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Abstract

The PLUTO! projed (Paent Language
Trangdations Online) aims to provide a
rapid sdution for the online retrieval and
trarslation of paert document throuch
the integation of a nunber of existing
state-of-the-art componens provided by
the project partnes. The pape preent
sone of the expeimens on patentdo-
main adaptation of the Machine Tranda-
tion (MT) systems used in the PLUTO
projed. The expeliment usethe Intema-
tional Paert Classificaion for domain
adgtation and are focused on the Eng-
lish—Frend language par.

1 Introduction

The European Commisgon hassugported human
languag tednologes, in paticdar Madine
Trangdation (MT), for over 40 yeas. This hasled
to a number of pioneaing dewlopments in thes
areas. This support hasbeen paticulady concent-
edin the past decade due to changesin the com-
mercial landggpe in Eurgoe, where research in-
dicatestha corsurrers feel congrainedto buying
only in their own languag due to issues with
language bariers.

A core aspect of the Commisson’s commit-
mentto languag diversification is the provision
of multilingual aacess to intellectual propety
information, nanely paents. This will afford
invenors in Europe better access to technicd
information on paerts in thdr naive language
and foger innovation and growth. Centa to

1 http://www.pluto-paterttrarslation eu
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sud a provision is the availahlity of high-
gualty search ard trandation technologes capa-
ble of dealing with the volume andlanguag di-
versity of large cdledions of paent data. MT
software must also be adgted to handle the spe-
cific languag found n paentdoamens. To this
end, the European Commisson has pat-funded
the PLUTO (Pdent Language Trarslatons
Online) projed to develop a frameworkin which
thar usas can exploit state-of-theart MT to
trarslate paernt docunents.

As well assuppating the trandation needsof
the Commisgon, PLUTO serves a more genea
pumpos when it comes to intellectual proper-
ty-relaied ativities There ae consderabe trars-
laton requrements throughout the endto-end
patkert apgication process. The necessay quality
and quanity of trandations varies grealy de-
pending on the sage in the piocess Far example,
atthe patertallit y/prior-art searching stage, doz-
ensof document neeal to be trandated but the
qualty doesnot need to bepeifed; onthe cortra-
ry, whenedahishing freedomto opeiate, a small
nunber of docunents must be precisdy translat-
ed athere aelegal implicationsinvolved.

At presant, there are alimited number of tods
tha cancary out suchtrarslationsadequatly; at
least nat for wha might be deemed anewnoni-
cd price Small- and Medium-size Enteprises
and indvidud invenbrs can enourter difficul-
ties whenertering a new market dueto the high
cods related to trarslation. Often, making suc a
legp consitutes a large risk for thee enities
Additiondly, locd paent agendes — who typi-
cdly provide expet patent trarslation services —
are overburdered with requegs for human trans-
latons.

The PLUTO projed aims to support thes dif-
ferent users by dewloping a number of tools —
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including an online framework which integates
a number of mature software conmponerns — with
which uses canfadlit ate their patent search ard
trarslaton reals.

In doing this, PLUTO will also advane the
state-of-the-art in MT through nowel appoadies
to integration with trarslation memory (TM) ard
domain adatation techriques aimed at deding
with the speific chaaderistics of patentdoau-
ment (legalesx, technical terminology and long
sentenaes). Furthemore, a nunber of innovative
technigues will be dewloped to alow uses to
incaporate MT into thar paernt search work-
flows.

In this paper, we preent sone expgimens
caried out to dae on paent domain adatation
for MT. Domain adaptation offers two oppatuni-
tiesfor MT improvement (i) it might be regard-
ed asthe task of adaping the MT systemto the
paticular style of languag usel in paern docu-
ments, and (ii) if separate MT systens are used
for each paen areaof technology, thenthe gen-
erad MT system accuracy might improve, as
shown in(Bareljeeetal., 2010).

Theremainde of the paerin organised asfol-
lows: the £cond dion gvesan oewiew of the
PLUTO MT system techndogy and architedure,
aswaell asproviding ddails on the daa prepaa-
tion stage for paen translaton. In section 3 we
preent the expeiments on patentdomain adg-
tation for the Engish-French trarslation par,
while in sedion 4 we preent a conpamtve
andysis of the PLUTO system against two com-
mercial systerrs. Findly, we condudein section
5.

