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European Patent Office and Japan Patent Office agree to co-operate on
automated translation

Dr. Richard Flammer
Principal Director Patent Information
European Patent Office (EPO)

The President of the European Patent Office (EPO), Benoit Battistelli, and the Commissioner of the Japan Patent
Office (JPO), Yoshiyuki Iwai, have signed an agreement on 6 February 2012 which will result in the
enhancement of patent information services that incorporate machine translations of patents from Japanese into
English and later into German and French. The body of Patent documentation published in the Japanese
language is at once vast in its scale, and deep in the importance of the technical knowledge contained therein.
This agreement represents a major step forward in opening up this information source to non-speakers of the
Japanese language.

EPO President Battistelli further clarified that "Making Japanese patents available in English not only brings a
wealth of technological information to users in Europe and elsewhere. It also offers an effective and reliable way
for engineers, inventors and scientists to take account of the latest Japanese technology when defining their
intellectual property strategies, and thus improve the focus and quality of their own work."

Open access to information is widely recognised as a corner stone of the innovation economy, and when it comes
to public information, even a right of citizens. Therefore not only must the EPO fulfil its legal obligation for the
publication of European Patent documents, but in the fast changing world of innovation and high technology the
EPO must seize new opportunities as it strives to help Europe remain a leader in the global knowledge economy.
Moving to a new level of machine translation is just such an opportunity where meaningful access to information,
and especially the complex technical information found in patent documents, is greatly enhanced when it
becomes available in a language with which users of the information are comfortable.

With the rapid improvements in "fit-for-purpose” (not legally binding) machine translation, President Battistelli
has made support for innovation and the accessibility of the technical information contained in patent documents
one of his top priorities. As President Battistelli explains "We have to find a balance to make patent information
accessible to companies, especially SMEs, and lower the language threshold".

To this end, in October 2010 President Battistelli obtained the agreement of the EPO's Administrative Council to
collaborate with national Patent Offices with the aim of raising the bar in machine translation. This was followed
by another milestone in November 2010, when President Battistelli succeeded in bringing the technology giant
Google onboard. The arrangements with Google are by no means exclusive, and the EPO looks forward to
working with further suitable partners that can provide a valuable contribution.

Since the start of 2011, things have been moving very rapidly, and the benchmark of consistently "fit-for-
purpose” machine translations is now close to reality for innovators and other users of patent information. Not
only have the technical specialists continued to improve the underlying technology of machine translation, but a
key new ingredient has been added - the incorporation of a massive corpora of "aligned" patent texts for training
the translation systems. In essence these "aligned" patent texts, collected and aligned by the EPO, comprise
patent documents that contain matching texts that were published in different languages.

With an eye to the future, the EPO continues to build up the corpora of aligned patent texts, and machine
translation continues to evolve a relentless pace. Just take a look at the computers on your desk or your mobile
phone. They have changed beyond recognition in the past 3 years. There is every reason to expect equally
stunning changes in machine translation in the next 3 years. For 5 years down the road I will not even hazard a
guess at the how much automatic translation quality will have advanced, and by how much translation costs will
be reduced.

But of one thing we can be sure - "We will do everything we can to maintain our leadership in the use and
development of machine translation technology for the good of the EPO and the European economy as a whole".



It is our hope that automatic, free-of-charge translation of patent documents which are consistently fit-for-
purpose and provided through non-exclusive collaboration agreements such as that between the EPO and Google
will form part of the standard expectations of patent information users within a few years. Furthermore, the EPO
does not intend to stop at the language pairs (French to English, German to English etc) supported today. In a
reflection of the great importance attached by both the European Union and the EPO to providing services to
European citizens in their own language, the EPO is aiming at support for official languages of all 38 EPO
member states.



PATENTSCOPE CLIR
An empirical approach to applying SMT techniques to Cross
Language Information Retrieval in the patent domain

Christophe Mazenc
World Intellectual Property Organization
34, chemin des Colombettes
CH-1211 Geneva 20

Christophe.Mazenc@wipo.int

Abstract

This paper presents the approach and the
methodology used to implement WIPO's
cross lingual information retrieval
system for patents (subsequently called
PATENTSCOPE CLIR). The system is
freely available at
http://www.wipo.int/patentscope/search/

clir/clir.jsp.

The system allows a user to search is his

native language (English, French,
German, Japanese, Spanish, Chinese,
Korean, Portuguese, Russian, Dutch,

Italian and Swedish) and retrieve Patent
documents published in other languages.

1 Introduction

WIPO is a specialized United Nations Agency
responsible for promoting a balanced Intellectual
Property system and one of its activities consists
in disseminating Patent Information to facilitate
knowledge transfer, see (Takagi and Czajkowski,
2012). In this context, WIPO puts a free patent
search system called PATENTSCOPE
(www.wipo.int/patentscope/search) at  public
disposal offering advanced search functionality
for internationally published Patent Cooperation
Treaty (PCT') applications and for a growing
number of national patent collections. At the time
of writing, 10 million patent records can be

"WIPO. (2010) PCT The International Patent System-
WIPO Publication No. 901(E)/09 June 2010

searched, among which 4.5 million have
description and claims searchable in full text’.

A major share of these patent documents
were published in English but the world patent
landscape is shifting and more and more patents
are published in other languages, with a growing
share being in Asian languages (Chinese,
Japanese and Korean, referred to as CJK). As
the grant of a patent in many jurisdictions
requires that it fulfills the criteria of novelty
and/or inventive step, the need to search in many
different languages is rising worldwide and
WIPO developed the PATENTSCOPE CLIR
system among other tools and services, see
(Pouliquen and Mazenc, 2011) in response.

2 Background

Cross Lingual Information Retrieval has been an
active research area in the field of
Computational Linguistics since the mid 1990s
(see, notably, the proceedings of the Text
Retrieval Conferences (TREC®), of the Cross-
Language Evaluation Forum (CLEF‘) and the
Japanese NTCIR workshops®). Research results
have shown that it is possible to build
multilingual ~ search  systems that reach
monolingual search system performance in
terms of recall and precision. See (Oard, 2009)

? Most Patent applications have only the title and a small
abstract available in full text while the description and
claims are usually more informative.

¥ http:/trec.nist.gov/

* http://www.clef-initiative.cu

? http://research.nii.ac jp/ntcir/outline/prop-en.html




and (Nasharuddin and Abdullah, 2010) for
recent surveys of the state of the art.

Projects that have been successfully developed
use one of the two following paradigms:

(1) Document translation: the documents are
all translated into English and their
translations indexed together with the
documents written in English. Cross
lingual searches are then achieved by
running monolingual English queries.

(2) Query translation: the user enters his
search keywords in his native language
which are then translated into all
languages. All document collections are
searched in parallel; the results are then
ranked and presented to the user in his

own language using Machine Translation.

Each paradigm has advantages and drawbacks
discussed briefly later.

PATENTSCOPE CLIR wuses the second
paradigm and leverages Statistical Machine
Translation techniques that led to the
development of tools like Google*Translate in
the mid 2000s. PATENTSCOPE CLIR entered
production in May 2010 initially covering five
languages: English, French, German, Japanese
and Spanish. Support for Chinese, Korean,
Portuguese and Russian was added in July 2011
and for Dutch, Italian and Swedish in January
2012. As will be explained later, rapid
development of the system and easy addition of
new languages are possible as the approach is
corpus based, statistical and unsupervised, and as
the required corpora were available at WIPO.

The implementation of CLIR systems in the
patent domain comes up against specific
difficulties, see (Sarasta, 2000):

. the wide range of technical keywords

with many variations

. the ambiguity of technical keywords in

different technical domains

o the vagueness and imprecision of

technical keywords used to describe matters as

generally as possible so as not to restrict the
scope of protection sought by the patent
applicant

To give an example, a jackhammer was found to
be described as a “device for breaking the surface
of roads” in a patent application published in
German (“Strassendeckenaufbruchgerit™).

3 Presentation of the system

We will start by presenting the interface of our
system and with a brief explanation from a
user’s point of view.

3.1 Navigation

The PATENTSCOPE system can be accessed
from the WIPO main site by using the “WIPO
GOLD”° portal, an assembly of all WIPO’s
collections of searchable IP data. Clicking on
PATENTSCOPE opens the simple search screen
of PATENTSCOPE and you can navigate to the
CLIR system by selecting the entry “Cross
Lingual Expansion™ in the Search drop down
menu (See Figure 1). The interface is available
in Chinese, English, French, Japanese, Korean,
Portuguese, Russian and Spanish.

=~ b Mobils | Deutseh | Espa

WIPO é PATENTSCOPE

— Search International and National Patent Collections

WORALD INTELLECTUAL PROPERTY CRACANIZATION

BT orowse | Transite | Oplions  News | Login | Help
| Simple
| Advanced Search
E  Fietd Combination

_Cross Lingual Expansion

Detailed coverage information can be found here (-=)

10,116,437 patent documents Including 2,005,745 pu

FrontPage [

Office
rer ™ Honduras ™ singapore
™ Argentina ™ 1srael ™ South Africa
™ Brazil ™ Kerya ™ spain
™ chile ™ mexico ™ Uruguay
™ colombia ™ Morocco I™ viet Nam
I costaRica I Micaragua I~ ArIPO
I~ cuba ™ Panama ™ ero

Figure 1: Navigation to PATENTSCOPE CLIR

3.2 Automatic expansion mode

A first Graphical User Interface, the so-called
“Automatic expansion mode”, offers the user the
possibility to search for terms without any further
input as shown in Figure 2. This mode 1s designed
for the general public not wishing to drill into the
complexity of multilingual query expansion and
wanting quick search results.

® http://www.wipo.int/wipogold/en/



Input search terms

Query [Help]

Jackhamme r|

» Ouety Language: | English 'I
# Expansion Mode: iAuIcmatic VI

# Precision Recall

o

Submit Query

Figure 2: performing a quick multilingual search

Behind the scene, the system finds the
technical domain(s) associated with the keywords,
chooses relevant synonyms and translations in
these domains, builds the multilingual Boolean
query and executes it to give immediate results.
In many cases where the entered keywords are
technically precise, belong to a single technical
domain and are non ambiguous, this provides
excellent results. If the user judges that he does
not get enough relevant results, he can execute
the query again by requesting a greater recall
using the displayed sliding bar. On the other hand,
if the user judges that there are too many
irrelevant results, he can execute the query again
by requesting more precision using the same
sliding bar. Indeed, the parameter indicated by
the sliding bar sets the system a maximum level
of freedom it can take in selecting close
synonyms and translations for the entered
keywords, enlarging and narrowing the scope of
the search as required.

