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Abstract

Abstract

The framework of our researchoriginatesfrom two different sources:natural
language processingand deductivedatabasetechnology Deductive databases
possessuperiorfunctionality in comparisonto relational systemsrelevantto the
efficient solutionof many problemsarisingin practicalapplications yet therestill
existsno broadacquaintancend acceptanceAs main obstaclewe identified the
absenceof any user-friendly interface. Natural languageinterfaces have been
proposedas optimal candidatefor complex databaseapplicationsbecausethey
makeit possibleto communicatewith the databasesystemwithout the needto
learn any formal query or manipulationlanguage However,in spite of the vast
numberof ambitiousattemptsto build naturallanguagefront-ends,the achieved
resultsasconcernauseracceptancavereratherdisappointingln our opinionthere
are two main reasonsfor this: missing customisation resulting in unexpected
restrictions,and missingintegration responsiblefor insufficient performanceand
wrong interpretation We dealwith theseshortcomingsy combiningthe strengths
of bothresearcffields. In our IntegratedDeductiveApproach(IDA) the interface
constitutesan integral part of the databasesystemitself by making use of the
declarativepower of deductivedatabaseghatis, the dictionaryof the interfaceis
alsodesignedascomponenbf the databasesystemaswell asthe completenatural
languageanalysisis performedby the logic programminglanguageprovided by
deductivedatabasesThis completeintegration of linguistic analysisguarantees
the consistentmappingfrom the semanticrepresentatiorof the userqueryto the
appropriate semantic application model avoiding any discontinuities of
homogeneity.For each step of natural language analysis we introduce new
conceptsand show their efficient implementationin IDA. Morphological and
lexical analysisare performedby adaptingthe lexical approach also covering
prefixes, derivations,and compoundwords. The dictionary has a hierarchical
structure making it possibleto insert all featuresat the appropriatelevel of
abstraction.Furthermore,the expressivetwo-level formalism is applied to the
processingf three specialmorphologicalphenomenaablaut,elision, and binding
sounds.As concernssyntacticanalysis we proposean extensionto Categorial
Unification Grammarin order to analysefree word order languagefficiently.
This grammaticaframeworkis in optimal conformity with the powerful dictionary
aswell asthe evaluationstrategyof deductivedatabasesrlhe bottom-upparsing
also makesit possibleto analyseincompleteand ungrammaticalsentencesn an
easyand naturalway. For semanticanalysiswe introducethe unknownvalue list
(UVL) analysis a techniquethat operateddirectly on the evaluationof database
values and deep forms of functional words, that is, syntactic analysis iapptiyd
if necessaryor disambiguationFinally, alsosolutionsfor discourseresolutionand
spelling error correction are presented.We prove the feasibility of the IDA
approachby useof a casestudy the designand implementationof a production
planningand control system The centralpoint of our proposedsevenstepmodel
to the developmentof efficient databaseapplicationswith natural language
interfacesis the empirical collection of testdata in orderto obtainrealisticinput
sentences, therefore guaranteeing optimal customisation for practical use.
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Zusammenfassung

Zusammenfassung

Der theoretischeRahmendieser Arbeit hat seinenUrsprungin zwei Bereichen:
Verarbeitungnaturlicher Spracheund deduktiveDatenbanktechnologieédDbwonhl
deduktive Datenbanken im Vergleich mlationalenSystemerubereineerweiterte
Funktionalitéat verfiigen, welche fir die effiziente Bewaltigung zahlreicherin
PraxisanwendungenuftretenderProblemevon Relevanzist, war das bisherige
allgemeinelnteressesowie die Benutzerakzeptangering. Da hierbei das haupt-
séchlicheHindernisdie fehlendebenutzerfreundlich&chnittstelledarstellt, wurde
als optimaler Kandidat eine naturlichsprachliche Schnittstelle vorgeschlagen.
Trotz der groRenAnzahl an ambitioniertenVersuchennatirlichsprachlich®ber-
flachen zu entwickeln,waren die erzielten Resultatein Hinblick auf die Benut-
zerakzeptanznttauschendwofir zwei Hauptfaktorenverantwortlich gemacht
werdenkonnen:fehlendeAnpassungresultierendin unerwarteterRestriktionen,
sowie fehlendelntegration, welche unbefriedigendesSystemverhalterund un-
korrektelnterpretationerverursachtin dieserArbeit werdendieseUnzuléanglich-
keitendurchdie Kombinationder StarkenbeiderForschungsbereichgeseitigt.Im
IntegriertenDeduktivenAnsatz(IDA) stellt die SchnittstelleeinenTeil desDaten-
banksystemselbstdar, sodaldasLexikon als KomponentedesDatenbanksystems
entworfen sowie die vollstandige nattrlichsprachliche Anatyitels derlogischen
Programmierspracheer deduktivenDatenbankrealisiertwird. Diesevollstandige
Integration der linguistischenAnalysegarantiertdie konsistenteAbbildung der
semantischerReprasentationler Benutzerabfragauf das entsprechendseman-
tischeAnwendungsmodelF-ir jedenAnalyseschritiverdenneueKonzepteeinge-
fuhrt und dereneffiziente Implementierungn IDA gezeigt.Morphologischeund
lexikalischeAnalysewerdenunter AdaptierungdeslexikalischenAnsatzeslurch-
gefluhrt, wobei auch Préafixe, Derivative und Komposita bertcksiohggtien.Das
Lexikon besitzteine hierarchischeStruktur, welche es ermdglicht, alle Informa-
tionenauf der geeigneterAbstraktionsebeneinzutragenDartiberhinausvird der
machtigeTwo-level-Formalismuauf die Verarbeitungdreier spezifischemorpho-
logischer Phdnomene angewendet: Ablaut, Elision und Bindeladtezligauf die
syntaktische Analyse wird eine Erweiterung zur Kategorialen Unifikations-
grammatik vorgeschlagenum Sprachenmit freier Wortstellung effizient analy-
sieren zu koénnen. Diese Grammatiktheorieist in optimaler Ubereinstimmung
sowohlmit demmaéachtigen_Lexikon als auchmit der Evaluierungsstrategigdeduk-
tiver DatenbankenDie Bottom-up-Strategieermdglicht es auch, unvollstandige
und ungrammatikalischeSatzeauf einfacheund nattrliche Art und Weise zu
analysieren.Fur die semantischeAnalysewird die AnalyseunbekannterWerte
eingefuhrt,eineMethode,die direkt auf der Evaluierungder Datenbankwertend
Tiefenformender Funktionsworteraufsetzt,sodal3die syntaktischeAnalyse nur
eingesetzt wird, falls sie figie Disambiguierunghotwendigist. Schliel3lichwerden
auchLosungenfur DiscourseResolutionund Eingabefehlerkorrektupréasetiert.
Der vorgestellteAnsatzwird auf eineFallstudieangewendetlie Implemerierung
einesProduktionsplanungs- und -steuerungssysté&neszentrale Komponentdes
Sieben-Schritt-Modelldur die Entwicklung effizienter Datenbankanwendungen
mit natdrlichsprachlicherSchnittstellenist die empirischeErmittlung von Test-
daten welche die optimale Anpassung an den praktischen Einsatz gewahrleistet.
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1. Motivation

Deductivedatabasetechnologyemergeduring the pastdecadejt combineshe strengthsof
both logic programmingandrelational databasealgebra The extendedunctionality led the
way to solutionsto practicalproblemswhich could not be handledefficiently before.In spite
of the superiorityin comparisorwith relational databasesystemstherestill existsno broad
acquaintancand acceptancevith regardto practicalapplicationsLockemann92].Sincewe
identified the userinterfaceasthe main obstaclefor a specificuserto becomefamiliar with a
new databaseparadigm,our objective was to supplemenideductivedatabasesvith a user-
friendly front-end.

Starting from the first days of researchon natural language processing,the use of
unrestrictedlanguagehas beenregardedas optimal choiceto the communicationof casual
userswith sophisticateddatabaseapplications.The great advantageof natural languageis
basedon the fact that the useris not forced to learn any formal query or manipulation
language(seeFigurel). Furthermorejt possessesiore expressivgpowerandflexibility than
other user-friendly interfaces, e.g. graphical front-ends or menu-based systems.

Intensivework was done during the last decadesand a huge numberof prototypeswere

developedbut somehowthey sufferedthe samefate as deductivedatabaseshey are still far

away from widespreadpractical use [Copestake90].The reasonfor this are the many
limitations that still existandwhich are causedoy two mainfactors: missingintegration and

missing customisation We deal with both problemsby introducingon the one handa new

type of architecture, thimtegrated Deductive Approach (IDA)n the othehanda severstep
modelto the developmenbf a fully customiseddatabaseapplicationwith natural language
interface.

IDA brings togetherthe two ‘fellow sufferers'natural languageinterfacesand deductive
database thatthe interfaceconstitutesan integral part of the databasesystemtself. This
signifies that the complete natural languageanalysisis performedby the powerful logic
languagesuppliedby deductivedatabasesvhich guaranteesor the first time a homogenous
mappingof the semanticrepresentatiorof userinput to the underlyingdatabaseapplication
[Winiwarter93a].

Givemethe salary
of MAIER !

2@ |
aat v

Figure 1: Natural language interface
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The proposedsevenstep modelto the developmentof databaseapplicationswith natural
languageinterfaceshas as central step the empirical collection of test data by use of
guestionnaireOnly this procedureguaranteethe completecoverageof all relevantlinguistic
phenomenavhich is essentiafor full customisatiorandachievemenof wide useracceptance
in later practical use.

As introduction to this thesiswe start in Chapter 2. Introduction to Natural Language
Processingwith somebasic definitions and conceptsbefore we give a short survey of the
currentstateof researchon naturallanguageprocessingSpecialemphasiss givento existent
work on natural languageinterfaces other mentionedrecentapproachesefer to application
areas likanformation retrieval, information filteringr machinetranslation. The secondpart
of the introduction is supplied by Chapter 3. Deductive Databasesin which first some
fundamentalsand indications about existentwork are stated.For our researchwe use as
implementatiorplatform the prototypesystemSALADwhich was developedat MCC on the

basisof the deductivedatabasdanguagel DL, an extensionof the computationalparadigm
Datalog. Therefore we give aninsightinto the syntaxandfunctionality asfar asnecessaryor

the understanding of this thesis.

The centralpart of this work introducesnew conceptsand methodsfor eachstepof natural
analysiswithin IDA (for the referenceanguageGerman)and illustrateshow theseconcepts
can be implementeefficiently in LDL. In Chapter4. Morphologicaland Lexical Analysisthe

initial two stepsof naturallanguageanalysisare dealtwith because¢hey are carriedout at the

sametime in IDA by adaptingthe lexical approachwhich storesonly canonicalforms and
assignsall featuresto the dictionary entries We develop the required formal framework
consistingof morpho-syntaxand two-level rules which is able to handle prefixes, derived
words,andcompoundwvordsaswell asthe specialmorphologicalphenomenablaut, elision,

andbinding soundsln Chapter5. SyntacticAnalysiswe discussexistentgrammarformalisms
asbasisfor selectingCategorialUnification Grammar(CUG) asframeworkfor the syntactic
analysisin IDA. Since CUG as suchis not well-suitedfor the analysisof free word order
languageswe introducesomeimportantextensionswhich makeit possibleto analysealso
incomplete and ungrammaticalsentencesn a natural and efficient way. In Chapter 6.

Semantic and Pragmatic Analysve present gaemanticanalysisechniquebasedon unknown
valuelist (UVL) analysisthat makesoptimal useof the information suppliedby the semantic
applicationmodelof the underlyingdatabaseapplicationand usessyntacticanalysisonly for

disambiguatiorof severainterpretationsFinally, we proposean efficient discourseresolution
methodand a nevsimilarity measurdor correcting misspelled database values.

The final part of this thesisaimsat proving the feasibility of the previouslyintroducednew
conceptsin Chapter7. CaseStudy:PPC Databasefor PrecisionToolswe reporton a case
study:the designandimplementatiorof a productionplanningandcontrol system(PPC)with
Germannaturallanguageinterfacefor an enterprisewhich manufacturegprecisiontools. By
applying the proposedsevenstepmodelwe illustrate the individual stepsof the designand
developmenprocessn full detail. Basedon the extensivetestdata,the concludingevaluation
examines the correct functionality and performance, in particular the achieved response times.

1. Motivation 2



2.1 Basic Concepts

2. Introduction to Natural Language Processing

2.1 Basic Concepts

Natural languageprocessingencompasseall computer-basedpproacheso the handlingof
unrestrictedwritten or spokenlanguage[Lunin84], the latter also referredto as speech
processingThis definition is much more general than thatatural languageunderstanding.
Whereasthe latter is always concernedwith the underlying meaning, natural language
processinglsodealswith simplemethodsappliedin word processorsindexingprocedureor
keyword-matching retrieval techniques.

With regardto the direction of computation,naturallanguageprocessingcan be divided in
two general processes:

« natural languageanalysis: the natural languageinput is mappedto some internal
representation

« natural languagegeneration: the internal representatioris transformedto natural
language output

The complexchallengeof naturallanguageanalysisis usuallydivided in sub-tasksy applying
the general process model displayed in Figure 2.

Natural language nput

Y
Morphological analysis

Y
Lexical amalysis

Y
Syntactc analysis

Y
Semaitic analysis

Y
Pragmaic arelysis

Y

Intemal representation

Figure 2: Process model of natural language analysis
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2.1 Basic Concepts

The individual stepsof the procesanodel performthe following computationsthey neednot
be looked upon as strictly sequentialbut are often realised in an interleaved manner
[Doszkocs86]:

% morphologicalanalysis: by meansof lemmatisationeachword is transformedto its
canonicalfform, the removedendingssupply syntacticinformationlike number,person
or gender

% lexical analysis: the canonicalforms are looked up in the dictionary retrieving the
associated syntactic and semantic information

% syntacticanalysis:by useof a parserthe syntacticstructureof a sentences generated
according to the defined grammar

% semanticanalysis: basedon the sentencestructure a semantic representationis
determined which covers the intended meaning

% pragmaticanalysis:the scopeof examinations extendedrom the analysisof a single
input sentence to thaterpretationof the whole recentcontextof discourseby making
also use of some kind of world knowledge

If one considersalso spokenlanguage,new problems arise like word recognition and

segmentatior(for recentwork on this researchfield see[White90, Dowding93, Rowles93,
Nagao93b]). On the other hand, supplementary prosoiicnationis availablelike pitch and

pauseanformation[Cruttenden86Beler93,Raskutti93a]A secondclassof recentapproaches
deals with the additional complexity of recognisinghand-written sentences [Keenan91,
Hull92, Srihario3].

Whereasthe main difficulty of naturallanguageanalysisis to disambiguateseveralpossible
interpretationsf a specificinput sentencefor the generationprocedurethe oppositeis true,
thatis, one mustchooseone of the many possiblesurfacerepresentations.g. accordingto
user modelling [Sparck-Jones91]For good surveys of the researchon generationsee
[McDonald87, Reiter93], recent approachednclude applicationsto responsecreation in
interfaces [Kalita86, Chu93, Raskutti93b], explanation systems [Moore91, Paris91,
Zukerman93,Suthers93McKeown93] or automaticdocumentatiorKittredge86, Hovy91,
Mittal93].

Natural languageprocessinghas beendominatedfor over three decadedy the knowledge-
basedapproach.Only recently,an ‘'empiricalrenaissancaakesplacefor domain-independent
applications which is mainly caused by the following three reasons (see [Church93]):

% huge data collectionslike machine-readableictionaries or text corpora are now
available

% advancesin computertechnology have resultedin a significant cost reduction of
powerful hardware architectures

% a greater emphasis on deliveralaeslevaluationexistsfor which the corporasupplya
uniform test-bed

The manyrecentlyproposedechniqguesare mostly statisticalmethods[Briscoe93,Brown93,
Smadja93Weischedel93Magerman94put also neuralnetworksare regardedas promising
tool for the use in natural language analysis [Jain91, Daelemans92, Jacquemin93, Merkl94b].

2. Introduction to Natural Language Processing 4



2.2 Natural Language Interfaces

2.2 Natural Language Interfaces

Generallyspeakingpaturallanguagdanterfacesenablethe easydataaccesswvithout usingany
formal commandsbut by simply defining the requestin plain English or any other natural
language.There exist three different interface types (for general surveys see [Bates87,
Capindale90, Copestake90]):

% interfaces to knowledge bases
% interfaces to information retrieval systems
% interfaces to databases

Interfacesto knowledgebaseshave beenusually implementedas integrated logical or
functional programming systems.They often were not realised as interfacesto existent
applicationsbut on the contraryformedthe centralissueof the system,suchrealisationsare
referred to as natural language (understanding)systemsor question-answeringystems.
Prominent examples are SHRDLU [Winograd72], Chat-80 [Warren82], VIE-LANG
[Zsolnai87], MURPHY [Selfridge86]or WISBER [Fliegner88].The main drawbackof these
systemsare the missing featuresof databasemanagemensystemslike transactionsupport,
schema-based integrity or efficient secondary storage.

The secondcategoryof interfacesaccessesinstructuredinformation storedin information
retrieval systemgsee[Salton83]).In contrastto databasénterfaceshe complexpartof these
interfacesis not the analysisof the input sentencebut that of matchingthe text documents
with the queryin orderto producea satisfactoryquery result. Becauseof the huge size of
informationretrievalsystemsn practicaluse,naturallanguageanalysiss often combinedwith
simpler techniquedike Booleansearchin order to reducethe numberof documentso be
analysed Examplesfor successfulmplementationsare lota [Chiaramella87],l 3R [Croft87],
Adrenal [Lewis89] or Amics [Caraceni93].

Most existennatural language database interfacésalwith the accesgo relationaldatabase
systemsthe early systemsRENDEZVOUS[Codd74]and PLANES [Waltz77, Waltz78] as
well asmorerecentsystemdike TEAM [Grosz82, Grosz83]SESAME[AIB6] or SystemX
[McFetridge88].Also for Germanlanguagesomepromisingprototypeshave beemeveloped,
e.g. PLIDIS [Berry-Rogghe78], HAM-ANS [HOppner83] or Datenbank-DIALOG [Trost90].

The crucial weak point from what all thesesystemssuffer is the mappingfrom the final
semantiaepresentatiof the input sentenceo the actualdatabaseuerywhich incorporates
a discontinuity of homogeneityas concernsthe different semanticmodels(e.g. mappingof
relations or attributes, see [Schroder88] for a detailed discussion).

The secondgreatdifficulty that databasenterfacesdifferently from other natural language
applicationsamustcopewith is the processingf databasealuesaspart of the userquery.As

especially systemsthat claim to be domain-independentlo not accessthe knowledge
containedn the databaséor usein naturallanguageanalysisthe usualapproachs to assume
that undefined words representdatabasevalues (see [McFetridge90]). Therefore, if one
considersthe possibility of misspelledvalues,they are not ableto distinguishbetweennew

database values for insertion or update and misspelled existent data.

The very first databaseinterface LUNAR [Woods72] as well as the first commercially
availablenaturallanguagenterfaceINTELLECT [Harris84] tried to overcomethis situation
by retrieving the concernadhluesfrom the databasetHowever,dueto the hugesearchspaces

2. Introduction to Natural Language Processing 5



2.3 Other Applications

and the limitations of relational databasetechnology, this method severely affects the
efficiency of the application.

A differentapproactto theresolutionof unknownvaluesis to restrictthe complexity of input
resultingin somekind of pseudo-naturalanguage examplesof suchsystemsare LADDER
[Sacerdoti77,Hendrix78], TQA [Damerau8l1],ENLI [Kambayashi86,El-Sharkawi90] or
HAVANE [Bosc86]. Someimplementationseven delimit the use of natural languageto a
menu-basedystem,e.g. NL-MENU [Tennant83,Thompson83](see also [Rich87]). This
decreas®f complexityguaranteesan efficient analysisbut alsoleadsto a significantreduction
of habitability which questionsthe main reasonfor using naturallanguageinsteadof formal
guery languages [Ogden87].

Although deductivedatabasesombinethe advantagesf thefirst andthird type of interfaces,
that is, the integrated architecture and the databasemanagementfacilities, therefore
incorporatingthe powerto solveall thoseshortcomingsthereis no existentwork that makes
full use of this power. The only known prototype of a natural languageinterfaceto a
deductivedatabasevasdesignedy Gal/Minkerwho focusedtheir researcton the generation
of naturallanguageanswergo userqueriegGal85]. However,alsothis prototypeusesonly a
loosely coupled interface resultiagainin the abovementionednaccuraciegor the treatment
of unknown words.

2.3 Other Applications

Beginningfrom the first daysof naturallanguageprocessingtext or documentanalysishas
representeane of the centralresearchields. The main differencesto the designof natural
language interfaces atiee largevocabularythe completeandcorrectnatureof sentenceghe
enriched complexity of applied sentence structures and the larger scope of context meaning.

An importantapplicationareais informationretrieval wherethe semanticrepresentationsf

documentsare usedfor the matchwith userqueriesandthe presentatiorof the queryresult.

The processof the creationof theserepresentationss also often referredto as knowledge
acquisition. For examplesof approacheshat apply linguistic analysisfor that purposesee
[Dillon83, Smeaton86, Katz88, Antonacci89, Schwarz90].

The greatshortcomingof all thesesystemds their high developmentostwhich makesthem
not feasible for large-scale applicatiomsis is especiallytrue for thefield of legalinformation
retrieval systems(see [Schweighofer93a]).Therefore, again neural networks [Belew87,
Bench-Capon93, Merkl94a] as well as statistical techniques [Wong87, Salton88,
Schweighofer93b,Schweighofer94]have beenproposedas efficient empirical solutions.
Another challengingapplicationareais multimediadata, there existssomerecentwork that
facesits specificneeds,n particularthe semanticrepresentatiof graphical,video or audio
data [Baudin93, Arens93, Han93].

Closely relatedto the applicationsin information retrieval are information filtering systems
which haveasmaintaskthe distributionanddelivery of informationin orderto assistthe user
in finding relevantinformation [Hofferer94d] Early work was concernedwith summarising
andclassifyingmessagetor very specificdomainrangese.g. ATRANS [Lytinen84] or TESS
[Young85] for the analysisof banking messagesMore recent work deals with emails,
NetNews articles, newswire stories or multimedia documents (see [Hofferer94al).

2. Introduction to Natural Language Processing 6



2.3 Other Applications

Sundheim [Sundheim92] established with the message understanding conference an

internationalforum for the objectiveevaluationof informationfiltering systemswith regardto

the parametersspeed,precision, and recall [Chinchor92]. Two examplesof successfully
evaluated prototypes are SCISOR and FASTUS.

The system SCISOR was designed by Jacobs/Rau [JacobsB dorlysisof financialnews
takenfrom the on-line financial serviceof Dow Jones SCISORemploysa combinedbottom-
up and top-down natural languageanalysisby meansof a knowledgebasefor conceptual
representationTo improve the performanceirrelevant messagesre discardedat an early
stageof analysisby a powerfulfilter topic analyserThe prototypeachievedwithin the MUC-
Il evaluation both 90 % of precision and recall while analysing 6 messages per minute.

FASTUSwasimplementedat SRI Internationa[Hobbs92].Insteadof parsingthe text by use
of a context-freegrammarit appliesa non-deterministicfinite-state languagemodel which
decomposes sentenceinto noun groups, verb groups, and particles. The extraction of
relevant phrasesis activated by means of trigger words and the individual retrieved
information partsare finally mergedto obtaina unified representatiorior the whole text. In
spiteof its simplearchitectureFASTUS achievedwithin the MUC-4 evaluationa precisionof
55 % and a recall of 44 %, the numberof analysedwords per minute was 2375, that is,
approximately also six stories are analysed per minute.

Whereasall evaluatedsystemsstill posses®nly static behaviour,alreadyfirst prototypesof
adaptive systemswere proposed [Ho6fferer94b] which take into considerationthe user
behaviour by use of a monitor component [Hofferer94c].

Another interesting application of natural language processing is tteé naturallanguageas
input for the designof databasesThe user specifiesthe requirementsn natural language
sentencesvhich are mappedto correspondingconceptsin a conceptualdata model. As

important feature, the user is kept aware of actual integrity conflicts and is asked for

correction, examplesof recent implementationsare ISTDA [Bracchi83], MODELLER

[Tauzovich89] or DMG [Tjoa93].

Finally, we wantto concludethis short survey by perhapsthe most classicaluse of natural
language processingwhich was right from the beginning always connectedwith high
expectationdut could seldomsatisfythem: machinetranslation Thefirst partof processing
is in analogy to that of interfaces, thigtto computethe meaningof the input sentenceBased
on this internal representationthe output sentences generatedn the targetlanguage(for a
goodintroductionsee[Schwanke91])Without the useof aninternalrepresentationfor each
pair of languages a separate translation module would be required. Onsetifea language-
independent semantic representation scheme makes it possaplaly an efficient star-shaped
architecture.Prominentcommercialsystemsfor Germanare LOGOS [Wheeler86], SUZY
[Luckhardt82], SYSTRAN [Wagner85] or METAL [Gebruers88].

The recent 'rebirth’ of empirical natural languageprocessingalso strongly stimulatedthe
researchon machinetranslation. Among the many current approachesapplying statistical
methodsare[Katz89, Brown90,Dorr90, Kitano93,Sumita93,Phillips93, Frederking93].The
most famous and ambitious recent research activity is carried out by AJERamwhich deals
with the automatic translation of telephone calls (see [Black93, Matsumoto93]).




3.1 Introduction

3. Deductive Databases

3.1 Introduction

The theory of deductive databases has been the topic of inteesdazctwithin the lastyears
(for good reviews see [Gallaire84, Ullman89, Ullman90]). It has its origins in logic

programmingandrelational databasealgebra By combiningthe advantagesf bothresearch
fields, deductive databasesprovide the following important extensionswith regard to

functionality [Naqvi89]:

& there exists the possibility of formulating recursive queries that is, transitive
relationships can be considered

& the nonmonotonic operation négationis supported

& not only atomicobjecttypesbut alsocomplexobjecttypeslike sets,treesor lists can
be used for data modelling

& updatesare performed by means of declarative specifications

& imperative predicatesare available which enablethe use of conventional control
structures, the declarative semantics is preserved

In spiteof this superioritywhich is not only of scientificinterestbut on the contrarypossesses
significant relevancefor solving many problemsin practice, there still exists no broad
acquaintance and acceptance for deductive databases [Lockemann92].

As concernsthe first attemptsto build prototypesof deductive databasestwo main
approaches were followed:

% The coupling of Prolog and relational databasesystems,e.g. [Kunifji84, Li84,
Bocca86,Chang86,Cuppens86 Jarke86,Ceri87b, loannidis87, Lefebre89]. These
prototypeswere motivated by the immediate availability of Prolog and relational
databaseechnologybut suffer from a number of drawbacksso that they cannot
support the required level of functionality, performance, and ease of use [Zaniolo90a].

% The strong integration of the expressivepower of logic programming and the
performanceand robustnessof relational databasesystemsby implementing the
minimal fixpoint semanticof rule setsandthe underlyingrelationaldata.For a general
view of the architecturalaspectof thesesystemssee[Zaniolo90b], for examplesof
implementations we refer ®ection 3.2 Datalog.

