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Abstract
MatsLex representsa relationaldatabasewhich canbe usedto storemultilingual lexical datain a centralandcoherentlexicon. Tools
andinterfaceshave beenimplementedto maintainthedatabaseandto applyits contentsto differentmultilingualapplications.MatsLex
hasbeendevelopedto feeddifferentmodulesof a machinetranslationsystemwith appropriatedata,monolingualaswell asbilingual.
Thedatabasegivestheuserfull controlof the lexicon. In thepaper, featuresandinterfacesof thedatabasearediscussedaswell asthe
connectionto themachinetranslationengine.

1. Overview

MatsLex is a multilingual lexical databasethat has
beendevelopedin the MATS project at UppsalaUniver-
sity/Sweden(MATS, 2000;Sågvall Hein et al., forthcom-
ing; Weijnitz, forthcoming).Theprimaryaimof theproject
is the scalingup of the transfer-basedmachinetranslation
prototypeMULTRA (Beskow, 1993; Sågvall Hein, 1997)
for onedomain. For this purpose,lexical resourceshave
beenderivedfrom corpora(Tiedemann,1999)andstoredin
theMatsLex database.Thedatabaseis designedto provide
a flexible andcoherentenvironmentfor storingandman-
agingmultilingual lexical data,andfor linking thembilin-
gually. The internalstructureof the lexicon is basedon a
relationaldatabasemodel.Thedatabasecanbequeriedand
updatedvia transparentdatabaseviews in web-basedinter-
faces.

MatsLex is thecentralstoreof all thelexical dataavail-
ablefor thetranslationprocess,andfrom this”runtimelexi-
cons”suchasbilinguallink lexiconsarecompiled.Forcon-
sistency, modificationsareallowed in the centraldatabase
only whereasruntime lexiconsare strictly read-only. An
overview of theMatsLex databaseandits connectionto the
machinetranslationsystemis sketchedin figure1.

Figure1: MatsLex andMULTRA.

The structureof the databasewill be presentedin sec-
tion 2.,databaseviewsandtheir functionalityarepresented
in section3.1..Thecompilationof run-timelexiconsasin-

put for themachinetranslationsystemis thenpresentedin
section3.2..

2. The DatabaseStructure
Thelexical databasecomprisesasetof tableswith mor-

phological,syntactic,andsemanticinformationwith appro-
priaterelationsbetweenthem.Therelationalstructureof a
monolingualpartof thedatabaseis shown in figure2.

Figure2: TheMonolingualdatabasestructure.

Morphosyntacticand semantic information is com-
monly expressedby feature structures. In the MATS
database,compressed,compositionalcodesare used as
short-cutsfor featurestructures. Codesare defined for
expressingmorphosyntacticfeatures(morphcode),lemma-
specific features(lemmacode),semantic features(sem-
code),andvalency relatedfeatures(valcode).

Surfacewordforms are not included explicitly in the
database.MatsLex storesinflectionalpatternsinsteadand
surface words are derived from thesepatternsand their
technicalstems.Thecrucialpointof thisapproachis to de-
fineaccurateparadigmsandto correctlylink lexical entries
to appropriateparadigms.Generalisedpatternsmaynot be
suitablefor all languagesbut in the worst (but most un-
likely) caseeachentrywould have its own paradigm.The
advantageof thisapproachis to makeupdatingthedatabase
easier. All thepossiblesurfaceformsareincludedimplic-
itly whena lemmaentersthe databaseand is linked to a



paradigm. The morphologicalparadigmsin MatsLex are
labelledby representative wordsandtheir inflectionalpat-
ternsaredefinedin the databasetable ’MorphPattern’ by
regular-expressions.The ’pattern’ field specifiesa regular
expressionto be matchedagainstthe technicalstemand
the ’affix’ field holds the modificationto be madein the
creationof the wordform. In many cases(in Swedishand
English)this simply meansconcatenatingappropriatesuf-
fixeswith thetechnicalstem(considertable1). Otherlan-
guagessuchasGermanneedmorecomplex modifications,
e.g. the Germanword ’weggefahren’ with the technical
stem’weg+fahr’ canbe createdby addingthe suffix ’en’
to the endandsubstituting’+’ with the prefix ’ge’. Even
phrasalsurfaceformssuchas’f ahreweg’ canbecreatedin
thesameparadigmby addingthesuffix ’e’, substituting’+’
with a singlespaceandreorderingbothparts.

