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1 Intr oduction

The aim of this thesisis to develop an Open Sourcestyle and grammarchecler for the English
language Althoughall major OpenSourceword processorsffer spellcheckingnoneof themoffer
astyleandgrammarchecler feature.Suchafeatureis not availableasa separatdree programeither
Thustheresultof thisthesiswill beafreeprogramwhich canbeusedbothasa stand-alonstyleand
grammarchecler andasanintegratedpartof aword processor

The style and grammarchecler describedn this thesistakes a text andreturnsa list of possible
errors. To detecterrors,eachword of thetext is assignedts part-of-speechagandeachsentencés

split into chunks,e.g. nounphrases.Thenthe text is matchedagainstall the checler's pre-de ned
errorrules.If arule matchesthetext is supposedo containanerroratthe positionof thematch.The
rulesdescribeerrorsaspatternsof words, part-of-speecthagsandchunks.Eachrule alsoincludesan

explanationof theerror, whichis shavn to theuser

The software will be basedon the systeml developedpreviously [Naber]. The existing style and
grammarchecler andthe part-of-speectiaggerwhich it requireswill bere-implementedn Python.
The rule systemwill be mademore powerful sothatit canbe usedto expressruleswhich describe
errorson the phraselevel, not just on the word level. The integrationinto word processorsvill be
improvedsothaterrorscanbedetectedn-the- y, i.e. duringtext input. For mary errorsthe software
will offer acorrectionwhich canbe usedto replacethe correcttext with a singlemouseclick.

The systems rule-basedapproachs simple enoughto enableusersto write their own rules, yet it
is powerful enoughto catchmary typical errors. Most rulesareexpressedn a simple XML format
which notonly describeshe errorsbut alsocontainsa helpful errormessagandexamplesentences.
Errorswhich aretoo complicatedo be expressedy rulesin the XML le canbedetectedy rules
written in Python. Theserulescanalsoeasilybe addedanddo not requireary modi cation of the
existing sourcecode.

An errorcorpuswill beassembleavhichwill beusedto testthe softwarewith realerrors. Theerrors
will becollectedmostlyfrom mailing lists andwebsitesTheerrorswill becateorizedandformatted
asXML. Comparedo thepreviousversion,mary new ruleswill beaddedwhich detecttypical errors
foundin theerrorcorpus.

To malke surethatthe software doesnot reporttoo mary errorsfor correcttext it will alsobetested
with theBritish NationalCorpus(BNC). Thepartsof theBNC whichweretakenfrom publishedexts
are supposedo containonly very few grammarerrorsand thus shouldproducevery few warning
messagewhenchecled with this software.

Therehave beenseveralscienti ¢ projectsworking on styleandgrammarchecking(seesection2.8),
but nonearepublicly available. This thesisandthe softwareis availableasOpenSourcesoftwareat
http://www.dan ie In aber. de/l anguageto ol /.



2 Theoretical Background

Style and grammarcheckingare useful for the samereasonthat spell checkingis useful: it helps
peopleto write documentsvith fewer errors,i.e. betterdocumentsOf coursethe styleandgrammar
checlerneeddo ful ll somerequirements$o be useful:

It shouldbefast,i.e. fastenoughfor interactve use.

It shouldbe well integratedinto an existing word processor

Not too oftenshouldit complainaboutsentencewhich arein factcorrect.
It shouldbe possibleto adoptit to personaheeds.

And nally: it shouldbeascompleteaspossiblej.e. it should nd mosterrorsin atext.

The mary differentkinds of errorswhich may appeaiin written text canbe cateyorizedin several
differentways. For the purposeof this thesisl proposethefollowing four categyories:

Spelling errors: This is de ned asan errorwhich canbe found by a commonspell checler
software. Spellcheclerssimply compareghewordsof atext with alargelist of knowvn words.
If awordis notin thelist, it is consideredncorrect. Similar wordswill thenbe suggesteds
alternatves.

Example:*Gemrant(Ispellwill suggestamongothers,German)

Grammar errors: An errorwhich causes sentencenot to complywith the Englishgrammar
rules. Unlike spellchecking,grammarcheckingneedso make useof context information,so

thatit can nd anerrorlike this:

*Harry Potter bigger thenthan Titanic??

Whetherthis erroris causeddy atypo or whetherit is causedny a misunderstandingf the

wordsthenandthanin thewriter's mind usuallycannotbe decided.This errorcannotbefound

by aspellchecler becauséoththenandthanareregularwords. Sincethe useof thenis clearly
wronghere thisis considereg grammarerror

Grammarerrorscanbe divided into structuralandnon-structurakrrors. Structuralerrorsare
thosewhich canonly be correctedoy inserting,deleting,or moving oneor morewords. Non-

structuralerrorsarethosewhich canbecorrectedy replacinganexisting word with adifferent
one.

Style errors: Usinguncommorwordsandcomplicatedsentencetructuresmakesatext more
dif cult to understandyhichis seldomlydesired.Thesecasesarethusconsideredtyleerrors.
Unlike grammarerrors,it hearily depend®n thesituationandtext typewhich caseshouldbe
classi edasastyleerror For example personatommunicatiorviaemailamongfriendsallows
creative useof languagewhereadechnicaldocumentatioshouldnot suffer from ambiguities.
Con gurability is evenmoreimportantfor stylecheckingthanfor grammarchecking.
Example:Butit [= humanreason]quidly discovers that, in this way; its labours mustremain
ever incomplete becausenew questionsever ceaseto presentthemselvesand thusit nds
itself compelledo haverecouseto principleswhich transcendheregion of experiencewhile
they are regardedby commorsensevithoutdistrust.

This sentencestemsfrom Kant's Critique of purereason.lt is 48 wordslong andmostpeople

Theasteriskindicatesanincorrectword or sentence.
2The crossecbut word is incorrect,the bold word is a correctreplacementThis sentencdragmentwasfound on the
Weh



will agreethatit is very dif cult to understand.The reasonis its length,dif cult vocahulary
(like transcen)l anduseof doublenegation(withoutdistrus). With todays demandor easy
to understandlocumentsthis sentenceanbe consideredo have a style problem.

Semanticerrors: A sentencewvhich containsincorrectinformationwhich is neithera style
error, grammarerror, nor a spelling error  Since extensve world-knavledge is requiredto
recognizesemanticerrors,theseerrorsusuallycannotbe detectecautomatically
Example:MySQLis a greateditor for programming!

This sentencas neithertrue nor false— it simply doesnot make senseasMySQL is not an
editor, but a database.This cannotbe known, however, without extensve world knowledge.
World knowledgeis a form of contet, too, but it is far beyond what software canunderstand
today

| will notmake a distinctionbetweererrors andmistalesin this thesis,instead will simply usethe
termerror for all partsof text which canbe consideredncorrector poorly written.

Grammar(or syntay refersto a systemof rulesdescribingwhatcorrectsentencefave to look like.

Somehw theserulesexist in peoples minds so that for the vastmajority of sentencepeoplecan
easilydecidewhethera sentencés corrector not. It is possibleto make up cornercaseswvhich make

theintuitive correct/incorrectiecisionquitedif cult. A softwaremighthandlethesecasedy shaving

a descriptve warningmessagéeo the userinsteadof an errormessage Warningmessageare also
usefulfor style errorsandfor grammarerrorsif the grammarrule is knovn to alsomatchfor some
correctsentences.

2.1 Part-of-SpeechTagging

Part-of-speechiagging(POStagging,or justtagging)is the taskof assigningeachword its POStag.
It is notstrictly de ned whatPOStagsexist, but the mostcommononesarenoun verl, determiney
adjectiveand adverb Nounscan be further divided into singularand plural nouns,verbscanbe
dividedinto pasttenseverbsandpresentenseverbsandsoon.

ThemorePOStagsthereare,the moredif cult it becomes- especiallyfor analgorithm—to nd the
right tagfor agivenoccurrencef aword, sincemary wordscanhave differentPOStags,depending
ontheircontet. In English,mary wordscanbe usedbothasnounsandasverbs.For examplehouse
(a building) andhouse(to provide shelter). Only about11,5% percentof all wordsareambiguous
with regardto their POStags,but sincethesearethe more often occurringwords, 40% percentof
thewordsin atext areusuallyambiguougHarabagiu].POStaggingis thusatypical disambiguation
problem:all possibletagsof a word areknown andthe appropriateonefor a given context needso
bechosen.

Even by simply selectingthe POStag which occursmostoften for a given word — without taking
contet into account- one canassign91% of the wordstheir correcttag. Taggerswvhich aremostly
basedon statisticalanalysisof large corporahave anaccurag of 95-97%[Brill, 1992]. Constraint
Grammarclaimsto have anaccurag of morethan99%[Karlsson,1995].

Onehasto be cautiouswith the interpretationof thesepercentagessometaggersgive up on some
ambiguousasesandwill returnmorethanonePOStagfor aword in agiven context. Thechances
thatat leastoneof thereturnedPOStagsis correctis olbviously higherif morethanonePOStagis
returned.In otherwords,onehasto distinguishbetweerrecallandprecision(seesection2.7).

In the following | will describeQtag 3.1 [Mason] asan exampleof a purely probabilistictagger
Qtagis written in Java® andit is freely available for non-commercialise. The sourcecodeis not

% [Tu®s and Mason,1998] refersto an older versionthat wasimplementedas a client/serer systemwith the sener
writtenin C. Theimplementatioris now completelyin Java, but thereis no evidencethatthe algorithmhaschangedsothe



available, but the basicalgorithmis describedn [Tu s andMason,1998]. Qtagalwayslooks at a
part of the text which is threetokenswide. Eachtokenis looked up in a specialdictionarywhich
washuilt usingataggedcorpus.This way Qtag nds thetoken's possibletags. If thetokenis notin
thedictionaryaheuristictriesto guesghetoken's possiblePOStagsby looking for commonsufx es
atthetoken's end. If thetokenis in the dictionarythenfor eachpossibletag two probabilitiesare
calculated:the probability  of the token having the speci ed tag, andthe contet probability
thatthe tag is precededandfollowed by the tagsof the wordsto the left andto the right. A joint
probability is thencalculatedandthe POStag with the highestjoint probabilityis
chosen An examplecanbefoundin section3.5.

Qtagitself canbe usedfor ary languagethe only thing oneneedss a large taggedcorpusso Qtag
canlearntheword/tagprobabilitiesandthe tag sequencérequenciesThe Qtagprogramis only 20
KB in size.

ConstraintGrammaris an exampleof a purely rule-basedagger It is not freely available,but it is

describedn [Karlsson,1995]. Like Qtagit startsby assigningeachword all its possibletagsfrom a

dictionary Theruleseraseall tagswhichleadto illegaltagsequencesAll therulesarehand-written,
which madethe developmentof the ConstraintGrammara time-consuminganddif cult task. The
resultis ataggemwhich hasanaccurag of morethan99%.

As developingrules manuallyis dif cult, therehave beenattemptsto learnthe rulesautomatically
(somepapersarequotedin [Lindbery andEinebog, 1999)). Brill' s taggeris suchan attempt[Brill,
1992]. 1t alsostartshy assigningeachtokenall possibleiags.It thentagsataggedcorpusby assigning
eachtokenfrom the corpusits mostprobabletag, without taking contet into account.The assigned
tagsarecomparedo therealtagsandeachmistaggings counted Brill' staggemow triesto comeup
with rules(calledpatcheg which repairtheseerrors. A rule usuallysayssomethindike "if atoken
hastagA, butit it followedby tag X, thenmalke it tagB”.

With 71 of theseautomaticallybuilt rulesthesystenreachesnerrorrateof 5.1%which corresponds
to arecallof 94.9%.AlthoughBrill stateghatthis resultis dif cult to comparedo theresultsof other
publications,he concludesthat his rule-basedaggeroffers a performancesimilar to probabilistic
taggers Oneadwantageof rule-basedaggerds their compactepresentationf knovledge— 71 rules
againstseveralthousandraluesrequiredby a probabilistictagger With today’s computepower this
hasbecomdessof aproblem.But thesmallemumberof rulesis alsosupposedo make enhancements
to thesystemeasier

Both probabilisticandrule-basedaggersneedadditionalknowledgeto approacha recall of 100%.

[Lindbery and Einebog, 1999] report promisingresultswith addinglinguistic knovledgeto their

tagger Probabilistidaggersaresaidto have someadwantagesverrule-baseanes:they arelanguage
independentandthereis no needto manuallycoderulesfor them. A discussioraboutthesealleged

adwantagexanbefoundin [Kiss, 2002].

Onecommonproblemis thetaggingof idiomsandphrasesFor example,New York shouldbetagged
asanounfor mostapplicationsnotasasequencef adjectve, noun. Thisof coursds easyto achieve
for mary casesvhenthe taggeris trainedwith a corpuswhich hasthe appropriatemarkupfor such
phrases.

2.2 PhraseChunking

PhraseChunkingis situatedbetweenPOStagginganda full-blown grammaticalanalysis:whereas
POStaggingonly worksontheword level, andgrammaranalysig(i.e. parsing)is supposedo build a
treestructureof a sentencephrasechunkingassignsatagto word sequencesf asentence.

Typical chunksarenounphraseg(NP) andverb phrasgVP). Noun phrasegypically consistof deter

informationprovidedin the papershouldstill bevalid.



miners,adjectvesandnounsor pronounsVerbphrasesanconsistof a singleverbor of anauxiliary
verb plusin niti ve. For example,the dog, the big dog, the big brown dog areall examplesof noun
phrasesAs thelist of adjectvescanbecomadn nitely long, nounphrasexantheoreticallygron wi-

thoutalimit. However, whatis callednounphrasehereis justanexampleandjustlike in POStagging
everybodycanmake up his own chunknamesandtheir meaningsThe chunksfoundby a chunlerdo
notnecessarilyyeedto cover the completetext — with only nounandverbphrasesasusuallyde ned,
thisis not possiblearyway.

Chunkingworks on a POStaggedtext just like POStaggingworks on words:eithertherearehand-
written rulesthatdescribewhich POStag sequencebuild which chunks,or a probabilisticchunler
is trainedon a POStaggedand chunled text. Thesemethodscanbe combinedby transferringthe
knowledgeof a probabilisticchunler to rules.

As chunkingrequiresa POStaggedtext, its accurag cannotbe betterthanthat of the POStagger
used.This is bacled by the factthat eventhe bestchunler listed on [Chunking] reachesa precision
andrecallof 94%,whichis lessthananaveragetaggercanachieze. [Chunking]alsolistsmary papers
aboutchunking.

2.3 Grammar Checking

It turnsouttherearebasicallythreewaysto implementa grammarchecler. | will referto themwith
thefollowing terms:

Syntax-basedchecking asdescribedn [Jenseret al, 1993].In this approacha text is com-
pletely parsed,.e. the sentenceare analyzedand eachsentences assigned tree structure.
Thetext is consideredncorrectif the parsingdoesnot succeed.

Statistics-basedthecking asdescribedn [Attwell, 1987].In thisapproacha POS-annotated
corpusis usedto build alist of POStagsequencessomesequencewill bevery common(for
exampledetermineradijective nounasin the old mar), otherswill probablynot occurat all
(for exampledeterminerdetermineradijectivg. Sequenceshichoccuroftenin thecorpuscan
beconsidereaorrectin othertexts, too, uncommorsequencemight beerrors.

Rule-basedchecking asit is usedin this project.In this approacha setof rulesis matched
againstatext whichhasatleastbeerPOStaggedThisapproaclis similarto thestatistics-based
approachbut all therulesaredevelopedmanually

Theadwantageof the syntax-basedpproactis thatthe grammarcheckingis alwayscompleteif the

grammaiitselfis completej.e.thechecler will detectary incorrectsentenceno matterhow obscure
the erroris. Unfortunately the checler will only recognizethatthe sentencas incorrect,it will not

beableto tell theuserwhatexactly the problemis. For this, extra rulesarenecessaryhatalsoparse
ill-formed sentencedf a sentencecanonly be parsedwith suchan extrarule, it is incorrect.This

techniquds calledconstraintrelaxation.

However, thereis a major problemwith the syntax-basedpproachit requiresa completegrammar
which coversall typesof texts onewantsto check.Althoughtherearemary grammairtheoriesthere
is still no robust broad-ceerageparserpublicly available today Also, parserssuffer from natural
languageambiguities sothatusuallymorethanoneresultis returnedevenfor correctsentences.

Statistics-basefarserspn the otherhand,bearthe risk thattheir resultsaredif cult to interpret:if
thereis afalsealarmerrorby the systemthe userwill wonderwhy his inputis consideredncorrect,
asthereis no speci c errormessagekEvendeveloperswould needaccesgo the corpuson whichthe
systemwastrainedin orderto understandhe systems judgment.Anotherproblemis thatsomeone



hasto setathresholdwhich separatethe uncommorbut correctconstructdrom theuncommorand
incorrectones.Surelythis task could be passedn to the userwho would have to setsomevalue
betweensay 0 and100. Theideaof athresholddoeshowever not really complywith the perception
thatsentenceare— besidegjuestion®f styleandconstructeadornercases- usuallyeithercorrector

incorrect.

Dueto saidproblemswith the otherapproachea strictly rule-basedystenwill bedevelopedin this
thesis.Unlike a syntax-basedhecler, a rule-basecchecler will never be complete,i.e. therewill
alwaysbeerrorsit doesnot nd. Ontheotherhand,it hasmary adwantages:

A sentenceloesnot have to becompleteto be checled,insteadthe softwarecancheckthetext
while it is beingtypedandgive immediatefeedback.

It is easyto con gure, aseachrule hasanexpressie descriptionandcanbe turnedon andoff
individually.

It canoffer detailederrormessagewith helpful commentsgvenexplaininggrammarules.

It is easilyextendableby its users,astherule systemis easyto understandat leastfor mary
simplebut commonerrorcases.

It canbebuilt incrementallystartingwith justonerule andthenextendingit rule by rule.

2.3.1 Grammar Errors

The numberof grammarrulesis extensve, evenfor a rathersimplelanguagdike English[English
G, 1981].1 will only describevery few of thesegrammarrules.Although Englishwill be usedfor all
examplesentencessimilar rulesexist in otherlanguagestoo. Thegrammarulesdescribechereare
basedn sentencefrom the corpuswhich violatetheserules(seesectionA.1).

Subject-Verb Agreement In English,subjectandverb have to agreewith respecto numberand
personForexample,n *They is myfavouriteCanadianauthos?, subjectandverbdisagreén number
(they = plural, is = singular).In *He am running for president subjectandverb disagreen person
(he=third personam= rst persornof to be).

Thisof coursds arathersimplecase Takingthe perspectie of arule-basedhecler, whichinterprets
thetext asa sequencef tokenswith POStags,thereareseveralspecialcases:

1. Subjectandverbareseparated,e.theverbdoesotoccurdirectlyafterthesubject* Thecharacters
in Shalespeae's TwelfthNight livesin a world that hasbeenturnedupside-down.

2. Thesubjectcanbeacompoundsubject:*Christie and Prin is charactels fromLaurences The
Diviners.

3. Booktitles aresingular:* SalmanRushdies Midnight's Children are myfavouritenovel.

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.
Software can guessa word's pronunciationby looking atits rst letter If it is oneof a, e, i, 0, u,
theword probablystartswith a vowel — but thereareexceptions Herearesomeexampleswherethe
a,e,i,o,urule appliestogethemwith the correctinde nite article:

4Someof theseexamplesaretakenfrom http://ace.acadiau.ca/english/grammar /index .htm .



atest,acar, alongtalk
anidea,an uninteestingspeeb, an earthquak

Herearesomeexceptions:

a univesity, a Europeaninitiative
an hour an honor

Tagquestions(...,isn't it? etc) A tagquestions oftenusedin spolenlanguageo obtainaf rmati-
onfor agivenstatementit is built by attachinga negatedform of anauxiliary verbandthesentence
subjectto the endof the sentencefFor example,It's warmtodaybecomedt's warmtoday isn't it?.
Whenthe verbis alreadyneggated,it hasto be attachedn its non-ngjatedform, asin It wasnt very
dif cult, wasit?

Thesetag questionsarealsousedin emailcommunicationFor native Germanspeakrswho arenot
yetpro cient in Englishthey aredif cult to masterastheir Germanequivalentis mucheasierto use
— onecanjust attach..., oder?to the end of the sentenceno matterwhat subjectandverbis used.
Sometimeshisis incorrectlydirectly translatednto English,i.e. ..., or? is attachedo a sentence.

Other Errors Marny othererrorsaretechnicallygrammarerrors,but are causedoy a typo. Often
theerrorsuggestshatit wascausedy editingexisting text but missingsomewords:

*Someonsuggestedaidthatit workedfor him after heupdatedo Kernel2.4.20.

The authorof this sentencebviously wantedto replacedsaid by sugyestedbut thenforgetto delete
said(or vice versa).

Oftensimilarwordsaremixedup andit is not possibleto tell if thewriter hasmadeatypo orif heis
not awareof thedifference:

*Than myold emailis nonsense
Not surprisingly the confusionbetweerthanandthenalsohappenvice versa:
*It's lesscontioversial then onewouldthink.

2.3.2 SentenceBoundary Detection

Grammaticalityrefersto sentence€Onecouldamguethatthefollowing two sentencebave agrammar
error, becausehereis no agreemenbetweerthe propernounPeterandthe personapronounshe

Peterleaveshis house 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 sentencds. Humanreadershave an intuitive
understandingf wherea sentencestartsandwhereit ends,but it is not that simplefor computers.
Justsplitting a string at all the placeswherea periodoccursis not enoughasthe following arti cial
sentenceshaw:



Thisis a sentencéy Mr. Smithfromthe U.S.A.Thisis anothersentence. A third one;
usinga semicolonAndyetanotherone containingthe numberl5.45.”"Here we go!”,
hesaid.

Abbreviations,numbersandindirect speechare the problemsherewhich make the tasknon-triial
for computers[Walker etal, 2001] have evaluatedthreeapproacheto sentencéoundarydetection.
Their focusis on automatictranslationsystemswhich requiresentencdoundarydetectionon their
input. Thethreeapproacheare:

Thedirectimplementationnto atranslatiorsystemwithoutusingahigherlevel of description
thanthe words and punctuationitself. This systemusesan abbreiation lexicon. The imple-
mentationis inspiredby regularexpressionsbut everythingis directly implementedn a given
programmindanguage.