The expanded query in our example is shown
below:

"breaking hammer") OR EN_AB:("jackhammer" OR
"breaking hammer")) OR (DE_TI:("Bohrhammer" OR
"Schlaghammer" OR "Brechhammer" OR "Brecherhammer")
OR DE_AB:("Bohrhammer"” OR "Schlaghammer" OR
"Brechhammer" OR "Brecherhammer")) OR
(ES_TIL:(" martillo rompedor")  OR ES_AB:("martillo
rompedor")) OR (FR_TL:("marteau de démolition" OR
"marteau piqueur") OR FR_AB:("marteau de démolition" OR
"marteau piqueur")) OR (RU_TL:("orboiinbiii mosoTok") OR
RU_AB:("oroiinetii monorox™)) OR (ZH_TL:("# P& ") OR

ZH_AB:("#7F&"™) Office(s):all Language:EN Stemming: true

We can see by examining the expanded query
that the system searches in both titles and
abstracts and has found translations in five other

languages. 575 results have consequently been
found and the first relevant results illustrate
clearly the multilingual nature of the search, as
seen below.

No Ctr Title

0790881 - HyorauLscHeR ERERERENNER
02345881 - PNEUMATIC IACKHAMMER
\WO/1996/015881 - HYDRAULIC BREAKING HAMMER

172292 - HvorauuscHer ERERINENNNER 7 cescHMERTER
VWERKZELIGFUHRUNGSHULSE

2297619 - [SRTIELD ROMPEDOR
1722931 - HyorauuscHer, EREEHRENER
WO 8951022442 - HyorauuscHer EEHEAGRERNER

01813177 - OTGORAHLIA MONOTOK

2296139 - NARTILES ROMPESOR rorauuco
2331707 - ACCESORIO AMOVIBLE PARA EcUPAR UN NARTIEED RONPEDDR
1008917 - UTL PERFORADOR Para MARTILLGE RGHMPEDORES

0884132 - Bohthammet

Figure 3: Example of multilingual result list

1

m
w

12. ES
13. EP

To get an idea of the increase in recall that can
be obtained in some cases, at the time of writing
the corresponding monolingual query
“jackhammer”™ retrieves only 24 results in
PATENTSCOPE when searching patent titles
and abstracts.

Finally, the user can request PATENTSCOPE
to machine translate the titles of the results list
into his native language (through integration with
web MT engines like Google Translate or Bing
Translate).

Expert users who wish to be more certain of
the quality of the search results are invited to use
the “Supervised mode”, revealing in more depth
the way the system works internally and allowing
the user to drive the expansion process taking
into account the context of their search.

3.3 Supervised expansion mode

We will reuse the example of “jackhammer™ to
explain the use of the supervised expansion mode.
In a first step, the system asks for confirmation of
the automatic selection of technical domains
associated with the search terms entered by the
user. PATENTSCOPE CLIR uses 31 domains
which were defined using earlier work on
terminology for PCT abstracts and which are
mapped to the International Patent Classification’

" http://www.wipo.int/classifications/ipc/en/

WOi2008/139039 - BREAKING HAMMER AND METHOD OF FASTENING THE SAME



Sports, Leisure, Tourism & Hospitality Ind

[TEXT)] Adl, A43, Ad4B,
Textile & Clothing Industries B68, DO, F26
[TRAN] G07-08
"Transportation”

(IPC) as shown n
Table 1.
IPC
Technical domain htelh
[ADMN] G09YB
Admin, Business, Management & Soc Sci
[AERO] Bo4, CO6B
Acronautics & Aerospace Engineering
[AGRI] C05,CI2N
Agriculture, Fisheries & Forestry
[AUDV] GO3, GO9G,
Audio, Audiovisual, Image & Video Tech GO9F, GI0L,
GIO0K, G11, HO4
[AUTO] B60, B62
Automotive & Road Vehicle Engineering
[BLDG] B28, B66, C04,
Civil Engineering & Building Construction E0, F17
[CHEM] B01-05, BOS,
Chemical & Materials Technology B28C, B82, C0-1,
C25,C3-4,C9

[DATA] HO4, G11, GO9C,
Computer Sci, Telecom & Broadcasting GOS8, GO6
[ELEC] HO1-03, HOS
Electrical Engineering & Electronics
[ENGY] BO1B, F16P, F17,
Energy, Fuels & Heat Transfer Eng F22,
[ENVR] BO3, B0O8-09,
Environment & Safety Engineering €02, F27, GOS8
[FOOD] A21-24
Foods & Food Technology
[GENR] B03, B67, C12-13
Generalities, Language, Media & Info Sci
[HOME] Ad5, A46B, A47,
Home Contents & Household Maintenance E05-06
[HOROY] A44C, BBI, G04,
Precision Mechanics, Jewelry & Horology Gl2
[MANU] A46D, B07.

Manufacturing & Materials Handling Tech

BS82B 3/, B23-29,
B3, B65-66, C03-
04, CO6F 1/, CO6F

3,Cl14
[MARI] B63
Marine Engineering
[MEAS] C12Q, Fl6, GOl,
Standards, Units, Metrology & Testing GOs, G112
[MECH] B02-07, B25-26,
Mechanical Engincering B30, E02, FO,
Fl15-16, F26
[MEDI] A6l, B82, CI12P,
Medical Technology CI12N
[METL] B21-22,C2, F27
Metallurgy
[MILI] Co6C, C06B,
Military Technology C06D, F4
[MINE] E21, F42
Mining, Oil & Gas Extraction & Minerals
[NANO] BS1-82
Nano Technology
[PACK] B31-32, B65
Packaging & Distribution of Goods
[PRNT] B30B 3/, B3I,
Printing & Paper B41-43, D21,
GO7B
[RAIL] Bo6l, GOYD
Railway Engineering
[SCIE] Go2
Optical Engineering
[SPRT] A63, F41B

Table 1: PATENTSCOPE CLIR domains

For the purposes of the demonstration,
we would like to search for jackhammers in a
relatively general sense.

The system proposes the technical
domain [MANU] which is fine and we also add
the relevant technical domains [BUILD] and
[MECH] (Up to five technical domains can be
selected for the query expansion).

In the next step, the system searches for
all the terms comprising a sub-list of consecutive
keywords in the query entered by the user.

For each found term, the system then
proposes a list of variant terms that the user
needs to select or unselect. The user can also
change the technical domains associated with the
current term (allowing a query with terms from
several different domains), add his own variant
terms, or specify that the current term should not
be translated in the expansion.

Quary  Domains FBLDG MANUMECH] [Heip}

[lADM] Admn, Buarees, Mensgement & Soc Sof
|AERO] Agronmtics & Ascapics Engresrng

4 [MAn] Maruitacturng & Matesiais Harcng Tech

Aames

A Agrouure, Fisreres & Forestry

ALY Auxto Auadcrvitund, Imege § Video Tech
{ALITO) Automotres A Rond Yatac Ergrasrng
JCHEM] Chavsical & Matorias Tachrokogy
JDATAL Comguies 5o, Telecom & Broadcastng
{BLEC] Blectrom Engueenry & Bectronc
IENGY | Energy, Fusis & Hest Transtes Erg
ENYR] Ervranmentel § Satety Ergreerrg

IF OO0 Fooes & Food Tachnotesgy

| GENSR] G aitins L anguage, Mode § 8o 5o
HOME | Home Corterts & Housekokd Martenancs
HOROH Precismn Mechanc s Jewairy § Horokogy
[MART) Marre Ergreerrg

IMEAS] S2arierd, Unks, Welroiogy & Testng
[MEDH) Meicnl Techvmiogy

[METL) Moty

WAL 1} bty Ticewciengy

MPE] Mrargy. O & G Exzracton § Mewrais
[IMANCH han Technology

[FACH] Packngng & Dvtriuton of Gooay
{IPFedE] Prvirg & Fapee

[FAL | Fisbovary Engraerng.

[SCE} Cpte sl Ergresirg

|SPRT] Sports, Lissure, Toursem & Hospaadly el
[TEXT] Teutle & Clotrang nekstres

[ TRAN] Toarmportaon

| o

Rapana bymssena

Figure 4: Technical domain(s) selection

By choosing different values on the
sliding bar, more or less variants are displayed.
As the unselected variants are used to
disambiguate, the user needs to review all the
proposed variants. In the example, we select all
proposed variants (“paving breaker”, ‘“‘impact
hammer”, “rotary demolition hammer”), which
are relevant.



Variants Camains [BLOG,MANU MECH] [Help]
% Keep tenm umranslated when expanding query in other Ianqunqesl_
¥ Less £ Moie

r‘;‘ua\nng breaker g|mpar.1 hammer r‘amtarv demolition hammer

Add Variant

Transiate Selected Terms Start Over

Figure 5: Selection of variants

In the next screen, the system finally displays the
expanded queries in all target languages.

At this point in time, the user can influence
the final query generation with three factors:

e Setting stemming® on or off. Stemming
on is recommended to increase the recall

e Selecting the acceptable distance
between words matched in the retrieved
documents (proximity searching)

e Choosing on which fields the query
should be performed ( title, abstract,
description, claims).

i1 (X

o

English I [ Gar gpanish F3 French 3 Portuguess |

¥ Ch

Japanese

i = - - e
Kussian ttalian Swedlgh ipc §

Input search terms ’

"Bohrhammer"” OR "Schlaghammer” OR "Impact Hammer”
OF "Strassendeckenaufbruchgerat” OR "Meifelhammer"”

{ Abstract x I
* Accaptable distance between | Sentence "I

natclied wods:

 Fleldis ) yoil watl 1o search:

# Stenining P

Submit Quary Stan Oves

Figure 6: validation of language expansions

If the user wishes to search in description
and claims, it is advised to use proximity
searching so that document hits, in which related
keywords are found far apart in the text, are
discarded.

The user also has full editing rights on
the expanded query for each language and can
select or deselect the IPC filter computed
according to the technical domains selected in the
first step. Expanded queries use also the

¥ See http:/en.wikipedia.org/wiki/Stemming

LUCENE syntax and can easily be copied, pasted
and eventually rewritten to run on patent search
systems other than PATENTSCOPE.

