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Abstract

AspectOriented Programming(AOP) is a powerfulre-
ective programmingtool. In this paperwe discusshow
simpleyeteffectiveAOP constructanbeusedto facilitate
the processof program compehensioron three bodiesof
code The r stis the Java portion of a sizablethird party
legacy systenfor manipulatingand displayingprotein se-
guencesentitled Friend. The secondis Eclipse an open
souice Java IDE. Thethird is Compess,a SPECJVM98
Java bendimark. We studyusesof the AspectJAOP lan-
guage to exposeboth dynamicand static softwae charac-
teristics. Examplegprovidedare actualcodeand datafrom
our experiencere-engineeringhe Friend softwae but the
AOP techniquespresentedan be appliedtowards any sys-
tem.

1 Intr oduction

Maintenancef softwaresystemsnevitably rely onaun-
derstandingof the programstructure. However, it is not
uncommorfor programmerso inheritandwork with unfa-
miliar code.Therefore a majority of softwaremaintenance
time is spenton programcomprehensiof27].

Programcomprehensioris the processof understand-
ing a programthroughfeatureanddocumentatioranalysis.
Studiesandexperimentq10] revealthatthe succes®f de-
composinga programinto effective mentalmodelsdepend
on one's generaland program-speci cdomainknowledge.
While a numberof differentmodelsfor the cognitionpro-
cesshave beenproposednostmodelsfall into oneof three
catgyories:top-davn comprehensiof21], bottom-upcom-
prehensionj19], anda hybrid model.

The top-dovn modelis traditionally employed by pro-
grammerswith code domainfamiliarity. By drawing on
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their existing domainknowledge,programmersre ableto

efciently reconcileapplicationsourcecodewith system
goals. The bottom-upmodelis often appliedby program-
mersworking on unfamiliar code. To comprehendhe ap-
plication, they build mentalmodelsby evaluatingprogram
code againsttheir generalprogrammingknowledge. Fi-

nally, theintegratedor hybrid modelre ects a combination
of the previous two modelingtechniques.It is commonly
utilized for analysisof large applications.

Programcomprehensiongspeciallyfor large systems,
requiresheinspectiorof aplethoraof applicationattributes
suchasdynamiccall graph,sourcecode,and documenta-
tion. For programswith anabundanceof classesthe orga-
nizationof theseprogramcharacteristicpresentacomple
problem.

Many toolsstriveto addressheorganizatiorproblemby
analyzingand categorizing the datainto meta-information
(e.g., Bauhaug5], Taxform [7], GUPRO [14], Autocode
[25], andRigi [26]). Tools suchas[18] also provide vi-
sualizationof differentperspectiesof the programandits
execution.However, today'stoolsarelimited by:

User inexperience- Studiesin programcomprehen-
sionrevealedthatexpertprogrammerspentamajority

of their time learningan unfamiliar programmingen-

vironmentratherthan decipheringthe target program
itself [10Q].

In exibility - Tools provide only a x ed set of func-
tionality thatmaynot be sufcient for atask.

Limited expressiveness A tool's ability to interpret
the users command.Often, a tool hasto balancebe-
tweeneaseof useandexpressvenes$20]. That'swhy
someexperts prefer powerful text basedtools rather
thansimpleto usevisualtools.

We proposethe use of Aspect-OrientedProgramming
(AOP) [9] as a programcomprehensioriool. AOP is a
new programmingparadigmthatallows cross-cuttingcon-
cernsto bemodularized17]. We shav how aspectgrovide



programmersvith a methodologyto rapidly andeasilyre-
verseengineersoftware into understoodnodels. Program
compile-andrun-timere ection usingAOP[11, 12] bene-
t from anextremely e xible yetsimplelanguageconstruct
absenfrom mary of today's pro ling tools.

We discussAspectJ15, 8], the mainstreanlava imple-
mentationof AOR as a programunderstandingool. We
shav that fundamentalterms of the language(e.g., join
point, advice, pointcut) allow programmerdo easily ex-
pressrequestdor dynamicprogrammetadata. We illus-
tratesimpleyet powerful aspectshatexpose, Iter , andde-
tail a programcall graphextensvely. Furthermoreywe ex-
plorecompile-timeaspectgor staticprogrambrowsing. We
asserthat compile-timeaspectsare practicalfor solvinga
numberof tasks,suchasorphanedor “dead” codeidenti-
cation andclasshierarchyanalysis.We believe that AOP
methodsanbeeasilyadaptedy experiencegrogrammers
who desiremoreinsightinto a programs execution.

