îëë ¿®» ·²¹´» ©±®¼ 
¿²¼ î ïéé ó ÓÉÛò Ì¸» ¿ª»®¿¹» ´»²¹¬¸ ±º ÓÉÛ · îòïç 
©±®¼ò

ß´´ ¬¸» ©±®¼ ·²·¬·¿´´§ ¿·¹²»¼ ±²´§ ±²» »²» ¿®» 
½±²·¼»®»¼ ¿²²±¬¿¬»¼ ¿º¬»® ¬¸» ª¿´·¼¿¬·±² ±º ¬¸» »²» 
³¿°°·²¹ò ×² ¬¸» ½±«®» ±º ¬¸» ¿²²±¬¿¬·±² ë íîè ²»©
§²»¬ ¸¿ª» ¾»»² ¿¼¼»¼ ·² Þ«´Ò»¬ ± º¿®ò Ò»© »²» ¿®» 
»²½±¼»¼ ©¸»®» ¿ ½±®°« ±½½«®®»²½» · ²±¬ ³¿°°»¼ ·² 
Þ«´Ò»¬ ¿¬ ¿´´ô ±® ·º ¬¸» ¿ª¿·´¿¾´» ½¿²¼·¼¿¬» ø·²¹´»ó»²» 
±® ³«´¬·°´»ó»²» Þ«´Ò»¬ »²¬®·»÷ ¼± ²±¬ ³¿¬½¸ ¬¸» 
³»¿²·²¹ º±«²¼ ·² ¬¸» ½±®°«ò

6. Annotation criteria
Ì¸» ¿²²±¬¿¬·±² ±º ¬¸» »²» ½±²·¬ ·² ¬¸» ¿±½·¿¬·±² 

±º ©±®¼ ±½½«®®»²½» ·² ¬¸» ½±®°« � ·²¹´» ©±®¼ ¿²¼ 
³«´¬·©±®¼ »¨°®»·±² ó ©·¬¸ ¬¸» ¿°°®±°®·¿¬» »²» ·² 
Þ«´Ò»¬

í
ò Ý±ª»®¿¹» · »²«®»¼ ¬¸®±«¹¸ ¬¸» »ª¿´«¿¬·±² ±º 

¬¸» »²½±¼»¼ ¼¿¬¿ ¿¹¿·²¬ ¬¸» »³°·®·½¿´ »ª·¼»²½» º®±³ ¬¸» 
½±®°« ¿²¼ ¬¸» ®»°»½¬·ª» ®»ª··±² ¿²¼ »²´¿®¹»³»²¬ ±º 
Þ«´Ò»¬ ©·¬¸ ²»© »²»ò Ò»© ´·¬»®¿´ ¿²¼ §²»¬ ¿®» 
»·¬¸»® «½¸ º±«²¼ ·² ÐÉÒ ±® ±²» ¸¿ª·²¹ ²± »¯«·ª¿´»²¬ ·² 
ÐÉÒò ×² ¬¸» ´¿¬¬»® ½¿» ²»© Þ«´Ò»¬ó°»½·º·½ »²¬®·» ¿®» 
½®»¿¬»¼ò ß°¿®¬ º®±³ ¬¸·ô ±°¬·³·¿¬·±² ±º ¬¸» »²½±¼»¼ 
´¿²¹«¿¹» ¼¿¬¿ ·² Þ«´Ò»¬ · °»®º±®³»¼ò

6.1. Selection of senses
Ë²¼»® ¬¸· ¸»¿¼·²¹ ©» ¼·½« ¬¸» ·³°´·½·¬ ½±²·¬»²½§ 

½®·¬»®·¿ ·²ª±´ª»¼ ·² ¬¸» ¿²²±¬¿¬±®ù ½¸±·½» ±º ¿ ¹·ª»² »²» 
±º ¿ ¹®¿°¸·½¿´ ©±®¼ ø´·¬»®¿´÷ º®±³ ¿³±²¹ ¬¸» ¿ª¿·´¿¾´» 
½¿²¼·¼¿¬» ·² Þ«´Ò»¬ò Ì¸»» °®±½»¼«®» ø±® ¿²¿´±¹±« 
±²»÷ ¿®» »¨¬»²·ª»´§ ¿°°´·»¼ ©¸»®» ¿ ©±®¼ ·² ¿ ´¿²¹«¿¹» 
¸¿ ¿ ²«³¾»® ±º ½´±»´§ ®»´¿¬»¼ »²»æ

6.1.1. Consistency with the other (if any) members of 
the synset

×² ¼»½·¼·²¹ ©¸·½¸ · ¬¸» ³±¬ ¿°°®±°®·¿¬» ¿³±²¹ ¬¸» 
½¿²¼·¼¿¬» »²»ô ¬¸» º·®¬ ¬¸·²¹ ¬± ¾» ½±²·¼»®»¼ · ¬¸» 
®»´¿¬·±² ±º »¯«·ª¿´»²½» ¼»º·²»¼ ¾»¬©»»² ¬¸» ³»³¾»® ±º ¿ 
§²»¬ò Ì¸· ³»¿² ¬¸¿¬ ·º ¿² ·²¬¿²½» ±º ¿ ©±®¼ ·² ¬¸» 
½±®°« · »³¿²¬·½¿´´§ »¯«·ª¿´»²¬ ¬± ¿² ·²¬¿²½» ±º ¿²±¬¸»® 
©±®¼ ·² ¬¸» ¿³» ½±²¬»¨¬ô ·¬ · ³±¬ ´·µ»´§ ¬¸¿¬ ¬¸» ½±®®»½¬ 
»²» · ¬¸» ±²» ¬¸¿¬ ½±®®»°±²¼ ¬± ¬¸» §²»¬ ©¸»®» ¬¸» 
¬©± ·¬»³ ¿°°»¿® ¿ §²±²§³ò Ñº ½±«®»ô ½®±ó½¸»½µ 
©·¬¸ ±¬¸»® ½®·¬»®·¿ · °»®º±®³»¼ »ª»² ·² ¬¸· ½¿»ô ¬± ¿ª±·¼ 
°±·¾´» »®®±® ¼«» ¬± ·²½±³°´»¬»²» ·² ¬¸» ¼¿¬¿¾¿»ò

í Ûµ¿¬»®·²¿ Ì¿®°±³¿²±ª¿ ¿²¼ Ø®·¬·²¿ Õ«µ±ª¿ º®±³ ¬¸» 

Ü»°¿®¬³»²¬ ±º Ý±³°«¬¿¬·±²¿´ Ô·²¹«·¬·½ ø×ÞÔóÞßÍ÷ ¿²¼ Õ¿¬§¿ 

ß´¿¸ª»®¼¦¸·»ª¿ ¿²¼ Ò·µ±´¿§ Î¿¼²»ªô ¬«¼»²¬ ¿¬ Í±º·¿ 
Ë²·ª»®·¬§ô ¿´± ©±®µ»¼ ·² ¼·ºº»®»²¬ ½¿°¿½·¬§ ¿ ¿²²±¬¿¬±®ò

6.1.2. Consistency with the interpretative definition 
covering the general meaning of the synset

Ì¸» ·²¬»®°®»¬¿¬·ª» ¼»º·²·¬·±² ø¹´±÷ ¿±½·¿¬»¼ ©·¬¸ ¬¸» 
§²»¬ »²½±¼» ¬¸» ³»¿²·²¹ ±º ¿´´ ¬¸» ³»³¾»® ±º ¬¸» 
§²»¬ ·² ¿² »¨°´·½·¬ ©¿§ô ¸»²½» ·¬ · ¿ °®·²½·°¿´ ½´«» ·² 
½¸±±·²¹ ¾»¬©»»² »²»ò 

6.1.3. Consistency with the relative position of the 
synset in the overall wordnet structure

Ë²´·µ» ¬¸» °®»ª·±« ½®·¬»®·¿ ©¸·½¸ »¬¿¾´·¸ ¬¸» 
¿±½·¿¬·±² ¾»¬©»»² ¿² ·²¬¿²½» ±º ¿ ©±®¼ ¿²¼ ¿ §²»¬ ·² 
Þ«´Ò»¬ ¿½½±®¼·²¹ ¬± ¬¸» ´·²¹«·¬·½ ·²º±®³¿¬·±² ½±²¬¿·²»¼ 
·² ¬¸» §²»¬ô ¬¸· ±²» »³°´±§ ¬¸» ¼»¹®»» ±º ®»´¿¬»¼²» 
¾»¬©»»² °¿·® ±º §²»¬ ¿²¼ · ¸»²½» ª»®§ ¸»´°º«´ ©¸»®» ¿ 
©±®¼ ¸¿ ¿ ²«³¾»® ±º ½´±»´§ ®»´¿¬»¼ ³»¿²·²¹ò Í·³·´¿®·¬§ 
³¿§ ©»´´ ¾» ·¹²¿´»¼ ¾§ ·¼»²¬·½¿´ ±® ª»®§ ½´±» §²±²§³ 
»¬ ¿²¼ ¼»º·²·¬·±²ò Ø±©»ª»®ô ¼·¬·²½¬²» ¾»¬©»»² 
·³·´¿® ´»¨·½¿´ ·¬»³ ©·´´ ø±® ¿¬ ´»¿¬ ¸±«´¼÷ ¾» ±¾»®ª»¼ 
·² ¬¸» ¼·ºº»®»²¬ »¬ ±º ®»´¿¬·±² ¼»º·²»¼ º±® ¿ §²»¬ò 
Î»´¿¬»¼²» ·²ª±´ª» ®»´¿¬·±² ±º ·³·´¿®·¬§ ¾»¬©»»² 
»³¿²¬·½¿´´§ ·³·´¿® ·¬»³ô ¿ ©»´´ ¿ ±¬¸»® ¬§°» ±º 
»³¿²¬·½ ®»´¿¬·±² ø³»®±²§³§ô ¿²¬±²§³§ô »¬½ò÷ ¾»¬©»»² 
¼··³·´¿® «²·¬ øÞ«¼¿²·¬µ§ ú Ø·®¬ô îððï÷ò Ø»²½»ô ¬¸» 
»¨°´±®¿¬·±² ±º ¬¸» »¬ ±º »³¿²¬·½ ®»´¿¬·±² »²½±¼»¼ º±® ¬¸» 
»¨¿³·²»¼ §²»¬ ³¿§ °®±ª·¼» ¸»´°º«´ ½´«» º±® ¬¸» 
¿²²±¬¿¬±®ò

Ì¸» º±´´±©·²¹ »¨¿³°´» ·´´«¬®¿¬» ¬¸» ·²¬»®¿½¬·±² ±º ¬¸» 
¬¸®»» ½®·¬»®·¿æ 

Í§²±²§³æ ¥²¿¬«®»æï£
Ü»º·²·¬·±²æ ¬¸» »»²¬·¿´ ¯«¿´·¬·» ±® ½¸¿®¿½¬»®·¬·½ ¾§ 

©¸·½¸ ±³»¬¸·²¹ · ®»½±¹²·¦»¼
Ë¿¹»æ ·¬ · ¬¸» ²¿¬«®» ±º º·®» ¬± ¾«®²
Ø§°»®²§³æ ¥¯«¿´·¬§æï£
Í§²±²§³æ ¥²¿¬«®»æí£
Ü»º·²·¬·±²æ ¬¸» ²¿¬«®¿´ °¸§·½¿´ ©±®´¼ ·²½´«¼·²¹ °´¿²¬ 

¿²¼ ¿²·³¿´ ¿²¼ ´¿²¼½¿°» »¬½ò
Ë¿¹»æ ¬¸»§ ¬®·»¼ ¬± °®»»®ª» ²¿¬«®» ¿ ¬¸»§ º±«²¼ ·¬
Ø§°»®²§³æ ¥«²·ª»®»æïô »¨·¬»²½»æîô ½®»¿¬·±²æêô 
©±®´¼æîô ½±³±æïô ³¿½®±½±³æï£
Ñ² ´±±µ·²¹ ¿¬ ¬¸» Þ«´¹¿®·¿² ½±«²¬»®°¿®¬ ±²» ½¿² »» 

¬¸¿¬ ¬¸» Þ«´¹¿®·¿² §²»¬ ½±®®»°±²¼·²¹ ¬± ¥²¿¬«®»æï£ ¸¿
¬©± ³»³¾»® � ¥»¬»¬ª±æïô °®·®±¼¿æí£ô ¿²¼ ¬¸¿¬ 
½±®®»°±²¼·²¹ ¬± ¥²¿¬«®»æí£ � ±²» � ¥°®·®±¼¿æî£ò Ì¸» ¬©± 
»²» ¿®» º«®¬¸»® ¼·¬·²¹«·¸»¼ ¾§ ¬¸» ¹´±» ¿²¼ ¬¸» 
¸§°»®±²§³ ¼»º·²»¼ º±® ¬¸» §²»¬ò Ì¸» «¿¹» »¨¿³°´» 
¿´± ¿½½±«²¬ º±® ¬¸» ¼·¬·²½¬·±² ¾»¬©»»² ¬¸» »²»ò

6.1.4. Consistency with the usage examples
Þ»·¼» ·´´«¬®¿¬·²¹ ¬¸» ½±²¬»¨¬ ±º «» ±º ¿ ©±®¼ô «¿¹» 

»¨¿³°´» °®±ª·¼» ¿ ¯«·½µ ©¿§ ±º ½¿²²·²¹ ¬¸®±«¹¸ ¿²¼ 
½¸»½µ·²¹ ¼·ºº»®»²¬ »²» ±º ¿ ©±®¼ ¿ ©»´´ ¿ ±º °±¬»²¬·¿´ 
½¿²¼·¼¿¬» º±® »²½±¼·²¹ò Ì¸»§ ¿®» »°»½·¿´´§ ¸»´°º«´ ·² 
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½¿» ±º ·³·´¿® §²±²§³ »¬ ¿²¼ ñ ±® «²½´»¿® ¼»º·²·¬·±²
¿ ·² ¬¸» »¨¿³°´» ¹·ª»² ¾»´±©æ     

Í§²±²§³æ ¥¼·±®¼»®æïô «°»¬æí£
Ü»º·²·¬·±²æ ½±²¼·¬·±² ·² ©¸·½¸ ¬¸»®» · ¿ ¼·¬«®¾¿²½» ±º 

²±®³¿´ º«²½¬·±²·²¹
Ë¿¹»æ ¬¸» ¼±½¬±® °®»½®·¾»¼ ±³» ³»¼·½·²» º±® ¬¸» 

¼·±®¼»®
Ø§°»®²§³æ ¥½±²¼·¬·±²æïô ¬¿¬«æî£
Ì¸» ¼»º·²·¬·±² ¿²¼ ¬¸» §²±²§³ ¼± ²±¬ ¿¬ º·®¬ ·¹¸¬ 

¸»´° ¬± ·²º»® ¬¸» ³»¿²·²¹ ±º ¬¸» §²»¬ ·² ¬¸· »¨¿³°´»ò 
Í½¿²²·²¹ ¬¸» «¿¹» »¨¿³°´»ô ¬±¹»¬¸»® ©·¬¸ ¸§°±²§³ô 
«½¸ ¿ ¥·³³«²±´±¹·½¿´ ¼·±®¼»®æï£ô ¥½¿®¼·±ª¿½«´¿® 
¼·»¿»æï£ô »¬½ò ¸»´° ¬¸» ¿²²±¬¿¬±® ¹®¿° ¬¸» ³»¿²·²¹ ¿¬ 
±²½»ò

6.1.5. Consistency with grammatical features
accounting for sense distinctions

Ý»®¬¿·² »²» ¼·¬·²½¬·±² ³¿§ ¾» «¹¹»¬»¼ ¾§ 
¹®¿³³¿¬·½¿´ ¼·ºº»®»²½»ò Ú±® »¨¿³°´»ô ¬¸» °´«®¿´ º±®³ ±º ¿ 
²±«² ·¹²·º§·²¹ ¿ ³»³¾»® ±º ¿ ²¿¬·±² ³¿§ ¬¿²¼ º±® ¬¸» 
®»´»ª¿²¬ ²¿¬·±² ¿ ©»´´ô ¿ ·² Ì¸» Þ®·¬ ¿®» ¿ ¹®»¿¬ ²¿¬·±²
©¸»®» ¬¸» »²» ¿·¹²»¼ ¬± ¬¸» Þ®·¬ ½±®®»°±²¼ ¬±æ

Í§²»¬æ ¥Þ®·¬·¸æïô Þ®·¬·¸ °»±°´»æïô ¬¸» Þ®·¬·¸æïô 
Þ®·¬æï£

Ü»º·²·¬·±²æ ¬¸» °»±°´» ±º Ù®»¿¬ Þ®·¬¿·²
Ø§°»®²§³æ ¥²¿¬·±²æîô ´¿²¼æèô ½±«²¬®§æí ¿ °»±°´»æï£

©¸»®»¿ ¬¸» °¸®¿» ¬©± Þ®·¬ ·² Ì©± Þ®·¬ ©»®» ®»½«»¼ ·
»³¿²¬·½¿´´§ »¯«·ª¿´»²¬ ¬±æ

Í§²»¬æ ¥Þ®·¬·¸»®æïô Þ®·¬±²æïô Þ®·¬æï£
Ü»º·²·¬·±²æ ¿ ²¿¬·ª» ±® ·²¸¿¾·¬¿²¬ ±º Ù®»¿¬ Þ®·¬¿·²
Ø§°»®²§³æ ¥Û«®±°»¿²æï£
Ø»²½»ô ±² ½±³·²¹ ¿½®± ·³·´¿® ·²¬¿²½» ·² ¬¸» 

½±®°«ô ±²» ¸±«´¼ ¾»¿® ·² ³·²¼ ¬¸· ¼·¬·²½¬·±² ¿²¼ 
½±®®»½¬´§ ¿·¹² ¬¸» ¿°°®±°®·¿¬» »²»ò ×¬ ¸±«´¼ ¾» ²±¬»¼ 
¬¸¿¬ ·²½» ¼·ºº»®»²¬ ´»³³¿ ø¹ò ¿²¼ °´ò÷ ½±®®»°±²¼ ¬± ¬¸»
½±²·¼»®»¼ ´·¬»®¿´ô ¿ ©»´´ ¿ ¬± ¬¸»·® Þ«´¹¿®·¿² 
½±«²¬»®°¿®¬ô ¿²¼ ´»³³¿ ¿®» ¬¸» ³»¼·¿¬±® ¾»¬©»»² ¬¸» 
Þ«´Ò»¬ »²¬®·» ¿²¼ ¬¸» ¿²²±¬¿¬·±² ¬±±´ô ¬¸» ¿°°®±°®·¿¬» 
´»³³¿¬·¦¿¬·±² ±º ¬¸» ©±®¼ ·² ¬¸» ½±®°« · ¿ °®»®»¯«··¬» 
º±® ¬¸» ¹»²»®¿¬·±² ±º ½±®®»½¬ ´·¬ ±º ½¸±·½»ò Ì± ¾» ³±®» 
°¿®¬·½«´¿®ô ·º ¬¸» Þ®·¬ ·² ¬¸» º·®¬ »²¬»²½» · ´»³³¿¬·¦»¼ 
¿ Þ®·¬ô ¬¸» §²»¬ º»¿¬«®·²¹ Þ®·¬ ©·´´ ²±¬ ¾» ±² ¬¸» ´·¬ ±º
½¸±·½» ¿¬ ¿´´ò Ì¸» º«²½¬·±²¿´·¬§ ±º ¬¸» ¿²²±¬¿¬·±² ¬±±´ 
¿´´±© ¬¸» §¬»³ù «°¼¿¬» ±² ³¿²«¿´ ½±®®»½¬·±² ·² ¬¸» 
½±®°« ·º ²»½»¿®§ ¿²¼ ²»© »¬ ±º ½¸±·½» · «¾»¯«»²¬´§ 
¹»²»®¿¬»¼ò

6.1.6. Appropriateness with respect to the available 
senses encoded in PWN 

É¸·´» ¬¸» ½®·¬»®·¿ øïóë÷ ®»º»® ¬± ¬¸» »¨°´±®¿¬·±² ±º ¬¸» 
»²» ¿´®»¿¼§ »²½±¼»¼ ·² Þ«´Ò»¬ô ¬¸· ±²» ¿°°´·» ³¿·²´§ 
¬± ¬¸» ½¿» ©¸»®» ¬¸» ½±®°« ±½½«®®»²½» ³·¹¸¬ ²±¬ ¾» ¿² 
·²¬¿²½» ±º ¿²§ ±º ¬¸» »²» °®»»²¬ ·² ¬¸» Þ«´¹¿®·¿² 
¼¿¬¿¾¿»ò

Ú±® »¨¿³°´»ô ²¿¬«®» ·² ¬¸» »²¬»²½» Nature ¸¿ ¬¿µ»² 
½¿®» ±º « º±® ½»²¬«®·» ¿²¼ ©» ¿®» ¬·´´ ¼·½±ª»®·²¹ ¸»® 
³¿²§ ©±²¼»® · ²±¬ ¿² ·²¬¿²½» ±º ¿²§ ±º ¬¸» »²» 
»²½±¼»¼ º±® ²¿¬«®»ô ¼·½«»¼ ¿¾±ª»ò Ñ² »¨°´±®·²¹ ÐÉÒ 
±²» ½¿² »» ¬¸¿¬ ¬¸» »²» ²¿¬«®»æî ½±®®»°±²¼ °®»½·»´§ 
¬± ¬¸» ³»¿²·²¹ ±º ¬¸» ©±®¼ ·² ¬¸» »²¬»²½»æ

Í§²±²§³æ ¥²¿¬«®»æî£
Ü»º·²·¬·±²æ ¿ ½¿«¿´ ¿¹»²¬ ½®»¿¬·²¹ ¿²¼ ½±²¬®±´´·²¹ 

¬¸·²¹ ·² ¬¸» «²·ª»®»
Ë¿¹»æ Ò¿¬«®» ¸¿ »»² ¬± ·¬ ¬¸¿¬ ³»² ¿®» ¬®±²¹»® 

¬¸¿² ©±³»²ò

Ø§°»®²§³æ ¥½¿«¿´ ¿¹»²¬æïô ½¿«»æìô ½¿«¿´
¿¹»²½§æï£

ß°°®±°®·¿¬»²» ±º ¬¸» ½¸±·½» · ¿´± ½±²·¼»®»¼ ©·¬¸ 
®»°»½¬ ¬± °»½·º·½ ½¿» ±º ´¿²¹«¿¹» «»ò ×¬ · ²±¬ 
·²º®»¯«»²¬´§ ¬¸» ½¿» ¬¸¿¬ ¿ ³±®» ¹»²»®¿´ ¿²¼ ¿ 
¬»®³·²±´±¹·½¿´ »²» ¿®» ±ª»®´¿°°·²¹ò Ì¸»®»º±®»ô °»½·¿´ 
½±²·¼»®¿¬·±² ¬± ¬¸» ¬§°» ±º ¿²²±¬¿¬»¼ ¬»¨¬ ¸±«´¼ ¾» 
·²ª±´ª»¼ ·² ½¸±±·²¹ ¾»¬©»»² »²» «½¸ ¿æ