stem pattern affix surfaceword
install $ "s" installs
install $ "ing" installing
weg+fahr ˆ(.*)\+(.*)$ "$1\ge$2\en" weggefahren
weg+fahr ˆ(.*)\+(.*)$ "$2\e $1" fahreweg

Table1: Inflectionalpatternswith regularexpressions.

Anotherdistinctive featureof the databaseis the pos-
sibility to useregular expressionsas technicalstemsthat
matchclassesof similar tokenswith thesamemorphosyn-
tactic and semanticfeatures. Constructionswith a gen-
eralpatternare,e.g.,dates,time-expressions,andnumbers.
Someexamplesaregivenin table2

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

Table2: Tokenclassesdefinedby regularexpressions.

TheMatsLex databasestoreseachtablefrom themono-
lingual lexiconwith a languageprefix. Hereby, datafor ad-
ditional languagescanbeaddedeasilyto thedatabase.The
advantageof keepingseveral languagesin parallel in one
centraldatabaseis thepossibilityof linking themtogether.
To accomplishthis, MatsLex allows the establishmentof
bilingual links betweenlexemesfrom differentlanguages.
Thestructureof suchlinks within therelationalframework
is shown in figure3.

Figure3: Bilingual links betweenlexemes.

Origin andcommentarebasicallyusedfor addingthe

possibilityof giving someextra informationfor eachlink.
Bothareoptionalandmaygivetheorigin of theestablished
link (username,link tool, etc.)andadescriptivecomment.
This is especiallyusefulfor manualvalidationof automati-
cally addedlinks.

Regular expressionsare storedas strings in the same
way asordinarystemsin the database.They aremarked
with a special style code together with the associated
lemma. They canbe linked to syntacticandsemanticin-
formationasotherstemsandtheir associatedlexemescan
belinkedto correspondingitemsin otherlanguagesaswell.
However, regularexpressionstemsrepresentsetsof items
andthereforetherehasto beaspecialfunctionwhichtrans-
lates possibleitems into the correct correspondencesin
otherlanguages.This is implementedin theform of substi-
tutionsof matchedstrings.

Swedish
stem ([0-9]{2})\-([0-9]{2})\-([0-9]{2})

word 99-12-01
American English
lemma $2\/$3\/$1.xx

word 12/01/99
German
lemma $3\.$2\.$1.xx

word 01.12.99

Table3: Translationsof regularexpressions.

An example is given in table 3. The regular expres-
sion which is given as the Swedishstemmatchesa class
of Swedishdateexpressions.The substitutionsaregiven
aslemmasin otherlanguages1. Considerthe Swedishex-
ampledatewhich is given in the table: ’99-12-01’. The
dateexpressionis matchedby the regular expressionand
thesubstitutionswhicharegivenfor AmericanEnglishand
Germanchangethe format into the languagespecificfor-
mats(appropriatepunctuationandorder).

3. DatabaseAccess
3.1. Updating the Database

TheMatsLex databasecanbe queriedandupdatedvia
a web interface. A library of databaseaccessfunctions
(RDBstream)hasbeenimplementedwhichallowstranspar-
ent accessto differentdatabaseviews. Views aredefined
assubsetsof tablecolumnswithin thedatabase.The rela-
tions betweentablesare definedin specificconfiguration
files. The RDBstreamlibrary usesthe internal database
structureasspecifiedin the configurationfiles in order to
run appropriateSQL commandsaccordingto the taskand
thecurrentview to thedatabase.RDBstreamincludescom-
mondatabaseaccessfunctionssuchas’select’(for query-
ing the view), ’insert’ (for addinga datarecord),’delete’
(for removing datarecords),and ’update’ (for modifying
datarecords). The accesslibrary createsnecessaryjoins
betweentablesandsolvespossibleinconsistenciesin case

