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Abstract

TheKRAKEN toolsetis a comprehensive interfacefor
knowledgeformationandacquisitionbasedon theCyc
knowledgebase.In particular, theKRAKEN systemis
designedto allow subject-matterexpertsto makemean-
ingful additionsto anexisting knowledgebase,without
the benefitof training in the areasof artificial intelli-
gence,ontologydevelopment, or logical representation.
Usersinteractwith KRAKEN via anatural-languagein-
terface, which translatesback and forth betweenEn-
glish andthe KB’s logical representationlanguage. A
variety of specializedtools areavailableto guideusers
throughthe processof creatingnew concepts, stating
factsaboutthoseconcepts,andqueryingtheknowledge
base.KRAKEN hasundergonetwo independentperfor-
manceevaluations. In this paperwe describethe gen-
eral structureandseveral of the featuresof KRAKEN,
focussingon key aspectsof its functionality in light of
thespecificknowledge-formationandacquisitionchal-
lengesthey areintendedto address.

Introduction
The goal of the KRAKEN effort is to develop a set of
tools to support knowledgebaseexpansion. In particular,
the KRAKEN systemis designed to allow subject-matter
experts (SMEs) to make meaningful additions to the Cyc
knowledgebase,without thebenefitof trainingin theareas
of artificial intelligence,ontology development andanalysis
(Gangemi etal. 2001), or logical representationlanguages.

To fulfill theserequirements,KRAKEN reliesprincipally
on natural language with theuser. Theinterface’s metaphor
is thatof aconversationbetweenasubject-matterexpertand
a non-expert; bothuseordinaryEnglishpossiblycontaining
specializedvocabulary. Consequently, two majorchallenges
facedtheproject designers at theoutset:l s-l

� To make the user’s conversation with KRAKEN as
smoothas possible,which meantdevelopmentand en-
hancementof everyaspectof Cyc-basedNL processing;

� To drive theknowledgeformationprocessin sucha way
that user-enteredknowledge would be at a high level of
logicalandrepresentationalquality.
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Thesecondchallenge is in effecta consequenceof work-
ing in a large,comprehensiveknowledgebase,usingapow-
erful logical languagesuchasCycL. Themagnitudeof the
KB raisesnon-trivial issuesof navigation through thecon-
ceptspace,traversalof thetaxonomichierarchies,andsoon.

It is worthemphasizing thatbothchallengesareindeedfa-
miliar to experiencedontologistsandknowledgeengineers.
We chosenot to attempt to simplify the KE taskby artifi-
cially restrictingtheknowledgebaseandexpressivecapabil-
ities of KRAKEN, but to takeon theverychallenging prob-
lem of creatinga powerful “assistant”thatwould allow the
SME to work with all theresources madeavailableby Cyc
(Cohen etal. 1999).

This paperis organizedas follows. First, we provide a
brief introduction to the Cyc Knowledge Base. Next, we
introducethenaturallanguageprocessingcomponentsused
in KRAKEN. We thengive an overview of the KRAKEN
system,alongwith anin-depthlook at a few selectedtools.
An example of auserdialoguewith thesystemis presented.
Finally, we discussour resultsto date,and our plans for
future refinementsof the system. KRAKEN is beingbuilt
as part of DARPA’s Rapid Knowledge Formation (RKF)
project (DARPA, 2000).

The Cyc Knowledge Base
TheCycKB is currently thelargestgeneral knowledgebase
in theworld, housingover two million hand-enteredrulesin-
terrelating 100k+ concepts. Conceptsaredenotedin theKB
with Cyc constants;thesemaybeindividuals, intensionally
defined collections, extensionally definedcollections, rela-
tions that obtainbetweenterms,or functionswhich canbe
usedto refer to many more individuals without having to
reify a termfor each(e.g.“gander” is representedin theKB
by thenonatomicterm(MaleFnGoose)). Currently, theKB
hasknowledgeof awiderangeof topics,from microbiology
to pop music, and hasan extensive knowledgeinfrastruc-
ture,includingmultipletreatmentsof causalityandtemporal
andmodal reasoning. Knowledgeis clusteredinto context-
specificdomains (or “microtheories”)with epistemicaccess
determined by specialisedpredicates. Consequently, the
systemhasan ability to differentiatebetweenandaccom-
modatelogically conflicting bodiesof knowledge,including
hypothetical andcounterfactualcontexts.

