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Building Chinese-English Machine Translation Systems
for Patent Documents
Zhonggiang Huang, Jacob Devlin, Jeff Ma, Rabih Zbib, and Rich Schwartz

1. INTRODUCTION

This paper provides a summary of the development of the Raytheon BBN Technologies systems [1] [2] for the
Chinese-English sub-task of the NTCIR-10 Patent Machine Translation (PatentMT) evaluation [3]. The legal
style of patent document, expressed in well-structured sentences and less ambiguous word meaning, makes pa-
tent documents easier to translate using Machine Translation (MT) systems. However, long and structurally
complex sentences, as well as the frequent use of technical terminology and new terms, present unique challeng-
es for MT. In this paper, we address some of the special challenges in patent documents and show how recent
advancements in Statistical Machine Translation (SMT) improve patent translation. Starting with an adapted
system that was originally designed for translating newswire data, we incrementally improved the translation
accuracy on patent documents using various techniques. Our final system achieves state-of-the-art accuracy in

both automatic and manual metrics in the NTCIR PatentMT evaluation.

2. TRANSLATION FRAMEWORK

Raytheon BBN Technologies has developed Statistical Machine Translation (SMT) systems for a variety of lan-
guages and genres, achieving top performance in official evaluations in DARPA sponsored projects, such as
GALE and more recently BOLT. Our SMT systems are based on a string-to-dependency translation model [4],
which employs hierarchical rules to translate source language strings to dependency trees in the target language.
The systems utilize over a dozen features, including rule and lexical probabilities and a target language model
(LM) score, in addition to about 50 thousand sparse features [5]. All feature weights are trained discriminatively
to maximize expected BLEU [6]. We use a trigram LM to generate N-best hypotheses, which are then re-scored

with a 5-gram LM. Word alignment models are trained with GIZA++.

3. EXPERIMENTAL SETUP

The data for the NTCIR PatentMT evaluation [3] consists of a parallel training corpus of one million sentence
pairs (~45 million words), which we use to train the translation model. The data also includes a monolingual
English corpus of US patent documents with 15 billion words. We train two separate language models. The first,
which we refer to as the “45M LM, is trained on the English side of the parallel corpus. The second language
model, which we call the “14B LM”, is trained with the addition of the monolingual English corpus. We split the

development set, consisting of two thousand sentence pairs, into a tuning set and a test set of roughly equal sizes.

4. BUILDING PATENT TRANSLTION SYSTEMS
For a system trained on the patent parallel data and the 45M LM, we get a mixed-case BLEU score of 34.01 on

the test set. We improved on this result by addressing the special challenges of translating patent documents and
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applying some recent advancements in SMT. Table 1 summa-

rizes the resulting score improvements we obtained on the test System Test
set. We briefly describe these methods next. Bisehios with 456 L oo

+ consistent tokenization 34.56
4.1 Consistent Tokenization and Special Token Sharing + more token sharing 34.97
Chinese patent documents contain significantly more special + patent case-LM 36.47
ASCII strings (e.g. English words, patent numbers, mathemati- + optimized word segmenter 36.95
cal expressions, and abbreviations) than Chinese newswire arti-  + miscellaneous features 38.06
cles. Many of these strings were not aligned properly in the par-  + 14B LM 39.51
allel corpus due to inconsistent tokenization on the source and + CLIR-based LM adaptation 40.95
target sides. We addressed this problem by tokenizing ASCII + robust context dependent translation 41.09
strings in Chinese sentences in the same way as in English, re- + recurrent natural network LM 41.43
sulting in BLEU improvement from 34.01 to 34.56. We then + translation-based true caser 42.13

G h i i i token be- i
replaced each type of special strings with a common token be TNBl T Ditipravehiaiin il iined-case BLET

fore training word alignment and language models, as well as . .
& B sl on the test set resulting from various methods
before translating sentences, and replaced the original strings

back in the translation output. This further improved BLEU to 34.97.

4.2 Re-training Casing Language Model
We originally performed true-casing of MT output based on a trigram casing LM that was trained on a collection
of normal English text with mixed cases. We re-trained the casing LM using the mixed-case English sentences

from the patent parallel corpus. This improved the BLEU score by 1.50 points to 36.47.

