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1 Intr oduction

The aim of this thesisis to develop an OpenSourcestyle and grammarchecker for the English
language.Althoughall majorOpenSourceword processorsoffer spellchecking,noneof themoffer
astyleandgrammarchecker feature.Sucha featureis notavailableasaseparatefreeprogrameither.
Thustheresultof this thesiswill bea freeprogramwhichcanbeusedbothasastand-alonestyleand
grammarchecker andasanintegratedpartof a wordprocessor.

The style and grammarchecker describedin this thesistakes a text and returnsa list of possible
errors.To detecterrors,eachword of thetext is assignedits part-of-speechtagandeachsentenceis
split into chunks,e.g. nounphrases.Thenthe text is matchedagainstall thechecker's pre-de�ned
errorrules.If arulematches,thetext is supposedto containanerrorat thepositionof thematch.The
rulesdescribeerrorsaspatternsof words,part-of-speechtagsandchunks.Eachrulealsoincludesan
explanationof theerror, which is shown to theuser.

The softwarewill be basedon the systemI developedpreviously [Naber]. The existing style and
grammarchecker andthepart-of-speechtaggerwhich it requireswill bere-implementedin Python.
The rule systemwill be mademorepowerful so that it canbe usedto expressruleswhich describe
errorson the phraselevel, not just on the word level. The integrationinto word processorswill be
improvedsothaterrorscanbedetectedon-the-�y, i.e. duringtext input. For many errorsthesoftware
will offer acorrectionwhichcanbeusedto replacethecorrecttext with asinglemouseclick.

The system's rule-basedapproachis simpleenoughto enableusersto write their own rules,yet it
is powerful enoughto catchmany typical errors.Most rulesareexpressedin a simpleXML format
whichnotonly describestheerrorsbut alsocontainsahelpful errormessageandexamplesentences.
Errorswhich aretoo complicatedto beexpressedby rulesin theXML �le canbedetectedby rules
written in Python. Theserulescanalsoeasilybe addedanddo not requireany modi�cation of the
existingsourcecode.

An errorcorpuswill beassembledwhichwill beusedto testthesoftwarewith realerrors.Theerrors
will becollectedmostlyfrom mailinglistsandwebsites.Theerrorswill becategorizedandformatted
asXML. Comparedto thepreviousversion,many new ruleswill beaddedwhichdetecttypicalerrors
foundin theerrorcorpus.

To make surethat thesoftwaredoesnot reporttoo many errorsfor correcttext it will alsobetested
with theBritish NationalCorpus(BNC).Thepartsof theBNC whichweretakenfrom publishedtexts
aresupposedto containonly very few grammarerrorsandthusshouldproducevery few warning
messageswhencheckedwith thissoftware.

Therehave beenseveralscienti�c projectsworkingon styleandgrammarchecking(seesection2.8),
but nonearepublicly available.This thesisandthesoftwareis availableasOpenSourcesoftwareat
http://www.dan ie ln abe r. de/l anguageto ol / .
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2 Theoretical Background

Style andgrammarcheckingareuseful for the samereasonthat spell checkingis useful: it helps
peopleto write documentswith fewer errors,i.e. betterdocuments.Of coursethestyleandgrammar
checker needsto ful�ll somerequirementsto beuseful:

� It shouldbefast,i.e. fastenoughfor interactive use.

� It shouldbewell integratedinto anexistingwordprocessor.

� Not toooftenshouldit complainaboutsentenceswhicharein factcorrect.

� It shouldbepossibleto adoptit to personalneeds.

� And �nally: it shouldbeascompleteaspossible,i.e. it should�nd mosterrorsin a text.

The many differentkinds of errorswhich may appearin written text canbe categorizedin several
differentways.For thepurposeof this thesisI proposethefollowing four categories:

� Spelling errors: This is de�ned asan errorwhich canbe found by a commonspell checker
software.Spellcheckerssimply comparethewordsof a text with a largelist of known words.
If a word is not in the list, it is consideredincorrect.Similar wordswill thenbesuggestedas
alternatives.
Example:*Gemran1(Ispellwill suggest,amongothers,German)

� Grammar errors: An errorwhichcausesasentencenot to complywith theEnglishgrammar
rules.Unlike spellchecking,grammarcheckingneedsto make useof context information,so
thatit can�nd anerrorlike this:
*Harry Potterbigger thenthan Titanic?2

Whetherthis error is causedby a typo or whetherit is causedmy a misunderstandingof the
wordsthenandthanin thewriter'smindusuallycannotbedecided.Thiserrorcannotbefound
by aspellcheckerbecauseboththenandthanareregularwords.Sincetheuseof thenis clearly
wronghere,this is consideredagrammarerror.
Grammarerrorscanbedivided into structuralandnon-structuralerrors. Structuralerrorsare
thosewhich canonly becorrectedby inserting,deleting,or moving oneor morewords.Non-
structuralerrorsarethosewhichcanbecorrectedby replacinganexistingwordwith adifferent
one.

� Styleerrors: Usinguncommonwordsandcomplicatedsentencestructuresmakesa text more
dif�cult to understand,which is seldomlydesired.Thesecasesarethusconsideredstyleerrors.
Unlikegrammarerrors,it heavily dependson thesituationandtext typewhichcasesshouldbe
classi�edasastyleerror. Forexample,personalcommunicationviaemailamongfriendsallows
creative useof language,whereastechnicaldocumentationshouldnotsuffer from ambiguities.
Con�gurability is evenmoreimportantfor stylecheckingthanfor grammarchecking.
Example:But it [= humanreason]quickly discovers that, in this way, its labours mustremain
ever incomplete, becausenew questionsnever ceaseto presentthemselves;and thusit �nds
itself compelledto haverecourseto principleswhich transcendtheregion of experience, while
they are regardedbycommonsensewithoutdistrust.
This sentencestemsfrom Kant's Critiqueof purereason.It is 48 wordslong andmostpeople

1Theasteriskindicatesanincorrectwordor sentence.
2Thecrossedout word is incorrect,thebold word is a correctreplacement.This sentencefragmentwasfoundon the

Web.
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will agreethat it is very dif�cult to understand.The reasonis its length,dif�cult vocabulary
(like transcend), anduseof doublenegation(withoutdistrust). With today's demandfor easy
to understanddocuments,thissentencecanbeconsideredto have astyleproblem.

� Semanticerrors: A sentencewhich containsincorrectinformationwhich is neithera style
error, grammarerror, nor a spelling error. Sinceextensive world-knowledge is requiredto
recognizesemanticerrors,theseerrorsusuallycannotbedetectedautomatically.
Example:MySQLis a greateditor for programming!
This sentenceis neithertrue nor false– it simply doesnot make sense,asMySQL is not an
editor, but a database.This cannotbe known, however, without extensive world knowledge.
World knowledgeis a form of context, too, but it is far beyondwhatsoftwarecanunderstand
today.

I will not make a distinctionbetweenerrors andmistakesin this thesis,insteadI will simply usethe
termerror for all partsof text whichcanbeconsideredincorrector poorlywritten.

Grammar(or syntax) refersto a systemof rulesdescribingwhatcorrectsentenceshave to look like.
Somehow theserulesexist in people's mindsso that for the vastmajority of sentencespeoplecan
easilydecidewhethera sentenceis corrector not. It is possibleto make up cornercaseswhichmake
theintuitivecorrect/incorrectdecisionquitedif�cult. A softwaremighthandlethesecasesby showing
a descriptive warningmessageto the userinsteadof an errormessage.Warningmessagesarealso
usefulfor styleerrorsandfor grammarerrorsif thegrammarrule is known to alsomatchfor some
correctsentences.

2.1 Part-of-SpeechTagging

Part-of-speechtagging(POStagging,or just tagging)is thetaskof assigningeachword its POStag.
It is not strictly de�ned whatPOStagsexist, but themostcommononesarenoun, verb, determiner,
adjectiveand adverb. Nounscan be further divided into singularand plural nouns,verbscan be
dividedinto pasttenseverbsandpresenttenseverbsandsoon.

ThemorePOStagsthereare,themoredif�cult it becomes– especiallyfor analgorithm– to �nd the
right tagfor agivenoccurrenceof aword,sincemany wordscanhave differentPOStags,depending
on their context. In English,many wordscanbeusedbothasnounsandasverbs.For examplehouse
(a building) andhouse(to provide shelter). Only about11,5%percentof all wordsareambiguous
with regardto their POStags,but sincethesearethe moreoften occurringwords,40% percentof
thewordsin a text areusuallyambiguous[Harabagiu].POStaggingis thusa typicaldisambiguation
problem:all possibletagsof a word areknown andtheappropriateonefor a givencontext needsto
bechosen.

Even by simply selectingthe POStag which occursmostoften for a given word – without taking
context into account– onecanassign91%of thewordstheir correcttag. Taggerswhich aremostly
basedon statisticalanalysisof large corporahave an accuracy of 95-97%[Brill, 1992]. Constraint
Grammarclaimsto have anaccuracy of morethan99%[Karlsson,1995].

Onehasto be cautiouswith the interpretationof thesepercentages:sometaggersgive up on some
ambiguouscasesandwill returnmorethanonePOStagfor a word in a givencontext. Thechances
thatat leastoneof thereturnedPOStagsis correctis obviously higherif morethanonePOStag is
returned.In otherwords,onehasto distinguishbetweenrecallandprecision(seesection2.7).

In the following I will describeQtag3.1 [Mason] as an exampleof a purely probabilistictagger.
Qtagis written in Java3 and it is freely available for non-commercialuse. The sourcecodeis not

3 [Tu®s andMason,1998] refersto an older versionthat was implementedasa client/server systemwith the server
written in C. Theimplementationis now completelyin Java,but thereis noevidencethatthealgorithmhaschanged,sothe
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available,but the basicalgorithmis describedin [Tu�s andMason,1998]. Qtagalwayslooks at a
part of the text which is threetokenswide. Eachtoken is looked up in a specialdictionarywhich
wasbuilt usinga taggedcorpus.This way Qtag�nds thetoken's possibletags.If thetokenis not in
thedictionaryaheuristictriesto guessthetoken's possiblePOStagsby lookingfor commonsuf�x es
at the token's end. If the token is in the dictionarythenfor eachpossibletag two probabilitiesare
calculated:the probability

���

of the token having the speci�ed tag,andthe context probability
���

that the tag is precededandfollowed by the tagsof the wordsto the left andto the right. A joint
probability

����� �	�
���
�����

is thencalculatedandthePOStagwith thehighestjoint probability is
chosen.An examplecanbefoundin section3.5.

Qtagitself canbeusedfor any language,theonly thing oneneedsis a large taggedcorpussoQtag
canlearntheword/tagprobabilitiesandthetagsequencefrequencies.TheQtagprogramis only 20
KB in size.

ConstraintGrammaris an exampleof a purely rule-basedtagger. It is not freely available,but it is
describedin [Karlsson,1995]. Like Qtagit startsby assigningeachword all its possibletagsfrom a
dictionary. Theruleseraseall tagswhich leadto illegal tagsequences.All therulesarehand-written,
which madethe developmentof the ConstraintGrammara time-consuminganddif�cult task. The
resultis a taggerwhichhasanaccuracy of morethan99%.

As developingrulesmanuallyis dif�cult, therehave beenattemptsto learnthe rulesautomatically
(somepapersarequotedin [Lindberg andEineborg, 1999]). Brill' s taggeris suchanattempt[Brill,
1992].It alsostartsby assigningeachtokenall possibletags.It thentagsataggedcorpusby assigning
eachtokenfrom thecorpusits mostprobabletag,without takingcontext into account.Theassigned
tagsarecomparedto therealtagsandeachmistaggingis counted.Brill' s taggernow triesto comeup
with rules(calledpatches) which repairtheseerrors.A rule usuallysayssomethinglike ”if a token
hastagA, but it it followedby tagX, thenmake it tagB”.

With 71of theseautomaticallybuilt rulesthesystemreachesanerrorrateof 5.1%whichcorresponds
to arecallof 94.9%.AlthoughBrill statesthatthis resultis dif�cult to compareto theresultsof other
publications,he concludesthat his rule-basedtaggeroffers a performancesimilar to probabilistic
taggers.Oneadvantageof rule-basedtaggersis theircompactrepresentationof knowledge– 71rules
againstseveralthousandvaluesrequiredby a probabilistictagger. With today's computerpower this
hasbecomelessof aproblem.But thesmallernumberof rulesisalsosupposedtomakeenhancements
to thesystemeasier.

Both probabilisticandrule-basedtaggersneedadditionalknowledgeto approacha recall of 100%.
[Lindberg and Eineborg, 1999] reportpromisingresultswith addinglinguistic knowledgeto their
tagger. Probabilistictaggersaresaidto havesomeadvantagesoverrule-basedones:they arelanguage
independent,andthereis no needto manuallycoderulesfor them.A discussionaboutthesealleged
advantagescanbefoundin [Kiss, 2002].

Onecommonproblemis thetaggingof idiomsandphrases.For example,New York shouldbetagged
asanounfor mostapplications,notasasequenceof adjective,noun.Thisof courseis easyto achieve
for many caseswhenthe taggeris trainedwith a corpuswhich hastheappropriatemarkupfor such
phrases.

2.2 PhraseChunking

PhraseChunkingis situatedbetweenPOStagginganda full-blown grammaticalanalysis:whereas
POStaggingonly worksontheword level, andgrammaranalysis(i.e.parsing)is supposedto build a
treestructureof asentence,phrasechunkingassignsa tagto wordsequencesof asentence.

Typical chunksarenounphrase(NP) andverbphrase(VP). Nounphrasestypically consistof deter-

informationprovidedin thepapershouldstill bevalid.
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miners,adjectivesandnounsor pronouns.Verbphrasescanconsistof asingleverbor of anauxiliary
verbplus in�niti ve. For example,thedog, thebig dog, thebig brown dog areall examplesof noun
phrases.As thelist of adjectivescanbecomein�nitely long,nounphrasescantheoreticallygrow wi-
thoutalimit. However, whatis callednounphrasehereis justanexampleandjust like in POStagging
everybodycanmakeuphisown chunknamesandtheirmeanings.Thechunksfoundby achunker do
notnecessarilyneedto cover thecompletetext – with only nounandverbphrases,asusuallyde�ned,
this is notpossibleanyway.

Chunkingworkson a POStaggedtext just like POStaggingworkson words:eithertherearehand-
written rulesthatdescribewhich POStagsequencesbuild which chunks,or a probabilisticchunker
is trainedon a POStaggedandchunked text. Thesemethodscanbe combinedby transferringthe
knowledgeof a probabilisticchunker to rules.

As chunkingrequiresa POStaggedtext, its accuracy cannotbe betterthanthat of the POStagger
used.This is backed by thefact thateventhebestchunker listedon [Chunking]reachesa precision
andrecallof 94%,whichis lessthananaveragetaggercanachieve.[Chunking]alsolistsmany papers
aboutchunking.

2.3 Grammar Checking

It turnsout therearebasicallythreewaysto implementa grammarchecker. I will referto themwith
thefollowing terms:

� Syntax-basedchecking, asdescribedin [Jensenet al, 1993]. In this approach,a text is com-
pletely parsed,i.e. the sentencesareanalyzedandeachsentenceis assigneda treestructure.
Thetext is consideredincorrectif theparsingdoesnotsucceed.

� Statistics-basedchecking, asdescribedin [Attwell, 1987].In thisapproach,a POS-annotated
corpusis usedto build a list of POStagsequences.Somesequenceswill beverycommon(for
exampledeterminer, adjective, nounasin the old man), otherswill probablynot occurat all
(for exampledeterminer, determiner, adjective). Sequenceswhichoccuroftenin thecorpuscan
beconsideredcorrectin othertexts, too,uncommonsequencesmightbeerrors.

� Rule-basedchecking, asit is usedin this project.In this approach,a setof rulesis matched
againstatext whichhasatleastbeenPOStagged.Thisapproachissimilarto thestatistics-based
approach,but all therulesaredevelopedmanually.

Theadvantageof thesyntax-basedapproachis thatthegrammarcheckingis alwayscompleteif the
grammaritself is complete,i.e. thechecker will detectany incorrectsentence,nomatterhow obscure
theerror is. Unfortunately, thechecker will only recognizethat thesentenceis incorrect,it will not
beableto tell theuserwhatexactly theproblemis. For this,extra rulesarenecessarythatalsoparse
ill-formed sentences.If a sentencecanonly be parsedwith suchan extra rule, it is incorrect.This
techniqueis calledconstraintrelaxation.

However, thereis a majorproblemwith thesyntax-basedapproach:it requiresa completegrammar
whichcoversall typesof textsonewantsto check.Althoughtherearemany grammartheories,there
is still no robust broad-coverageparserpublicly available today. Also, parserssuffer from natural
languageambiguities,sothatusuallymorethanoneresultis returnedevenfor correctsentences.

Statistics-basedparsers,on theotherhand,beartherisk that their resultsaredif�cult to interpret:if
thereis a falsealarmerrorby thesystem,theuserwill wonderwhy his input is consideredincorrect,
asthereis no speci�c errormessage.Evendeveloperswould needaccessto thecorpuson which the
systemwastrainedin orderto understandthesystem's judgment.Anotherproblemis thatsomeone
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hasto seta thresholdwhich separatestheuncommonbut correctconstructsfrom theuncommonand
incorrectones.Surely this taskcould be passedon to the userwho would have to setsomevalue
between,say, 0 and100.Theideaof a thresholddoeshowever not really complywith theperception
thatsentencesare– besidesquestionsof styleandconstructedcornercases– usuallyeithercorrector
incorrect.

Dueto saidproblemswith theotherapproachesastrictly rule-basedsystemwill bedevelopedin this
thesis.Unlike a syntax-basedchecker, a rule-basedchecker will never be complete,i.e. therewill
alwaysbeerrorsit doesnot �nd. On theotherhand,it hasmany advantages:

� A sentencedoesnothave to becompleteto bechecked,insteadthesoftwarecancheckthetext
while it is beingtypedandgive immediatefeedback.

� It is easyto con�gure, aseachrule hasanexpressive descriptionandcanbeturnedon andoff
individually.

� It canoffer detailederrormessageswith helpful comments,evenexplaininggrammarrules.

� It is easilyextendableby its users,astherule systemis easyto understand,at leastfor many
simplebut commonerrorcases.

� It canbebuilt incrementally, startingwith justoneruleandthenextendingit ruleby rule.

2.3.1 Grammar Err ors

Thenumberof grammarrulesis extensive, even for a rathersimplelanguagelike English[English
G, 1981].I will only describevery few of thesegrammarrules.AlthoughEnglishwill beusedfor all
examplesentences,similar rulesexist in otherlanguages,too.Thegrammarrulesdescribedhereare
basedon sentencesfrom thecorpuswhichviolatetheserules(seesectionA.1).

Subject-Verb Agreement In English,subjectandverb have to agreewith respectto numberand
person.Forexample,in *They ismyfavouriteCanadianauthors4, subjectandverbdisagreein number
(they = plural, is = singular).In *He am running for president, subjectandverb disagreein person
(he= third person,am= �rst personof to be).

Thisof courseis arathersimplecase.Takingtheperspectiveof arule-basedchecker, whichinterprets
thetext asasequenceof tokenswith POStags,thereareseveralspecialcases:

1. Subjectandverbareseparated,i.e.theverbdoesnotoccurdirectlyafterthesubject:*Thecharacters
in Shakespeare's TwelfthNight livesin a world thathasbeenturnedupside-down.

2. Thesubjectcanbea compoundsubject:*Christie andPrin is characters fromLaurence's The
Diviners.

3. Book titlesaresingular:*SalmanRushdie's Midnight's Childrenaremyfavouritenovel.

AgreementbetweenInde�nite Article and the Following Word If the inde�nite article is fol-
lowed by a word whosepronunciationstartswith a vowel sound,an hasto be usedinsteadof a.
Softwarecanguessa word's pronunciationby looking at its �rst letter. If it is oneof a, e, i, o, u,
theword probablystartswith a vowel – but thereareexceptions.Herearesomeexampleswherethe
a,e,i,o,uruleapplies,togetherwith thecorrectinde�nite article:

4Someof theseexamplesaretakenfrom http://ace.acadiau.ca/english/grammar /index .htm .
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a test,a car, a long talk

an idea,anuninterestingspeech, anearthquake

Herearesomeexceptions:

a university, a Europeaninitiative

an hour, anhonor

Tagquestions(..., isn't it? etc) A tagquestionis oftenusedin spokenlanguageto obtainaf�rmati-
onfor agivenstatement.It is built by attachinganegatedform of anauxiliaryverbandthesentence's
subjectto theendof thesentence.For example,It' s warmtodaybecomesIt' s warmtoday, isn't it?.
Whentheverb is alreadynegated,it hasto beattachedin its non-negatedform, asin It wasn't very
dif�cult, wasit?

Thesetagquestionsarealsousedin emailcommunication.For native Germanspeakerswho arenot
yetpro�cient in Englishthey aredif�cult to master, astheir Germanequivalentis mucheasierto use
– onecanjust attach..., oder?to theendof thesentence,no matterwhat subjectandverb is used.
Sometimesthis is incorrectlydirectly translatedinto English,i.e. ..., or? is attachedto a sentence.

Other Err ors Many othererrorsaretechnicallygrammarerrors,but arecausedby a typo. Often
theerrorsuggeststhatit wascausedby editingexisting text but missingsomewords:

*Someonesuggestedsaidthat it workedfor himafterheupdatedto Kernel2.4.20.

Theauthorof this sentenceobviously wantedto replacedsaidby suggestedbut thenforget to delete
said(or viceversa).

Oftensimilarwordsaremixedup andit is notpossibleto tell if thewriter hasmadea typo or if heis
notawareof thedifference:

*Than myold emailis nonsense.

Not surprisingly, theconfusionbetweenthanandthenalsohappensviceversa:

* It' s lesscontroversial then onewouldthink.

2.3.2 SentenceBoundary Detection

Grammaticalityrefersto sentences.Onecouldarguethatthefollowing two sentenceshaveagrammar
error, becausethereis no agreementbetweenthepropernounPeterandthepersonalpronounshe:

Peterleaveshishouse. Shefeelsgood.