Over thelastfifteenyears,our representational language,



CycL, hasslowly evolved—asneeded—into a highly ex-
pressive one,comparableto higher-orderlogic. Thehurdle
of combinatorialexplosion in inference is overcomein two
ways:

1. By using its partitioning of knowledge into contexts so
that inferencesoccurwithin onesuchsmallsubsetof the
overall KB; and

2. By having asetof special-purposeinferencemodulesthat
recognize commonly-occurring specialcasesandhandle
themefficiently.

The KRAKEN Natural Language Processing
System

A crucialdesignfeatureof theKRAKEN systemis its nat-
ural languageinterface.Primarily, theNLI wasintendedto
allow usersto interactwith thesystemusingsimpleEnglish
statementsandqueries. It wasrequired to parsesentences
andquestions,andto generateEnglishparaphrasesfor CycL
statements.Furthermore, the interfacehad to be capable
of immediately processingnew lexical information corre-
sponding to knowledgebeingentered by a user. For exam-
ple,if auserintroducedanew concept,suchasClostridium-
BotulinumToxin, into theknowledgebase,thesystemshould
prompt the userto supplynaturallanguage terms(suchas
“botulinum toxin” or “botulism toxin”) that could refer to
thenew concept.

Thesedesign considerations, along with the need for
quick parsingandgeneration,led usto createa systemthat
combines featuresof principled, theory-driven approaches
aswell asmorepractical,lesstheoretical approaches.While
wehave, for example,decidedagainstusinganHPSGparser
for this application, we still recognize the needfor utiliz-
ingdetailedlexicalandsyntacticknowledge.TheKRAKEN
natural languageprocessingsystemconsistsof severalsub-
components,including thelexicon,generation system,pars-
ing system,andthe iCycL (intermediateCycL) representa-
tion language,eachof which is describedbriefly below.

The lexicon (Burns andDavis 1999) containssyntactic,
semantic,andpragmatic informationfor about 27,000 En-
glish root words. Inflectionalmorphology is handled by a
separatecodecomponent. Eachroot word is represented
asa term in the KB, with assertionsproviding information
about theword’s partof speech,subcategorizationpatterns,
andsemantics.Semanticinformationin thelexiconinvolves
amapping betweenwordsensesandcorresponding KB con-
ceptsor formulae.

Thenatural languagegeneration systemproducesaword-
, phrase-,or sentence-level paraphraseof KB concepts,
rules, and queries. The NLG systemrelies on informa-
tion contained in the lexicon, and is driven by generation
templatesstoredin the KB. Thesetemplatesarenot solely
string-based;they contain linguistic datawhich allows, for
example, for correctgrammaticalagreementtobegenerated.
TheNLG systemis capableof providing two levelsof para-
phrase,depending on the demandsof the application. One
type of generated text is tersebut potentially ambiguous,
and the other is precisebut potentially wordy and stilted.
ThroughtheKRAKEN DictionaryAssistantTool, userscan

addgenerationtemplatesfor new termsassoonasthey are
introducedinto theknowledgebase.

Depthof parsingfromnatural languagetoCycLcanrange
from very shallow (i.e. conceptmapping) to deep(i.e. text
understanding). For KRAKEN, deepinterpretationis a re-
quirement. However, earlier generations of parsingtools
developedby our team, including an HPSG-basedparser,
proved much too slow to be usedwith KRAKEN. In or-
der to balance demands of speedvs. depth,a hybrid top-
down/bottom-up systemwas developed. This involves a
template-matchingparserfor sentence-level parses,along
with a chart parserand semantictemplatesfor key sub-
constituents(noun phrasesandverbphrases).

Our naturallanguage understandingsystemparsesinput
stringsinto fully-f ormedsemanticformulas.Designcriteria
for the parsingsystemincluded that it (1) be fast; (2) pro-
duce parsesof adequatesemanticdetail;(3) asktheuserfor
clarificationonly in caseswherethesystemcouldnot itself
resolveambiguities;and(4) support parsinginto underspec-
ified formulas,andthenrely onsomeof theotherKRAKEN
tools, suchas the Reformulator, to determinethe bestse-
mantic translation.

