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1. INTRODUCTION
Most current IR researchis focusedon specifictechnologies,

suchasfiltering, classification,entity extraction,questionanswer-
ing,etc.Thereis relatively little researchonmergingmultipletech-
nologiesinto sophisticatedapplications,duein partto thehighcost
of integratingindependently-developedtext processingmodules.

In thispaper, wepresenttheIntegratedInformationManagement
(IIM) architecturefor component-baseddevelopmentof IR appli-
cations1. TheIIM architectureis generalenoughto modeldifferent
typesof IR tasks,beyondindexing andretrieval. Ratherthanpro-
viding asingleframework or toolkit, ourgoalis to createahigher-
level framework which is usedto build a varietyof differentclass
librariesor toolkits for differentproblems.Anothergoalis to pro-
motetheeducationaluseof IR software,from an“exploratorypro-
gramming”perspective. For this reason,it is alsoimportantto pro-
vide a graphicalinterfacefor effective taskvisualizationandreal-
timecontrol.

Prior architecture-relatedwork hasfocusedon toolkits or class
librariesfor specifictypesof IR or NLP problems.Examplesin-
cludetheSMART systemfor indexing andretrieval [17], theFIRE
[18] andInfoGrid [15] classmodelsfor informationretrieval ap-
plications,andtheATTICS[11] systemfor text categorizationand
machinelearning. Someprior work hasalsofocusedon the user
interface,notablyFireWorks[9] andSketchTrieve[9]2. Othersys-
temssuchasGATE [4] andCorelli [20] have centeredon specific
approachesto NLP applications.

The Tipster II architectureworking groupsummarizedthe re-
quirementsfor anidealIR architecture[6], which include:

� Standardization. Specifya standardsetof functionsandin-
terfacesfor informationservices.

� RapidDeployment. Speedup theinitial developmentof new
applications.

�
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� Maintainability. Usestandardizedmodulesto supportplug-
and-playupdates.

� Flexibility. Enhanceperformanceby allowing novel combi-
nationsof existingcomponents.

� Evaluation. Isolateandtestspecificmodulesside-by-sidein
thesameapplication.

Oneof thevisionsof theTipsterII teamwasa “marketplaceof
modules”,supportingmix-and-matchof componentsdevelopedat
different locations. The goalsof rapid deploymentandflexibility
requireanexcellentuserinterface,with supportfor drag-and-drop
task modeling,real-timetask visualizationand control, and uni-
form componentinstrumentationfor cross-evaluation. The mod-
ulesthemselvesshouldbesmall,downloadablefiles which run on
a variety of hardwareand softwareplatforms. This vision is in
fact a specializedform of component-based softwareengineering
(CBSE) [14], wherethe re-useenvironmentincludeslibrariesof
reusableIR components,andtheintegrationprocessincludesreal-
timeconfiguration,control,andtuning.

Section2 summarizesthe architecturaldesignof IIM. Section
3 providesmoredetailregardingthesystem’s currentimplementa-
tion in Java. In Section5 we describethreedifferenttasklibraries
that have beenconstructedusingIIM’ s genericmodules.Current
instrumentation,measurement,andresultsarepresentedin Section
6. We concludein Section7 with somerelevant comparisonsof
IIM to relatedprior work.

2. ARCHITECTURAL DESIGN
IIM usesa flow-based(pipe andfilter [16]) processingmodel.

Informationprocessingstepsarerepresentedasnodesin a graph.
Eachedgein thegraphrepresentsaflow connectionbetweenapar-
entnodeanda child node;thedocumentsproducedby theparent
nodearepassedto eachchild node. In IIM, theflow graphis re-
ferredto asanodechain. A samplenodechainis shown in Figure
1. The IIM classmodelincludessix basicnodetypes,which can
beusedto modelavarietyof IR problems:

1. Source. Generatesa documentstream(from a staticcollec-
tion, websearch,etc.)andpassesdocumentsoneatatimeto
its child node(s).

2. Filter. Passesonly documentswhich matchthe filter to its
child node(s).

3. Annotator. Addsadditionalinformationto thedocumentre-
gardingaparticularregion in thedocumentbody.



Figure 1: IIM User Interface

4. Sink. Createsandpasseseithera singledocumentor a col-
lectionto its child node(s),afterpoolingtheinputdocuments
it receives.

