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Abstract
MatsLex represents relationaldatabasevhich canbe usedto storemultilingual lexical datain a centraland coherentexicon. Tools
andinterfaceshave beenimplementedo maintainthe databas@ndto applyits contentgo differentmultilingual applications MatsLex
hasbeendevelopedto feeddifferentmodulesof a machinetranslationsystemwith appropriatedata,monolingualaswell ashilingual.
Thedatabasegivesthe userfull controlof thelexicon. In the paper featuresandinterfacesof the databasarediscussedswell asthe

connectiorto the machinetranslationengine.

1. Overview

MatsLex is a multilingual lexical databasethat has
beendevelopedin the MATS projectat UppsalaUniver-
sity/Sweden(MATS, 2000; Sagwall Hein et al., forthcom-
ing; Weijnitz, forthcoming).The primaryaim of theproject
is the scalingup of the transferbasedmachinetranslation
prototypeMULTRA (Beslow, 1993; Sagwall Hein, 1997)
for onedomain. For this purpose lexical resourceshave
beenderivedfrom corpora(Tiedemann1999)andstoredn
theMatsLex databaseThedatabasés designedo provide
a flexible and coherentervironmentfor storingand man-
agingmultilingual lexical data,andfor linking thembilin-
gually. Theinternalstructureof the lexicon is basedon a
relationaldatabasenodel. Thedatabaseanbe queriedand
updatedvia transparentiatabaseiews in web-basednter-
faces.

MatsLex is the centralstoreof all thelexical dataavail-
ablefor thetranslatiorprocessandfrom this"runtime lexi-
cons”suchasbilinguallink lexiconsarecompiled.For con-
sisteng, modificationsareallowed in the centraldatabase
only whereasruntime lexicons are strictly read-only An
overview of theMatsLex databasandits connectiorto the
machinetranslationsystermis sketchedn figure 1.

run-time lexicons

MatsLex database MATE translater

[Langd |w—e] Lansk |

LanszC

'
-
B
-
.
“
B
ro----T------- -
Loe-
T
'

[Lexct | [LexB | [Lexc]

TransLexzAB | text in languace A ‘

Fhraselexd l—— dictionary look-up ‘

LexAR | LexBC | LexhAC word generation

text in languace B

IE

... and other DB wiews

Figurel: MatsLex andMULTRA.

The structureof the databasavill be presentedn sec-
tion 2., databaseiews andtheir functionalityarepresented
in section3.1.. Thecompilationof run-timelexiconsasin-

put for the machinetranslationsystemis thenpresentedn
section3.2..

2. The DatabaseStructure

Thelexical databaseomprisesa setof tableswith mor-
phological syntacticandsemantiénformationwith appro-
priaterelationshetweerthem. Therelationalstructureof a
monolingualpartof the databasés shavn in figure 2.
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Figure2: The Monolingualdatabasstructure.

Morphosyntacticand semanticinformation is com-
monly expressedby feature structures. In the MATS
database compressedcompositionalcodesare used as
short-cutsfor feature structures. Codesare defined for
expressingnorphosyntactiéeaturegmorphcode)lemma-
specific features (lemmacode),semanticfeatures (sem-
code),andvaleng relatedfeatureqvalcode).

Surface wordforms are not included explicitly in the
databaseMatsLex storesinflectional patternsinsteadand
surface words are derived from these patternsand their
technicalstems.Thecrucialpoint of this approachs to de-
fine accurateparadigmsandto correctlylink lexical entries
to appropriatgparadigms Generaliseghatterngnay not be
suitablefor all languageshut in the worst (but mostun-
likely) caseeachentry would have its own paradigm.The
advantageof thisapproachs to make updatingthedatabase
easier All the possiblesurfaceforms areincludedimplic-
ity whena lemmaentersthe databasendis linked to a



paradigm. The morphologicalparadigmsin MatsLex are
labelledby representatie wordsandtheir inflectional pat-
ternsare definedin the databasdable 'MorphPattern’ by
regularexpressions.The 'pattern’ field specifiesa regular
expressionto be matchedagainstthe technicalstemand
the 'affix’ field holds the modificationto be madein the
creationof the wordform. In mary casegin Swedishand
English)this simply meansconcatenatingppropriatesuf-
fixeswith the technicalstem(considertable1). Otherlan-
guagesuchasGermameedmorecomplex modifications,
e.g. the Germanword 'weggefhren’with the technical
stem’weg-+fahr’ can be createdby addingthe sufix 'en’
to the endand substituting'+' with the prefix 'ge’. Even
phrasakurfaceformssuchas’f ahreweg’ canbecreatedn
thesameparadigmby addingthe suffix 'e’, substituting+’
with a singlespaceandreorderingbothparts.

