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Abstract

Parallel data scarcity problem is a major challenge faced by
Statistical Machine Translation (SMT). The aim of this thesis is to
enrich a SMT system by adding more morphological variants and
new translation lexicon automatically generated out of monolingual
data. To induce bilingual lexicon, instead of taking advantages of
comparable corpora or parallel data, we proposed a supervised
classifier trained using monolingual features (e.g. word embedding
vectors, plus Brown clustering or word frequency information) of
only a small amount of translation equivalent word pairs. The
classifier is able to predict whether a new word pair is under a

translation relation or not.

Our experiments of SMT phrase table expansion were conducted on
Chinese and Spanish, since we realized that although they are two
of the most widely spoken languages of the world, this language
pair is suffering from a data scarcity situation. In addition to the
problems caused by the words that are not included in the training
corpus, the inflection differences between this language pair make
the translation even more challenging when only limited parallel

data are available.

The obtained results demonstrate that, on the one hand, with the
method of morphology expansion, the SMT system achieves an
improvement of up to + 0.61 BLEU compared to the results of a

low resource Chinese-Spanish phrase-based SMT baseline. On the



other hand, our supervised classifier reaches a 0.94 F1-score and the
SMT experiment results show an improvement of up to +0.70
BLEU with the resulting bilingual lexicon, demonstrating that the

errors of the classifier are ultimately controlled by the SMT system.



Resumen

La escasez de datos paralelos es un problema importante para la
Traduccion Automatica Estadistica (TAE). El objetivo de esta tesis
es enriquecer un sistema de TAE anadiendo mas variantes
morfologicas y un nuevo léxico de traduccion generado
automaticamente desde datos monolingiies. Para inducir el Iéxico
bilingiie, en lugar de depender de corpus comparables o de datos
paralelos, proponemos un clasificador supervisado entrenado con
representaciones monolingiies (por ejemplo, vectores distribuidos,
agrupaciones de Brown e informacién de la frecuencia de palabras)
de s6lo una pequena cantidad de traducciones. El clasificador es
capaz de predecir si un nuevo par de palabras es una traduccion la

una de la otra, o no.

Realizamos los experimentos para enriquecer el sistema de TAE
con chino y espafiol, porque a pesar de que estas lenguas son dos de
las mas habladas del mundo, este par de idiomas sufre de escasez de
datos paralelos. Ademas de los problemas causados por las palabras
que no estan incluidas en el corpus de entrenamiento, las diferencias
de flexion morfologica entre este par de idiomas hace que la
traduccion sea de peor calidad cuando se dispone de pocos recursos

paralelos.



Los resultados obtenidos demuestran que, por un lado, con el
método de expansion morfoldgica, el sistema de TAE logra una
mejora de hasta + 0,61 BLEU en comparacion con los resultados
obtenidos con un sistema basico chino-espafiol con poco corpus.
Por otro lado, nuestro clasificador supervisado, que alcanza una F1
de 0,94, proporciona nuevos pares de traduccion que resultan en una
mejora de hasta +0,70 BLEU con respecto al sistema basico,
demostrando que los errores del clasificador son, en ultimo término,

controlados por el sistema de TAE.



Resum

L'escassetat de dades paral-leles és un problem important per a la
Traduccidé Automatica Estadistica (TAE). L'objectiu d'aquesta tesi
¢s enriquir el sistema de TAE afegint més variants morfologiques i
un nou lexic de traducci6 generat automaticament des de dades
monolingiies. Per induir el leéxic bilingiie, en lloc de dependre de
corpus comparables o de dades paral-leles addicionals, proposem un
classificador supervisat entrenat amb representacions monolingiies
(per exemple, vectors distribuits, agrupacions de Brown i
informaci6 de la freqiiéncia de paraules) de només una petita
quantitat de traduccions. El classificador és capag¢ de predir si un

nou parell de paraules és un la traduccio de ’altre, o no.