The most influential theoreticalframework for the secondcategoryof approachess the

computationalparadigmDatalog which we will describein Section3.2 Datalog in more
detail. Datalog hasformed the basisfor severalextensionsand successfuimplementations.
One of the most prominentis LDL (Logical Data Language)which was designedand
implementedat MCC as portable prototype systemfor UNIX called SALAD (Systemfor

Advanced Logical Applications on Data) [Naqvi89, Chimenti90].

Since we used SALAD asplementatiorplatformfor our researchye presenin Section3.3
LDL the basicconceptsandconstructof LDL which arenecessaryor the comprehensiof
thevariousexamplesve will providethroughoutthis work. Finally, Section3.4 SALADgives
some additional details about the architectureof SALAD and the applied compilation
techniques.
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3.2 Datalog

Datalogrepresents rule-baseccomputationaparadigmwhich was specifically designedor
the purposeof interactingwith large relationaldatabasesystemg(for a completesurveysee
[Ceri89, Ceri90]) and which is based on a subset of gebegit ProgrammingLloyd87].

A Datalogprogramis defined as a finite set bforn clausesonsisting ofiterals L;:

The left-hand side dd clauseis calledhead its right-handsidebody.If the bodyis left empty,
the clauserepresents fact, otherwiseit modelsarule. A literal is written aspredicatewith a
predicate symbabj and a number dermst;:

Li = pi(t1, -, tk) (3.2)

The termst; can be either variables or constants In order to distinguishthe two types,
variablesare capitalisedwhereasconstantsand predicatesymbolshaveto start with lower-
case letter.

A literal or clausewithout variablesis calledground Any Datalogprogrammustsatisfy two
safety conditions in order to guarantee that the set of all facts which can be derived is finite:

4 each fact is ground
¢ each variable occurring in the head of a rule must also occur in its body
Example 3.1:

angular_part(backe, aluminium, 2, 3, 5).  fact for attributes of angular part with constants:
name, raw material, length, width, height

stock(backe, 5). fact for stock of parts with constants: name, quantity
lagernd(eckteil, Name, Quantity) — rule which derives names and quantities for stock of
angular_part(Name, Material, L, W, H), angular parts
stock(Name, Quantity). [ |

In accordanceo the intentionof Datalogandin contrastto generalLogic Programmingthe
factsandrulesarenot storedwithin a singlelogic programbut are separatedn two different
sets:

» Extensional Database (EDBhe set of facts which is stored in the relational database
» Intensional Database (IDB}he set of rules and facts constituting the Datalog program

Analogously, the set of predicates is partitioned:

» EDB-predicatesthe set of predicates which occur in the EDB
» |DB-predicatesthe set of predicates which occur in the IDB but not in the EDB

Therefore,eachEDB-predicatecan be mappedto a correspondingelation in the relational
databasendeachfactin EDB canbeinsertedastuple Similarly, the IDB-predicatescanbe
regarded asiews Finally,goalsperform the function ofjueries they consist of aingleliteral
preceded by a question mark, e.g.Example 3.1?lagernd(eckteil, Name, Quantity).
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A lot of work was doneconcerningthe efficient evaluationof Dataloggoals.The proposed
algorithms can be roughly divided in two groups (for a detailed taxonomy see [Ceri90]):

% evaluation methods which optimisation is performed during the evaluattsalf, e.qg.
Gauss-Seidainethod[Chang81,Bancilhon85],Semi-naiveevaluation[Bancilhon86a,
Ceri86], Henschen-Naqgvi method [Henschen84] or query-subquery algorithm
[Vieille86]

% rewriting methodsvhich transform the program tomoreefficient equivaleniprogram
beforeevaluatione.g. magicsets[Bancilhon86b,Beeri87b],Counting[Bancilhon86b,
Beeri87], magic counting[Sacca87a]staticfiltering [Kifer86] or Variable Reduction
and Constant Reduction [Ceri87a]

By extendingthe very restrictedDatalog syntaxand by applying the aboveevaluationand
rewriting methodssomesuccessfulesearchprototypeshave beenmplementedge.g. SALAD
(Section3.4 SALAD, NAIL! [Morris86, Morris87],KIWI [Sacca87bjor ALGRES[Ceri88].

Also first attemptsof combiningDatalogwith conceptsrom object-orienteddatabasegxist
[Beeri88,Czejdo88 Cacace89,.ee90,McCabe92]shikawa93]resultingin variousdeductive
object-orienteddatabasesystemprototypeslike COMPLEX [Greco90],LLO [Lou91], LOL

[Bertino92, Bertino93], OSAM*.KBMS [Su93] or CLOG [Hui93, Hui94].

3.3 LDL

LDL (Logical Data Language)was designedat MCC as purely declarativelogic-based
language. It provides many powerful extensiohpure Datalogwhich we will presenin brief
in the following (a complete presentationgives [Naqvi89], see also [Zaniolo85, Tsur86,
Chimenti87, Beeri87b, Zaniolo90c]).

3.3.1 Data Types

The arguments(constants)used in base predicates (EDB-predicates)can possessthree
different simple data types string, integer, and real. String constantswhich start with a
capital letter have to be enclosedin single quotation marks in order to make them
distinguishabldrom variables.The definition of the individual datatypesis performedwithin
theschema

Example 3.2:

For the two facts in Example3.1 the schemadefinition hasthe following form, the
labelling of the arguments is optional:

ppc({ angular_part(Name: string, Material: string, Length: integer,
Width: integer, Height: integer),
stock(Name: string, Quantity: integer)}). [ |

In addition to thesethree simple data types, argumentscan also have nestedstructures
resulting incomplex data types

Example 3.3:
The schema ikExample 3.2s slightly changed in that the three dimensions are united:

ppc({ angular_part(Name: string, Material: string, Dim: (integer, integer, integer)),
stock(Name: string, Quantity: integer)}). [ ]
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Finally, there exist two special built-in complex data tyfists andsets|Shmueli88]
Example 3.4:

Thefirst of the two following definitionsdefinesoperationsequencesslist of actions,
the second gives the set of machine types which an operator can handle:

ppc({ operation_sequence(Name: string, Actions: [string]),
operator(Name: string, Qualification: {string})}). [ |

3.3.2 Built-in Predicates

Built-in predicatesare eitherwritten like other predicatesor as specialpredicatesymbolsin
infix notation.They areusedlike EDB-predicategi.e. only in the body of rules)thoughthey
arenot storedexplicitly but evaluatedduring executiontime. The following groupsof built-in
predicates can be distinguished:

& comparison predicates:

> L=R
> L-=R LZR
> L>R
> L<R
> L>=R L=>R
> L<=R L<R

& arithmetic predicates:

> L+R
> L-R
» L*R
> L/R
> LmodR

& list predicates:

> [XLY] X ... head Y ... tail

% set predicates:
> member(E, S) EOS
> subset(S1, S) S10S
> union(S1, S2, S) S=S108S82
> difference(S1, S2, S) S=S1-8S2
> intersection(S1, S2, S) S=S1nS2
> cardinality(S, N) N =[LSC

The equalitypredicatecanalsobe usedasunification operationif free variablesareinvolved
[Lassez88, Siekmann90]. As special csisgle assignmertccursif onesideis a variableand
the other is a constant term [Naqvi89].
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Thereexistsa specialpredicatefor providing DON"T CARE non-determinismAs declarative
equivalent of the CUT-operator in PROLOG, tiimice-predicatén the rule

a(X, Y) < b(X, Y), choice((X), (Y)) (3.3)

createsa maximal subsetof the predicateb(X,Y) underthe preservationof the functional
dependencX - Y [Krishnamurthy88al].

Example 3.5:
The following rule selects for each supplier one of the parts which he supplies:
liefer(Name, Part) — supplier(Name, Part), choice((Name), (Part))
If only one supplier shall be retrieved randomly, then the rule has to be modified:
liefer2(Name) — supplier(Name, Part), choice(( ), (Name))
In order to add to the one selected supplier one of his parts, the rule looks like this:

liefer3(Name, Part) — supplier(Name, Part), choice(( ), (Name, Part)) ®

Finally, a predicatefor aggregationoperationson setsis provided, its internal representation
has the following form [Naqvi89]:

aggregate(Op, S, V)
if(empty(Op, V) then true
else if(S = {X} then single(Op, X, V)
else partition_once(S1, S2, S)),
aggregate(Op, S1, V1),
aggregate(Op, S2, V2),
multi(Op, V1, V2, V)). (3.4)

The predicate partition_once partitions the given set in two arbitrary disjoint subsets.
Therefore,the aggregatioroperationexaminesrecursivelythe empty, the singleton,and the
general case.

Example 3.6:

The following aggregation operatorenlist transformsa setto a correspondingjst, the
sequencef thelist memberds arbitrary. It usesthe predicateappend which joins two
lists together.

empty(menlist, [ ]).

single(menlist, X, [X]).

multi(menlist, X1, X2, X) — append(X1, X2, X).

append([XCY], Z, W) — append(Y, Z, W1), W = [X[CW1].

append([ ], X, X). [ |
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3.3.3 Negation

Only predicatesn rule bodieswith coveredvariablescanbe negatedby useof the ~-symbol),
thatis, they get their value rangefrom the evaluationof other positive predicatesThe only
exceptionare existentialvariableswhich only appearoncein a rule (alsosingletonvariables,
normally written asanonymousariablesby anunderscore)A further restrictionto the useof
negationis thatit cannotbe appliedin a recursivedefinition. By moving the negationout of

the scopeof the recursionone resultsin a stratified program [Chandra85 Przymusinski87,
Naqvi87]

Example 3.7:

The following programdecidesf the numberof list elementss even,it is non-stratified
because of the use of negation in the recursive definition:

even([_CRest]) — ~even(Rest).
even([ ]).

To transform this program in a stratified version, the additional prediclatés applied:
even(L) — ~odd(L).

odd([_]).
odd([_[C[_[CRest]]) —~ odd(Rest). [ |

3.3.4 Grouping

The groupingoperator(<...>) collectsseveralsolutionsof the evaluationof a variableinto a
unigue set and can only be usedin the headof rules [Beeri89]. In the sameway as with

negation one has to pay attention to stratification, that is, not to ugeoth@ngoperatorin a
recursive definition [Shmueli87].

Example 3.8:
The following rule computes the number of existent angular parts:
anzahl(Quantity) counts number of angular parts
anzahl2(Set), set of angular parts
cardinality(Set, Quantity). cardinality of set equals humber of angular parts
anzahl2(<Name>) grouping operator produces set of part names
angular_part(Name, _, , , ). [ |

3.3.5 Updates

The use of updatesenrichesthe semanticsof the logic programfrom first-order logic to
dynamic logic [Ramakrishnan88] in the sense that the order of update specifioaicaitect
the result of evaluation.All changesto the EDB-predicatesare reducedto two opposite
operations, the deletion (-) and insertion (+) of facts.
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Example 3.9:

Thefollowing simplerule changeghe stockfor the basepredicatestock from Example
3.2 If there does not exist a stofk the partin questionthenno deletionis performed
and the stock is added as new fact.

aendmen(Name, Quantity)
-stock(Name, _),
+stock(Name, Quantity). [ |

By supporting the notion of database transactions [Sacca88a, NagwiBdresareallowed

after an update operationbecausethis would signify that the updatehasto be revoked.
Furthermore this restrictionmakesit possibleto detectthe violation of integrity constraints
(e.g.type mismatch)immediately.Only assignmentspdatesand imperativepredicategsee
below) are infallible predicates that is, they can be usedafter updatesAgain, in orderto

guarantee stratification, updates cannot be used in recursive rules.

3.3.6 Imperative Predicates

The extensionof LDL by update operationsgives rise to the needfor two imperative
predicates [Naqvi88]. The first one of them is ifgredicate

h — if (p then q else w) (3.5)
which is semantically equivalent with the two rules:

h < p,q.

h « ~p, w. (3.6)

The common abbreviation:

h — if (p then q) (3.7)

with the semantics:

h — if(p then q else true) (3.8)
is also valid in LDL.

Besidesthe increaseof legibility and evaluation efficiency, the if-predicate provides the
essential possibility to make predicates infallible.

Example 3.10:

The following predicateupdatesa stock and appliesa secondpredicatefor delivery
controlwhich canfail. The left-handsideshowsa wrong versionin which the predicate
is usedas suchafter the updateoperationsthe versionon the right-handside removes
this error by the application of the if-predicate.

aktmen(Name, Quantity) aktmen(Name, Quantity)
-stock(Name, ), -stock(Name, ),
+stock(Name, Quantity), +stock(Name, Quantity),
delivery_control(Name). if(delivery_control(Name) then true). |
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The second imperative predicate is the iterdtivever-predicatevhich is also infallible Since
updatescannotbe usedin recursiverules, the forever-predicatas usedfor such situations
where an iterative definition of updates is needed.

The forever-predicate in a rule:

h — g, forever(p), g. (3.9)

is evaluated as:

H < 9, P1, P2, -y P G (3.10)

where thep; aresuccessivéerativeapplicationsof the p predicatep,, is determineckitherby
the fact that p,4, fails or that p, = p,.1, thatis, no further changesdue to updateshave
occurred[Naqvi89]. Variable valuescan be importedinto the forever-predicatéut the only
way of exporting evaluation results out of the forever-predicate is via updates.

Example 3.11:

The following rule shows the schedulingof the individual machining operations
containedin a productionlist. As prerequisitethe machining operationshave been
numberedefore.Sincethe schedulingpredicatetself hidesa complicatedplanningand
optimisationprocessesultingin manyupdatesg.g.for the assignmenof workersand
machines,the forever-predicatehas to be applied in order to guaranteethat each
schedulingstepis performedon the basisof the resultof the prior planningdecisions.
For that purpose a simple basepredicateis usedasloop counter,the evaluationexits
the loop if the counter value exceeds the number of the last entry.

produktion(Plist) scheduling of production list

+seqnr(1), initialising loop counter

forever( for each machining operation in production list do
seqnr(l), loop counter
Imember((l, Operation), Plist),  retrieving actual machining operation
plan(Operation), scheduling for individual machining operation
J=1+1, incrementing loop counter
-seqgnr(), deleting old loop counter
+seqnr(J)), storing new loop counter

-seqnr( ). deleting loop counter [ |

3.4 SALAD

Thefirst LDL implementatiorusedFAD, a languagebasedon relationalalgebrasupportecby
a massivelyparalleldatabasenachine[Danforth85,Boral88]. After its successfutompletion
in 1987 at MCC, the next stepwas the designand implementationof an openarchitecture
prototypesystemcalled SALAD (Systemfor AdvancedLogical Applicationson Data)which
was finished in 1988. SALAD operateswithin the UNIX environmentand generategarget
codein C. It preserveghe purely declarativesemanticof LDL, e.g.in contrastto Prologthe
order of rulesis insignificant. Additionally, SALAD possessethe usualfeaturesof database
managemensystems,i.e. supportfor transactionsrecovery, schema-basethtegrity, and
efficient management of secondary storage [Chimenti9O0].
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The deductivedatabasasystemconsistsof four main componentsvhich are strictly separated
in four different file types (see Figure 3):

"1 aschemdor base predicates:sch

1 a set offactsrepresenting the data (EDB-predicatédgac

"7 a set ofrulesfor deriving new predicates (IDB-predicatesjul

"1 a set ofquery formdor generating access plans to stored dadg:

SCHEMA

Figure 3: Components of SALAD

The query forms are generic goals in that they specify which argumentsrepresentinput
parametergcoveredvariables,indicatedby a preceding$-sign) and which are expectedas
output (free variables). Thebendingsare essential fahe efficient compilationof therule set
[Zaniolo88]. The important differenceto logic programmingsystemslike Prolog is that in
SALAD the facts are treateddifferently from the rules, they are describedby the schemaat
compilation time. Therefore, any update can be performed freely without the need for
recompilingor reinterpretingthe program[Chimenti90].Figure4 showsa simpleexamplefor
thefile configurationin SALAD by useof the predicatesrom Example3.1. The queryform
gives the user a list of all available stocks for a specific category of parts.

Two otherimportantfeaturesof SALAD are modulesand externalg/Chimenti89b].Modules
allow for modulardecompositiorresultingin reducedtargetsize code and possibly shorter
executiontime. The predicatesused inside of a module are local, global predicatesare
definedvia import and export specificationsof query forms. Externalsprovide the essential
possibilityto write externalpredicatesandfunctionsin C (or FORTRAN) by the supportof a
powerful external interface library. For example,this library includes functions for the
manipulation of lists and sets or for the access to base and global predicates [Chimenti89a].
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~ /STOCK.SCH

ppc({angular_part(Name: string, Material: string, Length:integer,
Width: integer, Height: integer),
stock(Name: string, Quantity: integer)} ).

~ /STOCK.FAC

angular_part(backe, aluminium, 2, 3, 5).
stock(backe, 5). \

~/STOCK.RUL

lagernd(eckteil, Name, Quantity) <-
angular_part(Name, Material, L, W, H), \
stock(Name, Quantity).

‘ STOCK.QF

gform lagernd($Category, Name, Quantity).

Figure 4: Example of SALAD files

Finally, the following extensions have been added [Chimenti89c]:

& composition of new data types

& declaration of indices and key constraints
& input/output primitives

& formatted output primitives

& input/output on files

The compilationof queryformsis performedin severalsteps First, the rulesare rewritten by
insertingthe coveredvariables,a processcalled constantmigration. Then, if this migration
reachesbase predicates,a correspondingselectionis applied againstthe facts (selection
pushing) [Krishnamurthy88b].Recursiverules are compiled by use of semi-naivefixpoint
[Sacca88a]magic set methoBacca87c], angeneralized counting meth¢8acca88b].

With regardto the executionmode of the SALAD compiler, four different strategiesare
appliedwhich are all in conformity with the bottom-upsemanticof LDL [Chimenti90]. As
illustrative example let

p(X, 2) < a(X,Y), b(Y, 2). (3.11)

be a rule which is queried.Then,in termsof relationalalgebrajthis queryis answeredy first
computing the tuples resulting from the evaluationof the predicatesa and b before the
resulting tuples are joined over the common variabénd projected oX andZ.
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% pipelinedexecution:only thosetuplesin b arecomputedwhich join with tuplesin a in
a pipelinedway (oneatatime), if atuplein b joins with severakuplesin a, it is every
time computed anew

% lazy pipelined executiorhe tuples fob are stored im temporaryrelation in orderto
avoid recomputations of the same tuple

% lazy materializedexecution:differs from lazy pipelinedexecutionin that for a given
value of Y all joining tuplesin b are computedand storedin a temporaryrelation
before proceeding

% materializedexecution:computesall tuplesin b and storesthem in a temporary
relation before proceeding

The main difference betweenpipelined and materialized executionis that the former is
favourablefor backtrackingwhereashe latter is preferredfor the usein recursion.The lazy
variants only add computational overhead in order to improve the performatieacompiler
[Chimenti89d].

The feasibility of the SALAD prototypehasbeentestedby applyingit to someproblemsof

practical relevance. Thegeoblemsreachfrom typical businessapplicationdike processingof

bills of materials inventory control or job shop scheduling[Tsur90a]to more advanced
applicationdike data dredging(i.e. testingandformulating of hypothese®asedon empirical

data) [Tsur90b] oscientific databased sur90c].

For the complexfield of enterprisemodelling extensiongo the Entity-Relationshipmodel
[Chen76] have beerproposedand implementedas prototypesfor CASE tools. The POS
(Process-Object-Statejnodelling technique [Ackley90a, Ackley90b] considers integrity
constraints,dynamic aspects,and aggregationand maps the specificationto a deductive
databaseapplication which automatically checksfor inconsistenciesand the violation of
constraints.

Finally, thereexistsanapplicationto the designof MLS (multi level secure)databasesystems
(for more information aboutthe MLS relationaldatamodel see[Jajodia91,Smith92]). The
DeductiveFilter Approach defines a security constraints language (SCL) for specifying
applicationdependentonstraintsas LDL predicategPernul93a]as well as corresponding
graphicalextensiongo the Entity-Relationshipmodel [Pernul93b].The specifiedconstraints
are checkedin order to detectconflicting situations. Therefore,the resulting CASE tool
guarantees a consistent conceptual representation of security semantics.

3.5 Summary

We shortly presentedn this Sectiondeductivedatabasaechnologywhich is basedon logic
programmingandrelationaldatabasealgebra.One of the most prominentdeductivedatabase
languagess LDL which is a powerful extensionof pure Datalogandwasimplementedn the
prototype system SALAD at MCC.

The expressivepower of logic programming,the support of complex object types, the
possibility of usingexternalC-predicatesthe declarativesemanticsandthe neatseparatiorof
facts and rules, athesefeatureanadeSALAD anideal choiceasimplementatiorplatform for
the development of natural language interfaces in IDA architectures.
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4. Morphological and Lexical Analysis

4.1 Introduction

In comparisonwith the vastamountof publicationsaboutthe other componentf natural
languageanalysis,there existsonly limited work concerningmorphologicalissues.The main
reasorfor this canbe seenin the simplicity of Englishwith regardto this respectwhereaghe
treatmentof morphological phenomenapossesses much higher significance for highly
inflexional languages like German.

Simple approachedo morphologicalanalysisdeal only with the removal of endingsand
suffixesby meansof a generalpre-definedsuffix-treeanddo not takeinto accountthe proper
analysisof prefixesandcompoundwords[Thurmair82,Dorffner85]. Of coursethe numberof
wordsacceptedy thesegeneralsuffix-treesis muchtoo voluminous(containingmoreinvalid
derivationsthanlegal ones)so that the numberof producedcanonicalforms mustbe reduced
afterwardsby useof additionalinformation, like supposedvord categoriesor endingclasses
added to the stem in the dictionary [Finkler88].

One further disadvantagdesidesthis missing precisionconcernsthe inherentsyntacticand
semantic information comprised in the removed endings. Although assignments of
correspondindeaturesareimaginable the resultingsemantiaepresentatiofacksflexibility to
a high degreeg.g.thereexistsno possibility to dealwith casesvherea derivedword getsa
new specific meaning different from the word sense which the combiradttbe stemandthe
suffix in question would suggest.

To overcometheseshortcomingghe so-calledexical approachcanbe appliedwhich assigns
all morphologicalfeaturesdirectly to the correspondingcanonicalforms in the dictionary
[Whitelock88]. Amongthe authorswho contributeto thatapproaclonly few makefull useof

the available expressive power. With regard to retrieffadiency,additionaldictionaryentries
are often includedfor derivationsby use of prefixes. However,this destroysthe compact
structure of the dictionary [A0e90].

An importantextensionfor achievingan efficient and natural representatiorof the syntactic
andsemantideaturesassociatedvith morphologicalphenomends the removalof the flatness
of dictionariesby supplyingthemwith a hierarchical structure The individual featurescan
then be assigned aflexible mannerto the appropriatdevel of abstractiorfSmedt84].By use
of inheritancemechanismshe affixes are on the one handsuppliedwith generalsyntacticand
semanticcategorieswhich on the other hand can be overwritten by information directly
attached to the specific word derivations in order to express divergent connotations.

Two-level morphologias represented tineostinfluential formalismwithin the lastdecadelt
was developedby Koskenniemifor the Finnish language[Koskenniemi83].This formalism
introducesan additionalsurfacelevel in orderto dealwith specialmorphologicalphenomena
(e.g. vowel-gradation) in an elegant and compact style. It has been extended (e.g.
[Karttunen87 Bear88])andadaptedo severalotherlanguagedike Tamil [Sarkar93],French
[Genikomsidis88] or German [Emele88].
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4.2 Basic Concepts

In accordancevith our intentionof integratingthe completenaturallanguageanalysisinto the
deductivedatabasesystemby making full useof the declarativepower of LDL, we adapted
the lexical approachby storingonly canonicalformsin the dictionaryand assigningto them
all themorphological featuregncluding also prefixes and compound words.

VERB(
Mmess, stemof to measue
11, conjugation class
2, pag participle class
{ab}, prefix abyielding to survey
{(er{[durch]}), suffix erin combination with prefix durchyielding the noun diameter
(ung,{[1H} suffix ungyielding the noun measurement
).

Figure 5: Example of morphological features

Figure 5 showsa simple exampleof the assignmenbf morphologicalfeaturesto a verb. In
additionto information aboutthe conjugationof the verb, a set of possibleprefixescan be
declaredwhich constitutesderived verbs. Finally, a set of suffixes togetherwith sets of
required prefix sequences can be defiftedlerivingnounsor adjectivesThedictionaryentry
shownin Figure 5 thereforecoversall together47 different surfaceforms (seeFigure 6)
including also irregular verb forms, compound verbs, and declensionsagrikednounsand

of the adjectivaluse of both participles(by making use of auxiliary dictionary entries, see
Figure 7).

messen, rasse, i3, mil, meft, nal,malest, rafen maletmessed, messendr, messendm,
messendn, nessede, messends, gemassen, gerssenergenesserm, genessenengenessene,
genessenes, abessen, rasse ajmil ab, midt ah mel ah maRah maflestah maflenab,

mal¥et alh abmesend, abmessendr, abmessedem abmesseden,almessend, almessedes,
abgemesseralgemesseanr, alpemesseem, abgemessen, abgerassene, abgemesssn
durchmesserdurchmessen, durchmessers, mssuig, messagen

Figure 6: Example of coverage of surface forms

An input sentencas first separatednto a list of single words by meansof an external C-
predicate.In the next step eachindividual word is comparedwith the dictionary entries
whetherthe latter form proper sub-stringsof it. Only if suchan agreements detectedthe
remainingpartsof the input word are checkedagainstthe affixes recordedin the dictionary.
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By useof the setdatatype of LDL it is alsopossibleto represenambiguitiesat the level of
inflexions and affixes as well as at the word level in a consistent way.

VERBFORM (
malf3, irregularverbform
mess, verb sem
13, conjugation clas
0 no pag pariciple formed
from that verbform
).
VERBPRAEF(
ab separake verbprefix
).
SUBST SUFFI X(
ung, suffix for deriving noun
fem, gender
3 declnaton class
).

Figure 7: Example of auxiliary dictionary entries

Of coursethis sub-stringtestmethodis only feasiblewith regardto performancecriteria for

relatively smalldictionaries.Therefore,it is very well suitedfor the usein databasénterfaces.
For applicationswhere sucha narrow and well-defined universeof discoursedoesnot exist
(e.g. machine translation) other retrieval methods must be used, reducing again the
transparency and conciseness of the dictionary [Aoe90].

As a consequenceof the above mentioned advantagesof a hierarchically structured
dictionary, we supplied the flexible insertion of syntactic and semanticfeaturesat the
appropriatelevel in the hierarchy and employedinheritance mechanismdor the analysis
process. All properties areheritedfrom the ancestorsinlessmorespecificpropertiesdefined
at a lower level overwrite more general attributes. Therefore, an efficient and natural
representations obtained,also taking into accountdivergentspecific meaningsof derived
words.