Our choice of AOP as a programcomprehensiorool
wasmotivatedby thefollowing reasons:

Userlanguage familiarity - The AOP languages nor-
mally implementedas an extensionto a baseobject-
orientedlanguage As a result,the programmer/main-
tainerof anapplicationbene t from asimilarlanguage
syntax.

Flexibility - AOP providesthe userwith total control
over an aspectpro ler. Unlike other programming
tools, programmersan tailor the pro ling aspectas
they seet. Forinstanceanaspectuapro ler canbe
programmedo gatheronly targetedinformation.

Expressiveness In additionto beinghighly e xible,
AspectJallows usersto easily target datain both a
staticanddynamicprogramervironment.

1.1 Outline

In Section?, we elaboraten ourthreetestcasesin Sec-
tion 3, we considethow bestto apply compile-timeaspects
to performmaintenancendreverseengineeringasks. In
Section4, we shov how AspectJcanbe usedto exposethe
dynamiccall graphof a program.We provide examplesof
simpleaspectghatallow programmergo re ect, Iter and
selectrun-timeinformation.

2 CaseStudies

This paperreportson usingaspectuatomprehensioto
understanthreebodiesof code.The rst istheJavaportion
of alegag/ systemcalled Friend. The secondis Eclipse,
an opensourceJava IDE. The third is Compressa SPEC
JVM98 Java benchmark.

2.1 The Friend System

Friendis an integratedanalyticalfront-endapplication
for bioinformatics. The high level software diagram of
Friendis shavn in Figurel. Friendwasdesignedo aid sci-
entistsvisualize protein interactionsalong multiple align-
ments,domainsfragmentsandbindingsitesin a 3-D envi-
ronment1].
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Figure 1. The Friend Software

T

SQLDBs

The Friend systemevolved from the synegy between
two separatdiology analysigools: Jalviev (Jara) andSky-
mol (C++). Thesoftwarefoundationfor Friendwaswritten
in the early 1990sandhasbeenmaintainecby variouspro-
gramminggroupsduringits lifetime. With little to no doc-
umentationthe Friendprogramis a classicalexampleof a
legag/ productthatis dif cult to maintainandalmostim-
possibleto evolve. Ourinitial knowledgeof the FriendJava
codeis summarizedn Tablel.

To helpusbetterunderstandrriendwe usedAspectJ.

2.2 Eclipse

Eclipseis anextendiblesoftwareintegrateddevelopment
ervironment(IDE). Third party visual(i.e., views, menus,
propertypagesegtc.) andnon-visual(i.e., builders,compil-
ers, etc.) componentsnteractwith the Eclipseapplication

| 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



programmessinterface(API) to augmenthelDE function-
ality.

Although the Eclipsearchitectures well-designedand
containsa featurerich API, the systemandits interfaceare
not sufciently documented.As a result, developersrou-
tinely study existing plug-in sourcecodeto augmentheir
EclipselDE programmingpro ciency.

We utilized aspectuatomprehensiotiechniquesn the
developmentof plug-insfor Eclipse. In our testcase,the
DAJ plug-inintroduceghe Demeterdraversallanguagd4]
tothelDE. Thecentralcomponenbf theplug-inis theDAJ
projectbuilder. To understandhow Eclipsebuildersareim-
plementedye studiedthe existing EclipseAspectlug-in.
Dueto the plug-in's entangleccodehowever, sourcecode
analysisdid not yield compellingresults. To further fa-
cilitate the understandingrocessywe employed the AOP-
basedcomprehensiostratgy discussedn Section3 and
Section4. Using run-time and compile-timeaspectswve
managedo reverseengineerthe builder architectureand
successfullycompleteda preliminary versionof our DAJ
plug-in. Our DAJ resultswill be detailedin an upcoming
researctpaper

2.3 Compress- A Java Benchmark

Compessis a Java applicationthatis part of the SPEC
JVM98benchmarlsuite.lt is basecdbnamodi ed Lempel-
Ziv compressiomethod(LZW) thatreplacecommondata
substringswith variablesize code[24]. In JVM98, Com-
pressis executedon a variety of testdata les andthe to-
tal benchmarkun-timeis recorded.The Compessresults
factorinto the overall SPECIVM98 performanceneasure-
ment.

