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Abstract

Souce code analysisand inspectiondoesnot provide
enoughinformationto describethe structuie of an object-
orientedprogramcompletel\becausehere are components
andrelationsthat only exist during its runtime

This paper presentsa tool, called Gadget, that helps
softwae enginees extract the dynamicstructuie of object-
oriented programswritten in the Java programminglan-
guage. Thetool usegprogramprofiling, filtering, andgraph
clusteringtechniques.

In this work we showhow Gadget is usedto analyzea
standad graphical userinterfacelibrary for Java, called
Swing Thislibrary hasa comple structure, part of which
weexposeusingdatagatheedby Gadgetduring the execu-
tion of a simpleJavaprogramthat usesSwing

1. Introduction

As the size of a software systemincreasesso doesthe
compleity of its structure . Theuseof object-orientedOO)
developmentechniquesindlanguage$elpsprogrammers
managehis compleity by supportingdataabstractionen-
capsulation polymorphism,and reuse. However, the OO
approachmakes understandinghe structureof thesesys-
tems more difficult becauseof featuressuch as dynamic
bindingandpolymorphism.

Understandinghedynamicstructureof asystems help-
ful during softwaremaintenanceThe dynamicstructureof
an OO programshows which objectsare createdandwhat
messagesire sentbetweentheseobjectsat runtime. Dy-
namic analysiscan be usedto complementstatic source-
level inspectionandanalysiswhich may not provide all of
the informationsoftwareengineersieedin orderto under
standan OO system.For example,the Factory OO design
pattern[3] is usedto “manufacture”objectsandmake these
objectsaccessibldo client objectsthroughan abstractin-
terface at runtime. Static analysis,using a tool suchas

Chava [6], would only reveal part of the completedesign.
Specifically it would reveal the relationshipbetweenthe
client classandthe Factoryclassbut not betweerthe client
andthe objectsthatwerecreatedyy the Factoryat runtime.

This paperdescribes tool, called Gadgeto help soft-
ware engineersxtract the dynamicstructureof Java pro-
grams.In the profiling phasethe tool gathersuntimedata
from the executingprogram.This datacaptureslassload-
ing, objectcreation,and methodinvocationevents. In the
analysisphasethe tool usesfiltering and abstractiortech-
niguesto selectclassef interest. The instanceof these
classesandtheir runtimerelationsare then displayedas a
graph.

In generalpneor morefeaturesof thetargetprogramis
analyzedatatime (e.g.,the Savefeatureof aword process-
ing program).Therecordingof eventsthatoccurduringthe
executionof a featureis calledtracing, andthe collection
of tracedatais calleda profile. The profile is analyzedby
the tool andthe dynamicstructureof the objectsandrela-
tions involved in the traceis shovn asa DDG (Dynamic
Dependeng Graph). A DDG is a graphwherenodesrep-
resentclasser objectsandedgegepresentelations(i.e.,
methodinvocation)betweertwo objectsor betweera static
classand an object. A methodinvocationcan be an ob-
ject creation(i.e., call to a constructormethod)or a sim-
ple methodcall. Gadgetusesa tool from AT&T Research
calleddotty[4] to displaytheDDGs. An exampleof aDDG
is shavnin Figure?.

Additionally, Gadgetusesa clusteringalgorithmto par
tition the DDGs, thuspresentinghe dynamicstructuresn
amodularfashionthatis easierto understand.

Figure 1 shaows the architectureof Gadget,which con-
sistsof threemain components:Control, Repository and
Profiler The Control and Profiler componentsxecuteon
differentJava Virtual Machines(JVMs). The Controlcom-
ponentcontainsGadgets execution and analysisengines
(i.e., GadgetExecutorand GadgetAnalyzer). The execu-
tion engineis in chage of the executionof Gadgetandhas
somecontrol of the executionof the target programbeing
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Figure 1. Software Architecture of Gadget.

analyzed. The analysisengineis in chage of managing
the analysisprocesslogic. This includesthe interaction
with the repositoryandthe interactionwith the userinter-
face. Gadgets repositoryis an externalfile that contains
dataaboutthe executionof the target program. This file
is first written by the profiler andthenreadby the analy-
sisengine.The Profilercomponenis in chage of running
thetargetprogramthroughthe SeigProf profiling interface,
which is our implementationof Sun Microsystems Java
Virtual MachineProfiling Interface(JVMPI) [13]. SegProf
tracesclassloading, object allocation, methodinvocation
andstackinformationatthetime anobjectis allocated.
The structureof therestof this paperis asfollows: Sec-
tion 2 providesan overview of relatedresearch.Section3
providesbackgroundnformationaboutthe Pluggabld_ook
and Feel (PLAF) featureof the Java Swing library. Sec-
tion 4 usesGadgetto extractthe structureof the PLAF fea-
ture. This sectionpresentshe basicfeaturesof Gadgetand
shaws screencapturesof the tool, aswell asthe resultsof
the PLAF features analysis. Section5 concludeswith a
summaryof thepaperanoutline of thecontributionsmade,
andalist of thelimitationsof thecurrentversionof Gadget.