We will not take suchcasesinto accountand simply de�ne that this is an error on the semantic
level. Insteadwe will focus on the questionwhat a sentenceis. Humanreadershave an intuitive
understandingof wherea sentencestartsandwhereit ends,but it is not thatsimplefor computers.
Justsplitting a stringat all theplaceswherea periodoccursis not enough,asthefollowing arti�cial
sentencesshow:
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This is a sentenceby Mr. SmithfromtheU.S.A.This is anothersentence... A third one;
usinga semicolon?Andyetanotherone, containingthenumber15.45.”Here wego!”,
hesaid.

Abbreviations,numbersandindirect speecharethe problemsherewhich make the tasknon-trivial
for computers.[Walker et al, 2001]have evaluatedthreeapproachesto sentenceboundarydetection.
Their focusis on automatictranslationsystemswhich requiresentenceboundarydetectionon their
input.Thethreeapproachesare:

� Thedirectimplementationinto atranslationsystem,withoutusingahigherlevel of description
thanthe wordsandpunctuationitself. This systemusesan abbreviation lexicon. The imple-
mentationis inspiredby regularexpressions,but everythingis directly implementedin a given
programminglanguage.

� Therule-basedrepresentationof sentencesasregularexpressions.Theregularexpressionsal-
low to encodethenecessaryknowledgein adeclarative way. Althoughit is notexplicitly men-
tioned,thismethodseemsto useanabbreviation lexicon, too.

� The applicationof a machinelearningalgorithm which is trainedon a taggedcorpus.The
algorithmweightsseveral featuresof a potentialsentenceboundarylike capitalizationandoc-
currencein theabbreviation lexicon.

Theevaluationby [Walkeretal, 2001]shows thatthemachinelearningalgorithmoffersbothapreci-
sionanda recallof about98%.Themethodbasedon regularexpressionyieldsabout96%precision
andrecall.Thedirectimplementationreaches98%precisionbut only 86%recall.

Soevenwith thebestsentenceboundarydetection,astyleandgrammarchecker muststill copewith
an error rateof about2% in the sentenceboundaries.This is a badproblemfor a parserwhich is
supposedto work on thoseincorrectlychunked sentences,becauseany incorrectlyaddedsentence
boundaryandany missedsentenceboundarywill almostalwaysleadto unparseableinput.For arule-
basedsystemthis is lessof aproblem:only ruleswhichexplicitly referto sentenceboundarieswill be
affected.Theserulesmight incorrectlybetriggeredwhenasentenceboundarywasincorrectlyadded,
andthey might remainuntriggeredwhena sentenceboundarywasmissedby thesentenceboundary
detection.

2.4 Controlled LanguageChecking

A controlledlanguageis anaturallanguagewhichis restrictedby rulesaimingatmakingthelanguage
simplerandthuseasierto understand[Wojcik andHoard,1996].In otherwords,acontrolledlanguage
is asubsetof anaturallanguage.Themostimportantaspectin developingacontrolledlanguageis to
avoid ambiguityon all linguistic levels.A languagewithoutambiguityhastwo importantadvantages
over thecommonnaturallanguages:

� It is easierto understand,especiallyfor peoplewho are not native speakers of the original
naturallanguage.Even for native speakers the chanceof misunderstandingsis reduced.This
doesnot only make readingdocumentseasier, it canalsobevitally important,for examplein
documentswhich describethemaintenanceof airplaneengines.Actually AECMA Simpli�ed
English[AECMA] is usedby theaerospaceindustriesfor exactly thatpurpose.

� It is easierto be parsedby a computer, thusbeingeasierto be translatedautomatically. This
promisesgreatsavings in thetranslationprocess,which is a dif�cult andexpensive taskwhen
donecompletelymanually.
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The creationof controlledlanguagedocumentscanbe supportedby softwarewhich detectsusage
of unapproved termsandlanguageconstructs.[R.-Bustamenteet al, 2000]describesthecoverageof
someof thesecontrolledlanguagecheckersandnotesthat they have many goalsin commonwith
styleandgrammarcheckers.Themaindifferenceis thatwhenstyleandgrammarcheckerswork on
unrestrictedtext they will have to copewith unknown wordsandcomplicatedsentences.Controlled
languagecheckers work on restrictedtexts with a limited vocabulary of approved words.To keep
word lists in a manageablesizethereis usuallya rule which allows theuseof productnamesevenif
they arenot explicitly listedin thecontrolledlanguagedictionary. Thereis no genericdictionaryfor
anybody usingcontrolledlanguages,insteadevery industryor even every company will needtheir
own dictionary.

In the context of this thesisthe interestingquestionis to what extent a style andgrammarchecker
for a naturallanguagecanbeusedto checkcontrolledlanguagedocuments.Typical restrictionsfor
controlledlanguagesmight look like this:

� Lexical restrictions: for example,a rule might say:usetry only asa verb,not asa noun.This
impliesasemanticrestriction,but sinceit is expressedasasyntacticrestrictionit canbefound
with a rulewhich triggersanerrormessagewhenit encounterstry asanoun.

� Grammar restrictions: for example,rule 5.4 of AECMA says:In an instruction,write the
verbin theimperative(”commanding”)form.Two examplesentencesaregivenin theAECMA
documentation:
Approved:Removeoil andgreasewith a degreasingagent.
Not approved:Oil andgreaseare to beremovedwith a degreasingagent.
Thismightbeimplementedin agrammarchecker by ruleswhich forbid theuseof phraseslike
is to andare to followedby thepassive of verbslike remove, continue, set.

� Semanticrestrictions: for example,arulemightsay:usenoiseonlywith itsmeaningunwanted
sound, not aselectronic interference(exampletaken from [Holmbacket al, 2000,p. 125]). A
styleandgrammarcheckercanonly discoverwrongusageslike this if it hasanintegratedword
disambiguationcomponent.Alternatively, the checker cansimply warn on every occurrence
of noise, no matterof its meaningin the given context. This might annoy usersif too many
warningsareunjusti�ed. If thisspeci�c testcanbeturnedoff, however, thewarningmightalso
beperceivedasahandyreminder.

� Style restrictions: a rule might demandkeepingsentencesshorterthan20 wordsandto stick
to one topic per sentence.The length restrictionis relatively easyto check,even without a
grammarchecker. It is enoughto checkthe whitespace-delimitedtermsin a sentence.There
maybespecialcaseslike wordswith hyphenswhereit is notclearif they shouldbecountedas
oneor astwo words.However, this is not importantastheexact numberof maximumwords
doesnotmatterthatmuch– themessageis: keepyoursentencesshort.Theremainingquestion
is whereasentencestartsandwhereit ends.Assumingthatcontrolledlanguageis mostlyused
for technicaldocumentationandthat this documentationis marked up usingXML nowadays
it shouldbeeasyto distinguishthedifferentperiods.For example,analgorithmmight assume
thata sentenceendswhenever a periodoccurs,unlessit is marked up asan abbreviation like
<abbr>etc.</abb r> .

Soit seemsto bepossibleto implementmany controlledlanguagerestrictionswith astyleandgram-
mar checker for a naturallanguage.Consideringthat a controlledlanguageis a subsetof a natural
language,this is not surprising. Still it makessenseto develop checkersspecializedfor controlled
languagechecking.Thevery ideaof controlledlanguagesis to usesimplegrammar, maybesosimple
thatit is possibleto completelyanalyzeeachsentenceautomatically. With this analysisit is possible
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to implementmorecomplicatedrestrictionsthanwith a rule-basedchecker which workson shallow
analyzedtext.

2.5 StyleChecking

As it wasmentioned,naturallanguagegrammarprovidesacleardistinctionbetweensentenceswhich
arecorrectandthosewhich arenot. This is not thecasefor languagestyle. Every writer will have
to make his own decisionon what style is preferredin which context. This might easilyleadto an
incoherentstylewhena documentis collaboratively workedon by severalpeople.Stylecheckingis
especiallyusefulfor thesesituations,asit remindswriterson a stylewhich wasdecidedon before.
Restrictionsandrulesaboutstylemightcover abroadrangeof things:

� Choiceof words: Theuseof foreignwordsmight bedisapproved becausenot everybodyun-
derstandsthemeasily. Thestylechecker canthensuggesta non-foreignreplacementwith the
sameor a very similar meaning.For example,terra incognita might bereplacedby unknown
territory. Similarly, it might suggestreplacingwordswhich arevery uncommonby common
synonyms,evenif theuncommonword is not a foreignword. For example,thenounautomo-
bile, which occurs230 timesin theBNC might be replacedwith thenouncar, which occurs
about27,000timesin theBNC5.

� Simplicity: The lengthof a sentencemight be limited, leadingto simplersentencestructures
whichareeasierto understand.

� Punctuation:After a punctuationmark a spacecharacteris inserted,but no spaceis inserted
beforeapunctuationmark(excepttheopeningquotecharacterandtheopeningparenthesis).

� Dates,times and numbersshouldbe written in a certainformat. For example,a date like
5/7/1999is ambiguousto many peopleandit shouldprobablybe replacedby 1999-07-05or
1999-05-076.

� Contractedformslike don't mightbedisapprovedandcouldbereplacedby do not.

� Textswhichrepeatagivennountoooftenmightsoundstrange.Instead,pronounsor synonyms
shouldbeusedto refer to thenoun. This rule clearlyshows how much”good” styledepends
on thekind of document:usingsynonymsto make textssoundbetteris acommonmeansused
by journalistsandit is taughtin schools.In technicaldocumentation,however, beingclearand
unambiguoushasa higherpriority.

Often the importantaspectof style is not that somespeci�c rule is chosen,but that onestyle – no
matterwhich one– is usedthroughoutthedocumentor even throughouta collectionof documents.
For example,using different dateformatsin one documentis confusingfor the readerand looks
unprofessional.

2.6 FalseFriends

A ”f alse friend” is a pair of words from two different languageswhereboth words are similarly
written or pronouncedbut carrya differentmeaning.Becausetheword soundssofamiliar a learner
of the languagewill be inclined to usethe word incorrectly. HerearesomeEnglish/Germanword
pairswhicharefalsefriends:

5Of courseonewould have to searchfor word meanings,not just for words if oneseriouslywantedto interpretthe
results.In thisverycasetheproportionsaresoclearthatit doesnot seemto benecessary.

6yyyy-mm-ddis theISOstandardfor dates,seehttp://www.cl.cam.ac.uk/~mgk25/iso- time.h tml .
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� become– bekommen(becomemeanswerden)

� actual– aktuell(actualmeanstatsächlich)

� bald– bald(baldmeansglatzköp�g)

It is noteworthy that thesewordsare just as misleadingfor native speakers of Germanwho learn
English as they are for native speakers of English who learn German. As languagesoften have
commonroots,theproblemis sometimesnot justbetweentwo languages.For example,sensible(en)
/ sensibel(de) is a falsefriend, asis sensible(en) / sensible(fr). But sensibel(de) / sensible(fr) is
not a falsefriend,asthemeaningis thesamein GermanandFrench.This is shown in thefollowing
diagram.Thearrows marka falsefriend relation:

 !" #$%!&'!"*

+!,"#"-./
 012#"-&3!, 1"

 !" #$%!&'43*

 !" #$!%&'5!*

+!,"#"-&6/
0,7#"-&!+18#1",%

 !" #$#%#89

Falsefriendsareof interestin thecontext of this thesisbecausethey caneasilybefoundwith a rule-
basedstyleandgrammarchecker. It is justaseasyto suggestanalternativemeaningto theuser. Once
theuseris awareof theproblem,hecanturn off this speci�c rule sohewill not getfurtherwarnings
aboutthisword– all otherfalsefriendswill still show warningsuntil they areturnedoff, too.

2.7 Evaluation with Corpora

A grammarcheckersystemcanbeevaluatedwith two commonmeasuresknown from informationre-
trieval: precisionandrecall.Thesearevaluesbetween0 and1 (sometimesexpressedasapercentage)
whicharede�ned asfollows:
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In otherwords,precisionmeasureshow many of thesentences�agged asincorrectby thesoftware
areindeederroneous.
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Recall measureshow many of the errorsin a text are found, i.e. how completethe software is.
Obviously a systemwith precision= 1 and recall = 1 can be consideredto work ”perfectly”. In
practice,thereis usuallya tradeoff betweenboth.

POStaggersareusuallywrittento berobust,i.e. they cannotmissaword likeagrammarchecker can
missan error. Insteadthe taggercanreturnmorethanonetagperword, soprecisionis sometimes
measuredby the averagenumberof tagsper word. Then, recall is the probability that oneof the
returnedtagsis correct. As onecansee,it is easyto develop a taggerwith recall1, it just needsto
returnall possibletagsof a word– whichobviously leadsto theworstprecisionpossible.
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To develop andevaluatea style andgrammarchecker, oneneedsa corpusof uneditedtext, asthis
kind of text re�ects thecommoninput to astyleandgrammarchecker. All errors(exceptfor spelling
errors)needto be marked up in this corpus. As sucha corpusis not available,onecanalsowork
with two corpora:onecorpus– which shouldbefreeof errors– is usedto optimizetheprecisionso
thatthesystemdoesnotgive falsealarmtoooften.Theothercorpus– whichcontainsonly sentences
with grammarerrors– is usedto optimizetherecall so thatmany errorsarefound. Nevertheless,a
signi�cant recall/precisionvaluemustbemeasuredwith thesinglecorpus,everythingelsewould be
toobiased.

Somecorporawhich canbeusedfor certainaspectsof thegrammarchecker developmentwill now
bedescribed.

2.7.1 British National Corpus

The British NationalCorpus[BNC] is a commercialcorpusof British Englishwhich contains100
million words.It wasbuilt from 1991to 1994,soit containstextsfrom before1991,but notfrom after
1994.About90%of thewordsstemfrom writtenlanguage,thereststemsfrom spokenlanguage.The
corpuscontainsa broadrangeof text types,e.g. �ctional texts, technicaldocumentation,newspaper
articlesetc. Becausethe texts arecopyrighted,only partsof them(start,middle,or end)arepartof
theBNC.

All theBNC's texts areSGML-formatted.The markupconsistsof the usualmetainformationlike
author, headlineanddate,andit enclosesparagraphs,sentencesandwords. Eachword is assigned
oneof 61 tags(seesectionA.4). Somecollocationsaretakenasasingleword,e.g.up to is taggedas
onepreposition.

As the part of the BNC which is basedon written languagecomesmostly from publishedsources,
onecanassumethat it containsvery few grammarerrors. Style is, asmentionedbefore,mostly a
matterof de�nition, soonecannotmakestatementsaboutthepresumablenumberof ”style errors”in
theBNC.

TheBNC itself maynot begivento peoplewho do not have a BNC license,but its licenseexplicitly
hasnorestrictionson theuseof theresultsof researchwith theBNC. Sowhendevelopingasoftware
system,onemayusetheBNC duringdevelopment,but neithertheBNC norpartsof it maybepartof
theresultingsoftware.

Technically, theBNC comesasa setof compressedSGML data�les andwith softwareto querythe
data. However, this softwarehasseveral drawbacks: it is a client server/system,andasthe server
(sarad ) only workson Unix/Linux andtheclient (SARA) only workson Windows, it requirestwo
computersevenif thereis only oneuserandthereis no actualneedfor network accessto theserver.
The Unix/Linux versionof the server only comeswith a very simplecommandline tool (solve )
for querying.Furthermore,theserver andthis querytool aredif�cult to setup comparedto today's
standards.Theinstallationinstructionson thewebarepartiallyoutof date7.

The BNC canalsobe queriedon theBNC web pageat http://sara.nat cor p. ox .a c. uk/
lookup.html , evenwithoutaBNC license.Thequerylanguagemakesit possible,for example,to
searchfor wordswhichoccurin agivenpartof speechandto useregularexpressions.Unfortunately,
thesearchfacility is ratherlimited in otherrespects:a searchfor only POStagswithout a speci�ed
wordis notpossible.A querylikedog, whichresultsin 7800matches,mighttake40seconds,but only
the�rst 50matchesareshown andthereis nowayto gettheremainingmatches.No POSannotations
are displayed,and the matchedwords themselves are not highlighted,which makes scanningthe
resultmoredif�cult. Duringmy tests,therewherealsoseveraltimeoutandservererrorssothatsome

7http://www.hcu.ox.ac.uk/BNC/SARA/saraIns tall.h tml . For example,theoptionto handa con®gu-
ration®le to sarad is speci®edas-c , whereasit mustbe-p .
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querieswereonly answeredafterseveraltriesor notatall.

As analternative querysystema softwarecalled[BNCweb] is available. It worksweb-basedandit
requiresa runningBNC server anda MySQL database.Accordingto its descriptionon the web it
seemsto befeature-rich,but it is notavailablefor free.

2.7.2 Mailing List Err or Corpus

Sofar no corpusspecializedin grammarerrorsis publicly available8. Becauseof the importanceof
anerrorcorpusfor optimizingthestyleandgrammarchecker, anew corpuswasdeveloped.

The corpuscontains224 errorsfound mainly on internationalpublic mailing lists usedfor Open
Sourcesoftware development9. Most messagesdiscusstechnicalissueslike programmingor the
softwaredevelopmentprocess.Many of thewriterson thosemailing lists arenot native speakersof
English. However, as the native languageof peopleis often not obvious, this informationhasnot
beenrecorded.Somesentenceshave beenshortenedwhenit wasclearthat the error is completely
unrelatedto thepartwhich hasbeenremoved. Othersentenceshave beenslightly edited,e.g. to �x
spellingerrorswhich arenot part of the grammarerror. The distribution of errorsis shown in the
following table:

Category # of errors %

Confusionof similarwords,e.g.your vs. you're 94 42.4
Agreementerrors 64 28.7
Missingwords 24 10.8
Extrawords,e.g.*more better 17 7.6
Wrongwords,e.g.confusionof adjective/adverb,wrongprepositions 17 7.6
Wrongwordorder 4 1.8
Commaerrors 3 1.3

Thecorpusdatais biasedin sofar asonly errorsarelistedwhich I noticedduringnormalreadingof
messages.In otherwords,no systematicalsearchwasdone,andonly thoseerrorsarelisted which
I could intuitively recognizeassuch. A moresophisticatedapproachto building an error corpusis
listed in [Becker et al, 1999]. Thecompletecorpusanda descriptionof its XML �le formatcanbe
foundundersectionA.1.

2.7.3 Inter net Search Engines

Finally, it is sometimespracticalto useInternetsearchenginesfor �nding given wordsor phrases.
For example,theerrorcorpuscontainsthefollowing partof asentence:

*But evenif it' s looking�ne, the is theproblemthat...

In this fragment,the is is obviously anerroneousphrase.Onemight considera rule which suggests
there is asa replacement,whenever the is occurs. It is necessaryto test if the is is really always
incorrect.I will limit this chapterto Google,becauseit is thesearchenginewhich coversthelargest

8Bill Wilson collectedmore than 300 ill-formed sentences,but most of the errors are just spelling errors: ftp:
//ftp.cse.unsw.edu.au/pub/users/billw /ifidb . The CambridgeLearnerCorpuscontainsmore than 5
million wordsanderrorsareannotated,but thecorpusis not publicly available:http://uk.cambridge.org/elt/
corpus/clc.htm

9For example: kde-core-devel@kde.org, kfm-devel@kde.org, kmail@kde.org, dev@openof®ce.org. Archivesfor the
former onesareavailableat http://lists.kde.org/ , for the latter oneat http://www.openoffice.org/
servlets/SummarizeList?listName=dev .
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numberof pages.At thetime of writing, theGooglehomepageclaimed:”Searching 3,083,324,652
webpages”.

The query ”the is” (note that the quotesare part of the query) usedon Googlereturns519,000
matches.UsuallyGoogleignoresverycommonwordslike theandwho, but notsoin phrasequeries,
whicharecarriedoutwhenthesearchtermsaresurroundedby quotes.Someof thematchesare:

1. Whatthe !@#$is this?

2. JefRaskin- THE Is NotAnEditor... SoWhatIs It?

3. Aboutthe IS Associates

4. The Is OughtProblem

5. Whatthe is this sitefor?

Hereonecanseeseveral reasonswhy the is might occurin a text: Match 1 containsa sequenceof
specialcharacterswhich Googledoesnot considera word, so it pretendstheandis aresubsequent
wordshere. Matches2, 3 and4 only matchbecauseGoogle's queriesarealwaysinterpretedcase-
insensitive. THE andIS arenames(probablyacronyms)hereandwould nothave beenmatchedwith
acase-sensitive search.Finally, match5 is anactualerror, sotherulewhichsaysthattheis is always
wrong works correctly in this case. Unfortunatelythe hugenumberof matchespreventsmanual
checksfor eachmatch,so it is not possibleto usethis resultto prove that therule is alwayscorrect.
Still thefew matcheswhichhave beencheckedareagoodindicationthattherule is useful.

ObviouslyGoogleis notusefulasa replacementfor a realcorpuslike theBNC. Firstly, Googleonly
knowsaboutwords,notaboutPOStags.Googledoesnotevenoffer stemming,i.e. thetermtalkswill
bematchedonly whensearchingfor talks, not whensearchingfor talk or talking. Secondly, Google
canbe limited to searchonly pagesin a given language,but it cannotbe told to searchonly pages
whichhavebeenwrittenby nativespeakersof English.It alsocannotlimit its searchto categorieslike
”technicaldocumentation”or ”oral speech”10. Thirdly, theGoogledatabaseis constantlychanging.
Theexamplegivenabove mightnotbeexactly reproducibleanymorewhenyou readthis.

Theadvantageof Googleis its sizeof somethousandsof million pages.Even if just 30%of these
pagesarewritten in English,this is still muchmorethantheBNC hasto offer. NonethelessGoogle
is extremelyfast, the ”the is” queryreturnedits �rst ten matchesin 1.49seconds11. Furthermore,
Googleis up-to-dateandcontainsmodernvocabulary, whereastheBNC collectionendsin 1994.For
example,theBNC only containstwo occurrencesof World WideWeb.