Í§²±²§³æ ¥©¿¬»®æïô ØîÑæï£
Ü»º·²·¬·±²æ ¾·²¿®§ ½±³°±«²¼ ¬¸¿¬ ±½½«® ¿¬ ®±±³ 

¬»³°»®¿¬«®» ¿ ¿ ½´»¿® ½±´±®´» ±¼±®´» ¬¿¬»´» ´·¯«·¼å 
º®»»¦» ·²¬± ·½» ¾»´±© ð ¼»¹®»» ½»²¬·¹®¿¼» ¿²¼ ¾±·´ 
¿¾±ª» ïðð ¼»¹®»» ½»²¬·¹®¿¼»å ©·¼»´§ «»¼ ¿ ¿ ±´ª»²¬

Ø§°»®²§³æ ¥¾·²¿®§ ½±³°±«²¼æï£
Ø§°»®²§³æ ¥´·¯«·¼æí£
Í§²±²§³æ ¥©¿¬»®æê£
Ü»º·²·¬·±²æ ¿ º´«·¼ ²»½»¿®§ º±® ¬¸» ´·º» ±º ³±¬ 

¿²·³¿´ ¿²¼ °´¿²¬
Ë¿¹»æ ¸» ¿µ»¼ º±® ¿ ¼®·²µ ±º ©¿¬»®
Ø§°»®²§³æ ¥º±±¼æïô ²«¬®·»²¬æï£

6.2. Expanding the knowledge base - BulNet
Ì¸» µ²±©´»¼¹» ¾¿» Þ«´Ò»¬ · »¨°¿²¼»¼ ·² ¬©± 

°®·²½·°¿  ́ ¼·®»½¬·±²æ »²½±¼·²¹ ±º ²»© »²¬®·» º±«²¼ ·² 
ÐÉÒ ©¸»®» ¿ ®»´»ª¿²¬ ±½½«®®»²½» ·² ¬¸» ½±®°« ®»¯«·®» 
¬¸¿¬ ·² ½±³°´·¿²½» ©·¬¸ ½®·¬»®·±² êòïòêô ¿²¼ »²½±¼·²¹ ±º 
Þ«´Ò»¬ó°»½·º·½ »²¬®·» ©¸·½¸ º¿´´ ·²¬± »ª»®¿´ ½¿¬»¹±®·»æ

6.2.1. Culture-specific concepts
×² ¬¸» ¼»ª»´±°³»²¬ ±º ¬¸» ·²¼·ª·¼«¿´ ©±®¼²»¬ ¬¸» 

ÞÉÒ ¿¼±°¬»¼ ¬¸» ¸·»®¿®½¸§ ±º ½±²½»°¬ ¿²¼ ¬¸» ¬®«½¬«®» 
±º ¬¸» ®»´¿¬·±² »¬¿¾´·¸»¼ ·² ¬¸» ½±²¬®«½¬·±² ±º ¬¸» 
Û²¹´·¸ É±®¼Ò»¬ò Ø»²½»ô ¿ ¬®±²¹ ®«´» º±® ¬¸» 
°®»»®ª¿¬·±² ±º ¬¸» ÐÉÒ ¬®«½¬«®» ¸¿ ¾»»² ¬®·½¬´§ 
±¾»®ª»¼ ¿ ¿ ©¿§ ±º »²«®·²¹ ¿ °®±°»® ½®±ó´·²¹«¿  ́
½±®®»°±²¼»²½» ¿²¼ ²¿ª·¹¿¬·±² ª·¿ ¬¸» ×Ô×ò Ò¿¬«®¿´´§ô ²±¬ 
¿´´ ½±²½»°¬ ¬±®»¼ ·² ¬¸» ×Ô× ¿®» ´»¨·½¿´·¦»¼ ·² ¿´´ 
´¿²¹«¿¹»ô ¿²¼ ¾»·¼»ô ¬¸»®» ¿®» ´¿²¹«¿¹»ó°»½·º·½ 
½±²½»°¬ ¬¸¿¬ ³·¹¸¬ ¸¿ª» ²± ×Ô× »¯«·ª¿´»²¬ò Ì¸» ¬®«½¬«®» 
°®»»®ª¿¬·±² ®«´» ®»¯«·®» ¬¸¿¬ ·² ¬¸» º·®¬ ½¿» »³°¬§ 
§²»¬ ¾» ½®»¿¬»¼ ø½¿´´»¼ ²±²ó´»¨·½¿´·¦»¼ §²»¬÷ ·² ¬¸» 
©±®¼²»¬ ±º ¬¸» ´¿²¹«¿¹» ¬¸¿¬ ¼± ²±¬ ´»¨·½¿´·¦» ¬¸» 
®»°»½¬·ª» ½±²½»°¬ò Ì¸«ô ¬¸» ²±²ó´»¨·½¿´·¦»¼ §²»¬ 
°®»»®ª» ¬¸» ¸·»®¿®½¸§ ¿²¼ ½±ª»® ¬¸» °®±°»® ½®±ó´·²¹«¿´ 
®»´¿¬·±²ò ×² ¬¸» »½±²¼ ½¿» ½«´¬«®»ó°»½·º·½ ½±²½»°¬ ²±¬ 
º»¿¬«®·²¹ ·² ¬¸» Û²¹´·¸ ¼¿¬¿¾¿» ¿®» »²½±¼»¼ «½¸ ¿æ

Í§²±²§³æ¥¾±¹±³·´¬ª±æï£
Ü»º·²·¬·±²æ ¿² ±®¬¸±¼±¨ ¸»®»¬·½ »½¬ º±«²¼»¼ ¾§ ¬¸» 

Þ«´¹¿®·¿² °®·»¬ Þ±¹±³·´
Ø§°»®²§³æ ¥¸»®»§æî «²±®¬¸±¼±¨§æî£
Ì¸» ¿¼±°¬»¼ ³»¬¸±¼±´±¹§ º±® ¬¸» ·²½±®°±®¿¬·±² ±º 

«½¸ ½±²½»°¬ ·²ª±´ª»¼ ¬¸» º«®¬¸»® »¨¬»²·±² ±º ¬¸» ×Ô×
©·¬¸ ²»© ®»½±®¼ò Ì¸» ´¿²¹«¿¹»ó°»½·º·½ ½±²½»°¬ ¸¿®»¼ 
¿³±²¹ Þ¿´µ¿² ´¿²¹«¿¹» ©»®» ´·²µ»¼ ª·¿ ¿ Þ×Ô× 
øÞ¿´µ¿Ò»¬ ×Ô×÷ ·²¼»¨ øÌ«º· »¬ ¿´òô îððì÷ò Ì¸» ·²·¬·¿´ »¬ ±º 
½±³³±² Þ¿´µ¿² °»½·º·½ ½±²½»°¬ ½±²·¬»¼ ³¿·²´§ ±º 
½±²½»°¬ ®»º´»½¬·²¹ ¬¸» ½«´¬«®¿´ °»½·º·½ ±º ¬¸» Þ¿´µ¿² 
øº¿³·´§ ®»´¿¬·±²ô ®»´·¹·±« ±¾¶»½¬ ¿²¼ °®¿½¬·½»ô 
¬®¿¼·¬·±²¿´ º±±¼ô ½´±¬¸»ô ±½½«°¿¬·±²ô ¿®¬ô ·³°±®¬¿²¬ 
»ª»²¬ô ³»¿«®»ô »¬½÷ò 

6.2.2. Language-specific instances of lexicalization
Þ»·¼» ½«´¬«®»ó°»½·º·½ ½±²½»°¬ ¬¸» »³¿²¬·½ 

¿²²±¬¿¬·±² ·²ª±´ª» ¬¸» »²½±¼·²¹ ±º ·²¹´» ©±®¼ ±® 

83



ÓÉÛ ¬¸¿¬ ¿®» ²±¬ ´»¨·½¿´·¦»¼ ·² Û²¹´·¸ô º±® »¨¿³°´»æ 
¬¿³ª¿ » ©¸±» Û²¹´·¸ ½±«²¬»®°¿®¬ · ¹»¬ ¼¿®µ ¿²¼ · ²±¬ 
°®»»²¬ ·² ¬¸» ÐÉÒô ¿ ½±²¬®¿¬»¼ ©·¬¸ ·¬ ¿²¬±²§³ ¿³ª¿
» ó ¼¿©² ©¸·½¸ · ´»¨·½¿´·¦»¼ ·² Û²¹´·¸ò ß 
§¬»³¿¬·½¿´´§ ±½½«®®·²¹ ½¿» · °®»»²¬»¼ ¾§ ·²¹®»·ª» 
ª»®¾ ·² Þ«´¹¿®·¿² º±®³»¼ ©·¬¸ ¿ °®»º·¨ ©¸·½¸ ½±®®»°±²¼ 
¬± ½±³°±·¬·±²¿´´§ º±®³»¼ »¨°®»·±² ·² Û²¹´·¸ò

Ì¸»®» ¿®» º±«® ³±®°¸±ó»³¿²¬·½ ®»´¿¬·±² ·²½´«¼»¼ ·² 
ÐÉÒ ¿²¼ ³·®®±®»¼ ·² ÛÉÒ ¿²¼ ÞÉÒô Þ» ·² ¬¿¬»ô
Ü»®·ª¿¬·ª»ô Ü»®·ª»¼ ¿²¼ Ð¿®¬·½·°´» øÕ±»ª¿ô îððì÷ò Ì¸»» 
®»´¿¬·±² »³¿²¬·½¿´´§ ´·²µ §²»¬ ¿´¬¸±«¹¸ ¬¸»§ ½¿² 
¿½¬«¿´´§ ¾» »²½±¼»¼ ¾»¬©»»² °¿·® ±º ´·¬»®¿´ ø¹®¿°¸·½ ¿²¼ 
½±³°±«²¼ ´»³³¿÷ò Ì¸»®» ¿®» §¬»³¿¬·½ ³±®°¸±ó
»³¿²¬·½ ¼·ºº»®»²½» ¾»¬©»»² Û²¹´·¸ ¿²¼ Í´¿ª·½ 
´¿²¹«¿¹» «½¸ ¿ ½»®¬¿·² ¼»®·ª¿¬·±²¿´ ³»½¸¿²·³ º±® 
º±®³·²¹ ½´¿·º§·²¹ ¿¼¶»½¬·ª»ô ¹»²¼»® °¿·® ¿²¼ 
¼·³·²«¬·ª»ò Ì¸» Í´¿ª·½ ´¿²¹«¿¹» °±» ®·½¸ 
¼»®·ª¿¬·±²¿´ ³±®°¸±´±¹§ ©¸·½¸ ¸¿ ¬± ¾» ·²½±®°±®¿¬»¼ ·²¬± 
¬¸» ¬®·½¬ ±²»ó¬±ó±²» ³¿°°·²¹ ©·¬¸ ¬¸» ×Ô×ò 

ß °®±¼«½¬·ª» ¼»®·ª¿¬·±²¿´ º»¿¬«®» · ¬¸» º±®³¿¬·±² ±º 
½´¿·º§·²¹ ¿¼¶»½¬·ª» º®±³ Þ«´¹¿®·¿² ²±«² ©·¬¸ ¬¸» 
¹»²»®¿´ ³»¿²·²¹ �±º ±® ®»´¿¬»¼ ¬± ¬¸» ²±«²�ò Ú±® »¨¿³°´»ô 
¬¸» Þ«´¹¿®·¿² ¿¼¶»½¬·ª» 

Í§²»¬æ ¥¬±³¿²»²æï£
Ü»º·²¬·±²æ ³¿¼» ±º ±® ®»´¿¬»¼ ¬± ¬»»´

· »¨°®»»¼ ·² Û²¹´·¸ ¾§ ¬¸» ®»°»½¬·ª» ²±«² «»¼ 
¿¬¬®·¾«¬·ª»´§ ø®¿®»´§ ¿¬ ¬¸» ¼»®·ª¿¬·±²¿´ ´»ª»´ô ½±²·¼»® 
©±±¼»² ©±±¼ô ¹±´¼»² ¹±´¼÷ô ¬¸« ¬¸» ½±²½»°¬ »¨·¬ 
·² Û²¹´·¸ ¿²¼ ¬¸» ³·®®±® ²±¼» ¸¿ª» ¬± ¾» »²ª·¿¹»¼ò 

Ì¸» ¹»²¼»® °¿·®·²¹ · ¿ §¬»³¿¬·½ °¸»²±³»²±² ·² 
Þ«´¹¿®·¿² ¿²¼ ±¬¸»® Í´¿ª±²·½ ´¿²¹«¿¹» ¬¸¿¬ ¼·°´¿§ 
¾·²¿®§ ³±®°¸±ó»³¿²¬·½ ±°°±·¬·±²æ ³¿´» º»³¿´»ô ¿²¼ 
¿ ¿ ¹»²»®¿´ ®«´» ¬¸»®» · ²± ½±®®»°±²¼·²¹ ½±²½»°¬ 
´»¨·½¿´·¦»¼ ·² Û²¹´·¸ò Ì¸» ¼»®·ª¿¬·±² · ¿°°´·»¼ ³¿·²´§ ¬± 
²±«² »¨°®»·²¹ °®±º»·±²¿´ ±½½«°¿¬·±²ò Ú±® »¨¿³°´»ô 
¬¸» ³¿½«´·²» ²±«² ·² ¬¸» Þ«´¹¿®·¿² §²»¬
¥°®»°±¼¿ª¿¬»´æîô «½¸·¬»´æïô ·²¬®«µ¬±®æï£ ½±®®»°±²¼·²¹ ¬± 
¬¸» Û²¹´·¸æ

Í§²»¬æ ¥¬»¿½¸»®æïô ·²¬®«½¬±®æï£
Ü»º·²·¬·±²æ ¿ °»®±² ©¸±» ±½½«°¿¬·±² · ¬»¿½¸·²¹

¸¿ª» ¬¸»·® º»³¿´» ¹»²¼»® ½±«²¬»®°¿®¬ ¥°®»°±¼¿ª¿¬»´µ¿ô 
«½¸·¬»´µ¿ô ·²¬®«µ¬±®µ¿£ ©·¬¸ ¿ º»¿·¾´» ¼»º·²·¬·±² �¿
º»³¿´» °»®±² ©¸±» ±½½«°¿¬·±² · ¬»¿½¸·²¹�ò

Ü·³·²«¬·ª» ¿®» ¿²±¬¸»® ´¿²¹«¿¹»ó°»½·º·½ ¼»®·ª¿¬·±²¿´ 
½´¿ «»¼ ¬± »¨°®» ½±²½»°¬ ¬¸¿¬ ®»´¿¬» ¬± ³¿´  ́ ¬¸·²¹ò 
Ì¸» ¼·³·²«¬·ª» ¼·°´¿§ ¿ ±®¬ ±º ³±®°¸±ó»³¿²¬·½ 
±°°±·¬·±²æ  ¾·¹ ³¿´´ô ¸±©»ª»® ±³»¬·³» ¬¸»§ ³¿§ 
»¨°®» ¿² »³±¬·±²¿´ ¿¬¬·¬«¼»ô ¬±±ò Ì¸« ¬¸» º±´´±©·²¹ 
½¿» ½¿² ¾» º±«²¼ ©·¬¸ ¼·³·²«¬·ª»æ ¬¿²¼¿®¼ ®»´¿¬·±² ¾·¹ 
¬¸·²¹ ¬± ©¸·½¸ ¿² »³±¬·±²¿´ 
¿¬¬·¬«¼» · »¨°®»»¼ô ½±²·¼»® ¥¬±´æï£ ½±®®»°±²¼·²¹ ¬± 
Û²¹´·¸ æ

Í§²»¬æ ¥½¸¿·®æï£
Ü»º·²·¬·±²æ ¿ »¿¬ º±® ±²» °»®±²ô ©·¬¸ ¿ «°°±®¬ º±® 

¬¸» ¾¿½µ
¿²¼ ¥¬±´½¸»£ ©·¬¸ ¿² º»¿·¾´» ³»¿²·²¹ �¿ ´·¬¬´» »¿¬ º±® 
±²» °»®±²ô ©·¬¸ ¿ «°°±®¬ º±® ¬¸» ¾¿½µ� ¿²¼ ¥¬±´½¸»²½»£
©·¬¸ ¿ ³»¿²·²¹ �¿ �¼»¿®� ´·¬¬´» »¿¬ º±® ±²» °»®±²ô ©·¬¸ ¿ 
«°°±®¬ º±® ¬¸» ¾¿½µ�ò

6.2.3. Missing English senses and unaccounted 
systematic differences between senses

Ý¿» ©¸»®» ¿² Û²¹´·¸ »²» ø¿¬¬»¬»¼ ·² ¼·½¬·±²¿®·» ¿²¼ 
µ²±©² ¬± ¾» ¬¸» ´»¨·½¿´ »¯«·ª¿´»²¬ ±º ¿ °¿®¬·½«´¿® 
Þ«´¹¿®·¿² »²»÷ · ²±¬ °®»»²¬ ·² ÐÉÒ º¿´´ ·²¬± ¬¸· 

½¿¬»¹±®§ò ß °®±³·²»²¬ »¨¿³°´» · °®»»²¬»¼ ¾§ ½¿«¿¬·ª» 
¿²¼ ·²½¸±¿¬·ª» ª»®¾ô ©¸·½¸ ¿´¬¸±«¹¸ ·² ¹»²»®¿´ ¿®» 
»²½±¼»¼ ·² ÐÉÒ ¿²¼ ·²¬»®®»´¿¬»¼ ¾§ ³»¿² ±º ¬¸» Ý¿«»
®»´¿¬·±²ô ¿®» ±³»¬·³» »·¬¸»® ³·²¹´»¼ ±® ²±¬ ®»°®»»²¬»¼ 
¿¬ ¿´´æ

Í§²»¬æ ¥³±¼»®²·¦»æîô ³±¼»®²·¦»æïô ¼»ª»´±°æïï£
Ü»º·²·¬·±²æ ¾»½±³» ³±®» ¬»½¸²±´±¹·½¿´´§ ¿¼ª¿²½»¼
Ì¸» ½±®®»°±²¼·²¹ ¬®¿²·¬·ª» ª»®¾ «»¼ ·² Ì¸»§

³±¼»®²·¦»¼ ¬¸» ½·¬·» ¼±» ²±¬ º»¿¬«®» ·² ÐÉÒò ×² ¬¸· 
½¿» ±«® ¿°°®±¿½¸ · ¬± »²½±¼» ¬¸» »²» ¿ ¿ »°¿®¿¬» 
§²»¬ ¿²¼ ´·²µ ·¬ ¬¸®±«¹¸ ¬¸» Ý¿«» ®»´¿¬·±² ¬± ·¬ 
¬®¿²·¬·ª» ±® ·²¬®¿²·¬·ª» ½±«²¬»®°¿®¬ò

6.2.4. Closed word classes
Ú±® ¬¸» °«®°±» ±º ÉÍÜô Þ«´Ò»¬ · ¿®¬·º·½·¿´´§ ¾»·²¹ 

»¨°¿²¼»¼ ¬± ·²½±®°±®¿¬» ·² ¿ §¬»³¿¬·½ ©¿§ ¬¸» ½´¿» ±º 
°®»°±·¬·±²ô ½±²¶«²½¬·±²ô °®±²±«²ô °¿®¬·½´»ô ³±¼¿´ 
ª»®¾ô »¬½ò Ì¸» ¼·¬·²½¬·±² ¾»¬©»»² ¬¸» »²» · ¾¿»¼ ±² 
¬¸» ¿²¿´§· ±º ¬¸» §²¬¿½¬·½ »ª·¼»²½» ¿²¼ ¬¸» »³¿²¬·½ 
º»¿¬«®» ±¾»®ª»¼ ·² ¬¸» ¬¿¹¹»¼ ½±®°« ¿²¼ ¬¸» »²» 
®»¹·¬»®»¼ ·² ¼·ºº»®»²¬ Þ«´¹¿®·¿² ´»¨·½±¹®¿°¸·½ ¿²¼ 
¹®¿³³¿¬·½¿´ ©±®µò 

Ì¸» »¨·¬·²¹ ½´¿·º·½¿¬·±² ±º ½´±»¼ó©±®¼ ½´¿» ¿®» 
±³»¬·³» ±ª»®´¿°°·²¹ô ²±¬ °®»½·» »²±«¹¸ ±® ¾¿»¼ ±² 
«²½´»¿® ½®·¬»®·¿ò Ì¸· ²»½»·¬¿¬»¼ ¬¸» »´¿¾±®¿¬·±² ±º 
½´¿·º·½¿¬·±² º±® ¬¸» ¼·ºº»®»²¬ º«²½¬·±² ©±®¼ ½´¿» ¬¸¿¬ 
¹·ª» ¿² ¿¼»¯«¿¬» ¿½½±«²¬ º±® ¬¸» »²» ¼·¬·²½¬·±² º±«²¼ 
·² ´¿²¹«¿¹» «»ò Ú±® »¨¿³°´»ô ¸·¹¸ó¹®¿²«´¿®·¬§ »²» 
¼·¬·²½¬·±² º±® ¬¸» ½´¿ ±º °®»°±·¬·±² ¸¿ ¾»»² ·²·¬·¿¬»¼ô
¾¿»¼ ±² »³¿²¬·½ ®±´»ô «½¸ ¿ ·²¬®«³»²¬ô ´±½¿¬·±²ô 
¼·®»½¬·±²ô ¿¼¼®»»»ô »¬½ò Ì¸«ô º±® »¨¿³°´»ô ±²» ±º ¬¸» îî 
»²» »²½±¼»¼ º±® ±²» ±º ¬¸» ¸·¹¸´§ °±´§»³±« 
Þ«´¹¿®·¿² °®»°±·¬·±² ¥²¿£ · ¼»º·²»¼ ·² ¬¸» º±´´±©·²¹ 
©¿§æ

Í§²»¬æ ¥²¿æì£
Ü»º·²·¬·±²æ ¿ °®»°±·¬·±² ¬¸¿¬ ·²¬®±¼«½» ¬¸» ®»½»·ª»® 

±® ¿¼¼®»»» ±® ¾»²»º·½·¿®§ô »¬½ò ±º ¬¸» ¿½¬·±²
Ú±® ±³» ±º ¬¸» ½´±»¼ó©±®¼ ½´¿»ô »¨·¬·²¹ »²¬®·» 

