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1. INTRODUCTION

Most currentIR researchis focusedon specifictechnologies,
suchasfiltering, classificationgntity extraction,questionanswer
ing, etc. Thereis relatively little researclon megingmultipletech-
nologiesinto sophisticate@pplicationsduein partto thehigh cost
of integratingindependently-deslopedext processingnodules.

Inthispaperwe presenthelntegratednformationManagement
(IIM) architecturdor component-basedevelopmentof IR appli-
cationg. ThellM architecturds generaknougho modeldifferent
typesof IR tasks,beyondindexing andretrieval. Ratherthanpro-
viding a singleframavork or toolkit, our goalis to createa higher
level framevork which is usedto build a variety of differentclass
librariesor toolkits for differentproblems.Anothergoalis to pro-
motetheeducationaliseof IR software from an“exploratorypro-
gramming”perspectie. For thisreasonit is alsoimportantto pro-
vide a graphicalinterfacefor effective taskvisualizationandreal-
time control.

Prior architecture-relatediork hasfocusedon toolkits or class
librariesfor specifictypesof IR or NLP problems. Examplesin-
cludethe SMART systenfor indexing andretrieval [17], theFIRE
[18] and InfoGrid [15] classmodelsfor informationretrieval ap-
plications,andthe ATTICS [11] systenfor text cateyorizationand
machinelearning. Someprior work hasalsofocusedon the user
interface notablyFireWorks[9] andSketchFieve [9]°. Othersys-
temssuchasGATE [4] andCorelli [20] have centeredn specific
approacheso NLP applications.

The Tipster Il architectureworking group summarizedhe re-
quirementdor anideal IR architecturg6], whichinclude:

e Standadization Specifya standardsetof functionsandin-
terfacedor informationservices.

e RapidDeploymentSpeeduptheinitial developmenbof new
applications.

1 This work is supportedby National ScienceFoundation(KDI)
grantnumber9873009.

2For further discussionon how thesesystemscomparewith the
presentvork, seeSection?.
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e Maintainability. Usestandardizednodulesto supportplug-
and-playupdates.

e Flexibility. Enhanceperformanceby allowing novel combi-
nationsof existing components.

e Evaluation Isolateandtestspecificmodulesside-by-sidén
thesameapplication.

Oneof thevisionsof the Tipsterll teamwasa “marketplaceof
modules”,supportingmix-and-matctof componentsievelopedat
differentlocations. The goalsof rapid deploymentand flexibility
requirean excellentuserinterface with supportfor drag-and-drop
task modeling, real-time task visualizationand control, and uni-
form componeninstrumentatiorfor cross-&aluation. The mod-
ulesthemselesshouldbe small, downloadabldfiles which run on
a variety of hardwareand softwareplatforms. This vision is in
fact a specializedorm of component-basksoftwareengineering
(CBSE) [14], wherethe re-useenvironmentincludeslibraries of
reusabldR componentsandthe integrationprocessncludesreal-
time configurationcontrol,andtuning.

Section2 summarizeghe architecturaldesignof 1IM. Section
3 providesmoredetailregardingthe systems currentimplementa-
tion in Java. In Section5 we describehreedifferenttasklibraries
that have beenconstructedusinglIM’ s genericmodules. Current
instrumentationmeasuremengndresultsarepresentednh Section
6. We concludein Section7 with somerelevant comparison®f
IIM to relatedprior work.

2. ARCHITECTURAL DESIGN

IIM usesa flow-based(pipe andfilter [16]) processingnodel.
Informationprocessingtepsarerepresente@snodesin a graph.
Eachedgein thegraphrepresentaflow connectiorbetweerapar
entnodeanda child node;the documentproducedby the parent
nodearepassedo eachchild node. In 1IM, theflow graphis re-
ferredto asanodechain. A samplenodechainis shovnin Figure
1. ThellM classmodelincludessix basicnodetypes,which can
be usedto modelavarietyof IR problems:

1. Source Generates documenistream(from a staticcollec-
tion, websearchetc.)andpasseslocument®neatatimeto
its child node(s).

