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In this thesis, we propose methods to solve the problems of translation model in the statistical machine
translation system. There are mainly two problems in learning the translation model.

The first problem is that in linguistically different language pairs, function words are difficult to
align with each other with current unsupervised word alignment models. To solve the problem, this thesis
proposes a constraint to discriminate function words and content words by using the frequency of each
word in training corpus with the posterior regularization framework. Experimental results show that the
proposed method achieved higher word alignment quality and translation quality on Japanese and English
language pairs.

The second problem is that in hierarchical phrase-based machine translation, the size of the rule table
tends to be excessively large because of its heuristic method for rule extraction. To resolve the problem,
this thesis proposes a hierarchical back—off model for Hiero grammar, an instance of a synchronous context
free grammar (SCFG), on the basis of the hierarchical Pitman—Yor process. The model can extract a compact
rule and phrase table without resorting to any heuristics by hierarchically backing off to smaller phrases
under SCFG. Experimental results show that the proposed model achieved higher or at least comparable
translation quality with comparable rule-table sizes against a previous Bayesian model on various language
pairs; German/French/Spanish/Japanese—-to-English. When compared against heuristic models, our model
achieved comparable translation quality on a full size of the German and English language pair with less
than 10% of rule—table size. Comparison to the strong significance pruning method also shows that proposed
method achieved comparative translation quality with a smaller rule-table size.

As described above, this thesis proposes methods based on unsupervised learning to deal with two problems
existing in the translation model of statistical machine translation system, and the effectiveness of
proposed methods is verified through experiments.
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