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(ABSTRACT)

Forindividualsrequiringinteractiveaccesstoonlinetext,informationstorageandretrievalsystems

provideawaytoretrievedesireddocumentsand/ortextpassages. TheCODER(COmposite

DocumentExpert/effective/extendedRetrieval)systemisatestbedfordetermininghowusefulvar-

iousartiücialintelligencetechniquesareforincreasingtheeffectivenessofinformationstorageand

retrievalsystems. Thesystem,designedpreviously,hasthreecomponents: ananalysissubsystem

foranalyzingandstoringdocumentcontents,acentralspineformanipulationandstorageofworld

V anddomainknowledge,andaretrievalsubsystemformatchinguserqueriestorelevantdocuments.

Thisthesisdiscussestheimplementationoftheretrievalsubsystemandportionsofthespineand

analysissubsystem. Itillustratesthatlogicprogramming,specificallywiththeProloglanguage,is

suitablefordevelopmentofanintelligentinformationretrievalsystem.Furthermore,itshowsthat
A

systemmodularityprovidesaüexibleresearchtestbed,allowingmanyindividualstoworkondif-

ferentpartsofthesystemwhichmaylaterbequicklyintegrated.

Theretrievalsubsystemhasbeenimplementedinamodularfashionsothatnewapproachesto

informationretrievalcanbeeasilycomparedtomore traditionalones. Apowerfulknowledge

representationlanguage,acomprehensivelexiconandindividuallytailoredexpertsusingstandard-

izedblackboardmodulesforcommunicationandcontrolallowedrapidprototyping,incremental

developmentandreadyadaptabilitytochange. ThesystemexecutesonaDECVAXll/785run-

ningULTRIX"",avariantof4.2BSDUNIX. lthasbeenimplementedasasetofMU-Prolog

andCmodulescommunicatingthroughTCP/IPsockets.
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1.0 Introduction

Researchoftenstartsfromanidea,aquesriarr,oran
extensionofapreviouslineofenquiry. Thefirst‘ thoughtsareoftenvagueandrathergrandiose,tending
tooverestimatetheresourcesavailableandunderestimate
thetimeneededtocompletetheproject. However,
withoutoptimtlsmmuchresearchwouldneverbestarted.

--MartinJ.Kendall
-~ClßfordHawkins,1985

Thefrrstsectionofthischapterdiscusseshowthesuggestedlinkbetweeninformationstorageand

retrievalsystemsandartiiicialintelligencehasmotivatedthisresearch.Section1.2,Evolution,pro-

videsahistoricalbackgroundoftheworkdescribedherein.Thefinalsectionoutlinesthescopeof

thisresearchinvestigation.

1.1 Motivation

Thegrowthoftheinformationsocietyisapparentintheexpandingsizeandnumberofmachine-

readabletextcollections. ManydevelopmentshavepropelledustowardW.F. Lancaster’svision

of"paper1essinformationsystems/’[LANG78];officeinformationsystemsforstoringcorrespond-

enceanddocuments,desktoppublishing,librarysystemsandelectronicmailsystemsareafew.

Moreover,increasedstoragecapacityprovidedbymediasuchasCDROMpromotesdevelopment

ofonlineversionsofprintedliteraturesuchasdictionaries,encyclopedia,referencemanuals and

textbooks[FOXE86c].
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Forthoserequiringaccesstoonlinetext,InformationStorageandRetrieval(ISR)systemsprovide

awaytoretrievedesireddocumentsand/ortextpassages. IntraditionalISRsystems,atrained

searcherentersaqueryusingapredefinedquerylanguage;thesystemexecutesitssearchstrategy

formatchingthequerytodocumentsanddisplaystheretrieveddocuments. Earlysystemdesigns

weresimplerandweremainlyconcernedwithperformanceissues;theyreliedonhumansearch

intermediarieswhoweretrainedtoenterusers’queriesinamannerthatwouldhopefullyresultin

acceptablelevelsofrecallandprecision.However,theproliferationofavailableonlineinformation

hassuggestedtheneedforendusers,unaidedbysearchinterrnediaries,tosearchtextcollections

directly.

Facedwiththechallengeofdevelopinginformationstorageandretrievalsystemsfordirectuser

access,researchersbegantoinvestigatetheapplicabilityofArtificialIntelligence(AI)methods

[SMIT80]. ProvisionofISRsystemswhichperformliketrainedintermediariespromptedstudies

ofthefunctionsofanintelligentISRsystem[BELK83]. Distinctionsamongusersandtheir

searchingmethodssuggestedtheimportanceofusermodelingresearch[DANI86,BORG86,87a,

87b]. Furthermore,realizationofimprovementsinperformanceandetfectivenesswhen-AItech-

niques are applied has been hypothesized. The CODER (COmposite Document

Expert/effective/extendedRetrieval)systemwasdesignedpurposelytotestthehypothesisthatAI

teclmiquescansigniiicantlyupgradetheproductivityofISRsystems[FOXE85,86a].

AvarietyofAIapproacheshavebeenincorporatedintotheCODERsystemdesign.Distributed

ruIe·basedexpertscenteredaroundablackboard/strategistcomplexperformseparatefunctions,

suchasbrowsing,queryformulationorsearching. Inferentialreasoningisemployedbymodules

usingthelogicprogramminglanguageProlog. Knowledgeaboutdocumentsandusersisstoredin

framesinaPrologframe-basedknowledgerepresentationsystem. Reasoningwithuncertaintyand

truthmaintenancehavebeenbuiltintotheCODERdesign. Finally,documentparsingtechniques

areusedextensivelyduringdocumentanalysis;however,naturallanguageprocessingofquerieshas

notyetbeenimplemented.

Introduction 2
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LaterversionsoftheCODER systemwill becapableofanalyzingandretrievingdomain-

independentdocuments;however,thetargetcollectionfortheinitialversionofCODERisanac-

cumulationofissuesoftheARPANETA1ListDigestsinceApril, 1983. Theheterogeneous

documentscontainedinthecollectionvaryinlength,style,contentandform.TheCODERsystem

includesanalysisofthestructureandcontentsofdocuments,andsubsequentretrievalincludinguse

ofcanonicalknowledgestructuressuchasdatesandnames. Therefore,withdiversedocument

typessuchasthosefoundintheAIListcollection,theCODERsystemcanbeusedtotestthe

hypothesisthatretrievalemployingstructuredknowledgeprovidesbetterresultsthanconventional

retrievalmethods.

1.2 Evolution

DesignoftheCODERsystembeganlatein1985,andisdiscussedinRobertFrance’sM.S.Thesis,
”An
ArtificialIntelligenceEnvironmentforInformationRetrievalResearch."[FRAN86]. Addi-

tionaldescriptionoftheCODERdesignmaybefoundintechnicalreportsandpublicationswritten

bytheprincipalinvestigator,EdwardA.Fox[FOXE85,86a,86b,87]. Asnearlyaspossible,the

CODERretrievalsubsystemdevelopmenthasadheredtotheoriginalhigh-leveldesignspecifica·

tions.Theknowledgerepresentationlanguageandblackboard/strategistfunctions,specifiedinde-

tail,havebeen modified. Specificationsforremainingmodules were notprovided;

therefore,moduledesignandimplementationtechniqueswereundertakenaspartofthisresearch.

ManyoftheCODERmodulesenvisagedinthearchetypesystemillustratedinFigure 1onpage

5havenotbeenimplementedandseveralnewmoduleshavebeenadded. Asthecurrentretrieval

subsystemdiagraminFigure2onpage6depicts,implementationofCODERmodules has

progressedsomewhatdifferentlythanwasoriginallyplanned.TheworkofBelkinetal.[BELK83,

introduction 3



1 1
84]influenceddesigndevelopmentandledtosomeofthechangesbetweentheoriginalandcurrent

versionsofthesystem.

Thespine,composedoftheknowledgeadministrationcomplex,thedocumentdatabaseandthe

lexicon,hasbeenimplementedaspicturedinFigure 1onpage5. Theclassificationspecialists,

althoughrelieduponbytheanalysissubsystemtoderivestructuralandconceptualinformation

aboutdocuments[FOXE87],havenotbeenincludedinthecurrentCODERretrievalsubsystem.

Implementationofnaturallanguagequeryentrywillprompttheinclusionofthesespecialistswhose

functionsincludeextractingclassifications(frames)fromnaturallanguagequeriesandmatchingthe

classificationstodocumentframes.Additionally,thequeryparsermoduleisnotneededuntilna-

turallanguagequeriescanbeanalyzed.

Thelinguisticandclustersearchspecialistshavenotyetbeenincorporated.Currentsearchstrate-

giesincludep-norm,booleanandvectorsearching.Aqueryforrnulatormodulehasbeenaddedto

formulateasearchablequeryfromexplicitlyspecifieduserdataaswellasfromsysteminformation.

Themoduleswhichreceiveandsendinformationtotheuserinterfacemanager,theinputanafvst

andreportmodulesrespectively,havebeenaddedtoclarifytheflowofinformationtoandfromthe

user. Nonetheless, the overriding theme of distributed experts centered around a

blackboard/strategistcomplexremains.Moreover,themodularityoftheCODERsystem,designed

asaresearchtestbed,willperrnitrapidassirnilationofmodulestobeaddedorenhancedlater.

Acomplex,ambitiousendeavor,thedevelopmentoftheCODERsystemhasembodiedthetalents

ofmanygraduatestudentsatVirginiaTech. Master’sprojectstodeveloptheCODERcommuni-

cationsfunctions[APTE87a],tocreatePrologfactsfromtheCollinsDictionaryoftheEnglish

Language[WOHL86]andtoprovidetheinitialuserinterface[KHAN88]haveaidedtheimple-

mentationofCODER. QiFanChen,adoctoralstudent,hasimplementedmostoftheCODER

analysissubsystem[FOXE87]. Additionally,graduatestudentprojectsforDr.EdwardFox’sIn-

formationStorage&RetrievalclassduringSpringquarters,1986and1987,offeredinsightsregard-

ingtheimplementationofseveralmodules.

Introduction 4
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1.3 Scope

ThisimplementationoftheCODERsystemaddressesseveralhypothesesabouttheusefulnessof

AImethodsininformationstorageandretrievalsystems:
•
Logicprogrammingisadaptabletoinformationstorageandretrieval.

•
Theknowledgeengineeringparadigmcanbeappliedtoinformationstorageandre-
trievalsystems.

•
Systemmodularityprovidesamoreflexibleresearchtestbedenvironment.

•
Userscanperformmore effectiveretrievalwhenstructuredknowledgeisemployed.
Thehierarchicalorganizationofdocumentsaswellasconceptssuchasnames,dates,
andaddressesrepresentstructuredformsofknowledge.

Specifically,thisresearchaimstoprovethatthelogicprogramminglanguagePrologissuitablefor

thedevelopmentofanintelligentinformationretrievalsystem; moreover, itdemonstratesthat

systemmodularitysimplifiesimplementationofanintelligentIRsystem,allowingparticipationof
‘ manyindividualswithouthamperingimplementationefforts.

J

Theresearchdescribedhere,carriedoutbetweenJanuary,1986andJanuary,1988,relatesspecifics

ofthefollowing:developmentandtestingoftheknowledgeadministrationcomplex,aframesys-

temwritteninProlog; developmentandtestingofallretrievalsubsysteminferentialmodules,also

writteninProlog;integrationofinferentialmoduleswiththeblackboard/strategistcomplex; inte-

grationofinferentialmoduleswithnon-inferentialmodules,writteninCandhereafterreferredto

asresourcemanagers;andtestingandenhancementofcornrnunicationbetweenretrievalsubsystem

modules. ThedifficultiesandhighlightsoftheCODERretrievalsubsystemimplementation,a

4 micro-levelsystemevaluationandasynopsisofresultingaccomplishmentsareincluded.

Areviewofrelevantliteraturereflectingthecurrentinterestinartificialintelligenceasitappliesto

InformationRetrieval(IR)isprovidedinChapter2. Thethirdchapterdiscussestechnicaldetails

oftheimplementation:thecomputersystemsandlanguagesused,directoriesandfiles,communi-

cationsandconfigurationissuesanddevelopmentandtestingmethods. Implementationspecifics

Introduction 7
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areprovidedinChapter4: prototypedevelopmentstagesaredescribedandeachoftheretrieval

subsystemmodules isdiscussedinlightoffunctionsperformed,callablepredicates,systeminte-

grationandheuristicsadaptedfrominformationstorageandretrievalliterature.Thefinalchapters

_ summarizeresultsa.ndaccomplishments. Systemperformance,validationoforiginalhypotheses,

conclusions,andrecommendationsforfutureversionsofCODERareaddressedinChapters5and

6.

Introduction 8



2.0 ReviewofRelatedLiterature

Knowledgeisoftwokinds. Weknowasubjectourselves
orweknowwherewecanßndtheinformationaboutit.

·-Dr.SamuelJohnson

ApplicationsofArtificialIntelligence(Al)crosstheboundariesofmanydomains. Similarly,In-

formationStorageandRetrieval(ISR)systemsareusedindiversifiedareas,forexample,medicine,

law,electronicpublishing,scienceandofficeinformationsystems. Liketheapplicationsencom-

passed,theliteratureofAIandISRisdiverseandmaybefoundinpublicationsrelatedtoappli-

cationareasaswellasindocumentswrittenforAIorISRresearchers.Giventherelativenewness

ofAIinthefieldofinformationretrieval,mostofthecurrentliteratureregardingAImethodsin

ISRmaybefoundinpublicationsrelatedtoISRsystems.AgeneraldiscussionofAIprogressin

· informationretrievalandrelevantliteraturehasrecentlybeenpublished[SMIT87b].

Thischapterexarninespublicationscontainingresearchandideaswhichcanbecomparedand

contrastedwiththoseintheCODERsystem. InformationandLibrarySciencejournals,confer-

encesandtextbooksarethesourceofthemajorityofthecitationsgiven. Thefocalpointsofthis

chapterhavebeennarrowedto1)relatedISRsystems,2)framerepresentationsystems,3)black-

boardarchitecturesand4)functionsofanintelligentISRsystem.

ReviewerRelatedLiterature 9



2.1 RelatedISRSystems

TheCODERsystemisnotthefirstISRsystemtobedesignedand/orimplementedusingAI

methods. Experimentationwithoneormoreexpertmodulesairnedatsimulatingtheperformance

ofatrainedintermediaryhasbeencarriedoutbyotherresearchersfornearlyadecade.Manyhave

concentratedonparticularfunctionsofanintelligentISRsystem:userinterfaceissues[SMIT87a,

MALO87,GOLD78,BREN81],naturallanguageparsingandunderstanding[DOSZ86,CHIA

87,GUID83,METZ85],queryprocessingandsearch[CHIA87,SALT83a,83b],knowledge

representationschemes[PATE84a,84b,PICK85,BRAC83]orusermodelling[DANI86b,

BORG86,87a,87b]. Many designsforintelligentinformationsystemshavebeenproposed;

however,fewhavebeenfullyimplemented.

In1981,aMaster’sstudentatMITproposedasingleexpertsystemmoduletoaidinexperienced

usersofbibliographicretrievalsystemsinthesearchprocess[YIP81].SimpleLISP·likeproduction

rulesweresuggestedforknowledgerepresentationandreasoning.EffortsatMIThavecontinued

andexpandedwiththeongoingdevelopmentoftheCONITsystem[MARC85],anexperimental

studyofheterogeneoussystemaccessthroughacommoncommand-language(CCL)designedto

aidtheconstructionofBooleanqueries. Forexample,the1986versionofCONITcouldhandle

threedatabases,Dialog,NLMandORBIT,viaitsCCL. TheproposedNISOstandardlanguage

forinformationretrieval[NISO87]hasbeenincorporatedintotheCODERRetrievalsubsystem

asits”cormnoncommand-language]
1

AprototypePrologsystem,PROBIB-S,isbeingdevelopedforonlinebibliographicretrieval

[WATT87].TheCanadianresearchersinvolvedexaminetheincorporationofspecialhardwareand

extensionstotheProloglanguagetoovercometheproblemsinherentinPrologsearchingoflarge

databases.TheCODERretrievalsubsystem,alsoProlog·based,hasapproachedtheconcemwith

unacceptablesearchresponsetimesdifferently. First,aPrologversionwhichalreadyincludesex-

ReviewofRelatedLiterature 10



tensionstohandlelargedatabaseswaslocated.MelboumeUniversity’sMU-Prolog3.2db[NAIS

85],althoughitdoesnotaddressspecialhardware,containsroutinesusingsuperimposedcodingfor

storageandaccessoflargeexternaldatabases[RAMA85]. Secondly,adaptationofsearchingrou-

tinesfromtheSMARTsystem[BUCK85,FOXE83a,83b],developedatComellUniversityand

writteninC,hasbeenundertaken.

AnotherProlog-baseddocumentretrievalsystem,theCANSEARCHsystem[POLL87],retrieves ‘

cancer-therapy-relateddocumentsfromtheMEDLINEdatabase. Thesystemactsasafront-end,

butperformsnoactualsearches. Instead,itprovidesamenu-driveninterfacefornarrowingand

selectingMeSHquerytermswhicharethenformattedintoaquerytobeprocessedbythehost

computerattheNationalLibraryofMedicine. CANSEARCHachievesitsobjectiveofeliminating

theuser’sneedtoknowqueryforrnulationspecifics;moreover,itdemonstratesthepracticalityand

usefulnessofan"inte1ligent̂'front·end.However,itslimitedscopeallowsittoignoresomeofthe

moreadvancedfeaturesofaretrievalsystem,suchasusermodels,anaturallanguageinterface,term

expansionorsearchstrategies. Therefore,useofPrologandablackboardformessagecommuni-

cationarethetwonoteworthysimilaritiesbetweenCANSEARCHandCODER.

TheMICROARRASsystem[SMIT87a],afull·textretrievalandanalysissystemunderdevelop-

mentattheUniversityofNorthCarolina,focusesondatabasesdistributedoverdifferenthostsand

well-defmeduserinterfacestosupportintelligentdialogues. Correspondingly,theCODERsystem

usesTCP/IPprotocolstohandledatabasesandmodules whichexistondifferenthosts. The

modulardesignoftheCODERsystemsimplifiesexperimentationwithseveraldifferentuserinter-
i
faces,alsoagoaloftheMICROARRASsystem. PlanstodevelopaMacintoshuserinterfacefor

CODERinadditiontothecurrentUNIXcursesinterfacearealreadyunderway.Thetwodatabase

searchmodes foundinMICROARRAS, bibliographicandcontent,approximateCODER’s

·
Boo1ean/P·normandstructuredknowledgesearchmodesrespectively.
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ThehypothesisCODERisbeingusedtotest,”Userscanperforrnmoreeffectiveretrievalwhen

structuredknowledgeisemployed”isalsoapremiseofTheInformationLens[MALO87],apro-

totypeintelligentinformationsha.ringsystem. t

A richsetofsemtlstructuredmessage types(orframes)canformthebasisforanintelligent
information-sharingsystem.Forexample,meetingannouncementscanbestructuredastemplatesthat
includefieldsfor'date,''time,’"place,'"organizer,'and'topic",aswellasanyadditionalunstruc-
tw-edinformation.

Basedonstudiesofinformationsharinginorganizations,theresearchershaveexploredcognitive,

socialandeconomicinformationfilteringdesignedtoselectivelyfiltertheinformationthatindividual

usersreallywanttosee,forexampleinelectronicmailsystems.AsintheCODERdesign,there-

searchersinvolvedinTheInformationLensprojecthaveconcludedthataframeinheritancelattice

simplifiesanalysisandretrievalofmessages. AnalysisofdocumenttypesintheCODERsystem

issimilartothemessagetypeanalysissuggestedinthisstudy.

Naturallanguageaccesstoinformationretrievalsystems,oneofthemostpromisingapplications

ofartificialintelligencetoinformationretrieval,isthegoalofmanyintelligentsystemssuchasthe

NaturalLanguageInterface(NLI)[BISW87]conceptualizedandprototypedattheUniversityof

SouthCarolina. IR-NLI(InformationRetrieval-NaturalLanguageInterface)[GUID83],an

Italianresearchprojectdesignedin1983,isorganizedaround"...semantics-directedandgoal-

orientedparsing".Itsmodulesinclude1)understandinganddialogue,2)reasoningabouttheuser’s

requestand3)aformalizertoforrnulateasearchablequery. IRES(InformationRetrievalExpert

System)[DEFU85,CHIA87],developedinFrance,employsaseparatequeryprocessingmodule

calledIOTAwhichincludesmorphologicalandsyntacticanalysisofthequery. IRESalsoadapts

tousercharacteristicsandtothestateofprocessingduringaretrievalsession.LikeIRES,CODER

paysspecialattentiontotheimportantdistinctionbetweendomainandexpertknowledgeandthe

needforthetwotoremainseparateentities;usermodelingcapabilitiesarealsofoundinbothsys-

tems.CODERdoesnotyetincludeanaturallanguageinterfaceasdoesIRES,butdoesincludea

documentanalysiscomponent.
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InitialattemptstoincorporatetheCHAT-80[PERE83]Prolog·basedfront-endnaturallanguage

interfaceintotheCODERretrievalsubsystem[APTE87b]indicatedthatimplementationofna-

turallanguagequeryprocessingshouldbehandledasaseparategraduatelevelproject. Online

versionsoftheCollinsDictionaryof'theEnglishLanguageaswellastheHandbookofArtificial

Intelligence(I—IAI)allowusersto'mark'querytermsorphrasesduringbrowsingsothattheymay

beaddedtoquerieslater.Thesesamefactbasesweredesignedtoaidnaturallanguageunder-

standingandwillbeusedwhentheplannednaturallanguageinterfaceisdeveloped.

TheRUBRICsystem[TONG86a,86b],acommercialsystembasedonproductionrulesand

writteninCommonLisp,usesamanuallybuiltrulebasetoassistqueryconstructionandsearching.

LikenessestoCODERarenotedinitsobject-orientedparadigrnforexpertsystems,useofrelevance

valuesintherange[0,1]ratherthanintheset{0,1}andtheavailabilityofon-linehelpatanypoint

intheretrievalprocess.

ThedistributedISRsystemdevelopedbyCroftandThompson[THOM85,87a,CROF87]most

closelyresemblestheretrievalportionoftheCODERsystem.AsinCODER,thearchitectureof

PR(IntelligentInterfaceforInformationRetrieval)isbasedonagroupofcooperatingexperts

centeredaroundablackboard/scheduler.'Usermodels,systemstatetransitions,assignrnentofun-

certaintyvaluestorulesandon-linehelp/explanationexistinbothsystems. Applicationofsome

oftheresearchbyBelkin,Brooks,BorgrnanandDaniels[BELK83,84,DANI86b,BORG85,

86,87a,87b]regardingthefunctionsofaninformationretrievalsystemandusermodellingstrategies

canbefoundinbothsystems.Ausermodelbuilder,aninterfacemanager,asearchstrategymodule

, andabrowsingexpertperfomiparallelfunctionsinthetwosystems.

WhereCODERusesaPrologframerepresentationsystemforrepresentingdocumentsanddomain

knowledge,PR,writteninCommonLisp,usesarelationaldatabasetorepresentdocuments,and

conceptframescontainingrecognitionrulestoinferdomainknowledge,mostlyfromthesystem’s

interactionwiththeuser[CROF87]. Differencesinimplementationofschedulingrulesandexpert

systemrulebasesalsoexist.Aseparateexpertforstatetransitionsandproblemdescriptionbuilding
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canbefoundinCODERaswell. Althoughneithersystemhasyethaditsplannednaturallanguage

interfacefullyimplemented,theCODERsystemhastheadvantageofanexistinglexicon,frame-

basedrepresentationofdocumenttexttoallowstructuredknowledgematchingandonlineavail-

‘ abilityofdomainknowledgeviatheHAI.

2.2 FrameRepresentationSystems

IneveryintelligentISRsystem,someformalismandcorrespondingnotationwithwhichtorepre-

sentknowledgemustexist.Avarietyofdifferentknowledgerepresentation(KR)schemes,forex-

ample,Iogical,semanticnetwork,proceduralandjrame-basedschemeshavebeenstudied[MYLO

84,BRAC85]. SmithandWarnerlimittheirdiscussionofknowledgerepresentationschemesto

thosethatareusedinISRsystems[SMIT84]. TheCODERsystemhasadoptedaframe·based

KRschemetorepresentdocument,userandqueryknowledge. Frame-basedsystemsareusedto

modelentitieswhereeachentityisdefinedbyasetofattributescalledslots. Acomplexlattice

structuredefmingtheframehierarchymaybefoundinaframe·basedsystem. Thestandardter-

minology,methodsandgoalsofgenericframe-basedsystems[FIKE85,HAYE85,MINS81]also

applytotheCODERframesystem.

Duringthepastdecade,avarietyofframe-basedlanguageshavebeendeveloped. Suchlanguages

haveincludedKANDOR[PATE84a,84b],KRL(KnowledgeRepresentationLanguage)[BOBR

77],KL-ONE[BRAC85],Krypton[BRAC83,PIGM84],KEE(KnowledgeEngineeringEnvi-

ronment)[NADO87],andthelanguagesintheCYC[LENA86]andTOPIC[HAHN86]systems.

Severaloftheframelanguagedevelopershaveworkedonmorethanoneoftheaforementioned

languages,andcommonalitiesamongthelanguagesmaybefound.
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Many oftheconceptsintheCODERknowledgeadministrationcomplexhaverootsinthe

Krypton,KRLandKL-ONErepresentationschemes. Forexample,Krypton’sseparationoftwo

representationlanguages,aterminologicalonecalledTboxandanassertionalonetermedAbox

[BRAC83,PIGM84]areparallelledbyCODER’ssegregationofTypeManagers andObject

Managersforprocessingframedefrnitionsandinstantiationsrespectively.Thetaxonomicalstruc-

tureofframesandstrictinheritancefoundinKL-ONEandKryptonalsoexistinCODER. Most

oftheframerepresentationlanguageshavebeendevelopedusingsomeversionofLISP,although

frame-basedlanguageswritteninPROLOG,likeCODER,arebeginningtoappear[LEE86,HUU

86]. Onenotabledifferenceamongtheframe-basedlanguagesistheirtreatmentofdefaultvalues

[NADO87].

TOPIC[HAHN86]andARGON[PATE84a,PATE84b]aretwoknowledge-basedtextretrieval

systemsthatuseframerepresentationschemes. LikeCODER,theyhaveincorporatedconcepts

fromearlierframesystems; moreover,therepresentationalstructuresoftheframelanguagesused
‘

carryoverintotheISRsystemsandinfluencetheirappearanceandfunctioning.Theframesystem

usedinCODERisalsoevidentinthecapabilitiesofthesystem. Sirnilarly,theblackboardarchi-

tecturedescribedinthenextsectioninfluencestheCODERsystem’sfunctions.

2.3 BlackboardArchitectures .

— Indistributedsystems,"blackboards"provideacentrallocationforstorageofmessages passed

amongsystemmodules. Inaddition,schedulingheuristicsandcontrolarecentrallylocatedwithin

theblackboardarchitecture.Thefirstblackboardsystem,theHEARSAY-IIspeechunderstanding

system,wasdevelopedbetween197land1976[ERMA80]. Blackboardarchitecturessincethen

havebeenadoptednotonlyforISRsystems,butforvariedscientificandproblem·solvingappli-

cations: intheHASPsystemforoceansurveillance[NII82];inCRYSALISforusebyprotein
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crystallographers[TERR83];inTRICEROtomonitorairspace[WILL84];inOPMtosimulate

humancognitiveprocessesinplanning{HAYE79]; andinCODER, IBR]CROF87] and

CANSEARCH[POLL87]forinformationretrieval.Otherblackboardsystems,forexampleBBI

]GARV87,HAYE84,JOHN87],attempttolearnabouttheirownbehavior.·Mostofthefun-

damentalconceptsdevelopedfortheHEARSAY-IIsystemarefoundincurrentblackboardsys-

tems. Acomprehensivereviewoftheframeworkofblackboardsystemsandtheevolutionof

blackboardarchitecturescanbefoundin[NII86a,86b].

Corkillreviewedissuesofflexibility,efficiencyandgeneralityinblackboardarchitectures[CORK

87]. TheGBB(GenericBlackboard)modelthatCorkillpresentshasimplementedblackboardab-

stractionconceptsingreaterdetailthanisfoundir1theCODERblackboard. Additionally,the

abilitytochangetheblackboardimplementationwithoutmodifyingknowledgesourcesisempha-

sized. ExperimentswithHEARSAY-ll[ERMA80]andDVMT(DistributedVehicleMonitoring

Testbed)[LESS83]havedemonstratedthattheefficiencyoftheblackboardimplementationhasa

significanteffectwheretheinteraction/computationratioofexpertmodulesishigh. Currentlyin

theCODERsystem,thatratioislow;however,astheretrievalsubsystembecomesmorefullyde-

veloped,Corkill’sconclusionmaybetestedintheCODERsystemaswell.

OfthethreeblackboardcharacterizationspresentedbyCorkill [CORK 87],theunstructured

blackboard,thegeneral-purposekernelandthecustomizedkernel,theCODERsystemmostclosely

models ageneral-purposekernel. When anunstructuredblackboardexists,eachmodule must

worryabouttheentireretrievalprocess,selectingandmaintainingappropriatemessagescontained

inlistsontheblackboard. Attheotherextreme,specializedmechanisms calledkemelsfilter

blackboardobjectspermodulebasedontheapplicationofthesystemtomakemoduleprocessing

moreefficient. However,changestothesystemmayalsorequirechangestotheblackboardstruc-

turewhencustomizedkemelsareemployed. Asinageneral-purposekemelblackboard,the

CODERblackboard"supportsblackboardobjectretrievalbasedontheattributesoftheobjects"

and"theapplicationirnplementersretrieveobjectsbyBwritingqueriesintheretrievallanguage."The
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blackboardobjectretrievallanguageusedintheCODERsystemisdescribedinChapter4,section

4.2.1.

ExaminationsofcontrolstrategiesfordistributedexpertsystemsarealsorelevanttotheCODER

project. Controlissuesforconflictresolutioninrule-basedsystemssuchasORBS(OregonRule-

BasedSystem)arediscussedbyFickas[FICK85]. Agenda-basedcontrolstrategiesinORBSare

similartothoseintheCODERstrategist. However,neitherautomationofthestrategycon-

structionprocessnordynamicalterationofschedulingrulesexistintheCODERstrategist. Ata

recentconferenceonDistributedArtificialIntelligence(DAI)systems,oneoftheroundtabledis-

cussionsfocusedonissuesofcommunicationandcontrolbetweenagents[SRID87]. Standard

functionsrequiredbyagentsweresuggested:Inform,RequesttoDo,RequesttoSend,Command,

Reply,AcknowledgeandNo·acknowledge,Offer,Agree,Refuse,Accept,BidandPropose. In

addition,resourceavailabilitycombinedwiththelimitationsonresourceutilizationwasconsidered

oneofthemostcrucialconcernsfordesignersofDAIsystems.

Belkinetal.alsodiscussissuesofcontrolfordistributedexpertinformationsystems[BELK83,84].

Basedontheirmodelofintelligentfunctionsinaninformationretrievalsystem,theyconcludethat
”a
blackboardcommunicationstructurewithmodifieddistributedcontrolseemsoptimumforsys-

temirnplementation."ComparingBelkin’sworktoPollitt’sCANSEARCHsystem,Sparck-Jones

contendsthat"buildingtheal1·singing,all-dancingexpertintermediaryisamajor enterprise."

[SPAR87]. Moreover,shesuggeststhatcontrolisamajorproblemwithdistributedsystems.

2.4 IntelligentInformationRetrievalFunctions
I

OneoftheprimarygoalsoftheCODERsystem,aswithanyinformationretrievalsystem,isto

createarepresentationoftheuser’sproblematicsituation. Throughobservationandmonitoring
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ofhuman·computerinteractionsanduser·intermediarydialogues,researchershavecharacterizedthe

functionsrequiredinanintelligentinformationretrievalsystem. Earlyworkidentified29search

tactics,movesmadetofurtherasearch,and17ideatacticswhichfosternewideasorsolutionsto

problemsininformationsearching[BATE79a,79b]. _

Fiveyearslater,Belkinetal.introducedtheconceptofaninformationprovisionmechanism(IPM)

[BELK83,84],thecombinationofthesearchinterrnediaryandknowledgeresourceelementsof

aninformationsystem. Theyidentified10functionsoftheIPM:problemstate,problemmode,

usermodel,problemdescription,dialoguemodel,relevantworldbuilder,responsegenerator,input

analyst,outputgeneratorandexplanation. ThesefunctionswerespecifiedintheMONSTRAT

Model. Discourseanalysisandobservationsofinteractionsbetweenusersandsearchintermediaries

supportedthepreviouslyderivedfunctions[BELK88,DANI85]andledtoidentificationof

subgoalsofthosefunctions.Furtherresearch,alsoattheUniversityofLondon,elaboratedontl1e

MONSTRATmodelanditsincorporationintothePLEXUSexpertsystemforreferral[BROO

85,87,VICK87]. Inacounter·proposal,Borgrnansuggeststhat”thegeneralityofthemodelis

bothitsvirtueanditsweakness."[BORG87b]. Sherecommendsthatthebroadnessofthemodel

benarrowedbasedonthedomainofusersandthedomainofquestionsintheinformationsystem.

TheCODERretrievalsubsystemhasincorporatedmanyoftheideasfoundintheaforementioned

research(seeChapter4).

OneoftheMONSTRATmodel’stenfunctions,theusermodel, hasreceivedmuchattentionre-

cently.Borgrnanconcludesthattheuseranalysistaskswillofferthegreatestchallengeinthedesign

ofsophisticatedinformationretrievalsystems[BORG87b]. Herresearchincludesstudiestoassess

thesignificanceofauser’sacademicmajorasavariablethatindicatesinformationretrievalaptitude

[BORG86,87a]. Danielshasaugrnentedtheusermodelingfunctiondefinition,identifyingsubf-

unctionsasstatus,goals,backgroundandexperience,stateofknowledge,andfamiliaritywithIR

systems[DANI85,86b]. Moreover,sheconcludesthatafrarne-typerepresentationfortheuser

modellingsubfunctionsismostappropriate.UsermodelframesintheCODERsystemhavebeen

modelledafterDanie1’ssubfunctions.
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Studyofcognitivemodels,theviewsthatusershaveofthemselves,others,thesystemandviceversa,

havebeensuggestedasanaidtodevelopingusermodels[DANI86a,CHEN87].Theimportance

oftheuserirztedaceandthevariabilityofitsuseandeffectivenessfordifferentgroupsofusershas

alsobeenexamined[NORM86,HOLC85,TAGU87,EGAN87]. Researchregardingtheac-

quisitionofirnplicitandexplicitdataaboutusershasbeenincorporatedintoCODER[RICH79,

LOGA86,FENI81,BRAJ87,KASS87].

I
Inconclusion,anabundanceofliteraturehasbeencollectedandabroadspectrumofhypotheses

andheuristicsfromthatliteraturecanbefoundthroughouttheCODERretrievalsubsystem.

Particularly,theworkofBelkin,Borgman,BrooksandDanielshasbeenincorporatedintothe

problemmode/state/descriptionandusermodelmodules;ideasfromtheframelanguagesdeveloped

byBobrow,BrachmanandWinogradareevidentintheknowledgeadminstrationcomplex;Penny

Nii’sreviewofblackboardarchitecturesprovidedvaluableguidanceduringthedevelopmentofthe

blackboard/strategistcomplex;andreportsbyTong,CroftandThompsonregardingthedevelop·

mentoftheRUBRICand.PRsystemsallowedcomparisonandcontrastbetweenCODERand

otherdistributedISRsystems. Thecontributionsfromthesea.ndotherresearchersaregratefully

acknowledged. ·

I
I
I
I

I
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3.0 Methods

Ouramazingindustrialdevelopmenthasbeenmadepossible
bythevastaccwnulationofscientüicknowledgeandtechnical
know·how,everysingleitemofwhichisaresultofsomeone’s
observing,thinking,andexperimenting,thatts,ofresearch.

--EbenezerE.Reid

ThischapterdescribesthetoolsandmethodsemployedtoconstructtheCODERretrievalsubsys-

tem.Itssecondaryobjectiveistoprovideamicro-levelviewoftheprogrammingimplementation

ofanintelligentIRsystem.First,thecomputersystemsandprograrmninglanguagesusedaredis-

cussed. Delineationoffiles,directorystructuresanddatabasesisincluded.Second,communi-

cationsandconfigurationissuesnotcoveredbyapreviousMaster’s project[APTE87a]are

presented. Finally,theprocessofimplementingmodules andintegratingthemwithCODER’s

blackboardarchitectureisreported.

3.1 SystemsandProgramming

TheCODERsystemisstructuredasagroupofcommunicatingobjectsrunningunderUNIXTM.

usingtheTCP/IPprotocol[LEFF84]. Inferentialmodules arewritteninMU-Prolog; non-

inferentialprogramsarecodedinC.
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3.1.1 OperatingSystem

Theretrievalsubsystemconsistsofasetofmodules distributedaroundablackboard/strategist

complex. Modulescommunicatewiththeblackboard,andtherebywithoneanother,viamessage

passingusingtheclient/servermodel[COFF87]. UNIX·basedsystemsoftenprovideaprotocol,

TCP/IP,tosupporttheclient-servermodel; moreoverarich,productiveprogrammingenviron-

menthasearnedUNIXareputationforitsprogrammer-fiiendliness.BecauseitiswritteninC,the

UNIXoperatingsystemishighlyportableandeasytomodifyperparticularsystemrequirements

[KERN84].

TheavailabilityofseveralcomputersrunningUNIXoperatingsystemssupportedthechoiceof

UNIXastheoperationalenviromnentforCODER. Themajorityofthesystemhasbeendevel-

opedonaDECVAXll/785runningULTRIX-32mVersion2.0,avariantof4.2BSDUNIX.

Earlysystemmodules,includingthefirstCODERprototype,wereprogrammedandtestedona

SUNmworkstation,alsorunning4.2BSDUNIX.Presently,theentiresystemresidesontheVAX

ll/785.FutureversionsofCODERrunningonanAppleMacintoshIlm,alsousingTCP/IP,

havebeenproposed.

P 3.1.2 ProgrammingLanguages

ResearchusinganartificialintelligenceenvironmentasatestbedforISRsystemssuggeststhat

programsexhibitingsomekindofintelligentbehaviorwillbeincludedinthesystemtomodelsome
S

ofthefunctionsofaprofessionalsearchintermediary.AIprogramminglanguageshavebeende-

velopedtosupportandtestAIconcepts,suchasmanipulationofarbitrarysymbols,list-processing

andpatternmatching. Atpresent,thetwomostwidelyusedAIlanguagesarethefunctionallan-

guageLISPandProlog(PROgrammingLOGic),alanguagebasedonfirst-orderpredicatecalculus.
i

Methods 21l



InventedbyJohnMcCarthyin1958,LISPhasbeeninexistencelongerthanPrologwhichwas

conceivedbyR.KowalskiatEdinburgintheearly70’s. AlthoughLISPismoreprevalentinthe

UnitedStates,PrologismorewidelyusedinEuropeancountries.Furthermore,theJapanesehave

targetedPrologasthelanguageoftheirfifthgenerationcomputers[SIMO83,MARB85].Dialects

ofbothlanguages,includingversionssupportingcompilationand/orconcurrentprogramming,have

evolved[DEER85]. SincePrologandCareusedextensivelyinCODER,morespeciiicsaregiven

inthefollowingsections.

3.1.2.1 Prolog

DuringthedesignphaseoftheCODERsystem,Prologwasselectedasthelanguageforcodingof

inferentialmodules. Severalfactorsinfluencedthisdecision:

•
TheAIlanguageusedhadtobecapableofsearchinglargedatabaseswithinanacceptablepe-

riodoftime.AversionofPrologrunningunderUNIX,MU-Prolog,includesextensionsto

handlelargedatabases[NAIS85].

• AvailabilityoftheCsourcecodefortheMU-Prologinterpreterallowednecessaryin-house

modilicationstotheinterpreter.

