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Abstract Nowadays, neural machine translation (NMT) has been the most prominent approach
to machine translation (MT), due to its simplicity, generality and effectiveness. The principle of
neural machine translation is to directly maximize the conditional probabilities of target sentences
given source sentences in an end-to-end fashion. One of the most widely used neural machine
translation model follows the encoder-decoder framework. It encodes the source sentence using a
recurrent neural network (RNN) into a dense context representation, and produces the target
translation from the context vector on the decoder. By exploiting the gating and attention
mechanisms, neural machine translation models have been shown to surpass the performance of
previously dominant statistical machine translation (SMT) on many well-established translation

tasks. Recently, researchers have shown an increasing interest in incorporating external lexical
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translation table and phrase translation table into the neural machine translation, and obtained
impressive translation performance. However, in the literature there is less study on incorporating
translation templates, which are manually constructed or automatically induced by heuristic
algorithm from parallel corpus, into the neural translation model. In this paper, we propose a
novel architecture, template driven neural machine translation model, which extends to incorporate
the additional translation template into the neural machine translation model. In contrast to the
conventional neural machine translation model, on the source side, we use an additional recurrent
neural network encoder (template encoder) to encode the additional translation template in parallel to
the encoder for the source sentence. In our proposed template driven NMT model, firstly, we
propose a gating mechanism, knowledge gate, to balance the information between the source
sentence and the additional translation template that is best suited for inducing the source sentence
representation. Secondly, to effectively leverage the knowledge representation in predicting the
target words, we propose a weighted variant attention mechanism, attention gate, in which a
time-dependent gating scalar is adopted to control the ratio of conditional information between
the source sentence and the additional translation template. To evaluate the effectiveness of our
proposal, we experiment with three kinds of translation templates: 1) head template, where we
preserve n words from the leftmost of a sentence and blank out the rest as slot to be predicted and
filled by the neural machine translation model; 2) tail template, where the leftmost words are
blanked out by keeping the rightmost m words; and 3) normal template, the words are arbitrarily
discarded to make slots to be filled by the translation model. Experimental results demonstrate
that our proposed model can effectively make use of the additional information from the translation
template, and the translation accuracy for the normal translation template with 20% of target
words (of the sentence) is up to 93.6% and 95.1% on the Chinese-to-English and English-to-
Chinese translation tasks, respectively. When we use 20 % of target words as a translation template,
we observe significant improvements of 4.2 to 7.2 BLEU scores compared with the baseline
systems on the Chinese-to-English and English-to-Chinese translation tasks, respectively.
Experiments also show that the translation performance goes up as more context words are
considered in the translation template.
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Background

This study relates to the field of machine translation, in
particular, neural machine translation (NMT). The present
paper addresses the problem of incorporating external
knowledge, i. e. translation templates, into the end-to-end
neural machine translation architecture.

Several approaches have been proposed in the literature
for incorporating lexical translation table and phrase transla-
tion table into the neural machine translation model. Stahlberg
et al. (2016) investigated the use of hierarchical phrase-
based statistical machine translation (SMT) lattices in the
end-to-end NMT. By modifying the beam-search decoder of
the NMT, they observed performance gains over both the
hierarchical SMT and NMT decoding alone. Tang et al.
(2016) proposed phraseNet, a neural machine translator that
integrated with a phrase memory, in which phrase pairs are
stored in symbolic form. Given a source sentence, phraseNet
first scans the phrase memory to look for the candidate
phrase pairs. For those of identifying phrases, additional
tags that representing phrases are then injected into the
representation of the source sentence to guide the target
translation. To alleviate the rare word problem, Arthur et
al. (2016) augmented the NMT models by using external
discrete translation lexicons to encode the translation of low-
frequency words. They developed a method to calculate the
lexicon probability of next word using the attention vector of
NMT model, hence to determine the attended probabilities of
the source words in predicting the target words.

Contrary to the previous approaches, in this present
work, we propose a template driven neural machine transla-
tion model. We employ an additional recurrent neural
network encoder to model the translation templates as prior
knowledge. To leverage the representations of templates in

predicting the target words, we adopt knowledge gate and
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attention gate to dynamically control the amount of informa-
tion flow from both the source sentence and the translation
template. To evaluate the effectiveness of our proposal, we
experiment with three kinds of translation templates: (1)
head template, where we preserve a number of words from
the leftmost of a sentence and blank out the rest as slot to be
predicted and filled by the NMT model; (2) tail template,
where the leftmost words are blanked out by keeping the
rightmost n words; and (3) normal template, the words are
arbitrarily discarded to make slots to be filled by the transla-
tion model. Experimental results on the Chinese-to-English
and English-to-Chinese translation tasks demonstrate that our
proposed model can effectively make use of the additional
template information. When we use 20% of target words (of
the sentence) as a template, we observe significant improve-
ments of 4. 2 to 7. 2 BLEU scores compared with the baseline
systems on the Chinese-to-English and English-to-Chinese
translation tasks respectively. The performance even goes up
as more context words are considered in the templates.
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