·² ÐÉÒ ¸¿ª» ¬± ¾» ½±²·¼»®»¼ô ¬± »²«®» ½±²·¬»²½§ 
¾»¬©»»² ¬¸» Þ«´¹¿®·¿² ¿²¼ ¬¸» Û²¹´·¸ ¼¿¬¿¾¿»ò Ì¸» 
¬®¿¼·¬·±²¿´ ½´¿·º·½¿¬·±² ±º ¬¸» Þ«´¹¿®·¿² °®±²±³·²¿´ 
§¬»³ «¾«³» ½´¿» ±º ©±®¼ ©·¬¸ ¿¼¶»½¬·ª¿´ ±® 
¿¼ª»®¾·¿´ º«²½¬·±² ©¸±» Û²¹´·¸ »¯«·ª¿´»²¬ ¿®» 
»²½±¼»¼ ¿ ¿¼¶»½¬·ª» ±® ¿¼ª»®¾ô ®»°»½¬·ª»´§ò Ú±® 
»¨¿³°´» ¬¸» »²» ±º ¬¸» Þ«´¹¿®·¿² ¼»³±²¬®¿¬·ª» 
°®±²±«² ¬¿µ¿ª ½±®®»°±²¼ ¬± ¬¸» §²»¬æ

Í§²»¬æ ¥«½¸æ îå «½¸ ¬¸¿¬æ ï£
Ü»º·²·¬·±²æ ±º ¿ ¼»¹®»» ±® ¯«¿´·¬§ °»½·º·»¼ ø¾§ ¬¸» 

À¬¸¿¬ù ½´¿«»÷
Í«²»¬æ ¥«½¸æ ïå «½¸ ¿æï£
Ü»º·²·¬·±²æ ±º ¿ µ·²¼ °»½·º·»¼ ±® «²¼»®¬±±¼
Í§²»¬æ ¥«½¸æíå ± ³«½¸æï£
Ü»º·²·¬·±²æ ±º ± »¨¬®»³» ¿ ¼»¹®»» ±® »¨¬»²¬

6.2.5. Proper names
Ü·ºº»®»²¬ ¬§°» ±º °®±°»® ²±«² ¼»²±¬·²¹ «²·¯«» »²¬·¬·» 
¿®» »²½±«²¬»®»¼ ·² ¬¸» ½±®°« � °»®±² ²¿³»ô 
¹»±¹®¿°¸·½¿´ ²¿³»ô ²¿³» ±º ·²¬·¬«¬·±²ô ½±³°¿²·»ô »¬½ò 
Ý»®¬¿·² °®±°»® ²±«²ô ·²½´«¼·²¹ ¿²¬¸®±°±²§³ ·¹²·º§·²¹ 
º¿³±« °»®±²ô ¿®» »²½±¼»¼ ·² ¬¸» Û²¹´·¸ É±®¼Ò»¬ ó º±® 
»¨¿³°´»æ

Í§²»¬æ ¥Ð´±ª·ªæï£
Ü»º·²·¬·±²æ ¬¸» »½±²¼ ·¦»¼ ¬±©² ·² Þ«´¹¿®·¿
Î»¹·±²¿´ ¿²¼ Þ«´¹¿®·¿² °®±°»® ²±«² ±º ¸·¬±®·½¿´ ±® 

±½·¿´ ±® °±´·¬·½¿´ ·¹²·º·½¿²½» ·² ½¿» ¬¸»§ ¿®» ²±¬ 

84



·²½´«¼»¼ ·² ÐÉÒ ¿®» »²½±¼»¼ »·¬¸»® ¿ Þ¿´µ¿²ó°»½·º·½ 
½±²½»°¬ øÞ×Ô×÷ ±® ¿ Þ«´¹¿®·¿²ó°»½·º·½ ½±²½»°¬ øÞËÔ÷ ó
º±® »¨¿³°´»æ 

Í§²»¬æ ¥×ª¿² Ê¿¦±ªæïå ×ªò Ê¿¦±ªæïå  Ê¿¦±ªæïå ×ª¿² 
Ó·²½¸±ª Ê¿¦±ª£

Ü»º·²·¬·±²æ ¿ º¿³±« Þ«´¹¿®·¿² ©®·¬»®ô °«¾´·½·¬ ¿²¼ 
°«¾´·½ º·¹«®»ò

Ñ¬¸»®©·»ô ¬¸»§ ¿®» ´·²µ»¼ ¬± ¬¸» ¹»²»®¿´ ¬»®³ 
¿½½±®¼·²¹ ¬± ¬¸»·® ®»º»®»²¬ »ò ¹ò Ö±¸² · ½±²²»½¬»¼ ¬± ¬¸» 
§²»¬ ¥º·®¬ ²¿³»æïô ¹·ª»² ²¿³»æïô º±®»²¿³»æï£ò

6.2.6. Multi-word expressions
Ó«´¬·ó©±®¼ »¨°®»·±² ¿®» ´·²¹«·¬·½ «²·¬ ½±²·¬·²¹ 

±º ³±®» ¬¸¿² ±²» ¼·¬·²½¬ ´»¨»³»ò Ì¸»§ ¿®» ·²½±®°±®¿¬»¼ ·² 
¬¸» Þ«´¹¿®·¿² É±®¼Ò»¬ ·² ¿ ·³·´¿® ©¿§ ¿ ·²¹´» ©±®¼ô 
¬¸»·® ÐÑÍ ¸¿ª·²¹ ¬¸» ¿³» ª¿´«» ¿ ¬¸» ¸»¿¼ ©±®¼ ±º ¬¸» 
»¨°®»·±²ò Ü»½··±² º±® ¬¸» »²½±¼·²¹ ±º ÓÉÛ ·² Þ«´Ò»¬ 
¿®» ¬¿µ»² ¿½½±®¼·²¹ ¬± ¬¸» ½±²·¬»²½§ ½®·¬»®·¿ò Ì¸» 
¬¿¬·¬·½¿´ ¼¿¬¿ ½±³·²¹ º®±³ ¬¸» ©±®¼²»¬ ¸±© ¬¸¿¬ ¬¸» 
¼·¬®·¾«¬·±² ±º ³«´¬·©±®¼ »¨°®»·±² ¿³±²¹ ²¿¬«®¿´ 
´¿²¹«¿¹» · ¿°°®±¨·³¿¬»´§ »¯«·ª¿´»²¬ ¿²¼ ½±ª»® ±²» 
º±®¬¸ ±º ¬¸» ´»¨·ò 

Ú±´´±©·²¹ ·² °¿®¬ ¬¸» »¨·¬·²¹ ´·¬»®¿¬«®»ô ©» ¿¼±°¬ ¬¸» 
º±´´±©·²¹ ½´¿·º·½¿¬·±² º±® °¸®¿»æ º®»» ½±³¾·²¿¬·±² ±º 
©±®¼ô ·¼·±³ ¿²¼ ³«´¬·ó©±®¼ »¨°®»·±²ò  É» ½±²·¼»® ¿ 
ÓÉÛ ¿ »¯«»²½» ±º ¬©± ±® ³±®» ©±®¼ ø·²½´«¼·²¹ 
¹®¿°¸·½¿´ ©±®¼÷ ¬¸¿¬ ¼»²±¬» ¿ «²·¯«» ¿²¼ ½±²¬¿²¬ 
½±²½»°¬ò ×¼·±³ ¿²¼ ·¼·±³¿¬·½ »¨°®»·±² ¿®» ¿ 
´»¨·½¿´·¦»¼ ©±®¼ ¹®±«°ô ©¸±» ³»¿²·²¹ · ²±¬ 
½±³°±·¬·±²¿´´§ º±®³»¼ º®±³ ¬¸» ³»¿²·²¹ ±º ·¬ 
½±³°±²»²¬ò ×¼·±³ ½¿² ¾» °¿®¬ ±º ¬¸» ©±®¼²»¬ ·º ¬¸»§ 
¼»²±¬» ¿ «²·¯«» ½±²½»°¬ô ²±¬ ¿ °®±°±·¬·±²ò

ß² ·³°±®¬¿²¬ ½´¿ ±º §²¬¿½¬·½¿´´§óº´»¨·¾´» ÓÉÛ ¿®» 
¬¸» ±ó½¿´´»¼ «°°±®¬ ø±® ´·¹¸¬÷ ª»®¾ «½¸ ¿ ¼±ô ¹·ª»ô
¸¿ª»ô ¬¿µ»ô »¬½ò ©¸·½¸ ½±³¾·²» ©·¬¸ ½»®¬¿·² ²±«² ¬± 
»¨°®» ¬¸» ¿³» ³»¿²·²¹ ¿ ¬¸» ½±®®»°±²¼·²¹ ´»¨·½¿´
ª»®¾ò Ì¸»§ ¿®» »·¬¸»® »²½±¼»¼ ¿ §²±²§³ ±º ¬¸» 
®»°»½¬·ª» ½±²¬»²¬ ª»®¾ô º±® »¨¿³°´» ¥«½¿¸¬ª¿³æîô 
ª¦»³¿³ «½¸¿¬·»æï£æ

Í§²»¬æ ¥°¿®¬·½·°¿¬»æïô ¬¿µ» °¿®¬æï£
Ü»º·²·¬·±²æ ¸¿®» ·² ±³»¬¸·²¹

±® ¿²²±¬¿¬»¼ »°¿®¿¬»´§ò Ñ«® ¿°°®±¿½¸ · ¬± º±´´±© ¬¸» ©¿§ 
¬¸» Ð®·²½»¬±² É±®¼Ò»¬ ¸¿²¼´» ¬¸»» »¨°®»·±² ©¸·´» ¿¬ 
¬¸» ¿³» ¬·³» ½±²·¼»®·²¹ º¿½¬±® «½¸ ¿ ¬¸» °®±¼«½¬·ª·¬§ 
ø¼»¹®»» ±º ½±´´±½¿¬·ª·¬§÷ ±º ¬¸» «°°±®¬ ª»®¾ ¿²¼ ¬¿µ·²¹ 
·²¬± ¿½½±«²¬ ©¸»¬¸»® ·¬ · ¬¸» ¿³» ±® ¼·ºº»®»²¬ «°°±®¬ 
ª»®¾ ¬¸¿¬ °¿®¬·½·°¿¬» ·² ¬¸» º±®³¿¬·±² ±º »³¿²¬·½¿´´§ 
»¯«·ª¿´»²¬ ½±´´±½¿¬·±² ·² Û²¹´·¸ ¿²¼ Þ«´¹¿®·¿² ¿ ¿ ©¿§ 
¬± »²«®» ½±®®»°±²¼»²½» ¾»¬©»»² ¬¸» »²» ±º ¬¸» 
«°°±®¬ ª»®¾ ·² ¬¸» ¬©± ´¿²¹«¿¹» ©¸»®» ¿°°®±°®·¿¬»ò

ß² ·²¬»®»¬·²¹ ½¿» · °®»»²¬»¼ ¾§ ·¼·±³ò Í±³» ±º 
¬¸»³ ¿®» ¬¸» ®»«´¬ ±º ½«´¬«®¿´ ·²¬»®¿½¬·±² ó ¬¸» Þ«´¹¿®·¿² 
½±«²¬»®°¿®¬ ¿®» ´±¿² ¬®¿²´¿¬·±² ±º Û²¹´·¸ »¨°®»·±²ô
º±® »¨¿³°´» ¬¿µ» ¬¸» ¾«´´ ¾§ ¬¸» ¸±®²ô ½´±» ¿¬ ¸¿²¼ô »¬½ò
Ñ¬¸»® ¿®» º«²½¬·±²¿´ »¯«·ª¿´»²¬ ¿²¼ ¿®» ¬¸»®»º±®» 
»²½±¼»¼ ·² ¬¸» §²»¬ ®»°®»»²¬·²¹ ¬¸» ®»´»ª¿²¬ ³»¿²·²¹ô 
º±® »¨¿³°´» ±¼»®¿ µ±¦¸¿¬¿ ¿²¼ ª¿´§¿³ ®·¦¿¬¿ ±¬ ¹¿®¾¿
¿®» »²¬»®»¼ ·² ¬¸» Þ«´¹¿®·¿² ½±«²¬»®°¿®¬ ±º ¬¸» Û²¹´·¸æ

Í§²»¬æ ¥±ª»®½¸¿®¹»æïô ±¿µæîô «®½¸¿®¹»æîô
¹¿¦«³°æîô º´»»½»æïô °´«³»æïô °´«½µæíô ®±¾æîô ¸±±µæî£

Ü»º·²·¬·±²æ®·° ±ººå ¿µ ¿² «²®»¿±²¿¾´» °®·½»
Þ«´¿®·¿² ·¼·±³ ©¸·½¸ ¸¿ª» ²± ·¼·±³¿¬·½ »¯«·ª¿´»²¬ 

·² Û²¹´·¸ ¿®» »²½±¼»¼ ¿ ¸§°±²§³ ¬± ¿² »²¬®§ ©·¬¸ 
®±«¹¸´§ ¬¸» ¿³» ³»¿²·²¹ò Ú±® »¨¿³°´»ô ¬¸» Þ«´Ò»¬ »²¬®§

Í§²»¬æ¥³»¼ ³· µ¿°» ²¿ ¿®¬»¬±æï£

Ü»º·²·¬·±²æ ¾» ª»®§ ¼»´·¹¸¬»¼
· »²½±¼»¼ ¿ ¿ ¸§°±²§³ ±º ²¿´¿¦¸¼¿ª¿³ » ¥ ¼»´·¹¸¬æîô 
»²¶±§æëô ®»ª»´æï£

×² ¬¸» ½±«®» ±º ¿²²±¬¿¬·±² ¬¸» ½±³°±²»²¬ ±º ¬¸» 
³«´¬·ó©±®¼ »¨°®»·±² ¿®» ¹®±«°»¼ ¿²¼ ´·²µ»¼ ¬± ¬¸» 
½±®®»°±²¼·²¹ ©±®¼²»¬ §²»¬ò Ì¸» ´»³³¿ ±º ¬¸» ÓÉÛ 
¿½½±«²¬ º±® ¬¸» ¹®¿³³¿¬·½¿´ º»¿¬«®» ø»ò ¹ò ¿¼¶»½¬·ª» ²±«² 
¿¹®»»³»²¬÷ ±º ¬¸» ½±²¬·¬«»²¬ ¿²¼ ²»»¼ ²±¬ ½±·²½·¼» ©·¬¸ 
¬¸» ´»³³¿ ±º ¬¸» ·²¼·ª·¼«¿´ ©±®¼ò Ú±® »¨¿³°´»æ ·² 
º¿³·´²¿ ·¬±®·§¿ øº¿³·´§ ¸·¬±®§÷ ¬¸» ¹»²¼»® ¿²¼ °»®±² ±º 
¬¸» ¿¼¶»½¬·ª» º¿³·´²¿ ¿¹®»» ©·¬¸ ¬¸» º»³·²·²» ²±«² 
·¬±®·§¿ ¿²¼ · ´»³³¿¬·»¼ ¾±¬¸ ·² ¬¸» ½±®°« ¿²¼ ·² ¬¸» 
©±®¼²»¬ »²¬®§ ·² ·¬ º»³·²·²» ·²¹«´¿® º±®³æ

Þ«´Í»³Ý±®æ º¿³·´²¿¥º¿³·´²¿ ýÛÒÙîðóðêïïîéçðó² 
ïïììïêéîèë ëééð ï£ ·¬±®·§¿¥·¬±®·§¿ýð îððððððððð 
ëéêç ð£

Í§²»¬æÔ·¬»®¿´æ¥º¿³·´²¿ ·¬±®·§¿æï£ Ô»³³¿æº¿³·´²¿ 
·¬±®·§¿
Ì¸» Þ«´Ò»¬ »²¬®·» ±º ÓÉÛ ®»º´»½¬ ¬¸» ²»«¬®¿´ ©±®¼ 
±®¼»® ±º ¬¸» ½±²¬·¬«»²¬ ©¸»®» ª¿®·¿¬·±² ¿®» °±·¾´» ¿ 
©·¬¸ ·¼·±³ô ½±´´±½¿¬·±²ô »¬½ò Ì¸»» º»¿¬«®» ¿®» ¸¿²¼´»¼ 
¿¬ ¬¸» ¬¿¹» ±º ¿²²±¬¿¬·±²ò

6.2.7. Domain relations
É·¬¸ ¿ ª·»© ¬± ³±¼»´·²¹ ¬¸» ¬¿¹¹»¼ ½±®°« ·²¬± ¬¸» 

Ø·¼¼»² Ó¿®µ±ª Ó±¼»´ øØÓÓ÷ ÉÍÜ º®¿³»©±®µ ½»®¬¿·² 
µ·²¼ ±º ±°¬·³·¦¿¬·±² ¸¿¼ ¬± ¾» ·³°´»³»²¬»¼ò ß 
·¹²·º·½¿²¬ ±²» ©¿ ¬¸» ¿±½·¿¬·±² ±º ¿¼ª»®¾ ©·¬¸ ¿ 
»³¿²¬·½ ¼±³¿·² ¬± ©¸·½¸ ¬¸»§ °»®¬¿·²ô º±´´±©·²¹ ¬¸» 
ÐÉÒ ³»¬¸±¼±´±¹§ ±º ¿±½·¿¬·±² ±º ¼±³¿·²ó°»½·º·½ 
©±®¼ ©·¬¸ ¬¸» ½±®®»°±²¼·²¹ ¼±³¿·² ¬¸®±«¹¸ ¬¸» ®»´¿¬·±² 
Ý¿¬»¹±®§ ¼±³¿·²ò ß´´ ¿¼ª»®¾ ©»®» ´·²µ»¼ ¬± ¿ §²»¬ 
½±®®»°±²¼·²¹ ¬± ¬¸»·® »³¿²¬·½ ¼±³¿·² ø«½¸ ¿ ¬·³»ô 
´±½¿¬·±²ô ³¿²²»®ô ¯«¿²¬·¬§ô ¼»¹®»»ô º®»¯«»²½§ô »¬½ò÷ò Ú±® 
»¨¿³°´» ¬¸» Þ«´¹¿®·¿² §²»¬ ¥²¿ ¦¿µ®·¬±£ ½±®®»°±²¼·²¹ 
¬± ¥·²·¼»æïô ·²¼±±®æï£ �©·¬¸·² ¿ ¾«·´¼·²¹� · ½±²²»½¬»¼ 
¬¸®±«¹¸ ¬¸» ®»´¿¬·±² Ý¿¬»¹±®§ ¼±³¿·² ¬± ¬¸» Þ«´¹¿®·¿² 
»¯«·ª¿´»²¬ ±º ¬¸» §²»¬ ¥´±½¿¬·±²æï£ ó �¿ °±·²¬ ±® »¨¬»²¬ ·² 
°¿½»�ò Ú«®¬¸»®ô ¹®¿³³¿¬·½¿´ °»½«´·¿®·¬·» ¿²¼ §²¬¿½¬·½ 
º«²½¬·±² ±º ½»®¬¿·² ·¬»³ «½¸ ¿ ·²¬»²·º·»®ô ¯«¿²¬·º·»®ô 
»¬½ò ¿®» ¿½½±«²¬»¼ ¬¸®±«¹¸ ´·²µ·²¹ ¬¸»» ·¬»³ ¬± ¬¸» 
®»´»ª¿²¬ ¼±³¿·² §²»¬ ¾§ ³»¿² ±º ¬¸» ®»´¿¬·±² Ë¿¹» 
¼±³¿·²ò

7. Evaluation
Ì¸» »ª¿´«¿¬·±² ±º ¬¸» Þ«´¹¿®·¿² Í»²» Ì¿¹¹»¼ Ý±®°« 

¿¬ ¬¸· ¬¿¹» · °»®º±®³»¼ ³¿²«¿´´§ ¾§ ¿ »½±²¼ ¿²²±¬¿¬±®ò 
Ú«®¬¸»® ¬®¿¬»¹·» ±º »ª¿´«¿¬·±² ¸¿ª» ¬± ¾» ¼»ª»´±°»¼ ·² 
±®¼»® º±® ¬¸» ½±²·¬»²½§ ±º ¬¸» ¿²²±¬¿¬·±² ¬± ¾» 
¹«¿®¿²¬»»¼ò Ì¸» »ª¿´«¿¬·±² ±º Þ«´Í»³Ý±® · °»®º±®³»¼ 
©·¬¸ ®»°»½¬ ¬± ¾±¬¸ ¬¸» ½±²·¬»²½§ ¿²¼ ½±³°´»¬»²» ±º 
¬¸» ½±®°« ¿¹¿·²¬ ¬¸» ©±®¼²»¬ò Ì¸» ½±³°´»¬»²» ½¸»½µ 
«° ¸¿ ¬± ¬¿µ» ·²¬± ¿½½±«²¬ ¬¸» º±´´±©·²¹ ½±²·¼»®¿¬·±²æ

Ì¸»®» · ¬·´´ ¿ ´¿®¹» ²«³¾»® ±º ©±®¼²»¬ »²» ¬¸¿¬ ¿®» 
²±¬ ³¿°°»¼ ·² Þ«´Í»³Ý±®ô ¬¸« Þ«´Í»³Ý±® ½¿² ¾» 
º«®¬¸»® »²´¿®¹»¼ ©·¬¸ ¬»¨¬ ¬¸¿¬ ·²½´«¼» «½¸ ©±®¼å

É» ³¿§ ½±²·¼»® »°¿®¿¬»´§ ·²¹´»ó»²» ¿²¼ ³«´¬·°´»ó
»²» ©±®¼ ø¿ º±«²¼ ·² Þ«´Ò»¬÷å ¬¸· ³¿§ ®»º´»½¬ ±² ¬¸» 
©»·¹¸¬ ¹·ª»² ¬± ¬¸±» ½¿¬»¹±®·»ò

Í·²½» ¬¸» »²» »²½±¼»¼ ·² Þ«´Ò»¬ ®»º´»½¬ ´¿®¹»´§ ¬¸» 
¼»º·²·¬·±² ±º »²» ·² ÐÉÒô ©» ³¿§ ¿¼¼·¬·±²¿´´§ °»®º±®³ 
»¨°»®·³»²¬ ¬± »¬·³¿¬» ¬¸» ²«³¾»® ±º »²» ¿¬¬»¬»¼ ·² 
¬¸» »¨·¬·²¹ ´»¨·½±¹®¿°¸·½ ©±®µô «½¸ ¿ ¬¸» Þ«´¹¿®·¿² 
»¨°´¿²¿¬±®§ ¼·½¬·±²¿®·»ô ¬¸¿¬ ¿®» ³¿°°»¼ ·² Þ«´Í»³Ý±®ò 

