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Abstract. Browsing- and querying-orientedschemeshave long sened as the

principaltechniquedor softwaredevelopersto locatesoftwarecomponent§rom

a componentepositoryfor reuse Unfortunately the problemremainsthat soft-

ware developerssimply will not actively searchfor componentsvhenthey are
unavarethatthey needcomponentsr thatrelevantcomponentgvenexist. Thus,
to assistsoftwaredevelopersin makingfull useof large componentepositories,
informationaccesseedto be complementedby informationdelivery Effective

delivery of componentsallsfor thepersonalizatioof thecomponentso thetask
beingperformedandtheknowledgeof theuserperformingit. We have designed,
implementedandevaluatedhe CodeBpker systento supportpersonalizedom-

ponentdelivery to increasehe usefulnes®f a Java softwarereuseervironment.

Keywords: Taskmodeling,discoursemodeling,usermodeling,softwarereuse,
informationdelivery.

1 Intr oduction

Browsing-andquerying-orientedchemes$iave long senedasthe principaltechniques
for peopleto retrieve informationin mary applicationsjncluding systemdor locating
softwarecomponentandfor exploring the World Wide Weh However, thesecorven-
tional retrieval techniquegio not scaleup to largeinformationstores More innovative
schemessuchasqueryby reformulation[18] andlatent semanticanalysis[10], have
introducednew possibilities.Unfortunately the problemremainsthatuseis simplywill
not activelysearh for informationwhenthey are unawae that they needthe informa-
tion or that relevantinformationevenexists. Thus,to assistusersin makingfull useof
large informationrepositoriesjnformation accessnethodsneedto be complemented
by informationdelivery methods.

Evidenceexists that the lack of supportfor informationdelivery haslong beena
significantobstacleo the succes®f softwarereuse5, 19]. Beforesoftwaredevelopers
canreusecomponentsthey haveto eitherknow the componentalreadyor locatethem
quickly and easily Componentiocationis often supportedby componentrepository
systemsmostof which, like otherinformationsystemssupportbrowsing andquery-
ing only. They fall shortin helpingsoftwaredeveloperswho make no attemptto locate
componentg5]. Evenif software developersare aware of the componentsthey may



not be ableto retrieve thembecausef the mismatchbetweerthe situationmodeland
the systemmodel[9]. The situation modelrefersto the understandingf the task by
developersor usersandthe systenmodelrefersto the namesanddescriptionf com-
ponentsin repositorysystemswhich are predeterminedy systemdesignersinstead
of passvely waiting to be discorered,componentepositorysystemaeedto be more
active in supportingreuseby delivering potentially reusablecomponentdo software
developerswhenthey areengagedn developmentactivities.

2 Information Delivery Systems

High-Functionality Applications. Componentepositorysystemsrehigh-functionality
applicationgHFAS) [3]; they oftenincludethousandsf componentandevolve quickly.
Thedesignof HFAs mustaddresgwo problems:(1) the unusedunctionality mustnot
getin theway, and(2) unknavn existing functionality mustbe accessibler delivered
whenit is needed.

Most currentcomponentepositorysystemsare passve, meaningusers(software
developers)have to initiate the searchprocesghroughinformationaccessnethods—
either browsing or querying—tolocate componentsThesepassve systemsare de-
signedunderthe assumptiorthat usersare aware of their informationneedsandthat
they know how to askfor it. Our empiricalstudieshave shovn, however, thata users
knowledgeonanHFA doesnot matchthesystenitself. Typically, auserhasfour levels
of knowledgein anHFA:

— level 1 knowledge(L1): elementsarewell known andregularly used,;

— level 2 knowledge(L2): elementsareknown vaguelyandusedoccasionally;
— level 3 knowledge(L3): elementsarebelievedto exist in the system;

— level 4 knowledge(L4): all elementof thesystem.

Elementdalling in theareal 4 — L3 becomenformationislands,andpassve systems
cannothelpuserdo find thembecauseheir existences notevenknown [19]. Informa-
tion delivery, amethodby whichthesystemnitiatestheinformationsearctprocessand
volunteersnformationto userscanbuild abridgeto theinformationislands Moreover,
comparedwith passie systemsjnformationdelivery systemamake it easierfor users
to locateinformationin L3.