2. Background

In this sectionwe outline the body of work thatis most
closelyrelatedto the work presentedn this paper At the
endof thesectionwe statethe distinguishingcharacteristics
of ourwork.

Jerdings[5] approachio supportingDO programunder
standingis basedon visualizingobjectinteractionsandin-

stantiationpatternsduring the executionof a program.His
approactrequirestracingthe executionof the programbe-
ing analyzedandthenvisualizingthedynamicdatacaptured
by thetrace.Thiswork is concernedvith searchindgor so-
lutionsto the problemof visualizinglarge datasetsof run-
time data. It alsofocuseson detectinginconsistenciebe-
tweenthedesignandimplementatiorof softwaresystems.

De Paw, Helm, KimelmanandVlissides[12] have cre-
ated a library for extracting and animatingthe behaior
of OO systems.They presentsummaryinformationabout
the executionof a programusinga chart-like visualization.
They alsopresentechniquego instrumentOO programsso
thattheir executionscanbetraced.

Richner Duccasseand Wuyts [10] uselogic program-
ming to filter datathat is generatedoy executiontraces.
Theirapproactalsorequirescodeinstrumentation.

Shilling and Staslo [11], andlater Stasko and Mukher
jea[9], workedonanimatingdesignsandalgorithmswhich
canbe helpful during the designprocess.Unlike the other
work presentedn this section their work doesnot involve
programtracinganddoesnottake areverseengineeringap-
proach.

What distinguishesour work from the above research
is the emphasison filtering and clusteringthe trace data
before producingdesignvisualizations. Unlike Jerdings
work, which triesto reducecompleity by providing better
visualizationspur approachattemptgo reducecomplexity
by filtering out only the runtimedatathatis relevantto the
programfeaturebeinganalyzed.

Automaticclusteringwasidentifiedby BeladyandEvan-
gelisti [1] asa meansto producehigh-level views of the
structureof software systems.We usethe Bund [8] clus-
tering systemto group setsof objectsandtheir interrela-
tions in orderto producea high-level “road map” of the
dynamicsoftware structure. Another distinguishingchar
acteristicis that our work doesnot rely on programin-
strumentationbut rather on capturingtrace data directly
from the Java virtual machineusingthe JVMPI [13]. Fi-
nally, we are treating this work as an ongoing project
and hope to receve feedbackfrom users. For this rea-
sonwe provide a free copy of Gadgetfrom our web page
(http://serg. nts. drexel . edu/ gadget ) andin-
tendto maintainthe tool if a significantusercommunity
materializes.

Beforewe shav how Gadgetis usedto extractthe struc-
ture of Swing’s PLAF featurein Section4, we briefly pro-
vide somebackgroundmaterialon this featurein the next
section.



3. The Pluggable L ook and Feel Feature of the
Swing Library

Swing is a Java library to supportthe developmentof
graphicaluserinterfacedor Java programs Oneof Swing’s
goalsis to supportmultiple platformswhile preservinga
consistentook andfeel.

The Swingpluggabldook-and-fee(PLAF) designis the
portion of a GUI componens implementationthat deals
with the presentationthe look) and event-handling(the
feel). Note thatthe LAF can be changedat runtime [2].
Figure2 shawvsthreedifferentGUI buttons,eachwith adif-
ferentLAF.

_|ol x| | EEE —loix
A Button A Button

[EEEE -Iolx|

Figure 2. Example program with three diff er-
ent LAFs (default, Motif and Windo ws).

Swingenablegprogrammerso changeheLAF of aGUI
dynamicallyby meansof asimpleinterfaceasshowvnin the
following sourcecodefragmentwherethe LAF is changed
by usingacommandine argument.

5 if (args.length > 0 & args[0].equal s("motif"))
6 Ul Manager . set LookAndFeel (

"com sun. java. sw ng. pl af . noti f. Moti f LookAndFeel ") ;
7 else if (args.length > 0 & args[O0].equal s("w ndows"))
8 Ul Manager . set LookAndFeel (

"com sun. j ava. swi ng. pl af . wi ndows. W ndowsLookAndFeel ") ;

As shawn in lines 6 and 8 of the sourcecode, the
U Manager classis usedchangethe PLAF dynamically
In orderto explaintheUl Manager clasdetusconsideithe
procesdor creatingaJBut t on componen{seeFigure3).