The Text Processorcontrols the application of the var-
ious parsing subcomponents, using a heuristic best-first
searchmechanismthat hasinformation aboutthe individ-
ual parsers,including their applicability to coarsesyntactic
categoriesandcost. This informationis usedto perform a
syntax-driven searchovertheparsespace,applying relevant
parsers to thesub-constituentsuntil all areresolved, or until
theparsingoptions have beenexhausted.Theparsersat the
disposal of the Text Processorarethe Templateparser, the
Noun Compoundparser, andthePhraseStructureparser.

The Template parser is essentially a string-matching
mechanismdriven by a set of templatescompiledinto an
efficient internal format. Thesetemplates,like thoseused
for generation,employ asimpleformatsothatuserscanadd
templatesasthey areentering new knowledge into thesys-
tem. Thetemplateparseris relatively fast,but is of limited
flexibility . It tabulatessemanticconstraintsduringa parse,
but doesnotattemptto verify them;thattaskis passedalong
to thenext processinglayer.

TheNounCompound parserusesa setof semantictem-
platescombined with a generic chart-parsingapproach to
constructrepresentationsfor nouncompounds suchas“an-
thraxvaccinestockpile”. Unlike otherparsingcomponents,
it makes heavy use of the Cyc ontology, and can there-
fore resolvemany ambiguitiesthatareimpossibleto handle
on a purely syntacticlevel (e.g. “Mozart symphonies” vs.
“Mozart expert”).

ThePhraseStructureparsertakesasimilarbottom-upap-
proachto constructingparses.After completing a syntactic
parse,it usessemanticconstraintsgleanedfrom the KB to
perform pruning and to build the semanticrepresentation.
Specializedsub-parsersareusedto parsenounphrasesand
verb phrases;resultingconstituentparsesarecombined to
produceacompletesemantictranslation.

In order for parsingto besuccessfulin thecurrent appli-
cation, somedecisionsabout semanticmeaning neededto
bedeferredduring parsing. In particular, radicallyvague or



underspecifiedwordssuchas“is” or “contains”,which can
mapontomany distinctrelations in theKB, introduceambi-
guitieswhicharenothandledwell by producingall possible
interpretationsin parallel. To dealwith suchcases,strings
areparsedinto anintermediateCycL (iCycL) layerthatcon-
flatesrelevantambiguities into a singleparse,by usingvery
general predicatessuchasis-Underspecified.Anotherlevel
of processingreformulatesiCycL representationsinto final,
more specificCycL representations,often with the user’s
help.

In addition to handling underspecification, the iCycL
layeris alsowell-suitedfor othertypesof semanticprocess-
ing, suchas interpretationof quantification and negation,
andtype-shifting. The interpretation of quantifiers, for ex-
ample,consistsin a transformationfrom iCycL expressions
into CycL logical forms performedby a dedicated“refor-
mulation” component. Although CycL representationsare
modelled on first-orderlogic, the language itself allows the
definitionof higher-orderconstants.Weexploit thiscapabil-
ity to representa wide rangeof NL quantifiers (most,many,
few, no, etc.) formally as generalized quantifiers, i.e., as
higher-orderrelationsbetweencollections.

Overview of KRAKEN
TheKRAKEN systemconsistsof anintegratedsetof tools
for addingto theCyc KB, accessedvia anHTML interface.
Thetoolsalreadydeployedinclude:

� Creators,selectors,andmodifiers for all of thecategories
distinguished by the Cyc system(concepts,statements
and rules, predicates) and the categories identified by
analysisof theKE process(scenarios andqueries).

� Tools for determining the quality andconsistency of the
statementsmadeto theknowledgebase,i.e. checkersfor
contradiction andredundancy, precisionmanipulatorsfor
improving generalityor specificity, andtools for provid-
ing feedbackon the quality of the KE done in termsof
ruleandquery critiquers.

� Tools that leverage existing knowledge to elicit new
knowledge,suchastheConceptDifferentiator, theAnal-
ogyDeveloper, and,for ensuringbreadth, theSalientDe-
scriptor.

� Lexifiers, such as the Dictionary Assistant, that allow
userstoenternatural-languagewordsandphrasesfor con-
ceptsthey aredescribing.