2.8 RelatedProjects

2.8.1 Ispell and Aspell

Ispell [Kuenning]andAspell [Atkinson] areboth very popularOpenSourcespell checkers. Most
OpenSourceword processorsmake useof theseprogramsin one way or another. For example,
KWord providesan integratedinterfaceto Ispell andAspell. OpenOf�ce.org comeswith MySpell,
which is basedonIspell. In bothcases,theuserdoesnotnoticethatit is Ispell/Aspellwhichdoesthe
realwork in thebackground.

Spell checkerscompareeachword of a text to their large lists of words. If theword is not in their
list, it is consideredincorrect.In otherwords,spellcheckingis averysimpleprocesswhichdoesnot

10Althoughonemight try to comeupwith queriesthat®nd only suchdocuments,e.g.ºAl Gore speechº.
11Googledisplaysthis number. Obviously it might take longeruntil the resultappearson theuser's screenbecauseof

slow network connectionsetc.
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know anythingaboutgrammar, styleor context. It is mentionedherenonetheless,becauseit couldbe
considereda subsetof a completegrammarchecker. The integrationof a spellchecker is described
in section3.4.

2.8.2 Styleand Diction

StyleandDiction aretwo classicalUnix commands[Style/Diction]. Styletakesa text �le andcalcu-
latesseveral readabilitymeasureslike theFleschIndex, thefog index, theKincaid scoreandothers.
It also countswords,questionsand long sentences(more than 30 words by default). It is not an
interactive command,but it allows to specifyoptionsto print, for example,all sentencescontain-
ing nominalizationsor sentenceswith passive voice. Thecompletematchingsentenceswill thenbe
printed,without furtherindicationwhereexactly thematchis.

Diction takesa text andsearchesfor certainwordsandphrases,for which it printsa comment.For
example,thefollowing text usedasinput for diction:

I thoughtyoumight�nd it interesting/useful,soI'm sendingit to thelist here.

...will producethefollowing result:

I thoughtyou [might -> (do not confusewith "may")] �nd it [interesting-> Avoid
using"interesting"whenintroducingsomething.Simply introduceit.]/useful,[so -> (do
notuseasintensi�er)] I'm sendingit to thelist here.

As onecanseeat so, dictionwarnsfor everyoccurrenceof certainwordsandgivesa shortstatement
aboutpossibleproblemswith thegiven phrase.Herearesomemoresamplesfrom the diction data
�le:

Matching phrase Suggestedreplacementor comment

asa result so
attempt try
datais dataare
in thelong run (cliche,avoid)

Thedictiondata�le for Englishcontains681entries,its Germandata�le contains62entries.Except
very few hardcodedexceptionslike datais / dataare, dictiondoesnotcheckgrammar.

2.8.3 EasyEnglish

EasyEnglishis agrammarcheckerdevelopedatIBM especiallyfor non-nativespeakers.It is basedon
theEnglishSlotGrammar. It �nds errorsby ”exploringtheparsetreeexpressedasanetwork” [Bernth,
2000].Theerrorsseemto beformalizedaspatternsthatmatchtheparsetree.Unfortunately[Bernth,
2000]doesnotexplainwhatexactlyhappensif asentencecannotbeparsedandthusnocompletetree
canbebuilt.

EasyEnglishcan�nd wrongarticlesfor countable/uncountable nouns(e.g.*an evidence) andmissing
subject-verbagreementamongstothermistakes. It hasspecialrulesfor native speakersof Germanic
languagesandfor native speakers of Japanese.For speakers of Germaniclanguagesit checksfor
overuseof theprogressive form (e.g. *I'm havingchildren), wrongcomplement(e.g. *It allows to
updatethe�le insteadof ...allowsupdating...) andfalsefriends.Thereareotherrulesusefulespecially
for speakersof Japanese.All rulesareoptional.

EasyEnglishdoesnotseemto bepublicly available,neitherfor freenorasacommercialtool.
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2.8.4 Critique

Critique is a style andgrammarchecker that usesa broad-coveragegrammar, the PLNLP English
Grammar[Jensenet al, 1993,chapter6]. It detects25 differentgrammarerrorsfrom the following
� ve categories: subject-verb agreement,wrong pronouncase(e.g. *betweenyou and I insteadof
betweenyouandme), wrongverbform (e.g. *seemto beeninsteadof seemto be), punctuation,and
confusionof similar words(e.g. you're andyour). Furthermore,Critique detects85 differentstyle
weaknesses,like sentencesthataretoo long,excessive complexity of nounphrasepre-modi�ers,and
inappropriatewording(e.g.shortformslike don't in formal texts).

Errorsareshown to theuserwith thecorrectreplacementif possible.Theusercangetanexplanation
of theproblem,whichisespeciallyimportantfor styleissuesfor whichthedistinctionbetweencorrect
andincorrectis oftennot thatsimple.Critiquecanalsodisplaytheparser's resultasa tree.All style
andgrammarcheckscanbeturnedon or off independently.

For eachsentence,Critique�rst triesto analyzethecompletesentencewith its parser. If theparsing
succeeds,the sentenceis grammaticallycorrectand it is then checked for style errors. The style
errorsarefoundby rulesthatwork on theparsedtext. If theparsingdoesnotsucceedon the�rst run,
somerulesarerelaxed. If the sentencecanthenfor examplebe parsedwith a relaxed subject-verb
agreementrule,asubject-verbagreementerroris assumed.Thestylecheckingwill thentakeplaceas
usual.

Interestingly, theauthorsof [Jensenetal, 1993,chapter6] suggestthatideally theparsershouldparse
any sentences,even the incorrectones. This way all grammarand style checkingcould be done
with the samecomponent,namelyrulesthat work on a (possiblepartial) parsetree. This however
is not possible,asa grammarwith few constraintswill leadto many differentresult treesandwill
thusbecomevery slow. Still, someruleshave beenchangedfrom beinga conditionin thegrammar
checker to beingastylerule.

Critiquedoesnotseemto bepublicly available.

2.8.5 CLAWS asa Grammar Checker

CLAWS(ConstituentLikelihoodAutomaticWord-taggingSystem,[CLAWS]) is aprobabilisticpart-
of-speechtagger. [Attwell, 1987] offers a suggestionon how to usesucha taggeras a grammar
checker. The ideais to get thePOStagsof a word andits neighborsandthencheckhow common
thesesequencesare.If themostcommoncombinationof tagsis still below agiventhreshold,anerror
is assumed.Possiblecorrectionscanthenbe built by substitutingthe incorrectword with similarly
spelledwords. Thesubstitutedword that leadsto themostcommonPOStagsequencecanthenbe
suggestedasacorrection.

The advantageof this probabilisticapproachis that it doesnot requirehand-writtenrules. It can
even detecterrorswhich werenot in the corpusoriginally usedfor training CLAWS. On the other
hand,a thresholdneedsto be found that works bestfor a given text. Also, only errorswhich are
re�ectedin thePOStagscanbefound.For example,sightandsitearebothnounsandthusthiskind
of probabilisticchecker will notdetectaconfusionbetweenthem.Also, theerrormessagecannotbe
accompaniedby ahelpfulexplanation.

CLAWSis availablefor a feeof £750.An onlinedemois availableon its website.Theextensionfor
detectinggrammarerrorsdoesnotseemto beavailable.

2.8.6 GramCheck

GramCheckis a styleandgrammarchecker for SpanishandGreek,optimizedfor native speakersof
thoselanguages[R.-Bustamente,1996,R.-Bustamente,1996-02]. It is basedon ALEP (Advanced
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LanguageEngineeringPlatform,[Sedlock,1992]),a developmentenvironmentfor linguistic appli-
cations.ALEP offersa uni�cation-basedformalismanda graphicaluserinterfacethat lets linguists
developnew grammars.

GramCheckdetectsnon-structuralerrorswith a constraintrelaxationtechnique. In its uni�cation
basedgrammar, Prologcodetriesto unify features.Thecodealsobuilds thecorrections,depending
on which relaxationwas necessaryto parsethe input text. Structuralerrorsaredetectedby error
patternswhichareassociatedwith acorrectionpattern.

GramCheckcandetecterrorsin numberandgenderagreement,andincorrectomissionor additionof
someprepositions.It candetectstyle problemslike abusive useof passive andgerundsandweak-
nessesin wording.

NeitherGramChecknorALEP arepublicly available.

2.8.7 Park et al's Grammar Checker

[Park et al, 1997]describea grammarchecker which is optimizedfor studentswho learnEnglishas
asecondlanguage.Students'essayshave beenanalyzedto �nd typicalerrors.

Thechecker is basedon a CombinatoryCategorial Grammarimplementedin Prolog. In additionto
thebroad-coveragerules,errorruleshave beenaddedthatareappliedif all regularrulesfail. Oneof
theerrorrulesmight for exampleparsea sentencelike *He leavetheof�ce becausethesubject-verb
agreementis relaxedin thatrule. All errorrulesreturnashorterrormessagewhich is displayedto the
user. No correctionis offered,asthis would degradethe learningeffect. Theuserinterfaceis a text
�eld on awebpagein which thetext canbetypedandsubmitted.

Thechecker detectsmissingsentencefragments,extraelements,agreementerrors,wrongverbforms
andwrongcapitalizationat thebeginningof asentence.It is notpublicly available.

2.8.8 FLAG

FLAG (Flexible LanguageandGrammarChecking,[Bredenkampet al, 2000,Crysmann])is a plat-
form for the developmentof user-speci�c languagecheckingapplications.It makesuseof compo-
nentsfor morphologicalanalysis,part-of-speechtagging,chunkingandtopologicalparsing.

FLAG detectserrorswith so-calledtrigger rules indicatingthe existenceof a potentialproblemin
the text. For potentially incorrectsentencescon�rmation rulesarecalledwhich carry out a more
complicatedanalysis.Therearecon�rmation ruleswhich advisethat thereis actuallyno problem,
andothersthatadvisethat thereis indeedanerror. Eachrule carriesa weight,andif morethanone
rulematches,theseweightsareaddedup. Basedon the�nal weight,FLAG thendecideswhetherthe
rule reallymatchesandthuswhetherthereis anerrorin thesentence.

This two-stepapproachhelpsincreasethesystem's speed,asthe trigger rulesarerathersimpleand
caneasilybechecked,whereasthemorecomplicatedandthusslower con�rmation rulesonly need
to becalledfor potentiallyincorrectsentences.

All of FLAG's rule aredeclarative. It alsoknows terminologyrulesandcangenerallywork for any
language.Sofar, only a few rulesfor Germanhave beenimplemented.Theadditionof a signi�cant
numberof grammarrulesis only listedin the”FutureWork” sectionin [Bredenkampet al, 2000].

FLAG is implementedin Java andC++ andhasa graphicaluserinterfacefor checkingtexts. FLAG
is notpublicly available.
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3 Designand Implementation

My old styleandgrammarcheckerwaswrittenin Perl[Naber].It reliedonEric Brill' spart-of-speech
tagger[Brill, 1992], which is implementedin C. The Perl script normalizedandformattedthe text
input so that it could be usedasinput to Brill' s tagger. The tagger's outputwasthenparsedagain
andthestyleandgrammarruleswereapplied.This mixtureof languagesleadto animplementation
which emphasizedimplementationdetailsandneglectedthelargerstructureof theprogram.As Perl
requiresa ratherobscureway of object-orientedprogramming,thePerl scriptusedonly traditional,
nonobject-orientedprogrammingtechniques.ThetaggerrequiredaC compiler, whichdoesnotexist
by default on e.g. Windows systems.Extendingand improving a C programis also muchmore
complicatedthanit is for aprogramwritten in amodernscriptinglanguage.

To improve thedesign,maintainabilityandextensibility of thestyleandgrammarchecker, both the
taggerandthechecker have beenre-implementedin Python.Python's mainpropertiesare:

� It is systemindependent,i.e. it runsat leaston Unix/Linux, Windows andMac.

� It supportsobject-orientedprogrammingtechniquesandit makesuseof object-orientationin
its own standardlibrary.

� It allows for fastapplicationdevelopmentthanksto its built-in supportfor commondatatypes
like lists,dictionaries(hashtables)andapowerful standardlibrary whichsupportse.g.regular
expressions,objectserialization,andXML parsing.

� It supportsUnicodein a naturalway, i.e. input stringsaredecoded(interpreted)in a given
encodingandcanthenbeaccessedasUnicodestrings.Outputstringsareencodedin a given
encoding.

� It is implicitly typed,i.e. a programmerwill not have to de�ne the typeof a variable,but the
variablewill have a typenonetheless.Thetypeof a variablecanbechanged,ascanbeseenin
thisexamplefrom theinteractive Pythoninterpreter:
> > > a = 5.4
> > > type(a)
<type 'float'> # 'a' is a float
> > > a = "hello"
> > > type(a)
<type 'str'> # now 'a' is a string
This dynamictyping, which is lessstrict thanin compiledlanguageslike C++ andJava, may
leadto situationswhereproblemsoccurat runtimeinsteadof at compiletime. This problem
can,to acertainextent,beavoidedby theuseof unit tests,asdescribedin section3.12.

3.1 ClassHierar chy

The structureof the centralclassesis shown in the UML diagramin �gure 1. The classeswhich
containunit testsare not part of the diagram. Also, attributeshave no type informationbecause
Pythonis implicitly typed. All attributesandmethodsarepublic asPythondoesnot supportprivate
attributesor methods.TextChecker is the main class. It instantiatesa Rules objectso it can
accessall rules. TextChecker 'scheck() methodtakesa text stringandreturnsanXML string
(seebelow). check() �rst callsSentenceSplitt er 'ssplit() methodto detectthesentence
boundariesin the input text. Then,eachsentenceis taggedwith Tagger 's tagText() method,
andchunksaredetectedusingChunker 's chunk() method.Now, check() testswhethereach
rule matchesusingtherule's match() methodwhich takesthesentence,the tags,andthechunks.
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Theresultof match() – a list of RuleMatch objects– is appendedto thelist containingall errors
for all sentences.Onceall rulesarechecked,thelist of all errorsis returnedasa list andadditionally
asanXML string.

TextChecker.py canalsobe calledfrom commandline to checka plain text �le. It offers op-
tionsso that any rule andfeaturecanbe turnedon or off separately. All optionsarelistedwith the
TextChecker.py --help command.Theoutputis anXML encodedlist of errorswith <er-
rors> astherootelement.Unlike the[DudenLing. Engine]for example,whichalsoreturnsXML,
the original text is not repeated,only the errorsaredisplayed. For example,the following output
complainsaboutan incorrectcomparisonfrom character21 to character25 in theoriginal text and
suggeststhanasa replacement:

<errors>
<error from="21" to="25"><messag e>Compari so n

requires <em>than</em>.< /mes sa ge></ er ro r>
</errors>

3.2 File and Dir ectory Structure

Thefollowing �les anddirectoriesarepartof thestyleandgrammarchecker. Their installationand
implementationwill becoveredin thenext sections:

� data/abbr.txt : pre-de�nedabbreviationsto improve sentenceboundarydetection

� data/words : word/tagprobabilitydata

� data/seqs : tagsequenceprobabilitydata

� kword/ : patchesfor KWord

� snakespell-1.01 / : theSnakespellmodule,allows accessto Ispell via Python

� rules/ : styleandgrammarrulesin XML formatandits DTD

� python_rules/ : styleandgrammarruleswritten in Python

� socket_server.p y: a server which providesaccessto thestyleandgrammarchecker via
a localTCPsocket

� client.py : a testscriptto checkwhethersocket_server. py is running

� config.py : the con�guration �le, neededto set the path where the style and grammar
checker is installed

� TextCheckerCGI. py : aCGI scriptto accessthestyleandgrammarcheckervia awebform

� query.py : aCGI scriptto queryBNC �les in XML format

� tag.py : ascriptto train thetaggerandto tagtexts

� TextChecker.py : themainmodulewhich implementstheTextChecker class.Canalso
becalledfrom thecommandline to checktext �les.

� Tagger.py , Rules.py , Tools.py , TagInfo.py , SentenceSplitt er. py ,Chun-
ker.py : Pythonmoduleswhich areusedby thestyleandgrammarchecker backend. These
�les cannotbecalleddirectly.
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Figure1: UML classdiagramof thebackend
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� TaggerTest.py , SentenceSplitter Test .p y, ChunkerTest.py , Rules-
Test.py , TextCheckerTest .p y: Testcasesfor themodulesabove. These�les canbe
calledto run theunit tests.

� README, COPYING: shortdocumentationandcopyright information

3.3 Installation

3.3.1 Requirements

Thestyleandgrammarchecker backendneedsthefollowing software. The listedversionsnumbers
are thoseversionswhich have beentested. Later versionsshouldwork without problems,earlier
versionsmight fail:

� Python2.3c212 (http://www.pyth on. or g)

To make useof thechecker integrationinto KWord,thefollowing softwareis required:

� KWord1.3beta1sourcecode(http://www.koff ic e. or g), which requiresat least13:

– kdelibs3.1(http://www.kde. or g)

– Qt 3.1(http://www.trol lt ech .c om)

Both thechecker backendandthe frontendhave beendevelopedandtestedunderLinux only. The
backend shouldalsorun on Windows andMac without problems. The frontendis integratedinto
KWord,which is only availableonKDE, which in turnonly runsonUnix/Linux14. Thebackendcan
beconnectedvia standardsocketsasthey areusedfor Internetcommunication,soit shouldnot bea
problemto integrateit into wordprocessorsonWindows or Mac.

3.3.2 Step-by-StepInstallation Guide

First, thestyleandgrammarchecker backendneedsto beinstalled:

1. Unpacktheprogramarchive in yourhomedirectory:
> tar xvzf languagetool-1. 0. ta r. gz
> cd languagetool
Setthe installationdirectoryin the BASEDIRoption in config.py . Now testthe checker
with acommandlike this:
> ./TextChecker.p y test.txt
test.txt shouldbea shorttestwhichcontainsa grammarerror, for example:Peter's car is
bigger thenmine. TheoutputshouldbeanXML encodederrormessagelike this (whitespace
hasbeenaddedherefor betterreadability):
<error from="15" to="26">
<message>Compar is on requires <em>than</em>. </ messa ge>
</error>

12Python2.2.xseemsto haveabugin its minidom implementationwhichsometimespreventstheerrorrulesfrom being
correctlyparsed.

13Obviously a C++ compilerand the usualtools like make arealsorequired. This list doesnot containthe obvious
requirements.

14Thereis aprojectwhich triesto portKDE to Windows: http://kde- cygwin.sourceforge.net/
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2. Optionally, you maywantto install theCGI frontend.This requiresa webserver with support
for CGI scripts.Justseta link from yourwebserver's CGI directoryto theCGI script15:
> ln -s /full/path/to/T ext Chec ke rC GI. py \
/srv/www/cgi-bi n/ Text Check er CGI. py
Thencall http://localhos t/ cg i- bin /T ex tC hec ke rC GI .p y in your browserand
submita testsentence.

Now the KWord sourcescanbe installed. Oneshould�rst try to make KWord work without any
patches.This takesabit longerbecausesomethingsneedto becompiledtwice,but it makesit easier
to spotthesourceof problems:

1. Onceall requirement(Qt, kdelibs,...) areful�lled, unpacktheKOf�ce 1.3beta1archive in your
homedirectory, con�gure andcompileit:
> tar xvjf koffice-1.2.90. ta r. bz 2
> cd koffice-1.2.90
> ./configure --prefix=/usr/ lo ca l/
To save compiletime,you canoptionallyremove someprogramsfrom theTOPSUBDIRSline
in the Makefile : karbon,kchart,kdgantt,kformula, kivio, koshell, kounavail, kpresenter,
kspread,kugar, kexi
Now compilethesourcecode:
> make
> make install

2. CheckwhetherKWordstartscorrectly:
> /usr/local/bin/ kwor d

Now thepatcheswhichmake KWordusethestyleandgrammarchecker needto beapplied:

1. Apply thepatchesandcopy themodi�ed �les:
> cd lib/kotext
> patch <~/languagetool /kw or d/ kwor d.d if f
> cp ~/languagetool /k word/ ko BgSpel lCh ec k. cc ./
> cp ~/languagetool /k word/ ko BgSpel lCh ec k. h ./
> cd ../..
> cp -r ~/languagetool/ kword /l anguage tools/

2. Compileandinstall themodi�ed �les andKWord (which alsorequiresa recompiledueto the
changes):
> make install

3. In adifferentshell,startthechecker server:
> ./socket_server .p y

4. SettheLANGUAGETOOLenvironmentvariableandrestartKWord:
> export LANGUAGETOOL=~/la nguageto ol/
> /usr/local/bin/ kwor d
Make surethat the menuitem Tools->Spellcheck->Autospellcheck is activated. Type in this
testsentence:
Peter's car is bigger thenmine, andthis isaspellingerror.

15The Apacheweb server may be con®guredto deny accessto links for securityreasons.The linked script will not
work in thatcase.If securityis not anissue(e.g. for local testing),this canbechangedwith this optionin httpd.conf :
Options +FollowSymLinks
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After a short time, a red line shouldappearunderneaththe isa typo, anda blue line should
appearunderthe incorrectthen. Correcttheerrorsandthe linesshoulddisappearalmostim-
mediately.

3.4 SpellChecking

Usersmight beconfusedby a softwarewhich doessomethingascomplicatedasgrammarandstyle
checking,but whichdoesnot includesomethingassimpleasspellchecking.Althoughspellchecking
shouldhappenbeforethegrammarchecker getsa text, it makessense– from theuser's pointof view
– to integratebothinto oneprogram.

Snakespell16 is a Pythonmodulewhich allows accessinga local Ispell installationvia Python. Its
check() methodtakesa stringandreturnsthenumberof spellingerrorsin this string. Theerrors
canthenbe queriedwith thegetPositions() method,which providesaccessto Ispell's list of
possiblecorrections(i.e. wordswhicharewrittensimilar to theerroneousword).

Snakespellis includedin thelanguagetool/sna ke sp el l- 1.0 1 directory, soit doesnot have
to beinstalledseparately.