Therule-basedepresentationf sentenceasregular expressionsThe regular expressionsl-
low to encodethe necessarknowledgein adeclaratre way. Althoughit is notexplicitly men-
tioned,this methodseemdo useanabbreiation lexicon, too.

The applicationof a machinelearningalgorithmwhich is trainedon a taggedcorpus.The
algorithmweightsseveralfeaturesof a potentialsentencdoundarylike capitalizationandoc-
currencen theabbreviation lexicon.

Theevaluationby [Walker etal, 2001]shaws thatthe machindearningalgorithmoffersbotha preci-
sionandarecallof about98%. The methodbasedon regular expressioryields about96% precision
andrecall. Thedirectimplementatiorreache98%precisionbut only 86%recall.

Soevenwith the bestsentencédoundarydetectiona styleandgrammarchecler muststill copewith
an error rate of about2% in the sentencéboundariesThis is a bad problemfor a parserwhich is
supposedo work on thoseincorrectly chunled sentenceshecausery incorrectly addedsentence
boundaryandary missedsentencéoundarywill almostalwaysleadto unparseableput. For arule-
basedsystenthisis lessof a problem:only ruleswhich explicitly referto sentencéoundariesvill be
affected.Theserulesmightincorrectlybetriggeredwhena sentencéoundarywasincorrectlyadded,
andthey mightremainuntriggeredvhena sentencdoundarywasmissedby the sentencéoundary
detection.

2.4 Controlled LanguageChecking

A controlledlanguages anaturallanguagevhichis restrictedoy rulesaimingat makingthelanguage
simplerandthuseasietto understan{\Wojcik andHoard,1996].In otherwords,acontrolledanguage
is asubsebf anaturallanguageThe mostimportantaspecin developinga controlledlanguages to
avoid ambiguityon all linguistic levels.A languagevithoutambiguityhastwo importantadwantages
overthecommonnaturallanguages:

It is easierto understandespeciallyfor peoplewho are not native speakrs of the original
naturallanguage Even for native speakrsthe chanceof misunderstandingis reduced.This
doesnot only make readingdocumentsasier it canalsobe vitally important,for examplein
documentsvhich describethe maintenancef airplaneengines Actually AECMA Simpli ed
English[AECMA] is usedby theaerospacedustriesfor exactly thatpurpose.

It is easierto be parsedby a computerthusbeingeasierto be translatecautomatically This
promisegyreatsavingsin thetranslationprocesswhichis a dif cult andexpensve taskwhen
donecompletelymanually
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The creationof controlledlanguagedocumentsan be supportedby software which detectsusage
of unappreedtermsandlanguageconstructs[R.-Bustamentet al, 2000] describeghe coverageof
someof thesecontrolledlanguagecheclers and notesthat they have mary goalsin commonwith
styleandgrammarcheclers. The main differenceis thatwhenstyle andgrammarcheclerswork on
unrestrictedext they will have to copewith unknavn wordsandcomplicatedsentencesControlled
languagecheclers work on restrictedtexts with a limited vocalulary of appraved words. To keep
word listsin amanageablsizethereis usuallya rule which allows the useof productnamesvenif
they arenot explicitly listedin the controlledlanguagedictionary Thereis no genericdictionaryfor
arnybody using controlledlanguagesinsteadevery industry or even every company will needtheir
own dictionary

In the context of this thesisthe interestingquestionis to what extent a style andgrammarchecler
for a naturallanguagecanbe usedto checkcontrolledlanguagedocumentsTypical restrictionsfor
controlledlanguagesnightlook lik e this:

Lexical restrictions: for example,arule might say:usetry only asaverb,notasanoun.This
impliesa semantiaestriction,but sinceit is expressedisa syntacticrestrictionit canbefound
with arule whichtriggersanerrormessag&henit encountersry asanoun.

Grammar restrictions: for example,rule 5.4 of AECMA says:In an instruction, write the
verbin theimpeitive ("commanding”) form. Two examplesentencearegivenin theAECMA
documentation:

Approved: Remeeoil andgreasewith a degreasingagent.

Not appraved: Oil andgreaseare to beremaedwith a degreasingagent.

This mightbeimplementedn agrammarchecler by ruleswhichforbid theuseof phrasedike
is to andare to followedby the passie of verbslike remae continue set

Semanticrestrictions: for example arule mightsay:usenoiseonly with its meaningunwanted
sound not aselectonic interfelence(exampletaken from [Holmbacket al, 2000,p. 125]). A
styleandgrammarchecler canonly discorerwrongusagesik e thisif it hasanintegratedword
disambiguatiorcomponentAlternatively, the checler cansimply warn on every occurrence
of noise no matterof its meaningin the given context. This might anng usersif too mary
warningsareunjusti ed. If this speci ¢ testcanbeturnedoff, however, thewarningmightalso
be percevedasa handyreminder

Style restrictions: arule might demandkeepingsentenceshorterthan20 wordsandto stick

to onetopic per sentenceThe lengthrestrictionis relatively easyto check,even without a

grammarchecler. It is enoughto checkthe whitespace-delimitetermsin a sentenceThere

may bespecialcasedik e wordswith hyphenswhereit is notclearif they shouldbe countedas

oneor astwo words.However, this is not importantasthe exact numberof maximumwords

doesnot matterthatmuch—themessagés: keepyour sentenceshort. Theremainingguestion
is wherea sentencetartsandwhereit ends. Assumingthatcontrolledlanguages mostlyused
for technicaldocumentatiorandthat this documentations marked up using XML nowadays
it shouldbe easyto distinguishthe differentperiods.For example,analgorithmmightassume
thata sentenceendswheneer a periodoccurs,unlessit is marked up asan abbreiation like

<abbr>etc.</fabb  r>.

Soit seemso be possibleto implementmary controlledlanguageestrictionswith a styleandgram-
mar checler for a naturallanguage.Consideringthat a controlledlanguages a subsetof a natural
languagethis is not surprising. Still it makes senseto develop checlers specializedor controlled
languagechecking.Thevery ideaof controlledlanguagess to usesimplegrammarmaybesosimple
thatit is possibleto completelyanalyzeeachsentenceutomatically With this analysisit is possible
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to implementmorecomplicatedrestrictionsthanwith a rule-basedhecler which works on shallav
analyzedext.

2.5 Style Checking

As it wasmentionednaturallanguagegrammaiprovidesa cleardistinctionbetweersentencewhich
arecorrectandthosewhich arenot. This is not the casefor languagestyle. Every writer will have
to malke his own decisionon what style is preferredin which context. This might easilyleadto an
incoherenstyle whena documenis collaboratvely worked on by seseral people.Style checkingis
especiallyusefulfor thesesituations,asit remindswriters on a style which wasdecidedon before.
Restrictionsandrulesaboutstyle might cover a broadrangeof things:

Choiceof words: The useof foreignwordsmight be disappreed becausaot everybodyun-
derstandshemeasily The style checler canthensuggest non-foreignreplacementvith the
sameor a very similar meaning.For example,terra incognita might be replacedoy unknown
territory. Similarly, it might suggesteplacingwordswhich arevery uncommorby common
synoryms, evenif the uncommonword is nota foreignword. For example,the nounautomo-
bile, which occurs230timesin the BNC might be replacedwith the nouncar, which occurs
about27,000timesin the BNC>.

Simplicity: Thelengthof a sentencemight be limited, leadingto simplersentencestructures
which areeasierto understand.

Punctuation:After a punctuationmark a spacecharacteiis inserted,but no spaceis inserted
beforea punctuatiommark (exceptthe openingquotecharacteandthe openingparenthesis).

Dates,times and numbersshould be written in a certainformat. For example, a datelike
5/7/1999is ambiguougo mary peopleandit shouldprobablybe replacedby 1999-07-050r
1999-05-07.

Contractedormslike dont might bedisappreed andcouldbereplacedoy do not

Textswhich repeata givennountoo oftenmightsoundstrangeInstead pronounsor synoryms

shouldbe usedto referto the noun. This rule clearly shawvs how much”good” style depends
onthekind of documentusingsynorymsto male texts soundbetteris acommonmeansused
by journalistsandit is taughtin schools.In technicaldocumentationhowvever, beingclearand

unambiguousasa higherpriority.

Oftenthe importantaspectof style is not that somespeci ¢ rule is chosen but that one style — no
matterwhich one— is usedthroughoutthe documenir even throughouta collectionof documents.
For example, using different date formatsin one documentis confusingfor the readerand looks
unprofessional.

2.6 FalseFriends

A "falsefriend” is a pair of words from two differentlanguagesvhereboth words are similarly
written or pronouncedut carry a differentmeaning.Becausehe word soundsso familiar a learner
of the languagewill beinclinedto usethe word incorrectly Hereare someEnglish/Germarword
pairswhich arefalsefriends:

50f courseonewould have to searchfor word meaningsnot just for wordsif one seriouslywantedto interpretthe
results.In this very casethe proportionsaresoclearthatit doesnot seemo benecessary
Syyyy-mm-ddis the SO standardor dates seehttp://www.cl.cam.ac.uk/~mgk25/iso- time.h tml .
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become- belommen(becomemeansverden
actual- aktuell(actualmeangatsadlich)

bald— bald (baldmeangylatzkdp g

It is notevorthy that thesewords are just as misleadingfor native speakrs of Germanwho learn
English asthey are for native speakrs of Englishwho learn German. As languagesften have
commonroots,the problemis sometimesotjust betweertwo languageskor example,sensiblgen)
/ sensibelde)is a falsefriend, asis sensibleen)/ sensible(fr). But sensibelde)/ sensiblg(fr) is
notafalsefriend, asthe meanings the samein GermanandFrench.Thisis shavn in the following
diagram.Thearrovs markafalsefriend relation:

| | > " #319%&'5!

" #5618
T " #5%18'43*
+L +H-86]
012#"-&3!, 1" 0,7#"-&I+18#1" %

I" #$#90#89

Falsefriendsareof interestin the context of this thesisbecause¢hey caneasilybefoundwith arule-
basedstyleandgrammaichecler. It is justaseasyto suggesanalternatve meaningo theuser Once
the useris awareof the problem,he canturn off this speci ¢ rule sohewill notgetfurtherwarnings
aboutthisword — all otherfalsefriendswill still shav warningsuntil they areturnedoff, too.

2.7 Evaluation with Corpora

A grammarchecler systenmcanbeevaluatedwvith two commonmeasure&nown from informationre-
trieval: precisionandrecall. ThesearevaluesbetweerD andl (sometimesxpresse@sa percentage)
which arede ned asfollows:

In otherwords, precisionmeasureiow mary of the sentencesagged asincorrectby the software
areindeederroneous.

Recall measuresiow mary of the errorsin a text are found, i.e. how completethe software is.
Obviously a systemwith precision= 1 andrecall = 1 canbe consideredo work "perfectly”. In
practice thereis usuallyatradeof betweerboth.

POStaggersareusuallywrittento berobust,i.e. they cannotmissaword like agrammarchecler can
missanerror Insteadthe taggercanreturnmorethanonetag perword, so precisionis sometimes
measuredy the averagenumberof tagsperword. Then, recall is the probability that one of the
returnedtagsis correct. As onecansee,it is easyto develop a taggerwith recall 1, it just needso
returnall possibletagsof a word —which obviously leadsto theworstprecisionpossible.
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To develop and evaluatea style and grammarchecler, one needsa corpusof uneditedtext, asthis
kind of text re ects thecommoninputto astyleandgrammairchecler. All errors(exceptfor spelling
errors)needto be marked up in this corpus. As sucha corpusis not available,one canalsowork
with two corpora:onecorpus— which shouldbe free of errors—is usedto optimizethe precisionso
thatthe systendoesnot give falsealarmtoo often. The othercorpus—which containsonly sentences
with grammarerrors— is usedto optimizethe recall so thatmary errorsarefound. Neverthelessa
signi cant recall/precisiorvaluemustbe measuredavith the singlecorpus,everythingelsewould be
too biased.

Somecorporawhich canbe usedfor certainaspectof the grammarchecler developmentwill now
bedescribed.

2.7.1 British National Corpus

The British National Corpus[BNC] is a commercialcorpusof British Englishwhich contains100
million words. It wasbuilt from 1991to 1994,soit containgextsfrom before1991,but notfrom after
1994. About 90%of thewordsstemfrom writtenlanguagethereststemsrom spolenlanguageThe
corpuscontainsa broadrangeof text types,e.g. ctional texts, technicaldocumentationnenvspaper
articlesetc. Becausdhe texts are copyrighted, only partsof them(start,middle, or end)are part of
theBNC.

All the BNC's texts are SGML-formatted. The markupconsistsof the usualmetainformationlike

author headlineand date,andit enclosegaragraphssentenceandwords. 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,
onecanassumehatit containsvery few grammarerrors. Style is, as mentionedbefore,mostly a
matterof de nition, soonecannotmake statementaboutthe presumabl@umberof "style errors”in
theBNC.

The BNC itself maynot be givento peoplewho do nothave a BNC license but its licenseexplicitly

hasno restrictionson the useof theresultsof researctwith the BNC. Sowhendevelopinga software
systempnemayusethe BNC duringdevelopmentput neitherthe BNC nor partsof it maybe partof
theresultingsoftware.

Technically the BNC comesasa setof compresse@GML data les andwith softwareto querythe
data. However, this software hassereral dravbacks: it is a client sener/systemandasthe sener
(sarad ) only workson Unix/Linux andtheclient (SARA) only works on Windows, it requirestwo
computersevenif thereis only oneuserandthereis no actualneedfor network accesgo the sener.
The Unix/Linux versionof the sener only comeswith a very simplecommandine tool (solve )
for querying. Furthermorethe sener andthis querytool aredif cult to setup comparedo today’s
standardsTheinstallationinstructionson thewebarepartially out of date’.

The BNC canalsobe queriedon the BNC web pageat http://sara.nat cor p. ox.a c. uk/
lookup.html |, evenwithouta BNC license.Thequerylanguagemalesit possiblefor example,to
searchor wordswhich occurin a givenpartof speectandto useregularexpressionsUnfortunately
the searchfacility is ratherlimited in otherrespectsa searchfor only POStagswithout a speci ed
wordis notpossible A querylike dog, whichresultsn 7800matchesinighttake 40 secondsbut only
the rst 50 matchesareshavn andthereis nowayto gettheremainingmatchesNo POSannotations
are displayed,and the matchedwords themseles are not highlighted, which makes scanningthe
resultmoredif cult. Duringmy teststherewherealsosereraltimeoutandsener errorssothatsome

"http://www.hcu.ox.ac.uk/BNC/SARA/saralns talLh  tml . For example,the optionto handa con®gu-
ration®le to sarad is speci®edas-c , whereast mustbe-p .
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querieswereonly answeredfterseveraltriesor notatall.

As an alternatve querysystema software called[BNCweb] is available. It worksweb-basedndit
requiresa running BNC sener anda MySQL database Accordingto its descriptionon the web it
seemsgo befeature-richput it is not availablefor free.

2.7.2 Mailing List Error Corpus

Sofar no corpusspecializedn grammarerrorsis publicly available®. Becauseof the importanceof
anerrorcorpusfor optimizingthe styleandgrammarchecler, anew corpuswasdeveloped.

The corpuscontains224 errorsfound mainly on internationalpublic mailing lists usedfor Open
Sourcesoftware development. Most messagesliscusstechnicalissueslike programmingor the
softwaredevelopmentprocess Many of the writers on thosemailing lists arenot native spealkers of
English. However, asthe native languageof peopleis often not obvious, this information hasnot
beenrecorded.Somesentencefiave beenshortenedvhenit wasclearthatthe erroris completely
unrelatedo the partwhich hasbeenremoved. Othersentencesave beenslightly edited,e.g. to x
spellingerrorswhich are not part of the grammarerror The distribution of errorsis shavn in the
following table:

| Category | #oferrors | % |
Confusionof similarwords,e.g.your vs. you're 94 | 42.4
Agreemenerrors 64 | 28.7
Missingwords 24 | 10.8
Extrawords,e.g.*more better 17| 7.6
Wrongwords,e.g.confusionof adjectve/adwerb, wrong prepositions 17| 7.6
Wrongword order 4| 1.8
Commaerrors 3| 1.3

The corpusdatais biasedn sofarasonly errorsarelistedwhich I noticedduringnormalreadingof
messagesln otherwords, no systematicabearchwasdone,andonly thoseerrorsarelisted which
| could intuitively recognizeassuch. A moresophisticategpproacho building an error corpusis
listedin [Becker etal, 1999]. The completecorpusanda descriptionof its XML le formatcanbe
foundundersectionA.1.

2.7.3 Internet Searcch Engines

Finally, it is sometimegracticalto uselnternetsearchenginesfor nding givenwordsor phrases.
For example the error corpuscontainghefollowing partof a sentence:

*But evenif it'slooking ne, theis the problemthat...
In this fragment,theis is obviously an erroneougphrase.Onemight considera rule which suggests

ther is asa replacementwhen&er the is occurs. It is necessaryo testif theis is really always
incorrect.l will limit this chapterto Google,becausdt is the searchenginewhich coversthelargest

8Bill Wilson collectedmore than 300 ill-formed sentencesput most of the errorsare just spelling errors: ftp:
/Iftp.cse.unsw.edu.au/pub/users/billw fifidb . The CambridgeLearnerCorpuscontainsmore than 5
million wordsanderrorsareannotatedbut the corpusis not publicly available: http://uk.cambridge.org/elt/
corpus/clc.htm

°For example: kde-core-deel@kde.og, kfm-devel@kde.og, kmail@kde.og, dev@opena®ce.og. Archivesfor the
former onesare available at http://lists.kde.org/ , for the latter one at http://www.openoffice.org/
servlets/SummarizeList?listName=dev
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numberof pages.At thetime of writing, the Googlehomepagelaimed:”Searching 3,083,324,652
webpages”.

The query "the is” (note that the quotesare part of the query) usedon Googlereturns519,000
matcheslUsually Googleignoresvery commonwordslike theandwhg, but notsoin phrasegueries,
which arecarriedoutwhenthe searchtermsaresurroundedy quotes.Someof the matchesre:

. Whatthe !@#$is this?
. JefRaskin- THE Is Not An Editor... SoWhatls It?

1
2
3. Aboutthe IS Associates
4. Thels OughtProblem

5

. Whattheis this sitefor?

Hereonecanseeseveral reasonsvhy theis might occurin atext: Match 1 containsa sequencef
specialcharacteravhich Googledoesnot considera word, soit pretendshe andis are subsequent
wordshere. Matches2, 3 and4 only matchbecausd&soo0gles queriesare alwaysinterpretedcase-
insensitve. THE and|S arenamegprobablyacroryms) hereandwould not have beenmatchedwith
acase-sensite searchFinally, match5 is anactualerror, sotherule which saysthattheis is always
wrong works correctly in this case. Unfortunatelythe huge numberof matchesprevents manual
checksfor eachmatch,soit is not possibleto usethis resultto prove thattherule is alwayscorrect.
Still thefew matcheswhich have beencheclkedarea goodindicationthattherule is useful.

Obviously Googleis not usefulasareplacementor arealcorpuslike the BNC. Firstly, Googleonly
knows aboutwords,notaboutPOStags.Googledoesnot evenoffer stemmingj.e. thetermtalkswill
be matchedonly whensearchindor talks notwhensearchindor talk or talking SecondlyGoogle
canbe limited to searchonly pagesin a givenlanguagehut it cannotbe told to searchonly pages
which have beenwritten by native spealersof English. It alsocannotimit its searctto cateyorieslike
"technicaldocumentation’dr "oral speecht®. Thirdly, the Googledatabasés constantlychanging.
Theexamplegivenabove might not be exactly reproduciblearymorewhenyou readthis.

The advantageof Googleis its sizeof somethousand®f million pages.Evenif just 30% of these
pagesarewritten in English,this s still muchmorethanthe BNC hasto offer. Nonetheles§&oogle
is extremelyfast,the "the is” queryreturnedits rst ten matchesn 1.49second$!. Furthermore,
Googleis up-to-dateandcontainsmodernvocatulary, whereaghe BNC collectionendsin 1994.For

example,the BNC only containgwo occurrencesf World Wide Weh

2.8 RelatedProjects
2.8.1 Ispell and Aspell

Ispell [Kuenning]and Aspell [Atkinson] are both very popularOpenSourcespell checlers. Most
OpenSourceword processorsnake use of theseprogramsin one way or another For example,
KWord providesan integratedinterfaceto Ispell and Aspell. OpenOfce.org comeswith MySpell,
whichis basednlspell. In bothcasestheuserdoesnot noticethatit is Ispell/Aspellwhich doesthe
realwork in thebackground.

Spellcheclers compareesachword of atext to their large lists of words. If theword is notin their
list, it is consideredncorrect.In otherwords,spellcheckingis a very simpleprocessvhich doesnot

0Althoughonemighttry to comeup with queriesthat®nd only suchdocumentse.g.°Al Gore speeh®
"Googledisplaysthis number Obviously it might take longeruntil the resultappearson the users screerbecausef
slow network connectiongtc.
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know anything aboutgrammay styleor context. It is mentionedcherenonethelesdyecausét couldbe
consideredh subsef a completegrammarchecler. Theintegrationof a spellchecler is described
in section3.4.

2.8.2 Styleand Diction

StyleandDiction aretwo classicalUnix commandg¢Style/Diction]. Styletakesatext le andcalcu-
latesseveral readabilitymeasuresik e the Fleschindex, the fog index, the Kincaid scoreandothers.
It also countswords, questionsand long sentencegmore than 30 words by default). It is not an
interactve command but it allows to specify optionsto print, for example,all sentencesontain-
ing nominalizationsor sentencewvith passie voice. The completematchingsentencewvill thenbe
printed,withoutfurtherindicationwhereexactly the matchis.

Diction takesa text andsearchesor certainwordsandphrasesfor which it printsa comment.For
example thefollowing text usedasinputfor diction:

| thoughtyoumight nd it interesting/usefulsol'm sendingt 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 sendingt to thelist here.