2 Machinetrandationin PLUTO

MT in PLUTO is caried out using the MaTrEx
(Machine Trarslation Using Exampleg system
deweloped at DCU (Stoppa andWay 2006
Stroppaetd., 2006 Dandapd et al., 2010. It is
a hybrid daa-driven system built following es-
tadisned design paterns, with an extersible
framework allowing for the interchange of nowel
or previoudy deweloped modules. This flexibility
is paticularly adwantgeais when adaping to
new languag pairs and exgoring new pro-
cesing technigues aslanguag-speific compo-
nens can be plugged in at various stagesin the
trarslation gpdine.

The hybrid architedure has the cgpadty to
combine statigtical phrase-basd, exanple-based
and hierarchicd approaches to trarslation.
MaTrEx also acts as a wrappe around existing
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state-of-the-art conponens sud as Moses
(Koehnet al., 2007) and Giza++ (Och ard Ney,
2002. Subgqueat novel developmentof the sys-
temhasreailted n the MaTrEx systemadhieving
world leading ranking in diverse macdine trars-
lation shared tasks for language pairs as Endish-
Spansh, Endish-Frend (Penlale et a., 201Q
Tindey et al., 2008, aswell asfor non-EU lan-
guages (Almaghout et al.,, 201Q Okita et 4.,
2010;Srivagava 4 al., 2008.

The principal implemenied conmponens of the
MaTrEx systemto date indude word alignment
throughword padking (Ma et al., 2007, marker-
basd chunking and chunk alignment (Gough
and Way, 2004, treebankbased phrase extrac-
tion (Tindey and Way, 2009, supertagging
(Hassan et a., 2007, and deamding. The system
also includeslanguag-speific exensons sud
as taggers, pases, etc. usal in pre- and pod-
processng modules All of thee modulescanbe
pluggedin or out, depending on the neals of the
languag par andtrangdation tak athand.
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The PLUTO MT framework is currertly imple-
mented as a fully-funcional web savice where-
by useas can requeg trandationsvia anumnber of
means, e.g dired textbasd trarslation through
a GU; asbadkend b a ®arch reailt; or by means
of a number of bespole tools. A seaure conne-
tion is establishel betveen the client ard sever
to ensure tha the trarslation savicesare nat ex-
ploitedby unauthorised uses.

The MT system s degdoyed at the Centre for
Next Gereraton Locdisation in Dublin City
University as a multi-tier application enmmpas-
ing three lewels:

System architecture

1. Main access point for patert document
trarslation;
2. Trandation saver(s);
3. Worker/Demder saver(s).
Communicdion to and between each of thee
lewvels is caried on using XML -RPC conformant
messaes

The main access point for paert docurert
trarslation offers synchronous communication to
the MT saver through a URL that cortains the
trarslation diredion. It takes as input an XML
doaument with a format agreed beween projed
partners. The doaument has bibliographic infor-
mation (like docunent number, IPC domains,
county, etc) andat leag one of the paen sec-
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Figure 1. PLuTO MT server multiple producers/consumers architecture

tions (title, abstract, claims or/and description) as
shown in example (1).

<world-patent-data>
<fulltext-documents>
giulltext-deoeyment fullbext—
format="text-only" system="Pluto
TM" >
<bibliographic-data>
<publication-reference data-
format="docdb">
<document-id>
<kind>Al</kind>
</document-id>
</publication-reference> (1)
</bibliographic-data>
<description lang="en">
<p>The invention further
concerns a cosmetic treatment
method for the skin using said
composition.</p>
</description>
</fulltext-document>
</fulltext-documents>
</world-patent-data>

The output is the translation of the document
in the desired language. The translated document
might optionally contain alignment information
between source and target at both sentence and
token level — example (2).

