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Introduction A central issuein building knowledge-
basedsystemsis making them available to and under-
standableby naiveusers.This demonstrationshowshow
a user and a knowledge-basedsystemcan collaborate
to both createnew knowledge and to extract existing
knowledgefrom a knowledgebasevia naturallanguage.
KRAKEN1 is an interfacedesignedfor userswho have
expert knowledgeof somefield, but no specialtraining
in knowledgerepresentation,logic, or thelike. Ourbasic
assumptionis that the interfacing mediumbetweenthe
userandtheknowledgebaseshouldbeascloseaspossi-
ble to naturallanguage(thoughsee(Clarketal. 2001)for
anotherpossibleapproach).

The demonstrationwill show how we parsefrom En-
glish into CycL (the logical representationusedby the
Cyc ontology and inferenceengine)using a variety of
differentparsingmethodsandpost-processingsteps,and
will also demonstratehow this versatilerepresentation
languagecanbe renderedbackinto Englishthat is suit-
able for lightly trainedusers. TheseNLP tools are in-
tegratedwith a large numberof knowledge-engineering
tools, sincewe (both Cycorp and the NLP community
at large) have not succeededin building a natural lan-
guagesystemthat can do everything necessaryto con-
structknowledgevia simpleback-and-forthNL dialogue
with a user.

Cyc’s naturallanguageunderstandingabilitiesconsist
of a lexicon with syntacticandsemanticinformation,a
hybrid top-down/bottom-upparsingsystem,a reformula-
tion module,anda generationsystem.

Lexicon The lexicon (BurnsandDavis 1999)contains
syntactic,semantic,and pragmaticinformation for ap-
proximately16,000Englishrootwords.Thelexiconalso
containsapproximately25,000multi-word phrasesand
25,000propernames.Inflectionalandderivationalmor-
phologyarehandledby aseparatecodecomponent.Each
root word is representedasa termin theknowledgebase
(KB), with assertionsproviding information about the

1KRAKEN is beingbuilt aspartof DARPA’sRapidKnowl-
edgeFormationProject(DARPA 2001).

word’spartof speech,subcategorizationpatterns,andse-
mantics. Semanticinformation in the lexicon involves
a mappingbetweenword sensesandcorrespondingKB
conceptsor formulae.

Generation The natural languagegenerationsystem
producesa word-, phrase-,or sentence-level paraphrase
of KB concepts,rules,andqueries.TheNLG systemre-
liesoninformationcontainedin thelexicon,andis driven
by generationtemplatesstoredin the KB. Thesetem-
platesarenot solelystring-based;they containlinguistic
datawhich allows, for example,for correctgrammatical
agreementto begenerated.Semanticinformationin the
templatesis usedto varythegenerationdependingon,for
example,thesemantictypesof thearguments.TheNLG
systemis capableof providing two levelsof paraphrase,
dependingon the demandsof the application.Onetype
of generatedtext is tersebut potentiallyambiguous,and
theotheris precisebut potentiallywordyandstilted.

Parsing Our natural languageunderstandingsystem
parsesinput stringsnot simply into syntactictrees,but
into fully-formed semanticformulas.Designcriteria for
the parsingsystemincludedthat it (1) be fast; (2) pro-
duceparsesof adequatesemanticdetail; (3) asktheuser
for clarificationonly in caseswherethesystemcouldnot
itself resolve ambiguities;and (4) supportparsinginto
underspecifiedformulas, and then rely on someof the
other KRAKEN componentsto determinethe bestse-
mantictranslation.

TheText Processorcontrolstheapplicationof thevar-
ious parsingsubcomponents,usinga heuristicbest-first
searchmechanismthat has information about the indi-
vidualparsers,theirapplicabilityto coarsesyntacticcate-
gories,cost,expectednumberof children,andsoon. This
information is usedto perform a syntax-driven search
overtheparsespace,applyingrelevantparsersto thesub-
constituentsuntil all areresolved,or until theparsingop-
tions have beenexhausted.The parsersat the disposal
of the Text Processorarethe Templateparser, the Noun
Compoundparser, andthePhraseStructureparser.
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The Templateparseris essentiallya top-down string-
matchingmechanismdriven by a setof templatescom-
piled into an efficient internal format. Thesetemplates
employ a simpleformat so that userscanaddtemplates
asthey areenteringnew knowledgeinto thesystem.The
templateparseris relatively fast,but is of limited flexibil-
ity. It tabulatessemanticconstraintsduring a parse,but
doesnot attemptto verify them;thattaskis passedalong
to thenext processinglayer.

