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Abstract: Knowledge engineeing emegedasa very promisingareato helpimprove
software engineging practice. One of its possibleapplicationswould be to helpin
solving the numerousproblemsthat affect the software maintenane actvity. Main-
tainersof legag/ systemsdeveloped yearsago with obsoletetechniquesand tools,
andnot documnented,needall kinds of knowledge (applicationdomain,programming
skills, softwareengineeing techniquesetc.) It is generallyassumedhatformalizing
all this knowledgeandrecordingit would be a worthwhile effort. However, research
is still in a earlystageandnumeros questionsieedto be answeredWhatknowledge
shouldbetargetedfirst? Whereto find this knowledge? etc.

To answethesequestionspneneedsapreciseunderstandig of whatknowledgeis
atstale here.We, therefore proposeanontologyof the knowledge needel to perform
softwaremaintenanceT his ontologywould be mostusefulasa framework for future
researclhin knowledge engineeringor softwaremaintenane.

1 Intr oduction

Knowledge man@ementechnquesareraisinggreatexpectationin thesoftwareengneer

ing commuiity. Of particdar interestare the possibilitiesthat knovledgemanagment
opers to solve the numepusproblems in maintenane. Software maintenane muststill

copewith systemsdevelopedyearsagq with langu@esand proessesow consideed
deficient,for compuerswith severelimitationsimposingcorvoluted algorithirs. This is
a knowledgeintensie activity, maintaines needsknowledge of the application dorain,
of theorganizationusingthe software,of pastandpresensoftwareengireeringpradices,
of different progamminglangua@s(in their differentversiors), progammingskills, etc.
Concurentlyarecuring prodem of softwaremainteranceis thelack of systendocunen-
tation. Studiesreportthat 40% to 60% of the software maintermnceeffort is devoted to
undestandinghe systemPfl01, p.473 [Pig96 p.35]

To helpmaintairersfacethesedifficulties, onecould ervision specializedools providing
easyaccesgo the various domairs of knovledgerequired. However, gaheringall these
informationswould be a tremen@dus work with probably mixed results. Thereare few
studiedo indicatewhataspectso prioritize. For examge, althowghit is geneally assumed
that application domainknowledgeis a fundamentalasseffor software mainterance,an
initial studycondwctedby one of the authas [MFRO02], hintedthatit was quaritatively
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muchlessimportantthancomputerscienceknowledge.

In this article,we proposeanontolayy of theknowledgerelevart to softwaremaintenace.
In thefollowing sectionswe briefly definewhatanontology is andhow it is beingdevel-
oped(§2), we presenbur ontdogy on the knowvledgeusedduiing software mainterance
(83), we discusssomeinitial resultson validation (§4) andrelatedwork (§5). Thearticle
endswith a conclwsionandproposition of future work.

2 Ontology Definition and Methodology

An ontolayy is a descriptionof entitiesandtheir properties relationshig, andconstrants
[GF99. Ontologiescanpronote organizdion andsharingof knowledge,aswell asinter-

operdility amory systemsThereexist variousmethoalogiesto designanontolagy (e.g.,
[GF99), all considerbasicallythe following steps: definition of the ontdogy purmpose,
concepualization,validaion, andfinally coding Theconcepualizationis thelongeststep
and requires the definition of the scopeof the ontolagy, definition of its conceps, de-
scriptionof eachone (through a glossary specificationof attributes,donmain values, and
constraims). It representthe knawvledgemockling itself.

We definedour ontdogy usingthesestepsThepurposds to defineanontdogy descriling
the knowledgerelevart to software maintenane. The corceptualizatio stepwasbased
on study of the literature and the experienceof the authas. We identified motivating
scenarioandcompeteny questios (i.e., requiementsin the form of questionsthatthe
ontolagy mustanswe{GF95). It resultedn asetof all theconcepsthatwill bepresented
in thenext section.Thevalidation will bediscussedh sectiord. Thevalidationcanleadto
review the concepualizationphase. The formalizationwill consistin theimplemernation
of atool to gatrer andmake the knowledge available(see§6)..

We spentthreemorths to definethis ontology, the main investigatorworking part-time,
andthe two othersparticipating in weekly validation meetings. Our first difficulty was
to defineclearly which wasto be the focus of the ontology. This was solved defining
scenariogseedown) for the useof theknowledge. A secondlifficulty wasto review the
pertiner literaturein searchof definitionsandvalidationof theconceps. As we wereboth
the domainexpertsandknowvledgeenginees, we deemedmportantto basethe conceps
onindegendentsources.