Hem realitzat experiments per enriquir un sistema de TAE entre
xings 1 espanyol, perque tot i que aquestes llengiies son dues de les
més parlades del mon, aquest parell d'idiomes esta patint 1'escassetat
de dades paral-leles. A més dels problemes causats per les paraules
que no estan al corpus d’entrenament, les diferéncies de flexio
morfologica entre aquest parell d'idiomes fa que la traducci6 sigui

de poca qualitat quan es disposa de pocs recursos paral-lels.



Els resultats obtinguts demostren que, per una banda amb el métode
d'expansié morfologica, el sistema de TAE aconsegueix una millora
de fins a + 0,61 BLEU en comparacié amb els resultats obtinguts
per un sistema basic xinés-espanyol entrenat amb pocs recursos. Per
altra banda, el nostre classificador supervisat, que assoleix una F1
de 0,94, proporciona nous parells de traduccio que resulten en una
millora de fins a + 0,70 BLEU respecte al sistema basic, demostrant
que els errors del classificador son, en ultim terme, controlats pel

sistema de TAE.
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Chapter 1

1. INTRODUCTION

Machine translation (MT) has been one of the most paradigmatic
and valuable applications in natural language processing (NLP).
Looking back to the seventeenth century, Leibniz and Descartes
proposed a series of codes which would relate words between
languages. However, all of these proposals remained theoretical,
and none resulted in the development of actual machine translation
systems in our time. From the late twentieth century, the availability
of language resources and the improvement of the NLP
technologies brought MT to a new scenario, making this research
area inspiring and challenging. Besides the scientific research
interest, the profitability of MT as a business has attracted more and
more companies and institutions to exploit MT technologies,
because nowadays factors like budgets, staffing and time
consumption, always make organizations shy away from translating

even a small fraction of the information they have at hand. To help


http://en.wikipedia.org/wiki/Descartes
http://en.wikipedia.org/wiki/Gottfried_Wilhelm_Leibniz

with such situation, MT can offer significant improvements in
translation efficiency and maximize the amount of information

available to customers with different language backgrounds.

Although MT has achieved significant advancements in recent
times, it is still challenging for computers to translate our human

languages because of the following general reasons:

e Much of the difficulty of natural language processing in
general, and MT in particular, arises from the ambiguity
problem. The same word may have different meanings
regarding different contexts. For instance, the Chinese word
7K % means ‘water’ in the sentence #ZFEHIALIX ZZ T EHT
K% (‘healthy skin requires plenty of water’), but in the
sentence 1X T #R 1B B LEIKSA (‘this report seems somewhat
exaggerated’), it means ‘exaggeration’. Since in both cases,
the word K%' is used as a noun, it is difficult to

disambiguate them.

e Differences of word order, morphological richness level and
grammatical structure between languages also pose
problems for MT. For example, translation errors due to
inflection frequently occur when translating from Chinese to

Spanish, since Chinese nouns and adjectives have no gender



and number, and adjectives typically come before the nouns

they modify, but in Spanish it is the other way around.

Language is highly variable with respect to several
dimensions: style, genre, domain and topics, etc. Even
apparently small differences in domain might result in
significant deviations in the underlying statistical models.
For example, current technologies require large language
samples for statistical machine translation (SMT), linguistic
variability would indeed suggest to consider many
alternative data sources as well (Bertoldi and Federico,

2009).

Machine can not perform common-sense reasoning which
involves literally millions of facts about the world. The task
of coding up the vast amount of knowledge required is
daunting (Arnold, 2003). In practice, most of what we
understand by “common-sense reasoning” is far beyond the
reach of modern algorithms. For instance, to translate the
sentence I will bring my bike tomorrow if it looks nice in the
morning, one must be aware that it refers to the weather
because people usually ride bikes when the weather is nice
and bikes do not usually change their aspect in the mornings

(Sanchez-Cartagena, 2015).



At the present stage, the main MT technologies are: rule-based
machine translation (RBMT), which is based on explicit linguistic
knowledge; statistical machine translation (SMT), which learns
translation correspondences from parallel text corpora; and neural
machine translation (NMT), a new approach to MT in which a large

neural network is trained to maximize the translation performance.