As onecanseeat so, dictionwarnsfor every occurrencef certainwordsandgivesa shortstatement

aboutpossibleproblemswith the given phrase.Here are somemore samplesfrom the diction data
le:

| Matching phrase | Suggested eplacementor comment |

asaresult SO

attempt try

datais dataare

in thelongrun (cliche,avoid)

Thedictiondata le for Englishcontains681entries,ts Germardata le containss2 entries.Except
very few hardcodedxceptiondik e datais / dataare, diction doesnotcheckgrammar

2.8.3 EasyEnglish

EasyEnglishis agrammaichecler developedatIBM especiallyfor non-natve speakrs. It is basedn
theEnglishSlotGrammar It nds errorsby "exploringtheparsereeexpresse@dsanetwork” [Bernth,
2000]. Theerrorsseento beformalizedaspatternghatmatchthe parsetree. Unfortunately{Bernth,
2000]doesnotexplainwhatexactly happens$f asentenceannotbe parsedandthusno completetree
canbebuilt.

EasyEnglisttan nd wrongarticlesfor countable/uncoualde nouns(e.g.*an evidencé andmissing
subject-erb agreemenamongsbthermistales. It hasspecialrulesfor native speakrsof Germanic
languagesandfor native spealrs of Japaneselor spealkrs of Germaniclanguagest checksfor

overuseof the progressie form (e.g. *I'm havingchildren), wrong complemente.g. *It allowsto

updatethe le insteadof ...allowsupdating..) andfalsefriends. Thereareotherrulesusefulespecially
for spealkersof JapaneséAll rulesareoptional.

EasyEnglistdoesnot seemto be publicly available,neitherfor free norasa commerciatool.
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2.8.4 Critique

Critique is a style and grammarchecler that usesa broad-coeragegrammay the PLNLP English
GrammarJenseret al, 1993,chapter6]. It detects25 differentgrammarerrorsfrom the following

ve categjories: subject-erb agreementwrong pronouncase(e.g. *betweenyou and| insteadof
betweeryouandme), wrongverbform (e.g. *seemto beeninsteadof seento be), punctuationand
confusionof similar words (e.g. you're andyour). FurthermoreCritique detects85 differentstyle
weaknessesik e sentencethataretoo long, excessie complity of nounphrasepre-modi ers,and
inappropriatavording(e.g. shortformslike dont in formal texts).

Errorsareshavn to theuserwith thecorrectreplacemenif possible Theusercangetanexplanation
of theproblemwhichis especiallimportantfor styleissuedor whichthedistinctionbetweercorrect
andincorrectis oftennot thatsimple. Critique canalsodisplaythe parsers resultasatree. All style
andgrammarcheckscanbeturnedon or off independently

For eachsentenceCritique rst triesto analyzethe completesentencavith its parser If theparsing
succeedsthe sentencas grammaticallycorrectandit is thenchecled for style errors. The style
errorsarefoundby rulesthatwork onthe parsedext. If the parsingdoesnot succeedanthe rst run,
somerulesarerelaxed. If the sentenceanthenfor examplebe parsedwith a relaxed subject-erb
agreementule, asubject-erbagreemengrroris assumedT hestylecheckingwill thentake placeas
usual.

Interestinglytheauthorsof [Jenseretal, 1993,chaptei6] suggesthatideally the parseishouldparse
ary sentenceseven the incorrectones. This way all grammarand style checkingcould be done
with the samecomponentnamelyrulesthatwork on a (possiblepartial) parsetree. This however
is not possible,asa grammarwith few constraintswill leadto mary differentresulttreesandwill
thusbecomevery slow. Still, someruleshave beenchangedrom beinga conditionin the grammar
checlerto beingastylerule.

Critiquedoesnot seemto bepublicly available.

2.8.5 CLAWS asa Grammar Checker

CLAWS (Constituent.ik elihoodAutomaticWord-taggingSystem|[CLAWS]) is aprobabilisticpart-

of-speechtagger [Attwell, 1987] offers a suggestioron how to usesucha taggerasa grammar
checler. Theideais to getthe POStagsof a word andits neighborsandthencheckhow common
thesesequenceare.If themostcommoncombinatiorof tagsis still belowv agiventhresholdanerror

is assumedPossiblecorrectionscanthenbe built by substitutingthe incorrectword with similarly

spelledwords. The substitutedvord thatleadsto the mostcommonPOStag sequenceanthenbe

suggestedsa correction.

The adwvantageof this probabilisticapproachis that it doesnot require hand-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 the POStagscanbefound. For example,sightandsite arebothnounsandthusthis kind
of probabilisticchecler will notdetecta confusionbetweerthem.Also, theerrormessageannotbe
accompanietby a helpful explanation.

CLAWS s availablefor afeeof £750.An onlinedemois availableonits website. The extensionfor
detectinggrammarerrorsdoesnot seemo beavailable.

2.8.6 GramCheck

GramChecks a styleandgrammarchecler for SpanistandGreek,optimizedfor native spealkrs of
thoselanguagegR.-Bustamente1996,R.-Bustamente]1996-02]. It is basedon ALEP (Advanced
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LanguageEngineeringPlatform,[Sedlock,1992]), a developmentervironmentfor linguistic appli-
cations.ALEP offers a uni cation-basedformalismanda graphicaluserinterfacethatlets linguists
developnen grammars.

GramCheckdetectsnon-structurakrrorswith a constraintrelaxationtechnique. In its uni cation
basedyrammay Prologcodetriesto unify features.The codealsobuilds the correctionsdepending
on which relaxationwas necessaryo parsethe input text. Structuralerrorsare detectedoy error
patternswvhich areassociateavith a correctionpattern.

GramCheclcandetecterrorsin numberandgenderagreementandincorrectomissionor additionof
someprepositions.It candetectstyle problemslike alusive useof passie andgerundsandweak-
nessesn wording.

NeitherGramCheckor ALEP arepublicly available.

2.8.7 Park etal's Grammar Checker

[Park etal, 1997]describea grammarchecler which is optimizedfor studentsvho learnEnglishas
asecondanguage Studentsessay$iave beenanalyzedo nd typical errors.

Thechecler is basedon a CombinatoryCategorial Grammarimplementedn Prolog. In additionto
thebroad-ceeragerules,errorruleshave beenaddedthatareappliedif all regularrulesfail. Oneof
theerrorrulesmight for exampleparsea sentencdike *He leavethe of ce becauséehe subject-erb
agreemenis relaxedin thatrule. All errorrulesreturnashorterrormessaghichis displayedo the
user No correctionis offered,asthis would degradethe learningeffect. The userinterfaceis a text
eld onawebpagein whichthetext canbetypedandsubmitted.

Thechecler detectsnissingsentencéragmentsextraelementsagreemenerrors,wrongverbforms
andwrong capitalizatiorat the beginning of a sentencelt is not publicly available.

2.8.8 FLAG

FLAG (Flexible Languageand GrammarChecking,[Bredenkampet al, 2000,Crysmann])is a plat-
form for the developmentof userspeci ¢ languagecheckingapplications.It makesuseof compo-
nentsfor morphologicaknalysis part-of-speeclagging,chunkingandtopologicalparsing.

FLAG detectserrorswith so-calledtrigger rulesindicating the existenceof a potentialproblemin
the text. For potentiallyincorrectsentenceson rmation rules are called which carry out a more
complicatedanalysis. Thereare con rmation ruleswhich advisethat thereis actuallyno problem,
andothersthatadvisethatthereis indeedanerror Eachrule carriesa weight,andif morethanone
rule matchestheseweightsareaddedup. Basedonthe nal weight,FLAG thendecidesvhetherthe
rule really matchesaandthuswhetherthereis anerrorin the sentence.

This two-stepapproachhelpsincreasehe systems speedasthe triggerrulesarerathersimpleand
caneasilybe checled, whereaghe more complicatedandthusslower con rmation rulesonly need
to becalledfor potentiallyincorrectsentences.

All of FLAG'srule aredeclaratie. It alsoknows terminologyrulesandcangenerallywork for ary
language Sofar, only afew rulesfor Germanhave beenimplemented.The additionof a signi cant
numberof grammarrulesis only listedin the”Future Work” sectionin [Bredenkamget al, 2000].

FLAG is implementedn Java andC++ andhasa graphicaluserinterfacefor checkingtexts. FLAG
is not publicly available.
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3 Designand Implementation

My old styleandgrammarchecler waswrittenin Perl[Naber]. It reliedon Eric Brill' s part-of-speech
tagger[Brill, 1992], whichis implementedn C. The Perl script normalizedandformattedthe text
input sothatit could be usedasinput to Brill' s tagger The taggers outputwasthen parsedagain
andthe styleandgrammaruleswereapplied. This mixture of languageseadto animplementation
which emphasizeimplementatiordetailsandneglectedthe larger structureof the program.As Perl
requiresa ratherobscureway of object-oriente¢programmingthe Perlscriptusedonly traditional,
nonobject-orientegorogrammingechniquesThetaggemrequireda C compiler which doesnot exist
by default on e.g. Windows systems. Extendingandimpraving a C programis also muchmore
complicatedhanit is for a programwrittenin amodernscriptinglanguage.

To improve the design,maintainabilityandextensibility of the style andgrammarchecler, boththe
taggerandthe checler have beenre-implementedn Python.Pythons mainpropertiesare:

It is systemindependent,e. it runsatleaston Unix/Linux, Windows andMac.

It supportsobject-orientecorogrammingechniquesandit makesuseof object-orientationn
its own standardibrary.

It allows for fastapplicationdevelopmenthanksto its built-in supportfor commondatatypes
like lists, dictionarieghashtables)anda powerful standardibrary which supportse.g.regular
expressionspbjectserializationandXML parsing.

It supportsUnicodein a naturalway, i.e. input stringsare decodedinterpreted)in a given
encodingandcanthenbe accessedsUnicodestrings. Outputstringsareencodedn a given
encoding.

It is implicitly typed,i.e. a programmemill not have to de ne thetype of a variable,but the
variablewill have atypenonethelessThetypeof avariablecanbe changedascanbeseenn
this examplefrom theinteractve Pythoninterpreter:

>>> a = 54

>>> 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 compiledlanguagesike C++ andJava, may
leadto situationswhereproblemsoccurat runtimeinsteadof at compiletime. This problem
can,to a certainextent,be avoidedby theuseof unit tests,asdescribedn section3.12.

3.1 ClassHierarchy

The structureof the centralclasseds shavn in the UML diagramin gure 1. The classeswhich
containunit testsare not part of the diagram. Also, attributes have no type information because
Pythonis implicitly typed. All attributesandmethodsare public asPythondoesnot supportprivate
attributesor methods. TextChecker is the main class. It instantiatesa Rules objectsoit can
accesall rules. TextChecker 'scheck() methodtakesa text stringandreturnsan XML string
(seebelow). check() rst callsSentenceSplitt er 'ssplit() methodto detectthe sentence
boundariesn the input text. Then,eachsentencds taggedwith Tagger 'stagText() = method,
andchunksaredetectedusingChunker 'schunk() method.Now, check() testswhethereach
rule matcheasingtherule's match() methodwhich takesthe sentencethe tags,andthe chunks.
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Theresultof match() —alist of RuleMatch objects-is appendedo thelist containingall errors
for all sentencesOnceall rulesarechecled,thelist of all errorsis returnedasa list andadditionally
asan XML string.

TextChecker.py  canalsobe calledfrom commandine to checka plaintext le. It offersop-
tions sothatary rule andfeaturecanbe turnedon or off separately All optionsarelisted with the
TextChecker.py --help command.The outputis an XML encodedist of errorswith <er-
rors> astherootelement.Unlike the[DudenLing. Engine]for example ,which alsoreturnsXmL,
the original text is not repeatedpnly the errorsare displayed. For example,the following output
complainsaboutan incorrectcomparisorfrom characte21 to characte5 in the original text and
suggestshanasareplacement:

<errors>
<error from="21" to="25"><messag e>Conpari son
requires  <em>than</em>.< /message></error>
</errors>

3.2 File and Directory Structure

Thefollowing les anddirectoriesarepartof the styleandgrammarchecler. Their installationand
implementatiorwill be coveredin the next sections:

data/abbr.txt . pre-de nedabbreiationsto improve sentencdoundarydetection
data/words : word/tagprobabilitydata

data/seqgs :tagsequenc@robabilitydata

kword/ : patchedor KWord

snhakespell-1.01 / : the Snalespellmodule,allows accesdo Ispell via Python
rules/ : styleandgrammarulesin XML formatandits DTD

python_rules/ : styleandgrammarruleswrittenin Python

socket_server.p y: asenerwhich providesaccesdo the style andgrammarchecler via
alocal TCPsoclet

client.py . atestscriptto checkwhethersocket_server. py is running

config.py : the con guration le, neededto setthe path wherethe style and grammar
checlerisinstalled

TextCheckerCGIl. py: aCGl scriptto accesshestyleandgrammarchecler viaawebform
query.py :aCGlscripttoqueryBNC les in XML format
tag.py : ascripttotrainthetaggerandto tagtexts

TextChecker.py :themainmodulewhichimplementghe TextChecker class.Canalso
becalledfrom thecommandine to checktext les.

Tagger.py ,Rules.py ,Tools.py ,Taginfo.py ,SentenceSplitt er. py,Chun-
ker.py : Pythonmoduleswhich areusedby the styleandgrammarchecler baclend. These
les cannotbe calleddirectly.
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Figurel: UML classdiagramof thebaclend
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TaggerTest.py ,SentenceSplitter Test .p y,ChunkerTest.py ,Rules-
Test.py , TextCheckerTest .py: Testcasedor the modulesabove. Theseles canbe
calledto runtheunit tests.

READMECOPYING shortdocumentatiomndcopyright information

3.3 Installation
3.3.1 Requirements

The styleandgrammarchecler baclend needshe following software. The listed versionsnumbers
arethoseversionswhich have beentested. Later versionsshouldwork without problems,earlier
versiongmightfail:

Python2.3¢c2? (http://www.pyth on. or g)
To make useof the checler integrationinto KWord, the following softwareis required:

KWord 1.3betalsourcecode(http://www.koff ic e. or g), whichrequiresatleasts:

— kdelibs3.1 (http://www.kde. or g)
— Qt 3.1 (http://www.trol It ech.c om)

Both the checler baclend andthe frontendhave beendevelopedandtestedunderLinux only. The
baclend shouldalsorun on Windows and Mac without problems. The frontendis integratedinto
KWord, whichis only availableon KDE, whichin turn only runson Unix/Linux*4. Thebaclendcan
be connectedria standardsocletsasthey areusedfor Internetcommunicationsoit shouldnotbea
problemto integrateit into word processorsn Windows or Mac.

3.3.2 Step-by-Steplnstallation Guide

First, the styleandgrammarchecler baclendneeddo beinstalled:

1. Unpackthe programarchive in your homedirectory:
> tar xvzf languagetool-1. O.tar. gz
> cd languagetool
Settheinstallationdirectoryin the BASEDIR optionin config.py . Now testthe checler
with acommandik e this:
> [TextChecker.p y test.txt
test.txt shouldbe a shorttestwhich containsa grammarerror, for example:Peter's car is
bigger thenmine The outputshouldbean XML encodecerrormessagéik e this (whitespace
hasbeenaddecdherefor betterreadability):
<error from="15" to="26">
<message>Compar is on requires <em>than</em>. </ message>
</error>

12python2.2.xseemdo have abugin its minidom  implementatiorwhich sometimepreventstheerrorrulesfrom being
correctlyparsed.

B0hviously a C++ compilerand the usualtools like make arealsorequired. This list doesnot containthe obvious
requirements.

¥Thereis a projectwhich triesto port KDE to Windows: http://kde- cygwin.sourceforge.net/
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2. Optionally you maywantto install the CGI frontend. This requiresa web sener with support
for CGl scripts.Justsetalink from yourwebsener's CGl directoryto the CGI script'®:

> In -s /full/path/to/T ext CheckerCGl. py \
/srviwww/cgi-bi n/ Text Check er CG. py
Thencall http://localhos t/ cgi- bin /T extCheckerCGl.p y in your browserand

submitatestsentence.

Now the KWord sourcescanbe installed. Oneshould rst try to make KWord work without ary
patchesThistakesabit longerbecaussomethingsneedto be compiledtwice, but it makesit easier
to spotthe sourceof problems:

1. Onceall requiremen{Qt, kdelibs,...) areful lled, unpacktheKOf ce 1.3betalarchivein your
homedirectory con gure andcompileit:

> tar xvjf  koffice-1.2.90. tar. bz2
> cd Kkoffice-1.2.90
> ./configure --prefix=/usr/ lo call/

To save compiletime, you canoptionallyremove someprogramsrom the TOPSUBDIRSine
in the Makefile : karbon,kchart, kdgantt,kformula, kivio, koshell, kounaail, kpresenter
kspreadkugar kexi

Now compilethe sourcecode:

> make

> make install

2. CheckwhetherKWord startscorrectly:
> [usr/local/bin/ kwor d

Now the patchesvhich make KWord usethe styleandgrammarchecler needto be applied:

1. Apply the patchesandcopy themodi ed les:

cd lib/kotext

patch <~/languagetool /kw or d/ kwor d.d if f

cp ~/languagetool /k word/ koBgSpel ICh eck. cc ./
cp ~/languagetool /k word/ koBgSpel ICh eck. h ./
cd ../

cp -r ~/languagetool/ kword /I anguage tools/

V V.V V VYV

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

3. In adifferentshell, startthe checler sener:
> ./socket_server py

4. Setthe LANGUAGETOGHvironmentvariableandrestartKWord:
> export LANGUAGETOOL#a nguageto ol/

> [usr/local/bin/ kwor d
Make surethatthe menuitem Tools->Spellcheck->Autosgficheck is activated. Typein this
testsentence:

Peter's car is bigger then mine andthisisa spellingerror.

5The Apacheweb sener may be con®guredto dery accesgo links for securityreasons.The linked script will not
work in thatcase.If securityis notanissue(e.qg.for localtesting),this canbe changedwith this optionin httpd.conf
Options  +FollowSymLinks
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After a shorttime, a red line shouldappearunderneattihe isa typo, anda blue line should
appeamunderthe incorrectthen Correctthe errorsandthe lines shoulddisappeaalmostim-
mediately

3.4 SpellChecking

Usersmight be confusedby a softwarewhich doessomethingascomplicatedasgrammarandstyle
checking put which doesnotincludesomethingassimpleasspellchecking.Althoughspellchecking
shouldhapperbeforethe grammarchecler getsatext, it makessense- from theusers point of view

—to integratebothinto oneprogram.

Snalespelt® is a Pythonmodulewhich allows accessing local Ispell installationvia Python. Its
check() methodtakesa string andreturnsthe numberof spellingerrorsin this string. The errors
canthenbe queriedwith the getPositions() method,which providesaccesgo Ispell's list of
possiblecorrectiong(i.e. wordswhich arewritten similar to the erroneousvord).

Snalespellis includedin thelanguagetool/sha kespel I- 1.0 1 directory soit doesnot have
to beinstalledseparately

3.5 Part-of-SpeechTagging

The POStaggerusedby the style andgrammarchecler is a probabilistictaggerbasedon Qtag(see
section2.1) with a rule-basedextension. The POStaggeris implementedn the Tagger classin
Tagger.py . The mostimportantmethodsare buildData(filen ane) , which takesthe le-
nameof aBNC le andlearnstagandtagsequenc@robabilities,andtagText(text) , whichis
usedto tagplain text.

buildData() loadsthe BNC le andusesa regular expressionto nd all its words and their
assignedags. Theseword/tagtuplesareput into a list andhandedo theaddToData() method.
This methodbuilds a dictionary (the Pythonterm for hashtable) which mapseachword to a list
of possibletags. Eachtag carriesa value which representshe tag's probability for this word. For
example,the dictionary might containa mappingword_to_tag['wa |k 7 = [(VB, 0.6),
(NN, 0.4)] . Thismappingmeanghatthewordwalk occursasaverb(VB) with aprobability0.6,
andasanoun(NN) with aprobability0.4.

Two otherdictionariesmap2-tag-sequences probability values.For example thedictionarymight
containa mappingsequence[(DET,  AJO)] = 0.1 . This meanghatthe probabilitythatDET
is followed by AJO is 0.1. Anotherdictionarycontainsthe oppositedirection,e.g. AJO precededy
DET. ThebindData() methodnally serializesall dictionariesandsaresthemto disk.

tagText() isusedtotagary text. Firstit splitsthetext atwhitespaceharacterskor eachelement
of thelist, exceptwhitespacelementsall possiblegagsarelookedup usingthetagWord() method.
Therearespeciakasedike of coursg which aretreatedasoneword by the BNC. Sofor eachelement
in thelist, it is rst checled whetherit is in the list of knowvn words whenthe following word is
appendedo it. If so,bothwordsaremeigedto oneword beforegivento thetagWord() method.

If awordis notknown, its tagis guesse@ccordingo somesimplerules:
1. If theword startswith a capitalletter, assume propernoun(NNO).

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

3. If theword endsin ly, assumeanadwerb (AVO0).

8Availableat http://www.scriptfoundry.com/modules/ snakes pell/
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4. If thewordendsin ive, ic, al, able vy, ous,ful, or less assumenadjectve (AJO).

5. If theword endsin izg ise ate or fy, assumehein niti ve form of averb (VVI).

The sufx esusedin theseruleshave beencollectedon the web!’, wheresomesufx eslike encan
indicateeitheranadjectie (e.g.wooden or averb(e.g.softer), sothey arenotused.As soonasone
of therulesmatchesthe guesdakesplaceandthe otherrulesareignored. Thusthe orderof rulesis
important,e.g.theendingly hasto bechecled rst, asthereis alsoanendingy.