• List·processingandpatternmatchingabilitiessuggestedthatPrologwouldbemoreappropri-

atefornaturallanguageprocessing.

•
Prologisespeciallysuitedforproblemsthatinvolveobjects,particularystructuredobjects,and

therelationsbetweenthem[BRAT86].

•
Prologclausesaresimilartorules;therefore,rule-basedprogrammingstyleisencouraged.
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• TheCODERdesigners’aflinityforPrologalsoinfluencedthelanguageselectionprocess.

SoftwareEngineeringConsiderations: UseofPrologastheprimarylanguageformoduledevelop-

ment allowedrapidprototypingofmodules andeasyinclusionofrulestosimulateintelligent

functioning.Adirectoryofover100commonPrologutilitieswasestablished (seeAppendixA).

Somewerewrittenduringthecourseofthisresearch;mostwereadaptedfrompublicdomainli-

brariesmadeavailablethroughPrologDigest,anelectronicmaildigest,orfromthegrowingsupply

ofPrologtextbooks[CLOC84,BRAT86,STER 86,SCHN87]. Minormodilicationswerere-

quiredsothatutilitieswrittenforotherversionsofPrologwouldrununderMU-Prolog.

OnlyoneprogramdocumentationstandardforCODER’sPrologprogramshasbeenadopted.All

Prologmodulesfollowastandardforidentifyingthestatusandplacementofpredicatearguments.

Thestandard,publishedbyJohnCuginilllPrologDigest[CUGI86],appearsinAppendixB.

Sinceallretrievalsubsystemmoduleshavebeenwrittenand/orincorporatedintoCODERaspart

ofthisresearch,modulescurrentlycontainidenticallystructuredprogramheadingdocumentation

aswellassimilarlystyledcommentsprecedingpredicatedefmitions. Rulesforprogrammingstyle

andtechnique,suggestedbyIvanBratkoin"PrologProgrammingforArtificialInte1ligence"

{BRAT86]havebeenfollowed.Forexample,programlayout,spacing,indentation,clusteringand

orderingofclauses,appropriateuseofcommentsandmnemonicnamingconventionsareconsist-

ent. Programclausesandprocedureshavebeenkeptshort.Carehasalsobeentakentolimituse

ofPrologoperatorswhichareinefücientsuchasüthen-else,assertandretractandtoavoidoper-

atorslikecutandnotwhichmayproduceunpredictableresults. —

Obstacles: TheuseofPrologasCODER’sAIlanguagehasnotbeenwithoutobstacles. Some

ofthediflicultiesencounteredandresolvedfollow.

•
ImplementationofMU·Prologexternaldatabasesprovedtobecumbersomeandinellicient.

Lackofdocumentationfromthedevelopers,incorrectdocumentationanddifficultyassigzning
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propermasksforsuperimposedcodingofindexarguments[RAMA85]resultedinpoorre-

sponsetimeswhen externaldatabases were accessed. A newversionofMU-Prolog,

NU·Prolog[THOM87b],hasimprovedextemaldatabasefacilitiesaswellastheabilityto

compilePrologprograms. ·

•
HostmemoryIimitationspreventedexecutionofCODERwhenmorethanapproximately10

Prologprocesseswererunningconcurrently.TwoseparateversionsofMU-Prolog,a"small"

anda"big”,havebeencreated[DATT87]. Prolog~scontainsagoalstacklengthof75Ka.nd

includesnoneoftheextemaldatabasefacilities.ThenormalMU·Pro1ogcontainsagoalstack

lengthof500Kandalldatabasefacilities.ProIog·bincludestheextemaldatabasefacilities,but

hasareducedgoalstacksizeof200K. MostoftheCODERmodulesaresmallandcanbe

processedwithprolog-s.Prolog·bisrequiredformodulessuchasthelexicalexpertwhichuse

theextemaldatabasefacilities.Predicatesdevelopedformessage passingbetweenCODER

moduleshavebeenbuiltintotheprolog·sandprolog-bversions;thus,theDLOADdynamic

loadingfacilitycouldberemoved,furtherreducingmemoryrequirements.

•
StringlengthlimitationsrequiredfurthermodificationstotheProloginterpreter.Frequently,

messagespassedbymodulestoandfromtheblackboardcontainPrologargumentswhichex-

ceedthe199characterupperbound. Stringlengthhasbeenincreasedto32000characters.

• LackofjloatingpointarithmeticintheselectedversionofMU-Prologpreventedcomputation

ofquery·documentsimilarityvaluesintherange{0,1}whenp·normsearching,a"softer"form

ofBooleansearching[FOXE83a],wasused. Floatingpointroutineshavebeenaddedtothe

MU-Prologinterpreter[DATT87]; inaddition, theforthcomingversionofNU·Prologis

reportedtocontainfloatingpointarithmetic.Incorporationoffloatingpointroutinesrequired

othermodificationstomodules. Dottedpairs,suchas(A.B)usedforframeandrelation

identificationassignment,hadtoberewrittenassingleitemsorasliststoavoidmisinterpreta-

tionofthepairasawholenumber,A,withdecimaldigits,B.
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• RestrictionsonthenumberofatomsallowedinthePrologdictionaryrequiredmodifications

tolargePrologfactbasessuchasthoseassociatedwiththeCollinsDictionaryoftheEnglish

LanguageortheHandbookofArtificialIntelligence.Atoms,enclosedinsinglequotes,had

tobereplacedbycharacterstringsdenotedbydoublequotes.

• LackofcompilationfacilitiesforMU·PrologrequiresreconsultingofeachPrologmoduleev-

erytimetheCODERretrievalsubsystemwasstarted.Althoughstart-upaswellasexecution

timesarehighlydependentonothersystemloadfactors,start-upfrequentlyrequiredover5

minutes. UseofMU-Prolog’sbuilt·insavepredicate,whichstoresanimageofaPrologstate,

reducedstart-uptimetolessthanlminute. However,severaldisadvantagesarisefromuseof

thesavepredicate:additionalstoragecapacityisrequiredtostorethePrologsavestates(from

1Kto4Kpermodule),andmodificationsmadetoPrologmodulesarenotoperationaluntil

modulesarereconsultedandsavedagain.CompilationofPrologmoduleswouldeliminatethe

needtousePrologsavestatesortoconsultmodulesduringstart-up. ThenewMU·Prolog

version,NU-Prolog,providesacompilationfacility.UpgradingMU-PrologtoNU·Prolog

shouldresultinevenlowerstart-uptime,significantspeedincreasesandeliminationofthe

needtostorePrologsavestates.

• Prolog’streatmentofspecialcharacterssuchasperiodsandsinglequotesdemandsextra

processingforpassedmessages. SpecialcharacterspassedbetweenPrologandCmodulesare

convertedsothatdataisprocessedanddisplayedproperly.Forexample,singlequoteswithin

PrologstringsarepassedascaratsandareconvertedbytheCresourcemanagers.

•
Asaninterpretedlanguage,MU-Prologisinherentlyslowwhensearchinglargelocalfactbases.

Asystem-definedpredicate,clindex,allowsagroupofstaticfactswiththesamefunctortobe

indexedbyagivenargument. Basedonsomesimpleperformancetestscomparingsearchre-

sponsetimeswithandwithouttheclindexclause,allCODERstaticlocalfactbaseswithover

20factsareindexedwiththeclindexpredicatetospeedsearchingduringcomputation.
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3.1.2.2 TheCProgrammingLanguage

Where modulesarenotrequiredtoexhibitintelligence,thatis,toreasoninferentially,theCpro-
’

gramminglanguagehasbeenused}LikeUNIX,Cishighlyportable. Furthermore,"itsabsence

ofrestrictionsanditsgeneralitymakeitmoreconvenientandeffectiveformanytasksthansup-

posedlymorepowerfullanguages/’[KERN78]. BecausetheCprogramminglanguagewasori-

ginallywrittenfortheUNIXoperatingsystem,CprogramsexecuteefficientlyunderUNIXand

caneasilyaccessstandardUNIXroutineswhicharealsowritteninC.

CODER’sresourcemanagershavebeendevelopedusingC. Resourcemanagersincludetheuser

interfacemanagerandmanagerstoextracttextfromtheHAIandthedocumentcollection.Com-

municationsroutinesandmodificationstotheProloginterpreterhavenaturallybeencodedinC

also. Thus,theentireretrievalsubsystemhasbeenprogrammedusingMU-Prolog,C,andUNIX

shellcommands.ThelocationofCODER’sprogramsourcecodeisdiscussedinthenextsection.

3.1.3 Directories,FilesandDatabases

Directories:ThemajorityoftheprogramsandfilesusedbytheCODERretrievalsubsystemreside

ir1userdirectory~coder. Otherdirectoriesincludethe~muprologdirectoryforProloginterpreter

filesandprograms,the/tmpdirectoryusedduringCODERexecutionforstorageofalltemporary

files,andthe~isrdirectorywhichstoresthelexiconfactsderivedfromtheCollinsdictionary.

AsillustratedinFigure3thecoderdirectorymaybeviewedashavingtwodistinctlevels.Onelevel

containsallprogramanddatafiles.Theprogramsanddatainthesubdirectoriesatthislevelmay

ormaynotbeusedduringaretrievalsession.Programsatthislevelmayexistforprinting/auditing

I AlthoughtheoriginaldesignofCODERsuggestedthattheC++languagebeused,non-inferential
moduleshavebeencodedinstandardC.
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ofCODERfilesorforthecreationofancillaryfilessuchasthosecontainingframedefmitions.

Theotherlevelofthedirectorystructurecontainsexecuzionmodulesandfiles.Manyofthemod-

ulesatthisleveluseprogramcomponentsand/ordatafromtheaforementionedlevel.Configura-

tionfiles,run-timechecking,executionmodules andloggedrun-timeoutputarestoredinthe

executiondirectories. FollowingisaslightlymoredetailedsynopsisoftheCODERsubdirectories

andtheircontents.

ProgramandDataSubdirectorics:Tosimplifytestingofmodules,subdirectorieshavebeencreated

tostoreboththeprogramsanddatathatsupportspecificfunctionsintheCODERsystem; for

example,allprogramsandfactbaseswhichsupporttheproblemmode/state/descriptionmodule

arestoredinthepmsdsubdirectory.Intotal,190files,includingthe100programfilesintheProlog

utilitieslibrary,containprogramsourcecodeforbothPrologandCmodules. Approximately20

filescontainprogramobjectcodeusedwhenlinkingCmodules. Duetosoftwareengineering

considerationswhichledtomodulardevelopmentofsourcecode,thenumberoffilescontaining

objectandsourcecodeisfargreaterthanthenumberofCODERmodules: multipleobjectsmay

belinkedtoformanexecutableCmodule,andPrologmodulesconsultmultiplefiles.Approxi-

mately 145datafilescontainPrologfactbases,textualdataorloggeddata,andanother100files

containmenus,tutorialsandfilescontaininginformationtobedisplayedtotheuser. Statisticsre-

gardingthesizesofthemodulesareprovidedinChapter5,section5.1.2.

bbstrat Thisdirectorycontainstheblackboardmoduleandallcomponentsofthestrategistin-

cludingitsschedulingrules.

browse Thebrowsedirectoryisdividedintothreesubdirectories: lexicon,haiandtext.The

subdirectoriescontainmostoftheprograms,factsandtextfilesneededtobrowsethe

CollinsDictionaryoftheEnglishLanguage,theHAIandthedocumentsinthecol-

lectionbeingsearched. ThesesubdirectoriesarethelargestintheCODERretrieval

system. Forexample,thehaisubdirectoryconsistsof106filescontainingthe3,984K
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bytesofHAItext,and10filesconsistingof293KbytesofPrologfactsrepresentingkey

termsandrelationshipsintheHAI. Themajorityofthelexiconfacts,usedinother

researchprojectsaswellasinCODER,arestoredinauserdirectorycalledisr.How-

ever,programsandfactsusedonlybyCODERforbrowsingthedictionaryarestored

inthelexiconsubdirectoryofthebrowsedirectory.

c.communicSpecialsubroutinesandfilesarerequiredtocreateCprogramswhichcancommunicate

withtherestoftheCODERsystemviathemessagepassingfunctionsbuiltintospecial

versionsofMU·Prolog. Genericversionsofthosesubroutinesandfilesarestoredin

thec.communicdirectory.

IO Thisdirectorycontainsprogramsanddatausedforinput/outputbetweentheuser

interfacemanagerandtherestoftheCODERsystem. Itsfoursubdirectoriescontain

menufiles,tutorial(help)files,displayfilesandprogramcodefortheinputanalystand

reportmodules. TheIOdirectoryanditssubdirectoriescontainnearly100files.

know_admTheknowledgeadministrationdirectoryconsistsoftheprogramsandfilesusedtodefine

theknowledgerepresentationtypesusedintheCODERsystem.Subdirectoriesfortype

andobjectmanagers,discussedinmoredetailinsection4.2.2,resideinthisdirectory.

Thetypedefinitionfiles,withtheexceptionofthosedefininguserframes,canbefound

inthetypesubdirectory.

pmsd Theproblemmode/state/descriptiondirectorycontainstheprogramsandfactbases

neededbytheproblemdescriptionmodule.

search Thep-norm,vectorandbooleansearchroutinesaswellasthequeryforrnulation

moduleresideinthisdirectory.

user Theuserdirectorycontainstwosubdirectories: onetosupporttheusermodeling
—

functionandanothercontainingthefilesandcodeneededbytheuserinterfacemanager.
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Thebufferfileforsavingbrowsedtermstobeusedduringqueryforrnulationandthe

promptfile,bothusedbytheuserinterface,resideintheuserinterfacesubdirectory.

UTIL Thisdirectorycontainsover100commonlyusedPrologutilities.

Execution:Programs,filesandshellscriptsneededtoruntheretrievalsubsystemareinthe

~coder/rundirectory.

bin ThisdirectorycontainstheUNIXshellscriptcodeneededtoexecutetheCODER

system. Filesusedtodeterminewhichmodules aretobeincludedandthehostson

whichtheyresidearefoundhere.

log Whentheretrievalsubsystemisstarted,outputfromeachmoduleisdirectedtothelog

directory;therefore,thisdirectorycontainsonefileperCODERmodule. Filesareas-

signedthesamenamesasthemoduleswhoseoutputtheycontain; forexample,the

umodelfileinthelogdirectorycontainsallloggedoutputfromtheusermodeling

module. FilesinthisdirectoryshouldbereviewedperiodicallybytheCODERsystem

administratorsincesystemrun-timewarningmessagesand/orerrordiagnosticswillap-

pearhere. Thesefilesareaninvaluableaidduringtestinganddebuggingofintegrated

systemmodules.

servers ObjectcodeforCprogramsandMU-Prologmodulestobeconsultedduringstart_up

currentlyresideinthisdirectory. StandardizedlocationofallPrologandCmodules

greatlysimplifiessystemstart·up. Asubdirectorywithinservers,saved,containsthe

Prologsavestatesforanymoduleswhichhavebeensaved. Thus,themodulesinthe

serverdirectorymaycontainanyoneofthefollowing:

l. DynamicsegrnentsofPrologcodetobereconsulted.Morestableportionsofcode

maybesavedinasavestatetospeedloadingofthemoduleduringsystemstart—up.
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Forexample,testedsegmentsofcodemaybeloadedfromasavestatewhilenewly

developedcodemaybereconsultedduringeachsystemstart-upsothataschanges

areapplied,thefullmoduledoesnothavetobereconsulted.Thisoptionsimplilies

testingduringdevelopmentstageswhencodeisfrequentlymodified. Notethat

whenthemapfile(seesection3.2.2)indicatesthataPrologsavestateistobeused,

thesavestateisloadedandanycodeinthemodule’sentryintheserverssubdi-

rectoryisreconsulted.
P

· 2. AllPrologcode,butnofactbasesasfactsmaybesavedinthesavestate. For

example,thefilescontainingthePrologfactsrepresentingthecontentsofthe

_ HandbookofArtificialIntelligencearesavedinasavestatewhilethecodeforthe

expertwhichaccessesthefactsisreconsultedduringsystemstart-up.

3. AllPrologcodeandallfactbases,sinceasavedversionofeachmoduleisnot

mandatory. Whenmodulesandtheircorrespondingfactbasesarerelativelysmall,

useofasavestateisnotnecessary.

Fullprogramcodefor(iODERmodulesalwaysresidesintheappropriatedirectoryat

thepreviouslydescribedprogramanddatalevel. ImplementationofNU·Prolog’s

compilationfacilitieswillmakethesaveddirectoryunnecessary;instead,objectversions

ofallmoduleswillresideintheserversdirectory.

Fila:ThedatafilesusedbytheCODERretrievalsubsystemcontainPrologfactbases,textualdata,

menus,tutorialsandotherinformationtobedisplayedbytheuserinterfacemanager. Prologfact

baseswillbedetailedinlatersections.However,designanduseofthefilesusedbymodulestosend

datatotheusermeritadditionalexplanation.Menu,tutorial,promptanddisplayfileswillbedis-

cussedbrieflyinthissection.
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Manyofthefilesareneededbytheuserinterfacemanagerwhichhaspurposelybeendesignedas

anunintelligentresourcemanager;itscallablefunctionshavenoawarenessoftheCODERsystem

anditsmodules. Rather,theuserinterfaceacceptscommandsfromthereportmoduletodisplay

_ prompts,menus,messagesorotherfiles.Itperformsthefunctionrequested,mayoptionallysend

auserresponsetotheinputanalystandthenwaitstoreceivethenextcommandissuedtoit.This

design,depictedinFigure4hasmandatedstandardizationofmenusandpromptstobeissuedby

theuserinterfacemanager.

Menus:TheinitialversionofCODERreliesheavilyonmenu-drivenprocessing,largelyasaresult

ofitsunsophisticateduserinterface.When modules requirethattheuserselectoneofagiven

A numberofoptions,themodulemayrequestthatamenubedisplayed. Therequestisinitiatedby

postingthedisp_menuhypothesisalongwiththemenunametotheblackboard. Eachmenuis

storedinaseparatefileinthemenusubdirectory.Allmenufilenamesareprefixedby’ui_menu’

andadheretotheformatshowninFigure5.

Foreachmenurequested,thê'options"appearinthedesignatedwindow; theusermaybein-

structedtoscrollforwardtoviewoptionsthatdonotfitinthewindowrequested.Followinguser

selectionofanoption,the"predicate_to_issue"ispassedfromtheuserinterfacemanagertothe

"module_to_receive_response." Currently,alluserresponsesaresenttotheinputanalyst(ia)

module. However,thisparameterisprovidedforexperirnentationwithfutureversionsofCODER

whichcouldallowuserresponsestobypasstheinputanalyst,andinsteadbesentdirectlytoap-

propriatemodules. AsamplemenufileappearsinFigure6. Eightoptionsarelistedunderthe

headingBrowseRelatedSubjects. When theuserselectsoneoftheoptions,theuserinterface

managersendsthepredicatelistedattheendoftheoptionlinetothemodulelisted,inthiscasethe

inputanalyst(ia). Forexample,iftheuserchoosesoption3,theinputanalystreceivesthe

hai_req(find_hierarchy)predicate,convertsittoanintemalsystemformandpostsittotheblack-

board.ThefirstfiveoptionsarepostedasrequeststosearchtheHandbookofArtificialIntelligence

usingthegivensubjectrelations;thelastthreeoptionsresultindisplayofpreviousmenus.
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Figure4. GenericUserInterface
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"Mcnuheader"
Numbcr_of_options[”l.
Option1",module_to_rcccivc_rcsponse,predicate_to_issue]

["2.Option2",modulc_to_reccive_response,prcdicatc_to_issue]
[”3.Option

3”,
module_to_rcccive_response,prcdicate_to_issue]

["4.Option4̂',modu1c_to_rcceivc_rcsponsc,predicatc_to__issuc]
etc.

Figure5. MenuFileFormat

‘
I

I
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"BrowseRelatedSubjects"
8
["l.BroaderTopic",ia,hai_req(get_supertopics).]
["2.Subtopics",ia,hai_req(get_subtopics).]
["3.TOCHierarchy",ia,hai_req(iind_hierarchy).]
["4.ForItalicizedEntry",ia,hai_req(get_itaIics_span).]
["5.ForIndexEntry",ia,hai_req(get_rel_subj).]
["6.RetumtoHAIBrowseMenu",ia,menu(ui_menu_hai).]
['7.ReturntoBrowseMenu",ia,menu(ui_menu_browse).]
["8.RetumtoMainMenu",ia,menu(ui_menu_rnain). ]

Figure6. SampleMenuFile
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Thedisp_menu(X)hypothesispostedontheblackboardcausesthestrategisttoscheduleataskfor
'thereportmodule. Thereportmodule’asks’theuserinterfacetodisplaytheindicatedmenutothe

user. Whenanoptionisselected,the"predicate_to_issue”ischannelledtotheinputanalystwhere

itisconvertedtoanappropriatehypothesistobepostedtoablackboardarea. Followingposting

totheblackboard,thestrategistdispatchestheexpert(s)capableofprocessingthemenuoption

selected.

Prompts: Unlike menus, allpromptsare storedina singlefilecalledprompts.datinthe

~coder/user/uinterfacesubdirectory.Thelocationofcertainpromptnumberrangesontheprompt

fileiscriticalasrangesmaybestoredinfactsusedbytheinputanalysttodetemiinehowtopost

userresponsestotheblackboard. Forexample,promptsnumbered150-200areassumedtobe

responsestousermodelingquestionswhilepromptsbetween100and150arechannelledtothe

problemdescriptionmodule. Specificpromptnumbersarealsousedbytheinputanalystmodule.

Forexample,prompt50identifiesuserentryofaNISOcommand;prompt51identifiesuserentry

ofatermforlexiconbrowsing. Certainly,promptsmaybemodified,addedordeleted; however,

thepersonimplementingsuchchangesmustbeawareoftheimpactonothermodulesinthesys-

tem.

Promptnumbersarealsousedbymodulestoassociateuserresponsestoquestions. Forexample,

whentheusermodelingexpertisscheduledtoprocessthemessagefromtheinputanalystindicating

thattheuser’sresponsetoprompt153"Haveyoueverusedacomputer?"was
’y’,
itslocalfactbase

tellsitthatthisresponsewillfrlltheframeslotcalledusedcompint11euserknowledgeframe.

Thecurrentuserinterfacerequiresthatpromptsbeorderedbypromptnumber. Linesbeginning

withanasterisk,
’*’,
representcomments,whilelinesbeginningwiththe

’@’
signindicatethestart

ofthepromptstringtobedisplayed. Followingthepromptstring,thenumberofvalidoptions

andthoseoptions,ifany,appear. Figure7containsaportionofthepromptfile.

Methods
n

36



*prompt153isforuserknowledgeframe
°

@ HaveyOueverusedacomputer?(y/R)
4
Y
R
yes
RO

*prompt154isforuserknowledgeframe
@ HaveyoutakenanyComputerSciencecourses?(y/n)
4
Y
R
yes
RO

"'prompt155isforuserknowledgeframe
@ HaveyoutakenanylnformationStorage&Retrievalcourses?(y/n)
4
Y
R . ·
yes
RO

*prompt156isforuserknowledgeframe
@ AreyoufamiliarwithBooleanlogic?(y/n) ·4
Y
R
yes
RO

Figure7. SamplePortionofthePromptFile

Methods 37



Itisrecommendedthatfutureversionsoftheuserinterfacesimplifypromptprocessingbyadding

parameterssimilartothosefoundinmenufiles.Thatis,thenameofthemoduletoreceivethe

promptresponseandthepredicatetobepostedshouldbeattachedtoeachprompt.

DisplayandTutorialFiles:Filestobedisplayedtotheuserresideinthe~coder/IO/displaysubdi-

rectory.Thesefiles,forexampletheCODERwelcomeandexitfiles,areunstructuredandmay

containanytypeofdata. Similarly,theCODERhelpfilesin~coder/IO/tutordonotfollowa

homogeneousformat.Displayoftutorial/helpfilesmay beactivatedwhentheuserchoosesthe

Tutorialsoptionfromthemainmenu,orwhentheuserentersthehelpcommandatanypoint

duringtheretrievalsession.

Databases:Severalexistingdatabasesalsoaidedthedevelopmentoftheretrievalsubsystem.

1. TheCollinsDictionaryoftheEnglishLanguagecontainingroughly85,000headwordentries

hasbeenprovidedinmachinereadableform.Lexicalentrieswereanalyzedandconvertedinto

Prologfacts;twenty·onePrologrelationshavebeenextracted]WOHL86]. Thelexiconis

availabletotheuserforbrowsingandisalsousedforquerytermexpansion. When natural

languagequeryprocessingisadded,thelexiconwillbeusedformorphological,syntacticaland

semanticanalysis.

2. ThestaffoftheSUMEXprojectattheStanfordUniversityMedicalCenterhasprovidedthe

machinereadableversionoftheHandbookofArtificialIntelligence.Thethreevolumesoftext

wereanalyzedandPrologfactscontainingkeyterms,phrasesandnameswithreferencestotext

passageswerecreated[WENB86]. TheHAIispresentlyusedonlyforbrowsing. However,

domainknowledgeprovidedbytheHAImayeventuallybeusedtoexpanduserqueries.

3. AIListDigestissueshavebeencollectedandstoredatVirigniaTech. Anarchiveofissues,

fromthedigest’sinceptioninApril1983untilpresent,containsapproximately8000messages.
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Therawtext,aninvertedindexoftermsandadatabaseofframesandrelationsgeneratedby

theCODERanalysissubsystemformCODER’sdocumentdatabase.

4. TheUserModel databasewillconsistofasetofframesandrelationsforeachuserofthe

CODERsystem.Theframescontaininformationabouttheuseracquiredbothexplicitlyand

implicitly.Theusermodelingmoduleusestheknowledgeadministrationcomplextobuildand

maintainuserframesandrelations.Thisdatabasewillbeconstructedandexpandedasthe

CODERretrievalsystemisused. Theinformationcontainedwithinwillenableevaluationof

systemeifectivenessandefficiencyandwillallowthesystemtotailoritsprocessingtoindivid-

ualusers.

3.2 CommunicationsandConfiguration

Programmingofmost ofCODER’scommunicationspredicatesandroutineswascompletedin

June1987aspartofaMaster’sprojectentitled"CommunicationintheCODERSystem"[APTE

87a]. AlthoughanabbreviatedoverviewofthecommunicationslayersupportingCODERwillbe

provided,thissectionwillnotrediscusssockets,TCP/IP,deadlockhandlingortheCfunctionsused

toprovideprolog-to·prologmessagepassingwithintheCODERsystem. Rather,itwilldescribe

enhancementswhichweremade aspartofthisresearch: revisionstothecommunicationspro-

grams,newlydevelopedcommunicationsformessage passingbetweenCandPrologprograms, ·

start·upandterminationoftheretrievalsubsystemandinstructionsformodifyingtheCODER

conliguration.
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3.2.1 CommunicationsOverview

Givenlimitedmachineswithlimitedcomputationalandstoragecapacities,thenumberofmodules,

theneedforrealtimeoperationandtheamountofknowledgerequiredbytheCODERsystem

presentimplementationdifficulties. Therefore,thecommunicationslayersupportingtheCODER

systemwasdesignedtoallowmodulestoresideondifferenthostcomputers. Thus,wherelarge

extemalknowledgebasesmust beaccessed,modules mayresideonmachines havingadequate

storagecapacity; infercntialmodules may executeonmachines withsufficientcomputational

power; andtheuserinterfacecouldresideonaseparateworkstationwithbit-mapdisplaycapa-

bilities.

ModuleswrittenineitherPrologorCcancommunicatewithanyotherCODERmoduleonthe

samehostoronaconnectedhostsupportingTCP/IP.Thelocationofeachmoduleistransparent

toCODERimplementorsaswellastotheuser. Duxingsystemstart-upandexecution,amapfile

isconsultedtodeterminethelocationofmodules. Thetypeofmodule,PrologorC,isalsoindi-

catedonthemapfile.
A

Theclient-servermodelallowsasymetriccommunicationbetweenCODERmodules. Forexample,

allinfercntialmodulesactasservers,waitingformessagesfromtheblackboard/strategistindicating

actionstobetaken.Modulesalsoactasclientsbysendingmessagestoresourcemanagersorto

theblackboard/strategist. Queuingofmessagestoserversallowsconcurrentrequeststomodules

orrequeststomodulesengagedinpreviouslyscheduledtasks.

Inordertopassmessagesbetweeninfercntialmodules,severalpredicateshavebeenbuiltintothe

MU-Prologinterpreters,prolog-sandprolog-b. Thestart_serviceandstop_servicecalls,required

. forinitiationandterminationofsockets,areusedduringthestart-upandterrninationofthesystem.

Thereplyandreceivefunctions,transparenttomoduleimplementors,areusedinconjunctionwith

theask predicate,theprimaryvehicleforcommunicationamongPrologmodules. When the
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CODERsystemisconfigured,allserversenteraloopinwhichtheyrepeatedlyreceiveclauses,
”

provethoseclausesandrepiybacktothemodulewhichissuedtheask.

TheaskpredicateiscodedintothePrologmodulesas: V

l ask(ModuIe,CIause).

whereModuleisthenameofanyotherCODERmoduleforwhichasockethasbeencreatedusing

thestart_servicecall,andClauseisanyPrologclausewithinstantiatedand/oruninstantiatedvari-

ables.Themodulereceivingtheclauseattemptstoprovetheclauseandtoinstantiateanyunbound

variables.Ifallargumentsareinstantiated,theclauseisreturnedimmediatelytothemodulewhich

issuedtheask. \Vhenuninstantiatedargumentsexist,theclauseisreturnedafteritisprovenand

uninstantiatedargumentshavebeenbound. Thecommunicationspredicatesbuiltintothe

MU-Prologversions[APTE87a]supportmessage passingbetweenPrologmodules. However,

minorenhancementstothosepredicatesaswellascreationofroutinestosupportcommunication

betweenPrologandCmoduleswererequiredbeforetheretrievalsubsystemcouldbeimplemented.

3.2.2 Enhancements

Aspartofthisresearch,modificationshavebeenappliedtotheCODERmapfileusedtoindex

modulesaccordingtothehostsonwhichtheyreside. OriginallyonlyPrologmoduleswerein-

cluded,allmoduleswereassumedtorununderstandardMU-PrologandnoPrologsavestateswere

used. Thus,theoldmapfilecontainedtwofieldsperinferentialmodule: thenameofthemodule V

andthehostonwhichitresides.Athirdfieldhasbeenaddedtoallowinclusionofmoduleswritten

inCandtoindicatetheversionofPrologunderwhichtheinferentialmodulesshouldoperate.

Thenewlyaddedfieldisusedonlyduringsystemstart·uptoidentifythetypeofenvironmentto

beusedforCODERmodules. Forexample,Prologmodules may useeithertheprolog-sor

prolog-bversionofMU-Prolog. ThecodealsoindicateswhetheraPrologsavedstatewillbeused.
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Allmodulesotherthantheuserinterfacemanagerareexecutedinbackgroundmode. Theadded

codesandasamplemapfileappearinFigure8.AllconsultedmodulesandCmoduleobjectcode

resideinthe~coder/run/serversdirectory. Where savedstatesareemployed,modulesmusthave

beenpreviouslysavedusingthesameversionoftheinterpreterindicatedinthemapfile. ·

Otherproblemsconcerningthecommunicationslayerresultedinminormodifications. These

changesarerecordedhereforthebenefitofpersonsworkingonfutureversionsofCODER.

•
ThedirectorystructuredefinedforthefirstCODERprototype[APTE87a]executedinJanu-

ary,1987hasbeenstreamlined.Thenewstructureisdescribedinsection3.1.3.

• Systemmodifications/upgradestotheULTRIXoperatingsystemcausedincorrectaddressing

ofsockets. Suchproblems,onceidentified,wereeasilyrectified.Shouldsocketsmalfunction

inthefuture,operatingsystemmodificationsshouldbeconsideredasapossiblesourceoferror.

•
Socketnamesmustbecarefullyassignedtoservermodules. Althoughnearlyanynamemay

beassignedtoaUNIXsocket,considerationmustbegiventoProlog’shandlingofparticular

names. Socketsoriginallycalledtime,nameanduserhadtoberenamed.TheMU·Prolog

referencemanual[NAIS85]containsalistofPrologreservedwords.

•
TheserverloopingroutinesbuiltintotheCODERPrologversionsweremodified sothat

backtrackingstackswerenotsavedwhenmodulesloopcontinuouslyawaitingclausestobe

proven.

• Theserverloopingroutineswerefurthermodifiedtopreventterminationofmoduleswhich

wereaskedtoprocessclausestheycouldnotprove.

Inadditiontotheenhancementsmadetotheexistingcommunicationsfunctions,facilitieswere

createdtoallowmessagepassingbetweenCandPrologmodules.
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Code Language/ Comment
Interpreter

c C resourcemanagerwritteninC
s prolog-s consultmoduleusingprolog-s
p prolog-s usesavedstateplusconsultusingprolog-s
b prolog·b consultmoduleusingprolog-b
q prolog-b usesavedstateplusconsultusingprolog·b
f C executeCprograminforeground

SampleMapFile:

bboard hostl s
strategist host1 s
browse host2 q
lexical host2 q
ia hostl p .
report hostl p
know__adm hostl b
probmsd hostl p
search hostl b
user_interface hostl f
hai_mgr host2 c
qform hostl s

Figure8. ConfigurationMapFileCodesandSampleMapFile
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3.2.3 PrologtoCCommunications

TopassinformationbetweenPrologandCmodulesrequiresadditionalCfunctions.Implemen-

tationofaCmoduleasaCODERclient/serverrequiresextensionstoastandardCprogram.The

toolsprovidedtoincorporateaCmoduleintoCODERaredescribedinthissection.

Foursegmentsofcodeanda
’.h’
includefilemustbecopiedfromthe~coder/c.communicdirectory

totheworkingdirectorytoimplementaCprogramasaclient/server,thosesegmentsofcodemust

beintegratedwiththeCprogrambeingimplementedandsomemustbecompiledwithparameters

determinedbythenewCprogram.Thecoderequiredincludes:

comm__funcs.c TCP!IPcommunicationsfunctionssuchasservent,protocol,receiveandrepbz;
thesefunctionsareusedtostarttheCmodulesocketandtosendandreceivedata
betweentheCmoduleandPrologmodules;

srv__main.c the
’C’
programdrivertobeadaptedbycompilingitwithaparameteridentifying

thesocketnameassignedtothemodule;

srv_proc.c interpretsargument stringsand makes functioncalls, retumingpreviously' uninstantiatedvariableswithvalues;

Cprogram the
’C’
programcodewhichincludesallfunctionsneeded;

srv_def.h delinitionstobeincludedinsrv_main.c,srv_proc.candthe
’C’
program.

TointegratetheextensionswiththeCprogram,codemodilicationsand/orcompilationsmustoc-

curforeachofthefoursegmentsofcode. Figure9containsinstructionsforaddingthecommu-

nicationsextensionstoaCmodule. Thereareafewadditionalconsiderations.

•
Atpresent,amaximumof10argumentsisallowedforafunction.

•
ItisbestifonlyIargumentisuninstantiated.

AsamplesessiontestingtheresultofaddingthecommunicationsextensionstoaCmoduleappears

inAppendixC.
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comm_funcs.o compile(cc-0c0mm_funcs.c)ORcopycomm_funcs.ointoyourworking
directory.

srv_main.c compileasfollows:
cc-c·DSNAME=\"server_narne\”srv_main.c
where
DSNAMEissettothenameofthesocket.
e.g., cc-c-DSNAME=\"hai_mgr\"srv_main.c

srv_proc.c compileasfollows:
cc·c~DNBRFCNS=integersrv_proc.c
where
DNBRFCNSindicatesthenumberofcallablefunctionsir1theCprogram.
e.g., cc-c·DNBRFCNS=4srv_proc.c

Cprogram

1. shouldnothavea”main()"r0utir1e(mainisinsrv_main.c)

2. shouldincludesrv_def.h

3. shouldhaveaddedtoprogramcode,from~c0der/c.communic:

a. srv_table:mustmakeentryforcallablefunctionsinPROC(...)lines;
thePROCtableidentiliesanyfunctionsintheCprogramwhich
maybecalledbyotherCODERsockets.

b. sxv_hell0:mustentersocketnameinlineofcodecontaining
sexvername

=ThehellofunctionisusedbytheCODERconfiguration
managertoinsurethatallmodulesintheconfiguration
mapfilehavebeenproperlystarted.

4. shouldhavecallablefunctionswith:

a. functiontype:staticint

b. functionargumentsdefinedastypePPTRC(definedinsrv_def.h)

c. returnofanintegervalueindicatingthenumberofarguments

5. shouldbecompiledusing: cc-ccprogramnarne.c

Whenall4portionsofCcodehavebeencompiled,theycanbelinked...
cc-0socketnamecpwgramname.0srv_main.osrv_pr0c.0comm_funcs.o(...otherobjects)

Figure9. AddingCommunicationsExtensionstoCPrograms
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WithdevelopmentofthecommunicationslayerforCandPrologmessagepassing,nearlyalltools

areavailableforintegrationofCODERmodules. Thefmalmechanismsrequiredaretheretrieval
_

systemstart·upandterminationprocesses.

3.2.4 Configuration,Start-upandTermination

BeforeexecutingparticularconfigurationsoftheCODERsystem,themapfilemustbeedited. As

discussedearlier,themap filedeterminesthehostlocationandprogramenviromnentforeach

module. Additionofnewmodulesorhostrelocationofmodulesmaybeeffectedbysimpleedits

tothemapfile.WhenCODERmodulesresideondifferenthostcomputers,themapfilemustexist

oneachhostsothattheTCP/IPcommunicationsprogramsknowwheretolocatesockets. Pres-

ently,themapfilemustbemanuallyentered/editedoneachhost.

InthefirstCODERprototype,theretrievalsystemwasstartedusingtwocomputerterminals:one

tostartmodulesasbackgroundprocessesandanothertosendcommandstothemodulesfrom

Prologviatheaskpredicate.Toverifythatallsystemmoduleswerereadyandhadbeenconsulted,

aclientconnectioncheckwasenteredforeachmodulefromthesecondterminaluntilmodulesre-

spondedasready.Systemterminationwaslaterperforrnedmanuallyfromthesecondterminalas

well. AUNIXconfigurationshellscripthassincebeencodedtoautomaticallystartthesystem,

executetheretrievalsessionandterminatetheCODERprocesses,allfromoneterminal.Ifmod-

ulesresideondifferenthosts,thehostonwhichtheuserinterfacemanagerresidesistheonefrom

whichtheconfigurationshellscriptmustbeexecuted.

ToinitiateaCODERretrievalsession,theconfigshellin~coder/run/binmustbeexecuted.Based

onthemapfile,aPrologprocessiscreatedforeachserverexecutedinbackgroundmodeandout-

putfromthatprocessisdirectedtothelogdirectory. Cmodules otherthantheuserinterface

managerarealsostartedinbackgroundmode. Next,aPrologprogramusesthemapfiletodeter-
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minewhenallmoduleshavebeenconsulted.Thisstepisnecessarybecauseuserentriesviatheuser

interfacemanagercannotbeproperlyprocesseduntilPrologmodulesarereadytoacceptmessages

fromothermodules. WhenallPrologmodulesareready,theuserinterfacebeginsexecutioninthe

foregroundbydisplayingtheCODERwelcome. Atthesametimethatthewelcomeisdisplayed, ‘

thesystemestablishesthesystemstateaswelcomeandawaitsthestatetransitionwelcome_done.

Theretrievalsessionisnowunderway.

When theuserhasfinishedtheretrievalsession,afinaldisplayfilewillappear,thankingtheuser.

Afterdisplayoftheexitfile,theuserinterfacemanagerwillusethemapfiletosendthestop_service

messagetoallothermodules. Theuserinterfacethenexits,terminatingitsownexecution.Finally,

alltemporaryfilescreatedduringtheretrievalsessionaredeleted. TheCODERretrievalsession

isended.