85



8. Acquisition of multilingual Sense tagged 
corpora

Ì¸» Þ«´¹¿®·¿² »²» ¬¿¹¹»¼ ½±®°« «²¼»®´·» ¿² ØÓÓ 
º±®³¿´·³ ½±³¾·²»¼ ©·¬¸ ¿¼¼·¬·±²¿´ ±°»®¿¬·±² ±ª»® ¬¸» 
©±®¼²»¬ øº±® ¬¸» ¬·³» ¾»·²¹ ®»´¿¬·ª»´§ ´±© ®»½¿´´ ¾«¬ ¸·¹¸ 
°®»½··±² ¸¿ ¾»»² ¿½¸·»ª»¼÷ ·³°´»³»²¬»¼ º±® ©±®¼ »²» 
¼·¿³¾·¹«¿¬·±²ò

Þ«´Í»³Ý±® ©·´´ °®±ª·¼» ¿² ¿°°®±°®·¿¬» ÉÍÜ 
º±«²¼¿¬·±² º±® ¿ ²«³¾»® ±º º«¬«®» °«®°±» ©·¬¸ ¿ °»½·¿  ́
º±½« ±² ³¿½¸·²» ¬®¿²´¿¬·±² ©¸·½¸ · ½«®®»²¬´§ °±±®´§ 
»¨°´±®»¼ º±® ³·²±®·¬§ ´¿²¹«¿¹» «½¸ ¿ Þ«´¹¿®·¿²ò Ú±® 
¬¸· °«®°±» ¬¸» Þ«´¹¿®·¿² Í»²» Ì¿¹¹»¼ Ý±®°« ©·´´ ¾» 
¬®¿²´¿¬»¼ ·² Û²¹´·¸ ø¬¸· · ¿´± °±·¾´» º±® ¿²§ ±¬¸»® 
´¿²¹«¿¹» º±® ©¸·½¸ ¿ É±®¼Ò»¬ · ½±²¬®«½¬»¼÷ò Ì¸» 
®»«´¬·²¹ Û²¹´·¸ ½±®°« ©·´´ ¾» ´»³³¿¬·¦»¼ ¿²¼ »²¬»²½» 
¿´·¹²»¼ ©·¬¸ ¬¸» Þ«´¹¿®·¿² ±«®½» ½±®°«ò Ì¸»²ô ¬± »ª»®§ 
´»³³¿ º®±³ ¬¸» ½±®°« ´±½¿¬»¼ ·² ¬¸» Û²¹´·¸ É±®¼Ò»¬ ¿ 
½±®®»°±²¼·²¹ ·¼»²¬·º·½¿¬·±² ²«³¾»® ½¿² ¾» ¿«¬±³¿¬·½¿´´§ 
¿·¹²»¼ò Ì¸· · ±²» °±·¾´» ³»¬¸±¼±´±¹§ ¿³±²¹ ±¬¸»® 
øÞ»²¬·ª±¹´· ú Ð·¿²¬¿ô îððë÷ º±® ±¾¬¿·²·²¹ ¿ °¿®¿´´»´ »²»ó
¬¿¹¹»¼ ½±®°« º±® Þ«´¹¿®·¿² ¿²¼ Û²¹´·¸ ø¿ ©»´´ ¿ º±® 
±¬¸»® ´¿²¹«¿¹»÷ò

×¬ ¸¿ ¾»»² ²±¬»¼ ¬¸¿¬ ¬¸» ±°¸·¬·½¿¬·±² ±º ¬¸» 
¬¿¬·¬·½¿´ ³»¬¸±¼ «»¼ ·² ÓÌ ³¿µ» «» ±º ´·²¹«·¬·½ 
·²º±®³¿¬·±² øØ«¬½¸·²ô ïççë÷ ¿¬ ¼·ºº»®»²¬ ´»ª»´ò ß² 
·²¼·°»²¿¾´» ¬»° ·² ¬¸» º«®¬¸»® ©±®µ · °®±ª·¼·²¹ ¿ 
°®±°»® ¾¿· º±® »²¸¿²½»³»²¬ ±º ¬¸» §¬»³ ·² ¬¸· 
¼·®»½¬·±²ò Ì¸· ©·´´ ·²ª±´ª» ¬¸» »²½±¼·²¹ ±º ¼·ºº»®»²¬ ¬§°» 
±º ³»¬¿´·²¹«·¬·½ ·²º±®³¿¬·±² ·² ¬¸» ½±®°« ¿ ©»´´ ¿ ¬¸» 
»´¿¾±®¿¬·±² ±º ¿°°®±¿½¸» ¬±©¿®¼ ¸¿²¼´·²¹ °»½·º·½ 
½´¿» ±º ©±®¼ ²±¬ »²½±¼»¼ ·² ¼·½¬·±²¿®·» ¿²¼ «²·¬ 
¿¾±ª» ¬¸» ©±®¼ ´»ª»´ò

Ñ²» ³¿¶±® ½´¿ ¬± ¾» ½±²·¼»®»¼ · ¬¸¿¬ ±º ¬¸» ²¿³»¼ 
»²¬·¬·»ò Þ»·¼» °®±°»® ²¿³» ø»» »½¬·±² êòîòëò÷ ²¿³»¼ 
»²¬·¬·» «¾«³» ¿´± ´±½¿¬·±² ø°´¿½» ²¿³»÷ô ½±³°¿²§ 
²¿³»ô ±®¹¿²·¦¿¬·±² ²¿³»ô »¬½ò Ì¸· · ¿ ¸»¬»®±¹»²»±« 
¹®±«° ©¸·½¸ ©·´´ ®»¯«·®» ¼·ºº»®»²¬ ¸¿²¼´·²¹ º±® ¬¸» 
°«®°±» ±º ÓÌ ó ¬®¿²´·¬»®¿¬·±²ô ¬®¿²´¿¬·±²ô »¬½ò Ì¸» ¬¿µ 
· »ª»² ³±®» ½¸¿´´»²¹·²¹ ·²½» ²¿³»¼ »²¬·¬·» ³¿§ 
·²½±®°±®¿¬» «²·¬ ¬¸¿¬ ®»¯«·®» ¼·ºº»®»²¬ ¬§°» ±º ®»²¼»®·²¹ ·² 
¿²±¬¸»® ´¿²¹«¿¹»ô »ò¹ò ·² ô ¬¸» º·®¬ °¿®¬ 
ø ÷ô ¾»·²¹ ¬¸» ²¿³» ±º ¬¸» ½±³°¿²§ · ¬®¿²´·¬»®¿¬»¼ 
øÛ³¿µ¿®÷ ©¸·´» ¬¸» »½±²¼ °¿®¬ ±º ¬¸» ²¿³» ø ÷
¼»²±¬» ¬¸» ¬§°» ±º ½±³°¿²§ ¿²¼ · ¬®¿²´¿¬»¼ øÔ¬¼ò÷ò

ß²±¬¸»® ¬¿µ ©¸±» ®»´»ª¿²½» ¬± ÓÌ ¸¿ ¾»»² 
¿½µ²±©´»¼¹»¼ · þ¬¸» «» ±º §²¬¿½¬·½ ¬®¿²º±®³¿¬·±² ¬± 
¾®·²¹ ±«®½» ¬®«½¬«®» ½´±»® ¬± ¬¸±» ±º ¬¸» ¬¿®¹»¬ 
´¿²¹«¿¹»þ øØ«¬½¸·²ô ïççë÷ò Ì¸» ¬¿µ ¿½¬«¿´´§ ½±²·¬ ·² 
º·²¼·²¹ º«²½¬·±²¿´ »¯«·ª¿´»²¬ ±º °¸®¿» ¿²¼
½±²¬®«½¬·±² ¿²¼ ½¿² ¾» «»¼ ·² ½±³¾·²¿¬·±² ©·¬¸ ¬¸» 
»¨¿³°´»ó¾¿»¼ ¿°°®±¿½¸ ©¸»®» ³±¼»´ ¿®» ´»¿®²»¼ º®±³ 
¿½¬«¿´ »¨°»®¬ ¬®¿²´¿¬·±² ±º ¬¸» ¿³» ¬»¨¬ò

9. Conclusions
Ì¸» Þ«´¹¿®·¿² Í»²» Ì¿¹¹»¼ Ý±®°« ½±²¬¿·² êí ììð 

©±®¼ô °¿®¬ ±º ¬¸»³ ´·²µ»¼ ¬± º±®³ ÓÉÛò Ì¸®»»óº±«®¬¸
±º ¬¸» ½±®°« ¸¿ª» ¾»»² ¿²²±¬¿¬»¼ ¿²¼ ¬¸» ®»«´¬ ¸¿ª» 
¾»»² »³°´±§»¼ ·² ¬¸» »¨°»®·³»²¬ ±² ¼»ª»´±°·²¹ ¿ ÉÍÜ
§¬»³ò Ñ«® ·³³»¼·¿¬» ¹±¿´ · ¬± ½±³°´»¬» ¬¸» ¬¿µ ±º ¬¸» 
¿²²±¬¿¬·±² ±º ¬¸» °®»»²¬»¼ ½±®°«ô ¿ ©»´´ ¿ ¬± ½¿®®§ ±² 
»²´¿®¹·²¹ ·¬ ©·¬¸ ³±®» ¼¿¬¿ò Ì¸» ²»¨¬ »´»½¬·±² º±® 
¿²²±¬¿¬·±² º®±³ ÞÝÞ ¸¿ ¬± ¬¿µ» ·²¬± ¿½½±«²¬ ²±¬ ±²´§ ¬¸» 
º®»¯«»²½§ô ¾«¬ ¿´± ¬¸» ¿´®»¿¼§ ¼»º·²»¼ Þ«´Ò»¬ »²»ô 
»°»½·¿´´§ ¬¸±» ©·¬¸ ³±®» ¬¸¿² ±²» »²»ò

×² ¬¸» ´±²¹»® ®«²ô ¿ ²±¬»¼ ·² Í»½¬·±² ïô ±«® »²»ó
¿²²±¬¿¬»¼ ½±®°« ©·´´ ¾» »³°´±§»¼ ¿ ¬®¿·²·²¹ ¿²¼ ¬»¬ 
¼¿¬¿»¬ º±® ¿ ¾·¼·®»½¬·±²¿´ ³¿½¸·²» ¬®¿²´¿¬·±² §¬»³ 
¾¿»¼ ±² ØØÓò

ß´±²¹ ©·¬¸ ¬¸»·® ·³³»¼·¿¬» ¿°°´·½¿¬·±² ¬¸» ÓÌ 
°´¿¬º±®³ º®±³ ¿²¼ ¬± ³·²±®·¬§ ´¿²¹«¿¹» ©·´´ »²«®» 
¬¸»» ´¿²¹«¿¹»� »¯«¿´·¬§ ¿¬ ¬¸» ·²¬»®²¿¬·±²¿´ ´»ª»´ò Ì¸» 
»¨°»®·»²½» ¹¿·²»¼ ·² ¬¸» »´¿¾±®¿¬·±² ±º Þ«´Í»³Ý±® ©·´´ 
¾» ¸»´°º«´ ¬± ¿²§ º«¬«®» »ºº±®¬ ·² ¬¸· º·»´¼ ¿²¼ ©·´´ º«®¬¸»® 
²¿¬·±²¿´ ¿²¼ ·²¬»®²¿¬·±²¿´ ½±±°»®¿¬·±² ·² ¬¸» ½®»¿¬·±² ±º 
¬±±´ ¿²¼ ®»±«®½» º±® ³·²±®·¬§ ´¿²¹«¿¹»ò 

10. References
Þ¿²µ±ô Óòô Þ®·´´ô Ûò øîððï÷ò Í½¿´·²¹ ¬± Ê»®§ Ê»®§ Ô¿®¹» Ý±®°±®¿ 

º±® Ò¿¬«®¿´ Ô¿²¹«¿¹» Ü·¿³¾·¹«¿¬·±²ò ×² Ð®±½»»¼·²¹ ±º ¬¸» 

íç¬¸ ß²²«¿´ Ó»»¬·²¹ ±º ¬¸» ß±½·¿¬·±² º±® Ý±³°«¬¿¬·±²¿´ 

Ô·²¹«·¬·½ò ßÝÔô °°ò îêóííò

Þ»²¬·ª±¹´·ô Ôòô Ð·¿²¬¿ô Ûò øîððë÷ò Û¨°´±·¬·²¹ °¿®¿´´»´ ¬»¨¬ ·² ¬¸» 

½®»¿¬·±² ±º ³«´¬·´·²¹«¿´ »³¿²¬·½¿´´§ ¿²²±¬¿¬»¼ ®»±«®½»æ ¬¸» 

Ó«´¬·Í»³Ý±® Ý±®°«ò ×² Ò¿¬«®¿´ Ô¿²¹«¿¹» Û²¹·²»»®·²¹ô 

Í°»½·¿´ ×«» ±² Ð¿®¿´´»´ Ì»¨¬ô Ê±´«³» ïïô ×«» ðíô 

Í»°¬»³¾»® îððëô °°ò îìéóîêïò

Þ«¼¿²·¬µ§ô ßòô Ø·®¬ô Ùò øîððï÷ò Í»³¿²¬·½ Ü·¬¿²½» ·² É±®¼Ò»¬æ 

ß² Û¨°»®·³»²¬¿´ô ß°°´·½¿¬·±²ó±®·»²¬»¼ Ûª¿´«¿¬·±² ±º Ú·ª» 

Ó»¿«®»ò ×² Ð®±½»»¼·²¹ ±º ¬¸» É±®µ¸±° ±² É±®¼Ò»¬ ¿²¼ 

Ñ¬¸»® Ô»¨·½¿´ Î»±«®½»ô Ò±®¬¸ ß³»®·½¿² Ý¸¿°¬»® ±º ¬¸» 

ß±½·¿¬·±² º±® Ý±³°«¬¿¬·±²¿´ Ô·²¹«·¬·½ò Ð·¬¬¾«®¹¸ô °°ò îçó

íìò

Ú»´´¾¿«³ô Ýò øïççè÷ò Ì±©¿®¼ ¿ ®»°®»»²¬¿¬·±² ±º ·¼·±³ ·² 

É±®¼Ò»¬ò ×² Ð®±½»»¼·²¹ ±º ¬¸» É±®µ¸±° ±² ¬¸» Ë» ±º 

É±®¼Ò»¬ ·² Ò¿¬«®¿´ Ô¿²¹«¿¹» Ð®±½»·²¹ Í§¬»³ øÝ±´·²¹ó

ßÝÔ ïççè÷ò Ó±²¬®»¿´ô °°ò ëîóëéò

Ú»´´¾¿«³ »¬ ¿´ò øïççè÷ò Ú»´´¾¿«³ô Ýòô Ù®¿¾±©µ·ô Öò ¿²¼ Ô¿²¼»ô 

Íò øïççè÷ò Ð»®º±®³¿²½» ¿²¼ ½±²º·¼»²½» ·² ¿ »³¿²¬·½ 

¿²²±¬¿¬·±² ¬¿µò ×² Ú»´´¾¿«³ô Ýò ø»¼ò÷ô É±®¼Ò»¬æ ß² 

Û´»½¬®±²·½ Ô»¨·½¿´ Ü¿¬¿¾¿»ò Ý¿³¾®·¼¹» øÓ¿ò÷æ Ì¸» Ó×Ì 

Ð®»ô °°ò îïéóîíéò 

Ø«¬½¸·²ô Éò Ö±¸² øïççë÷ò Ó¿½¸·²» ¬®¿²´¿¬·±²æ ¿ ¾®·»º ¸·¬±®§ò

×² ÛòÚòÕòÕ±»®²»® ¿²¼ ÎòÛòß¸»® øÛ¼ò÷ô Ý±²½·» ¸·¬±®§ ±º ¬¸» 

´¿²¹«¿¹» ½·»²½»æ º®±³ ¬¸» Í«³»®·¿² ¬± ¬¸» ½±¹²·¬·ª·¬ò

Ñ¨º±®¼æ Ð»®¹¿³±² Ð®»ô ïççëò °°ò ìíïóììë

Õ±»ª¿ »¬ ¿´ò øîððì÷ò Õ±»ª¿ô Íòô Ì·²½¸»ªò Ìòô Ó·¸±ªô Íò Þ«´¹¿®·¿²

É±®¼Ò»¬óÍ¬®«½¬«®» ¿²¼ Ê¿´·¼¿¬·±²ò ×² Î±³¿²·¿² Ö±«®²¿´ ±º 

×²º±®³¿¬·±² Í½·»²½» ¿²¼ Ì»½¸²±´±¹§ô Ê±´«³» éô Ò±ò ïóîô 

îððìô °°ò êïóéèò

Õ±»ª¿ »¬ ¿´ò øîððë¿÷ò Õ±»ª¿ô Íòô Î·¦±ªô Þòô Ô»»ª¿ Íò Ú´»¨·¾´»

Ú®¿³»©±®µ º±® Ü»ª»´±°³»²¬ ±º ß²²±¬¿¬»¼ Ý±®°±®¿òò×²

×²¬»®²¿¬·±²¿´ Ö±«®²¿´ ×²º±®³¿¬·±² Ì¸»±®·» ú ß°°´·½¿¬·±²ô

Í±º·¿òò Å×² °®»Ãò

Õ±»ª¿ »¬ ¿´ò øîððë¾÷ò Õ±»ª¿ô Íòô Õ®¬»ªô Ýòô Ñ¾®¿¼±ª·½ô ×òô Ê·¬¿ô 

Üò Î»±«®½» º±® Ð®±½»·²¹ Þ«´¹¿®·¿² ¿²¼ Í»®¾·¿²ò ×²

Ð®±½»»¼·²¹ º®±³ ¬¸» ×²¬»®²¿¬·±²¿´ É±®µ¸±° Ô¿²¹«¿¹» ¿²¼ 

Í°»»½¸ ×²º®¿¬®«½¬«®» º±® ×²º±®³¿¬·±² ß½½» ·² ¬¸» Þ¿´µ¿² 

Ý±«²¬®·»ò Þ±®±ª»¬ô îððëô °°ò íïóíçò

Í¬¿³±« »¬ ¿´ò øîððî÷ò Í¬¿³±« Íòô Ñº´¿¦»®ô Õòô Ð¿´¿ô Õòô 

Ý¸®·¬±«¼±«´¿µ·ô Üòô Ý®·¬»¿ô Üòô Ì«º·ô Üòô Õ±»ª¿ô Íòô

Ì±¬µ±ªô Ùòô Ü«¬±·¬ô Üòô Ù®·¹±®·¿¼±«ô Óò ÞßÔÕßÒÛÌæ ß 

Ó«´¬·´·²¹«¿´ Í»³¿²¬·½ Ò»¬©±®µ º±® ¬¸» Þ¿´µ¿² Ô¿²¹«¿¹»ò ×²

Ð®±½»»¼·²¹ ±º ¬¸» ×²¬»®²¿¬·±²¿´ É±®¼²»¬ Ý±²º»®»²½»ô 

Ó§±®»ô ×²¼·¿ô îïóîë Ö¿²«¿®§ îððîô °°ò ïîóïìò

Ì«º· »¬ ¿´ò øîððì÷ò Ì«º·ô Üòô Ý®·¬»¿ô Üòô Í¬¿³±«ô Íò Þ¿´µ¿Ò»¬æ

ß·³ô Ó»¬¸±¼ô Î»«´¬ ¿²¼ Ð»®°»½¬·ª»ò ß Ù»²»®¿´ 

Ñª»®ª·»©ò ×² Î±³¿²·¿² Ö±«®²¿´ ±º ×²º±®³¿¬·±² Í½·»²½» ¿²¼ 

Ì»½¸²±´±¹§ô Ê±´«³» éô Ò±ò ïóîô îððìô °°ò ïóíîò 

86



Í¬¿¬·¬·½¿´ ³¿½¸·²» ¬®¿²´¿¬·±² «·²¹ ¬¸» ×ÖÍóÛÔßÒ Ý±®°« 

Ó·®¶¿³ Í»°»§ Ó¿« »½ ¿²¼ Æ¼®¿ªµ± Õ¿ ·
Ú¿½«´¬§ ±º »´»½¬®·½¿´ Û²¹·²»»®·²¹ ¿²¼ Ý±³°«¬»® Í½·»²½» 

Í³»¬¿²±ª¿ ïéô îððð Ó¿®·¾±®ô Í´±ª»²·¿ 

Ûó³¿·´æ ³·®¶¿³ò»°»§à«²·ó³¾ò·ô µ¿½·½à«²·ó³¾ò·  

ß¾¬®¿½¬ 

×² ¬ ·̧ °¿°»®ô ©» ¼»½®·¾» ±«® »¨°»®·³»²¬ ±² ¬¿¬·¬·½¿´ ³¿½¸·²» ¬®¿²´¿¬·±² º®±³ Í´±ª»²·¿² ¬± Û²¹´·¸ °»®º±®³»¼ ±² ×ÖÍóÛÔßÒ 
¾·´·²¹«¿´ ½±®°«ò Ú±«® ¼·ºº»®»²¬ »¨°»®·³»²¬ ¿®» ®»°±®¬»¼ò Ì¸»§ ¼·ºº»® º®±³ »¿½¸ ±¬¸»® ·² ¬¸» ¬§°» ±º ·²º±®³¿¬·±² «»¼ ·² ¬®¿·²·²¹ ¬¸» 
¬®¿²´¿¬·±² ³±¼»´ò ×² º·®¬ »¨°»®·³»²¬ ©±®¼ º±®³ ±º »²¬»²½»ó¿´·¹²»¼ ½±®°« ¿®» «»¼ ¿ ³±¼»´´·²¹ «²·¬ò Í»½±²¼ »¨°»®·³»²¬ «»
´»³³¿ ·²¬»¿¼ ±º ©±®¼ º±®³ ·² Í´±ª»²·¿² °¿®¬ ±º ¬¸» ½±®°«ò  ×² ¬¸» ¬¸·®¼ »¨°»®·³»²¬ ©±®¼ º±®³ ¿®» ®»°´¿½»¼ ¾§ ´»³³¿ ¿²¼ ÓÍÜ
½±¼» ¿¬¬¿½¸»¼ ¬± ¬¸»³ò Ú±«®¬¸ »¨°»®·³»²¬ ¬®·» ¬± ½±³¾·²» ¬¸» ¿¼ª¿²¬¿¹» ±º °®»ª·±«´§ °»®º±®³»¼ ±²»ò Ñ²´§ °«¾´·½´§ ¿ª¿·´¿¾´» ¬±±´ 
¿®» «»¼ º±® ¬®¿·²·²¹ ´¿²¹«¿¹» ³±¼»´ ¿²¼ ¬®¿²´¿¬·±² ³±¼»´ô ¿ ©»´´ ¿ º±® ¼»½±¼·²¹ ¬¸» ¬»¬ »¬ò Ì¸» ®»«´¬ ¿®» »ª¿´«¿¬»¼ ¾§ 
¿«¬±³¿¬·½¿´´§ ½¿´½«´¿¬»¼ ÉÛÎò 