Finally, to capturethree morphologicalphenomenaof particular relevanceto the German
language hamelyablaut, elision, and binding sounds the two-levelformalismis employed.
The different rules are not generallyvalid but are restrictedto the appropriateword classes,
thatis, theybuild anintegralpart of the hierarchicallystructureddictionary,againby deriving
full benefit of the applied inheritance mechanisms [Emele88].
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4.3 Morpho-Syntax

After the above generalpreliminary remarkswe will now develop the underlying formal
frameworkof our morphologicalanalysis(seealso[Winiwarter93b]). Of courseour aim was
notto obtaina completerepresentatiomf eachmorphologicalphenomenonvhich might ever
occurin Germanbut a reasonableand easily extendibleset of rules which coversall cases
relevantfor the applicationin naturallanguageinterfacedesign.The generaldecomposition
formatfor lemmatising an input word is stated as follows, required parts are underlined:

CATEGORY = PREFIXPART CATEGORY-STEM SUFFIXPART (4.2)

4.3.1 Particles

They representhe linguistic units that are most easily analysedoecausehey do not possess
neither prefixes nor suffixes:

PARTICLE =¢ PARTICLE-STEM ¢ (4.2)

Becauseof their irregular declensionswe treatedalso articles, pronouns,and numeralsas
particles, that is, we stored the individual inflections as additional dictionary entries.

4.3.2 Nouns

Germannounsare declinablewith regardto caseand number.Not only simple prefixesbut
also complex prefix lists can be put in front of the noun stemcdheentsof the prefix lists is
not restrictedto prefixesin the usualsensebut can also include other parts of speechfor
modelling compoundwords. Only completeprefix lists are acceptedas input becausehere
exist numerous cases where sub-lists constitute no legal word forms:

NOUN = [PREFIX] N-STEM ENDING (4.3)
Example 4.1:
Subteilhierarchien = [sub,teil] hierarchie n  (sub-part hierarchies) u

In additionto theseregular situationsnounscan also be derived from verbs, adjectivesor
other nouns by adding substantival suffixes to them:

NOUN = [PREFIX] V-STEM | A-STEM | N-STEM SUFFIX ENDING (4.4)

Example 4.2:
Mitarbeiter = [mit] arbeit er ¢ (to work -> employee)
Tatigkeiten =[] tatig keit en (active -> actions)
Tagung =[] tag ung ¢ (day -> meeting) u
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4.3.3 Adjectives

Adjectives can béeclinedwith respecto five dimensionsgendercase humber,comparison,
and substantival or pronominal use. They can only be preceded by simple prefixes:

ADJ = PREFIX A-STEM ENDING (4.5)
Example 4.3:
indirektesten = in direkt esten (most indirect) u

In analogy to nouns also adjectives can be derived from verbs, substantives or other adjectives,
these derived adjectives again can be formed by means of complex prefix lists:

ADJ = [PREFIX] V-STEM | N-STEM | A-STEM SUFFIX ENDING (4.6)

Example 4.4:

voraussichtliches = [vor, aus] sicht lich es (view -> presumable)

unlésbaren = [un] 16s bar en (to solve -> unsolvable)
langsam =[] lang sam ¢ (long -> slow) u
4.4.4 Verbs

Verbs are conjugatedaccordingto mood, number, person,and tense.They can only be
accompanied by simple prefixes:

VERB = PREFIX V-STEM ENDING 4.7)

Most of the prefixes are separalilem the word stem,they canoccupydistantpositionsin an
input sentencea phenomenonvhich is dealtwith by meansof auxiliary dictionary entriesfor
these prefixes.

Example 4.5:

durchfiihren = durch fihr en (to accomplish)
Er fuhrte die Lieferung termingerecht durch.
(He accomplished the delivery in time.) [ |

The numerous irregular verb forms are modebgdtoringthemasdifferentdictionaryentries
and by partitioning the correspondingconjugations Derived verbsfrom nounsor adjectives
were not mapped as morphological rules butadserealisedby useof own entriesbecausef

their inherent irregularity. Thevay we felt aboutit, this wasnot a severedrawback It is often

only a matterof designwhethera verbis regardedasderivedfrom a nounor vice versaif one
doesnot wantto getlostin profoundetymologicaldetailswhich haveno relevantimpacton

the practical use. The final derivation structure is shown in Figure 8.
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ADJECTIVE

Figure 8: Derivation structure of complex word categories

An area of rich and tricky morphological phenomenaconstitutesthe building of past
participlesincluding also adjectivaluses.The following patternscoverall possiblesituations.
The first one representghe normal casewhere the past participle is formed by use of the
prefix ge- (PAP-PREFIX),the secondone covers conditions where this prefix hasto be
replacedby anotherpresentrefix (REPL-PREFIX prefixescapableof suchsubstitutionsare
for examplever-, ent-, er-). Finally, in the third casethe situationis figured that a verb takes
no prefix at all (e.g. verbs derived from nouns by the suitper):

VERB = PREFIX PP-PREFIX V-STEM PAP-ENDING A-ENDING (4.8)

VERB = REPL-PREFIX V-STEM PAP-ENDING A-ENDING (4.9)
VERB = PREFIX V-STEM PAP-ENDING A-ENDING (4.10)
Example 4.6:
abgearbeitete =ab ge arbeit et e (to work -> worked off)
verkauft =ver kauf t ¢ (to buy -> sold)
aktualisierten = ¢ aktualisier t en (to update -> updated) u

Finally, the formation of the presentparticiple is comparativelysimple andis determinedby
one single uniform pattern which again includes adjectival use:

VERB = PREFIX V-STEM PRP-ENDING A-ENDING (4.11)
Example 4.7:
laufenden = ¢ lauf end en (to run -> current) u
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4.4 Two-Level Rules

We applied the two-level formalism introduced by Koskenniemi[Koskenniemi83]to the
correcttreatmentbf threespecialGermanmorphologicalphenomenai,e. ablaut, elision, and
binding sounds Insteadof adoptingthe realisationof the two-level rules by meansof finite
statetechniqueswe usedthemonly as expressivdrameworkfor the precisespecificationof
the morphological featureswhich was translatedinto a correspondingset of deductive
database rules [Winiwarter93b].

Although wecouldalsohavedealtwith the morphologicaphenomenan questionwithout the
two-level formalism, we gaineda significant increaseof transparencyand concisenessy
meansof its application.The mostconvincingevidenceof this assertionvasthe reductionof
required additional columns by the useacthiphonemesn the dictionary.

4.4.1 Ablaut

The ablaut is a special morphological feature of the German language concerningthe
transformatiorof the vowelsa, o, u to &, 0, u in the stemsof nouns,adjectivesandverbsin
the course of deriving the following inflections:

» plurals of nouns
» comparatives and superlatives of adjectives
» second and third person singular of verbs

The presencer absencef the ablautin the abovecaseds not subjectof generalsystematic
regularities(with very few exceptionsg.g. substantivesvhich build the plural on -er always
form the ablaut), so that it is marked lexically in the dictionary.

Example 4.8:

Wolf-Wdlfe (wolf-wolves) vs.Stoff-Stoffe (material-materials)
klug-kluger (intelligent-more intelligent) v&krumm-krummer (curved-more curved)
tragen-du tragst (to carry-you carry) vdragen-du fragst (to ask-you ask) u

By makinguseof the two-level formalism, the conditionfor the ablaut(for the vowel a) can
be formalised as follows [Karttunen87]:

Ad - =%+ %: (4.12)

The symbols used in this formula have to be interpreted as:

A ... archiphonemevhich marks the existence as well as the position of the
vowel for the ablaut at the lexical level (default assignment of surface
representatiorn)
e characterises corresponding pair of lexical and surface representation
... transformed surface character if condition is satisfied
S e condition for obligatory transformation (if condition is true, the transformation

must be performed)
T position of archiphoneme in the dictionary entry
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= arbitrary character

o 0 or any number of repetitions
+ morpheme boundary
%: ...... test for syntactic feature (e.g. plural of noun)

Therule canthereforebe verbalisedn the following way: the archiphoneme is transformed
into & at the surfacelevel if it is followed by a sequenceof arbitrary charactersand the
morphemeboundary,in additionto that the testfor the specifiedsyntacticfeaturemustbe
satisfied.In all othercasest becomeghe defaultvaluea. So the abovementionedexamples
cannow be easily distinguished(e.g. klUg vs. krumm) in the dictionary. The syntactictest
which hasto be appliedis selectedcorrectly in accordancewith the actualword category
[Emele88].

In additionto the threeabovementionedcasesof the presencef the ablauttherealso exists
the possibility that a vowel-gradationmay occur in the course of the processof word
derivation, e.gTag->taglich (day->daily). Thismodificationis not subjectto anyregularities
either but dependsonly on the specific combination. As it comprisesonly a backward
reference to the positidio bealtered,it could not be resolvedby the useof anarchiphoneme,
but we added an appropriate characteristic in the dictionary instead.

4.4.2 Elision

Elision is the omissionof the unstressea-sound.It can be distinguishedon the one hand
betweerobligatoryandoptionalomissionspn the otherhandbetweerelisionsconcerninghe
stemor the ending.While elisionsoccurringin inflexional endingscaneasilybe handledin the
dictionary by correspondingnorphologicalfeaturesthe former caseresultsin the needfor a
concise representation by means of a two-level rule, avoiding redundant lexical entries.

In contrastto the processingof the ablaut, there exist three generally valid rules for the
presenceof elision. Therefore,they can be taken into accountby the logical rules of the
deductive database.

< If the stemof anadjectiveendsin -el andan endingstartingwith -e is appendedthen-el
has to be reduced tt

ee0= _I+e (4.13)
Example 4.9:
variabel en -> variablen (variable) u

< If thestemof averbendsin -el andanendingstartingwith e is appendedthen-el canbe
reduced tal (optional reduction is expressed in the formuldbynstead of- ):

e:00 I+:e (4.14)
Example 4.10:
handel e ->handele, handle (to act) u
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< If thestemof anadjectiveor a verbendsin -er andan endingstartingwith e is appended,
then-er can be reduced to:

ee0 0 _r+e (4.15)
Example 4.11:

ander e ->andre, andere (to change)

finster e -> finstre, finstere (dark) u

In addition to these universal rules there is als@tssibility thatword derivationsmight lead
to elisions (requiredor optional) if the stemendsin -el or -er and the suffix startswith a
vowel, e.g. handeln->Handlung (to act->action) This caseis modelledin analogywith the
ablaut occurring in derivations.

4.4.3 Binding Sounds

Onefinal morphologicalcharacteristioof the Germanlanguageis the insertion of so-called
bindingsoundqs, e or n) whichtie togetherthe individual partsof a word in the formation of
derived or compound words. Again, like in the case of the ablaut, ther@exisiversalrules
whethera specific compoundis formed with or without a binding sound,so the problemis
oncemore solveddirectly by the useof archiphonemes the dictionary (statedherefor the
binding sound s):

S!S e 4+ ==F+: (4.16)

The archiphonemeS is representeds s at the surfacelevel if it is directly followed by the
morphemeboundaryand a sequenceof arbitrary charactergat leastone), constitutingthe
appended morpheme.

Example 4.12:

[ein, kaufS] preis -> Einkaufspreis (cost price) u
4.5 Implementation

4.5.1 Database Schema

In the following we give somerepresentativeexamplesof applied basepredicatesfor the
categoriesstatedby our morpho-syntaxOnly syntacticpropertiesare consideredsemantic
features will be treated Bhapter 6. Semantic and Pragmatic Analysis

»  Particles:

konjunktion( category: conjunction
Stamm: string, stem
Hierarchie: string, hierarchy: co-ordination, sub-ordination
Bindungsart: string). binding category: copulative, disjunctive etc.
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w Nouns:

substantiv(
Stamm: string,
Geschlecht: string,
Deklinationsklasse: integer,
Praefixe: {[string]},
Suffixe: {(string, integer,
integer, {[string]})}).

deklination(
Deklinationsklasse: integer,

Endungen: {(string, {(string, string)})}).

substsuffix(
Stamm: string,
Geschlecht: string,
Deklinationsklasse: integer).

= Adjectives:

adjektiv(
Stamm: string,
Deklinationsklasse: integer,
Praefixe: {string},
Suffixe: {(string, integer,
integer, {[string]})}).

adjdekl(
Deklinationsklasse: integer,
Endungen: {(string,

{(string, string, string, string, string)})}).

adjsuffix(
Stamm: string,
Deklinationsklasse: integer).

. Verbs:

verb(
Stamm: string,
Subjekttyp: string,
Objekttyp: string,
Reflexivitaet: string,
Verwendungsart: string,
Konjugationsklasse: integer,
Partizipklasse: integer,
Praefixe: {(string, string, string)},
Suffixe: {(string, integer,

integer, {[string]})}).

category: noun

stem

gender

declination class

prefix sequences

suffixes for derivations, ablaut type, elision type,
lists of required prefix sequences

declination class
endings, sets of syntactic features: (case, number)

suffix for deriving nouns
stem

gender

declination class

category: adjective

stem

declination class

prefixes

suffixes for derivations, ablaut type, elision type,
lists of required prefix sequences

declination class

endings, sets of syntactic features:
(comparison, substantival or pronominal use,
number, gender, case)

suffix for deriving adjectives
stem
declination class

category: verb

stem

impersonal or personal verb

transitive or intransitive verb

reflexive or irreflexive verb

full verb, auxiliary verb, modal verb
conjugation class

past participle class

prefixes, new transitivity, new reflexivity
suffixes for derivations, ablaut type, elision type,
lists of required prefix sequences
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konjugation(
Konjugationsklasse: string, conjugation class
Endungen: {(string, endings, sets of syntactic features:
{(string, integer, string, string)})}). (mood, person, number, tense)

4.5.2 Facts

The individual dictionaryentriesareinsertedinto the factsfile, in otherwordsthey constitute
the real data or population of the database(tuples). Pleasenotice the elimination of
capitalisationand the internal representatiorof the special charactersa, 6, U, 3 by their
international transcriptionsae, oe,ue, ss Another interesting detail is the use of the
archiphonemeslefinedin the previouschapterandthe coding of ablauts(1 ... present0 ...
absentlandelisions(2 ... required,1... optional,0 ... absent)for derivationsasthe following

sample entries illustrate:

. Particles:

konjunktion(
und,
koordinierend,
kopulativ).

w Nouns:

substantiv(
preis,
masculinum,
6,
{[ein,kaufS]},
{(lich,0,0,{[ 1H}).

deklination(

6,

{(", {(nominativ, singular),
(dativ, singular),
(akkusativ, singular)}),

..

substsuffix(
e,
femininum,
1).

substsuffix(
ung,
femininum,
3).

category: conjunction
stem [=and]
co-ordination
copulative

stem [=price]

gender

declination class

prefix sequence yieldinginkaufspreig=cost price]

suffix yielding adjectivepreislich [=estimable]
(neither ablaut nor elision present)

declination class
sets of endings, syntactic features: (case, number)

stem
gender
declination class

stem
gender
declination class
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= Adjectives:

adjektiv(
IAng,
1,
{3
{e, 1,0,{[ 1D,
(lich, 1, 0, {[1HD-

adjdekl(
1,
{(es, {(positiv, pronominal,
nominativ, singular, neutrum)}),

..

adjsuffix(
lich,
1).

. Verbs:

verb(
zoeger,
persoenlich,
intransitiv,
irreflexiv,
hauptzeitwort,
1,
1,
{(ver, transitiv, reflexiv)},

{(ung, 0, O, {[ver])}).

konjugation(
1,

stem [=long]

declination class

prefixes

suffix yielding Lange[= length]
suffix yieldinglanglich [=longish]

declination class

sets of endings, syntactic features:
(comparison, substantival or pronominal use,
number, gender, case)

stem
declination class

stem [=to hesitate]

personal verb

intransitive verb

irreflexive verb

full verb

conjugation class

past participle class (prefge endingt)

prefix yieldingverzdogerri=to delay]
(transitive, reflexive)

suffix yielding nounvVerzogerung=delay]
(neither ablaut nor elision present)

conjugation class

{(st, {(indikativ, 1, singular, praesens)}), endings, sets of syntactic features:

).

4.5.3 Logical Rules

(mood, person, number, tense)

Since the morphologicaldata is already specifiedin such a complex, yet also clear and
compact way, the rule file of the deducti@abasés accordinglysimpleandstraightforward.
By use of derived predicatesnew conclusionsare inferred from the base predicates
representingthe dictionary, resulting in a complete morphological analysis of the input

sentence.
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On the top-level the following predicate which handles the 1/0O-functions is defined:

ma <- top-level of morphological analysis
input(Satz), external C-predicate for requesting sentences
from user, separating the individual words and
transforming them into a list of atoms
suche(Satz, Ergebnis), proper morphological analysis
output(Ergebnis). formatted output of analysis results

The next step comprisesthe analysisof each individual word. In order to reduce the
processingtime some specialcharacterpatternsas well as abbreviationsare testedby the
following predicate(also including external C-predicatesfor string-processingpefore the
dictionary is accessed:

speztest(Wort, Wort2, Typ) (4.17)
Wort ....... analysed word

Wort2 ..... expansion of abbreviations, otherwise it eqifdtst

Typ ..o type of special pattern

These patterns include the following important types:

» punctuation marks

» numbers

» date, time, and currency formats
» physical units

Only if noneof thesespecialpatternsis detectedthe analysisis continuedby examiningthe
dictionary,the resultingargumentTyp of the pre-testpredicatels then markedas unknown.
The completerule for recursivelyanalysingthe words of the input list takesthe following
format:

suche([Wort|Rest], [Ergebnis|Rest2]) <-

speztest(Wort, Wort2, Typ), pre-test for special patterns and abbreviations
if(Typ~=unknown if word type is not unknown
then then
Ergebnis={(Wort2, Typ, result equals word (possibly expanded), type,
ICLILILID} empty morphological structure
else else
if(stammtest(Wort2, Ergebnis2) if word can be analysed correctly
then then
Ergebnis=Ergebnis2 result equals result of word analysis
else else
Ergebnis={(Wort2, unknown, word is marked as unknown
(1L [LLL D,
suche(Rest, Rest2). analysis of next word
suche([ L[ D. exit rule of recursion
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To include the correct representatiorof ambiguousanalysisresults as a set of possible
interpretationsthe variousoutcomesat the word level are comprisedas elementsf a single
set by means of the grouping operator (<...>):

stammtest(Wort, <Ergebnis>) <- grouping of results at word level into single set
wort(Wort, Ergebnis).

The predicatewort realisesthe dictionary level of the analysingprocessand consistsof
different rules for each word category, e.g. for the simple category of conjugations:

wort(Eintrag, (Eintrag, konjunktion, classifying word as conjunction
CLILILID) <- yielding as result: stemyord category,
morphological structure
konjunktion(Eintrag,_,_). searching for conjunctions in dictionary

As one complex illustrative example we choose the derivation of nouns, the other
implemented rules can be inferred from this example in an easy and straightforward way:

wort(Wort, (Eintrag3, ableitSubst, classifying word as derived noun

(Praefix2, Suffixstamm, Endung, []))) <-  vyielding as result: stemyord category,
morphological structure

verb(Eintrag, _, , , , , , , Suffixe), searching for verbs in dictionary

ablaut(Eintrag, Eintrag2, Ablauttyp), possible modifications are generated as additional
solutions (external C-predicate)

elision(Eintrag2,Eintrag3,Elisionstyp), as above

affixe(Wort, Eintrag3, Praefix, Suffix), sub-string test for verb stem (external C-predicate)

if satisfied it yields the separated prefix and

suffix part
suffixtest(Suffix, Suffixe, Ablauttyp, checking suffix with suffixes in dictionary resulting
Elisionstyp, Suffixstamm, in suffix stem and ending

Endung, Praefixe),
praefixtest(Praefix, Praefixe, Praefix2). checking prefix with possible prefix sequences

suffixtest(Suffix, Suffixe, Ablauttyp, suffix test
Elisionstyp, Suffixstamm,
Endung, Praefixe) <-
member((Suffixstamm, Ablauttyp, checking each possible suffix in set (verifying also
Elisionstyp, Praefixe), Suffixe), accordance with regard to ablaut and elision)
affixe(Suffix, Suffixstamm,””, Endung), separating ending from suffix stem
substsuffix(Suffixstamm, , Endungen), retrieving possible endings
member((Endung,_), Endungen). checking ending with set of valid endings

praefixtest(Praefix, Praefixe, Praefix2) <-  prefix test rule for case where prefixes are present
Praefix~="", rule only applies if prefixes are present
member(Praefixliste, Praefixe), retrieving possible prefix sequences
listtest(Praefix, Praefixliste, Praefix2). recursive checking of prefix with valid
prefix sequences

praefixtest("", Praefixe, [ ]) <- prefix test rule for case where no prefix is present
member([ ], Praefixe).
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listtest(Praefix, [Praefix2|Rest], recursive checking of prefix with valid
[Praefix3CRest2]) <- prefix sequences
Rest~=[], rule only applies if more than one prefix present
binding(Praefix2, Praefix3), external C-predicate for transforming binding sound,

otherwisePraefix3equalsPraefix2
affixe(Praefix, Praefix3, ", Praefrest), separating first prefix and checking it against

list entry
listtest(Praefrest, Rest, Rest2). analysis of the next prefix in the list
listtest(Praefix, [Praefix2], [Praefix]) <- exit rule for single prefix
binding(Praefix2, Praefix). external C-predicate for transforming binding sound,

otherwisePraefix equalsPraefix2

4.5.4 Query Forms

Since the I/O-functions are handledby external C-predicatesand special I/O-predicatesof
LDL, thereis no needfor definingany complicatedqueryforms by declaringcoveredandfree
variables.The only thing that hasto be donein the query forms file is to specify the main
predicatema by meansof the statementgform ma. After the processingof all definitions
neatly separatednto the four file types,the programis simply startedby typing ?ma leading
to the invitation to the user to enter an input sentence.

The complicatedresulting morphologicalstructurecontainedin the variable Ergebnis is of
courseonly of usefor internal purposesthatis, it constitutesthe basisfor the subsequent
stepsof analysis.By meansof the predicateoutput we thereforeproducedan informative
formattedtestoutputincludingthe preciselemmatisationthe individual morphemesswell as
all interesting syntactic information.

Example 4.13:

As a shortillustrative examplewe give the analysisresult for the following sentence
(analysis of numbers is only mentioned once):

Bestellungen 3 und 4 verzogern sich 5 Tage
[=Deliveries 3 and 4 are delayed by 5 days]
(literally: Deliveries 3 and 4 delay themselves 5 days)

Bestellungen deliveries

Stamm: stell stem

Wortart: abgeleitetes Substantiv category: derived noun

Préafixliste: [be] prefix sequence

Suffix: ung Suffix

Geschlecht: femininum gender

Endung: en ending

Deklination: {(nominativ, plural), set of syntactic features: (case, number)

(genitiv, plural), (dativ, plural),
(akkusativ, plural)}

3 3
Stamm: 3 stem
Wortart: Ganzzahl category: integer
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und and

Stamm: und stem

Wortart: Konjunktion category: conjunction

koordinierend co-ordination

kopulativ copulative

verzdgern to delay

Stamm: zoeger stem

Wortart: Verb category: verb

persoenlich personal verb

transitiv transitive verb

reflexiv reflexive verb

Hauptzeitwort full verb

Préafix: ver prefix

Endung: n ending

Konjugation: set of syntactic features: (mood, person,
{(indikativ, 1, plural, praesens), number, tense)

(infinitiv, 0, ”", ™),
(indikativ, 3, plural, praesens),
(imperativ, 3, plural, ")}

sich himself, herself, itself, themselves

Stamm: sich stem

Wortart: Reflexivpronomen category: reflexive pronoun

Deklination: {(3, singular, dativ), set of syntactic features: (person, number, case)

(3, plural, dativ),
(3, singular, akkusativ),
(3, plural, akkusativ)}

Tage days

Stamm: tag stem

Wortart: Substantiv category: noun

Préafix: [ ] prefix sequence

Geschlecht: masculinum gender

Endung: e ending

Deklination: {(nominativ, plural), set of syntactic features: (case, number)
(genitiv, plural), (akkusativ, plural)} |

4.6 Summary

This Sectiondealt with morphologicaland lexical analysis,the first two stepsof natural
languageanalysiswhich cannotbe regardedasseparatedvithin IDA interfacesThis is dueto
the selectedlexical approachof storing only canonical forms as dictionary entries and
attachingto them all morphologicalfeatures,also consideringcomplex casesof prefixes,
derivations, and compound words.

After developingthe requiredformal framework consistingof the morpho-syntaxand two-
level rules, the theoreticalconceptswere mappedto an efficient LDL implementation.By
applying a hierarchicalarchitecture we achieveda compactdictionary as excellentbasisfor
further syntactic and semantic analysis.
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5. Syntactic Analysis

5.1 Introduction

The aim of syntacticanalysiswithin naturallanguaganterfacesshouldnot be the coverageof
the completelanguagegspeciallynot of all thoseexotic phenomeng@ossessingnly linguistic
evidencebut no practical relevance.Whilst the generality is therefore on the one hand
restrictedin comparisonwith other applicationsof natural languageprocessing,t hasto
provide on the other hand important extensionsindispensablefor effective information
retrieval [Bates87]:

¢ tolerance as concerns ungrammatical sentences
¢ correct interpretation of incomplete sentences
¢ processing of unknown words

The formal specificationof the valid constructsof a languageis defined by a grammar
whereaghe parserrepresentshe tool to analysea sentenceit verifies the compatibility of a
sentencewith the grammar.With regardto their expressivepower the grammarscan be
classified in context-free grammars, augmentedgrammars, and unification grammars
[Allen87].

Context-freggrammarshavetheir origin in the analysisof formal languagesandwereadapted
to the processingf naturallanguaggNijholt88]. Therefore manyspecialproblemsof natural

languagecould not be treatedefficiently. This weaknesded to the augmentatiorof syntactic
features and local registersto the grammar symbols [Charniak86]. These augmented
grammarswere now able to keep track of the sentencestructureand to check for the

agreement of syntactic properties, e.g. case, number or person.

In orderto obtaina more compactand naturalrepresentatiohe conditionsand assignments
usedwithin augmentedyrammarswere replacedby the operationof unification derivedfrom
logic programming.Two structuresare unified in that all registerswhich existonly in one of
the two structuresare copied. If a register exists in both structures,the intersectionis
computed.The resultingunification grammarsdetectmissingagreementslreadyat an early
point of analysis, leading the way to efficient parser implementations [Gazdar89].

A problem of specialimportancefor languageswith free word order like Germanis the

constituentransfer, i.e. situationsin thatsomephrasesare movedfrom its expectedoositions
in the sentencgWinograd83].Examplesareinversionsin questionr dependentlausesthe

separationof constituentparts by embeddedohrasesand the topicalisationof constituents.
Many techniquego dealwith this phenomenoinave beemroposedbut mostof themlack of

declarative expressiveness.

Section5.2 GrammarFormalismsgives a view over someof the mostinfluential grammar
formalismsfor naturallanguageprocessingalso providing examplesof handling constituent
transfer. For a good survey see also [Allen87].