3.3 ModuleDevelopmentandIntegration

Thetoolsdiscussedthusfarhaveincludedtheoperatingsystem,programminglanguages,filesand

communicationsfunctions.Beforedevelopmentandintegrationofothermodulescouldproceed,

theknowledgeadminstration(KA)complexhadtobecoded.TheKAprogramssupportthecre-

ationofelementarydatatypes,framesandrelations[WEAV86c]andaredescribedinChapter4,

section4.2.2. TheseprogramswererequiredearlyintheCODERdevelopmentsothatmodules

couldbuildandmaintainknowledgebasesofframesandrelations.Followingimplementationof

theknowledgeadministrationcomplex,othermodulesweredeveloped,testedandintegratedwith

therestoftheCODERsystem. p
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3.3.1 DevelopmentandTesting

BothPrologandCmoduleswerefirstdevelopeda.ndtestedasstand-aloneprograms. Prolog

modules,theaskwassimulatedbyusingstandardMU-Prologwhichdoesnotincludethebuilt·in

askpredicate. Theaskpredicatecannotbesimulatedusingprolog-sorprolog-bbecauseasa

built·inpredicateitisprotectedbytheinterpreterandcannotberedefined. Byincludingthe

moduleaskedwithotherconsultedfiles,theaskcouldbesimulatedasfollows:

ask(1VIoduIe,Clause).·-
Clause.

Forexample,whendevelopingthereportmodule, callstotheuserinterfacemanager couldbe

simulatedbyincludingtheabovepredicateandafewlinesofadditionalcodetosirnulatethewin-

dowpredicateissuedbythereportmoduletotheuserinterfacemanager. Figure 10containsan

exampleofcodethatcouldbeusedtosirnulatetheintegrationoftheuserinterfacemanagerwith

thereportmodule. Clausesto.beprovenbytheblackboard,forexample

ask(bboard,post_hypothesis([Fact,Conj§Hyp,Expert,Depend],Area)),

werealsosimulated. CprogramsincludedamainroutinefortestingofCfunctions.SomeC

programs,forexampletheuserinterface,wereprototypedinPrologbeforebeingcodedinC.

3.3.2 Integration

Prolog:Tointegrateastand-alonePrologmoduleintotheretrievalsubsystem,Prologgoalsmust

beaddedtothemodulesothatcallsfromtheblackboard/strategistmaybereceivedandprocessed.

Furthermore,themodulemustnotifytheblackboardwhenithasfinishedtheprocessingwhich

wasscheduled.AgenericsetofPrologfunctionsdesignedformodulestoreceiveschedulingcalls

fromthestrateigsthasbeendeveloped.ThosefunctionsappearinFigurellandFigure 12.They

mustbeaddedtothenewmoduleandtailoredtoincludeentryoftheexpert’snameasindicated

incallstotheblackboard. Callablegoalsmustalsobeaddedtotheproccss_goaIfunctionlisted.
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ask(Module,C1ause):·
Clause.

window(Window,Header,File_or_prompt,Option,C1ear_f1ag):·
w1ite(’Windowis'),
writcln(Window),
write1n(Header),
disp_option(Option,File_or_prompt).

disp_option(0,_):-
write1n(’Windowbeingcleared’).

disp_option(1,Filename):·
write(’Disp1ayof

’),

write(Fi1enamc),
write1n(’requested:’),
more(Fi1ename).

disp_option(2,Menu):-
write('Displayof

’),

write(Menu),
writeln(’requested:’),
more(Mcnu).

disp_option(3,Error):·
write('*E,RROR*),
writeln(Error). .

disp_option(4,Editii1e):-
I

_
write('Editof

’)

write(Editfile),
write1n('requestedz'),
more(Editf11e).

disp_option(5,Prompt):·
write(’Prompt

’)

write(Prompt),
write1n(’requested:').

disp_option(6,_):·
write1n(’Donothinginthiswindow').

disp_option(7,Msg):·
writeln(Msg).

disp_option(0ption,Data):-
write('*Inva.lid*option

’),

write1n(Option),
write(’forData

’),

writeh1(Data).

Figure10. SimulatedIntegrationofUserInterfacewithReportModule
1
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When thestrategistdispatchesamoduletoperforrnatask,thattaskwillbeeitherattend_to_area

i

orattempt_hyp. Thefunctionslistedallowmodulestorecognizeeitherofthosetasks,viewthe

indicatedareaoftheblackboard,callappropriatelocalprocedureswhengoalsexistforhypotheses,

informtheblackboardwhenspecifichypotheseshavebeenprocessedandnotifythestrategistwhen

allprocessinghasbeencompleted.

InadditiontotheintegrationcoderequiredinthePrologmodule,twoofthecomponentsofthe

strategistmustbemodified. Notethatthestrategistconsistsofatotaloffourcomponents: the

domaintaskschedulerfordeterminingwhichmodules aretobescheduledbasedonblackboard

hypothesispostings; thetaskdispatcherforsendingcommandstothescheduledmoduleswhen

theyareavailable;thelogictaskschedulerformaintainingconsistencyofblackboardpostings;and

thequestion/answerhandlerforprocessingquestionsandanswerspostedtotheblackboard. The

firsttwoofthesearemodifiedasfollows:

l. TointegrateanewCODERmodule, theschedulingrulebaseusedbythedomaintask
schedulermustbemodified. Anynewrulesrequiredforschedulingofthenewexpertmust
beincorporated.

2. Thetaskdispatcher’slistofavailableexpertsmustbeupdatedtoincludethenewexpert.

Finally,theconfigurationofCODER,discussedinsection3.2,mustbeupdatedtoincludethenew

expert.

l. Thesystemadministratorofthehostonwhichthemodulewillresidemust benotifiedto
createanewsockethavingthesamenameasthemodule.

2. Thenewmodulemustbeaddedtotheconfigurationmap fileonthehostfromwhichthe
CODERsystemwillbestarted.

CPrograms:Non-inferentialprogramsareintegratedbyincorporatingtheCcommunicationsex-

tensionsasdefinedinsection3.2.3.Cprogramsmayberequiredtoactasserversaswellasclients.

Forexample,theuserinterfacemanager,writteninC,isnormallyaserver;howeveritmayrequest

thattheinputanalystmoduleprocessuserresponsestopromptsandmenus. Theaskpredicate

maybeusedbyPrologmodulesonly; whenCprogramsneedtosendmessagestootherCODER
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% ATTEND_TO_AREA
% Entrypointforawakeningofanexpert. Initiatesthe
% retrievalofhypothesesfromtheblackboardandprocessing
% ofanyapplicablehypothesisrelations.
Vo

% Notestoimplementor:
% l.Replacealloccurrencesof’expert_name’withyourmodulename
% 2. Modifytheprocess_goalclausetoincludeany
% callablefunctions.
% Calls:

. % View_area ·toretrievehypothesesfromblackboard,via’ask’
% Process_hyp-toselecthypothesesforwhichthemodulehasgoals
% (seeFigure 12)
% Finished ·notiliesthestrategistthatsearchtaskiscomplete

attend_to_area(+Area)

attend_to_a.rea(Area):- %checkbrandnewhyps
ask(bboard,view_area(Area,new,expert_name,Hyp_set)),
process_hyp(Hyp_set,Found), %alwaysperformedfirst
f1nished(Found).

%checkareaofbboardalready
attend_to_area(Area):· % seenbyotherexperts
ask(bboard,view_area(Area,seen,expert_name,Hyp_set)),
process_hyp(Hyp_set,Found), %ifnobrandnewhypsexist
f1nished(Found).

f1nished(yes):· %Validgoalsfoundinarea.
ask(strategist,done(expert_name)).

f1nished(no):· % Novalidgoalsfoundinarea.
uli

writeln(’Notaskfoundtobeprocessedby*expert_name*expert'),
ask(strategist,done(expert_name)).

% ATTEMPT_HYP(Relation)
% Expertbeginsaprocessingcyclelimitedtoattemptingtoproduce
% hypotheseswiththeheadrelation.

attempt_hyp(Relation):·
Relation.

Figurell.PrologModuleIntegrationwithBlackboard

Methods 5l



4
u
I

4

PROCESS_HYP
% Processesthehypothesissetretrievedfromtheblackboard.
% Thehypothesissetmustberecursivelyreviewedasitmaycontair1
% multiplehypotheseswhichhavebeenpostedtotheArea.
% Onlythosehypotheseswithagoal(relation)containedintheexpert
% willbeprocessed. .
% ThehypothesissetretrievedwillcontainaLISTofhypotheses:
% [][Fact,Coniidence,Expert,Hyp_id,Dependencies],Time,Area],etc.]
Vo

% CalledBy: attend_to_area(seeFigure 11)
% Calls:
% process_goal·toprocessanapplicablegoal,iffound
% itself -torecursivelyselectadditionalapplicablegoals

process_hyp(+Hypothesis_set,-Found)

process_hyp([],Found):-
var(Found),
process_hyp([],no).

process_hyp([],Found). %boundarycase·nomorehypotheses

process_hyp([[[Fact,Cnf,Exp,Hypid,Dep],Time,Area]|Resthyp],Found):- -
process_goal([[Fact,Cnf,Exp,Hypid,Dep],Time,Area]), % hasagoal
time(Time_proc),°
ask(bboard,hyp_processed(Hypid,expert_name,Time_proc)),
process_hyp(Resthyp,yes).

process_hyp([Firsthyp|Resthyp],Found):· %hypothesiswithoutagoal
process_hyp(Resthyp,Found).

gg+••++••«•¢+•+«•+•••••••+

% PROCESS_GOAL
% Selectsandprocessesanyapplicablebboardhypotheses.
%
% ForExample:
% process_goal([[id_user(Timereq),Confv,Exp_id,Hyp_id,Dep],Time,Area]):·
% id_user.
% process_goal([[um_req(Req,Timereq),Confv,Exp_id,Hyp_id,Dep],Time,Area]):-

um_req(Req). _
0

% NotetoImplementor:
% Theprocessgoalproceduremustbeaddedtoyourmodule. Refertothe
% examplesabove.

FigureI2.PrologModuleI-IypothesisProcessing
4
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modulestheyusetheprotocolfunction,oneofthelow-levelcommunicationsfunctionsusedinthe

askfunctiondefinition.

protocoI(1VIodulc,Clause)

Theprotocolfunctionisdefinedinthecomm__funcs.ccode(seeFigure9)whichmustbeincluded

foraCprogramtobeaCODERserver. Followingincorporationofthecommunicationsexten-

sionsintheCprogram,theconfigurationmustbeupdatedasdescribedinsection3.3.2forinte-

grationofaPrologmodule. Asocketmustbeaddedtothehost’sservicesandtheCmodulename

andlocationmustbeincludedintheconfigurationmapfile.

ToremoveaCODERexpert,thestepsfollowedtoaddtheexperttothestrategistcomponentsand

totheconfigurationsimplyneedtobereversed.However,considerationmustbe.giventotheim-

pactthatremovalofaparticularmodulemayhaveonothersystemmodules. Forexample,ifthe

usermodelingexpertwereremoved,allmoduleswhichtailorprocessingtothetypeofuserwould

havetobereviewed.
l

Insummary,thetoolsandmethodsdescribedinthischaptersupportedalldevelopmentofthe

CODERretrievalsubsystem.Thatis,theUNIXoperatingsystem,thePrologandCprogramming

languages,variousfilestructures,existingdatabases,anunderlyingcommunicationslayerandcode

forintegrationofnewmodulesprovidedallofthetoolsneededtoimplementthisversionofthe

CODERretrievalsystem.
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4.0 Implementation

TheimplementationoftheCODERretrievalsubsystemhasprogressedir1stagesdeterminedbythe

interdependenciesofrequiredmodulesandtheavailabilityofvarioussegmentsofthecommuni-

cationslayer.Theearliestmodule,ap-normsearchexpertwritteninProlog[WEAV86a],was

implementedasastand-alonemodule,wasnotintegratedwithablackboard/strategist,andsearched

a small testcollection generated by theSMART system. Later, portions of the

blackboard/strategistcomplexwerewritten; simulatedcallstotheblackboard/strategistwerethen

addedtothesearchexpert. Next,theknowledgeadministrationcomplexwascodedsothatthe

analysissubsystemimplementationaswellasdevelopmentofmodulesrequiringknowledgestruc-
”

turessuchasframesandrelationscouldproceed.Whenthecommunicationslayerwasdeveloped,
I

Prologmodulescouldpassmessagestooneanother. Enhancementstothecommunicationsfunc-

tionsallowedmessagepassingbetweenCandPrologmodules. Asmoduleswerewrittenandtested,

theywereintegratedwithexistingmodules.

ThischapterdescribestheimplementationstagesthatprecededthecurrentversionofCODER.

Thefirstprototypewillbediscussedbriefly. Thefunctionsperformedbyeachmoduleofthere-

trievalsubsystem,aswellastheincorporationofheuristicsfromISRliterature,willbepresented.

Nearlyallmodulesareprototypicalmodulesandrequireenhancementsbeforetheycanbeconsid-

eredfullydeveloped. However,theyprovidethefoundationforfurtherresearchandexperirnenta-

tion.Finally,theconfigurationoftheimplementedsystemwillbeillustrated.
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4.1 PrototypeI

· Theobjectiveoftheearliestretrievalsubsystemprototype,PrototypeI,wastotestthecommuni-

cationsfunctionswrittenformessagepassingbetweenPrologmodules. PrototypeIwasaskeletal

implementationofthesearchexpertandtheblackboard/strategistcomplex. Itdemonstratedthat

modulescouldcommunicatewithoneanotherondifferenthostsbyusingtheTCP/IPcommuni-

cationsprotocol.

AsdepictedinFigure 13,PrototypeIexecutedonthreecomputersrunning4.2BSDUNIX?Six

processeswithrelatedsocketswerestarted,oneeachfortheblackboard,strategist,searchexpert,

query_parser,user_interfaceandreportexpert. AsimpleCprogramcontainingthecommuni-

cationsfunction,protocol,playedtheroleofthe”user_interface"manager andpassedapre-

structuredp-normquerytothequery_parser. Nobindingofvariables
ior
othercommunication

betweenCandPrologmoduleswasincluded.The"query_parser”module,notyetwritten,was

simulatedibyafewlinesofPrologcode. Themodule postedap-normqueryenteredbythe

implementorsinapre·definedsyntaxwithknownconceptnumbersinsteadofterms.Forexample,

promptedbytheuserinterface,theimplementorsmightenterthefollowing.

Entermodule >query__parser
Enterclause>qparse(p_norm,[2,or,1,/565,7],/827,8]/,10).

where .

query_parserwasthenameofthesocketforthequeryparsermodule;I
qparsewasacallablePrologfunctioninthequery_parsermodule;

p_normwasthefunctionpostedtotheblackboardwhichresultedinschedulingofthesearch
expert;

|2,or,1,|565,7|,|827,8||wasthep-normquerywhereconcept565withaweightof7wasored
(usingpvalueofl)withconcept827withaweightof8andwasusedtofmdandrankrelevant
documentshavingthesameconcepts;and

thelastargument,10,indicatedthenumberofdocumentsdesired.

2 Theconfigurationillustratedrepresentsoneofmanythatweretested.
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The”report"module,alsonotwritten,wassimulatedbyasmallPrologprogramwhichpassedre-

trieveddocumentnumberspostedontheblackboardtothedisplayterminal.

TheimplementationofPrototypeI,aslimitedasitwas,indicatedwheremodiiicationstooriginal

designspeciiicationsforproperblackboard/strategistfunctioningwererequired. Itveriliedthat

Prologmodules residingondifferenthostcomputerscouldcommunicatewithoneanothereffi-

cientlywhentheclient/servermodelwasemployed.Itdemonstratedthatsmallexternalknowledge

bases(EKB)couldbeeasilyaccessedbymodules usingtheMU·Prolog3.2dbextensions. The

blackboardarchitecturewasshowntobeanetiectivearchitecture,atleastforlimitedfunctioning

ofanIRsystem. Moreover,PrototypeIfosteredestablishmentofthemethodsusedtointegrate

andtestCODERPrologmodules.

4.2 RetrievalSubsystemModules M

ImplementationoftheretrievalsubsystembeganinSpring,1986whengraduatestudentsinanIn-

formationStorage&RetrievalclassstartedtodeveloppiecesoftheCODERsystemtofullillclass

projectrequirements. Althoughclassprojectsservedmainly asapedagogicaltoolforstudents

learninghowtoprograminProlog,fragmentsoftheCODERsystembegantoappear.Asstudents

becamefamiliarwiththeCODERproject,somecontinuedtheirworkonpartsofthesystemto

fulfillMaster’sorDoctoraldegreerequirements.

Thestand-alonep-normsearchexpert,thebeginningsoftheblackboard[SEN86],2of4compo-

nentsofthestrategist[KOUS86],andpartsofthecommunicationslayerwerewrittentosatisfy

classrequirementsin1986.Theknowledgeadministrationcomplexandasimplisticprototypeuser

modelexpertweredevelopedandtestedbetweenJuneandDecember,1986aspartofthisresearch.

In1987,classprojectworkincludedprototypingofexpertstobrowsetheHAIandthelexicon.
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Additionally,modifications totheMU~Prologinterpreter,parsersfortheanalysissubsystem,a

BooleanversionofthesearchexpertandaBooleanqueryformulationassistanceprogramwere

initiatedasclassprojects.ByJune1987,bitsandpiecesoftheCODERsystem,mostonlypartially

developedandnoneintegrated,wereavailable.AnoptirnisticGanttchartwasdevelopedtotarget

implementationandintegrationofVersion 1.0retrievalsubsystemmodules (seeAppendixD).

Detailsoftheimplementationofeachmodulearerecordedinthefollowingsections.

4.2.1 Blackboard/Strategist

Althoughthetermblackboard/strategistisusedthroughoutthisthesistodenotethevehicleused

forstoringmessagesandforschedulingandcontrolofmodules,theblackboardandthestrategist

areinrealitytwodistinctmoduleswithseparatebutintegratedfunctions.TheCODERblackboard

isanareaforcommunicationbetweenmodules. Allmessagesfromthecommunityofexpertsare

postedtotheblackboard. Thestrategisthandlestheschedulingandcontrolofmodules. When

messages aresenttotheblackboard,theblackboardnotiliesthestrategistwhichinturnschedules

oneormoreexpertstoviewthemessage(s)postedandtotakeappropriateaction.

Communicationbetweenexpertsoccursprimarilybymeansofpostingandviewinghypothesesin

blackboardsubjectareas.Ahypothesisisa5·tuplestructuredknowledgeform

<Fact,Confidence,Expertid,Hypothesisid,Dependencies>

where

. FactisahypothesizedProlog·typefact;

Conüdenceisanintegervalueintherange[0,100]representingtheconlidencetheexperthas
inthefact.Expertsassignconlidencevaluesaccordingtowhateverknowledgeaggregation
schemeisappropriateforthesetofconstraintsandtheknowledgesourcesavailable.

Expertidisthemodulenameoftheexpertpostingthehypothesis.
_ Hypothesisidisauniqueidnumberassignedtothehypothesisbytheblackboardwhenthe

hypothesisisposted.

Implementation 58



N

N
Dependenciesisalistofidsofotherhypotheseswhichtheexperthasusedtomakethishy-
pothesis. Thedependencieslistallowstruthmaintenance functionstobeperforrnedwhen
hypothesesareretractedorconfidencevaluesareradicallyaltered.Thislistmaybenull.

Questionsandanswersmayalsobepostedbymodules. Althoughaquestion/answerhandlerhas

beenwrittenaspartofthisresearch,itisnotusedbyanyoftheVersion1.0modules. Aquestion

maybepostedasa4-tuple. Argumentsarethesameasthoseforthehypothesistuplelessthe

confidencevalue.Likehypotheses,questionsarepostedasfactsfollowingPrologsyntaxrulesand

auniqueidisassignedbytheblackboardtoeach. Postedanswerscontainsixarguments.

<Questionid,Answerid,Answer,Expertid,Confidence,Justification>

where

Questionidmustmatchtheidofapreviouslypostedquestion;

Answeridisassignedbytheblackboard;

AnswerisalistofoneormoreProlog-syntaxfactswhichanswerthequestionposted;

Expertidisthemodulenameoftheexpertpostingtheanswer;

Confidenceisanintegervalueintherange[0,100]representingtheconfidencetheexperthas
intheanswer;and V

JustificationisalistofPrologfactswhichsupporttheexpert’sanswer.Thislistmaybenull.

Becausenewpredicateshavebeenaddedandnearlyallofthepredicatescontainedintheoriginal

blackboard/strategist speciiications have been altered at leastslightly, a modified set of

blackboard/strategistfunctionalspecificationsappearsinAppendixE.

TheStrategist: Anillustrativenumberedsequenceofcallsbyanexperttoandfromthe

blackboard/strategistappearsinFigure14. Threemorespecificillustrationsofblackboardproc-

essinglimitedtonewhypotheses,modifiedhypothesesandretractedhypothesesfollow.Ingeneral,

thestepscorrespondingtothoseshowninFigure 14occurasfollowsz

l. OneofthemodulesintheCODERcommunityofexpertspostsahypothesisoraquestion
totheblackboard.

2. Theblackboardinformsthestrategistofanynewdependenciesforthehypothesisorquestion
posted; forexample,ifthehypothesispostedhasdependenciesonotherhypotheses,those
dependencyrelationshipsareretainedbythestrategist.
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V
l

3. Theblackboardsendsthenewhypothesisornewquestioninformationtothestrategist.Ifthe
hypothesispostedmatches aprevioushypothesisbuthasahigherconfidencevalue,the
blackboardnotifiesthestrategistwiththehyp_replacedpredicate.

4. Thestrategistplacesa_taskfortheappropriatemodule(s)inthemodule’staskqueue. That
taskwilleitherbeattend_to_area,attempt_hyporattend_to_question,dependingonwhatwasE posted.Whenthemoduleisavailableforprocessing,itisdispatchedbythestrategist.

5. Themoduleviewstheappropriatehypothesesorquestionspostedontheblackboard,asin-
dicatedbythetaskassignedtoit.

6. Ashypothesesorquestionsareprocessed,otherhypotheses,questionsoranswersmaybe
postedtoorretractedfromtheblackboard.

7. Theblackboardisinformedofeachhypothesisthatthemodulehasprocessed. Atthesame
time,theblackboardandstrategistmaybeprocessingthepostingsofthepreviousstep.

8. Whenthemodulecompletesitstask,itnotifiesthestrategistthatithasfinisheditsprocessing
andisavailabletoperformanothertask.

Asmentionedinchapter3,thestrategistconsistsoffourcomponents:thedomaintaskscheduler

(DTS)fordeterminingwhichmodules aretobescheduledbasedonblackboardhypothesis

postings;thetaskdispatcher(TD)forsendingcommandstothescheduledmoduleswhentheyare

available;thelogictaskscheduler(LTS)formaintainingconsistencyofblackboardpostings;and

thequestion/answerhandler(QA)forprocessingquestionsandanswerspostedtotheblackboard.

Sincethecomponentsofthestrategistareeachsmall(theycontainfrom30to135linesofProlog

code,1 goalperline)andtheirfunctionsarenon·overlapping,allfourelementshavebeenimple-

mentedasonemodule. EachmoduleexistsasaseparatefileofPrologfunctions.However,allfiles

areconsultedinonePrologprocess. Thisstrategyeliminatedthecommunicationsoverheadcosts

whichwouldhavebeenincurredifthestrategistcomponentspassedmessagestoeachother. Due

tothesimplicityofthefunctions,littlesavingswouldhavebeenrealizedasaresultofconcurrent

processingamongstrategistcomponents.IffutureversionsofCODERincludeexpandedfunctions

withintheelementsofthestrategist,forexampleenhancedschedulingstrategiesinthedomaintask

scheduler,separationofstrategistcomponentsasdistinctmodules shouldbeconsidered. Such

separationwouldrequiremodificationtoasksmadebytheblackboardandothermodulestothe

strategist,aswellascreationofanewsocket(s)andeditingoftheconfigurationmapfile.
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'Thecomponentsofthestrategist,althoughtheyareefficientandfunctionproperly,havebeenim-

plementedasprototypicalelements. EnhancementstotheDTSarerequiredtoincorporatea
l

pendinghypothesisareaoftheblackboardtowhichhypothesesaremovedwhenconfidencevalues

reachabsolutelevels.Theschedulingstrategiespresentlydonotconsidertl1econtextofthephases

oftheoveralltaskinwhichthesystemisengaged. TheTDdoesnotinformtheDTSwhentask

queuesareemptyorwhennotasksinaqueuehaveprioritygreaterthanacertainthreshold.

Methodsrequiredtoimplementmorecomplexcontrolandschedulingstrategiesinthiscontextare

presentlyvaguelyunderstoodandcanbemoreclearlydefinedwhenfunctionsrequiringthemare

pinpointed.

TheBlackboard:ThePrologprogramcontainingtheblackboardmoduleisalsoreferredtoasthe

postingareamanager. InitiallyprototypedinSpring1986[SEN86]accordingtotheblackboard

functionalspecificationsoftheoriginalCODERdesign[FRAN86],theblackboardmodule3per-

formsseveralprimaryfunctions.
• Itreceivesandstoreshypotheses

‘
postedbymodules.

• Itnotifiesthestrategistwhennewhypothesesareposted,retractedormodifiedwithnewcon-
fidencevalues.

• Itmaintainsalocalfactbasecontainingarepositoryofmessagesgroupedbyareasavailable
forviewingbyanymodule. Thus,itrepresentsaninstantaneoussnapshotofwhatthesystem
asawholehypothesizesabouttheproblemsituation. -

' NewHypotheses:Figure15illustratestheflowofprocessingwhennewhypothesesarepostedto

theblackboard.Thefollowingsectionsexplainthestepsshowninthefigure.

3 Theblackboardhasbeenimplementedasthebboardmoduleandsocket.

*3 Fortheremainderoft.hissection,thetermhypothesesalsoreferstopostedquestionsandanswers.
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I

StepI:Tobeginthesequence,oneoftheCODERmodules postsanewhypothesiswiththe

post_hypothesis([Fact,ConfExpert,Hypid,Depe11d],Area)fact. TheAreaargumentconceptually

indicatesastructuredpaneloftheblackboardinwhichallhypothesesrelevanttoahierarchical

sectionoftheproblemsituationwillbegrouped.HypothesesarestoredinalocalPrologfactbase

containingfactsinthefollowingform:

hyp([Fact,Conf,Expert,Hypid,Dependencies/,Time,Area)

whereTimeisatimestamp‘assignedbytheblackboardwhenthehypothesisisposted,andArea

istheareaspecifiedbytheexpertwhenthehypothesiswasposted.

Step2:Afterhypothesesareassertedintothehypothesisfactbase,theblackboardsendsthenew

dependencieslisttothestrategist:

ask(strategist,new_dependencies(Hypid,Hyp_/'unctor,Expertid,Corg/§Dep))

Sinceallargumentsintheaskclauseareinstantiatedatthetimeitisexecuted,theblackboard

continuesitsprocessingwithoutwaitingforareplyfromthestrategist.Thus,theblackboardand

thestrategistmodulesexecuteconcurrerztbw. Thenewdependenciesareloggedinalocalfactbase

bythelogictaskschedulercodeinthestrategistmoduleincasetheyareneededlaterfortruth

maintenance. Afactforeachdependencyiscreated:

depends_on(Hypid,Fact,Conjidence,Expert,Depeads_on_hypid)

Thislocalfactbasecontainsbothparentandchilddependencies;thatis,foreachhypothesis,the

hypothesesthatitdependedonandhypothesesthatdependonitareseparatelyrepresented.

Step3.•Theblackboardnextnotifiesthestrategistthatanewhypothesishasbeenposted.

ask(strategist,11ew_hyp(Hypid,Hyp_furzctor,Dep,Conf))

Again,parallelprocessingoftheblackboardandstrategistmodules occurs. Thedomaintask

schedulerportionofthestrategististriggeredtoscheduleoneormoreexpertscapableofprocessing

5 Apredicate,time(X),hasbeenaddedtotheProloginterpreter.ltretumsthenumberofsecondssince
January1,1987.
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thenewhypothesis. Ifaquestionispostedinsteadofahypothesis,thequestion/answerhandler

insteadoftheDTSisnotifiedtoscheduletheexpert(s)capableofansweringthequestion.Tode-

terminewhich expert shouldbe scheduled,theDTS currentlyuses a localrulebase of

antecedent/consequents. Approximately50rulescontaintheVersion 1.0schedulingheuristics. ·

Consignmentofschedulingstrategiestoarulebaseallowsmodificationofthestrategieswithout

changingtheblackboardimplementation.Rulesareoftheform:

sched(Relation,Condition,Action)

where

Relationisthefunctorofthejäctportionofahypothesis. '

Conditioncontainsapairofnumbersrepresentingabsoluteconfidenceandincrementalconfi-
dence. Beforeanexpertisscheduledtoviewtheblackboard,theconfidencevalueassignedto
thenewhypothesismustbegreaterthanorequaltotheabsoluteconfidence.Theincremental
confidenceisincludedforfutureenhancementstothedomaintaskscheduler,forexample
varyingthecontrolorflexibilitydesiredwhenschedulingmodules.

Actionisalistoflistsoftheform[expertid,taskforexpert,schedulingpriority].Expertidis
thenameofamodule~capableofprocessingthehypothesis.Thetaskscheduledforanexpert
iseitherattempt_hyporattend_to_area. Schedulingpriorityisanintegerfrom1to10andis
usedbythetaskdispatcherwhenorderingtaskswithinexpertqueues.Thehighestscheduling
priorityis1and10isthelowest.

Step4:WhentheDTSdetermineswhichexpert(s)toschedule,itissuesthenew_taskcommandto

thetaskdispatchercomponentofthestrategist. Notethatsinceallstrategistcomponentsresidein

onemodule,theaskpredicateisnotused. TheTDlogsthetaskinanextemalhistoryfile,and

placesitinalocalqueueoftasksforthescheduledexpert.Tasksareorderedbyschedulingpriority

orfirst-in,first·out(FIFO)ifmore than
i
one taskhas thesame priority. A fact,

avaiI(Expert,AvaiIabili¥y),existsforeveryCODERexperttoindicatewhethertheexpertiscur-

rentlyavailable. Allexpertsareavailableatthebeginningofaretxievalsession. Asataskis

scheduled,theAvailabilityparameterissettonoandthetaskisremovedfromtheexpert’stask

queue.Whentheexpertnotifiesthestmtegistthatithasfinishedperformingtherequestedtask,the

moduleagainbecomesavailableandthenexttaskinthequeue,ifany,isdispatched.

Implementation
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Steps 5 and 6: When the strategist dispatches an expert, itissues the command

ask(Expert,ReIation)whereExpertisthenameofthescheduledexpertandRelationiseither

attend_t0_areaorattempt_hyp. Recallthattheattend_to_areaandattempt_hypfunctionsmust

beintegratedintoeveryCODERmoduletoallowcommunicationbetweenthemoduleandthe

blackboard/strategistcomplex(referencechapter3,section3.3.2). Theexpertdispatchedretrieves

hypothesesfromtheblackboardbyissuingtheview_areapredicateandprocessingthehypothesis

setreturned.Notethatthreecategoriesofhypothesesmayberetrieved:brandnewhypothesesthat

noexperthasyetprocessed,hypothesesthatotherexpertsmayhaveprocessedbutthisexperthas

notyetseen,andhypotheseswithmodifiedconfidencevalues.

Steps7and8:Duringprocessingofhypotheses,theexpertmay postotherhypothesesonthe

blackboardusingthepost_hypothesisfunctioninanasktothebboard. Foreachhypothesisthat

theexpertprocesses,itinformstheblackboardthatithasprocessedthehypothesisbyissuing

ask(bboard,hyp_processed(Hypid,Expert,Time)).Theblackboardtagsthehypothesisbycreating

adone_hypfactindicatingthatthehypothesishasbeenprocessedbytheexpert.Thisfactisrefer-

encedwhenexpertsviewareasoftheblackboardsincehypothesesintheareathattheexpertis
‘

viewingmayincludesomethattheexperthasalreadyprocessed; thehyp_processedfactallows

thesefactstobefrlteredfromthesetbeingretrieved.

Step9.·Whentheexperthasfinishedprocessingallapplicablehypotheses,itnotifiesthestrategist

thatithascompleteditstaskwiththecommandask(strategist,done(Expert-name)). While an

expertisperformingscheduledtasks,otherexpertsmay beperformingtasksconcurrently; the

blackboardandstrategistmoduleswillalsocontinuetoexecuteinparallel.
l

RetractedHypotheses:Basedonnewinformationontheblackboardorinknowledgesources,an

expertmaywishtoretractapreviouslypostedhypothesis.Theretract_hypothesiscommandexists
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toallowhypothesisremoval.Onlytheexpertthatoriginallypostedthehypothesismayretractit.

When ahypothesisisretracted,theblackboardinformsthestrategistandthenremovesthehy-

pothesisandanyrelatedfactsfromitslocalfactbases. Figure 16illustratesthesequenceofcalls

madewhenahypothesisisretracted.

Thelogictaskschedulerofthestrategistdeletesalldependencyrelationsforthehypothesis. The

dcpends__0nfactsforhypotheseswhichlisttheretractedhypothesisasadependencyandforhy-

pothesesonwhichtheretractedhypothesiswasdependentareremovedfromthedependencyfact

base. TheLTSrescheduleshypothesesdependentontheretractedhypothesisbyissuingthe

new_taskcommandsothattheTDcomponentcandispatchtheexpertwhopostedthehypothesis

whichwasdependentontheoneretracted.

Priorityforarescheduledtaskisbasedonhypothesisconfidenceandnumberofdependents. The

heuristicsusedtodetermineschedulingpriorityhavebeenarbitrarilydetennined. Asthenumber

ofdependenciesforthehypothesisbeingrescheduledincreases,thepriorityapproaches1. Incon-

junctionwithasmallernumberofdependencies,higherconfidencevaluesforthehypothesisbeing

rescheduledwherethatconfidenceexcludestheretractedhypothesis,shifttheprioritycloserto

10.6 Forexample,ifahypothesisdependentononlytheretractedhypothesishasaconlidencevalue

lessthanorequalto40itisrescheduledwithapriorityof6.Ifahypothesisdependentononlythe

retractedhypothesishasaconiidencevaluegreaterthan70itisrescheduledwithapriorityof10.

Ahypothesiswithconfidencevaluelessthan20anddependenton4ormorehypothesesisre-

scheduledwithpriority2. SixteenrulessuchastheseexistintheLTSforrescheduling.

ModifiedHypotheses:Apreviouslypostedhypothesismaybere·postedwithahigherconiidence

value.Toinsurepropercontrol,onlytheexpertthatoriginallypostedthehypothesismayissuethe

post_hypothesisfortheexistinghypothesisagain.Theconfidencevalueassignedbytheexpertmust

6 Recallthatpriority1isthehighestschedulingprioritywhile10isthelowest.

_
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V

behigherthanthepreviouslyassignedconfidenceorthepostingwillbeignored.Ifforsomereason
° an expert wished tolowertheconfidence value ofa previouslyposted hypothesis, the

retract_hypothesiscommandmustbeissuedfirst.Figure 17illustratesthesequenceofcallsmade

whentheconfidencevalueforanexistinghypothesisismodified.

Whentheblackboardreceivespostingofahypothesiswithahigherconfidencevalueitnotifiesthe

strategisttoretracttheexistinghypothesis. Thelogictaskschedulerofthestrategistproceedsto

deletealldependencyrelationsfortheoldhypothesisandtoperformanyreschedulingindicated.

Theblackboard,meanwhile,continuesitsprocessingbyremovingtheoldhypothesisfromitslocal

factbase,andassertingthenewhypothesiswiththehigherconfidence. Itthencreatesafact,

mod_hyp,toindicatethatthehypothesishasbeenmodified. Finally,itnotifiesthestrategistofany

newdependencesandissuesahyp_repIaccdcommandsothatconfidencevaluesstoredinthelogic

taskscheduler’sdepends_onfactsmay beupdated. Notethatthedone_hypfactcreatedbythe

blackboardstillexistsifanexpertprocessedthehypothesispreviously. Therefore,iftheexpertis

rescheduleditmayormaynotwishtoprocessthehypothesis,nowwithahigherconfidencevalue.

BlackboardAreas:Asmentionedearlier,conceptualpanelsoftheblackboardareindicatedbythe

areaargumentofblackboardhypotheses. Theblackboardareasusedbythisversionofthe

CODERsystemappearinFigure18. TheareasdefmedevolvedastheCODERsystemwasde-

veloped. Toreducethetimeneededtoprocesslargesetsofhypotheses,theproblemdescription

buildermodule periodicallyissuestheclear_hyps(List_of_fu11ctors)predicatetotheblackboard.

Forexample,manyhypothesesrequestingdisplayofpromptsormenus arepostedtotheblack- ‘
board. Such hypotheses are notused afterthepromptisdisplayed; therefore,issuing

clear_hyps([disp_prompt,disp_menu])totheblackboardwillresultinretractionofalldisp_prompt

anddisp_menuhypotheses.
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l

l

AREA DESCRIPTION

user_req Requestsformenusandfiledisplaysfromtheuser
problem Problemdescriptioninformation
state Problemstatedata
umodel Usermodelinginformation
results Retrieveddocuments

‘ ‘

report Retrievedbrowsedata
query Queriesformedforthesearchexpert
qforrn Queryforrnulationdata
structured_data Frameandrelationinputbyuser
cleanup Usedatendofsession

Figurel8.CODERBlackboardAreas
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I

4.2.2 KnowledgeAdministrationComplex

AsanAIretrievalsystem,CODERrequiresanappropriatemethodforrepresentingknowledge.

World knowledgeanddomainknowledgeareprovidedintheSpinefortheCollinsDictionaryof

theEnglishLanguageandtheHAI. However,specificknowledgeaboutentitiesintheproblem

universe,informationretrieval,isalsoneeded. Entitiesincludewords,names,subjectsandother

lexicalitems;documentsandfieldsofdocuments; andusersofthesystem.Mechanismstofacil-

itaterepresentationofentitiesandtheirattributesandtoallowinferenceandreasoningaboutentity

classesandrelationsisprovidedbytheknowledgeadministration(KA)complex,aProlog-based

framerepresentationsystem.

Thechoiceofaframe-basedsystemwritteninPrologasthemethodofknowledgerepresentation

wasmadeearlyinthedesignoftheCODERproject.Thespecificationsforthepredicatesrequired

weresketchedbyRobertFranceinhisM.S.thesis[FRAN86]andwillnotberepeatedhere.These

highlevelpredicateslaidthefoundationfortheimplementationoftheKAcomplex.Thissection

willdiscussthatimplementationandwillexplainthefacilitydevelopedforbuildingandstoring

"know1edge"intheCODERsystem.

Theknowledgeadministrationcomplexrequiresasystemthatcansupportthecreationandma-

nipulationofthreelevelsofknowledgerepresentation.

Elementarydatatypes(EDT)Lowestlevelattributes,suchascharacter,integerandatomprimitive
types. Restrictionsandquantificationsofthethreeprimitivetypesdefmeadditional
EDTs.

Frama Modelsofentities.Framesareclassifiedbyframetypewhereeachframetypeisdefined
byasetofslotsandtheEDTs,framesorrelationsassociatedwitheachslot.

Relations Logicalrelationsoverobjects,whereanobjectisanEDT,frameorotherrelation.

Eachlevelofknowledgerepresentationhasatypemanager;theframeandrelationlevelsalsohave

objectmanagers. Thetypemanagersprovidetheabilitytoidentify,test,andmanipulate EDT,

frameorrelationdefinition:. Theobjectmanagerssupportthecreationandmanipulationofob-

implementation 72



jects,thatis,theinstantiationofdata. Thetypeandobjectmanagerswillbeusedbythesystem

administratorandbytheCODERcommunityofexpertsrespectively.Thesystemadministrator,

forexampleadesignatedCODERimplementor,isanindividualresponsibleforthedefinitionand

maintenanceofEDT,frameandrelationtypes.TheCODERcommunityofexpertswillusethe

knowledgeadministrationpredicatestodefineandrepresentfactualknowledge,andtodetermine

relations,suchassubsumptionormatching,amongbothobjectsandtypes.Acleardistinction

betweenobjectsandtypes,aswithsayframerepresentationsystem[FIKE85,BRAC83,HAHN

86],must existintheKAcomplex. Therefore,separatePrologprogramscontainthetypeand

objectmanagers.

