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Abstract

The technique of refactoring, restructuringthe source
code of an object-orientedprogram without changing it
external behavior has been embaced by many object-
oriented softwae developersas a way to accommodate
changingrequirrmentslt is expectedhat sud refactoring
opefmtionsor softwae transformationgmprove the main-
tainability of softwae. Unfortunately it in unclear how
specificquality factorsare affectedby applyingsud refac-
torings opemtionsor softwake transformations.This posi-
tion paperaddressesheissueof developinga restructuring
methodologyand its associatedarchitectute for migrating
an object-orientedliegacy systemto a new target system.
Themethodologyallows for specificdesignand quality re-
guirementsof the target migrant systemto be consideed
during therestructuringprocesghatis appliedon iterative
andincrementalsteps.

1 Background

An intrinsic propertyof softwarein a real-world environ-
mentis its needto evolve. As the softwareis enhanced,
modified and adoptedto new requirementsthe code be-
comesmore and more complex and drifts away from its
original design.Becausef this, the major part of thetotal
softwaredevelopmentcostis devotedto softwaremainte-
nance.Better softwaredevelopmenttools and methodsdo
not solve this problem,becauseheir increasedcapacityis
usedto implementmorenew requirementsvithin the same
time frame, makingthe softwaremorecomplec again.

To copewith this spiral compleity, thereis an urgent
needfor techniqueghat reducesoftwarecompleity by in-
crementallyimproving the internal softwarestructure. The
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researcldomainthataddressethis problemis referredto as
restructuring[1] or in the caseof object-orientedsoftware
developmentyefactoring[6].

Althoughit is possibleto refactormanually tool support
is considerectrucial. Today a wide rangeof toolsis avail-
ablethatautomatevariousaspect®f refactorings Depend-
ing on thetool andthe kind of supportthatis provided,the
degreeof automationcanvary. Tool suchasthe Refactor
ing Browser[13], andjFactor [9] supporta semi-automatic
approachSomeresearcherdemonstratethefeasibility of
fully-automatedefactoring[3, 11, 14, 19]. Thereis alsoa
tendeng to integraterefactoringtools directly into indus-
trial strengthsoftwaredevelopmentenvironments.Specific
toolsinclude: CloneDoctor [5], IntelliJ IDEA [8], andIn-
jectJ[7].

Thefocusof all thesetoolsin on applyinga refactoring
or restructuringuponrequesbf theuser Thereis muchless
supportavailablefor detectingwhereandwhena refactor
ing operationcanbeapplied.

2 Position Statement

Quality is softwaredomainspecific. Most refactoringtools
andrestructuringactiities only provide supportfor apply-
ing a specific refactoring, but not for finding out whee
andwhy a particularrefactoringor softwaretransformation
shouldbe appliedto improve desiredqualities.

This meansthat not much effort hasbeeninvestedfor
systematicallydocumentingyuality attributesasa guidefor
the restructuringprocesghroughrefactoringoperationsor
softwaretransformations.n this contet, we needa com-
prehensie framewvork thatallows for the definitionanden-
actmenbf therestructuringprocessSucha framevork can
allow for specificquality requirement®f the target system
to be consideredduring the restructuringprocess.This pa-
perdiscussesuchaproposedramenork.



3 Proposed Approach

The restructuringof object-orientedsystemsrequires a
comprehensie framavork to relate refactoringoperations
and softwaretransformationavith non-functionalrequire-
ments. The focal point of the proposedresearchs to ex-
ploit the synegy betweenthe areasof softwae require-
mentsanalysis[20], softwake architecture [2], andsource
codeanalysisandtransformatior1, 10]. Effective system
maintenancandevolution requiresthe understandindpoth
of the innerworkingsof the system(i.e., its structure)and
therationaleor requirementshatjustify its evolution. Un-
derstandinghearchitectureandthe sourcecodeof anexist-
ing systemaidsin assessinghe impactspecificrefactoring
operationandsoftwaretransformation$iave ontheobject-
orientedsystem.

