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Abstract

AspectOrientedProgramming(AOP) is a powerful re-
�ective programmingtool. In this paper we discusshow
simpleyeteffectiveAOPconstructscanbeusedto facilitate
the processof program comprehensionon threebodiesof
code. The�r st is the Java portion of a sizablethird party
legacysystemfor manipulatingand displayingprotein se-
quencesentitled Friend. The secondis Eclipse, an open
source Java IDE. The third is Compress,a SPECJVM98
Java benchmark. We studyusesof the AspectJAOP lan-
guage to exposeboth dynamicandstatic software charac-
teristics.Examplesprovidedareactualcodeanddatafrom
our experiencere-engineeringthe Friend software but the
AOP techniquespresentedcanbeappliedtowardsanysys-
tem.

1 Intr oduction

Maintenanceof softwaresystemsinevitably relyonaun-
derstandingof the programstructure. However, it is not
uncommonfor programmersto inherit andwork with unfa-
miliar code.Therefore,a majority of softwaremaintenance
time is spentonprogramcomprehension[27].

Programcomprehensionis the processof understand-
ing a programthroughfeatureanddocumentationanalysis.
Studiesandexperiments[10] revealthat thesuccessof de-
composinga programinto effective mentalmodelsdepend
on one's generalandprogram-speci�cdomainknowledge.
While a numberof differentmodelsfor the cognitionpro-
cesshave beenproposedmostmodelsfall into oneof three
categories:top-down comprehension[21], bottom-upcom-
prehension[19], anda hybridmodel.

The top-down model is traditionally employed by pro-
grammerswith codedomain familiarity. By drawing on
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their existing domainknowledge,programmersareableto
ef�ciently reconcileapplicationsourcecodewith system
goals. The bottom-upmodelis often appliedby program-
mersworking on unfamiliar code. To comprehendthe ap-
plication, they build mentalmodelsby evaluatingprogram
code againsttheir generalprogrammingknowledge. Fi-
nally, theintegratedor hybridmodelre�ects a combination
of the previous two modelingtechniques.It is commonly
utilized for analysisof largeapplications.

Programcomprehension,especiallyfor large systems,
requirestheinspectionof aplethoraof applicationattributes
suchasdynamiccall graph,sourcecode,anddocumenta-
tion. For programswith anabundanceof classes,theorga-
nizationof theseprogramcharacteristicspresentsacomplex
problem.

Many toolsstriveto addresstheorganizationproblemby
analyzingandcategorizing the datainto meta-information
(e.g., Bauhaus[5], Taxform [7], GUPRO [14], Autocode
[25], and Rigi [26]). Tools suchas [18] also provide vi-
sualizationof differentperspectivesof theprogramandits
execution.However, today's toolsarelimited by:

� User inexperience- Studiesin programcomprehen-
sionrevealedthatexpertprogrammersspentamajority
of their time learningan unfamiliar programmingen-
vironmentratherthandecipheringthe targetprogram
itself [10].

� In�exibility - Tools provide only a �x ed set of func-
tionality thatmaynotbesuf�cient for a task.

� Limited expressiveness- A tool's ability to interpret
theuser's command.Often,a tool hasto balancebe-
tweeneaseof useandexpressiveness[20]. That'swhy
someexpertsprefer powerful text basedtools rather
thansimpleto usevisualtools.

We proposethe use of Aspect-OrientedProgramming
(AOP) [9] as a programcomprehensiontool. AOP is a
new programmingparadigmthatallows cross-cuttingcon-
cernsto bemodularized[17]. Weshow how aspectsprovide

1



programmerswith a methodologyto rapidly andeasilyre-
verseengineersoftwareinto understoodmodels. Program
compile-andrun-timere�ection usingAOP[11, 12] bene-
�t from anextremely�e xible yetsimplelanguageconstruct
absentfrom many of today'spro�ling tools.