<world-patent-data>
<fulltext-documents>
<fulltext-document fulltext-
format="text-only" system="Pluto
™" >
<bibliographic-data>
<publication-reference data-
format="docdb">
<document-id>
<kind>Al</kind>
</ document-id>
</publication-reference>
</bibliographic-data>
<description lang="fr">
<p>L'invention concerne en outre

@
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un procédé de traitement
cosmétique de la peau mettant en
oeuvre ladite composition. </p>

</description>

<alignment>

<getni gro="0~-94" trg="0-105">»

<gseg src="0-12" trg="0-10"/>
<seg src="14-31" trg="12-31"/>
<seg src="33-57" trg="33-64"/>
<seg src="59-81" trg="67-92"/>
<seg src="83-93" trg="94-104"/>
<seg src="94-94" trg="105-105"/>

</sen>

</alignment>

</fulltext-document>
</fulltext-documents>
</world-patent-data>

The main access point for patent document
translation transforms each document in a job for
the XML-RPC translation servers. Each para-
graph from the documents is sent as an asyn-
chronous translation request to the server regis-
tered for the given translation direction. There
are several XML-RPC methods that provide the
asynchronous characteristic of the request:

" submit translation sends a portion
of text to be translated (usually a para-
graph)

" request translation returns the
translation if it is ready or an estimated
number of milliseconds to wait for the
translation

" request alignment  returns  the
alignment information if the translation
is ready or an estimated number of milli-
seconds to wait for.

In order to return translations as quickly as pos-
sible, the translation server has to distribute
translation tasks across several cores/machines.



The PLUTO MT system diagamin Figure 1
showshow the system carieson trandating mul-
tiple senenaes simultaneusly. The saver is
based on the multiple producesiconsimers pa-
tem. It hasatak mappe in which, froma given
inpu text, separate tasks are produced. In our
case thetak mappe spiits theinputinto severa
sentenes. There can be one or more workers that
pre-process trarslate and postprocess the trars-
laton. The task colledor reoders the taks and
delivers the find trangdation. In-betveen the tak
mappé, the workers andthe task collector, there
are blocking tak queus. Thesequaieshawe pri-
oritization al owing the systemto provide a fair-
schedding medhanism for the docunent to be
trarslated. That means that each job (docuneni)
subnitted to the trarslation sever get appioxi-
mately the same shae of the server resouces
over time. A short document won’t have to wait
for the conpletion of a larger doaument — the
senteness from the small documenthawe ahigher
priority in the workers queue. The workers quete
is aso cgpadty-congrained allowing the system
to degrade “gracefully”. That means that the sys-
tem won’t take more jobsthatit can handlein a
given ime-frane.

All of the sever modulesare fully configura-
ble through standadized XML files. The same
pipdined architedure is shared among workers,
tak mappe and cdlector. In this seenaio, a
pipdine might congst of several processass, with
eaxh havng seidized initializaion and pro-
cesing fundions.

2.2

For the Endish-Frenchlanguage pairs, the ma-
jority of the MT system training data consists of
the MAREC-IRF? corpus.TheMAREC carpusiis
provided by the Information Retieval Fadlity
(IRF) andit is the first standadized patentdata
cormus.

It conprises more than 650GB of multi-
lingual patert doauments sourced from the Euro-
pean Paert Office the World Intellecdud Prop-
erty Organisdion, the US Paert and Trademark
Office and the Jgpan Paent Office The paernt
docunent of the MAREC cormpus haw a stand-
ardized XML format and they are classified ac-
cording to the Intemationd Paent Classificaion
(IPO.

All paents doauments — induding thosein
MAREC - are conmposal of atitle, anabstract, a

Data preparation

2 http://www.ir-fadlit y.org/prototypes/marec
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description (a speification of the paert), a
drawing (if it is relevantto the paten?) and one or
more claims. The abstrad is the sunmary of the
invenion and it is usudly around 200 words in
lengh. The description sedion covers maters
suc as the area of the invention; the prior art
(previous pubicly availade informaton relevant
to the origindity of the de<ribed invenion); a
sufficient disdosue of the invenion; the de-
saiption of the drawing and the industria ap-
plicability, amongst other details. Each claim in
the claims section is expressd in a single sen-
tenc cortaining threepaits: a preamble idertify-
ing the domain of the invention (e.g. ‘device’,
‘appaatus, etc.); a ransitional phrase that shovws
how theintroductory phrase relateswith the con-
tert of theclaim (e.g, ‘comprising’, ‘corsisting’,
‘including’, etc.); andthe body of the claim in
which theinvertor claims a legal monopol over
theinvenion.

In order to train the MT system for the Eng-
lish-Frendh languace pair, we extraded al rele-
vant doaument from MAREC. A summary of
this ddais gven in Table 1.