The execution characteristicsof the SPEC JVM98
benchmark$ave beenwell studied[3]. However, program
understandings more easily deducedrom the programs
structureand methodinteractionsthan from its low-level
instructions. We useddynamic and static aspectuaktom-
prehensiortechniquedo decipherthe inner framework of
Compess
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Figure 2. Compress Call Hierarchy
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Listing 1. Segment of Compress Call Graph

execution (void _201 _compress . Code_Table . set
(int ,int )
execution (void _201_compress . Compressor .
Hash_Table . set (int ,int )
execution (int _201_compress . Input_Buffer
getbyte ()
execution (int _201_compress . Compressor .
Hash_table . of (int )
execution (void _201_compress . Output_Buffer
Output (int )
execution  (void _201 _compress .
Output_Buffer . putbyte (int )

Figure 2 detailsthe classinteractionsin the Compess
application.Call sites,discussedn moredetailin Section3
track the inter-dependenciebetweenclasses.In Figure 2
for example,the Compress classat compiletime callsthe
Code_Table seventimes.

Aspectsalso allow the programmerto capturethe dy-
namic call graph of the target program. A segment of
the Compesscall graphbehaior capturedby an aspects
shavnin Listing 1.

From the call graph, it is evident by the sequenceof
methodscalls that the Compressalgorithm is updating
its code and hashtablesas it compresseslatafrom the
Input_Buffer . Afterwardsthecompressedatais stored
in theOutput_Buffer . OncetheOutput_Buffer  is full,
the Output_Buffer  putbytemethodis executedto drain
the buffer data.

3 Static Analysis

AspectJallows compile-time aspectswhich can raise
textual warningsor a compile error if targeted program
characteristicarefoundin the code. This powerful mech-
anismcanextractimportantinformationfrom the program
source.

3.1 Identifying Orphanedor “Dead” Code

Legacgy systemghataremaintainecandextendedoy var-
ious programmersysuallycontaina signi cant percentage
of orphanedr “dead” code. These‘dead” piecescontam-
inate classinterfaceswith multiple unusedmethods.lden-
ti cation of obsoletemethodss no easytaskandoftenre-
guiresextensie analysisof the systemcode.

One of the Friendinterfaces jalview . Sequence de-

nes a basicresiduesequenceabstractiorthatis the foun-
dation of all datatypessuchas RNA, Amino Acids, and



Micro-arraysin the Friend system. The interfaceinitially
de ned 120methods.To locatethe methodsusedby client
classesandthoseunemplged,we createdhe compile-time
aspecshawn in Listing 2.

Listing 2. Aspect SequenceClients

1| package aspects ;
2| aspect  SequenceClients {
3| pointcut Scope(): !within (aspects .*) &&
4 I'within  (jalview . Sequence +);
s| pointcut profile (): Scope() &&
6 call (* jalview . Sequence .*(.) );
7| declare warning : profile () : "Sequence
method call ";
s}
The aspect detects all call sites to the

jalview . Sequence interface used by its clients (not
implementors). Eachencounteredall site event prints a
messagsaimilarto theoneshawn 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 () ;

Usingtheresultsgatheredrom thecompile-timeaspect,
we identi ed and safely removed 50 unusedSequence
methodsut of 120.

In addition,trackingthe methodusageoutputallows the
detectionof programhot spotsthatcanbe later singledout
for optimization.

3.2 Identifying ClassScope

Besides interface cleaning, aspects similar to the
SequenceClients  aspectcanbe usedto revealthe class
scopewithin thesystemj.e., list of classclients.Moreover,
compile-timeaspectalsoillustratethe degreeof coupling
betweenan interfaceandeachof its clients. For example,
theSequenceClients  aspectevealedthattheinterfaceis
usedby 54 classesn 5 systempackagesn 607 call sites.
However, only 8 packagesretightly coupledwith thein-
terface. The otherpackagesontainlessthan20 (mostless
than9) call sitestargetingSequence (Table2).