Basedon this surveywe selectCategorialUnification Grammarastheoreticalframeworkfor
syntacticanalysisandintroducein Section5.3 ExtendedCategorial Unification Grammarsix
importantnew extensionsn orderto gain expressivepower for the processingof free word
order languagesFinally, we show in Section5.4 Implementationhow a parserfor our
proposed grammar can be implemented efficiently in IDA.
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5.2 Grammar Formalisms

5.2.1 Phrase Structure Grammar
A context-free phrase structure grammar [Chomsky56] consists of adeiadtion rules

Symbol — Symboll Symbol2 ... (5.1)

The symbolsrepresenthe constituentof the sentencelt canbe distinguishedoetweennon-
terminals which can be transformedby the application of rules and terminals which
correspond to the word categories stored in the dictionary.

Example 5.1:

The following simple grammaracceptssentencesvhich consistof a nounphraseanda
verb phrase,the latter is formed out of a verb with an optional noun phraseand an
optional prepositional phrase.

1.S ~ NPVP

2.NP ~ ART NOUN

NP ~ NAME

PP - PREPNP

VP ~ VERB

VP - VERBNP

VP - VERBNPPP

VP - VERBPP [ ]

©NO O W

With regardto the applicability of parsingalgorithms,two basictechniquesexist: top-down
parsingandbottom-up parsingAho72].

Example 5.2:

The two basic parsing techniques degnonstratetyy useof the analysisof the example
sentencéHugo ald dasEis (=Hugo ate theice-cream)andthe grammarfrom Example
5.1, the numbersindicate the applicationof the correspondingrules, no numbering
represents a simple replacement by means of the dictionary.

Top-down parsing Bottom-up parsing
S - Hugo al3 das Eis
1. - NPVP - NAME af} das Eis
3. - NAME VP - NAME VERB das Eis
- Hugo VP - NAME VERB ART Eis
6. - Hugo VERB NP - NAME VERB ART NOUN
- Hugo a3 NP 3. - NP VERB ART NOUN
2. - Hugo alR ART NOUN 2. - NP VERB NP
- Hugo a3 das NOUN 6. - NPVP
- Hugo al das Eis 1. - S [ |
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These two parsing methods possess as they are striking disadvantages:

¢ If atop-downparserrejectsa grammarrule, all derivationsfor non-terminalsare deleted.
Therefore,if the samesymbol appeardater within anotherrule, the derivation must be
calculated once again as for example the syriNBoin:

VP — VERB NP
VP — VERB NP PP

¢ A bottom-upparsergeneratesnany superfluousnon-terminalswvhich can nevertake this
position in the sentenceg.g. in the following sentencethe non-terminalVP is derived
before the parser realise that the subject is missing:

Al das Eis mit dem Lo6ffel (Ate the ice-cream with the spoon)

Therefore mostpracticalapplicationsusemixed-modgparsers Classicalexamplef efficient
parsingalgorithmsare chart-basedparsers[Kay73] and Earley’s parser [Earley70], for a
good survey of recent approaches see [Tomita91].

In order to be able to check syntactic agreementsand to record the sentencestructure,
featuresare addedto the dictionary entriesand local registers are attachedto the non-
terminals.If additionallyunification operationsareintroducedoneresultsin phrasestructure
unification grammar$Shieber86]

Example 5.3:

For the four dictionary entriesin Example5.2 the featurefor the numbersingularis
added as set, e.g.:

Hugo (NAME NUM {SING})

Each non-terminalis supportedby a local registerin order to test the agreemenbf
number and to construct the syntactic structure:

(NP ART (PP PREP (VP VERB (S SUBJ
HEAD NP) OBJ PRED
NAME POBJ NUM)
NUM) NUM)
Finally, the grammar iExample 5.1s augmented by unification operations:
1.S - NP VP NUM=NUMpp=NUM,,p, SUBJ=NP, PRED=VP
2.NP < ARTNOUN  NUM=NUMpr7t=NUMpouN, HEAD=NOUN
ART=ART
3.NP ~ NAME NUM=NUMpyame, NAME=NAME
4. PP ~ PREP NP PREP=PREP, OBJ=NP
5.VP ~ VERB NUM=NUMygrg, VERB=VERB
6.VP ~ VERBNP NUM=NUMy,grp, VERB=VERB, OBJ=NP
7.VP ~ VERBNPPP NUM=NUMygrg, VERB=VERB, OBJ=NP,
POBJ=PP
8.VP  VERBPP NUM=NUMy/grp, VERB=VERB, POBJ=PP
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If the example sentence
Hugo al’ das Eis mit dem Lo6ffel  (Hugo ate the ice-cream with the spoon)
is analysed, this results in the following sentence structure:

(S SUBJ (NP NAME Hugo
NUM {SING})
PRED (VP VERB aR
OBJ (NP ART das
HEAD Eis
NUM {SING})
POBJ (PP PREP mit
OBJ (NP ART dem
HEAD Loffel
NUM {SING}))
NUM {SING})
NUM {SING}) m

The constituenttransfer is dealt with a so-called hold list. Every time an unexpected
constituent is found, it is stored in the hold list by ustheHOLD-operationsothatit canbe
retrievedlater againby a corresponding/IR-operation[Allen87]. A sentencas only analysed
successfully if the final hold list is empty.

Example 5.4:

The grammarin Exampleb.1 is extendedby the possibility to analysesentencesvhere
the prepositional object is topicalised, e.qg.:

Mit dem Loffel a3 Hugo das Eis  (With the spoon ate Hugo the ice-cream)

1.S < HOLD(PP) HOLD(V) S'
2.5 - S

3.8 <« NPVP

4. NP ~ ART NOUN
5.NP ~ NAME
6.PP ~ PREPNP
7.VP ~ V

8.VP —~ VNP

9.VP —« VNPPP

10.VP «~ VPP

11.V < VERB

12.V < VIR(VERB)

13.PP — VIR(PP) m

An important derivative of phrasestructuregrammarsis the generalizedphrase structure
grammar (GPSG)introducedby Gazdar[Gazdar82].GPSGprovideson the one handvery
powerful notions in order to formalise even the trickiest syntactic problems of natural
languageOn the otherhand,this complexityhasasconsequencthat only simplified versions
can be parsed efficiently (e.g. [Evans87, Fisher 89]).
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Within GPSGthe context-freegrammarrulesare split up in ID (ImmediateDominance)and
LP (Linear Precedenceyules in that the ID rules containonly the information aboutthe
nature of the constituents whereas the LP rules define the sequence conditions.

Example 5.5:
The context-free rule frorexample 5.1.
S « NPVP
is represented in GPSG as follows:

ID: S « NP, VP
LP: NP < VP u

Insteadof local registersthe featuresare directly attachedto the non-terminalsresultingin
complexsymbolscalled categories e.g. NP[SING]. For the correct processingof features
two techniques are provided:

& a set oftonventionr constraintsthat control the automatic propagation of features
& a set of propositionsthat are required to hold (so-called feature co-occurrence
restrictiong

In GPSG constituenttransfer can be dealt with by use of slashedcategoriesindicating
categoriesvherea constituenis missing,e.g.S/NP. Otheradvancedechniquesncludemeta
rulesandvariable categorie§Gazdar85].For example the following rule generategor each
active verb phrase the corresponding passive one by removing the noungpichasgacingit
by an optional prepositionalphrase,the variable category X standsfor any sequenceof
constituents:

VP « VERB[TR], NP, X 0 VP[PAS] — VERB, X, (PP[by]) (5.2)

5.2.2 Transition Nets

In context-freeecursive transition net®Voods70]the grammarrulesaremappedo directed
graphs.eachsub-graplrepresenting non-terminal.The analysisof a sentenceorrespondso
the traversal of the graph, it is successful if the traversal ends in a valid final state.

The following arc labels exist:

» CAT s satisfied if the actual word belongs to the required category
» PUSH calls sub-graph, satisfied if traversal successful

» JUMP is always satisfied

» POP returns after successful traversal to prior sub-graph

Example 5.6:

Figure 9 shows theorrespondinggrammarto Example5.1. The examplesentencérom
Example5.2 is parsedin that for eachnon-terminalthe sentenceposition, the calling
statesandthe selectedarcis indicated.The arcsare numbereddownward.lf morethen
one arc can be applied, the top arc is selected, the other arcs are stored for backtracking.
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PUSHNP ,— PUSHVP POP
S (5)7 (s (s
CAT ART CAT NOUN POP
NP

CAT NAME

CAT PREP PUSHNP POP
PR (PR~

JUMP JUMP

CAT VERB POP
VP (VPR VR VR
PUSHNP PUSHPP

Figure 9: Example of recursive transition network

1Hugosalizdas,Eisg

Actual state Arc Backtracking states

1. (S, 1, NIL) S/ NIL

2. (NP, 1, (S1)) NP/2 NIL

3. (NP2, 2, (S1)) NP2/1 NIL

4. (S1, 2, NIL)) S/ NIL

5. (VP, 2, (S2)) VP/1 NIL

6. (VP1, 3, (S2)) VP1/1 NIL

7. (VP2, 3, (S2)) VP2/1 (NP, 3, (VP2, S2))

8. (VP3, 3, (S2)) VP3/1 (NP, 3, (VP2, S2)), (PP, 3, (VP3, S2))
9. (S2, 3, NIL) S2/1 (NP, 3, (VP2, S2)), (PP, 3, (VP3, S2))
10. (NP, 3, (VP2,S2)) NP/1 (PP, 3, (VP3, S2))

11. (NP1, 4, (VP2, S2)) NP1/1 (PP, 3, (VP3, S2))
12. (NP2, 5, (VP2, S2)) NP2/1 (PP, 3, (VP3, S2))

13. (VP2, 5, (S2)) VP2/1 (PP, 3, (VP3, S2))
14. (VP3, 5, (S2)) VP3/1 (PP, 3, (VP3, S2)), (PP, 5, (VP3, S2))
15. (S2, 5, NIL) S2/1 (PP, 3, (VP3, S2)), (PP, 5, (VP3,S2)) ®

Similar to phrasestructuregrammarsjn Augmentedransition Networks(ATN) the directed
graphsare augmentedby features,local registers,conditions,and assignment§Woods73,
Kaplan73,Bates78].The asterisksymbolis usedin this contextto indicatethe featuresof the
word for CAT arcsandthe local registerof the sub structurefor PUSH arcs. Unification
operationsdo not exist, they are approximatedby use of instantiationrules [Winograd83]
which makeit possibleto passargumentso PUSH arcs so that agreementonditionscan
already be tested in the called sub-graph.
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Example 5.7:

The following annotations extend the networkeigure5 resultingin the samegrammar
asin Example5.3. Additionally, the instantiationrule NUM — NUM for stateS1/1is
included to check the agreement of the number of subject and predicate.

Arc Conditions Assignments

S/1 SUBJ « *, NUM « NUMx

S1/1 PRED ~ *, NUM — NUM=«

NP/1 NUM « NUMx, ART ~ *

NP1/1 NUMnNNUMx NUM « NUMNNUMs«, HEAD ~ *
NP/2 NUM — NUMx*, NAME ~ *

PP/1 PREP ~ *

PP1/1 OBJ - *

VP/1 NUMnNUMx NUM - NUMnNUMx, VERB ~ *
VP1/2 OBJ  *

VP2/2 POBJ -~ * u

Constituentrransferis againhandledby useof a hold list. The HOLD operationis addedto
the assignment part whereas YH& operations modelled as arc label [Nijholt88].

Example 5.8:

Figure 10 showsan ATN which, togetherwith the following assignmentsis able to
analyse the same sentences &ample 5.4.

PUSH PP ,— PUSH V PUSHNP — PUSH VP POP
s (S~ (@ ——

JUMP

CAT ART CAT NOUN POP
NP: (V) (A

CAT NAME

CAT PREP, PUSH NP POP

JUMP JUMP

PUSH V PUSH NP PUSH PP POP
Ve (ve) P e Py Py P

VIRV VIR VP

CAT VERB POP

Figure 10: Example of ATN dealing with constituent transfer
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Arc Assignments

S/1 HOLD*
S1/1 HOLD*
S2/1 SUBJ ~ *
S3/1 PRED ~ *
NP/1 ART  *
NP1/1 HEAD ~ *
NP/2 NAME ~ *
PP/1 PREP — *
PP1/1 OoBJ — *
VP/1 VERB -~ *
VP/2 VERB -~ *

VP1/2 OBJ ~ *
VP2/2 POBJ — *
VP2/3 POBJ — * [ ]

5.2.3 Logic Grammar

In logic grammarsthe context-freerules are written as horn clauseswhich are provenin a

top-down manner [Colmerauer7Bereira80]A completeproof correspondso the successful
analysisof a sentenceAs additionalargumentgo the non-terminalsthe startingand ending

position in the sentence are taken.

Example 5.9:

The following logic grammaris equivalentto the phrasestructuregrammarin Example
5.1 it is written in LDL notation.

s(P1, P3) ~ np(P1, P2), vp(P2, P3).

np(P1, P3) < art(P1, P2), noun(P2, P3).

np(P1, P2) ~ name(P1, P2).

pp(P1, P3) ~ prep(P1, P2), np(P2, P3).

vp(P1, P2) ~ verb(P1, P2).

vp(P1, P3) ~ verb(P1, P2), np(P2, P3).

vp(P1, P4) ~ verb(P1, P2), np(P2, P3), pp(P3, P4).
vp(P1, P3) ~ verb(P1, P2), pp(P2, P3).

For each terminal a horn clause has to be appended which consistprefdicatevord
(reading the word from the sentence) and a test for the word category in question.

verb(P1, P2)
art(P1, P2)
noun(P1, P2)
name(P1, P2)
prep(P1, P2)

~ word(Word, P1, P2), isverb(Word).

~ word(Word, P1, P2), isart(Word).

~ word(Word, P1, P2), isnoun(Word).
~ word(Word, P1, P2), isname(Word).
~ word(Word, P1, P2), isprep(Word).
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The individual words of the analysed sentence are then mapped to the predidate
1Hugosalizdas,Eisg

word('Hugo', 1, 2).
word(al3, 2, 3).
word(das, 3, 4).
word('Eis’, 4, 5).

Finally, the categories of the words have to appended as predicates:
isname("Hugo").

isverb(al).

isart(das).

isnoun(Eis").

Now the sentence can be parsed by keeping track of backtracking states:

Actual state Backtracking states

1.s(1,5)

2. np(1, P2), vp(P2, 5)

3. art(1, P3), noun(P3, P2), vp(P2, 5) name(1, P2), vp(P2, 5)

4. name(1, P2), vp(P2, 5)

5.vp(2, 5)

6. verb(2, 5) verb(2, P2), np(P2, 5)
verb(2, P2), np(P2, P3), pp(P3, 5)
verb(2, P2), pp(P2, 5)

7. verb(2, P2), np(P2, 5) verb(2, P2), np(P2, P3), pp(P3, 5)
verb(2, P2), pp(P2, 5)

8. np(3, 5) verb(2, P2), np(P2, P3), pp(P3, 5)
verb(2, P2), pp(P2, 5)

9. art(3, P2), noun(P2, 5) name(3, 5)

verb(2, P2), np(P2, P3), pp(P3, 5)
verb(2, P2), pp(P2, 5)
10. noun(4, 5) name(3, 5)
verb(2, P2), np(P2, P3), pp(P3, 5)
verb(2, P2), pp(P2, 5)
11. () name(3, 5)
verb(2, P2), np(P2, P3), pp(P3, 5)
verb(2, P2), pp(P2, 5) [ |

By augmentingadditionalargumentsagreementonditionscan be checkedand the sentence
structure can be recorded.Of course, unification is realised very easily becauseif two
arguments use the same symbol, the two are unified automatically [Shieber84].

Example 5.10:

The following grammar is again equivalent to tdreein Example5.3. Thefeatureof the
number is stored in the arguméium.
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s(P1, Num, s(Subj, Pred), P3)
np(P1, Num, Subj, P2),
vp(P2, Num, Pred, P3).
np(P1, Num, np(Art, Head), P3)
art(P1, Num, Art, P2),
noun(P2, Num, Head, P3).
np(P1, Num, np(Name), P2)
name(P1, Num, Name, P2).
pp(P1, pp(Prep, Obj), P3)
prep(P1l, Prep, P2),
np(P2, Num, Obj, P3).
vp(P1, Num, vp(Verb), P2) —
verb(P1, Num, Verb, P2).
vp(P1, Num, vp(Verb, Obj), P3)
verb(P1, Num, Verb, P2),
np(P2, Num1, Obj, P3).
vp(P1, Num, vp(Verb, Obj, Pobj), P4)
verb(P1, Num, Verb, P2),
np(P2, Num1, Obj, P3),
pp(P3, Paobj, P4).
vp(P1, Num, vp(Verb, Pobj), P3)
verb(P1, Num, Verb, P2),
pp(P2, Num1, Pobj, P3). u

The problem of constituenttransferis again resolvedby applying a hold list mechanism
[Pereira81] as shown iBxample 5.11

Example 5.11:

This grammarcorrespondgo thatin Example5.4. The first rule performsthe HOLD
operation whereas the last two rules are responsible for the VIR operation.

s(P1, P4, Hi, Ho) — pp(P1, P2), verb(P2, P3),
s2(P3, P4, hold(verb, hold(pp, Hi)), Ho).
s(P1, P2, Hi, Ho) « s2(P1, P2, Hi, Ho).
pp(P1, P2) — prep(P1, P2), np(P2, P3).
s2(P1, P3, Hi, Ho) « np(P1, P2), vp(P2, P3, Hi, Ho).
np(P1, P3) — art(P1, P2), noun(P2, P3).
np(P1, P2) — name(P1, P2).
vp(P1, P2, Hi, Ho) ~ verb(P1, P2, Hi, Ho).
vp(P1, P3, Hi, Ho) ~ verb(P1, P2, Hi, Ho), np(P2, P3).
vp(P1, P4, Hi, Ho) ~ verb(P1, P2, Hi, H2), np(P2, P3), pp(P3, P4, H2, Ho).
vp(P1, P3, Hi, Ho) ~ verb(P1, P2, Hi, H2), pp(P2, P3, H2, HO).
verb(P1, P2, H, H) — word(Word, P1, P2), isverb(Word).
pp(P1, P3, H, H) — prep(P1, P2), np(P2, P3).
verb(P1, P1, hold(verb, H), H).
pp(P1, P1, hold(pp, H), H). |
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5.2.4 Lexical Functional Grammar

Lexical functional grammar(LFG) was introducedby Kaplanand Bresnan[Kaplan82] (see

also [Berwick84]). It is a unification-based grammar in which the contexphegsestructure
grammarsare augmenteddy functional annotationsrepresentinghe unification operations.

By help of the phrasestructurerules a constituentstructure (c-structure)is constructedTo

this c-structureequationsare addedwhich are derivedfrom the functional annotationsThe
minimal solution of this system of equations(called functional description) forms the
functionalstructure(f-structure). The words containedn the dictionaryaredirectly extended

by functional annotations to indicate which features they have to assign to the local registers.

Example 5.12:

Thefollowing LFG is analogougo the grammarin Example5.3. Thelocal registersare
indicatedby 1 for the calling structureand | for the sub-structuree.g. (1SUBJ)= in
the first rule means thaUBJ of S is unified with the complete noun phrase.

S - NP VP
(1SUBJ)=! T=1
(tNUM)=(t NUM)
NP - ART NOUN
NP - NAME
PP -~ PREP NP
(1OBJ)=1
VP .  VERB
VP .  VERB NP
(1OBJ)=1
VP .  VERB PP
(1POBJ)=\
VP .  VERB NP PP
(10OBJ)=! (rPOBJ)=\

In orderto parsethe examplesentencdrom Example5.2 the following words haveto
be appended to the dictionary:

Hugo NAME (tNAME) = 'Hugo', (tNUM) = {SING}
aR VERB (1VERB) = "aR', (1NUM) = {SING}
das ART (1ART) ='das', (tNUM) = {SING}
an NOUN (tHEAD) = 'Eis', (tNUM) = {SING}
The parsing of the sentence results in this functional descrigmiore-structure:
S - NP VP
(x1 SUBJ) = x2, (x1 NUM) = (x2 NUM), x1 = x3
NP - NAME

(x2 NAME) = 'Hugo', (x2 NUM) = {SING}
VP - VERB NP

(x3 VERB) = 'aR', (x3 NUM) = {SING}, (x3 OBJ) = x4
NP - ART NOUN

(x4 ART) = 'das', (x4 HEAD) = 'Eis’, (x4 NUM) = {SING}

5. Syntactic Analysis 45



5.2 Grammar Formalisms

The final solution of this system of equations gives the f-structure of the sentence:

x1=x3=

X2 =

0 SUBI=x2 [

NUM={SNG 5
0 VERB='aR [
0 0

] OBl=x4 [
[NAME = Hugo'[]
HNUM ={SING H
0 ART=da$ [
S HEAD=Eis o
ANUM ={SNG

In LFG the constituenttransferis resolvedby use of additionalfunctional annotationgsee
[Winograd83]). The HOLD-operator is written asthe VIR-operator as.

Example 5.13:

The following grammar analysesthe sentencefrom Example 5.4. The annotation
| =Cppindicatesthat a prepositionalphraseis storedon the hold list whereasthe last
rule tries to replace a missing prepositional phrase from the hold list.

PP

S -

S -

S' -

NP -
NP -

PP -

VP -

VP -

VP

VP

V o
V >

PP -

1

=Lpp

Sl

1

=l

NP
(1SUBJ)=!
ART
NAME
PREP

<3<

—

- O - O

< 7T <7<

1 1
«— «—

m !
ey
o

Il

1 Cl
T <
T

Vv
l:[v

VP
t=1
NOUN

NP
(10OBJ)=!

NP
(1OBJ)=1
PP
(rPOBJ)=!
NP
(1OBJ)=1

Sl
t=1

PP
(1POBJ)=\
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With regardto the functionaldescriptionone hasto considerthatthe HOLD-operation
assignsfree variables(x4 and x5) to the storedvariables(x1 and x2). Thesefree
variablesare usedduring the VIR-operationso that the binding to the constituentPP
andV is guaranteed. The following functional description and f-structure is produced:

S-PPVS
x1=x4, x2=x5, x3=x6
PP - PREP NP
(x1 PREP) ="'mit’, (x1 OBJ) = x7
NP - ART NOUN
(X7 ART) ='dem’, (x7 HEAD) = 'Loffel'

V - VERB

(x2 VERB) = "al'
S'- NP VP

(x6 SUBJ) = x8, x6 = x9
NP - NAME

(x8 NAME) = 'Hugo'
VP - V NP PP

x9 = x5, (x9 OBJ) = x10, (x9 POBJ) = x4
NP —» ART NOUN

(x10 ART) = 'das', (x10 HEAD) = 'Eis'

0 SUBJ = x8 0

UvERB=aR U

x3=x6=x9= x5= x2= U O
0OBI=xI0 [

HpoBi=x4 H

X8 = [NAME = Hugo' ]
o~ OART=das [
HiEAD=Eis H

e ae (PREP=mit [
H OBJ = x7 H

e 0 ART=denl [
- HHEAD = Léffel'H

5.2.5 Categorial Grammar

CategorialGrammar(CG) is an unconventionaggrammartheory which assignsall grammar
rules to the dictionary entries, making any additional exgi@itnmarsuperfluousThereexist
two kinds of categoriesbasic categories(e.g. S, N) and complexcategories(e.g. NP/N,

S\NP). The original theory [Bar-Hillel64] consistsof only two combinatoryrules for the
formation of complex categorie8 (B representing grammatical categories):

% Forward functional application: A/BB - A (5.3)
% Backward functional application: B A\B - A (5.4)
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5.2 Grammar Formalisms

Example 5.14:

The sentencéHugo a3 mit demL6ffel (=Hugo ate with the spoon)is parsedby useof
the following grammar:

Hugo aid mit dem Loffel
NP (S\NP)/PP PP/NP NP/N N
NP
PP
S\NP
S [

The abovetwo combinatoryruleswere extendedy SteedmariSteedman85Steedman87hy
four rules for functional compositionand type raising resultingin CombinatoryCategorial
Grammar (CCG)see also [Dowty87, Weir88])):

% Forward functional composition: A/B B/C - A/C (5.5)
% Backward functional compositionB\C A\B — A\C (5.6)
% Type raising: B - A/(A\B) (5.7)

B - A\(A/B) (5.8)

As an additionalextensionvariable categorieshave beerproposedZeevat88,Hoffman93].
This powerful generativecapacityhasbeenappliedto cover someimportant non-canonical
natural languageconstructionslike wh-extractionor nonconstituentconjunction (e.g. see
[Seiffert88,Carpenter91])The othersideof the coin is that parsingof CCG assuchhasbeen
turnedout to beinefficient leadingto spuriousambiguity[Wittenburg86].Therefore a lot of
work wasdoneto improvethe performanceof CCG parsersg.g.compilingthe grammarin a
predictive form [Wittenburg87, Wittenburg91],normal-form based parsing [K6nig89,
Shieber94]or lazy chart parsing techniques[Pareschi87].Vijay-Shankerand Weir have
proposedthe only polynomial parsing schemeso far by using stacking machinery|[Vijay-
Shanker90, Vijay-Shanker94].

By adding features, local registers, and unification operators, CCG was extended to

CategorialUnification Grammar(CUG) introducedby Uszkoreit[Uszkoreit86a].Besidesof

syntax analysis, morphology [Hoeksema84,Whitelock88], natural language generation
[Novak89], andspeechprocessingSteedman9lhave beerproposedasapplicationfields of

categorialgrammarsAlso somework wasdoneon the treatmentof modifiers, specifiersand
guantifiers [Bouma88, Maier88].

Example 5.15:

This grammaris in analogyto Example5.3. In additionto the number,the casesare
checked for agreement. The used symbols have the following semantics:

S ... syntactic features, V ... value after functional application
D ... direction of functional application, A ... argument of functional application
M ... morphological features, Z ... number, F ... case, EZ ... singular, MZ ... plural
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Hugo ald mit dem
NP (S\NP)/PP  PPINP NP/N

1.NP/NN - NP

O [V:[SNP| D
%DD right %ﬂ SN
U BA[SN] Bu:
2 z{ez HF:{1.2.3
HF{3
0 SNP [
Z{EZ D
Hr{g B
2. PP/INP NP _. PP
O v:[S PP
%DD right aD E?ZI?IFE)Z} Eﬂ%
0 Bx[SNPBL" HE(3 H
EM:[F:{(}] 0
0 SPP O

B\A[F{S]E

3. (S\NP)/PP PP _. S\NP
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%BD'right SPP [
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5.3 Extended Categorial Unification Grammar

In orderto solvethe problemof constituentransferwithout usingtype raisingandfunctional
composition,the techniqueof gap-threadinghas beenproposed[Wesche88 Millies89] as
illustrated inExample 5.16

Example 5.16:
By use of gap-threadinghe examplesentenceMit dem Léffel alR Hugo (=With the
spoon ate Hugaos analysed as follows:

Mit dem Loffel ald Hugo
PP/NP NP/N N (S\NP)/PP NP

NP

PP
C GAP-insertion
S\NP [gap: PP]
C GAP-insertion
S [gap: PP] [gap: NP]
C GAP-elimination

S [gap: NP]
C GAP-elimination

S ]

5.2.6 Summary

We gavea surveyaboutsomeof the mostprominentgrammarformalisms:PhraseStructure
Grammar, TransitionsNets, Logic Grammar,Lexical Functional Grammar,and Categorial
Grammar.For eachgrammarits recentdevelopmentare discussedand the formalisationof
sentencess well as basic parsing techniquesare clarified by use of numerousexamples.
Specialattentionwas given to the varioustechniquesof dealingwith constituenttransfer,a
linguistic phenomenorthat possessespecialimportancefor the analysisof free word order
languages.

