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Abstract

The technique of refactoring, restructuringthe source
code of an object-orientedprogram without changing it
external behavior, has been embraced by many object-
oriented software developersas a way to accommodate
changingrequirements.It is expectedthat such refactoring
operationsor software transformationsimprovethe main-
tainability of software. Unfortunately, it in unclear how
specificquality factorsare affectedby applyingsuch refac-
toringsoperationsor software transformations.Thisposi-
tion paperaddressestheissueof developinga restructuring
methodologyand its associatedarchitecture for migrating
an object-orientedlegacy systemto a new target system.
Themethodologyallowsfor specificdesignandquality re-
quirementsof the target migrant systemto be considered
during therestructuringprocessthat is appliedon iterative
andincrementalsteps.

1 Background

An intrinsic propertyof softwarein a real-worldenviron-
ment is its needto evolve. As the softwareis enhanced,
modified and adoptedto new requirements,the codebe-
comesmore and more complex and drifts away from its
original design.Becauseof this, themajorpartof thetotal
softwaredevelopmentcost is devoted to softwaremainte-
nance.Bettersoftwaredevelopmenttoolsandmethodsdo
not solve this problem,becausetheir increasedcapacityis
usedto implementmorenew requirementswithin thesame
time frame,makingthesoftwaremorecomplex again.

To copewith this spiral complexity, thereis an urgent
needfor techniquesthat reducesoftwarecomplexity by in-
crementallyimproving theinternalsoftwarestructure.The�
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researchdomainthataddressesthisproblemis referredto as
restructuring[1] or in the caseof object-orientedsoftware
development,refactoring[6].

Althoughit is possibleto refactormanually, tool support
is consideredcrucial. Today, a wide rangeof tools is avail-
ablethatautomatevariousaspectsof refactorings.Depend-
ing on thetool andthekind of supportthatis provided,the
degreeof automationcanvary. Tool suchastheRefactor-
ing Browser[13], andjFactor [9] supporta semi-automatic
approach.Someresearchersdemonstratedthefeasibility of
fully-automatedrefactoring[3, 11, 14, 19]. Thereis alsoa
tendency to integraterefactoringtools directly into indus-
trial strengthsoftwaredevelopmentenvironments.Specific
tools include: CloneDoctor [5], IntelliJ IDEA [8], andIn-
jectJ[7].

Thefocusof all thesetools in on applyinga refactoring
or restructuringuponrequestof theuser. Thereis muchless
supportavailablefor detectingwhereandwhena refactor-
ing operationcanbeapplied.

2 Position Statement

Quality is softwaredomainspecific.Most refactoringtools
andrestructuringactivities only provide supportfor apply-
ing a specific refactoring,but not for finding out where
andwhya particularrefactoringor softwaretransformation
shouldbeappliedto improvedesiredqualities.

This meansthat not much effort hasbeeninvestedfor
systematicallydocumentingqualityattributesasaguidefor
the restructuringprocessthroughrefactoringoperationsor
softwaretransformations.In this context, we needa com-
prehensive framework thatallows for thedefinitionanden-
actmentof therestructuringprocess.Suchaframework can
allow for specificquality requirementsof thetargetsystem
to beconsideredduringthe restructuringprocess.This pa-
perdiscussessuchaproposedframework.



3 Proposed Approach

The restructuringof object-orientedsystemsrequires a
comprehensive framework to relaterefactoringoperations
andsoftwaretransformationswith non-functionalrequire-
ments. The focal point of the proposedresearchis to ex-
ploit the synergy betweenthe areasof software require-
mentsanalysis[20], software architecture [2], andsource
codeanalysisandtransformation[1, 10]. Effective system
maintenanceandevolution requirestheunderstandingboth
of the inner-workingsof the system(i.e., its structure)and
therationaleor requirementsthat justify its evolution. Un-
derstandingthearchitectureandthesourcecodeof anexist-
ing systemaidsin assessingtheimpactspecificrefactoring
operationsandsoftwaretransformationshaveontheobject-
orientedsystem.

This meansthat our code-improving restructuringap-
proachconsistsof : i) requirementsanalysisphaseto iden-
tify specificquality goals,ii ) modelanalysisphaseto un-
derstandthe system’s designand architecture,iii ) source
codeanalysisphaseto understanda system’s implemen-
tation, iv) remediationspecificationphaseto examinethe
particularproblemandto selecttheoptimal transformation
for the system,v) transformationphaseto apply transfor-
mationrulesin orderto restructurea systemin a way that
complieswith specificquality criteria, and vi) evaluation
phaseto assesswhetherthe transformationor refactoring
hasaddressedthespecificrequirementsset[18].