2. Filter. Passeonly documentsvhich matchthe filter to its
child node(s).

3. Annotator Addsadditionalinformationto thedocumente-
gardinga particularregionin thedocumenbody.
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Figure1: IIM User Interface

4. Sink Createsandpasse®ithera singledocumentor a col-
lectionto its child node(s) afterpoolingtheinputdocuments
it receves.

5. Transformer Createsandpasse®n a singlenew document,
presumablyheresultof processingts inputdocument.

6. Rendeer. Produceutputfor documentseceved (to disk,
to screenegtc.).

ThellM classmodelis embeddedn a Model-View-Controller
architecturg5], which allows the systemto be run with or with-
outthegraphicalinterface.Pre-storechodechainscanbe executed
directly from theshell,or asabackgroungrocesscompletelyby-
passingall userinteractionwhenoptimal performances required.
The Controllersubsystenandinterfaceeventdispatchingsubsys-
temmustrun asseparateéhreadgo supportdynamicupdateof pa-
rametersin a running system. The View (userinterface)should
support:a) plug-and-playcreationof new nodechains;b) support
for saving, loadingandimportingnew nodechains;c) dynamicvi-
sualizatiorof atask’s statusandd) directmanipulatiorof anodes
parameteratary time.

In additionto the nodesthemseles,|IIM supportswo otherim-
portantabstractiongor IR taskflows:

e Macro Nodes Certainsequencesf nodesareusefulin more
than one application,so it is corvenientto storethem to-
getherasa singlereusableunit, or macio node IIM allows
theuserto export a portionof a nodechainasamacronode
to be loadedinto the Node Library andinsertedinto a new
chainasa singlenode. The usermay specifywhich of the
propertiesof the original nodesare visible in the exported
macronode(seeFigure3).

e Contwllers. SomelR tasksrequireiterationthroughmultiple
runs;the systems$ behavior on eachsuccessietrial is mod-
ified basedon feedbackirom a previousrun. For example,
a systemmight wish to askfor moredocumentr perform
gueryexpansionif the original queryreturnsaninsuficient
numberof relevantdocumentslIM includesa Contmoller in-
terface which specifiesmethoddfor sendingfeedbackirom
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Figure 2: Node I nterface and Subtypes.

one nodeto another The usercanimplementa variety of
controllersdependingn theneedsf the particularapplica-
tion.

3. JAVAIMPLEMENTATION

In the lIM Javaimplementationnodesare specifiedby the ab-
stractinterfaceNodeandits six abstracsubinterfacesSource, Fil-
ter, Annotator Transformer SinkandRendeer (seeFigure2). Any
userdefinedJava classwhich implementsone of the Nodesubin-
terfacescan be loadedinto IIM and usedin a nodechain. The
visualizationof anodeis representetly aseparatdavaclass,Box,
which handlesall of the detailsrelatedto drawing the nodeand
variousvisual cuesin the nodechaindisplay

The graphicaluserinterface(Figure 1) is implementedasa set
of Java Swingcomponents:

e NodeChainDisplay. Thecarvastotherightdisplayshecur-
rentnodechain,asdescribedn the previous section.While
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Figure 3: Exporting A Macro Node.

thenodechainis running,|IM providestwo typesof visual
feedbackegardingtaskprogressTo indicatethe percentage
of overall run-timethatthe nodeis active, the bordercolor
of eachnode variesfrom bright green(low) to bright red
(high). To indicatethe amountof outputper nodeper unit
of time spent(throughput),the systemindicatesbytes per
secondasa text labelundereachnode. A rectangulame-
ter attheright of eachnodeprovidesa graphicvisualization
of relative throughputithe nodewith the highestthroughput
will have a solid red meter while othernodeswill have a
meterlevel which shavstheir throughputasa percentagef
maximumthroughput.

NodeLibrary. The treeview to the upperleft displaysthe
library of nodescurrentlyavailableon the users machinefor

building andextendingnodechains.New nodesor nodedi-

rectoriescanbe downloadedfrom the web andaddedwhile

thesystemis running. Thecomponentoaderexamineseach
loadedclassusingJava’sreflectioncapabilitiesandplacest

in the appropriateplace(s)in the componentreeaccording
to which of the Nodesubinterface implements.

NodeProperty Editor. The PropertyEditor (table view) to
thelowerleft in Figurel displaysthe propertieof aselected
node,which the usercanupdateby clicking on it andenter
ing anew value.