In this work, we mainly focussed on the statistical approach because
it is still the most widely used technique in MT. This conclusion is
based on two main issues: (1) in comparison with rule-based
systems, development effort for SMT is dramatically reduced and,
in general terms, the achieved translation quality is considered to be
of acceptable quality; (2) NMT is still in its infancy and is
computationally expensive both in training and in translation
inference, thus, a lot of effort remains to be done for transforming it

into a truly robust platform.

1.1 Key issues in SMT from Chinese to Spanish

Chinese has often been described as ideographic or pictographic
language, that is, consisting of graphic symbols rather than letters
which represent an idea or concept, and its writing system does not
reflect pronunciation (Casas-Tost and Rovira-Esteva, 2014). It has
its own non-alphabetic symbols, known as orthographic characters.

Its writing system contains tens of thousands of characters. Unlike



letters in alphabetic writing systems of western languages, Chinese
characters are not arranged in a linear fashion. Each character
corresponds to a single syllable that is also the smallest
meaning-bearing unit — morpheme. DeFrancis (1984) claimed that
Chinese writing is morphosyllabic. However, it should be made
clear that characters can not be equated with the concept of ‘word’
in Chinese. In Chinese writing system, there are two relevant

linguistic units — morpheme (%) and word (1d):
- Morpheme

Similar to western languages, the smallest meaningful elements are
named as morphemes as well in Chinese, and they can be combined
to form words. A morpheme can not be further analysed into
smaller parts and still remain meaningful. In fact, the vast majority
of Chinese morphemes have a lexical nature. They have certain
semantic properties, but can also be bound in some cases. For
instance, the character A means ‘fire’ in Chinese, and it can be
treated as a word of only one morpheme, but in other cases, it can
also be combined with other characters to form new words, such as
KEE (‘matches’) , A4E (‘flame’) and AZEZE (‘Pitaya’).
Arcodia (2007) compared this type of Chinese morphemes to the
“neoclassical constituents” of Standard Average FEuropean
languages (henceforth, SAE), such as philo-, -logy or —phobia,

having lexical (rather than grammatical) meaning and always bound



to some other constituent. The difference is that most of these
“Chinese bound morphemes” can be used independently as well.
Besides the morphemes with semantic properties, there is another
type of morphemes which play an important role in syntactic
function, but barely has semantic significance and can not be used
independently in a sentence, such as T, {& and B4. For instance, in
the two sentences shown below, the extra T in (2) changes the

tense of the sentence (1):

(1) b & #8™., — He goes to the supermarket.
(2) b = #8™ T, — He went to the supermarket.

- Word

Packard (2000) defined word as the smallest syntactically free form
that can stand as an independent occupant of a syntactic form class
slot. For instance, in English, eat and for both are words since they
normally occupy a verb slot and a preposition slot in sentence
respectively, and they both have their own semantic and syntactic
significance. Although some morphemes (free morphemes) can
occur alone in a sentence, the morpheme units are not identical to
word. The principal difference is that a morpheme may or may not

stand alone, whereas a word is freestanding.

When dealing with Chinese in natural language processing, the

notion of word is hard to determine. In western languages, words


https://en.wikipedia.org/wiki/Bound_morpheme
https://en.wikipedia.org/wiki/Free_morpheme

are mostly well defined since there are spaces between them in a
sentence, whereas in Chinese there are no delimiters between
characters to indicate word boundary (Chang, 2009). This
characteristic brings an extra challenge for SMT systems that
involve Chinese. The most obvious obstacle is the segmentation
error. For instance, the Chinese phrase ExFFAUFNEIRIZIRAY is

segmented in both ways by different segmenters:

(3) HxB/B/F0 M/ R/MZ IR/

(The fattest monk has not eaten.)

(4) ERRE/BY/FN/ i R/ AR/

(The fattest one and the ones that have not eaten)

However, in case (3), the Spanish translation is “El monje mas
gordo todavia no ha comido”, while in case (4), the phrase is

translated as “los mas gordos y los que no han comido”.