We discussAspectJ[15, 8], themainstreamJava imple-
mentationof AOP, as a programunderstandingtool. We
show that fundamentalterms of the language(e.g., join
point, advice, pointcut) allow programmersto easily ex-
pressrequestsfor dynamicprogrammetadata. We illus-
tratesimpleyetpowerful aspectsthatexpose,�lter , andde-
tail a programcall graphextensively. Furthermore,we ex-
plorecompile-timeaspectsfor staticprogrambrowsing.We
assertthat compile-timeaspectsarepracticalfor solvinga
numberof tasks,suchasorphanedor “dead” codeidenti-
�cation andclasshierarchyanalysis.We believe thatAOP
methodscanbeeasilyadaptedbyexperiencedprogrammers
whodesiremoreinsightinto a program'sexecution.

Our choiceof AOP as a programcomprehensiontool
wasmotivatedby thefollowing reasons:

� Userlanguagefamiliarity - TheAOPlanguageis nor-
mally implementedasan extensionto a baseobject-
orientedlanguage.As a result,theprogrammer/main-
tainerof anapplicationbene�t from asimilar language
syntax.

� Flexibility - AOP providesthe userwith total control
over an aspectpro�ler. Unlike other programming
tools, programmerscan tailor the pro�ling aspectas
they see�t. For instance,anaspectualpro�ler canbe
programmedto gatheronly targetedinformation.

� Expressiveness- In addition to beinghighly �e xible,
AspectJallows usersto easily target data in both a
staticanddynamicprogramenvironment.

1.1 Outline

In Section2, weelaborateonourthreetestcases.In Sec-
tion 3, we considerhow bestto applycompile-timeaspects
to performmaintenanceandreverseengineeringtasks. In
Section4, we show how AspectJcanbeusedto exposethe
dynamiccall graphof a program.We provide examplesof
simpleaspectsthatallow programmersto re�ect, �lter and
selectrun-timeinformation.

2 CaseStudies

This paperreportson usingaspectualcomprehensionto
understandthreebodiesof code.The�rst is theJavaportion
of a legacy systemcalled Friend. The secondis Eclipse,
an opensourceJava IDE. The third is Compress,a SPEC
JVM98Java benchmark.

2.1 The Friend System

Friend is an integratedanalyticalfront-endapplication
for bioinformatics. The high level software diagramof
Friendis shown in Figure1. Friendwasdesignedto aidsci-
entistsvisualizeprotein interactionsalong multiple align-
ments,domains,fragments,andbindingsitesin a3-D envi-
ronment[1].
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Figure 1. The Friend Software

The Friend systemevolved from the synergy between
two separatebiologyanalysistools:Jalview (Java)andSky-
mol (C++). Thesoftwarefoundationfor Friendwaswritten
in theearly1990sandhasbeenmaintainedby variouspro-
gramminggroupsduringits lifetime. With little to no doc-
umentation,theFriendprogramis a classicalexampleof a
legacy productthat is dif�cult to maintainandalmostim-
possibleto evolve. Our initial knowledgeof theFriendJava
codeis summarizedin Table1.

To helpusbetterunderstandFriendwe usedAspectJ.

2.2 Eclipse

Eclipseis anextendiblesoftwareintegrateddevelopment
environment(IDE). Third party visual (i.e., views, menus,
propertypages,etc.) andnon-visual(i.e., builders,compil-
ers,etc.) componentsinteractwith theEclipseapplication

Package/Dir �les classes codelines
jalview 138 140 26742
jalview.parsers 20 40 3550
aliface 11 16 8341
friendMain 3 5 380
friendmenu 35 79 3937
friendcommon 4 5 290
friendblast 27 39 3389
libJMF 14 14 1757
TOTAL 255 338 48386

Table 1. TheFriendsystem
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programmer'sinterface(API) to augmenttheIDE function-
ality.

Although the Eclipsearchitectureis well-designedand
containsa featurerich API, thesystemandits interfaceare
not suf�ciently documented.As a result, developersrou-
tinely studyexisting plug-in sourcecodeto augmenttheir
EclipseIDE programmingpro�ciency.