4.2.2.1 TypeIvlanagers

AllthreeKAtypemanagersarecontainedintheprogram,knowadm. Tosimplifyentryoftype

definitions,theprogrammaybedrivenbythemainmenushowninFigure 19. When thegoal

updateisentered,themenuwillbedisplayed. Foreachofthefirstthreeoptions,thesystemad-

ministratorwillbepromptedtosupplythedatarequiredtocreatethePrologfactswhichrepresent

typedefinitions. SincetheprogramiswritteninProlog,capitalizedentriesorentriescontaining

specialcharacterssuchasblanks,commasorperiodsmustbeenclosedinquotes. Asrequiredby

Prolog,allentriesmustendwithaperiod.AsamplesessionappearsinAppendixF. Theinfor-
I

mationstoredforeachtypedefinitionisdescribedinthefollowingsections. Option4,SaveUp-

dates,providesacheckpointfacilityasasafetymeasureandisrecommendedwhenlargenumbers

oftypedefinitionsareenteredduringonesession. ItcreatesaPrologsavestateandexplainshow

tore·enterthesessionatthepointwhereupdatesweresaved. Thefinaloption,TerminateProc-

essing,appendsthenewtypedefinitionstotheirrespectivetypefiles.
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Pleaseenterfunctiondesired:
l.NewElementaryDataType
2. NewFrame
3. NewRelation
4. SaveUpdates
99. TerminateProcessing

Figurel9.KnowledgeAdministrationComplexMainMenu
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EDTTypeManager:TheElementaryDataTypemanagerhandlesidentificationandcoordination

ofEDTs. ItprovidesfunctionsforthecreationofanewEDT,fortestingthetypeofanEDT

objectandfornavigationofthetypelattices.

NewEDTTypes:AsinglePrologfactrepresentseachEDT. _

ka_edt(Edt_name,Quantäier,Parent,Restrictiorz)

Argumentsconsistofthefollowing.

Edt_name Anynamenotalreadyusedasaframe,EDTorrelationtypename. Primitivetypes
char,intandatomarereserved.

Quantilier ThenumberofrequireditemsinanEDTobjectlistorset. Notyetfullyimplemented
istheabilitytoassignaquantifierwhichisalistorsetofcharacterswhichtheEDT
objectmustcontain. Forexample,forEDTphone_numberthequantifierfieldmight
contain[int,

’·’,’(’,’)’,’/’].
Thisfieldmaybenulltoindicatethatquantificationisnot

needed.

Parent TheEDTnameofaparentEDTwhoserestrictionsand/orquantificationswillbein-
herited.Minimally,thechar,intoratomparentmaybesupplied.

RestrictionAlistofitemswithwhichtheEDTobjectmustcomply. Restrictionsincludemem-
bership,minimumand/ormaximumforintegers,negationoranycombinationofthese.
Somesamplerestrictionsinclude:
[min,0l,max,l2] (formonthoftheyear);

‘

[member,’Sat’,’Sun’](forweekends);
[not,’Sat’,’Sun’] (forweekdays).

IfaparentEDThavinganon·nullquantifierhasbeenenteredforanewlycreatedEDT,thechild

EDTwillinherittheparent’squantifier. WhenthechildEDTisentered,itsquantificationmust

matchtheparent’sormust benullinwhichcasetheparentquantifierwillbeinherited.lfthe

parentquantifierisnull,thenachildquantifiermaybeentered. SincetheparentofthenewEDT

mayalsohavehaditsownparent,anyquantificationforanancestoroftheEDTwillautomatically

beinheritedbecauseithasalreadybeenmergedwiththeparentquantifier.Theknowadmprogram

includescheckingofparentalancestrytoensurethataloopisnotcreatedsomewherebyanEDT

havingaparentwhichhasthatEDTasanancestor.

Complexroutineshavebeenwrittentomerge EDTparentrestrictionswithchildrestrictions.

Table 1depictsthemergingofinheritedparentrestrictionswithchildrestrictions.Restrictionsare

groupedinthetablebythenot,memberandmin/maxoperators. Whenrestrictionsareinherited,
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Tablel.EDTRestrictioninheritance

EDTRESTRICTIONCASETABLE

CHILD PARENT MERGEDRESTRICTION COMMENTS

[] any parent’srestriction Inheritparent

not not unionofboth
’not’

sets

not member setdifferenceof child’not’setmustbe
childandparentsets subsetofparent’member’.

not min,max mergedmembersetof mergedmembersetmust
elementswithinmin/max, notbe[].
minusNOTset.

not [] child
’not’

set noinheritance

member not child’member’set childsetelementsmust
notbeinparentset.

member member child’member’set childsetmustbe
subsetofparentset.

member min,max child
’member’

set eachelementofchild
setmustbewithin
parentmin/maxrange

member [] child’member’set

min,max not childmin,max membersofparentNOT
setmustnotbein
rangeofchildmin/max

min,max member newmembersetof parentmemberset
elementsofparentset mappedintonewchild
withinchildmin/max memberset.

min,max min,max childmin,max childmin,maxmustbe
withinrangeof
parentmin,max

min min,max childmin,parentmax childminmustbe
>=parentmin;
inheritparentmax

max min,max parentmin,childmax childmaxmustbe
=<parentmax;
inheritparentmin

min,max [] childmin,max

[min,max,[not]] mergedasmember
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themerged restrictionsarestoredwiththeEDT. Thiseliminatesrecomputationofmerged re-

strictionswhennewEDTobjectsarecreated;theoriginalspecificchildrestrictionswhichhavebeen

mergedwithparentrestrictionsarelostalthoughtheycouldbededucedinmostcases.

TestingEDTObjectType:lnadditiontocreationofnewEDTs,theknowadmprogramcontains

predicateswhichmay becalledbytheCODERcommunityofexpertsaswellasbythesystem

administrator. Asinglepredicate,is_eItvalidatesthetypeofanelementaryobjectandisusedby

theobjectmanagerswhennewobjectsareinstantiated.GivenanEDTtypenameandanEDT

dataobject,thepredicateverifiestheexistenceoftheEDTtypeandvalidatestheobjectbasedon

thequantifierandtherestrictionsspecifiedfortheEDTtype.

EDTLatticell/Ianipulations:TheEDTtypemanageralsocontainspredicatestonavigatethehier-

archycreatedbyparentassignmentstoEDTs.

weaker(Weaker_type,Stronger_type) testswhethertheweaker_typeisadescendantofthe
stronger_type.

supertypes(Weaker_type,Stronger_types) retumsalistofallancestorsofweaker_type.

subtypes(Stronger_type,Weaker_types)returnsalistofalldirectdescendantsofstronger_type.

FrameTypeManager:TheCODERframetypemanagersupportsallfunctionsrequiredforthe

constructionofframedefinitions. Frametypesprovidestructuredrepresentationsofanobjector

aclassofobjects.Variable·sizedsetsofnamedattributescalledslotscharacterizeeachframetype.

Byspecifyingeachnewframetypeasa"subclass"ofothermoregeneralframetypes,framesmay

beorderedintotaxonomies.Frametypesmayhavemorethanoneparentaswellasmorethan

onechild,andthusacomplexlatticeframeworkmayresult. Predicatesfornavigationofframe

taxonomiesandforidentifyingsubclassesofframetypesareincludedintheframetypemanager.
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NewFrameTypes:Foreachframetype,aPrologfactcontainstheframecharacteristics.

ka_/“rame(Frame_name,Parents,SIot_list)

where

Ftame_nameisanynamenotalreadyusedasaframe,EDTorrelationtypename.

Patents isalistofframetypenamesrepresentingclassesofwhichthisframeisamember. For
example,ajourna1_articleframetypecouldhaveparentframetypejournalwhichcould
haveparentframetypebibliographic_re_/erence.

Slot_list isalistofattributenamesandcharacteristics.Allparentslotsareinherited,thatisthey
areaddedtothelistofslotsdefinedforanewframetype.

Alistofcharacteristicsperslotiscontainedintheslot_list.Slotcharacteristicsarerepresentedby

thelist
‘

[SIot_name,Class,Type,Cardinality_min,Cardinality_max,Dej21uIt]

where

Slot__nameisaslotidentifier.Althoughslotnamesmustbeuniquewithinagivenframetype,they
neednotbeuniqueamongallframetypes.However,itisrecommendedthatallslots
begivenuniquenamestoavoidconfusion.

Class identifiesthekindofobjectrequiredtofilltheslot.Itmustbee(EDT),f(frame)orr
(relation).

Type isthetypenameoftheEDT,frameorrelationtofilltheslot.

Catdinality_ministheminimumnumberofvaluesallowedfortheslotwhentheframeobjectis
instantiated.Allslotvaluesforframeobjectsarestoredaslistsofvalues. Thisvalue
maybenullifthereisnolowerboundonthenumberofslotvalues.

Cardinality_maxisthemaximumnumberofvaluesallowedfortheslotwhentheframeobjectis
instantiated.Thisvaluemaybenullifthereisnolimit.

Default isthevalueassignedtoanEDTslotwhenaframeobjectiscreated.

Defaultvaluesarepassedfromparentframeslotlistswhenslotsareinherited.However,inherited

defaultvaluesforchildframetypesmaybemodified; therefore,aninheritedslotmayhaveallof

theparentcharacteristicsexceptthedefaultvalue. Defaultvaluesareoptionalforslotswhichare

EDTs. Foraslotwhichhasaframeorrelationtype,theidentüierofaframeorrelationobjectis

storedastheslotvalue;therefore,defaultvaluesarenotpermittedforsuchslots.

SomesampleEDTandframetypesappearinFigure20. NotethatnotallframeandEDTdefi-

nitionsusedintheexample,suchasthemineralsandvitaminsframes,areincluded.
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RecallthatthefactformforanEDTis:
ka_edt(Edt_name,Edt_parcnt,Quantäicr,Rcstrictions).

ka_edt(temperature,int,[],[mir1,32,max,l10]).
ka_edt(bei11gs,char,[],[member,humar1,p1ar1t,ir1sect,iish,bird,other_ar1imal]).
ka_edt(color,char,[],[member,orange,yel1ow,red,greex1,blue,black]).
ka_edt(fruit_r1ame,food__groups,[],[member,apple,orar1ge,banana,tomato,kiwi]).
ka_edt(food_groups,char,[],[member,fmit_veg,dairy,meat,bread_cereal]).
ka_edt(sizes,char,[],[member,sma11,normal,large,huge]).

Recallthatthefactformforaframeis:
ka_ji·ame(Frame_name,Parents,[SIot,CIass,Type,A/Iin,1\/Iax,Def21ult,SIot,...]).

ka_frame(fo0d, [], [storage_temp,e,i11t,[],|],68,
eater1_by,e,beir1gs,[],[],human]).

ka_frame(food_g1'oup,[food], [storage_temp,e,int,]],]],68,
eater1_by,e,beir1gs,[],[],humar1,
characteristics,f,char,[],]],[],
2r¤¤p.¤¤m¤„¤.f¤¤d.gr¤¤pS„ll„ll„l1l)·

ka_frame(fruits,[food_group],
l
[storage_temp,e,ir1t,[],]],68,
eater1_by,e,beir1gs,[],[],humax1,
characteristics,f,char,]],[],[],
color,e,col0r,1,]],]],
fruit_name,e,fruits,1,]],]],
sr¤¤1>-¤am¤„¤„f¤¤d.gr¤¤pS„Illl„ll„
growr1_in,f,state,[],[],’Fla’,
mir1erals_ir1,f,minera1,[],[],[],
vitamir1s_ir1,f,vitarr1i11,[],[],[],
size,e,iut,[],]],normal,
taste,e,tastes,[],[],sweet]).

Figure20. EDTandFrameTypeExamples
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Sinceasingleframetypemay havemorethanoneparentframe,slotsfromparentframesare

mergedaccordingtotheclassandtypefortheslot.Thefollowingheuristicsareapplied.
V

1. Iftheslotname,classandtypeareunique,theslotisinherited.

2. Duplicateslotnameswiththesameclassandsametypeareinheritedonce.

3. Duplicateslotnameshavingdifferentclasses(e,f,r)arenotallowed. Anerrormessage is
providedtothesystemadministratorifthisoccurs.

4. Duplicateslotnameswiththesameclassbutadifferenttypeareinheritedasfollows:a)ifa
subsumptionrelationshipcanbeestablished,thenthestrongerframetypeisused,b)ifa
subsumptionrelationshipcannotbeestablished,thenanerrormessageisgenerated.

FrameLatticeManipulations:When anewframetypeiscreated,Prologfactsperparent-childre-

lationshipfortheframearealsoassertedsothattheframehierarchymaybeefficientlynavigated.

Facts contain the parent frame type and its direct descendant frame type:

ka__/parent(Parent_type,ChiId_type). Frame taxonomy relationships are reported by

subframe_Iist(Frame_type,Subji·ames)andsuperframe_Iist(Frame_type,Supe:ß·ames)whichreturn
”

alistofimmediatesubframetypesandalistofallancestorsrespectively.Thesepredicatesmayalso

eithersucceedorfailifbothargumentsarebound,thusindicatingwhethertheframetypesprovided

haveaparent-childrelationship.

Thesubsumes(Ancestor,Descendant)predicateindicateswhetheroneframetypeisageneralization

ofanother. Oneframesubsumesanotherifallofitsslotsareeitherincludedinthestrongerframe

type’sslotlistoraregeneralizationsofslotsinthestrongerframe’sslotlist(forexample,EDT

parentsandchildren).IfeveryslotofaframetypeAcorrespondstoaslotofanotherframetype

B,witheitherthesamenameandtypeorwithastrongertypethanoneinB,thenframeA

subsumesframeB. Therefore,anyframestoredasaparentofanotherframeshouldsubsumeits

childframe.However,aparent-childlinkisnotrequiredforoneframetypetosubsumeanother.

Finally,theframetypemanageroftheKAcomplexincludestheSlot_list(I’rame_type,SIotIist)

predicatetoreturnaframetype’slistofslotsortosucceedifagivenlistofslotsisapropersubset

oftheframe’sslotlist.
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RelationTypeManager:Thehighestlevelofknowledgeinthesystemisprovidedbylogicalre-

lations.Relationsmodelpropositionsoverobjects. RelationsmayexistamongEDTs,framesor

otherrelations.Forexample,synonymyorantonymyrelationshipsmayexistbetween’headword’

elementarydatatypesinthelexicon;arelationshipauthor_ofmayexistbetweenapersonframe

andabibliographicframe.Therelationtypemanagerprovidesthetoolsneededtocreateandma-

nipulatelogicalrelations.

Arelationtypeisspecifiedbytheformka_relation(Relation_name,Arity,[Argument_list/)

where

Relation_nameisanynamenotalreadyassignedtoanEDT,frameorrelation.

Arity isthenumberofargumentsrequiredintheargumentlistwhenarelationobjectis
instantiated.

Argument_listisalistofdefinedEDT,frameorrelationnameswhichthisrelationmaymodel; that
is,arguments representthetypesofobjects which may be relatedby this
Relation_name.

Whenarityequalstwo,binaryrelationpropertiesasillustratedinFigure21mayalsobeassigned.

Reflexive,transitive,symmetiicandantisymmetxicpropertiesareassertedwhenapplicabletobinary

relations,asindicatedbythesystemadministrator. Thetransitiverelationmayalsobeassigneda

confidencevaluetoindicatethestrengthofthetransitivity,where 1 istheweakestand10isthe

strongest.Binarypropertiesforrelationtypesareassertedasseparatefactsoftheforms:

rejlexive(Relation_name).

syrnmetric(Relation_name).

antisymmetric(Relation_name).

transitive(Relation_name,Conjidence).

Therelationtypemanageralsocontainspredicateswhichcansupplyinformationaboutrelation

typedefinitions. Thearity(Relation_na1ne,Arity)predicateretumsthenumberofargumentsre-

quiredforarelation.Thesignature(ReIation_name,Signature)predicatereturnstheargument_list

fortherelation.CODERmoduleswhichmay userelationinformationtorepresentknowledge
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l.ka_relation(synonymy,2,[query_term,headword]).
reflexive(synonymy).

‘

symmetric(synonymy).
transitive(synonymy,8).

Examplesofargumentlistsare
[domicile,horne]and[house,home]

2. ka_relation(part_of,2,[issue,a.rticle,journal,book|).
antisymmetric(part_ot).
transitive(part_of,10).q

Examplesofargumentlistsare
[artic1e#l23,journa1#456]

Figure2l. RelationTypeExamples
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will use the ask function with these predicates, for example,

' ask(knowadrmsignature(part_of,Arg_list)).

4.2.2.2 ObjectManagers

Asmentionedearlier,theobjectmanagers supportthecreationandmaintenanceofframeorre-

lationobjects;thatis,dataisassignedtoslotsorargumentsofinstantiationsofpreviouslydefined

framesorrelations.Tocreateanobject,theframeorrelationtypemustbespecifiedsothatap-

propriateslotsmaybefilledorproperrelationargumentsmaybespecified. Inaddition,aunique

identifierisassignedtotheobjectbeingcreated. Apredicateunique(A,B)hasbeenaddedtothe

MU·Prologinterpreterforidentifierassignment.Itretumsauniquepairofintegerswhichareused

tocreateanobjectidentifier.Eithertheobjectmanagerorthemodulerequestingcreationofanew

objectmayassigntheobjectidentifier.

Theobjectmanagerprogramhasbeenwrittensothatanymodulewhichneedstobuildormaintain

_ framesorrelationsmaydosoinitslocalPrologfactbase. Then,objectsmaybestoredinappro-

priateEKBssuchastheusermodelbase,orobjectssuchasstructurednamesandaddressesin

queriesmaybecreatedlocallyforuseduringoneretrievalsessiononly. Theobjectmanagerpro-

gramissuesaskstothetypemanagerprogramtovalidateobjectsenteredasslotvaluesorrelation

arguments. Unlikethetypemanager,theobjectmanagerdoesnothaveitsownsocketandisnot

includedintheCODERconfiguration.Rather,modulesrequiringframeorrelationobjectsconsult
A

theobjectmanagercode.

FrameObjectManagenThenew_/ramepredicateallowsestablishmentofanewframeobject.This

predicateisoftheform:new_/i·ame(Frame_type,I·'rame_object).AnyCODERexpertmayissue

thenew_framepredicatetocreateanewframeobjectaslongastheobjectmanagercodehasbeen
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consulted. When issued,theframe_typemustbeboundtoadefinedtype;frarne_objectmaybe

unbound,inwhichcaseitwillberetumedastheobjectidentifierwhichhasbeenassigned. Ifthe

modulecreatingtheobjectwishestoassignitsownidentiiiers,itmaydoso.However,theidentifier

assignedmustbeuniquewithinthemodule’slocalfactbaseofframeobjects. Twotypesofas-

sertionsoccurtocreateanewframeobject:

fobjid(0bject_idcntäier,Frame_type)

fobj(Object_identü?¢r,S7::_namc,Slot_value_Iist).

SamplefactsrepresentingtwoframesarelistedinFigure22. When newframesarecreated,the

fobjidfactisasserted. Next,anyslotshavingnon·nul1defaultvaluesareassextedasfobjfacts.

Therefore,afobjfactwillnotnecessarilyexistforeveryslotdefinedforagivenframetype.Indeed,

nofobjfactsarerequiredwhenaframeobjectiscreated. Onceaframeobjecthasbeencreated,

valuessuchasdefaultsmayberemovedand/ornewvaluesmaybeassigned.

Themethodusedtostoreframeobjectsdoesmakelessefficientuseofstoragespacethanother

methods considered. However,itsimpliliesprocessingofslotvaluemanipulationsandreduces

executiontimeprocessingbyeliminatingthelisttraversalrequiredbyothermethods. Twoother,

possibilitieswereexaminedinconjunctionwiththeoneadopted.

1. Foreachnewframeobject,asinglefactcouldbeassertedas:

fobj(Object_id,I·”rame_type,[SIotru1mc.[Values],Slotr1ame.[Values],...]).

Allslotnamesandalistofvaluesforeachwouldbeincludedinasinglefact.Althoughthis

methodwouldconsiderablyreducethesizeoftheknowledgebasescreatedandeliminatesthe

redundantstorageoftheobjectidentifiernecessaryinthemethodchosen,itwouldrequirelist

processingandmanipulationeverytimeaslotvaluewereaddedorremoved.Inaddition,the

frameobjectmanipulationpredicateswouldrequireexcessivelistprocessing. Theframeob-

jectsinFigure22wouldbereplacedbytwofacts:

fobj(163610917,user_eval,[satisfaction.[8],usefulness.[’67-90’],why_stop.[’outoftime’],...]).
fobj(163610918,session,[nodoc_queries.[0],doc_quantity.[l0],user_eva1.[163610917],...]).
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fobjid(163610917,user_eva1).
fobjid(163610918,session).

fobj(163610917,satisfaction,[8]).
fobj(163610917,usefulness,[’67-90']).
fobj(l63610917,why_stop,[’outoftime’]).
fobj(163610917,easy_to_use,[y]).
fobj(163610918,nodoc_queries,[0]).
fobj(1636l0918,doc_quantity,[10]).
fobj(1636l0918,user_eva1,[163610917]).
fobj(163610918,sessionlgth,[154]).
fobj(1636l0918,session_id,[26968]). .

Figure22. SampleFrameObjects
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2. Toreducestoragerequirementsevenmore,theSlotnamecouldbeeliminatedfromthelistof

slotnamesandvalues. instead,eachlistofvalueswouldpositionallybematchedtotheslot

namesdefinedintheframetypedefinition.So,thesinglefactforeachobjectwouldcontain:

fobj(Object_id,I’rame_type,[[Values],[Values],...]).

Thismethodwouldrequireevenmoreextensivelistmanipulationaswellasmatchingofthe

frametypeslotstotheobjectslotvaluelistforallframeobjectmanipulation. Incaseswhere

novalueswereassignedtoslots,eachslotwouldstillhavetobeincludedinthelistsothatthe

positionalvaluescouldbeproperlymatchedtoslotsintheframetypedefinition.

Theimplementationstrategyforframeobjectscouldberewrittenaccordingtooneoftheabove

methodsorusingsomeotherstrategy.Suchmodification,however,wouldrequirerewritingofall

frameobjectpredicatesaswellasrewritingofmoduleswhichusethecurrentframeobjectstructure.

ObjectManipulation:Predicatestosupportthemanipulationofframeobjectsallowupdatestoslot

values,andsupportreasoningabouttherelationshipsbetweenoramongframeobjects.Isjrame

andhas_sIot_vaIuepredicatesreturninformationabouttheexistenceofframeobjectsandthevalues

assignedtoframeslots,respectively.Slotvaluesareassextedusingtheset_sIot_valuepredicate,and

may beremovedwiththeremove_sIot_valuepredicate. Theequal_/iamesandmatching_frame

predicatesallowcomparisonbetweenframeobjectstoestablishsirnilarity. AframeobjectA

matchesaframeobjectBifeveryfilledslotofAmatchesafilledslotofB. Slotvaluesmatchwhen

slottypes,classesandvaluesmatchorwhenvaluesforaslotwhichsubsumesanotherslotmatch.

Matchingisnanantisymmetricrelation,whereasequalisasymmetricrelation:everyslotinAmust

matchaslotinBandeveryslotinBmustmatchaslotinA.

RelationObjectManager:Thenew_relationpredicatecreatesarelationobject.Thispredicatehas

theform

new_reIation(ReIation_type,[Arg,Arg_type|_],Relation_object).
·

Implementation 86



Aswiththenew_framepredicate,anyCODERexpertmayissuethenew_relationpredicateto

createanewrelationobject. When thenew_relationgoalisattempted,therelation_typemustbe

boundtoadefinedtype,andtheargumentlistboundtoalistofvaluesassociatedwithoneofthe

typesdefinedintherelationtypedefinition.Relationobjectidentifiersmaybeinstantiatedbythe

modulecreatingtheobjectorwillbeassignedbytheobjectmanagercode.

Whenanewrelationobjectiscreated,thefollowingfactisasserted.

robj(Object_identq7icr,Relation_typc,[Arg,Arg_type|_]).

Eachargumentintheargumentlistmustbeofthearg_typespecified;moreover,thea.rg_typeas-

sociatedwitheachargumentmustbeoneoftheallowabletypesdefinedintheargument_listofthe

relationtypedefinition.Forexample,fortherelation’part_of’inFigure21onlyargumentswhich

areissues,articles,joumalsorbookswouldbeaccepted.7Thenumberofargumentsspecifiedfor

theobjectmustequalthearitydefinedfortherelationtype.So,anexampleofarelationobject

factwouldbe:
I

robj(12345678,part_o_/Q[issue,23452345,article,12341234])

where 12345678istheidentificationofthisrelationobject,23452345istheidentifierofaframe

objectforanissueframe,and12341234istheobjectidentifierassignedtoanarticleframe.

ObjectManipulation:Toretrieveinformationaboutrelationobjects,threeadditionalpredicates

havebeenwritten. Theis_reIation,liketheis_framepredicate,retumstherelation_typeforagiven

relation object identifierand vice versa. The argument_Iisz(ReI_objecz,Arg_Iisz) and

argumcnt(RcI_object,P0sition,Argument)predicatesreturnthevaluesandrelativepositionsofar-

gumentsforaspecifiedrelationobjectrespectively.

7 The’part_of'relationexampledoesnotincludeallrelevantargumenttypesfortheCODERproject.
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4.2.2.3 ProgramsamiFiles

Typeandobjectfilesforeachofthethreetypesofknowledge,EDTs,framesandrelations,are

maintainedbytheknowledgeadministrationcomplex.Programsforthecreationandmanipulation

oftypesandobjectsarealsopartoftheKAcomplex.Theyresideinthe~coder/know_admtype

andobjectsubdirectoriesasfollows.

knowadm istheknowledgerepresentationtypemanagerprogram,

ka_localobjistheknowledgerepresentationobjectmanagerprogram,

typefiles includetheka_frame_f1le,ka_edt_f1leandka_rel_filecontainingthetypedefinitionfacts,

ka_inv_frame__lilecontainstheinvertedframeparent-childfacts,and

objectfilesperknowledgebaseexistforframeandrelationobjects. Forexample,theusermodel
basecontainstheka_user_fobjandka_user_robjfiles.

Theknowledgeadministrationtypemanager,knowadm,actsasaPrologresourcemanager. That

is,otherinferentialmodulesmayasktheknowadmmoduleforinformationaboutEDT,frameand

relationtypes.Theknowledgeadministrationsystemcontainsadditionalprogramsandfilesto

complementthosefortypesandobjects. Duringdevelopmentoftheinputanalystmodule,need

arosefornaturallanguagedescriptionofslotstoclarifyslotnamemnemonics. Inaddition,iden-

tificationoftheprompttobeusedwhenpromptingtheusertosupplyslotdataandthetutorialfile

tobedisplayediftheuserrequestedexplanationoftheslotwereneeded.Therefore,theka_sIotdesc

filewascreatedasanancillarytotheka__frarne_file.Itsfactscontainanaturallanguagedescription
‘ ofeachslotdefinedforaframetypeandthepromptandtutorialfileassociatedwiththeslot.The

build_descprogramwaswrittentopromptthesystemimplementorforslotdescriptiondata. The_

sameprogrammaybeusedtoaddnewslotdescriptionsasnewframetypesaredefined.Programs

alsoexisttoprintordisplayframedefinitionsandobjects.

Althoughnotallofthefunctionsprovidedbytheknowledgeadministrationcomplex.areusedby

theVersion1.0modules,representationsofentites,classesofentitiesandtherelationshipsbetween

themcanbedefinedandstoredusingtheKAtypeandobjectmanagers. Thetypeandobject
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programsarethelargestoftheCODERretrievalsubsysteminferentialmodules. Theflescon-

tainingthetypedefinitionsandobjectdataarerelativelysmallandareconsultedaslocalfactbases

bythisversionoftheretrievalsubsystem. However,incorporationoftheNU·Prologversionof

MU-Prologwillsupporttheminormodifications requiredtoestablishtheKAfilesasexternal '

knowledgebasessupportedbyspecialPrologextensions.

Afacilityformodifyingtypedefnitionsdoesnotexist. Duetothecomplextaxonomieswhich

maybecreatedbyEDTandframetypestructuresandtheinherentdiflicultyassociatedwithsuch

modifications,maintenancetotypedefinitionscanbeappliedbythesystemadministratoronlyby

meansofeditorsoftwaresuchasvi.ltishopedthatthestructureofframestorepresentdocuments

anddocumentfieldswillbestableenoughthatlackofamaintenancefacilitywillnotstiflethe

system’scapabilities.

4.2.3 InputAnalystandReportModules

Withtheblackboard,strategistandknowledgeadministrationmoduleswrittenandtested,devel-

opmentoftheretrievalsystem”front·end"asshownir1Figure23wastargetedaspartofthisre-

search.TheCODERsystemdesigndidnotincludedetailsconcerningtheflowofinformationto

andfromtheuser. Reviewofthedistributedproblemtreatment(DPT)modeldiscussedbyBelkin

etal.[BELK83]supportedthedecisiontostrictlycontroltheflowofinformationbetweentheuser

interfacemanagerandtheCODERcommunityofexperts. Thatis,ratherthanallowanymodule

tosendrequeststotheuserinterfacemanager, onlytwomodules communicatewiththeuser

interfacemanager. TheInputAnalyst(IA)'receivesallinputfromtheuserviatheinterface,and

theReportGeneratorsendsallsystemgeneratedoutputtotheuserviatheinterface.

8 TheterminputanalysthasbeenadopredfromtheworkofBelkineral.
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convert„.user Inputrequestto Analyst userrequests
mtemal form andresponses

B1ackb9a1’d/ UserInterfaceS¤·a:eg1s: Manager

information files,menus,
i

.
intended Report etc., to
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other
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Figure23. RetrievalSystemFr0nt·End
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I
Aspa.rtofaMaster’sproject,agenericuserinterfacewaswrittenusingtheUNIXcursespackage I

[KHAN88]. Theuserinterfacemanagerwillnotbediscussedindetailhere; however,theinput

analystandreportmodules,developedandtestedaspartofthisresearch,willbedescribedinthis

section.

4.2.3.1 InputAnalyst(IA)

Everyuserresponsetomenus orpromptsispasseddirectlyfromtheuserinterfacetotheIA

module. Themoduleconvertsuserinputtoanappropriateintemalsystemform,determineson

whichareaoftheblackboardtheinputshouldbeposted,andpostsitasahypothesis.Theblack-

boardistheonlymodulecalledbytheinputanalyst,andtheinputanalystistheonlymodulecalled

bytheuserinterface.Itisalsotheonlymodulewhichwilllnotbescheduledbythestrategistto

perforrntasks.Theuserinterfacemanager,ratherthantheblackboard/strategistcomplex,provides
I
alldirectionfortheinputanalyst.

Prompts:Thearchitectureofthepromptfilewasdiscussedindetailinchapter3,section3.1.3.

Whentheuserentersaresponsetoaprompt,theresponse,validatedbytheuserinterfacemanager

ifrequired,ispassedtotheinputanalystviatheprotocol(ia,resp(Respoizs¢,Prompt_nbr))com-
”

municationsfunction.Basedonthepromptnumber,theiamodulemayormaynotstorelocal

informationabouttheresponse,andwillpostahypothesistotheblackboardindicatingactionto

betakenbasedontheuserresponse.Forexample,theuserresponsetopromptnumber53,"HAI

lookupentry:",aterm,phraseorperson’sname,isprocessedbytheinputanalystasfollows:

l. DomainknowledgewithintheIAmoduleindicatesthatprompts52thru54arerequeststo
browsetheHAI.

2. Alocalfact,storedbytheinputanalystwhenaHAIbrowsemenuoptionwasselected,iden-
tiüesthetypeofbrowse,e.g.,indexsubject,personoritalicizedreferences,requested.
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3. Thehypothesishai_req(Type_of_browse,Response,Time)ispostedtotheuser_reqareaofthe }
blackboard.Thestrategistwillsubsequentlyschedulethebrowseexperttolocatetherequested

Y

informationintheHAIsothatitmaybepresentedforuserbrowsing.

NISOCommandInput:Theproliferationanddiversityofonlineinteractiveinformationretrieval

systemshasresultedindifferentvocabularyandsyntaxforcommandswhichperformthesame

function,butondifferentsystems.Toprovideuserswithacommoncommandlanguage,theNa-

tionalInformationStandardsOrganization(NISO)hasdefinedNISOstandardZ39.58-198. "The

standardspecifiesthevocabulary,syntax,andoperationalmeaningofcommandsinacorrunand

languageforusewithonlineinteractiveinformationretrievalsystems."[NISO87]. TheCODER

IAmoduleincludesprocessingofapplicableNISOcommands. Notallcommands,suchasdata-

baseselection,arerequiredbytheCODERretrievalsubsystemandonlythosefunctionswhich

Version1.0modulescanprocessareincluded.

CommandswhichmaybeenteredinadesignatedwindoworinresponsetoaNISOcommand

entrypromptinclude:
{

EXPLAIN[topic]Ifenteredalone,alistoftopicsthatcanbeexplainedwillbedisplayed. When
enteredwithatopic,atutorialfileormenuforthetopicwillappear.

HELP Providesonlineassistancespecifictothecurrentsituation.

STOP Toterrninateasession. Thiscommandwillcausethesystemstatetobechangedto
user_doneandwillinitiatetheuserevaluationsegmentofthesession.

FINDqueryToenterasearchstatementinBooleanformat(notimplemented).Forexample,
FINDTItreatiesANDalliance.

SCAN[term]Toviewanorderedlistofsearchterms.Thiscommandcannotbefullyimplemented
untilthedictionaryofsearchtermsisprovided. Then,whentheuserentersscan
some_term,alistofterms,eitherrelatedtothetermentered,orinalphabeticalsequence,
maybedisplayedforuserbrowsing.

RELATE[term]Toviewtermslogicallyrelatedtoasearchterm.Ifenteredalone,thiscommand
willcausethelexiconrelatedtermmenutobedisplayed. Ifenteredwithaterm,the
lexiconbrowsemodulewillbescheduledtofindrelatedterms.

DISPLAY[options]Toviewtheresultsofsearchesofthedatabase.

PRINT[options]Torequestoßlineprintingofsearchresults.

SORT[options]Toarrangerecordsinsearchresultsetsbyspecifiedfield.
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REVIEWjdatasetslToviewsearchl1istory,thatis,searchstatements.Thiscommandwillperform
asdoesthe"documentarchive"optionofthebrowsemainmenu. _

Althoughthesecommandsareincludedintheinputanalystmodule, andwillbepostedtothe

blackboard,theabilitytoproperlyperformthefunctionsindicatedbythecommandsisdependent

onothermodules. Onlythehelpcommandfunctionsproperlyatpresent. Themajorityofthe

commandslisteddependonthesearchengineandthelexicon,bothofwhicharestillunderdevel-

opmentbyothergraduatestudents.

StructuredKnowledgeEntry:ApproximatelyhalfoftheFrologcodefortheIAmoduleisdevoted

toprocessingtheuser’sentryofstructuredknowledge. Thetermstructuredknowledgerefersto

entryofdatatofilloneormoreslotsinaframe.Framesincludeissues,messageswithinissues,

documenttypes,names,addressesanddates. ThecurrentCODERsystemframestypes,storedin

theka_frame_filebytheKAcomplex,appearinAppendixG. FrametypesweredefmedbyQi

FanChen,thegraduatestudentworkingontheCODERanalysissubsystem. Theinputanalyst

createsframeobjectscontaininguserinputandpoststhemtotheblackboardwheretheycanbe

viewedbythesearchexperttobematchedtoframeobjectspreviouslycreatedduringdocument

analysisbytheanalysissubsystem.

When theuserindicatestheabilitytoprovideinformationaboutcanonicalstructuresinthedata-

basebeingsearched,theinputanalystpostsahypothesisindicatingthataframehasbeenrequested.

Thereportmodule,scheduledbythestrategist,beginstoprompttheusertoenterslotinformation.

Asinformationisentered,theinputanalyststorestheresponsessothataframeobjectcanbecre-

atedwhentheuserhascompletedslotentries. Sinceslotsofframesmaybeotherframeswhich

mayhaveslotswhichareotherframesandsoon,alllowestlevelframeobjectsmustbecreatedfirst

sothatframeobjectidentifiersmaybeusedtosetslotvalues.

Additionalcomplicationsarisebecausesomeslotswhichareframes,forexamplethepostal_address

slotintheindividualframe,may begenericclassificationsofmore specificframetypes,suchas
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U_S_maiIornon_U_S_mail. Tonarrowtheuser’ssearch,themostspecificframedesiredisthe

onewhichshouldbecreatedandmatchedtoframesrepresentingdocuments. Therefore,theIA

modulecreatesanindentedtreestructureofsubframetypes.Followingdisplayofthetree,theuser

isinstructedtoselectthemostappropriateframetype,andwillbepromptedtoenterslotvalues

forthatframetypeonly. Thestructuresandframemanipulationsprovidedbytheinputanalyst

areusedtotestthehypothesis"Userscanperformmoreeffectivelywhenstructuredknowledgeis

employed."

CallableFunctions:Thefunctionswhichtheinputanalystcanprocessandthehypotheseswhich

itpoststotheblackboardarelistedinTable2. Manyofthecallablegoalscouldbeprocessedin

onegoalbytheIAmodule. Forexample,wheregoalsarepassedasmenufilepararneters(see

Figure5),manygoalscouldusethesamePrologfunctorandsupplyitsargumentsasthefunctor

andargumentstobeposted.TheIAmodulecouldappendatimetotheargumentsandthenpost

thepredicatetotheblackboard.However,tomaintainclarityofprocessingandtoavoidconfusion

regardingthesourceofpostedpredicates,thisstrategywasavoidedforthefirstimplementationof

thesystem. Becauseallgoalsaredistinctlydefrned,personsdevelopingfutureversionsofCODER

willbeabletoeasilytracethesourceofblackboardpostings.

4.2.3.2 ReportIvlodule

TheCODERreportgeneratormodulesendsallinformationtobedisplayedtotheuserinterface

manager. Itisscheduledbythestrategistbasedonintemalsystemprocessingoronuserinputs

channelledthroughtheinputanalyst. ThereportgeneratoristheonlyCODERmodulewhich

directlysendsinformationtobedisplayedoreditedtotheuserinterfacemanager. Itcontrolsthe

displayofmenus,files,editors,promptsandmessages;thismodulealsoformatsrequestedbrowse

dataforuserviewing,anddeterminesinwhichwindowsdatawillbedisplayed.
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Table2. InputAnalystCallableGoals

FUNCTORin
CALLABLEGOAL HYPOTHESIS AREA COMMENT

setup_screen state state initiatessystemstates
menu(Menu) disp_menu user_req menurequested
hai_req(Request) disp_prompt user_req HAIbrowserequest;

lookupentryprompt.
lex_req(Request) disp_prompt user_req Lexiconbrowserequest;

lookupentryprompt.
um_req(Request) um_req user_req UserModelbrowserequest
tut(Tutfile) tut user_req tutorialfilerequest
displayf(File,Hdr,Next) displayf user_req filedisplayneeded
state(State,Trans) state state statetransitionindicated
pmsd_menu(Resp,Menu) prob_resp problem responsetoaproblem

mode/state/descrmenu
um_menu(Resp,Menu) um_resp umodel responsetoausermodelmenu

resp(Resp,Promptid)* lex user_req promptindicateslexbrowse
hai user_req promptindicatesHAIbrowse
prob_resp problem responseisforaproblem

mode/state/descrprompt
um_resp umodel responseisforausermodel

prompt
disp_frame user_req ifslotframehasnosubframes
displayf user_req ifslotframehassubframes,
disp_prompt indentedtreeisdisplayed.

nextslot user_req displaynextslotofframe

frame_req(Frame,Rel)"'* relation user_req anyrelationobjectsfor
previousframeareposted.

frame user_req anyframeobjectsforprevious
frameareposted.

disp_frame user_req ifframehasnosubframes.
displayf user_req ifframehassubframes,

indentedtreeisdisplayed.
disp_prompt user_req

frame_exit done_frames user_req userisdoneframeentries

*ActiontakendependsonPromptüi
""Actiontakendependsonstateofprocessing
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Thereportmoduleassumessomeoftherolesthatwouldbeassignedtoadialogexpertifonewere

included.Thatis,itmanageswindowsandcontrolswhattheusersees. However,atruedialog

expertwould"determinethetypeofdialogueappropriatetothegivencontext."[BELK83]. De-

pendingonthetypeofuser,theproblemstateandtheproblemtype,adialogexpertwoulddeter-

mine thetypeofdialogusedtoelicitinformationfromtheuserandtoinformtheuserofthe

system’sprogressandintentions. Thereportmodule,ontheotherhand,usesonlythetypeof

dialog,forexamplethepromptofdisplaymessage,indicatedbythehypotheseswhichothermod-

ulesposttotheblackboard. Itmakesitsinferencesbasedonlyonblackboardinformationandon

itsownknowledgeaboutcurrentandpreviousdatadisplayedontheuserinterfacewindows.

