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Introduction A centralissuein building knowledge-
basedsystemsis making them available to and under
standabldy naive users.This demonstratiorshovs how
a userand a knowledge-basedystemcan collaborate
to both createnev knowledge and to extract existing
knowledgefrom a knowledgebasevia naturallanguage.
KRAKENT! is aninterfacedesignedor userswho have
expert knowledgeof somefield, but no specialtraining
in knowledgerepresentatioripgic, or thelike. Our basic
assumptioris that the interfacing medium betweenthe
userandthe knowledgebaseshouldbe ascloseaspossi-
ble to naturallanguaggthoughsee(Clark etal. 2001)for
anotherpossibleapproach).

The demonstratiowill shov how we parsefrom En-
glish into CycL (the logical representatiorusedby the
Cyc ontology and inferenceengine)using a variety of
differentparsingmethodsandpost-processingtepsand
will also demonstratehow this versatilerepresentation
languagecanbe renderedbackinto Englishthatis suit-
ablefor lightly trainedusers. TheseNLP tools arein-
tegratedwith a large numberof knowledge-engineering
tools, sincewe (both Cycorp and the NLP community
at large) have not succeededn building a naturallan-
guagesystemthat can do everything necessaryo con-
structknowledgevia simpleback-and-fortiNL dialogue
with auser

Cyc’s naturallanguageunderstandingbilities consist
of a lexicon with syntacticand semanticinformation, a
hybrid top-davn/bottom-upparsingsystemareformula-
tion module,anda generatiorsystem.

Lexicon Thelexicon (BurnsandDavis 1999)contains
syntactic, semantic,and pragmaticinformation for ap-
proximately16,000Englishrootwords. Thelexicon also
containsapproximately25,000 multi-word phrasesand
25,000propernames.Inflectionaland derivationalmor-

phologyarehandledby aseparateodecomponentEach
rootword is representedsatermin the knowledgebase
(KB), with assertiongproviding information about the
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word’s partof speechsubcatgorizationpatternsandse-
mantics. Semanticinformationin the lexicon involves
a mappingbetweenword sensesand correspondindK B
conceptr formulae.

Generation The natural languagegenerationsystem
producesa word-, phrase-or sentence-leel paraphrase
of KB conceptsrules,andqueries.The NLG systenre-
liesoninformationcontainedn thelexicon, andis driven
by generationtemplatesstoredin the KB. Thesetem-
platesarenot solely string-basedthey containlinguistic
datawhich allows, for example,for correctgrammatical
agreemento be generated Semantianformationin the
templatess usedto vary thegeneratiordependingn, for
example,the semantidypesof thearguments.The NLG
systemis capableof providing two levels of paraphrase,
dependingon the demandof the application. Onetype
of generatedext is tersebut potentiallyambiguousand
theotheris precisebut potentiallywordy andstilted.

Parsing Our natural languageunderstandingsystem
parsesinput stringsnot simply into syntactictrees, but
into fully-formed semantidormulas. Designcriteria for
the parsingsystemincludedthat it (1) be fast; (2) pro-
duceparseof adequatesemantiadetail; (3) askthe user
for clarificationonly in caseswherethe systemcouldnot
itself resole ambiguities;and (4) supportparsinginto
underspecifiedormulas, and thenrely on someof the
other KRAKEN componentgo determinethe bestse-
mantictranslation.

The Text Processocontrolsthe applicationof the var-
ious parsingsubcomponentsjsing a heuristichbest-first
searchmechanisimthat hasinformation aboutthe indi-
vidual parserstheirapplicabilityto coarsesyntacticcate-
gories,cost,expectechumberof children,andsoon. This
information is usedto perform a syntax-drien search
overthe parsespaceapplyingrelevantparsergo the sub-
constituentsuntil all areresoled,or until the parsingop-
tions have beenexhausted. The parsersat the disposal
of the Text Processoarethe Templateparsey the Noun
Compoundparserandthe PhraseStructureparser



The Templateparseris essentiallya top-down string-
matchingmechanisndriven by a setof templatescom-
piled into an efficient internal format. Thesetemplates
employ a simpleformat so that userscanaddtemplates
asthey areenteringnew knowledgeinto the system.The
templateparseiis relatively fast,but is of limited flexibil-
ity. It talulatessemanticconstraintsduring a parse,but
doesnot attemptto verify them;thattaskis passedilong
to the next processindayer.