Next, the tag sequencegdrobabilitiesof the currentword's tag andits neighborsarelooked up. As
somewords can have more than one tag and the most probabletag hasnot yet beenchosen,all
combinationsof all tagsarechecled. As mentionedthe taggeralwayslooks at a word andboth its
neighbors,.e. it looks at a three-tolen-sequere  As an example,assumehe taggeris currently
looking atthesequencidike fat food First,theseword probabilitieswill belookedup (thesevalesare
justexamplesnottherealvalues):

like | PRP=0.7VVI=0.3
fat | NN1=0.6,AJ0=0.4
food | NN1=1

tag.py allowstolook upthesevaluesmanuallyfor dehuggingandtestingpurposesvith acommand
like this: ./tag.py --wordtag  food

Now all possiblePOStagcombinationsarelooked up:

PRPNN1NN1 | 0.1
VVI NN1NN1 | 0.02
PRPAJONN1 | 0.2
VVI AJONN1 | 0.05

Thetagandsequenc@robabilitiesaremultiplied:

P(ike/PRP)  * P(PRP NN1NN1) = 0.7 * 0.1 = 0.07
P(like/VVI) * P(VWI NN1NN1) = 0.3 * 0.02 = 0.006
P(like/VVI) * P(VWI AJO NN1) = 0.3 * 0.2 = 0.06
P(ike/PRP)  * P(PRP AJO NN1) = 0.7 * 0.05 = 0.035

In this casetheprobabilitythatPRPshouldbeassignedo like is highest.Thealgorithmwill advance
to the next token. Dummy entriesareinsertedat the end(andalsoat the start,but we ignorethatin
this example)of the string,sothatagaina 3-token-windav exists,whichis now: fat food Dummy

Theprobabilitycalculatiorstartsagain,sothateachtoken nally carriesthreecombinedorobabilities,
onefor eachpositionin thethreetokenwindow. Theseprobabilitiesaresummedup, andthetagwith
the highestprobabilityis selected.

3.5.1 Constraint-BasedExtension

A probabilistictaggercaneasilybe trainedwith a POS-taggedorpus. But the taggers resultswill
completelydependon this corpus which makesit dif cult to understandhetaggers resultif it is not
correct.Soit mightprove usefulto addruleswhichtake precedencevertheresultof theprobabilistic

For exampleat http://depts.gallaudet.edu/englishwork slread ing/su ffixes .html .
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partof thetagger Theseruleshave to be developedmanually but their effect is easilyunderstood,
which makeschangingandextendingthemsimple.

ThetaggerimplementedherefeaturegheapplyConstrain ~ ts () methodwhichtakesthecurrent
word, its context, and all possiblePOStagsfor the currentword. It canremaove one or more of
the possiblePOStags, so that the probabilistictaggerwill only selecta tag from the reducedist.
Obviously, if all but onetagis removed,the probabilistictaggerwill choosethe only remainingtag,
ignoringits probability

TechnicallytheapplyConstraint s( ) methodhasaccesgo all possibletagsof thecurrentword
andtheir probabilities.It couldaddothertagsor modify the probabilitiesaswell, eventhoughthisis
nottheideaof constraints.

3.5.2 Usingthe Taggeron the CommandLine

Thetag.py scriptcanbeusedto trainthetaggerandto tagtext les. Thisis only necessarguring
development. Data les with frequeng informationare part of the style andgrammarchecler, so
thereis usuallyno needfor the userto build his own data les, unlesshe wantsto port the styleand
grammarchecler to a nen naturallanguagdor which ataggedcorpusis available.

To trainthetaggeron ataggedcorpusthetag.py commands calledlike this:
Jtag.py --build AO*

Thiswill take all les which matchthe patternAO* andwill addall word andPOSfrequeny infor-
mationto the les words , seqsl , andseqs2 in thedata directory If onewantsto startfrom
scratchthose les needto bedeletedmanuallybeforecalling the command.Theinput dataneedgo
bein SGML formatwith elementdike this (thisis theformatof the BNC Sampler):

<w NNB>Mr <w NP1>Maxwell <w VBDZ>was <w lI>at
To usethenow trainedtaggerto tagatext le, tag.py is calledlike this:
Jtag.py --tag test.ixt
Foratext le
This is a stoopid test.

theresultlookslike this:

<l--  Statistics:

count_unknown = 1 (20.00%)

count_ambiguous = 1 (20.00%)

-->

<taggedWords>

<w term="This" type="DTO">Thi s</w> <w> </w>
<w term="is" type="VBZ">is< Iw> <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 thetag selectiorwasambiguousarecounted asarethosewordsfor whichno POS
tagwasfoundin thelexicon.

Whentag.py is calledwith an SGML le insteadof atext le, it checksif the le contains<w>
elementslf it doesthe SGML le is assumedo containaBNC text. tag.py thenentersaspecial
modewhich compareshetaggers POStagswith thoseof the BNC. For eachmismatchijt will print
awarning:

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

Here, the taggerassignedwork the tag NN1, whereasthe BNC labeledit asVVI. In this mode,
the statisticsare printedaswell. Thisis very usefulto improve the tagger for exampleby adding
constraintsasdescribedn section3.5.1.

3.5.3 Usingthe Taggerin Python Code

Hereis anexamplewhich shavs how thetaggercanbeusedfrom Pythoncode:

tagger = Tagger.Tagger( “"data/t w", "data/tl", "data/t2")
tagger.deleteDa ta ()

tagger.bindData 0

tagger.buildDat aFro m8r ing (" The/ DET tall/ADJ man/NN")

First,aTagger objectis created.Theagumentgeferto le nameswhich will be usedto save the
frequeng informationacquiredn training. Then,all previousdatasavedin thegiven les is deleted,
i.e. all knowledgeaboutwordsandtheir possiblgagsis removed. Finally, aminimal corpus-justone
phrase-is usedto train thetagger This minimal corpusis atext stringwith pairsin theword/tag
format.

Now thatthetaggeris trained,it canbe usedto tagnew text:

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

Thisscript's outputwill bethefollowing list of tuples,wherethe rst itemis thetokenandthesecond
itemis the mostprobablePOStagfor thattoken'®:

[(The', 'DET",
(" ', None),
(‘'man’, ‘NN,

(" ', None),
(‘was', ‘unknown"),
(" ', None),
(tall', 'ADJY)]

All wordswhich werepartof the smalltraining corpusareassignedheir correctPOStag, othertags
aremarkedunknown . Whitespacéasno tags.

8actually, the outputalsocontainsanotheritemin eachtuplewhichis justanormalizedform of theoriginalword. This
normalizedform is identicalto the original word in this exampleandhasthusbeenleft out.
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3.5.4 TestCases

Thetaggers learningandtagging,includingits potentialto guessunknavn words,is coveredby test
casesn TaggerTest.py (see3.12for ageneradescriptiorof testcases)Someof thesetestcases
will beexplainedhere.

Thefollowing testcasemalkessurethatthetoken's contet is takeninto accountwhenassigningags:

r = self.tag(""'The /DET fat/NN1 is/VB hot/AJO
The/DET fat/AJO  guy/NN1
A/DET man/NN1 used/VBD fat/NN1"™",
"A fat man")

self.assertEqua I r, [(A, 'DET"), (‘fat, '‘AJ0"),
(‘'man’, 'NN1])

self.tag() is a helpermethodwhich takestwo arguments:the rst oneis atraining corpus,the
secondoneis the text to tag. The methodmakes surethatall previous datais deleted,so only the
corpusfrom the rst amgumentis used.A list of tuplesis returned.The testcasemakessurethatfat
is taggedasAJO here,althoughit appeargwice asNN1in the corpus,andonly onceasAJO. The
reasonis thatthe sequencdET NN1 NNI, which would appeaiif fat wastaggedas NN1, never
occursin the corpus.fat asAJO leadsto the sequenc®ET AJO NNI, which doesoccurandthis
readingis thuspreferred.

Othertestsmale surethe guessingor unknavn wordsworks. For example,unknavn wordswith a
capital rst letterareassumedo be propernouns(seesection3.5):

tag = tagger.guessTag Test( "Gro RBekatho fe r" )
self.assertEqua I( tag, 'NPO)

Therealsois atestwhich makessurethatwordswhosetag cannotbe guesse@renottaggedatall:

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

3.6 PhraseChunking

The phrasechunkingimplementedy the style andgrammarchecler is rule-based.The Chunker
class'chunk() methodtakesa POSannotatedext andreturnsalist of (from , to , chunk ) tuples.
from andto arethestartandendpositionof achunk,chunk is the chunks nameatthatposition.

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

NP: NN1 NN1
NPP: NN1 NN2

Theseexample entriesde ne noun phrasegNP) and plural noun phrasegNPP). Usually a noun
phraseis consideredo consistof a determinerone or moreadjectves (optional),andone or more
nouns. In this example,whatis callednounphraseis just a sequenc®f two nouns. This makesit
possibleto adderrorruleswhich nd determinemnounagreemenerrors. Theseerrorrulescanbe
usedto nd anerrorin thefollowing sentence:

*You canmeasue a basdall teamsquality by othernonsubjectivemeans,..
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baseballteamsis recognizedasa plural nounphrase.The systemalsohasanerrorrule”a” _NPP,
sothatthe determinera followed by a plural nounphraseis consideredo be anerror. Actually, the
errorin this cases the missingapostrophethe correctphrasds a basebaltteanis quality.

In orderto nd thelongestphrasetherulesin chunks.txt  needto be orderedsothatthelongest
patternccome rst, becausehe chunler usesthe rst matchit nds andthenstops.

3.7 SentenceBoundary Detection

As mentionedbefore,grammarcheckingworks on sentencesFurthermoret is possibleto specify
ruleswhich refer explicitly to the beginning or endof a sentence.Thereis alsoa style rule which
considersery long sentencebadstyle. For all of this, it is necessaryo split thetext into sentences.
Usuallythetext hasno semantianarkup,sosentencéoundariegrenot marked up either

Thesentenceletectionmplementedn this systenis basednthePerlmoduleLingua::EN::Sentence
version0.25. This modulehasbeenportedto Python,sourcecodecommentsandtestcaseshave
beenadded(the Perl versionhasincompletesourcecode documentationand no testcasesat all).
Thenen moduleis called SentenceSplitte r. py,thetestcasesarecontainedn Sentence-
SplitterTest.p y.

Thealgorithmto nd sentencéorderss dividedinto thefollowing steps:

1. Insertsentencdordersat positionswhich containa punctuationcharactefollowed by white-
space.

2. Remorethosesentencéordersvhichwhereaddedn stepl, but whichareactuallynosentence
borders. For example,abbr&iations which endin a periodare x edin this step. A list of
abbreiationsis loadedfrom data/abbr.txt

3. Oncemoreaddsentencdordersfor exampleat positionswhich containno. (which couldbe
theabbreiation for numbe} but which arenot followedby anumber

All theseinsertionsanddeletionsare performedusingregular expressions.The algorithmbasically
implementssomerulesandknows abouta list of exceptions(the abbreiations). The porting from
Perlto Pythonwasrathereasy asPythonregular expressionsare compatibleto Perl's. The syntax,
however, differsquitealot. A regularexpressiorsubstitutionwhich addssentencdoundariest all
delimiterswhich arefollowed by a whitespacdookslik e thisin Perl:

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

Thevariable$PAPis de ned asaregularexpressionwhichmatchesry of thepunctuatiorcharacters
period,questiormarkor exclamationmark,optionallyfollowedby a closingparenthesisr a closing
guote.$EOScontainsa specialcharactewhich signalsa sentencéoundary The samesubstitution
in Pythonlookslike this:

text = re.compile("(% s\ s)" 9% PAP).sub("\1% s" % EOS, text)

SincePythondoesnot provide specialoperatordor regularexpressionsthe codebecomedonger

Here are someshort example stringswhich the checler can correctly split into sentences.These
stringsareusedin the unit testsin SentenceSplitt erT est. py. Thenumberin parenthesiss
thenumberof sentencewhich the checler splitsthe stringinto:

¥Availableat http://search.cpan.org/dist/Lingua- EN-Senten ce/ .
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Thisis e.g. Mr. Smith,whotalksslowly.. Butthisis anothersentence(2)
Mrs. JonesgavePeter$4.5,to buy ChanelNo 5. He never camebad. (2)
Don't split stringslike U.S.A.please (1)

"Here hecomes!"shesaid. (1)

They metat5 p.m.on Thursday (1)

3.8 Grammar Checking

Mostgrammaierrorswhichthesystenwill recognizeareexpressedsrulesin grammar.xml inthe
rules directory Therulesystenuseds anenhancedersionof thesystendevelopedbefore[Naber,
chapters.2]. Sincemary rulesdependon POStags,theruleshave to be adaptedf adifferenttagger
with adifferenttagsetis used.Thisis the casehere:theold systems taggerknows 35 tags—thePenn
Treebankagset—, thenew taggerknows 61 tags—the BNC C5tagset(thereis alsotheBNC C7tag
setwith 137tags,which is usedfor the BNC Sampler).Despiteits muchlarger numberof tags,the
new tag setis not simply a supersebf the old one: Sometagsfrom the PennTreebankag sethave
morethanoneequivalentin the BNC tagset,i.e. the BNC tag setis moredetailedin thesecasesIn

othercasesmorethanseveraltagsfrom the PennTreebankagsetmapto justonetagfrom theBNC

tagset,i.e. theBNC tagsetis lessdetailedfor thesetags.Soin orderto usetheexisting ruleswith the
new tagset,amappingneededo be developedmanually(seesectionA.3 for the completemapping).

3.8.1 Rule Features

Rulesareexpressedn XML format. TheDTD canbeseenin sectionA.2.1. The<rule> elements
partswill bedescribedn thefollowing, togethewith examplesof theaccordingKML representation:

id andname attribute: Theid attribute is usedinternally for exampleto namethe rules
which shouldbe active andthosewhich shouldbe disabled.It needso be uniqueandit may
not containspecialcharactergxceptthe underscore The name attribute is usedasthe name
of the rule, asit is visible in the graphicaluserinterfacethat lets usersturn ruleson or off.
Example:

<rule id="SOME_EXTEND' name="Confusion of extend/extent" >
..<lrule>

<pattern> subelement:Thisis the mostimportantpart of arule, asit describesvhattext
is incorrect. The patternis a sequencef words, POStags,and/orchunks. If this sequence
is foundin the to-be-checkd text, the matchingpartis considerederroneous.The patterns
partsareseparatethy whitespaceAny stringinsidequotationmarksis considerec@word, ary
string that startswith an underscorés a chunknameandeverythingelseis considereca POS
tag. A patternhasalang attribute, sothatit will only be appliedto text of thatlanguage.
As the text languageis not automaticallydetected,t is the users taskto setit, e.g. with
the --textlanguage optionin caseTextChecker.py is used. The mark_from and
mark_to attributesde ne what part of the original sentencds marked asincorrect. Both
valuesdefaultto 0, sothattheincorrectpartis aslong asthe pattern.A valueof 1 for mark_-
from movesthe beginning of theincorrectareaonetokento theright. Similar, a valueof -1
for mark_to will movetheendof theincorrectareaonetokento theleft. Example:

<pattern  lang="en" mark_from="1">C RD "ore"</pattern>

CRDis the POStagwhich is usedto mark up cardinalnumbers.Sowith this pattern,in atext
like *Typein oneore more wordsonly ore will be marked asincorrect,thanksto the value of
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mark_from .

Technicallythe partsof the patternare regular expression,soit is possibleto use".*" to
referto ary word, or to referto ary kind of verb with V.. . Also, the pipe symbolcanbe
usedto representlternatves,asin "(does|did)" (pleasenotethatin theseexamples the
guotesarepartof the pattern).The caretcharactecanbe usedfor negation,e.g.»(DT0) will

matchary POStag exceptDTO (a determiner).Specialtagsare SENT_STARTandSENT _-
ENDthatmatch respectiely, the beginningor theendof a sentenceBy default, thewordsin a
rule arematchedcase-insensite. This canbechangedvith thecase_sensitive= "y es"

attribute.

<message> subelementThisis theuservisible errormessagelt is supposedo bedisplayed
togethemith theincorrectsentencéo let the userknow whatexactly is wrongabouttheinput
sentence.|If sometext of the messages inside an <em> element,this text will becomea
clickablelink in thechecler's userinterface.The partof theinput sentencevhichis markedas
incorrectwill bereplacedy thelink's text. Example:

<message>Did you mean <em>extent</em> ("extent" is a noun,
"extend" is a verb)?</messag e>

Similar to regular expressionsthe \n syntaxcan be usedto refer to partsof the incorrect
sentencell will displaythe rst word markedasincorrect\2 thesecondneandsoon. This
canbeusedto offer a correctionto word ordererrors.

<error_rate> subelement: This is the numberof warningswhenusingthis rule on text
fromthe BNC. It is describedn sectiond.3.1.

<example> subelementsThereis atleastoneexamplesentencevhichis correctandanother
examplesentenceavhich violatestherule. Example:

<example type="correct" >t is, to a certain extent.</exampl e>
<example type="incorrec t'> It is, to a certain extend.</exampl e>

Rulescanbe combinedin the <rulegroup> element. Theid attribute is then moved from the
<rule> elementto the <rulegroup> element.Only a completerule groupcanbeturnedon or
off, notits individual rules. This is usefulfor a moreconcisdlist of rules,especiallyin the graphical
userinterface.

3.8.2 Rule Development

Hereis a shortrecipefor rule development:

1. Take anerror (for examplefrom the errorcorpusin sectionA.1) which is not yet detectecby
the styleandgrammarchecler.

2. Usethe erroneousvord andthe wordsfrom its context to make arule, e.g. *wereare  we
are.

3. If possiblegeneralizeherule by usingthewords' POStagsinsteadof thewordsthemseles.

4. Checkif therule patternmight alsoappeairin correctsentencesThis canbe quickly doneas
describedn the following sectionandwith the corporadescribedn section2.7. If too mary
correctsentencearematchedrevoke step3 andtry again.

Thenext sectionwill describehow to testrules. Thensomeexampleswill begivento illustraterule
developmenin detail.
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E» Location: |‘_5] http:fflocalhost/cgi-binfquery.py > I»

BNC Query

Wordtag sequence: Context: Max results:

[public M2 [4 =]z Query

A0 Adjective (general or positive) {e.g. good, old, beautiful)

AJC Comparative adjective (e.g. better, older)

&5 Superlative adjective (e.g. best, oldest)

ATD Aricle (e.g. the, a, an, no) [N.B. no is included among articles, which are defined here as
determiner wards which typically begin a noun phrase, but which cannot occur as the head of a
noun phrase ]

AVO General adverh: an adverb not subclassified as AVP or AVE (see below) (e.g. often, well, l[onger
{adv.), futhest [Maote that adverbs, unlike adjectives, are not tagged as positive, comparative, ar
superlative.This is because of the relative rarity of comparative and superlative adverbs ]

AVP Adverh paricle (e.g. up, off, oufy [N.B. AVP is used far such V'prepositional adverbs\”, whether ar
not they are used jdiomatically in a phrasal verb: e.g. in 'Come out here® and 'l can't hold out any
longer', the same AYVP tag is used for out.

AVQ Wh-adverh (e.g. when, where, how, why, wherever) [The same tag is used, whether the ward
occurs in interrogative or relative use]

CJC Coordinating conjunction (e.g. and, or, but) -

CJS Subordinating coniunction fe.d. althouah. when =
(208 B/s)

Figure2: Startinga BNC queryin thewebinterface

3.8.3 TestingNewRules

Eachnew rule shouldbechecledwith reallife sentenceto male sureit is nottriggeredby sentences
which arein factcorrect.As describedn section2.7,the BNC is suitablefor this.

To partly overcomethe problemswith the availableBNC querysoftware (seesection2.7.1)a simple
webbasedjueryscriptnamedquery.py  hasbeendeveloped.Unlike arealclientit doesnotaccess
the datavia a sener but it loadsthe data les directly from disk. To make this lesserror pronethe
BNC SGML les have to be convertedto XML les rst, for exampleusing JamesClark's s2x
toolP.

Becausaoindex is usedthesearchspeediepend®nthenumberof les whichhaveto besearched.
For examplesearchindgor public NN2 (theword public followed by a plural noun)takes13 seconds
to nd the rst 30 matchesWhena le <filename> is queriedfor the rst time, the query.py
scriptsavesall necessarglatato a le <filename>.pickl e, whichis only 1/3 of the sizeof the
original XML le. Althoughthisis technicallynot anindex, it speedsup searchingremendously
About 1400sentenceperseconccanbe searchedhanksto this optimizatiorf?.

Figure2 shavs a screenshoof the querypagewith its input elds andalist which describesll the
BNC'stags.Figure3 shavs theresultof this query with the matchingwordsprintedin bold.

query.py only supportsimplequeries.For moreadvancedules,which make useof e.g.negation,
TextChecker.py  needdo beusedonthecommandine:

ITextChecker.p y -¢c -I0 --grammar=RULE_ ID --words=None \
--builtin=None /data/bnc/A/

252x is alsoknown assgmi2xml . It is partof Clark's parserSP (availableat http://www.jclark.com/sp/ ),
which alsocontainsnsgmis .
2These®gureswheremeasure@n anAMD Athlon 900 MHz with 256 MB RAM.
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E» Location: |!ﬂ_.]hrrp:,fl.flocalhosr,-fcgi-bin,-’query.py?rokens=public+NN2&contexr=4&Iimit=30 > Is

BNC query result for 'public NN2'

ADC.xml

1. UK/HFD rearganise/ VE its/DF S public!f
2. /5_END /5_E | The/= 10 public/ A0
3. Europeans s 0-phT standards/bkE

4. the/AT0 number M of PRE public/A00 holidays/ M2 o5 ERND /5 BEGIN

ADE .xml

AD4.zml

5. ofPRF private/s 0 and/CJC public/AJ0 collections M2 |

6. on/FRF pictures M in/FRP

7. be/VEl accessibless /0 as/C 15 public/AJ0 collections

g. of PRF art/tk T to/FREF publiciAd0 collections/ 12 also/an0

ADY.xml

9. lists/Mk 2 kepto/ VOV atFRE public/2J0 librares /M2 |, o' JC Citizen/ 140
(208 B/s)

Figure3: Resultof the BNC query

It will checkall BNC SGML les in the/data/bnc/A/ directory The-c switchtellsthechecler
thatit is goingto work on SGML les, soary markupis removed beforethetext is checled. The
-0 optionsetsthe maximumsentencéengthto unlimited,sothatnowarningsaboutlong sentences
will appear The--grammar=RULE_ ID optionwill deactvateall grammarulesexceptthe given
ones(alist of rulesmayalsobe provided, separatedy commas).Finally, all built-in rulesandstyle
checkingrules are deactvated by --builtin=None and--words=None . The commandwill
printout XML codewith theerrormessageachtime therule matches.

3.8.4 Example: Of causeTypo Rule
| will explainthedevelopmentbof anerrorrule with anerrorfrom theerrorcorpus(seesectionA.1):
*Of causethere is mud moreto seein therespectiveegions.