English French Parallel
Abstract 16.57 1.68 1.65
Claims 1491 7.70 7.56
Description  7.85 0.20 0

Table 1 MAREC English—-French document sec-
tionsused asMT training data (millions)

The majority of the document with Frerch
sections also have an Endish equivalert. Thisis
not the case with the Endish docunents, where
only 10% of the abdrads and 50% of the claims
have an equvalert Frendh section, while there
are no conpambe sections for de<riptions
aaossthetwo languages

Data preparation for MT training induded a
nunber of undestated processng stepsto clean
the data, for exanple deleing dupicae daa,
removing linesof text thatare in aherlanguages
removing linesor tokensof more than aspedfied
chaader length, andcharacter encodng norma-
isation.

In order to creae a pamllel corpus, the pro-
cessing stages of sentence spitting and align-
ment and tokenisation had to be adated to the
style foundng paerns. These proceses hawe a
number of shaed resaurces sud as abbrevia-
tions, seggmen@tion rules, and token merging
rules. The reurces were adated to the patent
languag speifics by adding abbeviations tha
are frequert in paert doauments or by adding



rules to presave speia types of formulae or
chamicd compounds.

Following the removal of ovelly long sentenc-
esandpars with a token @tio of greaer than 91,
we were left with appoximately 6 milli on sen-
tenee pars for training.

3 Domain Adaptation for Patents

Paten trarslation is a unique task given the na-
ture of the languag foundin patent docunent.
Paens typicdly cortain a mixture of legal ver-
naallar and sdenific and speific termindogy
relaied to the topic in question. Because of this,
thetask of building MT erginesfor patens is not
as straightforward as collecting masses of paral-
lel data ard training a system. In this sedion, we
preent sone of the techniqueswe enploy when
deding with patents and desribe some expei-
ment we caried on domain adatation usng the
Endish-Frencth MAREC corpus.
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Aside from the linguigtic vagaries of paerts, an
MT system mustaso corsider the various styli s-
tic andformatting peculiarities. One sud charac-
tenistic is the propensty to uselong sentences
which can introduce difficultiesfor the MT sys-
tem e.g longrang reorering. Tokenisaton is
another nontrivial task in the caseof paert doc-
uments. Formulag refererces to the elenents in
acconmpanying figures referenaes to scientific
rewuesandother patens, and abundat parerthe-
ses are jug a few of the cases which must be
handedwith care duiing tokenisaion. In the fol-
lowing, we give two exanplesof adatations to
the MT engne to handk patert speific chaac-
terigtics

Patent-Specific Processing

Referencesto elementsin figures
Referenesto elenments in figuresare not exgic-
itly difficult to translate: “(1)” typically translates
as “(1)”. Howewer, there are two less obvious
assodated problenms given the complexities of
the MT system (i) they might be dropped in the
trarslaton output becausethe sequene of words
followed by parernthess and numbers has high
language nodel peplexity, and (i) the individual
tokensmay get reordeed anongst thensdves
Figure refererces are typicdly unigue to the
docunent in which they ocaur ard thus are un-
likely to be obseved in the languag model
Phrase-based trarslation can accourt for locd
reordeing pheromena but longer word reader-
ing is handked by a sepaate readering model
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For efficiengy, thereadeing usudly ocaursin a
limited window of tokens and spurious tokens
sud as figure refererces, often invalidate the
longer range readering mechanism.

In the following exanple (3), the languag
model doesnot accourt for the trigram “leg (
167, and heseverth tokenin the sequence “( 16 ,
17, 18 )’ — theclosng parntesis — falls outside
the default reordering window of six tokens
Preferably , there is more than
one leg ( 16 , 17 , 18 ) that is

attached to the bottom of the
base member ( 12 )

©)

The sdution we adoped appies a nunber of
rules as a pre-processng step to (a) extrad the
figure references from the source sentene, (b)
trarslate the senterce without them and(c) rein-
sat thereferen@sinto the corred place based on
alignmentinformation gored duing demdng.

L ong sentences

Long senterces are aburdant in paent docu-
ment. The most problematic areais the clams
section in which the invenor must claim in a
singe senene alegal monopoy relevantto the
invention.