The Limitations of Task- and UserIndependent Information Delivery Systems.
Systemsthat just throw a piece of decont&tualizedinformation at usersare of little

usebecausehey ignoretheworking context. Theworking context consistsof the task
beingperformedandtheuserperformingit. Thechallengdor informationdeliveryis to

deliver context-sensitiveor personalizedinformation,relatedto boththe taskat hand
and the backgroundknowledgeof the user Task- and userindependentnformation
delivery systemgor “push” systemsysuchasMicrosoft’'s “Tip of the Day” suffer from

the problemthat conceptgget thrown at usersin a decontetualizedway. Despitethe
possibility for interestingserendipitougncounter®f information,mostusersfind this
featuremoreannging thanhelpful.

CodeBroker—An Active ComponentRepository System.We have designedjmple-
mentedandevaluatedanactive componentepositorysystemnamedCodeBoker, that



supportsnformationdelivery [20]. CodeBoker deliverstask-rel@#antanduserspecific
componentgo Java developersby (1) constructinga task modelto capturethe pro-
grammingtaskthroughcontinuouslymonitoringthe programmingactiities in a soft-
ware developmentervironment,(2) identifying the domainof users’currentinterest
by creatinga discousemodelbasedon theinteractionhistory betweernthe systemand
the user and(3) creatinga user modelto representachusers knowledgeaboutthe
repositoryto assurehatonly unknovn componentsredelivered.

3 Task-Relevant ComponentDelivery

General Approachesto Task Modeling. Taskscan be modeledthrougheither plan

recognitionor similarity analysis[4, 6]. The plan recognitionapproachusesplansto

specifythelink from aseriesof primitive useractionsto thegoalof atask.Whenactions
of ausermatchtheactionpartof a plan,thesystemdeemsheuserto be performingthe

correspondingask,andinformationaboutthetaskis delivered.The similarity analysis
approactexaminegheself-revealinginformationin thecontet surroundinghecurrent
focusof usersanduseshatinformationto predicttheir needsfor new information. The
systemthen delivers information from the repositorythat has high similarity to the
contectual circumstancePlanrecognition-basethskmodelingsystemsaredifficult to

scaleup becauset is difficult to createplans.Unlike plan recognition,by which the
systentriesto infer thetaskgoal, the similarity analysisapproachmatchestaskto the
informationsharingthe samecontectual circumstances.

Task Modeling in CodeBroker. CodeBpker adoptssimilarity analysisto find relevant
componentslt utilizesthe descriptve elementof programsandfindscomponentshat
have similar descriptionsA programhasthreeaspectsconcept,code,andconstraint.
Theconcepbf aprogramis its functionalpurposepr goal;the codeis theembodiment
of theconceptandthe constrainregulateshe environmentin which theprogramruns.

Importantconceptsof a programare often containedin its informal information,
suchascommentsandidentifier namesthat areimportantbeacongor programcom-
prehensior{19]. Modernprogramminganguagesuchas Jasa further enforcethe in-
clusionof self-explaininginformal informationby introducingthe concepiof doccom-
ments A doccommentbeginswith “/ **” andcontinueauntil thenext “*/ ”. Contents
insidedoc commentslescribethe functionality of the following module,eithera class
or amethod.

Constraint®f a programarecapturedy its signatue. A signaturedefineshesyn-
tactic interfaceof a programby specifyingthe typesof input and outputdata.For a
componento be easilyintegrated,its signatureshouldbe compatiblewith the environ-
mentin whichit will beincorporated.