Besides the segmentation problem, another important challenge of
Chinese is that Chinese has little or no morphological complexity
within a word or in grammatical relations (Li and Thompson, 1981).
Specifically, it has no case, gender or number markers for nouns
and no subject-verb agreement or tense markers for verbs. Chinese
grammatical relationships are expressed either by word order or by
the use of independent grammatical particles (Norman, 1988). Due

to the non-inflectional property of Chinese, the SMT from Chinese



to Spanish becomes more difficult. We show several examples
below to demonstrate the morphological differences between

Chinese and Spanish.

e No tense

In Chinese, verb behaves in a unique word form for different time
references. Normally, tense of a sentence can be determined by time
markers such as time adverbials. Observing the Chinese example in
(5) and (6), the verb {¥ in both sentences is the same, while in
Spanish, the verb vive changes from the present tense to the past

tense (vivio).

(5) CH: #h (She) IFE (now) {E (lives) £ (in) BEF I
(Barcelona),

ES: Ella ahora vive en Barcelona.

(6) CH: #th (She) =% (last year) {¥ (lived) ¥ (in) BEF A}
(Barcelona),

ES: Ella vivié en Barcelona el afio pasado.

e No subject-verb agreement

Besides tense, in Spanish, verb word forms also vary depending on
the person of its related subject. Chinese, by contrast, has no such

agreement. In (7) and (8), the same verb guerer behaves conjugated



in different forms (quiero and quieren) according to the subject,

while in Chinese the verb 28 does not change.

(7) CH: E(1) 8 (want to) Bk (dance),
ES: Yo quiero bailar.

(8) CH: 4] (They) 8 (want to) Bk£E (dance)s

ES: Ellos quieren bailar.

e No number and gender marking

Chinese nouns have no distinction between singular and plural,
while in Spanish plural nouns normally end with -s /-es. Thus,
sometimes in a Chinese sentence, number may not be clearly
defined as shown in (9) and (10). Besides number, Chinese has no
gender as well, whereas in Spanish, the gender of an adjective
should be consistent with the noun that it modifies as shown in (11)

and (12).

(9) CH: ftt (He) 72 Z (wants) B (my) B (book/books),
ES: El quiere mi libro.
(10)  CH: fth (He) Z8Z (wants) E (my) 5 (book/books)s,

ES: El quiere mis libros.

(11) CH: EBRAY(delicious) & H (pasta).

ES: pasta deliciosa.



(12) CH: &K (delicious) £5& (dish).
ES: plato delicioso.

1.2 Problems addressed in SMT with reduced parallel

corpora

The performance of SMT systems depends on the size of available
training data. The more parallel texts are used to train the models,
the better the system can approximate the final translation
probability among a large enough number of expressions. However,
large enough parallel corpora are not that easy to gather and for
some language pairs, it is not even possible. As a result of this
challenge, research on statistical machine translation with

limited-size parallel corpus is receiving more and more attention.

The most common problem of SMT is Out-of-Vocabulary (OOV)
words, since with a reduced parallel corpus, the expressions that do
not occur in training data will be missing causing errors when
translating new documents. For instance, in our experiment, some
of the source OOVs were directly output to the final translation as
shown in (13); in other cases, our low resource SMT baseline just
ignored the expressions that could not be translated as shown in

(14):

10



(13)
Source: X1t Z#1%

Reference: diversidad cultural

Low resource SMT baseline: Z& 1. A4 la cultura

(14)

Source: 53 E #ZMH
Reference: consecuencias negativas

Low resource SMT baseline: /a negativo

In addition to OOV, language pairs with inflection differences are
more challenging when very limited parallel data are available,
since isolating languages like Chinese and Vietnamese, never use
inflections while synthetic languages like Greek and Spanish can be
highly inflected. For instance, in the Chinese-Spanish case, # <X
L7 —ZAK1R#EHTF is translated as hoy compré un libro fantastico.
In the Chinese sentence, 3£ 7 (have bought), —Z& (a), R#FHI
(fantastic) and & (book), all the words do not have inflectional
morphology.  Unlike in  Spanish, the verb compré
(third-person/singular/pretérito), the quantifier wun (masculine/
singular), the noun /ibro (singular/masculine) and the adjective

fantastico (masculine/singular), all have an appropriate grammatical

11



form corresponding to the context. So when translating from a
non-inflected language to a highly inflected language, if the correct
word form is not included in the training data, the system can not
produce the correct translation result as shown in the following

example (15) from our experiments:

(15)
Source: Xt EF|EAT,

Reference: cuando me vio.