Results 1-10 of 940 for Criteria: ((DE_TL:(( ( Bohrhammer OR
"Impact Hammer" OR Schlaghammer OR
Strassendeckenaufbruchgerit OR  Meifelhammer ) )) OR
DE_AB:(( ( Bohrhammer OR "Impact Hammer" OR
Schlaghammer  OR  Strassendeckenaufbruchgerit  OR
Meifjelhammer ) ))) OR (EN_TEL(( ( "rotary demolition
hammer" OR jackhammer OR "paving breaker" OR "impact
hammer" ) )) OR EN_AB:(( ( "rotary demolition hammer" OR
jackhammer OR "paving breaker" OR "impact hammer" ) )))
OR (ES_TI:(( percusion )) OR ES_AB:(( percusion ))) OR

(FR_TE:(( ( "marteau a percussion” OR "marteau de
démolition" OR  "marteau  piquenr" ) )  OR
FR_AB:(( ( "marteau & percussion” OR "marteau de
démolition"” OR "marteau piqueur" ) ] OR

(IT_TI:(( "martello a percussione” )) OR I'T_AB:(( "martello a
percussione” ))) OR (JA_TI:(( ("1 ¥ 782 b >3 —=" QR "{]
BT —1))) ORJA_AB:((("1 ¥ 787 b1 ¥ = —" OR"{T
BT =) OR (PT_TL(( ( "martelo de impacto” OR
"martelos de choque" ) )) OR PT_AB:(( ( "martelo de impacto"
OR "martelos de choque” ) ))) OR (RU_TI:(( ( "orhoiinbii
monorok" OR "meashuna yaaphore aeiictbus' ) )) OR
RU_AB:(( ( "ordoiinsiii Mmoaotor" OR "meashuua ynaphoro
aeiictbus™ ) ) OR (SV_TL(( ( slaghammares OR
slaghammare ) )) OR SV_AB:(( ( slaghammares OR
slaghammare ) ))) OR (ZH_TE:(( ("FFR" OR "EIBEAHLH "
OR " #" OR "Eppii " OR "fii i :LH ") ) OR
ZH_AB:(( ("¥7BE" OR "B BMHLA" OR "8LH" OR "alpp
didE" OR " i L8 )) AND ICF:("B82B 3" OR "CO6F
1" OR "CO06F 3" OR A46D OR B02 OR B03 OR B04 OR B05
OR B06 OR B07 OR B23 OR B24 OR B25 OR B26 OR B27 OR
B28 OR B29 OR B30 OR B3? OR B65 OR B66 OR C03 OR
C04 OR C14 OR E02 OR E0? OR F0? OR F15 OR F16 OR F17
OR F26) Office(s):all Language:EN Stemming: true

In our example, we see that using the
supervised mode, we obtained many more
adequate synonyms and translations (E.g. the
French term “marteau a percussion”), leading to
an improved recall when searching titles and
abstracts with 940 documents found compared to
the unsupervised mode with 575 documents
found and to the original monolingual query with
24 documents found.

4 Implementation approach

4.1

The initial idea at the beginning of the project
arose when looking at phrase tables generated by
a first trial of the open source toolkit Moses (see
Koehn et al., 2007) on titles of PCT applications
published in both English and French. The
obtained phrase tables were indeed showing very
promising associations of technical terms in
English and French.

Principles



PATENTSCOPE CLIR is an implementation
of an SMT decoder generating patent search
Boolean queries. The main difference to the
Moses decoder is simplicity, it relies mostly on
in-memory Machine Readable Dictionaries
(MRDs), and the fact that it seeks to find all
alternative variants of words in order to improve
recall instead of focusing on correct translations
(no reordering or natural language sentences
generation with the help of mono lingual
language models are needed).

The second idea is to use English as a pivot
language. Indeed, most of the available translated
patent titles are from or to English and another
language.

The third idea is to use a feature of the Moses
toolkit called “Factored Translation Models™ (see
Koehn and Hoang 2007), to implement technical
domain adaptation according to the domains
defined in
Table 1. As a result, the statistical pairing in the
phrase tables are done in the context of their
technical domain.

The fourth idea is to involve the patent
searcher in order to drive the query expansion.
Statistical pairings of groups of words in phrase
tables indeed come with a probability parameter
informing of the likelihood of the pairing. Those
probability parameters are stored in the MRDs,
allowing the definition of varying thresholds for
selecting only the best translations and synonyms
and ranking them. The patent searcher has
control over the thresholds by using the displayed
sliders.

4.2 Challenges and solutions

Preparation of the MRDs
The preparation of the MRDs is performed
according to the following steps:

Step 1: Source data gathering: the patent
application titles are gathered in a relational
database, so that they can be cleaned and
exported in the format suitable for the training of
the Moses phrase tables. Our title database
includes around 45 million unique titles for
around 80 million different patent applications.

Step 2: Cleaning: this step is language specific
and involves language checking, bad character
filtering, character standardization, recasing,
accents generation and tokenization for Asian
languages. We use open source tokenizers from
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the LUCENE (see McCandless et al., 2010)
sandbox and created our own Korean tokenizer.

Step 3: Export to Moses format: this step
involves pairing cleaned titles, associating
technical domains and writing them in the Moses
training input format. Paired translated titles for
the same patent application are selected in
priority. Unfortunately, the obtained volume of
parallel titles is not sufficient for most of the
languages. It is therefore necessary to resort to
family patent relationshipsg, see (Simmons, 2009).
However, titles for patents belonging to the same
family can be far from exact translations, leading
to erroneous statistical pairings of translated
terms. It is therefore necessary to filter the
pairings to keep only the most probable ones,
which is achieved by computing matching scores
using previous MRDs built from exact
translations (bootstrapping).

Step 4: Moses training: this step is the usual
Moses training step with factored models.

Step 5: MRD generation: this step involves
parsing the titles phrase tables and generating the
dictionaries. It appears that paired translated
terms are often prefixed or suffixed by parasitic
words in the phrase tables. Those words are for
example in English stop words like “the”, “a”,
“by”, “for”, *“and”... and also words like
“apparatus”, “compound”, “comprising”,
“consisting”, “improved”, “produced”, ... These
parasitic words are simply lost by translating
from one language to the other where they are
unnecessary. An empirical approach has been
used to identify and list them so as to remove
them as prefixes and suffixes when adding
entries in the MRDs. For the less common
languages, title phrase tables obtained as
described above may be insufficient to produce a
large enough dictionary. In these cases, phrases
tables obtained from paired abstracts from
WIPO’s machine translation project are also used
(see Pouliquen et al., 2011) but in order not to
pollute the MRDs with groups of words not being
technical terms, entries are added to the MRD
only if the English group of words already pre-
exists in the MRD and was obtained from a title

’ A patent family is a single invention patented in more than
one country. Usually the titles are translations of each others
but they sometimes differ



phrase table.
Source language of the MRD Number of
entries(*)
English 17°350°000
French 8’497°000
Chinese 6°004°000
Russian 37096000
German 2°986°000
Korean 1’831°000
Spanish 17307000
Japanese 1’589°000
Portuguese (Brazil and Portugal) 680’000
Italian 6327000
Swedish 6137000
Dutch 439°000

Table 2: Volumetric of MRDs (January 2012)

(*)Number of entries per language are
reported, an entry being a group of words in the
source language that has been at least matched
statistically with another group of words in another
language (after removal of the parasitic prefix and
suffix words). It is to be noted that these entries
include technical terms but that a large percentage of
them are not in the sense they would not be selected to
be recorded in a terminology  database.

Automated Language detection

Step 2 of the MRD generation uses automated
language detection. Also when a user enters
keywords for a CLIR expansion, the source
language has to be known for certain in order to
use the appropriate MRD. Automated language
detection is implemented by computing a score
for all supported languages based on word
frequencies using the MRDs and using the
character sets for CJK languages and Russian.

Automated technical domain detection

This is needed for the implementation of the
unsupervised mode. It is achieved by computing
a score per technical domain based on the
probabilities stored in the MRDs and returning
the technical domains ranked by score.

Word variants generation

Word variants are generated by using a pivot
language and translating back into the source
domain. For all languages but English, English is
used as the pivot language and for English,
French is used. The translations of translations
are done in the context of the selected technical
domains and the results are sorted to remove
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duplicates and ranked. Thresholds and filtering
heuristics are applied to keep only the best
variant candidates.

Another important aspect of variants is
that missing variants can be added by expert
patent searchers. They also need to indicate to
which technical domain their added variant
applies. As a consequence, the added variant will
appear in the subsequent variants proposals for
all users, adding a crowdsourcing component to
the system that can dramatically improve the
recall of specific searches.

Out Of Vocabulary (OOV)

The consequence of the Out Of Vocabulary
problem in the case of PATENTSCOPE CLIR is
that potentially relevant documents in a target
language will not be returned by the expanded
query. This is therefore less serious than in
Machine Translation. PATENTSCOPE CLIR
allows the user to indicate that the source term be
added untranslated as-is in the translated queries,
which solves some cases (like acronyms or
brands).

Also, when the source language is
English, an OOV means in practice that the
technical term mostly does not appear in an
English translated title for the target language,
which indicates that probably not many relevant
documents are missed (as the CLIR MRDs have
been generated with the titles of the major patent
collections in the world which are for the most
part also translated into English).

When the source language is not English,
it means indeed that relevant documents will
probably be missed. Efforts are then made to
improve the coverage of the MRDs and keep
them up-to-date with the new terminology
surfacing in the recently published patents, by
gathering the new titles and regenerating from
scratch all the MRDs once every six months.

Disambiguation
For polysemic keywords entered by the user,
disambiguation aims at selecting the right
meaning in the context of his/her search when
selecting variants and translations. For example
“pet” can mean  “animal  companion”,
“polyethylene terephtalate” or “positron emission
tomography”.

Disambiguation is achieved first by selecting
correctly the technical domains associated with
the search context. In the example, the “animal



companion” meaning can be associated with the
[HOME] technical domain, “polyethylene
terephtalate™ with [CHEM] and/or [PACK] and
“positron emission tomography” with [MEDI].

This will not solve all cases. CLIR implements
a second disambiguation technique in supervised
mode. Indeed, different meanings can be
characterized by different variants. When a
variant is not selected by the user, the system
identifies its most probable translation in each
target language. Then, if this translation appears
in the translation proposals of the initial
keywords or of the variants selected by the user
and if it is not ranked as best probable translation,
it is then removed from the list of candidate
translations, before the generation of the final
Boolean query.

When noticing irrelevant documents retrieved
due to an unwanted meaning of a polysemic
keyword in a language different to the source
language, the expert user has also the possibility
to edit the corresponding expansion to remove
the irrelevant translations.

Precision loss

When executing a CLIR query, it happens from
time to time that a large number of irrelevant
documents published in the same target language
appear in the result list. This is caused by the
statistical nature of the building process of the
MRDs and by the mistakes in the used corpora.
As a result, a keyword in a source language is
translated into the defective target language with
a term that has a broader meaning and even
sometimes an unrelated meaning. In these cases,
the user is invited to regenerate his expanded
query using the CLIR supervised mode and
check and correct the query expansion in the
defective target language. This can easily been
achieved even if the user does not understand the
target language by copying and pasting the
defective language expansion in  Google
Translate, which allows to easily identify the

defective translated term that has to be eliminated.

It is also worth noting that in these cases,
defective translated terms are often exceptions
when compared to relevant translated terms in
the final expanded query. As a result, due to the
LUCENE ranking algorithms on multiple fields
searched concurrently, irrelevant documents
usually are not well ranked and appear at the
bottom of the results list, which is a lesser evil.
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Finally, as the approach is corpus based, the
system does not propose out of domain
synonyms and translations that would harm the
precision. For example, expanding “device
coupling” will never propose variants like
“wedding” or “reproduction”, a “computer fan”
will not be expanded and translated as a “geek”
but as a blower or cooler. This is also valid for all
languages where idioms are used in technical
terms like “chien de fusil” in French that is
correctly expanded in English as “rifle hammer”
and not “rifle dog™.