A device according to any preced-
ing claim , <wall /> further com-
prising illumination means

( 460 ) <wall /> for illuminating
the eye of said user , <wall />
wherein said viewpoint detecting
means <wall /> is adapted to de-
tect said viewpoint <wall /> by
receiving the light emitted by
said illumination means <wall />
and reflected by the surface of
said eye .

4

The claim presented in exanmple (4) hasmore
than 50 tokensand it is by no means one of the
longed claims. Suchsentences represent a prob-
lemin MT due to the complexity involved in
trarslatingthem In orderto addess this problem,
we usel the resouce-light marker-basd chunler
(Gough and Way, 2004 from MaTrEx to split
eaxh inpu senene sent for trandation into
smaller, more trangatable chunks. The chunler
employs a se of closeal-class(or ‘marker’) words
sud as dgemines, prepositions, conjundions,
pronours, etc. to identify the points at which the
sentence shoud be segnented We adapied the
algorithm andplaaad sone addtional congraints
onthe chunker to awoid over-seggmentation of the
inpu as this would be counerprodudive. The
chunlks were mnwertedinto demding zonessepa-



rated by the “<wall />” mark-up asshownin ex-
anple (4). Once trandated, the segments were
recombinedto produce asinge ouput senence.

3.2 Adaptation tothe IPC System

Patens are classified usng an internaional tax-
onony — the Intemationd Paert Classificaion®
system (IPC) — created by the World Intellecud
Propety Organisation. This allows us to corsider
the posshility of training sepaate MT systens
for each paen (sup-) domain. There are 8 main
caegories (A—H) on the top lewel of the IPC
taxonony. In Table 2, we preentthese 8 patent
domains along with the distribution of our
MAREC compus aross each one.

andwe built four systerms with diff erent combi-
nations of “in-domain” data and “general” data
fromthe dhe donmains.

These four system configurations conprised
languag models and trandaton modek trained
on the aforemenioned in-domain and genea
data. For exanple, on the tes data for the IPCC
domain (Chemistry), the following four trarsla-
tion systens were evaluaed: (i) one ha hasboth
thetrandaton model (including lexicd and rear-
deling modek) and the language model trained
on domain C daa only — “in-domain” TM and
LM; (ii) a second onetha hasonly the trarsla-
tion model trained on the domain da@ — “in-
domain” TM and “general” LM training on all
availabe data; (iii) athird onetha hasthetrars-
laion modeltrainedon all availalde data andthe
language modeltrainedon in-domain data only —
“general” TM and “in-domain” LM; and (iv) the
basline system tha has the trarslaton and the
languag modek trained on all availabe data —
“general” TM and “general” LM.

Theresults of these expeariments are shownin
Tale 3 for Endishto Frenchin temms of BLEU
(Papheri et al.,, 2002 and METEOR-NEXT
(Denkowski andLavie, 2010. METEOR-NEXT
uses the modules for exact matches stenming
and paapltrasng.

IPC Domain Sertence English  French
pairs tokens  tokers

A (Human neces$- 1.99 65 74
tieg
B (Performing Op- 1.92 71 79
erations)
C (Chemistry) 2.29 70 79
D (Texiles,; Papers) 0.19 6 7
E (Fixed construc- 0.31 11 13
tions)
F (Mecharcal En- 0.77 29 33
gineaing)
G (Physics) 2.04 68 78
H (Electricity) 1.83 63 72
Total 11.39 387 438

Table 2 Domain distribution of the sentence pairs
and the number of tokensin the English—French
parallel corpus (millions)

3.3 Experiments

In our previous workon paéentdormain adata-
tions for Endish—Patugues (Tindey, et 4.
2010) the data was very unewenly distibuted
aaossthe IPC andthusthe reallts were nat very
definitive. Howewer, having the paten dat dis-
tributed among more everly here, as shownin
Tabe 2, we hawe the opportunity to beter teg
whethea conbining multi-domain MT modek
might improve the overall system aacuracy, as
hasbeen suggeded (Haqueet al. 2009; Banerjee
etd., 20D).

In order to test this, we sdected the paent
domains contining closeto, or more than2 mil-
lion senterce pairs: A, B, C, G andH. For eah
of these doneins, we hadateg sd (and a dewel-
opmentse) conprising 1,000held out senterces,

3 http://www.wipo.int/classifications/ipc/

In- Gen-

. In- Gen-
domain domain eral eral
Test gtdo- TM, ™, 'I_'M, ™.