5.3 Extended Categorial Unification Grammar

As formal frameworkfor the syntacticanalysiswithin IDA we haveselectedCUG becausef
two main reasons [Winiwarter93c]:

& the availability of a powerful hierarchicaldictionary which makesit possibleto assign
the grammar rules to the appropriate level of abstraction

& the bottom-upparsingstrategywhich is in conformity with LDL semanticand makes
it possible to analyse incomplete or ill-formed sentences in a natural way

SinceCUG assuchis not applicableto languageswvith free word order like Germanandthe
solutionsproposedand presentedaboveall lack of declarativeexpressiveneswe chosean
alternative approach of extending CUG by a formalism adapted from the ID/LRT@ESG
which have been proven adequate for this purpose [Hauenschild88, Meknavin93].
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5.3 Extended Categorial Unification Grammar

We changedhe original notationfor the two combinatoryrules of functional applicationin
order to be able to present the proposed extensions in a consistent way:

% C:A - /B (5.9)

If categoryC is directly followed by B, then it can be transformedto A (forward
functional application)

% C:A < \B (5.10)

If categoryC is directly precededoy B, thenit can be transformedto A (backward
functional application)

We extendedthe Categorial Unification Grammar by the following concepts(see also
[Winiwarter94]). Each extension is clarified by use of an example rule, its verbaliaatioine
application of the rule to an example phrase.

Example 5.17:
PREP: PP — /NP
A prepositional phrase consists of a preposition directly followed by a noun phrase.
[PREP: auf, NP: die Maschine] — [PP: auf die Maschine] (to the machine) =

v« Syntactic feature restrictions can be added in brackets to the categories. (5.11)
This filter function increases significantly the selectivity of the parser during unification.

Example 5.18:
NP[-unb]: NP — /NP[+unb]

An unknown phrase(by default assignedo basiccategoryNP) can be joined with a
known noun phrase to form a combined one.

[NP: die Maschine, NP: 7] — [NP: die Maschine 7] (the machine 7) u

v« New symbols "> for indirect precedence and '<' for indirect succession. (5.12)
This coverscasef long distancedependenciewhereseveralphrasesanbe shiftedbetween
the two concerned categories.
Example 5.19:

TRVERB[+sep, -inf, -part]: TRVERB ~ <VPREF

Separableverb prefixescan take positionsfar behindthe verb stemif the verb form is
neither infinitive nor participle.

[TRVERB: fuhre, NOUN: Auftrag, VPREF: durch] -
[TRVERB: fuhre durch, NOUN: Auftrag] (execute order) u
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5.3 Extended Categorial Unification Grammar

¥ More than one category can be used at the right side of a rule. (5.13)

This removes the severe restrictibratin a singlederivationsteponly adjacentategoriesan
be appliedto the derivationof a new category.The severalcategoriesare appliedfrom left to
right.

Example 5.20:
NOUN: NP — \ADJ\ART

A nounis transformedo a nounphraseif it is directly precededy an adjectiveandan
article.

[ART: der, ADJ: neue, NOUN: Gehalt] — [NP: der neue Gehalt]
(the new salary) u

¥ Introduction of the asterisk symbol indicating as usual zero or more repetitions.
(5.14)

This extension is introduced in order to capture recursive constructs of phrases.
Example 5.21:

NOUN: NP — \ADJ*\ART

A noun phrase consists of an article, several optional adjectives, and a noun.

[ART: der, ADJ: neue, ADJ: monatliche, NOUN: Gehalt] -
[NP: der neue monatliche Gehalt] (the new monthly salary) u

v Enclosing of optional categories in parenthesis. (5.15)

Optional categorieseducethe numberof requiredgrammarrules and increaseat the same
time the clearness of representation.
Example 5.22:

NOUN: NP — \ADJ* (\ART)

A noun, directly precededby several optional adjectivesand an optional article,
generates a noun phrase.

[ADJ: neuer, NOUN: Gehalt] - [NP: neuer Gehalt] (new salary) u
¥ No function symbol in front of a category to indicate free word order. (5.16)

In this situationit is only necessaryhat the categoryis presentin the phrasebut no further
conditions on its position are made.
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Example 5.23:
TRVERB[+imp]: IC — NP[+akk] PP*

A transitive verb with mood imperative accompaniedby a noun phrasewith case
accusativeand severaloptional prepositionalphrasescreatesan imperative clause,the
sequence of the three components is arbitrary.

[TRVERB: storniere, PP: fir den Kunden Maier, NP: den letzten Auftrag] —
[IC: storniere den letzten Auftrag fur den Kunden Maier]
(cancel the last order for the client Maier) u

5.4 Implementation

The grammarrules are insertedas argumentsto the dictionary at the appropriatelevel of
abstraction. This grammatical argument possesses the following format:

{(NewCat, Restrict, RightSide, Priority)} (5.17)
NewCat derived category

Restrict syntactic restrictions

RightSide right side of grammar rule

Priority priority value, determines the application order of the rules

The right side of the grammar rule is mapped to a list of categories:

[(Cat, Restrict, Sequence, Occurrence)] (5.18)
Cat category

Restrict syntactic restrictions

Sequence sequence condition

Occurrence occurrence condition

The possiblevaluesfor Occurrence are: erforderlich (required), optional, and *'. For
Sequence the following symbols are valid:, '/', '\, *>', and'<'.

Example 5.24:
The rule
TRVERB[+imp]: IC — NP[+akk] PP*
is mapped to the following LDL argument for transitive verbs:
{(ic, {C+', imp)}, [(np, {("+', akk)}, ', erforderlich), (pp, { }. **, *)], 1)}
In the same way, the rule
NOUN: NP — \ADJ\ART
is mapped to this argument for nouns:

{(np, {}, [(adj, {}, ', ™), (art, { }, \', optional)], 5)} u
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The parsingof aninput sentences performedin the following way. First, basedon the result
of lexical analysisa basic categoryis assignedo eachword resultingin an appropriatelist
representationThen,the grammarrulesareappliedto this list by useof a bottom-upstrategy
The syntactic featuresof the combinedstructuresare unified at each step leadingto a
significantreductionof derivations.Figure 11 showsan informal exampleof the unification
process.

Stamm: auf Stamm: die Stamm: Maschine
[stem: on, to] [stem the] [stem machine]
Wortart: Praposition Wortart: Artikel Wortart: Substantiv
[category preposition] [category article] [category noun]
Falle: {dat, akk} Deklination: {(fem, pl, akk), Geschlecht: fem
[cas] (fem, pl, nom), (fem, sing, akk), [gencer]
(fem, sing, nom), (masc, pl, akk), Deklination: {(nom, sing),
(masc, pl, nom), (neut, pl, akk), (gen, sing), (dat, sing),
(neut, pl, nom)} (akk, sing)}
[syntactic featues: [syntactic featues:
(gerder, number, case)] (case,number)]
Text: die Maschine [text: themaching
Kategorie: Objekt [categoy: object]
Geschlecht: fem [gerdei

Deklination: {(sing, akk), (sing, nom)}
[syntactic feaures: (number, case)]

Text: auf die Maschine [text: to the madiine]
Kategorie: Prapositionalobjekt  [category prepositioral object]
Geschlecht: fem [gerde]

Zahl: sing [number]

Fall: akk [case]

Figure 11: Example of unification of syntactic features

As alreadymentionedhe decisionwhichrule is appliednextis not arbitrary but is determined

by the priority valuesstoredin the dictionary. The deliberatechoice of thesevaluesis of
crucialimportanceto the efficiency of the parserin that the additionaleffort for backtracking
and trying other interpretationsis minimised. Figure 12 and Figure 13 show two example
segmentsf the LDL code. The first one representdhe top level of syntacticanalysis,it
recursivelyproducesall applicablerulesandselectshe onewith the highestpriority valuefor
derivation until no more rules can be applied. The second example code checks the
applicability of theright sideof a singlegrammarrule to a specificcategory Recursivelyeach
constituentof theright sideis checkedagainstthe list memberslf the testholdstrue for the
right side, the concerned list members are replaced by the new derived syntactic category.
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analys(Listel, Liste3) recursive rule for the syntactic analysis of an input |||
sentencel(stel ... input list,Liste3 ... output list) |||
regel(Listel, Regeln), generation of all applicable rules |||
Regeln ~={}, rule set not empty |||
aggregate(maxpri, Regeln, Bestregel), determination of rule with the highest priority |||
Bestregel = (Liste2, ), new list after application of grammar rule |||
analys(Liste2, Liste3). next step of recursion |||
analys(Liste, Liste) exit rule |||
regel(Liste, { }). triggers if no more rules can be applied |||
regel(Liste, Regeln) produces all applicable rules to input liste Hl
regel2(1, Liste, Liste, Regeln). initial call of recursive generation rule |||
regel2(l, [X|Rest], Liste, Regeln) I ... list position X ... processed category, Hl
Rest ... rest of list |||
genregel(l, X, Liste, Regeln2), generates set of all applicable rules for category |||
12=1+1, incrementing list position |||
regel2(12, Rest, Liste, Regeln3), next step of recursion |||
union(Regeln2, Regeln3, Regeln). resulting rule sets are merged |||
regel2(_, [1, . {D- exit rule U!
Figure 12: LDL code segment of syntactic analysis
analys(Posl, Regelliste, Listel, Liste3) <- recursive analysis of a single grammar rule |||
Posl ... position of considered list entry |||
Listel... input list,Liste3 ... output list |||
Regelliste ... right side of grammar rule |||
Regelliste = [Eintrag|Rest], |||
analys2(Posl, Eintrag, Listel, Liste2), analysis of first entry of right side |||
analys(Posl, Rest, Liste2, Liste3). analysis of rest of right side |||
analys( _, [], Liste, Liste). exit rule |||
analys2(Posl, (Kat, Restr, Seq, Occ), Listel, Liste3) <- analysis of single entry of right side Hl
Kat ... syntactic category to be searched |||
Restr ... syntactic restrictions |||
Seq ... sequence condition |||
Occ ... occurrence condition |||
Imember(Kat, Restr, Pos2, Listel), membership test yielding position in list |||
if( Seq="< checking of sequence conditions |||
then Posl < Pos2), HI
entferne(Kat, Listel, Liste2), removal of entry from input list |||
if(Occ ="* if occurrence is repetitive then |||
then analys2(Posl, (Kat, Restr, Seq, Occ), recursive application of rule |||
Liste2, Liste3) il
else Liste3 = Liste2). |||
analys2( _, (Kat, Restr, _, optional), Liste, Liste) <- analysis rule for optional occurrence |||
~Imember(Kat, Restr, _, Liste). if concerned category is absent |||
analys2( _, (Kat, Restr, _, "*"), Liste, Liste) <- exit rule for repetitive occurrence |||
~Imember(Kat, Restr, _, Liste). U!

Figure 13: Test of the applicability of the right side of a grammar rule
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Finally, Figure 14 shows a simplified example (leaving out of considerationthe unified
features) of the syntactic analysis of an input sentence.

Example sentence:

Fuge den neuen Mitarbeiter Max Huber mit Anfangsgehalt 20000 hinzu !

(Insert the new worker Max Huber with initial salary 20000 !)
Basic categories:

[TRVERB, ART, ADJ, NOUN, NP, PREP, NOUN, NP, VPREF]

[Fuge, den, neuen, Mitarbeiter, Max Huber, mit, Anfangsgehalt, 20000, hinzu]
Analysis:
1) TRVERBJ+sep, -inf, -part]: TRVERB- <VPREF

[TRVERB, ART, ADJ, NOUN, NP, PREP, NOUN, NP]

[Fuge hinzu, den, neuen, Mitarbeiter, Max Huber, mit, Anfangsgehalt, 20000]
2) NOUN: NP — \ADJ* (\ART)

[TRVERB, NP, NP, PREP, NOUN, NP]

[Fuge hinzu, den neuen Mitarbeiter, Max Huber, mit, Anfangsgehalt, 20000]
3) NOUN: NP — \ADJ* (\ART)

[TRVERB, NP, NP, PREP, NP, NP]

[Fuge hinzu, den neuen Mitarbeiter, Max Huber, mit, Anfangsgehalt, 20000]
4) NP[-unb]: NP~ /NP[+unb]

[TRVERB, NP, PREP, NP, NP]

[Fuge hinzu, den neuen Mitarbeiter Max Huber, mit, Anfangsgehalt, 20000]
5) NP[-unb]: NP« /NP[+unb]

[TRVERB, NP, PREP, NP]

[Fuge hinzu, den neuen Mitarbeiter Max Huber, mit, Anfangsgehalt 20000]
6) PREP: PP~ /NP

[TRVERB, NP, PP]

[Fuge hinzu, den neuen Mitarbeiter Max Huber, mit Anfangsgehalt 20000]
7) TRVERB[+imp]: IC — NP[+akk] PP*

[IC]

[Fuge hinzu den neuen Mitarbeiter Max Huber mit Anfangsgehalt 20000]

Figure 14: Example of syntactic analysis

Of course,the main task of syntacticanalysiswithin a natural languageinterfaceis not to
derivethe syntacticcorrectnes®f aninput sentencéut to constructits syntacticstructurein
parallel. For the sentenceshownin Figure 14 this structurelooks as displayedin Figure 15
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(not showing morphologicaland syntactic featuresin detail). The symbol ¢ standsfor a
derived category whereassignifies basic categories.

[(ic,c, [
(trverb, c, [
(trverb, s, fuege),
(vpref, s, hinzu)
D,
(np, ¢, [
(np, ¢, [
(noun, s, mitarbeiter)
(adj, s, neuen)
(art, s, den)
D,
(np, s, 'Hubert Maier")
D,
(PP, c, [
(prep, s, mit),
(np, ¢, [
(np, ¢, [
(noun, s, anfangsgehalt)
D,
(np, s, 20000)
)
)
)]

Figure 15: Example of syntactic structure

5.5 Summary

In orderto provide a soundtheoreticalframeworkfor syntacticanalysiswithin IDA we first
presentecdomeof the influential grammarformalismsto naturallanguagenterfacedesign.On

the basisof this surveywe selectedCategorialUnification Grammaras optimal basisbecause

of two reasons. First, its requirement of assigning all grammar rules to the lexical entries which
fits very well with our powerfuhierarchicaldictionary. Secondpecauséts bottom-upparsing
strategyis in conformity with LDL semanticsand satisfiesperfectlyour claim to analysealso
incomplete and ungrammatical sentences in an easy and natural way.

We extended CUG bsix newimportentconceptsn orderto dealwith the freeword orderof

Germanlanguagein a clear and conciseway. Finally, the resulting compactgrammatical
representation scheme was appliethmimplementatiorof anefficient parserwithin our IDA

architecture.
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6.1 Introduction

6. Semantic and Pragmatic Analysis

6.1 Introduction

Semanticanalysisaims at abstractingfrom any linguistic phenomenaat the surfacelevel of
naturallanguagesentences orderto obtaina purerepresentationf the underlyingmeaning.
The correctmappingfrom the surfacestructureto this semanticdeepstructureis the main
obstacle to the development of successful natural language applications.

The commonpredecessofor most currentapproache®f semanticrepresentatiorwas case
grammarintroduced by FillmorgFillmore68, Fillmore77]lt definessemantiaelationshipson
the basis of a small set of semantic rolesstitealledcaseswhich the partsof a sentencean
perform. In Section 6.2 SemanticAnalysis we give a short view of existent semantic
representatioriechniquesand strategiesfor the co-operationwith syntacticanalysisbefore
presenting the approach chosen for our IDA architecture.

Since semanticanalysisaloneis in many casesinsufficient for the correct interpretationof
natural languagesentencesworld and context knowledge is incorporatedin pragmatic
analysisto eliminate semanticambiguities. Finally, spelling error correction can only be
performedwithin the framework of semanticanalysisin orderto be ableto distinguishfor
example misspelled database values from new ones for insertion or update operations.

6.2 Semantic Analysis

Thenumerougepresentatioschemeshathave beemproposedo modelsemanticdavetheir
origin from knowledgerepresentationand can be divided in three main streams(for good
surveys see [Schwind85, Luger89]):

% Logical scheme$Woods78,Schubert82Hobbs87 Bollinger89] define semantics
by useof logic factsandrules.Extensiongo the basicdeductiveinferencestrategy
are circumscriptioiMcCarthy80],defaultlogic [Reiter80,Yuan93],autoepistemic
logic[Moore85] or abductive reasoning [Hobbs88, Brewka93, Hsu93, Rayner93].

% Graphical schemeswere first introduced in the form of semantic networks
[Quillian68, Woods75] where objects are representeddolesand relationshipby
links. The main drawbackof semanticnets was the missing standardisatioras
concernghe labelling of links. Therefore conceptuabdependenc{Schank74}ried
to overcomethis deficiency by defining a uniform notation (for an examplesee
Figure16). More recentapproachesre conceptualgraphsby [Sowa84],sentence
formalism[Binot84] orpropositional semantic networkSastelfranchi84, Ali93].

% Structuredschemesre basedon the notion of framesintroducedby [Minsky75]
that defines types of objects which store the information in so-called slots
Relationshipsare modelledby useof pointersto other frames,additionalfeatures
include the specificationof initial and unspecifiedvalues,conditionson creation,
and declarativeas well as proceduralattachmentsFigure 17 shows a simple
example of these different types of slots. For recent extensionswe refer to
[Hirst82, Binot86, Wu93].
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coffee E

—a

P
Egon <> PTRANS
Gustavs—> size(<average

P
Egon < PROPEL\& car

wate

- temperature<x

temperature=x

Egon lief.
(=Egonran)
Gustav istklein.
(=Gusta is smrdl)

Egon schob denWagen.
(=Egon puskhed the car)

P R ™ Maria
Egon <> ATRANS ¢— Egon gab Mariadas Buch.
N\ —~ Egon (=Egon gaveMary the ook)
O
book

>
D flowers

P
Hubert <> PTRANS ¢—

2
0 — can

Hubert gof3 die Blumen
(=Egon watered he flowers)

Der Kaff ee istausgekih.
(=The coffee hes become codl)

Figure 16: Example of conceptual dependency

unspedfied identifier

relation to frame

unspedf ied attribute

relation to frame

initial value
Condition

procedural attachment

dedarative attachment

Student

Register umber

empty

Supe type Person(SlotsName, Age dc.)

Number of terms empty

Studies Study(SlotsNane etc.)

Studernt type full

Education School-leaving examination

Average canpute sum of al marksand
divide it by their number

Resut if average< 15 and number of mark

fair <= 1, then excellert

Figure 17: Example of frame
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With regardto the interaction of semanticand syntactic analysisit has turned out to be
advantageousot to follow the strictly sequentiaprocessmodelbut to overlapthe two steps

of analysis.This is justified by the reductionof problemspacefor the parserby eliminating
meaninglessor contradictory interpretations already at an early point of processing
[Cappelli84]. Dependingon the degree of interaction, the following different types of
approaches exist, for each one several references of prominent implementations are given:

% Semanticgrammarsincorporatesemanticsdirectly in grammarrules, they were
used by early natural language systemslike SOPHIE [Brown75], PLANES
[Waltz77] or LIFER [Hendrix78].

% Rule-by-ruleinterpretationperformssemanticanalysisof eachintermediateresult
and makesdecision about acceptanceor rejection [Thompson75,Robinson82,
Pereira80, Kay85, Reyle88].

% Preferencebasedinterpretationalsoanalysegshe resultof eachsyntacticanalysis
stepbut givesonly a rating aboutits semantigolausibility [Wilks75, Weischedel83,
Fass83, Jensen87].

% Interleaved parsers restrict semantic interpretation to main constituents
[Winograd72, Bobrow80, Woods80, Ritchie80, McCord85].

% Semanticallydriven parsing use syntactic analysisexclusively if necessaryfor
disambiguatiorwithin semanticprocessingBirnbaum81,Schank75, Riesbeck78,
Lytinen86, Helbig86].

After carefully consideringthe above design choices, we judged the last approach of
semanticallydriven analysisas most favourable solution for the developmentof database
systemswith well-defined semanticapplication models within the IDA architecture.This
decision is strongly motivatdal laying more stressuponthe informationextractionparadigm
rather than upotext understandingrhis dichotomywasintroducedby Appelt [Appelt93] for
the field of information filtering, he uses the following distinguishing criteria:

% information extraction:

» mapping to a well-defined target representation
» subtle nuances of meaning are of no importance, e.g. mood of user
» input can include redundant information

% text understanding:

» the meaningof extensivetexts have to be graspedbasedon the complete
context

» the complexity of the target representationcorrespondsto that of natural
language
» all nuances of meaning have to be detected

Whereasthe information extraction approachis well establishedfor information filtering

systems (see [Lewis92, Chinchor93], much work on nalangluagenterfacesstill contribute
to the text understandingparadigm.Therefore they suffer from seriousoverheadof analysis
(for a critique of suchsystemssee[Schwartz82]).0Only few work existsthat derive benefit
from the underlying databasemodel for semanticanalysis, e.g. see [Wallace84, Hui88,

Schréder88].
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The main reason for this can be seen in the fact tHar $ar interfacedo relationaldatabases
no adequatesemantianodelexistedor causeddy loosely-coupledarchitecturesio accessavas
possible. Only the complete integration of the linguistic analysis within the database
architecturemakesit possibleto mergethe two representatiorschemesn a natural and
consistent way. Therefore, the computation effort is minimised by providing saheime a
maximum of quality of analysis.

As pre-requisiteof semantianalysiswe assignegemantideaturego the dictionaryentriesat

the appropriate level of abstraction by making use of inheritance. For similar approaches which
alsousehierarchicallystructureddictionariesfor the efficient processingpf semanticfeatures
see[Flickinger85, Shieber86lJszkoreit86b] Figure 18 displaysan exampleof the attachment

of semanticfeatures alsoillustrating how divergentspecific meaningsof derivedwords can
overwrite more general combined ones.

/ SEM. FEATURES .
/([ SUBSTSUFFIX(

ung, resutingin messung = measuement

[measure, adion]

action

).

SUBSTSURAX(

er, resutingin messer = measuer

[measure, swbject]

subject

).

VERBPRERFX(

durch, resutingin durchmessen = measuein all diredions

[measue, acres]

across

).

VERB(
mess, resutingin durchmesser = diameter
measure, [diamete]
overwrites the gererd semaric interpretation
{(er{([durch], diameter)}), [measure, swbject, acrosg
(ung, {([1, "IN}

Figure 18: Example of semantic features

The morphological analysis computes for each wisrdeepform asis illustratedin Figure 19
by the LDL code for the generationof the deepform of derived substantiveslt can be
distinguished between four different types of general deep forms which again can be
overwritten by specific deep forms:
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particles: [Sem] (6.1)
adjectives and verbs: [Sem, SemPr] (6.2)
substantives: [Sem, SemPrSeq] (6.3)
derived words: [Sem[[SemSufCSemPrSeq]] (6.4)

Therefore,the output of the morphologicalcomponentakesthe form of an deepform list
(DFL) which givesfor the individual input words a setof possibleinterpretationsgachentry
indicating the word stem, the word category, and the semantic deep form:

[{(Wortstamm, Kategorie, Tiefenform)}] (6.5)

Example 6.1:
For the following example sentence the corresponding DFL is computed:

Die neue Mindestbestellmenge von St 50 H ist 25 Stlick
(=The new minimal order quantity of St 50 H is 25 pieces)

DFL:

[{(die, artikel, [die]), (die, relativpronomen, [die])}, {(neu, adjektiv, [neu])},

{(menge, substantiv, [menge, stell, be, mindest])}, {(von, praeposition, [von])},

{('St', unknown, string)}, {('50', unknown, integer)}, {('"H', unknown, string)},

{(sein, verb, [sein])}, {('25', unknown, integer)}, {(stueck, substantiv, [stueck])}] ]

wort(Wort, (Eintr, ableitSubst, SemG)) <- classifies word as derived substantive
resulting in: stem, word category, deep form

verb(Eintr,Sem,_, ... ,_, Suffixe), retrieval of verbs
affixe(Wort, Eintr, Pr, Suffix), sub-string test of verb stems (external C-predicate))
if satisfied, it returns the separated affixes ||
suffixtest(Suffix, Suffixe, checks suffix with suffixes in dictionary yielding ||
Praefixe, SemSuf), set of valid prefixes and general semantic feature||
praefixtest(Pr, Praefixe, SemPrSeq,  checks prefix with valid prefix sequences Il
SpezSem), yielding specific or general semantic feature Il
if(SpezSem ~="" if specific semantic feature exists, Il
then SemG = [SpezSem] then it is assigned to deep form il
else SemG = else deep form is constructed from the semantic ||
[Sem | [SemSuf | SemPrSeq]] features of verb, suffix, and prefixes HI

).
Figure 19: Example of LDL code for generation of deep form

An important difference of natural languageinterfacesin comparisonto other fields of
applicationfor naturallanguageprocessindgechniquess the fact that unknownvaluespossess
a particularsignificancefor the meaningof the sentenceAlso in this context,only the IDA
architecturemakesit possibleto distinguish between existent databasevalues and new
databasevaluesfor insertion or update.If one considersalso the misspellingof database
values, the situation becomes even nuan@plex(seeSection6.4 SpellingError Correction)
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Furthermore, existent database values can serve as identigenstimsandentity typeswithin
the databaseapplication. Again, valuable information can be obtainedwhich reducesthe
number of possible interpretation and increases the efficiency of the natural language analysis.