This meansthat our code-impring restructuringap-
proachconsistof : i) requirrmentsanalysisphaseto iden-
tify specificquality goals,ii) modelanalysisphaseto un-
derstandthe system$ designand architecture;iii) source
code analysisphaseto understanda systems implemen-
tation, iv) remediationspecificationphaseto examinethe
particularproblemandto selectthe optimaltransformation
for the system,v) transformationphaseto apply transfor
mationrulesin orderto restructurea systemin a way that
complieswith specificquality criteria, and vi) evaluation
phaseto assessvhetherthe transformationor refactoring
hasaddressethe specificrequirementset[18].

3.1 A Modd for Quality Representation

To represeninformationaboutdifferentsoftwarequalities,
their interdependenciegndthe refactoringsand software
transformationghat may affect them, we adoptthe NFR
framevork proposedin [4]. The NFR Frameavork intro-
ducesthe conceptof soft-goalswhoseachiezementjudged
by the sufficiencgy of contributions from other (sub-)soft-
goals. Accordingto the NFR framevork, softwarequali-
tiesarerepresentedssoft-goalsj.e., goalsthatcanbepar
tially achieved. A soft-goalinterdependencygraph (SIG)
is usedto supportthe systematicgoal orientedprocessof
architecturaldesign. The leaves of the soft-goalinterde-
pendeng graphrepresentlesigndecisionswhich fulfil or
contribute positively/negatively to soft-goalsabose them.
Givena quality constraintfor a restructuringproblem,one
canlook up the soft-goalinterdependencgraphfor that
guality, andexaminehow it relatesto othersoft-goalsand
whatareadditionalrefactoringoperation®r softwaretrans-
formationsthat may affect the desiredquality positively or
negatively [18].
Eachsoft-goalinterdependencgraph(SIG) for a non-
functional requirementcan be consideredas a directed
graph(digraph) D representedsa set R of a 3-tupleel-

ements< N, E, L > whereN is asetof verticesor nodes,
dividedinto NFR soft-goalnodesandtransformatioroper

ationalization nodes.The setof nodesor verticesis called
the vertex-setof D, denotecby N = V(D). Thereis also
a specialnodecalledthe entrynode E is a setof edgesor
arcswhichis alist of orderedpair of thenodes.Thelist of
arcsis calledthe arc-list of D, denotedby £ = A(D). If

n; andn; areverticesthenanarcof theform n;n; is said
to bedirectedfrom n; to n;, ortojoin n; ton;. In thiscase,
noden; is saidto be a successoof noden; andnoden; is
saidto be a parentof noden;. Finally, L is alabelling of
N x E whichassigndo eachnodeanodeof D, andto each
edgeanimpactrule.

Let n; and ny be verticesof a SIG. If n; andn, are
joined by anarce with ary of AN D or OR contribution
operatorthenn; andn, aresaidto beadjacentwith thede-
finedrule. If thearce is directedfrom n; to ny, thenthearc
e is saidto beincidentfromn; andincidentto n,. Let D to
beaSIGin digraphform with n verticesor soft-goalnodes,
N = {di,d,,...,d,}. The simplestgraphrepresentation
schemeusesann x n matrix SAM (Soft-GoalAdjaceny
Matrix) of &'s (for AND), |'s(for OR),and0’s.

Let n; be a soft-goalnodeand n, a softwaretransfor
mation or refactoringoperation. If n; andn, are joined
by an arc e with ary of MAKFE (++), HELP (4),
HURT (-),or BREAK (——) contributionoperatorthen
ny andn, are said to be adjacentwith the definedrule.
The arc e which is directedfrom ny to ny is saidto be
incident from ny, andincidentto n;. Let S to be a set
nodes,S = {s1, s2, ..., $n}, representingoft-goalsand 7'
is a of setoperationalizatiomodes,T = {t1,t2,...,tm},
representingransformation®or refactorings.The simplest
impactrepresentatioschemeusesanm x n matrix TIM
(TransformationmpactMatrix) of ++'s, +'s, ——'s, —'s,
and0’s.

