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ABSTRACT

To aid research and development in machine translation,
we have produced a test collection for Japanese/English
machine translation and performed the Patent Translation
Task at the Eighth NTCIR Workshop. To obtain a parallel
corpus, we extracted patent documents for the same or re-
lated inventions published in Japan and the United States.
Our test collection includes approximately 3200000 sen-
tence pairs in Japanese and English, which were extracted
automatically from our parallel corpus. These sentence pairs
can be used to train and evaluate machine translation sys-
tems. Our test collection also includes search topics for
cross-lingual patent retrieval, which can be used to evaluate
the contribution of machine translation to retrieving patent
documents across languages. In addition, our test collec-
tion includes machine translation results and their evalua-
tion scores determined by human experts, which can be used
to propose automatic evaluation methods for machine trans-
lation. This paper describes our test collection, methods for
evaluating machine translation, and evaluation results for
research groups participated in our task.

Categories and Subject Descriptors

H.3.1 [Information Storage and Retrieval]: Content
Analysis and Indexing; H.3.3 [Information Storage and
Retrieval]: Information Search and Retrieval; 1.2.7 [Arti-
ficial Intelligence|: Natural Language Processing

General Terms

Measurement, Performance, Experimentation

Keywords

Patent information, Machine translation, Cross-lingual re-
trieval, Automatic evaluation, NTCIR

1. INTRODUCTION

Since the Third NTCIR Workshop in 2001', which was an
evaluation forum for research and development in informa-
tion retrieval and natural language processing, the Patent
Retrieval Task had been performed repeatedly [2, 3, 5, 9].
In the Sixth NTCIR Workshop [5], patent documents pub-
lished over a 10-year period by the Japanese Patent Office
(JPO) and the US Patent & Trademark Office (USPTO)
were independently used as target document collections.

Having explored patent retrieval issues for a long time, we
decided to address another issue in patent processing. From
among a number of research issues related to patent process-
ing [4], we selected Machine Translation (MT) of patent doc-
uments, which is useful for a number of applications and ser-
vices, such as Cross-Lingual Patent Retrieval (CLPR) and
filing patent applications in foreign countries.

Reflecting the rapid growth in the use of multilingual cor-
pora, a number of data-driven MT methods have recently
been explored, most of which are termed “Statistical Ma-
chine Translation (SMT)”. While large bilingual corpora for
FEuropean languages, Arabic, and Chinese are available for
research and development purposes, these corpora are rarely
associated with Japanese and therefore it is difficult for ex-
plore SMT with respect to Japanese.

However, we found that the patent documents used for
the NTCIR Workshops can potentially alleviate this data
scarcity problem. In NTCIR-7, we organized the Patent
Translation Task [6, 7, 8] and used “patent families” as a
parallel corpus for Japanese and English. A patent family
is a set of patent documents for the same or related inven-
tions and these documents are usually filed in more than one
country in various languages.

In NTCIR-7, each participating group was requested to
machine translate test sentences, for which Japanese and
English were used as either source or target language. The
organizers evaluated the translation result from each group

"http:/ /research.nii.ac.jp/nteir/index-en.html
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using intrinsic and extrinsic evaluation methods. In the in-
trinsic evaluation, we independently used both the Bilin-
gual Evaluation Understudy (BLEU) [11], which had been
proposed as an automatic evaluation measure for MT, and
human judgment. In the extrinsic evaluation, we investi-
gated the contribution of the MT to CLPR. In the Patent
Retrieval Task at NTCIR-5, aimed at CLPR, search topics
in Japanese were translated into English by human experts.
‘We reused these search topics for the evaluation of the MT.
We also analyzed the relationship between different evalu-
ation measures. The use of extrinsic evaluation, which is
not performed in existing MT-related evaluation activities,
such as the NIST MetricsMATR Challenge? and the IWSLT
Workshop?, is a distinctive feature of our research.