Toinstructtheuserinterfacetodisplayinformation,the’window’functionandthe’ask’predicate

maybeusedasfollows:

ask(user_inter_1’ace,window(Wirz_num,Wir1_titIe,Data,Option,CIcar1lag)).

where

Win_num: l-6toindicatethewindowtobeused,

Win_tit|e: anytitleforthewindow,or"",
I

Data: apromptnumber,messagestring,orthenameofafile.

Option: Optionsindicatetheactionthattheuserinterfacemanageris
totake.TheoptionsprovidedappearinTable3.

Clearflagz 0=noclear,l=clear.

» Sinceallcallstotheuserinterfacemanagerarelocatedinonemodule,replacementofoneuser

interfacewithadifferentonewillrequirechangestothereportmoduleonly. Ifthesamegeneric

functionsareperformedbyanewuserinterface,thennochangestothereportmodulewouldbe

necessary.

Thereportgeneratormoduleformatstextualdatarequestedforbrowsing. Forexample,lexical

defmitionsorrelatedtermsarepostedtotheblackboardaslistsofdataitems.Thereportexpert

convertstheinternalsystemformatsintostructuressuitableforuserviewing.Portionsoftextfrom
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Table3. UserInterfaceManagerOptions

Option Data

0=clear Clearwindow(formultiplewindows)
1 =displayfile Filename,includingpath
2=displaymenu Menufilename,includingpath
3=displayerror Errormessagestring
4=editfile Filename,includingpath
5=displayprompt Promptnumber
6=donothing None(formultiplewindows)
7=displaymessage Messagestring
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theHAIarealsostructuredbythereportmodulesothatdifferenttextreferencesandmatchedterms

ornamesaredistinctlydisplayed.Additionaldetailsareprovidedinsection4.2.4.
K

StructuredKnowledgeEntry:Inconjunctionwiththeinputanalystmodule,thereportgenerator

determinesthepromptsrequiredforuserentryofstructuredknowledge. Theka_slotdescfileis

consultedtodeterminepromptstobedisplayedbytheuserinterfacemanagerforeachslotofa

requestedframe.Notallslotsineveryframewillhaveassociatedprompts. Forexample,theuser

wouldnotbeaskedtoenterdataintothedig_idslotoftheissueframe(seeAppendixG)sincethat

slotcontainsavalueassignedbytheCODERanalysissubsystem.

Theka_slotdescfile,discussedintheprevioussection,containsfactsintheform:

ka_slotdesc(Frametype,SIot,Class,Prompt,Slot_ji·ametype,Tutorial).

TheClassargumentindicateswhethertheslotistocontainanEDT,frameorrelationobject. If

thePromptnumberisnotzero,thereportmoduleaskstheuserinterfacemanagertodisplaythei
promptidentifiedbythenumberenteredasthisargument. Where slotsareframes,theassociated

promptisayes/noprompttodeterminewhethertheuserhasinformationabouttheframe.Ifthe

userrespondspositively,thereportmoduleproceedstoprompttheuserfortheslotsforthatframe.

Whenpromptsforallslotshavebeendisplayed,thereportmoduleuseslocalknowledgetoretum

tothepromptforthenextslotoftheoriginalframe.Aswiththeinputanalystmodule,theproc-

essingtosupportstructuredknowledgeentryissomewhatcomplex,andisincludedtotestthehy-

pothesisregardinguseofstructuredknowedgeinanintelligentinformationretrievalsystem.

CallableFunctions:Theblackboardhypotheseswhichthereportmodule canprocessappearin

Table4. Theonlyfunctionswhichthereportmodule requestsarethoseprocessedbytheuser

interfacemanager. Functionslistedascallablegoalsrepresenthypotheseswhichothermodules

mayposttotheblackboard.TheTmargumentisadistincttimestampneededtodifferentiatehy-

potheseswhichhavethesamefunctorandotheridenticalarguments. Forexample,theusermay
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Table4. ReportGeneratorCallableGoals

OPTIONinASK
CALLABLEGOAL toUSERINTERFACE COMMENT

setup_screen setup_screen initializesscreenwindow

tut(Tut,Depends,Tm) displayfile tutorialfileisdisplayed

displayf(File,Hdr,Nxt,Tm) displayfile requestedfileisdisplayed

disp_menu(Menu,Dep,Tm) displaymenu menufileisdisplayed

disp_frame(Frame,Rel,Tm) displayprompt promptforslotentry

done_frames displayfile displayThankyoufile
i

nextslot(Frame,Slot,Tm) displayprompt promptfornextslotofframe

disp_msg(Msg,Tm) displaymessage displaytextmessage

disp_msg(Msg,Value,Tm) displaymessage appenddynamicValuetoMsg

disp_error(Msg,Tm) displayerror specialerrorprocessing

disp_prompt(Prompt,Hdr,Tm) displayprompt displayprompt,sendresponse

editf(File,Hdr,Depends,Tm) editfile displayfileforediting

lex_output(Kind,Term,Result,Tm) displayfile formatlexicaloutput
I

hai_output(Kind,Term,Result,Tm) displayfile formatHAIoutput
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requestthesamebrowsefunctionmanytimesduringasinglesession.Withoutthetimestamp,the

hypothesiswouldberejectedbytheblackboardwiththemessage"*Warning-hypothesisalready

existswithequalorhigherconfidence/'

4.2.4 Browsing

TwoinferentialbrowsingmodulesareincludedintheVersion1.0Codersystem.Thelexicalexpert

accessesthefactsderivedfromtheCollinsDictionaryoftheEnglishLanguage.Thebrowseexpert

extractstextrelevanttoauser’srequestforinformationfromthethreevolumeHandbookofArti-

ficialIntelligence.ACODERresourcemanager,hai_mgr,hasbeenwrittentoextractindicatedtext

fromspecifiedfilesandlinenumberranges.Asimilarprogram,text_mgr,extractstextfromthe

documentcollectionsothatretrieveddocumentsmaybeviewed.Themodulestosupportbrowsing

wereprototypedbygraduatestudentsduringSpringquarter,1987[BARN87,BISH87],andthe

_ databasesbrowsedwerecreatedearlierbyothergraduatestudents[WOHL86,WENB 86]. The

userinterfacemanager[KHAN88]providestheabilityforuserstoselectwordsorphrasesviaa

programfunction(PF)key.Selectedwordsorphrasesmaybedisplayedduringqueryentrysothat

usersmayincorporatethemintoqueriesasdesired. Noautomaticinclusionofselectedtermsis

availableinthisversionoftheretrievalsubsystem.

Bothinferentialbrowsingmodulesrequireadditionalenhancements. Thelexicalmodulemustbe

adaptedtohandlemodificationsmadetolexiconfactsaspartofaseparateresearchproject,"Or-

ganizingI.exicalKnowledgeforInformationRetrieval/"Thebrowsemodulemustbeexpandedto

includeenhancedbrowsingoftextinthedocumentcollection.Implementationofnaturallanguage

queryprocessingwouldrequireadditionalfunctionsinthemodules.

°
ThelexiconprojectisfundedbyNationalScienceFoundationGrant1R1—8730580.
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4.2.4.1 BrowsingtheHAI

_ Basedonauser’srequesttobrowsetheHandbookof'ArtificialIntelligence,thebrowseexpertuses

Prologfactsderivedfromthel—IAItodeterminewhichsectionsoftextarerelevanttotheuser’s

request. SeparatesetsofPrologfacts,createdtofulfrllclassprojectrequirementsduringSpring

quarter,1986[WENB86],existforsubjects,indexentries,italicizedentries, person’snamesand

theHAItableofcontents. Eachfactincludesoneortwofilenames(outof106)andtheline

numberorrangeoflinenumbersfromwhichthereferencewasextracted. Thecurrentversionof

theCODERretrievalsubsystemsupportsmenudrivenbrowsingoftheHAI.WhenHAIbrowsing

isrequested,themenuinFigure24appears.

HAIResource°Manager:Foreachoptionselected,theuserwillbepromptedwithasecondary

menuorwithapromptforentryofasubjectorperson’sname. Ifthebrowseexpertmatchesa

userrequesttoaHAIfact,thehai_mgrwillberequestedtoextractthetextandplaceitinatem-
l

poraryfile.Theoriginalhai_mgrwaswrittenaspartofaMaster’sproject[KHAN88],andhas

beenrewrittentoincludeCcommunicationsfunctions.Beforethehai_mgrcanaccessaHAIfrle,

thefilemustbepreprocessedsothatitslinesmaybeindexed.Thebrowseexpertmaintainsalocal

factbaseoffilesindicatingwhichhavebeenpreprocessed. Ifafilehasnotbeenpreprocessed,the

browseexpertissuesask(hai_rngr,preprocess(1·'iIename)).Sinceallargumentswillbeinstantiated ,

atthetimetheaskisissued,thehai_mgrandbrowseexpertmay executeconcurrently. The

hai_mgralsocontainscallablefunctionsforextractingsinglelinesorblocksoftext.Thefunctions

whichmayberequestedoftheHAIresourcemanagerappearinTable5.

HAIBrowseExpert:Whenthebrowsebysubjectoptionisselected,asecondarymenupromptsthe
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BrowseHandbookofAI

1. BySubject
2. ByPerson’sName
3. TableofContents
4. ReturntoBrowseMenu
5. ReturntoMainMenu

Figure24. BrowseHAIMenu .
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Table5. HAIResourceManagerCallableGoals

CALLABLEGOAL COMMENT

preprocess(File) IndexesHAItextfilebylineoffset

extractline(File,Line,Tempfile) ReturnsTempfileasnameoffilecontaining
relevanttext.

extractbloc(File,Begin_line,End_line,Tempfile)
RetumsTempfileasnameoffilecontaining

_ relevanttext.

extractbloc2(Filel,File2,Start1,End2,Ternpfile)
Textspans2IIAIfiles;textbeginsat
StartlinFilelandendsatEnd2inFiIe2.
ReturnsTempfileasnameoffilecontaining
relevanttext.
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usertoselectbrowsingbyindexentries,italicizedentries
‘°
orboth.Theuserwillthenbeprompted

toenteratermorphrasewhichthebrowseexpertattemptstomatchtoHAIsubjectreferencefacts.

Onlyanexactmatchwillresultintextextraction. Moreover,linenumbersorrangesoflinesin

allHAIPrologfactsindicateonlythelineswhichcontainthematchedterms.Therefore,anarbi-

trarynumberoflinessurroundingthematchedlinesareextractedandplacedinatemporaryfile.

Thenameofeachtemporaryfilecreatedispostedtotheblackboard;allfilescontainingrelevant

textwillsubsequentlybeconcatenatedandformattedforviewingbythereportgeneratormodule.

Amore”intelligent"versionofthebrowseexpertoroftheprogramwhichextractedHAIreferences

originallyshouldidentifyoptimallinenumberrangesofparagraphsorotherblocksoftextwhich

arerelevanttothesubjectreferenced.

Unlikesubjectbrowsing,browsingbyaperson’snamedoesnotrequireanexactmatch. Most

namesfoundintheHAIarestoredinPrologfactsasasingleargumentcontaining'lastname,first
”
nameorinitial,middleinitial'.Aparserwaswrittentocreateadditionalfactswhichsegregatethe

componentsoftheperson’snames. When asearchbynameisindicated,thebrowseexpertfirst

attemptsanexactmatch. Ifthatfails,ittriestomatchasmanyaspossibleofthenamecomponents

suppliedbytheuser. Forexample,iftheuseronlyentersalastname,thenallreferencestoany

personhavingthatlastnamewillbeextracted. However,iftheuserentersalastnameandfirst

name,exactmatchesexcludingmiddleintial,andmatchestolastnameandfirstinitialwillbeex-

tracted.Naturally,somematchedreferenceswillnotgivetheuserpreciselywhathe/shewaslook-

ingfor.Forexample,auser’sentry"MarigoldMinsky"wouldbematchedtofactscontainingthe

person'minsky,
m.’,
likelyareferencetoMarvinMinsky.

Thethirdoption,TableofContents,allowstheusertobrowsetheHAItableofcontentsortore-

questbroaderornarrowertermsforagiventermorphrase.TheTableofContentsmenuisshown

inFigure25. AportionoftheHAITableofContents(TOC)appearsinFigure26. Eitherthe

*°Duetothesizeofthefilecontainingitalicizedentryfacts,onlyasubsetoftheitalicizedentriesisincluded
inthisversion. Implementationofexternalknowledgebasefunctionswillallowinclusionofallitalicized
entryfacts.
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BrowseRelatedSubjects

1. BroaderTopic
2. Subtopics
3.TOCListing
4. ForItalicizedEntry
5. ForIndexEntry
6. ReturntoHAIBrowseMenu
7. ReturntoBrowseMenu
8. ReturntoMainMenu

Figure25. BrowseHAITableofContentsMenu
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HANDBOOKOFARTIFICIALINTELLIGENCE
TABLEOFCONTENTS

handbookofartiiicialintelligence
introduction

artificialintelligence ’

theaihandboolc
_ theailiterature
search

overview1
problemrepresentation

state·spacerepresentation
problem·reductionrepresentation
gametrees

searchmethods
blindstate·spacesearch‘ blindand/orgraphsearch
heuristicstate-spacesearch

basicconceptsinheuristicsearch
a*-·optima1searchforanoptimalsolution
relaxingtheoptimalityrequirement
bidirectionalsearch

heuxisticsearchofanand/orgraph
gametreesearch

minimaxprocedure
alpha·betapruning .
heuristicsingametreesearch

· samplesearchprograms
logictheorist
generalproblemsolverl
gelemtersgeometrytheorem$·provingmachine
symbolicintegrationprograms
strips
abstrips

knowledgerepresentation
overview2
surveyofrepresentationtechniques
representationschemes

logic
proceduralrepresentations _
semanticnetworks
productionsystems
direct(analogical)representations
semanticprimitives '
framesandscripts

Figure26. HAIPartialTableofContents
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entireTOCorjustsupertopicsandsubtopicsforoneofabout220subjectsintheTOCmaybe

requested.Thesubjectbrowsingoptionsarealsoincludedsothatusersneednotnavigatethemenu

structureiftheywishtoseemoreinformationaboutalistedsubject.

CallableFunctions:Table6liststhecallablegoalsinthebrowseexpert.

4.2.4.2 BrowsingtheLexicon

ThelexicalexpertaccessesthePrologfactscontainedintwenty·onerelationsderivedfromthe

Collinsdictionary[WOHL86]. Presently,thelexicalexpertonlysupportsbrowsingofdefinitions

andtheircomponentsinthedictionary. Implementationofnaturallanguageparsingofqueries

may requireadditionalfunctionsinthelexicalexpert. Representing approximately 85,000

headwordentries,thelexicalfactsaretoonumeroustobeloadedintolocalPrologfactbases.

Therefore,onlyasubsetofeachoftherelationshasbeenusedtodevelopthelexicalexpert. As

partofthelexiconresearchprojectpreviouslymentioned,methodsusingPrologexternalknowledge

bases,Btrees,orCprogramsforsearchingthelexicalfactbasesarebeingexplored.

Whenlexiconbrowsingisrequested,themenuinFigure27isdisplayed.Alloptionswilleventu-

allyresultinaprompttotheusertoenteralexicalterm.Nostemmingoftermsormorphological

analysisispresentlyprovidedbythesystem. ThePartsofSpeechandVariantSpellingsoptions

simplymatchthetermenteredtoaheadwordstoredinPrologfactsforpartofspeechorvariant

spelling.Alistofpartsofspeechoralternatespellingsispostedtotheblackboardandsubsequently

formattedforviewingbythereportmodule. TheDefinitionoptionresultsinextensivenavigation

ofthehierarchyoffactsstoredforeachheadwordentry.Alistcontainingthetextualdefinitionand

allcomponentsofthedefinition,suchasabbreviations,partsofspeech,synonyms,variantspellings
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Table6. BrowseModuleCallableGoals

FUNCTORin
CALLABLEGOAL HYPOTHESIS COMMENT

hai(Function,Subj,Tn1) hai_output functionsareindicatedby
menuoptionsselect_ed.
i.e.,get_aih_person,get_index, _
get_subtopics,get_rel_subj,
get_italics,get_ita1ics_spau,
get_supertopics,fmd_hierarchy.

results text_output displaydocuments
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BrowseLexicon ·

1. Definition
2. RelatedWords andPhrases
3. PartsofSpeech
4. VariantSpellings
5. SampleUsages
6. ReturntoBrowseMenu
7. ReturntoMainMenu

Figure27. BrowseLcxiconMenu
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andmorphologicalvariations,ispostedtotheblackboardandprocessedbythereportgeneratorfor

displaytotheuser.

The Related Words and Phrases optionresultsir1displayofasecondarymenu shownin

Figure28. ResultsdisplayedforeachoptionarederiveddirectlyfromthePrologfactsforthe

correspondingrelation.Asthoserelationsandtheirderivationarediscussedindetailinotherre-

ports[WOHL86,FOXE86d]theywillnotberediscussedhere.

Callable Function: At present, only one goal is recognized by the lexical expert:

Iex(I·'unction,Word,Timestamp). Functionsareindicatedbymenuoptionsselectedduringlexicon

browsing,andincludethefollowing:

define adefinition

relt relatedterms

use sampleusages

pos partsofspeech

varspell variantspellings

morph morphologicalVariations
P

abbrev abbreviations

synonym synonyms

Foreachfunction,thehypothesislex_0uzputwillbepostedwiththebrowsedatarequested.
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BrowseRelatedWordsandPhrases

1. Synonyms
2. MorphologicallyRelated
3. VariantSpellings
4. Category
5. RetumtoLexiconBrowseMenu
6. RetumtoBrowseMenu
7. RetumtoMainMenu

Figure28. BrowseRelatedWords andPhrasesMenu
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4.2.5 ProblemDescriptionBuilder

OneoftheprimaryfunctionsoftheCODERsystem,aswithanyinformationretrievalsystem,is

tocreatearepresentationoftheuser’sproblematicsituation.Usersareoftenunsureoftheprecise

natureoftheirproblems; therefore,thesystemmustattempttoobtainasmuchinformationas

possibleabouttheuser’sproblemsothatamodeloftheproblemmaybegenerated. Thegoalof

theProblemDescriptionBuilderistocreatethismodel. ThemodelwillbeusedbytheQuery

Forrnulatorexperttopostasearchablequery. Inaddition,informationcollectedabouttheuser’s

problemsituationwillbestoredinsessionframesperuser.

TheProblemDescriptionbuilder,identifiedbythesystemasprobmsd,buildsadescriptionofthe

user’sproblemstateforagivensearchandcontrolsthetransitionofstagesintheretrievalprocess.

ItcombinesthefunctionsdefinedbyN.Belkin,PJ.DanielsandH.BrooksfortheProblemMode,

ProblemState,andProblemDescriptionmodulesofanintelligentinformationretrievalsystem.

SubgoalsofthesefunctionshavebeenclassifiedfortheCODERsystemasbelongingeithertothe

document,realorsystemworld. PerBelkin,Brooks,andDaniels,theproblemmode, stateand

descriptionaredefinedasfollows.

Mode determinesthesystemmechanismtobeusedandexplainssystemcapabilitiestothe
user.

State determinesthepositionoftheuserintheproblemtreatmentprocess,forexample,
whethertheuserisjustbeginningsearch,refiningthesearchorislookingforaspecific
documentwhichhe/shehasalreadyseen.

Descriptionincludessubject,context,terms,researchareaandsubjectliteraturereferences.

TheapproachesoftheaforementionedresearchershavebeenintegratedintotheCODERviewof

theProblemDescription. Threedecompositionsofproblemdescriptionhavebeenreviewedand

arediscussedherebrieüy.

l.perBelkinetal.[BELK83],theproblemdescriptionconsistsof4functions:

a. problemtype:forexample,procedural,decision·ma.kingorlearning.

b. problemstructure:whethertheproblemiscoherent,unstructuredorhasgaps.
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c. problemtopic:subjectmatter,termsandtopics.

d. problemcontext:purposeofthequery,user’sresearcharea,user’sareaofinterest,etc.

2. perDanielsetal.[DAN]85],theproblemdescriptionconsistsof5subgoals:

· a. topic:subjectmatter,termsandtopics.

b. research:user’sareaofresearchand/orresearchtopic.

c. subject:subjectbackground,abroadersubjectareathantopic.

d. document:contentofthedocumentstheuserwishestoretrieve.

e. subjectliterature:literatureofthesubjectdomainalreadyknowntoberelevant,suchas
keyauthorsorworks.

3. intheCODERsystem,theproblemdescriptioncontains3worlds:

a. Thedocumentworlddealswiththephysical/logicalstructureofdocumentstoberetrieved,
forexample,messagerelationshipswithindocuments. ThisworldisrelatedtoDaniels’
documentsubgoal.

b. Therealworld,thelargestofthe3worlds,containsthecontext,topic,termsandsubject
areatoberetrieved.Thisworldwouldincludethetopic,research,subject,andsubject
literaturesubgoalsdiscussedbyDaniels,etal.aswellasBelkin’stopicandcontextfunc-
trons.

c. Thesystemworldaddressesfunctionsoftheinformationretrievalsystembeingused,for
example, thequantityofdocuments desired, sortingofretrieveddocuments or
recall/precisionlevelexpectations.

EachofthethreeCODERworldshasbeenexaminedinlightofthefollowing:
• problemdescriptionsubgoalsandfunctionsdiscussedbyBelkin,Daniels,andBrooks;
• theCODERknowledgeadministrationcomplex;
• messagerelationsandAIListdocumentstructure;and
•

samplequeriesgeneratedbygraduatestudentsfordifferentissuesofAlListDigest.

Eachworldisdiscussedbelow.Whereframesarelisted,itisintendedthattheinputanalystmodule,

andlaterclassificationexperts,maypostpartiallyfilledframes.Forexample,thenameframefor

anindividualmaycontainonlythelastnameofthesenderofadigestmessage; thefirstandmiddle

nameslotsmaybeempty.The’post_frame’predicate,oneoftheknowledgeadministrationlocal

framepredicates,maybeusedtopostpartiallyfilledframestotheblackboard. Where elementary

dataitems,lowestleveldata,arelisted,itisintendedthatthisdatabepostedasstandardblackboard

hypotheses.
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DocumentWorld: Thedocumentworldreferstothephysicalandlogicalstructureofdocuments.

ItmaycontainEDTs,framesorrelationstorepresentthephysicalorlogicalstructureofdocu-

ments.

1. Framescontaintheuser’sentryofstructuredknowledge.Suchframesmayinclude:
• Digestissueframescontainingissueattributessuchasvolume,issue,topicsandissuedate;
• Digestmessageframeshavingmessageattributeslikesenderofmessageanddatesent;
• Documenttypeframesrepresentingdocumentlogicalstructure,forexample,seminars,

conferenceannouncements,newsreports,humor,etc. Documenttypesarenotyetfully
implementedintheanalysissubsystem.Theseminarannouncementdocumenttypeisthe
onlytypecurrentlyrecognizedbytheanalysissubsystem.

2. Relationsindicaterelationshipsamongdocumentphysicalorlogicalcomponentsßl
• Messagerelationsrepresentdocumentlogicalstructureandmayincluderelationssuchas

thosedepictedinTable7onpage115.
•

Physicalrelationsrepresentdocumentphysicalstructureandmayincluderelationssuch
asthoselistedinTable7onpage115. Notethatmanyofthedocumentworldframes
containslotswhichoverlapwithinformationwhichisrelevanttotherealworld. For
example,thedigest__messageframecontainsslotsforsender,anindividual,anddate_sent,
adateframe.

RealWorld:Therealworldcontainsthecontext,topic,termsandsubjectareaoftheuser’sproblem

situation.

1. Framescontaintheuser’sentryofstructuredknowledge.
• Framesaboutindividualscontainslotsfornames,addressesandafliliationsofpeople.
Individualframetypesareusedformessageauthor,sender,persontowhomreplyshould
besent,persontocontactaboutaseminar,etc.

• Organizationframesincludeanyoneoftheframeswithinorganizationframehierarchy,
suchaseducationalinstitution,corporationorgovernmentagency. Theseframeshave
notyetbeenimplementedbytheanalysissubsystem.

• Addressframesmayincludeeitherpostalorelectronicmailaddressinformation.
• Joumals,articles,booksandothercitationsarerepresentedbybibliographicreference

frames.Theseframes,whenimplemented,willaddressDaniel’s"subject1iterature"sub-
goal.

• Dateframeswillbepostedwiththerelations:on,beforeorafter. Theuserisprompted
withamenutoindicatewhetherthetimeperiodforwhichthesearchisrequestedison
agivendate,beforeadate,afteradateorbetweendates.

llTheserelationsarenotyetimplementedintheanalysissubsystem
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Table7. SampleMessageandPhysicalDocumentRelations

SampleMessageRelations:

· copyof referto excerptfrom by
annotationof samedigest beforedigest afterdigest
citation quotation replyto aroundsametime

SamplePhysicalDocumentRelations:

centexing capitalized memo sectionhdgs
‘

tables multicolumn topofdoc bottomofdoc
middleofdoc page(X) paragraph field
block wholemsg sentence figures
underlined list l

i
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2. Relationsfortherealworldincluderelationshipsamongterms,suchassynonymy,broader
termorverbrelations.TheserelationsarenotincludedinVersion1.0. Presently,relationships
amongheadwordsinthelexicon,suchassynonymyandbroaderterms,areindicatedbythe
lexiconfactsc_ALSO_CALLED,c_COMPARE,c_RELADJandc_CATEGORY.

3. -ElementaryDataitemsincludewordsandphrasestobeincludedinthequeryformulation,for
exampletopics,hardware,softwareoruser’sresearcharea.

SystemWorld: ThesystemworldincludesinformationrequiredbytheCODERsystemforits

processing.

1. Framessuchasthoseforusermodelingmayhelptodeterminesearchstrategy.

2. ElementaryDataitemsprovidemostoftheothersystemworldinformation.
•
Quantityofdocumentstheuserwishestoretrievemaybeanintegeror’all’.

•
Thetimetheuserhasavailabletodothesearchshouldbeconsidered.

• Recallandprecisionlevelexpectationsmayhelptodeterminethesearchstrategy.
• Sortingofretrieveddocumentsmaybebyrelevance,mostrecentorauthor’slastname.

Inadditiontothestructuredknowledgesuppliedbytheuser,informationisexplicitlyacquiredus-

ingthepromptandmenumechanisms. Samplepromptsandmenus usedbytheproblemde-

scriptionbuildertoacquiredocument,realandsystemworldinformationappearinFigure29on

page117.
‘

ProbmsdFunctions:Theprobmsdexpertperforrnsthefollowingfunctions:

_ 1. ItimplementsanondeterministicfrnitestateautomatonbasedontheCODERretrievalsub-

systemflowdevelopedinJune,1987(seeFigure30onpage119).Thestatehypothesisposted

byexpertswillpromptthedomaintaskschedulertonotifytheprobmsd. Ifthepredicatein

ahypothesismatchesatransitionarcforthecurrentstateofretrieval,theprobmsdexpertwill

"jump”tothenextstateandpostahypothesistoinitiatetheaction(s)forthenewstate.Facts

representingthelinitestatemachineareoftheform:

_/sm(Current_state,Transition,Next_state,Bboard_area).

Ifthenewstateisonewhichtheprobmsdmoduleshouldprocess,indicatedbyaBboard_area
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***Sampleprompts/menusforSystemWorld: _

”Howmanydocumentswouldyouliketoretrieve?”
1.1-5
2.5-10
3.10-20
4.20-40
5.All

”AreyoulookingforparticularRecall/Precision?”
1.HigherRecall
2.HigherPrecision
3.BalanceRecallandPrecision
4.Don’tKnow

"Wouldyouliketheretrieveddocumentstobesortedby:”1.Relevance °
2.Author’slastname
3.Date(mostrecent)

***Sampleprompts/menusforDocumentWorld:

"Areyoulookingforaspecific,knowndocument?(y/n/help)”

"Whatportionofdocumentswouldyouliketoretrieve?"
l.Wholedocument
2.Paragraphs ·'
3.DocumentHeaderonly

'
***Sampleprornpts/menusforRealWorld:

”Howfaralongareyouinyoursearchforinformation?"
1.Justbeginning
2.Refiningthesearch
3.Browsing
4.Other

"Whatauthorshaveprovidedusefulreferences?"

"Enterthetitlesofanybooks/articleswhichhavébeenuseful:'

"Doyouwishtoenterstructuredknowledgeforquerymatching?(y/n/help)”

"Doyouwishtoentertermsforquerymatching? (y/n/he1p)"

Figure29. SampleProblemDescriptionPrompts/Menus
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ofprobmsd,itwilldoso. Otherwise,theNext_stateispostedasthefunctorofablackboard

hypothesiswithtimestampasanargument.Theareatowhichitispostediscontainedinthe

Bboard_areaargument.

2. AlthoughthesubgoalsofBelkinandDaniels’ProblemMode, ProblemState,andProblem

Descriptionmoduleshavebeenstudiedextensively,theyarenotincorporatedintheirentirety

intothisexpert. Rather,thedocument,real,andsystemworldsdevisedfortheCODERsys-

temdirectthesequenceofactivity.Theprobmsdmodulecontainslocalknowledgeaboutthe

promptsandmenusitmustrequestfordisplaytotheusersothattheproblemdescriptionand

statemaybedefmed.

GoalswhichtheprobmsdmodulecanprocessappearinTable8onpage120.
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Table8. ProblemDescriptionCallableGoals

FUNCTORin
CALLABLEGOAL HYPOTHESIS AREA COMMENT

state(Transition,Tm)* id_user umodel identifyuser
char_newuser umodel characterizenewuser
char_olduser umodel characterizeolduser
user_eval umodel userevaluationneeded
exploring browse userrequestingbrowsing
form_query query - readyforqueryformulation
search search readyforsearchofdatabase
results results retrievalresultsposted
clean__up cleanup endofsession
disp_menu problem problemdescriptiontransition
disp_prompt problem problemdescriptiontransition
new_query problem newquery,samesession
state problem transitionswithinprobmsd

prob_resp(Resp,Id,Tm) tut user_req userrequestedexplanation’
disp_menu problem needmoreuserinfo
disp_prompt problem needmoreuserinfo
state problem gotalluserinfoforonephase;

transition

indicatedutype(User_type,Tm)(none) savesusertypepostedbyumodel

done_frames(Tm) state problem iaposteddoneframeentry

*Hypothesisposteddependsonthecurrentstateandthetransitionarc.
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4.2.6 UserModeling

Theinformationretrievaluserbaseisgraduallyshiftingfromagroupofskilledintermediariestoa

massaudienceofusershavingdiverseaptitudes,computerskillsandneeds. Intelligentinformation

retrievalsystemsmustsupportandadapttoabroadrangeofusers,fromnovicestosophisticates;

theretrievalsystemmustfuliillthesamefunctionsthatahumansearchintermediaryperforms.

Oneoftheprimaryfunctionsperformedisthatofmodelingtheuser.

When auserapproachesasearchintermediarywithadatabasesearchrequest,theintermediary

beginstomentallycompileasetofcharacteristicsabouttheuser. Asdialogbetweentheuserand
l
theintermediaryproceeds,theintermediaryidentifiespersonalcharacteristicsandqualitiesabout

theuser. Perceivedusercharacteristicsmaybebasedonappearance,mannerisms,previousknow-

ledgeabouttheuser,oruseranswerstoexplicitquestions. Accordingly,thesearchintermediary

will,forexample,concludewhethertheuserisexperiencedorinexperienced,isjustbeginningthe

searchorisrefiningit,hasawell-formulatedoravaguesearchrequest.Determininganappropriate

dialogandthedegreeofassistancerequiredfortheusertoformulateaprecisequeryarefunctions

thattheintermediaryperforms.AsaninformationretrievalsystemwhichemploysAImethodsto

allowmore effectiveretrieval,theCODERsystemattemptstosimulatesomeofthefunctions

normallyperformedbyahumansearchintermediary.

TheaimoftheusermodelmoduleoftheCODERsystemistoidentifyrelevantaspectsoftheuser’s

shortandlongtermgoals,background,experienceandknowledge. Toaccomplishitsaim,the

module usestheknowledgeadministrationcomplextobuildframesandrelationsforindividual

usersofthesystem. Frominformationcollectedduringprevioussessionsaswellasfromuser-

suppliedresponsestomenusandprompts,theusermodelingexpertbuildsframesforeachuser.

Slotvaluesintheframesdeterminetheuserstereotypetobepostedtotheblackboard;thattype,

aswellasotherinformationabouttheuser,mayassistCODERmodulesindeterrniningaction

sequencesandmodesofinteractionwiththeuser.
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UserModelFrama:BasedonresearchbyP.Daniels[DANI86b]framescontaininginformation

abouttheuserhavebeendefmed. Theusermodeling subgoalsspecifiedbyDanielsprovided

guidanceforframedefinitions.Thesubgoalsincludethefollowing.
•
The user subgoal determines the user’s status, for example,
graduate/undergraduate/faculty/staffforanacademicuser.

•
Theugoalsubgoalidentifiestheuser’sshortandlongtenngoals.

• Assessmentoftheuser’sstateofknowledgeabouthis/herproblemsituationisthethirdsub-
goal.

•
Thesubgoal,levelofexperiencewithinformationretrievalsystems,helpstodeterminethedi-
alogmodeanddegreeofinteractionrequiredbetweenthesystemandtheuser.

•
Finally,relevantaspectsoftheuser’sbackground,suchaseducationoremployment,further
characterizetheuser.

Inadditiontotheuserframesincorporatingthesefivesubgoals,frameshavebeencreatedforstor-

ageofinformationabouteachdifferentsessioninwhichauserisengaged.Asessionrepresentsthe

timeperiodfromstart·upoftheCODERretrievalsubsystembyasingleusertoterrninationbythat

user. Anindividualsessionmayincludemultiplequeries. Informationaccumulatedduringprevi-

ousretrievalsessionsisusedtocharacterizeusersduringnewsessions. LikealloftheVersion1.0

modules,theusermodelexperthasbeenimplementedas
Ia
prototypicalmodule. Therefore,later

versionswilllikelyrequireexpansionoftheframesdefinedforthisversionofthesystem.

Sevenframeshavebeendefinedforeachuser.Allframesareeitherslotsintheprimaryuserframe,

thatistheyarepartoftheuserframe,ortheyareslotsintheframeswhicharepartofthetheuser

frame.Theuserframecontainsslotsforuseridentyication,usertype,frequencyofuseandthe '

followingframes.

environment:preferredsessionenvironment,suchasquerytype,documentorderinganddocument
quantity(experiencesubgoal).Preferencesareinferredbyreviewinguptotenofthelast
usersessions,andweightingthepreferredenvironmentselectedduringthecurrentand
previoussessionmoreheavily.

info: generalinformationabouttheuser’sstatus(backgroundandusersubgoals).

knowledge:user’slevelofexperiencewithcomputersandinformationretrievalsystems(knowledge
andexperiencesubgoals).

loginfo: averagesandtotalsforretrievalsessions;alsocontainsthesessionslotforframescon-
tainingstatisticsabouteachsession. Thesessionframecontainsuser’slongandshort
termgoals(ugoalsubgoal).
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TheusermodelingframesandtheirslotsaredisplayedinFigure3landFigure32.

Samplepromptsandmenus usedtoexplicitlyacquireinformationabouttheuserappearin

Table9. Whetherpromptsormenusaredisplayeddependsonthetypeofuserandtheuser’sre-

sponsestopriorpromptsandmenus. lftheuserhaspreviouslyusedtheCODERsystemandin-

formationabouttheuser’sbackgroundandexperiencelevelhasalreadybeenobtairred,manyofthe

usercharacterizationpromptsandmenuswillbebypassed.

BrowsingtheUserModel:Theusermodelexpertalsosupportsuserbrowsingofinformationinthe

usermodelframes.Background,preferredenvironmentorsessionstatisticsmaybebrowsedbythe

user. Futureversionsoftheusermodelingmoduleshouldallowausertomodifyparticularinfor-

V mationinhis/heruserframes.Inaddition,theusershouldbeabletobrowseadocumentarchive

ofretrieveddocumentidsanddataaboutthosedocumentswhichtheuserspecified.

UserStereotypes:Themodeloftheusercontainedintheuserframesallowstheusermodelexpert

tostereotypicallyclassifyCODERusers. Pre-encodedassumptionsaboutusersprovidethree

classifications: novice,averageandexpert. When ausertypehasbeeninferred,theusermodel

poststhetypetotheblackboardsothatothermodulesmaytailorprocessingaccordingly. About

V adozenrules,mostlyinthequeryformulatorandproblemdescriptionbuildermodules,havebeen

implementedinthisversionoftheCODERsystemregardinghowbesttoapplyuserclassifications.

Primarily,usertypeshavebeenconsideredwhendeterminingthekindsofpromptsandmenusto

bedisplayed;thatis,theuserstereotypeaffectsdialoganddegreeofassistanceprovided.Advanced

functions,suchasapplyingusermodeling datatodeterminewhethertoexpandqueryterms,

whethertoprovidegeneralorspecificreferences,orhowtotranslateterms,havenotyetbeenin-

corporated. ·
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FRAMETYPE:user

Slot Class Description
userid EDT useridentification
usertype EDT typeofuser(novice,average,expert)
freq_of_use EDT numberoftimesCODERhasbeenused
environment frame userenvironmentpreferences
info frame generalinformationabouttheuser
knowledge frame userexperienceandknowledge
loginfo frame sessioninformation

FRAMETYPE:knowledge

Slot Class Description
usedcomp EDT everusedacomputer(yesorno)
cscrs EDT takencomputersci.courses
isrcrs EDT takenISRcourses
knowbool EDT familiarwithbooleanlogic
othexisr EDT usedotherISRsystems(yes/no)
otherfreq EDT frequencyifusedotherISRsystems

FRAMETYPE:environment

Slot Class Description
doc_qty EDT preferreddocumentquantity
doc_ordering EDT preferreddocumentsort
type_display EDT preferredportionofdocument
qtype EDT preferredquerytype(boolean,vector,...)
recall_precision EDT preferredlevelofrecall/precision

FRAMETYPE:info

Slot Class Description
degree EDT highesteducationaldegreeobtained
educ_field EDT educationalfieldfordegree
fxrstlang EDT Englishasnativelanguage(yes/no)
gender EDT maleorfemale
individual frame name,address, (notcurrentlyused)

Figure3l. UserModelFrames
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FRAMETYPE:Ioginfo* ‘

Slot Class Description
avgfdbk EDT averagetimesfeedbackused
avglgth EDT averagelengthofqueries
avgqchgs EDT averagechangestoqueries

V session frame statisticspersession
totdocs EDT totaldocumentsretrieved
totfdbk EDT totalfeedbacksearches
tothelp EDT totaltimeshelprequested
totquery EDT totalqueries
tottime EDT totaltimeonsystem

FRAMETYPE:session

Slot Class Description
nodoc_queries EDT nbrofquerieswithnodocumentsfound
fdbk EDT feedbackquery
qchgs EDT querychanges
query EDT query
reldocs EDT retrieveddocumentids
sessionlgth EDT sessionlength
session_id EDT sessionprocessid
nbr_docs EDT number_ofdocsfound
nbr_fdbk EDT numberoffeedbackdocs

- user_eval frame userevaluationofsession
doc_qty EDT documentquantityrequested
doc_ordering EDT documentsort
qtype EDT querytype
type_display EDT documentportion
recal1_precision EDT recall/precisionlevel
research EDT researcharea
purpose EDT purposeofsearch

FRAMETYPE:user_eval

Slot Class Description
easy_to_use EDT systemwaseasytouse(yes/no)

A

satisfaction EDT levelofsatisfaction(1to10)
usefulness EDT percentofdocumentsfounduseful
why_stop EDT reasonforstoppingsearch ‘

*Loginfoslotsotherthanforsessionframeandtotaltimeonsystem
arenotyetfrlled.