possibility of giving someextra informationfor eachlink.
Bothareoptionalandmaygivetheorigin of theestablished
link (username link tool, etc.) anda descriptve comment.
Thisis especiallyusefulfor manualalidationof automati-
cally addedinks.

Regular expressionsare storedas stringsin the same
way as ordinary stemsin the database.They are marked
with a special style code togetherwith the associated
lemma. They canbe linked to syntacticand semanticin-
formationas otherstemsandtheir associatedexemescan
belinkedto correspondingemsin otherlanguagesswell.
However, regular expressionstemsrepresensetsof items
andthereforetherehasto beaspeciaffunctionwhichtrans-
lates possibleitems into the correct correspondencei
otherlanguagesThisis implementedn theform of substi-
tutionsof matchedstrings.

stem pattern affix surfaceword Swedish
install $ st installs stem | ([0-91{2)\-([0-9K{2})\-([0-9K2})
install $ "ing" installing word 99-12-01
weg+fahr  ~(+(»$ "$1\ge$2\en” weggefahren American English
weg+fahr  ~(ov+(»$ "$2\e  $1" fahreweg lemma| $2V$3V$1.xx
word 12/01/99
Tablel: Inflectionalpatternswith regularexpressions. German
o ] lemma| $3\.$2\.$1.xx
Another distinctive featureof the databases the pos- word | 01.12.99

sibility to useregular expressionsas technicalstemsthat
matchclassef similar tokenswith the samemorphosyn-
tactic and semanticfeatures. Constructionswith a gen-
eralpatternare,e.g.,datestime-expressionsandnumbers.
Someexamplesaregivenin table2

stem examples
([0-9]+),2([0-9]*)(\%0) 50,5%; 99%
([0-91*1):a 1:a;261:a
([0-9]+):e 9:e;764.e
([0-9{2})V([0-9K2})V([0-9K2}) 01/03/04

Table2: Tokenclasseglefinedby regularexpressions.

TheMatsLex databasstoreseachtablefrom themono-
lingual lexiconwith alanguageprefix. Hereby datafor ad-
ditionallanguageganbeaddedeasilyto thedatabaseThe
adwantageof keepingseveral languagesn parallelin one
centraldatabasés the possibility of linking themtogether
To accomplishthis, MatsLex allows the establishmenof

bilingual links betweenlexemesfrom differentlanguages.

Thesstructureof suchlinks within therelationalframewvork
is shavn in figure 3.

Language a Language b
al.exeme abLexemeliml bLexeme
l:n n:l

Figure3: Bilingual links betweerlexemes.

Origin and commentare basicallyusedfor addingthe

Table3: Translation®f regularexpressions.

An exampleis givenin table 3. The regular expres-
sion which is given asthe Swedishstemmatchesa class
of Swedishdate expressions. The substitutionsare given
aslemmasin otherlanguages Considerthe Swedishex-
ampledatewhich is givenin the table: '99-12-01'. The
dateexpressionis matchedby the regular expressionand
thesubstitutionavhich aregivenfor AmericanEnglishand
Germanchangethe formatinto the languagespecificfor-
mats(appropriatgounctuatiorandorder).