3.1 A Model for Quality Representation

To representinformationaboutdifferentsoftwarequalities,
their interdependencies,andthe refactoringsandsoftware
transformationsthat may affect them, we adopt the NFR
framework proposedin [4]. The NFR Framework intro-
ducestheconceptof soft-goalswhoseachievementjudged
by the sufficiency of contributions from other (sub-)soft-
goals. According to the NFR framework, softwarequali-
tiesarerepresentedassoft-goals,i.e., goalsthatcanbepar-
tially achieved. A soft-goalinterdependencygraph (SIG)
is usedto supportthe systematic,goalorientedprocessof
architecturaldesign. The leaves of the soft-goal interde-
pendency graphrepresentdesigndecisionswhich fulfil or
contribute positively/negatively to soft-goalsabove them.
Givena quality constraintfor a restructuringproblem,one
can look up the soft-goal interdependency graph for that
quality, andexaminehow it relatesto othersoft-goals,and
whatareadditionalrefactoringoperationsor softwaretrans-
formationsthatmayaffect thedesiredquality positively or
negatively [18].

Eachsoft-goalinterdependency graph(SIG) for a non-
functional requirementcan be consideredas a directed
graph(digraph)
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impact representationschemeusesan YZ! � matrix TIM
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3.2 A Model for Quality Assessment

So far, this researchwork on improving the quality of
object-orientedsystemsthrough restructuring includes:
i) building soft-goal interdependency graphsas a means
to model the associationsof qualities with designdeci-
sionsand sourcecodefeatures,and ii) proposinga soft-
waretransformationframework usingrefactoringsbasedon
SIGs[16]. Thenext stepis to assignobject-orientedmet-
rics to softwarefeaturesandcorrespondinglyto the trans-
formationsthataffect thesefeaturesin asystematicmanner
in order to identify the refactoringoperationsor software
transformationsthatmaybeappropriatein improving qual-
ity asthis is estimatedby theselectedmetrics.

As it is known, an object model hasseveral levels of
representation,includingapplicationlevel, subsystemlevel,
classlevel, and functionlevel. While designflaws canoc-



cur at any level, our focushereis on classlevel deteriora-
tion. Webelieve thatthis is themostfundamentallevel that
constitutesasystem.Improving deterioratedclassesshould
helpto keepobject-orientedsystemsoperational.Oneway
to detectdesignflaws at the classlevel is to identify vio-
lationsof a “good” object-orientedsoftwaredesignby per-
forming sourcecodeanalysis.While thereareseveral rea-
sonsfor aclassto losequalityovertime,herethefocusis on
theclassesthathavehighcouplingandlow cohesion.These
characteristicsoftenresultin lossof abstractionandencap-
sulation. They arethosehighly coupledclassesthat often
loosecohesionduringthecourseof development[17].

Eachof the designflaws andeachof the quality rules
for detectingtheseflaws aremodelledasan attribute or a
characteristicof a design. Thesecharacteristicsare suf-
ficiently well definedto be objectively assessedby using
oneor moreobject-orientedmetrics. Metrics areparticu-
larly suitableto check,whetherthe object-orientedlegacy
systemadheresto designprinciplesor containsviolations
of theseprinciples. The proposedselectionof the object-
orientedmetricsis classifiedaccordingto four major met-
rics categories: complexity metrics,couplingmetrics,co-
hesionmetrics,andinheritancemetrics.

Consider, �\[ to be a setof classesin an objectmodel
extractedfrom an object-orientedlegacy system.We need
to calculatethemetricsvaluesfrom a predefinedcatalogue
andapplyqualityheuristicsrulesto detectdesignflaws and
deterioratedclassesin thelegacy systembeinganalyzed.In
this process,thefirst stepis to applythekey classes(KCH)
rule by usingboth a complexity andcouplingmetrics. A
very high level quality goal for a softwaresystemcouldbe
maintainability, thuscouplingmeasurementsshouldnot be
high in order to ensurethat changesto the systemdo not
trigger changesthroughoutthe system. Therefore,moni-
toring DAC valuescan be promising. When a significant
numberof classesevolves to higher DAC measurements,
somerefactoringoperations [6] or meta-patterntransfor-
mations[16] of thesystemcouldbeappropriate,to reduce
coupling.Also, by applyingcohesionmetricslike TCCand
couplingmetricslike DAC andRFC to the object-oriented
legacy system,possibleviolationsof theprincipleoneclass
- one concept(OC2H) rule can be found. Theseclasses
tendto have either low TCCvaluesor high DAC andhigh
RFCvalues.For example,classesthathave very low TCC
values,canoftenbesplit usingExtractClassrefactoringop-
eration[6]. This leadsto a moreflexible design,sincethe
two separateclassesareeasierto understandandaremore
reusable.

3.3 A Model for Transformation Path Selection

Now, we are particularly interestedto determinea proper
set of softwaretransformationsor refactoringoperations

amongseveralalternativeonesthatcanbeappliedonasys-
temasmeansto restructureits object-orientedsourcecode
sothatthenew migrantsystemconformswith specificnon-
functionalrequirementenhancements.We have adopteda
multi-objectivegraphsearchapproachto identify thesetof
all non-dominatedsolutiongraphsin SIGsfor selectingthe
source-codeimproving transformations.Thisalgorithmcan
be consideredasan adaptationof �\] algorithm[12]. The
interestedreaderscanreferto [15] for moreinformation.