A trivial wayto turnthisinto aruleis to take the completesentencesa pattern.This way, if exactly
thesamesentenceccursagain,its errorwill berecognizedObviouslythatis notwhatonewants,as
theerroronly seemgo affectthe of causephrasewhich coulddirectly be usedasa pattern.

Searching 10%subsebf the BNC for the phraseof causegives5 matcheswhicharecorrectphrases
like a relationshipof causeand effect In comparisonthe phraseof course gives918 matches.The
ideais now to improve the of causepatternsothatit only matchedor realerrors. The of causeand
effectphrasecanbe excludedby extendingthe patternsothatit matchesf cause but only if it is not
followed by and "of* “cause" “"and" . Thisway the correctsentencesvill not match,but
theoriginal erroris still recognized.

Now anerrormessagés neededvhich explainsthe userwhatthe problemis. As theremight still be
casewheretherule matcheslthoughthe sentencés correct,it is agoodideato phrasehe message
asa suggestion.The messagehouldobviously containthe correctreplacementourse Now the
completerule in XML lookslik e 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 amoresophisticate@xample,the subject-erb agreementule doesnot simply work like pattern
matchingonwords. It canfor example nd theerrorin thefollowing sentence:

*The baseballteamare established.

The problemwith this sentencds thatthereis a third-persorsingularnounphrasebaseballteambut
theverbis notin third-persorform. Thusarule is requiredthat matcheghird-persomounphrases
followedby averbnotin third-persorform. Theexamplesentencés taggedik e this:

The baseball team are established.
ATO NN1 NN1 VBB VVN

The sequencef two NN1sis recognizedhsa singularnounphrasgseesection3.6). Theverbareis

taggedasVBB (presentenseof be exceptis), soa patternrule that nds this problemis NP VBB

Theunderscorsimply indicateghereferenceo achunk. Thisway chunknamesandPOStagnames
will notbeconfused.

Otherverbformswhich areincorrectherecanbeaddedsothatthe XML 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 xamgde>
<example type="incorrect "> A baseball team <em>are</em>
established.</e xamgde>
</rule>

The relatvely high valuein the error_rate  'swarnings attribute is causedby somecorrect
sentencethataremarked asincorrect. For example,therule alsomatchegjuestiondike Whenwiill
thebaseballteambeestablished?
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Thesekind of agreementhecksdependon a tag setwhich is powerful enoughto distinguishthe
differentverbforms.

3.8.6 ChecksOutsidethe Rule System

Someerrorcheckscannotbe expressedn the rule systemor they cannotbe expressedvith rulesin
anefcient way. Currentlytherearefour of thesechecksmplementedutsidetherule system:

The sentencdengthcheckwarnsif a sentenceontainsmorethana given numberof words,
30 words beingthe default limit. This checkis outsidethe rule systemsince”’more thann
words” cannoteasilybe expressedisarule. It would requirearule which explicitly matchesa
sequencef e.qg.30wordsof ary content.Sucha rule would bedif cult to con gure,asauser
surelyjust wantsto enteranumber

Thedeterminecheckwarnsif ais usednsteadf anwhenthenext word's pronunciatiorstarts
with avowel. Viceversajt warnsif anis usedif thenext word doesnotstartwith avowel. The
reasorthatthis checkis notin therule systemis thatit usesa heuristicwhich checksthe next
word's rst charactefseesection2.3.1).Also, thelist of exceptionsmight grow quitelarge so
it is easietto managef it is in aseparatele, notin the XML rule le.

Thewordrepeatheckwarnsif awordis followed by thesameword. This checkis outsidethe
rule systembecausé¢herule patternscannotreferto otherpartsof the pattern.

Thewhitespaceheckwarnsif thereis no spacecharacteafterthesepunctuatiorcharacters:
i

It alsowarnsif thereis a spacecharactebeforethesecharactersTherearesomeexceptions,
e.g.for numberdike 5,00Q This checkis outsidetherule systembecauseulescannotreferto
whitespace.

As thesefour checksareimplementedn Python,they canbe extendedregardlesof ary limitations
of therule system.Obviously programmingknowledgeis requiredin orderto make changedo these
checksor in orderto addothercheckswhich cannotbe expressedy rules. An alternatve solution
for implementingthesecheckswould have beento extendthe power of the rule system.In theend,
this would have meantto implementa new programminganguagewhich could be usedinsiderule

patterns. This obviously doesnot make much senseas Pythonis alreadyavailable asa powerful,

cleanandeasy-to-learprogramminganguage.

Pythoncandynamicallyexecutecodecreatedat runtime,soit canalsocreateobjectswhosenameis
notknowvn whena Pythonprogramis developed.This featurehasbeenusedto simplify the addition
of new Pythonrules,i.e. rulesoutsidetherule-systemAny Python le (i.e.ary 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() statements usedto import codefrom a given le. Then,therule objectwill be
createdn thedynamic_rule  variablewith anotherexec() call. Thiswill fail if theclassin that
objecthasa differentnamethanthe le it is savedin. In thatcaseanexceptionwill bethrown and
thescriptwill stopwith ahelpfulerrormessage.
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Implementinganew Pythonruleis verysimple: A nev Pythonle needdo beaddedothepython_-
rules directory— noneof the existing codeneedsto be changed.Therule from the new le will
automaticallybe usedwhenthe checler is startedthe next time. The new classneedso implement
atleastthe __init_ () andmatch() methods.__init_ () takes no argument,match()
takesalist of annotatedext, alist of chunks,anda positionnumber It returnsalist of RuleMatch
objectswhichis emptyif no errorwasfound.

The word repeatrule is implementedike this and|l will useit asan example(sometrivial codeis
left outto keeptheexamplesimple). TheWordRepeatRule classis dervedfrom theRule class.
AstheRule classisintheRules.py le, whichis in adifferentdirectory theRules classhasto
beimported rst. sys.path is extendedsothatthe parentdirectoryis searchedor the Rules.py
le. The _init_ () methodis theconstructarit callsthe superclass'constructowith WORD _ -
REPEATasauniquelD for this rule andwith ashortstringthatdescribesherule:

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

class WordRepeatRule( Rules .Rul e):

def _ init_ (self):
Rules.Rule.__in it _ (self , "WORD_REPEAT", \
"A word was repeated”, 0, None)
return

match() takesasentenceasalist of taggedwords,whereeachlist elementconsistsof the original
word, a hormalizedword (usuallythe sameasthe original word), anda POStag. Furthermorea list
of chunksis available,but it is not neededor this check. The position_fix paramatewill be
usedto calculatetheerrors'positionsin thetext:

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

Eachwordin thelist of taggedwvordsis savedtoorg_word ,thenext wordis savedtoorg_word_-
next . Thewhitespacdetweerthesetwo 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)
Whitespacés skipped:
if tagged_words]i] [L] == None:
i =i +1
continue

Now the two wordsare comparedafterbeingcorvertedto lowercaself the two wordsareidentical,
thelist of matcheds extendedby anewv RuleMatch element.lt containghis rule's ID, thefrom/to
positionwhich describesvherethe erroroccursanda messagéhatwill bedisplayedo theuser:
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if  org_word.lower( ) == org_word_next.l| ower () :
matches.append (Rul es.Rule Mac h( \

self.rule_id, \
text_length+po  si tio n_fi x, \
text_length+ \
len(org_word_n  ext)+ positi 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 Style Checking

Style checkingcomprisesvhitespacehecking(seethe previous section)anda numberof errorrules
from rules/words.xml . Thedefault rulesimplementthesecheckgalsoseesectionA.2.3):

A checkfor shortforms like dont andwe'll which suggestghe useof the long form like,
respectiely, do not or wewill.

A rule which checksf asentencés startedwith Or, asthis mightbe consideredadstyle.

A rule which complainsaboutthe oftenambiguousiseof billion, which meananillion million
in British Englishandthousandnmillion in AmericanEnglish.

As mentionedbefore,goodstyle stronglydepend®on the text type andpersonapreference Thatis
why the numberof default rulesfor style checkingis ratherlimited. Professionaliserswill needto
write their own rules,adaptedo their personaheeds.

3.10 Languagelndependence

Obviously it is desirableto have style andgrammarcheckingwhich is languagéndependentBut it
is equallyobviousthat portionsof the software, like the error rules, have to be languagedependant.
Sohereis alist with partsof the softwarewhich arelanguagendependenandthosewhich arenot:

Thestochastigartof thetaggeris completelylanguage-indeperdt Any languagegor which
ataggedcorpusexists canbe usedfor trainingthetagger

Thetaggers built-in rules,e.g. the guessingf unknavn words' tags,which increasehetag-
gersaccurag, only work for Englishinput.

The le with pre-de nedabbreiationswhich improve sentencédoundarydetectiononly con-
tainsEnglishabbreiations.

Only English error rules are part of the checler. However, eachrule hasalang attribute
sothatrulesfor otherlanguage<aneasily be addedwithout confusion(all currentrulesuse
lang="en" ). Thecheclerwill ignoreall ruleswhich do notreferto thelanguageof the text
which shouldbe checled.
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Theuserinterface(seenext section)itselfis English,but it canof coursechecktextsin different

language§ thebaclendhasbeenextendedaccordingly As with all KDE software translations
for theinterfacecanbe addedusingstandarddpenSourcetoolslike KBabel,atool thathelps
translatinghe uservisible stringsin a program.This is possibleevenwithout recompilingthe

checler.

Both Python (baclend) and Qt (frontend)supportUnicode,so it shouldeven be possibleto
extendthecheclerto languagesvhosecharactesetcannoterepresentedith 8-bit characters
(however, this hasnot beentested).

3.11 Graphical User Interfaces

A styleandgrammarchecler takestext asinput andreturnsa list of errorsasoutput. How exactly
the errorsare presentedo the userdepend®n the applicationusingthe style andgrammarchecler,
thusit makesno sensdo bloatthe styleandgrammarchecler with its own graphicaluserinterface.

In otherwords,the styleandgrammarchecler shouldbe usablefrom a broadrangeof programs.To
facilitate this, the checler's featuresmustbe accessibldo software which is written in a language
otherthanPython(thelanguageahechecleris writtenin). Thechecleris abaclendprogramrunning
in the backgroundwaiting for input, the applicationprovidesthe graphicaluserinterface(GUI) and
is thefrontend.

3.11.1 Communication betweenFrontendand Backend
Thefronted/backndcommunicatiormustful Il two requirements:

1. It mustbe languageindependentpecauséahe baclend is written in Pythonbut most other
compl applicationsarewrittenin languages$ike Java or C++.

2. It mustbe non-blocking(asynchronous)i.e. the frontendapplicationmust not wait for the
baclendto return,becausdhe baclend needssometime to analyzea sentenceandit is not
acceptabldor theuserinterfaceto "freeze” duringthistime.

Usuallymatchinga sentencegainsthe pre-de nedrulesis ratherfast(seesectiond.3.3).But asthe
numberof rulesis not limited, andasall rulesareindependentthereis no upperlimit for thetime
neededo checkatext. Therules' independencberemeanghatevenif onerule matchesall other
ruleswill still be checled, sothatindependengerrorsin a sentenceanbe found in only one pass.
Actually therequiredchecktime is O(n*m), with n beingthe numberof rulesandm beingthe text
length.

The simplestway to integrateoneprograminto anotherone— without the needfor both programgo
bewrittenin thesamdanguage-is to justlet oneprogramcall theotheroneasanexternalcommand.
In this case this is not feasible asthe checler hasa ratherlong startup time. This is causeddy the
large data les which have to beloaded rst andthe ruleswhich have to be parsedrom XML les.
The measuredtartuptime is about4.1 secondsn an AMD Athlon 900 MHz with 256 MB RAM.
This is too much, asthe checler shouldbe calledfor eachword while the sentences beingtyped.
Thiswayit can nd errorsimmediatelyandnot justwhenthe sentencends.

Sothechecler shouldstartonly onceandthenwaitin thebackgroundor new text to bechecled. The
checler should,in otherwords,behae like a sener. This hasbeenimplementedn the socket_-
server.py  script,which usesthe TextChecker classto dotheactualwork. The sener process
malkesuseof network programmingechniquesy bindingitself to a soclet on port 50100. Python
includesthe socket classfor high-level accesdo soclets. The relevant partsof the socket_-
server.py  scriptwill beexplainedin thefollowing:
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A soclet classis createdand boundto port 501000n the local machine(IP address
127.0.0.1).The port numberis ratherarbitrary??, but the client mustof courseusethe

sameportto getaccesso thesener. If theportbindingfails becaussomeotherprogram

— maybeanotherinstanceof socket_server. py — is runningon the port already

Pythonwill do the errorhandlingautomaticallyandthron an exception. As we cannot
really do arything aboutthe problem,we do not catchthe exception:

s = socket.socket(s ocket. A F_INET, socket.SOCK_STRE AN
name = "127.0.0.1"

port = 50100

s.bind((name,po 1t ))

Now welistento connection$rom clientswhichwishto talk to thesener. A TextChecker
objectis createdvhich will do all therealwork:

s.listen(1)
checker = TextChecker.Text  Checker( gra mmar _cfg, ..)
while  1:

conn, addr = s.accept()

For securityreasonsye only acceptconnectiondgrom the local machine.The checler
codeshouldbe auditedfor potentialsecurityissueseforethis restrictionis removed:

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

Theclient's datais receved, the checkWords function (seebelaw) is calledwith this
dataandtheresultis sentbackto the client. Thenthe connectioris closedagain:

while  1:
data = conn.recv(limit )
l.append(data)
if not data or len(data) < limit;
break
data = str.join(", )]
check_result = checkWords(chec ker, data)

conn.send(check _result)
conn.close()

ThecheckWords() functiontakesthe TextChecker objectandthe client's input.
It savesall resultsin anXML stringwhichis returnedat the endof this method:

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

220n Linux/Unix systemspnly the root usercanbind to portsbelow 1024. To avoid conicts,one shouldusea port
numberwhich is not yet usedfor new applications. Which port numbersare commonlyusedcan be checkat http:
/lwww.iana.org/assignments/port- numbers.
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An iSpell  objectis createdwhich gives accesgo a local installation of Ispell via
Pythoncode. The check() methodtakesa string andreturnsthe numberof spelling

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

For eachspellingerror, the XML resultis extendedwith an<error>  elementwhich
containsthe original word, its positionanda comma-separatdibt of suggestedorrec-

tions:
for mistake in ispell.getMista kes () :
for p in mistake.getPosi ti ons() :
result = 'Ops<error from="%d" to="%d" word="%s"
corrections="%s" >' %

Finally, the style and grammarchecler is called andits XML resultis addedto the
spelling errorsfound abore. The <result> elementis closedandthe XML string
which now lists all 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 an OpenSourceword processowhich is partof KOf ce, anof ce suitefor KDE?23, KDE
againis an OpenSourcedesktopervironmentdevelopedin C++. All KDE applicationamake useof
Qt, a very powerful C++ classlibrary. Qt providesall commonwidgetsto write moderngraphical
userinterfaces,andit alsocomeswith mary corvenienceclassesvhich add an easy-to-us@bject
orientedayeron low-level operations.

KWordwaschoserasanexampleof how to integratethe styleandgrammarchecler into anexisting
word processingapplication. KWord alreadysupportson-the- y spell checking(alsocalledonline
spellcheckingsometimes)i.e. it marksunknavn wordswith ared zig-zagline duringtyping. The
underlinedisappearsssoonastheword getscorrected.The samefeatureis desirablefor style and
grammairchecking.KWord's cleandesignjts manageablsize(comparedo otherOpenSourceword
processoriike OpenOfce.org's Writer) andits useof the powerful Qt library male thistaskfeasible.

On-the- y spellcheckingin KWord is separatedhto its own class,KoBgSpellCheck . Thisclass
makes use of the KoSpell class,which then againreally checksa paragraphusing the Aspell
library?*. Becauseof the cleanseparatiorof classesonly a few les have to be changedto in-
tegrate the style and grammarchecler. Most changesare donein koBgSpellCheck .c ¢ and
koBgSpellCheck .h ,whicharelocatedatlib/kotext/ in theKOf ce sourcetree.

Thespellcheckingalreadyworkson paragraphisteadof singlewords. The Aspelllibrary splitsthe
paragraphnto wordsandlooks for errors. However, the fact that completeparagraphsre handed

BThesearethe homepagesf theseprojects:http://www.koffice.org , http://www.kde.org
http://www:.trolltech.com (QY)

Z4pspellis anenhancedspell. It comesnotonly in form of a standalongrogram,but alsoin form of a library which
canbeusedby otherprogramslts homepagés http://aspell.sourceforge.net/
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overto thespellchecler is dueto speedconcernsnot becausé\spell actuallyusesthis contet. The
spellcheckingis drivenby a self-repeatingimer eventwhich startsa new checkevery second.Only
modi ed paragraphsre checled. Text will be checled no matterif it wastypedin via keyboard,
pastedrom somevhereelseor loadedfrom anexternal le. As all thisalreadyworksfor simplespell
checkingwe do not needto take specialcareof it for the styleandgrammarchecler.

The changeswhich are necessaryo replacethe spell checler by a style and grammarchecler —
which alsocheckdor spellingerrors— arelimited to ratherafew placespf which themostimportant
oneswill be explainedin thefollowing. Only the new implementatiorwill be describednotthe old
onewhich only performedspell checking. The classnameKoBgSpellCheck , whichis now a bit
misleading hasbeenkeptto minimizethe numberof les thatneedto betouched.

KoBgSpellCheck :: KoBgSpell Check()

Thisistheconstructomethodof theKoBgSpellCheck class.It will createaQSocket
object. TheQSocket providedby Qt offersa simplewayto accessoclets:

m_socket = new QSocket();

Thesoclet canbe connectedo so-calledslots,which arecommonC++ methodswhich
arecalledif somethinghappensatthesoclet. In this case the slotError() method
will becalledif thereis anerroratthesoclet,andtheslotReadyRead() = methodwill
be calledwheninformationhasarrived atthe soclet:

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 mechanisnautomaticallymakesthe programasynchronousasit will notwait
for the soclet to returninformation. Instead the programworks asusualandthe con-
nectedmethodsarecalledjust whenthey actuallyreceve datato work with.

KoBgSpellCheck :: spell CheckNextPa ra gr aph()

This methodhandsthetext informationof oneparagrapho the sener. It connectgo a
soclet on the local machineon port 50100. It thensendsthe text to that soclet with a
trailing newline added. This methodwill returnimmediatelyi.e. it doesnot wait until
somethings returnedby the sener. Whensomethings returned the slotswhich have
beenconnectedn the constructomarecalledinstead.This way KWord is responsie and
canbeusedasusualevenif the senertakessomesecondgo returnaresult:

m_socket->conne ct ToHost ("1 27.0.0.1 ", 50100);
QTextStream os(m_socket);
0S << text << "\n";

KoBgSpellCheck :: sl otErr or (i nt err)

If thesenercannotbeconnectedthismethodwill becalled.If theerrornumbersuggests
aseriousproblem like "Host notfound”, anerrormessagés printed.
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KoBgSpellCheck :: sl otR eadyRead()

This methodis calledwheneer a new responsédiasarrived at the soclet. First, it saves
pointersto the currentparagraphin KWord. If the paragraphs — for somereason- not
available,it returnsto avoid crashesausedy null pointers:

KoTextObject *fs = m_bgSpell.curre ntT extObj ;
if ( s ) return;

KoTextParag *parag = m_bgSpell.curren tP ar ag;
if ( lparag ) return;

Next, thesocletis readline by line andthelinesareappendedo a QString variable,
which is the Qt classfor strings. It canhandleUnicodestringsandit providesthe ex-
pectedmethodsfor exampleto getthestringlengthor nd substringsnsidethe string:

QString  s;

while(  m_socket->canR eadLi ne() ) {
QString t = m_socket->read Li ne() ;
S = s +

}

A regularexpressioris constructedvhichwill nd reportedspellingerrors:

QRegExp rx("<error from=\"(["\"T*) \"
to=\"(["\"]*)\" word=\"(["\"]* N
corrections=\"( P~ PN )

rx.setMinimal(t rue);

int offset = 0;

Therecevedstringis matchedagainstheregularexpressiorto nd all spellingerrors:

while(  (offset = rx.search(s, offset)) I= -1 ) {
int pos_from = rx.cap(l).toint 0 ;
int pos_to = rx.cap(2).toint 0 ;
KoTextStringCha r *ch = parag->at(pos_ fr om);
KoTextFormat format(*ch->for ma( ));

format.setMissp el le d(tru e);
Theerrorpositionis marked asmisspelledn thedocument:
parag->setForma t( pos_fro m, pos_to-pos_fro m,

&format, true, KoTextFormat:Mi  sspell ed);
offset  += rx.matchedLength () ;

}

Now thesameis repeatedor styleandgrammarerrors.As they have aslightly different
XML formatthisrequiresadifferentregularexpression:
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QRegExp rx2("<error from=\"(["\"]* N\

to=\"(["\"T)\" >(.*)</er ror>") ;

rx2.setMinimal( tr ue);

offset = O;

while(  (offset = rx2.search(s, offset)) I= -1 ) {
int  pos_from = rx2.cap(l).toln t( );
int pos_ to = rx2.cap(2).toln t( );
KoTextStringCha r *ch = parag->at(pos_ fr om);
KoTextFormat format(*ch->for ma( ));
format.setStyle GrammaWarn in g( tr ue) ;

parag->setForma t( pos_fro m, pos_to-pos fro m,
&format, true, KoTextFormat::Mi sspell ed);
offset  += rx2.matchedLengt h();

}

Finally, KWordis informedthatthe paragraphwill needto bere-renderedothezig-zag
lineswhichindicateerrorswill becomevisible:

parag->setChang ed(t rue);
m_bgSpell.needs Repaint = true;

The zig-zagunderlineswhich indicatea spellingerror arered. Style andgrammarerrorsshouldbe
indicatedby a differentcolor, so a new text style StyleGrammarWar ni ng was addedto ko-
textformat.h , additionallyto the existing Misspelled  text format. DrawParagString-
Internal  from kotextparag.cc was modi ed so that spelling errorsare still underlinedin
red,but styleandgrammarerrorsareunderlinedn blue:

if(  format->isMissp elled) ) {

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

}

Thescreenshaon gure 4 shavs anerroneousentencéragmentin whichtheerror—theninsteadof
than—is recognizedvhile the sentencés beingtypedin. This causeghe fragmentto be underlined
in blue. Thereis anotheblueunderlineunderthewordthe becausd is the26thwordin thesentence
andthe style checler wascon gured to warnwhena sentencéoecomedongerthan25 words. The
redunderlinesmarkpotentiallymisspelledvords.

