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Abstract

Refactoring is a technique to make a computer program more readable and maintainable.A bad smell is an
indication of some setback in the code, which requires refactoring to dealwith. Many tools are available for
detection and removal of these code smells. These toolsvary greatly in detection methodologies and acquire
different competencies. In this work, westudied different code smell detection tools minutely and try to
comprehend our analysis byforminga
comparativeoftheirfeaturesandworkingscenario.Wealsoextractedsomesuggestions on the bases
ofvariationsfoundintheresultsofboth detectiontools.
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. Introduction
Refactoringhasbecomeawellknowntechniqueforthesoftwareengineeringcommunity.MartinFowlerhasdefineditasa
processtoimprovetheinternalstructureofaprogramwithoutalteringitsexternalbehavior[1].Frequentrefactoringofthe
codehelpsprogrammertomakethecodemoreunderstandable, findbugsandmakeitsuitablefortheadditionofnewfeature
sandtoprogramfaster. Aboveallthat,itimprovesthedesignofthesoftwareandthereforetheoverallqualityofthesoftware
[1].Refactoringcanbedonemanuallyaswellasautomatically.Extensiveliteratureisavailableonrefactoringoftheobject
oriented-programsandanumberoftoolsareavailablefortheautomaticrefactoringofthecode.
Refactoringhasaspecialrelationshipwiththeconceptsofreverseengineeringandagilesoftwaredevelopment.Oneofagi
lesoftwaredevelopmentmodels,eXtremeProgramming(XP),proposedbybeck[3],considersrefactoringasoneofitsess
entialfeatures.Refactoringcontinuouslyimprovesthedesignofthesoftwareandhelpstheevolutionandincrementaldev
elopmentofthesoftware.

Differentstepsfortheactivityofrefactoringhavebeenproposedbydifferentresearchers. Tom
Mensetal.,[4]describedsixactivities

intheprocessofrefactoring. Theseare:ldentifying;whererefactoringshouldbedone,determiningwhichrefactoring(s)s
houldbeappliedtotheidentifiedplaces,ensuringthattheappliedrefactoringpreservesbehavior,applyingtherefactoring,
assessingtheeffectsofrefactoringonthequalityofthesoftwareandprocess,assessingtheconsistencybetweenthecodean
dothersoftwareartifacts
Badsmellsaredesignflawsorstructuralproblemofsoftwarethatcanbehandledthroughrefactoring. Thetermrefactoring
wasfirstproposedbyKentBeckwhilehelping martin Fowler[1].LaterFowlerdidmuch work in thiscontext and this
work isstillinprogress.

In[7]smelltaxonomyispresentedbyMartinFowler.Heidentified22badsmellsranging from ordinary bad smells like
code duplication and Long parameter list to
morecomplexsmellslikeGodClassandFeatureEnvy.Hedividedthese22codesmellsinto
7categoriesbasedontheirsimilarity.Forexampledispensableisoneofthose7categoriesthatincludeslazyclass,dataclass
,duplicatedcodedeadcodeandspeculativegenerality smellshasedonthe similaritythatallthese
incorporateredundantdata.Otherresearchersalsoclassifiedcodesmellsindifferentways.Onewayistoclassify the code
smellsinto two categories:smellswithin a class(e.g., aslong
method,switchstatement,commentsandcodeduplication)andsmellsoutsidetheclass(e.g.,asdataclassandmiddlemane
tc.,)[6].

Avariety ofsoftware toolshavebeendeveloped forthe
automateddetectionofbadsmellsandtheydifferintheircapabilitiesandapproaches.Determiningwhethersomepieceof
codecontainsbadsmell(s)issomewhatsubjectiveandstillthereisalackofstandards.
Inthiswork,acomparativestudyiscarriedoutregardingtwobadsmelldetectiontoolsnamelyJDeodorantandinCode. The
irdetectionmethodologyisdiscussedingreaterdetailandvariationsinresultsarenoted. WeselectedFeatureEnvyandGo
dclasscodesmellstodoworkwith.Bothtoolsareevaluatedonthesetwosmells.
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Il. Literature Review
Steveetal.,[8]describedanalysisofcodesmells. Theyusedbadsmelltaxonomydescribedin[7,9]andabespokesoftwaret
ool[10]tofindnumberofrefactoringrequiredforeachof22badsmells. Accordingtohisanalysis,Bloatersisthesmellcate
gorythatneedsmosteffortbecauseitrequireslargernumberofrefactoringtoremove  from code. The Change
Preventers needs least effortbecause it requires lowestaverage number of refactoring to eradicate from code.
They claimed that bad smells aredeceptive innaturemean that they  hidethe  real
effortthatwouldberequiredtoremovethat smell when nested refactoring are involved. Bad smells that requires
most effort
toremovearebestunderstoodbydevelopersand,conversely,badsmellsrequireslessefforttoremoveareleastunderstood
bydevelopers.