Boolean query generation

The last step in the CLIR expansion procedure
concerns the Boolean query  generation
(following the standard LUCENE query syntax
with the PATENTSCOPE index field names).
CLIR generates expanded queries using two
formats:

AND queries

Proximity search queries

PATENTSCOPE text field names are as follows:
LL FF

Where LL is the two letters code of the language
(DE, EN, ES, FR, IT, JA, KO, NL, PT, RU, SV,
ZH) and FF is the field code: TI for Title, AB for
Abstract, DE for Description and CL for Claims.

The assumption is that the keywords entered
by the user are compulsory in the retrieved
documents. AND queries ensure this, while
proximity search queries also ensures that the
match keywords are within a range of
consecutive words.

Let us consider that the user has entered three
keywords 4, B and C and selected 4’ for 4 and
C" and €’ for C as variants. The expanded AND
query in the source language is then as follows:

((4 OR 4’y AND B AND (C OR C' OR 7))

[t is then combined with the OR operator with
a language sub-query for each target language:

((4,' OR 4,7 OR 4,’) AND B,/ AND (C,’ OR
Cn’-?))

where A4, is the best probable translation
candidate for 4 or A’ in target language tl, Af is
the second best probable translation candidate for
AorA’, and so on.

Proximity queries use LUCENE phrase
queries where keywords to be found are specified
between quotation marks, followed by a tilda and



the maximum allowed proximity expressed in
number of words:

The expanded source language query is then
obtained by developing all the combinations of
variants as follows and the same applies for the

target languages:

“ABC”~50R“ABC'~50R“ABC”~5
OR“A'BC"~50R“A'BC'""~50R“A' BC™
~5

The size of the expanded queries becomes
very long as soon as there are several source
keywords with many variants and translations
and several indexed fields searched concurrently.

As a result, the system keeps only the
combinations with the most probable variants and
translations in the final query.

Language specific difficulties
In the implementation of this project, we were
faced with specific language difficulties that are
briefly presented below:
e Missing accents: most of the patent titles are
available only in capital letters without
accents, which is a particular problem for the
Romance languages (French, Spanish,
Italian).
Lost casing: the fact that patent titles are in
capitals is a problem with German where
nouns are mixed with other words.
Synthetic/Agglutinative languages: in these
languages, new words are built by “sticking”
smaller words together. This is the case for
German, Dutch, Swedish and Korean. This
causes OOV problems for very unusual
combinations.
Japanese and Chinese require tokenizers to
set word boundaries. The possibility to pre-
tokenize the searched keywords by adding
spaces where need be is offered to the user.
Finally, the full support of a language in
PATENTSCOPE CLIR requires that a
corresponding LUCENE stemmer be available.

5 Results/evaluation

We discuss in this chapter the advantages and
drawbacks of our system and present the pre-
production test cases we defined and their results
that authorized the deployment in production.
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5.1 Advantages of the PATENTSCOPE

CLIR approach

First of all, the system is not English centric in
the sense it does not require end users to
understand English and it effectively supports
query translations from any of the 12 supported
languages to the 11 others.

Secondly, the system is easily understandable by
end users, it is WYSIWYG (there is no black box
effect) and users have full control on the
expansion mechanism and full editing rights on
the results.

Thirdly, its development required a manageable
amount of resources, significantly less than that
required for a document translation approach.

Fourthly, due to the unsupervised training of the
MRDs, the system is easy to maintain and can be
updated regularly to take benefit of the new
terminology appearing in recently published
patent applications, of the quality correction
applied to previous patent applications and of the
quality progresses in the statistical aligning
algorithms employed.

Fifthly, the system exhibits good disambiguation
capabilities due to the adaptation to technical
domains and to the involvement of the user in the
query expansion process.

Sixthly, in most cases the system exhibits large
recall gains compared to the associated
monolingual queries due to its ability to propose
relevant and in-domain variants (e.g. common
typos) and to the increased scope of searched
documents  (monolingual documents in a
language different than the source keywords are
included in the search scope).

Finally, we believe the approach is generic and
can be used in domains different than patent
information where large parallel corpora are
available.

5.2 Drawbacks of the PATENTSCOPE
CLIR approach

First of all, the MRD linguistic coverage for a
language depends heavily on the size of the
preexisting corpus of translated titles that is
available. CLIR cannot be implemented for
under-represented  languages. The  system



therefore exhibits quality disparities among the
languages.

Secondly, the generated query expansions are not
free of noise. In these, hopefully not too frequent,
cases, the user can, if necessary, amend the query
expansion themselves in the target languages to
remove the noise in the results, as explained in
paragraph 4.2.6, especially if they wants to reuse
their queries.

Thirdly, the generated queries are very heavy
(they can contain dozens if not hundred of
keywords) and therefore a very powerful search
engine with adequate hardware sizing is
necessary to execute them in order to maintain
good response times.

Fourthly, while the maintenance of the system is
relatively easy, painstaking cleaning and filtering
procedures have to be put in place to cope with
the quality deficiencies of the available patent
titles, especially for the older titles.

Fifthly, due to the fact that English is used as a
pivot language and has the largest MRD,
multilingual expansion quality is better when
starting from English.

5.3 Pre-production testing methodology and
tests results

In addition to non-functional tests for robustness,
performance and stress, a quality assessment was
conducted prior to the production go-ahead.

The following test methodology was
implemented:

e Technical keywords that appear often in PCT
application abstracts in English were selected,
making sure of a broad technical domain
coverage

e Corresponding search queries were built,
adding, where appropriate, collocated words
so that a proportion of the queries have
adequate  semantic complexity to expose
ambiguities problems (See Annex)

e WIPO internal translators were asked to
furnish reference translations for these
queries in French, German and Spanish

e The quality of the expansions in the target
languages were evaluated in automatic mode
against the reference translations and the
same was done with expansions obtained
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using Google Translate.

The following grading system has been used:

» Insufficient: all or a part of the meaning is
lost in the proposed keyword translations

*  Good/sufficient: there exists one translation
in the cross lingual expansion that accurately
conveys the expected meaning (within the
reference translations or close)

+ Excellent: there exist more than one
translation in the cross lingual expansion that
accurately conveys the expected meaning
(within the reference translations or close)

and following test results were obtained:

Good /

System | Insufficient Sufficient Excellent
Google 24% 76% N/A
Translate
(\?!L[r]? 7% 57% 37%
Table 3: Evaluation of query expansions in French
Good /
System | Insufficient Sufficient Excellent
Goagle 21% 79% N/A
[ranslate
s 9% 40% 51%
Table 4: Evaluation of query expansions in German
Good /
System | Insufficient Sufficient Excellent
Enivils 21% 79% N/A
Translate
g}:;? 10% 51% 39%

Table 5: Evaluation of query expansions in Spanish

6 Conclusion and future work

The PATENTSCOPE CLIR system developed
by WIPO facilitates simultaneous patent
searching in multiple collections in different
languages, exhibits search recall improvements
and brings patent searching capabilities to non-
English speaking internet users. It demonstrates
how the recent advances in Statistical Machine
Translation can be put to work in implementing
cross lingual information retrieval systems.

Some of the more popular spoken languages in
the world like Hindi/Urdu and Arabic (According



to Wikipedia'’) are not yet supported by CLIR.
Also some of the languages already supported
have a limited coverage. Therefore, WIPO is
actively seeking additional technical parallel
corpora in these languages. Other types of
corpora, different from patents could also be used,
such as technical documentation, manuals and
scientific articles.

We also believe that it is impossible to say that
document translation based CLIR approaches
perform better than query translation based CLIR
approaches as a matter of principle. Just as
quality is very diverse in Machine Translation, so
it is in query translation based CLIR systems and
only specific systems at a certain point in time
can be compared.

What is obvious is that the query translation
approach is more economical and manageable
and that no information is lost while making the
documents searchable to the end users.

Future work includes: (a) Defining an
approach for under-represented languages and
find sponsors to build parallel corpora in these
languages meeting minimum size requirements;
(b) Defining a crowdsourcing interface for
proofreading the translated title misalignments
obtained by using patent family relationships; (¢)
consider word decompounding for
synthetic/agglutinative languages.
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Appendix A: Test data

English source

queries French reference German reference Spanish reference Japanese reference
Linguistic level: usual terms (plain language)

feedingstuffs aliments pour animaux | Futtermittel pienso il d

analgésique,
antidouleur,
pain killer, pain antalgique, . I
reliever, pain soulagement de Ia Schmerzmittel, analgésico, agente de | WU, SUHAE, il
alleviating douleur Analgetikum alivio del dolor 8]
Kompensation von
Stérungen, s )
Gerauschreduktion, _ﬁuﬁ?i’- /A XF T
noise cancellation, annulation de bruit, Storgerauschausblend | anulacion/cancelacion e, /A4 ‘Kf *‘ 2
canceling suppression du bruit ung de ruido 7, /A ARE
antibody anticorps Antikérper anticuerpo Piik, &k
packaging box boite d'emballage Packkarton / Packkiste | envase fuLERE, AR

translucent/transparent
housing, translucent
casing

boitier translucide,
boitier transparent

durchscheinende(n) /
lichtdurchlassig /
transparent Gehalse

carcasa translucida,
casetén transparente

SEHOEMR, PEHD
Eik, BHOY— A, %
EID A — 2,

noise, background
noise, ground noise

bruit de fond

Hintergrundrausch,
Grundrausch,
Rauschanteil,

ruido de fondo,
interferencia de fondo

BT, RS, /S
proa R /AR

spurious noise,
interference noise,

bruit parasite, bruit

interferencia de ruido,

noise interférentiel Stérschall, Rauschen ruido M, FUBHEE
Biigelschloss,
padlock cadenas Vorhangeschloss seguridad, candado rnEE
chaleur perdue, calor de desecho,
waste heat chaleur dissipée Abwarme calor residual J9E 24
electrical charge, carga eléctrica,servicio
electric load charge électrique eine elektrische Last eléctrico Wy
hydraulic circuit, fluid hydraulische Stecke, circuito e -
circuit, hydraulic circuit hydraulique, Hydraulikkreislauf, hidraulico,circuito de HE R, HIEERR, KIE
system circuit de fluide Fluidkreislauf fluido #
AC, alternating current | courant alternatif, CA | Wechselstrom corriente alterna AT, AT
marine current, water Meeresstromung,
current, sea current courant marin Wasserstrémung corriente marina g, 7K
courroie de Getriebeband,
transmission belt transmission Antriebsriemen correa de transmision {mifih~ b
safety catch cran de sireté Sicherung gatillo A
trenching creuser des tranchées | graben abrir trinchera i
AT MR, BA
cancer diagnosis diagnostic du cancer Krebdiagnose diagnéstico de cancer | D2, FDOZWT
Verbreiten/Zurverfigun
gstellen von
Informationen,
Versand von difusion de
news/datal/information diffusion/dissémination | Nachrichten, informacion, difusion
broadcasting/distributio | d'informations, de Informationsverbreitun | de datos, de
n/dissemination données, de contenu gsvorrichtung contenidos WisRAd(E, 7 — YRS

distribution of

distribution de

Verteilung von
Reklame / Verteilung

advertisement messages publicitaires | von Werbungsmaterial | reparto de publicidad [LEDRE
Beriihrungsbildschirm,
Tastbildschirm, Touch-
touch screen écran tactile Screens pantalla tactil g F L
liquid crystal display écrans A cristaux Flissigkristallanzeige / | pantalla de cristal s, #h7 1 A
screen liquides Fliissigkristalldisplay liquido 7LA