CodeBoker modelstasksby extractingdoc commentsand signaturef the pro-
gramunderdevelopmentlt triesto find relevantcomponentsvith similar conceptsand
constraintsRelevanceof componentgo the task at handis determinedby the com-
bination of conceptsimilarity and constaint compatibility. Conceptsimilarity is the
similarity existing from the concepf the currenttask,revealedthroughcommentsand
identifiers,to the conceptrevealedin the documentof componentsn the repository



Constraintcompatibility is the type compatibility existing from the signatureof the
programunderdevelopmento the signaturesf repositorycomponents.
Concepsimilarity is computediy LatentSemanticAnalysis(LSA) [10]. After be-
ing trainedwith alarge volumeof domain-specificlocumentsthe semanticspacecre-
atedby LSA for thatdomaincancapturethe latentsemantiassociatioramongwords,
andthusit bridgesthegapbetweerthe situationmodelandthe systemmodel[9]. Con-
straintcompatibility is computedby signaturematching.Two signaturesnatchif their
input typesandoutputtypesare bothin structuralconformancg19]. Figure 1 shows
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Fig. 1. Task-releant delivery of componentsComponentsieliveredwhen a doc commentis
entered(a) or a signatureis defined(b). The third componentn (a) hasa similar conceptbut
incompatiblesignaturgshavn in the mini-buffer). Thedeliveryin (b) is basedn thetaskmodel
includingbothdoccommentsandsignaturesandits first componentnatcheghetask.

an example of task-rel&ant delivery of componentsA programmermwantsto create
a randomnumberbetweentwo integers,and expressesis taskin the doc comment:
Create a random nunber between two |imts. Thecommentsenesas
ataskmodel,basedon which the systemdeliversseveral componentgFig. 1a). How-

ever, thetaskmodelis not completebecauseat doesnot saythe methodmusttake two

integersasinput. Whenthesignaturgi nt x i nt -> int)isdefined(Fig.1b),the
systemacquiresa moreprecisetaskmodelcombiningboththe conceptdoccomment)
andthe constraint(signature) andgivesa betterdelivery. In Fig. 1b, the first delivered
componenmatcheghetaskandcanbeimmediatelyused.



Developing a DiscourseModel thr ough Retrieval by Reformulation. The compo-
nentsdeliveredsolely basedon the taskmodelmay not be preciseenough First, be-
causehetaskmodelis notdirectly represented—directrepresentatiois the program
code—itis partialandbiased.Seconddoc commentslo not alwaysreflectwhat soft-
waredevelopersvantto do. Similarly, description®f componentén therepositoryare
not completeandpreciseenoughgither

CodeBpker supportgetrieval by reformulation[18] to complementheimprecise-
nessof taskmodels.Retrieval by reformulationis a dynamic,interactive information
locationapproachhat allows usersto develop their queriesincrementally[18]. After
evaluatingthe deliveredcomponentssoftwaredeveloperscaneitherrefinethequeryor
directly manipulatethe deliveredcomponents.

Throughdirectmanipulationof eachdeliveredcomponentsoftwaredeveloperscan
tell thesystemexplicitly whatdoesnotinteresthemcurrently In CodeBoker, eachde-
liveredcomponents associateavith the Ski p Conmponent s Menu (Fig. 2), which
hasthreeitems:the componenttself, its class,andits packagelf the developerdoes
not wantto have the method,or all the componentsn the classor the packagedeliv-
eredagainin this developmentsessiorbecausehey areirrelevantto thecurrentproject,
the developercanchoosethe appropriateétem andthenthe Thi s Sessi on Only
command.Thenthe systemwill remove the methodor all methodsfrom the classor
the packagdrom automatiadelivery. Direct manipulationcanincrementallycreate pe-

Eh¥1p WEPORERS (e R Userscan selecteitherthe method,its class,or
id { N WL i > . . .
- o its package,and then selectThi s Sessi on
Cardlayout M Thiz Seszion Only . )
java,aut » | 411 Sessions Onl y to addit to thediscoursemodel. The Al |
ey REFATEIEE 4 Sessi ons commancdaddsit to theusermodel.

Fig. 2. The Skip Componentdenu

tweenthedeveloperandthe system a sharedunderstandingf the largercontext of the
currenttask. Componentsn a repositoryareorganizedn hierarchyaccordingto their
applicationdomains(packagesandinheritancerelationship.Most projectsneedonly
a part of the repository If the systemknows in which partthe developeris currently
interestedit candeliver morerelevantinformation.