In[11]Foutseetal.,presentedthatclasseswithcodesmellsaremorechangepronethen the classes withoutcode smells.
They furthershowed thatthe correlation
betweenparticulartypeofcodesmellandchangeproneness. TheyusedDECORE[12]approachtodetectcodesmellsanda
pplieddifferentmathematicaltechniquestoconcludetheresults. Twosystemsfromdifferentdomainswereselectedforex
perimentation.BothwereopensourcesystemsnamelyAzureusandEclipse[11].From13releasesofEclipseand9release
sofAzureustheyshowedthatclasseswithbadsmellsaremorechangepronethen theclasseswithoutbadsmells. They
furtherprovedthataparticularkindofbadsmellsleadtochange-
proneness.Howeverthisstudydoesnotconcernthetypeandamountofchangeanditislimitedtoonlytwosystems. Ifitisge
neralizedtomoresystemsitmaygivedifferentoutcomes.
Evolutionofthreebadsmellsontwoopensourcesystemwasstudiedin[19].ConsecutiveversionofjFlexandjFreechartw
eretakenintoaccounttoperformtheanalysis. ThebadsmellsnamelyLongmethod,FeatureenvyandStatecheckingweree
xtracted using JDeodorant. The result showed that the number of bad smells in
systemincreaseasthesystemevolvesoverthetime; manyofthebadsmellsremaininthecodeup tolatestversionsof
thesystem;someof thebadsmells that
areremovedwerenotaresultoftargetedrefactoringapplicationrathertheyareremovedinaneffortofadaptivemaintenanc
e.

Fontanaetal.,[20]presentedareportononsmelldetectiontools. Theystatedresultofsix  bad  smelldetection  tools;
experimentationwasperformed on 5SversionsofGanttProject [21]. As none of the bad smell shared by all tools,
that’s why they perform theiranalysisonasubsetofthetool.Onthebasisoftheirexperimentsandresultstheyconcluded
that;main  criticalaspect is to have no access todetection rules andmetricsthresholds.They
proposedthatbadsmelldetectiontoolsshouldhavethepossibility tosetandchangethemetricsthreshold.

1. Experimental Work
WeperformedouranalysisonGUIbasedmultimediaapplicationusingtwocodesmelldetectiontools. Thescenarioofexp
erimentationisgiveninsubsequentparagraphs.

1.1.  SelectionofBadSmellDetectionTools
Avarietyofsmelldetectiontoolsareavailableforcodesmellsdetection.Belowisthedescriptionofthosetoolsthatwehave
used inourcomparativestudy. Thesetoolscanapplicableonlyforjavacode.

1.1.1. JDeodorant:JDeodorant[15,16]isaneclipsepluginthatissofaridentifiesfourkindsofbadsmells,namely"Fe
atureEnvy”,"TypeChecking”,“LongMethod”’and“Godclass”. Thistoolusesthe ASTParser APlofeclipseJavaDevelo
pmentToolto detect bad smell from the source code and ASTRewrite API to apply refactoring.
Inadditiontodetectsmellsandapplyrefactoring,JDeodorantencompassesmanyotherfeaturesincludingtransformation
ofexpertknowledge tofullyautomated
processes,preevaluationofeffectforeachsuggestedsolution,userguidanceincomprehendingthedesignproblemsandu
serfriendliness[14].CurrentlyanewfeaturehasbeenembeddedinJDeodorant,whichisexecutionofthistoolinbatchproc
essingmode[13].Inthismode,nointeractionwitheclipseinterfaceisrequired.RatherallopenJavaprojectscanbeanalyze
dwithoutuserinteraction[2,5].