BREHE A1 7L —

inflatable element élément gonflable aufblasbares Element | elemento hinchable Y7 IVEH

Entsorgung von

medizinischen Abfallen
disposal of hospital eélimination des / Beseitung von eliminacion de los
waste déchets médicaux medizinischen Abfillen | desechos hospitalarios | PE#{#EHEY0 MLA]
wind energy énergie éolienne Windenergie energia edlica i)
cue sports training entrainement au billard | Billiard-Training entrenamiento de billar | £') v — F Dk
wind turbine éolienne Windturbin, aerogenerador, [E\H, JE T 7 —
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Windenergieanlage, generador

Windkraftanlage, edlico,turbina de viento

Windkraftgetriebe

AF—=ALT 40, %%

steam iron fer a vapeur Bigeleisen plancha de vapor s

Papier-Blattchen,
pieces of paper, paper Papierblatte, laminas de papel,
sheets feuilles de papier Papierbogen hojas de papel, %, K fTh
glass fiber, glass-fiber | fibre de verre Glasfaser fibra de vidrio 7T A HRHE, 1R

Lichtwellenleiter,

Lichtleitfaser ,

optical fiber, fiber optic

fibre optique

Lichtleiter, optische
Faser

fibra éptica

WF 7 A i—

protective film, coating
film

film protecteur,
pellicule protectrice

Schutzfolie, Schutzfilm

pelicula protectora

PR 7 1 b 4, Ol

flujo sanguineo,

blood flow flux sanguin Blutfluss, Blutflui torrente sanguineo 1ML
homeopéatica/lhomeopa

homeopathic homéopathique homoopathisch tico R AF L —
Bekampfung von
tierischen
Schadlingen,

lutte contre les Schadlingsbekampfun
pest control nuisibles g control de plagas LB, o iR

washing machine

machine a laver

Waschmaschine

lavadora

fhiep

enfermedades de la

skin maladies de la peau, Hauterkrankungen, piel, enfermedad
diseases/disorders/con | affection cutanées, Hautkrankheiten, cutanea, piel
ditions, dermatosis dermatoses Dermatosen infectadas RS, HENE A
Atemmaske /
respiratory mask masque respiratoire Beatmungsmaske méscara respiratoria R~ A7, 7A7
Verbundwerkstoff, ey, SIGHEL fG
composite material matériau composite Verbundmaterial material compuesto Y18
Medikament,
medicament, drug, Arzneimittel,
medicine, medication, médicament, pharmazeutische medicamento,
pharmaceutical composition Zusammensetzung, composicion
composition pharmaceutique Pharmazeutikum farmacéutica, farmaco | iR, P
RAM, random access FYTLT TEALE
memory mémoire vive Arbeitsspeicher (memoria) RAM ), 74, RAM, RAM
IR 7L — 4, A
2ADT7L— A, IR
eyeglass frames monture de lunettes Brillenfassung montura de gafas #, A 2 DE

DC motor,D.C. motor,
direct current motor

moteur a courant
continu, moteur DC

Gleichstrommotor

motor de corriente
contintia, motor de
corriente directa

i E— 9 —, fkE
— ¥, i

moteur de recherche

Internetsuchmaschine

motor de busqueda

{1 9—Fy ME#HT
AV g A B
M—FI T
Krrow, y—Fx

internet search engine | par internet / Suchmaschine por Internet VY
cutting tool outil de coupe Schneidewerkzeug herramienta de corte I T H, 71
panneaux

photovoltaic panels photovoltaiques Photovoltaikpaneelen | paneles fotovoltaicos WAL/ Ao
Solaranlage, Solar- o .
Panels, S?)Iarpanels. AR 0, K
Solarkollektoren, Lk e

solar panels panneaux solaires Solarpaneelen paneles solares — /AL

blood plasma plasma sanguin Blutplasma plasma sanguineo M

active ingredient, principio activo,

active principle principe actif Wirkstoff ingrediente activo ST, ST

s, v

Pflanzenprotein, g8 70, WL

vegetable protein protéine végétale pflanzliche Protein proteina vegetal AEIHE

wireless receiver récepteur sans fil Funkempfanger receptor inaldmbrico A2 G

telecommunications
network,
telecommunication
network

réseau de
télécommunications

Telekommunikationsne
tz

una red
telecomunicaciones

(R, (SR
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transportation network,
communication
network, transport

Kommunikationsnetz,

network, supply réseau de transport, Transportnetz,Versorg | red de transporte, red
network réseau de distribution ungsnetz de distribucion wiisA, 20, TlER
vacuum coating revétement sous vide Vakuumbeschichtung revestimiento al vacio HZERE HED - &
anorganische Salze,
Mineralsalze,
mineral salts sels minéraux mineralische Salze sales minerales i
ADN, acido - -
DNA sequences, séquences ADN, acide desoxirribonucleico, D N ARCYY, DNAFLHY,
deoxyribonucleic acid désoxyribunocléique DNA-Sequenz secuencias de ADN 7T A ¥ FEEE
tolerance, tolerance Toleranzgrenze,
threshold seuil de tolérance Toleranz umbral de dafio ST, aT#E L L
shelving system systéme de rayonnage | Regalsystem sistema de estanteria HiEID > A7 A
mobile phone, cell téléphone mobile, Mobiltelefon, tragbares | un teléfono movil,
phone téléphone portable Telefon teléfono portatil el G
traitement du cancer tratamiento de cancer
breast cancer therapy | du sein Krebstherapie de mama FLARIGHE, AL A

central processing unit,

unité centrale (de

entidad central, unidad

AL, o

central unit, CPU traitement), CPU Zentraleinheit, CPU central, CPU YLULBEEGE, CPU
vaccine vaccin Vakzine vacuna RiT
water vapor, water N
vapour vapeur d'eau Wasserdampf vapor de agua KBS,
Kuhligeblase, i i
Kihlerlifter, ventilador de w7 7 >, EIR T
cooling fan ventilateur Lufterantriebe enfriamiento i

lock, latch, bolt

verrou, serrure

Schloss, Riegel,
Schlof, Verriegelung,
Gesperre

pasador, pestillo,
cerroyo, cerradura

o 7, 8, Hita,
&7 v F, Kb

VOD, video on Sk bR R
demand vidéo a la demande Video on Demand video bajo demanda F, VoD
Linguistic level: usual technical term
acetic acid acide acétique Essigséaure 4cido acético i
sulphuric acid acide sulfurique Salpetersaure acido sulftrico i
amino acids acides aminés Aminoséaure aminoacidos 73/
agent antiviral, anti- i v AWE, i
anti-viral agent viral antiviral Mittel agente antiviral 1 AEE

thermally conductive

conducteur thermique

warmeleitende(n)

conductor térmico

Antimykotikum, PUELEAL PUTEE, 1
antifungal antifongique antifungish antifingica A
Kopplungsgerat / aparato de A7) TR, &
coupling apparatus appareil de couplage Kopplungsvorrichtung acoplamiento [EELiN
rifle body boitier de fusil Gewehrgehaiise cuerpo de rifle 747N
un canal de BEF + A, %R,
transmission channel canal de transmission | Ubertragungskanal transmision BEH, (LR F + AL
dispositivo sensor de
temperatura, s =
capteur de dispositivo sensor i_'?int £ ++" kg,
temperature sensor, température, capteur Temperatursensor, térmico, sensor HEREIRS, 2 4
thermal sensor thermique Thermosensor térmico =
T e
placa de circuito 7Y > b3, Emﬁ”!”[
PCB, printed circuit carte de circuit Leiterplatte, impreso, tarjeta de i‘ﬁﬁ'&. PCB =% '*_
board, circuit board, imprimé, PCB, carte Motherboard, circuito impreso, tarjeta | i — F, [EIEIEHR, <47
motherboard mére Hauptplatine madre —iH—F
stem cells cellules souche Stammzellen célula madre HpA
SR, PSR, 1%
vacuum chamber chambre a vide Vakuumkammer camara de vacio A HEF =
vehicle frame Fahrwerk, o .
structure, vehicle Fahrzeugchassis, chasis de vehiculo, HIl AR 7 L — AR,
chassis chéssis de véhicule Fahrzeugrahmer carroceria de vehiculo | FIljdis + 2
Warmeleiter,
heat-conductor, conducteur de chaleur, | Heizleiter, conductor de calor,

Fonik, At

thin layer, thin film

couche mince

Dinnfilm, eine dinne
Schicht, Diinnschicht

capas finas, laminas
delgadas

M MR, I

pneumatic cylinder

cylindre pneumatique

pneumatische Zylinder,
Pneumatikzylinder

cilindro neumatico

EEES Y —

hard drive, HD

disque dur

Festplatte

disco duro

I— K FF AT
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—FF (A7 - K71
7, BERAT 1 A7
1£[, HD, HDD

