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Baidu Machine Translation

Zhongjun HE and Hua WU
Baidu Inc.

1. Introduction

Machine Translation (MT) has been
developing for more than 70 years. Thanks
to the evolution of techniques, e.g.

rule-based method, example-based method,
statistical method, as well as the explosive
growth of data, translation quality is greatly
improved.

Recently, Neural Machine Translation
(NMT) has been widely studied [1][2]. NMT
works by using a large neural network which
directly translates source text to target text,
outperforming conventional MT methods in

many language pairs. However, as a newly

emerged approach, NMT has some
limitations that may jeopardize its
practicality.

We have applied a group of novel methods
to improve the robustness and translation
quality of our online NMT system, for
example, advancing speed of NMT with
constrained softmax, handling the OOV
problem by incorporating SMT features, and
improving multilingual translation with
multi-task learning.

It was on May 20% 2015 that we
successfully launched the first Internet NMT
Till

supports translations between any two of 28

system [3]. now, Baidu Translate

languages. Every day, it translates over 1

billion sentences. In addition to the web
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interface of our translation service, we have
an APP for mobile access. We also provide
API for commercial users. Over 50,000
developers are using Baidu translate API in
their products for localization, international
trades, language learning and other
purposes.

In this article, we will discuss the challenges
and methods of building a practical MT
system in Section 2. In section 3, we will
Baidu’s

integrate

introduce translation products,
which MT  with Al

technologies including speech recognition

other

and OCR. We conclude the article in Section
4.

2. Challenges and Methods for

Practical MT System

Our online MT system receives billions of
translation requests every day. The requests
are turned into the form of all sorts of texts,
from various domains, e.g. poems, news
articles, patent documents, colloquial
expressions. The first challenge is to provide
reliable translation for all these requests.
Secondly, these requests require immediate
responses, hence the need for a real-time
translation system. The third challenge is the
data sparseness problem. For some language
pairs, only limited bilingual corpora are
available. Even in resource-rich language

pairs, data sparseness problem could exist in



some specific domains.

In the following, we will introduce our
methods of building a practical MT system.
2.1. Improving NMT with SMT Features
Among the problems confronting NMT are
the

caused by limiting the vocabulary to a

out-of-vocabulary (OOV) problem,

certain size to avoid the time consuming

training and  decoding, and  the
under-translation problem, i.e. missing
words in translation, caused by the

mechanism that prefers short translation.

In order to tackle these problems, we
incorporated three SMT features into the
log-linear framework [4]: a phrase table, an
n-gram language model, and a word reward
feature (Figure 1). The phrase table was
trained on word-aligned bilingual corpora in
the SMT

approach, and employed to score word pairs

conventional  phrase-based
and alleviate the OOV problem. The n-gram
language model was trained on monolingual
sentences in target language to enhance the
local fluency. The word reward feature
encourages the model to produce longer
sentences and thus to avoid missing words
in translation.

Experiments show that our method obtains
significant improvements on Chinese to
English translation. To the best of our
knowledge, this is the first work to integrate
SMT components into NMT, which has
motivated many studies on this research line,
for example, to improve NMT with a
coverage model [5], a reordering model [6],

or a phrase table [7].
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- aip(yjla)
() word translation
probabilities

n-gram languge model

Figure 1: Illustration of the Log-linear NMT. To
predict the target word, we introduce SMT features,
such as the word translation probabilities, the n-gram
language model, word length reward, together with
the probabilities estimated by RNNs,

2.2. Optimized Beam Search with
Constrained Softmax for NMT

Due to the computational complexity of the

network, NMT suffers

problem of time-consuming decoding. The

large neural a
basic version of the open source NMT
system GroundHog translates at a speed of
only 10 words/seconds, far from being able
to provide real-time translation service.

To improve the decoding speed of our NMT
system, we proposed and applied an
improved beam search decoding algorithm
with constrained softmax operation over the
output layer [8]. Firstly, rather than extend
all hypotheses for each stack, we utilized a
priority queue to store partial hypotheses
and chose the best to extend (Figure 2). We
found that the unexpanded hypotheses are
safely pruned without hurting translation
quality. Secondly, to reduce the computation
complexity in softmax layer, we used a
table

candidates for source sentences. Therefore,

phrase to generate translation
when predicting a target word, the network
only perform softmax on the candidates

rather than all vocabulary words.
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Figure 2: (a) standard beam search (b) improved beam
search; [ extended hypothesis, A best hypothesis to
be extended, ¢ unextended hypothesis

Experimental results show that the
optimized algorithm achieves a speed about
3.5 times faster than that of the well
optimized baseline system, without hurting
quality. the

improved beam search with priority queue

translation Specifically,
helps to reduce about 37.6% hypothesis
extension operations and brings a 1.7 times
speedup. The constrained softmax strategy
reduces the output layer size from 30,000 to
about 300 and contributes to another 2.1
times speedup.