The UIA: the User Interface to KRAKEN
TheUserInteractionAgenda (UIA) interfaceis a message-
basedHTML systemthat usesthe HTML REFRESHca-
pabilitiesof the browser to simulatereal-timeupdating. It
consistsof four areason theuser’sscreen:

1. A menu of toolsthatis organizedaccording to therecom-
mended stepsof the KE process(i.e. browsing what is
there,creatingwhat is missing,testingit via rules,final-
izing theinformation,anddebugging).

2. A type-in box that sendsthe entered text or query to
KRAKEN’s NL processingsystem,to interpret the text

aseitheracommandfor anaction,aquestionto berunas
a query, or a sentenceto beparsedasa new statementof
fact.

3. An interaction centerpanethatis usedastherenderspace
for thecurrently active tool. Most of theuserandsystem
interaction takesplacehere,from the selectionof initial
topics,to clarificationdialoguesin whichKRAKEN asks
theuserto selectamong possibleinterpretationsof anam-
biguousutterance.

4. An agenda summary pane, wherethe essentialstepsto
completingan interactionaredisplayed. Thesestepsare
color-codedto indicatewhethertheactionin questionis
currentlypossible,or is blocked.

Specialized KRAKEN Knowledge Entry Tools
Theprocessof entering or modifying knowledgein Cyctyp-
ically consistsof severalsteps:

1. Creatingbasicconcepts: types(collections), individuals,
etc.

2. Classifyingconcepts at the appropriatelevel of general-
ity, by placingthemin proper taxonomic relationshipsto
existingconcepts.

3. Identifying relations andslotsapplicable to thenew con-
cepts.

4. Formulating rules establishingthe proper use(and thus
expressingthemeaning) of suchconceptsin reasoning.

Normally thesetasksareperformedby knowledgeengi-
neersandontologists.Theintendeduserof KRAKEN, how-
ever, is untrainedin theseareas.For this reason,KRAKEN
includesa seriesof tools andassistantsdesignedto ensure
the quality of the knowledgeacquired. Thesetools oper-
ate essentiallyby eliciting new knowledgefrom the user,
or querying theuseraboutoptional additions (automatically
generated)to theKB.

Givenspacelimitations,we candescribehereonly a few
among thetoolsthatarecurrently implemented:

Precision Suggestor

Whenever a new concept is created,it mustfind its placein
thetaxonomic structure of theexistingKB. Consideringthe
sizeof theCycontological hierarchy, this is of coursemuch
more easilysaidthandone.

The PrecisionSuggestorhelpsthe userplacenew con-
ceptsat theappropriatelevel of generality/specificityin the
ontology. After the userhasentereda concept andformu-
latedabasicor “initial” factabout it (e.g.,RudyGiuliani is a
personor Botulin is a kindof toxin), theSuggestoridentifies
asuitablenumberof possiblegeneralizationsandspecializa-
tionsthatmightbesuggestedfor theconcept entered.It then
queries theuserwhetherany of thesuggestions would lead
to amoreaccuratestatementthantheoneoriginally entered.
Thesesuggestionsareheuristically determinedfromthecur-
rentstateof theKB. Theselectioncanbetunedby Cycorp
ontologistsusingspecific“KE facilitation” flagsin theKB.



Salient Descriptor

A morecomplex task is to ensureboth breadthanddepth
of knowledgerepresentation. Thisrequirementmight beex-
pressedby the question: oncea concept is added,what is
theminimalsetof features(properties,facts,rules,. . . ) that
shouldbespecifiedaboutit?

Put in different terms, a robust (sufficiently broad and
deep)representation shouldinclude the salient featuresof
theconcept.Theproblemof courseis thatsalienceis heavily
context-dependent.TheSalientDescriptoris theKRAKEN
componentthatqueries theuserwith suggestions aboutad-
ditional knowledge; it identifiessuchknowledgeassalient
on the basisof special“f acilitation” rules in the KB. One
suchrule, for instance,might be that if X is a type of bio-
logical organ, thenit makessenseto specifythebiological
function of X; or that if X is a particulareatingevent, it
makessenseto specifywhat food was consumedin it, or
who(whatanimal) tookpartin it, andsoon.

On this basis,KRAKEN can query the userwith addi-
tional clausesandfactsthatareprima faciesalientwith re-
spectto the concept(s) the userhasentered. Note, further-
more,thatrulessuchastheonesabovearequitegeneral, be-
causethey really derive from conceptual analysis.Oneside
benefitof Cyc is that it containstheaccumulatedresultsof
yearsof ontologicalanalysisof ordinary concepts. In effect,
theSalientDescriptorleveragesthisaccumulatedpatrimony
in order to fosterbetterknowledgeformationpracticeson
thepartof subject-matterexperts.