3.5 Part-of-SpeechTagging

ThePOStaggerusedby thestyleandgrammarchecker is a probabilistictaggerbasedon Qtag(see
section2.1) with a rule-basedextension. The POStaggeris implementedin the Tagger classin
Tagger.py . The most importantmethodsarebuildData(filen ame) , which takes the �le-
nameof a BNC �le andlearnstagandtagsequenceprobabilities,andtagText(text) , which is
usedto tagplain text.

buildData() loadsthe BNC �le and usesa regular expressionto �nd all its words and their
assignedtags. Theseword/tagtuplesareput into a list andhandedto theaddToData() method.
This methodbuilds a dictionary (the Pythonterm for hashtable) which mapseachword to a list
of possibletags. Eachtag carriesa valuewhich representsthe tag's probability for this word. For
example,the dictionarymight containa mappingword_to_tag['wa lk '] = [(VB, 0.6),
(NN, 0.4)] . Thismappingmeansthatthewordwalkoccursasaverb(VB) with aprobability0.6,
andasanoun(NN) with aprobability0.4.

Two otherdictionariesmap2-tag-sequencesto probabilityvalues.For example,thedictionarymight
containa mappingsequence[(DET, AJ0)] = 0.1 . This meansthattheprobabilitythatDET
is followedby AJ0 is 0.1. Anotherdictionarycontainstheoppositedirection,e.g.AJ0 precededby
DET. ThebindData() method�nally serializesall dictionariesandsavesthemto disk.

tagText() is usedto tagany text. First it splitsthetext atwhitespacecharacters.For eachelement
of thelist, exceptwhitespaceelements,all possibletagsarelookedupusingthetagWord() method.
Therearespecialcaseslikeof course, whicharetreatedasonewordby theBNC.Sofor eachelement
in the list, it is �rst checked whetherit is in the list of known wordswhenthe following word is
appendedto it. If so,bothwordsaremergedto onewordbeforegivento thetagWord() method.

If aword is not known, its tagis guessedaccordingto somesimplerules:

1. If thewordstartswith acapitalletter, assumeapropernoun(NN0).

2. If thewordendsin dom,ment,tion, sion,ance, ence, er, or, ist, ness,or icity, assumeasingular
noun(NN1).

3. If thewordendsin ly, assumeanadverb(AV0).
16Availableat http://www.scriptfoundry.com/modules/ snakes pell/ .
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4. If thewordendsin ive, ic, al, able, y, ous,ful, or less, assumeanadjective (AJ0).

5. If thewordendsin ize, ise, ate, or fy, assumethein�niti ve form of averb(VVI).

Thesuf�x esusedin theseruleshave beencollectedon the web17, wheresomesuf�x eslike en can
indicateeitheranadjective (e.g.wooden) or averb(e.g.soften), sothey arenotused.As soonasone
of therulesmatches,theguesstakesplaceandtheotherrulesareignored.Thustheorderof rulesis
important,e.g.theendingly hasto bechecked�rst, asthereis alsoanendingy.

Next, the tagsequences'probabilitiesof thecurrentword's tagandits neighborsarelooked up. As
somewords can have more than one tag and the most probabletag hasnot yet beenchosen,all
combinationsof all tagsarechecked. As mentioned,the taggeralwayslooksat a word andboth its
neighbors,i.e. it looks at a three-token-sequence. As an example,assumethe taggeris currently
lookingat thesequencelike fat food. First, thesewordprobabilitieswill belookedup(thesevalesare
justexamples,not therealvalues):

like PRP=0.7,VVI=0.3
fat NN1=0.6,AJ0=0.4

food NN1=1

tag.py allowsto look upthesevaluesmanuallyfor debuggingandtestingpurposeswith acommand
like this: ./tag.py --wordtag food

Now all possiblePOStagcombinationsarelookedup:

PRPNN1 NN1 0.1
VVI NN1 NN1 0.02
PRPAJ0NN1 0.2
VVI AJ0NN1 0.05

Thetagandsequenceprobabilitiesaremultiplied:

P(like/PRP) * P(PRP NN1 NN1) = 0.7 * 0.1 = 0.07
P(like/VVI) * P(VVI NN1 NN1) = 0.3 * 0.02 = 0.006
P(like/VVI) * P(VVI AJ0 NN1) = 0.3 * 0.2 = 0.06
P(like/PRP) * P(PRP AJ0 NN1) = 0.7 * 0.05 = 0.035

In thiscase,theprobabilitythatPRPshouldbeassignedto like is highest.Thealgorithmwill advance
to thenext token. Dummyentriesareinsertedat theend(andalsoat thestart,but we ignorethat in
thisexample)of thestring,sothatagaina3-token-window exists,which is now: fat foodDummy

Theprobabilitycalculationstartsagain,sothateachtoken�nally carriesthreecombinedprobabilities,
onefor eachpositionin thethreetokenwindow. Theseprobabilitiesaresummedup,andthetagwith
thehighestprobabilityis selected.

3.5.1 Constraint-BasedExtension

A probabilistictaggercaneasilybe trainedwith a POS-taggedcorpus.But the tagger's resultswill
completelydependonthiscorpus,whichmakesit dif�cult to understandthetagger's resultif it is not
correct.Soit mightproveusefulto addruleswhichtakeprecedenceovertheresultof theprobabilistic

17For exampleat http://depts.gallaudet.edu/englishwork s/read ing/su ffixes .html .
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partof the tagger. Theseruleshave to be developedmanually, but their effect is easilyunderstood,
whichmakeschangingandextendingthemsimple.

ThetaggerimplementedherefeaturestheapplyConstrain ts () method,whichtakesthecurrent
word, its context, and all possiblePOStagsfor the currentword. It can remove one or moreof
the possiblePOStags,so that the probabilistictaggerwill only selecta tag from the reducedlist.
Obviously, if all but onetag is removed,theprobabilistictaggerwill choosetheonly remainingtag,
ignoringits probability.

TechnicallytheapplyConstraint s( ) methodhasaccessto all possibletagsof thecurrentword
andtheirprobabilities.It couldaddothertagsor modify theprobabilitiesaswell, eventhoughthis is
not theideaof constraints.

3.5.2 Using the Taggeron the CommandLine

Thetag.py scriptcanbeusedto train thetaggerandto tagtext �les. This is only necessaryduring
development.Data�les with frequency informationarepart of the style andgrammarchecker, so
thereis usuallyno needfor theuserto build his own data�les, unlesshewantsto port thestyleand
grammarchecker to a new naturallanguagefor whicha taggedcorpusis available.

To train thetaggeron a taggedcorpus,thetag.py commandis calledlike this:

./tag.py --build A0*

This will take all �les which matchthepatternA0* andwill addall word andPOSfrequency infor-
mationto the �les words , seqs1 , andseqs2 in the data directory. If onewantsto start from
scratch,those�les needto bedeletedmanuallybeforecalling thecommand.Theinputdataneedsto
bein SGML formatwith elementslike this (this is theformatof theBNC Sampler):

<w NNB>Mr <w NP1>Maxwell <w VBDZ>was <w II>at ...

To usethenow trainedtaggerto taga text �le, tag.py is calledlike this:

./tag.py --tag test.txt

For a text �le

This is a stoopid test.

theresultlookslike this:

<!-- Statistics:
count_unknown = 1 (20.00%)
count_ambiguous = 1 (20.00%)
-->
<taggedWords>

<w term="This" type="DT0">Thi s</w > <w> </w>
<w term="is" type="VBZ">is< /w > <w> </w>
<w term="a" type="ZZ0">a</w > <w> </w>
<w term="stoopid" type="unknown"> sto opid </ w> <w> </w>
<w term="test" type="NN1">tes t< /w > <w>. </w>

</taggedWords>
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Wordsfor which thetagselectionwasambiguousarecounted,asarethosewordsfor which no POS
tagwasfoundin thelexicon.

Whentag.py is calledwith an SGML �le insteadof a text �le, it checksif the �le contains<w>
elements.If it does,theSGML �le is assumedto containa BNC text. tag.py thenentersa special
modewhichcomparesthetagger's POStagswith thoseof theBNC. For eachmismatch,it will print
awarning:

*** tag mismatch: got work/NN1, expected work/['VVI']

Here, the taggerassignedwork the tag NN1, whereasthe BNC labeledit as VVI . In this mode,
the statisticsareprintedaswell. This is very useful to improve the tagger, for exampleby adding
constraints,asdescribedin section3.5.1.

3.5.3 Using the Taggerin Python Code

Hereis anexamplewhichshows how thetaggercanbeusedfrom Pythoncode:

tagger = Tagger.Tagger( "da ta /t w" , "data/t1", "data/t2")
tagger.deleteDa ta ()
tagger.bindData ()
tagger.buildDat aFro mStr ing (" The/ DET tall/ADJ man/NN")

First, a Tagger objectis created.Theargumentsrefer to �le nameswhich will beusedto save the
frequency informationacquiredin training.Then,all previousdatasavedin thegiven�les is deleted,
i.e. all knowledgeaboutwordsandtheirpossibletagsis removed.Finally, aminimalcorpus– justone
phrase– is usedto train thetagger. This minimal corpusis a text stringwith pairsin theword/tag
format.

Now thatthetaggeris trained,it canbeusedto tagnew text:

res = tagger.tagText( "T he man was tall")
print res

Thisscript'soutputwill bethefollowing list of tuples,wherethe�rst itemis thetokenandthesecond
item is themostprobablePOStagfor thattoken18:

[('The', 'DET'),
(' ', None),
('man', 'NN'),
(' ', None),
('was', 'unknown'),
(' ', None),
('tall', 'ADJ')]

All wordswhichwerepartof thesmalltrainingcorpusareassignedtheir correctPOStag,othertags
aremarkedunknown . Whitespacehasno tags.

18Actually, theoutputalsocontainsanotheritemin eachtuplewhich is justanormalizedform of theoriginalword. This
normalizedform is identicalto theoriginalword in this exampleandhasthusbeenleft out.
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3.5.4 TestCases

Thetagger's learningandtagging,includingits potentialto guessunknown words,is coveredby test
casesin TaggerTest.py (see3.12for ageneraldescriptionof testcases).Someof thesetestcases
will beexplainedhere.

Thefollowing testcasemakessurethatthetoken'scontext is takeninto accountwhenassigningtags:

r = self.tag("""The /D ET fat/NN1 is/VB hot/AJ0
The/DET fat/AJ0 guy/NN1
A/DET man/NN1 used/VBD fat/NN1""",
"A fat man")

self.assertEqua l( r, [('A', 'DET'), ('fat', 'AJ0'),
('man', 'NN1')])

self.tag() is a helpermethodwhich takestwo arguments:the �rst oneis a trainingcorpus,the
secondoneis the text to tag. The methodmakessurethat all previous datais deleted,so only the
corpusfrom the�rst argumentis used.A list of tuplesis returned.Thetestcasemakessurethat fat
is taggedasAJ0 here,althoughit appearstwice asNN1in thecorpus,andonly onceasAJ0. The
reasonis that the sequenceDET NN1 NN1, which would appearif fat wastaggedasNN1, never
occursin thecorpus. fat asAJ0 leadsto thesequenceDET AJ0 NN1, which doesoccurandthis
readingis thuspreferred.

Othertestsmake suretheguessingfor unknown wordsworks. For example,unknown wordswith a
capital�rst letterareassumedto bepropernouns(seesection3.5):

tag = tagger.guessTag Test( "Gro ßeka thö fe r" )
self.assertEqua l( ta g, 'NP0')

Therealsois a testwhichmakessurethatwordswhosetagcannotbeguessedarenot taggedatall:

tag = tagger.guessTag Test( "v er bote n")
self.assertEqua l( ta g, None)

3.6 PhraseChunking

Thephrasechunkingimplementedby thestyleandgrammarchecker is rule-based.TheChunker
class'chunk() methodtakesaPOSannotatedtext andreturnsa list of (from , to , chunk ) tuples.
from andto arethestartandendpositionof achunk,chunk is thechunk's nameat thatposition.

TheChunker classreadsits rulesfrom data/chunks.tx t . Entriesin this �le look like this:

NP: NN1 NN1
NPP: NN1 NN2

Theseexampleentriesde�ne noun phrases(NP) and plural noun phrases(NPP).Usually a noun
phraseis consideredto consistof a determiner, oneor moreadjectives(optional),andoneor more
nouns. In this example,what is callednounphraseis just a sequenceof two nouns.This makesit
possibleto adderror ruleswhich �nd determiner-nounagreementerrors. Theseerror rulescanbe
usedto �nd anerrorin thefollowing sentence:

*Youcanmeasure a baseball teamsqualitybyothernonsubjectivemeans,...
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baseballteamsis recognizedasa plural nounphrase.Thesystemalsohasanerror rule ”a” _NPP,
sothat thedeterminera followedby a plural nounphraseis consideredto beanerror. Actually, the
errorin this caseis themissingapostrophe,thecorrectphraseis a baseballteam's quality.

In orderto �nd the longestphrasetherulesin chunks.txt needto beorderedsothat the longest
patternscome�rst, becausethechunker usesthe�rst matchit �nds andthenstops.

3.7 SentenceBoundary Detection

As mentionedbefore,grammarcheckingworks on sentences.Furthermoreit is possibleto specify
ruleswhich refer explicitly to the beginning or endof a sentence.Thereis alsoa style rule which
considersvery long sentencesbadstyle.For all of this, it is necessaryto split thetext into sentences.
Usuallythetext hasnosemanticmarkup,sosentenceboundariesarenotmarkedup either.

Thesentencedetectionimplementedin thissystemis basedonthePerlmoduleLingua::EN::Sentence
version0.2519. This modulehasbeenportedto Python,sourcecodecommentsandtestcaseshave
beenadded(the Perl versionhasincompletesourcecodedocumentation,andno testcasesat all).
Thenew moduleis calledSentenceSplitte r. py , thetestcasesarecontainedin Sentence-
SplitterTest.p y.

Thealgorithmto �nd sentencebordersis dividedinto thefollowing steps:

1. Insertsentencebordersat positionswhich containa punctuationcharacterfollowedby white-
space.

2. Removethosesentenceborderswhichwhereaddedin step1,but whichareactuallynosentence
borders. For example,abbreviations which end in a period are �x ed in this step. A list of
abbreviationsis loadedfrom data/abbr.txt .

3. Oncemoreaddsentenceborders,for exampleat positionswhich containno. (which couldbe
theabbreviation for number) but whicharenot followedby anumber.

All theseinsertionsanddeletionsareperformedusingregularexpressions.Thealgorithmbasically
implementssomerulesandknows abouta list of exceptions(the abbreviations). The porting from
Perl to Pythonwasrathereasy, asPythonregularexpressionsarecompatibleto Perl's. Thesyntax,
however, differsquitea lot. A regularexpressionsubstitutionwhich addssentenceboundariesat all
delimiterswhicharefollowedby awhitespacelookslike this in Perl:

$text =~ s/($PAP\s)/$1$ EOS/g ;

Thevariable$PAPis de�nedasaregularexpressionwhichmatchesany of thepunctuationcharacters
period,questionmarkor exclamationmark,optionallyfollowedby aclosingparenthesisor aclosing
quote.$EOScontainsa specialcharacterwhich signalsa sentenceboundary. Thesamesubstitution
in Pythonlookslike this:

text = re.compile("(% s\ s)" % PAP).sub("\\1% s" % EOS, text)

SincePythondoesnotprovide specialoperatorsfor regularexpressions,thecodebecomeslonger.

Hereare someshortexamplestringswhich the checker can correctly split into sentences.These
stringsareusedin theunit testsin SentenceSplitt erT es t. py . Thenumberin parenthesisis
thenumberof sentenceswhich thechecker splitsthestringinto:

19Availableat http://search.cpan.org/dist/Lingua- EN-Senten ce/ .
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� Thisis e.g. Mr. Smith,whotalksslowly... But this is anothersentence. (2)

� Mrs. JonesgavePeter$4.5,to buy ChanelNo5. Henevercameback. (2)

� Don't split stringslike U.S.A.please. (1)

� "Herehecomes!"shesaid.(1)

� They metat 5 p.m.on Thursday. (1)

3.8 Grammar Checking

Mostgrammarerrorswhichthesystemwill recognizeareexpressedasrulesin grammar.xml in the
rules directory. Therulesystemusedisanenhancedversionof thesystemdevelopedbefore[Naber,
chapter5.2]. Sincemany rulesdependon POStags,theruleshave to beadaptedif a differenttagger
with adifferenttagsetis used.Thisis thecasehere:theold system's taggerknows35tags– thePenn
Treebanktagset–, thenew taggerknows 61 tags– theBNC C5tagset(thereis alsotheBNC C7tag
setwith 137tags,which is usedfor theBNC Sampler).Despiteits muchlargernumberof tags,the
new tagsetis not simply a supersetof theold one: Sometagsfrom thePennTreebanktagsethave
morethanoneequivalentin theBNC tagset,i.e. theBNC tagsetis moredetailedin thesecases.In
othercases,morethanseveraltagsfrom thePennTreebanktagsetmapto justonetagfrom theBNC
tagset,i.e. theBNC tagsetis lessdetailedfor thesetags.Soin orderto usetheexistingruleswith the
new tagset,amappingneededto bedevelopedmanually(seesectionA.3 for thecompletemapping).

3.8.1 Rule Features

Rulesareexpressedin XML format.TheDTD canbeseenin sectionA.2.1. The<rule> element's
partswill bedescribedin thefollowing, togetherwith examplesof theaccordingXML representation:

� id and name attribute: The id attribute is usedinternally, for exampleto namethe rules
which shouldbeactive andthosewhich shouldbedisabled.It needsto beuniqueandit may
not containspecialcharactersexcepttheunderscore.Thename attribute is usedasthename
of the rule, as it is visible in the graphicaluserinterfacethat lets usersturn ruleson or off.
Example:
<rule id="SOME_EXTEND" name="Confusion of extend/extent" >
...</rule>

� <pattern> subelement:This is themostimportantpartof a rule, asit describeswhat text
is incorrect. The patternis a sequenceof words,POStags,and/orchunks. If this sequence
is found in the to-be-checked text, the matchingpart is considerederroneous.The pattern's
partsareseparatedby whitespace.Any stringinsidequotationmarksis consideredaword,any
stringthatstartswith anunderscoreis a chunknameandeverythingelseis considereda POS
tag. A patternhasa lang attribute, so that it will only be appliedto text of that language.
As the text languageis not automaticallydetected,it is the user's task to set it, e.g. with
the --textlanguage option in caseTextChecker.py is used. The mark_from and
mark_to attributesde�ne what part of the original sentenceis marked as incorrect. Both
valuesdefault to 0, sothattheincorrectpartis aslongasthepattern.A valueof 1 for mark_-
from movesthebeginningof the incorrectareaonetoken to theright. Similar, a valueof -1
for mark_to will move theendof theincorrectareaonetokento theleft. Example:
<pattern lang="en" mark_from="1">C RD "ore"</pattern>
CRDis thePOStagwhich is usedto markup cardinalnumbers.Sowith this pattern,in a text
like *Typein oneore more wordsonly ore will bemarkedasincorrect,thanksto thevalueof
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mark_from .
Technicallythe partsof the patternare regular expression,so it is possibleto use".*" to
refer to any word, or to refer to any kind of verb with V.. . Also, the pipe symbol canbe
usedto representalternatives,asin "(does|did)" (pleasenotethat in theseexamples,the
quotesarepartof thepattern).Thecaretcharactercanbeusedfor negation,e.g.^(DT0) will
matchany POStagexceptDT0 (a determiner).SpecialtagsareSENT_STARTandSENT_-
ENDthatmatch,respectively, thebeginningor theendof asentence.By default, thewordsin a
rule arematchedcase-insensitive. This canbechangedwith thecase_sensitive= "y es"
attribute.

� <message> subelement:Thisis theuser-visibleerrormessage.It is supposedto bedisplayed
togetherwith theincorrectsentenceto let theuserknow whatexactly is wrongabouttheinput
sentence.If sometext of the messageis inside an <em> element,this text will becomea
clickablelink in thechecker's userinterface.Thepartof theinputsentencewhich is markedas
incorrectwill bereplacedby thelink's text. Example:
<message>Did you mean <em>extent</em> ("extent" is a noun,
"extend" is a verb)?</messag e>
Similar to regular expressions,the \n syntaxcan be usedto refer to partsof the incorrect
sentence:\1 will displaythe�rst wordmarkedasincorrect,\2 thesecondoneandsoon. This
canbeusedto offer acorrectionto wordordererrors.

� <error_rate> subelement:This is the numberof warningswhenusingthis rule on text
from theBNC. It is describedin section4.3.1.

� <example> subelements:Thereis atleastoneexamplesentencewhichis correctandanother
examplesentencewhichviolatestherule. Example:
<example type="correct" >It is, to a certain extent.</exampl e>
<example type="incorrec t"> It is, to a certain extend.</exampl e>

Rulescanbe combinedin the <rulegroup> element. The id attribute is thenmoved from the
<rule> elementto the<rulegroup> element.Only a completerule groupcanbe turnedon or
off, not its individual rules.This is usefulfor a moreconciselist of rules,especiallyin thegraphical
userinterface.

3.8.2 Rule Development

Hereis ashortrecipefor ruledevelopment:

1. Take anerror (for examplefrom theerrorcorpusin sectionA.1) which is not yet detectedby
thestyleandgrammarchecker.

2. Usetheerroneousword andthewordsfrom its context to make a rule, e.g. *were are � we
are.

3. If possible,generalizetheruleby usingthewords' POStagsinsteadof thewordsthemselves.

4. Checkif the rule patternmight alsoappearin correctsentences.This canbequickly doneas
describedin the following sectionandwith thecorporadescribedin section2.7. If too many
correctsentencesarematched,revoke step3 andtry again.

Thenext sectionwill describehow to testrules.Thensomeexampleswill begivento illustraterule
developmentin detail.
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Figure2: StartingaBNC queryin thewebinterface

3.8.3 TestingNewRules

Eachnew ruleshouldbecheckedwith reallife sentencesto makesureit is not triggeredby sentences
whicharein factcorrect.As describedin section2.7,theBNC is suitablefor this.

To partlyovercometheproblemswith theavailableBNC querysoftware(seesection2.7.1)a simple
webbasedqueryscriptnamedquery.py hasbeendeveloped.Unlikearealclient it doesnotaccess
thedatavia a server but it loadsthedata�les directly from disk. To make this lesserrorpronethe
BNC SGML �les have to be convertedto XML �les �rst, for exampleusing JamesClark's s2x
tool20.