Figure32. UserModelSessionFrames _
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Table9. SampleUserModelPromptsandMenus

Forusercharacterization:

"Enterauniqueid(e.g.,lastnamefollowedbyfirstinitial):"
"Haveyoueverusedacomputer?(y/n)” ‘

"HaveyoutakenComputerSciencecourses?(y/n)"
”HaveyoutakenInformationStorage&Retrievalcourses?(y/n)”
”AreyoufamiliarwithBooleanlogic(y/r1)?"”Is
Englishyournativelanguage?(y/n)”

"Enteryourgender(m=male,f=female):"
”HaveyoueverusedanInformationStorage&RetrievalSystem?(y/n)”

”HowmanytimeshaveyouusedInformationStorage&RetrievalSystems?"
1. 1-5
2. 6-10
3.10-25
4.over25

”VVhatisthehighestlevelofeducationyouhaveiachieved?”
1.Highschooldiploma
2.Twoormoreyearscollege
3.Bachelor’sdegree
etc.

"Inwhatfieldisyourdegree?" . —
1.ComputerScience
2.Engineering
etc.

"Whatareaofresearchareyoucurrentlypursuing?"
1.KnowledgeRepresentation
2.NaturalLanguageProcessing
etc.

Foruserevaluationofsession:

"Onascaleof1-10,(1=dissatisfied,10=satisfied),entersatisfaction:"

"Wasthissystemnon-frustratingandeasytouse?(y/n)”

"Didyoustopsearchingbecauseyou:"
1.foundwhatyouwanted
2.foundenoughinformation
3.arefrustratedwiththissystem
4.ranoutoftime

"P1easeestimatethepercentageofdocumentsretrievedthatwereusefu1"
l.under20%
2.20-33%
3.34-50%
etc.
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TheheuristicsemployedtoclassifyusersappearinTable 10. Explicitlyacquiredattributesaswell

asinformationaccumulatedbythesystemprovidetheknowledgeneededtoinferusertypes.

CallableFunctionsThecallablegoalsfortheusermodelmoduleappearinTablell.

4.2.7 SearchandQueryFormulation

Researchregardingefficientmethodsforsearchinglargedocumentcollectionsfocusesonwaysto

reducethenumberofdatabaseaccessesrequiredtorespondtoanygivenquery[SALT83c]. The

goalistoeliminatesequentialsearchingofentirecollectionsandtoexamineasfewdocumentrep-

resentationsaspossiblewithoutsacrificingretrievaleffectiveness. Abroadrangeofsearching

methodsandalgorithms[FALO85,SALT83c]havebeendevelopedto_reducethetimerequired

tolocaterelevantdocumentsinlargeinformationcollections.Asaresearchtestbed,theCODER

systemaimstoincludeawidevarietyofthosemethodssothatcomparisonsbetweendifferental-

gorithmsindifferentsituationsmayleadtostrategiesforselectingthebestsearchmethodforagiven

query.Differentsimilaritymeasuresand/orsearchmethodsappeartobemoreeffectivefordifferent

typesofqueries;however,determinationofwhichquerycharacteristicssuggestparticularsearch

strategiesisanopenresearchproblem.

RetrievalModels:ThemostcommonarrangementforretrievalisaBooleansystemaccessedvia

aninvertedfile.CommercialsystemslikeMEDLARS,BRS,DIALOGandSTAIRShaveadopted

sucharetrievalmodel. KeytermsconnectedbytheBooleanoperatorsAND,ORandNOTare

usedinconventionalBooleanretrieval. Documentsetsassociatedwithkeytermsconnectedby

ANDareintersectedwhilealldocumentsassociatedwithtermsjoinedbyORoperatorsarein-

cluded. Documentscontainingnegatedtermsareelirninatedfromtherelevantset. Booleanre-
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Table 10. UserStereotypeClassificationHeuristics

Forusertypenovice:

Slot Value Comments
usedcomp n neverusedacomputer
OR

otherisr n neverusedanISRsystem
OR

otherisr y usedotherISRsystemslessthan
otherfreq <=10 orequalto10times

Forusertypeaverage:

Slot Value Comments
otherisr y usedotherISRsystems
otherfreq >10 morethan10times.
OR

totsearches >2
i

Performedmorethan2CODERsearches
OR

totsearches >5 Performedmorethan5CODER °
cscrs y searchesandhastakenCScourses

Forusertypeexpert:

Slot Value Comments
otherisr y usedotherISRsystemsmore
otherfreq > 10 than10times,andperformed
totsearches >5 morethan5CODERsearches
OR

totsearches >12 Performedmorethan12CODERsearches

Note:
Anyusersnotclassifiedbytheaboverulesareclassifiedasaverage
andawamingmessageisloggedfortheCODERsystemadministrator.
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Tablell.UserModelCallableGoals

FUNCTORin
CALLABLEGOAL HYPOTHESIS AREA COMMENT

id_user(Tm) disp_prompt umodel requestuseridentification

cha1·_newuser(Tm) disp_prompt umodel begintogetuserinfo

cha1·_olduser(Tm) utype umodel postusertype
state state posttransitionforprobmsd

um_resp(Resp,Id,Tm)* state state processuserresponsesto
disp_menu umodel usermodelprompts/menus
disp_prompt umodel
tut umodel
editf umodel

um_req(Request,Tm) displayf user_req userrequestedbrowsingof
usermodel

user_eval(Tm) disp_msg umodel beginuserevaluationofsession
dispgprompt umodel

clean_up(Tm) state state afterframesareupdated, ‘
poststatetransition

*HypothesisposteddependsonIdofpromptormenu.
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trievalispopularinoperationalsituationsbecausethebasicsareeasilyunderstoodandhigh

standardsofperformanceareachievableifsearchersarecreativeandpersistent[SALT83b].

However,thesetofrelevantdocumentsretrievedinresponsetoaqueryisnotranked,andgrappling

withsheersizemaybeanobstacletoeffectiveretrieval. ‘

BetweenconventionalBooleanretrievalandvectorretrievalisextendedBooleanretrievalwhich

usesthep—normforrnalismtodeterminedocument/querysimilarities[SALT83b]. Booleanopera-

tors,querytermweightsanddocumenttermweightsareallincludedinthismodel. Furthermore,

Booleanconnectivesmaybeparameterizedbyanumberfrom1toinfinity,thepvalue,whichas-

sertsthestrictnessofinterpretationoftheconnective. Aspvaluesmovefrominfinityto1,the

Booleanoperatorsareinterpretedmoreandmoreloosely;whenapvalueequals1,thedistinction

betweenANDandORoperatorsdisappears.

Avarietyofadditionalretrievalmethodshavebeendeveloped,howevertheyhavenotyetbeen

includedintheCODERsystem.Probabilisticretrievalusesprobabilitytheoryinboththeindexing

andretrievalprocessesbasedonratiosofrelevantandnonrelevantdocuments. Amethodforin-

tegratingBooleanandprobabilisticretrievalmethods hasbeenproposedbyCroft[CROF86a].

Clusteredsearching[FALO85]proposesthatcloselyassociateddocumentstendtoberelevantto

thesamerequestandusesclustercentroidstocontainaveragetermweightsrepresentingalldocu-

mentsinacluster. Retrievalbasedoncitation.:andreferencesemploysacitationindexand/or
_ cocitationlir1kstorelatedocuments. EastmanandWeiss proposeatreealgorithmfornearest

neighborsearching[EAST77]. AsbuiltintotheMU-Prologextemaldatabasefactilities,moreso-

phisticatedmulti-attributeretrievalisprovidedbysuperimposedcodingschemes[SACK82,RAMA

85].

ThisversionoftheretrievalsubsystemincludesPrologprogramstosupportvector,p-normand

Booleansearching. However,aswiththelexicon,thecollectiontobesearchedistoolargetobe

consultedinalocalPrologfactbase.Workiscurrentlyinprogresstoadaptindexingandsearching

routinesfromtheSMARTsystem. ACresourcemanagerwillbecreatedtobeaccessedbythe
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searchexpertsothattime-consumingsearchingofPrologfactbases,eitherlocalorexternal,is

omitted.Thissectionwilldescribethecurrentfunctionsofthesearchandqueryformulatormod-

ules. TheincorporationofSMARTroutines,stillinprogressbyotherstudents,willnotbedis-
l

cussedhere.

4.2.7.1 SearchExpert (

TheCODERsearchexperthasitsrootsinanexpertsystemtool,writteninHCProlog[ROAC

85],toaidtheplacementoffosterchildrenintoappropriatehomes. TheHCPrologcodewas

convertedtoMU·Pro1ogcodetofulfillclassprojectrequirementsearlyin1986]WEAV86a].Later,

searchfunctionswereexpandedandcallstotheblackboard/strategistandtoaPrologexternalda-

tabasewereadded[WEAV86b]. BooleansearchingfunctionsweredevelopedduringSpringquar-

ter,1987[SIU87].

ThesearchexpertusesanextemalPrologdatabaseoffactscontainingarelationalrepresentation

ofkeytermsanddocumentids:

dv(Document_id,CIassi{ication_type,Query_term,Weight).

ThefactswereproducedfromvectorsgeneratedbytheSMARTsystem. Querytermsarerepres-

entedbyconceptnumbersandweightsarenumbersintherange.00001to.99999,wherethedeci-

malplaceisassumed. Classificationtypes,suchasauthor,titleorbody,arenotused. The

superimposedcodingschemeprovidedwithMU-Prologwasusedtoindexthefactsforfasterre-

trieval.However,responsetimesforverylargenumbersoffacts(over5000)wereunacceptable,

andonlysmallfactbasesof2000to5000factshavebeenusedbythesearchexpert.

Thesearchexpertperforrnsthreeprimaryfunctions:

1. Retrievalofrelevantdocumentids.

2. Computationofquery-documentsimilarity,iftermweightsareprovided.
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3. Rar1kingofrelevantdocumentsbasedonsirnilarity,andpostingofdocumentidsuptothe
numberofdocumentsrequestedbytheuser.

P-normprocessing:Asmentionedearlierinthissection,Booleanoperators,querytermweightsand

documenttermweightsareallincludedinthep·normmodel,andthepvalueallowsfuzzyinter-

pretationofBooleanoperators, Thesearchexpertexpectsap·normquerypostedontheblack-

boardtoadheretoaparticularsyntax.Thatis,

p_norm(Number_of_docs,[Weight,BooIean_operator,P__vaIue,Clauses/).

where

Number_of_docsisthequantityofdocumentstheuserwouldliketoretrieve.

Weight isanintegerfrom0to10.

P_vaIue isanintegerfromltoinfinity,whereinfinityisrepresentedby’%’.

Clauses isalistofterm,weightpairswheretermsareofthesameformasthosestoredinthe
documentdatabasefacts,inthiscase,conceptnumbers,andweightsareintegersfrom
lto10indicatingtheimportanceofqueryterms.

Therefore,avalidp·normqueryrepresenting
”I
wouldliketoretrieve10documentsaboutauto-

mationofcatalogsorcomputerperipherals"wouldbe

p_nom·1(lO,[9,or,5,[8,and,l],[automation,l0],[catalog,7],[9,and,1],[computer,5],[peripheral,10]]).*2

Whenrelevantdocumentshavebeenretrieved,sirnilaritiesbetween

documentsandqueriesarecomputed.*2AsdescribedbySalton,FoxandWu [SALT83b],the

similarityiscalculatedaccordingtothefollowingformula.

Constder,asanexample,adocumentDwithassignedtermsAandBandletdAanddBrepresenttheweights
orimportanceofthetwotermsinthedocument. Givenqueries(AandB)and(AorB),thefollowing
query-documentsimilarityfunctionsmaybedefinedbetweenthesequeriesandadocumentD=(dA,dB).

P P—dg) ig;.

*2 Notethattermssuchasautomationandcatalogwouldreallybeconceptnumbers.

*2 SimilaritycomputationsrequireMU-PrologFloatingpointnumberroutines.
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orFollowingsimilaritycomputations,theretrieveddocumentsaresortedbysimilarity,andthe10

highestdocumentswillbepostedtotheblackboardwithdoc(Id)hypothesesusingsimilarity

rankingsasconfidencevalues.

Vectorprocessing:Settingthepvalueto1 inap-normsyntaxquerywillresultinvectorstyle
j
processing. Thatis,ANDoperatorsaretreatedlikeORoperators;alltermsare,therefore,ored

together.Forkequaltothenumberofqueryterms,”theactualsimilarityvaluesobtainedforp=l

areexactlythoseproducedbyavectorprocessingsysteminwhichthesimilaritybetweenadocu-

mentD=(d,,d2,...)andanormalizedvectorqueryQ=(%,—g]%·,...,éä)isevaluatedastheusual

vectorproduct."[SALT83b]. ”

Booleanprocessing:Whenpvalueissettoinfinity,Booleanconnectiveswillbestrictlyinterpreted.

Therefore,_conventiona1Booleanqueriescouldbeprocessedbythep-norrnfunctions.However,

thep-normroutinesimplementedhavenoprovisionforhandlingoftheBooleanNOToperator.

SearchfunctionswhichprocessBooleanlogicqueriesincludingtheNOToperatorhavebeende-

veloped[SIU87]. Aswiththep·norrnandvectorqueries,thesearchexpertexpectsaBoolean

querytobeproperlystructuredinprefixnotationformatwhenreceived.Forexample,aBoolean ‘

searchhypothesismightbe

[boolean(5,[and,or,online,computer,no!,retrievaLst0rage]).

representingthequery
”l
wouldlike5documentsaboutonlineorcomputerandretrieval,butnot

storage.”Uptofiverelevantdocumentidswillbepostedtotheblackboardbythesearchexpert.

AdditionaldetailsregardingtheoperationsperformedbytheBooleansearchingroutinesmaybe

reviewedinthecorrespondingclassprojectreport[SIU87].
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FrameMatching: Inadditiontotraditionalretrievalwheredocumentsandstructuredqueriesare

matched, theCODERsystemrequiresthatpartialframescreatedbyusersbematchedtoframes

inthedocumentknowledgebasecreatedbytheanalysissubsystem.Atwo-quarterprojectiscur-
I
rentlyunderwaytofacilitatematchingofuserframestodocumentframes.Itstwofoldobjective

includes1)constructinga”system”tostoreframesinCstructuresand2)creatingaCODERre-

sourcemanagertodeterminematchingjramesandtoperformotherframeobjectmanipulations.

AlthoughtheframeobjectpredicateshavebeencodedandtestedusingMU-Prolog, efficient

processingtomatchframescouldnotbeaccomplishedduetothesizeofthedocumentknowledge

base. Therefore,matchingofpartiallyfilleduserframestodocumentframescouldonlybeper-

formedforsmallsubsetsofthedocumentdatabase. TheimplementationofaCODERresource

managerwritteninCshouldefficientlyaccomplishmatchingofframes.

CallableFunctions:ThecallablegoalsforthesearchmoduleappearinTable 12.

4.2.7.2 QueryFormulator

TheobjectiveoftheCODERqueryformulatormodule,qform,istostructurequeriesinformats

recognizablebythesearchexpert,andtoassistusersinformulatingBooleanqueries. Futurever-

sionsofthequeryformulatormayhelpuserstoformulateothertypesofqueriesaswell. Thequery

formulatorwaswrittenasastandalonemodule[QUIZ87].Later,callstotheblackboard/strategist

andreplacementofinput/outuptfunctionswithoperationstobeperformedbytheuserinterface

managerwereadded.

Thequeryformulatoroffersassistancefortwotypesofusers,noviceandexpert. Explanationsof

facets,exclusionlistsandBooleanqueryrequirementsareprovided. Inaddition,theuseris

promptedtoentertermfacets,subjectsandexlusions,andisgivenanopportunitytomodifysystem

formulatedqueriesbeforetheyarepostedforthesearchexpert. Furtherdescriptionofthequery
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TableI2.SearchModuleCallableGoals

FUNCTORin
CALLABLEGOAL HYPOTHESIS AREA COMMENT

p_norrn(Numdoc,Query,Tm) doc results searchdatabase
docs_posted results finishedfindingdocs ~

boolean(Numdoc,Query,Tm) doc results searchdatabase
docs_posted results finishedfindingdocs

vector(Numdoc,Query,Tm) doc results searchdatabase
docs_posted results finishedfindingdocs
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TableI3. QueryFormulatorCallableGoals

FUNCTORin
CALLABLEGOAL HYPOTHESIS AREA COMMENT

form_query(Tm) disp_prompt qform beginpromptinguser

do_query(Query_type,Tm) disp_prompt qform beginpromptinguser

qf_resp(Resp,Id) disp_prompt qform continuetogetinfo
disp_menu qform tobuildquery
displayf qform
editf qform
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formulatormoduleisprovidedinthecorrespondingclassprojectreport[QUIZ87]. Thesample

sessioninAppendixHillustratessomeofthefunctionsofthequeryformulatormodule.

CallableFunctions:ThecallablegoalsforthequeryformulatormoduleappearinTable 13.:

Conclusion:Althoughsearchingandretrievalofdocumentscouldoccur,albeitlesseffectively,

withouttheusermodel,inputanalyst,reportgenerator,problemdescriptionbuilderorbrowsing

modules, noretrievalcanoccurwithoutthesearchexpert. Eliminationofthequeryformulator

wouldrequirethattheuserknowhowtoformulatesearchablequeriesusingthesyntaxexpected

bythesearchexpert. Unsurprisingly,thesearchenginewasthefirstmoduleoftheCODERpro-

totypetobeimplementedandtested.However,thesearchmodule’sneedfordocumentandterm

informationdictatesintensiveinput/outputprocessing; furthermore,computationallyexpensive

operationstocalculatesimilaritymeasuresmustbeperforrned. OfalloftheVersion1.0modules,

thecurrentsearchexpertdemandsthemostimmediateattentionsothatalluserqueriescanbeef-

jicientbzmatchedtodocumentsinthecompleteAIListcollection.

4.3 Version1.0Prototype

ThediagraminFigure33depictsthecurrentCODERretrievalsubsystem.Allmodulesarefunc-

tionalandhavebeenintegratedwiththeblackboard/strategistcomplex,userinterfacemanagerand

otherresourcemanagers. Thesubsystemconsistsofnineinferentialmodules,threeresourceman-
I

agerswritteninCandfourexternalknowledgebases. Theimplementedsystemrunsonasingle I

VAX-ll/785runningULTRIXTM,avariantof4.2BSDUNIX. Althoughworkisinprogressto
I

createamulti-userversionoftheretrievalsubsystem,Version1.0handlesonlyoneuseratatime. I
I
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5.0 DiscussionofResults

BasedontheresultsoftheVersion1.0CODERsystemimplementation,thischapterdiscusseshow

theoriginalhypothesesoftheCODERsystemresearchhavebeenaddressedbythisinvestigation.

Inaddition,amicro-levelevaluationofsystemperformanceanddetailsconcerningtheCODER

modulesarealsopresented.

5.1 Accomplislzments

ThehypothesesaddressedbythisimplementationwerepresentedinChapter1,section1.3. Each

hypothesiswillbeexaminedhereagaininrelationtotheconclusionsgameredfromtheretrieval

subsystemimplementation.

Logicprogrammingisadaptabletoinformationstorageandretrieval.

TheVersion1.0implementationoftheCODERretrievalsubsystemincludesninemoduleswritten

inthelogicprogramminglanguageProlog. Thelistprocessing,recursionandpatternmatching

abilitiesofthelanguageallowedfast,eflicientimplementationofmodules. Structurescontaining

listsofqueryordocumentterms,frameslots,lexicaldelinitions,documentids,blackboardhy-

potheses,andqueuesofexperttaskscouldbeprocessedrecursively;thus,Pro1og’sinherentefii·

cienciesforrecursiveprocessingcouldbeutilized. Prologpattemmatchingabilitiesfacilitated,for

example,straightforwardretrievalofhypothesesfromspecificblackboardareas,matchingofuser

responsestoparticularpromptsormenus,andtailoringofdialogtousertypes.
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Programmerswhoweretrainedinconventionalprocedurallanguagesdidencounterasignificant

learningcurvewhenattemptingtodevelopprogramsinProlog. However,oncethefundarnentals

ofalogicprogramminglanguagewereunderstood,moduledevelopmentcouldproceedrapidly.

InferentialreasoningperformedbythePrologmodulescouldnotbeaseasilycodedinalanguage

suchasPascalorC. Rulebases,forexamplerulesforschedulingstrategiesorfortheproblemstate

finitestateautomaton,wouldhaverequiredmanyif~then-elsestructuresand/orspecialfileordata

structuresifdevelopedinaprocedurallanguage.Moreover,additionofnewrulesmaybeeffected

bysimplyaddingnewfactstoPrologfactbases. Althoughthetimerequiredforcomputationally

intensiveprocessingwithinPrologmoduleswasnotoptimal,compilationofmoduleswhencon-

versionfromMU-PrologtoNU-Prologoccursshouldsignificantlyreducecomputationtimes.The

creationoftheVersion1.0retrievalsubsystem,withmostmodulescodedinProlog,indicatesthat

logicprogrammingisadaptabletoinformationstorageandretrieval.

Theknowledgeengineeringparadigmcanbeappliedtoinformationstorageandretrievalsystems.

TheMaster’sthesisspecifyingthedesignoftheCODERsystem[FRAN86]proposedthatkr1ow-

ledgeengineeringtoolscouldbeusedbyinformationstorageandretrievalsystems.Aknowledge

administrationcomplexhasbeenwrittenandtested,andisanintegralpartofboththeanalysisand

retrievalsubsystems. Structuresrepresentingthecontentandhierarchicalorganizationofdocu-

ments havebeendefinedandinstantiated.Knowledgeaboutdocumentsandusersisstoredin

framesandisusedbyretrievalsubsystemmodulestopartiallysimulatethefunctionsofatrained ·

searchintermediaryandtointelligentlymatchuserqueriestodocuments. Therepresentationof

knowledgeinthedomainofartificialintelligencehasbeenaccomplishedintheCODERsystem

throughuseoftheknowledgeengineerir1gtools,framesandrelations.

Systemmodularityprovidesamoreflexibleresearchtestbedenvironment.

Twelvemodules,eachperformingdistinctfunctions,formthepresentCODERretrievalsubsystem,

Eachmodulewasfirstdevelopedindependentlyasastand~aloneprogram. Systemdevelopment
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andmoduleintegrationcouldproceedwithoutcompletionofallmodules. Moreover,asenhanced

versionsofmoduleswerecreated,newermodulescouldbesubstitutedforpreviousversionssimply

byreplacingsourceorobjectfilesintheconfigurationdirectoryandaddingnewschedulingrules

tothestrategistifnecessary. Centralizationofmessagecommunicationsontheblackboardpro-
_

motesfurtherindependenceofmodulesandprovidesadditionalflexibility.Addingnewmodules

orremovingmodules, asdiscussedinChapter3,section3.3.2,requiresonlytwosteps: creation

ordeletionofasocket,andmodificationstothestrategistifnecessary. Althoughsuccessfulinte-

grationofthefirstmodulerequiredconsiderablestrugglingandeffort,subsequentmoduleswere

integratedinafewhoursandgenerallyperformedcorrectlywithoutsubstantialdifficulties.

NearlythirtygraduatestudentsatVirginiaTechhavemadecontributions,ofvaryingdegrees,tothe

developmentoftheCODERsystem. Thenumberofdifferentpeopleworkingonpiecesofthe

CODERsystem,aswellastheeasewithwhichnewmodules wereintegrated,supportsthehy-

pothesisthatmodularitydoesprovideaquiteflexibleresearchtestbedenvironment.

Userscanpedormmoreeffectiveretrievalwhenstructuredknowledgeisemployed.

”Structuredknowledge"includesthehierarchicalorganizationofdocumentsaswellasconcepts

suchasnames,datesandaddresses. Theknowledgeadministrationcomplexprovidesthefounda-

tionforthecreationandstorageofstructuredknowledge. Framesandrelationsrepresentingdoc-

umentsandtheircontentsarecreatedbytheanalysissubsystem. Theinputanalystandreporti
modulespromoteandsupportuserentryofstructuredknowledgeinformation.Finally,thesearch

W
expertmatchestheuser’sstructuredknowledgeentriestodocumentframesandrelations.

Thefacilitiesneededtosupportuserretrievalemployingstructuredknowledgelhavebeenprovided

intheVersion 1.0implementation.However,theprocessingrequiredtoefficienthwmatch user

framestothecompletesetofdocumentframesisstillunderdevelopment. Asaconsequence,ex-

perimentstoevaluateusersatisfactionwithretrievalresultswhenframeinformationissupplied

havenotyetbeenperformed. When efficientframematchingcanbeaccomplished,suchexper-
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imentationshouldexamineretrievalsatisfactionoftraditionalvector-stylequeriesversus

structuredknowledgequeries; moreover, combinationsofdifferentkindsoftraditionalqueriessuchasp-

norm,vectorandboolean,inconjunctionwithvaryingamountsofframeinputshouldbecom-

pared. Suchexperimentationisnotdeemedtrivialandcouldalsoincludeinvestigationofwhich

querycharacteristicssuggestspecificsearchstrategies.

5.2 Micro-LevelEvaluation

SystemperformanceanddetailsconcerningCODERmodules havebeenevaluatedattheimple-

mentationlevel.Thissectiondiscussestheperformanceoftheretrievalsubsystem,thatis,thetimes

requiredbythesystemtoperformspecificfunctions.Inaddition,thesizeofthemodulesandtheir

rulebasesarepresented.

5.2.1 Performance

Thetimingsforthesessionevaluatedweretakenduringlateeveninghourswhensystemloadwas

minimal. TheyappearinAppendixH. Thetime(X)predicateaddedtotheMU·Prologinterpreter

wasusedtorecordthetime,inseconds,atwhichhypotheseswerepostedtotheCODERblack-

board.Althoughtimesrecordedtotenthsofasecondwouldhaveallowedmorepreciseevaluation

ofsystemperformance,thetimeslistedprovideasufficientlyaccurateindicationofthesystem’s

performance.

ThetablescontainedinAppendixHreflectthesequenceofcontrolfrommoduletomoduleand

theflowofatypicalretrievalsession.AtypicalsessionisillustratedbythescreensprintedinAp-

pendixI.Areaswhereconcurrentprocessingmayoccur,otherthanbetweentheblackboardand
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strategistmoduleswhereitalwaysoccurs(seesection4.2.1),areindicatedby
’+’.

Where many

prompts,menusanddisplayfilesaresenttotheuserinterfacesothatmodulesmaycollectinfor-

mationforasinglepurpose,forexampleuserevaluationofthesession,functionsarenotrepeatedly

listed. '

When modulesrequireinformationfromusers,thesystemrequiresapproximatelyonesecondto

processthefourstepslistedbelow.Dataispassedasfollowsz

1. amodulepostsadisplayrequesttotheblackboard;

2. theblackboardnotiliesthestrategist;

3. thestrategistdispatchesthereportmodule; ·

4. thereportmodulesendstherequesttotheuserinterfacemanagerfordisplay.

Next,theuser’sresponsemustbesentbacktothemodulerequestingtheuserinput.Themodule

receivestheinformationandpostsarequest,forexampleformoreinformation,111aboutonesec-

ond.

1. Theuserinterfacemanagersendstheuserresponsetotheinputanalystmodule;
i

2. theinputanalystconvertstheresponsetoaninternalsystemformandpostsittotheblack-
board;

3. theblackboardnotifiesthestrategist;

4. thestrategistdispatchestherequestingmodule;

5. themodule processestheinformationandpoststhenexthypothesisorquestiononthe
blackboard.

Passingdatatoandfromtheuserisperformedwellwithinacceptableresponsetimeranges.Most

generalfunctionsrequireapproximatelyonesecondtobeexecuted; however,statetrarzsitions

norrnallyrequirefromtwotothreesecondsduetotheextracallingofmodules. Forexample,

l. amodulepostsastatetransitiontotheblackboard;
i

2. theblackboardnotiliesthestrategist;

3. thestrategistdispatchestheprobmsdmodule;

4. theprobmsdinitiatesthenextstatebypostingahypothesistotheblackboard;

5. theblackboardnotifiesthestrategist; ‘

6. thestrategistdispatchestheappropriatemodule;

7. themodulemayrequestinformationfromtheuserwhichitpoststotheblackboard;

DiscussionofResults 143
I



l

8. theblackboardnotifiesthestrategist;

9. thestrategistdispatchesthereportmodule;

10. thereportmodulesendstherequesttotheuserinterfacemanagerfordisplay.

Othercriticalprocessingstepswhichrequiresignilicanttimestoprocessincludethefollowing.

•
systemstartuprequiresslightlyoveroneminute;

•
systemtermination,includingrefreshingframeobjectfilesandremovingtemporaryfilestakes

uptooneminute; thisisinvisibletotheusersincemostofitoccursaftertheuser’sfinal

messagefromthesystemhasbeenreceived;

• thetimerequiredforbuildingandpostingofframescreatedbyusersdependsonthenumber

offramescreated,numberofslotsintheframesandwhethersubframeswerecreated;itoften

requiresovertenseconds;however,thisfunctionisperformedconcurrentlywithotherproc-

essingsteps,sothetimerequriedtopostframesistransparenttotheenduser;

•
thetimerequiredforsearchingthedocumentdatabaseusingatestcollectionof2500Prolog

factsdependsonthequerysubmitted,butoftenrequiresfromfivetotenseconds;

• thetimerequiredforsearchingtheHAIorthelexiconalsodependsonthetermsusedtoper-

fonnsearchingandusuallyrequiresuptofiveseconds;

•
formulationofaBooleanqueryinthesyntaxexpectedbythesearchmodule,givenuserterm

andexceptionentries,requiresthreetofourseconds.
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5.2.2 ModuleStatistics

SizesofPrologmodulesintermsoflinesofcode,numbersofrulesinrulebases,andthenumber

ofancillaryfilessuchasmenusandtutorialsarepresentedinthissection.

SourceCodeStatistics:Table14illustratesthesizesoftheCODERinferentialmodules. The

PrologcodecolumnrepresentsthenumberofProloggoalsorsubgoalsineachmodule. Com-

ments,blanklinesandprintcontrollinesareignored.Thethirdcolumnincludescommentlines.

Interestingly,welloverhalfofthetotallinesineachmoduleisdevotedtocomments.TheProlog

languagedoesnotrequiredeclarationsofvariablesordefinitionofrecordandfilestructures.

Therefore,theamountofcoderequiredtoaccomplishdesiredfunctionsismuchlessthanwould

befoundinmoretraditionalproceduralprograms,butcommentsareevenmoreimportant.

RuleBaseStatistics:ThesizesoftheCODERrulebases,ofwhichsomerulesaresinglefacts,are

presentedinTable15. ThesenumberswerenotincludedinthesizesgivenforthePrologmodules. '

MiscellaneousStatistics:ThequantitiesofsomeofCODER’ssupportingfilesareshownbelow.

Thenumberofmenus,promptsanddisplayfileschangesfrequently;therefore,thenumbersshown

representasnapshotofthequantityoffilesonly,asofDecember,1987.

40 Menus
40 TutorialFiles
200 Prompts
20 DisplayFiles

SincemanyoftheCmodules,suchastheuser_interfacemanager,thetextmanagerandthelexicon

manager,arestillunderdevelopmentbyothergraduatestudents,exactsizesofthosemodulesare

notknown.However,thecurrenthai_mgriscompletedandcontains237linesofCcodeplus387

linesofincludedcodeforPrologtoCcommunications;therefore,thehai_mgrcontainsatotalof

624linesofCcode. Atpresent,theuserinterfacemanagercontainsabout1200linesofCcode

DiscussionofResults 145



Table14. ModuleSourceCodeStatistics

Prolog PrologCode
Module Code With Comments

knowadm 1009 2378
user_mode1 634 1057
browse 499 831
report 486 873
qform 459 836
ia(inputanalyst) 380 864
search 349 1082
probmsd 266 527
ka_1oca1obj 254 677
lexical · 250 406
bboard 248 610
LTS(logictaskscheduler) 133 287 —
TD(taskdispatcher) 84 182
QA(question/answer) 59 165
DTS(domaintaskscheduler)** 32 78

Totals 5142 10853

**(strategistsubtotals: 308 7/2)
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Table 15. RuleBaseStatistics

Number
Rule Description Module ofRules

fsm fmitestatemachinetransitions probmsd 25

sched modulescheduling strategist(DTS) 50

c1assify_user determineusertype user_mode1 9

priority determineschedulingpriority strategist(LTS) 16

pos convertslexicalpartofspeech report 32
foruserbrowsing

ka_frame* frametypedefrnitions 33

ka_edt EDTdeünitions 13

ka_re1 relationtypedefrnitions 17

ka_slotdesc describesslotsandassignment ia
V
128

ofpromptnumbersandtutorials report

ka_fparent invertedframestoshow 5
parent·chi1drelationships

*Inc1udes7userframes.
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plusthe387linesofcodeincludedforPrologtoCcommunications. Approximatestatisticson

externalknowledgebasesappearinTable16.
i
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Table16. ApproximateStatisticsonExternalKnowledgeBases

A)AIListDocumentCollection
Numberofmessages: 8000
Numberofauthors: 300
Numberofdigestissues: 950
Datescovered: 4/83·12/87Charactersoftext: 16Mbytes

B) HandbookofArtificialIntelligence
Numberoffiles: 106
Charactersoftext: 4Mbytes
NumberofTableofContentssubjects: 218
NumberofIndexentries: 853
NumberofIndexrangeentries: 158
NumberofIndexpersonnames: 138
NumberofItalicizedwords/phrases: 5009

C) CollinsDictionaryof'theEnglishLanguage -Numberofrelationsproduced: 21
Numberofheadwords: 85K
Numberofdifferentpartsofspeech: 46
Numberofcategories(used>=30times): 120
Numberofdefinitions: 165K
Numberofmorphologicalvariants: 28K
Numberofusagesamples: 17K
Numberofcomparisons: 8K
Numbersforpartsofspeech:
Nouns: 63K
Verbs: 15K
Adjectives: 13K
Adverbs: 1300
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6.0 Conclusions

Bytheendof1987,implementationofthefirstversionofacomprehensiveintelligentinformation

retrievalsystem,conceptualizedfouryearsearlier,reachedfruition.Althoughenhanceddevelop-

mentofmanysubsystemmodulesremainstobeaccomplished,arobustresearchtestbedforartifi-

cialintelligencetechniquesininformationretrievalhasbeencreated. Thesystemasitcurrently

existsrepresentstheeffortsofmanyVirginiaTechgraduatestudentsaswellasthethoughtsand

ideasofvariousresearchersinthefieldofinformationretrieval.

AswithotheracademicsystemssuchastheSMARTsystembeganatComellUniversityinthe

earlyl960’sandstillusedforinformationretrievalresearch[BUCK85],theCODERsystemwill

likelybemodifiedandexpandedformanyyearstocome.Itsmodulaxityanddiversityoffunctions
I

providethefoundationforcontinuedresearchanddevelopmentofAImethodsininformationre-

trievalsystems. Usermodelingtechniquesandknowledgeengineeringtoolsmaybeinvestigated;

naturallanguageprocessingandthebenefitsofanonlinelexiconmayberesearched;andthere-

trievaleffectivenessofdifferentsearchstrategiesmaybecompared. Continuedexperimentationas

wellasfurtherdevelopmentofthebasicmethodssupportedbythesystemwilllilcelysupportthe

hypothesisthatAItechniquessignificantlyupgradetheproductivityofISRsystems.

Thisfinalchaptersurmnarizesmajorsystemlimitationsandrecommendsfutureenhancements.

Thelimitationsandrecommendationslisted,alludedtoinearlierchapters,areorderedbydegree

ofimportance,withthemostcriticallistedfirst.Therecommendationssuggestedbynomeans

includeallfacetsofthesystemrequiringenhancements;futureresearchprojectsmay usethe

CODERsystemasthebasisforinvestigationofadiversityofAIandISRmethods.
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6.1 Limitations

OnlythemostsigniticantlimitationsoftheVersion1.0CODERsystemaredetailedinthissection;

minorlirnitationsofvariousmodulesarenotincluded.

1. Asdiscussedinchapter4,section4.2.7,thesearchmoduleistheonemodulethatisnotop-

tionalinaretrievalsystem. Althoughtheexistingsearchfunctionsperformcorrectlyanda

. smallsubsetoftheAIListarchivemaybesearched,thecompletedocumentcollectionhasnot

beensearchedbytheCODERsystem. ThePrologfactscontainingvectorsoftermsand

documents,aswellastheframeobjectsrepresentingdocumentcontents,aretoonumerousto

besearchedefficientlyusingthecurrentversionofProlog. Therefore,theCroutinesadapted

fromtheSMARTsystemandthenewroutinestobeusedforframematchingmustbepro-

, videdbeforethefullAIListcollectionmaybesearchedeffectively. Additionally,queryterms

mustbeconvertedtotheassignedconceptnumbersbeforedatabasescanbeproperlysearched.

Prologfunctionstoperformsuchconversiondonotexist. Desirablewordsearchingoper-

ationssuchaswordneamess,wordposition,andwordtruncationarenotyetprovided.

2. TheUNIXcursesuserinterfacelacksflexibilityanddoesnotprovidemanyofthefunctions

desiredfortheCODERuserinterface.Presently,onlyonewindowmaybedisplayedatany

giventime,andeditingandpromptingoperationsperformlessthanoptimally.Moreover,the

systemguidestheuserthroughtheretrievalsessionratherthanboththeuserandthesystem
I

initiatingstagesoftheretrievalprocess. Section6.2recommendsmodiiicationstotheuser

interfacetoalleviatethisproblem.

AsdiscussedinrelationtothePRsystem,theuserinterfacemanagermaycontain40to50

percentofallcodeinthesystem[THOM87a]. Admittedly,developmentofagenericyetro-

bustuserinterfaceisnotatrivialtask.However,beforetheCODERsystemmaybedemon-

conctusions tst



strated"irnpressively",amorepowerfuluserinterfacewithfunctionssuchasthoseprovided

byaMacintosh-styleinterfaceisrequired.

I
3. Efficientaccesstosizableexternalknowledgebaseshasnotyetbeenaccomplished. Thefull

setofitalicsreferencefactsderivedfromtheHAIarenotincludedintheHAIbrowsing;only
_ asampleportionofthelexiconissearchedbythelexicalexpert; andmatchingofqueriesis

limitedtoasmallsubsetofdocuments. Sothatthebrowse,lexicalandsearchexpertsmay

functionmoreefficiently,extemalknowledgebasessuchasthelexicon,HAIanddocument

databasesmust beindexedandstoredsothatrapidaccesstodesireddatacanbeachieved.

Thatis,eithertheCresourcemanagersorthedatabasefacilitiesprovidedbyNU-Prologmust

beusedtoaccesslargedatabases.