In NTCIR-8, we also organized the Patent Translation
Task. A major difference from NTCIR-7 is that we en-
hanced the size of a training data set. While the training
and test data sets were produced from patent documents
over 10 years in NTCIR-7, the data sets for NTCIR-8 were
produced from 15 years of patent documents. In addition,
we classified tasks associated with MT into the following
three subtasks.

e Translation Subtask

This subtask is almost the same as performed in NTCIR-
7. Each participating group was requested to machine
translate test sentences, for which Japanese and En-
glish were used as either source or target language.
The translation results were evaluated by both the in-
trinsic and extrinsic evaluation methods. However, un-
like NTCIR-7 we did not use human judgment for the
intrinsic evaluation.

e Evaluation Subtask

The purpose of this subtask is to explore automatic
evaluation methods for MT. Although evaluation for
MT using human judgments is expensive, automatic
evaluation methods potentially alleviate this problem.
We used machine translation results and their evalua-
tion scores determined by human experts in NTCIR-7
as a test data set. Each group was requested to re-
produce the human evaluation scores by an automatic
method as much as possible.

e Retrieval Subtask

This subtask is associated with the extrinsic evalua-
tion in the Translation Subtask. While the purpose of
the Translation Subtask is to machine translate test
sentences, the purpose of the Retrieval Subtask is to
search patent documents in Japanese related to a search
topic in English. The test search topics were the same
as in the extrinsic evaluation for the Translation Sub-
task. Each group was requested to perform either
monolingual or cross-lingual retrieval. In the monolin-
gual retrieval, the groups in the Retrieval Subtask were
allowed to use search topics translated into Japanese
by groups in the Translation Subtask.

Sections 2 and 3 explain the Translation and Evaluation
Subtasks, respectively. However, we do not explain the Re-
trieval Subtask, for which no group submitted results.

*http://www.nist.gov/speech/tests/metricsmatr/
Shttp://www.slc.atr.jp/TWSLT2008/

2. TRANSLATION SUBTASK

2.1 Intrinsic Evaluation

Figure 1 depicts the process flow of the intrinsic evalua-
tion. We explain the entire process in terms of Figure 1.

In the Patent Retrieval Task at NTCIR-6 [5], the following
two document sets were used.

e Unexamined Japanese patent applications published
by the JPO during the 10-year period 1993-2002. There
are approximately 3 500000 of these documents.

e Patent grant data published by the USPTO during the
10-year period 1993-2002. There are approximately
1300000 of these documents. Because the USPTO
documents include only patents that have been granted,
there are fewer of these documents than of the above
JPO documents.

Although we used the above document sets in NTCIR-7,
we also used JPO and USPTO patent documents published
during 2003-2007 for NTCIR-8. From these document sets,
we automatically extracted patent families, as performed
in NTCIR-7. From among the various ways to apply for
patents in more than one country, we focused only on patent
applications claiming priority under the Paris Convention.
In a patent family applied for under the Paris Convention,
the member documents of a patent family are assigned the
same priority number, and patent families can therefore be
identified automatically.

In the real world, a reasonable scenario is that an MT sys-
tem is trained using existing patent documents and is then
used to translate new patent documents. Thus, we pro-
duced training and test data sets based on the publication
year. While we used patent documents published during
1993-2005 to produce the training data set, we used patent
documents published during 2006—2007 to produce the test
data set.

The training data set has approximately 3 200 000 Japanese—
English sentence pairs, which is one of the largest collections
available for Japanese and English MT. For the test data
set, we selected approximately 1000 sentence pairs that had
been judged as correct translations by human experts. In
the selected pairs, the Japanese (or English) sentences were
used to evaluate Japanese-English (or English—Japanese)
MT. The numbers of test sentences for Japanese—English
and English—Japanese were 1251 and 1119, respectively.

To evaluate translation results submitted by participating
groups, we used BLEU. To calculate the value of BLEU for
the test sentences, we need one or more reference transla-
tions. For each test sentence, we used its counterpart sen-
tence as the reference translation.

2.2 Extrinsic Evaluation

In the extrinsic evaluation, we investigated the contribu-
tion of MT to CLPR. Each group was requested to machine
translate search topics from English into Japanese. Each
of the translated search topics was used to search a patent
document collection in Japanese for the relevant documents.
The evaluation results for CLPR were compared with those
for a monolingual retrieval in Japanese. Figure 2 depicts
the process flow of the extrinsic evaluation. We explain the
entire process in terms of Figure 2.

