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ABSTRACT

Inacommunitysetting,UtilitarianKnowledgeor“Knowledgethatworks”areroutinelydiffused
throughsocialmediainteractions.Theaggregationofthisknowledgeisadivergentprocess,where
commonknowledgegetssegregatedintoseverallocalworldsofutilitarianknowledge.Tocapture
andrepresentthisknowledge,severaldatamodelshavebeenproposed.Oneofthemodelorganizes
concepts(atomicelements)inahierarchynamelyconcepthierarchy(“is-a”)inwhichconceptsare
addedmanuallyatthemostappropriatelevelinsidethehierarchy.Tominimizemanualinterventionin
entityresolution,thisarticleproposesentityresolutionbasedonco-occurrencegraphandcontinuous
learning,therebyeliminatingthebottleneckofmanualconceptentry.WhiletraditionalSupervised
Learningmethodsrequiresufficienttrainingdatabeforehandwhichisnotavailableinacommunity
settingatstart,ContinuousLearningmethodcouldbeusefulwhichcanacquirenewbehavioursand
canevolveasthecommunitydataevolves.
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INTROdUCTION

Inon-linecommunities,severalnetizensinteractandexchangeorsharelargeamountofknowledge
among themselves.Thereareseveral typesofknowledge that theyshare. In thispaperwefocus
ontwotypesofknowledgeelements:EncyclopaedicorInformationalKnowledge(knowledgethat
informs)&UtilitarianKnowledgethatcanbeputtouseonadailybasis.Encyclopaedicknowledge
isprimarilymeantforinformationalpurposes.Itsobjectiveistohavemembersofthecommunity
agreeuponacommonworld-view,thatisaggregatedfromindividualworld-viewseachofwhich,
maybeincompleteorhaveconflictingviewsofunderlyingissues.Theycanbecommonbeliefsor
worldmodels.Forexample,inauniversitycontext,aknowledgefragmentlike“TheSpringSemester
beginsonthefirstMondayofJanuary”mayrefertoaknowledgefragmentthatiscommonlyheld
byallmembersoftheuniversity.Whileinthesameuniversitysetting,knowledgeaboutthenext
facultymeeting,thedecisionstakeninthelastmeeting,thedifferentpointsraisedbymemberson
anissue,etc.formutilitarianknowledge.FormaintainingEncyclopaedicknowledgemanyready-
made ontologies like DBpedia (http://wiki.dbpedia.org) are available, however there is no such
knowledgebasetocaptureUtilitarianKnowledge,sinceitisverycontextspecificandtherearetoo
manycontexts.Somegenericontologiesareavailablebuttheyneedtobeadaptedtoaparticular
context.Theaggregationofutilitarianknowledgeisadivergentprocess,wherecommonknowledge
getssegregatedintoseverallocalworldsofutilitarianknowledge.Ifthecommunityasawholeis
coherent,thesedifferentworldsendupdenotingdifferentaspectsofthecommunity’sdynamics.For
example,thecommunity“CancerPatientsinBangalore”willstartwithgenericinformationabout
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“Cancer”andthenmoveontodifferentutilitarianworldlike“HospitalsinBangaloreforCancer”,
“CurrentadvancementsinCancerdiagnostics”,“Latestservicesandmedicalfacilitiesavailablein
BangaloreforCancerPatients”andsoon.UtilitarianKnowledgeissubjectiveinnature.Apieceof
knowledgemaybeutilitarianornot,basedonwhoisconsumingitandwhatkindofusetheyhavein
mind.Theyalsorequiremuchfinerprivilegemanagementthanencyclopaedicknowledge.