NodeChain Editor. [IM supportsdynamic,interactve ma-
nipulationof nodechains.Theleft sideof thetoolbarat the
top of the IIM Window containsa setof chainediting but-

tons. Theseallow the userto create,modify andtune new
nodechainsbuilt from pre-&isting components.

e TransportBar. [IM usesatapetransportmetaphoto model
the operationof thenodechainon a given datasource.The
“Play”, “Pause”and “Rewind” buttonsin the toolbar (right
side)allow theuserto pausethe systemn mid-taskto adjust
componenparametersor to starta taskover afterthe node
chainhasbeenmodified.

The run-time Controller subsystems implementedas a Java
classcalled ChainRunneywhich canbe invokedwith or without
a graphicalinterfacecomponent.ChainRunneis implementedas
a Thread object separatdrom the Java Swing event dispatching
thread,sothatuseractionscanbe processedoncurrentlywith the
ongoingoperatiorof a nodechainon a particulartask.

4. |IM COMPONENTS

The currentlIM systemincludesa variety of nodeswhich im-
plementthe differentlIM componeninterfaces.Thesenodesare
describedn this section.

4.1 SourceNodes

e EditableSouce Promptsthe userto interactvely entersam-
pledocumentgusedorimarily for testing,or enteringqueries).

e \\ebSouce Genericsupportfor accesgo web searchen-
gines(e.g.,Google).Includesmultithreadingsupportfor si-
multaneousetrieval of multiple resultdocuments.

e NativeBATSouce Genericsupportfor accesgo document
collectionsstoredon local disk. Implementedn C, with a
Javawrapperthatutilized the Java Native Interface(JNI).

4.2 Filter Nodes

e SizeHter. Only passeslocumentwhich areabove a user
definedsizethreshold.

e RaexpHlter. Only passeslocumentavhich matcha user
definedregularexpressionincorporateshe GNU regexp pack-
age.

4.3 Annotator Nodes

¢ NameAnnotatar Locatesnamedentities(currently person
names)in the body of the documentand addsappropriate
annotationgo thedocument.

e |[VEANnotator For eachnamedentity (person)annotation,
checksa networkeddatabasdor supplementainformation
aboutthatindividual. An interfaceto a databasef informa-
tion aboutindividuals, publications,and organizationscre-
ated as part of the Information Validation and Evaluation
projectatCMU [12]. ImplementedisingJavaDatabas€on-
nectiity (JDBC).

e BrillAnnotator. Acceptsauserdefinedannotatior(e.g.,PAS-
SAGE)andaddsanew annotatiorcreatedy calling theBrill
Taggel[1] ontheassociatetext. Implementedriaa TCP/IP
socketprotocolwhich accessea remoteinstanceof thetag-
gerrunningasanetworkservice.



e ChartAnnotator Acceptsauserdefinedannotationandadds
new annotationdasedntheresultsof bottom-upchartpars-
ing with a userdefinedgrammar The usercanselectwhich
linguistic cateyories(e.g.,NP VP, etc.) areto beannotated.

¢ ReggexpAmotator. Annotatespassagewhich matcha user
definedregularexpression.

4.4 Transformer Nodes

e BrillTransformer Similar to the BrillAnnotator (seeabove),
but operateglirectly onthe documenbody (doesnot create
separat@nnotations).

e Inquery. Acceptsaquery(representedsaninputdocument)
andretrievesa setof documentgrom thelnquerysearchen-
gine[2]. Accessesininquerysenerrunningasanetworked
serviceusingTCP/IPsockets.

e WWordNet Acceptsadocumentandannotatesachwordwith
ahyperrym retrieved from WordNet[19]. Accesses Word-
Net sener running as a networkedservice,using TCP/IP
sockets.