4.3 Optimizing Chinese Word Segmenter

Our Chinese word segmenter uses a simple left-to-right and longest-match-first algorithm based on a lexicon.
The lexicon used in the previous experiments is a subset of a big Chinese word lexicon that was optimized for
MT performance on newswire data. The optimization procedure starts with the big lexicon and iteratively re-
moves words from the lexicon that are not aligned well in the GIZA++ alignments of the parallel training data.
We stop removing words when the performance of the new MT system trained with the reduced lexicon stops

improving. We re-optimized the lexicon on the patent parallel corpus, which improved the BLEU score to 36.95.

4.4 Miscellaneous Features

These include two sets of new features and various tweaks to the system. The first set of features is an extension
of context-based lexical probabilities to model the joint likelihood of every target bigram given their aligned
source words and the source context. The second set of features models MT hypotheses using traits [7], which
are high-level characteristics of the output, such as the percentage of source context words that are not translated.

The inclusion of the features and tweaks improved the BLEU score to 38.06.

4.5 CLIR-Based LM Adaptation
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Sentences in patent documents are well structured, and the word meanings are less ambiguous compared to
newswire articles. Patent documents tend to re-use more n-grams than newswire articles. For example, we found
that as many as 21% of the source 4-grams in the patent development set are also observed in the 45M patent
parallel corpus, compared to only 5.4% for a newswire development set in a 227M word newswire training cor-
pus.

We took advantage of this characteristic of patent documents by biasing the translation of a test sentence towards
the passages in the 14B LM training data that are relevant to the test sentence, as measured by a cross-lingual
information retrieval (CLIR) method [1]. This was achieved by scoring the translation hypotheses of a test sen-
tence using an adapted LM, which is the linear interpolation of a general LM (the 14B LM in this case) and a
biased LM trained on the relevant passages. In order to fairly evaluate the effectiveness of this approach, we
re-trained the system to use the 14B LM, which improves BLEU from 38.06 to 39.51. The CLIR-based LM ad-

aptation approach gives an additional improvement of 1.44 BLEU points, bringing the score to 40.95.

4.6 Robust Context-Dependent Translation
Our systems employed multiple context-based lexical translation and distortion models, which model probability
distributions such as the distribution of target translations given the source word and its context. In order to alle-

viate the data sparsity issue that these models suffer from, we used a linear interpolation method:
pleler, =+ m)= ) wip(elC)
L

where e is an event to be predicted based on the conditionals ¢; in the context, C;’s are ordered backoff con-
texts defined by heuristics, and each backoff model p(e|C;) is a maximum likelihood estimate (MLE) with fixed
weight w;. Unlike N-gram models in language modeling, where a clear backoff order exists, the optimal backoff
order is not obvious in machine translation (e.g., whether the left context is more important than the right con-
text). We addressed this problem by using a robust context-dependent translation method that considers all pos-
sible ways of backing off the context, and interpolates all of the backoff models together using optimized
weights that depend on the reliability of the backoff components:

8; + yilog(N(C))
(3, 6; +y;log (N(C))

where N(C;) is the count of component C; in the training data, and parameters §; and y; are optimized on a

plefer, , cm)=

p(elC;)
)

held-out set. This model supports the intuition that more frequently observed components are considered more

reliable. It provides an additional gain of 0.14 in BLEU to the system.

4.7 Recurrent Neural Network LM

We also investigated Recurrent Neural Network Language Models (RNNLM) [8]. A RNNLM uses the output of
the hidden layer for word (i-1) as part of the input layer for word i, effectively including the history of all pre-
vious words in the sentence. We trained a RNNLM on the 45M LM training corpus, and interpolated it with a
5-gram LM model trained on the same data. The scores computed from this model were used as an additional

feature in n-best rescoring of MT hypotheses. The RNNLM contributes a gain of 0.43 BLEU points.
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4.8 Translation-Based True Caser

We further improved on the trigram true caser by developing a new casing model similar to [9], which treats
casing as translating from lower case sentences to upper case. The model uses several sparse features in addition
to the probabilities of the rules and the LM. The improved true caser achieves a final mixed-case BLEU of
42.13.

5. EVALUATION RESULTS

We trained two systems for the evaluation. The primary system,

System IE ChE ME
labeled BBN-1, was trained on the 45M parallel training corpus
and the 14B monolingual English patent corpus. The secondary Baselmel 3252 A K06
system, labeled BBN-2, was trained on the 45M parallel train- Baseling.. 3134 29.34 1809
BBN-1 42,68 39.44->41.09 27.62

ing data and the LM data on the target side. Four types of eval-
uations were conducted for the NTCIR-10 PatentMT task: In- BBN-2 3998  36.69->38.93  N/A

trinsic Evaluation (IE), Chronological Evaluation (ChE), Mul-  Taple 2: Automatic evaluation results in BLEU.
tilingual Evaluation (ME), and Patent Examination Evaluation The arrow indicates improvement from NTCIR-9
(PEE). Our systems achieved the best performance among all  (, NTCIR-10 evaluation.

submissions, by a significant margin, across all of the evalua-

tion types and metrics.