We utilized aspectualcomprehensiontechniquesin the
developmentof plug-ins for Eclipse. In our testcase,the
DAJ plug-in introducestheDemeterJtraversallanguage[4]
to theIDE. Thecentralcomponentof theplug-in is theDAJ
projectbuilder. To understandhow Eclipsebuildersareim-
plemented,westudiedtheexistingEclipseAspectJplug-in.
Due to the plug-in's entangledcodehowever, sourcecode
analysisdid not yield compelling results. To further fa-
cilitate the understandingprocess,we employed the AOP-
basedcomprehensionstrategy discussedin Section3 and
Section4. Using run-time and compile-timeaspectswe
managedto reverseengineerthe builder architectureand
successfullycompleteda preliminary versionof our DAJ
plug-in. Our DAJ resultswill be detailedin an upcoming
researchpaper.

2.3 Compress­ A Java Benchmark

Compressis a Java applicationthat is part of theSPEC
JVM98benchmarksuite.It is basedonamodi�ed Lempel-
Ziv compressionmethod(LZW) thatreplacecommondata
substringswith variablesizecode[24]. In JVM98, Com-
pressis executedon a variety of testdata�les andthe to-
tal benchmarkrun-timeis recorded.TheCompressresults
factorinto theoverallSPECJVM98performancemeasure-
ment.

The execution characteristicsof the SPEC JVM98
benchmarkshave beenwell studied[3]. However, program
understandingis moreeasilydeducedfrom the program's
structureand methodinteractionsthan from its low-level
instructions. We useddynamicandstatic aspectualcom-
prehensiontechniquesto decipherthe inner framework of
Compress.
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OutputBuffer
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Figure 2. Compress Call Hierarchy

Listing 1. Segment of Compress Call Graph
1 ...
2 execution ( void _201_compress . Code_Table . set

( int , int )
3 execution ( void _201_compress . Compressor .

Hash_Table . set ( int , int )
4 execution ( int _201_compress . Input_Buffer .

getbyte ()
5 execution ( int _201_compress . Compressor .

Hash_table . of ( int )
6 execution ( void _201_compress . Output_Buffer .

Output ( int )
7 execution ( void _201_compress .

Output_Buffer . putbyte ( int )
8 ...

Figure 2 detailsthe classinteractionsin the Compress
application.Call sites,discussedin moredetailin Section3
track the inter-dependenciesbetweenclasses.In Figure2
for example,theCompress classat compiletime calls the
Code_Table seventimes.

Aspectsalso allow the programmerto capturethe dy-
namic call graph of the target program. A segment of
theCompresscall graphbehavior capturedby an aspectis
shown in Listing 1.

From the call graph, it is evident by the sequenceof
methodscalls that the Compressalgorithm is updating
its code and hashtablesas it compressesdata from the
Input_Buffer . Afterwards,thecompresseddatais stored
in theOutput_Buffer . OncetheOutput_Buffer is full,
the Output_Buffer putbytemethodis executedto drain
thebuffer data.

3 Static Analysis

AspectJallows compile-timeaspectswhich can raise
textual warningsor a compile error if targetedprogram
characteristicsarefound in thecode.This powerful mech-
anismcanextract importantinformationfrom theprogram
source.

3.1 Identifying Orphanedor “Dead” Code

Legacy systemsthataremaintainedandextendedby var-
iousprogrammers,usuallycontaina signi�cant percentage
of orphanedor “dead” code.These“dead” piecescontam-
inateclassinterfaceswith multiple unusedmethods.Iden-
ti�cation of obsoletemethodsis no easytaskandoftenre-
quiresextensiveanalysisof thesystemcode.

Oneof the Friend interfaces,jalview . Sequence de-
�nes a basicresiduesequenceabstractionthat is the foun-
dation of all datatypessuchas RNA, Amino Acids, and
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Micro-arraysin the Friendsystem. The interfaceinitially
de�ned 120methods.To locatethemethodsusedby client
classesandthoseunemployed,wecreatedthecompile-time
aspectshown in Listing 2.