1.1.2. inCode:inCodeisalsoaneclipseplug-

inforsmellsdetection. Themainfeatureofthistoolistosupportprogrammerstoprogramincodesmellsawareprogrammin
genvironment.ltworksinthebackgroundofeclipse.Duringprogramming,ifprogrammerwritesanybadstructure, thanit
showsthesesmellsas,“eclipseshowerror’andwarningsintheshapeofredcolorblocksalongwithcode.inCodedetects4b
ad smells i.e. Feature envy, God class, Duplicate code and Data class. These bad
smelldetectionsarebasedonobject-

orientedmetrics. Thegreaterpartisthatuserdoesn’thavetointeractwiththeunderlyingmetricsdirectly.Metricsdotheirjo
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bunderthehood,whileyouzipdirectlytotheusefulconclusions.Moreover,italsohasfunctionalitiesofconstructionofMe
tricsPyramid[17].Thepyramidshowsthevaluesofdifferentmetricsandtheircorrespondencewithinthesoftware.

1.2. Subject System

XtremeMediaPlayer[18]isafreecross-platformmediaplayer,licensedunderGPLv2.ltsupports
formatsandplaylistformats.ltalsoprovide
remotemusicplaybackviaURL. Itcanreadgeneraltaginfoandspecifictaginfodependingontheaudioformat. Attractivei
nterfacehavingdifferentplayingmodesand

differentaudio

Multilanguagesupportisprovided.Playlistmanagerandkeyboardshortcutsarealsoprovided. Usercanupdatetheapplic

ationautomatically.

Itsfirstversionwas0.5.1releasedonMarch27,2008afterthatmanyversionshavebeen
Theversionwehaveselectedforourcasestudyisxtrememp-

is0.7.0released on

September

12,2011.

0.6.3releasedonJanuary,31,2009andxtrememp-0.6.6releasedonOctober23,2010[18].
MetricsforbothversionofXtremeMPisgiveninTablel.ThesemetricsarecalculatedwithatoolnamelyMetrics[23].

Tablel.Xtreme-MPProjectMetrics

released.Latestversion

Metrics XtremeMP-0.6.3 XremeMP-0.6.6
Totallinesofcode 6797 7956
NumberofPackages 13 17
NumberofClasses 63 71
Numberofinterfaces 4 8
NumberofMethods 459 498
Methodlinesofcode 4146 5142
Weightedmethodsperclass 1142 1341
Numberofstaticmethods 60 70

1.3. SelectionofBadSmells
Manyresearchgroupsareworkingonthedevelopmentofautomatedrefactoringtools.Currently,
toolsareavailablewhich

coverdifferentaspectofbadsmells. Therearealmost93refactoringavailableintheliterature. Though,manytoolsprovide
someoftheserefactoring,noneofthetoolprovidesalltheserefactoring.
Weselectedtworefactoringtools(detailsgiveninthelastsection). Thesetoolscovermultiplebadsmellsdetection,butinth
escopeofourstudy,wehaveselectedonly bad smells named, “Feature Envy” and “God Class”. Short description
ofboth badsmellsisgiveninlaterparagraph.

differentrefactoring

1.3.1. FeatureEnvy:FeatureEnvyisaviolationoftheprincipleofobjectorientedaboutgroupingbehaviorwithrelate
ddata.“Ttoccurswhenamethodismoreinterestedin  aclass other than theone it actually is in”. [1] Most
importantcures to eradicate badsmellsareMoveMethodandMoveFieldrefactoring.[1]

1.3.2. GodClass:GodClassisaviolationoftheprincipleofobjectorientedthataclassshouldimplementonlyoneconc
ept[22].1tisoftentryingtodomuch;itoftenshowsupastomany instancevariables[1].Duetoimportantrole in
thesystem,manyothersystemclassescanbedependentonit. AsconsequencechangesinGodClassduringsoftwaremaint

enanceandevolutioncanleaddeveloperstoproblems. TherefactoringthatusetoremovebadsmellareExtractClass,Extra
ctSubclass,ExtractInterfaceandDuplicateObservedData[1].