4. When theCODERretrievalsubsystemisexecuting,12additionalprocessesareplacedona

computersystemwhichisalreadyoperatingnearcapacityandwhichnumerousComputer

Sciencegraduatestudentsandfacultyrelyonforotherpurposes.Consequently,duringperiods

ofpeakusage,suchasMondaysthruFridaysfrom10a.m.to4p.m.,systemresponsetimes

arenotwithinacceptableranges.Forexample,afterentexingauserid,theusermaybeforced

toviewanunchangingdisplayterminalforoveraminutewhilewaitingforthenextprompt

toappear.Responsetimesduringnon-peakhours,however,areacceptable.Suchdependency

onsystemloadsuggeststhattheCODERsystembemovedtoadedicatedcomputerortoone

withgreatercomputationalandstoragecapacity.

5. Asmentionedseveraltimesthroughoutthispaper,naturallanguagequeriescannotbeproc-

essedbythisimplementationoftheCODERsystem. Inclusionofnaturallanguagequeries

wasnotanintegralpartoftheoriginalCODERproposal;however,partialparsingofnatural

languagequeriessuchasthatfoundintheFRUMPsystem[DEJO82]isdesired.Nonetheless,

thedegreeofeffortrequiredtoimplementevenlimitedprocessingofnaturallanguagequeries

suggeststhatseparategraduateresearchbededicatedtothedevelopmentofamodule to

processnaturallanguagequeries.
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6.2 Recommendations

1. Thelimitationsofthesearchmodule discussedintheprevioussectionmust beaddressed.

Thatis,theCroutinesadaptedfromtheSMARTsystemandthenewCresourcemanagerto
”

beusedforframematchingmustbeprovidedbeforethefullAIListcollectionmaybesearched

efiiciently.Theuseoffeedbacktoperformadditionalretrievalsandtheincorporationofword

searchingoperationslikewordneamess,wordpositionandwordtruncationshouldalsobe

provided. ·

2. DevelopmentofaMacintosh-styleuserinterfacewillsubstantiallyimprovethedemonstrability

oftheCODERsystem. Providingtheuserwithpull-downmenus, pop-upwindowsand

mouseselectionoftermsandoptionswillallowCODERtobeambcedirziziatzvesystem.That

is,boththeuserandthesystemmayinitiateactivities. Forexample,amenuofNISOcom-

mandscouldbeprovidedfortheusertorequestdesiredprocessingatanypointduringthe
i

i
retrievalsession; atanypointintheretrievalprocess,abrowsemenucouldbeselectedfor

browsingworldordomainknowledge;pop-upwindowscontainingselectedterms,phrases,

_ orpreviousqueriescouldbedisplayedduringqueryformulation;anddefaultsforuserenvi-

ronrnentpreferencessuchasdocumentsortingcouldbeusedunlesstheuserselectedapull

downmenutomodifytheenvironmentdefaultvalues.Forexperiencedusersparticularly,such

featuresshouldconsiderablyimprovethelevelofsatisfactionwiththesystem.

3. TheupdatedversionofMU·Prolog,NU·Pro|og,wasreceivedatVirginiaTechattheendof

November, 1987. CompilationofPrologmodules shouldsignificantlyupgradesystemper-

formance;furthermore,experimentationswiththeimprovedexternaldatabasefacilitiespro-

videdbyNU-Prologmay alleviatesomeofthesystemlimitationsresultingfromineflicient

Prologprocessingoflargeexternalknowledgebases. ToimplementNU-Prolog,themodifi-

cationsappliedtotheMU-Prologprolog-sandprolog-bversionsmustbeincorporatedinto
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newversionsofNU-Prolog. Inaddition,thePrologmodulesmayrequiresomemodifications

forsuccessfulcompilationtooccur.

4. ToalleviateCODERsystemresponsetimefluctuationsduetocomputersystemload,there-

trievalsubsystemshouldbeportedtoadedicatedcomputerortoacomputerwithincreased

computationalpowerandstoragecapacity.TheMacinstoshmIIsupportstheUNIXoperat-

ingsystem,A/UXTM,andprovisionsforTCP/IPcommunicationsexist. Availabilityofa

MacinstoshIIcomputerforCODERresearchsuggeststhatitbeconsideredasahomefor

futureversionsoftheCODERsystem. ThependingsaleoftheVAXcomputeronwhich

CODERresidesprovidesadditionalincentivetorelocatethesystemintheimmediatefuture.

5. ThequeryfonnulatormodulepresentlyprovidesassistanceonlyforBooleanqueryformu-

lation.Similarassistanceforuserswhowishtoformulatep·normqueriesshouldbedeveloped.

Asadditionalmethodsofretrievalaredeveloped,assistanceshouldbeprovidedbythequery

formulatormodule.

6. TheusermodelingmoduleintheCODERsystemprovidesthefoundationforcontinuedre-

p searchofusermodelingtechniquesinISRsystems.Developmentofrulesusedtocharacterize

usersandtotailorsystemperformancemaybeaccomplishedwithexpansionofusermodeling

rulesandusermodelframes.Rulesgleanedfrombehavioralstudies,dialogsbetweenusersand

searchintermediaries,systemperformancestudiesandempiricalobservationmaybegrouped

andsystematizedintoaknowledgebaseofheuristicsforusebyintelligentinformationretrieval

systems.

7. Theadditionofadialogmoduleforprovidingenhancedassistancetousersandfordetermining

thetypeofinteractionappropriatedependingoncircumstancesoftheuser’ssituationshould

beconsidered. Functionstoinformtheuserofthesystem’sprogress,intentionsandpercep-

tionsshouldbeincluded.Modesofinteractionfordifferenttypesofusersandfordifferent
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l
stagesoftheretrievalsessioncouldbedeterminedbyadialogmodule. Belkinetal.provide

examplesoffunctionstobeperformedbyadialogmodule[BELK83].

Forinstance,atsomestatesanatural·languageinteractioninaninformalmode mightbeap-
propriate(in,say,initialproblemdescriptionbytheuserwithasyetnebulousperceptionsofthe
problem). Inothers,interactivegraphicinteractionmightbepreferred(in,say,representation
ofthemechanism’sperceptionoftheuser’sanomalousstateofknowledgeforauserwhoprefers
multi-dimensionaltolinearrepresentations).

Additionally,thetutorialsprovidedforthesystemshouldbeexpanded.

8. TheNISOcommandsforinteractiveonlineinformationretrievalsystems[NISO87]accepted

bytheinputanalystmaybeexpandedandincorporatedintoothermodules. Forexamplethe

findcommandspecifiedintheNISOstandardallowsBooleanqueriestobesubmittedtothe

systeminaninfixnotation.Suchsyntaxmustbereformulatedbythequeryformulatorsothat
i

thequerymaybeprocessedbythesearchexpert.Reviewofsearchhistoryandprintcommands

mustbeincorporatedwithtextbrowsing.Thescancommandtoviewanorderedlistofsearch

termsmaybefullyimplementedwhenthedictionaryofsearchtermsisprovided.Insummary,

manyofthefunctionssuggestedbytheNISOstandarddonotyetexistir1theCODERre-

trievalsubsystem.Periodicreviewofthecommandssothattheymaybeimplementedinap-

propriatesystemmodulesasfunctionsbecomeavailableisadvised.

9. Advancedfunctionsforbrowsingdocumenttexthaveyettobeincorporatedintothebrowse

module. Highlightingofdocumenttermsmatchedtoqueryterms;cross—referencingofdocu-

ments,suchasrepliestopreviousmessagescitedwithinretrieveddocuments;displayofdoc-

umentsatthepointwhererelevanttextbegins;andbrowsingdocumentarchivesareafewof

thefunctionswhichatextbrowsingexpertcouldinclude.Moresophisticatedbrowsingoper-

ationsaredescribedinrecentIRliterature[INGW86].

10. Asdiscussedinchapter4,section4.2.1,theblackboard/strategistcomplexdoesnotcontain

allofthefunctionsenvisagedintheoriginaldesignoftheCODERsystem. Schedulingstrat-

egiesmustconsiderthecontextofthephasesoftheoveralltaskinwhichthesystemisengaged.

Thetaskdispatchershouldinformthestrategistwhentaskqueuesareemptyorwhennotasks
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inaqueuehaveprioritygreaterthanacertainthreshold.Implementationofmorecomplex

controlandschedulingstrategiesshouldbeinvestigated.

ll.Thefunctionsofthestrategist,particularlyofthelogictaskscheduler,arehighlydependent

ontheconlidencevaluespostedwithblackboardhypotheses. Confidencelevelsassignedto

hypothesesbymostVersion1.0expertsarehard-codedandhavebeenarbitrarilydetermined.

Exceptforthesearchexpertwhichpostsquery-documentsirnilarityvaluesasconfidencelevels,

themodulesdonotuseknowledgeaggregationschemesorapplylogicalreasoningsuchas

modusporzenstodetermineconfidencevalues. Unceitaintybasedreasoningandproperas-

signmentofconfidencevaluesmaybeinvestigated.

12. Asdiscussedundersystemlirnitations,naturallanguageprocessingisnotincludedinthisver-

sionoftheCODERsystem.Partialparsingofnaturallanguagequeriessuchasthatfoundin

. theFRUMPsystem[DEJO82]shouldbeconsidered.Previouslyunsuccessfuleffortstoadapt

theCHAT·80PrologparserasaquickimplementationofaCODERqueryparsermodule

suggestthatseparategraduateresearchbededicatedtothedevelopmentofamoduletoprocess

naturallanguagequeries.

13. ThesubjectbrowsingoptionsfortheHandbookofArtificialIntelligencerequirethatusersenter

subjectsexactlyastheyappearintheHAIPrologfacts. Partialmatchingofusers’terms

and/orphrases, as providedforbrowsingbyname, shouldbeinvestigated. Amore

sohpisticatedversionofthebrowseexpertoroftheprogramwhichoriginallyextractedthe

Prologfactsfromthetextwouldidentifylinenumberrangesofparagraphsorotherblocksof

textwhicharerelevanttothesubjectreferenced(seesection4.2.4.1).Otherenhancementsfor

HAIbrowsingshouldincludehighlightingoftermsorphraseswhichmatchtheuser’sentry,

_ identificationofvolumeandpagenumbersintheprintedHAIwheretherelevanttextmaybe

found,andcompletionoftheremovaloftypesettingcodesintheHAIonlinetext(currently

inprogress).Theuseofhypertextforcross-referencingshouldalsobeconsidered.
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14. When newframesfororganizations,bibliographicreferencesandotherdocumenttypesare

generatedbytheanalysissubsystem,theretrievalsubsystem’sstructuredknowledgefacilities

shouldbereviewed.Thatis,themenucontainingthestructuredobjectsforwhichusersmay

supplydatamustbeenhanced; slotdescriptionsandpromptsforthenewframesandtheir

slotsmustbeaddedtotheka_slotdescfileandtotheprompts.datfile.Anymodificationsto

framestructuresrequirethatcorrespondingprompts,tutorialsandmenusbereviewed.

6.3 Assessment

Insummary,theobjectiveofthisresearchhasbeenachieved: aprototypicalintelligentdistributed

informationretrievalsystemhasbeenimplemented. Artificialintelligencetechniquessuchas

. ·knowledgerepresentation,logicprogramming,distributedruIe·basedexperts,andinferentialreason-

ingbasedonheuristicshavebeenincludedintheimplementation.Theeffortsofmanyresearchers

andgraduatestudentshavebeenincorporatedintotheCODERmodules. Asamodularresearch

testbed,theCODERsystemsimplifiesintegrationofnewmodulesandexperimentationwithdif-

ferentinformationretrievalmethods. Futureworkwillleadtoremovalofthemainlimitationsand

torecommendedirnprovements.Itishopedthattheresultingsystemwillbeeasiertouse,more

satisfyingandmoreeffectiveforuserswithinformationneeds.
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AppendrxA.PrologUtilitiesList

PROLOGUTILITIESINDEX
Forrnforrnatronregardingtheargumentsanddetailsofeachutrhty,
referencetheutilitieslibrary(~coder/UTIL).

aless Lessthancomparisonforatoms.
all Allsolutions.Sameas’f1ndall’,’setof’.
append Appendstwoliststoformonenewlist.
append} Appendsthreeliststogether.
append_n Appendalistoflists,ignoringthenulllist.
ansi_io GroupofstandardpredicatesneededforterminalIO.

bestlist Findsthebestvalueinalistaccordingtosome
binarypredicate.

control2_ ’Loop’and’invoke’forpredicates.
'convert Conversionsbetweenintegers,constants,andstrings.
cqueen For8queensproblem.
cross Generalpurposeproblemsolvingprocedure.

db ForMu·Prologdatabase. ,
delete Deletealloccurencesofoneelementfromalist.
delete_all Deletealloccurencesofalistofelementsfromalist.
dsirnc ForMu-Prologdatabase,superirnposedcoding.

efface Deletefrrstoccurenceofanelementfromalist.
env_funt Groupofenvironmentfunctionenhancements.
epilog Epilog·and-connectivespecialcoroutining.
extended_1ogic Extendedlogicpredicate,e.g.,’or’.

fmdall Findalloccurrencesofaniteminaprologfactbase.
See’setoi’and’setofl’.

for_all Applyapredicatetoeachmemberofanop_list.

general Anti—unification.
genwait Generateswaitdeclarationsforaprocedure.
gnot Generalizednegationpredicate.
ground Predicatesforgrounding.

hex Conversionbetweenhexintegersandstrings.
ir1put_output UserI/O,includespretty-printingtrees,strings,insert

Insertsanelementintoalist.
is_real_list Allowsonlyproperlyformedlists(i.e.,nodottedlists).
islist Allowsanylist. '
isort Insertionsort.
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last Lastelementinalist.
list_length Numberofelementsinalist.
lqueen Logicof8queensproblem(inputtopreprocessor).
lquery Logicqueryprocessor.

mac Missionariesandcannibalsproblem.
maplist MapsonelistontoanewlistbasedonaPredicatearg.
matchlist Matchesonelisttoanotherlistbasedonalistof

commonelements.
maxlist Maximumelementinalist.
member Listmembership.
member_rest Listmembershipandreturnstherestofthelist.
merge Merges2non·decreasinglists(duplicatesnotremoved).
merge2 Randommergeof2orderedlists

”

minlist Minimumelementinalist.

next_to Adjacencybetween2elementsinalist.
no_dupls Succeedsifalisthasnoduplicates.
non_null_list Succeedsifalistisnon-null.
nqueen Front-endforthe11·queensproblem.
numbervars Numberofvariablesinaterm.

octal Conversionofoctalintegersandstrings.
osets Orderedsetmanipulationutilities(R.A.O’Keefe).

perm Permutationof2lists(withwaitpredicate).
permute * Permutationof2lists(nowaitpredicate).
plin.pl Prologformatterandcommentremover.
position ElementinpostitionXinalist.
preds ’all',

’notall’,’some’,
and’none’forpredicatesuccess.

prefix Succeedsiff
’part’

isaleadingsubstringofawhole.
primes Primenumbersieve.

random Generaterandomnumberbetween1andspecifiedX.
rationalize Rationalizenumber.
read_in CreatelistofwordsfromanEnglishsentence.
reduce Applybin-opleftassociativelytoelementsinalist.
reduced Reduceanexpressiontolowestterms.
remove_dups Removesallduplicatesfromalistcreatinganewlist. ·repeat_list CreatealistberepeatinganElementXtimes.
reverse Reverseelementsinalist.
rlhp MuPrologDB,recursivelinearhashingprogram.

setof Like’finda.l1’;alsocontains’bagof’.(Unsoundinequality)
setofl

_
Like’findall’;alsocontains’bagof’.(Soundinequality)

sets Predicatesforsets(e.g.,orderedlists).Includes
subset,intersection,union,set·diff,set_equal,
set_plus,powerset,partition,closure.

simc MuPrologDB. Superimposedcodingschemeprogram.
sl Sameleaves(forprocessingtreestructures).
sort Quicksort.
stdio StandardI/Oroutines,e.g.centeringdisplay,

menus.
string_of Succeedsifstringiscomposedofelementsofgivenalphabet.
structures Predicatesforatomic/compoundterms,andtreeposition.
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I
sublist Listisasublistinalist.
subst Substitutealloccurrencesofoneelementbyanother.
sufiix Succeedsiff’part’isatrailingsubstringofawhole.
system Allsystempredicates.

term_compare Determinesrelationshipbetween2terms(eg=,<,>) —
terms Teststermtypes,e.g.,atomic,float,instantiated,...
times Divideandmultiplypredicates.
traperror Trapsanundefinedprocedurecall,andcheckswhether

theprocedureisavailableinsomeotherlibrary.
trim Trimleadingand/ortrailingelementsofalist.
unixutil ContainsUNIXutilites’cat’,’cp’,’move’.
vtrace Tracebindingofvariablesinagoal.
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AppendixB.PrologProgrammingStandard

CODERPrologProgrammingStandard

AdoptedfromPrologDigestVolume4,Number80,Summer1986. SubmittedbyJohnCugini.

Manypredicatesexpectcertainoftheirargumentstobeinstantiateduponinvocation.When such

restrictionsapplyitisusuallytheleadingargumentswhicharethoughtofasinput(andhence

uninstantiated),andthetrailingargumentsasoutput(andhenceallowedtobeuninstantiated).A

standardwayofdenotingthestatusofargumentstoaPrologpredicateistoincludeacommentline

beforethebodyoftheclause,inwhichargumentsexpectedtobeinstantiatedarepretixedby
’+’,

uninstantiatedargumentsargumentsbya
’-’,
andargumentswhereitdoesn’tmatter(orwhereeither

canbeused)by
’?’.
Forexample,

% append(+LI,+L2,·L3)

indicatesthestatusoftheargumentstotheusualuseofthestandard’apper1d’clause,
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AppendixC.TestingCommunicationsExtensions

Totest,forexample,thehaimanager:

#Executehai_mgrinbackground.

>hai_mgr&

% Gointooneoftheprologversionswiththebuilt·inaskpredicate.

>prolog-s

% Tobesurethatthehai_mgrsocketisfunctioningproperhi,test
% withthehellofunction.

>ask(hai_mgr,hello(X)).
e

l
X=hai_mgr

% Checksomeofthefunctionsofthehai_mgr.

>ask(hai_mgr,preprocess(test_li1ename)).

true.

% ExtractlinenumberIOfromthefile,test_filename.
% Systemshouldrespondwiththenameofatemporaryfile.

>ask(hai_mgr,extractline(test_f11enarne,l0,Text__ti1ename)). *

Text_/ilename=/tmp/hai_test__/iIenamel2345

% ExitProlog.
i

Ct1D

#Terminatethehai_mgrrunninginbackground.

kill%l -

#Removeanytemporaryfilesplacedinthe~tmpdirectory.

im/tmp/hai_test_f11ename12345
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Notethatthehai_mgrmustbeinthemapfilebeforePrologcanbeusedtotransmitamaskcom-

mand. Otherwise,theerror"ur1knowr1servermodule"willbedisplayed.
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AppendixD.ImplementationSchedule,June1987

CODER Retrieval Subsystem Tasks

Month /Week
June July August Sept

Activities 3 4 1 2 3 4 1 2 3 4 1

Phasel ‘”
TestTIBWCOf1flQI.1|'31l0|'I

-TestProt?versions -—-l .PfOlOQ10GXIGHSIOFISPhase

II

InputAnalyst&Reportand
UserInterfaceIntegration

"'*"*

ProblemDescriptionBuilder
-PhaseIII _ImplementBrowseand 1

LexicalExperts "ii
PhaseIV
lntegrateabovephases
withblackboard/strategist:
Detineblackboardareas.

Phasev

Queryinput&formulation;
Searchexpert;
ResponseGenerator. -'
Phasevl

Testwithindexed
AlList.alIusingSMART,
oruseAnalysissubsystem ll
ifready.

GanttChartasofJune2,1987
ScheduledEvent
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AppendixE.ModifiedBlackboard/Strategist

Specifications
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Blackboard/StrategistComplex:
FunctionalSpecification

Therearefivefunctionalmoduleswithintheblackboard/strategistcomposite.Inthe
blackboardproper,thepostingareamanagermaintainstheintegrityoftheposting
areaswhilerespondingtotheexternalpost,rezract,andviewcommands.Theotherfour
functionalmodulesareconsideredpartsofthestrategist.Thelogictaskscheduleris
responsibleforschedulingnewtasksnecessarytomaintainthevalidityofthehypotheses
ontheblackboard,whilethedomaintaskschedulerschedulesnewtasksbasedon
domain—specific blackboardevents. The question/answer handleruses
domain-specificknowledgeofwhichexpertsareabletoanswerwhatquestionsto
schedulethetasksinvolvedinthequestion/answerprocess. Proposedtasksfromthese
threesourcesarepickedupbythetaskdispatcherandpassedtotheexpertsinthelocal
community. Theextemalcallswake,attend,andstopactuallyoriginatefromthe
dispatcher,andthedoneandcheckpointcommunicationsfromtheexpertsarereceived
byit. p

0.1. CommonDataStructures

Hypothesis·-A5-tuple
<fact,coniidence,expert,id,dependencies>

where:
'fact'isaCODERfact,
'confidence'thecontidencetheexperthasinthefact,
'expert'theIDofthespecialistmakingthehypothesis,
'id'auniqueidentifierforthehypothesiswithinthesession,and
'dependencies'isalist[orpossibly,ap-normexpression]ofid'sforthe

hypothesesusedbytheexpertinproducingthecurrenthypothesis.
When afactispostedbyanexpert,'id'ispassedasanunboundvariable.Avalueis
suppliedforthevariablebytheblackboardandretumed.Allotherelementsofthetuple
shouldbesuppliedbythepostingexpert:intheeventthatthehypothesisdependsonno
previoushypotheses,'dependencies'maybeboundtotheemptylist[].
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Question-·Askeletalfact,i.e.,asetofCODERvariablescoupledtoafact,oneor
moreargumentsofwhicharereplacedbythevariables.Eachquestionispostedtothe
reservedQuestionareaoftheblackboarduntilitaccumulatesanadequatesetofanswers,
uponwhichitisreturnedtothespecialistthat-originatedit.Aquestionhasanexpert-id,
dependencyinformationandanidofitsown,butnoconfidence.

Answer·—Abindinglistthatpartiallyinstantiatesthequestionwithwhichitis
associated(ie,asubsetofthevariablesinthequestiontogetherwithCODERknowledge
structureswithwhichtheycanbereplaced)signed,confidence~ratedandjustifiedbythe
answeringexpert.(lnotherwords,ananswerisexactlylikeanhypothesis,exceptthat
thefactisreplacedbyabindinglistofvariablesfromthequestion).

Task-A5-tuple
<expe1t,command,scheduler,priority,time>

_.where:
'expert'istheIDofanexpertinthelocalcommunity,
'command'oneoftheexperten¤·ypoints(wake,atrend&c.),
'scheduler'either'logic','question'or'domain',
'priority'thepriorityassignedbythescheduler,and
'time’thedate/timewhenthetaskwasentered.

1. ThePostingAreaManager

Allinteractionswithapostingareaoftheblackboard,eitherbytheexternal
communityorbytheothermodulesoftheblackboard/strategistcomplex,occurthrough
thepostingareamanager. Eachareaoftheblackboard,whetherasubjectpostingarea,the
pendinghypothesisarea,orthequestion/answerarea,canbedirectlyaccessedonlybythe
postingareamanager. Theareamanagerthusmustprovidethefunctionalityforallpost,
retract,andviewcommands.Inaddition,itmustnotifythetwotaskschedulerswhen
eventsoccurontheblackboardthatmayhaveschedulingrepercussions.Specifically,
wheneverahypothesisispostedtoasubjectarea,bothtaskschedulersmustbenotiüed;
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thedomaintaskschedulerwiththetypeofhypothesisposted(theheadrelation)andthe‘
logictaskschedulerwiththedependenciesofthenewhypothesis. Thedomaintask
schedulermustsimilarlybeinformedwhenaquestionorananswerisposted,andthe
logictaskschedulerwhenahypothesisisretractedorreplaced.Theexactsyntaxofthese
callsisdefinedbelowundertheheadingsforthetwoschedulers.

T Stillmorespecitically,thefollowingliststheactivityrequiredbyeachofthecallsto
thepostingareamanager:

post_hypothesis(Hyp,Area).-·Thehypothesis'Hyp'isaddedtothe
subjectpostingarea'Area',anditsidisboundtoanewidentifier.The
hypothesisistime-stamped,andthelogictaskschedulerispassedits
dependencyinformation.If'Hyp'involvesafactalreadypostedtothe
areabytheoriginatingexpert(ifitreplacesanearlierhypothesis),then
theearlierhypothesisisremovedfromthepostingarea,andthelogic
schedulerisnotifiedofthisaswell. Ifnot(ifthehypothesisinvolvesa
newfact),thenonlythedomaintaskschedulerisnotified.

retract_hypothesis(Hyp_id,Expert_id).--Thehypothesis'Hyp_id'is
removedfromtheblackboard,andthelogictaskschedulernotitied,using
thedifferencebetweenthecontidencevalueoftheretractedhypothesis
andO(orthenillconüdencevalue)asthechangeinconfidence.Onlythe
expertwhichpostedthehypothesismayretractit.

post_question(Quest_id,[Expert_id,Quest, Dep]). —— Thequestion
'Quest'isaddedtothequestionpostingarea,andthequestion/answer
handlernotiüed.

post_answer(Quest_id,Ans).-·Theanswer'Ans'isaddedtothesetof
answerstothequestionwith'Quest_id'inthequestionpostingareaThe
question/answerhandlerisnotified.Note: answerscanbereplacedunder
thesameconditionsashypotheses(ifthehypothesizedfactandthe
answeringexpertarethesame),butnonotificationismadeofsuch
changes,asnohypothesescanbedependentonanswersstillinthe
question/answerarea.

retract_answer(Quest_id,Ans_id, Expert_id).--Theanswerwith
'Ans_id'isremovedfromthesetofanswerstoquestion'Quest_id'inthe
quesüonpostingarea. Onlytheexpertwhichpostedtheanswermay
retractit.
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view_area (Area,Status, Expert_id, Hyp_set).·- Hypotheses
currentlyinthesubjectpostingarea'Area'arecollectedinto'Hyp_set'andreturned. TheStatusandtheidoftheExpertrequestingthehypothesissetdeterminewhichhypothesesarereturned:thosewhichnoexperthasyetprocessed(new);thosewhichtherequesungexperthasnotprocessed,althoughotherexpertsmayhaveprocessedthem(seen);those
theexperthasalreadyprocessed(old),thosethathavebeenmodified,or
alloftheabove. Statusmustbe'new’,'old','all','seen',oranintegerrepresentingthetimesincethehypotheseswerelastmodified. When atimeintegerissupplied,onlyhypotheseswhichhavebeenmodifiedsincethattimewillbereturnedinHyp_set.

view_hyp(Hy‘p_id,Hypothesis). -·ThehypothesistupleforthegivenHyp__idisreturned.

view_quest(Quest_id, Question). -- The question listof
[Originaung_expert,Quesuon,Dependencies]forthequestion'Quest_id'
isreturnedasQuestion.

view_questions(Quest_set).·-Allhypothesescurrentlyinthequestionpostingareaarecollectedinto'Quest_set'andreturned.

view_answers(Quest_id,Ans_set).—- Thecurrentsetofanswersfor
question'Quest_id'isreturnedas'Ans_set'.

view_pending(Hyp_set).--Thecurrentsetofhypothesesinthepending
hypothesisareaisreturnedas'Hyp_set'.

hyp_processed(Hyp_id,Expert_id,Time).—· Noufiesthepostingarea
managerthathypothesis'Hyp_id'hasbeenprocessedby'Expert_id'atume'Time'.ThispredicateupdatestheStatusofblackboardhypothesesprocessedbytheExpert.

clear_hyps([Functors]).-— Noufies thepostingareamanager thathypotheseswithFactshavingaheadrelauonmatchingoneofthoseinthe'Functors'listmay beremovedfromthehypothesisfactbase. Thispredicatepreventsaccumulauonofhypotheseswhichwillnotbeusedagainandcouldsignifrcantlyslowprocessing.

Allofthecallsprovidedintheexternalviewoftheblackboardareavailabletothestrategist
schedulingmodules. Inaddiuon,theposungareamanagerprovidescertainfurthercallsto
thestrategistmodulesonly.Theseare:
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retractquestion(Quest_id,Ans_set,Expert_id).·-Thequestionwith'Quest_id'isremovedfromthequestion/answerarea,andthe(possibly
empty)setofanswersaccumulateduptothetimeofcallreturnedas
'Ans_set'.Onlytheexpertwhichpostedthequestionmayretractit.

2. TheLogicTaskScheduler

Itistheresponsibilityofthelogictaskschedulertomaintaintheconsistencyofthe
- deductiontreesimplicitinthehypothesesontheblackboardundertheconditionsof

possiblychangingpremises. Theknowledgerepresentedontheblackboardis
non—monotonic:hypothesesmayberetractedorreplacedatanytime.Whenthisoccurs,
thehypothesesdependentontheretractedorreplacedfactmustsometimesberetractedor
replacedthemselves. Thelogictaskscheduleraccomplishesthisbyscheduling
reconsiderationsofhypothesesthatmaybeeffected:i.e.,byschedulingtasksoftheform
attempt_hyp(Rel)fortheexperthypothesizingthesuspectfact.

Inordertoperformthisscheduling,thelogicschedulerdrawsupondependency
informationandmaintenance·knowledge. Theinformationisreceivedfromtheposting
areamanager,andtheknowledgeisrepresentedinarulebaserelatingthestimuliof
retractionsandchangesofconfidencetogetherwiththeclosenessofthedependency,to
responsesintermsoftaskpostingsatvariouspriorities.Forexample,onerulemightbe:

IF
TheconüdencelevelofHyp_AhasdecreasedAmount_lAND
Hyp_BisdependentonHyp_AwithlevelAmount_2,

TI—IEN
Schedule«<Expert_B,attempt_hyp(head(Hyp_B))>withpriorityof o

Base_level*Amount_l*Amount_2.

Otherinformationavailablefortriggeringrulesincludestheageofthehypothesesandthe
numberofdependenceisanindividualhypothesishas. Notethatreconsiderationswill
propagatenatuarallythroughthedeductiontreeabovethereplacedorretractedhypothesis
asthe1ogic—maintenancetasksresultinthesuspecthypothesesthemselvesbeingchanged
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orwithdrawn. Itistheresponsibilityoftherulebasecreatortoensurethatsuch
_ propagationisdampedappropriatelyanddoesnotalwaysresultineveryhypothesisinthe

treebeingreconsidered.
Thelogictaskschedulerreactsonlytotheoperationsofthepostingareamanager,to

whichitprovidesthefollowingcalls:

new_dependencies (Hyp_id, Rel, Expert, Confidence,
Dependencies).·-Hypothesis'Hyp_id'hasjustbeenposted. Ithas
head·relation'Rel'andisdependentonthehypothesesin'Dependencies'.
Itwaspostedbyexpert'Expert'withconüdencevalue'Confidence'.
Thiscallshouldinitiatenoschedulingactivity,buttheinformationmust
beloggedsothatdependenciescanbetraced

hyp_retracted(Hyp_id).·—Hypothesis'Hyp_id'hasjustbeenretracted.
Thedependencygraphmustbeupdated,andreconsiderationsmayneedto
bescheduled.

hyp_replaced(Hyp_id,Change_in_conf). —— Hypothesis'Hyp_id'has
justbeenreplacedbyanhypothesiswhichdiffersinconfidenceby
'Change_in_conf'.Notethat‘Change_in_confmaybeeitherpositive,if
thenewhypothesishasahigherconfidencelevelthantheold,ornegative,
ifithaslessconfidence.Thedependencygraphmustbeupdated,and
reconsiderationsmayneedtobescheduled.

3. TheQuestion/AnswerHandler

Of thetwoapplication-specificschedulersinthestrategistmodule, the
question/answerhandleristhemorestraightforward.Basedonasetofrulesassociating
eachtypeofquestion(canonically,eachhead-relation)inthesetofallquestionsthatmayO
beposedthroughoutthecommunitywiththesetofexpertspossiblyabletoanswerthem,
thequestion/answerhandlerreactstopostingsofquestionsbypostingtasksoftheform
attend_questtothetaskpostingarea. When answersarepostedtoquestions,the
question/answerhandlerevaluatesthemforadequacybased(atleast)ontheconfidenceof
theanswerandwhichexpertsofthosecapableofansweringthequestionhavemadean
attempt.Iftheanswersetisjudgedinadequate,newansweringtasksareposted;
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otherwise,thequestionisremovedwithitsanswersetfromthequestion/answerareaand
senttotheoriginatingexpertintheformofananswerstask.

Answerstoquestionsmustbeevaluatedforadequacyinthecontextofwhatother
expertsareavailabletoattemptanswers.Eachtypeofquestionmayhaveanexpertora
setofexpertsthatarebestättoanswerit,butotherexpertsmayneedtobecalledinifthe
ärstattempttoprovideanadequateanswerfails.Aninadequatesetofanswersmight
alternativelycausetheprocessofsearchingforananswertoberestarted,ifconditionson
theblackboardhavechangedsufäientlyinthemeanwhile,ormightcausethetaskthat
producedthequestiontoberestartedinhopesthatabetterformulationofthequestion
mightbeobtained.

D

Thequestion/answerhandleristhustheonlymoduleinthesystemthatmakesuseof
theretract_questionentrytothepostingareamanager. Ituses,inaddition,the
view_answersandpossiblytheview_questi0nsentry. Inreturn,itprovidesthe
postingareamanagerwiththetriggersz

new_question(Quest_id,Rel).--Question'Quest_id'withhead-relation
'Rel'hasjustbeenposted.Expertscapableofansweringquestionswith _
thishead-relationshouldbescheduled.

new_answer (Quest_id,Ans_id, Conf).--Ananswer('Ans_id')to
question'Quest_id'hasjustbeenpostedwithconädencelevel'Conf'.If
theanswerproduces(eitheraloneorwithpreviouslyreceivedanswers)an
adequateanswerset,thequestionshouldberetractedfromthe
question/answerareaandconsiderationoftheanswerpostedasataskfor
theoriginatingexpert.Otherwise,otherprocessingshouldbeundertaken
toobtainananswer.

( 4. TheDomainTaskScheduler

Thedomaintaskschedulerisresponsibleforproposingnewtasksbasedonthe
progressofthecurrentsessionandthemixofhypothesescurrentlyontheblackboard.It
isalsoresponsibleforselectingthehypothesestobepostedtothependinghypothesis
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area,againbasedonwhathashappenedontheblackboardandwhatishappeningatthe
moment. Thedomain-specificstrategiesforthesetwotypesofactionsarerepresentedina
setofrules,theantecendentsofwhicharecombinationsofeventswithincontexts,andthe
consequentsofwhichareexperttaskstobepostedand/ortypesofhypothesestobe
movedtothependingarea.Forinstance,aruleintheretrievalstrategistmightrun:

IF
Anhypothesisestablishingthedocumenttypehasbeenposted

AND
IthasaconfidencelargerthanMin_1evel AND
(Thereisnootherhypothesisofdocumenttypeposted OR
Thenewhypothesisisareünementoftheformerpendinghypothesis)

THEN
Movehypothesistopendinghypothesisarea AND
Schedule<doc_type_expert,attempt_hyp(f1ll_missing_tields)>

withpriorityofK.

Rulesneedtobeprovidedinbuildingthislocalbasetodealwithreactionstoindividual
hypothesistypes,toquestionsandtoanswerstoquesüons,allinthecontextofthephases
oftheoveralltaskinwhichthecommunityisengaged.Atdifferentphasesoftheprocess,
differenthypothesispostingsmayrequiredifferentactionsbyadifferentmixofexperts.

Thedomaintaskschedulerisinformedbythepostingareamanagerwheneveranew
hypothesisisposted.Thisistheprimarystimulusfortriggeringrules:

new_hyp (Hyp_id,Rel, Dep, Conf). ·— Hypothesis 'Hyp_id'with
head-relation'Rel°,dependencies'Dep',andconfidencelevel'Conf'has
justbeenposted.

' Inaddition,domainschedulingmaybetriggeredbythetaskdispatcher,forinstancewhen
thetaskqueueisempty,orwhennotasksinthequeuehaveprioritygreaterthansome
particularthreshhold.
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5. TheTaskDispatcher

Thetaskdispatchercoordinatesthetasksproposedbythethreeschedulingunitsand
sendstheactualcommandstotherequestedexperts.Itmaintainsapriorityqueueoftasks,
whichmay,however,notnecessarilybeexecutedinpriorityorder. Aswellasbythe
priorityassignedbytheschedulingunittothetask,orderisdetexrninedbytheavailability
ofresources(experts,forinstance,executetasksserially,soataskforagivenexpertmay
havetowaituntiltheexpertisfinished),bythelocationofsystemmodules(tasksfor
modulesresidentondifferentmachinesmaybeallocatedatdifferentprioritylevels,
dependingonthedemandsforthosemachines),andbyheuristicsbalancinghowcrucial
tasksproposedbythethreeexpertsarerelativetooneanother.

Thetaskdispatcheristriggeredbytwosortsofevents. First,itistriggered
wheneveranewtaskisproposedbyoneoftheschedulingunits:

new_task (Task).—— 'Task'shouldbeaddedtothequeue. Ifdesirable
accordingtotheaboveheuristics,itshouldbedispatched.

Second,thedispatcherisalsotriggeredwheneveranexecutingtaskiscompleted:

done(Expert).—· 'Expert'hascompleteditscurrenttask.Basedonthetask
mixinthequeueandtheschedulingheuristics,anothertaskmaynowbe
dispatched.

Thetaskdispatchermaintainsahistoryfileoftheprogressofallthetasksexecuted
duringasession.When eachexpertsignalssuccessfulreceiptofatask,thedispatcher
notesthetimethetaskhasbegtminthehistoryfile.Itnotesthetimeofcompletionofeach
taskatthereceiptofeachdone.ltusestheinformationinthisfiletodeterminewhich
expertsarerunningatanypoint.Thefileisalsousedbythedomaintaskexpert,and
possiblythequestion/answerhandler.
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AppendixF.FrameCreationSession

ScriptstartedonThuDec3109:08:251987
1%pr0Iog
MU-Prolog3.2ddb

17-[krwwadm].
consultingknowadm ·
done

true.

27-update.

Pleaseenterfunctiondesired:

_ 1. NewElementaryDataType
2. NewFrame
3. NewRelation
4. Saveupdates
99. Terminateprocessing ~
I.
Filesbeingconsulted,pleasewait

Pleaseenter,onebyone,eachparameterofthenewEDTfollowedbyaperiod.

EDTtypename

summer_qtr.

parentEDT

int. ,

quantiiier(or[])·

[]~

Restrictioninlistformat:[not,x,y,..][member,x,y,...]
[min,x,max,y]or[])

[member,6,7,8].

YouhaveaddedanEDTcalledsummer_qtrwiththefollowingparameters:
quantiiier=[l
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parent_type=int,parentrestriction=[]
restriction=[member,6,7,8]

Pleaseenterfunctiondesired:
l

I.NewElementaryDataType ‘
2. NewFrame _
3. NewRelation
4. Saveupdates
39. Terminateprocessing

Pleaseenter,onebyone,eachparameterofthenewframefollowedby.

Frametypename

summer_sched.

Framepa.rent(s)list,e.g.,[parentl,parent2]or[]

[]-
PLEASEENTERNEWSLOTSTOBEADDEDFORTHISFRAME

Enterslotname(orenterstoptoterminate)

cla.ss_name.

Slotclass(e,f,rforedt,frame,orrelation)

e.

SlotEDT,frame,orrelationtype '

char.

Slotcardinalityminimum(maybe[])

[I-
Slotcardinalitymaximum(maybe]])

3.
Youhaveaddedanewslotcalledclass_name

Moreslots?(y/n)

y.

Enterslotname(orenterstoptoterminate)

momh_0ffered.

Slotclass(e,f,rforedt,frame,orrelation)

e.
I
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SlotEDT,frame,orrelationtype

summer_qtr.

Slotcardinalityminimum(maybe[])

[]-
Slotcardinalitymaximum(maybe[])

3.
Youhaveaddedanewslotcalledmonth_offered

Moreslots?(y/n)

y.