This sharedunderstandingf a developers currentinterestis capturedn discourse
models.A discoursemodelrepresentshe previous interactionsbetweenthe userand
the systemin onedevelopmentsessiorandsenesasafilter to removeirrelevantcom-
ponentdn laterdeliveriesin the samedevelopmentsessionlt alsoreduceghedelivery
of irrelevantcomponentgausedy polysemy—adifficult problemfor arny information
retrieval system—bylimiting searchinglomainsecaus@olysemousvordsoftenhave
differentmeaningsn totally differentdomainsFor example jif theprogrammingaskis
to shufle adeckof cardsthedevelopemayusetheword“card” in doccommentsThat
wouldmakethesystendelivercomponentfromtheclasg ava. awt . Car dLayout ,
aGUI classin which “card” meansa graphicalelementlf the projectdoesnotinvolve
interfacebuilding, this whole classis irrelevant. Developerscanaddthe classor even



the whole package(j ava. awt ) to the discoursemodelto prevent componentf it
from beingdeliveredin the developmentsession.

r+ Dizcourze model for the seszion started at Thu Mow 2 03:53:12 2000,
(0" java,util,zip"» f: Package added at Thu Mow 2 02355353,
Miava.awt" ("CardLayout"}} :: Class added at Thu Mow 2 09:20:30,

Fig. 3. A discoursemodel, which is a Lisp list of items with the format: ( package- name
(cl ass-nane (et hod-nane))).An emptycl ass- nane or net hod- nane areain-
dicatesthewhole packageor classshouldnot bedeliveredin this developmentsession.

A discoursanodelin CodeBoker is in theformatof a Lisp associatiodist (Fig. 3).
Every developmentsessiorstartswith an emptydiscoursemodel,andits contentsare
graduallyaddedby developersduringthe useof the systemthroughthe Ski p Com
ponents Menu (Fig. 2).

4 UserSpecificComponentDelivery

Informationdelivery [3] is meantto inform software developersof thosecomponents
thatthey do not know. Therefore the systemneedsto know what they know already
We useusermodelsto represensoftwaredevelopers’knowledgeaboutthe component
repository Usermodelsin CodeBoker arebothadaptablendadaptive [2,17].

User Models in CodeBroker. A usermodelin CodeBpker containsa list of compo-
nentsknown to the software developer(Fig. 4). Eachitem in thelist is a packagea
class,or amethod.Eachcomponentetrievedfrom the componentepositoryis looked
upin theusermodelbeforeit is delivered.lf amethodcomponenmatches methodin

the usermodel,andthe usermodelindicatesthat the developerhasusedit morethan
threetimes (adjustableby developers)the systemassumeshe developerknows it al-

readyandremovesit from thedelivery. If the methodhasnouse-ti e, it meanghe
methodwasaddedby thedeveloper who hadclaimedheor shehadknown it verywell

anddid notwantit delivered.If theclassof the method(which hasno methodlist in the
usermodel),or the packageof the method(which hasno classlist) is includedin the
usermodel,the methodis alsoremoved.

Adaptable User Models. Softwaredeveloperscanexplicitly updatetheir usermodels
throughinteractionswith CodeBoker. If they find oneknown components delivered,
they canclick the componento bring up the Ski p Conponent s Menu (Fig. 2),
wherethey canchooseoneabstractionevel (methodclass,or packagepandthenselect
theAl I Sessi ons commandThe method(or its classor packageWwill beaddedo
theusermodel.Useraddedcomponenthiave nouse- t i e field (Fig. 4).

Adaptive User Models. Due to the large volume of componentsand the constantly
evolving natureof repositorysystemsfor software developersto maintaintheir user
modelsis atime-consumingask. Therefore usermodelsin CodeBoker areadaptie.
CodeBpker continuouslymonitors developers’actionsin the developmenterviron-
ment. Wheneer a methodcomponentfrom the repositoryis usedby the developer



++ uzer model for Jeff

{"java,applet"”
{"Applet"
{"getParameterInfo"}> :: Added by Jeff at Thu 2 081203510 2000
3
{"java,ia"
{"File"
("exizts" "Thu Now 2 08:30:43 2000" "Mow 2 08310310 2000 "Noy 2 08310122 2000")
{"isfAbzolute" "Thu How 2 08:36:31 2000" "Now 2 08:19:15 2000 "Now 2 08:20:21 20003
{"CharArrayblriter”
{"toCharfirray"yy :: Added by Teff at Thu 2 09:00:11 2000
)
("java,net"d i Added by Jeff at Thu 2 09:15:11 2000
¥