5. Transformer. Createsandpasseson a singlenew document,
presumablytheresultof processingits inputdocument.

6. Renderer. Producesoutputfor documentsreceived(to disk,
to screen,etc.).

The IIM classmodel is embeddedin a Model-View-Controller
architecture[5], which allows the systemto be run with or with-
out thegraphicalinterface.Pre-storednodechainscanbeexecuted
directly from theshell,or asabackgroundprocess,completelyby-
passingall userinteractionwhenoptimalperformanceis required.
The Controllersubsystemandinterfaceeventdispatchingsubsys-
temmustrunasseparatethreadsto supportdynamicupdateof pa-
rametersin a runningsystem. The View (userinterface)should
support:a) plug-and-playcreationof new nodechains;b) support
for saving, loadingandimportingnew nodechains;c) dynamicvi-
sualizationof atask’sstatus;andd) directmanipulationof anode’s
parametersat any time.

In additionto thenodesthemselves,IIM supportstwo otherim-
portantabstractionsfor IR taskflows:

� MacroNodes. Certainsequencesof nodesareusefulin more
than one application,so it is convenientto storethem to-
getherasa singlereusableunit, or macro node. IIM allows
theuserto export a portionof a nodechainasamacronode
to be loadedinto the NodeLibrary and insertedinto a new
chainasa singlenode. The usermay specifywhich of the
propertiesof the original nodesarevisible in the exported
macronode(seeFigure3).

� Controllers. SomeIR tasksrequireiterationthroughmultiple
runs;thesystem’s behavior on eachsuccessivetrial is mod-
ified basedon feedbackfrom a previous run. For example,
a systemmight wish to askfor moredocumentsor perform
queryexpansionif theoriginal queryreturnsan insufficient
numberof relevantdocuments.IIM includesaController in-
terface,which specifiesmethodsfor sendingfeedbackfrom

Figure 2: Node Interface and Subtypes.

one nodeto another. The usercan implementa variety of
controllers,dependingontheneedsof theparticularapplica-
tion.

3. JAVA IMPLEMENTATION
In the IIM Java implementation,nodesarespecifiedby the ab-

stractinterfaceNodeandits six abstractsubinterfaces:Source, Fil-
ter, Annotator,Transformer,SinkandRenderer(seeFigure2). Any
user-definedJava classwhich implementsoneof theNodesubin-
terfacescan be loadedinto IIM and usedin a nodechain. The
visualizationof anodeis representedby aseparateJavaclass,Box,
which handlesall of the detailsrelatedto drawing the nodeand
variousvisualcuesin thenodechaindisplay.

The graphicaluserinterface(Figure1) is implementedasa set
of JavaSwingcomponents:

� NodeChainDisplay. Thecanvasto therightdisplaysthecur-
rentnodechain,asdescribedin theprevioussection.While



Figure 3: Exporting A Macro Node.

thenodechainis running,IIM providestwo typesof visual
feedbackregardingtaskprogress.To indicatethepercentage
of overall run-timethat the nodeis active, the bordercolor
of eachnodevaries from bright green(low) to bright red
(high). To indicatethe amountof outputper nodeper unit
of time spent(throughput),the systemindicatesbytesper
secondasa text label undereachnode. A rectangularme-
ter at theright of eachnodeprovidesagraphicvisualization
of relative throughput;thenodewith thehighestthroughput
will have a solid red meter, while othernodeswill have a
meterlevel whichshowstheir throughputasa percentageof
maximumthroughput.

� NodeLibrary. The treeview to the upperleft displaysthe
library of nodescurrentlyavailableontheuser’smachinefor
building andextendingnodechains.New nodesor nodedi-
rectoriescanbedownloadedfrom thewebandaddedwhile
thesystemis running.Thecomponentloaderexamineseach
loadedclassusingJava’sreflectioncapabilities,andplacesit
in theappropriateplace(s)in thecomponenttreeaccording
to whichof theNodesubinterfacesit implements.

� NodePropertyEditor. The PropertyEditor (tableview) to
thelowerleft in Figure1 displaysthepropertiesof aselected
node,which theusercanupdateby clicking on it andenter-
ing anew value.