Enterslotname(orenterstoptotemiinate)

instructor.

Slotclass(e,f,rforedt,frame,orrelation)

f
SlotEDT,frame,orrelationtype

mdzvzdudz.Slot
cardinalityminimum(maybe[])

”

[]-
Slotcardinalitymaximum(maybe[])

youhaveaddedanewslotcalledinstructor

Moreslots?(y/n) _

y.

Enterslotname(orenterstoptoterminate) ‘

course_nbr.

Slotclass(e,f,rforedt,frame,orrelation)

e.

SlotEDT,frame,orrelationtype

char.

Slotcardinalityminimum(maybe[])
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/1·
Slotcardinalitymaximum(maybe[])

youhaveaddedanewslotcalledcourse_nbr
_

Moreslots?(y/n)

rz.

EachEDTslotwillbedisplayed,sothatyoumayenterdefaults

SLOT:class_name,char, CARD:[],3,DEF:[]

Enternewdefault([]fornochange):

[]-

SLOT:course_nbr,char, CARD:[],[],DEF:[]

Enternewdefault([]fornochange):

[I-
SLOT:month_offered,summer_qtr, CARD:[],3,DEF:[]

Enternewdefault([]fornochange);

6.

Youhaveaddedanewframetypecalledsurnmer_sched
Frameparent(s)[]

SLOT:class_name,e,char, CARD:[],3,DEF:[]

SLOT:course_nbr,e,char, CARD:[],[],DEF:[]

. SLOT:instructor,f,individual,CARD:[],[],DEF:[]

_ SLOT:month_offered,e,summer_qtr, CARD:[],3,DEF:6

Pleaseenterfunctiondesired:

1. NewElementaryDataType _
2. NewFrame
3. NewRelation
4. Saveupdates
99. Terminateprocessing

ESDTtypeflebeingrewritten,pleasewait

Frametypefilebeingrewritten,pleasewait _
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Nonewrelationscreated.
Terminationinprocessasrequested

3?-ka_edt(summer_qtr,Parent,Quant{fier,Restricti0n.s).

Parent=[],
Quantiiier=int,
Restrictions=[member,6,7,8]

4?-ka_fi·ame(summer_sc/zed,Parents,SIotIist).

Parents=[],
Slotlist=

[c1ass_name,e,char,[],3,[],
course_nbr,e,char,[],[],[],
instructor,f,individual,[],[],[],
month_offered,e,summer_qtr,[],3,6]

5?-·~D
Endofsession
2%··D
scriptdoneonThuDec3109:15:341987
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AppendrxG.FrameTypeDefinitions

CODERFRAMETYPEDEFINITIONREPORT

FRAMETYPE.·time PARENT(S).·[l
SLOTS:
Slotname Type* Typename
hour e hour
minute e minute
second e second
ampm e ampm
time_zone e time_zone ·

FRAMETYPE.·date PARENT(S).·[]
SLOTS:
Slotname Type Typename
year e year
month e month
day_of°_month e day_of_month
day_of_week e day_of_week

FRAMETYPE.·date_time PARENT(S):[]
SLOTS:
Slotname Type Typename
date f date
time f time

FRAMETYPE:name PARENT(S).·[[
SLOTS:
Slotname Type Typename
date_established f date
educ_status e char
first e char '
last e char
middle e char
sufiix_jr_sr e char ·
title e char

*Typesare: e=ElementaryDataType(EDT),f=frame,r=relation.
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CODERFRAMETYPEDEFINITIONREPORT

FRAMETYPE:phone PARENT(S).·[[
SLOTS:
Slotname Type Typename ‘
area_code e
charprefixe char
local_nbr e char
extension e char

FRAMETYPE:u_s_address PARENT(S):[address]
SLOTS:
Slotname Type Typename
p_o_box e char
street e char
city e char
state e char
country e char
zip_code e char

FRAMETYPE:non_u_s_address PARENT(S):[address]
SLOTS:
Slotname Type Typename
p_o_box e char
street e ‘char '
city e char
province e char
country e char
postal_code e char

FRAMETYPE:address PARENT(S):[]
SLOTS:
Slotname Type Typename
p_o_box e char
street e char
city e char
country e char

FRAMETYPE.·educational PARENT(S).·[postal_address]
SLOTS:
Slotname Type Typename
department e char
school e char
university e char
address f address
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CODERFRAMETYPEDEFINITIONREPORT

FRAA/IETYPE:non_educationaI PARENT(S).·[postal_address/
SLOTS:
Slotname Type Typename
organization e char
address f address

FRAMETYPE:postal_address PARENT(S):[]
SLOTS:
Slotname Type Typename
address f address

FRAMETYPE.·email_address PARENT(S):[l
SLOTS:
Slotname Type Typename
user_id e char
source_node f node
relay f node
route e char

FRAMETYPE:node PARENT(S):[]
SLOTS:
Slotname Type Typename _
local e char .
net_name e char
domain e char

”

FRAMETYPE:individual PARENT(S):[]
SLOTS:
Slotname Type Typename
name f name
postal_address f posta.l_address
emai1_address f email_address
phone f phone
affiliation e char

FRAMETYPE:discussion_time PARENT(S):[]
SLOTS:
Slotname Type Typename
start f time
end f time
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CODERFRAMETYPEDEFINITIONREPORT

FRAMETYPE:place PARENT(S).·[]
SLOTS:
Slotname Type Typename
room e char
floor e char
building e char
hall e char

FRAMETYPE:seminar PARENT(S):[doctypel
SLOTS:
Slotname Type Typename
seminar_na.me e char
seminar_time f time
seminar_date f date
seminar_place f place
seminar_title e char
discussion_place f place
discussion_time f time
speaker f individual
host f individual
abstract__span f span

FRAMETYPE:span PARENT(S):[]
SLOTS: ‘
Slotname Type Typename
start_line e int
end_line e int

FRAMETYPE:digests PARENT(S):[l
SLOTS:
Slotname Type Typename
digests e char

FRAMETYPE.•content_vector PARENT(S):[]
SLOTS:
Slotname Type . Typename
concept_nbr e int
weight e int
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CODERFRAMETYPEDEFINITIONREPORT

FRAMETYPE.·digest_issue PARENT(S).·[/
SLOTS:
Slotname Type Typename
issue f issue
topic f topic
digest_rnessage f digest_message

FRAMETYPE:issue PARENT(S):[[
SLOTS:
Slotname Type Typename
dig_id e int
isu_date f date
isu_num e int
isu_vol e int

FRAA/IETYPE:topic PARENT(S):[]
SLOTS:
Slotname Type Typename
headerl e char
header2 e char

FRAMETYPE:forward_ji·om PARENT(S):[]
SLOTS:
Slotname „ Type Typename
board e char
individual f individual -

FRAA/IETYPE.·digest_message PARENT(S).·[]
SLOTS:
Slotname Type Typename
msg_id e int
date_sent f date_time
from f individual
subject e char
forward_from f forward_from
reply_to f individual
span f span
doc_type e char
content_frame f doctype
content_vector f content_vector

FRAMETYPE:doctype PARENT(S):[[

**ENDOFFRAMEDESCRIPTIONREPORT**
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AppendixH.PerformanceEvaluationTables

Time
Function Module _ Posts Sequence (Sec)

configstart_up
—»ia

requestwelcomefiledisplay ia setup_screen —>bboard 80

—»strategist
—>report
—>user_interface 1

userseeswelcome+(waitforusertocontinue) -+ia
{statetransition,welcomedone+ ia state —»bboard 1}

->strategist
->probmsd

statetransition,iduser probmsd id_user —>bboard 1

·—>strategist
—>user_mode1 .—‘ requestpromptforuserid user__model disp_prompt —-»bboard 2

-—>strategist
·—>report
—>user_interface 1

userseesprompt(waitforuserentry) —»ia
postuserresponse ia um_resp —»bboard 1

-—>strategist
—»user_model

statetransition, user_model state —>bboard 1
userunknown

->strategist
—»probmsd

newstate,characterizeuser probmsd char_newuser —>bboard 2

—>strategist
—>user_model

requestuserinfo user_mode1 disp_prompt —»bboard 1

—>strategist
—•report
—>user_interface 1

+lrzdicatesthatfunctionsareperformedcorzcurrerztly.
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Time
Function Module Posts Sequence (Sec)

userseesprompt(waitforuserentry) -»ia
h postuserresponse ia um_resp —>bboard 1

—>strategist
—»user_model

getmoreuserinfo user_model disp_menu —»bboard 1

—»strategist
—>rep0rt
—>user_interface 1

userseesmenu(waitforuserselection) —»ia
postuserselection ia um_resp —>bboard 1

etc.
(continueuntilallexplicitlyacquireduserinformationiscollected)

statetransition,questions_done user_model state —»bboard 1

—>strategist
—>probmsd

requestproblemstateinfo+ probmsd disp_prompt —•bboard 1

—»strategist
—>rep0rt °
—»user_interface 1

{postusertype+ user_model utype -»bboard 1}

userseesprompt(waitforuserentry) —»ia
postuserresponse ia prob_resp —>bboard 1

—•strategist
—»probmsd

statetransition,documentunknown probmsd state ->bboard 1

—>strategist
—>probmsd

requestmainmenufor probmsd disp_menu —»bboard 1
search,browseortutorials

·—>strateg·ist
—»report
—>user_interface 1

userseesmenu(waitforuserselection) —»ia
postuserselection ia disp_menu —>bboard 1
forsecondarymenu,browse

+Indicatesthatfunctionsarepedbrmedcorzcurrerztbz.
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Time
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->strategist
—»report
·->user_interface 1

usersecsmenu(waitforuserselection) —»ia
postuserselection ia disp_mcnu —»bboard 1
forsecondarymenu,HAI

—»strategist
—>report
—>user_interface 1

usersecsmenu(waitforuserselection) —>ia
postuserselection ia disp_mcnu —»bboard 1
forbrowsebysubject

—>strategist
—>report
—»uscr_interface 1

usersecsmenu(waitforuserselection) —»ia
requestuserpromptfor ia disp_prompt —•bboard 1
browsebyindexreference

—>strategist
—»rcport
—>user_interface 1

usersecsprompt(waitforuserentry) —+ia
requestHAIlookup ia browse —»bboard 1

—»strategist
—•br0wse

postresultsofbrowse hai hai_output —•bboard 4*

—>strategist
—>report
-—>user_interface 2

userreviewsbrowseresults(waittocontinue)
previousmenudisplayedbyuserinterface
userselectsretumtomainmenu —»ia
requestdisplaymainmenu ia disp_mcnu —>bboard 1

—»strategist
—»report

· —»uscr_interface 1

*DependsonsearchtermsforHAIbrowsing.
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Time
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userseesmenu(waitforuserselection) ->ia
beginsearching ia prob_resp —»bboard 1

”
—>strategist_ _ ->probmsd

getproblemdescriptioninfo probmsd disp_menu —»bboard 1

—>strategist
—»report
->user_interface l

userseesmenu(waitforuserselection) —-»ia
etc.‘ (continueuntilallproblemdescriptioninformationiscollected)

postuserresponse ia prob_resp —·bboard 1

—+strategist
—>probmsd

statetransition,docsearch probmsd state —»bboard 1

getsystemworldinfo probmsd disp_menu —->bboard _ 1

. —>strategist
—>report
—>user_interface l

userseesmenu(waitforuserselection) —»ia
etc.

(continueuntilallsystemworldinformationiscollected)

postuserresponse ia prob_resp —»bboard 1

—>strategist
—->probmsd

requestprompt,structureddata'? probmsd disp_prompt -•bboard 1

->strategist
. —>report .

—>user_interface l

userseesprompt(waitforuserselection) -»ia
postuserresponse,yes ia prob_resp —•bboard 1

· —>strategist
—»probmsd

requeststructureddatamenu probmsd disp_menu -»bboard l
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Time
Function Module Posts Sequence (Sec)

—»strategist
· —»report

—»user_interface l

userseesmenu(waitforuserselection) —»ia
postuserframeselection ia disp_frame —>bb0ard l

—•strategist
—»report
—+user_interface 1

userpromptedforslotvalueentry(waitforentry) —»ia
requestnextslot ia nextslot —+bboard 1

—>strategist
—>rep0rt
—+user_interface 1

userpromptedforslotvalueentry(waitforentry) —»ia
etc.

(continueuntilallframeslotsforrequestedframearedisplayed)
(then,reportmoduleinitiatesredisplayofstructureddatamenu)

userseesmenu(waitforuserselection) —>ia
userisfinishedframeentries ia done_frames —>bboard l

—»strategist—>probmsd

otherqueryterms?+ probmsd disp_prompt —»bboard

{postallframescreatedbyuser+ ia frame -»bboard 10}— {postrelationsforthoseframes+ ia relation —>bboard 2}

—>strategist
—»rep0rt
->user_interface 1

userseesprompt(waitforuserselection) —»ia
postuserresponse,yes ia prob_resp —>bboard 1

—>strategist
->probmsd

statetransition,formquery probmsd state —>bboard
initiatequeryformulation probmsd form_query —>bboard 3

+Indicatesthatfunctionsareperformedcorzcurrentbz.
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—>strategist
—>qform

queryformulatorstarted qform disp_menu —»bboard 2

userseesmenutochoosequerytype(waitforuserselection) —>ia _
postselection,boolean ia do_query —>bboard l

—>strategist
—>qform

beginbooleanqueryassistance qform displayf —>bboard 1

etc.
(continueuntilallbooleanqueryinformationiscollected;
helpfileswillbedisplayed,andmenus/promptswillguideuser.) '

postqueryformed qform boolean —»bboard 3
statetransition,search_ready qform state —>bboard l
{informuserofprocessing+ qform displayf —~bboard l}

—>strategist
—+search

postretrieveddocuments+ search doc —>bboard 5*
statetransition,docsposted search

·
state —>bboard l

—+strategist ‘

—»pr0bmsd' requestdisplayofresults probmsd results -—»bboard l

-—>strategist
—>browse

sendresultsfile(simulated) browse displayf —+bboard 2

->strategist
—>report
—>user_interface l

userbrowsesresults(waitforusertofxnish) —>ia
statetransition,doneresults browse state —»bboard 2

+lndicatesthatfunctionsareperformedconcurrently.

*Basedon2500recordtestsetofPrologfacts.Nojramematching.
Adochypothesiswillbepostedforeachrelevantdocument.
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Time
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—>strategist
_ —>probmsd

morequeriesordone? probmsd disp_prompt —>bboard 3

—>strategist
—>report
—>user_interface 1

usersecsprompt(waitforuserentry) -•ia
postuserresponse(done) ia prob_resp —>bboard l

—>strategist
—>probmsd

statetransition,userdone probmsd state —>bboard 2
initiateuserevaluation probmsd user_eval —»bboard 1
{informuser+ probmsd disp_msg —»bboard 1}

-+stratcgist
—»user_model

collectuserevaluationdata+ user_model disp_prompt —>bboard 2
etc.

(continueuntilalluserevaluationdataiscollectcd)

statetransition,doneevaluation user_model state —>bboard 2

—>strategist
—>probmsd

statetransition,cleanup probmsd state —»bboard 2
initiatecleanup probmsd clean_up ——>bboard 1
{displayfinalthankyou++ probmsd displayf —+bboard 1}

—>strategist
·»user_model

statetransition,cleanupdone++ user_model state —>bboard 34

—»strategist
—>probmsd

requesttermination probmsd kill_procs —»bboard 1

—->strategist
—>report
—>user_interface 1

(user_ir1terfaceissuesstop_servicecommandstoallmodules,then
exitsitsownprocessingtoreturncontroltoconfigstartupshell.
Temporaryfilesaredeletedandprocessingterminates.)

+Indicatesthatfunctionsareperformcdconcurrenthn
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I

I

AppendixI.SampleCODERRetrievalSessxon

I - I{ {
{ Uelcome totheCDDER systml {
l I

{ TheCDDER <COmposlteDocumentExtended/Expert/EffectiveRetrieval) {
{ system,developedatUPI G SU, isadistributedexpert-based {
{ informationstorageandretrievalsystem. Itsmodular functions {
{ providearichtestbedforinformationretrievalresearch; search {
{ methods, usermodelling, knowledgerepresentation,lexicalapplications, {
{ anduserInterfacesmay betestedandcomparedusingtheCDDER system. {
I I

I ‘· I E
{ VouwillbesearchingthebackfilesoftheRRPRnetRlListpulletinboard {
{ asmoderated byKenLaws(1983-current). Thesefilesincludeover6666 { _
{ ltemsmore orlessrelatedtoRI. Each Itemisnelectronicmail {
{ message thatappearedinoneoftheissuesofoneofthevolumesof {
{ RlListDigest. Some messages arelongandsomeareshort,butallare {{ characterizedbysomefixedinformationaswell asfreetext. {
I I

I I
{ Uhen youleavethistutorial,who knowswhat may happen.....;... {
{ PressTR8 tocontinue ndGood Luck! {
I I

{IsarIdantificntior _ _ _ E
{Enterauniqueid<e.g., lastnamefollowedbyfirstInitial):dee; :I {
I II II II II II . II II II II

I

I _ I
I {

. I |I II II . II II II II II I
I {
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I
I

ave ouev · ·
'

{ 9 erusedanInformationStorageIIRetrieval Sgstem? (9/n> {I

I{
e{
I{
I{
I{
I

•
lI \••
lI•
l{
I{
I

•
lIu

- {I
g

l•
· lI

I{
e

· l
I

_

I

I . ume3-e. ··· '' — *·' °·-— ‘·= IlZ. 6•I8
ll3. IB-25 . l{ 4.over25 l{Pleaseenterchoicehere:3 ° ' {I
II
I

I .
II
II
II
I

I

II
I

I
II
II
II
II

' II
II
II
II
II
I

I
_

I
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_ { what istrrehiohastIe••elof•3•:{•.a•:ntionu•:·•.•I·r¤·••an•:hie·•ed?‘ {{ 1. Highschooldiplona
{{ 2.Twoormore yearscollege {{ 3.Bachelor'sdegree
{{ 4.f1aster'sdegree {{ 5.Ooctoral degrse
{{ 6.Other {{Pleaseenterchoicehere: {{
= 7{
I{
I

'

.
I{
I{
I. { I• {{
i{
I

· {

Inwhatfieldisu·:·ur-d&c1r·¢:•aT‘ {{ 1..Computer Science
{{ 2.Engineering
{{ 3.Mathematics {{ 4.Library/InformationScience {{ 5.Psychology {{ 6.Philosophy {{ 7.Humanities {{ 8.Business {{ 9.Other {{Pleaseenterchoicehere: _ {. { {{
I{
I|
I{
I• {

' i
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I

IRreyoufaniliarwithBoolean logic(y/n)? I
l „ 'I .. I E
I I
I ·

I
I I

I I
I I
I I — E
I · I

I I
I I
I

|_ g

I I

IHaveyoutakenInforeationStorageIIRetrieval courses?(y/n>
_

I
I

I ‘ I
I I .
I - u
I :
I

i I
I I• I
I :
I

‘ I
'

I
| I
. I

'
I

I I
I I
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IISEnglishyournativelanguage?(y/n) I

E
I

I
I

I
I

I
‘ I

I I
I

E
I

I I I
I

I
l

I
I

- I

I
I
I

[
I

I I
:

I
I

' I

E
I E

I
' " I

I ~
I

I

I

I

I

I
I

I

I

I

I

I

' I

I . »
I I

I
I

I
— I

‘
I

I
I

I

I

I

I
I

I
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{Firegoulookingforaspecific,knowndocunent?(9/n/he|p>
n_ {

I I

E { E
{ {
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I -· I
I I
I I
I I
I I
I I
I I
I I
I I
I I

‘ { H·:·¤¤• fm'-cIl•:·r•·¤crreu•:·I.• in•.I~:~¤.n·- sécrrchf·:·r·inf•:~rIII¤tI•:II·•‘?' {
{ 1. Justbeginning {
{ 2.Befiningthesearch - { _
{ 3.Browsing {
l4. Other

”
· ~ {

{Pleaseenterchoicehere: {
{ I

{ E
. : {

: { I ' E{ I

5 ‘ EI

= EI { {

{ .
é
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1

{ 1. Browse {
{ 2.Search _ { °

{ 3.Tutorials {
{ 4.ExitSystem {
{Pleaseenterchoicehere:3,, {

E
“°

1 E
1 1 .
1 1
{ 1
1 1
{ 1
I · {
{ 1
F 1

F 1
{ 1
F 1
{ 1

{ 1. CODER SystemOvervien
‘

{
l2.BrowsingOptions . {
l'3.SearchingOptions {l4.ReturntoPreviousMenu {
{Pleaseenterchoicehere:2,, ° { ‘
{ I

= 1
1 1
{ 1

·
‘ {

{ 1
1 . {
{ 1
1 1
I1 · 1
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I
. I

{I
I

{ I.Thesaurus {
{ 2.Dictionary ‘_ {

· { 3.HandbookofRI ' {
{ 4.userneue! . {
{ 5.Tutorials {
{ 6.RetrievedDocs { [

{ 7.ReturntoPreviousIlenu {
{Pleaseenterchoicehere:4,, {
{ E
| I

E
‘ E

{ {
{ {

.....................................................[..........................................{...
{Thisisthetutorialofusermodel. {

{Thistutorialhasnotyetbeendevelopedfully. {
I I

{ TheusermodelingfunctionallowstheCODERsystemtodeterminehowtobe;1 {

{ interactwith·you;Basedonyourlevelofexperiencewithinformationstorage {
{ retrievalsystems,yourbackgroundandanyprevioussessionsyou‘vehadum, {
{ CODERsystem,CODERwilltailoritsprocessingtoyourneeds. ~ {
{ ‘ {

E E
I I

{ {
{ {
{ {
{ {
{ ' {
{ ' {
{ {
{ {
{ {
{ {
I I
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{{

{ 1. Thesaurus {{ 2.Dictionary {{ 3.HandbookofRI {{ 4.User Model {
1 {-5.Tutorials {{ 6.RetrievedDocs {{ 7.Return toPreviousMenu {{Pleaseenterchoicehere:7_ {I 1I 1

E {
E EE E~

{ l.Browse {{ 2.Search {{ 3.Tutorials {{ 4.ExitSystem {{Pleaseenterchoicehere:,|, {I

E { {
{ {

I
' 1i

I

= :{ ‘ •• {I
I I
I I

I I
I I
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l

1

{ I.Lexicon
{

{ 2.Handbook ofRI {
{ 3.YourUserModel {
{ 4.RetrievedDocuments (notvalid) {
{ 5.ReturntoMain Menu {

: 6.Exitsueteb I
{Pleaseenterchoicehere:SL {
·

\

E E
I

E . {
E 1
E E
[ I

I 1. auSubject {
{ 2.ByPerson'sNone {
{ 3.TableofContents - {
{ 4.Return toBrowseMenu {
{ 5.Return toMain Menu {
{Pleaseenterchoicehere:2, {

= E
I 1
I 1
{ i
:

1 { E
I . {

{ i
I · {

=
:

I 1
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{Enterperson'snone:weaver
{{ {{ {{ {{ -{ ~

{Eersonentriesfoundforweaver: {i
ii
i¤

{ REFEREHCES HRTCHING: weaver, warren {• ‘
{•{Reference1. {•
•E E{ In1949, NarrenUeaver proposedthatcomputersnightbeuseful {{ for"thesolutionofworld-widetranslationproblems"(Ueaver,1955, {

‘
{ p.*15>. Theresultingresearch,onwhatwas called * {- { machine translation,attemptedtosinulate {
{ withacomputerthepresumedfunctionsofahumantranslator: lookingup {

i
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{
e

{ I.BySubject
{{ 2.ByPerson'sName
{{ 3.TableofContents
{{ 4.Return toBrowseMenu {{ 5.Return toMain_Menu
{{Pleaseenterchoicehere:4 {E { E{ :•
{E {
=: ° {•
{' I{
I

{ 1. l.exicon' {{ 2.HandbookofRI {·{ 3.VourUserModel {{ 4.RetrievedDocuments (notvalid) {{ 5.Return toMain Menu {{ 6.sxaesgsunl
:{Pleaseenterchoicehere:1, {I
I{ {I

· II
II
II
II ‘
II

.
II
II
II
II
II
II
I
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{ BrauseLexlcan
{{ 1.Definitian{2.RelatedUards
{

{ 3.PartofSpeech ‘
{

{ 4.UariantSpelling:

{
{ 5.SampleUsage •·

{

‘
{ 6.Return taBrauseMenu

{
{ 7.Return taMain Menu

{
{Pleaseenterchoicehere: 1

{{11
. {'

I

• '
{{
1

1
· {

I

I

[

I'
I

|

I{
{
I

{Enteruard:tan - {I .
Iin E{ · {{ '
{{
{

_
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I

I

{Definitionfortan:
{{ tan;1. n, thebrowncolourproducedbgtheskinafterintensiveexposure {{toultravioletrags,esp{ thoseofthesun; alightormoderate {{gellowish—browncolour; shortfor,tanbark;2.vb, togobrownorcauseto{{gobrownafterexppsuretoultravioletrags; toconvert(askinorhide) {{intoleatherbgtreatingltwithatanningagent,suchasvegetabletannins,{{chromiumsalts,fishoils,orformaldehgde; <tr{)Slang; tobeatorflog; {{3.adj, lightbrown; ofthecolourtan; usedinorrelatingtotanning; {{Itannable,adjlltannish,adjl; tantannedtons; {•
{{PressTABtocontinue. — {{
{{
{I

I

{ 1. Definition
{{ 2.Relatedl-lords {{ 3.PartofSpeech {{ 4.UariantSpellings
{{ 5.SampleUsage
{' { 6.Return toBrowseMenu {{ 7.Return toMain Menu {{Pleaseenterchoicehere:7 '
{|

I{
{{
{{ ‘ {5 E{
{
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I ‘

I

I

{ I.Browse
{{ 2.Search
{{ 3.Tutorials {
{{ 4.Exitsgsum {{Pleaseenterchoicehere:2,
{{
1I " §'
1{
1{
{{
{I

1
I

· ,I

1
I

1{
1I
I

{ Llhatareaofresearchareyoucurrentlypursuing? {{ 1. KnowledgeRepresentation ‘
{{ 2.Natural LanguageProcessing
{{ 3.ProgrammingLanguages
{{ 4.RutomaticProgramming
{{ 5.ExpertSystems
{{ 6.Hardware {{ 7.SearchMethods
{{ 8.Uision {{ 9. Other {{Pleaseenterchoicehere:7, _ {I

IE
EE
EI

1

. .
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I

I

I

I

I I.ClassRssignment
{I2.TermPaperResearch ·
{I3.Thesis/DissertationResearch {I4.Hobby
{I5.Personal Interest
{I Ö. Üth¢I'* ¤-
{IPleaseenterchoicehere:5,
{I
II
I

I
I

I
I

I
. I

I
I

I
I{ .
I•
III
I

I
~ IItlhatauthorshaveprovidedusefulreferences?, {{ I I.

I .
A

:
I•

II•
I{
I{
I{

. I{
I{
I{
I{

I{
I{
I{
II . I{
I{

I{
I

{

I
{

I' I

_
.

‘
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I
Iinterthetutlesofangbooks/articlesuhichhavebeenuseful: {
§ . I
I lI I
I . .. I
I I

I I
I Q. I
I I

I EI II II II II II - I„ | II II II I
I I

I Il 1. upto5 _ II 2,upto10 I . · ;
I2.upI628 _ I g
I4. uptb40 g
I5.Hll I

IIPleaseenterchoicehere:2_
EE I
I{ I

I I
II · ¤
I{ I
I{ I
I{ I

I I
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{ 1Ic·uIduou {ii-·ethe•·~etr·ie••edd•:·¤:•.m•entstobesortedbu: {{ 1. Relevance
{{ 2.Ruthor's lastname
{{ 3.Date (mostrecent)
{{Pleaseenterchoicehere:1, {{ __
{2
E{
{{ ‘
{{

i
I .

{
I

. {
I ·

{{
{

•
{

I•
{'
r

I

{

i

{ Fireuou I•:·c•I-·indfor- m~tic•.•lnr Féecnll.··°F‘v~s«;~ision‘?
{{ 1. HigherRecall _ {{ 2.HigherPrecision {{ 3.BalanceRecall andPrecision

. {{ 4.Don’tKnow {{Pleaseenterchoicehere:3, {I

= E
{

i
{

n
I _

{
{

n
{

{
{

i
{

. {
{

i
{

{
{ · •. {
{

I
I

{

I
' I

, .
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I ilhcit -rtic~r•ofr•2tr~i•2•·•a•:l¢:l·:«:•.m•=:nts••••:·•.•ldu•:·u liI-·•1··tc••‘·•2•;~•2i•••2'? II I.Llholedocument
{I 2.Paragraph: · {I3.Document Headeronly {IPleaseenterchoicehere: 1_ {I ‘·
5I
iE 6I iE EII · . . iI
I|
Il
I|
II I
I

IDoyouwishtoenterstructuredknowledgeforquerymotching? ty/n/help)y_ II
II ‘

II II II II II IE EI I{ i: · I
= EI II

i
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2 I.Digest Issue
22 2.DigestHessoge
22 3.Document Type
22 4.DocumentRuthor 22 5.Dote Range ofDoc
22 6.Reference toPerson
22 7.ExploinOptions
22 6.exit
2IPleoseenterchoicehere:6 2i
i2
2i · —
ii
ii
ii
ii
ii
ii
i

· 2Doyouknowtheperson';none? y
2E E2 22 22 2

. .
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name:narvin {
: EI I

{Lastname:•inskg_
IE E
E
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I

Ihiddlenaeeor-initial: I

I II I
I I
I I

Ißoyouknowtheperson':postaladdress
n'- Ü

I EI II I• •
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IDoyouknowtheperson':eleetronicI
address?(y/n/help)n_ I

.
44 4
I I
I I _
I I

IDoyouknowtheperson':phonenu444ber?'
fu/n/help)n_ I

4
I EI :4. g I
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|
-_-'_'---'°Ißffiliation:_ II II I. I II II I

I I.Digest issue II 2.DigestMessage
II 3.Document Type
II4.Document Ruthor
II5.DateRange ofDoc
II 6.Reference toPerson ·
II 7.ExplainOptions
II 8.Exit IIP|easeenterchoicehere:8,,
IE — E

‘
I

I
I

II
II
Ii
•
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{structureddatoknoulziäe? E:Ple¤sepressTHB tocontinue. {

E E
I I
E i

{ .

{Ol-MPUEr
Eßo youwish toentertumsforquerynatching? (y/n/help)g_ E{ EE S : {
{ { {

IE { :
E { E
{ {
{ { -{ { {
{ · {
I I

' {
i I

n
I
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Ü

{ uhcrtt•»2ofs·2·arv:h•·••:·uld•.1·:••.• liI··•2tc-•2rf0rmT‘ {{ 1. Boolean {{ 2.P-norm {{ 3.TermUector I { {{ 4.ExplainSearchMethods {{ 5. No Rdditional SearchDesired {{Pleaseenterchoicehere: 1, {E E. I
I{ {I
II
II
In
«I

· Ii •
I

II
II
II
II
I
I

{- {{ TheQuery Formulatormodule wasdesignedtoaidusersintheformation {{ ofbooleanqueries. Usersarerelievedoftheresponsibilityof {{ knowingwhere toplaceBND, OR andHOT operatorsinqueries. {I
I{ Hfterenteringprimrysubjectareasknownasfacets,thesystem {{ will promptyoutoentermore specificteresforeacharea. {{ Thosetermswillbeusedtoformulateabooleanquerywhich {

{ thesystemwillusetofindrelevantdocuments. {
¤ ,i I

{ Theprimaryfacetsenteredwillnotbeusedinyourquery. {{ lnstead,thetermsusedtodescribeeachfacetwillbe {‘ {“
0Redtogether. Hll groupsoftermswillbeRNDed together. {{ Therefore, thesystemmust findatleastonetermfrom {{ eachsetoftermsforeachfacetinorderforadocumentto {{ beselected. {{ u{ Thequeryformulatormodule wlllguideyouthroughyourqueryentry. {{ i

{ Tocontinuewiththissession,pleasepressTHB. · {
i

‘
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{uxu:<e-Ia¤ti¤n. 4 l
{uouldyoulineexplanationoftheBooleanassistancefacility?(y/n>y, {
{ {
{ 1{ 1{ 1{ 1{ 1I \„ I{ 11 •·

I{ 1{ 1{ 1{ 1{ 1{ 1{ 1{ 1{ _ 1{ 1
I ' 1{ 1{ 1{ 1
{ 1{ 1 {

{_TheQuery FOPNUIGTOPwillhelpyoutoperformthefollowingsteps: {
1 11 1
{ 1. ldentifythemain Facetsafyourquery {
I 1
{ 2. Describefullythefacets {
I 11

_ { 3. lmposeexceptionsifyouexpecttoomany documents {
II 1

{ 4. Editthedocumentuntilyouaresatisfied {
, 1
{ FacetsaresubjectHREHS whichyounametodescribeaauery. You {

·· { shouldentera listoffacets,thatis,a fewbroadSUDj€Ctareas {
{ relatedtoyourauery. Hfterenteringthosefacets,youwill be {
{ promptedtoexpandeachone,providingmore specifictermsand {
{ phrasesaboutthefacet. The termsforeachfacetwill pe {

· { 0Redtogether. Groups aftermsperfacetwill beRHDed together- {
{ inthequerywhichwillbeformulated. {
I 1
I 1
{ {
{ · {
{PressPF2 toscrollforward. {
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I

I

{Enterprsmorgfocets<e.g.,porollel,computers, l¤nguoges>:search«•etr~•oos_I
I I

E EI I
I ~ I
I I
I II II :

I I I
I I ·
I I
I · I
I ‘

I
I I

Ißescribetheabovefucetbgncmingkeywords¤ndrelutedterms:pathtrcverseII
IE I ,, EI I

I II I
I I
I I
: I I
I ‘

I

E · E
I II II I
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I

I
I

I .u•
Ißescriuetheaoovefacetbynamingkeywordsand

relatedterms:,I9,,-qmm, I

I
. I

I
I

I
I

I
I

I
I

I
I

I
II \« I

I e~ I

·
I

I :
II

I
I

I
I .

I

I
I

I . I
I I
I ' I
I I
I I
I I
I I
I

I
I I

I•· . . , „ I

{enteranytermstobeexcluaed<I.e.,termsIIIIIIbeattachedtoHOT) :minimax

I
I

I _ I ·

II , I
I

I _ . ·‘

I
I

I
I

I
I

I
I

I
I

I
I

I ·
I

I
I

I
I

I
I

I
I

I
I

I
I

I . I
I

I
I

I
I

I
I

I
I

I
I

I

' I
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I

I I
I

| I

I . I
I CurrentQuery State I
I I
I

· I pathQR traverse I

I BND I
I methods I
I HOT minimax I
I I
I
I ThisisyourcuI··rentquery. Pleasereviewitforcorrectness. I

I
YouIIIiII‘begivenanopportunitytoedityourquery. I

I
I Pleasepress.THB tocontinue I
I , I

I I
I I
I I
I I
I I
I I
I I
I ~

I

I I
I

-
' I

E I
I I

IEditOuergI
Iuouldyouliketoedityourquery?<y/n>

n_
I

I I . I

E E
E

’ E
I E
I ° I
I I
I I‘ I
II . I
II I
II I
I I

~

'
I
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. I
I

I I

I {
{ The CODER systemisnowsearchingfordocumentswhicharerelevant {
{ toyourquery. Dependingonthenumberoftermsinyourqueryand {
{ thequantityofdocumentsthatmatch, thisstepmay tonea little {
{ longerthanthepreviousones. Pleasebepatient. He’II be {
{ rightback! {
I I

I
{ PressTHB toviewretrieveddocuments. {
I I

{ E E
I I
I I
I I
I I
I I
I I
I I
I I
I I

{

i I i
I I
I I
I I
I , I
I I
I I
I I
I · I
I I
I I
I I
I I

{Simulatedretrieveooocumentfileforuserviewing. {
{ **tobeoeveloped**

‘
{

I I

{PleasepressTHB tocontinue.
I

{
l ° {I :
I I

I
I

' I
I

I I

I * . · · ¤
I

I I
I{ · i
I{ •
I

I ' · ¤
I

I I
I I

' I
{ i

I
{ i

~ I. I 4 I
I{ i
I

' i
I I
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{‘i

{
2 {Doyoumsn toenteranotnerquery? <y/n/help)n {

{ {
§ {
2 {
{ { '{ s. Il
=

‘_
{

E E

E
E { E
I ' · I

V

I . g
| •

2 {
2 {
I2 {

‘ { Sntiäwzticm
V U

,
{On¤scaleofI-18,4<1•diss¤tisfied, I0•s¤tisfied>,entersqtisfuctiunz5 {

E · .· _ . _ {
2 {
I2 - — {{ 2
{ 2
2 {
I 2
I , · 2I •
I rI . 2
{ . 2
2 . ‘ ·{ 2 {{ ‘ 2
I2 {
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lI

i
” _

_ { Pleaseerstimatethebercentaaeofdocunentsv~etrie•edthat·••e•~euseful {
{ 1. unaer238 , _ {
{ 2.23-338 · {
{ 3.34-$0: . .. {
2 4.si-66: 2
{ 5.67-90: · {{ 5.over938 {
{Pleaseentercho‘Icehere:3,, {
2 " 2I 2 2
{ . {~ 2 2{ ’ {
E I E’
I I

’ { Diduou- searchinabecauseuou: {
{ I.foundwnatyouwanted _ {

’

{ 2_. foundenough inforuiation
V

{
{ 3.arefrustratedwiththissysten _ _ ._ {{ 4.ranoutoftime {
{Pleaseenterchoicehere:4,, ‘ {
I 2
[ .

2 E{ · {
E

I · I
2 2 ·

‘ {‘ 2

'
2‘ 2

'
2

'
i

I .
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‘
{{

{ .

·
Ear-E••¤|•.•nti0·r {’
{uasth{ssystemnon-frustratingandeasytouse?(y/n>y_ { {
{ { {
{ {{ {
{ {
{ {
{ {

{ { {
E {

{ : :: { :{ {
{ {
{ . {
{ {{ {
{ {{ {
{ {
{ {

{{{-|e¤Seenter¤ny¤ddlt{¤nalcaementsPIQQf‘d{ th' t
{ { havefinishedyour-entry,pressTHB to

uhwhengw
{

' - {
{ {i _ {{{ { { {
{ {
'

{{ { {• {
{ ‘

·
{ { ¢‘ {

I {
· { { {

{ { {
·{ { {

{ { {{ { I{ { ·{ { - {
{ {

{ { . {„ { {
{{
{

{ ‘ {
{

{
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{1-iouldyoulikeaprint-outofthedocumentsyoujudgedtobeuseful?(yn>n {
I . IE E ·I SI 1I 1I 1I 11 { {
l ‘· EE El . {S l{ 1
I

A
{S--—-—-——-·—-—-—-—-—--—-——-—-——-—--—----———————--———-———-—-—-—-—-{

·‘...............
{

•••••••••••••••••••••••••••••••••••••«•••••••••••••••••••••••••••-.{•••

I
{IheCODER systemisnowrefreshingfiles,logginginformationaboutyour { —

{ {retrievalsession,andpreparingforyournextvisit. {
3 1

'E {ThisendsthiscoderrunsearchingwiththeRILISTcollection. lfyouhave {
{ lanysuggestionsonhowtoimprovethisservice,pleasesendmail to {
{Dr.Fox, BethI-ieaverorQifan Chen (fox,weaverb,chend). Thankyou. {

{TheCODER systemwillautomaticallyterminateitselfwhenyoupressTRB, {
{
{soPLERSE PRESS TRBTO LERUETHESYSTE11. {
I I

l l(Thisscreenwillnotnecessarilydisappearimmediatelywhen youpress {
{ { TBB. ThesystemwillautomaticallyterminateÜhlh ithasfinishedits

”
{, processing. •l { {

{ 1
I I
{ I

I I
=1 1 1 S1 { { 1

l
’ i ‘
I I
{ I

{

I

S
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