All the sourcecode changesare not directly part of KWord, but of the kotext library usedby
KWord. Because®f this, changesvhicharenotbinarycompatiblerequirearecompilatiorof KWord,
not only of thekotext library. Binary compatibilityis de ned like follows [Ettrichl]:

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 cations which causea library to becomebinaryincompatible,
like addinga membervariableto a class. If thisis the casewith kotext andKWord doesnot get
recompiledunde nedbehaior will follow: KWord might crashunreproduciblyor variablesmight
containrandomvalues.
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Figure4: On-the- y grammarandspellcheckingin KWord

Obviously, the userinterfaceshouldnot only markerrors,it shouldalsobe ableto offer corrections.
For this, the userneedso selecttheincorrectsentenceindthenusethe Languaye Tool menuentry
from the context menu(the menuthat opensup whenthe right mousebuttonis clicked). Theerror

dialog displayedthenis shavn in gure 5. The usercanclick the linked word in the Warnings
areato replacethe incorrectword with the suggestedeplacementThetext will thenbere-checkd

immediately If OK is clicked,thecorrectedext will appeain KWord. Theerrordialogalsocontains
a Con gure buttonwhich opengthe con gurationdialogshavn in gure 6.

Theerrordialogandits con gurationdialogareimplementedsaso-calledKDataTool. A KDataTool
is a classderived from the KDataTool class. It is automaticallyintegratedinto KWord's context
menu,so that no changego the KWord codeare necessarylnstead,the KDataTool residesin the
tools/language directory

main.cc implementstherun() method,which is calledby KWord whenthe accordingcontext
menuitem is selected. The selectedext is givento therun() method. This methodconnectso
the checler via a soclet, just like the on-the- y checler does. It thendisplaysthe dialog with the
erroneousext andsuggestedorrectionsandwaitsfor userinput.

ConfigDialog.c ¢ implementghe con gurationdialog. It readsthe checler's XML rule les to
know which rulesareavailableandthenoffersanoptionto turn eachrule on or off. To knowv where
therule les are,theervironmentvariableLANGUAGETOQnustpointto the checler's installation
directory

CurrentlyKWordonly supportKDataToolswhichwork on plaintext. Becausef thislimitation, ary
formattinglike bold, italics etcwill getlost whenthe userhascorrectedthetext in the error dialog
andclicks OK. Thislimitation is supposedo beremoredin oneof the next KWord releases.
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Figure5: Thechecler offering a correctionin KWord

Figure6: Thechecler's con gurationdialog
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Figure7: Thestyleandgrammarchecler webinterface

3.11.3 WebFrontend

To demonstratdéhe style and grammarchecler online, a web frontend (TextCheckerCGl.p vy)
hasbeendeveloped. This way peoplecantestthe software without installingit. Theweb frontend
consistof atext eld andsomecheckboxeswhich, for example,let usersselectif theresultshould
bedisplayedwith POStags,asshavn in thescreenshoin gure 7. Text canbeenterednto the text
eld andit will be checled for errorswhenthe Ched Text buttonis pressedOn theresultpagethe
giventext will bedisplayedagain,with erroneousvordsprintedin aboldredfont, asshavnin gure

8. The errormessagevhich explainsthe erroris insertedright after the error, usinga blue font. If

the optionto display POStagswasactivated,eachword will befollowed by its POStag. The POS
tagswill bedisplayedn theirshortform, e.g. PNP (personapronoun seesectionA.4). As theshort
form is dif cult to understanda click will shav a messagdvox with an explanationof this tag. If

Javascriptis not activated,it is not possibleto shav a messagdox sothe explanationis shavn on a
new pageinstead.

Technicallythewebfrontendis notaclientin theway KWordis one. Thatis becaus¢hewebfrontend
scriptdoesnot contacta sener’®, insteadit usesthe Pythonclassedlirectly This is no problemas
the web frontenditself is written in Python. Soall it needgo dois createa TextChecker object
andcallits check() method.Theresultis thenformattedasHTML text, usingcolorswhich should
make the outputeasilyreadable.

Thescriptis a so-calledCGl script. CGl scriptsarecalledby a web sener, they receve their input
via standardnputandenvironmentvariablesandtypically print outHTML. Like ary CGl script,the
checleris startedeachtime theformin thewebpageis submitted As mentionedstartingthechecler
takessomeseconddecausdé needdo loadlargedata les. Thiscouldbeimprovedby usingasener
procesahichis queriedby the checler CGI script.

Anotherlimitation, besidestartupspeedis thelimited numberof options.Thefalsefriend andstyle

250f coursethe browsercontactshewebsener, but this is thegeneraprinciple of thewebandin noway speci®cto the
styleandgrammarchecler webfrontend,sowe will notdiscusst here.
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Figure8: Thewebinterfaceresultpage

rules cannotbe activatedindependently The sentencdengthlimit is setto a constantvalue of 30
words,but it canbedisabledcompletely Thereareno technicalreasongor thesdimitations— asthe
webinterfaceis mainly intendedfor demonstratiompurposes cleaninterfaceis moreimportantthan
alarge numberof features.

3.12 Unit Testing

A softwarewhich takestext asinput and generate®thertext asoutputcaneasily be testedby au-
tomatictest casesalso known as unit tests. Pythonprovides the unittest modulewhich is a
framawork for unit tests,similar to the [JUnit] framewvork from Java, which becamepopularwith
ExtremeProgramming.

Eachunit testcalls at leastone methodfrom the softwareto be testedand compareghe methods
resultwith the expectedresult. This expectedresultmustof coursebe de ned onceby thedeveloper
who writesthe testcase. Typically the methodgestedarethosewhich arepart of the public API of
theclass.

For example,amethodpow() whichcomputes couldbetestedike this:

¢ = Calculator()

self.assertEqua I( c. pow(0, 1), 0)
self.assertEqua I( c. pow(1, 0), 1)
self.assertEqua I( c. pow(2, 2), 4)
self.assertEqua I( c. pow(3, 10), 59049)

Thistestcaseshouldberun afterary changen theimplementatiorof the Calculator() class.If

the actualresultsdiffer from the expectedresults the testwill stopwith anerrormessageThis way
onecanoptimizeor cleanup theimplementatiorandstill be surethatit works,evenwithout manual
testing.Onceall theimportantcasesespeciallycornercasedike 1 , arecoveredby atestcase unit
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testingis evenmorepowerful thanmanualtesting.In otherwords,unit testingis agoodway to avoid
regressions.

As it requiresclearly de ned input and outputin form of commondatatypes (numbers,strings,
etc), it cannoteasily be usedfor testinggraphicaluserinterfaces. Thus, hereit is usedto testthe
baclend of the application. The testcasesare in separateles, namelyin ChunkerTest.py

RulesTest.py ,SentenceSplitt er Test. py,TaggerTest.py ,andTextChecker-
Test.py

’
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4 Evaluation Results

Thestyleandgrammarchecler in its currentstateconsistof 54 grammarrules,81 falsefriend pairs,
5 stylerulesand4 built-in Pythonrules. All thefollowing informationrefersto this rule set,with all
rulesactivated,unlessstatedotherwise.

Usually an evaluationtakes placeby measuringprecisionandrecall values. Unfortunately this is
not possiblefor the grammarchecler in this case. On the one handis a corpusthat only contains
sentencewvith errors(my errorcorpus,seesectionA.1), on the otherhandis a corpusthat contains
veryfew errors(the BNC, seesection2.7.1). Whatwould berequiredfor meaningfulprecision/recall
valuesis a corpusof yet uneditedtext with all errorsmarked up, but sucha thing is not yet publicly
available.

4.1 Part-of-SpeechTagger

TheBNC itself wasautomaticallytaggedwith [CLAWS], soit hasanerrorrateof 1.5%and3.3%of
the wordshave morethanonetag, i.e. they arenot unambiguouslyesohed. This makesthe BNC
unsuitablefor the evaluationof a new tagger The BNC Sampleiinsteachasbeenmanuallychecled,
andall ambiguougagshave beenresohed, onecanthusassumeanalmost100%correctassignment
of tags. The BNC Samplercontainsonemillion wordsof written English,which shouldbe enough
to train andtestthe tagger The othermillion wordsof spolen Englishin the BNC Sampletave not
beenusedin this evaluation.

Not only have the errorsbeen x edin the BNC Samplerit alsousesa moredetailedtag setcalled
C7. Thistagsetcontainsl40tags(not countingpunctuatiortags),muchmorethanthe 61 tagsof the
C5tagsetusedfor the BNC. More tagsmeana moredif cult job for atagger sothe C7 tag sethas
beenmappedo the smallerC5 tag setbothwhentrainingthe taggerandwhenrunningit on the test
texts. This mappingdoesnotintroduceary problemsasC5is asubsebf C7. Thisway ary C7 tag
canbemappedo its C5 counterpartinambiguouslyseesectionA.4.2).

TheBNC Samplettexts have beendividedinto atrainingset(90%),andatestset(10%). After being
trainedon the training set, the taggercorrectlyassignsa POStagto 93.05%o0f the wordsin thetest
set,with no ambiguitiesleft. Thetesthasbeenrepeatedhreetimeswith differenttrainingandtest
sets,the quotednumberis the averageaccurag of thesethreeruns. Oneof the threetestrunswill
now bedescribednoredetailed:

72,014(93.58%)of the tokenswereassignedheir correctPOStag. Eachtokenwasassigned
exactly onetag,sorecallis 0.9358andprecisionis 1.

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

3,635(4.72%)tokenswerenot in the taggers lexicon, thustheir tag hadto be guessed.The
guesses resultwascorrectin 49% of the cases.

It took 40 secondsto tag 73,319tokens, so the taggerworks at a rate of about 1,800 to-
kens/secondn thetestsystem.

Theoverall resultof about93%recallis worsethanthat of othertaggersasdescribedn section2.1.
Thereasommight be the broadcoverageof the training andtestingcorpus. Tagginga corpuswhich
only coversonedomain-like thepopulanWall StreetJournalCorpus-is asimplertask,alsobecause
thenumberof unknavn wordsis smaller
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4.2 SentenceBoundary Detection

Thesentencéoundarydetectiorhasbeenchecled with 57,585sentencefrom the written-language
partof the BNC Sampler Three les have beenexcludedfrom the evaluationbecauséehey contain
texts for whichit is not clearwherethe sentencestartandend’®. Theresultis arecallof 96.0%and
a precisionof 97.0%. In otherwords, 96% of all sentencéboundarieshave beenfound, and of all
detectedpositionsthataresupposedo bea sentencdoundaryd7%areindeedsentencéoundaries.

This is alreadycloseto the bestresultsreportedin section2.3.2. Thereare somecasesconcerning
colonsandsemicolonsvherethe markupof the BNC Samplerandthe sentencdooundarydetection
disagreeaboutwhatconstitutesa sentencelt shouldbepossibleto x thesecasego furtherimprove
accurag.

Theresultscanbe reproducedvith the SentenceSplitte rEv al .p y script. It will readaBNC
Samplerle, nd all paragraphsindthen nd all sentenceisidethoseparagraphsThe sentence
boundarypositionsaresavedto alist, all markupis remosedandthe stringis thensplit by the Sen-
tenceSplitter module.Thedetectedoundarnpositionsarecomparedo theboundarypositions
from the BNC Samplemarkupsothatprecisionandrecallcanbecalculated.

4.3 Styleand Grammar Checker
4.3.1 British National Corpus

Thenumberof errorsin proof-readext canbechecledfor largeamountsof text usingthe--check
option of TextChecker.py , asdescribedn section3.8.3. This hasbeendonefor all grammar
rules,andtheresultshave beenmadepartof therule XML le. For exampletherulewith ID THE_A
containghis element:

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

This meanghatthe checler claimedl16 errorsin 75,900sentencefor thatrule. As the BNC's texts
have beenproof-readpnecanassumehatmary of thesel6 errorsarefalsealarms.Thereareseveral
reasonsvhy afalsealarmmight occur:thetext wasincorrectlysplit into sentencesa word hasbeen
assigneanincorrectpart-of-speeckag, or therule simplyis not strictenoughandtriggerstoo often.
The only reasonfor not checkinga larger numberof sentencess thatthe checler is slow on such
large amountsof text.

Eachrule (or groupof rules)containsthis <error_rate> element.The numberof potentialfalse
alarmsvariesfrom 0 to 250per 75,900sentencesT his informationcould be usedto offer only those
rulesto the userthat have a low rate of falsealarms. Somerules alsohave a valueall for the
sentences attribute. This meanghatthey have beenchecled on thewhole BNC, usingthe BNC
online search,asdescribedn section2.7.1. This is only possiblewith simplerulesthatjust list a
sequencef words.

4.3.2 Mailing List Err ors Corpus

Fromthelist of collectederrors(sectionA.1), thechecler correctlyidenti es 42 errors,not counting
ary falsefriend warnings. In comparisonMicrosoft Word 2000'™ correctly identi es 49 of the
errors. Unlike MS-Word, my checler identi es the error as soonasthe patternoccursin the text,
i.e. evenduring typing. MS-Word waits until the sentencds nished andonly thenanalyzesit.

ZThese®les containa collectionof prayers(®lenamegx0 ) which lack punctuatioror instructionswith mary enumera-
tions(eap, g2r ) for whichit is not clearwhetherevery item makesup a separatsentence.
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Also, MS-Word doesnot complainaboutmore thanone error per sentenceeven if the errorsare
independent.

4.3.3 Performance

Thechecler's startuptime onmy systemt” is 4.1 secondsThis hasbeenbeenchecledwith theempty
le test.txt andthefollowing command:

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

No time hasbeenputinto improving this startuptime, asa sener script(seesection3.11.1)hasbeen
developedsothatalong startuptimeis notaproblem.

Oncethe checler is running,the numberof sentencechecksper seconddependn the numberof
actvatedrules andthe length of the sentences.The following commandchecksone le from the
BNC with all availablerules:

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

With this setting,about27 sentencepersecondarechecled.

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

In this thesis,a style and grammarchecler hasbeendevelopedand hasbeentestedon real-world
errors.A rule sethasbeendevelopedthatdetectsseveral of thesetypical errors.

New errorrulescaneasilybeaddedo thechecler by addingthemto anXML le. Foreacherror, the
rule canprovide a helpful descriptionof the problemand correctandincorrectexamplesentences.
Even errorsthat cannotbe expressedy the rule systemcaneasilybe addedwithout modifying the
checler's sourcecode:aPython le thatimplementgherule justneedgo beputinto aspecialfolder
to beusedautomatically

Thanksto a clear separatiorbetweenbaclend and frontend, it is easyto develop graphicaluser
interfaceswhich interactwith thebaclend. A simplewebinterfacewith alimited numberof options
hasbeenwritten andthe checler hasbeenintegratedinto KWord. A checler sener processunning
in the backgroundis fastenoughfor interactive use of the checler in KWord, so that errorscan
be underlinedduring typing. A con guration dialog allows enablingand disablingeacherror rule
independently

Thebaclendandthe commandine tool of the checler areeasyto install, they only requirePython
and no extra modules. The CGlI frontendadditionally requiresa webserer. The KWord integra-
tion currentlyrequiresinstallationof KWord from sourcecodeso thatthe necessarpatchesanbe
applied.

The rule-basedpproachdoesnot requirea complicatedparserandallows for a step-by-steplevel-
opmentmodelwhich shouldalsomale it relatively easyto adaptthe checler to otherlanguagesThe
part-of-speechiaggercan be trainedon a taggedcorpus,and new error rules can be developedas
needed.

6 Acknowledgments

| would like to thankmy supervisor$rof. Dr.-Ing. FranzKummertandDr. Andreaswitt for making
it possiblefor me to work on suchaninterestingand practically orientedsubject.| would alsolike
to thank HannesFehrfor proofreadingthis thesisand nding errorswhich my style and grammar
checler doesnotknow yet.

53



7 Bibliography

References

[AECMA]
[Aston, 1998]
[Atkinson]
[Attwell, 1987]

[Beckeretal, 1999]

[Bernth,2000]

[BNC]

[BNCweb]

[Bredenkampet al, 2000]

[Brill, 1992]

[Chunking]

[CLAWS]

[Crysmann]

AECMASIimpli ed English http://www.aecm  a.o rg/
Publications/SE ngli sh/s engli sh.h tm,2003-04-16

Guy Aston, Lou Burnard: TheBNCHandbook:Exploringthe
British National Corpuswith SARA Edinburgh Univ. Press;1998

Kevin Atkinson: GNU Aspell
http://aspell.s ourc ef or ge. net/ ,2003-04-02

Eric Atwell, StepherElliott: Dealingwith ill-formed Englishtext,
in: Thecomputationahnalysisof English,Longman, 1987

MarkusBecler, Andren BredenkampBertholdCrysmann,Judith
Klein: Annotationof Error Typesfor GermanNewsCorpus
Proceedingsf the ATALA workshopon TreebanksParis,1999

ArendseBernth: EasyEnglishGrammarCheding for Non-Native
Speakrs, Proceedingsf the Third InternationaMWorkshopon
ControlledLanguageéApplications(CLAWOO0), Associationfor
ComputationaLinguistics,April 29-30,Seattle Washingtonpp.
33-42,2000

British NationalCorpus http://www.hcu. ox.a c.u k/ BNC/,
2003-05-03

BNCweb:a web-basedhterfaceto the British National Corpus
http://homepage .mac.c ombn cweb/h ome.h tml ,
2003-04-13

Andrewn BredenkampBertholdCrysmannMirela Petreal ooking
for errors: A declaiative formalismfor resouce-adaptivdanguaje
cheking, Proceedingsf the 2ndInternationalConferencen
LanguageRresourceandEvaluation(LREC-2000) May 31 - June
2,pp.667-673 Athens,Greece2000

Eric Brill: A SimpleRule-BasedPart Of Speeh Tagger, Proceedings
of ANLP-92, 3rd Conferenceon Applied NaturalLanguage
ProcessingTrento,Italy, 1992

ComputationaNatural Languaye Learning(CoNLL-2000):
Chunking

http://cnts.uia .a c. bel/c onl 12 000/ chunkin g/,
2003-07-29

CLAWSpart-of-speel tagger for English

http://www.comp .| ancs.a c.u k/ ucrel/ cla ws/,
2003-07-15

BertholdCrysmannFLAG: Flexible Languaye and Grammar
Cheding, http://flag.dfk i. de/,2003-05-01

54



[DudenLing. Engine]

[EnglishG, 1981]

[Ettrich]

[Google]

[Harabagiu]

[Holmbacketal, 2000]

[Jenseretal, 1993]

[JUnit]

[Karlsson,1995]

[Kiss, 2002]

[Kuenning]

[Leech]

Die Duden-Linguistic-Enginehttp://www.dud en.d e/
sprachtechnolog ie /I in guist ic _engin e.h tml,
2003-07-31

EnglishG Grammatik Cornelsen1981

MatthiasEttrich: Binary CompatibilitylssuesMth C++, http:
/ldeveloper.kde .0rg/d ocument atio n/lib rary/
kdeqt/kde3arch/ devel- bin aryconpat ib il it y. html
2003-05-04

Google:TheBasicsof Gogyle Seach,
http://www.goog le .c omh elp /b asic s. html
2003-04-27

SandaHarabagiu:Topicsin Natural Languaye Processinghttp:
/lengr.smu.edu/ ~sanda/u t/L ecture 2-nlp .p s. gz,
2003-05-01

HeatheHolmback,LisbethDuncan Philip Harrison:A Word Sense
Cheding Applicationfor Simpli ed English Proceedingsf the
Third InternationaWorkshopon ControlledLanguages
Applications,CLAW2000,Seattle

KarenJensenGeogeE. Heidorn,StpeherD. Richardsor(Eds.):
Natural languaye processingthe PLNLPapproad, Kluwer
AcademicPublishers1993

JUnit, TestingResoucesfor ExtremeProgramming
http://www.juni t. org,2003-08-27

FredKarlsson(ed.): Constaint grammar: a language independent
systenfor parsingunrestrictedtext, Moutonde Gruyter 1995

Tibor Kiss: Anmerkungnzur scheinbaen Konkurienzvon
numerisbenundsymbolishenVerfahenin der
Computerlinguistikin: GerdWillée, BernhardSchroder
Hans-Christiarschmitz(eds.):ComputerlinguistikWas geht - was
kommt?- ComputationaLinguisticsAchievementand
PerspectivesGardez!Verlag,pp. 163-171,SanktAugustin,2002

Geof Kuenning:Internationallspell, http://fmg- WWW.CS .
ucla.edu/fmg- memker s/g eoff /i spell .html,
2003-04-02

Geofrey Leech:A brief uses' guideto thegrammaticaltagging of
the British NationalCorpus

http://www.hcu. ox.a c. uk/BNC/what /g ramta g. ht ml,
2003-02-03

[Lindberg andEinebog, 1999] Nikolaj Lindbeig, Martin Einebog: Improving part of speeh

disambiguatiorrules by addinglinguistic knowledg, Proceedings
of theNinth InternationaMWorkshopon Inductive Logic
ProgramminglLNAI Seriesl634,Springer1999

55



[Mason]

[Naber]

[Parketal, 1997]

[PennTreebank]

[R.-Bustamentel996]

[R.-Bustamentel996-02]

[R.-Bustamentetal, 2000]

[Sedlock,1992]

[Style/Diction]

[Tus andMason,1998]

[Walker etal, 2001]

Oliver Mason:Qtag — a portablePOStagger, http:
/lweb.bham.ac.u  k/ O.Mason/s of twar e/ tag ger/ ,
2003-05-24

DanielNaber:Entwiklungeiner Softwae zur Stil- und
Grammatikprifundir engliste Texte

http://www.dani el naber. de/ la nguagetoo I/
2002-06-10

JongC. Park, MarthaPalmer andGay Washhurn: An English
GrammarCheder asa Writing Aid for Student®f Englishasa
Second_anguaye, Conferencen Applied NaturalLanguage
ProcessingANLP), Descriptionsof SystemDemonstrationsand
Videos,WashingtonD.C.,USA, March,1997

ThePennTreebankProject
http://www.cis. upenn. edu/~ tr eebank/ho meh tml ,
2003-04-04

FloraRamirezZBustamantel-ernandd&anchez.edn: GramChek:
A Grammarand StyleCheder, Proceedingsf the 16th
InternationalConferenceon Computationalinguistics,
Copenhagerl 996

FloraRamirezBustamantel-ernanddanchez.edn: Is Linguistic
InformationEnoughfor GrammarChed&ing?, Proceedingsf the
FirstInternationaMorkshopon ControlledLanguageApplications,
CLAW '96, Katholieke UniversiteitLeuven,Leuven,Belgique,pp.
216-228,1996

FloraRamirezZBustamanteT hierry Declerck,Fernandd&sanchez
Ledn: Towardsa Theoryof Textual Errors, in: Proceedingsf the
Third InternationaMorkshopon ControlledLanguages
Applications,CLAW2000,Seattle

David Sedlock:An Overviev of the Advanced_anguaje
EngineeringPlatform,
http://www.nick
alep_overview_p
1992-07

la s. fr anken.d e/ das/ paper s/
aper /o vervi ew/o verv iew .h tml ,

Styleand Diction, http:
/lwww.gnu.org/s of twar e/ dic ti on/d ic tio n. ht ml,
Updated2002-08-22

DanTu s, Oliver Mason:Tagging RomaniariTexts: a CaseStudy
for QTAG, a Languaye IndependenProbabilistic Tagger,
Proceedingsf the First InternationalConferenceon Language
Resourceg Evaluation(LREC), pp.589-596 GranadgSpain),
28-30May 1998

DanielJ. Walker, David E. ClementsMaki Darwin, JanW. Amtrup:
Sentenc®8oundaryDetection: A Comparisorof Paradigmsfor
Improving MT Quality, In Proceeding$1T SummitVIIl. Santiago
de CompostelaSpain,2001

56



[Wojcik andHoard,1996] RichardH. Wojcik, Jame<. Hoard: Contwolled Languayesin
Industry in: RonaldA. Cole,JosephMariani, HansUszloreit,
Annie Zaenenyictor Zue (Eds.): Surve of the Stateof the Art in
HumanLanguaye Technolagy, chapter7.6,
http://cslu.cse .0 gi .e du/HL Tsur vey/ ,1996

57



A Appendix

A.1 List of CollectedErr ors

This chaptercontainsthe completeerror corpusof 224 sentencesvhich wascollectedmostlyonin-
ternationamailing lists. Seesection2.7.2for moreinformationabouthow this corpuswascompiled.