The SequenceClients
classclientsandallows theprogrammeto evaluatethe cost
of its maintenanceThe moreclientsa classhas,the more
expensve it is to maintain. On the contrary if a classhas
few clients,thedecisionto changeremove, or augmenthe
classcanbe moreeasilyevaluated.

aspectexposesthe Sequence
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| Clientclass | Callsites]
aliface.SklInterface 81
jalview.Alignment 70
jalview.SegRnel 49
jalview.parsers.MSPFile 38
jalview.AlignFrame 36
jalview.DrawableAlignment 33
jalview.JnetCGl 29
jalview.AlignmentRanel 22

| OTHERS | 121 ]

| TOTAL | 607 ]

| CLIENT CLASSES | 54 |

Table 2. TheSequence clients

3.3 Subtyping Relations

Compile-timeaspect&analsobeutilizedin cateyorizing
subtyperelations.Considertheaspecin Listing 4.

Listing 4. Aspect SequenceClasses

package aspects ;

aspect SequenceClasses {
pointcut jps ():  staticinitialization (
jalview . Sequence +) ;
declare  warning : jps () : "Warning ";
}

The SequenceClasses aspecprovidesalist of imple-
mentorsandsub-interbcesof thejalview . Sequence in-
terface.This informationis crucialto determinehow mary
classeswill be affectedby an “interface cleaning” opera-
tion. The outputdetailedbelow illustrateshow the Friend
applicationcontainedvery few Sequence implementors.
Thereforemodi cationsto the Sequence codecanbeeas-
ily navigated.

/ BinarySequence . java :24:1:

class BinarySequence

/ DrawableSequence . java :9:1:

class DrawableSequence

[ajc ] jalview [ MSPSequence. java :24:1:

[ajc ] public class MSPSequence extends
DrawableSequence  {

[ajc ] jalview [/ ScoreSequence .java :7:1:

[ajc ] public class ScoreSequence extends
DrawableSequence  {

[ajc ] jalview [/ Sequence_impl .java :8:1:

[ajc ] public class Sequence_impl

[ajc ] jalview
[ajc ] public
[ajc ] jalview
[ajc ] public




4 Dynamic Analysis

To understandhe structurehierarchyof a program,the
control o w of thesystencanbeextractedirom its dynamic
call graph[19]. In generalprogramexecutionis normally
orthogonalto the programstructure: a single task usually
cross-cutsor traversesmultiple programmodules. By in-
voking usercon gured join pointsandpoint cuts,AOP re-

ection is effective in exposingthe programs cross-cutting
behaior.

Soucecodeanalysisis oftenemployedby programmers
to construcia programcall graph.By mentally“executing”
thesoftwarecode the programmercangenerate complete
runtime picture of small programinstances.However, the
amountof information a programmercan simultaneously
processeverelyrestrictsthe targetcodesize. For medium
andlarge-sizedsystemsawhich includesthe Friendsystem,
dynamiccall graphgenerations taslkedto automategbro I-
ing methods Pro ling mechanismgrovide usefulabstrac-
tion of the sourcecodeby re ecting the methodsthat are
actuallyexecutedn real-time.

4.1 Proling

Pro ling andlogging aretwo well-known examplesof
AOP usegq[15, 8]. AspectJthe mainstreanAOP extension
for Java, providesan easyway to exposeprogramruntime
attributes.ConsidetheDynProf aspectve usedto monitor
andcreateanapplications dynamiccall graph(Listing 5).

The DynProf aspecipro les join pointsselectedoy the

profile  pointcut,whichencapsulateall methodandcon-
structorexecutionsoutsidethe aspects packageandsub-
packages.By eliminating pro ling in the aspects pack-
age,we limit the pro le tracedatato only include events
in the target programervironment. As a result, our trace
datais more conciseand programexecutionis unimpeded
by super uousdatamonitoring. Thearound advicespeci-
es pro ling logic to execute“around” the profile  point
cut. In our case,the level instancevariableis usedto
keeptrack of the currentmethodlevel in the call graph.
Logging is provided by the log methodwhich corverts
thisJoinPoint andlevel argumentsinto a string rep-
resentatiorbeforecommitmentinto 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 correlatingorogramcodeto usereventssuch
asmenuandmouseinteractions.