Listing 2. Aspect SequenceClients
1 package aspects ;
2 aspect SequenceClients {
3 pointcut Scope (): ! within ( aspects ..*) &&
4 ! within ( jalview . Sequence +) ;
5 pointcut profile (): Scope () &&
6 call (* jalview . Sequence .*(..) );
7 declare warning : profile () : " Sequence

method call " ;
8 }

The aspect detects all call sites to the
jalview . Sequence interface used by its clients (not
implementors). Eachencounteredcall site event prints a
messagesimilar to theoneshown in Listing 3.

Listing 3. Call Site Event
1 [ ajc ] ../ jalview / AlignFrame . java :555:68:
2 Sequence method call ( warning )
3 [ ajc ] String newstr = AlignSeq . extractGaps (
4 " " , ap. align . ds [ i ]. getSequence ()) ;

Usingtheresultsgatheredfrom thecompile-timeaspect,
we identi�ed and safely removed 50 unusedSequence
methodsoutof 120.

In addition,trackingthemethodusageoutputallows the
detectionof programhot spotsthatcanbelatersingledout
for optimization.

3.2 Identifying ClassScope

Besides interface cleaning, aspects similar to the
SequenceClients aspectcanbe usedto reveal the class
scopewithin thesystem,i.e., list of classclients.Moreover,
compile-timeaspectsalsoillustratethedegreeof coupling
betweenan interfaceandeachof its clients. For example,
theSequenceClients aspectrevealedthattheinterfaceis
usedby 54 classesin 5 systempackagesin 607 call sites.
However, only 8 packagesaretightly coupledwith the in-
terface.Theotherpackagescontainlessthan20 (mostless
than9) call sitestargetingSequence (Table2).

The SequenceClients aspectexposesthe Sequence
classclientsandallowstheprogrammerto evaluatethecost
of its maintenance.Themoreclientsa classhas,themore
expensive it is to maintain. On the contrary, if a classhas
few clients,thedecisionto change,remove,or augmentthe
classcanbemoreeasilyevaluated.

Client class Call sites

aliface.SkyInterface 81
jalview.Alignment 70
jalview.SeqPanel 49
jalview.parsers.MSPFile 38
jalview.AlignFrame 36
jalview.DrawableAlignment 33
jalview.JnetCGI 29
jalview.AlignmentPanel 22

OTHERS 121
TOTAL 607

CLIENT CLASSES 54

Table 2. TheSequence clients

3.3 Subtyping Relations

Compile-timeaspectscanalsobeutilizedin categorizing
subtyperelations.Considertheaspectin Listing 4.

Listing 4. Aspect SequenceClasses
1 package aspects ;
2 aspect SequenceClasses {
3 pointcut jps (): staticinitialization (

jalview . Sequence +) ;
4 declare warning : jps () : " Warning " ;
5 }

TheSequenceClasses aspectprovidesa list of imple-
mentorsandsub-interfacesof the jalview . Sequence in-
terface.This informationis crucial to determinehow many
classeswill be affectedby an “interfacecleaning” opera-
tion. The outputdetailedbelow illustrateshow the Friend
applicationcontainedvery few Sequence implementors.
Therefore,modi�cationsto theSequence codecanbeeas-
ily navigated.

1 [ ajc ] jalview / BinarySequence . java :24:1:
2 [ ajc ] public class BinarySequence
3 [ ajc ] jalview / DrawableSequence . java :9:1:
4 [ ajc ] public class DrawableSequence
5 [ ajc ] jalview / MSPSequence. java :24:1:
6 [ ajc ] public class MSPSequence extends

DrawableSequence {
7 [ ajc ] jalview / ScoreSequence . java :7:1:
8 [ ajc ] public class ScoreSequence extends

DrawableSequence {
9 [ ajc ] jalview / Sequence_impl . java :8:1:

10 [ ajc ] public class Sequence_impl
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4 Dynamic Analysis

To understandthestructurehierarchyof a program,the
control�o w of thesystemcanbeextractedfrom itsdynamic
call graph[19]. In general,programexecutionis normally
orthogonalto the programstructure:a singletaskusually
cross-cutsor traversesmultiple programmodules. By in-
voking usercon�gured join pointsandpoint cuts,AOPre-
�ection is effective in exposingtheprogram'scross-cutting
behavior.