Becauseno index is used,thesearchspeeddependsonthenumberof �les whichhave to besearched.
For examplesearchingfor public NN2(theword public followedby a plural noun)takes13 seconds
to �nd the�rst 30 matches.Whena �le <filename> is queriedfor the�rst time, thequery.py
scriptsavesall necessarydatato a �le <filename>.pickl e, which is only 1/3 of thesizeof the
original XML �le. Although this is technicallynot an index, it speedsup searchingtremendously.
About1400sentencespersecondcanbesearchedthanksto thisoptimization21.

Figure2 shows a screenshotof thequerypagewith its input �elds anda list which describesall the
BNC's tags.Figure3 shows theresultof thisquery, with thematchingwordsprintedin bold.

query.py only supportssimplequeries.For moreadvancedrules,whichmakeuseof e.g.negation,
TextChecker.py needsto beusedon thecommandline:

./TextChecker.p y -c -l0 --grammar=RULE_ ID --words=None \
--builtin=None /data/bnc/A/

20s2x is alsoknown assgml2xml . It is partof Clark's parserSP(availableat http://www.jclark.com/sp/ ),
whichalsocontainsnsgmls .

21These®gureswheremeasuredonanAMD Athlon 900MHz with 256MB RAM.
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Figure3: Resultof theBNC query

It will checkall BNC SGML �les in the/data/bnc/A/ directory. The-c switchtells thechecker
that it is going to work on SGML �les, so any markupis removed beforethe text is checked. The
-l0 optionsetsthemaximumsentencelengthto unlimited,sothatnowarningsaboutlongsentences
will appear. The--grammar=RULE_ ID optionwill deactivateall grammarrulesexceptthegiven
ones(a list of rulesmayalsobeprovided,separatedby commas).Finally, all built-in rulesandstyle
checkingrulesaredeactivatedby --builtin=None and--words=None . The commandwill
print outXML codewith theerrormessageeachtime therulematches.

3.8.4 Example: Of causeTypo Rule

I will explain thedevelopmentof anerrorrulewith anerrorfrom theerrorcorpus(seesectionA.1):

*Of causethere is much more to seein therespectiveregions.

A trivial way to turn this into a rule is to take thecompletesentenceasapattern.This way, if exactly
thesamesentenceoccursagain,its errorwill berecognized.Obviously thatis notwhatonewants,as
theerroronly seemsto affect theof causephrase,whichcoulddirectlybeusedasapattern.

Searchinga10%subsetof theBNC for thephraseof causegives5 matches,whicharecorrectphrases
like a relationshipof causeandeffect. In comparison,thephraseof coursegives918matches.The
ideais now to improve theof causepatternsothat it only matchesfor realerrors.Theof causeand
effectphrasecanbeexcludedby extendingthepatternsothatit matchesof cause, but only if it is not
followed by and: "of" "cause" ^"and" . This way the correctsentenceswill not match,but
theoriginalerroris still recognized.

Now anerrormessageis neededwhichexplainstheuserwhattheproblemis. As theremightstill be
caseswheretherulematchesalthoughthesentenceis correct,it is agoodideato phrasethemessage
asa suggestion.The messageshouldobviously containthe correctreplacementcourse. Now the
completerule in XML lookslike this:
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<rule id="OF_CAUSE"
name="Confusion of 'of cause/of course'">
<pattern lang="en" mark_from="1" mark_to="-1">

"of" "cause" ^"and"</pattern >
<message>Did you mean "of <em>course</em> "

(=naturally)?</ mess age>
<error_rate warnings="0" sentences="759 00" />
<example type="correct"> The law of cause and

effect.</exampl e>
<example type="correct"> Of course there is much more

to see.</example>
<example type="incorrect "> Of cause there is much more

to see.</example>
</rule>

3.8.5 Example: Subject-Verb AgreementRule

As a moresophisticatedexample,thesubject-verbagreementrule doesnot simply work like pattern
matchingonwords.It canfor example�nd theerrorin thefollowing sentence:

*Thebaseballteamareestablished.

Theproblemwith this sentenceis thatthereis a third-personsingularnounphrasebaseballteambut
theverb is not in third-personform. Thusa rule is requiredthatmatchesthird-personnounphrases
followedby averbnot in third-personform. Theexamplesentenceis taggedlike this:

The baseball team are established.
AT0 NN1 NN1 VBB VVN

Thesequenceof two NN1s is recognizedasa singularnounphrase(seesection3.6). Theverbare is
taggedasVBB(presenttenseof be, exceptis), soa patternrule that�nds this problemis _NP VBB.
Theunderscoresimply indicatesthereferenceto achunk.ThiswaychunknamesandPOStagnames
will notbeconfused.

OtherverbformswhichareincorrectherecanbeaddedsothattheXML rule �nally lookslike this:

<rule id="_NP_INF" name="Subject/V erb agreement">
<pattern lang="en">_NP (VDB|VDI|VHB|V HI |

VBI|VBB|VVI|VV B) </ patte rn >
<message>Use a singular verb for singular

nouns.</message >
<error_rate warnings="248" sentences="759 00" />
<example type="correct"> A baseball team <em>is</em>

established.</e xa mple>
<example type="incorrect "> A baseball team <em>are</em>

established.</e xa mple>
</rule>

The relatively high value in the error_rate 's warnings attribute is causedby somecorrect
sentencesthataremarkedasincorrect.For example,therule alsomatchesquestionslike Whenwill
thebaseballteambeestablished?
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Thesekind of agreementchecksdependon a tag setwhich is powerful enoughto distinguishthe
differentverbforms.

3.8.6 ChecksOutside the Rule System

Someerrorcheckscannotbeexpressedin therule system,or they cannotbeexpressedwith rulesin
anef�cient way. Currentlytherearefour of thesechecksimplementedoutsidetherulesystem:

� The sentencelengthcheckwarnsif a sentencecontainsmorethana given numberof words,
30 wordsbeing the default limit. This checkis outsidethe rule systemsince”more thann
words”cannoteasilybeexpressedasa rule. It would requirea rulewhichexplicitly matchesa
sequenceof e.g.30wordsof any content.Sucha rulewouldbedif�cult to con�gure,asauser
surelyjustwantsto enteranumber.

� Thedeterminercheckwarnsif a is usedinsteadof anwhenthenext word'spronunciationstarts
with avowel. Viceversa,it warnsif anis usedif thenext worddoesnotstartwith avowel. The
reasonthatthis checkis not in therule systemis that it usesa heuristicwhich checksthenext
word's �rst character(seesection2.3.1).Also, thelist of exceptionsmightgrow quitelargeso
it is easierto manageif it is in aseparate�le, not in theXML rule �le.

� Thewordrepeatcheckwarnsif aword is followedby thesameword. Thischeckis outsidethe
rulesystembecausetherulepatternscannotreferto otherpartsof thepattern.

� Thewhitespacecheckwarnsif thereis no spacecharacterafterthesepunctuationcharacters:
.,?!:;
It alsowarnsif thereis a spacecharacterbeforethesecharacters.Therearesomeexceptions,
e.g.for numberslike 5,000. This checkis outsidetherulesystembecauserulescannotreferto
whitespace.

As thesefour checksareimplementedin Python,they canbeextendedregardlessof any limitations
of therulesystem.Obviouslyprogrammingknowledgeis requiredin orderto makechangesto these
checksor in orderto addothercheckswhich cannotbe expressedby rules. An alternative solution
for implementingthesecheckswould have beento extendthepower of therule system.In theend,
this would have meantto implementa new programminglanguagewhich couldbeusedinsiderule
patterns.This obviously doesnot make muchsense,asPythonis alreadyavailableasa powerful,
cleanandeasy-to-learnprogramminglanguage.

Pythoncandynamicallyexecutecodecreatedat runtime,soit canalsocreateobjectswhosenameis
not known whena Pythonprogramis developed.This featurehasbeenusedto simplify theaddition
of new Pythonrules,i.e. rulesoutsidetherule-system.Any Python�le (i.e. any �le thatendsin .py )
from thepython_rules directoryis dynamicallyimportedat runtimeusingthefollowing code:

exec("import %s" % filename)
try:

exec("dynamic_r ul e = %s.%s()" % (filename, filename))
except AttributeError :

raise InvalidFilename (fi le name)

Here,theexec() statementis usedto import codefrom a given �le. Then,therule objectwill be
createdin thedynamic_rule variablewith anotherexec() call. This will fail if theclassin that
objecthasa differentnamethanthe�le it is saved in. In thatcase,anexceptionwill bethrown and
thescriptwill stopwith ahelpfulerrormessage.
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Implementinganew Pythonruleisverysimple:A new Python�le needstobeaddedto thepython_-
rules directory– noneof the existing codeneedsto be changed.The rule from the new �le will
automaticallybeusedwhenthechecker is startedthenext time. Thenew classneedsto implement
at leastthe __init__() andmatch() methods.__init__() takesno argument,match()
takesa list of annotatedtext, a list of chunks,andapositionnumber. It returnsa list of RuleMatch
objects,which is emptyif no errorwasfound.

The word repeatrule is implementedlike this andI will useit asan example(sometrivial codeis
left out to keeptheexamplesimple).TheWordRepeatRule classis derivedfrom theRule class.
As theRule classis in theRules.py �le, which is in a differentdirectory, theRules classhasto
beimported�rst. sys.path is extendedsothattheparentdirectoryis searchedfor theRules.py
�le. The__init__() methodis theconstructor, it callsthesuperclass'constructorwith WORD_-
REPEATasauniqueID for this ruleandwith ashortstringthatdescribestherule:

sys.path.append (" .. ")
import Rules

class WordRepeatRule( Rules .R ul e) :

def __init__(self):
Rules.Rule.__in it __( se lf , "WORD_REPEAT", \

"A word was repeated", 0, None)
return

match() takesa sentenceasa list of taggedwords,whereeachlist elementconsistsof theoriginal
word,a normalizedword (usuallythesameastheoriginal word),anda POStag. Furthermorea list
of chunksis available,but it is not neededfor this check. Theposition_fix paramaterwill be
usedto calculatetheerrors'positionsin thetext:

def match(self, tagged_words, chunks, position_fix=0 ):
matches = []

Eachwordin thelist of taggedwordsis savedto org_word , thenext wordis savedto org_word_-
next . Thewhitespacebetweenthesetwo wordsis ignored:

while 1:
if i >= len(tagged_wor ds )-2 :

break
org_word = tagged_words[i][ 0]
org_word_next = tagged_words[i+ 2] [0 ]
text_length = text_length + len(org_word)

Whitespaceis skipped:

if tagged_words[i] [1 ] == None:
i = i + 1
continue

Now thetwo wordsarecomparedafterbeingconvertedto lowercase.If thetwo wordsareidentical,
thelist of matchesis extendedby anew RuleMatch element.It containsthis rule's ID, thefrom/to
positionwhichdescribeswheretheerroroccursandamessagethatwill bedisplayedto theuser:
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if org_word.lower( ) == org_word_next.l ower () :
matches.append (R ul es .Ru le Matc h( \

self.rule_id, \
text_length+po si tio n_fi x, \
text_length+ \
len(org_word_n ex t)+ posi ti on_fi x, \
"You repeated a word. Maybe you " + \
"should remove one of the words?", \
org_word))

i = i + 1

Finally, thelist of all errorsis returned:

return matches

3.9 StyleChecking

Stylecheckingcompriseswhitespacechecking(seetheprevioussection)andanumberof errorrules
from rules/words.xml . Thedefault rulesimplementthesechecks(alsoseesectionA.2.3):

� A checkfor short forms like don't and we'll which suggeststhe useof the long form like,
respectively, do not or wewill .

� A rulewhichchecksif asentenceis startedwith Or, asthismightbeconsideredbadstyle.

� A rulewhichcomplainsabouttheoftenambiguoususeof billion, whichmeansmillion million
in British Englishandthousandmillion in AmericanEnglish.

As mentionedbefore,goodstylestronglydependson thetext typeandpersonalpreference.That is
why thenumberof default rulesfor stylecheckingis ratherlimited. Professionaluserswill needto
write their own rules,adaptedto theirpersonalneeds.

3.10 LanguageIndependence

Obviously it is desirableto have styleandgrammarcheckingwhich is languageindependent.But it
is equallyobvious thatportionsof thesoftware,like theerror rules,have to belanguagedependant.
Sohereis a list with partsof thesoftwarewhicharelanguageindependentandthosewhicharenot:

� Thestochasticpartof thetaggeris completelylanguage-independent. Any languagefor which
a taggedcorpusexistscanbeusedfor trainingthetagger.

� Thetagger's built-in rules,e.g. theguessingof unknown words' tags,which increasethetag-
gersaccuracy, only work for Englishinput.

� The�le with pre-de�nedabbreviationswhich improve sentenceboundarydetectiononly con-
tainsEnglishabbreviations.

� Only English error rules are part of the checker. However, eachrule hasa lang attribute
so that rulesfor otherlanguagescaneasilybe addedwithout confusion(all currentrulesuse
lang="en" ). Thechecker will ignoreall ruleswhich do not referto thelanguageof thetext
whichshouldbechecked.
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� Theuserinterface(seenext section)itself is English,but it canof coursechecktexts in different
languagesif thebackendhasbeenextendedaccordingly. As with all KDE software,translations
for theinterfacecanbeaddedusingstandardOpenSourcetools like KBabel,a tool thathelps
translatingtheuser-visible stringsin a program.This is possibleevenwithout recompilingthe
checker.

� Both Python(backend) andQt (frontend)supportUnicode,so it shouldeven be possibleto
extendthechecker to languageswhosecharactersetcannotberepresentedwith 8-bit characters
(however, thishasnotbeentested).

3.11 Graphical User Interfaces

A styleandgrammarchecker takestext asinput andreturnsa list of errorsasoutput. How exactly
theerrorsarepresentedto theuserdependson theapplicationusingthestyleandgrammarchecker,
thusit makesno senseto bloatthestyleandgrammarchecker with its own graphicaluserinterface.

In otherwords,thestyleandgrammarchecker shouldbeusablefrom a broadrangeof programs.To
facilitatethis, the checker's featuresmustbe accessibleto softwarewhich is written in a language
otherthanPython(thelanguagethechecker is writtenin). Thechecker is abackendprogramrunning
in thebackgroundwaiting for input, theapplicationprovidesthegraphicaluserinterface(GUI) and
is thefrontend.

3.11.1 Communication betweenFrontendand Backend

Thefronted/backendcommunicationmustful�ll two requirements:

1. It must be languageindependent,becausethe backend is written in Pythonbut most other
complex applicationsarewritten in languageslike Java or C++.

2. It mustbe non-blocking(asynchronous),i.e. the frontendapplicationmustnot wait for the
backend to return,becausethe backendneedssometime to analyzea sentenceandit is not
acceptablefor theuserinterfaceto ”freeze”duringthis time.

Usuallymatchingasentenceagainstthepre-de�nedrulesis ratherfast(seesection4.3.3).But asthe
numberof rulesis not limited, andasall rulesareindependent,thereis no upperlimit for the time
neededto checka text. Therules' independenceheremeansthateven if onerule matches,all other
ruleswill still be checked, so that independenterrorsin a sentencecanbe found in only onepass.
Actually therequiredchecktime is O(n*m), with n beingthenumberof rulesandm beingthe text
length.

Thesimplestway to integrateoneprograminto anotherone– without theneedfor bothprogramsto
bewrittenin thesamelanguage– is to just let oneprogramcall theotheroneasanexternalcommand.
In this case,this is not feasible,asthechecker hasa ratherlong startup time. This is causedby the
largedata�les which have to be loaded�rst andtheruleswhich have to beparsedfrom XML �les.
Themeasuredstartuptime is about4.1 secondson an AMD Athlon 900MHz with 256MB RAM.
This is too much,asthechecker shouldbe calledfor eachword while the sentenceis beingtyped.
Thisway it can�nd errorsimmediatelyandnot justwhenthesentenceends.

Sothecheckershouldstartonly onceandthenwait in thebackgroundfor new text to bechecked.The
checker should,in otherwords,behave like a server. This hasbeenimplementedin thesocket_-
server.py script,which usestheTextChecker classto do theactualwork. Theserver process
makesuseof network programmingtechniquesby binding itself to a socket on port 50100.Python
includesthe socket classfor high-level accessto sockets. The relevant partsof the socket_-
server.py scriptwill beexplainedin thefollowing:

39



A socket classis createdand boundto port 50100on the local machine(IP address
127.0.0.1).The port numberis ratherarbitrary22, but the client mustof courseusethe
sameportto getaccessto theserver. If theportbindingfailsbecausesomeotherprogram
– maybeanotherinstanceof socket_server. py – is runningon the port already,
Pythonwill do theerrorhandlingautomaticallyandthrow anexception.As we cannot
reallydoanything abouttheproblem,wedonotcatchtheexception:

s = socket.socket(s oc ke t.A F_IN ET, socket.SOCK_STRE AM)
name = "127.0.0.1"
port = 50100
s.bind((name,po rt ))

Now welistentoconnectionsfromclientswhichwishto talk to theserver. A TextChecker
objectis createdwhichwill do all therealwork:

s.listen(1)
checker = TextChecker.Text Chec ke r( gra mmar _c fg , ...)
while 1:

conn, addr = s.accept()

For securityreasons,we only acceptconnectionsfrom the local machine.Thechecker
codeshouldbeauditedfor potentialsecurityissuesbeforethis restrictionis removed:

if addr[0] != "127.0.0.1":
conn.close()
continue

Theclient's datais received, thecheckWords function(seebelow) is calledwith this
dataandtheresultis sentbackto theclient. Thentheconnectionis closedagain:

while 1:
data = conn.recv(limit )
l.append(data)
if not data or len(data) < limit:

break
data = str.join(”, l)
check_result = checkWords(chec ke r, data)
conn.send(check _r es ul t)
conn.close()

ThecheckWords() function takestheTextChecker objectandtheclient's input.
It savesall resultsin anXML stringwhich is returnedat theendof this method:

def checkWords(chec ke r, words):
result = '<result>'

22On Linux/Unix systems,only the root usercanbind to portsbelow 1024. To avoid con¯icts,oneshouldusea port
numberwhich is not yet usedfor new applications. Which port numbersarecommonlyusedcan be checkat http:
//www.iana.org/assignments/port- number s.
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An iSpell object is createdwhich gives accessto a local installationof Ispell via
Pythoncode. The check() methodtakesa stringandreturnsthe numberof spelling
errorsfound:

ispell = iSpell()
r = ispell.check(wo rd s)
if r > 0:

For eachspellingerror, the XML result is extendedwith an <error> elementwhich
containstheoriginal word, its positionanda comma-separatedlist of suggestedcorrec-
tions:

for mistake in ispell.getMista kes () :
for p in mistake.getPosi ti ons() :

result = '%s<error from="%d" to="%d" word="%s"
corrections="%s" /> ' % ...

Finally, the style and grammarchecker is called and its XML result is addedto the
spelling errorsfound above. The <result> elementis closedand the XML string
whichnow listsall spelling,styleandgrammarerrorsis returned:

(rule_matches, res, tags) = checker.check(w ord s)
result = result + '</result>\n'
return result

3.11.2 Integration into KWord

KWord is anOpenSourceword processorwhich is partof KOf�ce, anof�ce suitefor KDE23. KDE
againis anOpenSourcedesktopenvironmentdevelopedin C++. All KDE applicationsmake useof
Qt, a very powerful C++ classlibrary. Qt providesall commonwidgetsto write moderngraphical
userinterfaces,andit alsocomeswith many convenienceclasseswhich addan easy-to-useobject
orientedlayeron low-level operations.

KWordwaschosenasanexampleof how to integratethestyleandgrammarchecker into anexisting
word processingapplication. KWord alreadysupportson-the-�y spell checking(alsocalledonline
spellcheckingsometimes),i.e. it marksunknown wordswith a redzig-zagline duringtyping. The
underlinedisappearsassoonastheword getscorrected.Thesamefeatureis desirablefor styleand
grammarchecking.KWord'scleandesign,its manageablesize(comparedto otherOpenSourceword
processorslikeOpenOf�ce.org'sWriter) andits useof thepowerful Qt library makethistaskfeasible.

On-the-�y spellcheckingin KWord is separatedinto its own class,KoBgSpellCheck . This class
makes useof the KoSpell class,which then again really checksa paragraphusing the Aspell
library24. Becauseof the cleanseparationof classes,only a few �les have to be changedto in-
tegrate the style and grammarchecker. Most changesare done in koBgSpellCheck .c c and
koBgSpellCheck .h , whicharelocatedat lib/kotext/ in theKOf�ce sourcetree.

Thespellcheckingalreadyworksonparagraphsinsteadof singlewords.TheAspell library splitsthe
paragraphinto wordsandlooks for errors. However, the fact that completeparagraphsarehanded

23Thesearethehomepagesof theseprojects:http://www.koffice.org , http://www.kde.org ,
http://www.trolltech.com (Qt)

24Aspell is anenhancedIspell. It comesnot only in form of a standaloneprogram,but alsoin form of a library which
canbeusedby otherprograms.Its homepageis http://aspell.sourceforge.net/ .
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over to thespellchecker is dueto speedconcerns,not becauseAspell actuallyusesthis context. The
spellcheckingis drivenby a self-repeatingtimer eventwhichstartsa new checkevery second.Only
modi�ed paragraphsarechecked. Text will be checked no matterif it wastypedin via keyboard,
pastedfrom somewhereelseor loadedfrom anexternal�le. As all thisalreadyworksfor simplespell
checking,we do notneedto take specialcareof it for thestyleandgrammarchecker.

The changeswhich are necessaryto replacethe spell checker by a style and grammarchecker –
whichalsochecksfor spellingerrors– arelimited to ratherafew places,of which themostimportant
oneswill beexplainedin thefollowing. Only thenew implementationwill bedescribed,not theold
onewhich only performedspellchecking.TheclassnameKoBgSpellCheck , which is now a bit
misleading,hasbeenkeptto minimizethenumberof �les thatneedto betouched.