� NodeChainEditor. IIM supportsdynamic,interactive ma-
nipulationof nodechains.Theleft sideof thetoolbarat the
top of the IIM Window containsa setof chainediting but-

tons. Theseallow the userto create,modify andtunenew
nodechainsbuilt from pre-existing components.

� TransportBar. IIM usesa tapetransportmetaphorto model
theoperationof thenodechainon a given datasource.The
“Play”, “Pause”and“Rewind” buttonsin the toolbar(right
side)allow theuserto pausethesystemin mid-taskto adjust
componentparameters,or to starta taskover after thenode
chainhasbeenmodified.

The run-time Controller subsystemis implementedas a Java
classcalledChainRunner, which canbe invokedwith or without
a graphicalinterfacecomponent.ChainRunneris implementedas
a Threadobject separatefrom the Java Swing event dispatching
thread,sothatuseractionscanbeprocessedconcurrentlywith the
ongoingoperationof anodechainon aparticulartask.

4. IIM COMPONENTS
The currentIIM systemincludesa variety of nodeswhich im-

plementthe differentIIM componentinterfaces.Thesenodesare
describedin thissection.

4.1 Source Nodes

� EditableSource. Promptstheuserto interactively entersam-
pledocuments(usedprimarily for testing,orenteringqueries).

� WebSource. Genericsupportfor accessto web searchen-
gines(e.g.,Google).Includesmultithreadingsupportfor si-
multaneousretrieval of multiple resultdocuments.

� NativeBATSource. Genericsupportfor accessto document
collectionsstoredon local disk. Implementedin C, with a
JavawrapperthatutilizedtheJavaNative Interface(JNI).

4.2 Filter Nodes

� SizeFilter. Only passesdocumentswhich areabove a user-
definedsizethreshold.

� RegexpFilter. Only passesdocumentswhich matcha user-
definedregularexpression;incorporatestheGNUregexp pack-
age.

4.3 Annotator Nodes

� NameAnnotator. Locatesnamedentities(currently, person
names)in the body of the document,and addsappropriate
annotationsto thedocument.

� IVEAnnotator. For eachnamedentity (person)annotation,
checksa networkeddatabasefor supplementalinformation
aboutthat individual. An interfaceto adatabaseof informa-
tion aboutindividuals,publications,andorganizations,cre-
ated as part of the Information Validation and Evaluation
projectatCMU [12]. ImplementedusingJavaDatabaseCon-
nectivity (JDBC).

� BrillAnnotator. Acceptsauser-definedannotation(e.g.,PAS-
SAGE)andaddsanew annotationcreatedbycallingtheBrill
Tagger[1] ontheassociatedtext. Implementedvia aTCP/IP
socketprotocolwhichaccessesa remoteinstanceof thetag-
gerrunningasanetworkservice.



� ChartAnnotator. Acceptsauser-definedannotation,andadds
new annotationsbasedontheresultsof bottom-upchartpars-
ing with a user-definedgrammar. Theusercanselectwhich
linguisticcategories(e.g.,NPVP, etc.)areto beannotated.

� RegexpAnnotator. Annotatespassageswhich matcha user-
definedregularexpression.

4.4 Transformer Nodes

� BrillTransformer. Similar to theBrillAnnotator (seeabove),
but operatesdirectly on thedocumentbody(doesnot create
separateannotations).

� Inquery. Acceptsaquery(representedasaninputdocument)
andretrievesasetof documentsfrom theInquerysearchen-
gine[2]. AccessesanInqueryserver runningasanetworked
service,usingTCP/IPsockets.

� WordNet. Acceptsadocument,andannotateseachwordwith
ahypernym retrievedfrom WordNet[19]. AccessesaWord-
Net server running as a networkedservice,using TCP/IP
sockets.

4.5 Sink Nodes

� Ranker. Collectsdocumentsandsortsthemaccordingto a
user-definedcomparator. The currentimplementationsup-
portssortingby documentsizeor by annotationcount.