2. Results Findings
Experimentationwasperformedwithdefaultthresholdvalues. DetectionresultsarewritteninTable2.

Table2.#ofFoundSmellswithSelected ToolsinbothversionsofXtremeMP

| FeatureEnvy GodClass
Too Ver063 | Ver066 | Ver063 | Ver066 |
JDeodorant 1 3 14 16
InCode 2 2 2 2
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2.1. Feature EnvyD iscussion
Onexaminingtheresults,wefoundthattheinstancesoffeatureenvybadsmellsdetectedbybothtoolsareentirelydifferent.
FeatureEnvysmellsdetectedbylnCodearestaticmethods,theydonotmanipulateanydataoftheirsourceclassbuttheypro
cess data of other system classes. According to object oriented design heuristics
andprinciples;methodmustbeplacedintheclass,whichdataitmanipulatesmore. ThatisthereasonInCodedetectsthesem
ethodsasbadsmell.

TheJDeodorantdoesnotdetectthesestaticmethodsasbad/codesmell. TheJDeodorantdetectsthreenonstaticmethodsas
featureenvybadsmells.ButthesedetectedbadsmellsarenotpresentintheresultsofinCode.
ThenonstaticmethodsdetectedasfeatureenvybadsmellbyJDeodorant;useattributes(datamember)ofsourceclassbutth
eseattributesareofreferencetype. Typeofthese attribute isother system classes.So,thesemethodswith the help
ofreferencetypedattributesmanipulatedataofothersystemclasses.
ThatisthereasonJDeodorantidentifiesthesemethodsusingitsdistancebasedapproach.Inwhich,itmeasurethedistanceb
etweenthemethodandtheclass,expressing
thedissimilaritybetweenthesetofentities(methodandattributes)accessedbymethodandsetofentitiesbelongingtoclass

ThelnCode  does not  detect thesemethods as  feature envy  bad  smellHere a
questionarisesfromtheseresultsofinCodeforfeatureenvy;whicharegivenbelow:
DoesInCodedetectnonstaticmethodsasfeatureenvysmellornot?
Currentresultsdonotgivemuchinformationaboutthisquestion.WemakeaseparateversionofthisAPIbyapplyingtheGo
dClassrefactoringontheXtreme-MP

0.6.6withJDeodorant.BydetectingFeatureEnvy badsmell from the refactoredversionofAPl  withinCode,
wegetsomeresultswhich somehowgivesomesatisfactory resultsabout this question. By these result we found
thatinCode detects non-static methods asfeature Envy bad smell. Due to no access to InCode’s documentation
for its bad
smelldetectionrulesandmetricsthreshold;weareunabletounderstandthereasonwhylnCodedoesnotdetectnon-
staticmethodsdetectedbyJDeodorant.

2.1.1. ConcludingRemarksonFeatureEnvy’sResults: AstheMartinFowlerwroteinhisbook:”Methodmustbeo
nthatobjectwhichdataituses.”

Aswe see thisguideline, thenweget thought of only non-staticmethods as featureenvy;becauseonlynon-
staticmethodsareontheobject. Thestaticmethodsarenotassociatedwithanyparticularobject,becausetheyareshareable
behaviorsofallobjects. To access them we do not need object of the class in which it resides. They
areaccessedwiththeirclassnamesinthesystem.

No doubt theguidelineof Martin, hassense that consider only non-staticmethods
asfeatureenvy.Butifweseethemainphilosophybehindthiswhichistopreventtherippleeffectsofchangesinsoftwaresyst
em.Toimplementthisphilosophyinsystemdesign, wegroupedmethodsto thatclasswhich data itmostuses.Due to
thisreason,staticandnon—staticmethodsareequallyimportant.

So,asJDeodorantdetectsveryefficientlynon-staticasfeatureenvy.ltmustincorporatethenon-
staticmethodsalsointhecategoryoffeatureenvy. ThelnCodealsoneedsimprovementsinitsmethodologytodetectfeatur
eenvysmell.Inthecasewhenthenon-
staticmethodsusethereferencetypefields(attributes)toaccessthedataofothersystemclasses.

At last none of both has concrete process to detect feature envy bad smell. Both
havedeficienciesintheiralgorithms. Themissingconceptsofbothareimportant;iftheyconsiderthemtheycanimproveth
equalityofsoftware.