45 Sink Nodes

e Ranker Collectsdocumentsand sortsthemaccordingto a
userdefinedcomparatar The currentimplementationsup-
portssortingby documensizeor by annotatiorcount.

e Cooccuancesink Builds a matrix of namedentity associ-
ationswithin a given text window; usesNAME annotations
createdby the NameAnnotatofseeabove). The outputof
this nodeis a specialsubclasf Document called Matrix-
Documeniwhich storesthe associatiormatrix createdrom
thedocumentollection.

e QAnswer Collectsa variety of annotationgrom documents
relevantto a particularquery(e.g.,“What is Jupiter?”),and
useghemto synthesizeananswer

4.6 Renderer Nodes

e StreamRender. Outputsary documentst recevesto a
userspecifiedile stream(or to standardutput,by default).

e Documentiéwer. Popsupadocumentisplaywindow, which
allowstheuserto brovsedocumentssthey areacceptedy
thisnode.

e MatrixRendeer. A two-dimensionaVisualizationof the as-
sociatiormatrix createdy the CoocurrenceSink(seeabove).
Acceptsinstance®f MatrixDocument

5. IIM APPLICATIONS

Theinitial setof componenhodeshasbeenusedasthebasisfor
threeexperimentablpplications:

e Filtering and Annotation An interactive nodechainthatal-
lows the userto annotateand collect documentamatching
ary regular expression;ithe resultingcollectioncanthenbe
viewedinteractiely (with highlightedannotationsjn a pop-
up viewerwindow.

e NamedEntity Association A node chain which performs
named-entityannotatiorusinga phi-squareneasure[3]pro-
ducin a MatrixDocumentobject (a userdefinedDocument
subclasswhichrepresenttheassociationmatrix). Note that
the additionof a specializedocumensubclassloesnotre-
quirerecompilatiorof IIM (althoughthe usermusttakecare
that specializeddocumentobjectsare properly handledby
userdefinednodes).

e QuestionAnswering A nodechainwhich answers'What
is” questionsby queryingthe web for relevant documents,
finding relevant passagef3, 10], and synthesizinganswers
from theresultsof variousregular expressiormatched,

6. PERFORMANCE

In orderto supportaccurateside-by-sidesvaluationof different
modules,lIM implementstwo kinds of instrumentatiorfor run-
time performancelata:

e Per-NodeRunTime The ChainRunneiandBox classesu-
tomatically maintainrun-time statisticsfor every nodein a
chain (including userdefinednodes). Thesestatisticsare
printedattheendof everyrun.

e Node-SpecifiStatistics For userdefinednodes,it may be
usefulto reporttask-specificstatistics(e.g., for an Annota-
tor, thetotal numberof annotationsthe averageannotation
size,etc.). IIM providesa classcalledOptions which con-
tainsa setof optionalinterfaceghatcanbe implementedo
customizeanodes behavior. Any nodethatwishesto report
task-specifistatisticadatacanimplementheReportsStatis-
tics interface which is calledby the ChainRunnemwhenthe
chainfinishes.

An example of the statisticaldataproducedby the systemis
shavn in Figure4. The systemis carefulto keeptrack of time
spentinside” thenodesaswell asthe overall clock time takenfor
the task. This allows the userto determinehow muchoverheads
addedby thellM systemitself.

Thethroughpuspeedf the prototypesystemis acceptablyast,
averagingbetterthan 50M of text per minute on a samplefilter-
ing task (530M of web documents)runningon a typical Pentium
Il PCwith 128M RAM. IIM requiresabout10M of memory(in-
cluding the Java run-time ervironment)for the core systemand
userinterface with additionalmemoryrequirementsliependingn
the sizeof thedocumenstreamandthe sophisticatiorof the node
chairf. Althoughthecoresystemis implementedn Jaa, we have
alsoimplementedhodesn C++, usingappropriatevrapperclasses
andthe JavaNative Interface(JNI). Thistechniqueallows ustoim-
plementcritical, resource-intense nodesusingnative code,with-
out sacrificingthe benefitsof the Java-baseatoresystem.

7. DISCUSSION

Thepreliminaryresultsof thellM prototypearepromising.lIM’ s
drag-and-dropzomponentibrary makesit possibleto build and
tunea new applicationin a matterof minutes,greatlyreducingthe
amountof effort requiredto integrateandreuseexisting modules.

3We are currently expanding this applicationto include part of
speechtaggingand syntacticparsing,both of which are straight-
forwardly modeledasexamplesof the Annotatorinterface.
4Nodechainswhich createa high volumeof annotationper doc-
umentusemorememory asdo nodechainswhich createnew col-
lections transformdocumentsetc.
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Figure4: Statisticsfor a Node Chain.