The creationof the JBut t on componentincludesthe
installation of a correspondingUl delegate through the
U Manager class. The Ul Manager thengetsthe name
for the Ul delgyate classfor this component,depending
on the installed LAF. For example the Ul delegateclass
of the Windows LAF JBut t on is W ndowsBut t onUl .
Finally, a Ul delggateobjectis createdandthe JBut t on
componenbbtainsa referenceo it. This processs called
Ul Installation

The Ul deleggateis installedby the Ul Manager class,
which is a static classthat has knowledge of the current
LAF. The Ul Manager class makes use of the Ul De-
faul ts class,which hasmethodsfor accessingpecific
types of information about look-and-feel. The Ul De-
f aul t s classincludes,amongotherthings,default values
for presentation-relateggropertiegsuchascolor, font, bor-
der, andicon) for eachUl delegate.

Figure 3 shaws the classdiagramfor a programthat
usesa JBut t on with a PLAF. This diagramdescribes
Swing’s structure(for one component)shawving the rela-
tionsbetweerthedifferentclassesExampleof inheritance
relations are the large edge relations betweenMot i f -
But t onUl andW ndowsBut t onUl with Basi cBut -
t onUl (they bothextendBasi cBut t onUl ). The dotted
edgerelation betweenJBut t on and Ul Manager is an
exampleof arelationbetweerclasseghatdependon static
callsmadein the procesof installinga PLAF to a compo-
nent.ThedasheddgerelationbetweertheJBut t on class
and eachof the specificLAF classeqMbt i f Butt onUl
andW ndowsBut t onUl ) is an exampleof aruntimere-
lation.

4. Analysis of Swing's PLAF Feature Using
Gadget

This sectionshovs how Gadgetcan help programmers
extractthe structureof the PLAF featureof Swing, which
wasdescribedn the previoussection.

As anexamplewe will analyzeasmallprogramthatdis-
playsawindow with a button. The programcontainsonly
oneclasscalledPLAFTester which is alsothe nameof the
program. The PLAFTesterprogramloadsa JFr ane and
addsa JBut t on. To show a correlationbetweenthe ex-
tractedstructureof a JBut t on, as producedby Gadget,
andthedesigndescribedn Figure3, theWindowslook and
feelwassetduringruntime.

We next go through the step-by-stepprocessof ex-
tracting the structureof the PLAF featureusing Gadget.
Throughoutthe explanationof this processscreershotsof
thetool will beshovn. The GadgetGUI hastwo mainpan-
els (seeFigures4-6, 8). Eachpanelis selectedy clicking
onatah Onetabrevealsthetracingpanelandtheotherthe
analysigpanel. Theanalysispanelusesa “wizard” stylein-
terface,which helpsusersgo throughthe correctsequence
of stepsvia Next andBack buttons.

4.1. Step 1: Tracing

Thefirst stepin the analysisis to run PLAFTesterusing
Gadgets tracingcapabilities. The executioninvolvesstart-
ing the programuntil it displaysawindow. No furthertrac-
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Figure 3. Architecture of the JButt on Ul Installation Process
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Figure 5. Package Filtering Screen

ing is neededecauseall of the objectsrelatedto the PLAF
arealreadyloadedwhenthewindow is displayed.

Figure4 shavsthenameof theclasscontainingthe main
methodin thetext field. The usercanstartrunningthe tar-
get programby pressingGadgets Start Program button.
This action startsexecutingthe programby displayinga
new window (if theprogramhasa GUI) or sendsheoutput
to theconsolefrom whereGadgetwasstarted.

After theprogramstartsrunning,theusercanbegin trac-
ing by pressinghe Begin Trace button. By doingthis, the
profiling interfacestartstracingandthetracedatais dumped
to the profile file (e.g.,seq.prof). By pressingthe Pause
Trace button,the profiler stopsgeneratinglata. This option
is usefulwhenthe userwantsto analyzeprogramfeatures
oneatatime.

4.2. Step 2: Selecting Packages

Oncethe traceis performed,Gadgets analysistool is
started.Thefirst stepin theanalysidgs to selecthepackages
to beincludedin theanalysis.

Figure5 shaws a screenshoof thefirst analysisscreen.
On this screenthe userspecifiesthe profile file nameand
thenthe packagenamesto includein the analysis. Users
may specifywhich packagesreto beincludedin theanal-
ysis either manually usingthe Add and Remove buttons,

or automaticallyusing the Search button. The list in the
centerof the screenis the packages list, which shows the
selectechackagesontainingthe classedo beanalyzed.