3. DatabaseAccess
3.1. Updating the Database

The MatsLex database&anbe queriedandupdatedvia
a web interface. A library of databaseaccessfunctions
(RDBstreamhasbeenmplementedvhichallowstranspar
entaccesdo differentdatabaseviews. Views aredefined
assubsetf table columnswithin the databaseTherela-
tions betweentablesare definedin specificconfiguration
files. The RDBstreamlibrary usesthe internal database
structureas specifiedin the configurationfiles in orderto
run appropriateSQL commandsaccordingto the taskand
thecurrentview to thedatabaseRDBstreanincludescom-
mon databas@ccesdgunctionssuchas’select’ (for query-
ing the view), 'insert’ (for addinga datarecord),’delete’
(for remaving datarecords),and 'update’ (for modifying
datarecords). The accesdibrary createsnecessaryoins
betweentablesandsolvespossibleinconsistencieq case

The prefix which follows the lastdot in the lemmaspecifies
the part-of-speectof the lemma. The prefix'.xx’ corresponds$o
anundefined?OS.



of databasanodificationsaccordingto the databaseiew

andthe relationaldatabasestructure. This way, it is easy
to addnew databaseiews to the webinterface. Any sub-
setof tablecolumnscandefinea databas&iew with all the

accesgossibilitiessuchas’select’, 'insert’, 'delete’,and
'update’. However, updatinga databaseiew is not always
possible Certainviews maynotallow updatedecaus¢hey

may causeinconsistenciesn the databaseln suchcases,
the consisteng checkwill fail andthe updatewill be dis-

missed.

Figure4: TheMatsLex WebInterface.

ThecurrentMatsLex databaseontaingdatafor English

andSwedishandlinks betweerexemesof bothlanguages.

The web interfaceincludesfive views for eachlanguage

andoneview for lexemelinks betweerthetwo languages.

A new languagepair can easily be integratedby running
a setupscript which createsappropriatetablesin the rela-
tional databas@andwhich alsocreatesimilar views for the
new language(spandthe bilingual links. New datacanbe
addedandaccesse@mmediatelyin the sameway asexist-
ing datain the database.

3.2. Compiling Run-time Lexicons

The MatsLex databasas the central storagespaceof
bothmonolingualandbilingual lexical data.Modifications
are donewithin this framework only in orderto provide
a consistentdata collection. Several subsetsof the data
in the databaseareusedin the MATS machinetranslation
engine(MATS translator)(V&ijnitz, forthcoming). Lexical
dataaretakendirectly from the database@ndare storedin
so-calledrun-timelexicons(seefigure 1). Compiling such
lexiconshasseveraladvantagesFirst of all, dataarestored

in exactly the formatwhich is requiredby certaincompo-
nentsof the translator Secondly run-time lexicons con-
tain only necessarynformationanddo not have to handle
otherdata. Both factsenablea very fastaccesgo the data
which speedsup the translationprocess. Another advan-
tageis consistenyg of thedata.Run-timelexiconsarecom-
piled atacertaintime from thethencurrentdatacollection.
They are strictly read-onlyand are independenfrom the
centraldatabaseModificationsin the databaselo nothave
immediateinfluenceon the behaiour of thetranslator All
changesreintroducedirst afteranotheicompilationof the
run-timelexicons.

Compiling run-timelexiconsis doneby specificscripts
which usethe 'select’ function of the RDBstreamlibrary.
Thislibrary makesit very easyto modify the subsenf data
which is neededfor certainpurposes. It also makes the
accesdo the databaseransparenti.e. changef thein-
ternaldatabasatructurebasicallydo not causechangeof
the compiledlexiconsaslong asall necessarynformation
is includedin the databaseFor example,if all information
would be storedin onejoined databasé¢ableonly, thenthe
compilationscriptcouldstill be usedasbeforewithout any
modifications.

Currently two compilation scripts have beenimple-
mentedwhich producefour run-timelexiconsthatareused
by the MATS translator:GenWordDB andGenLemmaDB.

The GenWbrdDB script createsthree lexicons which
are usedby the dictionarylook-up function of the MATS
translator Onerun-timelexicon (TransL&AB) containsall
wordsandphrasesn languageA andtheir morphosyntac-
tic descriptiorandtheirtranslationsnto languageB (if ary
arefoundin the database)Anotherlexicon (PhraseLgA)
containsall initial wordsof possiblephraseswith pointers
to the actual phraseconstructions. This is usedto speed
up the detectionof phrasalexpressions.The third lexicon
(PatternLexAB) containsmorphosyntactiaescriptionsof
regularexpressiongasin table2) andtheir translationpat-
ternsif thereareary.

The GenLemmaDBscript compilesa lexicon (Lem-
maLexB) of all lemmasand their morphosyntacticodes
with pointersto thecorrespondingurfacewordforms. This
lexiconis usedfor generatinghe actualsentencdrom the
outputof MULTRA (seefigure 1).