Process Descriptor

Therepresentationof processesascomplexesof eventswith
multiple participants playing various rolesreceivesspecial
focusin many domains of knowledgerepresentation. It has
figuredprominently in the microbiology andbiochemistry
domains in which KRAKEN hasbeentestedby SMEs. On
theother hand,therepresentationof processesasreified“ob-
jects” in anontology is acomplex task,generally presuppos-
ing a certaindegreeof logical sophistication on thepartof
theknowledgeenterer(consider, for instance,theproblems
of constraining and preserving the identity of participants
throughout theunfolding of acomplex event,well described
in (Aitken2001a)).

Cyc hasa very rich vocabulary for describing processes
ascomplex events or “scripts.” A script is anevent consti-
tutedby a temporallyorderedsequenceof subevents. Both
scriptsand their individual subevents are relatedto things
and individualsplaying somerole in them(agent,patient,
etc.) by “actor slots.” Additional relationsspecifythetem-
poral ordering of subevents in a script. Furthermore, the
expressive power of CycL is usedby castingmuchof the
relevant vocabulary at the type level. Thus, insteadof as-
sertingthat an individual event of type Paying follows an
individual eventof typeOrderingFood in a typical instance
of thescriptGoingOutToEat(at leastin thecontext of Unit-
edStatesSocialLifeMt) by a complex rule, we canstatesuc-
cinctly

(startsAfterEndOfInScript PayingOrderingFood).

Thetype-level description, however, requiresthatspecific
constraintsbe addedaboutthe identity of the participants:
it’s easyto assert,in type-level vocabulary, that the agent
in thePayingsubevent type,andtheagentin OrderingFood
is also a person, but lessobvious how to expressthat the
sameagent is involved in both thepaying andtheordering
event (in thisexample,actually, thepreciseconstraintis even
more complex thanthis: mosttimestherearemany agents
ordering food in a particular restaurant visit, but not all of
themneedbethepayers).In any case,it seemsclearthatthe
KRAKEN userwouldneedto beguidedthrough theproper
steps.

The guidanceis provided by a separateprocessdescrip-
tion tool. It allows the userto constructthe descriptionof
a process, specifying the participantsby roles (at the type
level, we indicatewhat is true of an entire classof com-
plex or simple events),constraining their identity through
themainprocessandits subevents,andarticulatingthetem-
poral structureof theprocess,namelyits subevents(by type)
andtheir relativeordering within themainprocess.

Examples of Interactions with KRAKEN
Theuserbegins aninteractionwith KRAKEN by providing
his nameto the system,and selectinga topic to converse
about. Supposethata userwantsto teachthesystemabout
a new disease.The userhasmultiple meansfor determin-
ing whethera conceptis already known to Cyc. For one,
he canusethe ConceptBrowser to navigate the ontology.
For another, he cantype a questionsuchas“What do you
know aboutEndemic RelapsingFever?” into theinteraction
box. Having determined that Cyc doesnot yet know any-
thingabout this disease,hetypesinto theinteractionbox:

EndemicRelapsingFever is an infectiousdisease.

KRAKEN parsesthe input sentence,but does not recog-
nizethenameof thenew disease.Thus,only a partialCycL
representationcanbe createdat this point. KRAKEN re-
sponds:

I donotknow whatEndemicRelapsingFevermeansin
thiscontext.
[Describe now] [SearchKB] [Describe later] [Con-
tinue] [Forget it]

The userselectsthe [Describenow] button. KRAKEN
asksthe userwhat “Endemic RelapsingFever” is a more
specific kind of, and the user responds with “infection”.
KRAKEN alsosuppliesa box in which the usercanenter
a conceptsimilar to Endemic RelapsingFever, but which
is already known to Cyc. The useroptsto do so, entering
“Rocky MountainSpottedFever” asa similarconcept.

Sincethe NounPhraseparserfinds two potentially rele-
vant meanings for “infection”, KRAKEN asksfor clarifica-
tion of its meaning: whetherit refersto anailment,or to the
processof contaminatingsomething. The userselectsthe
first interpretation.