The Noun Compoundparserusesa set of seman-
tic templatescombinedwith a genericchart-parsingap-
proachto constructrepresentationfor nouncompounds
suchas“anthraxvaccinestockpile”. Unlike otherpars-
ing componentsjt makes heary use of the knowledge
base,and can thereforeresolhe mary ambiguitiesthat
areimpossibleto handleon a purely syntacticlevel (e.g.
“Mozart symphonies'vs. “Mozart expert”).

The PhraseStructureparsertakesa similar bottom-up
approacho constructingparses After completinga syn-
tacticparsejt usessemanticonstraintgleanedrom the
KB to performpruningandto build the semanticrepre-
sentation.

Post-Processing In orderfor parsingto be successful
in the currentapplication,somedecisionsaboutseman-
tic meaningneedto be deferredduring parsing. In par
ticular, radically vagueor underspecifiedvords suchas
‘is’ or ‘contains’, which canmaponto mary distinctre-
lationsin the KB, introduceambiguitieswhich are not
handledwell by producingall possibleinterpretationsn
parallel. To dealwith suchcasesstringsare parsednto
an intermediatdayer (callediCycL) that conflatesrele-
vantambiguitiesnto asingleparseby usingverygeneral
predicatesuchasis-Underspecified The Reformulator
reformulatesCycL representationsto final, morespe-
cific CycL representationgftenwith theusers help.

In additionto handlingunderspecificationthe iCycL
layeris alsowell-suitedfor othertypesof semantigpro-
cessingsuchasinterpretatiorof quantificatiorandnega-
tion, andtype-shifting. The interpretationof quantifiers,
for example,occursasa transformatiorfrom iCycL ex-
pressionsnto full-fledgedCycL logical forms. Although
CycL representationsre modeledon first-orderlogic,
the languageitself allows the definition of higherorder
constants We exploit this capabilityto represent wide
rangeof NL quantifiersformally as generalizedquanti-
fiers, i.e., ashigherorderrelationsbetweensetsof ob-
jects.

Lexical Additions BecauseKRAKEN usersare al-
lowedto addnew termsto the ontology, we have created
aspecial-purpos#ool to elicit theinformationnecessary
to be ableto parseto and generatefrom new termsin
the ontology The Dictionary Assistantallows the user
to specifyappropriatesyntacticandsemantignformation

throughadialoguein whichthey dothingslik e verify the

partof speech(countnoun,adjectie, etc.) thatthe sys-

tem hasassignedgdeclareit to be ary of alarge number
of typesof namesandtell the systemwhetheror not this

is the preferredway to refer to the new term. For new

relations,the usercan add both parsingand generation
templates.

The Knowledge Base The KB we useis currentlythe
largestknowledge basein the world, housingover 1.4
million largely hand-enteredactsandrulesthatinterre-
late more than 100,000concepts.Conceptsare denoted
in the KB with constantsthesemay be individuals, in-

tensionallydefinedor extensionallydefinedcollections,
or relationswhich obtain betweenterms. Functionscan
be usedto referto mary moreindividualswithout reify-

ing a separateéermfor each(e.g. the concept‘gander”
is representedirtually in the KB by the nonatomicterm
(MaleFn Goose)). Currently the KB hasknowledgeof a
widerangeof topics,includingthingsasdiverseasmicro-

biology andpop music,andhasan extensive knowledge
infrastructurejncluding multiple treatmentf causality
andtemporaland modalreasoning.Knowledgeis clus-
teredinto context-specificdomains(or “microtheories”)
with epistemicaccesgleterminedby specializedpredi-
cates. Consequentlythe systemhasan ability to differ-

entiatebetweenand accommodatdogically conflicting
bodiesof knowledge,including hypotheticaland coun-
terfactualcontexts.
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