LED D kg, 5Ex
A F— F DR,

heat dissipating : ks
structure for LED, dissipation thermique Hitzeableitungsvorricht | disipacion térmica para LEDDE— |« =~
heatsink for LED de DEL ung fiir Leuchtdioden DEL 7, LED D sk
anti-theft lock-nut écrou antivol Diebstahlsicherung tuerca antirrobo btk oy 7+ b
IL 7 ravy 2w,
electromagnet électroaimant Elektromagnet electroiman WERKEL T, MR
auflere Haut,
Umhllung, carcasa externa,
outer case, outer shell, Auflenhaut, envolvente exterior,
outer housing enveloppe extérieure AuBenschal piel exterior Edxat
examen du champ Gesichtsfelduntersuch | examen del campo
visual field test visuel ung visual R, BT A b
plastic film film plastique Kunststofffolie film plastico T2AFw 27t NA
Ruffilter, Russfilter,
particulate filter filtre & particules Partikelfilter filtro de particulas Wil 7 1%
gaz a effet de serre, Treibhausgas, ZIJ,F g ?7*{ .7
Greenhouse gas, GHG, dioxyde de Kohlendioxid, gases de invernadero, | i 7 A AT
GHG, CO2 gas, carbone, CO2, gaz Kohlensaure, diéxido de carbono, A, %A A, CO2
carbon dioxyde carbonique Kohlendioxidgas anhidrido carbénico A A, b
flissige Wasserstoff,
liquid hydrogen hydrogéne liquide Fliissigwasserstoff hidrégeno liquido (LSS
korrosionshemmender, Pffi, & OF ik ah i, Sl
corrosion inhibitor inhibiteur de corrosion | Korrosionsinhibitor inhibidor de corrésion L= sb i, 15 £l 1kl
graphische B
Benutzeroberflache / TP AR P
graphical user interface graphigque grafische Fe AL T X =Ry
interface utilisateur Benutzeroberflache interfaz usuario gréfica | GUI
Dichtung,
Abdichtmanschette,
seal joint d'étanchéité Abdichtung junta de estanqueidad | Hfl, & — L
Verbundwerkstoff,
composite material matériau composite Verbundmaterial material compuesto TR

flash memory

mémoire flash

Flash-Speicher

memoria flash

ZZviraAEl)

conductive metal

meétal conducteur

leitfahiges Metall

conductoro metal

S, HAEE D
iR, BlrEORGE
[

starch molecule

molécule d'amidon

Starkemolekiile

almidon molécula

B 1 TA S AT
l'.

fine particles

particules fines

feinster Partikel

particulas finas

#llbr T

buque tanque doble

FTNribs 8.2 B—,
A ¥ > A

double-hulled tank ship | pétrolier double coque | Doppelhiillentanker casco —
Brennstoffzelle /
fuel cell pile & combustible Brennstoffelement pila de combustible Bk
potash potasse Kali / Pottasche potasa AN 7L A

hydraulic press

presse hydraulique

hydraulische Presse

prensa hidraulica

WEZ LA, KEZ L
2o KRS, 7 L A

free radicals

radicaux libres

freie Radikale

radicales libres

WL, 72— 99
us

control signal,
switching signal

signal de commande

Schaltsignal

senal de control

HlES S, (s, 2
> b o= Afiss,

(5

aqueous solution

solution aqueuse

wassrige Losung

disolucion/solucion
acuosa

ARt

organic solvent

solvant organique

ein organisches
Losungsmittel,
Losemittel

solvente organico

FIBRA O AR

Zylinderkammereinlass

intake valve soupape d'admission ventil, Einlassventil vélvula de admisién W A

lumbar support support lombaire Lordosenstitzen soporte lumbar A 7 el
Leitsystem, )

actuator, controlling systéme de Steuermodul, actuator,sistema para | {FljE, 7 7 F a1

device commande, actionneur | Bestatiger el control — &, TIfHIE N,
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sistema de medida,
systema de medicion,

measuring system, Messvorrichtung, systema para G s e on
measurenglerft Messsystem, medirm sensor para la | #EA, #liE> AT B
arrangement, systéme de mesure, Messanordnung, medida, instrumento y WGE R, SHEs, e
measuring instrument | instrument de mesure | Messgerat método Bas
traitement de données | Audiodatenverarbeitun | procesamiento de BT — ¥ U,
audio data processing | audio g datos audio 1 HRALEE
signal transmission, una transmision de
transmitting signal transmission de signal | Signaliibertragung senal/senal E5 Rk, &E6ES
ARE IR, ThRERE
neurologischen desordenes &, MRECID, FIRESAHY
neurological disorders | troubles neurologiques | Stérungen neurolégicos B
tornillo sin fin,
transportador
WOrm, worm screw, helicoidal , BL 2wy, 74—
screw conveyor vis sans fin Forderschnecke transportador sin fin sl
Linguistic level: technical term (common in popular science journals)
alkyl alkyle Alkyl alquilo 7 F L
attaque par analyse de | Angriff durch ataque por andlisis de
power analysis attack | consommation Stromanalyse consumo W TR
inducido, bobina de FHIAN AT T
induction coil, inductor | bobine d'induction Induktionsspule induccion ayafil
AT, HEEe A, B
drillling fluid boue de forage Bohrfliissigkeit lodo — ) 2 7k
fresado, proceso de
broyage, processus de | Frasverfahren, molienda, )
broyage, mouture, Frasprozess, Procedimiento de R, By TH, 7
milling process fraisage Mahlprozess fresado/molido 7 A AL, R TR
Steuerkanal, HlELAEfER, 2> o
control channel canal de commande Steuerungskanal canal de control —ILF & I
Eher4— Eh+e
A, N, TEA
pressure sensor capteur de pression Drucksensor un sensor de presion A
internal combustion chambre de Brennraum, Camara de combustion
chamber combustion interne Brennkammer interna IABSEY, IC
VolP communication communication VolP VolP-Kommunikation comunicacién VolP VolP jifi{d
Druckschalter /
Druckwachter /
commutateur de Druckluftschiitz /
pressure switch pression pneumatisches Schitz | interruptor de presion AL v F
T7Y 7 b, BT &
air duct conduit d'air Luftkanal conducto de aire &y 7
drive torque couple d'entrainement | Antriebsdrehmoment torque de impulsion L
direccion de
scanning direction direction de balayage Scanrichtung exploracion A ¥+ > HA

tunneling device

dispositif de
tunnellisation

Tunnelierer (med.)

dispositivo de
tunelizacion

Hi e, b AN T
- S S
i, H s e

Sy FT AN —, S

Kerbfilter /
Bandsperrfilter / WS 2 A =
notch filter filtre coupe-bande Bandsperre filtro de muesca wFT LT
kryogene Fliissigkeit /
kryogenische
cryogenic fluid fluide cryogénique Flussigkeit fluido criogénico (IR A
magnetische(s) Fluss,
magnetic flux flux magnétique Fluft, Magnetfluss flujo magnético [
motive power, motive Antriebskraft,
force force motrice motorische Kraft una fuerza motriz Ll el

W, (I, ST

_proliferation

prolifération cellulaire

Zellvermehrung

proliferacion celular

hemostatic, hémostatique, Hamostasisch,
antihemorrhagic, antihémorragique, Alaunstift, Blutstillstift, D, Il ATED, IEIM
styptics styptique Rasierstift hemostatico/a o, WgED
Hemmung von
Zellproliferation /
inhibition of cell inhibition de Hemmung von inhibicién de AR, Al

FIZEIRD, L

plasma arc, plasma jet

jet de plasma

Plasmastrahl, Plasma-

haz de plasma, chorro

T IART =077
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Jet de plasma ATy
Entladungslampe,
Hochdruckentladungsl

discharge lamp lampe a décharge ampe ampara de descarga =7

ligne d'eau/ de
waterline flottaison Wasserlinie linea de agualflotacion | 7K#, A7
multifase mezcla ,
multi-phase mixture, mélange & phases mezcla de fases B, vF7-X
mix multiples Mehrphasengemisch multiples T F AR R

injection molding

moulage par injection

Spritzguss, Spritzgiel

inyeccion por moldeo,
moldeo de inyeccién

S

revolving/rotating/rotar

nucleo

y core noyau rotatif verdrehbare Kern giratorio/rotatorio [ldr 2 7, [l
oligonucléotides oligonucledtidos TrFeyAR7LA

antisense nucleotides antisens Antisense-Nukleotid antisentido FF
pate thermique, pate pasta de transferencia

thermal grease thermoconductible Warmeleitpaste térmica P72
périphérique de almacenamiento

bulk memory device mémoire de masse Massenspeichereinheit | masivo e by )

escala de voltaje,
voltage range plage de tension Spannungshub intervalo de voltajes WL

porous polymer

polymére poreux

porose(s) Polymer

polimero poroso

LS T L
R F—

sugarcane juice

préservation de jus de

Konservierung von

preservacion de jugo

b7k BT DR
b7 & EHH OB,
BT DO E, WP

preservation sucre de canne Zuckerrohrsaft de cafia (de azcar) FH OB

OCR, optical character | reconnaissance optische OCR, reconocimiento

recognition optique de caractéres Zeichenerkennung optico de caracteres AT, OCR
insulating resin résine isolante Isolierharz resina aislante el

thermosetting resin, résine warmehartbare Harz, resina
thermohardening resin, | thermodurcissable, Duroplasten, thermisch | termoendurecedora,
duroplastic duromére hartendes Harz material duraplastico FBAL RS
Abriebfestigkeit, _— . i
Kratzfestigkeit, resistencia a la M PERENE, WSEEAEDT, 1%
abrasion resistance résistance & l'abrasion | Scheuerbesténdigkeit | abrasion FEGRIE, W FEM A
resistencia al
résistance au rodadura, resistencia
rolling resistance roulement Rollwiderstand al deslizamiento finds DINHL, AETTERT
PRV =W IT
PR, b AT =
v 7 Sy, Sl AT
B OBy, i
i F-HIL A0 A ),
SRRSO S e mhd,
TR T,
rongeurs transgene Nagetiere / M FHlAMRL < 7,
transgenic rodents transgeéniques transgene Nager roedores transgénicos | i { FHIET 7 2

Siphonverschluss /
Heberverschluss /
Siphonventil / Siphon-
Ventil / Heberventil /

siphon valves soupapes de siphon Heber-Ventil valvula de sifén o 74T
estructura o
hollow structure, structure creuse, Hohlstruktur,eine hueca,estructura e i, AR, AT
tubular structure structure tubulaire rohrférmige Struktur tubular ET
una estructura
crystalline structure structure cristalline Kristallstruktur cristalina Tl s

data structure

structure de données

Datenstruktur

una estructura de
datos

F— Mt 7— 9 -
ALIOEN, F—
ANTTFy—, F—
g AT TFy

aqueous slurry,
agueous suspension,
water suspension

suspension agueuse

wassrige Suspension

suspension acuosa

KA T ) —, KA
71, ki, KRR
it

traitement numérique digitale sy -
DSP, digital signal du signal, DSP, Signalverarbeitung, procesamiento digital DSF'_'_ 7 ¥ AT AL
processing, digital processeur numérique, | DSP, digitale de sefal/senal, DSP, B.7rrynzoey
processor processeur de signaux | Signalprozessor procesador digital Y. 7 yn7oxey
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numeériques H—, T VL ALERAE
i
Allen screw vis Allen Allen Schrauben tornillo Allen TLYA7 Y a—
volet d'ajustement
trim hatch d'assiette Trimmklappe
Patent technical term
aromatizante vt amnackt, et
fat-soluble flavoring aromatisant liposoluble | fettiéslicher Aromastoff | liposoluble it