3 An Ontology for Software Maintenance

We startedthe ontology definition by looking for motivating scenariosvherethe knowl-

edgecaptued would be useful. Someof thosescenariosare: decidingwho is the best
maintaine to allocateto a modfication requestbasedon herhis experienceof the tech-
nology and the systemconsidered or what knovledge a maintainershould have on a
systems-hewill modify. Thoseand other situationsshaved us that we needto orga-
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nizethe knowledgearownd differentaspectsknowledgeabait the softwae systemitself;
knowledgeabou theneeadskillsin compuer scienceknowledgeaboutthe maintenace
activity; knowledge abou the orgarization structue; andknowledge abou the apgica-
tion domain Conseqgeantly, we divided our ontolagy into five sub-atologies to cover
eachof theseaspects.For eachone of the sub-ontiologieswe definedcompeteny ques-
tions,captuedthenecessargorceptsto answetthesequestionsestablishedelationshijg
amory theconcets,describedheconcepsin aglossaryandvalidatedthemwith experts
(the threeauthas). In the following, we presenteachsub-mtology, their conceps and
relations.For lack of spacesomeconceps will notbediscussedor only alludedto.

Figure 1 shaws the first sub-atology on the system The competacy questiongor this
ontolagy are: What are the software artifacts of a system?How do they relateto each
other? Which software and hardware resourcesare usedby a system? What type of
human resouicesinteractwith thesystem?Answeringthesequestios leadsto ataxonamy
of softwareartifactsthatcompaea softwaresystemandataxonany of resource (human,
hardvware,andsoftware)the systemuses.
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Figurel: Systemsub-ontolog (for lack of spacesomeconcetswereomitted)

The artifactsof a systemcan generallybe decompsedin docunentationand software
commnents. Briand [BBKS94] consicrsthreekinds of documentation (i) product re-
lated, descriling the systemitself (i.e., software requrementspecification software de-
signspecificationandsoftwareproductspecification)(ii) processelatedusedio corduct
softwaredevelopmentandmaintenancdi.e., softwaredevelopmert plan,qualityassurance
plan,testplan, andconfigurationmanagmentplan) and(iii) suppot related helpingto
operae the system(i.e., usermantal, operato manial, software maintenace manual,
firmwaresupprt manual).

Softwarecompmentsrepresentall the codedartifactsthatcompesethe softwareprogam
itself. Booch[BRJ97]classifythemin: (i) execution conponetts, geneatedfor the soft-
wareexecutio; (i) deploymentcompmnentscompaingthe executableprogam;and(iii)
work productcompments thatarethe sourcecode thedata,andarything from whichthe
deplyymentcompnentsaregeneated.
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All thoseartifactsare,in someway, relatedoneto the other For exampe, arequiement
is relatedto designspecificationsvhich arerelatedto deploymentcomponernts. Thereare
alsorelatiors amongrequiements.We call the first kind of relationa vertical mappiry,

relatingtwo artifactsof differentabstractiorevels. We call the secondkind of relationan
horizantal mappirg, relatingtwo artifactsof the sameevel of abstraction

The identificationof the resoucesusedby a software systemare basedon [BBKS94,
Pig96 KTvM +99]. At theupperlevel, we consideredhe human, software,andhardware
resouces. The humanresource areall the peoplerelatedto the system(software engi-
neersclients,usersandmanages), the softwareresource areall the CASEtoolsusedin
asoftwareexecutio (e.g.,DBMS, network, andopertionalsystem).

. nam
relation: - - -
software*® knows computer is_a relation:
engineer ~ T T T T T T > science concept: nhame
technology
y/ from other name *
sub-ontology:
S L
2 procedure modeling CASE programing «_ _uDd_er_stflrld?

i language language |
domair® 2 .
concept ’W\%@/’\ @27 compiler

technique directive method modeling Testing suporting IDE< - _h;;173> debugge
TR

/'\ e CASE CASE CASE
i /'\ =

s © i
: NS
requirement 7 editor

A modeling . ) . A
elicitation . execution configuration ' |
technique technique suport managementdoc%n/lgrgat'on [
TN CASE  CASE:_ J
. . /’\ uses
analysis design
technique technique DBMS basic
software

Figure2: ComputerScienceskills sub-ontdogy

Figure2 shavsthesecondsub-amtology ontheskillsin compter sciencea softwaremain-
tainerneeds A scenariaf usewould beto beableto selectthebestparticipartsin mainte-
nanceof agiventype. Somecompeteny questionsve identifiedare: Whatkind of CASE
doesthe software maintainethave expeiencewith? Whatkind of proceduregmettods,
technigies,andnormms) doess-heknon? What progamingandmodelinglangua@esdoes
s-heknow?