ïò ×ÒÌÎÑÜËÝÌ×ÑÒ 

Ì¸» °¿°»® ¼·½«» ½±®°«ó¾¿»¼ ³¿½¸·²» ¬®¿²´¿¬·±²ò 
Ì¸» «» ±º ½±®°±®¿ ±º ¾·´·²¹«¿´ °¿®¿´´»´ ¬»¨¬ »»³ ¬± 
±ºº»® ¿ °®±³··²¹ ¬±±´ º±® ¬¸» º«¬«®»ô ¬¸¿²µ ¬± ¬¸» 
°®±¹®» ¬¸¿¬ ¸¿ ¾»»² ³¿¼» ·² ¬¸» º·»´¼ ±º ¬¿¬·¬·½¿´ 
³¿½¸·²» ¬®¿²´¿¬·±²ò Ê¿®·±« ³»¬¸±¼ ¸¿ª» ¾»»² 
°®±°±»¼ º±® °®±½»·²¹ ¬¸» ¼·ºº»®»²¬ ´»ª»´ ±º 
½±®®»°±²¼»²½» ¾»¬©»»² ¬©± ¬»¨¬ô ¿² ±®·¹·²¿  ́ ¿²¼ ·¬ 
¬®¿²´¿¬·±²ò ×² ¬¸· °¿°»® ©»´´ ¹®±«²¼»¼ ³»¬¸±¼ ±º 
¬¿¬·¬·½¿´ ³¿½¸·²» ¬®¿²´¿¬·±² ¿®» ¬»¬»¼ ±² ¬¸» 
Í´±ª»²·¿²óÛ²¹´·¸ ´¿²¹«¿¹» °¿·®ò  

Ì± ±«® µ²±©´»¼¹»ô �°«®»� ¬¿¬·¬·½¿´ ³¿½¸·²» ¬®¿²´¿¬·±² 
±º Í´±ª»²·¿² ´¿²¹«¿¹» ¸¿ ²±¬ ¾»»² ©·¼»´§ ¬«¼·»¼ §»¬ò  
Ì¸»®» »¨·¬ ±²´§ ±²» ¬̧ »· øÊ· · ô îððî÷ô ©¸·½  ̧¹¿ª» « 
º·¬ ·³°®»·±² ¿¾±«¬ ¬¸» ¬±°·½ 

îò ÍÌßÌ×ÍÌ×ÝßÔ ÓßÝØ×ÒÛ 
ÌÎßÒÍÔßÌ×ÑÒ  

Ì¸» °®±¾´»³ · ¬± º·²¼ ¬¸» ±°¬·³¿´ Û²¹´·¸ ¬®¿²´¿¬·±² 
�» ±º ¿ Í´±ª»²·¿² »²¬»²½» º ò Í¬¿¬·¬·½¿´ ³¿½¸·²» 

¬®¿²´¿¬·±² · ®»º»®®»¼ ¬± ¿ ¬¸» ²±·§ ½¸¿²²»´ ³±¼»´æ 

ø ÷ ø ÷� ¿®¹  ³¿¨  
»

» Ð º » Ð »  øðòï÷ 

ø ÷Ð º » ¼»²±¬» ¬¸» ¬®¿²´¿¬·±² ³±¼»´ ¿²¼ ø ÷Ð »  ¬¸» 
´¿²¹«¿¹» ³±¼»´ ±º Û²¹´·¸ ´¿²¹«¿¹»ò Ì¸» »¿®½¸ º±® ¬¸» 
±°¬·³¿´ ¬®¿²´¿¬·±² · »²½±³°¿»¼ ¾§ ¿®¹  ³¿¨

»
ò

Ô¿²¹«¿¹» ³±¼»´ · ¿ ½±²ª»²¬·±²¿´ ¬®·¹®¿³ ³±¼»´ ©·¬¸ 
Õ¿¬¦ ¾¿½µó±ºº ³±±¬¸·²¹ò  Ì¸· °¿°»® ¼»¿´ ©·¬¸ 
¬®¿²´¿¬·±² ³±¼»´ò 

íò ÌÎßÒÍÔßÌ×ÑÒ ÓÑÜÛÔÍ 

Ì®¿²´¿¬·±² ³±¼»´ ¼»º·²» ¬¸» ½±®®»°±²¼»²½» ¾»¬©»»² 
¬¸» ©±®¼ ±º ¬¸» ¬¿®¹»¬ »²¬»²½» ¿²¼ ¬¸» ©±®¼ ±º ¬¸» 

±«®½»  »²¬»²½»ò Ì®¿²´¿¬·±² ³±¼»´ · ¿ ¹»²»®¿¬·ª» ³±¼»´ô 
¾»½¿«» ·¬ · ¿ ¬¸»±®§ ¸±© Í´±ª»²·¿² »²¬»²½» ¿®» 
¹»²»®¿¬»¼ò Ú·®¬ ¿² Û²¹´·¸ »²¬»²½» · ¹»²»®¿¬»¼ô ¿²¼ 
¬¸»² ·¬ ¹»¬ ¬«®²»¼ ·²¬± ¿ Í´±ª»²·¿² ±²»ò ß´¬¸±«¹¸ ©» ¿®» 
¾«·´¼·²¹ ¿ Í´±ª»²·¿²ó¬±óÛ²¹´·¸ ³¿½¸·²» ¬®¿²´¿¬·±² 
§¬»³ô ©» ®»¿±² ·² ¬¸» ±°°±·¬» ¼·®»½¬·±² ©¸»² ¬®¿·²·²¹ 
¬¸» ¬®¿²´¿¬·±² ³±¼»´ò 

Ì®¿²´¿¬·±² ³±¼»´ô ¼»º·²»¼ ¾§ ×ÞÓ ·² ¬¸» »¿®´§ ²·²»¬·»ô 
¿®» «»¼ ·² ±«® ®»»¿®½¸ò Ì¸»§ ¿®» ©»´´ ¼±½«³»²¬»¼ 
øÞ®±©² ¿¬ ¿´´ô ïççí÷ ¿²¼ ¬¸» ±º¬©¿®» º±® ¬®¿·²·²¹ ¬¸»³ · 
°«¾´·½´§ ¿ª¿·´¿¾´» øÑ½¸ ú Ò»§ô îððí÷ò Ì¸» ³±¼»´ ¿®» 
·²¼»¨»¼ º®±³ ï ¬± ì ¿½½±®¼·²¹ ¬± ¬¸»·® ·²½®»¿·²¹ 
½±³°´»¨·¬§ ·² ¬®¿·²·²¹ò Ì¸» °¿®¿³»¬»® ¿®» ¬®¿²º»®®»¼ 
º®±³ ±²» ³±¼»´ ¬± ¿²±¬¸»®ô º±® »¨¿³°´» º®±³ Ó±¼»´ î ¬± 
Ó±¼»´ íò ×¬ ³»¿² ¬¸¿¬ º·²¿´ °¿®¿³»¬»® ª¿´«» ±º Ó±¼»´ î 
¿®» ¬¸» ·²·¬·¿´ °¿®¿³»¬»® ª¿´«» ±º Ó±¼»´ íò Ó±¼»´ ì ¿²¼ 
ë ¿®» ¬¸» ³±¬ ±°¸·¬·½¿¬»¼ò  

íò ÓÑÜÛÔ ì 

Ì®¿²´¿¬·±² ³±¼»´ · ¿ ©±®¼óº±®ó©±®¼ ¿´·¹²³»²¬ ³±¼»  ́
¾»¬©»»² ¬©± ¬®·²¹ô ¿² Û²¹´·¸ ¬®·²¹ ï ïôòòòô

×
×» » »ã

¿²¼ ¿ Í´±ª»²·¿² ¬®·²¹ ï ïôòòòôÖ
Öº º ºã ò Þ»½¿«» 

¿´·¹²³»²¬ ¿®» ²±¬ µ²±©²ô ¬¸» °®±¾¿¾·´·¬§ ø ÷ôÐ ¿ º »
º±® »¿½¸ °¿®¬·½«´¿® ¿´·¹²³»²¬ ¿ · ½±³°«¬»¼ò 

Ó±¼»´ ì · ¬¸» º·²¿´ ³±¼»´ô ©¸·½¸ · «»¼ ¾§ ¬¸» ¼»½±¼»®ò 
×¬ · ½±³°±»¼ ±º ¬¸» º±´´±©·²¹ °®±¾¿¾·´·¬·»æ 

  ø ÷¶ ·Ð º » ó ¬®¿²´¿¬·±² °®±¾¿¾·´·¬§ò ×¬ · ¬¸» 
°®±¾¿¾·´·¬§ ±º Í´±ª»²·¿² ©±®¼ ¶º  ¾»·²¹ ¿ 
¬®¿²´¿¬·±² ±º Û²¹´·¸ ©±®¼ ·» ò

  ø ÷µ ·Ð » ó º»®¬·´·¬§ °®±¾¿¾·´·¬§ò ß² Û²¹´·  ̧
©±®¼ ½¿² ¾» ¬®¿²´¿¬»¼ ·²¬± ¦»®±ô ±²» ±® ³±®» 
¬¸¿² ±²» Í´±ª»²·¿² ©±®¼ò Ì¸· °¸»²±³»²±² · 
³±¼»´»¼ ¾§ º»®¬·´·¬§ò Ì¸» º»®¬·´·¬§  ø ÷· µ» ã
±º ¿² Û²¹´·¸ ©±®¼ ·»  · ¬¸» ²«³¾»® ±º 
Í´±ª»²·¿² ©±®¼ ³¿°°»¼ ¬± ·¬ò Ì¸» °®±¾¿¾·´·¬·» 
±º ¼·ºº»®»²¬ º»®¬·´·¬§ ª¿´«» µ  º±® ¿ ¹·ª»² 
Û²¹´·¸ ©±®¼ ¿®» ¬®¿·²»¼ò 

87



  ð ïô° °  ó º»®¬·´·¬§ °®±¾¿¾·´·¬§ º±® ð» ò Ì¸» ©±®¼ 
ð» · ¿² ·²ª··¾´» ©±®¼ ·² ¬¸» ·²·¬·¿´ °±·¬·±² ±º 

¿² Û²¹´·¸ »²¬»²½»ò ×¬ ¿½½±«²¬ º±® Í´±ª»²·¿² 
©±®¼ ¬¸¿¬ ¸¿ª» ²± ½±«²¬»®°¿®¬ ·² ¬¸» Û²¹´·¸ 
»²¬»²½»ò ×²¬»¿¼ ±º º»®¬·´·¬·» ø ÷ð»  ±²» ·²¹´» 
°¿®¿³»¬»® ï ðï° °ã �  · «»¼ò ×¬ · ¬¸» 
°®±¾¿¾·´·¬§ ±º °«¬¬·²¹ ¿ ¬®¿²´¿¬·±² ±º ©±®¼ ð»
±²¬± ±³» °±·¬·±² ·² ¿ Í´±ª»²·¿² »²¬»²½»ò  

Þ»¬©»»² ©±®¼ ¾»·²¹ ¿ ¬®¿²´¿¬·±² ±º ¬̧ » ¿³» 
©±®¼ ©» ¼·¬·²¹«·¸ ¿ ¸»¿¼ ©±®¼ ¿²¼ ²±²ó¸»¿¼ 
©±®¼ò Ø»¿¼ ©±®¼ · ¬¸» º·®¬ ©±®¼ ·² ¬¸» 
¬®¿²´¿¬·±²ò ß´´ ±¬¸»® ©±®¼ ¿®» ²±²ó¸»¿¼ ©±®¼ò 

  ø ÷ ø ÷ø ÷ï ô· ¶Ð ¶ » ºã A B ó ¼·¬±®¬·±² °®±¾¿¾·ó 
´·¬·» º±® ¬¸» ¸»¿¼ ©±®¼ò ¶  · ¬¸» ¼·¬¿²½» 
¾»¬©»»² ¬¸» ¸»¿¼ ±º ½«®®»²¬ ¬®¿²´¿¬·±² ¿²¼ ¬¸» 
°®»ª·±« ¬®¿²´¿¬·±²ò ×¬ ³¿§ ¾» »·¬¸»® °±·¬·ª» ±® 
²»¹¿¬·ª»ò Ü·¬±®¬·±² °®±¾¿¾·´·¬·» ³±¼»´ 
¼·ºº»®»²¬ ©±®¼ ±®¼»® ·² ¬¸» ¬¿®¹»¬ ´¿²¹«¿¹» ·² 
½±³°¿®·±² ¬± ¬¸» ©±®¼ ±®¼»® ·² ¬¸» ±«®½» 
´¿²¹«¿¹»ò Ý´¿» ±º ©±®¼ ¿®» «»¼ ·²¬»¿¼ ±º 
©±®¼ò B ¼»²±¬» ³¿°°·²¹ ·²¬± ½´¿» º±® 
Í´±ª»²·¿² ©±®¼ ¿²¼ A º±® Û²¹´·¸ ©±®¼ò  

  ø ÷ø ÷ï ¶Ð ¶ ºâ B ó ¼·¬±®¬·±² °®±¾¿¾·´·¬·» º±® 
²±²ó¸»¿¼ ©±®¼ò ×² ¬¸· ½¿» ¶  ¼»²±¬» ¬¸» 
¼·¬¿²½» ¾»¬©»»² ¬¸» ¸»¿¼ ¿²¼ ²±²ó¸»¿¼ ©±®¼ò 

Ó±¼»´ ì ¸¿ ±³» ¼»º·½·»²½·»ò Í»ª»®¿´ ©±®¼ ½¿² ´·» ±² 
¬±° ±º ±²» ¿²±¬¸»® ¿²¼ ©±®¼ ½¿² ¾» °´¿½»¼ ¾»º±®» ¬¸» 
º·®¬ °±·¬·±² ±® ¾»§±²¼ ¬¸» ´¿¬ °±·¬·±² ·² ¬¸» Í´±ª»²·¿² 
¬®·²¹ò ß² »³°¬§ ©±®¼ ¿´± ½¿«» ¬¸» °®±¾´»³ò Ì®¿·²·²¹ 
®»«´¬ ·² ³¿²§ ©±®¼ ¿´·¹²»¼ ¬± ¬¸» »³°¬§ ©±®¼ò Ó±¼»´ 
ë · ¿ ®»º±®³«´¿¬·±² ±º Ó±¼»´ ì ·² ±®¼»® ¬± ±ª»®½±³» 
±³» °®±¾´»³ò ß² ¿¼¼·¬·±²¿´ °¿®¿³»¬»® · ¬®¿·²»¼ò ×¬ 
¼»²±¬» ¬¸» ²«³¾»® ±º ª¿½¿²¬ °±·¬·±² ·² ¬¸» Í´±ª»²·¿² 
¬®·²¹ò ×¬ · ¿¼¼»¼ ¬± ¬¸» °¿®¿³»¬»® ±º ¬¸» ¼·¬±®¬·±² 
°®±¾¿¾·´·¬·»ò ×² ±«® »¨°»®·³»²¬ Ó±¼»´ ì ¿²¼ ë ©·´´ ¾» 
¬®¿·²»¼ô ¾«¬ ±²´§ Ó±¼»´ ì ©·´´ ¾» «»¼ ©¸»² ¼»½±¼·²¹ò 
Ó±¼»´ ë · ²±¬ §»¬ «°°±®¬»¼ ¾§ ¬¸» ¼»½±¼·²¹ °®±¹®¿³ò 

ìò ×ÖÍóÛÔßÒ ÝÑÎÐËÍ 

Ì¸» ¬®¿²´¿¬·±² §¬»³ ©¿ ¬»¬»¼ ±² ¬¸» ×ÖÍóÛÔßÒ 
½±®°« øÛ®¶¿ª»½ô îððî÷ ïò Ì¸» ½±®°« ¸¿ °¿®¬ô ©¸·½¸ 
¸¿ª» ¿ Í´±ª»²·¿² ±®·¹·² ¿²¼ ¿² Û²¹´·¸ ¬®¿²´¿¬·±²ô ¿²¼ 
°¿®¬ ©·¬¸ ±®·¹·² ·² Û²¹´·¸ ¿²¼ ¬®¿²´¿¬·±² ·² Í´±ª»²·¿²ò 
Ì¸» ½±®°« · »²½±¼»¼ ·² ÈÔÓñÌÛ× Ðìò ×¬ · ¿´·¹²»¼ ¿¬ ¬¸» 
»²¬»²½» ´»ª»´ô ¬±µ»²·»¼ô ¿²¼ ¬¸» ©±®¼ ¿®» ¿²²±¬¿¬»¼ 
©·¬  ̧ ¼·¿³¾·¹«¿¬»¼ ´»³³¿ ¿²¼ ³±®°¸±ó§²¬¿½¬·½ 
¼»½®·°¬·±² øÓÍÜ÷ò  ß´´ ¿²²±¬¿¬·±² ©»®» ¼±²» ¾§ ¬¸» 
¿«¬¸±® ±º ¬¸» ½±®°«ò 

É» ±¾»®ª»¼ ¬¸¿¬ ¬¸» Û²¹´·  ̧ °¿®¬ ½±²¬¿·² ïèû ³±®» 
©±®¼ ¬¸¿² ¬¸» Í´±ª»²·¿² °¿®¬ò Ì¸» ¿ª»®¿¹» Û²¹´·¸ 
»²¬»²½» · í ©±®¼ ´±²¹»® ¬¸¿² ¬¸» ¿ª»®¿¹» Í´±ª»²·¿² 
»²¬»²½»ò Ñ²» ®»¿±² ´·» ·² ¼»¬»®³·²»® ¿²¼ °®±²±«²ò 
Ì¸» «¾¶»½¬ °®±²±«² ·² Û²¹´·¸ ø×ô ¸»ô ¬¸»§÷ ««¿´´§ ¸¿ª» 
¿ ¦»®± º±®³ ·² Í´±ª»²·¿²ò  

Ì¸» Í´±ª»²·¿² ½±®°« ½±²¬¿·² ¬©·½» ¿ ³¿²§ «²·¯«» 
©±®¼ ¬¸¿² ¬¸» Û²¹´·¸ ½±®°«å ¬¸· · ¾»½¿«» ±º ¬¸» 
¸·¹¸´§ ·²º´»½¬·±²¿´ ²¿¬«®» ±º ¬¸» Í´±ª»²·¿² ´¿²¹«¿¹»ò 

ï Ì¸» ¿«¬¸±® ¿®» ¬¸¿²µº«´ º±® ¹·ª·²¹ ¬¸» ½±®°« º®»»´§ ¿ª¿·´¿¾´»ò 

ß´³±¬ ¸¿´º ¬¸» ©±®¼ ¿®» ·²¹´»¬±² ø¬¸»§ ¿°°»¿®»¼ ±²´§ 
±²½» ·² ¬¸» ¬®¿·²·²¹ ½±®°«÷ò Ì¸» ¼¿¬¿ »¨°±» ¬¸» 
°®±¾´»³ ±º ¼¿¬¿ °¿®·¬§ ±º ¬¸» ½±®°« ¿²¼ ·²¼·½¿¬» ¬¸» 
¼·ºº·½«´¬§ ±º ¬¸» ¬®¿²´¿¬·±² °®±½»ò 

ëò ÛÈÐÛÎ×ÓÛÒÌÍ 

ëòï ÌÎß×Ò ßÒÜ ÌÛÍÌ ÍÛÌ 
É» ¼·½¿®¼»¼ »²¬»²½» ´±²¹»® ¬¸¿² ïë ©±®¼ º®±³ ¬¸» 
½±®°« ¾»½¿«» ±º ¬¸» ½±³°«¬¿¬·±²¿´ ½±³°´»¨·¬§ò Ì¸» ®»¬ 
±º ¬¸» ½±®°« ©¿ °´·¬ ·²¬± ¬®¿·²·²¹ ¿²¼ ¬»¬ »¬ ·² ¬¸» 
®¿¬·± èæîò Ì¸» ¬»¬ »²¬»²½» ©»®» ¬¿µ»² ¿¬ ®»¹«´¿® 
·²¬»®ª¿´ º®±³ ¬¸» ½±®°« ø¸±³±¹»²»±« °¿®¬·¬·±²÷ò Í±³» 
¬¿¬·¬·½ ±º ¬¸» ¬®¿·²·²¹ ½±®°« ¿®» ½±´´»½¬»¼ ·² Ì¿¾´» ïò 
Ì¸» ¬®¿·²·²¹ »¬ ½±²¬¿·²»¼ ïîôðìì »²¬»²½» °¿·®ò Û¿½  ̧
¿°°»¿®¿²½» ±º ¿ ©±®¼ ±® ¿²§ ±¬¸»® ¬®·²¹ ±º ½¸¿®¿½¬»® 
¾»¬©»»² ¬©± °¿½» · ½±«²¬»¼ ¿ ±²» «²·¬ò Ì¸» Í´±ª»²·¿² 
°¿®¬ ©¿ èêôðíê «²·¬ ´±²¹ ¿²¼ ¬¸» Û²¹´·¸ °¿®¬ ½±²¬¿·²»¼ 
çéôðêî «²·¬ò Ì¸» ¬»¬ »¬ ½±²·¬»¼ ±º íôðêç »²¬»²½»ò 

Ì¸» ª±½¿¾«´¿®§ ½±²¬¿·²»¼ ¿´´ ¬¸±» ©±®¼ ø«²·¬÷ô ©¸·½  ̧
¿°°»¿®»¼ ·² ¬¸» ¬®¿·²·²¹ »¬ ±® ·² ¬¸» ¬»¬ »¬ò ß´³±¬ ¸¿´º 
±º ¬¸» ª±½¿¾«´¿®§ «²·¬ ©»®» ·²¹´»¬±²ò Æ»®±¬±² ¿®» 
«²·¬ô ©¸·½  ̧ ¼± ²±¬ ¿°°»¿® ·² ¬¸» ¬®¿·²·²¹ ½±®°«ô ¾«¬ 
±½½«® ·² ¬¸» ¬»¬ »¬ò Ì¸»» «²·¬ ²±¬ ±²´§ ®»³¿·²»¼ 
«²¬®¿²´¿¬»¼ ¾«¬ ¿´± ùù¿¼¼»¼ ²±·»ùù ¬± ¬¸» ¬®¿²´¿¬·±² 
°®±½» ±º ±¬¸»® ©±®¼ò 