4.3. Step 3: Selecting Classes

After selectinghepackagesthenext stepis to selecthe
classedrom the selectedpackages.By pressingthe Next
button on the Package Filtering Screen, Gadgetperforms
thefiltering of theprofile. After thefiltering is completethe
Class Filtering Screen is displayed,shaving the classes
thatparticipatedn the execution.

The screempresentedn Figure6 containstwo lists. One
containsthe selectedclassego beincludedin the analysis
andthe othercontainsthe classeshatwill beignored.

44. Step 4: Showing the Dynamic Dependency
Graph

After selectingthe classes,Gadgetdisplaysa DDG,
which representshe runtimerelationsasedgesandthe ob-
jectsasnodes.The graphis shovn in Figure7; darknodes
representlasseshatwerenotinstantiatedbut thatinteract
with objectsvia static methods,and light nodesrepresent
objectsthatwerecreatedatruntime.
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Figure 7 essentiallypresentsthe sameinformation as
Figure 3 from a runtime perspectie. The numberson
the edgesof the DDG in Figure 7 indicate the order of
the method invocationsbetweenthe objects at runtime.
For example, the JBut t on first sendsa messagéo the
Ul Manager , thentheUl Manager sendsamessagéo the
Ul Def aul t s object,andsoon. Unlike Figure3, Figure7
doesnot shav inheritancerelationsbecausehey arestatic
notdynamicrelations.

In mostcasessoftwareengineersio not have accesgo
documentatiormboutthe OO designof the systemthey are
trying to understandin theabsencef suchdocumentation,
atool suchasGadgetcan provide oneof moreDDGs that
cansene asa good startingpoint for the programunder
standingprocess.

4.5. Step 5: Performing Clustering on the DDG

By pressingthe Next button in the Class Filtering
Screen, the Clustering Screen (Figure 8) appears. Be-
fore shaving this screen,Gadgetcalls the Bund [7] tool
to clusterthe current DDG. The Bund algorithm parti-
tions the DDG so objectsthat are tightly linked via rela-
tions are groupedtogethey assuchobjectsaremorelikely
to be closely related. The algorithm also tries to mini-
mize the numberof relationsacrossclusterboundaries.In

essencethe algorithmbalanceghe tradeof betweentight
intra-clustercohesiorandlooseinter-clustercoupling.

In Figure8 the usercanseetheclustereddDG by press-
ing the View Graph button. This view shaws all of the
clustersandthe objectsandrelationsin eachcluster If the
View Cluster buttonis pressedthe classeswithin the se-
lectedclusterare displayedin the graphusingdotty. This
filtering optionis usefulwhenworking with alargenumber
of objects,whosecomplex DDG may be difficult to read.
Gadgetalsoshaows the clustersusinga directorytreerepre-
sentationwhereeachfolder in the treerepresents cluster
(seeFigure8). Usersmayshaw or hidethecontentsof each
clusterby pressingthe plus or minus sign on eachfolder
icon, respectiely.

5. Conclusions

We describedh tool called Gadgetandshaved how this
tool canbe usedto extractthe runtimestructureof OO pro-
gramswritten Java. In orderto study the PLAF feature,
we applied Gadgetto a small programthat usesa Swing
JBut t on.

The paper concludeswith the technicaland research
contritutions of this work alongwith a descriptionof this
work’s limitations, which presentopportunitiesfor future
work.
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5.1. Contributions

e Gadgetsfiltering featuredor reducingthesizeof pro-
gramexecutiontracesareessentialvhendealingwith
complex OO software. For the mostpart, thetool’sfil-
teringtechniquegake advantageof the way Java pro-
gramsareorganizednto packagesandclassesin ad-
dition to packageandclassfiltering, the tool supports
anothettypeof filtering thatenablesisergo traceindi-
vidual featuresof a programby usingGadgets Begin
Trace, Pause Trace, andEnd Trace buttons.

e Gadgetusessoftware clusteringtechniqguesto make
largedynamicstructuresnoremodularand,thus,eas-
ier to understandMost of the work on softwareclus-
tering hasbeenon clusteringstaticcodeartifactssuch
asmethodsclassesmodulesandfiles.

e Gadgefallows softwareengineerso analyzeJasa pro-
gramswithoutinstrumentinghe sourcecode.

e Gadgeis available,freeof chage,from ourwebpage.
5.2. Limitations

e Gadgetusesfiles to storetracesthus,its performance
is poorwhenlargeprofilesareanalyzed.

e Thecurrentversionof Gadgetonly runson the Win-
dows platform becausesegProf is implementedasa
Windows dynamicallylinkedlibrary.

e Gadgetonly workswith Java programs.Oneof goals
is to supportC++in thenearfuture.
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