1Theprefix which follows the lastdot in the lemmaspecifies
thepart-of-speechof the lemma.Theprefix ’.xx’ correspondsto
anundefinedPOS.



of databasemodificationsaccordingto the databaseview
andthe relationaldatabasestructure. This way, it is easy
to addnew databaseviews to the web interface.Any sub-
setof tablecolumnscandefineadatabaseview with all the
accesspossibilitiessuchas ’select’, ’insert’, ’delete’,and
’update’. However, updatinga databaseview is not always
possible.Certainviewsmaynotallow updatesbecausethey
may causeinconsistenciesin the database.In suchcases,
the consistency checkwill fail andthe updatewill be dis-
missed.

Figure4: TheMatsLex WebInterface.

ThecurrentMatsLex databasecontainsdatafor English
andSwedishandlinks betweenlexemesof bothlanguages.
The web interfaceincludesfive views for eachlanguage
andoneview for lexemelinks betweenthetwo languages.
A new languagepair caneasily be integratedby running
a setupscript which createsappropriatetablesin the rela-
tionaldatabaseandwhichalsocreatessimilarviewsfor the
new language(s)andthe bilingual links. New datacanbe
addedandaccessedimmediatelyin thesameway asexist-
ing datain thedatabase.

3.2. Compiling Run-time Lexicons

The MatsLex databaseis the centralstoragespaceof
bothmonolingualandbilingual lexical data.Modifications
are donewithin this framework only in order to provide
a consistentdatacollection. Several subsetsof the data
in the databaseareusedin the MATS machinetranslation
engine(MATS translator)(Weijnitz, forthcoming). Lexical
dataaretakendirectly from thedatabaseandarestoredin
so-calledrun-timelexicons(seefigure1). Compilingsuch
lexiconshasseveraladvantages.Firstof all, dataarestored

in exactly the format which is requiredby certaincompo-
nentsof the translator. Secondly, run-time lexicons con-
tain only necessaryinformationanddo not have to handle
otherdata.Both factsenablea very fastaccessto thedata
which speedsup the translationprocess.Anotheradvan-
tageis consistency of thedata.Run-timelexiconsarecom-
piledatacertaintimefrom thethencurrentdatacollection.
They are strictly read-onlyand are independentfrom the
centraldatabase.Modificationsin thedatabasedonot have
immediateinfluenceon thebehaviour of thetranslator. All
changesareintroducedfirst afteranothercompilationof the
run-timelexicons.

Compilingrun-timelexiconsis doneby specificscripts
which usethe ’select’ function of the RDBstreamlibrary.
This library makesit veryeasyto modify thesubsetof data
which is neededfor certainpurposes. It also makes the
accessto the databasetransparent,i.e. changesof the in-
ternaldatabasestructurebasicallydo not causechangesof
thecompiledlexiconsaslong asall necessaryinformation
is includedin thedatabase.For example,if all information
would bestoredin onejoineddatabasetableonly, thenthe
compilationscriptcouldstill beusedasbeforewithoutany
modifications.

Currently, two compilation scripts have been imple-
mentedwhichproducefour run-timelexiconsthatareused
by theMATStranslator:GenWordDB andGenLemmaDB.

The GenWordDB script createsthree lexicons which
areusedby the dictionary look-up function of the MATS
translator. Onerun-timelexicon(TransLexAB) containsall
wordsandphrasesin languageA andtheir morphosyntac-
tic descriptionandtheir translationsinto languageB (if any
arefound in thedatabase).Anotherlexicon (PhraseLexA)
containsall initial wordsof possiblephraseswith pointers
to the actualphraseconstructions.This is usedto speed
up the detectionof phrasalexpressions.The third lexicon
(PatternLexAB) containsmorphosyntacticdescriptionsof
regularexpressions(asin table2) andtheir translationpat-
ternsif thereareany.