KoBgSpellCheck :: KoBgSpell Chec k()

Thisis theconstructormethodof theKoBgSpellCheck class.It will createaQSocket
object.TheQSocket providedby Qt offersasimpleway to accesssockets:

m_socket = new QSocket();

Thesocket canbeconnectedto so-calledslots,which arecommonC++ methodswhich
arecalledif somethinghappensat thesocket. In this case,theslotError() method
will becalledif thereis anerrorat thesocket,andtheslotReadyRead() methodwill
becalledwheninformationhasarrivedat thesocket:

connect(m_socke t, SIGNAL(error(i nt )),
this, SLOT(slotError( int )) );

connect(m_socke t, SIGNAL(readyRe ad()) ,
this, SLOT(slotReadyR ead() )) ;

This slot mechanismautomaticallymakestheprogramasynchronous,asit will not wait
for the socket to returninformation. Instead,the programworks asusualandthe con-
nectedmethodsarecalledjustwhenthey actuallyreceive datato work with.

KoBgSpellCheck :: sp ell Chec kNex tPa ra gr aph( )

This methodhandsthetext informationof oneparagraphto theserver. It connectsto a
socket on the local machineon port 50100. It thensendsthe text to that socket with a
trailing newline added.This methodwill returnimmediately, i.e. it doesnot wait until
somethingis returnedby theserver. Whensomethingis returned,theslotswhich have
beenconnectedin theconstructorarecalledinstead.This way KWord is responsive and
canbeusedasusualevenif theserver takessomesecondsto returna result:

m_socket->conne ct ToHost ("1 27.0 .0 .1 ", 50100);
QTextStream os(m_socket);
os < < text < < "\n";

KoBgSpellCheck :: sl otE rr or (i nt err)

If theservercannotbeconnected,thismethodwill becalled.If theerrornumbersuggests
aseriousproblem,like ”Host not found”, anerrormessageis printed.

42



KoBgSpellCheck :: sl otR eady Read()

This methodis calledwhenever a new responsehasarrivedat thesocket. First, it saves
pointersto thecurrentparagraphin KWord. If theparagraphis – for somereason– not
available,it returnsto avoid crashescausedby null pointers:

KoTextObject *fs = m_bgSpell.curre ntT ex tO bj ;
if ( !fs ) return;
KoTextParag *parag = m_bgSpell.curren tP ar ag;
if ( !parag ) return;

Next, thesocket is readline by line andthe linesareappendedto a QString variable,
which is the Qt classfor strings. It canhandleUnicodestringsandit providesthe ex-
pectedmethods,for exampleto getthestringlengthor �nd substringsinsidethestring:

QString s;
while( m_socket->canR eadLi ne() ) {

QString t = m_socket->read Li ne() ;
s = s + t;

}

A regularexpressionis constructedwhichwill �nd reportedspellingerrors:

QRegExp rx("<error from=\"([^\"]*) \"
to=\"([^\"]*)\" word=\"([^\"]* )\ "
corrections=\"( [^ \" ]* )\" /> ") ;

rx.setMinimal(t ru e) ;
int offset = 0;

Thereceivedstringis matchedagainsttheregularexpressionto �nd all spellingerrors:

while( (offset = rx.search(s, offset)) != -1 ) {
int pos_from = rx.cap(1).toInt () ;
int pos_to = rx.cap(2).toInt () ;
KoTextStringCha r *ch = parag->at(pos_ fr om);
KoTextFormat format(*ch->for mat( ));
format.setMissp el le d( tru e) ;

Theerrorpositionis markedasmisspelledin thedocument:

parag->setForma t( pos_ fro m, pos_to-pos_fro m,
&format, true, KoTextFormat::Mi ss pell ed) ;

offset += rx.matchedLength () ;
}

Now thesameis repeatedfor styleandgrammarerrors.As they have aslightly different
XML formatthis requiresadifferentregularexpression:
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QRegExp rx2("<error from=\"([^\"]* )\"
to=\"([^\"]*)\" >( .* )< /er ro r> ") ;

rx2.setMinimal( tr ue);
offset = 0;
while( (offset = rx2.search(s, offset)) != -1 ) {

int pos_from = rx2.cap(1).toIn t( );
int pos_to = rx2.cap(2).toIn t( );
KoTextStringCha r *ch = parag->at(pos_ fr om);
KoTextFormat format(*ch->for mat( ));
format.setStyle GrammarWarn in g( tr ue) ;
parag->setForma t( pos_ fro m, pos_to-pos_fro m,

&format, true, KoTextFormat::Mi ss pell ed);
offset += rx2.matchedLengt h( );

}

Finally, KWord is informedthattheparagraphwill needto bere-renderedsothezig-zag
lineswhich indicateerrorswill becomevisible:

parag->setChang ed(t ru e) ;
m_bgSpell.needs Repain t = true;

Thezig-zagunderlineswhich indicatea spellingerrorarered. Styleandgrammarerrorsshouldbe
indicatedby a different color, so a new text style StyleGrammarWar ni ng was addedto ko-
textformat.h , additionallyto the existing Misspelled text format. DrawParagString-
Internal from kotextparag.cc wasmodi�ed so that spellingerrorsarestill underlinedin
red,but styleandgrammarerrorsareunderlinedin blue:

if( format->isMissp el le d() ) {
painter.setPen( QPen( Qt::red, 1 ) );

} else if( format->isStyle GrammarWarn in g( ) ) {
painter.setPen( QPen( Qt::blue, 1 ) );

}

Thescreenshotin �gure 4 shows anerroneoussentencefragmentin which theerror– theninsteadof
than– is recognizedwhile thesentenceis beingtypedin. This causesthefragmentto beunderlined
in blue.Thereis anotherblueunderlineunderthewordthe, becauseit is the26thwordin thesentence
andthestylechecker wascon�gured to warnwhena sentencebecomeslongerthan25 words. The
redunderlinesmarkpotentiallymisspelledwords.

All the sourcecodechangesare not directly part of KWord, but of the kotext library usedby
KWord. Becauseof this,changeswhicharenotbinarycompatiblerequirearecompilationof KWord,
notonly of thekotext library. Binarycompatibilityis de�ned like follows [Ettrich]:

A library is binary compatible,if a programlinked dynamicallyto a former version
of the library continuesrunningwith newer versionsof the library without the needto
recompile.

[Ettrich] alsolists sourcecodemodi�cationswhich causea library to becomebinary incompatible,
like addinga membervariableto a class. If this is thecasewith kotext andKWord doesnot get
recompiled,unde�nedbehavior will follow: KWord might crashunreproducibly, or variablesmight
containrandomvalues.
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Figure4: On-the-�y grammarandspellcheckingin KWord

Obviously, theuserinterfaceshouldnot only markerrors,it shouldalsobeableto offer corrections.
For this, theuserneedsto selectthe incorrectsentenceandthenusetheLanguage Tool menuentry
from thecontext menu(themenuthatopensup whenthe right mousebutton is clicked). Theerror
dialog displayedthen is shown in �gure 5. The usercan click the linked word in the Warnings
areato replacethe incorrectword with thesuggestedreplacement.Thetext will thenbere-checked
immediately. If OK is clicked,thecorrectedtext will appearin KWord. Theerrordialogalsocontains
aCon�gure buttonwhichopensthecon�gurationdialogshown in �gure 6.

Theerrordialogandits con�gurationdialogareimplementedasaso-calledKDataTool. A KDataTool
is a classderived from the KDataTool class. It is automaticallyintegratedinto KWord's context
menu,so that no changesto the KWord codearenecessary. Instead,the KDataTool residesin the
tools/language directory.

main.cc implementsthe run() method,which is calledby KWord whenthe accordingcontext
menuitem is selected.The selectedtext is given to the run() method. This methodconnectsto
the checker via a socket, just like the on-the-�y checker does. It thendisplaysthe dialog with the
erroneoustext andsuggestedcorrectionsandwaitsfor userinput.

ConfigDialog.c c implementsthecon�gurationdialog. It readsthechecker's XML rule �les to
know which rulesareavailableandthenoffersanoptionto turn eachrule on or off. To know where
therule �les are,theenvironmentvariableLANGUAGETOOLmustpoint to thechecker's installation
directory.

CurrentlyKWordonly supportsKDataToolswhichwork onplaintext. Becauseof this limitation,any
formattinglike bold, italics etcwill get lost whentheuserhascorrectedthe text in theerrordialog
andclicksOK. This limitation is supposedto beremovedin oneof thenext KWordreleases.
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Figure5: Thechecker offeringacorrectionin KWord

Figure6: Thechecker's con�gurationdialog
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Figure7: Thestyleandgrammarchecker webinterface

3.11.3 WebFrontend

To demonstratethe style andgrammarchecker online, a web frontend(TextCheckerCGI.p y)
hasbeendeveloped.This way peoplecantestthesoftwarewithout installing it. Theweb frontend
consistsof a text �eld andsomecheckboxeswhich, for example,let usersselectif theresultshould
bedisplayedwith POStags,asshown in thescreenshotin �gure 7. Text canbeenteredinto thetext
�eld andit will bechecked for errorswhentheCheck Text button is pressed.On theresultpagethe
giventext will bedisplayedagain,with erroneouswordsprintedin aboldredfont, asshown in �gure
8. Theerrormessagewhich explainstheerror is insertedright after theerror, usinga blue font. If
theoption to displayPOStagswasactivated,eachword will be followed by its POStag. ThePOS
tagswill bedisplayedin their shortform, e.g.PNP(personalpronoun,seesectionA.4). As theshort
form is dif�cult to understand,a click will show a messagebox with an explanationof this tag. If
Javascriptis not activated,it is not possibleto show a messagebox sotheexplanationis shown on a
new pageinstead.

Technicallythewebfrontendis notaclientin thewayKWordis one.Thatis becausethewebfrontend
scriptdoesnot contacta server25, insteadit usesthePythonclassesdirectly. This is no problemas
theweb frontenditself is written in Python.Soall it needsto do is createa TextChecker object
andcall its check() method.Theresultis thenformattedasHTML text, usingcolorswhichshould
make theoutputeasilyreadable.

Thescript is a so-calledCGI script. CGI scriptsarecalledby a webserver, they receive their input
via standardinputandenvironmentvariablesandtypically print outHTML. Likeany CGI script,the
checker is startedeachtimetheform in thewebpageis submitted.As mentioned,startingthechecker
takessomesecondsbecauseit needsto loadlargedata�les. Thiscouldbeimprovedby usingaserver
processwhich is queriedby thechecker CGI script.

Anotherlimitation, besidesstartupspeed,is thelimited numberof options.Thefalsefriendandstyle

25Of coursethebrowsercontactsthewebserver, but this is thegeneralprincipleof thewebandin nowayspeci®cto the
styleandgrammarchecker webfrontend,sowe will notdiscussit here.

47



Figure8: Thewebinterfaceresultpage

rulescannotbe activatedindependently. The sentencelength limit is set to a constantvalueof 30
words,but it canbedisabledcompletely. Thereareno technicalreasonsfor theselimitations– asthe
webinterfaceis mainly intendedfor demonstrationpurposesacleaninterfaceis moreimportantthan
a largenumberof features.

3.12 Unit Testing

A softwarewhich takestext asinput andgeneratesothertext asoutputcaneasilybe testedby au-
tomatic test cases,also known as unit tests. Pythonprovides the unittest modulewhich is a
framework for unit tests,similar to the [JUnit] framework from Java, which becamepopularwith
ExtremeProgramming.

Eachunit testcalls at leastonemethodfrom the softwareto be testedandcomparesthe method's
resultwith theexpectedresult.This expectedresultmustof coursebede�ned onceby thedeveloper
who writesthetestcase.Typically themethodstestedarethosewhich arepartof thepublic API of
theclass.

For example,amethodpow() whichcomputesn
.

couldbetestedlike this:

c = Calculator()
self.assertEqua l( c. pow( 0, 1), 0)
self.assertEqua l( c. pow( 1, 0), 1)
self.assertEqua l( c. pow( 2, 2), 4)
self.assertEqua l( c. pow( 3, 10), 59049)

This testcaseshouldberunafterany changein theimplementationof theCalculator() class.If
theactualresultsdiffer from theexpectedresults,thetestwill stopwith anerrormessage.This way
onecanoptimizeor cleanup theimplementationandstill besurethatit works,evenwithoutmanual
testing.Onceall theimportantcases,especiallycornercaseslike 1

�

, arecoveredby a testcase,unit
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testingis evenmorepowerful thanmanualtesting.In otherwords,unit testingis agoodwayto avoid
regressions.

As it requiresclearly de�ned input and output in form of commondatatypes(numbers,strings,
etc), it cannoteasilybe usedfor testinggraphicaluserinterfaces. Thus,hereit is usedto test the
backend of the application. The test casesare in separate�les, namely in ChunkerTest.py ,
RulesTest.py , SentenceSplitt er Test. py , TaggerTest.py , andTextChecker-
Test.py .
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4 Evaluation Results

Thestyleandgrammarchecker in its currentstateconsistsof 54grammarrules,81 falsefriendpairs,
5 stylerulesand4 built-in Pythonrules.All thefollowing informationrefersto this rule set,with all
rulesactivated,unlessstatedotherwise.

Usually an evaluationtakesplaceby measuringprecisionandrecall values. Unfortunately, this is
not possiblefor the grammarchecker in this case.On the onehandis a corpusthat only contains
sentenceswith errors(my errorcorpus,seesectionA.1), on theotherhandis a corpusthatcontains
very few errors(theBNC, seesection2.7.1).Whatwouldberequiredfor meaningfulprecision/recall
valuesis a corpusof yet uneditedtext with all errorsmarkedup, but sucha thing is not yet publicly
available.

4.1 Part-of-SpeechTagger

TheBNC itself wasautomaticallytaggedwith [CLAWS], soit hasanerror-rateof 1.5%and3.3%of
thewordshave morethanonetag, i.e. they arenot unambiguouslyresolved. This makestheBNC
unsuitablefor theevaluationof anew tagger. TheBNC Samplerinsteadhasbeenmanuallychecked,
andall ambiguoustagshave beenresolved,onecanthusassumeanalmost100%correctassignment
of tags.TheBNC Samplercontainsonemillion wordsof written English,which shouldbeenough
to train andtestthetagger. Theothermillion wordsof spokenEnglishin theBNC Samplerhave not
beenusedin thisevaluation.

Not only have theerrorsbeen�x ed in theBNC Sampler, it alsousesa moredetailedtagsetcalled
C7. This tagsetcontains140tags(notcountingpunctuationtags),muchmorethanthe61 tagsof the
C5 tagsetusedfor theBNC. More tagsmeana moredif�cult job for a tagger, so theC7 tagsethas
beenmappedto thesmallerC5 tagsetbothwhentrainingthetaggerandwhenrunningit on thetest
texts. This mappingdoesnot introduceany problems,asC5 is a subsetof C7. This way any C7 tag
canbemappedto its C5 counterpartunambiguously(seesectionA.4.2).

TheBNC Samplertextshavebeendividedinto a trainingset(90%),andatestset(10%).After being
trainedon thetrainingset,thetaggercorrectlyassignsa POStagto 93.05%of thewordsin thetest
set,with no ambiguitiesleft. The testhasbeenrepeatedthreetimeswith differenttrainingandtest
sets,the quotednumberis theaverageaccuracy of thesethreeruns. Oneof the threetestrunswill
now bedescribedmoredetailed:

� 72,014(93.58%)of thetokenswereassignedtheir correctPOStag. Eachtokenwasassigned
exactlyonetag,sorecall is 0.9358andprecisionis 1.

� 38,085(49.49%)of all tokenshadonly onetag, so the processof assigningthema tag was
trivial for thetaggerbecausecontext wasnot relevant.

� 3,635(4.72%)tokenswerenot in the tagger's lexicon, thustheir taghadto be guessed.The
guesser's resultwascorrectin 49%of thecases.

� It took 40 secondsto tag 73,319tokens, so the taggerworks at a rate of about1,800 to-
kens/secondon thetestsystem.

Theoverall resultof about93%recall is worsethanthatof othertaggers,asdescribedin section2.1.
Thereasonmight bethebroadcoverageof the trainingandtestingcorpus.Tagginga corpuswhich
only coversonedomain– like thepopularWall StreetJournalCorpus– is asimplertask,alsobecause
thenumberof unknown wordsis smaller.
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4.2 SentenceBoundary Detection

Thesentenceboundarydetectionhasbeencheckedwith 57,585sentencesfrom thewritten-language
partof theBNC Sampler. Three�les have beenexcludedfrom theevaluationbecausethey contain
texts for which it is not clearwherethesentencesstartandend26. Theresultis a recallof 96.0%and
a precisionof 97.0%. In otherwords,96% of all sentenceboundarieshave beenfound, andof all
detectedpositionsthataresupposedto beasentenceboundary97%areindeedsentenceboundaries.

This is alreadycloseto the bestresultsreportedin section2.3.2. Therearesomecasesconcerning
colonsandsemicolonswherethemarkupof theBNC Samplerandthesentenceboundarydetection
disagreeaboutwhatconstitutesasentence.It shouldbepossibleto �x thesecasesto furtherimprove
accuracy.

Theresultscanbereproducedwith theSentenceSplitte rEv al .p y script. It will reada BNC
Sampler�le, �nd all paragraphsandthen�nd all sentencesinsidethoseparagraphs.The sentence
boundarypositionsaresavedto a list, all markupis removedandthestringis thensplit by theSen-
tenceSplitter module.Thedetectedboundarypositionsarecomparedto theboundarypositions
from theBNC Samplermarkupsothatprecisionandrecallcanbecalculated.

4.3 Styleand Grammar Checker

4.3.1 British National Corpus

Thenumberof errorsin proof-readtext canbecheckedfor largeamountsof text usingthe--check
option of TextChecker.py , asdescribedin section3.8.3. This hasbeendonefor all grammar
rules,andtheresultshavebeenmadepartof theruleXML �le. For example,therulewith ID THE_A
containsthiselement:

<error_rate warnings="16" sentences="7590 0" />

This meansthat thechecker claimed16 errorsin 75,900sentencesfor that rule. As theBNC's texts
havebeenproof-read,onecanassumethatmany of these16errorsarefalsealarms.Thereareseveral
reasonswhy a falsealarmmight occur: thetext wasincorrectlysplit into sentences,a word hasbeen
assignedanincorrectpart-of-speechtag,or therulesimply is notstrictenoughandtriggerstoooften.
The only reasonfor not checkinga larger numberof sentencesis that the checker is slow on such
largeamountsof text.

Eachrule (or groupof rules)containsthis <error_rate> element.Thenumberof potentialfalse
alarmsvariesfrom 0 to 250per75,900sentences.This informationcouldbeusedto offer only those
rules to the userthat have a low rate of falsealarms. Somerules also have a value all for the
sentences attribute. This meansthat they have beenchecked on thewholeBNC, usingtheBNC
online search,asdescribedin section2.7.1. This is only possiblewith simplerulesthat just list a
sequenceof words.

4.3.2 Mailing List Err ors Corpus

Fromthelist of collectederrors(sectionA.1), thechecker correctlyidenti�es 42errors,not counting
any falsefriend warnings. In comparison,Microsoft Word 2000TM correctly identi�es 49 of the
errors. Unlike MS-Word, my checker identi�es the error assoonasthe patternoccursin the text,
i.e. even during typing. MS-Word waits until the sentenceis �nished and only then analyzesit.

26These®lescontaina collectionof prayers(®lenamegx0 ) which lackpunctuationor instructionswith many enumera-
tions(eap , g2r ) for which it is not clearwhetherevery item makesupa separatesentence.
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Also, MS-Word doesnot complainaboutmore thanoneerror per sentence,even if the errorsare
independent.

4.3.3 Performance

Thechecker'sstartuptimeonmy system27 is 4.1seconds.Thishasbeenbeencheckedwith theempty
�le test.txt andthefollowing command:

time ./TextChecker. py --mothertongue= de \
--textlang=en test.txt

No timehasbeenput into improving thisstartuptime,asaserver script(seesection3.11.1)hasbeen
developedsothata longstartuptime is notaproblem.

Oncethe checker is running,the numberof sentencechecksper seconddependson the numberof
activatedrulesandthe lengthof the sentences.The following commandchecksone �le from the
BNC with all availablerules:

time ./TextChecker. py -c --mothertongue =de \
--textlang=en /data/bnc/A/A0 /A 00

With thissetting,about27 sentencespersecondarechecked.

27AMD Athlon 900MHz, 256MB RAM, Python2.3c2
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5 Conclusion

In this thesis,a style andgrammarchecker hasbeendevelopedandhasbeentestedon real-world
errors.A rulesethasbeendevelopedthatdetectsseveralof thesetypicalerrors.

New errorrulescaneasilybeaddedto thecheckerby addingthemto anXML �le. For eacherror, the
rule canprovide a helpful descriptionof the problemandcorrectandincorrectexamplesentences.
Evenerrorsthatcannotbeexpressedby the rule systemcaneasilybeaddedwithout modifying the
checker's sourcecode:aPython�le thatimplementstherule justneedsto beput into aspecialfolder
to beusedautomatically.

Thanksto a clear separationbetweenbackend and frontend, it is easyto develop graphicaluser
interfaceswhich interactwith thebackend.A simplewebinterfacewith a limited numberof options
hasbeenwritten andthechecker hasbeenintegratedinto KWord. A checker server processrunning
in the backgroundis fast enoughfor interactive useof the checker in KWord, so that errorscan
be underlinedduring typing. A con�guration dialog allows enablinganddisablingeacherror rule
independently.

Thebackendandthecommandline tool of thechecker areeasyto install, they only requirePython
andno extra modules. The CGI frontendadditionally requiresa webserver. The KWord integra-
tion currentlyrequiresinstallationof KWord from sourcecodeso that thenecessarypatchescanbe
applied.

Therule-basedapproachdoesnot requirea complicatedparserandallows for a step-by-stepdevel-
opmentmodelwhichshouldalsomake it relatively easyto adaptthechecker to otherlanguages.The
part-of-speechtaggercanbe trainedon a taggedcorpus,andnew error rulescanbe developedas
needed.
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A Appendix

A.1 List of CollectedErr ors

This chaptercontainsthecompleteerrorcorpusof 224sentenceswhich wascollectedmostlyon in-
ternationalmailinglists. Seesection2.7.2for moreinformationabouthow thiscorpuswascompiled.