The PrecisionSuggestor tool is then automaticallyin-
voked,to ensurethatthenew knowledgeis presentedat the
appropriatelevel of specificity. KRAKEN asks:



In thesentence
EndemicRelapsingFever is a kindof infection
couldyou replace thephraseinfectionwith any of the
following?
bacterialinfection
viral infection
fever infection
fungal infection
parasiticinfection
inhalational infection
[...]

The user, knowing that Endemic RelapsingFever is a
febrile illness that is causedby a bacterium, selects“bac-
terial infection” and“fever infection”.

Having beensuppliedwith abasicdefinitionof “Endemic
RelapsingFever”, KRAKEN canfully parsetheuser’sorig-
inal statementinto a CycL formula. KRAKEN now invokes
theAnalogy Developertool. This tool selectsrelevant state-
mentsaboutRocky Mountain SpottedFever, which theuser
claimedwassimilartoEndemic RelapsingFever, andallows
the userto modify thosestatementsto fit the concept he is
describing. KRAKEN scansthe KB for factsaboutRocky
Mountain SpottedFever. For eachrelevant CycL assertion,
anEnglishparaphraseisgenerated.Thesesentencesarethen
presentedto theuser:

Which of the following things I know about the dis-
easeRocky Mountain SpottedFever are also true of
Endemic RelapsingFever?
Only R. ricketsii causescasesof EndemicRelapsing
Fever
People typically acquire Endemic Relapsing Fever
throughbiting by a tick
Therisk of mortality for peopleafflictedwith Endemic
RelapsingFever is 0.2
Theincubation periodfor EndemicRelapsingFever in
people is usuallybetween3 and14days
Thereis norisk of Endemic RelapsingFeverspreading
directly from people to people

The usereditsthe first statementto refer to Borellia recur-
rentis,thebacteriumthatcausesthefever. Thesecondstate-
mentis trueasis; Endemic RelapsingFever is indeedtick-
borne. Theuserdoesnot know what themortality rateand
incubationperiods for this infection are,sohedoesnot se-
lect the next two statements.Finally, the last statementis
correct asis. Theuserthensubmitsthis editedpageof as-
sertionsfor processing.

KRAKEN asksfor moreinformation:

Yes/NoQuestion
Is thefollowing sentencetrue?
EndemicRelapsingFeverhasdistinctstages.

Theuserselects“Yes”.TheSalientDescriptortool is then
activated,prompting the userto give morefactsabout the
new disease.It states:

Hereis oneway in whichyou areencouragedto refine
Endemic RelapsingFever :

Pleaseentersomethingto fill in theblank(s) in thesen-
tence
EndemicRelapsingFever primarily afflicts .
with something thatis a kind of organismpart.

The userenters“nervous system”. Another questionis
thenposedby KRAKEN:

Yes/NoQuestion
Is thefollowing sentencetrue?
Thedifferentstagesof an instantiation of EndemicRe-
lapsingFeverdonot involvedifferentbacteria.

The userselectsYes,sinceonly B. recurrentis is impli-
catedin thisdisease.TheSalientDecriptor thenprompts:

Pleaseentersomethingto fill in theblank(s) in thesen-
tence
In EndemicRelapsing Fever, fever is likely to havea
onsetrate.
with something thatis a rateof changeattribute.
Examples:
gradual
moderate
sudden

The user selects“sudden”. KRAKEN processesthis
choice, andthe initial teachingsessionregarding Endemic
RelapsingFevercomesto anend.At thispoint, theusercan
askKRAKEN to summarize what it haslearned,by typing
“What do youknow about Endemic RelapsingFever?” into
the interactionbox. KRAKEN collectsits new knowledge
about thedisease,andgeneratesEnglishparaphrases:

Here’s everything I’ve been told about Endemic
RelapsingFever :

[+] EndemicRelapsingFever is a typeof infection.
[+] EndemicRelapsingFever is aninfectiousdisease.
[+] EndemicRelapsingFeverhasdistinctstages.
[+] A caseof Endemic RelapsingFever is a kind of
fever infection.
[+] A caseof Endemic RelapsingFever is a kind of
bacterial infection.
[+] Only B. recurrentis causescasesof Endemic
RelapsingFever.
[+] Ticksareaninfectionvectorof EndemicRelapsing
Fever.
[+] EndemicRelapsingFever is similar to the disease
Rocky MountainSpottedFever.
[+] EndemicRelapsingFeverprimarily afflicts nervous
systems.
[+] Thedifferentstagesof aninstantiationof Endemic
RelapsingFeverdonot involvedifferentbacteria.
[+] In Endemic RelapsingFever, fever is likely to have
asuddenonsetrate.
[+] Peopletypically acquire EndemicRelapsingFever
throughbiting by a tick.
[+] There is no risk of Endemic RelapsingFever
spreading directly from people to people.