� CooccuranceSink. Builds a matrix of namedentity associ-
ationswithin a given text window; usesNAME annotations
createdby the NameAnnotator(seeabove). The outputof
this nodeis a specialsubclassof Document, calledMatrix-
Document, whichstorestheassociationmatrix createdfrom
thedocumentcollection.

� QAnswer. Collectsa varietyof annotationsfrom documents
relevant to a particularquery(e.g.,“What is Jupiter?”),and
usesthemto synthesizeananswer.

4.6 Renderer Nodes

� StreamRenderer. Outputsany documentsit receives to a
user-specifiedfile stream(or to standardoutput,by default).

� DocumentViewer. Popsupadocumentdisplaywindow, which
allowstheuserto browsedocumentsasthey areacceptedby
thisnode.

� MatrixRenderer. A two-dimensionalvisualizationof theas-
sociationmatrixcreatedby theCoocurrenceSink(seeabove).
Acceptsinstancesof MatrixDocument.

5. IIM APPLICATIONS
Theinitial setof componentnodeshasbeenusedasthebasisfor

threeexperimentalapplications:

� Filtering andAnnotation. An interactive nodechainthatal-
lows the userto annotateand collect documentsmatching
any regular expression;the resultingcollectioncanthenbe
viewedinteractively (with highlightedannotations)in apop-
upviewerwindow.

� NamedEntity Association. A nodechain which performs
named-entityannotationusingaphi-squaremeasure[3],pro-
ducin a MatrixDocumentobject (a user-definedDocument
subclass,whichrepresentstheassociationmatrix).Notethat
theadditionof aspecializedDocumentsubclassdoesnot re-
quirerecompilationof IIM (althoughtheusermusttakecare
that specializeddocumentobjectsare properlyhandledby
user-definednodes).

� QuestionAnswering. A nodechain which answers“What
is” questionsby queryingthe web for relevant documents,
finding relevantpassages[8, 10], andsynthesizinganswers
from theresultsof variousregularexpressionmatches3.

6. PERFORMANCE
In orderto supportaccurateside-by-sideevaluationof different

modules,IIM implementstwo kinds of instrumentationfor run-
timeperformancedata:

� Per-NodeRunTime. TheChainRunnerandBox classesau-
tomaticallymaintainrun-timestatisticsfor every nodein a
chain (including user-definednodes). Thesestatisticsare
printedat theendof every run.

� Node-SpecificStatistics. For user-definednodes,it may be
useful to report task-specificstatistics(e.g., for an Annota-
tor, the total numberof annotations,theaverageannotation
size,etc.). IIM providesa classcalledOptions, which con-
tainsa setof optionalinterfacesthatcanbeimplementedto
customizeanode’sbehavior. Any nodethatwishesto report
task-specificstatisticaldatacanimplementtheReportsStatis-
tics interface,which is calledby theChainRunnerwhenthe
chainfinishes.

An exampleof the statisticaldataproducedby the systemis
shown in Figure 4. The systemis careful to keeptrack of time
spent“inside” thenodes,aswell astheoverallclock timetakenfor
the task. This allows theuserto determinehow muchoverheadis
addedby theIIM systemitself.

Thethroughputspeedof theprototypesystemis acceptablyfast,
averagingbetterthan50M of text per minuteon a samplefilter-
ing task(530M of webdocuments),runningon a typical Pentium
III PCwith 128M RAM. IIM requiresabout10M of memory(in-
cluding the Java run-time environment)for the core systemand
userinterface,with additionalmemoryrequirementsdependingon
thesizeof thedocumentstreamandthesophisticationof thenode
chain4. Althoughthecoresystemis implementedin Java,wehave
alsoimplementednodesin C++,usingappropriatewrapperclasses
andtheJavaNative Interface(JNI). Thistechniqueallowsusto im-
plementcritical, resource-intensivenodesusingnative code,with-
outsacrificingthebenefitsof theJava-basedcoresystem.

7. DISCUSSION
Thepreliminaryresultsof theIIM prototypearepromising.IIM’ s

drag-and-dropcomponentlibrary makesit possibleto build and
tunea new applicationin a matterof minutes,greatlyreducingthe
amountof effort requiredto integrateandreuseexisting modules.
�
We are currently expandingthis applicationto include part of

speechtaggingandsyntacticparsing,both of which arestraight-
forwardlymodeledasexamplesof theAnnotatorinterface.�
Nodechainswhich createa high volumeof annotationsperdoc-

umentusemorememory, asdo nodechainswhichcreatenew col-
lections,transformdocuments,etc.