Thecategoriesusedto structurethelist areratherad-hocandnotrelatedto thewaythecheckerworks,
their only useis to make thelist moreeasilyreadablefor humanreaders.A few sentencesappearin
morethanonecategorybecausethey containtwo differenterrors:in eachappearanceof thesentence,
errorshave been�x edsothatexactlyoneerroris left.

All sentencesaresaved in an XML �le. The XML markupspeci�es the errorsby marking their
positionin thesentenceandby specifyingamodi�cation whichcorrectsthesentence.Thiscorrection
consistsof removing words, insertingwords,or replacingwords. Any combinationof thesethree
kinds of correctionsis alsopossible. Making the necessarycorrectionexplicit makes it easierfor
humanreadersto understandtheerrors,sinceafterlookingatmany incorrectsentencesit canbecome
quitedif�cult to seewhattheerroris.

For example,theerroneoussentence*It reach 1.0soon.is markedup like this:

<s> It <insert> will </inser t> reach1.0soon.</s>

Thesentencesappearin no speci�c order, they areenumeratedsothat it is easierto refer to speci�c
sentences.For betterreadabilitythelist of errorsin thefollowing sectionsdoesnotmakeuseof XML.
Instead,text insidethe<insert> elementis printedin bold andtext insidethe<remove> element
is crossedout. Consequently, the<replace> elementis representedascrossedout text followedby
bold text which replacesthecrossedout text.

A.1.1 DocumentTypeDe�nition

Thefollowing DocumentTypeDe�nition (DTD) is usedto markup theerroneoussentencesin er-
rors.xml , which is partof thestyleandgrammarchecker software:

<!ELEMENT errors (category)*>
<!ELEMENT category (s)*>
<!ATTLIST category name CDATA #REQUIRED>
<!ELEMENT s (#PCDATA|remove| in se rt |re pl ac e) *>
<!ATTLIST s type CDATA #IMPLIED>
<!ELEMENT remove (#PCDATA)>
<!ELEMENT insert (#PCDATA)>
<!ELEMENT replace (#PCDATA)>
<!ATTLIST replace by CDATA #REQUIRED>

A.1.2 AgreementErr ors

1. CarstenBurghardthave hasactuallyalreadyimplementedthefolderselection.
2. Ms. ZahedaresignedSUN,andcurrentlyMr. Eric is thepeoplepersonin chargeof this.
3. Thatprojectis my degreethesis,waswrotewritten 2 yearsagoandnever touchedeversince.
4. Someoneelsesuggestsuggestedto addthis to linux/drivers/usb/storage/unusual_devs.h.
5. ...for developerswhich who areinterestedin issuesrelatedto KDE's®le...
6. I wantyouto readit andto givemeapriceof for createcreatingaPerlscriptthat®t ®ts therequirements

in thatproject,theperl scriptlookslikee-commercebut it' s verysimple.
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7. The reportmustalsodiscussthe problemsfacedwhile doing the assignment,how the problemswere
overcameovercome, andthelessonslearned.

8. TheWebsitealsocontaincontains®eldsfor theuserto entertheir details:...
9. Or did thatrulechangedchangewhile I wasonvacation?

10. Doeseachversionof MySql hashave binaryAND srcversionfor installation?
11. And whatabouttheoneswhodoesn't don't havewireless?
12. This is a setof changesthatis well testtestedby myselfandothers.
13. AnythingaboutUPB washasalreadywrotebeenwritten .
14. JFYI, KMail now supportsupports S/MIME througha plugin.
15. Follow Following Eike'sadvice,now I amjoin joining themaillist.
16. If youmirror kde-wwwonkdemirror.de,youhasonly to you only haveto changeyour localcon®g.php
17. ...whichis right in many way ways,...
18. I now haveunderstandunderstoodthatit is theIMAP-server I'm using.
19. I might forgot forget to sendit then.
20. WherecanI found®nd a ®x?
21. Re: Can't Preventingprevent exploitationwith rebasing
22. DoesDid theproblemhasappearedappear afteranupdateof KDE or not?
23. Youwill lost loseall yourchanges!
24. I havenot saysaid thatis a MySpell problemI would like only to signalit ...
25. For maximumability to nail spambots,considerusingacgi directorythatis notnamesnamed"cgi-bin".
26. Doingsowehavecreatecreatedamy.cnf in mysqldatadircontaining:
27. Click ona folderandthenmovethemousemayselectsselectwrongfolder
28. Displaya columnin thelist of folderswhichshow shows thenumberof unreadmessagesperfolder.
29. Whenusingjavascriptmenus,thepop-upmenusareshowedshown at theback...
30. Thepatchhasonly bebeenappliedto KOf®ce.
31. If it doesn't beisn't stable/matureenoughbefore3.1®nal, I will....
32. ...but Dirk tell told meto goahead;)
33. I ®xedbuglist.cgiandtheshow_activity.cgiandsendsent in thepatch.
34. Well, aslongasthereis no link to bothof these,I it doesn't affect theproblemwe wantedto address.
35. ...sinceit wasnoticedthatSebastianalsohadmake madea suggestionaboutit.
36. Hasanyoneconsideringconsidered writing interfacetestsuites...
37. I producesproduceall thearguments...
38. We needto found®nd acommonlayer...
39. I'm I donot run amix of OS...
40. I donot runa mix of OSandit areis a long time ago...
41. Why doesdo I still install a notusedeventFilter;)
42. Thatdoesn't waswasn't my intention.
43. Havenoprobswith yourstuff, but why doesdo weneedanundockbutton?
44. I amsureothershashave a list aslong asmine.
45. ...but I hopein a few yearyearsit will...
46. ...whichdoesnothashave 50%threshold.

47. It is updatedevery few daydays.
48. Whatwouldhappendhappen, if someonewrites...
49. Why doesis kmail HEAD afraidof usingkdelibsHEAD?
50. Theemailsof this form shouldgoesgo to this emailaddress:...
51. We would begladif this little helperwould beableto helpotherdeveloperdevelopers.
52. Youcanfound®nd it onmy webpage.
53. Did you maybemissedmissthekconf_updaterun thatupdatesthesignaturecon®g?
54. No, theindexesshouldbebuild built automatically.
55. I improvesimpr oved it a bit...
56. 3.0.4is mostlyknow known for miscompilingaRts,andthe®x wastoo largeto merge.
57. IIRC you told mea long time agoGnuPG1.0.7wasto bereleasereleasedthe"next weekend".
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58. I hada look into this andthedialogdidn't got get deleted.
59. Doessomebodyknows know more?
60. I solvedthisby move moving all foldersto IMAP, whichwasa taskfor months.
61. I solvedthisby moving all foldersto IMAP, whichwasa taskfor monthmonths.
62. I alwaysgettheseerrorerrors.
63. It do doeshashave somebugsthough.
64. In chap.7, it discussingdiscussesusingsignalsandslotsto createalittle xml parser, whichthendisplays

a treelist view.

A.1.3 Missing Words

1. It will reach1.0soon.
2. I am justsurprisedthoughthatOperadevelopersareof suchhighopinionabouttheirOperabrowser.
3. Theresultof thework onNPTL, thenew threadimplementation,canbe checkedout.
4. Thelanguagepatchhasbeenaddedto http://www.danielnaber.de/perlfectsearch/.
5. I' ll de®nitelystepby at theKDE booth,maybewe canmake arrangementsthere.
6. I think, it' s readyto replacecvs2pack.
7. Sopleaseif theadmindid notaddan image,let thescriptto take this imageautomatically.
8. If they arealreadyup to date,thenI thought it is enoughto replacethedateandtheversionto acknowl-

edgethatthey havebeenveri®ed.
9. Thatdumpcanthenbe usedto ®gureout justwhatwentwrong.

10. That is why we will adda functionto thetokende®nitions.
11. Wouldn't you go madif I fork your program,modi®y it andcomeup to all otherswith it to trashyour

originalprogramoutof kdewithout onesinglepersonalemail?
12. ...weshouldbeableto let this structureliveon for a year.
13. I don't think KDE eV yetownsany domainnames.
14. So,couldwe haveat leasttheoptionof threadingjustby subjectandignoring??? completely.
15. Theseuserunfriendlymessageboxeshave beenthereasonto leavewindows95sevenyearsago;-)
16. Beingannoyedby today'sdebian-securityOFFTOPICranting,I noticedmy wish for this feature,...
17. For local®leswith a known ???, simplycreatea KFileItemandpassit to theotherconstructor.
18. ...testif moreor lesseverythingworks...
19. In KDE 2.2.0andKDE 2.2.1we had a bug thatcausedKMail...
20. Of coursethis isn't a generalsolution.
21. ...but I hopein a few yearyearsit will...
22. I volunteerto createa testcasethen.
23. Kyotowasthe oldestcapitalcity in Japan.

A.1.4 Extra Words

1. I discussedthecontestwith LukasTinkl sohereis theverylatestrevisionof themuchfamous(!) Kof®ce
IconContest.

2. Someonesuggestedsaidthatit workedfor him afterheupdatedto Kernel2.4.20.
3. Selectinga foldersto besynchronized,...
4. But, probably, it will bemorebetterto setthedefault languageof AutomaticDetectionby...
5. As I said,weonly havea very few weeksleft andhave to marchtowardsthatdateveryef®ciently.
6. Actually, themoreI think aboutit, I likeDaniel'sproposalthebest.
7. I mustto try it.
8. I'm hopingthatbugzilla.kde.org that it will befoundto be¯exible enough...
9. Thereis a smallsomeresearchdoneonwhateffectshasthecomputeroneducation.

10. We canalwaysslip it by for 2-3weeksby addinganotherreleasecandidate
11. Kyotowasthemostoldestcapitalcity in Japan.
12. Youcan®nd it amongwith my patchesonmy webpage.
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13. I will wroteto ane-mailyou told me.
14. Thiswill bea muchwork.
15. If youareuseSMTPto sendyourmessages,...
16. Youmustto ®ll theDocumentInfo.
17. Cansomebodyrememberhow the®x haveworked?

A.1.5 Wr ongWords

1. Sorry, but thebacktraceis completecompletelyuseless.
2. With thecurrentlycurr ent systemloadI don't think thatwill besuccessfull.
3. In whichcaseis Rubymostmore powerful thanPython?
4. The personthat claimsfor theauthoryof theTWO "PhpNuke SQL Injection" hasdiscoveredthemat

thesametime thanasmeandexploits them_exactly_thesameway.
5. ...well it' seasyeasiernow thanit wasbefore...
6. Thepatchhasonly beenappliedfor to KOf®ce.
7. Sorry, I have to correctmemyself.
8. Only duringtheweekendweekend I ...
9. ...sinceit wasnoticedthatSebastianalsohadmadeana suggestionaboutit.

10. I guessthis isn't easilypossiblypossible.
11. SurelynotbeforeKDE 3.1(think of translationsetc.),or right ?!?
12. I alreadydid that,but it doesnotwork, too either.
13. I changedonebehaviour with my original commit,which is not consistentwith EXCEL too either.
14. Thisdoesn't belonghere,too either.
15. KDE Leaguehasnot doesnot have enoughmanpower too either andcannotdo asmuchascouldbe

possible.
16. Are youplanningto addnon-Englishdocumentationeithertoo?
17. I' ll think abit moreon about thisand...

A.1.6 Confusionof Similar Words

1. Thanksfor you your interestin our service.
2. It' sabit morethenthan 15min. for me.
3. ThanThen my old emailis nonsense.
4. I volunteerto createa testcasethanthen.
5. It is alsoharderto maintainstability in thecodebasewith smallchangesthatjust®x thebugsthenthan

to reorganiseoften.
6. It' s lesscontroversialthenthan onewould think :)
7. We show thatoursystemachievesstateof theartperformancein text chunkingwith lesscomputational

costthenthan previoussystems.
8. Startingover just sowe canintegrateGNOME andKDE appsfully is a wasteof time andmorework

thenthan just perfectingtheappswe have.
9. If youclick on thesamecolumnmorethenthan once,...

10. I amnotwiserthat than you but I try to listento otherswhenit becomes...
11. I' d ratherkeepall thesyntaxhighlightersin one®le until it getsto too big.
12. Ok, I wrotethis to you, thatyou don't have to do to too muchresearchfor yourKDE-CVSdigest...
13. This is not to too closeat theLinuxtag,sothat therearenot two eventswhich have to beorganizedat

thesametimeandit doesn't overlapto too muchwith schoolholidays.
14. Thiswill performa commitwhenever thecachegetsto too full.
15. ...but now it' sgettingto too complicatedandtime-consumingfor me.
16. Ideallywe shouldhaveonedatabase,not too two.
17. Someonehastoo to keepit up to date.
18. Indexing thewholedirectorywould take to too long.
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19. Theidentityyou areusingtheto write thecurrentmessageneedsto...
20. ...but alsoeasilyusesall available®le handlers(on Linux systems)if youhave to too many folders.
21. If theapplication+ FSinteractionleadsto contention,thenyouhave to two choicesto optimize:...
22. Note: thelinks in this displayto do notwork yet.
23. Unhidecanbetriggeredby moving to the mouseto a corner.
24. I think your you're confused.
25. I wantto seeyou your printer.
26. Are you in apositionwhereyou your company will let youcontributepatches...
27. Thanksagainfor yourhelpandgoodluck for you your KDE Edusubmission.
28. Thebiggestuserbene®tin this is thatyou your localdiskusageis almostzero.
29. MaybeIngoshouldjust have revertedyou your damneddump.
30. Where'syou your point?
31. Youshouldaskyou your admin.
32. Thanksagainfore for yourhelpandgoodluck for yourKDE Edusubmission.
33. I work for apublishinghouseandwerewearein theprocessof conceptualizingvariousbooksonLinux.
34. Of If youdisablethis option,...
35. Thenext testwill tell usit if theusb<-> scsiemulationis workingcorrectly, run this on theconsole.
36. Is If our licensesarecompatible,would you careto take over integratinga new thesaurusinto OOoas

well?
37. YoumayCC meif you thing think youmust...
38. SoI thing think we will...
39. Aetherauseusedto useKParts.
40. Pleasedon't ususedispose!
41. But I think it it' s serious:...
42. If thecafeteriais open(which is it wasn't thelastdayatGUADEC 3).
43. TheKopeteteamhasdecidedits it' s time we shouldmove to kdenetwork if we want to beincludedin

KDE 3.2.
44. It is morecorrectto saythattheAEGYPTENbranchhaslanded*on* it' s its HEAD ;-)
45. Off Of coursenot.
46. KHTML is just theonly partof KDE I know off of thatusesautomasking.
47. ... - thoughthereis notmuchyoucanby buy for $0.02let alone0.02euro;-)
48. $1kwould notbeenoughto by buy thebeerfor thepeoplewhodevelopTheGIMP.
49. Youcandiscussthenthe warningsanddetermineif any of themarevalid.
50. We canmakesureit worksandthethen just have to changethelink.
51. Thanksfor therespondsresponse.
52. Or way wasthata very recentchangein Qt?
53. ...therefor thereforewe shouldtry to ®x...
54. Or we just throughthr ow awayall bugsandstartfrom scratch:-)
55. I haveno now introduceda yPosition()function...
56. We think it helps®ndingbottlenecksandsooneon.
57. I'm nut not sure...;-)
58. Pleasenot note thatsaying"OpenSource"doesnotmeanverymuch.
59. At Add to thatretardedcorporateintranetswith WindowsDNS andmail servers.
60. Ah, I new knew youwould saythat.
61. But bewarnedthatcachinganddownloadinga are two completelydifferentthings.
62. I canbeprettydumpdumb whenit comesto suchthings...
63. Yourbestchangechanceto meetsomeof them...
64. How Who elsehasto beinvolvedin thisprocess?
65. But evenif it' s looking®ne,thethere is theproblemthatfor lotsof callsyou...
66. I thoughthought...
67. I a am notwiserthanyou but I try to listento otherswhenit becomes...
68. JeremyHylton noticedthatin ceval thattheir there is a testof whether...
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69. Unfortunatelytheir there aresomeproblemswith yourpatch:
70. Therearetwo thingsI know aboutbranches:thethey alwaysintroducebugsandinconsistencies.
71. I guesssimply turningthis of off isn't easilypossible.
72. I havebeenoutwith the¯ew �u for thepast3 days.
73. Youcouldput theantennaof your radioto this appletandherehear thesound...
74. Theinitial dataneedsto beunderandan OpenSourcelincense.
75. For example,it is highly unlikely than that any systemwill learnhumandialogueperformancefrom

dialoguetranscripts...
76. No surprise,sincethetrashfolder is theonly on onefor methatautomaticallyexpires.
77. Searchingis really simple: Type in oneor morewordsinto to the search®eld andclick "Search"(or

pressReturn).
78. Searchingis really simple:Typein oneoreor morewords...
79. Theinitial OOothesaurusimplementationwasa realhackjob basicallythrown togetherby meto ®ll a

whole hole andgetmyselfup to speedwith how lingucomponentsinteractwith OOoandwhat it was
like to write cross-platformcodeusingtheSAL abstractionlayer.

80. Now, this is werewhere my ignorancesetsin.
81. It is nicetheto readthis.
82. Youseeeverythingat oneoncewithout clicking in thelist.
83. I believeyouhalf have to turnonExecCGIfor thepublic_htmldir.
84. As you probablyknow, my native languagein is Russian,plus I talk someotherCyrillic-basedlan-

guages.
85. Youcangetmy photohearhere: ...
86. If thelastword in is incorrect,it getsunderlined.
87. We reallywherewere popular...
88. I think in causecasecoolodidn't do it alreadywe caninclude...
89. Yesit is, to acertainextendextent.
90. Goingin Settings/SpellCheckerandchangethelanguagetheir there is not socool ;)
91. Of causecoursethereis muchmoreto seein therespectiveregions.
92. Thispoint is moodmoot asthereis noactive/passivemembershipstatus.
93. TheThen it won't compile...
94. If you don't active activate theOpenPGPplugin thenKMail will usethebuilt-in inline OpenPGPby

default.

A.1.7 Wr ongWord Order

1. Why shouldSebastianwastehistimefor changingthat"details"onhisdesignif wenotevencancannot
even agreethattheleft sidemenuwill make it for thecontentpages?

2. ...andbtw., think you do you think thewww/kde-ev shouldmoveto...
3. I cangiveyoumoreadetaileda moredetailed descriptionof what'snecessary.
4. DoessomeonecanCan someonereproducewhatI describedbefore?

A.1.8 CommaErr ors

1. Pleaseselecta template<remove>,</remove> thatmatchesthecsv®le.
2. I don't think<remove>,</remove>this is thejob of theKDE Leaguereps.
3. Thanksto everyonesreponseson this<insert>,</insert>reallyusefulto know.

A.1.9 WhitespaceErr ors

1. In whichcaseis Rubymorepowerful thanPython<remove> </remove>?
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A.2 Err or Rules

A.2.1 DocumentTypeDe�nition

ThisDTD is usedfor theerrorruledescriptionby thefollowing �les in therules directory:gram-
mar.xml , false_friends.x ml , words.xml .

<!ENTITY % Languages "(en|de|fr)">
<!ELEMENT rules (rule|rulegrou p) *>
<!ELEMENT rulegroup (message?,erro r_r at e?,r ul e+) >
<!ATTLIST rulegroup id ID #REQUIRED>
<!ATTLIST rulegroup name CDATA #IMPLIED>
<!ELEMENT rule ( pattern,

((message?,err or _r at e?, ex ampl e, exa mple +) |
(translation+, mess age?, ex ampl e* )) )>

<!ATTLIST rule id ID #IMPLIED> <!-- well,
required but not if there's a group -->

<!ATTLIST rule level (0|1|2|3|4|5|6|7 |8 |9 |1 0) #IMPLIED>
<!ATTLIST rule name CDATA #IMPLIED>
<!ELEMENT pattern (#PCDATA)>
<!ATTLIST pattern lang %Languages; #REQUIRED>
<!ATTLIST pattern case_sensitive (yes|no) #IMPLIED>
<!ATTLIST pattern mark_from CDATA #IMPLIED>
<!ATTLIST pattern mark_to CDATA #IMPLIED>
<!ELEMENT translation (#PCDATA)>
<!ATTLIST translation lang %Languages; #REQUIRED>
<!-- message shown to the user if a rule matches: -->
<!ELEMENT message (#PCDATA|em)*>
<!-- percentage of sentences tagged as wrong in BNC: -->
<!ELEMENT error_rate EMPTY>
<!-- number of (real or unreal) warnings when testing

BNC sentences: -->
<!ATTLIST error_rate warnings CDATA #IMPLIED>
<!-- number of BNC sentences used to get 'warnings': -->
<!ATTLIST error_rate sentences CDATA #IMPLIED>
<!ELEMENT example (#PCDATA|em)*>
<!ATTLIST example type (correct|incorre ct |

triggers_error ) #REQUIRED>
<!-- used to explain 'triggers_error' : -->
<!ATTLIST example reason CDATA #IMPLIED>
<!-- emphasis of the most significant part: -->
<!ELEMENT em (#PCDATA)>

A.2.2 Grammar Err or Rules

Theerrorruleslistedherecanbefoundin rules/grammar.x ml :

1. Pattern: "(a|an|one)"_NPP
Message:For pluralnouns,usethepluralarticlethe.
Example: A baseballteamsweresuccessful.

64



2. Pattern: _NP(VDB|VDI|VHB|VHI|VBI|VBB|VVI|VVB)
Message:Useasingularverbfor singularnouns.
Example: A baseballteamare established.

3. Pattern: "(does|did)"".*" "can"
Message:Did youmeancan\2 ?
Example: Doessomeonecanreproducethat?

4. Pattern: "more" "(a|an)"AJ0
Message:Did youmeana more \3 ?
Example: I cangiveyoumore a detaileddescriptionof what's necessary.

5. Pattern: "think" "you" "(a|an)"
Message:Did youmeanare ?
Example: Somewould think youa fortunateman.

6. Pattern: "(some|certain)""extend"
Message:Did youmeanextent("extent" is anoun,"extend"is averb)?
Example: Yesit is, to acertainextend.