— 372 —



Proceedings of NTCIR-8 Workshop Meeting, June 15-18, 2010, Tokyo, Japan

patent families

training data set

(approx. 3.2 M pairs)

f system training

]
:
1
' | PO USPTO h
1| 1993-2005 || 1993-2005 :
: :
1
' | PO
1 L2006-2007
]
____________________ 1
_________________ ,
|
| Japanese
1
1 1

patent families

parameter tuning

translation result

(English ) (Japanese ) E G B] EU
1

e

evaluation

MT system |

test data set
(approx. 1000 pairs)

aligned sentence pairs

Figure 1: Overview of the intrinsic evaluation.

Processes for patent retrieval differ significantly, depend-
ing on the purpose of the retrieval. One process is the “tech-
nology survey”, in which patents related to a specific tech-
nology, such as “blue light-emitting diode”, are searched for.
This process is similar to ad hoc retrieval tasks targeting
nonpatent documents.

Another process is the “invalidity search”, in which prior
arts related to a patent application are searched for. Apart
from academic research, invalidity searches are performed
by examiners in government patent offices and searchers in
the intellectual property divisions of private companies.

In the Patent Retrieval Task at NTCIR-6 [5], invalidity
search was performed. The purpose was to search a Japanese
patent collection in 1993-2002, which is the collection de-
scribed in Section 2.1, for those patents that can invalidate
the demand in an existing claim. Therefore, each search
topic is a claim in a patent application. Search topics were
selected from patent applications that had been rejected by
the JPO. There are 1685 search topics.

For each search topic, one or more citations (i.e., prior
arts) that were used for the rejection were used as relevant
documents. In addition, with the aim of CLPR, these search
topics were translated by human experts into English. In
the extrinsic evaluation at NTCIR-8, we reused these search
topics.

Although each group was requested to machine translate
the search topics, the retrieval was performed by the orga-
nizers. As a result, we were able to standardize the retrieval
system and the contribution of each group was evaluated
in terms of the translation accuracy alone. In addition, for
most of the participating groups, who are research groups in
natural language processing, the retrieval of 10 years’ worth
of patent documents was not a trivial task.

We used a system that had also been used in the NTCIR-
5/6 Patent Retrieval Task [1] as the standard retrieval sys-
tem. This system sorts documents according to the score
and retrieves up to the top 1000 documents for each topic.
This system also uses the International Patent Classification
to restrict the retrieved documents.

Because the standard retrieval system performed word in-
dexing and did not use the order of words in queries and
documents, the order of words in a translation did not af-
fect the retrieval effectiveness. In CLPR, a word-based dic-
tionary lookup method can potentially be as effective as the
translation of sentences.

As evaluation measures for CLPR, we used the Mean Av-
erage Precision (MAP), which has frequently been used for
the evaluation of information retrieval, and Recall for the
top N documents (Recall@N). In the real world, an expert
in patent retrieval usually investigates hundreds of docu-
ments. Therefore, we set N = 100, 200, 500, and 1000.
We also used BLEU as an evaluation measure, for which we
used the source search topics in Japanese as the reference
translations.

In principle, for the extrinsic evaluation we were able to
use all of the 1685 search topics produced in NTCIR-6. How-
ever, because the length of a single claim is usually much
longer than that of an ordinary sentence, the computation
time for the translation can be prohibitive. Thus, in practice
we selected a subset of the search topics for NTCIR-8.

If we use search topics for which the average precision
(AP) of the monolingual retrieval is small, the AP of CLPR
methods can be so small that it is difficult to distinguish the
contributions of participating groups to CLPR. At the same
time, we discarded such topics for which the AP is 0.4 or
more because these are “easy” topics. Therefore, we sorted
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Figure 2: Overview of the extrinsic evaluation.

the 1685 search topics according to the AP of monolingual
retrieval using the standard retrieval system, discarded top-
ics for which the AP is 0.4 or more, and selected the first 91
topics for the remaining topics.

2.3 Evaluation Results

Table 1 shows the results of the Japanese—English intrinsic
evaluation, in which the column “BLEU” denotes the BLEU
values and the columns “BLEU-LOW” and “BLEU-HIGH”
denote a 95% confidence interval calculated by a bootstrap
method [10] using 1000-fold resampling.