piezo-resistive
pressure sensor

capteur de pression a
piézorésistance /
piézorésistif

piezoresistiver
Drucksensor

sensor de presion del
tipo piezorresistivo

E /B2
—, Ex /RN
Y, /BRI
RRAER, £/ EHUE
FI

a cleat for fastening a
rope

clayette de fixation
d'attache

Klemme zur Sicherung
eines Seils / Klemme
zur Befestigung eines
Seils

taco de sujecion

W, 1L

nozzle body, nozzle

corps de tuyére, corps

housing, nozzle de buse, corps de Diisengehause, cuerpo de boquilla,un S AR, S TR,
element buselure Diisenkérper cuerpo de tobera S IR
Bauchfelldialyse /
peritoneal dialysis dialyse péritonéale Peritonealdialyse dialisis peritoneal HEHRE AT
écoulement
tourbillonnant,
écoulement
swirling flow tourbillonnaire Drallstrémung flujo del remolino & i SE
endotoxine
bacterial endotoxin bactérienne bakterielles Endotoxin | endotoxina bacteriana | APl
Rotationssinterverfahre
rotary/rotating sintering | frittage rotatif n giratorio sinterizado [l RS
refractive index indice de réfraction Brechungsindex indice de fraccion T
joints soudés, a
welded joints soudure Schweillverbindungen | juntas soldadas TBEERET, R E T
R)ZFL 7Y a—
polyethylene glycol polyéthyléne glycol Polyethylenglykol polietilenglicol v

cross-linked polymer,
crosspolymer,
crosslinked polymer

polymeére réticulé

vernetzte(s) Polymer

polimero reticulado

'S T RE RN N o)
v, BEanfHY
v BEShLES
#, 7a AK) 7—

polyurethane foam

polyuréthane expansé

Polyurethanschaum

espuma de poliuretano

HRUTL YT 4—LA,
B2 g 74—
'

cavitation process

procéde de cavitation

Kavitationsprozess

cavitacion

FrE7F—r3ary7o
€A FrET—v3
F TR

water absorbent resin | résine hydrophile hydrophile Harz resina hidrofila Wk PR
DNS-Trennung / DNA-
DNA segregation ségrégation d'ADN Trennung segregacion de ADN DNA 77
souche d'Escherichia Kigmditk, ©> = ) &
E. Coli strain Coli E. Coli-Stamm cepa E. Coli 7 Hitk, E. Coli #iFk
semiconductor substrat semi- Halbleitersubstrat,
substrate conducteur Halbleitertrager sustrato semiconductor | ‘i {ASEHT

PET scan, positron
emission tomography

tomographie par
émission de positrons,
TEP, PET scan

Positronen-Emissions-
Tomographie, PET-
Untersuchung

tomografia por emisién
de positrones, PET,
TEP

PET Z # + >, [T
fEREE A+ v, R
¥ b oy CT, BEFh
HHWT R, BT
SRELT e 4 o
o > BT e, R
T b O R T R
14
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£ 1 A—RFAL L RAT A

VAT L ID PAT b filii H ¢ 4 H i
BASELINEI Moses hierarchical phrase-based SMT system v v v
BASELINE2 Moses phrase-based SMT system M v v v
RBMTx SYSTRAN 7 Premium Translator v
RBMTx Huajian Multilingual EasyTrans version 3.0 v
RBMTx The Honyaku 2009 premium patent edition RBMT v v
RBMTx ATLAS V14 v '

RBMTx PAT-Transer 2009 v v
ONLINEI Google online translation system SMT v v v
TR E R TV L, ZOAIRKRD NTCIR-10' 3 HEFE

TOYREERMPITHS.

BT N—7HITRET 21, BEBRIT 12, %&H
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#¢ 2: Adequacy & B EhAFAlh O BIGR

Spearman Pearson

BLEU -0.042 -0.241

H 4% | NIST -0.114 -0.286
RIBES 0.632 0.579
BLEU -0.029 -0.032

$Ep1 | NIST -0.074 -0.209
RIBES 0.716 0.683
BLEU 0.931 0915

e | NIST 0.911 0.891
RIBES 0.949 0.967

# 3: Adequacy & HEhGFMOHBIERE (RBMT %Er<)

Spearman Pearson
BLEU 0.618 0.525
Haee | NIST 0.543 0.362
RIBES 0.679 0.741
BLEU 0.511 0.753
Y H NIST 0.412 0.603
RIBES 0.929 0.943
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The potential and significance of readability research

SHIBASAKI, Hideko
Nagaoka University of Technology

1. An overview of Japanese readability research

Readability is the ease with which texts can be read, and the purpose of measuring readability is to
objectively rate the difficulty of a text using a numeric scale. Readability research began in the late 19"
century and reached its peak in the 1940s in the United States when criteria were needed to correlate reading
materials with grade levels, taking into account the English literacy rates of immigrant children, Currently,
there are more than 200 methods for determining readability in various languages, including English,
Chinese, Korean, Danish, French, Spanish, Hebrew, and Vietnamese, and many readability measurement
tools can be downloaded for free from the Internet.

In Japan, Ichiro Sakamoto and Sukeyori Shiba began readability research in the 1960s. Sakamoto’s
measurement method was to repeat manual calculations with many steps, and the method was never
presented as a single coherent formula. Following the rapid spread and advancement of computer technology,
corpus linguistics and natural language processing were born, and it became possible to analyze large
amounts of text quickly. Three recent studies use this technique.

The first of these studies is TxReadability, which uses the formula of Tateishi, Ono, and Yamada (1988)
and is currently available online at http://www.utexas.edu/disability/ai/resource/readability/. This study is
constructed as a database of 77 journal papers, translated documents, magazine articles, and primers with a
numeric scale from zero to 100. The variables include the average length of one sentence, the relative
frequency of the same character type in a series (kanji, hiragana, katakana, romaji), the average length of
each successive casing, and the ratio of the number of commas to the number of punctuations. Additionally,
the formula specifies that (1) the longer the sentence, the more difficult cognitive processing will be, and (2)
reading is difficult when the same character type is repeated. With the average value of the 77 texts in the
database set to 50, the relevant texts are rated closer to 100 when the texts are easier and are rated closer to
zero when the texts are more difficult. Because research shows that it is harder to read Japanese when the
same character casing continues (Shibasaki, 2010), the variables in this formula are considered valid;
however, Shibasaki and Tamaoka (2010) claim that materials with many hiragana for lower elementary
school grades cannot be evaluated because the database comprises reading materials for adults.

The second study is called Kotoba Fushigibako, which implements the outcomes of Sato, Matsuyoshi,
and Kondoh (2008) and is accessible to the public online at http://kotoba.nuee.nagoya-u.ac.jp/. This method
is a 13-level letter model based on the probability of the characters’ (unigram) occurrence and the likelihood
of these 13 levels is plotted according to difficulty for the relevant text; subsequently, the optimal estimate
value is output. Although this method accurately determines the grade level for lower elementary materials,
the grade determination for middle or higher elementary materials may be extremely high because only a

limited number of kanji by grade are used for the lower elementary materials, whereas kanji characters other
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than those commonly used appear in the middle and higher elementary materials.

The third study is the Readability Research Laboratory, which is based on the work of Shibasaki and
Tamaoka (2010) and is available online at http://readability.nagaokaut.ac.jp/. In the model of Shibasaki and
Tamaoka (2010), a first-order equation for grade determination is denoted where the variables are the ratio of
hiragana in all characters of a text and the average number of predicates in one sentence. This equation
includes the following variables: (1) the longer the sentence, the more difficult cognitive processing tends to
be; (2) cognitive processing with more propositions takes more time if the length of the sentence is the same;
and (3) cognitive processing with more complicated grammatical structures is more difficult. In this formula,
the determined grade does not deviate significantly from the actual grade, and the accuracy of the grade
determination is good, especially from the middle grades of elementary school to the third year of junior high
school. However, only the range from the first grade of elementary school to the third year of junior high
school can be evaluated, and the results for the reading materials for adults are inconsistent.

Thus, each method has strengths and weakness, and it is necessary to use the methods properly according
to their different purposes. The first method should be used to measure the difficulty of reading materials
for adults, with an emphasis on academic papers. The second method should be used to rate the difficulty of
texts based on the types of kanji used, and the third method should be used to examine the correspondence
between language textbooks and the text elements. Hence, there is no universal method as long as a
readability formula is formulated with specific variables and measures. The same conclusion applies to
readability formulas in other languages, which should be employed according to the specific variables used.
At conference presentations, certain questions regarding readability are often posed, such as, “My child is in
the fourth grade of elementary school and is able to read Tolstoy. How does the significance of readability
research apply?” This type of question reflects a misunderstanding or lack of awareness by the person who
poses the question and may indicate a wider misunderstanding by many people. Readability researchers are
not recommending specific books for grade levels, and we must be cautious when interpreting results.  For
example, when a text is rated at the fourth-grade level according to a certain readability formula, this result
does not mean that fourth graders can understand the text. The implication is merely that the quantitative
analysis of the relevant text’s components is close to that of fourth-grade texts analyzed from corpus data.
In any case, no text should be proposed for all fourth-grade children to understand equally. Readability
research is not a quest for truth; rather, the methods apply the difficulty of texts to certain criteria and set

standards to be accepted by as many people as possible, if not everyone.

2. The significance of readability research

How should we determine the validity of a readability formula? In the pioneering days of readability
research, Sukeyori Shiba stated that the “difficulty scale of a text is not an unchangeable absolute element
that belongs to the text, but it is a relative index of whether text A is easier or more difficult than text B.” In
other words, if a relative grade-level differentiation is achieved by a formula, then that formula is successful.

One example is the rating outcomes of two texts determined by English readability formulas. Table 1 shows
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the readability results of The Adventures of Tom Sawyer by Mark Twain and Alice’s Adventures in
Wonderland by Lewis Carroll, which were scored by six methods. Only the Flesch reading ease score
contains scales from zero to 100, whereas the other five formulas use grades as a measurement. The results
reveal that the determined grades do not match and that they bear a large discrepancy because The
Adventures of Tom Sawyer is rated at the second year of the junior high level (7.8) by the Coleman-Lian
index and at the first year of the college level (13.5) by the Gunning Fog index. Similarly, Alice s Adventures
in Wonderland illustrates a significant difference because the Flesch-Kincaid grade level scores this text at
the fifth-grade level (4.8), whereas the Gunning Fog index places it at the second year of the junior high level
(8.0). However, because The Adventures of Tom Sawyer is rated between the grades of 7.8 and 13.5 and
Alice’s Adventures in Wonderland is between the grades of 4.8 and 8.0, the former is evaluated by both
procedures as having higher difficulty than the latter. Moreover, according to the Flesch reading ease score,
which indicates difficulty by points, The Adventures of Tom Sawyer is also more difficult, with a score of
72.4, whereas Alice'’s Adventures in Wonderland is scored at 88.4. These ratings may be used as a guide for
teaching reading by designating all grades above a certain level as recommended rather than recommending
only one grade. For example, in some cases, all grades above the fourth elementary grade are suggested for
Alice’s Adventures in Wonderland, whereas in other cases, the book is specified from the fourth grade of
elementary to the second year of junior high school.