3.2 A Modd for Quality Assessment

So far, this researchwork on improving the quality of
object-orientedsystemsthrough restructuring includes
i) building soft-goal interdependenc graphsas a means
to model the associationsof qualities with design deci-
sions and sourcecode features,andii) proposinga soft-
waretransformatiorframevork usingrefactoringdbasecn
SIGs[16]. Thenext stepis to assignobject-orientednet-
rics to softwarefeaturesand correspondinglyto the trans-
formationsthataffect thesefeaturesn a systematiananner
in orderto identify the refactoringoperationsor software
transformationshatmaybeappropriatén improving qual-
ity asthisis estimatedy the selectednetrics.

As it is known, an object model has several levels of
representatiorincludingapplicationlevel, subsystertevel,
classlevel, andfunctionlevel. While designflaws canoc-



cur at ary level, our focus hereis on classlevel deteriora-
tion. We believe thatthisis the mostfundamentalevel that
constitutesa system.Improving deteriorateatlasseshould
helpto keepobject-orientedsystemoperational.Oneway
to detectdesignflaws at the classlevel is to identify vio-

lationsof a“good” object-orientedsoftwaredesignby per

forming sourcecodeanalysis.While thereare several rea-
songfor aclasgto losequality overtime, herethefocusis on

theclasseshathave high couplingandlow cohesionThese
characteristiceftenresultin lossof abstractiorandencap-
sulation. They arethosehighly coupledclasseghat often
loosecohesiorduringthe courseof developmen{17].

Eachof the designflaws and eachof the quality rules
for detectingtheseflaws are modelledas an attribute or a
characteristicof a design. Thesecharacteristicsare suf-
ficiently well definedto be objectively assessedtyy using
one or more object-orientedmetrics. Metrics are particu-
larly suitableto check,whetherthe object-orientedegag
systemadheredo designprinciplesor containsviolations
of theseprinciples. The proposedselectionof the object-
orientedmetricsis classifiedaccordingto four major met-
rics catgyories: compleity metrics,coupling metrics,co-
hesionmetrics,andinheritancemetrics.

Consider AC' to be a setof classesn anobjectmodel
extractedfrom an object-orientedegag system.We need
to calculatethe metricsvaluesfrom a predefineccatalogue
andapplyquality heuristicsrulesto detectdesignflaws and
deteriomtedclassesn thelegag systenbeinganalyzedlIn
this processthefirst stepis to applythe key classe{KCH)
rule by using both a compl&ity and coupling metrics. A
very high level quality goalfor a softwaresystemcould be
maintainability thuscouplingmeasurementshouldnot be
high in orderto ensurethat changego the systemdo not
trigger changeghroughoutthe system. Therefore,moni-
toring DAC valuescan be promising. When a significant
numberof classesavolvesto higher DAC measurements,
somerefactoring opeiations [6] or meta-patterrtransfor
mations[16] of the systemcould be appropriateto reduce
coupling.Also, by applyingcohesiommetricslike TCCand
couplingmetricslike DAC and RFC to the object-oriented
legag system possibleviolationsof the principleoneclass
- one concept(OC2H) rule can be found. Theseclasses
tendto have eitherlow TCC valuesor high DAC andhigh
RFCvalues. For example,classeghathave very low TCC
valuescanoftenbesplit usingExtractClassrefactoringop-
eration[6]. This leadsto a moreflexible design,sincethe
two separatelassesareeasiernto understandand aremore
reusable.

3.3 A Modd for Transformation Path Selection

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

amongsereralalternatve onesthatcanbeappliedonasys-
temasmeando restructurdts object-orientedsourcecode
sothatthe new migrantsystemconformswith specificnon-
functionalrequiremenenhancementsWe have adopteda
multi-objective graphsearchapproactto identify the setof
all non-dominatedolutiongraphsin SIGsfor selectingthe
source-cod@mproving transformationsThisalgorithmcan
be consideredasan adaptatiorof A* algorithm[12]. The
interestedeadersanreferto [15] for moreinformation.