In Table 1, we denote the names of runs submitted after
the deadline in parentheses. In addition, “Moses *” denotes
results for the submission produced by the organizers. These
results are not official results and should be discarded for
strict comparisons.

Table 2, which uses the same notation as Table 1, shows
the results for the English—Japanese intrinsic evaluation.

Table 3 shows the results of the extrinsic evaluation, and
includes the values for BLEU, MAP, and Recall@N for each
group. The BLEU values in Table 3 are different from those
in Table 2. As explained in Section 2.2, the English search
topics used for the extrinsic evaluation are human transla-
tions of search topics in Japanese. To calculate values for
BLEU in Table 3, we used these search topics in Japanese as
the reference translations. Additionally, in Table 3 the row
“Monolingual” shows the results for monolingual retrieval,
which is an upper bound to the effectiveness for CLPR.

3. EVALUATION SUBTASK

Automatic evaluation technology for a machine transla-
tion result is one of the valuable and developing regions in
the field. We already have the data including source sen-
tences, reference sentences, test sentences (machine trans-
lated sentences) and human evaluated results for test sen-

Table 1: Results for J-E intrinsic evaluation.

Run BLEU BLEU-LOW BLEU-HIGH
DCU-1 27.61 26.71 28.49
DCU-2 26.86 25.96 27.73
DCU-3 24.01 23.26 24.74
DCU-4 20.68 19.95 21.33
DCU-5 23.91 23.20 24.62
DCU-6 18.27 17.58 19.00
DCU-7 23.82 23.13 24.55
DCU-8 26.51 25.70 27.31
DCU-9 23.30 22.53 24.03
EIWA-1 34.30 33.35 35.25
KLE-1 27.75 26.85 28.69
KYOTO-1 21.23 20.47 22.02
NICT-1 30.32 29.40 31.12
NICT-2 30.14 29.27 31.01
NICT-3 24.96 24.16 25.77
NICT-4 25.79 24.96 26.61
(TORI-1) 25.65 24.71 26.54
TORI-2 21.56 20.60 22.57
TUTA-1 22.66 21.84 23.44
TUTA-2 26.27 25.46 27.01
Moses * 29.08 28.17 29.91

tences that are used in the NTCIR-7 patent translation task.
Using these data, we organize the evaluation (AE) subtask
in the NTCIR-8 patent translation task.

Participants evaluate the test sentences and submit the
evaluation results to the organizers. It should be noticed
that this evaluation will be sentence by sentence. It means
that the AE subtask is not through a document level eval-
uation but through a sentence level evaluation. The orga-
nizers calculate correlation coefficients between each partic-
ipant’s evaluation results and human evaluation results and
will send them back to the participants.
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Table 2: Results for E—J intrinsic evaluation.

Run BLEU BLEU-LOW BLEU-HIGH
DCU-1 33.03 32.00 34.04
DCU-2 32.50 31.47 33.49
DCU-3 29.53 28.60 30.46
DCU-4 26.38 25.55 27.19
DCU-5 26.38 25.52 27.21
DCU-6 27.93 27.05 28.68
DCU-7 30.08 29.25 31.00
DCU-8 26.22 25.40 27.10
DCU-9 27.23 26.36 28.08
DCU-10 26.21 25.39 27.03
DCU-11 26.45 25.61 27.36
DCU-12 30.53 29.62 31.49
DCU-13 26.83 26.02 27.64
DCU-14 1.27 1.03 1.50
KLE-1 29.18 28.41 29.94
KYOTO-1  24.13 23.39 24.97
NICT-1 35.37 34.46 36.29
NICT-2 35.87 34.99 36.80
TORI-1 26.02 25.14 26.89
TUTA-1 27.82 27.07 28.54
TUTA-2 28.50 27.66 29.29
Moses * 35.27 34.30 36.19

The data for the AE subtask are provided from the results
of the NTCIR-7 patent translation task. In the AE subtask,
the direction of machine translation is only from Japanese to
English. Number of a reference sentence for one test datum
is one. Then, the AE subtask is for the single reference
evaluation.