KRAKEN’sperformancewasevaluatedin theSummerof
2001in anindependent experiment(Chaudri etal. 2002). A
teamof SMEsunfamiliarwith Cyc usedthesystemto enter
new knowledgein thedomain of cell biology. Thesystem’s
responseswereratedon a 0-3 point scalein termsof cor-
rectness,quality of representation,andquality of explana-
tion. KRAKEN’s averagescorein thecell biology domain
was1.91(with scoresashigh as2.54on somesectionsof
the experiment). Theseresults,especiallysincethey were
producedwith a very early versionof the system,areen-
couraging.

Fromaqualitativestandpoint, theKB segments produced
by the SMEsusingKRAKEN warrantedpositive marksin
many areas.In somerespects,theKRAKEN productscom-
paredfavorably to standardpracticeby Cycorpknowledge
engineers,especiallyconsideringtheSMEs’ lack of experi-
encein the field. Assertionsweregenerally introducedat
the proper level of generality and specificity; logical and
conceptual soundnessseemedgenerally respected. Overall,
theseseemto havebeenthemostsuccessfulaspects:

� Taxonomic relations:by andlarge,concepts aredefined
at theright level of generality andtherelationsof gener-
alizationandspecializationbetweencollectionsarewell-
chosenandinformative.

� Articulation of events and processesin subevents, and
specificationof participantsrolesin same(usersseemed
quite capableof navigating Cyc’s vast stock of role-
representing slot relations).

� Ability to insert “exception” statements(e.g.: not every
transcription hasa nucleolytic proofreading assubevent),
by using“natural” assertionsinvolving ordinary quantifi-
cation.

Aspectsthatseemlesssuccessfullydeveloped:
� Guidingtheuserthroughstatingthetemporalordering of

subeventsin complex events (i.e., “scripts”).
� Useof complex predicates,especiallyto describesimilar-

ities anddifferencesbetweenconcepts andentities;and
creationof new predicates.

We believe that developmentsboth in KRAKEN design
andfurtherengineeringof theontologyshouldsoonimprove
performancein theseproblemareas.

The KRAKEN systemunderwent another performance
evaluation in January, 2002. Metricswereagaincalculated
by having actualSMEs,untrained in Cyc andCycL, inter-
actwith thesystem.Theresultsof userexperimentssuchas
thesedrivemany of ourdecisionsregardingfutureenhance-
mentsto thesystem.

In thecoming months, alongwith improvements to tools
like the ProcessDescriptorandAnalogy Developer, larger
andmoreambitious versions of the UserModeller will be
designed. We would like to beableto usecontext to realize
whenatermcanbeusedprofitablyin conversation, to deter-
minesaliency of a termdescriptiongiventhecontext, andto
organizesomeof theanswersreturnedby thesystem.

The bigger issuesin the background remain challeng-
ing. In order to achieve optimalperformance in UserMod-

elling, theKRAKEN systemwouldhaveto introduceanab-
stractionlayerbetweenitself andtheSME, just asa doctor
takesthelayman’s description of anillnessandtranslatesit
opaquelyinto thescientificmedicaldescriptionwithoutever
confronting thepatientwith themedical terminology. Much
ontological engineeringresearchandwork will have to be
done to reachthis long-term goal, but therearesomegains
whichcanbemadein theshorterterm.

A number of refinementsto the NL systemareplanned
for the coming months. For generation, the systemwill
move from a focus on generating isolatedsentencesand
questions to rendering multi-sentence-level text. We will
be incorporating indexicals, pronouns,andother intersen-
tentialanaphors in order to createnatural-sounding interac-
tions.Futurework on theparsers will emphasizeincreasing
theirspeed,andonextendingcoverageto includemorecom-
plex structures,suchasadjectival andadverbial phrases.
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