ëòî ÌÑÑÔÍ 

 ß´´ »¨°»®·³»²¬ ¸¿ª» ¾»»² °»®º±®³»¼ «·²¹ ±²´§ 
°«¾´·½´§ ¿ª¿·´¿¾´» ¬¸·®¼ó°¿®¬§ ¬±±´ò Ì¸» ´¿²¹«¿¹» ³±¼»  ́
©¿ ³¿¼» ¾§ «·²¹ ¬¸» ÝÓËóÍÔÓ ¬±±´µ·¬ øÎ±»²º»´¼ô 
ïççë÷ò Ý´¿» ±º ©±®¼ ©»®» ³¿¼» ¾§ ¬¸» ¬±±´ô 
¼»ª»´±°»¼ º±® ´¿²¹«¿¹» ³±¼»´´·²¹ øÓ¿« »½ô ïççé÷ò Ì¸» 
¬®¿²´¿¬·±² ³±¼»´ ¬®¿·²·²¹ ©¿ °»®º±®³»¼ «·²¹ ¿ 
°®±¹®¿³ Ù×Æßõõ øÑ½¸ô îððí÷ò Ì¸» ¼»½±¼·²¹ ±º ¬»¬ 
»²¬»²½» ©¿ °»®º±®³»¼ ¾§ ¿² ×Í× Î»É®·¬» Ü»½±¼»® 
øÙ»®³¿²²ô îððí÷ò Ì®¿²´¿¬·±² ©»®» »ª¿´«¿¬»¼ «·²¹ 
É±®¼ Û®®±® Î¿¬» ³»¬®·½ øÉÛÎ÷ò 

ëòí Ú×ÎÍÌ ÛÈÐÛÎ×ÓÛÒÌ 

×² ±«® º·®¬ »¨°»®·³»²¬ ¿´´ ©±®¼ º±®³ ¿°°»¿®»¼ ¿ «²·¯«» 
¬±µ»² ¿²¼ ©»®» »¨°±»¼ ¿ ½¿²¼·¼¿¬» º±® ©±®¼óº±®ó©±®¼ 
¿´·¹²³»²¬ò  

Þ»º±®» ¬®¿·²·²¹ô Í´±ª»²·¿² ©±®¼ ©»®» ³¿°°»¼ ·²¬± ïððð 
½´¿» ¿²¼ Û²¹´·¸ ©±®¼ ·²¬± ïðð ½´¿»ò Ì¸» ²«³¾»® 
±º ½´¿» ©»®» °®»¼»º·²»¼ ¿²¼ ©»®» ½¸±»² ¬± ¾» ¬¸» 
¿³» ¿ ¬¸» ²«³¾»® ±º ¼·ºº»®»²¬ ÓÍÜ ½±¼» ·² ¬¸» ½±®°«ò 

Ú±® Û²¹´·¸ ´¿²¹«¿¹» ¿ ½±²ª»²¬·±²¿´ ¬®·¹®¿³ ´¿²¹«¿¹» 
³±¼»´ ©¿ ¾«·´¬ ©·¬¸ Ù±±¼óÌ«®·²¹ ¼·½±«²¬·²¹ º±® 
¾·¹®¿³ ¿²¼ ¬®·¹®¿³ ©·¬¸ ½±«²¬ ´±©»® ¬¸¿² éò Ò± 
²ó¹®¿³ ©»®» ¼·½¿®¼»¼ò Ì®¿·²·²¹ ½±®°« ©¿ ¬¸» ©¸±´» 
Û²¹´·¸ °¿®¬ ±º ×ÖÍóÛÔßÒ ½±®°«ò ×¬ · ®»´¿¬·ª»´§ ³¿´´ô ± 
¬¸»®» ¿®» ¿ ´±¬ ±º ·²¹´»¬±² ©·¬¸ ·¹²·º·½¿²¬ ·²º±®³¿¬·±²ò 
Ì¸» ´¿²¹«¿¹» ³±¼»´ °»®°´»¨·¬§ ±º ¬¸» ¬»¬ »¬ ©¿ ìèò 

88



ÍÔÑ °¿®¬ ÛÒÙ °¿®¬ 

Í»²¬»²½» ïîôðìì 
Ë²·¬ èêôðíê çéôðêî 
Ê±½¿¾«´¿®§ îîôðëë ïîôéïë 
ó ·²¹´»¬±² ïïôíëë ëôêïï 
ó ¦»®±¬±² îôëêê ïôîéì 
Ì¿¾´» ïæ Ì®¿·²·²¹ ½±®°« º±® ¬¸» º·®¬ »¨°»®·³»²¬ò 

Ú±® »¿½¸ ¬®¿²´¿¬·±² ³±¼»´ øÓ±¼»´ ï � Ó±¼»´ ì÷ ïð 
·¬»®¿¬·±² ©»®» °»®º±®³»¼ò  

ßº¬»® ¬®¿·²·²¹ ±³» ·²¬»®»¬·²¹ ±¾»®ª¿¬·±² ©»®» ³¿¼» 
ø»» Ú·¹«®» ï÷ò ß´¬¸±«¹¸ ¬¸» ¬®¿·²·²¹ó»¬ °»®°´»¨·¬§ 
½±²¬·²«±«´§ ¼»½®»¿»¼ô ¬¸» ¬»¬ó»¬ °»®°´»¨·¬§ ¶«³°»¼ ¿¬ 
»¿½  ̧ ¬®¿²·¬·±² °±·²¬ò ß¬ ¬¸» ¬®¿²·¬·±² °±·²¬ô ¬¸» º·²¿´ 
»¬·³¿¬» ±º ±²» ³±¼»´ ·²·¬·¿´·¦»¼ ¬¸» »¬·³¿¬» ±º ¬¸» 
²»¨¬ ³±¼»´ò ×² «¾»¯«»²¬ ·¬»®¿¬·±² ¿º¬»® ¬®¿²·¬·±² 
°±·²¬ô ¬¸» ¬»¬ó»¬ °»®°´»¨·¬§ ´±©´§ ·²½®»¿»¼ô »°»½·¿´´§ 
·² Ó±¼»´ ï ¿²¼ ìò Û¿½¸ ·¬»®¿¬·±² ±º Ó±¼»´ ì ³¿¼» ¬¸» 
¬»¬ó»¬ °»®°´»¨·¬§ ©±®»ò Ì¸» ±²´§ »¨½»°¬·±² ©¿ ¬¸» 
¬®¿²·¬·±² ¬± Ó±¼»´ ëô ¿´¬¸±«¹¸ ¬¸» »¬·³¿¬» ²»ª»® 
·³°®±ª»¼ ¬¸» »¬·³¿¬» ±¾¬¿·²»¼ ¿¬ ¬¸» ¾»¹·²²·²¹ ±º ¬¸» 
¬®¿·²·²¹ò Ì¸» ¿³» ±¾»®ª¿¬·±² ¸¿ª» ¿´± ¾»»² ®»°±®¬»¼ 
·² Ý¦»½¸óÛ²¹´·¸ »¨°»®·³»²¬ øß´óÑ²¿·¦¿² ¿¬ ¿´́ ô ïççç÷ò 
É» °»½«´¿¬»¼ ¬¸¿¬ ¬¸» ®»¿±² ©¿ ¬¸» ³¿´´ ·¦» ø¿²¼ 
½±²»¯«»²¬´§ ¼¿¬¿ °¿®·¬§÷ ±º ¬¸» ¬®¿·²·²¹ ½±®°«ô ± ¬¸» 
¬®¿²´¿¬·±² °®±¾¿¾·´·¬·» ¾»½±³» ±ª»®ó¬®¿·²»¼ò Þ»¬¬»® 
¿´·¹²³»²¬ º±® ¬®¿·²·²¹ó»¬ ¼·¼ ²±¬ ´»¿¼ ¬± ¾»¬¬»® 
¬®¿²´¿¬·±² ±º °®»ª·±«´§ «²»»² ¬»¬ó»¬ò  

×² ¬¸» º·®¬ »¨°»®·³»²¬ ±²´§ íéòëû ±º ©±®¼ ¹±¬ ¬¸» 
½±®®»½¬ ¬®¿²´¿¬·±²ò É» ±¾¬¿·²»¼ ÉÛÎãéïôêû ø»» º·®¬ 
®±© ·² Ì¿¾´» ì÷ò 

Ú·¹«®» ïæ Ì®¿·² »¬ ¿²¼ ¬»¬ »¬ °»®°´»¨·¬·» ·² º·®¬ 
»¨°»®·³»²¬ 

ëòì ÍÛÝÑÒÜ ÛÈÐÛÎ×ÓÛÒÌ 

Ì¸» °«®°±» ±º ¬¸» »½±²¼ »¨°»®·³»²¬ ©¿ ¬¸» ®»¼«½¬·±² 
±º ¼¿¬¿ °¿®·¬§ò  
×² ¬¸» »½±²¼ »¨°»®·³»²¬ ©» «»¼ ´»³³¿¬·»¼ Í´±ª»ó 
²·¿² °¿®¬ ±º ¬¸» ½±®°«ò Û²¹´·  ̧°¿®¬ ®»³¿·²»¼ «²½¸¿²¹»¼ò 
Ô»³³¿¬··²¹ ¬¸» Í´±ª»²·¿² ½±®°« ®»¼«½»¼ ¬¸» ¼¿¬¿ 
°¿®·¬§ ¬± ¿ ¹®»¿¬ »¨¬»²¬ ø»» Ì¿¾´» î÷ò  

ÍÔÑ °¿®¬ ÛÒÙ °¿®¬ 

Í»²¬»²½» ïîôðìì 
Ë²·¬ èêôðíê çéôðêî 
Ê±½¿¾«´¿®§ ïîôêîç ïîôéïë 
ó ·²¹´»¬±² ëôêëì ëôêïï 
ó ¦»®±¬±² ïôîçî ïôîéì 
Ì¿¾´» îæ Ì®¿·²·²¹ ½±®°« º±® ¬¸» »½±²¼ »¨°»®·³»²¬ò 

Ò»© ½´«¬»®·²¹ ±º Í´±ª»²·¿² ́ »³³¿ ©¿ °»®º±®³»¼ò Ì¸» 
Í´±ª»²·¿² ´»³³¿ ©»®» ¿«¬±³¿¬·½¿´´§ ½´«¬»®»¼ ·²¬± ïðð 
½´¿»ò  Þ»½¿«» Í´±ª»²·¿² °¿®¬ ±º ¬¸» ½±®°« ©¿ 
´»³³¿¬·»¼ô ¬¸»®» ©¿ ²± ²»»¼ ¬± «» »¨¬»²¼»¼ »¬ ±º 
½´¿»ò 

Ì¸» Ù×Æßõõ ¬®¿·²·²¹ ©¿ ®»°»¿¬»¼ò Ý±³°¿®·±² ±º 
¬®¿·²ó»¬ ¿²¼ ¬»¬ó»¬ °»®°´»¨·¬·» ½±²º·®³»¼ ±«® 
¿«³°¬·±² ¿¾±«¬ Ó±¼»´ ì ±ª»®ó¬®¿·²·²¹ ·² º·®¬ 
»¨°»®·³»²¬ ø»» Ú·¹«®» î÷ò ×² ¬¸» »½±²¼ »¨°»®·³»²¬ »¿½  ̧
·¬»®¿¬·±² ±º Ó±¼»´ ì ¬®¿·²·²¹ ³¿¼» ¿ ´·¹¸¬ ®»¼«½¬·±² ±º 
¬¸» ¬»¬ó»¬ °»®°´»¨·¬§ò Ì®¿²·¬·±² ¬± Ó±¼»´ ë ¾®±«¹¸¬ 
º«®¬¸»® ·³°®±ª»³»²¬ò  

×² ¬¸» »½±²¼ »¨°»®·³»²¬ ©» ±¾¬¿·²»¼ ÉÛÎãêèòëû ø»» 
»½±²¼ ®±© ·² Ì¿¾´» ì÷ò ß´¬¸±«¹¸ ±³» ·²º±®³¿¬·±² ©¿ 
´±¬ ¾§ ´»³³¿¬·¦¿¬·±²ô ¬¸» ¼¿¬¿ °¿®·¬§ ®»¼«½¬·±² 
·³°®±ª»¼ ¬¸» ®»«´¬ò 

Ú·¹«®» îæ Ì®¿·² »¬ ¿²¼ ¬»¬ »¬ °»®°´»¨·¬·» ·² »½±²¼ 
»¨°»®·³»²¬ 

ëòë ÌØ×ÎÜ ÛÈÐÛÎ×ÓÛÒÌ 

×² ¬̧ » ¬¸·®¼ »¨°»®·³»²¬ ©» ©¿²¬ ¬± »¨¿³·²» ©¸¿¬ · ¬¸» 
·²º´«»²½» ±º ³±®°¸±ó§²¬¿½¬·½ ·²º±®³¿¬·±² ±² ¬¸» 
¬®¿²´¿¬·±² «½½»ò 

Í´±ª»²·¿² ©±®¼ ©»®» ®»°´¿½»¼ ¾§ ´»³³¿ ¿²¼ ÓÍÜ 
½±¼» ¿¬¬¿½¸»¼ ¬± ¬¸»³ò ×² ¬¸· »¨°»®·³»²¬ ©» »¨°±» ¬¸» 
°®±¾´»³ ±º ¸±³±¹®¿°¸ò Ú±® »¨¿³°´» ¬¸» ©±®¼ ¹±®· ©¿ 
®»°´¿½»¼ ¾§ ¹±®»¬·ÁÅÊÓ×ÐíÍóóÒÃ ¿²¼  ¾§ ¹±®·ÁÅÎÙÐÃò ×² 
¬¸· »¨°»®·³»²¬ ©» ·²½®»¿» ¬¸» ¼¿¬¿ °¿®·¬§ô ± 
©±®»²·²¹ ±º ¬¸» ¬®¿²´¿¬·±² ®»«´¬ ©¿ »¨°»½¬»¼ò Ì¸» 
¼¿¬¿ °¿®·¬§ ±º ¬¸·®¼ »¨°»®·³»²¬ · »ª·¼»²¬ º®±³ Ì¿¾´» íò 

ð

ïððð

îððð

íððð

ìððð

ëððð

êððð

éððð

èððð

çððð

ð ïð îð íð ìð ëð êð

×¬»®¿¬·±²

ÐÐøÌ®¿·²÷ ÐÐøÌ»¬÷

ð

ïðð

îðð

íðð

ìðð

ëðð

êðð

éðð

èðð

çðð

ïððð

ð ïð îð íð ìð ëð êð

×¬»®¿¬·±²

ÐÐøÌ®¿·²÷ ÐÐøÌ»¬÷

89



Ì¿¾´» íæ Ì®¿·²·²¹ ½±®°« º±® ¬¸» ¬¸·®¼ »¨°»®·³»²¬ò 

Ì©± ª»®·±² ±º ¬¸·®¼ »¨°»®·³»²¬ ©»®» °»®º±®³»¼ò ×² ¬¸» 
º·®¬ ±²» ½´¿» ©»®» ³¿¼» ¿«¬±³¿¬·½¿´´§ò ×² ¬¸· ª»®·±² 
±º ¬¸» »¨°»®·³»²¬ ©» ±¾¬¿·²»¼ ÉÛÎãéëòëû ø»» ¬¸·®¼ 
®±© ·² Ì¿¾´» ì÷ò  

×² ¬¸» »½±²¼ ª»®·±² ±º ¬¸·®¼ »¨°»®·³»²¬ ½´¿» ±º 
©±®¼ ©»®» ¼»º·²»¼ ¾§ ÓÍÜ ½±¼»ò É» ¸¿¼ ïïðð 
¼·ºº»®»²¬ ÓÍÜ ½±¼»ò ×² ¬¸· ½¿» ©» ±¾¬¿·²»¼ 
ÉÛÎãéïòëû ø»» º±«®¬¸ ®±© ·² Ì¿¾´» ì÷ò 

Ì¸» ®»«´¬ ±º ¬¸·®¼ »¨°»®·³»²¬ ¸±©»¼ ¬¸» °®±¾´»³ ±º 
¼¿¬¿ °¿®·¬§ò Ü¿¬¿ °¿®·¬§ · »ª»² ¹®»¿¬»® ¬¸¿² ¸±©² ¿¬ 
¬¸» ¾»¹·²²·²¹ò Ì¸» ®»«´¬ ±¾¬¿·²»¼ ©·¬  ̧ÓÍÜ ½±¼» ¹¿ª» 
« ¬¸» ¿²¬·½·°¿¬·±² ¬¸¿¬ ÓÍÜ ½±¼» · ©»´´ ½±®®»´¿¬»¼ ©·¬¸ 
¬¸» °±·¬·±² ±º ©±®¼ ·² »²¬»²½»ò 

ëòê ÚÑËÎÌØ ÛÈÐÛÎ×ÓÛÒÌ 

×² ¬¸» º±«®¬¸ »¨°»®·³»²¬ ¬¸» ·²º´«»²½» ±º ÓÍÜ ½±¼» ©¿ 
º«®¬¸»® »¨¿³·²»¼ò É» «»¼ ¬¸»³ ¬± ·³°®±ª» ¼·¬±®¬·±² 
°®±¾¿¾·´·¬·» ±º ±«® º·®¬ »¨°»®·³»²¬ò Ì¸» »¨°»®·³»²¬¿´ 
»¬«° ®»³¿·²»¼ «²½¸¿²¹»¼ô ±²´§ ¿«¬±³¿¬·½ ½´¿» ©»®» 
®»°´¿½»¼ ¾§ ÓÍÜ ½´¿»ò Ü·¬±®¬·±² °®±¾¿¾·´·¬·» ±º 
©±®¼ ¼»°»²¼»¼ ¼·®»½¬´§ ±² ³±®°¸±ó§²¬¿½¬·½ º»¿¬«®» ±º 
©±®¼ò ×² ¬¸· »¨°»®·³»²¬ ©» ±¾¬¿·²»¼ ÉÛÎãêçòçû ø»» 
º·º¬  ̧®±© ·² Ì¿¾´» ì÷ò 

Ñ²» ¿¼¼·¬·±²¿´ ª»®·±² ±º ¬¸· »¨°»®·³»²¬ ©¿ °»®º±®³»¼ò  
×² ¬¸· »¨°»®·³»²¬ ¬®¿²´¿¬·±² °®±¾¿¾·´·¬·» ø ÷¶ ·Ð º »
©»®» ·³°±®¬»¼ º®±³ ¬̧ » »½±²¼ »¨°»®·³»²¬ô ©¸»®» ¬¸»§ 
©»®» ´»¿®²»¼ ±² ´»³³¿ò Û¿½¸ ´»³³¿ó¾¿»¼ °®±¾¿¾·´·¬§ 
ª¿´«» ©¿ ¿·¹²»¼ ¬± ¿´´ ©±®¼ º±®³ô ©¸·½¸ ¾»´±²¹ ¬± 
¬¸¿¬ ´»³³¿ò Ì¸» °®±¾¿¾·´·¬·» ©»®» ²±®³¿´·¦»¼ 
¿º¬»®©¿®¼ò   

×² ¬¸» ´¿¬ »¨°»®·³»²¬ ©» ±¾¬¿·²»¼ ÉÛÎãêèòçû ø»» ´¿¬ 
®±© ·² Ì¿¾´» ì÷ò Ì¸· ®»«´¬ · ±²´§ ´·¹¸¬´§ ©±®» ¬¸¿² ¬¸» 
®»«´¬ ±¾¬¿·²»¼ ¾§ ´»³³¿ò Ì¸· »¨°»®·³»²¬¿´ »¬«° ¼·¼ 
²±¬ ²»»¼ ¬¸» ´»³³¿¬·»® ·² ¼»½±¼·²¹ °¸¿»ò 

ÝÑÎÎ øû÷ ÉÛÎ øû÷ 

ïò ÛÈÐò íéòë éïòê 
îò ÛÈÐò ìðòê êèòë 

íò ÛÈÐò ø¿÷ ííòð éëòë 
íò ÛÈÐò ø¾÷ íëòç éïòë 
ìòÛÈÐò ø¿÷ íèòç êçòç 
ìòÛÈÐò ø¾÷ ìðòð êèòç 

Ì¿¾´» ìæ Ú·²¿´ ®»«´¬ ±º ¿´´ »¨°»®·³»²¬ 

êò ÝÑÒÝÔËÍ×ÑÒ 
×² ¬¸· °¿°»®ô ©» ¸¿ª» ¼·½«»¼ ¼·ºº»®»²¬ ¬§°» ±º 
¬®¿²´¿¬·±² ³±¼»´ò Ì¸» °®±¾´»³ ±º ¼¿¬¿ °¿®·¬§ ©¿ 
±«¬´·²»¼ò 

Ú®±³ ¬¸» »¨°»®·³»²¬ ©» ½±²½´«¼»¼ ¬¸¿¬ «·²¹ ´»³³¿ · 
¿ ¹±±¼ ¬¿®¬·²¹ °±·²¬ º±® ¼¿¬¿ °¿®·¬§ ®»¼«½¬·±²ò Ñ² ¬¸» 
±¬¸»® ¸¿²¼ ·¬ ¸¿ ¾»»² ¸±©² ¬¸¿¬ ÓÍÜ ½±¼» ¿®» ±º ¹®»¿¬ 
ª¿´«»ò ×² ¬¸» º«¬«®» ©» ©·´´ »¨¿³·²» ¸±© ¬± «» ¬¸»³ 
³±®» ®»¿±²¿¾´»ò Ò±¬ ¿´´ ¬¸» ·²º±®³¿¬·±² ·² ÓÍÜ ½±¼» · 
·³°±®¬¿²¬ º±® ¬®¿²´¿¬·±²ò É» ©±«´¼ ´·µ» ¬± ®»¼«½» ·¬ 
½±²¬»²¬ ¶«¬ ¬± ¬¸» ·³°±®¬¿²¬ °¿®¬ò  

éò Î»º»®»²½» 

ß´óÑ²¿·¦¿²ô Çòô Ý«®·²ô Öòô Ö¿¸® Óòô Õ²·¹¸¬ Õòô Ô¿ºº»®¬§ô Öòô 
Ó»´¿³»¼ Üòô Ñ½  ̧ Úò Öòô  Ð«®¼§ Üòô Í³·¬¸ Òò ßòô 
Ç¿®±©µ§ Üò øïççç÷ò Í¬¿¬·¬·½¿´ Ó¿½¸·²» Ì®¿²´¿¬·±²ò 
Ú·²¿´ ®»°±®¬ô ÖØË É±®µ¸±°ò  

Þ®±©²ô Ðò Úòô Ü»´´¿ Ð·»¬®¿ô Íò ßòô Ü»´´¿ Ð·»¬®¿ô Êò Öò ß²¼ 
Ó»®½»®ô Îò Ôò øïççí÷ò Ì¸» ³¿¬¸»³¿¬·½ ±º ¬¿¬·¬·½¿´ 
³¿½¸·²» ¬®¿²´¿¬·±² æ Ð¿®¿³»¬»® »¬·³¿¬·±²òò 
Ý±³°«¬¿¬·±²¿´ Ô·²¹«·¬·½ô ïçøî÷æîêíæíïïò  