The Noun Compoundparserusesa set of seman-
tic templatescombinedwith a genericchart-parsingap-
proachto constructrepresentationsfor nouncompounds
suchas“anthraxvaccinestockpile”. Unlike otherpars-
ing components,it makes heavy useof the knowledge
base,and can thereforeresolve many ambiguitiesthat
areimpossibleto handleon a purelysyntacticlevel (e.g.
“Mozart symphonies”vs. “Mozart expert”).

ThePhraseStructureparsertakesa similar bottom-up
approachto constructingparses.After completinga syn-
tacticparse,it usessemanticconstraintsgleanedfrom the
KB to performpruningandto build the semanticrepre-
sentation.

Post-Processing In order for parsingto be successful
in the currentapplication,somedecisionsaboutseman-
tic meaningneedto be deferredduring parsing. In par-
ticular, radically vagueor underspecifiedwordssuchas
‘is’ or ‘contains’,which canmapontomany distinct re-
lations in the KB, introduceambiguitieswhich are not
handledwell by producingall possibleinterpretationsin
parallel. To dealwith suchcases,stringsareparsedinto
an intermediatelayer (called iCycL) that conflatesrele-
vantambiguitiesintoasingleparse,by usingverygeneral
predicatessuchasis-Underspecified.The Reformulator
reformulatesiCycL representationsinto final, morespe-
cific CycL representations,oftenwith theuser’shelp.

In additionto handlingunderspecification,the iCycL
layer is alsowell-suitedfor othertypesof semanticpro-
cessing,suchasinterpretationof quantificationandnega-
tion, andtype-shifting.The interpretationof quantifiers,
for example,occursasa transformationfrom iCycL ex-
pressionsinto full-fledgedCycL logical forms.Although
CycL representationsare modeledon first-order logic,
the languageitself allows the definition of higher-order
constants.We exploit this capabilityto representa wide
rangeof NL quantifiersformally asgeneralizedquanti-
fiers, i.e., as higher-order relationsbetweensetsof ob-
jects.

Lexical Additions BecauseKRAKEN users are al-
lowedto addnew termsto theontology, we havecreated
a special-purposetool to elicit theinformationnecessary
to be able to parseto and generatefrom new termsin
the ontology. The Dictionary Assistantallows the user
to specifyappropriatesyntacticandsemanticinformation

throughadialoguein which they dothingslikeverify the
partof speech(countnoun,adjective, etc.) that the sys-
tem hasassigned,declareit to beany of a largenumber
of typesof names,andtell thesystemwhetheror not this
is the preferredway to refer to the new term. For new
relations,the usercan addboth parsingand generation
templates.

The Knowledge Base TheKB we useis currentlythe
largestknowledgebasein the world, housingover 1.4
million largely hand-enteredfactsandrulesthat interre-
late morethan100,000concepts.Conceptsaredenoted
in the KB with constants;thesemay be individuals, in-
tensionallydefinedor extensionallydefinedcollections,
or relationswhich obtainbetweenterms. Functionscan
beusedto refer to many moreindividualswithout reify-
ing a separateterm for each(e.g. the concept“gander”
is representedvirtually in theKB by thenonatomicterm
(MaleFn Goose)). Currently, theKB hasknowledgeof a
widerangeof topics,includingthingsasdiverseasmicro-
biology andpopmusic,andhasanextensive knowledge
infrastructure,includingmultiple treatmentsof causality
andtemporalandmodalreasoning.Knowledgeis clus-
teredinto context-specificdomains(or “microtheories”)
with epistemicaccessdeterminedby specializedpredi-
cates.Consequently, the systemhasan ability to differ-
entiatebetweenand accommodatelogically conflicting
bodiesof knowledge,including hypotheticaland coun-
terfactualcontexts.
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