Table 2 shows the BLEU scores of our systems as well two baseline systems (Moses hierarchical and
phrase-based SMT systems [10]) provided by the organizers, on multiple automatic evaluation types. Both BBN
systems produced significantly better performance than the baseline systems in Intrinsic Evaluation. Compared
to the NTCIR-9 results, our primary and secondary systems improved by 1.65 and 2.24 BLEU points respec-

tively in the Chronological Evaluation. Our primary system also performed well in the Multilingual Evaluation.

In addition to automatic evaluations, the organizers also performed manual evaluation of the adequacy and ac-
ceptability of the translations of 300 sentences from the Intrinsic Evaluation set. Each translation was manually
examined and assigned an adequacy score from 5 (best) to 1 (worse), as well as a 5-level acceptability score
from AA (best) to F (worse). As shown in Figure 1, the BBN-1 system produced significantly better translations
than the baseline systems in terms of adequacy, receiving an average adequacy score of 4.15. The distribution of
acceptability score of the BBN-1 system is shown in Figure 2. The BBN-1 system also received a high pairwise

acceptability score of 0.69, implying that its acceptability was much better than that of any other submission.

Patent Examination Evaluation (PEE) evaluates the utility of MT output for patent examination. Reference Jap-
anese patents that had been used to reject real patent applications were first manually translated to Chinese, and
then automatically translated to English using the participating systems. The translation outputs were rated by

experienced patent examiners, based on the percentage of important facts that can be recognized from the trans-
lated text to reject the original patent application. As Figure 3 shows, a large portion of important facts was rec-
ognized from the translation output of the BBN-1 system. The translation results were considered useful in gen-

eral for patent examination.
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6. CONCLUSIONS
We have described the BBN systems for the Chinese-English sub-task of the NTCIR-10 PatentMT evaluation.

We developed techniques to address the special challenges in translating patent documents and showed that some

recent advancements in machine translation also improve patent translation. Our systems achieved the best re-

sul

ts in both automatic and manual evaluations, and were judged useful for patent examination.
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Translation before Demand

YAMAGATA EUROPE
Geert BENOIT

Manga

Yamagata Europe is a Belgian company with Japanese roots, a perfect fit: Belgians and
Japanese both passionately love manga. The most famous Belgian manga figure is
undoubtedly “Tintin”. Tintin represents focus on detail and quality, but because we want to
focus on speed today, | would like to introduce another beloved Belgian manga figure: Lucky
Luke. Lucky Luke is a character that was created by Morris. Lucky Luke is known as the
cowboy who can shoot faster than his own shadow. This level of speediness should be the
ultimate target for our translation services.

Speed is a mentality

The environment in the Far West has changed: we are surrounded by Big Data, and even
more with stories about Big Data. It indeed looks like the Big Data hype is growing bigger
than the Data itself.

Big Data stories usually talk about the 3V’s: Volume, Velocity and Variety.

In this case study we will only focus on the Velocity aspect. We will not focus on the Velocity
that enables us to process big volume jobs, nor on the speed and power offered by MT and
other tools to tackle the massive data volumes. No, we want to micro-focus on the speed
aspect in order to handle the small chunks of data that together make the big data big. We
will show how MT can be an enabler to bring data to the user immediately.

Speed should be a mentality, and MT is just a tool to help us to realise our targets, MT is not
a target in itself. So this article is not about MT, it is about speed. Personally | feel that MT is
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too often seen as the holy grail, the ultimate technological target in itself. MT should be
considered as just another tool to plug into your process.

In our organisation we have seen that MT — when available at hand for different users -
quickly find its way where speed is needed. Therefore, we will look at three applications
where MT is embedded for speed reasons. The love and need for speed brought us to MT.