A third script is yet to be implementedfor compil-
ing a run-time translationlexicon (MultraLexAB) which
canbe usedfor transferand generatiorwithin MULTRA.
MULTRA appliestransferrules which may causelexical
changes.For this purpose MULTRA requiresaccesdo a
translationlexicon in orderto pick additionalitemswhich
are neededfor the translation. Currently this lexicon is
storedin theformerMULTRA formalism.Internalchanges
in MULTRA areneededn orderto enabletheengineto use
a run-timelexicon similar to the onewhich is usedin the
dictionarylook-upmodule.

4. Application

TheMatsLex databasés appliedin anon-goingproject
at UppsalaUniversity, KOMA (KOMA, 2001). Currently
it is usedto storedomainspecificdatafor SwedishandEn-
glish. In particular datahave beentakenfrom a corpusof



Swedishand Englishtruck maintenancelocumentswvhich
have beenprovidedby thetruck andbusmanufcturerSca-
nia CV AB in Sodertlje/SwedenWordsfrom this corpus
have beenanalysednorphosyntacticallwith the Uppsala
ChartParser(UCP) (Sagwall Hein, 1983)andlinked auto-
maticallyto their EnglishcounterpartgL 6fling, 2001). All
this materialhasbeenusedto scaleup the Swedish/English
translationlexicon by addingtranslationgo the previously
createdSwedisHexicon (Almgvist andSagvall Hein, 1996;
Almgvist and Sagwall Hein, 2000). Links in the lexicon
have beenvalidatedby professionatranslatorsandissing
links have beenaddedmanually(Forsbom forthcomingb).
Thelinked itemsin the translationlexicon were the start-
ing pointfor the Englishlexicon. A systemof morphologi-
calparadigmsasbeendevelopedfor Englishandhasbeen
addedo the databas€¢Forsbom forthcominga).

The old MULTRA demonstrationlexicon of 369
Swedishand 184 English lemmashas beenextendedto
20,883Swedishlemmasand 6,562 Englishlemmas. Fur-
thermore, the number of Swedishwordforms has been
increasedfrom 36,827 as collected from the corpusto
123,212dueto the generatiorof word forms usinginflec-
tion patterns(Karlssonand Thaning,2001). The number
of Englishwordformswhich arerepresenteth the current
databasemountdo 26,241.The databasés growing, new
items are addedfrequently Additional syntacticand se-
manticinformationwill beaddedn the on-goingproject.

5. Conclusions

MatsLex representsa relational lexical databasefor
multiple languages. Its main purposeis to store multi-
lingual datawhich is usedby the MATS translationsys-
tem. It is usedasthe centralandcoherendatabaséor col-
lecting and maintaininglexical data. Tools andinterfaces

have beendevelopedto searchand updatethe database.

Databaseviews and web interfacesprovide a cornvenient
ernvironmentfor accessinghe lexicon and for consistent
modifications. The databaseivesthe userfull control of
thelexiconwhichis usedn thetranslatiorsystem.Thedata
in the lexicon sene severaltasksin the translationsystem
suchas monolingualand bilingual dictionary queriesand
wordform generationfrom morphosyntactiadescriptions.
For this purposefun-timelexiconsaregeneratedrom the
databasevhich provide efficientaccesdo necessargata.

The current databasecontains domain-specificitems
in English and Swedish. They have beenextractedfrom
a corpusof the correspondingdomain. Links between
Swedishand English have beenestablishecautomatically
andvalidatedprofessionallyAll itemsin thedatabastave
beenmorphosyntacticallanalysedaindassociatedavith ap-
propriateinflectional paradigms. The databasecontentis
growing andadditionalsyntacticandsemantidnformation
is addedgradually

The databasalsomakesuseof patternsn the form of
regularexpressions.They canbe usedto representlasses
of similar tokenssuchasnumericalexpressionsanddates.
Suchregularexpressiongarepowerful toolswhichimprove
the coverageof thelexicon significantlywithout including
all itemsexplicitly .

MatsLex hasbeendevelopedfor a specifictask,namely

machinetranslation,and it hasbeenfilled with domain-
specificitems. However, the systemis opento new appli-
cationsandotherlanguageganbeintegratedeasily
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