In thefuture,we hopethis high degreeof flexibility will encourage
greaterexperimentatiorandthe creationof new aggrejatesystems
from novel combination®f componentdeadingto atrue“market-
placeof modules”.

Building extensiblearchitecturess“classlibrary plus applica-
tion framework” is not a new idea,andhasbeendiscussedbefore
with respecto informationretrieval systemg7, 18, 9]. Onemight
claim thatary new IR architectureshouldadopta similar design
pattern,given the proven benefitsof separatinghe modulesfrom
the applicationframework (flexibility, extensibility, high degreeof
reuse,easyintegration, etc.). To someextent, IIM consolidates,
refinesand/orreimplementsdeaspreviously publishedn theliter-
ature. Specifically the following characteristicef the lIM archi-
tecturecanbedirectly comparedvith prior work:

e ThellM classeRendeer, Document MultiDocumentand
annotationn Documentcanbe consideredlternatve im-
plementationsf the InfoGrid classed/sualizer, Document
DocumentSesand DocumentBrt [15]. However, in IIM an-
notationsare“lightweight”, meaninghatthey donotrequire
the instantiationof a separateiserobject, but canbe mod-
eledassimpleStringinstancesn Javawhenahigh degreeof
annotatiorrequiresoptimal spaceefficiengy.

e Theuseof colorto indicatestatusof a nodeis alsousedin
the SketchTieve system18].

e |IM’ s visualizationof the documenfflow asa “node chain”
canbe comparedo the “wire anddock” approachusedin
otherIR interfaceq9, 4, 13].

e Theuseof a PropertyEditorto customizecomponenbehar-
ior is an alternatve approactto the IrDialogs provided by
theFireWorkstoolkit [9] for displayandupdateof a compo-
nentsstate.

NeverthelesslIM is atoncesimplerandmoregenerathansys-
temssuchasInfoGrid [15] and FIRE [18]. One could claim that
IIM supportsa higherdegreeof informality [9] thanFIRE, sinceit
enforcemotype-checkingpn nodeconnectvity. Sinceall tasksare
modeledabstractlyasdocumenflows, nodesneedonly implement
one of the Nodesub-interfacesand eachnode chain mustbegin

with a Source. Another point of comparisonis the task-specific
detailpresenin theFIRE classhierarchy In 1IM, task-specifiob-
jectsareleft upto thedeveloper(for example representingarticu-
larsof accesgontroloninformationsourcesor detailsof indexing
andretrieval, suchasIndex, Query; etc.).

HendryandHarper[9] have usedthe degreeof usercontrol as
a dimensionof comparisorfor IR architectures.At one extreme
aresystemswhich allow dynamicview andaccesdo therun-time
stateof componentswhile atthe otherlie systemsawhich hideim-
plementatiordetail andperformsomefunctionsautomaticallyfor
improved performance.In their comparisorof SketchTieve and
InfoGrid, Hendry and Harper note that “a softwarearchitecture
shouldprovide abstractiongor implementingboththese”.In IIM,
the useof macronodescanhide componentdetailsfrom the end
user especiallywhenthe component parameteralueshave been
tunedin advancefor optimalperformance.

8. ONGOING RESEARCH

While theinitial resultsreportechereshav promise we arestill
evaluatingthe usability of IIM in termsof trainability (how fast
doesa novice learnthe system),reusability (how easilya novice
canbuild new applicationsfrom existing nodelibraries)andease
of integration(effort requiredto integrateexternalcomponentand
systems).The currentversionof IIM lacksthe explicit document
managemerdomponenfoundin systemdike GATE [4] andCorelli
[20]; we arein the proces®f addingthis functionality for the offi-
cial releasef [IM.

The IIM system(sourcecode, classdocumentationand node
libraries)will be madeavailable via the web as one of our final
projectmilestonedaterin 2001. Anyoneinterestedn usingthe
systenor participatingin ongoingresearclanddevelopmenis in-
vited to visit thelIM websiteandjoin thelIM mailinglist:

hitp : //hakata.mt.cs.cmu.edu/ITM
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