SnellSpell:

A first tool where we integrated MT is in our spellchecker called “SnellSpell”. We developed
this spellchecker a few years ago because we needed a strong and fast tool to batch-process
multiple files (sometimes +100 files) in one spellcheck action. Also we needed a tool that
created a log file as evidence that the spell check was actually done. The translator who
works for Yamagata uses SnellSpell to do all spellchecking after translation. At Yamagata, we
use SnellSpell to double check whether the spellcheck was actually done. We use the log file
that tracks all movements as evidence in case of discussion afterwards. However because we
obviously do not master all languages at Yamagata Europe, we build in an MT function to
double check the meaning of highlighted potential spelling problems. The tool gives us an
MT translation (using the Google API) of the highlighted words in languages we do not fully
master.

Clnstaller reference guide®
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Strawberries on demand

A second tool where we embedded MT is “Ichigo”. Ichigo means “strawberry” in Japanese,
but it can also mean “one (ichi) sentence/word (gyo/go)”. Ichigo was developed because we
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wanted to radically simplify and speed-up the administrative side of the process for really
small and additional translations (one sentence or one word).

In a complex organisation like Yamagata where we handle many different translation
projects, output formats, glossaries, ... we noticed that the administrative systems got far
too complicated for small and fast jobs. The typical Japanese love for detail and fear for
failure had resulted in unnecessary complicated instructions to be submitted with each tiny
translation job. Comes in the need for simplicity. The answer is Ichigo: a handy tool that
offers everything in one box: ordering, instructions, translation interface, QA, invoicing, ...
One toolbox for all parties involved: end client, MLV, translator, accounting.

=

ICHIGO

Package Crestor

Manager
Translator

Viewer + Query

8168-4322-2991

Yamagata - Version 3.4,0.19 (YEU)

With Ichigo successfully running for one year, we found it to be a small step to add MT to
this process. Today MT allows us to immediately feedback translation to the client as raw MT
output, or to pre-translate and have the translator post-edit the MT output. We plug in

Systran, KantanMT or Google depending on the language combination and/or customer
needs.
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Translation before demand:

The third project is born out of the Honda project that was described in the September Issue
of the AAMT Journal by Heidi Van Hiel (page 20). For this case, we start from two basic
assumptions:

1. The client has multilingual user generated content stored in databases.

2. The data owner knows to identify the content fields in the database that potentially need
to be understood in another language.

Because the translation industry has been focusing on the translation and processing of "on
purpose created documentation", we tend to believe that all translatable data is stored in
well managed Content Management Systems. Not true of course.

Honda provided us with a project where we started to translate warranty claim information
and user generated content about technical issues of the Honda products. This data was
available in the local language of the end user (car/bike dealer) in the Honda warranty
system. After analysis of the market and the market shares, Honda decided to translate only
three languages into English to cover a very broad scope of the warrantee issues. With this
system, and together with Honda we started to use MT as an integrated translation
component to handle content in content management systems with un-structured content.

In this first phase, Honda looked at the major languages and the statistically minimal option
in order to capture most warranty issues. Today Honda has a different approach and asks us
to translate more than 10 languages including even languages where the translation need is
not yet proven. Adding a language and supplying the translation is considered cheap enough
to just do it. When the translation would eventually be needed no time is lost and
immediate action can be taken based on the available translated data. We call this:
translation “before” demand.
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Fast data = translated knowledge

The MT integrated translation workflows can bring assumedly interesting data in a speedy
way to the user at virtually no cost, as such bringing the translated content to the user
before he sees a need to get it translated. The MT output is content in the language of the
user, content that can be post-edited to a perfect translation if needed.

We see similar MT requests from other clients often including projects where content is
being made available in other languages to speed up processes, without specific requests
from the end users.

This is what we call “Fast Data” at Yamagata Europe: translation gets done faster than our
shadow.... Thanks Lucky Luke, for setting a great example!
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It was very helpful to see all those concerned
with the project last Friday. I’ d like to
summarize the major points of the meeting. We
agreed that this is the best time to enter the
mobile phone market.
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You can place a menupopup inside the button to
cause a menu to drop down when the button is
pressed, much like the menulist. However, in

this case you must set the type attribute to the

value menu.
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Procedure 5-2: To alter the automated nightly
data collection
1.Select [Tasks & Logs]![View All Scheduled
Tasks...] from the top menu bar
2.From the list of current tasks, select
[Collect ALL Capacity Advisor Data Nightly....]
3. If you would like to modify the timing, click
[Edit]. The [Task Confirmation] screen is
displayed.
4.Click [Schedule].
5.Select [Periodically] from the list labeled
[When would you like this task to run?].
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The main program also instantiate the
visualisation manager (SSAVisManager) before
transferring control over to the G4UI, so that
the user can change the parameters associated
with the SSAT execution, including the number of
events to be run.
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