Therefore,we proposea preliminary stepfor semanticanalysisthe so-calledunknownvalue
list analysis(UVL-analysis) Its taskis to transformthe DFL producedby the morphological
componentto the following list presentations(see Figure 20 for an example of the
transformation performed on the sentencExample 6.1)

unknown structure list (USL): containsall unknown values as sub-lists, that is,
compound values are split up to several list entries

unknown value list (UVL): compound values are joined together, strings which
represent numbers are converted

unknowntypelist (UTL): compoundandstring valuesarelookedup in the dictionary,
if they representidentifiers of existent entities, the correspondingentity type is
indicated, otherwise the valueknown is inserted

Die neue Mindestbestellmenge von St 50 H ist 25 Stlick

- ,/,/ /

[[(St, [string]), (50, [integer]), (‘H', [string])], [('25', [integer])]]
UVL

= Y
[('St 50 H', [string, integer, string]), (25, [integer])]
UTL
-y

[raw_material, unknown]

R

Figure 20: Example of UVL-analysis

Figure 21 displays part of the LDL code, it performsfitst stepof UVL-analysis,thatis, the
transformatiorof DFL to USL. The UVL-analysisforms a soundbasisfor efficient semantic
analysiswhich mapsthe meaningof the userinput to appropriatesentencedeepstructures
(SDS).Thesedeepstructurescorrespondexactlyto the semanticcategoriesof the underlying
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databasepplication,thereforethey guaranteehe correctand efficient semanticanalysisof
input sentencegqsee Section 7.7 Implementationof Natural Language Interface for an
implementation example ai®kction 7.8 Evaluatiofor evaluation data).

genusl(L, Ergebnis) — generates USL out of DFL
suchbeg(L, L2), searches for begin of unknown value
if(L2 ~=] if unknown value exists
then then
zusfg(L2, Rest, Eintrag), create sub-list for unknown value
genusl(Rest, Eintrag2), recursive call
Ergebnis = [EintragCEintrag2] inserts unknown value into USL
else else
Ergebnis =[]. empty list is returned
genusl([1. []. exit rule of recursion
suchbeg([EintragCRest], L) searches for next unknown value
aggregate(auswahl, Eintrag, Eintrag2), retrieves entry from set of interpretations
Eintrag2=(_, Kat, _), retrieves category of actual entry
if(Kat=unknown if category equals unknown
then then
L=[Eintrag[CRest] list of remaining entries is returned
else else
suchbeg(Rest, Rest2), recursive call
L=Rest2).
suchbeg([ ], [ D). exit rule of recursion
zusfg([Eintrag[CRest], Rest2, analysis of unknown value
[(Wort, Typ)CRest3])
aggregate(auswahl, Eintrag, Eintrag2), retrieves entry from set of interpretations
Eintrag2=(Wort, Kat, Typ), retrieves word stem, category, and type
if(ntrkat(Kat) if no separating category
then then
zusfueg(Rest, Rest2, Rest3) joining parts of composed unknown value
else else
Rest2=Rest, remaining categories are returned
Rest3=[]). single unknown value is returned
zusfueg([EintragCRest], Rest2, Ergebnis) parts of unknown value are composed
aggregate(auswahl, Eintrag, Eintrag2), retrieves entry from set of interpretations
Eintrag2=(Wort, Kat, Typ), retrieves word stem, category, and type
if(fs(Kat, Typ, Rest) if criteria for continuation are satisfied
then then
zusfueg(Rest, Rest2, Rest3), recursive call
Ergebnis=[(Wort, Typ)CRest3] result is computed
else else
Rest2=[EintragCRest], unknown value is added to remaining entries
Ergebnis=[]). empty list is returned to start composition
zusfueg([1, [ 1, [D- exit rule of recursion

Figure 21: LDL code for generation of USL
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6.3 Pragmatic Analysis

Generallyspeaking pragmaticanalysisaims at improving the quality of semanticanalysisby
makinguseof knowledgebeyondthe scopeof the analysedsentenceThis caninvolve on the
one handsomekind of meta-knowledger world knowledge on the other hand knowledge
about the embeddingpntext(for a good general survey see [Allen87]).

For world knowledgethe delimitationto semanticanalysisis rather fluid, also the applied
techniquesagain originate from the area of knowledge representation(see Section 6.2
SemanticAnalysis). A common definition is that pragmatics goes beyond the domain
knowledgeof the applicationmodel and includessomekind of ‘commonsense’e.g. subtle
nuances of meaning expressed by stylistic choice [Makuta-Giluk93].

Contextknowledgetakesin naturallanguageinterfacesthe particular form of dialogue or
discoursebetweenthe user and the computer.This is also the main reasonwhy semantic
analysisalonewill in many casedail to producea correctinterpretationof a usercommand
since the user assumeshat the system'remembersthe topic of the precedingqueries.
Therefore, efficient natural languageinterfacesshould include the capability of discourse
resolution thatis, to supplementhe missinginformation by keepingtrack of the prevailing
conversatiorin orderto preventthe userof the boring task of repeatingagainand againthe
same pieces of information (for good surveys see [Hirst81, Frederking88a]).The most
influential theoreticalframework representdhe DiscourseResolutionTheory (DRT) which
was introduced by Kamp in 1981 [Kamp81, Kamp88],for recent extensions see
[Frederking88bBras90]. Therealso existsthe promisingapproachto extendCUG by DRT
constructs [Zeevat88].

Erhdhe es um 1000.

Gib mir das Gehalt von Maier.
[Give me the salary of Maier]

Y
Y V4 :=es [it]
V1:=mir [me] V5 := 1000

[Raiseit by 1000]

V2 :=Maier
V3 := das Gehalt(V2) [thesalaryV2)]| — person(V4) :=3 [person] -
' geschlecht(V4) := neut [gender]
- zahl(V4) := sing [number]

— person(V3) := 3
. geschlecht(V3) := neut

. zahl(V3) :=sing V4 <=>V3
Y Y
|geben(V1, V3) [give(V1, V3)] | erhohen(V 3, V5) [raise(V3, V5)]

Figure 22: Example of de-referencing anaphora
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The two main linguistic phenomenavhich discourseresolutionhasto dealwith are ellipses
andanaphora Whereallipsesare incompletesentencesvithout any obvioushint aboutthe
omitted data, anaphorarepresentreferencesto so-called antecedentswhich can be de-
referencedmore easily [Webber83], see Figure 22 for an exampleusing DRT notation.
Besidessimple history list techniquesthere exist also more sophisticatecapproachesvhich
apply non-monotonidogic [Dunin-Keplicz84],coherencerelations [Kehler93] or abductive
reasoning[Nagao93a].

A lot of mainly theoreticalwork was doneaboutthe use of world knowledgefor discourse
resolution. The applied methods have their origin in the analysieiés theymodelactions

thatis, characteristicequencesf situations.Prominentrepresentatiotechniquesare scripts
[Schank77]and plans[Wilensky83, Allen80]. Figure 23 illustratesthe modellingof an action
by means of an easy example script for an ice-cream parlour.

( Script: ICE-CREAM PARLOUR ( Script: ICE-CREAM PARLOUR
Objects: tables Ertry canditions: anel: Enter
meru C hasappette for ice-cream o
. CPTRANS Cin ice-aeam parlar
| = ice-cream C hasmorey
morey C ATTEND eyeson tdbles
Rdes: C = wstome Results: CMBUILD where free plae
W = waitress C hasless moay
K = cook O has more rorey CPTRANS Ctotable
O = owner W has nore tips CMOVE Cin seating pasition

C's gpetie is gppeased
C is sdtisfied (optioml)

4 .
Scipt: ICE-CREAM PARLOUR ( <cript: ICE-CREAM PARLOUR
S@ne2: Order Sqe3: Eat
(meru ontable) (C asks for meru) K ATRANS| to W
CPTRANSmeuto C C MTRANS signto W W ATRANSI to C
W PTRANSWto C CINGEST |
C MTRANS 'need meru to W (optioral: badk to scere 2to order once again)

W PTRANSW to mewu .
/ Scened: Leave iee-cream palour

W PTRANS W to table

W ATRANS men to C CMTRANS pay'to W

W PTRANSW to table

CATTEND eyes o meru W ATRANSHill to C
CMBUILD dedsionon| C ATRANS morey to W
CMTRANS signto W W ATRANS change to C

W PTRANSW to table
CMTRANS wart I'to W

C ATRANStip to W
C PTRANSC out of ice-cream parlour

Figure 23: Example of script

Plans which possesa richer flexibility in comparisorto scripts,haveprovento be adequate
for modelling speechacts (see [Cohen79, Allen80, Perrault80], recent extensionswere
contributed by [Cohen85, Litman87, Grosz86, Carberry89, Haller93]). Finally, also the
distinction of the user'sbelief from generalknowledge has beenthe subjectof intensive
researchwhich hasits origin in automatedreasoning(for basic theoreticalwork on belief
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modellingsee[Hintikka69, Kripke63,Moore73,Cohen78] morerecentdevelopmentganbe
found in [Levesque84, Steel84, Fritsch85, Ramsay87, Ghose93].

For the pragmaticanalysisin our IDA architecturewe concentratedour researchon the
resolutionof ellipsesandanaphoraFor that purposewe useda uniform semanticresolution
method(USRM) which abstractsfrom the syntactic surfacestructure.For eachsuccessful
analysednput sentencethe entity aswell asthe correspondingentity type is extractedfrom
the semanticdeepstructureand insertedto the deductivedatabaseas LDL basepredicate.
This actualfocus of the user sessionis then appliedto the resolutionof ellipsesand de-
referencing of anaphora.

This techniqueturned out to be very efficient and, in spite of its simplicity, capableof
analysing all of the occurring discourseresolution problems correctly (see Section 7.8
Evaluation) The main reasonfor this is on the one handthe sequentiainatureof database
sessionsOn the otherhand,the pre-requisiten orderto achievethis satisfactoryperformance
is the quality of semanticanalysiswith regardto the homogenousnappingto the semantic
model of the underlying application.

Example 6.2:

Figure 24 displays an examplewhere in the first situation data about the product
SchraubstocK=vice) is requestedvhereasn the secondcase7 piecesare orderedby
customerAnton Huber without indicating the nameof the product. Therefore,the last
entity Schraubstockvith the correct entity typEroduktis substituted properly. u

Daten Uber
Schraubstock ?

<

Entity: Schraubstock
Entity type: Produkt

Entity: Schraubstock
Entity type: Produkt

Anton Huber
bestellt 7 Stk.

i wovon ?

von Schraubstock

Figure 24: Example of uniform semantic resolution method
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6.4 Spelling Error Correction

The existenceof misspelledvordsis oneof the mainobstaclego the correctanalysisof real-

word input sentencesThis is especiallytrue for the field of natural languageinterfaces
becauseof the additional difficulty of distinguishingmisspelledwords from new database
valuesfor insertionor update(see[McFetridge90]).Therefore,spelling error correctioncan

only be applied in connection with semantic analysis $&mtion 6.2 Semantic Analysis

With regard to the type of the misspelled word three different situations can occur:

® misspelled function words
® misspelled existent database values
® misspelled new database values

Whereasfor the third caseof courseno possibility of error detectionexists, the other two

typescanbe eliminatedin principle. However,asfunctionaltermsareonly storedascanonical
forms, the correction algorithm involves complex computatitmss significantly reducingthe
efficiency of analysis.So far only simplemethodgor suffix-treeapproacheslealingwith very

restrictederror types (e.g. single omission,insertion, substitutionor interchangeat adjacent
positions[Dorffner85]) have beemproposedAnotherapproachs the matchingof the word in

guestion with so-called-gramswhich represent valid character sequences of lemgtltorder
to calculate the type and position of the error, e.g. [Mundt88].

Sincethe secondcategory the misspellingof existentdatabaseralues,is muchmorelikely to
appearin databaseinterfacesand can cause severe consequencesye concentratedour
researchon this error type. The higher frequencyrate is also motivated by the fact that
misspelled database values do not have as only reasamigtsdesbut arealsocauseddy the
intentional use of inflections.

The basicideato correctfaulty userinput is the comparisonwith existentdatabasevaluesin
orderto decideif similar entriesexist. Therefore the centralissueof spellingerror correction
is to find an appropriatmeasuravhich representshe similarity betweerntwo words.The only
similarity measureso far that considersthe special characteristicsof databasevalueswas
introduced by Bickel [Bickel87]. It possesses the following specific properties:

» computation is based on the number of equal letters
» the order of the letters is arbitrary
» each character is only counted once

However, the proposed method possesses the following severe drawbacks:

¢ the erroneous doubling of characters is not detected

¢ insensitivity as concernsadditional wrong charactersthis is a substantialweak
point especially for technical applications, e.g. similar parts with long initial
common sub-strings

¢ only alphabetic charactersare consideredwhich is again not practicable for
technical data

¢ no standardised interval for the similarity value
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Therefore, we introduced four important adaptations and improvements:

& each common occurrence of a character is rated positively

& each divergent occurrence of a character is rated negatively

& numbers and special characters are included

& thesimilarity valueis standardise@n the interval [-1; +1], i.e. it equals+1 in the
case of identity and -1 if the opposite is true

In orderto computethe similarity value,we developedhe following formula which satisfies
all of the specified properties:

i[3 [min(z,, z,) - max z, i22)]

SIM ==

(6.6)

In this formula z,(z,) signifies the numberof occurrencedor the characteri in the first
(second)word. The numeratorshowsthe similarity or difference betweenthe two terms
whereasthe standardisatiorof the resulting value is taken care of by the denominator.In
Example 6.2andExample6.4 we illustratethe semantic®f this formulaby meansof a pair of
very similar and a pair of very divergent words.

Example 6.3:
The Germanword Plandrehen(=to face) is comparedwith the erroneousword
Plandeher{omission of one character).

Plandrehen:
ABCDEFGHI JKLMNOPQRSTUVWXYZ 2

10012001000102010100000000 10

Plandehen:
ABCDEFGHI JKLMNOPQRSTUVWXYZ 2

10012001000102010000000000 9

Differences:
ABCDEFGHI JKLMNOPQRSTUVWXYZ 2

20024002000204020100000000 17
Similarity:

sim= 7 =17_gg u
10+9 19
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Example 6.4:
The Germanword Augenlagerteil(=lug-bearingpart) is comparedwith the different
word Schraubstock=vice).

Augenlagerteil:
ABCDEFGHI JKLMNOPQRSTUVWXYZ 2

20003020100201000101100000 14

Schraubstock:
ABCDEFGHI JKLMNOPQRSTUVWXYZ 2

11200001001000100121100000 12

Differences:
ABCDEFGHI JKLMNOPQRSTUVWXYZ 2

1-1-2 0-3 0-2-1-1 0-1-2 0-1-1 0 0 2-2 2 2 0 0 0 O 0-10
Similarity:
-10 -10

SIM= = =-0,38 [ |
14+12 26

In the following we will prove that the similarity value is really mapped to the intgrial1].
For the caseof identical words z,=z;,=z; holds true for all characters. Therefore,(6.6)
becomes to:

k

i[sunin(z,z)—max(;, Z)] ZEEZ

SM =1 — = =T =1 (6.7)
. 7 2 .
2572 2

In the oppositeextremecasethatthe two termshaveno charactersn commonat all, for each
characteri either z; or z, equalsO. For the first case,the argumentof the sum in the
dominator of(6.6)is reduced to:

z, =0: 3Min(z,,0)-max(z,,0)=-z (6.8)

By analogy it equalszy for the second case so that the sum in the dominator can bepsplit
two partial sums leading to the required result:

SIM =22 = =-1 (6.9)
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100 —

SIM

50 —

40 —

30 —

20 —

0 1 2 3 4 5 6 7 8 9 10
word length

Figure 25: Similarity value for insertion of one character

Figure 25 and Figure 26 show the behaviourof the similarity value with regardto different
error types.Theinsertionof onedivergentcharacteiis shownin Figure 25 asfunction of the
word length.Of course for the removalof a characteithe characteristicss the same.As the
interchangeof charactersloesnot effect the similarity valueat all, only the substitutionof a
characterhasto be consideredas additional error type. Figure 26 showsthat the gradient
angle is smaller compared with the case of wrong insertions.

100 —
80 —
60 —
10 —

20 —

SIM
o

-20
-40 —
-60 —
-80 —

-100 —

word length

Figure 26: Similarity value for substitution of one character
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-80 —

-100 —

number of characters

Figure 27: Similarity value for deletion of several characters

As secondtype of behaviouralanalysiswe useda fixed word lengthof 10 for the first word
and varied the number of errors as concernsthe secondword. Figure 27 and Figure 28
compare the effects of sevedaletionsor substitutionsWhereasn thefirst casethe resulting
graph is convex, for the latter situation a linear relation is displayed.

100
80
60
40

SIM
o

-100

number of characters

Figure 28: Similarity value for substitution of several characters
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Due to thecompleteintegrationof the naturallanguagenterfaceandthe applicationdatabase,
the LDL rule for realisingspellingerror correctionis relatively simpleandstraightforward.If
semanticanalysisfinds no solutionfor a sentencecontainingunknownwords by interpreting
them as new databasevalues(see Section6.2 SemanticAnalysis) the unknownstrings are
substituted by the most similar database values before semantic analysis is applied again.

suchbegB(Suchwert, <(Begriff, Kat, Wert)>) <- grouping of similar entities
suchbeg(Suchwert, Begriff, Kat, Wert).

suchbegA(Suchwert, <Wert>) <- grouping of similarity values
suchbeg(Suchwert, , , Wert).

suchbeg(Suchwert, Begriff, Kat, Sim) <- retrieves similar entities
schwellwert(Limit), threshold value
objkat(Begriff, Kat), retrieves entities
compare(Suchwert, Begriff, Sim), C-predicate for computing similarity value
Sim > Limit. similar if similarity value > threshold

suchobj2([(W1, Wt) | R1], [Otl | Rt1], recursive rule which corrects UVL and UTNI
[(W2, Wt) | R2], [Ot2 | Rt2]) <- I

if(Otl = unknown if entity type is unknown, Hl
v(Wt), entity identifier is string, Hl
suchbegr(Wi, B, K) and there exists similar entity, H|

then W2 = B, then entity Hl
Oot2 =K and entity type is substituted Hl

else W2 = W1, else they remain unchanged Hl
Ot2 = Otl), I
suchobj2(R1, Rt1, R2, Rt2). recursive call of rule Hl
suchobj2((1, [1, [1, [D- exit rule of recursion I
suchbegr(Suchwert, Begriff, Kat) <- retrieval of similar entity and entity type Hl
suchbegD(Suchwert, M), retrieval of set of most similar entities Hl
cardinality(M, 1), test for unique maximum Hl
member((Begriff, Kat), M). retrieves entity and entity type from set Hl
suchbegD(Suchwert, <(Begriff, Kat)>) <- most similar entities are grouped Hl
suchbegC(Suchwert, Begriff, Kat). H|
suchbegC(Suchwert, Begriff, Kat) <- computes most similar entities Hl
suchbegA(Suchwert, M), set of similar entities Hl
suchbegB(Suchwert, M2), set of corresponding similarity values Hl
aggregate(max, M2, Maxwert), computes maximum of similarities Hl
member((Begriff, Kat, Maxwert), M). retrieves entities with maximum similarity Hi

1

1

1

1

1

|

Figure 29: LDL rule for spelling error correction
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In orderto retrievea candidatefor substitution first the setof similar termsis computedby
useof the similarity value (calculatedoy an externalC-predicate anda pre-definedthreshold.
Out of this set, the entity with the maximum similarity is selected for substitution.

Figure 29 displaysthe rule for the recursivesearchfor similar entities which correctsthe

entriesin UVL andUTL, thatis, it substituteghe entity in UVL andentersthe corresponding
entity typein UTL. As canbe seenthroughoutthe rulesalsothe unlikely situationthat there

is no unique maximum (becausethere are two very similar entities with exactly the same
similarity) is considered, in this case no substitution is performed.

Thethresholdvaluerepresents crucial parametebecauseét determineshe cardinality of the
setof similarterms.If onthe onehandit is selectedoo high, the numberof correctedfailures
is reduced On the otherhand,a valuechosertoo smallcanresultin erroneougeplacements.
For thesereasonghe thresholdvalueis realisedby a basepredicatein the deductivedatabase
which can be updatedfreely in order to adjustthe spelling error correctionto the specific
needs of the actual application.

6.5 Summary

We discussedn this Sectionthe critical touchstongor eachnaturallanguageinterface,the
ability of correctly interpretingthe intendedmeaningof userinput. Semanticanalysisdeals
with this problem by mapping the surface structure of an input sentence to an appda@ate
structure.We provided a short survey of representatioriechniqguesand explainedhow the
dictionaryis supplementedby semanticfeaturesin IDA. With regardto the interactionwith
syntacticanalysisdifferentarchitecturakolutionswere consideredarefully beforeintroducing
the UVL-approachfor databaseapplicationswith well-definedsemanticnodels,a technique
that is basedon the evaluationof databasevalues and deep forms of functional words.
Therefore, no complete grammatical sentence structures are computed but syntactic
information is only used if necessary for disambiguation.

Sincemanipulationor retrieval of datais seldomperformedby useof a single commandbut
rathertakesthe form of a dialoguebetweenuserand computer,a greatdeal of researchwas
donein pragmaticanalysisaiming at extendingthe scopeof analysisto the completeuser
session.For that purpose,many sophisticatedheoriesand modelshave beemproposedin
literature, most of them also incorporating world knowledge beyond the scope of the
applicationdomain.We concentrateaur researclon pragmaticanalysisin IDA to discourse
resolutionby introducinga simple but efficient uniform semantiadesolutionmethod(USRM)
which abstractdrom specific manifestationst the surfacelevel (ellipsis, anaphora)py using
the entity and entity type of the preceding analysis to keep track of the actual focus.

Finally, we dealt with spelling error correctiasmeof the mostimportantfeaturesasconcerns
useracceptancéy preventingthe userof the tedioustaskof retypingerroneousnput. In this

context, IDA performs an optimal basisfor the correction of misspelleddatabasevalues
becauseof the completeintegration of the application data within the natural language
interface. This makes it possible to verify efficiently the erroneous imprd with the existent
entriesin orderto retrievea candidatefor substitution.For the crucial point of estimatingthe

likeliness betweentwo termswe introduceda new formula for the calculationof similarity

values and analysed its properties thoroughly.
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7. Case Study: PPC Database for Precision Tools

7.1 Introduction

As field of applicationfor our casestudywe havechosena productionplanningand control
system(PPC)asnucleusfor a laterextensiorto a full CIM system([Scheer84 Scheer87]for
a more recent survey also dealing with security aspectssee [Vieweg94]). The main
component®f a CIM systemandtheir mappingto appropriatedatabasesupportis shownin
Figure 30. As the complexity of CIM applicationsrequiresadvanceddatabasdunctionality
[Kappel94], they represent a challenging area for the use of deductive database technology.

Sales, Marketing || Engineering Design| [ Manufacturing Design| |Production Planning|
& Accounting

—
=

\
‘ Business | ‘ CAD

[ Stores & Distribution| | Test & Inspection| Manufacturing

Figure 30: Database support in CIM

The PPC performs the mean-termschedulingof productsand involved resourcesin the
manufacturingprocesseshown in Figure 31, that is, material, machines,and labour (see
[Baetge84]). The resulting master production schedule forms theftathe co-ordinationof
related business services such as engineering, manufacturing, and finance.

For the complex task of planning the optimal sequenceof machining operationsand of

assigningoperatorsand machinesto the individual machining operations,techniquesfrom

operations research are needed [Isermann79, Kipper84]. Finally, due to unforeseen
circumstances(machine stoppages,operator drop outs, delivery delays) the control

componentof the PPC bearsvital importancefor the immediatereactionto such sudden
changes in the availability of resources.
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Figure 31: Types of resources

The modelledenterprisemakesprecisiontools using as basicstrategiegob order production
and serial manufacture Especiallyin this branchof industry there existsthe strong needof
modelling complex objects (e.g. the assemblyof a part) and transitive relations such as
operationsequence®r sub-parthierarchies.As the efficient realisationof thesedemands
exceedsthe power of relational databasdechnology,the application presentsan excellent
choicefor deriving full advantagef the extendedunctionality of deductivedatabaseystems.
Furthermore the sophisticatedunctionality justifies the effective use of a naturallanguage
interface.

For the designand implementationof the PPC system,we apply the following sevenstep
model.As initial stepwe definein Section7.2 Requirementg&nalysisthe requirementgo the
PPC systemin full detail. By the use of the ExtendedEntity Relationship(EER) model
[Navathe83,Elmasri85] we then transformin Section7.3 DatabaseDefinition the verbal
descriptionto a correspondingconceptualmodel which servesas sound basis for the
transformation to appropriate LDL base predicates.

The next step iBection7.3 Specificatiorand Implementatiorof the Functionalitycoversthe
functionality of the PPC system.In order to obtain a well-defined referencemodel for the
developmenbf the naturallanguagefront-end, we specify exactly 50 manipulationsand 50
gueriesto the PPC which are implementedby LDL rules. Finally, the semanticsof the
functionalpartis formally represente@sdeepstructuresn Section7.5 SemanticApplication
Model

As startingpoint for the implementatiorof the naturallanguagenterface,questionnairesre

usedin Section7.6 Empirical Collectionof TestData to get 1000realisticexamplesentences

(10 for eachcommand) On the basisof this data,the interfaceis implementedn Section7.7
Implementatiorof Natural Languagelnterfaceandfinally the whole applicationis evaluated

in Section7.8 Evaluation i.e. the correctmappingof the 1000 surfacestructuresto the 100

deep structures as well as examples of spelling error correction and de-referencing of anaphora
are tested extensively.
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7.2 Requirements Analysis

The first step of the design process was to collect and express thoughtfudlyuirementso
the PPC. Because of the complexity of the application, we divided the problemsepgamte
views. The static view considersonly the master data i.e. static entities and stable
relationshipsthat are not likely to changeduring a medium-termperspectivewhereasthe
dynamicview modelsthe transactiondata thatis, transitoryentitiesandshort-termrelations.
Throughout the verbal description we used italics to identify entity and relationship names.

7.2.1 Static View

The objects which are machinedduring production are called parts and are divided in
assemblegbarts andbasicparts. An assemblegbartis composedf severalparts(sub-part},
these sub-partscan again be assembledrom other sub-partsand so on. Therefore,each
assembled part possessesib-part hierarchyhich determines its structure.

The basic parts are obtained frenppliers There exist four categories of basic parts:

& Standardparts are orderedas prefabricatedpartsin standardisesgizesand qualities.
They are charged by piece, attributes are the name and the standard.

& Cast partsare manufactured by use of special moulds satliegtare againchargedoy
piece. Attributes are the name and the original material.

& Roundparts are cylindrical basicpartswhich are not orderedby the namebut by the
raw material and the specificationof the crude size, the chargingis performedby
volume.

& Angular partsare square prismatic basic parts, they are ordered theveayrassround
parts.

Therefore,as concernssuppliesone can distinguishbetweenordersfor standardparts, cast
parts,andraw materialswhich areall subsumedy the genericterm material. For the correct

processingof ordersof materialsthe following information is of importance:the purchase
price, the minimal quantity,andthetime of delivery. Finally, the attributesof the suppliersare

name and address.

In orderto be ableto performa machiningoperationon a part,a machineandan operatoris
required.A machineis identified by its machinenumber(automaticallycreated) and machine
type an operatorby its name,social securitynumber,addresssalary,and the qualification
which machinetypeshe canhandle During productionschedulinghe machinesandoperators
are assigned to machines, these assignments are stored in scheduling lists

If a machineor an operatorhasto be removedfrom the production, there must be the
possibility to considerthis situationearly in productionscheduling.This guaranteeshat no
more machining operations are assignethé&machineor operator.The statusof the machine
or worker is then no longer ready for operatinrn suspended

The machiningoperationis the smallestunit in the production,its main characteristids the
kind of actionwhichis determinedoy the requiredmachinetype aswell ascostandtime data.
With regardto thelatterit is distinguishedbetweenthe fixed andthe variableportion. Finally,
an operationsequence&anbe assignedo eachpart which definesthe order of executionof
the individual actions for this part.
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A productis the resultof a productionprocessan responseo a productorderby a customey
i.e. the productsconstitutea subsetof the assemblegarts. Importantcharacteristicof the
productsare the name, minimal output, profit margin, cancellationfee, and the netselling-
price. To calculatethe grossselling-price,the actual VAT rate is needed.Finally, for the
customers again the name and address is stored as information.