T Gomain 9eeRl o genenl

LM LM LM LM

A 56.81/ 57.18/ 5559/ 56.21/
6552 65.81 64.41 65.45

B 5575/ 56.31/ 5459/ 5557/
65.54 65.90 64.45 65.76
C 5973/ 5993/ 5896/ 609/
6852 68.58 67.98 69.18

G 5497/ 55.18/ 5458/ 54.74]
65.61 65.73 64.90 65.32

H 5530/ 55.76/ 5447/ 5518/
65.50 65.83 64.85 65.61
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Table3BLEU / METEOR-NEXT scoresfor En-
to-Fr MT systemswith different in-domain and
general domain configurations

The findings here show that the systernrs with
in-domain trarslation modek and geneal lan-
guage modek peform beter than the basdine in
four of the five patentdomains taken into con-



sideration.” Similar reailts were acieved from
Frenchto Endish.

Aswe suggededin Tindeyetal. (2010, these
findings are likely dueto the naure of the train-
ing dat found in domain C; that is to say, fre-
guentlongwinded chemical formulae complex
conmpounds,efc. tha are unlikely to be usdul
whentrarslaing more geneal text Omitting this
data from thein-domain translation modek when
evaluating on domains A, B, G, andH therefore
givesrise to improved reailts. On the contary,
whentrarslating more natral language tha may
ocaur in theteg data of domain C, the addtiona
data from the otherdomains comesin handyand
thus we see better results when using a genead
trarslaton model

4 Comparative Evaluation

In orderto appoximate the relative pefformanc
of our paert translaton system we performed
anaubmatic conmparative evaluaion against two
commercial systens: Googe Translate® and Sys-
trarf. For PLUTO, we usel the system configura-
tionwhich perfformedbeg in the evaluationspre-
sented previously: in-domain trarslation model
and gned languag nodel

The evaluation was caried on 5,000 senterce
pairs conprising a combination of all of the ted
sds (A, B, C, G, H) shown in Talde 3. Evalua-
tion scores for the PLUTO system were cdculat-
ed over the output from the 5 domain-speific
systernrs as a pseudosystem combinaion as op-
poseal to aweragng over the origind set of sares.
Thefull s of reailts from both Engish—French
and French—Endish are givenbelow in Tabe 4
andTabeb5.

Engish-French BLEU METEOR
PLUTO 5695 66.32
Google 42.67 57.00
Systran 3162 50.12

Table4 BLEU / METEOR-NEXT scoresfor the
English-French MT systems

* We have not tested thesereaults for statistical signif-
icarce Inthe nea future, we intend to puldish alarge
scde manual evaluation of the trarslation resuts
which will serve as he definitive barometer.

® http://translate goode.com/

® The Systran system was used out of the box ard not
tunedto spedfically to paterts.

French-English BLEU METEOR
PLUTO 56.92 67.90
Google 4252 59.65
Systran 28.90 53.67

Table5 BLEU/ METEOR-NEXT scoresfor the
French--English M T systems

We see dignificantly higher trarslation per-
formance from the PLUTO system conpared to
the Goode and Systran systens. Additiondly,
the domain-adgpted PLUTO systens show an
improvement of 0.6-0.7 absolute BLEU points
and 1 METEOR-NEXT point over the gened
domain PLUTO MT systems (Tade 3).

In thenea future, asa ddiverable requrement
of the PLUTO projed, we intend to publish a
conprehengve manua evaluaion of our tranda-
tion engnes induding a conpamtive human
evaluaion aging the two systems enployed
here.

5 Conclusions

In this pape we have presenied the most recent
work caried ait on MT for paentsinthe PLOTO
projed. We desribedthe updakd architedure of
the systemanda number of methodsfor adaping
MT to the paent domain. We denonstated im-
provenmens in trarslation accuracy by exploiting
combinaions in in-domain and genea dat as
relates to the IPC system and showed PLUTO
MT quality to improve uponthat of Googe ard
Systran. Additionaly, we presented two tech-
niques we enployed to alow our engnesto bet-
ter hande sone of the paticuar chaaderistics
of paert doauments.
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