2.2. GodClass Discussion

Byevaluatingtheresultofbothtoolswefoundlargedifferencebetweentheirresults. TheInCodedetectstwoandJDeodora
ntdetectfourteenGodClassesfromthebothversionsofXtreme-MP.
OnfurtherindepthanalysiswefoundthatbothtoolshaveentirelydifferentapproachestoidentifyGodClasses.
TheGodClassesdentifiedbyJDeodorantalsohasthosetwoGodClasseswhichidentifiedbylnCode.Buttheyranksomeot
herdetectedGodClasssmellsmoreimportantforthedesignqualityoftheexaminedprojectwiththehelpofEntityPlaceme
ntMetrics[23].

The InCode wuse the metrics based approach to detect God class smells. It checks
theencapsulationthroughcohesionandcouplingmetricsandthecumulativecomplexityofthemethodsoftheclasstoident
ifytheGodClasssmells.
TheJDeodorantusestheagglomerativeclusteringtechnique.lnwhichitextractinformationfromthesourcecodeoftheex
aminedprojecttocalculatethedistancebetweentheentities(methodsandattributes)oftheclassesandthenapplythecluste
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ringalgorithmtoidentifythecoherentgroupofentitiesastheopportunitiesasGodClass[13].

A large difference exists in the scope andgoal of the approaches used by both tools.InCodegoalisto identify
suchsystemclassesasGodClasswhich haslack
ofcohesionandhighcomplexity. TorefactortheGodClassesdetectedbylnCodeweneedsomefurtherprocessingtodeter
minewherewecanapplywhichrefactoring.Forthisweneedtodetermine;thisGodClassiseitherDataGodClassorbehavi
oralGodClass.AfterclassificationweapplyoneoftherefactoringfromMoveFieldRefactoring, Movemethodrefactorin
g,ExtractclassRefactoring.
ButallthesethingsdescribedinaboveparagraphcannotbeattainedautomaticallyfromthecurrentmethodologyusedbylIn
Code.ForthiswemustneedsomemanualinteractionindetectionandclassificationofGodClass,whenweusingInCodeto
detectandrefactorGodClasses.
GoalofthemethodologyusedbyJDeodorantforGodClassistoidentifytheopportunitiesofextractclassrefactoring.Inthe
mechanismandwayofrepresentationoftheresultoftheGodclasssmelldetectiontosoftwareengineerswithEntityPlace
mentMetricsisbest.

ButtheextractclassrefactoringisnotthesolutioninallcasesandconditionsfortheGodClass.
WhileperformingexperimentationforfindingFeatureenvysmellthrough
InCode,wefoundaninterestingresultaboutGodclass. InthisexperimentwerefactorsingleGodClasssmell(xtrememp.X
tremeMP)withJDeodorantbyextracting aclass(Xtreme-
MP.XtremeMPProduct).AfterthisrefactoringwhenweagaindetectGodClasshadsmellformthisrefactoredversionofA
Plwithbothtools;theydetectnogodclass.On
thebasisofthisfindingonepointisclearerthatinCodedetectsonlytwoclassesasGodClassbuttheyaretheonesthathavegr
eatimpactonqualityofcode.

2.2.1. ConcludingRemarksonGodClass’sResults: Bothtoolsdonotprovidecomprehensivesolution. Thereisan
eedofsuchapproacheswhichidentifytheGodClassesandthenidentifyopportunitiesofalltypesofrefactoringsolutionst
hatproposedbyauthorofrefactoring[1]forGodClassindifferentcasesofGodClass.

3. ConclusionandFutureWork
Inthisworkweanalyzetwocodesmelldetectiontoolsandcomparisonispresented.Weevaluatedwhytoolsdepictvariatio
ninresultsandwhatspecificparameterstheyusedfordetectingaparticularsmell.

Wefound thatbasic difference in results liesdue to useofdifferentapproaches
forsmelldetection.Bothtoolshavetheirownefficienciesanddeficiencies,whichweendeavoredtocomprehendinthiswo
rk.Onthebasisofourfindingwesaythatthough,thereislackoftoolsupportincontextofsmelldetectionandrefactoring,av
ailabletoolsarenotmatureenough.Besidesdevelopmentofnew toolscurrent toolsalsoneedtoberevised.
Inthefuture,weareinterestedininvestigatingthechangepronenessofcodehavingGodClassandFeatureEnvybadsmells
andimpactofthischangepronenessonmaintainabilityofsoftware. Aprototypeisinprogresswhichwillprovidestate-of-
the-artsolutionoftheproblemsidentifiedinthisstudyandinpriorresearch.
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