PressmafiPre] givesa vety completelist of CASEtools, with toolsfor desigring, de-
veloping, testing,andsuppoting. Thesuppot toolsmaysuppat the execution, docunen-
tation,or corfigurationmanagment.

Accordng to [KTvM T99] procediresareall structued guidelinesusedin a softwarede-
velopment actiity like methods,techniqes, and directives. Basedon [CR96, LWQOO,
Pre0], we classifiedthe techniqiesin: reverse engireering(e.g., slicing), requiement
elicitation (e.g.,interviews, brairstorming ...), programmirg (e.g, structurel or object
oriented, testing(e.g.,white/blackbox), andmodéding (e.g.,analysisor desigr).

68



Finally themodelirg langua@erepresetsthegraphcal, andsemanticulesusedn adesign
method, andthe progammirg languag, the syntacticaland semanticrules definedto
codeaprogam.

Figure3 shows the mainconces of thethird sub-mtology on the maintemnceprocess
Here,we were interestedn organizing conceps from the modification request (andits

causes}o the maintenane activities. Possiblecompeteny questios are: What arethe
typesof modfication requestsWho cansubmitthem?Whataretheir possiblesour@s?
What arethe actiities perfamedduring mainterance?What doesone needto perfam

them?Who perorm them?Whatdo they prodice?
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Figure3: Maintenane processsub-oriology

Accordng to [Pig9§ a prodem resolutionprocessis initiated whene&er a modfication

requestis generatd. Thisrequestis classifiedeitherasa problem repot (corredive main-
tenancepr enhagementrequest (adapative or perfectie mainterance). A modfication

request can originatein prablemswith the ondine documentation intergperability with

othersystemsgdatastructure security new requrementsetc. All thesereasongnotivate

the client to requestsomemodfication. The software maintenane teamrespond to a
requestinitiating amodificationprojed whichwill include differentkindsof actity. This

partof the ontolagy is basedon [KTvM T99]. A maintermnceactvity usesandupcdates
someartifacts,it is insertedin a sequencef actvities (the maintermnceprocess)ijt uses
variows resouces,andmay bedeconposedn: (i) investigationactivity, assessingheim-

pactof undertakinga modification; (i) man@ementactiity, relatingto the managment
of themaintenane processor to the corfigurationcontrd of the products;(iii) quality as-
suranceactity, aimingat ensuriig thatthe modificationdoesnot damag the integrity of

theproduct; and(iv) modificationactuity, takingoneor moreinputartifactsandproducing

oneor moreoutputartifacts. Following [Pfl01, Pig9d, we classifiedthe modificationac-
tivity asadapative, perfective, corrective, or preventive. Otherauthas (e.g.,[KTvM 199))

only considerenfancemenandcorrectian. All activities usesomecomputersciencdech-
nology. Differentpeope (humanresourcg canparticipatein theseactuities.
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The fourth sub-ortology, on the orgarnizational structurg, is not pictured herefor lack of
space We consideedatraditioral definition of anorganizatian (seefor exampe [FBG96€])
whichis compaedof unitswheredifferentfunctionsareperfamedby humanresoures.
We alsoincludedthefactthatanorganizationdefinesnorms or rulesto befollowed in the
execuion of its functions.

Finally the fifth sub-orology organizesthe concepts on the apdication doman. We
choasetorepresentit ataveryhighlevelthatcouldbeinstantiatedor ary possibledomain.
We actuallydefinedameta-omology specifying thatadoman is compsedof domaincon-
ceptsrelatedto eachotherby somerelationsandhaving propertieswhich canbeassigned
values.This meta-mtologywould bestbeinstantiatedor eachapplicationdomainwith a
smalldomain ontology asexemgified for examge in [OTMR99].

4 Ontology Validation

Thevalidationof the ontolagy is still underway, we planto usethreedifferert techniqes
and compare their results: (i) study of software engireersduring their work to record
whatthey do andidentify theconceps they areusing (ii) studyof thedocunentationand
sourcecodeof a systemandidentificationof the conceps; (iii) askingsoftwareenginees
to identify whatinstancegidertified in (ii)) of eachconcepsthey usedafteraday’swork.