Thecatgoriesusedto structurehelist areratherad-hocandnotrelatedto thewaythecheclerworks,
their only useis to make the list moreeasilyreadablgor humanreadersA few sentenceappeaitn
morethanonecateyory because¢hey containtwo differenterrors:in eachappearancef thesentence,
errorshave been x edsothatexactly oneerroris left.

All sentencesiresaved in an XML le. The XML markupspeci esthe errorsby marking their

positionin thesentencandby specifyingamodi cation which correctshesentenceThis correction
consistsof remaoving words, insertingwords, or replacingwords. Any combinationof thesethree
kinds of correctionsis also possible. Making the necessargorrectionexplicit makesit easierfor

humanreadergo understandheerrors,sinceafterlooking atmary incorrectsentenceis canbecome
quitedif cult to seewhattheerroris.

For example the erroneousentencélt read 1.0soon.is markedup like this:
<s>|t <insert> will</inser t> reachl.0soon</s>

The sentenceappeatin no speci ¢ order they areenumeratedothatit is easierto referto speci c
sentenced-or betterreadabilitythelist of errorsin thefollowing sectionsloesnotmake useof XML.
Insteadtext insidethe<insert>  elementis printedin bold andtext insidethe<remove> element
is erossecbut. Consequentlythe<replace> elements representedscrossedut text followed by
bold text which replaceghe crossedut text.

A.1.1 DocumentType De nition

Thefollowing DocumentType De nition (DTD) is usedto markup the erroneousentencef er-
rors.xml ,whichis partof the styleandgrammarchecler software:

<I[ELEMENT errors  (category)*>

<IELEMENT category  (s)*>

<IATTLIST category name CDATA#REQUIRED>
<IELEMENT s (#PCDATA|remove| in sert |re pl ace) *>
<IATTLIST s type CDATA#IMPLIED>

<IELEMENT remove (#PCDATA)>

<IELEMENT insert  (#PCDATA)>

<IELEMENT replace (#PCDATA)>

<IATTLIST replace by CDATA#REQUIRED>

A.1.2 AgreementErrors

CarsterBurghardthare has actuallyalreadyimplementedhe folder selection.

Ms. ZahedaesignedSUN, andcurrentlyMr. Eric is thepeeplepersonin chageof this.
Thatprojectis my degreethesis waswretewritten 2 yearsagoandnevertouchedeversince.
Someonelsesuggessuggestedo addthis to linux/drivers/usb/storage/unusuaévs. h.
...for developerswhich who areinterestedn issuegelatedto KDE's ®le...

| wantyouto readit andto givemeapriceof for ereatecreatingaPerlscriptthat®t ®ts therequirements
in thatproject,theperl scriptlookslike e-commercdut it's very simple.

ok whpE
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(o]

. Thereportmustalsodiscussthe problemsfacedwhile doing the assignmenthow the problemswere

evercameovercome andthelessondearned.

. TheWebsitealsoeentaincontains ®eldsfor theuserto entertheir details:...
. Ordid thatrule ehangedchangewhile | wason vacation?

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47,
48.
49.
50.
51.
52.
53.
54,
55.
56.
57.

Doeseachversionof MySql hashave binary AND srcversionfor installation?

And whataboutthe oneswho deesnt don't have wireless?

Thisis a setof changeghatis well testtestedby myselfandothers.

Anything aboutUPB washas alreadywrote beenwritten .

JFYI, KMail now suppertsupports S/IMIME througha plugin.

Fellew Following Eike's advice,now | amjeia joining the maillist.

If youmirror kde-wwwonkdemirrorde yewhasenty-te you only haveto changeyourlocal con®g.php
...whichis rightin mary way ways,...

| now have understanrdinderstoodthatit is theIMAP-sener I'm using.

I mightfergetforgetto sendit then.

Wherecanl feund ®nd a ®x?

Re: Can't Prerentingprevent exploitationwith rebasing

PeesDid the problemhasappeare@ppear afteranupdateof KDE or not?

Youwill testloseall your changes!

| have notsaysaid thatis a MySpell probleml would like only to signalit ...

For maximumability to nail spambots¢onsideuusingacgi directorythatis notramesnamedcgi-bin".
Doing sowe have ereatecreatedamy.cnfin mysqgldatadircontaining:

Click on afolderandthenmove the mousemayseleetsselectwrongfolder

Displaya columnin thelist of folderswhich shea shows the numberof unreadmessageperfolder.
Whenusingjavascriptmenusthe pop-upmenusareshered shovn attheback...

The patchhasonly be beenappliedto KOf®ce.

If it deesntbeisn't stable/maturenoughbefore3.1®nal, | will....

...but Dirk tell told meto go ahead)

| ®xedbuglist.cgiandtheshawv_actvity.cgiandsendsentin the patch.

Well, aslong asthereis nolink to bothof these} it doesnt affectthe problemwe wantedto address.
...Sinceit wasnoticedthat Sebastiaralsohadmake made a suggestioraboutit.
Hasarnyoneeensideringconsidered writing interfacetestsuites...

| preduecegroduceall thearguments...

We needto feurd ®nd acommonlayer..

¥m- 1 donotrunamix of OS...

| donotrunamix of OSandit areis alongtime ago...

Why deesdo | still installa notusedeventFilter;)

Thatdeesntwaswasn't my intention.

Have no probswith your stuff, but why deesdo we needanundockbutton?

| amsureothershashave alist aslong asmine.

...but 1 hopein afew yearyearsit will...

...whichdoesnothashave 50%threshold.

It is updatecevery few day days.

Whatwould happenchappen if someonenrites...

Why deesis kmail HEAD afraidof usingkdelibsHEAD?

The emailsof this form shouldgeesgo to thisemailaddress:..

We would begladif thislittle helperwould be ableto help otherdeveloperdevelopers

You canfeurd ®nd it on my webpage.

Did you maybemissedmissthekconf updateunthatupdateshe signaturecon®g?

No, theindexesshouldbebuitd built automatically

| improvesimprovedit abit...

3.0.4is mostlyknew known for miscompilingaRts,andthe ®x wastoo largeto meige.

IIRC youtold mealongtime agoGnuPG1.0.7wasto berelease eleasedhe"next weelend".
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58.
59.
60.
61.
62.
63.
64.

| hadalook into this andthedialogdidn't get get deleted.
Doessomebodykners know more?

| solvedthis by meve moving all foldersto IMAP, which wasataskfor months.
| solvedthis by moving all foldersto IMAP, which wasa taskfor menthmonths.
| alwaysgettheseerrererrors.

It do doeshashave somebugsthough.

In chap.7, it diseussingliscussesisingsignalsandslotsto createalittle xml parseywhichthendisplays
atreelist view.

A.1.3 Missing Words

ONogakwWNE

9.
10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

It will reachl.0soon.

| am justsurprisedhoughthatOperadevelopersareof suchhigh opinionabouttheir Operabrowser
Theresultof thework on NPTL, the new threadimplementationcanbe checledout.
Thelanguageatchhasbeenaddedo http://www.danielnabede/perlfectsearch

I'll de®nitelystepby atthe KDE booth,maybewe canmake arrangementthere.

| think; it's readyto replacecvs2pack.

Sopleasdf theadmindid notaddan image,let the scriptte take thisimageautomatically

If they arealreadyupto date thenl thought it is enoughto replacethedateandtheversionto acknavl-
edgethatthey have beenveri®ed.

Thatdumpcanthenbe usedto ®gureout just whatwentwrong.
Thatis why we will addafunctionto thetokende®nitions.

Wouldn't you go madif | fork your program,modi®y it andcomeup to all otherswith it to trashyour
original programout of kdewithout onesinglepersonakmail?

...weshouldbeableto let this structurdive on for a year

| don't think KDE eV yetownsarny domainnames.

So,couldwe have atleastthe option of threadingust by subjectandignoring ??? completely
Theseuserunfriendly messagdoxeshave beenthereasorto leave windows95sevenyearsago;-)
Beinganngedby today's debian-securitpFF TOPICranting,l noticedmy wish for this feature,...
For local ®leswith aknown ???, simply createa KFileltem andpassit to the otherconstructor
...testif moreor lesseverythingworks...

In KDE 2.2.0andKDE 2.2.1we had a bugthatcausedMail...

Of coursethisisn't agenerakolution.

...butl hopein a few yearyearsit will...

| volunteerto createa testcasehen.

Kyoto wasthe oldestcapitalcity in Japan.

A.1.4 Extra Words

1.

B
N

POOONOURWN

| discussedhecontestvith LukasTinkl sohereis theverylatestrevision of themuehfamougq!) Kof®ce
Icon Contest.

Someonasuggestedaidthatit workedfor him afterheupdatedo Kernel2.4.20.
Selectingafoldersto besynchronized.,..

But, probably it will bemerebetterto setthedefaultlanguageof AutomaticDetectionby...

As | said,we only have a very few weeksleft andhave to marchtowardsthatdatevery ef®ciently.
Actually, themorel think aboutit, | like Daniel's proposakhe best.

| mustte try it.

I'm hopingthatbugzilla.kde.og thatit will befoundto be exible enough...

Thereis a smal someresearchldoneon whateffectshasthe computeron education.

. We canalwaysslip it by fer 2-3weeksby addinganothereleasecandidate
. Kyotowasthemestoldestcapitalcity in Japan.
. Youcan®nd it amongwith my patcheon my webpage.
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13.
14.
15.
16.
17.

| will- wroteto ane-mailyoutold me.

Thiswill beamuchwork.

If youareuseSMTPto sendyour messages,.

You mustte ®ll the Documentnfo.
Cansomebodyemembehow the ®x-have worked?

A.1.5 WrongWords

N\

© NGO

10.
11.
12.
13.
14.
15.

16.
17.

Sorry, but the backtraceas eempletecompletelyuseless.

With the eurrentlycurr ent systemload| don't think thatwill be successfull.

In which cases Rubymestmore powerful thanPython?

The personthat claimsfor the authoryof the TWO "PhpNule SQL Injection" hasdiscoveredthemat
the sametime thanas me andexploitsthem_exactly _the sameway.

...wellit's easyeasiernow thanit wasbefore...

Thepatchhasonly beenappliedfer to KOf®ce.

Sorry, | haveto correctme myself.

Only duringtheweekendweelend| ...

...Sinceit wasnoticedthat Sebastiaralsohadmadean a suggestioraboultit.

| guesghisisn't easilypessiblypossible

SurelynotbeforeKDE 3.1 (think of translationetc.),er right ?!?

| alreadydid that,but it doesnotwork, tee either.

| changednebehaiour with my original commit,which is not consistentvith EXCEL tee either.
Thisdoesnt belonghere tee either.

KDE Leaguehasnet doesnot have enoughmanpower tee either andcannotdo asmuchascouldbe
possible.

Are you planningto addnon-Englishdocumentatiorithertoo?
I'll think a bit moreen about thisand...

A.1.6 Confusionof Similar Words

abr wnN Pk

»

14.
15.
16.
17.
18.

. Thanksfor yed your interestin our service.

. It'sabit morethenthan 15 min. for me.

. FhanThen my old emailis nonsense.

. | volunteerto createa testcasehanthen.

. It is alsoharderto maintainstabilityin thecodebasewith smallchangeshatjust®x thebugsthenthan

to reoiganiseoften.

. It'slesscontroversialthenthan onewould think :)
. We shaw thatour systemachievesstateof the art performanceén text chunkingwith lesscomputational

costthenthan previoussystems.

. Startingover just sowe canintegrateGNOME and KDE appsfully is a wasteof time andmorework

thenthan just perfectingthe appswe have.

. If youclick onthe samecolumnmorethenthan once,...
10.
11.
12.
13.

| amnotwiserthatthan you but | try to listento otherswhenit becomes...
I'd ratherkeepall the syntaxhighlightersin one®le until it getste too big.
Ok, | wrotethisto you, thatyou don't have to dote too muchresearchor your KDE-CVS digest...

This is notte too closeat the Linuxtag, sothattherearenot two eventswhich have to be organizedat
thesametime andit doesnt overlapte too muchwith schoolholidays.

Thiswill performa commitwheneverthe cachegetste too full.

...but now it' s gettingte too complicatedandtime-consumindor me.
Ideally we shouldhave onedatabasenottee two.

Someondastee to keepit upto date.

Indexing thewholedirectorywould take te too long.
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19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

37.
38.
39.
40.
41.
42.
43.

44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.

Theidentity you areusingthe to write the currentmessag@eeddo...

...hut alsoeasilyusesall available®le handlerqon Linux systems)f you havete too mary folders.
If theapplication+ FSinteractionleadsto contentionthenyou have te two choicesto optimize.:...
Note: thelinks in this displayte do notwork yet.

Unhidecanbetriggeredby moving te the mouseto a corner

| think yeur you're confused.

| wantto seeyed your printer.

Are youin apositionwhereyed your compalty will let you contribute patches...

Thanksagainfor your helpandgoodluck for yed your KDE Edusubmission.
Thebiggestuserbene®tin thisis thatyeu your local disk usages almostzero.

Maybelngo shouldjust have revertedyed your damneddump.

Wheresyed your point?

You shouldaskyeu your admin.

Thanksagainfere for your helpandgoodluck for your KDE Edusubmission.

| work for apublishinghouseandwerewe arein the proces®f conceptualizingzariousbookson Linux.
Of If youdisablethis option,...

Thenext testwill tell usit if theusb<-> scsiemulationis working correctly runthis ontheconsole.
s If ourlicensesare compatible would you careto take over integratinga new thesaurusnto OOoas
well?

You may CC meif youthing think youmust...

Sol thing think we will...

Aetherabseusedto useKParts.

Pleasadon't ususedispose!

But | think # it' s serious:...

If thecafeteriais open(whichis it wasnt thelastdayat GUADEC 3).

The Kopeteteamhasdecidedits it' s time we shouldmove to kdenetvork if we wantto beincludedin
KDE 3.2.

It is morecorrectto saythatthe AEGYPTENbranchhaslanded*on* it'sits HEAD ;-)
Off Of coursenot.

KHTML is justtheonly partof KDE | know eff of thatusesautomasking.

... - thoughthereis notmuchyou canby buy for $0.02let alone0.02euro;-)
$1kwould not beenoughto by buy the beerfor the peoplewho develop The GIMP.
You candiscusghenthe warningsanddeterminegf ary of themarevalid.

We canmake sureit worksandthe then just have to changehelink.

Thanksfor therespends esponse

Orway wasthataveryrecentchangean Qt?

.. therefor therefore we shouldtry to ®x...

Or we justthreughthr ow away all bugsandstartfrom scratch:-)

| have re now introduceda yPosition()function...

We think it helps®nding bottlenecksaandsoeneon.

I'm agtnot sure...;-)

Pleasaet note thatsaying"OpenSource"doesnot meanvery much.

At Add to thatretardectorporatéantranetswith Windows DNS andmail seners.
Ah, | rea knew you would saythat.

But bewarnedthatcachinganddownloadinga are two completelydifferentthings.
| canbe pretty dumpdumb whenit comesto suchthings...

Your bestehangechanceto meetsomeof them...

Heoew Who elsehasto beinvolvedin this process?

But evenif it's looking ®ne;the there is the problemthatfor lots of callsyou...

| theughthought...

| aam notwiserthanyou but | try to listento otherswhenit becomes...
JeremyHylton noticedthatin ceval thattheir thereis atestof whether..
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69.
70.
71.
72.
73.
74.
75.

76.
77.

78.
79.

80.
81.
82.
83.
84.

85.
86.
87.
88.
89.
90.
91.
92.
93.
94,

Unfortunatelytheir there aresomeproblemswith your patch:

Therearetwo thingsl know aboutbranchesthe they alwaysintroducebugsandinconsistencies.

I guesssimply turningthis ef off isn't easilypossible.

| have beenoutwith the-ew- u for the past3 days.

You could puttheantennaof your radioto this appletandherehear thesound...

Theinitial dataneedgo be underandan OpenSourcedincense.

For example,it is highly unlikely thanthat ary systemwill learnhumandialogueperformancedrom
dialoguetranscripts...

No surprisesincethetrashfolderis the only en onefor methatautomaticallyexpires.

Searchings really simple: Typein oneor morewordsinto te the search®eld andclick "Search"(or
pressketurn).

Searchings really simple: Typein oneere or morewords...

Theinitial OOothesaurusmplementatiorwasa realhackjob basicallythrown togethetby meto ®lIl a
whele hole andget myselfup to speedwith how lingucomponentinteractwith OOo andwhatit was
like to write cross-platforntodeusingthe SAL abstractiorayer.

Now, thisis werewhere my ignorancesetsin.

It is nicetheto readthis.

You seeeverythingat ereoncewithout clicking in thelist.

| believe youhal have to turn on ExecCGlfor the public_htmidir.

As you probablyknow, my native languageir is Russianplus | talk someother Cyrillic-basedlan-
guages.

You cangetmy photohearhere: ...

If thelastword i is incorrect,it getsunderlined.

We really wherewere popular..

| think in eabusecasecoolodidn't doit alreadywe caninclude...

Yesit is, to a certainextendextent

Goingin Settings/SpellCheet andchangeahelanguageaheir there is notsocool;)

Of eausecoursethereis muchmoreto seein therespectie regions.

This pointis meedmoot asthereis no active/passie membershifstatus.

FheThen it won't compile...

If you don't aetive activate the OpenPGMplugin thenKMail will usethe built-in inline OpenPGFy
default.

A.1.7 WrongWord Order

1.

2.
3.
4.

Why shouldSebastianvastehistime for changinghat"details"onhis designif we reteveneancannot
even agreethattheleft sidemenuwill make it for the contentpages?

...andbtw., thinkyed do you think thewww/kde-e/ shouldmoveto...

| cangive you mereadetaileda more detailed descriptionof what's necessary
PeessomeoneanCan someonereproducevhat!| describeefore?

A.1.8 CommagkErrors

1.
2.
3.

Pleaseselectatemplate<remee>,</rem@e>thatmatcheghecsv®le.
| don't think<remwe>,</rema@e>thisis thejob of the KDE Leaguereps.
Thanksto everyonegeponse®n this<insert>,</insert¥eally usefulto know.

A.1.9 WhitespaceErr ors

1.

In which caseis Ruby morepowerful thanPython<remwe> </remo/e>?
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A.2 Error Rules

A.2.1 DocumentType De nition

ThisDTD is usedfor theerrorrule descriptiorby thefollowing les intherules directory:gram-

mar.xml , false_friends.x ml, words.xml

<IENTITY % Languages "(en|de|fr)">
<IELEMENT rules (rule|rulegrou p) *>
<IELEMENT rulegroup (message?.erro  r_r ate?,r ul e+) >
<IATTLIST rulegroup id ID #REQUIRED>
<IATTLIST rulegroup name CDATA#IMPLIED>
<IELEMENT rule ( pattern,
((message?,err  or _rat e?, exanpl e, examde +) |
(translation+, mess age?, exanpl e*)) )>
<IATTLIST rule id ID #IMPLIED> <I-- well,
required but not if there's a group -->
<IATTLIST rule level (0|1]2|3]4|5]6|7 [8 19 |1 0) #MPLIED>
<IATTLIST rule name CDATA#IMPLIED>
<I[ELEMENT pattern  (#PCDATA)>
<IATTLIST pattern lang %LlLanguages; #REQUIRED>
<IATTLIST pattern case_sensitive (yes|no)  #IMPLIED>
<IATTLIST pattern mark _from CDATA#IMPLIED>
<IATTLIST pattern mark to CDATA#IMPLIED>
<IELEMENT translation (#PCDATA)>

<IATTLIST translation lang %lLanguages; #REQUIRED>

<l--  message shown to the wuser if a rule matches: -->

<IELEMENT message (#PCDATA|em)*>

<l--  percentage of sentences tagged as wrong in BNC: -->

<IELEMENT error_rate EMPTY>

<l-- number of (real or unreal) warnings when testing
BNC sentences: -->

<IATTLIST error_rate warnings CDATA #IMPLIED>

<l--  number of BNC sentences used to get 'warnings" -->

<IATTLIST error_rate sentences CDATA#IMPLIED>
<IELEMENT example (#PCDATA|em)*>

<IATTLIST example type (correct|incorre ct |
triggers_error ) #REQUIRED>

<l-- used to explain ‘triggers_error' D>

<IATTLIST example reason CDATA#IMPLIED>

<l--  emphasis of the most significant part: -->

<IELEMENT em (#PCDATA)>
A.2.2 Grammar Error Rules
Theerrorruleslistedherecanbefoundin rules/grammar.x ~ ml:

1. Pattern: "(aJan|one)” NPP
Message:For plural nouns,usethe plural articlethe.
Example: A basebalteamswveresuccessful.
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10.