The GenLemmaDBscript compilesa lexicon (Lem-
maLexB) of all lemmasand their morphosyntacticcodes
with pointersto thecorrespondingsurfacewordforms.This
lexicon is usedfor generatingtheactualsentencefrom the
outputof MULTRA (seefigure1).

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

4. Application
TheMatsLex databaseis appliedin anon-goingproject

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



SwedishandEnglishtruck maintenancedocumentswhich
havebeenprovidedby thetruckandbusmanufacturerSca-
nia CV AB in Söderẗalje/Sweden.Wordsfrom this corpus
have beenanalysedmorphosyntacticallywith the Uppsala
ChartParser(UCP) (Sågvall Hein, 1983)andlinkedauto-
maticallyto theirEnglishcounterparts(Löfling, 2001).All
thismaterialhasbeenusedto scaleuptheSwedish/English
translationlexicon by addingtranslationsto thepreviously
createdSwedishlexicon(Almqvist andSågvall Hein,1996;
Almqvist and Sågvall Hein, 2000). Links in the lexicon
havebeenvalidatedby professionaltranslatorsandmissing
links havebeenaddedmanually(Forsbom,forthcomingb).
The linked itemsin the translationlexicon werethe start-
ing point for theEnglishlexicon. A systemof morphologi-
calparadigmshasbeendevelopedfor Englishandhasbeen
addedto thedatabase(Forsbom,forthcominga).

The old MULTRA demonstrationlexicon of 369
Swedishand 184 English lemmashas beenextendedto
20,883Swedishlemmasand6,562Englishlemmas.Fur-
thermore, the number of Swedishwordforms has been
increasedfrom 36,827 as collected from the corpus to
123,212dueto the generationof word formsusinginflec-
tion patterns(KarlssonandThaning,2001). The number
of Englishwordformswhich arerepresentedin thecurrent
databaseamountsto 26,241.Thedatabaseis growing, new
items are addedfrequently. Additional syntacticand se-
manticinformationwill beaddedin theon-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 usedasthecentralandcoherentdatabasefor col-
lecting andmaintaininglexical data. Tools andinterfaces
have beendevelopedto searchand updatethe database.
Databaseviews and web interfacesprovide a convenient
environmentfor accessingthe lexicon and for consistent
modifications.The databasegivesthe userfull control of
thelexiconwhichisusedin thetranslationsystem.Thedata
in the lexicon serve several tasksin the translationsystem
suchasmonolingualandbilingual dictionaryqueriesand
wordform generationfrom morphosyntacticdescriptions.
For this purpose,run-timelexiconsaregeneratedfrom the
databasewhich provideefficientaccessto necessarydata.

The current databasecontainsdomain-specificitems
in English and Swedish. They have beenextractedfrom
a corpus of the correspondingdomain. Links between
SwedishandEnglishhave beenestablishedautomatically
andvalidatedprofessionally. All itemsin thedatabasehave
beenmorphosyntacticallyanalysedandassociatedwith ap-
propriateinflectional paradigms.The databasecontentis
growing andadditionalsyntacticandsemanticinformation
is addedgradually.

Thedatabasealsomakesuseof patternsin theform of
regularexpressions.They canbeusedto representclasses
of similar tokenssuchasnumericalexpressionsanddates.
Suchregularexpressionsarepowerful toolswhich improve
thecoverageof the lexicon significantlywithout including
all itemsexplicitly.

MatsLex hasbeendevelopedfor aspecifictask,namely

machinetranslation,and it hasbeenfilled with domain-
specificitems. However, the systemis opento new appli-
cationsandotherlanguagescanbeintegratedeasily.
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AnnaSågvall Hein. 1983.A parserfor Swedish.statusre-
port for SVE.UCP,February. UCDL-R-83-1,Centerfor
ComputationalLinguisics,UppsalaUniversity.
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