Û®¶¿ª»½ô Ìò øîððî÷ò Ý±³°·´·²¹ ¿²¼ Ë·²¹ ¬¸» ×ÖÍóÛÔßÒ 
Ð¿®¿´´»´ Ý±®°«ò ×²º±®³¿¬·½¿ô Ê±´ò îêò  

Ù»®³¿²²ô Ëò øîððí÷ò Ù®»»¼§ Ü»½±¼·²¹ º±® Í¬¿¬·¬·½¿´ 
Ó¿½¸·²» Ì®¿²´¿¬·±² ·² ß´³±¬ Ô·²»¿® Ì·³»ò ×² 
Ð®±½»»¼·²¹  ±º ØÔÌóÒßßÝÔóîððíô Û¼³±²¬±²ô ßÞô 
Ý¿²¿¼¿ò 

Ó¿« »½ô Óò Íò øïççé÷ò Í¬¿¬·¬·½¿´ ´¿²¹«¿¹» ³±¼»´·²¹ 
¾¿»¼ ±² ¿«¬±³¿¬·½ ½´¿·º·½¿¬·±² ±º ©±®¼ô ×² 
Ð®±½»»¼·²¹ ±º ©±®µ¸±° æ ß¼ª¿²½» ·² Í°»»½¸ 
Ì»½¸²±´±¹§ô Ó¿®·¾±® æ Ú¿½«´¬§ ±º Û´»½¬®·½¿´ 
Û²¹·²»»®·²¹ ¿²¼ Ý±³°«¬»® Í½·»²½»ò 

Ñ½ ô̧ Úò Öò ú Ò»§ô Øò øîððí÷ò ß Í§¬»³¿¬·½ Ý±³°¿®·±² ±º 
Ê¿®·±« Í¬¿¬·¬·½¿´ ß´·¹²³»²¬ Ó±¼»´ò Ý±³°«¬¿¬·±²¿´ 
Ô·²¹«·¬·½ô îçøï÷ò  

Î±»²º»´¼ô Îò øïççë÷ò Ì¸» ÝÓË Í¬¿¬·¬·½¿´ Ô¿²¹«¿¹» 
Ó±¼»´·²¹ Ì±±´µ·¬ô ¿²¼ ·¬ «» ·² ¬¸» ïççì ßÎÐß ÝÍÎ 
Ûª¿´«¿¬·±²ò ×² Ð®±½»»¼·²¹ ±º ¬¸» ßÎÐß ÍÔÌ 
É±®µ¸±°ô ß«¬·²ô ÌÈò  

Ê· · ô Öò øîððî÷ò Í¬¿¬·¬· ²± ¬®±¶²± °®»ª¿¶¿²¶» ²¿®¿ª²·¸ 
¶»¦·µ±ªô  Ó¿¬»® ¬¸»·ò  

ÍÔÑ °¿®¬ ÛÒÙ °¿®¬ 

Í»²¬»²½» ïîôðìì 
Ë²·¬ èêôðíê çéôðêî 
Ê±½¿¾«´¿®§ îéôðíð ïîôéîë 
ó ·²¹´»¬±² ïìôèðç ëôêìë 
ó ¦»®±¬±² íôìðç ïôîéî 

90



Lost in Translation: the Problems of Using Mainstream MT 

Evaluation Metrics for Sign Language Translation 

Sara Morrissey1, Andy Way 

National Centre for Language Technology IBM CAS Dublin 
School of Computing,  Mullhuddart, 

Dublin City University, Dublin 15, Ireland. 
Dublin 9, Ireland. 

{ smor r i , away} @comput i ng. dcu. i e

Abstract 
In this paper we consider the problems of applying corpus-based techniques to minority languages that are neither politically 
recognised nor have a formally accepted writing system, namely sign languages. We discuss the adoption of an annotated form of sign
language data as a suitable corpus for the development of a data-driven machine translation (MT) system,  and deal with issues that 
arise from its use. Useful software tools that facilitate easy annotation of video data are also discussed. Furthermore, we address the 
problems of using traditional MT evaluation metrics for sign language translation. Based on the candidate translations produced from 
our example-based machine translation system, we discuss why standard metrics fall short of providing an accurate evaluation and
suggest more suitable evaluation methods. 

                                                     

1. Introduction 

2.

1 This work is generously sponsored by a joint IBM-IRCSET scholarship. 

Large amounts of money and resources are invested 
in dominant languages both in terms of linguistic 
analysis and their machine translation (MT). However, 
such investment serves to increase the prominence and 
power of these languages and ignores the less dominant, 
minority languages (Ó�Baoill & Matthews, 2000). Sign 
languages are the first languages (L1s) of the Deaf 
community worldwide and, just like other minority 
languages, are poorly resourced and in many cases lack 
political and social recognition.  

As with other speakers of minority languages, Deaf 
people are often required to access documentation or 
communicate in a language that is not natural to them. 
In an attempt to alleviate this problem, we propose the 
development of an example-based machine translation 
(EBMT) system to allow Deaf people to access 
information in the language of their choice. The 
language of choice for us is Irish Sign Language (ISL). 
While corpus creation for English�ISL is ongoing, and 
we hope to avail of this data in the near future, in order 
to seed the development of our EBMT system, we have 
instead used a corpus of Dutch Sign/Language 
Nederlandse Gebarentaal (NGT) data created by the 
ECHO project. The annotation scheme used for NGT is 
the same as for ISL, so we anticipate that migration to 
ISL will be reasonably seamless. 

In this paper we begin by introducing sign languages 
(SLs) in section two, briefly discussing their current 
status. Section three provides an overview of related 
work in the area of sign language machine translation. 
Section four reviews writing systems available for SLs. 
This is followed by a discussion on the annotated 
format we chose in section five. Section six gives a 
brief overview of EBMT before describing our own 
approach. We describe in section seven the experiments 

carried out on our system, and discuss both their 
evaluation and the problems with traditional evaluation 
metrics in section eight. Finally we conclude the paper. 

Sign Language 
SLs are the primary means of communication of the 

Deaf community worldwide. In SLs, the hands are the 
main articulators and non-manual features (NMFs) such 
as eyebrow movement, head tilt, and blinks add vital 
morphological and grammatical detail. SLs are fully 
formed natural languages that have developed in such a 
way that full articulatory use is made of the signing 
space, i.e. the area in front of the signer from waist to 
head and the extension of the arms in which discourse is 
articulated (Ó�Baoill & Matthews, 2000). 

Most countries have their own native SL, although 
some are dialects of more widespread languages. 
Despite the use of these manual languages as the L1s of 
Deaf communities, in most cases they lack political 
recognition and are often not recognised as languages at 
all. As a result, SLs remain less resourced than spoken 
languages. This is apparent in the areas of SL linguistics 
and machine translation of SLs. Both are relatively new 
areas in comparison with their spoken language 
counterparts. Significant SL linguistic research began 
about 45 years ago with the work of (Stokoe, 1960) and 
the earliest papers on research into the machine 
translation of SLs date back only approximately 15 
years.

In Ireland, Irish Sign Language (ISL) is the 
dominant language of the Deaf Community. As with 
other SLs, it is grammatically distinct from spoken 
languages. Despite being in use in Ireland since the 
1800s, its status has remained low and a standardized 
form of the language is not taught to children in Deaf 
schools in the same way that English is in spoken 
language schools. The development of the language is 
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slow as a result of �its users� lack of access to technical, 
scientific and political information� (Ó�Baoill & 
Matthews, 2000).  

NGT is the SL of the corpora we use for translation. 
NGT is the primary language of the Deaf community in 
the Netherlands with a population of approximately 
15,000 deaf. Similar to ISL, NGT was originally 
derived from French Sign Language and, as is the case 
in Ireland and many other countries, it has not attained 
recognition as an official language (Gordon, 2005). 

We hope that the development of our MT system 
with first an NGT, then ISL corpus will help to raise the 
status of SLs in these countries and facilitate 
communication of information to the Deaf community 
in their preferred language. 

3.

3.1. 

3.2. 

4.

4.1. 

4.2. 

Related Work 
Many different approaches have been applied to 

sign language machine translation (SLMT). As might 
be expected, most approaches have concentrated on 
translating from spoken languages to SLs.  

Traditional �Rule-Based� Approaches 
Given that SLMT has been tackled only quite 

recently, most approaches to date are �second 
generation�, namely transfer- or interlingual-based. 

Many transfer-based translation methodologies have 
been used. (Grieve-Smith, 1999) uses the domain of 
weather reporting and uses a literal orthography to 
represent American Sign Language (ASL) for 
translation into English by mapping the syntactic 
structure of one on to the other.  No evaluation methods 
have been used in his work. 

Other transfer approaches have been applied in 
(Marshall & Sáfár, 2002; Sáfár & Marshall, 2002). 
Their work employs discourse representation structures 
to represent the internal structure of linguistic objects 
then uses HPSG semantic feature structures for the 
generation of ASL. No automatic or manual evaluation 
is discussed 

A more syntax-based transfer approach is described 
in (Van Zijl & Barker, 2003) in their translation work 
from English to South African Sign Language. Their 
focus is on producing a signing avatar for manual 
evaluation at a later stage. 

Interlingual SLMT methodologies have also been 
employed that use language-independent intermediate 
representations as the basis of their translation.  (Veale 
et al., 1998) developed the ZARDOZ system, a 
multilingual sign translation system for English to Irish, 
American and Japanese Sign Languages using this 
approach.  (Zhao et al., 2000) used an interlingual 
approach for translating English to ASL and employed 
synchronized tree-adjoining grammars. Evaluation 
metrics are not mentioned for either interlingual 
approach.

(Huenerfauth, 2005) attempts to combine the two 
previous approaches, transfer and interlingual, with a 
more simplistic direct approach to create a hybrid 
�multi-path� approach. This system translates English 
to ASL using first an interlingual method, then failing 
that, a transfer then direct approach. His work 
concentrates on the translation of classifier predicates 
and will be manually evaluated by native signers.  

Corpus-Based Approaches 
The first statistical approach that we are aware of 

was that of (Bauer et al., 1999), but this is the only 
model we have come across where translation is not 
from spoken to sign language. Their approach consists 
of a video-based recognition tool for a lexicon of 100 
signer-dependent German Sign Language signs and a 
translation tool composed of a translation and language 
model, which is standard in the statistical MT (SMT) 
paradigm. 

An SMT model for spoken to sign language is 
described in (Bungeroth & Ney, 2004, 2006) to 
translate German weather reports into German Sign 
Language using HamNoSys (Prillwitz, 1989) notation. 
Their initial experiments are automatically and 
manually evaluated and show promising results for a 
data-driven approach. 

The first Example-based approach is our own model 
in (Morrissey & Way, 2005).  Using an NGT corpus, 
we developed a prototype system for translating English 
and Dutch into NGT. Although traditional evaluation 
metrics were not employed, through manual analysis of 
a set of experiments we show that encouragingly good 
translations were obtained. 

Writing Systems 
When applying EBMT techniques to SLs, the lack 

of recognition and under-resourcing of SLs, together 
with their having no formal or widely used writing 
system, make SL corpora difficult to find. Attempts 
have been made to develop notation systems for these 
visual languages, examples of which include Stokoe 
Notation, HamNoSys and SignWriting.  

Stokoe Notation 
Stokoe notation (Stokoe, 1960) was developed in the 

1960s for ASL and initially described three factors to be 
taken into account for SL description, namely 
tabulation, referring to the location of a sign; 
designator, referring to the handshape; and signation, 
referring to the type of movement articulated. SL- 
specific additions by international linguists over the 
years including the addition of a fourth factor 
orientation, describing the orientation of the handshape, 
have resulted in no universally accepted version of the 
Stokoe notation system (Ó�Baoill & Matthews, 2000). 
While this approach describes a comprehensive analysis 
of an SL, the method is data-heavy and not practical for 
use as a writing system for Deaf people. Furthermore 
there are no large corpora available in this format for 
use in a data-driven MT system. 

HamNoSys 
Another explicit notation system for SLs is the 

Hamburg Notation System (HamNoSys) (Prillwitz, 
1989) that uses a set of language-independent symbols 
to iconically represent the phonological features of SLs 
(Ó�Baoill & Matthews, 2000). This system allows even 
more detail than that of the Stokoe system to be 
described including NMFs and information about the 
signing space. For reasons similar to those above, this 
system is not suitable for adoption by the Deaf 
community as a writing system and again, no large SL 
corpora are available in this format. 
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4.3. SignWriting 
An alternative method was developed in (Sutton, 

1995) called SignWriting.2 This approach also describes 
SLs phonologically but, unlike the others, was 
developed as a handwriting system. Symbols that 
visually depict the articulators and their movements are 
used in this system, where NMFs articulated by the face 
(pursed lips, for example) are shown using a linear 
drawing of a face. These simple line drawings make the 
system easier to learn as they are more intuitively and 
visually connected to the signs themselves. The 
SignWriting system is now being taught to Deaf 
children and adults worldwide as a handwriting version 
of SLs. The system is not yet widely used but its 
usability and the rate at which it is being adopted 
suggests that corpora may be available in the near future 
on suitable topics for MT.  

4.4. 

5.

5.1. 

                                                     

Manual Annotation 
One way around the problems with writing systems 

is to manually annotate SL video data. This approach 
involves transcribing information taken from a video of 
signed data. It is a subjective process where a 
transcriber decides the level of detail at which the SL in 
the video will be described. These categories can 
include a gloss term of the sign being articulated by the 
right and left hands (e.g. HARE if the current sign being 
articulated is the sign for the animal hare), information 
on the corresponding NMFs, if there is repetition of the 
sign and its location. The annotations are time-aligned 
according to their articulation in the video. As the 
process is subjective, the annotation may be as detailed 
or as simple as the transcriber or project requires. On 
the one hand, this makes annotations suitable for use 
with corpus-based MT approaches as they are not 
loaded with linguistic detail and can provide gloss terms 
for signs that facilitate translation from and into spoken 
language. On the other, however, the problem of inter-
annotator agreement remains; discrepancies in the 
training data will hinder the capacity of the corpus-
based MT system to make the correct inferences. 

 Annotated Corpora for EBMT 
A prerequisite for any data-driven approach is a 

large bilingual corpus aligned at sentence-level from 
which to extract training and testing data. For 
translation between major spoken languages, such data 
is available in large amounts: in the recent OpenLab3

evaluation, we used almost 1 million aligned Spanish�
English sentence-pairs from the Proceedings of the 
European Parliament (Koehn, 2005) to seed our 
MaTreX system (Armstrong et al., 2006). While this is 
the largest EBMT system published to date, many SMT 
systems use much larger training sets than this, e.g. the 
Chinese-English SMT system of (Vogel et al., 2003) is 
trained on 150 million words.  

Dutch Sign Language (NGT) Corpora 
As discussed above, finding corpora suitable for the 

task we are confronted with in this paper can be 
difficult. However, a collection of annotated SL data�

                                                     
2 http://www.signwriting.org 
3 http://www.tc-star.org/openlab2006/ 

albeit on a much smaller scale than the training sets 
typical of data-driven approaches�has been made 
available through the ECHO project.4 This EU-funded 
scheme, based in the Netherlands, has made fully 
annotated digitised corpora for Dutch Sign Language 
(NGT: Nederlandse Gebarentaal) available on the 
Internet. The corpora have been annotated using the 
ELAN annotation software.5

ELAN provides a graphical user interface in which 
corpora can be viewed in video format with their 
corresponding aligned annotations (cf. Figure 1). The 
name of the annotation category tiers may be seen in the 
column on the left and the time-aligned annotations for 
each tier are displayed horizontally in line with the tiers.  

Annotation has been included that displays a time-
aligned translation in the native spoken language and in 
English. Further annotation groupings include a gloss in 
both spoken languages of the signs of both hands and 
various NMF descriptions. An example of some 
annotations used in the NGT corpus can be found in (1) 
(where numbers indicate time frame of annotation): 

(1)  3: 09: 500 3: 10: 380 
( Gl oss RH/ LH Engl i sh)  TI NY CURLS

3: 09: 500 3: 10: 380 
( Gl oss RH/ LH)  PI JPENKRULLEN

3: 09: 500 3: 10: 380 
( Repet i t i on)  u 

3: 09: 740 1461310 
( Eye Gaze)  l ,  d

Such suitably annotated corpora can be reasonably 
useful for an example-based approach to SLMT. 
Accompanying English and Dutch translation tiers and 
time-aligned annotations allow for easy alignment of 
corpora on a sentential level. The presence of time 
frames for each annotation also aids in the aligning of 
annotations from each annotation tier to form chunks 
that can then be aligned with chunks derived from the 
English/Dutch tier. As simultaneity (articulators signing 
two separate signs at the one time) and co-articulation 
(articulation of one sign being influenced by its 
neighbouring signs) are prevalent in natural signing, 
time-aligned annotations help tackle this issue by 
providing time boundaries to signs and NMFs so that 
each annotation remains complete and separate. As it is 
these annotations that are used in the translation output, 
once a satisfactory boundary width has been 
established, the issue of separating co-articulated words 
is removed automatically. 

While we were grateful to avail of the ECHO data, 
there are two main problems with it: firstly, the data 
consists of annotated videos of two versions of Aesop's 
Fables and an NGT poetry file�this is hardly the most 
suitable genre for any MT system. Secondly, despite 
combining all NGT data files available, the corpus 
amounted to a mere 40 minutes of data, or just 561 
sentences. This small corpus size obviously results in 
data sparseness; for any data-driven approach, the larger 

4 http://www.let.kun.nl/sign-lang/echo/data/html 
5 http://www.mpi.nl/tools/elan.html
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Figure 1 ELAN user interface

the amount of training data available, the greater the set
of sub-sentential alignments that can be created. This 
provides a larger scope for finding translation matches
for input string, which correspondingly increases the 
chances of improving system output. The ECHO project
team have funding to increase their corpus creation by
2008, so we hope to increase our training data when this
becomes available. 

5.2. Irish Sign Language Corpora
Currently, a large annotated corpus of ISL data is 

under construction. The Centre for Deaf Studies6 in
Dublin is in the process of annotating a corpus of 
approximately 40 hours of ISL data. However, the
subject matter of the ISL data is similar to that of the
NGT data, namely stories and conversation. While the
larger amount of training data will help increase the
translation quality of our system, we will still be
confronted with �unsuitable� data.

A more suitable corpus which would have a
practical use for the Deaf is, for example, the area of 
travel information. In airports and train stations,
announcements of changes in travel information are 
usually announced over a PA system; often such
information does not appear on the information screens
until a later stage if at all. For this reason many Deaf
people find themselves uninformed about changes to
schedules etc. through no fault of their own. In many
airports and train stations worldwide travel information
is entered into a system that announces the changes in 
an electronic voice. It is quite possible that this system
could be extended to accommodate SLs. The limited

range of statements and information used in these
circumstances could be compiled into a corpus and the
information that is announced could be translated into
sign language and displayed on video screens for the
Deaf to view. We are negotiating with our local airport 
authority to obtain such data in order to compile a
corpus of commonly used announcements suitable for
the seeding of our EBMT system�s memories.

6. Marker-Based EBMT
An example-based approach necessitates a set of 

sentences aligned in the source and target languages.
Three processes are used to derive translation for an
input string:

1. Searching the source side of the bitext for
�close� matches and their translations;

2. Determining the sub-sentential translation links
in those retrieved examples;

3. Recombining relevant parts of the target
translation links to derive the translation.

The methodology employed in our system is to
make use of the �Marker Hypothesis� (Green, 1979).
Here closed class words are used to segment aligned
source and target sentences and to derive an additional
set of lexical and phrasal resources. In a pre-processing
stage, (Gough & Way, 2004b) use 7 sets of marker (or
closed class) words for English and French (e.g. 
determiners, quantifiers, conjunctions etc.) to segment
the text into chunks which together with cognate
matches and mutual information scores are used to 
derive three new data sources: sets of marker chunks,
generalised templates and a lexicon.6 http://www.tcd.ie/Deaf_Studies/
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Within our system, sentential alignments are 
extracted using the time-aligned borders of the 
English/Dutch translation tiers and grouping all 
annotations within those time frames together to form 
the corresponding SL sentence. The English/Dutch 
sentences are segmented on the basis of closed class 
words. As an example, consider the sentence in (2), 
from  (Gough & Way, 2004a): 

(2) The f i r st  par t  of  t he book descr i bes 
t he component s  of  t he deskt op.  

This string is automatically tagged with marker 
words, as in (3): 

(3) <DET> The f i r s t  par t  <PREP> of  t he 
book descr i bes <DET> t he component s  
<PREP> of  t he deskt op.  

Given the tagged strings in (3), the marker chunks in 
(4) are automatically generated: 

(4) (a) <DET> The f i r s t  par t
      (b) <PREP> of  t he book descr i bes
      (c) <DET> t he component s
      (d) <PREP> of  t he deskt op

By generalising over the marker chunks we produce 
a set of marker templates. This is achieved by replacing 
the marker word by its relevant tag. From the examples 
in (4), we can produce the generalized templates in (5): 

(5) (a) <DET> f i r s t  par t
      (b) <PREP> t he book descr i bes
      (c) <DET> component s
      (d) <PREP> t he deskt op

These templates increase the robustness of the 
system and make the matching process more flexible. 

A different approach is used on the sign language 
side of the corpus. The annotations are segmented 
according to the NGT gloss time divisions and other 
corresponding annotations within the same time frame 
are grouped with that gloss to form a chunk. We 
therefore segment the sign language corpus into concept 
chunks to match the content of the English chunks. The 
example below demonstrates segments from both data 
sets (English (6) and NGT (7)) and their usability for 
chunk alignment: 

(6) <CONJ> or  wi t h t i ny  cur l s

(7) <CHUNK>
( Gl oss RH Engl i sh)  TI NY CURLS 
( Gl oss LH Engl i sh)  TI NY CURLS 
( Repet i t i on LH)  u
( Repet i t i on RH)  u 
( Eye gaze)  l , d

Despite the different methods used, they are 
successful in forming potentially alignable chunks. Both 
chunks indicate the possession of  �tiny curls�, 
articulated by the words in the English chunk and the 
right and hand left hand in the sign chunk. Extra 
information is added in by the NMFs repetition and eye

gaze. Repetition shows that the left and right hands 
signs are articulated a number of times, the �u� indicates 
uncountable repetitions in a wiggling manner showing 
the plurality of the sign, i.e. many curls. The eye gaze 
�l,d� indicates that the gaze of the signer goes from the 
left of the signing space (where the curls start at the 
signer�s head) downwards, following the movements of 
the hands. This is an important feature in SLs. The gaze 
of the signer usually follows the movement of the main 
articulators. Eye gaze is also used to indicate distance of 
an object in relation to the signer. If eye gaze was not 
taken into account vital information on the location of 
objects in the signing space or the distance of objects 
from the signer would be lost.  