A vital componentfor eachPPCis the conceptionof time. The temporaldimensionof all
future eventsis modelledas interval (differenceof time wheneventoccursminus presence).
The delivery time of basic parts and completiontime of productsare calculatedby days
whereaghe startandcompletiontime of machiningoperationsare given by hoursanddays,a
day counting as 8 hours. Therefore, the adiua of the dayin hourshasto be storedfor the
exactcalculationof the arrival time of a delivery or the completiontime of a product,thetime
of the day for these two events is supposed to be 0 (daybreak).

7.2.2 Dynamic View

Ordersfor basic parts (the order number is generated automatically by the sgstangdein

relationto specificproductorderswithin the frameworkof productionschedulingDueto the
existence of minimal quantitider deliveries,excesdasicpartscanoccurfor which a stockof
basic parts is establishedThe stock can be divided in two different types: projectedstocks
(not yet delivered)and actualstocks(delivery alreadyarrived).If a basicpartis neededor a
productionorder, the stock is checkedfirst. Only if the stockis not sufficient, the missing
quantity is ordered.

By analogy,for excessproductsa stock of productsis kept. The stock of productsalso
consistsof projected stocks (production not yet finished) and actual stocks (production
already finished)lf a customemakesa productorder (automaticallygenerategoroductorder
number),it is first attemptedo satisfythe requestrom stockof products Only if the stockis

insufficient, a productionorder is generatedor the total quantity. As there exists also the

possibilitythata customercancelsa productorder, the statusof a productordercanbe: from

stock, productionor cancelled.The restrictionof a minimal outputcanagainresultin excess
products which are put in stock of products.

As first stepof the productionschedulinghe inventoriesof the requiredbasicandassembled
parts are determinedyielding the productionlist of the order which gives the information
aboutthe sequenceof all necessarynachiningoperations.After preparingthe basicparts,
eitherfrom stock of basipartsor by delivery,for eachmachiningoperationof the production
list the earlieststarttime is derivedfrom the availability of the requiredparts (part itself or
sub-parts).

In the next step, all schedulinglists of machinesand operatorsare looked up for valid
intervals, that is, later than the earlistrttime andlongerthanthe durationof the machining
operation.From all possiblecombinationsof machineand operatorassignmentsthe one is
selectedvhich guaranteeghe earliestcompletiontime of the machiningoperation.Therefore,
the availability time after the final machiningoperationrepresentshe total productiontime of
the product.

With regardto the control of disturbancesmachine stoppagesoperator drop outs, and
delivery delaysare considered.In such a situation, first all directly or indirectly involved
machiningoperationsaredetectecandinsertedin a changdist. Then,all entriesin the change
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list are scheduledanew. If a machine stoppageor operatordrop out occurs during the
executionof a machiningoperation alsothis operationis addedto the changdist with a new
duration (remaining processing time plus fixed time of action).

The net selling-pricesare calculatedon the basisof the total cost of productiontimes the
profit margin. The price calculationis not performedfor eachindividual productionorder.
Thatmeanghat productsare sold by list priceswhich are updatedperiodicallyto adjustthem
to the actual product prices

In analogyto the productionschedulinghe costcalculationfirst determineghe inventoriesof
the necessarypasicand assemblegartsas well asthe productionlist. The inventory s the
basisof the materialcostswhereaghetooling costscanbe computedrom the productionlist
(fixed costsarerelatedto the minimal output). Finally, the sum of materialcostsandtooling
costs yields the total cost of production.

7.3 Database Definition

7.3.1 Static View

The EER-diagram in Figure 32 shows the conceptual model of thevstatiof the PPC.The
mapping to theccordinglogical model(i.e. the LDL basepredicates)s performedin analogy
to the transformation rules of thegical relational design methodologyRDB) [Teorey86].

machine
type
%alificatior’ Oﬁ
operator machine action
VAT
rate order of
execution
time of operation
the day sequence

part
‘ sub-part
hierarchy
supplier ‘<} material basic part ass. part >——

raw | standard cast round angular product customer
material part part part part

LA

Figure 32: EER model of static PPC view
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Figure 33 showsthe final result of the designprocess.Pleasetake notice of the following
remarks while interpreting the base predicates:

% the aggregationspart, basic part, and material are not materialisedbut are
represented by use of derived predicates

& therelationshipsub-parthierarchyis assignedo the entity assemblegbart aslist
of sub-parts, for each list member the name and the required quantity is indicated

& for the entitiessupplier, operator, customeran internal, automaticallygenerated
number is used as identifying property

% the complexstructureof the schedulingist is explainedin Section7.3.2Dynamic
View

% the qualification of anoperatoris modelledassetof machinetypes the latter are
again not materialised but are represented as derived predicates

% the ternary relation operation sequenceis transformedto an entity with the
machinedpart and the list oactionsas attributes

I~ assembled_part(Name: string, Subparts: [(integer, string)]

I~ standard_part(Name: string, Standard: string, Purchase_price: real,
Supplier: integer, Minimal_quantity: integer, Time_of_delivery: integer)

I~ cast_part(Name: string, Original_material: string, Purchase_price: real,
Supplier: integer, Minimal_quantity: integer, Time_of_delivery: integer)

—~ round_part(Name: string, Raw_material: string, Diameter: integer,
Length: integer)

I~ angular_part(Name: string, Raw_material: string, Length: integer,
Width: integer, Height: integer)

I~ raw_material(Name: string, Purchase_price: real,
Supplier: integer, Minimal_quantity: integer, Time_of_delivery: integer)

I~ supplier(Number: integer, Name: string, Address: string)

"7 machine(Machine_number: integer, Name: string, Status: integer,
Scheduling_list: [(integer, integer, integer, string, string, (integer, integer),
(integer, integer))])

I~ operator(Number: integer, Name: string, SSN: string, Address: string,
Salary: real, Qualification: {string}, Status: integer, Scheduling_list:
[(integer, integer, integer, string, string, (integer, integer),

(integer, integer))])

I~ action(Name: integer, Machine_type: string, Fixed_time: real,
Variable_time: real, Fixed_cost: real, Variable_cost: real)

I~ operation_sequence(Part: string, Actions: [string])

I~ product(Name: string, Minimal_output: integer, Profit_margin: real,
Cancellation_fee: real, Net_selling_price: real)

—~ customer(Number: integer, Name: string, Address: string)
I~ vat_rate(VAT _rate: real)
I~ time_of _the_day(Time_of the_day: integer)

Figure 33: LDL base predicates of static PPC view
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7.3.2 Dynamic View

The conceptuamodelof the dynamicview of the PPCin Figure 34 showsonly theseentities
of the static part that are relevantto short-time relationships,all others as well as the
aggregation aspect are left out of consideration.

stock of product action machine
products

from stock $ G

of products

stock of ‘ product :’ machining ‘> part
basic parts order operation
from stock of
basic parts

< v

basic part {F order customer operator

Figure 34: EER model of dynamic PPC view

The following clarification to the EER model will be helpful:

% sinceeachproductorder first emptiesthe stockof basic parts beforeit makesa
new order, only one stock existsfor eachbasic part (1:1 relationshipbetween
stock of basic partandbasic parj

& for the samereasorthe stockof a basicpart hasalwaysbeenorderedby only one
specific order (1:1 relationship betwestock of basic partandorder)

# the relationshipfrom stock of basic parts indicateswhich product orders have
removeditemsfrom a projectedstock, this is especiallyimportantfor the correct
treatment of delivery delays

% for one productmore than one stockof productscan exist becauset is possible
that several production orders with different production times produce excess
productssimultaneouslyas shownby the 1:1 relationshipbetweenproduct order
andstock of producis

& therefore,the connectivity of the removal of productsis n:m (relationshipfrom
stock of products)
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Again, this EER moddbrmsthe basisfor the mappingto correspondind.DL basepredicates
shown in Figure 35 and the following annotations:

& the statusof the stockof basicpartsis actualif the delivery time is 0, otherwiseit
is projected

# as to the restrictionf minimal output,the outputof productorder canbe different
from the ordered quantity, the difference represents the excess products

& the relationshipfrom stock of productsis mappedto correspondingdists in the
entitiesstockof productsandproductorder (for eachentry the productorder,the
guantity, and the production time is given), additionally an attributénéoremoval
from the actual stock is appendedtoduct

& removeditems from stock of basic parts are identified by the order numberby
which they have been ordered

% the machining operation is the basic unit of production scheduling,it is not
representedsseparatentity but storedin the productionlist of the productorder
andin the schedulinglists of machinesand operatorsby providing the following
information for each list entry:

production list: scheduling list:

= sequence number of production = product order

= level of sub-part hierarchy = level of sub-part hierarchy

= number in operation sequence of partnumber in operation sequence of part
= machined part = machined part

= required quantity of machined part = performed action

= performed action = day and hour of start time

= list of sub-parts = day and hour of completion time

I~ stock_of_basic_parts(Name: string, Order: integer, Delivery_time: integer,
Quantity: integer, Purchase_price: real)

— order(Order_number: integer, Product_order: integer, Basic_part: string,
Delivery_time: integer, Quantity: integer, Purchase_price: real)

|
|
|
I~ product_order(Product_order_number: integer, Status: integer, ‘
Product: string, Production_time: integer, Quantity: integer, |
From_actual_stock: integer, From_proj_stocks: [(integer, integer, integer)], |
Output: integer, Net_selling_price: real, Customer: integer, |
Production_list: [(integer, integer, integer, string, integer, string, [string])]) i

|

I~ stock_of products(Name: string, Actual_quantity: integer,
Projected_stocks: [(integer, integer, integer)])

I~ from_stock_of basic_parts(Order: integer, Product_order: integer)
il

Figure 35: LDL base predicates of dynamic PPC view
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7.4 Specification and Implementation of the Functionality

Basedon the specifiedrequirementsand the developeddatabasedefinition we defined 50

manipulations(M1-M50) and 50 queries(Q1-Q50)to the PPC which cover the complete
functionality of the modelledPPC system.The 100 commandsvere implementedby use of

LDL rulesasqueryformsto the deductivedatabasend mappedto an appropriatesemantic
application model.

7.4.1 Manipulations to the PPC

The insertionof the following entitiesfor the staticview of the PPCis providedif the stated
conditionsare satisfied,otherwisethe usergetsa correspondingerror messages response.
The identifying entity numbers are generated automatically in increasing order.

Insertion of;

% supplier(M1)
% raw material(M2)
» supplier must exist
% standard par{M3)
» supplier must exist
% cast part(M4)
» supplier must exist
#% round part(M5)
» raw material must exist
% angular part(M6)
» raw material must exist
% assembled paifM7)
» sub-parts must exist
product(M8)
» corresponding assembled part must exist
» net selling-price is calculated as total cost of production times profit margin
customei(M9)
machine(M10)
operator(M11)
action(M12)
» required machine type must exist
» operator must exist who can handle the machine type
operation sequeng@113)
» part must exist
» actions must exist

A . %

%

Similarly, under the restriction that the given conditions hold true, the follogntigescanbe
removedfrom the PPC.Pleaseaegardthat operationsequenceare deletedtogetherwith the
corresponding parts. To delet@rductonly meanghatthe assembleghartin questionis not
sold anymore, the assembled part itself has to be deleted separately.
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Deletion of;

¢

¢

¢

¢

supplier(M14)

» supplier must not deliver any basic part

basic part(M15)

» it must not exist a stock

» the basic part must not be included in assembled parts

» if a operation sequence exists, it is also deleted

raw material(M16)

» raw material must not be contained in basic parts

assembled paKM17)

» assembled part must not be included in other parts

» assembled part must not be a product

» if a operation sequence exists, it is also deleted

product(M18)

» it must not exist a stock

» it must not exist any current product orders

machineg(M19)

» it must not exist any assignments to machining operations

» there must be other machinesof the samemachinetype if the machinetype is
required for any action

operator(M20)

» it must not exist any assignments to machining operations

» there must be other operatorswho can handlethe samemachinetypes if the
machine types are required for any action

customer(M21)

» it must not exist any current product orders

action(M22)

» action must not be included in any operation sequence

With regardto the modificationof masterdata,the following updateoperationson attributes
of static entities are considered:

¢

materials:

» purchase price (M23)

» minimal quantity (M24)

» delivery time (M25)

» supplier (must exist) (M26)
suppliers:

» address (M27)

products:

» minimal output (M28)

» profit margin (M29)

» cancellation fee (M30)
value added tax ratéM31)
operators:

» address (M32)

» salary (M33)

» insertion of machine type which the operator can handle (M34)
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% customers:

>

address (M35)

% actions:

>

fixed time and cost portion (M36)

» variable time and cost portion (M37)

Finally, someinformationfrom the staticview andall entitiesof the dynamicview of the PPC
must not be manipulateddirectly but can only be affected exclusively by the following
important transactions:

¢

R S

X %

shift of the presencédy a givenintervalto the future, for eacheventthatoccursin
this period a corresponding message has to be produced (M38)

liquidation of the actual stocks of basic parts and products (M39, M40)
calculation of selling-prices based on actual total cost of production (M41)
scheduling of new product orders (M42)

processing of machine stoppages and operator drop outs (M43, M44)
processing of delivery delays (M45)

release of machines and operators that are sooner available than expected
(M46, M47)

suspension of machines and operators (M48, M49)

cancellation of product orders, output is transferred to the stock of products (M50)

7.4.2 Queries to the PPC

The first set of indicatedqueriesretrievesmasteror transactiondata. For eachquery it is
possible to ask for the attributes of a specific entity as well as for a list of all existent ones.

COOOOOOOOOOOOOOOOOO

sub-parts for assembled part (Q1)
master data of standard part (Q2)
master data of cast part (Q3)
master data of round part (Q4)
master data of angular part (Q5)
master data of raw material (Q6)
master data of supplier (Q7)
stock of basic part (Q8)

order data (Q9)

product order data (Q10)
machine data (Q11)

assignment data of operator (Q12)
master data of operator (Q13)
master data of action (Q14)
operation sequence of part (Q15)
master data of product (Q16)
stock of product (Q17)

master data of customer (Q18)
master data of basic part (Q19)
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As secondquery type the user can state criteria for selectinga subsetof entities. These
selectionattributesmakeit possibleto query the modelledrelationships(seeFigure 32 and
Figure 34 in Section7.3 DatabaseDefinition). Again, a list of all entitiescan be retrieved
using the criteria to group the entries:

COOOOOOOOOOOO

master data of standard parts by supplier (Q20)
master data of cast parts by supplier (Q21)

master data of round parts by raw material (Q22)
master data of angular parts by raw material (Q23)
master data of raw materials by supplier (Q24)
order data by product order (Q25)

order data by basic part (Q26)

product order data by product (Q27)

product order data by customer (Q28)

machine data by machine type (Q29)

assignment data of operators by machine type (Q30)
master data of actions by machine type (Q31)
master data of basic parts by supplier (Q32)

More complex symmetric transitive relations which can be indirectly derived from the
relationshipsof the conceptuamodelare coveredby the following setof queries.Therealso
exists again the choice between selection and grouping of the query result.

&
&
&
&
&

assignment of production orders to orders and vice versa (Q33)

assignment of products to customers and vice versa (Q34)

assignment of actions to operators and vice versa (Q35)

assignment of assembled parts or products to suppliers and vice versa (Q36)
assignment of machine types to assembled parts or products and vicg3tsa

Finally, the last set of queries provides some special grouping operations, hierarchical
structureinformation, and other specialdata of which the derivation requiressophisticated
computation:

&

COOOOOOY ©©

stock of basic parts or products grouped by stock type (actual or projected)
(Q38, Q39)

product orders grouped by status (from stock, production or cancelled) (Q40)
machine data and assignmentdata of operatorsgrouped by status (ready for
operation or suspended) (Q41, Q42)

production time of product (Q43)

all events which will occur in a given time interval (Q44)

sub-part hierarchy of assembled part (Q45)

inventory of assembled part (Q46)

production list of part (Q47)

difference between list price and actual product price (Q48)

cost distribution of part (Q49)

assembled parts or products in which a part is directly or indirectly included (Q50)
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7.4.3 Implementation

In orderto obtaina well-definedinterfaceto the naturallanguageront-endwe specified100

prototypesof queryforms. Theinputto the requestedlemandaswell asthe resultingoutput
are modelledy useof parameters, e. coveredandfree variablesIn generalall manipulations
have the uniform parametError which returns amrror codefor dealingwith invalid input, it

equals0 if the executionwassuccessfulAll queriesare answerechot as severalsolutionsto

the queryform but all entriesaregroupedto form a uniquesetthatis returnedin the variable
Result as uniform result of the query.

In the following we will give for eachgroup of manipulationsand queriesa representative
example of the corresponding prototype and its implementation by the use of LDL rules.

insertion of an action (M12):
m12($Name, $Machine_type, $Fixed_time, $Fixed_cost, $Var_time, $Var_cost, Error)

m12(Name, Machine_type, Fixed_time, Fixed_cost,
Var_time, Var_cost, Error)
if(action(Name, _, _, _, , )
then Error=1
else if(~machine(_, Machine_type, 0, ) if no machine with Status=0 (ready for operation)
then Error=2 for action exists, then Error=2
else if(~can_handle(Machine_type) if no operator can handle action, then Error=3
then Error=3
else Error=0,
+action(Name, Machine_type, Fixed_time, otherwise action is inserted
Var_time, Fixed_cost, Var_cost)))).
can_handle(Machine_type)
operator(_, _, _, _, _, Qualification, 0, _),
member(Machine_type, Qualification).

if action already exists, then Error=1

checks if any operator can handle machine type
retrieves all operators which are ready for operation
test if machine type is included in any qualification

deletion of an assembled part (M17):
m17($Name, Error)

m17(Name, Error)
if(~assembled_part(Name, )
then Error=1
else if(product(Name, , , , )
then Error=2
else if(assembled_part(_, List), retrieves all assembled parts
Imember((_, Name), List) if assembled part is included in other part,
then Error=3 then Error=3
else Error=0,
-assembled_part(Name, ),
-operation_sequence(Name, )))).

if assembled part does not exist, then Error=1

if assembled part is product, then Error=2

otherwise assembled part is deleted
and corresponding operation sequence is deleted

update of address for customers (M35):

m35($Name, $Address, Error)

m35(Name, Address, Error)
if(~customer(Number, Name, )
then Error=1
else Error=0,

if customer does not exist, then Error=1

-customer(Number, _, )
+customer(Number, Name, Address)).

else customer is deleted
and again inserted with new value for address
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cancellation of product orders (M50):
m50($Prod_order, Error)

m50(Prod_order, Error) —
if(~product_order(Prod_order, _, , , _, ., , , ., _,)
then Error=1
else if(product_order(Prod_order, 3, _, _, _,_, , ., _,_,
then Error=2
else Error=0,
cancel(Prod_order))).

cancel(P)
product_order(P, Status, Part, Time, Quant, FromAct,
FromProj, Output, Price, Customer, ProdList),
if(Status=1
then if(stock_of_products(Part, ActQuant, ProjStock)
then ActQuant2 = ActQuant + FromAct,

retstock(FromProj, ProjStock, ProjSt2),
-stock_of_products(Part, _, ),
+stock_of_products(Part, ActQuant2, ProjSt2)

else +stock_of products(Part, ActQuant, ProjStock)),

-product_order(P, _, , , ., , _, _, )
else if(stock_of products(Part, ActQuant, PrOJStock)
then addstock(ProjStock, (P, Quant, Time), ProjSt2),
-stock_of_products(Part, _, ),
+stock_of_products(Part, ActQuant, ProjSt2)
else
-product_order(P, _, ., ., ., ., ., ., _, )

+stock_of_products(Part, O, [(P, Quant, Time)])),

if product order does not exist, then Error=1

, _) if product order already cancelled, then Error=2

else product order is cancelled

cancellation of product order
retrieves product order

if product order is from stock then
if stock of products exists, then
actual stock is returned
projected stocks are returned
old stock is deleted
new stock is inserted
else new stock is created
product order is deleted
else production order, if stock exists, then
production is added to projected stocks
old stock is deleted
new stock is inserted
else new stock is created
old product order is deleted

+product_order(P, 3, Part, Time, Quant, FromAct, product order marked as cancelled is inserted
FromProj, Output, Price, Customer, ProdList)).

retstock([EntryCRest], Stock, Stock2) —
retstock(Rest, Stock, Stock3),
addstock(Stock3, Entry, Stock2).
retstock([ ], Stock, Stock) .

addstock(Stock, (P, Quant, Time), Stock2) —
if(lmember((P, Quant2, Time), Stock)
then remstock(Stock, (P, Quant2, Time), Stock3),
Quant3=Quant+Quant2,
insstock(Stock3, (P, Quant3, Time), Stock2)
else insstock(Stock, (P, Quant, Time), Stock2)).

remstock(Stock, Entry, Stock2)
Stock=[(P, Quant, Time)CRest],
Entry=(P2, _, ),
if(P=P2
then Stock2=Rest
else remstock(Rest, Entry, Rest2),
Stock2=[(P, Quant, Time)CRest2]).
remstock([ ], _, [ ]).

insstock(Stock, Entry, Stock2) —
Stock=[(P, Quant, Time)CRest],
Entry=(_, _, Time2),
if(Time2 <= Time
then Stock2=[Entry[Rest]
else insstock(Rest, Entry, Rest2),
Stock2=[(P, Quant, Time)CRest2]).
insstock([ ], Entry, [Entry]).

old stocks and returned stocks are merged
recursive call of rule

appends one returned stock to old stock list
exit rule of recursion

adds stock to stock list
if entry with same order and time exists,
then it is deleted from the list
returned quantity is added to old one
and new entry is inserted
else stock is inserted as new entry

removes entry from stock list
retrieves first entry from list
retrieves product order from new entry
if product orders are equal
entry is deleted
recursive call of rule
first entry is inserted again
exit rule of recursion

inserts entry into stock list
retrieves first entry from list
retrieves time of new entry
if new time is earlier or equal
new stock is inserted
recursive call of rule
first entry is inserted again
exit rule of recursion
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order data (Q9):
g9($Order_number, Result)

q9(Order_number, Result) —
if(Order_number=all
then qu_order_all(Result)
else qu_order_single(Order_number, Result)).

qu_order_single(O, (P, Part, Time, Quant, Price)) —

order(O, P, Part, Time, Quant, Price).

qu_order_all(<(O, P, Part, Time, Quant, Price)>)

order(O, P, Part, Time, Quant, Price).

if no selection for specific order number
then all orders are retrieved

else single order is retrieved

retrieval of single order

retrieval of set of all orders

master data of standard parts by supplier (Q20):

g20($Supplier, Result)

q20(Supplier, Result) —
if(Supplier=all
then qu_supplier_all(Result)
else qu_supplier_single(Supplier, Result)).
qu_supplier_all(<(Supplier, Entry)>) ~
supplier(_, Supplier, ),
qu_supplier_single(Supplier, Entry).
qu_supplier_single(Supplier,

(<Name, Standard, Price, Min_Quant, Time)>)

if(standard_part(N2, S2, P2, Supplier, M2, T2),

then Name=N2,
Standard=S2,
Price=P2,
Min_Quant=M2,
Time=T2

else Name=none,
Standard=none,
Price=0.0,
Min_Quant=0,
Time=0).

if no selection for specific supplier

then all standard parts are retrieved

else standard parts for single supplier are retrieved
retrieval of all standard parts grouped by supplier
retrieving all suppliers

retrieving all standard parts for single supplier
retrieving set of standard parts for single supplier

if standard parts exist
then they are included as set members

else a dummy member is created

assignment of actions to operators and vice versa (Q35):

g35($Criterion, $Direction, Result)

35(Criterion, Direction, Result) —
if(Direction=1
then if(Criterion=all
then qu_actop_all(Result)
else qu_actop_single(Criterion, Result))
else if(Criterion=all
then qu_opact_all(Result)
else qu_opact_single(Criterion, Result))).
qu_actop_all(<(Operator, Entry)>) —
operator(_, Operator, _, _, _, _, _,_),
qu_actop_single(Operator, Entry).
qu_actop_single(Operator, (<Action>) —
operator(_, Operator, _, _, _, Qualification, _, ),
if(lmember(Machine_type, Qualification),
action(Action2, Machine_type, , , , )
then Action=Action2
else Action=none).

if assignment of actions to operators
then, if no selection for specific operator
then all actions are retrieved
else actions for single operator are retrieved
else assigning operators to actions, if no selection
then all operators are retrieved
else operators for single action are retrieved
retrieval of all actions grouped by operator
retrieving all operators
retrieving all actions for single operator
retrieving set of actions for single operator
retrieving qualification of operator
retrieving machine types in qualification
if actions with corresponding machine type exist
then they are included as set members
else a dummy member is created

(qu_opact_all andqu_opact_single are analogous tqu_actop_all andqu_actop_single)
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inventory of assembled parts (Q46):
g46($Assembled_part, Result)

q46(Assembled_part, Result) ~
assembled_part(Assembled_part, ),
hierarchy(Assembled_part, Hierarchy),
inv(Hierarchy, List_of AssParts, 1),
inv2(Hierarchy, List_of BasicParts),
Result={(List_of AssParts, List_of_BasicParts)}.

hierarchy(Part, List2)
assembled_part(Part, List),
take_apart(List, List2).

hierarchy(Part, [])
basic_part(Part, _, _, _, ).

take_apart([(Quant, Part)CRest],
[(Quant, Part, List)CRest2])
hierarchy(Part, List),
take_apart(Rest, Rest2).
take_apart([], [ D-

inv([EntryCRest], List, I) ~
Rest ~=1],
inv([Entry], List1, I),
inv(Rest, List2, 1),
merge(Listl, List2, List).
inv([(Quant, Part, List)], List2, I) ~
List~=[],
J=1+1,
inv(List, List3, J),
factor(Quant, List3, List4),
assembled_part(Part, List5),
compress(List5, List6),
Listl = [(Quant, Part, I, List6)],
merge(Listl, List4, List2).
inv([(_, _, [DL 1, D).
inv([1. [1 D).

factor(Quant, [(Quantl, Part, Level, Subparts)CRest],

[(Quant2, Part, Level, Subparts)CRest2])
Quant2=Quant1*Quant,
factor(Quant, Rest, Rest2).
factor(_, [1, [ ]).

merge([(Quant, Part, Level, Subparts)CRest], List, List2) —

insert(Quant, Part, Level, Subparts, List, List3),
merge(Rest, List3, List2).
merge(List, [ ], List).
merge([ ], List, List).
insert(Quantl, Partl, Levell, Subparts1,
[(Quant2, Part2, Level2, Subparts2)CRest],
[(Quant, Part2, Level, Subparts2)CRest2]) —
if(Partl=Part2
then Quant=Quant1+Quant2,
Rest2=Rest,
max(Levell, Level2, Level)

else insert(Quantl, Partl, Levell, Subpartl, Rest, Rest2),

Quant=Quant2,
Level=Level2).

insert(Quant, Part, Level, Subparts, [ ],
[(Quant, Part, Level, Subparts)]).