7. Pattern: "is" "were"
Message:Did youmeanwhere ?
Example: Now, this is weremy ignorancesetsin.

8. Pattern: CRD "ore"
Message:Did youmeanor ?
Example: Typein oneoremorewords.

9. Pattern: "the" "only" "on"
Message:Did youmeantheonlyone?
Example: Thetrashfolder is theonly on for methatworks.

10. Pattern: "their" "(is|are)"
Message:Did youmeanthere ?
Example: He noticedthattheir is anew test.

11. Pattern: SENT_START "I" "(a|an)"
Message:Did youmeanam(�rst personof "to be")?
Example: I a not sure.

12. Pattern: "I" "new"
Message:Did youmeanknew (pastof "to know")?
Example: Ah, I new youwouldsaythat.

13. Pattern: "please""not" "that"
Message:Did youmeannote?
Example: Pleasenot thatsaying"OpenSource"doesnotmeanverymuch.

14. Pattern: "nut" (AV0|AJ0)
Message:Did youmeannot ?
Example: I'm nut sure.

15. Pattern: "and" "so" "one"
Message:Did youmeanandsoon (="etc.")?
Example: Wethink it helps�nding bottlenecksandsoone.
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16. Pattern: "through""away"
Message:Did youmeanthrow ?
Example: Or we just throughawayall bugs.

17. Pattern: "or" "way" "(it|that|this)"
Message:Did youmeanwas?
Example: Or waythatavery recentchangein Qt?

18. Pattern: AT0 "responds"
Message:Did youmeanresponse?
Example: Thanksfor theresponds.

19. Pattern: "(think|know)" "off"
Message:Did youmeanof ?
Example: It' s theonly partof KDE I know off thatusesautomasking.

20. Pattern: "do" XX0 "us"
Message:Did youmeanuse?
Example: Pleasedon't usdispose.

21. Pattern: VVB "to" "use"
Message:Usethepasttenseto build a sentencewith "to use".
Example: Aetherauseto usethis.

22. Pattern: "(I|you|he|she|they|we)" "things?"
Message:Did youmeanthink or thinks?
Example: I thing that's agoodidea.

23. Pattern: "were"VBB
Message:Did youmeanwhere or we?
Example: Werearein theprocessof implementingthis.

24. Pattern: VBZ VBD
Message:Did youmeanit ?
Example: ...whichis wasn't thelastday.

25. Pattern: "fore" DPS
Message:Did youmeanfor ?
Example: Thanksagainfore your help.

26. Pattern: "not" "too" (SENT_END|NN1|NN0|NN2)
Message:Did youmeantwo?
Example: Ideallywe shouldhave onedatabase,not too .

27. Pattern: "your" (VVD)
Message:Did youmeanyou're or youare ?
Example: I think your confused.

28. Pattern: AJC"that"
Message:Did youmeanthan?
Example: I amnotwiserthat you.

29. Pattern: "(less|more)"(AJ0|NN1|NN0)"then"
Message:Did youmeanthan?
Example: It' s lesscontroversialthenonewould think.
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30. Pattern: AT0 AT0
Message:Removetheseconddeterminer.
Example: Thethething is this.

31. Pattern: "than"SENT_END
Message:Did youmeanthen?
Example: I volunteerto createa testcasethan.

32. Pattern: "of" "cause"̂ "(and|to)"
Message:Did youmean"of course" (=naturally)?
Example: Of causeall thesethingsarerelative.

33. Pattern: "eager""to"
(VBB|VBD|VBG|VBN|VBZ|VDB|VDD|VDG|VDI|VDN|VDZ|VHB|VHD|VHG|VHI|
VHN|VHZ| VM0|VVB|VVD|VV G|VVN|VVZ)
Message:Usethebaseform of theverbwith eager to .
Example: I' d beeagerto trying outyour patch.

34. Pattern: "or" SENT_END
Message:Don't endasentencewith or . If youwantto askfor con�rmation,useisn't it , don't
youetc.
Example: I think we shouldmeetsoon,or ?

35. Pattern: "a" "much"NN1
Message:Youmaybeshouldomit thearticlea .
Example: Thiswill bea much work.

36. Pattern: "(more|most)"AJS
Message:Remove'most' or 'more' whenyouusethesuperlative.
Example: Kyoto is themostoldestcity.

37. Pattern: "is" "(should|could)"
Message:Did youmeanit ?
Example: I de�nitely think is shouldbelessthanfour years.

38. Pattern: "the" AJ0AT0
Message:Thedeterminer'a' mightbesuper�uous.
Example: Thisallows to provide thepowerful a helpsystem.

39. Pattern: "a" AJ0"(a|the)"
Message:Thedeterminer'a' mightbesuper�uous.
Example: Thisallows to provide apowerful a helpsystem.

40. Pattern: ^"(has|will|must|could|can|should|would|does|did)" "he" (VVI|VVB)
Message:Third personsingularnounrequiresverbwith '-s'.
Example: Thenhelook at thebuilding.

41. Pattern: "did" (VVD|VV G|VVN|VVZ)
Message:'Did' requiresbaseform of verb.
Example: Peterdid wentto thecinema.

42. Pattern: ^(DT0) VM0 (VVD|VV G|VVN|VVZ)
Message:Modalverbslike 'will'/'might'/... requirebaseform of verb.
Example: Johnwill goeshome.
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43. Pattern: NP0VM0 NN2
Message:Modalverbslike 'will'/'might'/... requirebaseform of verb.
Example: Johnwill walkshome.

44. Pattern: "is" (VVI|VVZ)
Message:Passive requiresverbwith '-ed'.
Example: He is go home.

45. Pattern: "was"(VVI|VVZ)
Message:Passive requiresverbwith '-ed'.
Example: Theball wascatch by John.

46. Pattern: "as" (AJ0|AV0) "(like|than|then)"
Message:Comparisonis written "as(adjective) as".
Example: Thishouseis asbig like mine.

47. Pattern: AT0 "from"
Message:Did youmeanform ?
Example: Typein thefromon thewebpage.

48. Pattern: "can" "not"
Message:Can+ not is writtenascannot.
Example: Youcannot usethekeyboardto selectanitem.

49. Pattern: "(more|less)""(then|as)"
Message:Comparisonrequiresthan.
Example: Thetaggerwill returnmorethenonetag.

50. Pattern: (AJC) "(then|as)"
Message:Comparisonrequiresthan.
Example: Thishouseis biggerthenmine.

51. Pattern: "its" (CJC|AT0|DT0|EX0|PRF|PRP|VM0|POS|PNP|AV0|AVP|TO0|
DTQ|PNQ|DTQ|AVQ)
Message:Did youmaybemix up it' s (=it is ) andits (=possessive pronoun)?
Example: Its wherepeoplewalk around.

52. Pattern: "its" (VVI|VVZ|VV G)
Message:Did youmaybemix up it' s (=it is ) andits (=possessive pronoun)?
Example: Its goingto bedif�cult.

53. Pattern: "its" "(a|the)"
Message:Did youmaybemix up it' s (=it is ) andits (=possessive pronoun)?
Example: Its a goodopportunity.

54. Pattern: "no" (VM0|VVI|VVD|VVN)
Message:Did youmaybemix up no(negation)andnow(=at thismoment)?
Example: Therenowill beapark.

55. Pattern: "no" (CJC|DT0|AT0|EX0|PRF|PRP|VM0|NP0|AVP|DTQ|PNQ|AVQ)
Message:Did youmaybemix up no(negation)andnow(=at thismoment)?
Example: There's no anew building.

56. Pattern: "no" "(were|was|been|be|is)"
Message:Did youmaybemix up no(negation)andnow(=at thismoment)?
Example: No is theright time.

68



A.2.3 Style/Word Rules

Thestyleruleslistedherecanbefoundin rules/words.xml :

1. Pattern: ".*" "n' t"
Message:Suggestion:usea long form like do not insteadof don't for formal texts.
Example: Don't opentheboxunlessyou've readtheinstructions.

2. Pattern: ".*" "' ll"
Message:Suggestion:usea long form like \1 will insteadfor formal texts.
Example: He'll openthebox.

3. Pattern: ".*" "' ve"
Message:Suggestion:usea long form like \1 haveinsteadfor formal texts.
Example: Questionswe'veaskedsomepeople.

4. Pattern: ".*" "' re"
Message:Suggestion:usea long form like \1 are insteadfor formal texts.
Example: WhatWe'reReading

5. Pattern: SENT_START "or"
Message:Suggestion:don't startasentencewith or .
Example: Or onecouldthink aboutotherapproaches.

6. Pattern: "billion"
Message:Suggestion:usethousandmillion insteadof billion to avoid ambiguities.
Example: Feds"Misplaced"$17.3Billion LastYear

A.2.4 English/GermanFalseFriends

Theruleslistedherecanbefoundin rules/false_fr ien ds .x ml :

also/also,actual|actually/aktuell, advocate/Advokat,argument/Argument,art/Art, bald/bald,
become/bekommen,billion/Billion, blame/blamieren,box/Box,brave/brav, chef/Chef,
concur/konkurrieren, consequent|consequently/konsequent, curious/kurios,decent/dezent,
dome/Dom,engagement/Engagement,etiquette/Etikett, eventually/eventuell,evergreen/Evergreen,
exceptional|exceptionally/ausnahmsweise, familiar/famili�r , fast/fast,formula/Formular,
fantasy/Fantasie,fraction/Fraktion,gasoline/Gas,garage/Garage,gift/Gift, gross/groß,
gym/Gymnasium,handy/Handy, highschool/Hochschule,confession/Konfession, labor/Labor, last
night/letzteNacht,list/List, None/live, local/Lokal,map/Mappe,marmalade/Marmelade,
meaning/Meinung,menu/Menü,murder/Mörder, mist/Mist,natural|naturally/natürlich, notice/Notiz,
objective/Objektiv, ordinary/ordin�r, overhear/überhören,overwind/überwinden,
paragraph/Paragraph,photograph/Fotograf,pension/None,preservative/Pr�servativ,
prospect/Prospekt,prove/prüfen,public/Publikum,realize/realisieren, rentable/rentabel,
receipt/Rezept,Roman/Roman,sensible/sensibel,sea/See,serious/seriös,site/Seite,spare/sparen,
spend/spenden,star/Star, stern/Stern,sympathetic/sympatisch,sympathy/Sympathie,tablet/Tablett,
oversight/Übersicht,oversee/übersehen,pass/Pass,unsympathetic/unsympatisch,
undertaker/Unternehmer, warehouse/Warenhaus
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A.3 PennTreebankTagSetto BNC Tag SetMapping

PennTreebankTag Description BNC Tag

CC coordinatingconjunction CJC
CD cardinalnumber CRD
DT determiner DT0, AT0
EX existentialthere EX0
FW foreignword UNC
IN preposition/subordinating conjunction PRF, PRP
JJ adjective AJ0
JJR adjective, comparative greener AJC
JJS adjective, superlative AJS
LS list marker CRD/ -
MD modal VM0
NN noun,singularor mass NN0, NN1
NNS nounplural NN2
NNP propernoun,singular NP0

�

NNPS propernoun,plural NP0
�

PDT predeterminer DT0
POS possessive ending POS
PRP personalpronoun PNP

�

PRP$ possessive pronoun PNP
�

RB adverb AV0
�

RBR adverb,comparative AV0
�

, AJC
�

RBS adverb,superlative AV0
�

, AJS
�

RP particle AVP
TO to TO0
UH interjection UNC
VB verb,baseform VVI

�

VBD verb,pasttense VVD
�

VBG verb,gerund/presentparticiple VVG
�

VBN verb,pastparticiple VVN
�

VBP verb,sing.present,non-3d VVI
�

�

�

VBZ verb,3rdpersonsing.present VVZ
�

WDT wh-determiner DTQ
WP wh-pronoun PNQ
WP$ possessive wh-pronoun DTQ
WRB wh-abverb AVQ

�

ThisBNC tagoccursmorethanoncein theright column.Thismeansthatinformationis lostwhen
themappingis appliedin thedirectionPennTreebanktagset � � BNC tagset.

�

Theverbsdo andhavehave specialtags.

A.4 BNC Tag Set

A.4.1 List of C5 Tags

Thefollowing list is takenfrom [Leech]:
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Eachtagconsistsof threecharacters.Generally, the �rst two charactersindicatethegeneralpartof
speech,andthethird characteris usedto indicatea subcategory. Whenthemostgeneral,unmarked
category of a partof speechis indicated,in generalthethird characteris 0. (For example,AJ0 is the
tagfor themostgeneralclassof adjectives.)

� AJ0 Adjective (generalor positive) (e.g.good,old, beautiful)
� AJC Comparative adjective (e.g.better, older)
� AJS Superlative adjective (e.g.best,oldest)
� AT0 Article (e.g.the,a,an,no) [N.B. no is includedamongarticles,whicharede�ned hereas

determinerwordswhich typically begin a nounphrase,but which cannotoccurastheheadof
anounphrase.]

� AV0 Generaladverb: an adverb not subclassi�edas AVP or AVQ (seebelow) (e.g. often,
well, longer(adv.), furthest. [Note that adverbs,unlike adjectives,arenot taggedaspositive,
comparative,or superlative. Thisis becauseof therelativerarity of comparativeandsuperlative
adverbs.]

� AVP Adverb particle(e.g. up, off, out) [N.B. AVP is usedfor such"prepositionaladverbs",
whetheror not they areusedidiomatically in a phrasalverb: e.g. in 'Come out here' and'I
can't holdoutany longer', thesameAVP tagis usedfor out.

� AVQ Wh-adverb (e.g. when,where,how, why, wherever) [The sametag is used,whetherthe
wordoccursin interrogative or relative use.]

� CJC Coordinatingconjunction(e.g.and,or, but)
� CJSSubordinatingconjunction(e.g.although,when)
� CJT Thesubordinatingconjunctionthat[N.B. thatis taggedCJTwhenit introducesnotonly a

nominalclause,but alsoarelative clause,asin ' thedaythatfollows Christmas'.Sometheories
treatthathereasa relative pronoun,whereasotherstreatit asa conjunction.We have adopted
thelatteranalysis.]

� CRD Cardinalnumber(e.g.one,3, �fty-� ve,3609)
� DPSPossessive determiner(e.g.your, their, his)
� DT0 Generaldeterminer:i.e. a determinerwhich is not a DTQ. [Herea determineris de�ned

asa word which typically occurseitherasthe �rst word in a nounphrase,or astheheadof a
nounphrase.E.g.This is taggedDT0 bothin 'This is my house'andin 'This houseis mine'.]

� DTQ Wh-determiner(e.g. which, what,whose,whichever) [The category of determinerhere
is de�ned asfor DT0 above. Thesewordsaretaggedaswh-determinerswhetherthey occurin
interrogative useor in relative use.]

� EX0 Existentialthere,i.e. thereoccurringin thethereis ... or thereare... construction
� ITJ Interjectionor otherisolate(e.g.oh,yes,mhm,wow)
� NN0 Commonnoun,neutralfor number(e.g. aircraft, data,committee)[N.B. Singularcol-

lective nounssuchascommitteeandteamaretaggedNN0, on the groundsthat they areca-
pableof taking singularor plural agreementwith the following verb: e.g. 'The committee
disagrees/disagree'.]

� NN1 Singularcommonnoun(e.g.pencil,goose,time,revelation)
� NN2 Pluralcommonnoun(e.g.pencils,geese,times,revelations)
� NP0 Propernoun(e.g. London,Michael,Mars, IBM) [N.B. thedistinctionbetweensingular

andpluralpropernounsis not indicatedin thetagset,pluralpropernounsbeingacomparative
rarity.]
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� ORD Ordinalnumeral(e.g. �rst, sixth,77th,last) . [N.B. TheORD tagis usedwhetherthese
wordsareusedin a nominalor in an adverbial role. Next andlast,as"generalordinals",are
alsoassignedto thiscategory.]

� PNI Inde�nite pronoun(e.g. none,everything,one[aspronoun],nobody)[N.B. This tagap-
pliesto wordswhich alwaysfunctionas[headsof] nounphrases.Wordslike someandthese,
which canalsooccurbeforea nounheadin anarticle-like function,aretaggedasdeterminers
(seeDT0 andAT0 above).]

� PNP Personalpronoun(e.g. I, you, them,ours)[Note thatpossessive pronounslike oursand
theirsaretaggedaspersonalpronouns.]

� PNQ Wh-pronoun(e.g.who,whoever, whom)[N.B. Thesewordsaretaggedaswh-pronouns
whetherthey occurin interrogative or in relative use.]

� PNX Re�exive pronoun(e.g.myself,yourself,itself, ourselves)
� POS The possessive or genitive marker 's or ' (e.g. for 'Peter's or somebodyelse's', the se-

quenceof tagsis: NP0POSCJCPNI AV0 POS)
� PRF The prepositionof. Becauseof its frequency and its almostexclusively postnominal

function,of is assignedaspecialtagof its own.
� PRPPreposition(exceptfor of) (e.g.about,at, in, on,on behalfof, with)
� PUL Punctuation:left bracket - i.e. ( or [
� PUN Punctuation:generalseparatingmark- i.e. . , ! , : ; - or ?
� PUQ Punctuation:quotationmark- i.e. ' or "
� PUR Punctuation:right bracket - i.e. ) or ]
� TO0 In�niti ve marker to
� UNC Unclassi�ed itemswhich arenot appropriatelyclassi�ed as itemsof the English lexi-

con. [ItemstaggedUNC includeforeign(non-English)words,specialtypographicalsymbols,
formulae,and(in spokenlanguage)hesitation�llers suchaseranderm.]

� VBB The presenttenseforms of the verb BE, except for is, 's: i.e. am, are, 'm, 're andbe
[subjunctive or imperative]

� VBD Thepasttenseformsof theverbBE: wasandwere
� VBG The-ing form of theverbBE: being
� VBI Thein�niti ve form of theverbBE: be
� VBN Thepastparticipleform of theverbBE: been
� VBZ The-s form of theverbBE: is, 's
� VDB The�nite baseform of theverbDO: do
� VDD Thepasttenseform of theverbDO: did
� VDG The-ing form of theverbDO: doing
� VDI Thein�niti ve form of theverbDO: do
� VDN Thepastparticipleform of theverbDO: done
� VDZ The-s form of theverbDO: does,'s
� VHB The�nite baseform of theverbHAVE: have, 've
� VHD Thepasttenseform of theverbHAVE: had,'d
� VHG The-ing form of theverbHAVE: having
� VHI Thein�niti ve form of theverbHAVE: have
� VHN Thepastparticipleform of theverbHAVE: had
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� VHZ The-s form of theverbHAVE: has,'s
� VM0 Modalauxiliaryverb(e.g.will, would,can,could,' ll, 'd)
� VVB The�nite baseform of lexical verbs(e.g.forget,send,live, return)[Including theimper-

ative andpresentsubjunctive]
� VVD Thepasttenseform of lexical verbs(e.g.forgot,sent,lived,returned)
� VVG The-ing form of lexical verbs(e.g.forgetting,sending,living, returning)
� VVI Thein�niti ve form of lexical verbs(e.g.forget,send,live, return)
� VVN Thepastparticipleform of lexical verbs(e.g.forgotten,sent,lived,returned)
� VVZ The-s form of lexical verbs(e.g.forgets,sends,lives,returns)
� XX0 Thenegative particlenotor n't
� ZZ0 Alphabeticalsymbols(e.g.A, a,B, b, c, d)

Totalnumberof grammaticaltagsin theBNC Basictagset:61
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A.4.2 C7 to C5 TagSetMapping28

C7 tag C5 tag

APPGE DPS

AT AT0

AT1 AT0

BCL AV0

CC CJC

CCB CJC

CS CJS

CSA CJS

CSN CJS

CST CJT

CSW CJS

DA DT0

DA1 DT0

DA2 DT0

DAR DT0

DAT DT0

DB DT0

DB2 DT0

DD DT0

DD1 DT0

DD2 DT0

DDQ DTQ

DDQGE DTQ

DDQV DTQ

EX EX0

FO UNC

FU UNC

FW UNC

GE POS

IF PRP

II PRP

IO PRF

IW PRP

JJ AJ0

JJR AJC

JJT AJS

JK AJ0

MC CRD

MC1 CRD

MC2 CRD

MCGE CRD

MCMC CRD

MD ORD

MF CRD

ND1 NN1

NN NN0

NN1 NN1

C7 tag C5 tag

NN2 NN2

NNA NNS

NNB NNS

NNJ NN0

NNJ2 NN2

NNL1 NP0

NNL2 NP0

NNO CRD

NNO2 NN2

NNT1 NN1

NNT2 NN2

NNU NN0

NNU1 NN1

NNU2 NN2

NP NP0

NP1 NP0

NP2 NP0

NPD1 NP0

NPD2 NN2

NPM1 NP0

NPM2 NN2

NULL NULL

PN PNI

PN1 PNI

PNQO PNQ

PNQS PNQ

PNQV PNQ

PNX1 PNX

PPGE PNP

PPH1 PNP

PPHO1 PNP

PPHO2 PNP

PPHS1 PNP

PPHS2 PNP

PPIO1 PNP

PPIO2 PNP

PPIS1 PNP

PPIS2 PNP

PPX1 PNX

PPX2 PNX

PPY PNP

RA AV0

REX AV0

RG AV0

RGQ AVQ

RGQV AVQ

RGR AV0

C7 tag C5 tag

RGT AV0

RL AV0

RP AVP

RPK AVP

RR AV0

RRQ AVQ

RRQV AVQ

RRR AV0

RRT AV0

RT AV0

TO TO0

UH ITJ

VB0 VBB

VBDR VBD

VBDZ VBD

VBG VBG

VBI VBI

VBM VBB

VBN VBN

VBR VBB

VBZ VBZ

VD0 VDB

VDD VDD

VDG VDG

VDI VDI

VDN VDN

VDZ VDZ

VH0 VHB

VHD VHD

VHG VHG

VHI VHI

VHN VHN

VHZ VHZ

VM VM0

VMK VM0

VV0 VVB

VVD VVD

VVG VVG

VVGK VVG

VVI VVI

VVN VVN

VVNK VVN

VVZ VVZ

XX XX0

ZZ1 ZZ0

ZZ2 ZZ0

28I receivedthis mappingvia emailfrom Dr. PaulRayson,LancasterUniversity.
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QuellenundHilfsmittel verwendethabe.
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Unterschrift
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