Fig.4. A usermodel,which is a list of itemswith the format: ( package- nane (cl ass-
nane (nethod-nane use-time use-tinme ...))).Whentheuseof acomponents
detectedyy the systemijt is addedto thelist with the currenttime asuse-t i ne. If thecompo-
nentis addedby theuser thereis nouse-t i me. As with discoursenodels,anemptycl ass-
nane or net hod- nane areameangshewhole packageor classis included.

the systemaddsthe componentvith thecurrenttime asuse- t i ne to theusermodel.
The systemaddsonly methodsto the usermodel;it doesnot addclasse®or packages
becausdhe useof a classor a packagedoesnot meanthat the developerknows the
wholeclassor package.

Initialization of User Models. Initial usermodelsare createdoy analyzingthe pro-
gramsthat software developershave written so far. CodeBoker analyzesthosepro-
gramsto extracteachcomponentised andif thecomponents containedn theindexed
componentepository it is addedto theinitial usermodelwith the programmodifica-
tiontime astheuse-ti e.

5 RelatedWork

CodeBpker builds uponour previousexperiencewith critiquing systemg4] thatmodel
tasksby planrecognitionto give feedbackio userswho have developeda suboptimal
solution.CodeBbpker triesto predictinformationneedsand provide feedforward[16]
for usersso that they canavoid suboptimalsolutions.Someinformation agentsalso
aim to provide feedforward. For example,Remembrancégent[15] augmentdhiuman
memoryby autonomoushydisplayingold emailsandnotesrelevantto the email being
written by the user Letizia [11] assistsusersin browsing the WWW by suggesting
anddisplayingrelevantwebpagesBy observingheprogrammeis Javaprogramming,
ExpertFinder[11] canreferthe programmeto experthelperswho displaysignificant
experiencen theareain which the programmeis troubled.

Researcton componentrepository systemshas mostly focusedon the retrieval
mechanisnonly, aimingto improve therelevanceof retrievedcomponentso thequery
submittedoy users.Theretrieval mechanisnof CodeBoker is similar to that of those
systemsusing free-text indexing [12]. Many sophisticatedetrieval mechanism$iave
beenproposedsuchasmultifacetedclassificationframesandsemantimetworks, and
associatie networks [13]. Despitetheir sophisticationand the simplicity of free-text



indexing, no significantdifferenceis foundin retrieval effectivenesg14]. CodeBoker
is uniguebecauséd is active andit strivesto improvetherelevanceto thetaskanduser
notto thequeryperse.

6 SystemEvaluation

To investigatethe effectivenessof the systemin supportingprogrammergo reuseby
actively deliveringpersonalizedomponentsandto understandhedistinctive role that
taskmodelsdiscoursemodels,andusermodelsplay in achiesing this personalization,
we have conductedl2 experimentswith 5 subjectswhoseexpertisein Jasa program-
ming rangedfrom mediumto expertlevel. In eachexperiment,the subjectwasasled
to implementonepredeterminegrogrammingaskwith the CodeBoker systemDays
beforethe experiments CodeBoker createdan initial usermodelfor eachsubjectby
analyzingthe Java programghatthe subjecthadwritten recently

Task modelsbasedon similarity analysisin CodeBoker were quite effective in
delivering task-rel@antcomponentsin 10 of the 12 experimentsthe subjectsreused
componentsleliveredby the system.The 12 programscreatedreuseds 7 distinctcom-
ponents(if a componentwas usedmore thanoncein a program,it was countedas
one),and 20 of themweredeliveredby the system.Of the 20 reusedcomponentsle-
liveredby the system the subjectshad not known the existenceof nine components.
In otherwords, thosenine componentsvere from informationislands(seeSect.2),
andthey couldnothave beenreusedwithout the supportof CodeBoker. Althoughsub-
jectssomehwv anticipatedthe existenceof the other11 componentgbelongingto L3,
asdiscussedn Sect.2), they hadknown neitherthe namesnor the functionality, and
they hadnever usedthembefore.They might have reusedhosell componentsf they
could managédo locatethosecomponentdy themseles.In follow-up interviews, all
subjectsacknawledgedthat CodeBoker madelocatingthoseanticipatedcomponents
mucheasierandfaster