2.3. Multi-task Learning for Multiple

Language Translation
MT

one-to-one translation, that is, translate a

Conventional models  perform
source language to a target language at a
time. We employed a unified framework that
performs one-to-many translation, using
multi-task learning [9]. The model is based
on standard Encoder-Decoder neural
network with a shared encoder on the source
side and multiple decoders, each for a target

language.
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Figure 3: Multi-task leamming framework for

multiple-target language translation

This method is able to address the data

sparseness problem for resource-poor
language pairs by sharing information from
other resource-rich language pairs on the
source side. So far as we know, we are the
first to work on multiple target language
NMT and has inspired many work following
this research line [10][11].

2.4. Domain Adaptation

As mentioned, in some specific domains
there are data sparseness problem, even in
resource rich languages. To further improve
domain-specific translation quality, we used
a simple and effective domain adaptation
method for NMT.

Suppose we have two parallel corpora, a
large scale out-of-domain dataset and a
We first

pre-trained a general model on the large

small scale in-domain dataset.
bilingual dataset, then continued to train, or
say fine-tune the model on the small one.
However, the in-domain dataset is so small
that we found the translation quality
1-2

indicating the model was over-fitted.

decreased largely after iterations,
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Figure 4 : Left is the conventional attention-based NMT which consists of encoder, decoder and an attention
mechanism. Right is our novel NMT model with multiple channel encoder, which consists of hidden state from
biRNN, external memory in the NTM and embeddings directly from the input sequence. A gated annotation is
designed to automatically learn the weights for different encoding components.

To solve the problem, we incorporated the
general model with the fine-tuned model. As
the get

significant improvement on in-domain test

a result, incorporated model
set.

2.5. Multi-channel Encoder for NMT
The standard Encoder-Decoder architect for
NMT abstracts information from a source
sentence through hidden states, yielding a
sequence of vectors. The information flow is
a kind of one-channel flow. For translation,
we often want the model to take pieces of
the source sentence at varying compositional
levels suiting its own linguistic structure.
For example, we may want to take an entity
name in the source in its raw form while
taking an idiom as a densely composed unit.

Thus we proposed a novel multi-channel
encoder model taking encoding components

at different levels of composition [12].
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More specifically, in addition to the hidden
state of encoding RNN, MCE takes the
original word embedding for raw encoding
with no composition, and a particular design
of external memory in NTM for more
complex composition, in a way analogous to
visual channels with different frequency. All
three
blended during decoding. More specifically,

encoding strategies are properly
we design a gate that can automatically tune
the weights of different encoding channels.

Empirical  study

on  Chinese-English

translation shows that our model can
improve by 6.52 BLEU points upon a strong
open source NMT system: DL4MT. On the
WMTI14 English- French task, our single
shallow system achieves a BLEU of 38.8,
comparable with the state-of-the-art deep

models.
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Figure 5: Simultaneous Translation System

3. Multi Modal Translation and
Innovative Products
Traditional MT systems perform text

translation. Recently, with the progress of
other AI technologies, such as speech
recognition, vision understanding,
multi-modal translation has been widely
studied. these

Integrating techniques

together, we have launched several
innovative products.

3.1. Voice Translation

Voice translation takes voice as input and
produces text/voice as output. We have two
voice translation products: a simultaneous
translation (ST)

system for translating

speaker’s speeches in conferences in
real-time, and a smart Wi-Fi translator for
travelers’ conversation.

The ST system takes speakers’ voice as
input and shows translation results on screen
in real-time. At Baidu World Conference
2017, our ST system successfully translated
from Chinese to English for five speakers

(Figure 5).

Figure 6: Smart Translator
Our smart translator (Figure 6) was firstly
MT SUMMIT 2017. It

provides automatic Wi-Fi connection in over

introduced at

80 countries and now supports translation in
three languages, including Chinese, English
and Japanese. More languages will be
Another

interesting feature is that it automatically

supported in coming version.

recognizes what language the wuser is
speaking. So users do not need to manually
We

cooperating with some travel agencies. Now

choose translation directions. are
some cruise ships are equipped with the
devices.

3.2. Image Translation

Image translation takes images as input. If
one cannot or do not want to read or write,
image is another medium for him/her to
communicate.

If the input is an image of an object, the
system will recognize the object and provide
its description in both source and target
languages, which is very helpful in language
study (Figure 7).
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Figure 7: Object Translation

If the input is an image of a passage of text,
we use OCR to recognize the text and
perform translation. This function is useful
for translating menus, product descriptions
(Figure 8), and etc.

4. Conclusion

In this article, based on the practice of Baidu
machine  translation, we  discussed
challenges for building practical machine
translation system and introduced novel
methods we wused to address these
challenges.

In the future, we will continue focusing on
improving user experience with innovative
technology, which brings better translation
quality, and innovative products combing

MT with other Al technologies.
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