(inv2 is analogous tov)

checks for existence of assembled part
sub-part hierarchy is computed
computes inventory of assembled parts
computes inventory of basic parts

recursive computation of sub-part hierarchy

if assembled part then

computes hierarchy for entries in sub-part list
exit rule of recursion

computes hierarchy of entries in sub-part list

for each sub-part compute sub-part hierarchy
recursive call of rule
exit rule of recursion

computes inventory of assembled parts

checks that list has more than one entry
recursive call for list entry

recursive call for rest of list

merging of both partial results

rule for single entry

checks that list is not empty

increases level of hierarchy (=search depth)
recursive call of rule

multiply list members by required quantity
retrieving sub-part list of entry

removing quantity information from sub-part list
inventory entry: quantity, part, level, sub-part names
merging of new entry with other result

exit rule for basic parts

exit rule for empty list

multiplies sub-part list by required quantity

recursive call of rule

exit rule of recursion

merging of two inventories

inserts first entry of first list in second list
recursive call

exit rule of recursion

exit rule of recursion

inserts inventory entry in second inventory

if first entry of list belongs to the same part
then add up quantities

takes level at which part is needed first
else recursive call of rule

if no entry for part exists, a new entry is created
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7.5 Semantic Application Model

The final stepof the developmenbf the functional part wasto specify semanticcategories
for all manipulationsand queriesto the PPC (see Figure 33 and Figure 35 for the
corresponding_DL basepredicates).The resulting semanticapplicationmodel of the PPC
provided a well-defined interface to the natural language front-end.

In the following we definefor eachsemanticcategoryits deepstructureand specifythe valid
combinationsof value domainsof the appliedargumentsin additionto the three basicdata
types,the typesaddress andname with the appropriatesyntacticrestrictionsare used.For
arguments of which the value domain is derived from the existentiBihe corresponding
type informationis written in italics. Finally, the use of underlinemeansthat the concerned
words do not represent data types but have to be regarded literally.

7.5.1 Manipulations to the PPC
Insertion of new entities:

% [insert, Entity _type, Entity, [Values]] (7.1)
No. |Entity type Entity | [Values]
M1 |supplier name |[address]
M2 |raw_material string | [real, supplier, integer, integer]
M3 |standard part string | [string, real, supplier, integer, integer]
M4 | cast part string | [string, real, supplier, integer, integer]
M5 |round part string | [raw_material, integer, integer]

M6 |angular_part string | [raw_material, integer, integer, integer]
M7 |assembled part |string |[(integer,part)], [(integer,part), (integer,part)], ....

M8 | product string | [integer, real, real]

M9 | customer name |[address]

M10 | machine none |[string]

M11 | operator name | [string, address, real, {string}]

M12 | action string | [machine_type, real, real, real, real]

M13 | op _sequence part [action], [action, action], ...

Table 1: Value domains of semantic category insert
Deletion of an entity:

% [delete, Entity type, Entity] (7.2)
No. |Entity type Entity
M14 | supplier supplier
M15 | basic_part basic_part
M16 |raw_material raw_material
M17 |assembled part assembled_part
M18 | product product
M19 | machine integer
M20 | operator operator
M21 | customer customer
M22 | action action
M39 |stock of basic_parts basic_part
M40 |stock of products product

Table 2: Value domains of semantic category delete
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Update of an attribute:

& [update, Entity type, Attribute, Entity, Value] (7.3)
No. | Entity_type |Entity Attribute Value
M23 | material material price real
M24 | material material guantity integer
M25 | material material time integer
M26 | material material supplier supplier
M27 | supplier supplier address address
M28 | product product guantity integer
M29 | product product profit_margin real
M30 | product product cancellation fee real
M31|vat rate none vat rate real
M32 | operator operator address address
M33 | operator operator salary real
M34 | operator operator machine_type string
M35 | customer customer address address
M36 | action action fixed (real, real)
M37 | action action variable (real, real)
Table 3: Value domains of semantic category update
Shift of time:
& [timeshift, Days, Hours] (7.4)
No. |Days Hours
M38 |integer integer
Table 4: Value domains of semantic category timeshift
Machine stoppages and operator drop outs:
& [failure, Entity type, Entity, Days, Hours] (7.5)
No. |Entity_type |Entity Days Hours
M43 | machine integer integer integer
M44 | operator operator | integer integer
Table 5: Value domains of semantic category failure
Release of machines and operators:
& [release, Entity_type, Entity] (7.6)
No. | Entity_type Entity
M46 | machine integer
M47 | operator operator
Table 6: Value domains of semantic category release
Calculation of new selling prices:
%, [calcprice] (7.7)
M41
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Suspension of machines and operators:
% [suspend, Entity_type, Entity]

No. | Entity_type Entity
M48 | machine integer
M49 | operator operator

Table 7: Value domains of semantic category suspend

Scheduling of product order:
& [scheduling, Product, Quantity, Customer]

No. |Product |Quantity |Customer
M42 | product integer customer

Table 8: Value domains of semantic category scheduling
Delivery delays:
% [delay, Order, Days]

No. |Order Days
M45 |integer integer

Table 9: Value domains of semantic category delay

Cancellation of product order:
& [cancel, Product_order]

No. |Product_order
M50 |integer

Table 10: Value domains of semantic category cancel

7.5.2 Queries to the PPC

All queries are mapped to one homogenous semantic category:
& [query, Entity_type, Attribute, Entity, Sel_entity type, Sel_entity]

(7.8)

(7.9)

(7.10)

(7.11)

(7.12)

Table11 showsthevaluesfor all querieslf alist of all entitiesshall be retrieved,Entity is set
to all. TheargumeniSel_entity refersto the entity which is usedas selectioncriterion. If no
selectionis required,thenSel_entity type=Sel_entity=none, for the groupingof the query
resultthevalueall hasto beassignedo Sel_entity (none or all areonly enteredn thetable

if no other choice exists).

According to the semanticsof assignmentqQ33-Q37), the selection criterion is always
required. Finally, the valuesstatus and type of stock of Sel_entity type can only be

applied as grouping operators.
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No. Entity type Entity Attribute Sel_entity type | Sel_entity
Q1 ass_part assembled_part | subparts none none

Q45 ass_part assembled_part | sphierarchy | none none

Q46 ass_part assembled_part |inventory none none

Q36 ass_part assembled_part | assignment | supplier supplier

Q37 ass_part assembled_part | assignment | machine_type machine_type
Q2, Q21 |standart part | standard_part masterdata | supplier supplier

Q3, Q22 |cast part cast_part masterdata | supplier supplier

Q4, Q23 |round part round_part masterdata | raw_material raw_material
Q5, Q24 |angular_part |angular_part masterdata | raw_material raw_material
Q6, Q25 |raw_material | raw_material masterdata | supplier supplier

Q7 supplier supplier masterdata | hone none

Q8, Q38 | basic part basic part stock type_of stock all

Q19, Q32 | basic part basic part masterdata | supplier supplier

Q9, Q25 |order integer orderdata product_order integer

Q26 order integer orderdata basic_part basic_part
Q33 order integer assignment | product order integer

Q10, Q27 | prod_order integer prorderdata | product product

Q28 prod_order integer prorderdata | customer customer
Q40 prod_order integer prorderdata | status all

Q33 prod order integer assignment | order integer

Q11, Q41 | machine integer machdata | status all

Q29 machine integer machdata machine_type machine_type
Q12, Q42 | operator operator assigndata | status all

Q30 operator operator assigndata | machine_type machine_type
Q13 operator operator masterdata | hone none

Q35 operator operator assignment | action action

Q14, Q31 | action action masterdata | machine_type machine_type
Q35 action action assignment | operator operator

Q15 part part opsequence | none none

Q47 part part prodlist none none

Q50 part part included direct, indirect asspart, product
Q49 part part costdistr guantity integer

Q16 product product masterdata | hone none

Q17, Q39 | product product stock status all

Q43 product product prodtime guantity integer

Q48 product product pricediff none none

Q34 product product assignment | customer customer
Q36 product product assignment | supplier supplier

Q37 product product assignment | machine_type machine_type
Q44 time_interval | integer events hours integer

Q37 mach_type machine_type assignment | product product

Q37 mach_type machine_type assignment | assembledpart | assembled part

Table 11: Value domains of semantic category query
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7.6 Empirical Collection of Test Data

The final part of the design and implementationof our PPC databasesystemwas the
developmentof the natural languageinterface. As in our opinion an inadequateinterface
representgshe main obstaclefor the broad useracceptancef any databasepplication,the
careful elaboration of this task embodpssticularsignificance.This is especiallytrue for both
the field of deductive databases [Lockemann92] and natural language interfaces [Bates87].

For this reasonwe did not invent any artificial queries or manipulationsbut applied
guestionnaires to obtain realistic input sentences. Based on this endataak implemented
in Section7.7 Implementatiorof the Natural Languagelnterfacethe interfaceby integrating
the developedconceptsand tools and adaptingthem to the specific requirementsof the
application. Finally, we optimised the prototype system with regard to efficiency and
transparency and evaluated its feasibilitpsection 7.8 Evaluatioby extensive test cycles.

For the creationof an appropriatetest data collection we designedtwo different types of
guestionnairesQuestionnaireA was addressedto personswith a good knowledge of
relationaldatabasalgebra We transformedhe 50 manipulationsand50 queriesto equivalent
pseudo-codeconstructsof a relational databasequery language (SQL) for which the
interviewedpersonshouldfind a correspondingnhatural languageinput sentenceFigure 36
shows as examplethe entry for M35 (updateof addressfor customerskunde=customer,
anschrift=addresgshe input sentencavould readin English: Mr. Anton Huber has movedto
1220 Wien, Lieblgasse 3.

CREATE TABLE KUNDE
(NAME,
ANSCHRIFT)

M35:

UPDATE KUNDE

SET ANSCHRIFT=

"1220 Wien, Lieblgasse 53"
WHERE NAME=

"Anton Huber"

Herr Anton Huber ist nach 1220 Wien,
Lieblgasse 53 verzogen.

< 1D

Figure 36: Example of questionnaire A
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The particularadvantagef usinga formal languagewvasthat the personcould not adjusthis
answergo given naturallanguagephrasesTherefore the capability of free word association
was not restricted in any way.

Sincewe regardedhe restrictionof askingonly personswith soundbackgroundn computer
scienceas severelimitation in order to achieve practice-orientedquery patterns,we also
includedotherpeoplein our sample As for personswithout the knowledgeof SQL this kind

of questionnairewas not applicable,we designeda secondtype, questionnaireB, which

confrontedthe userwith the commandprototypes(seeSection7.4.3Implementationandan
explanationof the applied argumentsThen we statedan examplecommandby use of the
internal query form and askedfor a correspondingnatural languageexpression.Again, in

Figure 37 the patternfor M35 can be seen(the English translationof the userinput: New
address of Mr. Anton Huber is 1220 Wien, Lieblgassg 53.

Anderung der Anschrift eines Kunden:
Prototyp:
aend35($Name, $Anschrift, Error)
Input-Parameter:
- Name: Kundenname
- Anschrift: neue Anschrift
Anderung:
aend35("Anton Huber", "1220 Wien,
Lieblgasse 53", Error)

Neue Adresse von Herrn Anton Huber ist
1220 Wien, Lieblgasse 53.

Figure 37: Example of questionnaire B

For eachtype of questionnaireve performedfive interviews so that we resultedin a test
collectionof 1000 naturallanguagesentencegseethe appendixfor two original examples).
Besideshe broadcoverageof linguistic phenomendhis large quantity of datawasespecially
necessaryo verify the selectivityof semanticanalysisthatis, the correctmappingof each10
different surface structures for the same command to one specific semantic deep structure.
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The first stepof implementationvasto constructthe dictionary as explainedin Section4.5
ImplementationTable12 showsthe final numberof entriesfor eachcategory.The smalltotal
amountof 431 entrieswhich werenecessaryo coverall 1000input sentenceglustratesonce
more the compact storage structure resulting from the application of the IDA architecture.

Word category Quantity
adjective 32
adjectival suffix 6
adverb 28
article 12
pronoun 33
conjunction 7
numeral 14
preposition 27
substantive 78
substantival suffix 9
verb 119
verb prefix 8
verb form 58

Table 12: Number of dictionary entries for PPC

Whereador the morphologicalanalysisonly minor adaptationso the alreadydevelopedools

were necessaryof coursefor the implementationof the semanticanalysiscomponentmore

work hadto bedonein orderto establisra homogenousransitionto the semanticapplication
modelof the PPC.With regardto syntacticanalysisve appliedthe UVL-analysismethod(see
Section6.2 SemanticAnalysig, thatis, we did not producecompletegrammaticalstructures
of input sentencedut basedthe semanticanalysisdirectly on the deepform list producedby

morphologicalanalysisusing syntacticknowledgeonly if necessaryor disambiguationThis

choicewas madepossibledue to the careful designprocessof the PPCwhich resultedin a

well-defined semanticapplication model, therefore making the semanticanalysisa rather
straight-forward and natural task.

Figure 38 showspart of the LDL code that performsthe semanticanalysisof the queries
declaredin Section7.4.2Queriesto the PPC. First, the semanticcategoryquery is selected
accordingto the entriesin the deepform list (DFL), the unknownvaluelist (UVL), andthe
unknowntype list (UTL). Thenthe correctmappingof the entity typesand entitiesfor the
gueryandthe optionalselectionor groupingcriterionis determinedThis is performedon the
one handby analysingthe deepforms includedin the DFL, on the other hand by applying
mappingpatternsaccordingto the entriesin Table11 which aremodelledby useof the LDL
base predicatgusemtype. This makes it possible to adapt the semantic andtysiswquery
typesin a flexible way by simply updatingthe LDL databasevithout any changeto the rule
base. The schema glisemtype is defined as follows:

gusemtype(Sem: {string}, Etype: string, Attr: string, SelEtype: string) (7.13)
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Sem refers to the deep forms included in DFL, e.g.:

Q2: ({standard_part}, standard_part, masterdata, none)
Q21: ({standard_part, supplier}, standard_part, masterdata, supplier)

semanalyse(DFL, UVL, UTL, Result) —

Etype, Entity) —
Etype~=unknown,
~sem_cat(DFL, ).
search_cat(DFL, [(Entity, [integer])], _, query,
integer, Entity) —
~sem_cat(DFL, ).

~sem_cat(DFL, calcprice).

if(Entity~=unknown
then qusemsel(DFL, Etype, Entity, Result)
else qusemall(DFL, Result)).

qusemsel(DFL, Etype, Entity, Result) ~
qusem2(DFL, Sem),
union(Sem, {Etype}, Sem2),
qusemsel2(Sem2, Entity, Result).
gusemsel(DFL, integer, Entity, Result) ~
qusem2(DFL, Sem),
qusemsel2(Sem, Entity, Result).

qusemsel2(Sem, Entity, Result) —
qusemtype(Sem, Etype, Attr, SelEtype),
if(SelEtype=none
then Entity2=Entity,
SelEntity=none
else Entity2=all,
SelEntity=Entity),

qusemall(DFL, Result) —
qusem(DFL, Sem),
qusemtype(Sem, Etype, Attr, SelEtype),
if(SelEtype=none
then SelEntity=none
else SelEntity=all),

qusem2(DFL, Sem) -
if(qusem(DFL, Sem2)
then Sem=Sem?2
else Sem={}).

gusem(DFL, <Sem>)
qusemant(DFL, Sem).

search_cat(DFL, UVL, UTL, Cat, Etype, Entity),
semant(Cat, DFL, UVL, UTL, Etype, Entity, Result).

search_cat(DFL, [(Entity, [stringC_])], [Etype], query,

search_cat(DFL, _, [ ], query, unknown, unknown) —

semant(query, DFL, _, _, Etype, Entity, Result) —

Result=[query, Etype, Attr, Entity2, SelEtype, SelEntity].

Result=[query, Etype, Attr, all, SelEtype, SelEntity].

semantic analysis based on UVL analysis
determines semantic category
semantic analysis for semantic category

queries where a specific entity is given

aside from machines, orders, and product ord
entity must be valid entity type

no other semantic category applies

queries for specific machines, orders,

and product orders

no other semantic category applies

queries for list of all entities

semantic categorgalcprice does not apply

D

—_—

S

semantic analysis of queries

if query for specific entity or selection criterion
then appropriate semantic analysis

else query for list of all entities

query for specific entity aside from machines, .
retrieving deep forms from DFL

joining deep forms with entity type

generating deep structure of query

query for specific entity for machines, ...
retrieving deep forms from DFL

generating deep structure of query

generating deep structure of query
retrieving mapping pattern

if no selection

then specific entity is retrieved

else entity is used as selection criterion

resulting deep structure

queries for list of all entities
retrieving deep forms from DFL
retrieving mapping pattern
decides if grouping is applied

resulting deep structure

retrieving deep forms from DFL

if deep forms are included in DFL
then they are returned

else empty set is returned

grouping of individual solutions
retrieving deep forms from DFL

Figure 38: LDL code of semantic analysis for PPC
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If semanticanalysisdoes not result in a unique interpretation,the following reasonsare
probable:

@ the input sentence is in contradiction with the semantic application model
® the input sentence contains spelling errors
® relevant information is missing

Whereasthere is no possibility to correct the first situation, the two other faults can be
possibly corrected by applying spellisgror correctionandpragmaticanalysis With regardto
spelling error correction,we appliedthe algorithm presentedn Section6.4 Spelling Error
Correction for the correction of misspelleddatabasevalues (as thresholdvalue we have
chosen+0,5). For pragmaticanalysis(see Section6.3. Pragmatic Analysid we appliedthe
proposeduniform semantiaesolutionmethod(USRM) of usingthe entity type andthe entity
of the precedent command as antecedent for discourse resolution.

Spellingerror correctionand pragmaticanalysisare only appliedif the prior semanticanalysis
doesnot producea unique deepstructure.Thus, we resultedin a modified processmodel
shown in Figure 39 different from the standard model in Figure 2.

Use query

Y
[ Morphological andlexical aralysis}

Y
[ UVL aralysis }

Y
‘ Semartic andsyntadic analysis ‘

Y
[ Spdling aror correction

unique
interpretation

Y
‘ Pragmatic analysis

| Y
Error message PPC

Figure 39: Process model of natural language analysis in IDA

For incorrectsentencesvhich still cannotbe analysedcorrectly an appropriateerror message
is created. Three different types of erroneous output of analysis might occur:

® no solution
® a solution with unknown arguments
® several solutions
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The main task of the final evaluation step wasgelify the faultlessmappingof the 1000input
sentence$o the 100 command®f the PPCdatabasesystem After extensivetestingcyclesall
naturallanguagenput wascorrectlyanalysedAs secondstep,the correctfunctionality of the
spellingerror correctionand pragmaticanalysismoduleswas checkedandprovenflawless.In
the following we give some examplesof the evaluation study also including casesof
misspelled input and missing information.

Example 7.1:
Lischy Hunbol (=delete handlep17

Morphological and lexical analysis (see Figure 19) results in:
DFL: [{(loesch, verb, [loesch])}, {('Kurbel', unknown, [string])}]
UVL analysis (see Figure 21) results in:

USL: [[('Kurbel', [string])]]
UVL: [('Kurbel', [string])]
UTL: [assembled_part]

Semantic analysis (see Figure 38) results in:
SDS: {[delete, assembled_part, 'Kurbel']}

Sincesemanticanalysisproducesa uniqueinterpretation,no syntacticanalysis spelling
error correction or pragmatic analysis is needed and the final response of the system is:

Bauteil noch in Bauteilen enthalten, darf nicht geléscht werden
(=part is still included in other parts, must not be deleted) u

Example 7.2:
Noa w;%%wf: Palisnan, Panamaton vind J%@Mwmgm i %K/%?/}é: 7575 Fichsrton, X
Vanioddlon %wf@wﬂfﬂ 2,8 Vaniably Xostn 12,2

(=new action: to polish parameters are lathe, fixed time: 10,0 fixed cost 45,
variable time portion: 2,4 variable cost 13/Ap

n

USL: [[('Polieren’, [string])], [('Drehbank’, [string])], [('10,0', [real])],
[('45', [integer])],[('2,4', [real])], [('15,2', [real])]]

UVL: [('Polieren’, [string]), ('Drehbank’, [string]), (10.0, [real]), (45, [integer]),
(2.4, [real]), (15.2, [real])]

UTL: [unknown, machine_type, unknown, unknown, unknown, unknown]

SDS: {[insert, action, 'Polieren’, [ Drehbank’, 10.0, 45.0, 2.4, 15.2]]}

Anderung erfolgreich durchgefiihrt.
(=update successfully performed) u

7. Case Study: PPC Database for Precision Tools 100



7.8 Evaluation

Example 7.3:

dbbvalimions vaniablon %wf@wﬂfﬂ ow% 2.0 und Xoston ow% 159,

(=update variable time portion to 2.7 and cost to 15493.7

USL: [[('2.7", [real])], [('15.9, [real]]]
UVL: [(2.7, [real]), (15.9, [real])]
UTL: [unknown, unknown]

Sinceit is not statedwhich entity hasto be updatedno uniquesemanticanalysiscanbe
obtained.In contextwith Example7.2 and by applying pragmaticanalysis(seeFigure
24) the following de-referencing can be performed:

Entity _type: action
Entity: Polieren
SDS: {[update, action, fixed, 'Polieren’, (2.7, 15.9)]}

Anderung erfolgreich durchgefiihrt.
(=update successfully performed) u

Example 7.4:
;w% div Mammdaton ﬁﬁ/v Novmlals van 8%% Miskon,
(=show the master data for standard parts of Egon MQI20)

UVL: [[('Egon’, [string]), (‘Mueler’, [string])]]
USL: [('Egon Mueler, [string, string])]
UTL: [unknown]

Becausef thetyping error in the surnameof the supplier,the entity in questioncannot
be retrieved from the PPC system. Therefore, the module for the spelling error
correction (see Figure 29) is applied in order to find the correct spelling:

USL: [(Egon Mueller’, [string, string])]
UTL: [supplier]

SDS: {[query, masterdata, standard_part, all, supplier, 'Egon Mueller']}

Lieferant Normteil Norm Kosten Minmenge Lieferzeit
Egon Muller Kegelstift 3x30 DIN1 2.70 50 7
Zylinderschraube M 8x15 ONORM M51195.6  1.50 100 7
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7.9 Summary

Besideghe faultlessoperation the basicrequirementor the feasibility of the practicaluseof
any databasepplicationis its performance The main measurehat hasto be testedin this
contextis of coursethe responsdime. We performedcarefultestsand measuringthe results
are shown in Table 13, the mean response time for each command categoryirs ggeends
and hundredthsof secondsFurthermorethe resultsare divided in the responsédime of the
interface, the database system, and the total response time.

Commands Interface Database Total
M1-M13 5:29 5:19 10:48
M14-M22 2:14 5:04 7:18
M23-M37 4:19 5:44 9:63
M38-M50 2:56 10:91 13:47
Q1-Q19 3:01 0:09 3:10
Q20-Q32 3:33 0:12 3:45
Q33-Q37 3:89 0:10 3:99
Q38-Q50 3:47 6:93 10:40

Table 13: Response times of PPC

The overall meanresponsdime for all querieswas 7:71 (3:48 for interfaceand 4:23 for the
databasesystem(as hardwareconfigurationwe useda SUN SPARC 10 station). These
satisfactory performanceresults also only slightly increaseif one includes spelling error
correction and pragmatenalysis.Table14 compareghe results(total responsgimes)for the
third group of commands.

Default Spelling errors | Pragmatic analysis

Response Time 4:19 5:89 5:33
Difference 1:70 1:14

Table 14: Response times of additional features

7.9 Summary

In this final Sectionwe have applied the methodsand tools of the IntegratedDeductive
Approachto a practice-orienteccasestudy, the developmenif a PPCfor a precisiontool
factory. For this purpose we proposed the followsegen step model

requirements analysis

database definition

specification and implementation of the functionality
semantic application model

empirical collection of test data

implementation of natural language interface
evaluation

0O©®O®e oo

The carefulelaborationof eachof thesestepsforms the solid basisfor a successfublatabase
application.As concernghe naturallanguagepart, we identified step5 to possesgparticular
significance because it guaranteesdbmpletecoverageof all occurringlinguistic phenomena
and therefore wide user acceptance for later use in practice.
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8. Résumé

8. Résumé

We have identified in our researchthe following main characteristicoof natural language
databaseinterfacesin contrastto other fields of natural language processing:specific
application domains with well-defined semantics, rather small delimited vocabularies,
mappingsto simple targetrepresentationsshort input sentencesvithout complexlinguistic
phenomena but including misspellings, ungrammatical or incomplete statements.

The main reasonwhy many previousattemptsto build successfuhaturallanguageinterfaces
failed can be seen in the fact that those characteristics were neglected. The use of sophisticated
techniquesthat maybe worked very well for other applicationsare simply oversizedfor
database interfaces, therefore obstructing the way to efficient solutions. In this contéx also
popularterm ‘domain-independenthust be regardedwith critical reservation Many authors
claim to build domain-independeninterfacesby ignoring the available application-specific
data.As we havepointedout, only a domain-dependernhterfacecan operateefficiently by
makingfull useof the informationwhich canbe derivedfrom the underlyingdatabaseystem.
This is not necessarilyin contradictionwith portability becausealso such systemscan be
designedandimplementedn view of later easyportationto other applicationareas Evenif
some previouswork cameto the sameconclusions,the limitations of relational database
technology representedan obstacletoo high to overcome.Only with the emergenceof
deductivedatabaséechnologythereexistsfor the first time a computationaframeworkthat
combineshe requiredoperationalpowerwith a purely declarativesemanticdeadingthe way

to clear and concise realisations of natural language interfaces.

We seethe main contributionof this thesisin the introductionof a new kind of architecture,
the IntegratedDeductiveApproachto efficient naturallanguagenterfaceswhich regardsthe
interfacein contrastto otherexistentwork not aslooselycoupledfilter but asintegralpart of
the databasesystemitself. By the useof the powerful logic languageprovidedby deductive
databasesve guaranteea homogenousnappingof the input to the correspondinglatabase
commandsover all stepsof analysis.Although all conceptsandtools in this work havebeen
developedfor German,they incorporatethe capacityto be appliedalsoto otherlanguages,
especiallyto inflexional andfree word orderlanguagesWe haveproventhe feasibility of our
approachby an extensivecasestudy for which we proposeda sevenstep methodologyits
central point is the empirical collection of test data in order to guaranteecomplete
customisationfor later practical use. Further researchin this topic will include portability
studiesto otherapplicationsandlanguagesswell asinvestigationson the adaptivebehaviour
of naturallanguagenterfaces.e.g.the consideratiorof new functionalwords or changego
the application model. Weelievethatthe ideasproposedn this thesisrepresena challenging
applicationof deductivedatabasess well as contribute an important step forward to the
development of efficient natural language interfaces with widespread user acceptance.
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