What are the research outcomes for the readability of Japanese texts? Expanding the results of Shibasaki
and Tamaoka (2010), Shibasaki and Hara (2010) constructed three types of readability formulas for 12 grades
based on a corpus of language textbooks. Let us select one of the formulas and examine its grade
determination results with another set of grade determination results produced by Kotoba Fushigibako. The
books chosen were bestsellers published relatively recently and were well known to the general public;
specifically, the books were published between 2005 and 2007 with more than 100 million copies in
circulation as of March 2008. The selected six books are Homuresu Chugakusei (Kirin, Hiroshi Tamura,
2007), Saodakeya wa naze tuburenainoka? (Masaya Yamada, 2005), Kokka no hinkaku (Masahiko Fujiwara,
2005), Josei no hinkaku (Mariko Bandoh, 2006), Tanin o mikudasu wakamono (Toshihiko Hayami, 2006),
and Donkanryoku (Junichi Watanabe, 2007).

Tablel. Readability of two novels

readability formulas The Adventures of Tom Sawyer Alice’s Adventures in Wonderland
Flesch reading case score 72.4 88.4
Automated readability index 11.1 5.7
Flesch-Kincaid grade level 9.5 4.8
Coleman-Liau index 7.8 6.4
Gunning Fog index 13.5 8.0
SMOG index 11.0 T:5
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Additionally, the so-called ‘Keitai novels’, which were written using cell phone text messages, were
evaluated. These novels are a new form of Japanese literature that has appeared since 2006, and many ‘Keitai
novels’ have become bestsellers with more than 100 million copies in circulation. We thought it would be
interesting to evaluate the difficulty of these texts that are currently popular among young people because the
authors and readers are primarily high school students. Two *Keitai novels” were selected: Kurianesu (Towa,
2007), which won the Japanese Keitai novel first grand prize, and the second grand prize winner, Shiroi jaji
sensei to watashi (reY, 2008).

In addition, we thought it would be interesting to rate multiple translations of the same book to examine
the differences in readability depending on the translators. Because Le Petit Prince by Saint-Exupéry has
been translated into many different Japanese versions as Hoshi no ohjisama, we selected three translations by
Aroh Naito (1953), Masahiro Mita (2006), and Yumiko Kurahashi (Shinyaku Hoshi no ohjisama, 2005) and
analyzed the difficulty of the texts.

These 11 works were assessed for grade determinations with the formula of Shibasaki and Hara (2010),
and the results from Kotoba Fushigibako were simultaneously compared. Although there is no correct
outcome for this judgment, we can likely confirm whether relative differentiation was accomplished. The
results are shown in Table 2.

First, in the category of the bestsellers, the formula by Shibasaki and Hara (2010) rated Donkanryoku as
the easiest, Tanin o mikudasu wakamono as the most difficult, and Saodakeya wa naze tuburenainoka?,
Homuresu Chugakusei, Kokka no hinkaku, and Josei no hinkaku as the medians. Kotoba Fushigibako
scored Donkanryoku as the easiest, and Tanin o mikudasu wakamono and Kokka no hinkaku as the most
difficult, with Kokka no hinkaku presenting largely dissimilar results. Whereas the formula of Shibasaki and
Hara (2010) rated Kokka no hinkaku at the eighth-grade level, Kotoba Fushigibako judged this text to be at
the tenth-grade level. This result is attributable to the fact that kanji characters other than those for common
use, such as M, 3%, &, #A, &, M, JH, #E, W, (5% BE, were used in the books, which presumably led
to the higher rating results from Kotoba Fushigibako. For the two “Keitai novels’, both the formulas of
Shibasaki and Hara (2010) and Kotoba Fushigibako determined that Kurianesu was easier than Shiroi jaji
sensei to watashi. The translated versions of Le Petit Prince revealed similar results in that both methods
measured degrees of difficulty, with Naito’s translation rated as the most difficult, followed by the
translations of Mita and Kurahashi. Excerpts from these three translations are appended at the end of this
paper for reference.

The results of both the analysis of the probability of the characters’ occurrence and a polynomial with the
variables of the average number of characters, the predicates and clauses in one sentence, and the proportion
of hiragana in the text show similar tendencies, and it is safe to conclude that there is no significant
difference between the two methods. With results such as these, in which one formula rates Donkanryoku as

the most difficult, it is difficult to prove the formula’s validity.
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Table2. Readability of 11 Novels by Two Formulas

Title Author/Translater Shibasaki/Hara Formura Kotoba Fushigibako
Homuresu Chugakusei Kirin * Hiroshi Tamura 8 8
Saodakeya wa naze tuburenaino ka?  |Masaya Yamada 7 9
Kokka no hinkaku Masahiko Fujiwara 8 10
Joseino hinkaku Mariko Bandoh 8 8
Tanin o mikudasu wakamono Toshihiko Hayami 9 10
Donkanryoku Junichi Watabane 6 8
Kurianesu Towa 8 6
Shiroi jaji sensei to watashi reY 9 8
Hoshi no ohjisama Aroh Naito 2 2
Hoshi no ohjisama Masahiro Mita 4 3
Shinyaku Hoshi no ohjisama Yumiko Kurahashi 6 5

3. The future of readability research

Since we opened the Readability Research Laboratory to the public in 2009, we have received responses
from many people. Many users have commented that the model has helped them to determine the grade
levels of texts for creating language exams. This tool is useful for determining whether any kanji exceed the
ranges of specific grade levels because the model outputs not only readability results but also colored kanji
characters differentiated by grade allocation within texts. For example, although the Japanese Federation of
the Bar Association has been attempting to revise legal terminology since the jury system began in May 2009
to help laypersons understand certain terms, the highest level of difficulty of such a text should be at the third
year of junior high school, which is the final year of compulsory education. Given the above results, we can
conclude that the purpose of determining a text’s scale of difficulty is to provide an index for the text’s
creation rather than the initial purpose of assigning reading materials appropriate for grade levels. Because
we expect that many measurement tools will be developed in the future, we believe the essential element of
readability formulas is the target readers. Therefore, the scales and variables should be determined after the
selection of the base corpus data, depending on what types of readers are targeted, whether the readers are
young students of various development stages or adults, whether they are native speakers of Japanese or
second/foreign language learners, and whether those learners are from regions where kanji characters are

used.
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At this time, the hydraulic fluid pushes the
relief valve poppet open according to the
following conditions.

= The movement of the rod of the going up and
down oil pressure cylinder is locked by some

exlernal causes,



~ The hydraulic fluid power between cylinder
rods of the gear pump and the going up and down
oil pressure cylinder of the oil-hydraulic pump
is 6.9-7.4 It becomes MPa or more.

As a result, the hydraulic fluid goes out of
the T2 port of the going up and down control valve
assembly, enters T port of the oil-hydraulic

pump, and returns to the gearbox casing.
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From life-long enemy to new market
— a translation service provider view of MT

Don Shin
I-Stop Translation USA, LLC
don(@ 1stoptr.com

I still remember the day clearly—it was in July of 2009. | was standing in front of 150 translation service
provider owners. My presentation was about the future of translation industry. Knowing that machine translation
had been a life-long enemy of our industry, I tried to be as reserved and as subtle as possible. I simply expressed
that MT was not the ultimate evil or ‘he who must not be named.” It might increase our efficiency and someday
we may even use MT just like we are using translation memory every day. However, the response was very cold.
Apart from for a couple of companies, the rest were saying that they were neither using MT nor were even
thinking of using it.

But the changes have been dramatic. Within just one year, I received several calls from other translation
company owners who received inquiries regarding their MT capacity and experience.

The real ice breaker was the IMTT’s conference in Denver in October 2010. As far as I know, it was the first
time that ATA (American Translators Association) was officially invited to the conference. For the convenience
of ATA members, it was held in the same city right after the closing day of the ATA conference. I participated in
the conference along with my friend and client, Jiri Stejskal, who was the president of ATA at that time.

It was a real eye opener. These are a few points | learned in that conference: 1) There would not be just one MT
engine that could translate better than the rest in all languages and all subjects. Instead, there would be thousands
of MT engines. Someday, each company may possibly even have their own MT engine per language pair. 2)
Instead of simply becoming one of the tools to be used in a translation process, it would generate many different
jobs, businesses and even create new industries; just like the invention of a car had led to the creation of a giant
car industry. 3) Further developments of MT would not only be the jobs of engineers or scientists. It would
heavily depend on linguists or translation companies like us.

Since then, in almost every conference MT has been one of the most common and popular topics. More and
more translation companies are proudly saying ‘we handle MT.” At the Globalization and Localization
Association conference held in Lisbon, Portugal in March 2011, almost one third of the companies were doing or
had done MT related projects. For our company in particular, although we're only working with Asian languages,
which is still a lot harder than European languages for machines to translate, almost every month, we perform
MT editing jobs.

The majority of the jobs that we’re currently handling are post editing of MT output. Some companies provide
MT engine training services or cleaning corpus; other companies started to use MT to save costs and improve
speed. One SLV (Single Language Vendor) owner with 30 full time translators told me that he was expecting 20-
30 percent savings once he finished his custom MT engine training. The most notable sign to me was the birth of
a new service company like Pangeanic (http:/www.pangeanic.com/). They provide training of MT engine
service for clients. I do believe that this is a very promising new ‘blue ocean’ in our industry.

Very soon we will see more and more new services related to MT. As a translation company specializing in
Asian languages, we're planning to develop an MT engine for Simplified and Traditional Chinese. In our
industry, currently most materials that need to be translated into Traditional Chinese are already available in
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Simplified Chinese. Then why not translate from Simplified Chinese directly instead of English? In the coming
years, more and more MT engines will be developed and sold by translation companies rather than software
companies. Also, within the translation companies ourselves, we will be able to see new job titles such as MT
editor, monolingual translator, MT trainer, Corpus miner and translation memory cleaning or specialist.

I do not know exactly where the industry will go, but one thing for sure is that the changes will come even faster
compared to the last 3-4 years.

For more information on machine translation and the latest innovations in the industry, go to the Globalization
and Localization Association website, www.gala-global.org. GALA is the largest localization industry
association worldwide and is a great resource with articles, explanations and webinars on machine translation.
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LIU Qun X (Institute of Computing Technology,
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Original Questions Expanded Questions
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Toid TR E 720 Tl 9 E2i TR
[ TWETHM?
TART) A THAK) 27> TE TART) A5, THIARKS /203 TRERL) I
T poTHWETN?

read a line;

if the line match //* | ["*[57 | "% | |77 %5/ then
print "Yes"

else
print "No";

endif

read a line:

if the line match /23 L4510 | 20ty | 28T | 22330505/ then
print "Yes":

else
print "No"™

endif
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