Eachmethodshouldhave its own strengtls andweakresses(i) is not biasedoy whatthe
software engireersthink they use,but imposeswe guesswhat they are thinking which
introducesanothebias,it is themostdifficult appoach;(ii) is easierbut we have noguar

anteehattheconeptsreferredin thedocunentatiorareactuallyuseful;(iii) doesnotneed
our interpretationof whatthe softwareenginees think, but they could useuncorsciously
conceps thatthey would notindentify.

Tablel1: Someresultof validationexperimentgi) and(ii), seeaccompaxing text for explanation

sub-ortologies # of conceps

total (i) (i) (i &ii)
System 23 8 14 15
Skills 24 9 18 19
Maint. Activity 17 4 11 12
Organization 4 2 4 4
Domain 4 1 3 3

We alreadydid five session®bsening two software engireersworking on two different
systemgmethal (i)), andwe conpletedthe studyof the docunentationof oneothersys-
tem(method(ii)). Someresultsof thesetwo instantiatiorappr@achesareoutlinedin Table
1. Onecanobsene thatonly abou 70%of the corceptshave beenactuallyimplemened.
We attribute this to the small size of the experiment, for examge in the Maintenarme ac-
tivity, thereare 7 possiblesubcmceptsof “MaintenanceOrigin” (e.g. docunentation,
execuion, requiementssecurity ...), unlesswe have a fairly large setof modfication
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requests(whichis notyetthecase)we areunlikely to instantiateall theseconcepts. Still,
it maybethe casethatin thefuture we decidethatsomecon@ptsaretoo rareandshould
beeliminated.

We also consideed the numbe of instancesf eachcorcepts,it variesfrom 1 to 300
(Compamentsof a System) beingnormally lessthan10. Thefrequeng of apparition of
aninstancevaryfrom 1to 6.

5 RelatedWork

Thiswork is partof abroackr projectwhichaimsat develgping method andtoolsto study
andsupport knowledge managerantin softnaremainterance.

In [MFROZ], oneof usstartedto studythe knovledgeusedduring softwaremaintenace.
This earlierwork containeda very crudeidentification of various knowledgedomainscon-
nectedwith this activity. Thedomans identifiedwere: ComputetScienceDomain Appli-
cationDomainandGeneal Doman (comnon senseknowledge). Thecurrert researchs
afollow-up onthe precetéhg paperanddescribesheresultof our efforts to formally and
competely identify the knowledgeusefulduiing softwaremaintemmnce.

In [BBKS94], Briandetal. chaacterizedanddescribedsarious conceptgelatedto soft-
ware mainternceprocesses. Although they did not actually describean ontdogy, their
article list and discussvarious conceps in suchgeneal topicsas: the organizdion, the
documentationthetools,the processetc.

Thework mostrelatedto whatwe did is that of Kitchentametal. [KTvM 99 defining
an “ontology of software maintenane”. This otherontolagy hasfor goal to “provide

a framawork for catgarizing” studieson software maintemnceand“allow to provide a

contet” for them. We, on the otherhand,wereconsideing the knowledgethatis useful
whendoing mainterance. This differenceof focus resultedin a differert organizatia of

the conceps, anddifferencesn thelevel of detailwe consideredThis appearsclearlyin

variols occasios aswhendomainis anattribute of the systemin [KTvM T99] anda sub-
ontolagy in ourwork. Neverthelessbothontdogiesdo have mary coneptsin comman.

6 Conclusionand Ongoing Work

In this article,we gave arapid overview of anontdogy of theknowledge usedin software
maintenace.Thisontolagy wouldbeusefulasaframework to guidefutureresearclhrying
to improve softwaremainteranceusingknovledgeengineeing technigies.It couldbethe
baseof studiesto answerquestios as: What knowledge shouldbe taken into accoun
whenconsideing softwaremaintenane?Whatkind of knowledgeis mostimportant? etc.

Our ontolagy wasbasedboth on expert experienceanda studyof the relevant literature.
We arecurrentlyvalidatingthis ontdogy studyingsoftwaremaintairersin their daily ac-
tivities.
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Ongang and future work include developinga small tool to browse the ontdogy and
instantiatets concepts.This tool coud be usedin afirst stepto helpus do morevalida-
tion expetimentson the ontdogy, but we alsoplanto extendit in a secondphaseto help
manag the individual compéenciesof a softwareteam. We arealsoplanring to starta
smallexperiencefactol for maintenane which would usedthe ontdogy asa knowledge

framework.
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