7.  Experiments and Results 
We extracted 561 English� and Dutch�NGT 

sentence pairs. In order to provide an indication of data 
complexity, the English translations had an average 
sentence length of 7.89 words (min. 1 word per 
sentence, max. 53). 

We began testing the system for translation of 
English and Dutch into NGT. The data was divided into 
an approximate 90:10 training-testing splits, with 55 
randomly selected sentences withheld for testing 
purposes. Each test sentence is entered into the system 
and a translation produced based on best matches found 
at a sentential, sub-sentential (chunk) or word level.  

Manual examination of the output showed that the 
system performed reasonably well and appeared to have 
correctly translated most of the central concepts in the 
sentences (Morrissey & Way, 2005). However, 
annotations can be complex and it is difficult for an 
untrained eye to discern the correctness of the output. 
Furthermore, due to the subjectivity and varying format 
of the annotations, there lacks a �gold standard� against 
which they may be formally evaluated using traditional 
MT evaluation metrics. 

In light of this issue, we chose to reverse the 
translation process taking in annotations as input and 
producing either English or Dutch output. Output into 
spoken language takes the form of written text and 
output in sign language takes the form of grouped 
annotations.  

While reversing the directionality of translation 
enables automatic evaluation metrics to be used, the 
exercise is quite artificial in that there is little or no 
demand for translation from SL to spoken language. Of 
course, situations can be envisaged where this might be 
useful, e.g. in a post office, a Deaf customer could ask 
for stamps by signing into a camera and having it 
translated into text/speech for the hearing sales 
assistant, while the process could be reversed for 
communicating the information from the sales assistant 
to the Deaf person via a signing avatar. 

From the change in direction we were able to obtain 
evaluation scores for the output as we had reference 
translations against which to measure the output. 
However, as SLs by their very nature do not contain 
closed class lexical items, the output was sparse in 
terms of lexical data and rich only with respect to 
content words. This resulted in decidedly low 
evaluation scores. In an attempt to improve these scores 
we experimented with inserting the most common 
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marker word (the in English and de in Dutch) into the 
candidate translations in what we determined to be the 
most appropriate location, i.e. whenever an INDEX was 
found in the NGT annotations indicating a pointing sign 
to a specific location in the signing space that usually 
refers back to an object previously placed there. This 
was an attempt to make our translations resemble more 
closely the gold standard.  

7.1.

7.2. 

8.

                                                     

Automatic Evaluation Metrics 
The system was evaluated for the language pair 

NGT�English using the traditional MT evaluation 
metrics BLEU (Papineni et al., 2002), SER, WER and 
PER. BLEU score is a precision-based metric that 
compares a system�s translation output against reference 
translations by summing over the 4-grams, trigrams, 
bigrams and unigram matches found divided by the sum 
of those found in the reference translation set. It 
produces a score for the output translation of between 0 
and 1. Sentence Error Rate (SER) computes the 
percentage of incorrect full sentence matches. Word 
Error Rate (WER) computes the distance between the 
reference and candidate translations based on the 
number insertions substitutions and deletions in the 
words of the candidate translations divided by the 
number of correct reference words. The Position-
independent word Error Rate (PER) computes the same 
distance as the WER without taking word order into 
account. With all error rates, a lower percentage score 
indicates better candidate translations. 

NGT�English Results 
For the 55 test sentences, the system obtained a SER 

of 96%, a PER of 78% and a WER of 119%.7 Due to 
the lack of closed class words produced in the output, 
no 4-gram matches were found, so the system obtained 
a BLEU score of zero. Ongoing experiments using the 
�Add-One� ploy of (Lin & Och, 2004) will circumvent 
the �Zero-BLEU� problem described here. An example 
of the candidate translation capturing the central content 
words of the sentence may be seen in (8) compared with 
its reference translation in (9). 

(8) mouse pr omi sed hel p

(9) ‘ You see, ’  sai d t he mouse,  ‘ I  
pr omi sed t o hel p you’ .  

Here it can be seen that our EBMT system includes 
the correct basic concepts in the target language 
translation, but for anyone with experience of using 
automatic evaluation metrics, the �distance� between the 
output in (8) and the �gold standard� in (9) will render 
the quality to be scored very poorly.  

In the next section, we hypothesize whether a 
different evaluation metric might be more useful, both 
for SLMT, but also for MT as a whole. 

Discussion of the Evaluation Process 
As shown in the previous section, we struggled to 

use mainstream MT evaluation metrics such as BLEU, 

7 It is possible to obtain a WER of more than 100% if there are fewer 
words in the reference translations than in the candidate translations. 

WER and PER, albeit in a rather artificial exercise. Of 
the related work mentioned in section 3, only the 
translations produced by (Bungeroth & Ney, 2005) have 
been evaluated using these metrics. The standard 
evaluation technique applied to SLMT seems to be a 
manual assessment by native and non-native signers. 

We contend that in general, the traditional string-
based metrics are inappropriate for the evaluation of 
SLMT systems, where the primary goal is translation 
from an oral to a non-oral language, as there is no �gold 
standard� underlying sign language annotation 
available.

A typical annotation taken from our corpus was 
shown in (7). For our purposes, we concentrate mostly 
on the �GLOSS� field, but other relevant information 
appears in other fields too, such as lip rounding, puffing 
of the cheeks etc. The absence of the semantic 
information provided by these NMFs affects the 
translation and thus the evaluation scores, so we intend 
to incorporate this information into the system in the 
next phase of development. 

Our experiments were further hampered by the fact 
that we were generating root forms from the underlying 
GLOSS, so that a lexeme-based analysis of the gold 
standard and output translations via a morphological 
analysis tool might have had some positive impact. This 
remains an avenue for future research.  

Subsequent experiments to (i) insert the most 
common marker word corresponding to the appropriate 
marker tag (to make our translations resemble more 
closely the �gold standard�, and (ii) delete marker words 
from the reference translations (to make them closer to 
the translations output by our system) had little effect 
on overall BLEU score. 

In fact, we have come to the conclusion that rather 
than continue to attempt these �transformations� in order 
to try to reconcile the differences between the reference 
and candidate translations, we would in fact be better 
off developing automatic MT evaluation metrics that 
were more suitable to sign language data  

One measure that might have some promise is 
evaluation on the level of syntactic (or, even better, 
semantic) relations. For example, compare the 
(invented) reference and candidate translations in (10): 

(10) Reference: I  went  t o t he shops      
yest er day.

Candidate: Yest er day I  went  t o t he 
shops.

Despite being a �perfect� translation in many ways, 
the candidate translation in (10) obtains a BLEU score 
of just 0.669. However, at the level of syntactic 
relations, the sentences in (10) are identical.   

One method of evaluating the �goodness� of 
translations would be at the level of syntactic 
dependencies, rather than by measuring the distance 
between two strings. Dependency parsers for many 
languages exist already; two examples that one of the 
authors has been involved in are the LFG parsers of 
(Cahill et al., 2004) for English, and (Cahill et al., 2005) 
for German. New strings are parsed using a variety of 
PCFG-based LFG parsers, and LFG trees and f-
structures are produced. Gold standard sets of f-
structures exist (e.g. the PARC-700), and reference and 
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system-generated f-structures can be compared and 
evaluated using F-score. An alternative means of 
evaluation would be to read the semantic forms 
(subcategorisation frames) off the f-structures generated 
using the method of (Ó�Donovan et al., 2005) and 
compare the �predicate(filler, arg)� triples. Given 
examples such as (8), for example, it might be sufficient 
for our purposes to evaluate only the �PRED� (or 
headword) triples. 

All this remains for further research, and is outside 
the scope of this paper, but we are quite confident that 
such an evaluation would be more useful not only for 
sign language MT, but for all models of translation. 
Clearly, in addition, human evaluation remains crucial 
for all such approaches. 

9. Conclusions 
We have described ongoing work on our EBMT 

system to translate between oral and sign languages. 
Like other minority languages, SLMT suffers from the 
lack of suitable corpora for the training of corpus-based 
models of translation. In order to bootstrap the system, 
we have used 561 English� and Dutch�NGT sentence 
pairs from the ECHO corpus. 

Despite the subjective nature of the corpus and its 
size, the availability and ease of use of the annotations 
facilitates speed of development of such an SLMT 
system. Were a larger corpus to be made available in 
another SL, the approach described above could easily 
be applied.  

One disadvantage of a corpus-based approach, as 
discussed in this paper, is its evaluation. No �gold 
standard� is available for evaluating candidate 
translations in SL and the metrics used for evaluating 
the English/Dutch output fall short of recognising that 
the candidate translations capture the essence of the 
sentence. We are confident that a syntactic- or 
semantic- based evaluation metric would better reflect 
the performance of an SLMT system while at he same 
time providing an improved evaluation approach for 
written languages. 
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Abstract 
 In the paper is described “KÜLEPEK” – a database system created by the author for description of Chuvash word-changing 
and word-forming affixes. The system is based on the attribute-sample model of affixes, which allows to describe affixes and their 
phonological, morphotactic and orthography rules. The system uses DBase IV database engine and was created in Borland Delphi 7.0 
software environment, has a user friendly interface and can run under Windows 98/200/ME/XP. It is applicable for a large number of 
agglutinative languages with a finite-state morphology and can be used as a part of a morphological parser, and as an independent 
reference tool as well. 

1. The Attribute-Sample Database System’s 
Common Structure and Description 

The attribute-sample model of morphology (Zheltov, 
2003) is based on following principles: 

1) division of affixes to types; 
2) conforming to each type a number of patterns, 

which describe phonological, morphotactic and 
spelling rules. 

Chuvash language11, being an agglutinative one, is 
mainly based on affixes and their interaction with stems 
and each other. In Chuvash morphemics are widely 
present such phonological variations (Sergeyev, 1992) as: 

1) quality synharmonism  -  “soft” (front vowel) 
stems agglutinate “soft” allomorphs, while “hard” 
(back vowel) stems agglutinate “hard” allomorphs. 
As a rule each affix has minimum two allomorphs – a 
“soft” one and a “hard” one: 

anne “my mother” + e (dat.-gen. affix)  = annene 
“to my mother”; 

laşa “horse” + a (dat.gen. affix’s allomorph) = 
laşana “to horse”. 

But some affixes have only “soft” allomorphs (like 3-
rd pers. sing.  possessive affix -ĕ/-i “his/her”), thus a 
distorting of. synharmonism is observed sometimes:  

šırăvĕ “his/her letter”. 
      2) interphonemes insertion:  

         anne “my mother” +e (dat.-gen affix)  = annene 
“to my mother/my mother”. 

3) vowels reduction (elisia) 
a) in word formation: 
vat šın < vată šın – “old man”, 
purnăš < purănăš – “life”, from purăn – “to live” 
b) in word changing: 
vula (“to read”) + ăp (future tense 1-st pers. sing. 
affix) = vulăp “ (I) shall read”. 

                                                   
1 Chuvash language belongs to the Bulgar group of Turkic 
languages, together with extinguished Bulgar and Hazar 
and counts near 1,6 millions of speakers, their main part 
lives in Chuvash Republic and Volga region of Russian 
Federation. It is considered an endangered one and you can 
read more about the situation in (Zheltov, 2005). 

 

4)  consonants reduction: 
in ten verb stems, ending on -r, r is falling out in 
some verb forms: 

pır (“to come”) + -t- (past tense affix) + -ăm (1-st pers. 
sing. affix) = pıtăm “(I) have come”. 

5)  consonants duplication in noun stems, ending on 
ă/ĕ, combined with final vowel reduction, when 
placed to dative-genitive case: 

 tulă “wheat” + -a (dat.-gen. case affix) = tulla. 
 sĕlĕ “oats” + -e  (dat.-gen. case affix) = sĕlle. 

6) final vowels alternation: 
             u – ăv,          

         ü – ĕv. 
šıru “letter” + ĕ (3-rd pers. sing. possessive affix) = šırăvĕ 
“his/her letter”, 
vĕrenü “studying” + ĕ  (3-rd pers. sing. possessive affix) = 
vĕrenĕvĕ “his/her studying”. 

The n in the example above as well as in laşana is an 
interphoneme, placed when a stem ends on a vowel and 
the agglutinating to it affix also begins on a vowel. 
Interphonemes are also being used in Chuvash in some 
other cases. 

From this point of view Tatar language (a neighbour 
Turkic language of Kipchak group) has also two 
allomorphs of dative case: -a, -ə, while its others 
allomorphs -ga, -gə, -ka, -kə, -na, -nə are compound ones, 
decomposed to the allomorphs -a, -ə and interphonemes -
g-, -k-, -n-. But from the formal point of view the 
representation accepted by Chuvash linguists is more 
comfortable, especially for computer analysis. 

The database system has an interface structure, 
consisting of 6 tables that can be optionally filled for each 
affix: 

 
Affix Allomorphs Morphologic feature Type 

 а      А 

            е 

Case (dative-genitive)   1 

 
Table 1: Affixes. 
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Type Stem –
Affix 

Stem~ – 
Affix 

Affix~– 
Affix 

Exception 

1 1 2 3 4 
 

Table 2: Type – Application rules.
 

Left 
context 

Allomorph Transformation Result Example 

ВС а +а ВСа курак-а 

FC е +е Все кĕрĕк-е 
Са а +н+а Сана лаша-на 

Се е +н+е Сене пике-не 

Си е +е Сие пӑри-е 
          
 

Table 3: Stem–Affix. 
 

 
Left context Allomorph Transformation Result Example Exception 
Сӳ      е -ӳ       ,+ĕв,+е СĕВе пĕлӳ     –пĕлĕве – 
Су а -у,+ӑв,+а СӑВа ҫыру–ҫырӑва – 

ВСӑ а -ӑ,+с,+а ССа пулӑ–пулла – 

FCĕ е -ĕ,+с,+е Ссе сĕлĕ – сĕлле – 
ССӑ а -ӑ,+а Сса карланкӑ – карланка пуртӑ 

 
Table 4: Stem~– Affix. 

 
Transformation Left 

context 
Allomorph 

Left context Transformation 

Result Example 

F +н+е ӳне аннӳ– аннӳне 
FC -ӳ, +н+е Сне кинӳ– кинне 

 ӳ       
 

 
е 

ВСь -ӳ,+ь,+н+е Сьне мӑкӑнӳ– 
мӑкӑньне 

В +н+а уна  хулу– хулуна у а 
ВС -у,+н+а Сна арӑму–арӑмна 

 
Table 5: Affix~ – Affix. 

 
 
 
 

 
 

Table 6: Exceptions. 
 

 
 
 

 
 

 

Exception Allomorph Transformation Result 
пуртӑ а -ӑ, +с, +а пуртта 
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The table “Affixes” contains the affixes (their lexical 
representation)2, their allomorphs (surface representation 
of affixes), their morphological feature (in Chuvash there 
is usually 1 : 1 relation between an affix and 
morphological features it expresses) and the optional field 
“Type”.  The field “Type” is used when in our database 
there exist already patterns of rules corresponding to the 
newly inputted affix, so we can just fill the type and the 
tables below will be filled automatically from existing 
patterns, with which the type value is related in the table 
“Type – Application rules”. 

 The table  “Type – Application rules” is filled 
automatically by the system for each affix, after the user 
has filled phonological rules in the tables “Stem – Affix”, 
“Stem~ – Affix”, “Affix~ – Affix”, “Exception”.  

The table “Stem – Affix”, describes contexts in which 
the current affix, when being glued to a stem, doesn’t 
cause any changes in the last one.  The field “Left 
context” contains the finals of the stem, to which the 
current allomorph can be glued. In the field “Allomorph” 
the user enters an allomorph of the current affix, which 
can be glued in this context. The field “Transformation” 
contains the transformations, which have to be done to 
glue the allomorph. The sign “-” means reduction of a 
symbol before it, while “+” means addition. The Latin 
capital letter “B” means back vowel, “F” means front 
vowel and “C” consonant. In the field “Exception” are 
listed stems, the interaction of which with the current 
allomorph is exception to these rules. The field “Example” 
illustrates the application of each phonological rule. 

The table “Stem~ – Affix” describes contexts in which 
the current affix causes the change of a stem it is glued to. 

“Affix~ – Affix” is a table describing contexts when an 
interaction between the current affix and the affix that has 
been glued to the stem before it causes phonological 
changes in the last one. 

While describing morphonological rules for Chuvash 
affixes, we have also encountered the recursion 
phenomenon. 

The phenomenon of recursion on the morphology level 
is present both in Chuvash and Tatar, as well as in other 
Turkick languages. They are formed in Chuvash by:  

1) relative affixes -ti/-çi. 
Such recursive structures are translated into English 

with the means of relative pronouns – “who”, “which”, 
“what” and with the means of demonstrative pronouns 
“that”, “those”, “these”. 
     a) Yal+ti – “that, who/which is in the village”. 
     Village+ti. 
     b) Yaltisene – “to those who/which are in the village” 
     Village+ti+plural affix+dat-dir. 
     c) Yaltisençine –“to that, which/who is by those, who 
are in the village”. 
      Village+ti+plural+çi +dat-dir. 
                                                   

2 The lexical representation is an abstract uniting entry for a 
group of allomorphs, expressing the same morphologic 
features.  For example we can lexically represent the 
allomorphs’ set {-a,-e} of dative-genitive case like -A.  The 
concrete allomorphs {-a,-e} are surface representations of 
the abstract affix –A. 

 

     d) Yaltisençisene – “to those, who/which are by those, 
       who/which are in the village”. 
       Village+ti+plural+çi +plural+dat-dir. 
      2) by the possesivity affix -Ăn (-ăn/-ĕn/-n). This affix 
is closely related with the possesivity’s category. 

Let us have a hierarchy of possesivity’s relations: 
A ⊂ B ⊂ C… Then a following structure is possible: A-
Ăn ⊂ B-Ăn ⊂ C-Ăn…: 

Tăvan appăşĕn ıvălĕn açin mănukĕ – “the grandson of 
his/her elder sister’s son’s son (the grandson of cousin’s 
son)”; 
      3) by the affix of dative-accusative case -A (-a/-e). Let 
us have an hierarchy of spatial relations. Then is possible 
a recursive structure A-NA ⊂ B-NA ⊂ C-NA…: Aytar 
Parişa universiteta texnika fakultetne vĕrenme kayrĕ. – 
“Aydar has gone to study to Paris, to university, to the 
technical department”.  

    4) by the locative case affix -TA (-ta/-te/-ra/-re/-çe). 
    Aytar Parişra universitetra texnika facultetĕnçe 
vĕrenet. – “Aydar studies in Paris, at university, at the 
nical department”.  
     5) by ablative case affix -TAn (-tan/-ten/-ran/-ren/-
çen). Francinçen Parişran universitetran Aytartan 
šıru kilçĕ. – “A letter has come from France, from 
Paris, from university, from Aydar”. 
As it can be seen from the examples above, the 

recursion phenomenon is an important one while parsing. 
In our database we describe it by adding the word 
“recursion” into the morphologic feature of these affixes. 

 
Affix Allomorphs Morphologic feature Type 

     ти (ti)   Ти      
 (Ti)      чи (çi) 

Relative affix 
(recursion) 

  3 

ăн (ăn)   Ăн     
 (Ăn)  ĕн (ĕn) 

 Possesivity affix 
(recursion)   4 

а    A 
 e 

Dative-accusative 
case affix (recursion)   4 

та (ta) 
те (te) 
ра (ra) 
ре (rе) 

   TA 
 

че (çe) 

Locative affix 
(recursion)   4 

тан (tan) 
тен (ten) 
ран (ran) 
рен (ren) 

 TAн  
(TAn) 
 

чен (çen) 

Ablative case affix 
(recursion)   4 

 
Table 7: Affixes. 

 
Using our system we have created a database, which 

describes over 120 word-forming and over 50 word-
changing Chuvash affixes, and are planning to create on 
its basis a morphological parser of Chuvash language. We 
have also compiled on its basis a reference tool (Table 8). 
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Context Lexical 
represent
ation  

Allomorph 
Vowel 
quality 

Vowel / 
Consonant 

Rejection /Addition 

е (кĕнеке+н+е) F е The interphoneme ‘н’ is glued after the 
stem. 

е (пĕрч+е, сĕлл+е) F ĕ Ĕ is rejected. If the word ends on. Ĕ 
preceded by a consonant this consonant 
is duplicated in two syllable words. 

а (карланк+а, пулл+а, 
пуртт+а) 

B ă ă falls out. If the word ends on ă 
preceded by a consonant this consonant 
is duplicated in two syllable words. 
The exception is the word пуртă. 

а (ача+н+а) B а ‘н’ is glued after the stem. The 
exceptions are loanwords from Russian  
ending on ‘а’. In them ‘a’ is rejected 
and changed on ‘ă’ (машина – 
машинăна). 

е (пĕлĕв+е, анне – аннÿ – 
аннÿ+н+е, ĕне – ĕнÿ – 
ĕнÿ+н+е) 

F ÿ ‘ÿ’ is rejected. Exceptions are words, 
where ‘ÿ’ is the possessive  affix of the 
2-nd person singular. In them ‘ÿ’ is not 
rejected and the interphoneme ‘н’ is 
glued after the stem, before the 
allomorph ‘е’. 

а (ывăл – ывăлу – ывăл-
н-а) the possessive  affix 
of the 2-nd person singular 

B the stem ends 
on a consonant 

‘у’ falls out: ‘н’ is added after the stem. 
 

е (кин – кинÿ – кин+н+е) 
the possessive  affix of the 
2-nd person singular 

F the stem ends 
on a consonant ‘ÿ’ falls out: ‘н’ is added after the stem. 

 

а (кино+н+а) B о ‘н’ is added after the stem 
е (медаль – медал-е, 
мăкăнь– мăкăн-е, тетрадь 
– тетрад+е) 

B дь, ль. нь ‘ь’ falls out (медаль - медале) 

е (мăнукĕ – мăнук+н+е) 
the possessive  affix of the 
3-rd person singular 

B ĕ ‘ĕ’/’и’ fall out, ‘н’ is added after the 
stem. 

е (çулçи – çулçи+н+е) the 
possessive  affix of the 3-
rd person singular 

B и ‘н’ is added after the stem. 

А 

е (тетрачĕ – тетрадь+н+е, 
турачĕ – турат+н+е) the 
possessive  affix of the 3-
rd person singular 

B ĕ If the original stem ends on ‘т’/‘ть’/ 
‘д’/‘дь’, then ‘ч’ which appeared due 
to the possessive affix of 3-rd person 
singular is rejected.  The stem is 
transacted back and the interphoneme 
‘н’ appears. 

 
Table 8: The table of a reference tool for Chuvash affixes. 
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