To capture and represent this knowledge, several data models have been proposed. One of
the model called Many Worlds on a Frame (MWF), as discussed in (Srinivasa, 2012), contains
severalconceptsorganizedinhierarchies.Conceptingeneral,couldrefertoalltheterminologies
andvocabularyofaparticulardomainwhichisusedtodescribeit.Thedefinitionofconceptsand
relationshipbetweentheconceptsistypicallycapturedusingasimplestructurecalledconcepttree
that captures two kinds of relationships: ‘is-a’ and ‘is-in’. For instance, the concepts ‘Java’ is-a
‘ProgrammingLanguage’depicts‘is-a’relationshipwhile“Bangalore”is-in“Karnataka”depicts
‘is-in’ relationship.Thesehierarchiescontainmanyconceptsbeyond theencyclopaedicconcepts
whicharerelevanttothatdomain.Therefore,insuchkindofknowledgebase,conceptsneedtobe
addedmanuallyandhenceposesabottleneckinevolutionoftheknowledgebase.Aneedforanentity
resolutionsystem,thatcould,givenaconcept,labelitwithproper‘is-a’parenttherebyplacingit
appropriatelyintheconcepthierarchy,couldhelptheknowledgebasetogrowwithminimalmanual
intervention.Therearevariousmethodsforentityresolutionbasedonsupervisedlearning.Supervised
Learningistheprocessoflearningamappingfromexamplestolabels,byinferringlabelledexamples
providedasinput.Themodeltriestoidentifythecorrelationbetweenvariouslabel/classes.Itthen
tries toclassifyanuntaggeddocumentcalledas the testdataset.WhileconventionalSupervised
Learningmethodsrequiresufficienttrainingdatabeforehandwhichisnotavailableinacommunity
settingatstart,ContinuousLearningmethod(explainedlater)couldbeusefulwhichcanacquire
newbehavioursandcanevolveasthecommunitydataevolves.Tominimizemanualinterventionin
entityresolution,thispaperproposesentityresolutionbasedonco-occurrencegraphandcontinuous
learning,therebyeliminatingthebottleneckofmanualconceptentry.

MOTIVATION ANd ReLATed WORKS

Thereareseveraltechniquestoachievenamedentityrecognition(NER)infreetext.Amongthem,
dictionarybasedtechniques(Chandel,Nagesh,&Sarawagi,2006)areoneofthemostobviousand
implementationfriendly.Inthisapproach,realworldentitiesfromdifferentcontextsaremanually
addedintoalistsegregatedbasedonthetype.Forexample,termslike“Bangalore”and“Delhi”are
placedunder‘City’typeand“India”isplacedunderthe‘Country’typeand‘City’and‘Country’
arebothsub-typesof‘Place’.

Theoreticallywecouldconstructadictionaryofall theentitiesandNERcanbereduced to
adictionarymatch,butpracticallyitisinfeasibleintermsofconstructingsuchadictionary.The
biggestproblemwithdictionary-basedapproachesistheunknownentityrecognitionproblem.These
algorithmscan’trecognizeentitieswhicharenotpresentinthedictionaryandassumethedictionaryto
besacrosanct.Adictionarycanalsonotbedistinguishbetweenthevariouscontextualrolesanentity
plays;forexample,“SachinTendulkar”caneitherbea‘cricketer’ora‘politician’orbothbutcan’t
betypesasa‘cricketer’inonedocumentand‘politician’inanotherbyadictionarybasedalgorithm.

Probabilisticmodels likeHiddenMarkovModels (HMMs) (Rabiner,1989)andConditional
RandomFields(CRFs)(Lafferty,McCallum,&Pereira,2001)addressentityrecognitionbymodeling
thedistributionofentitiesbelongingtoaparticulartype.Significantamountofmanuallytagged
dataisobservedtoconstructasuitablytrainedmodelthatrepresentsthepatternsofvariousentity
types.Whentheyencounteranentityinthetext,theycomparethedistributionofotherentitiesinits
proximitywiththatofthedistributionsofentitytypespresentinthetrainedmodel.

Thissolvestheproblemofunknownentityrecognitiontoacertainextentasthereisnosetof
predefinedentities.Thelocationoftheextractedentitybecomeskeyinguessingwhichclassthe
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