4 Quality-Driven OO Restructuring Process

The architecturaldesignof the proposedQDCR approach
as depictedin Figure1 consistsa numberof components
with simpleinterfaceandwith apipeandfilter architectural
style.Eachcomponent(filter) processesits inputdatain the
form of a file (pipe)andstorestheresultsin anotherfile for
thenext component.Figure1 illustratestheits components
namely: i) Pre-ProcessComponents(including [�^ and [*_
phases),ii) AnalysisComponents( [*` ), iii) Post-Process
Components( [Ba ). The proposedQDCR framework uses
the incrementaland iterative processas describingin the
following steps:

b Step 1 : After parsingthe sourcecode,we measure
and recordthe specificobject-orientedmetrics in or-
derto detectclassesfor whichqualityhasdeteriorated.
While thereare several reasonsfor a designto lose
quality over time, here the focus is on detectingthe
classesthathave highcomplexity andhighcoupling.

b Step 2 : After detectingdesignflawsautomatically, we
needto re-engineerthe classesusingpropertransfor-
mations.On theotherside,the re-engineeringactivi-
ties needto be donebasedon specificnon-functional
requirementsthat arerepresentedasa list of Desired
Soft-Goals(DSG). For correctingsuch designflaws
throughsoftwaretransformationsor refactorings,we
look at the impactof specifictransformationshave on
specificmetrics [17]. Soft-GoalEvaluationcompo-
nentbuildsasearchgraphof potentialtransformations
basedon SAM, TIM, the proposedalgebraicframe-
work for the proposedlayeredtransformationframe-
work, andthe list of DSG.Basedon this built search
space,a set of all non-dominatedsolution graphsis
identified for selectingsource-codeimproving trans-
formations[15].

b Step 3 : After applying refactoringsor transforma-
tions,we needto re-applyandrecordthesameobject-
orientedmetricsto therestructuredclassesandfinally
comparethe recordedresultsto evaluatedesignand
sourcecodeimprovementaswell ascompliancewith
thedesiredrequirements.
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Figure 1. The Architectural Design of the Quality-Driven OO Code Restructuring.



5 Conclusion and Future Work

This positionpaperaddressesthe issueof developinga re-
structuringmethodologyandits associatedarchitecturefor
migratingan object-orientedlegacy systemto a new target
system. The methodologyallows for specificdesignand
qualityrequirementsof thetargetmigrantsystemto becon-
sideredduring the restructuringprocessthat is appliedon
iterative and incrementalsteps. The focal point is to re-
cover anobjectmodelfrom thesourcecodeandincremen-
tally refineit, taking into considerationdesignandquality
requirementsfor thetargetsystem.

Sucha proposedQDCRframework is importantfor two
reasons. Firstly, it attemptsto addressa problem that
haschallengedthe researchcommunityfor several years,
namelythe maintenanceof object-orientedsystems.Sec-
ondly, it devisesa workbenchin which restructuringactiv-
ities do not occur in a vacuum,but can be evaluatedand
fine-tunedin orderto addressspecificquality requirements
for thenew targetsystem.

Severalopenissueshave arisenfrom this researchwork.
Automatedcomponent-baseddevelopmentis emerging as
a field of study in softwareengineering.Thereare many
openissuesthat needto be resolved beforea component-
baseddevelopmentapproachcan make a significant im-
pact on mission-criticalsoftware. Methodsmust be de-
veloped that allow measurementand prediction of non-
functionalcharacteristicssuchasavailability, adaptability,
security, and performance. Therefore,the ability to for-
mally modelandreasonaboutthenon-functionalcharacter-
isticsof component-basedsystemsis vital to any endeavour
to automatetheprocessof componentdevelopment,adap-
tation, integrationanddeployment. The proposedQDCR
framework canbe a foundationto build sucha model for
component-basedsystems.

Refactoringor coderestructuringimplies that program
“behavior” is preserved,but aprecisedefinitionof behavior
is rarelyprovidedor maybetoo inefficient to becheckedin
practice.Therefore,thereis a needto provide a framework
for restructuringwith a theoreticalbasisin formal language
theory.

Also, meta-programmingtechniquesmay be used to
specifyquality-relatedheuristicsaboutobject-orientedsoft-
ware(suchas the detectionof “bad codesmells”) to find
out whererefactoringsor softwaretransformationsshould
beapplied.

Refactoringcanalsobevery usefulat anevenmoreim-
plementationdependentlevel thanprogramminglanguages,
suchasrefactoringof byte-code,or even refactoringof ex-
ecutablecode. Researchon runtime compilerscould be
usedin combinationof quality-driven code restructuring
and refactoringto adoptrunningapplicationsto changing
requirementswithout restartingthem.
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