4 Quality-Driven OO Restructuring Process

The architecturaldesignof the proposedQDCR approach
asdepictedin Figure 1 consistsa numberof components
with simpleinterfaceandwith a pipe andfilter architectural
style. Eachcomponentfilter) processegs input datain the
form of afile (pipe)andstoregheresultsin anotheffile for
thenext componentFigurel illustratestheits components
namely: i) Pre-ProcessComponent¢includingC'1 andC?2
phases)ji) AnalysisComponent{(C3), iii) Post-Piocess
ComponentgC4). The proposedQDCR framevork uses
the incrementaland iterative processas describingin the
following steps

e Step 1: After parsingthe sourcecode,we measure
and recordthe specificobject-orientedmetricsin or-
derto detectclassegor which quality hasdeteriorated.
While there are several reasonsfor a designto lose
quality over time, herethe focusis on detectingthe
classeghathave high compleity andhigh coupling.

e Step 2: After detectingdesignflaws automaticallywe
needto re-engineethe classeaising propertransfor
mations. On the otherside, the re-engineerin@ctivi-
ties needto be donebasedon specificnon-functional
requirementghat are representeésa list of Desired
Soft-Goals(DSG). For correctingsuch designflaws
through softwaretransformationsor refactorings,we
look at the impactof specifictransformation$iave on
specific metrics[17]. Soft-Goal Evaluation compo-
nentbuilds a searchgraphof potentialtransformations
basedon SAM, TIM, the proposedalgebraicframe-
work for the proposedayeredtransformationframe-
work, andthe list of DSG. Basedon this built search
space,a set of all non-dominatedsolution graphsis
identified for selectingsource-codémproving trans-
formations[15].

e Step 3: After applying refactoringsor transforma-
tions,we needto re-applyandrecordthe sameobject-
orientedmetricsto therestructurectlassesandfinally
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 positionpaperaddressethe issueof developinga re-

structuringmethodologyandits associateérchitecturefor

migratingan object-orientedegag/ systemto a new tarmget
system. The methodologyallows for specificdesignand
qualityrequirementsf thetamgetmigrantsystemo becon-
sideredduring the restructuringprocesghat is appliedon

iterative and incrementalsteps. The focal point is to re-

cover anobjectmodelfrom the sourcecodeandincremen-
tally refineit, takinginto consideratiordesignand quality
requirementgor thetargetsystem.

Sucha proposed)DCR framework is importantfor two
reasons. Firstly, it attemptsto addressa problem that
haschallengedhe researchcommunityfor several years,
namelythe maintenancef object-orientedsystems. Sec-
ondly, it devisesa workbenchin which restructuringactiv-
ities do not occurin a vacuum,but can be evaluatedand
fine-tunedin orderto addresspecificquality requirements
for thenew tamgetsystem.

Severalopenissueshave arisenfrom this researctwork.
Automatedcomponent-basedevelopmentis emeging as
a field of studyin softwareengineering. Thereare mary
openissuesthat needto be resohed beforea component-
baseddevelopmentapproachcan make a significantim-
pact on mission-critical software. Methodsmust be de-
velopedthat allow measuremenand prediction of non-
functional characteristicsuchas availability, adaptability
security and performance. Therefore,the ability to for-
mally modelandreasoraboutthe non-functionaktharacter
isticsof component-baseslystemss vital to ary endeaour
to automatethe processof componentevelopment,adap-
tation, integration and deployment. The proposedQDCR
framevork canbe a foundationto build sucha model for
component-baseslystems.

Refactoringor coderestructuringimplies that program
“behavior” is presered,but a precisedefinitionof behaior
is rarely provided or maybetoo inefficientto becheckedn
practice.Therefore thereis a needto provide a framevork
for restructuringwith atheoreticabasisin formallanguage
theory

Also, meta-programmingechniquesmay be usedto
specifyquality-relatecheuristicsaboutobject-orientedoft-
ware (suchasthe detectionof “bad codesmells”) to find
out whererefactoringsor softwaretransformationshould
beapplied.

Refactoringcanalsobe very usefulat aneven moreim-
plementatiordependentevel thanprogrammindanguages,
suchasrefactoringof byte-codepr even refactoringof ex-
ecutablecode. Researchon runtime compilerscould be
usedin combinationof quality-driven code restructuring
and refactoringto adoptrunning applicationsto changing
requirementsvithout restartingthem.
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