Figure 4: Statistics for a Node Chain.

In thefuture,wehopethishighdegreeof flexibility will encourage
greaterexperimentationandthecreationof new aggregatesystems
from novel combinationsof components,leadingto atrue“market-
placeof modules”.

Building extensiblearchitecturesas“classlibrary plusapplica-
tion framework” is not a new idea,andhasbeendiscussedbefore
with respectto informationretrieval systems[7, 18,9]. Onemight
claim that any new IR architectureshouldadopta similar design
pattern,given the proven benefitsof separatingthemodulesfrom
theapplicationframework (flexibility, extensibility, highdegreeof
reuse,easyintegration, etc.). To someextent, IIM consolidates,
refinesand/orreimplementsideaspreviouslypublishedin theliter-
ature. Specifically, the following characteristicsof the IIM archi-
tecturecanbedirectlycomparedwith prior work:

� The IIM classesRenderer, Document, MultiDocument, and
annotationson Documentcanbe consideredalternative im-
plementationsof theInfoGrid classesVisualizer, Document,
DocumentSetandDocumentPart [15]. However, in IIM an-
notationsare“lightweight”, meaningthatthey donot require
the instantiationof a separateuserobject,but canbe mod-
eledassimpleStringinstancesin Javawhenahighdegreeof
annotationrequiresoptimalspaceefficiency.

� Theuseof color to indicatestatusof a nodeis alsousedin
theSketchTrievesystem[18].

� IIM’ s visualizationof thedocumentflow asa “nodechain”
canbe comparedto the “wire anddock” approachusedin
otherIR interfaces[9, 4, 13].

� Theuseof aPropertyEditor to customizecomponentbehav-
ior is an alternative approachto the IrDialogs provided by
theFireWorkstoolkit [9] for displayandupdateof acompo-
nent’sstate.

Nevertheless,IIM is at oncesimplerandmoregeneralthansys-
temssuchasInfoGrid [15] andFIRE [18]. Onecould claim that
IIM supportsa higherdegreeof informality [9] thanFIRE,sinceit
enforcesnotype-checkingonnodeconnectivity. Sinceall tasksare
modeledabstractlyasdocumentflows,nodesneedonly implement
one of the Nodesub-interfaces,and eachnodechain mustbegin

with a Source. Another point of comparisonis the task-specific
detailpresentin theFIRE classhierarchy. In IIM, task-specificob-
jectsareleft upto thedeveloper(for example,representingparticu-
larsof accesscontrolon informationsources,or detailsof indexing
andretrieval, suchasIndex, Query, etc.).

HendryandHarper[9] have usedthedegreeof usercontrol as
a dimensionof comparisonfor IR architectures.At oneextreme
aresystemswhich allow dynamicview andaccessto the run-time
stateof components,while at theotherlie systemswhichhideim-
plementationdetailandperformsomefunctionsautomatically, for
improved performance.In their comparisonof SketchTrieve and
InfoGrid, Hendry and Harper note that “a softwarearchitecture
shouldprovide abstractionsfor implementingboththese”.In IIM,
the useof macronodescanhide componentdetailsfrom the end
user, especiallywhenthecomponent’sparametervalueshavebeen
tunedin advancefor optimalperformance.

8. ONGOING RESEARCH
While theinitial resultsreportedhereshow promise,wearestill

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 integrateexternalcomponentsand
systems).The currentversionof IIM lacksthe explicit document
managementcomponentfoundin systemslike GATE[4] andCorelli
[20]; wearein theprocessof addingthis functionalityfor theoffi-
cial releaseof IIM.

The IIM system(sourcecode,classdocumentation,and node
libraries) will be madeavailablevia the web as one of our final
project milestoneslater in 2001. Anyone interestedin using the
systemor participatingin ongoingresearchanddevelopmentis in-
vited to visit theIIM websiteandjoin theIIM mailing list:�����
	������������������ ����� ����� ������� �� ��!#"�"�$
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