Sourcecodeanalysisis oftenemployedby programmers
to constructaprogramcall graph.By mentally“executing”
thesoftwarecode,theprogrammercangenerateacomplete
runtimepictureof small programinstances.However, the
amountof information a programmercan simultaneously
processseverely restrictsthe targetcodesize. For medium
andlarge-sizedsystemswhich includestheFriendsystem,
dynamiccall graphgenerationis taskedto automatedpro�l-
ing methods.Pro�ling mechanismsprovideusefulabstrac-
tion of the sourcecodeby re�ecting the methodsthat are
actuallyexecutedin real-time.

4.1 Pro�ling

Pro�ling and logging are two well-known examplesof
AOPuses[15, 8]. AspectJ,themainstreamAOPextension
for Java, providesaneasyway to exposeprogramruntime
attributes.ConsidertheDynProf aspectweusedto monitor
andcreateanapplication'sdynamiccall graph(Listing 5).

TheDynProf aspectpro�les join pointsselectedby the
profile pointcut,whichencapsulatesall methodandcon-
structorexecutionsoutsidetheaspects packageandsub-
packages.By eliminatingpro�ling in the aspects pack-
age,we limit the pro�le tracedatato only includeevents
in the target programenvironment. As a result,our trace
datais moreconciseandprogramexecutionis unimpeded
by super�uousdatamonitoring.Thearound advicespeci-
�es pro�ling logic to execute“around” theprofile point
cut. In our case,the level instancevariable is usedto
keeptrack of the currentmethodlevel in the call graph.
Logging is provided by the log methodwhich converts
thisJoinPoint and level argumentsinto a string rep-
resentationbeforecommitmentinto thelog.

Although simple, the DynProf aspectactively con-
structsthecontrol�o w of theexecutingsystemandpresents
the userwith all targetedclassmethodexecutionsin real
time. In a GUI applicationsuchasFriend,realtime report-
ing is usefulin correlatingprogramcodeto usereventssuch
asmenuandmouseinteractions.

Theoutputof theaspect,however, is problematicto read.
Loopsin theprogramexecutionproducea largenumberof
log messages.While contributing little to theprogramun-
derstanding,theserepetitiousmessagesseverelyhinderout-

Listing 5. Aspect DynProf
1 package aspects ;
2 public aspect DynProf {
3 pointcut Scope (): ! within ( aspects ..*) ;
4 pointcut profile (): Scope () &&
5 ( execution (*. new(..)) || execution

(* *(..) ) );
6 private int level =0;
7

8 Object around () : profile () {
9 level ++;

10 log ( thisJoinPoint , level );
11 Object result = proceed ();
12 level --;
13 return result ;
14 }
15

16 void log ( JoinPoint jp , int level ) {
17 String message = " " ;
18 while ( level >0) {
19 message =message+" " ;
20 level --;
21 }
22 message = message+jp . toString ();
23 System . out . println ( message );
24 }
25 }

put readability. For example,a singleopen�le operationin
Friendproduceda 18 MB log �le containing17.7 MB of
loop-generatedmessages.

4.2 Filtering

Thereadabilityof thecall graphcanbeimprovedby �l-
teringtheloop output.Loopscanbeeasilyidenti�ed in the
log �le by their repeatingoutputmessagespattern.For ex-
ample,the�le openoperationoutputdiscussedearlierpro-
ducedtwo distinctpatterns:

Listing 6. File Open Pattern A
1 ...
2 public String Sequence_impl . getSequence ()
3 public void DrawableSequence .

setResidueBoxColour ()
4 ...