11.

12.

13.

14.

15.

. Pattern: "think" "you

. Pattern: _NP (VDB|VDI|VHB|VHI|VBI|VBB|VVI|VVB)

Message:Usea singularverbfor singularnouns.
Example: A basebalteamare established.

. Pattern: "(does|did)™.*" "can"

Message:Did you meancan\2 ?
Example: Doessomeon&anreproducdhat?

. Pattern: "more""(alan)"AJO

Message:Did you meana more\3 ?
Example: | cangive you more a detaileddescriptionof what's necessary

(alan)”
Message:Did youmeanare ?
Example: Somewouldthink you a fortunateman.

. Pattern: "(some|certain)"extend"

Message:Did you meanextent("extent"is anoun,"extend"is averb)?
Example: Yesit is, to a certainextend.

. Pattern: "is" "were"

Message:Did you meanwhee ?
Example: Now, thisis were my ignorancesetsin.

. Pattern: CRD "ore"

Message:Did youmeanor ?
Example: Typein oneore morewords.

. Pattern: "the" "only" "on"

Message:Did you meantheonly one?
Example: Thetrashfolderis theonly onfor methatworks.

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

Pattern: SENT_SART "I" "(alan)"
Message:Did youmeanam( rst persorof "to be")?
Example: | anotsure.

Pattern: "I" "new
Message:Did you meanknew (pastof "to know")?
Example: Ah, | new youwould saythat.

Pattern: "please™not" "that"
Message:Did you meannote?
Example: Pleasenot thatsaying"OpenSource"doesnot meanvery much.

Pattern: "nut" (AVO|AJO)
Message:Did you meannot ?
Example: I'm nutsure.

Pattern: "and""so" "one"
Message:Did you meanandsoon (="etc.")?
Example: We think it helps nding bottlenecksandsoone.
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16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Pattern: "through""away"
Message:Did you meanthrow ?
Example: Or we justthroughaway all bugs.

Pattern: "or" "way" "(it|that|this)"
Message:Did you meanwas?
Example: Or waythataveryrecentchangen Qt?

Pattern: ATO "responds"
Message:Did you meanresponsée
Example: Thanksfor theresponds

Pattern: "(think|know)" "off"
Message:Did youmeanof ?

Example: It'stheonly partof KDE | know off thatusesautomasking.

Pattern: "do" XXO0 "us"
Message:Did you meanuse?
Example: Pleasadon't usdispose.

Pattern: VVB "to" "use"

Message:Usethe pasttenseto build a sentencevith "to use".

Example: Aetherauseto usethis.

Pattern: "(llyou|he|she|tlygwe)" "things?"
Message:Did you meanthink or thinks?
Example: | thing that's agoodidea.

Pattern: "were"VBB
Message:Did you meanwhee or we ?
Example: Were arein the procesf implementinghis.

Pattern: VBZ VBD
Message:Did you meanit ?
Example: ...whichis wasnt thelastday

Pattern: “fore” DPS
Message:Did you meanfor ?
Example: Thanksagainfore your help.

Pattern: "not" "too" (SENT_END|NN1|NNO|NN2)
Message:Did you meantwo ?
Example: Ideally we shouldhave onedatabasenottoo.

Pattern: "your" (VVD)
Message:Did you meanyou're or youare ?
Example: | think your confused.

Pattern: AJC "that"
Message:Did you meanthan?
Example: | amnotwiserthatyou.

Pattern: "(less|more)(AJO|NN1|NNO)'then”
Message:Did youmeanthan?
Example: It's lesscontrosersialthenonewould think.
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Pattern: ATO ATO
Message:Remeetheseconddeterminer
Example: Thethethingis this.

Pattern: "than"SENT_END
Message:Did you meanthen?

Example: | volunteerto createatestcase¢han.

Pattern: "of" "cause""(and|to)"

Message:Did you mean'of course" (=naturally)?
Example: Of causeall thesethingsarerelatve.

Pattern: "eager"'to"
(VBB|VBD|VBG|VBN|VBZ|VDB|VDD|V

DG|VDI|VDN|VDZ|VHB|VHD|VHG|VHI|

VHN|VHZ| VMO|VVB|VVD|VV G|VVN|VVZ)

Message:Usethebaseform of theverbwi
Example: I'd be eagetto trying out your p

Pattern: "or" SENT_END
Message:Don't endasentenceavith or . If
youetc.

Example: | think we shouldmeetsoon,or

Pattern: "a" "much"NN1

th eagerto.
atch.

youwantto askfor con rmation, useisn'tit , dont

?

Message:You maybeshouldomit thearticlea .

Example: Thiswill bea mud work.

Pattern: "(more|most)’AJS

Message:Remee'most' or 'more' whenyou usethesuperlatie.

Example: Kyotois the mostoldestcity.

Pattern: "is" "(should|could)"
Message:Did you meanit ?

Example: | de nitely think is shouldbe lessthanfour years.

Pattern: "the" AJOATO

Message:Thedeterminera' mightbesuper uous.
Example: Thisallows to provide the powerful a helpsystem.

Pattern: "a" AJO"(althe)"

Message:Thedeterminera' mightbesuper uous.

Example: Thisallowsto provide a powerf

Pattern: N'(has|will|must|could|cahiauldjwould|does|dd)" "he" (VVI|VVB)

ul a helpsystem.

Message:Third personsingularnounrequiresverbwith '-s'.

Example: Thenhelook atthe building.
Pattern: "did" (VVD|VV G|VVN|VVZ)

Message:'Did' requireshaseform of verh

Example: Peterdid wentto thecinema.

Pattern: A(DTO0) VMO (VVD|VV G|VVN|VVZ)

Message:Modal verbslike ‘will’/'might’/...
Example: Johnwill goeshome.

requirebaseform of verh
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43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Pattern: NPOVMO NN2
Message:Modal verbslike 'will'/'might'/... requirebaseform of verh
Example: Johnwill walkshome.

Pattern: "is" (VVI|VVZ)
Message:Passve requiresverbwith '-ed'.
Example: Heis gohome.

Pattern: "was"(VVI|VVZ)
Message:Passve requiresverbwith '-ed'.
Example: Theball wascatd by John.

Pattern: "as" (AJOJAV0) “(lik e|than|then)"
Message:Comparisons written"as (adjectve) as".
Example: Thishouseis asbig like mine.

Pattern: ATO "from"
Message:Did you meanform ?
Example: Typein thefromonthewebpage.

Pattern: "can""not"
Message:Can+ notis written ascannot.
Example: Youcannot usethekeyboardto selectanitem.

Pattern: "(more|less)™(then|as)"
Message:Comparisomrequireshan.
Example: Thetaggemwill returnmorethenonetag.

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

Pattern: "its" (CJC|AT0|DTO|EXO|PRF|PRP|VMO|POS|PNPMAVP|TOO]
DTQIPNQIDTQIAQ)

Message:Did you maybemix upit's (=it is ) andits (=possesse pronoun)?
Example: Its wherepeoplewalk around.

Pattern: "its" (VVI|VVZ|VV G)
Message:Did you maybemix upit's (=it is ) andits (=possesse pronoun)?
Example: Its goingto bedif cult.

Pattern: "its" "(a|the)"
Message:Did you maybemix upit's (=it is ) andits (=possesse pronoun)?
Example: Its agoodopportunity

Pattern: "no" (VMO|VVI|VVD|VVN)
Message:Did you maybemix up no (negation)andnow (=atthis moment)?
Example: Therenowill beapark.

Pattern: "no" (CJC|DTO|AO|EXO|PRF|PRP|VMO|NPOJ®R|DTQ|PNQAVQ)
Message:Did you maybemix up no (negation)andnow (=atthis moment)?
Example: Theresno anew building.

Pattern: "no" "(were|was|been|belis)"
Message:Did you maybemix up no (negation)andnow (=atthis moment)?
Example: Nois theright time.
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A.2.3 Style/Mord Rules

Thestyleruleslistedherecanbefoundin rules/words.xml

1. Pattern: ".*" "n't"
Message:Suggestionusealong form like do notinsteadof dont for formal texts.
Example: Don't openthebox unlessyou've readtheinstructions.

2. Pattern: ".*" "|I"
Message:Suggestionusealong form like \1 will insteadfor formal texts.
Example: He'll openthebox.

3. Pattern: ".*" "ve"
Message:Suggestionusealongform like\1 haveinsteadfor formal texts.
Example: Questionsve've aslked somepeople.

4. Pattern: ".*" "'re"
Message:Suggestionusealongform like\1 are insteadfor formal texts.
Example: WhatWe're Reading

5. Pattern: SENT_SRART "or"
Message:Suggestiondon't starta sentencevith or .
Example: Or onecouldthink aboutotherapproaches.

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

A.2.4 English/German FalseFriends

Theruleslistedherecanbefoundin rules/false_fr ien ds.x ml:

also/alsoactual|actually/akil, adwcate/Adwkat,agument/Agument,art/Art, bald/bald,
become/bedmmen billion/Billion, blame/blamiererhox/Box,brave/brar, chef/Chef,
concur/lonkurrieren consequent|congeaently/konseaguent, curious/kuriosdecent/dezent,
dome/Domgengagement/Engagemeetiquette/Etiktt, eventually/eentuell,evergreen/Eemgreen,
exceptional|eceptiorally/ausrahmsweise familiar/famili r, fast/fast,formula/Formulay
fantasy/Bntasiefraction/Fraktiongasoline/Gagjarage/Garageift/Gift, gross/grol3,
gym/Gymnasiumhandy/Handyhigh school/Hochschulasonfession/idnfessbn, labor/Laboy last
night/letzteNacht,list/List, None/live, local/Lokal, map/Mappemarmalade/Marmelade,
meaning/Meinungmnenu/Menlmurder/Mordermist/Mist, natural|naturally/rtérlich, notice/Notiz,
objective/Objekty, ordinary/ordin t overhear/lUberhdremmyerwind/iberwinden,
paragraph/@agraphphotograph/Btograf,pension/Nonepreserative/Pr senativ,
prospect/Prospekprove/prifen public/Publikum realize/realisiererrentable/rentabel,
receipt/RezepfRoman/Romarsensible/sensibedea/Seeserious/seridssite/Seite spare/sparen,
spend/spendestar/Starstern/Sternsympathetic/sympatisceympathy/Sympathi¢ablet/Tablett,
oversight/Ubersichipversee/iibersehepass/Bss,unsympathetic/unsynagisch
undertakr/Unternehmemarehouse/\dkenhaus
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A.3 PennTreebankTag Setto BNC Tag SetMapping

| PennTreebankTag | Description | BNCTag |
CcC coordinatingconjunction cJC
CD cardinalnumber CRD
DT determiner DTO,ATO
EX existentialthere EXO
Fw foreignword UNC
IN preposition/suboidating conjunction| PRF, PRP
JJ adjectve AJO
JIR adjective, comparatie greener AJC
JJS adjectie, superlatie AJS
LS list marker CRD/ -
MD modal VMO
NN noun,singularor mass NNO, NN1
NNS nounplural NN2
NNP propernoun,singular NPO
NNPS propernoun,plural NPO
PDT predeterminer DTO
POS possesse ending POS
PRP personapronoun PNP
PRP$ pOssesse pronoun PNP
RB adwerb AVO
RBR adwerb,comparatie AVO , AJC
RBS adwerb,superlatie AVO , AJS
RP particle AVP
TO to TOO
UH interjection UNC
VB verb,baseform VVI
VBD verb, pasttense VVD
VBG verb,gerund/presergarticiple VVG
VBN verb, pastparticiple VVN
VBP verb,sing. presentnon-3d VVI
VBZ verb,3rd personrsing. present VVZ
WDT wh-determiner DTQ
WP wh-pronoun PNQ
WP$ possesse wh-pronoun DTQ
WRB wh-alverb AVQ

This BNC tagoccursmorethanoncein theright column. This meanghatinformationis lostwhen
themappingis appliedin thedirectionPennTreebankagset BNC tagset.

Theverbsdo andhavehave specialtags.

A.4 BNC Tag Set
A.4.1 List of C5Tags

Thefollowing list is takenfrom [Leech]:
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Eachtag consistsof threecharactersGenerally the rst two charactersndicatethe generalpart of
speechandthethird characteis usedto indicatea subcatgory. Whenthe mostgeneralunmarled
catayory of a partof speechis indicated,in generathethird characteis 0. (For example,AJOis the
tagfor themostgeneraklassof adjectves.)

AJO Adjective (generabr positve) (e.g.good,old, beautiful)
AJC Comparatie adjectve (e.g.better older)
AJS Superlatie adjective (e.g.best,oldest)

ATO Article (e.g.the,a,an,no) [N.B. nois includedamongarticles,which arede ned hereas
determinemwordswhich typically begin a nounphrase put which cannotoccurasthe headof
anounphrase.]

AVO Generaladwerb: an adwerb not subclassi edas AVP or AVQ (seebelow) (e.g. often,
well, longer(adv), furthest. [Note that adverbs,unlike adjectves, arenot taggedas positive,
comparatie, or superlatie. Thisis becausef therelative rarity of comparatie andsuperlatie
adwerbs.]

AVP Adverb particle (e.g. up, off, out) [N.B. AVP is usedfor such"prepositionaladwerbs",
whetheror not they are usedidiomaticallyin a phrasalverb: e.g. in 'Come out here'and’l
cant hold outary longer', thesameAVP tagis usedfor out.

AVQ Wh-aderb (e.g. when,where,how, why, whererer) [The sametagis used,whetherthe
word occursin interrogatve or relative use.]

CJC Coordinatingconjunction(e.g.and,or, but)
CJS Subordinatingonjunction(e.g. although when)

CJT Thesubordinatingonjunctionthat[N.B. thatis taggedCJTwhenit introducesotonly a
nominalclauseput alsoarelative clause asin 'thedaythatfollows Christmas'.Sometheories
treatthathereasa relative pronoun whereastherstreatit asa conjunction.We have adopted
thelatteranalysis.]

CRD Cardinalnumber(e.g.one,3, fty- ve,3609)
DPSPossesse determinei(e.g. your, their, his)

DTO Generaldeterminer:i.e. adeterminewhichis nota DTQ. [Hereadeterminelis de ned
asaword which typically occurseitherasthe rst wordin a nounphrasepr asthe headof a
nounphrase E.g. Thisis taggedDTO0 bothin 'This is my house'andin "This houseis mine'.]

DTQ Wh-determineie.g. which, what,whose whichever) [The cateyory of determineihere
is de ned asfor DTO above. Thesewordsaretaggedaswh-determinersvhetherthey occurin
interrogatve useor in relative use.]

EXO Existentialthere,i.e. thereoccurringin thethereis ... or thereare... construction
ITJ Interjectionor otherisolate(e.g.oh, yes,mhm,wow)

NNO Commonnoun, neutralfor number(e.g. aircraft, data,committee)[N.B. Singularcol-
lective nounssuchascommitteeandteamaretaggedNNO, on the groundsthatthey are ca-
pableof taking singularor plural agreementvith the following verb: e.g. 'The committee
disagrees/disagref'

NN1 Singularcommonnoun(e.g.pencil,goosetime, revelation)
NN2 Pluralcommonnoun(e.g. pencils,geesetimes,revelations)

NPO Propernoun(e.g. London,Michael, Mars, IBM) [N.B. the distinctionbetweersingular
andplural propernounsis notindicatedin thetagset,plural propernounsbeinga comparatie
rarity.]
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ORD Ordinalnumeral(e.g. rst, sixth, 77th,last). [N.B. The ORD tagis usedwhetherthese
wordsareusedin a nominalor in anadwerbialrole. Next andlast, as"generalordinals",are
alsoassignedo this cateyory]

PNI Inde nite pronoun(e.g. none,everything,one[as pronoun],nobody)[N.B. This tag ap-
pliesto wordswhich alwaysfunction as[headsof] nounphrasesWordslike someandthese,
which canalsooccurbeforea nounheadin anarticle-like function,aretaggedasdeterminers
(seeDTO andATO abore).]

PNP Personapronoun(e.g. I, you, them,ours)[Note that possesse pronoundike oursand
theirsaretaggedaspersonapronouns.]

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

PNX Re exive pronoun(e.g. myself,yourself,itself, ourseles)

POS The possesse or genitive marker 'sor ' (e.g. for 'Peter's or somebodyelses', the se-
guenceof tagsis: NPOPOSCJCPNI AVO POS)

PRF The prepositionof. Becauseof its frequeng and its almostexclusively postnominal
function,of is assigned specialtag of its own.

PRP Preposition(exceptfor of) (e.g.about,at, in, on, on behalfof, with)
PUL Punctuationieft braclet- i.e. (or|

PUN Punctuationgenerakeparatingnark-i.e..,! ,:;-or?

PUQ Punctuationguotationmark- i.e." or"

PUR Punctuationright braclet- i.e.) or]

TOO In niti ve markerto

UNC Unclassi ed itemswhich are not appropriatelyclassi ed asitems of the English lexi-
con. [ItemstaggedUNC includeforeign (non-Englishwords, specialtypographicasymbols,
formulae,and(in spolenlanguagehesitationllers suchaseranderm.]

VBB The presenttenseforms of the verb BE, exceptfor is, 's: i.e. am, are,'m, 're andbe
[subjunctie or imperatie]

VBD Thepasttenseformsof theverb BE: wasandwere
VBG The-ing form of theverbBE: being

VBI Thein niti ve form of theverbBE: be

VBN Thepastparticipleform of theverb BE: been
VBZ The-sform of theverbBE:is,'s

VDB The nite baseform of theverbDO: do

VDD Thepasttenseform of theverb DO: did

VDG The-ing form of theverb DO: doing

VDI Thein niti ve form of theverbDO: do

VDN The pastparticipleform of theverb DO: done
VDZ The-sform 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-sform of theverbHAVE: has,'s
VMO Modalauxiliary verb(e.g.will, would, can,could,'ll, 'd)

VVB The nite baseform of lexical verbs(e.g.forget,send live, return)[Includingtheimper
ative andpresensubjunctve]

VVD The pasttenseform of lexical verbs(e.g.forgot, sent,lived,returned)

VV G The-ing form of lexical verbs(e.g.forgetting,sendingliving, returning)
VVI Thein niti ve form of lexical verbs(e.g.forget,send live, return)

VVN The pastparticipleform of lexical verbs(e.g.forgotten,sent lived, returned)
VVZ The-sform of lexical verbs(e.g.forgets,sendslives,returns)

XX0 Thenegyatie particlenotor n't

ZZ0 Alphabeticalsymbols(e.g. A, a,B, b, ¢, d)

Total numberof grammaticatagsin the BNC Basictagset:61
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A.4.2 C7to C5TagSetMapping?®

C7tag C5tag C7tag | C5tag C7tag | C5tag
APPGE | DPS NN2 NN2 RGT AV0
AT ATO NNA NNS RL AV0
AT1 ATO NNB NNS RP AVP
BCL AVO NNJ NNO RPK AVP
CcC cJC NNJ2 NN2 RR AV0
CCB cJc NNL1 | NPO RRQ | AVQ
CS CJS NNL2 NPO RRQV | AVQ
CSA CJS NNO CRD RRR AV0
CSN CJS NNO2 | NN2 RRT AV0
CST CJT NNT1 NN1 RT AV0
CSwW CJS NNT2 NN2 TO TOO
DA DTO NNU NNO UH ITJ
DAl DTO NNU1 NN1 VB0 VBB
DA2 DTO NNU2 NN2 VBDR | VBD
DAR DTO NP NPO VBDZ | VBD
DAT DTO NP1 NPO VBG VBG
DB DTO NP2 NPO VBI VBI
DB2 DTO NPD1 NPO VBM VBB
DD DTO NPD2 NN2 VBN VBN
DD1 DTO NPM1 | NPO VBR VBB
DD2 DTO NPM2 NN2 VBZ VBZ
DDQ DTQ NULL NULL VDO VDB
DDQGE | DTQ PN PNI VDD VDD
DDQV DTQ PN1 PNI VDG VDG
EX EXO PNQO | PNQ VDI VDI
FO UNC PNQS | PNQ VDN VDN
FU UNC PNQV | PNQ VvDZ VvDZ
FW UNC PNX1 PNX VHO VHB
GE POS PPGE | PNP VHD VHD
IF PRP PPH1 PNP VHG VHG
1l PRP PPHO1| PNP VHI VHI
10 PRF PPHO2| PNP VHN VHN
W PRP PPHS1 | PNP VHZ VHZ
JJ AJO PPHS2 | PNP VM VMO
JIR AJC PPIO1 | PNP VMK VMO
JJT AJS PPIO2 | PNP VV0 VVB
JK AJO PPIS1 | PNP VVD VVD
MC CRD PPIS2 | PNP VWG VG
MC1 CRD PPX1 PNX VVGK | VWG
MC2 CRD PPX2 PNX VWVI VI
MCGE CRD PPY PNP VVN VVN
MCMC CRD RA AVO VVNK | VVN
MD ORD REX AVO A4 VVvZ
MF CRD RG AVO XX XX0
ND1 NN1 RGQ AVQ Z71 ZZ0
NN NNO RGQV | AVQ 272 ZZ0
NN1 NN1 RGR AVO

28| receiedthis mappingvia emailfrom Dr. Paul RaysonLancastetJniversity.
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Erklarung

Ich erkl re, dassich dieseDiplomarbeitselbst ndigverfasstund keineandererals die anggebenen
QuellenundHilfsmittel verwendehabe.

Bielefeld,den . ...
Unterschrift
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