Discoursemodels(Fig. 3) improvedthe task-rel#ancewhenthey werecreatecby
subjectsin five experiments subjectsusedthe Ski p Conmponent s Menu (Fig. 2)
to creatediscoursanodelswhich removedatotal of 10%of retrievedcomponentfrom
the deliveries.All the componentsemoved by discoursemodelswerenot relevantto
theprogrammingasks Theprogrammingasksof thesesxperimentsvererathersmall,
andeachdevelopmentsessiorwas short.We expectdiscoursenodelsto improve the
task-releanceof deliveredcomponentgvenfurtherin realprogrammingasks which
requiremoreinteractionsbetweerprogrammergandthe system.

Usermodels(Fig. 4), however, removedonly 2% of theretrievedcomponentsThe
following two reasonsnight have belittled the role of usermodelsin the experiments:
(2) initial usermodelsof subjectswere not completebecausemary of the programs
thatthe subjectshadwritten for companiesverenot availablefor the creationof initial
usermodels;(2) to obsene the effectivenessof task models,subjectswere assigned
tasksthatinvolvedthe partof therepositorythatthey did notknow well, andasaresult,
mostretrievedcomponentsverenot known to themandwerenotincludedin theiruser
models.Nonethelesdn follow-up interviews, subjectssaidthatthey did not noticethe
delivery of too mary componentghey alreadyknew. A carefulexaminationof those



componentgemoved by user modelsshoved that thoseremoved componentcould
not bereusedn thetasks.Usermodelshelpedandareneededo reducethe numberof
irrelevantcomponentso be delivered,althoughmoreexperimentaldatabasecon long-
termuse[8] of the systemareneededo investigatehe contritutionsof usermodels.

Overall, the subjectsratedthe systeman averageof 6.9 on a scalefrom 1 (totally
useless)o 10 (extremelyuseful).

7 Summary and Future Reseach

This papempresentsa nen approach—componedelivery—toassistsoftwaredevelop-
ersin reusingcomponent$rom largerepositoriesTheapproacltombinegaskmodels,
discoursamodels,andusermodelsto improve the contet relevanceof deliveredcom-
ponents.Task-rel@ant componentsare first retrieved basedon task models,and the
retrieval resultsarethe samefor all developersanddevelopmentessionsThetaskrel-
evanceis furtherimproved by discoursemodelsto reflectthe differenceof the larger
context. Moreover, usermodelsmake the delivery specificto usersso that different
usersmay be given differentinformation, dependingon their particularexperiences.
Evaluationsof the CodeBoker system,developedbasedon this approachhave illus-
tratedeachmodel’s contribution to the context relevance.

The challengein an information-richworld (where humanattentionis the most
valuableandscarcestommodity)is not only to make informationavailableto people
atary time, atary place,andin ary form, but to reduceinformationoverloadby mak-
ing informationrelevantto the task-at-handandto the backgroundknowledgeof the
users[3]. Informationdelivery methodswill be successfubandadoptedby usersonly
if they areableto achieve theright balancebetweerthe costsof intrusive interruptions
andthelossof context-sensitvity of deferredalerts[7].

Currently the repositoryis locatedin the samemachineasthe developmenten-
vironmentof developersandis createdstatically beforeits usebecausemostcurrent
repositoriesare closedand proprietary As the movementof OpenSourceSystemsat-
tractsmoreandmoredeveloperswe canexpectmoresoftwarecomponentso become
open-sourcefpr example the Junsystem(a 3D Smalltalk/J&alibrary) [1]. It will then
becomeincreasinglydifficult for software developersto know newly available open-
sourcecomponentsWe ervision a distributed CodeBoker systemrunningon several
computersvheresoftwaredeveloperscontribute open-sourceomponentsThe system
will dynamicallyindex componentsrom thoseconstantlyevolving repositoriesand
thenwill deliver componentshroughnetworksto otherdevelopers.Throughthe me-
diation of CodeBpker, software developerscanthus benefitfrom eachother's work
andimprove the productvity of software developmentthroughavoiding unnecessary
repetitionof work.
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