Pattern A is created by the control �o w loop
of the public DrawableSequence ( Sequence )
constructor. Pattern B is contained within the
jalview . Alignment . findQuality ( int , int )
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Listing 7. File Open Pattern B
1 ...
2 public int Alignment . maxLength ()
3 public int DrawableSequence . length ()
4 public int Sequence_impl . length ()
5 public String DrawableSequence . getSequence

()
6 public String Sequence_impl . getSequence ()
7 public String DrawableSequence . getSequence

()
8 public String Sequence_impl . getSequence ()
9 ...

method.
Control �o w loopsareaninevitableconsequenceof any

structuredprogram. As such,we proposean elegantand
ef�cient solutionto the loggingproblemusingAspectJ�l-
tering.

Listing 8. Aspect DynProf (Revised)
1 public aspect DynProf {
2 pointcut profile () : Scope () &&
3 ( execution (*. new(..) ) ||
4 execution (* *(..) )) &&
5 ! cflowbelow (
6 execution ( jalview . DrawableSequence . new

(..) ) ||
7 execution ( void jalview . Alignment .

findQuality ( int , int ) ))
8 ...
9 }

Thecflow andcflowbelow pointcutdesignatorsallow
the programmerto specifysubtreesof the call graph(i.e.
loops)to be avoided. Additional �ltering canbe enforced
by specifyingextra conditionsin the profile () pointcut
de�nition.

Thepower and�e xibility of AspectJalsoallows for au-
tomaticloop �ltering by trackingthe numberof execution
of eachclassmethodvia aspectualre�ection [11, 12]. The
pro�ling aspectcanthenomit theinclusionof themethod's
signaturefrom thecontrol�o w log.

4.3 SelectivePro�ling

The DynProf aspect can be improved by avoid-
ing pro�ling loops. In our case, by bypassingloops,
our log �le size decreasedfrom 18 MB to 300 KB.
Similar techniquescan also be used to achieve selec-
tive pro�ling. AspectJ allows programmersto focus
on points of interest in the call graph by specifying
additional conditions in the profile () pointcut def-
inition. For example, to pro�le the control �o w of the

aliface . SkyInterface . executeOneCommand ( String )
methodwewrite:

1 pointcut profile (): Scope () &&
2 cflow (* aliface . SkyInterface .

executeOneCommand ( String )) ;

In general,the pointcut designatorssupportedby As-
pectJallow for a veryprecisepro�le targetingmechanism.

5 RelatedWork

5.1 Curr ent Pro�ling Techniques

A majorityof existingJava pro�ling applicationsinvoke
a customizedinstrumentedJava Virtual Machine(JVM) or
the experimentalJava Virtual Machine Pro�ler Interface
(JVMPI) to gatherprogramruntimeattributes[23]. Each
of thesepro�ling techniquesareeffective but not without
their limitations.

Results

Trace
Class
Files

Java

Machine
Java Virtual
Instrumented

Figure 3. Instrumented Java Vir tual Machine

InstrumentedJVMs,asshown in Figure3,areusermodi-
�ed virtual machinesthatgeneratespecialeventsat targeted
programpoints[6]. For instance,a byte-codeinstrumented
JVM cancreatemethodentry andexit eventsto track oc-
currencesin a programexecution.

By default, instrumentedJVMs arecumbersomedueto
their requiredinclusionin eachpro�ling tool instance[23].
They arealso limited in con�guration due to their highly
customizednature.An unsupportedpro�le featurerequires
the JVM to be painstakinglyalteredand recon�guredfor
theaddition.

Front-end
Pro�lerPro�ler

AgentJavaVirtual
Machine

JVMPI

Instrumented

Control

Events

Figure 4. Java Vir tual Machine Pro�ler Inter ­
face

6



SunMicrosystem'supcomingJVMPI mechanismwhich
is integratedinto all SunJDKsversion1.2andabove,pro-
videsa standardJava pro�ling structure[22]. TheJVMPI,
shown in Figure4, consistsof two parts- 1) apro�ler agent
and 2) a pro�ler front-end. The pro�ler agentis a user-
createdJavaapplicationthatinterfaceswith thebuilt-in pro-
�ling “hooks” in the Java Virtual Machine. The pro�ler
agentinstructstheJVM onpro�le eventtypesandtimesac-
cordingto userspeci�cationsdelegatedthroughthepro�ler
front-end.Thepro�ler front-endalsohandlesandmanipu-
latesthedatacapturedby thepro�ler agent.

