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This thesis is about various techniques to improve machine translation (MT) for
low resource languages, exploiting multilingualism and transfer learning. The focus
was on methods that improve the performance of statistical as well as neural MT
systems. This thesis quantitatively shows how using multiple related languages and
transfer learning is helpful in pivot language MT, multi-source MT, and domain
adaptation. The thesis consists of 7 chapters as described below.

Chapter 1 introduces various concepts and MT paradigms which the thesis
revolves around. The chapter starts with a brief history of the evolution of MT, right
from rule based to statistical to neural MT. At the end of the chapter 1s an overview
of the thesis and its contributions to the field of MT. The importance and the reason
behind the title of the thesis and its contents is explained at the end of the chapter.

Chapter 2 starts with a preliminary investigation of using multiple languages in
pivot language MT for Japanese-Hindi. Techniques like phrase table interpolation
and multiple decoding paths have been explored in order to utilize multiple
translation models obtained using different pivot languages. Languages that are
linguistically similar to the source or target languages have been shown to help
improve translation quality by around 2 BLEU points. It is also seen that using
multiple languages leads to additional improvements in BLEU.

Chapter 3 shows how using noise control methods and neural networks can help
obtain large, high quality, technical domain Chinese-Japanese dictionaries. Noise
control methods are shown to be useful because pivot language approaches lead to
noisy translation models with many inaccurate translation examples. Statistical
significance pruning helps improve the recall of the dictionaries by around 2% and
makes translation tables up to five times smaller. This makes them practically
useable during deployment due to reduced memory requirements and faster lookup.
Neural network approaches help in obtaining useful features for re-ranking the
outputs of the MT systems leading to higher recall. The outcome is a large Chinese-
Japanese dictionary of 3.6 million entries which will be released. Manual
investigations indicate that 90% of this dictionary contains entries of perfect quality.

Motivated by the success of neural approaches, Chapter 4 explores ways to
develop domain specific neural machine translation (NMT) models of high quality.
Despite the limitations of NMT in resource scarce scenarios, this chapter focuses on
methods that can leverage external domain data and monolingual data to improve
the NMT performance. Techniques like “mixed fine tuning” which jointly learn a
multi domain model are proposed and show an improvement of around 10 BLEU
points for the resource scarce domain. This approach focuses on joint learning and
fine tuning as a way to leverage already learned parameters and hence speed up the
NMT training process. Monolingual data is incorporated into the approaches by
either shallow fusion or by translating them into synthetic corpora.




Chapter 5 expands on the transfer learning approaches to include
multilingualism. It is observed that using multiple languages from the same
language family significantly boosts the translation quality for low resource
language pairs. Exhaustive experimentation shows that using a related language is
always better than using an unrelated one. The chapter focuses on translation to
and from English for over six low resource languages. Self-learning approaches
focusing on synthetic data were also studied. A particular scenario where a
translation system with English as the target language generates synthetic data and
incorporates this data to further improve translation to English shows promise.
Visualizations of the continuous space representations generated by the multilingual
NMT models show that joint learning leads to similar representations for the same
sentence across languages. This indicates that the resource poor language can
leverage the representations of the resource rich language leading to improved
translations. This chapter also shows that it is important to have multilingual
corpora because they can act as backups to improve translation quality in case large
domain specific bilingual corpora are not available.

Chapter 6 observes the power of black-box NMT approaches for multi-source
NMT. Concatenating the same sentence in multiple languages gives improvements
of up to 5 BLEU points for resource poor Indian languages. For resource rich
European languages improvements of up to 3 BLEU points are observed.
Multilingual models are shown to improve performance of bilingual models by up to
2 BLEU points by initializing the bilingual model parameters using the multilingual
model parameters. This is related to the concept of knowledge distillation. The
working of the NMT model in such a scenario is studied and a method was proposed
to extract a multilingual dictionary using the attention mechanism. The crucial
observation is that an NMT model is clever enough to identify sentence boundaries
and synonyms automatically.

Chapter 7 concludes the thesis. This thesis emphasizes that multilingual multi-
way corpora where the same sentence is available in multiple languages should be
the focus of language corpora development. As for the future work this thesis
discusses the latest NMT architectures and how they will work with transfer
learning approaches.
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