Training data provided to the participants consist of five
files. The first file includes 100 source Japanese sentences.
The second file includes 100 reference English sentences.
The third file includes 1100 test sentences which are out-
puts of 11 machine translation systems participating in the
NTCIR-7 patent translation task, dry run. The fourth file
includes 1100 adequacy values which correspond to the test
sentences. The fifth file includes 1100 fluency values which
correspond to the test sentences.

Test data provided to the participants consist of three
files. The first file includes 100 source Japanese sentences.
The second file includes 100 reference English sentences.
The third file includes 1200 test sentences which are out-
puts of 12 machine translation systems participating in the
NTCIR-7 patent translation task, formal run. The examples
of the test data are as in Figures 3-5.

All submitted evaluation results of test sentences are meta-
evaluated by the following method. We have made a human
evaluation data for all of the test sentences of the test data.
Measures used in the human evaluation are “adequacy” and
“fluency”. We use “median” of three human evaluation re-
sults which are provided by three human raters, i.e, one
evaluation result from each human rater. Then, we com-
pute correlation coefficients between submitted evaluation
data and human evaluation data. We use Pearson’s correla-
tion and Spearman’s rank correlation in this phase. So, we
obtain the following four meta-evaluation results.

e Pearson’s correlation coefficients to the adequacy data

e Spearman’s rank correlation coefficients to the ade-
quacy data

e Pearson’s correlation coefficients to the fluency data

e Spearman’s rank correlation coefficients to the fluency
data

The participants can also obtain human evaluation data
after they submitted their evaluation data.

We have only one participant for the AE subtask from
HCU. The results are shown in Tables 4 and 5. In the
tables, “Avg” means the average value for the correlation
coefficients for the 12 test systems and “All” means the cor-
relation coefficient for all data of the 12 test systems.

We only have one participant for the AE subtask. The
correlation coefficients between automatic evaluation and
human evaluations are distributed between 0.21 and 0.30
which are relatively low. We may need to set up the multi
reference evaluation subtask.

We plan to provide all human evaluation data composed in
the NTCIR-7 and NTCIR-8 patent translation task for the
future researches of the automatic evaluation. They will be
provided from NII’s Informatics Research Data Repository.

4. CONCLUSION

To aid research and development in machine translation,
we have produced a test collection for Japanese/English ma-
chine translation. To obtain a parallel corpus, we extracted
patent documents for the same or related inventions pub-
lished in Japan and the United States.

Our test collection includes approximately 3200000 sen-
tence pairs in Japanese and English, which were extracted
automatically from our parallel corpus. These sentence pairs
can be used to train and evaluate machine translation sys-
tems. Our test collection also includes search topics for
cross-lingual patent retrieval, which can be used to evaluate
the contribution of machine translation to retrieving patent
documents across languages.

In addition, our test collection includes machine transla-
tion results and their evaluation scores determined by human
experts, which can be used to explore automatic evaluation
methods for machine translation.

Using this test collection, we performed the Patent Trans-
lation Task at the Eighth NTCIR Workshop. This paper has
described the results and knowledge obtained from the eval-
uation of the formal run submissions. Our test collection
will be publicly available for research purposes after the fi-
nal meeting of the Eighth NTCIR Workshop.
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Figure 3: Top three source sentences of the test
data.

the printing mechanism has a photoconductor drum 11 .
the transfer paper and fixed by a fixing roller 39 thus
processed is discharged through a discharge tray 43 is
sent to a mechanism ( not shown ) .

the laser beam outputted from the laser unit 8 irradiates
the photosensitive drum 11 .

Figure 4: Top three reference sentences of the test
data.

the printing mechanism comprises the photosensitive
drum 11 .

the copy paper which has been subjected to fixing pro-
cessing by the fixing roller 39 is fed onto a discharge tray
43 through a discharge mechanism ( not shown ) .

a photosensitive drum 11 is irradiated with the laser light
outputted from the laser unit 28 .

Figure 5: Top three test sentences of the test data.

Table 4: Correlation coefficients to the adequacy
data.

Run Pearson Spearman
Avg All Avg All
HCU-1 | 0.2992 | 0.2463 | 0.2712 | 0.2234

Table 5: Correlation coefficients to the fluency data.

Run Pearson Spearman
Avg All Avg All
HCU-1 | 0.2608 | 0.2285 | 0.2486 | 0.2126
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