JVMPI pro�ling takesanall or nothingapproachto data
tracestriggeredby userspeci�ed events[2]. For example,
the JVMPI will captureall classmethodentriesand ex-
its duringa METHOD ENTERor METHOD EXIT event,
eventhoughtheuseris only interestedin a particularclass
methodbehavior. It is left to thepro�ler agent's front end
to remove irrelevantdataamongthemassof results.Also,
sincetheJVMPI interfaceis a integral partof theSunMi-
crosystems'JVM, useralterationsto theJVMPI to support
new functionalitysuchasnew eventtypesarenotallowed.

Java Virtual
Machine

Files
Aspect

Standard
User
Java
Files

AspectJJava

Target
Results

Figure 5. Aspect Pro�ling Framework

AOP, shown in Figure 5, bypassesthe limitations of
an instrumentedJVM and Sun's JVMPI by integrating a
highly-con�gurablelanguagepro�ling mechanismwith di-
rectaccessto a program'senvironment.

5.2 AspectualRe�ection andUnpluggingCompo­
nentsusingAspects

In the processof understandingand re-engineeringthe
Friendsoftware, we are also applyingAOP techniquesto
dynamicallyidentify systemdesignissues.It is our goal to
re-engineerFriendto bemorestructuredandmaintainable.

By utilizing aspectualre�ection [11, 12, 16] to support
pro�ling methodsand by selectively unpluggingcompo-
nentsusingaspects[13], wehavethetoolsto pro�le beyond
traditionalJavacorere�ection andthecapabilityto perform
controlledrefactoringof legacy code.In additionto theim-
mediatebene�tsobtainedby improvingaparticularbodyof
code,theapplicationof aspectsto programcomprehension
advancestheunderstandingof AOPin which bothsuccess
andfailureyield importantlessons.

6 Conclusion

In this paper, we showed how AOP can be effectively
usedfor bothdynamicandstaticprogramanalysis.

The resultsof our aspectualcomprehensiontechniques
aretext basedfor simplicity andquick utilization. Further
work canbedoneto processtheresultsinto amorevisually
appealingpresentationif desired.

Aspect OrientedProgrammingprovides the following
advantages:

� Expressiveness.AspectJis essentiallya behavioral re-
�ection tool thatcanbeeasilyadaptedto exposeapro-
gram'sdynamicexecutionpro�le. AOP's fundamental
languagecomponent,a join point, canbeviewedasa
program's instructionevaluationabstraction.Evalua-
tionssuchasmethodcalls,�eld accesses,methodbody
evaluations(execution),andobjectinitializations,can
be monitoredand analyzedwith almostunrestricted
visibility via thejoin point model.

� Crosscutting. AOP's �e xibility is due to the pro-
grammableaspectpointcutdesignators.Pointcutdes-
ignatorsempower programmersto selectively target
classesand methodsof interest in a program's call
graph. As a result,the readabilityof thepro�ler out-
put increasesdueto theabsenceof irrelevanttracedata
which leadsto a deeperandquicker understandingof
theprogram.

� Programmer-oriented.Most of all, theAOPlanguage
is within the samelanguagedomainas the program
beingstudied.For instance,aspectswoveninto a Java
applicationarecreatedin the Java languagewith As-
pectJ.A pro�ler programmedin the samelanguage
constructasa target applicationallows the maintain-
er/programmerto utilize their codingexpertisein the
pro�ler learningprocess.On the contrary, visualiza-
tion tools that utilize non-standardprotocolsanddif-
ferentlanguagedomainsoftenrequireexperienceand
specialskills to beusedef�ciently .

Experiencedprogrammersshouldalsoappreciatethein-
timateaccessto a program's underlyingcodevia AOP re-
�ection thatotherpro�ling methodologieslack.
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