Low resource SMT baseline: cuando lo vi.

1.3 Objectives

This thesis addresses the parallel data shortage problem in SMT.
Our main goal was to devise methods to supplement available
parallel data with new translation pairs automatically generated out
of monolingual resources. Although these automatically generated
resources might contain wrong translations, the SMT is expected to
handle them successfully, that is, eventually using the good
translation pairs and discarding the wrong ones, and therefore

improving the quality of the output.

Along this line, the objectives pillaring our work were the

following:

12



- To assess the quality improvements of a SMT trained with
limited resources when introducing morphological variants

of target language words occurring in the translation table.

- To enlarge the coverage of the SMT system by adding new
translation pairs which are automatically induced from

monolingual corpora.

- To investigate whether a supervised classifier trained with
features extracted from monolingual corpora can provide

such new translation pairs.

- And to investigate whether a SMT can handle the output of

the classifier by eventually pruning bad translation pairs.

Our experiments were conducted on Chinese and Spanish, since we
realize that although they are two of the most widely spoken
languages of the world, as far as we know, this language pair is
currently suffering a data scarcity situation (Costa-jussa et al.,
2012a), and there has not been much investigation done on machine

translation for this pair.
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1.4 Thesis Outline

The rest of this thesis is structured as follows:

Chapter 2: State of the art addresses the research
frameworks that underpin our research and reviews the
major techniques developed for phrase table expansion of
SMT with limited parallel resources. Section Machine
Translation approaches describes a classification of
machine translation methods, and Section Statistical
Machine translation (SMT) phrase table expansion
methods focuses on the related works that aim at enriching
the SMT phrase table by adding more morphological

variants and monolingually-derived bilingual lexicons.

Chapter 3: Morphology Expansion for SMT describes an
experiment to enrich the SMT phrase table by adding more
inflected forms that are derived from a lexical resource. The
goal is to provide more word forms as translation options to
the system. Different from the bilingual lexicon induction
method described in Chapter 4, the morphological expansion
is based on the entries already occurring in a baseline system

phrase table. At the end of the section, we carry out the



analysis of the experiment results and discuss its advantages

and limitations.

Chapter 4: Supervised bilingual lexicon induction for SMT
presents and discusses several approaches to word
representation for a supervised classifier to induce new
translation word pairs from monolingual corpora. Section
New translation lexicon generation with word embeddings
(WE) describes a classifier trained with WE vectors of a
small amount of translation equivalents. Based on the
experimental results, we discuss the limitations and possible
drawbacks of our WE-based approach. In Section
Improving WE-based classifier with additional word
frequency information, we added word frequency
information, which was also learned from monolingual
corpora, to the word embedding vectors for improving the
performance of the classifier. In Section Improving
WE-based classifier with additional Brown clustering,
instead of word frequency, we incorporated a Brown
clustering representation to the WE vectors for alleviating
the identified limitations of the basic classifier. The obtained
results demonstrate that both word frequency and Brown
cluster features positively affect the performance of

WE-based classifier. Section SMT phrase table expansion
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using induced bilingual lexicons describes the application
of the classifier to induce translation lexicons from
monolingual corpora for enriching the SMT phrase table.
We carried out an error analysis based on the translation
results produced by the classifier and also discuss the

advantages and limitations of this method.

Chapter 5: Conclusions and future works section draws the
main conclusions and contributions of this dissertation and

discusses different directions for future works.
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Chapter 2

2. STATE OF THE ART

In this chapter, we explain in general the most commonly used MT

approaches and the previous methods that related to our work.

2.1 Machine Translation Approaches

On a basic level, it can be said that MT performs simple substitution
of words in one natural language for words in another (Albat,
2012). There are different paradigms in MT, we visualize them in
Figure 2.1. In the rest part of this section, we present in details the
most commonly used ones: Rule-based MT, Statistical MT and

Neural MT.
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