Theoutputof theaspecthowever, is problematido read.
Loopsin the programexecutionproducea large numberof
log messagesWhile contrikuting little to the programun-
derstandingtheserepetitiousnessageseverelyhinderout-
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Listing 5. Aspect DynProf

package aspects ;
public  aspect DynProf {
pointcut Scope(): !within (aspects
pointcut profile (): Scope() &&
(execution (*. new(..)) || execution
¢t ) )

private int level =0;

)

Object around () :
level ++;
log (thisJoinPoint
Object result
level --;
return

}

profile () {

, level );
= proceed ();

result

void log (JoinPoint  jp, int level ) {
String message = "";
while (level >0) {
message =message +"
level --;
}
message = message+jp . toString  ();
System . out . printin  ( message);
}
}

putreadability For example,asingleopen le operationin
Friend produceda 18 MB log le containing17.7 MB of
loop-generatedhessages.

4.2 Filtering

Thereadabilityof the call graphcanbeimprovedby I-
teringtheloop output. Loopscanbeeasilyidenti ed in the
log le by theirrepeatingoutputmessagepattern.For ex-
ample,the le openoperationoutputdiscussecarlierpro-
ducedtwo distinctpatterns:

Listing 6. File Open Pattern A

public  String  Sequence_impl
public  void DrawableSequence
setResidueBoxColour ()

. getSequence ()

Pattern A
of the
constructor
jalview . Alignment

is created by the control ow loop
public  DrawableSequence ( Sequence)
Pattern B is contained within the

. findQuality (int , int )
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Listing 7. File Open Pattern B

public int  Alignment . maxLength ()
public int DrawableSequence . length ()
public int Sequence_impl .length ()
public  String DrawableSequence . getSequence
0
public ~ String  Sequence_impl . getSequence ()
public  String DrawableSequence . getSequence
0
public ~ String  Sequence_impl . getSequence ()
method.

Control o w loopsareaninevitable consequencef ary
structuredprogram. As such,we proposean elegantand
efcient solutionto thelogging problemusingAspectJ |-
tering.

Listing 8. Aspect DynProf (Revised)

aspect DynProf {

pointcut profile () : Scope() &&
(execution (*. new(.) ) ||
execution (* *..) ) &&
! cflowbelow (

public

execution (jalview . DrawableSequence . new
() )

execution (void jalview . Alignment
findQuality  (int , int )))

Thecflow andcflowbelow  pointcutdesignatorsllow
the programmetto specify subtreesof the call graph(i.e.
loops)to be avoided. Additional Itering canbe enforced
by specifyingextra conditionsin the profile () pointcut
de nition.

The power and e xibility of AspectJalsoallows for au-
tomaticloop ltering by trackingthe numberof execution
of eachclassmethodvia aspectuate ection [11, 12]. The
pro ling aspectanthenomit theinclusionof the methods
signaturegrom the control o w log.

4.3 SelectivePro ling

The DynProf aspect can be improved by avoid-
ing proling loops. In our case, by bypassingloops,
our log le size decreasedrom 18 MB to 300 KB.
Similar techniquescan also be used to achiee selec-
tive proling.  AspectJ allows programmersto focus
on points of interestin the call graph by specifying
additional conditions in the profile () pointcut def-
inition. For example, to pro le the control ow of the
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aliface . Skylnterface
methodwe write:

. executeOneCommand ( String )

pointcut profile (): Scope() &&
cflow (* aliface . Skylnterface

executeOneCommand ( String )) ;

In general,the pointcut designatorssupportedby As-
pectJallow for avery precisepro le targetingmechanism.

5 RelatedWork
5.1 CurrentProling Techniques

A majority of existing Javapro ling applicationsgnvoke
a customizednstrumentedava Virtual Machine(JVM) or
the experimentalJava Virtual Machine Pro ler Interface
(JVMPI) to gatherprogramruntime attributes[23]. Each
of thesepro ling techniquesare effective but not without
their limitations.

é|ala Instrumented Trace

ass !

e JalaVlr‘tuaI Results
Machine

Figure 3. Instrumented Java Virtual Machine

InstrumentedVMs, asshovn in Figure3, areusemodi-
ed virtual machineshatgeneratespeciakventsattageted
programpoints[6]. For instancea byte-codenstrumented
JVM can createmethodentry and exit eventsto track oc-
currencesn a programexecution.

By default, instrumentedlVMs arecumbersomelueto
their requiredinclusionin eachpro ling tool instancg23].
They arealsolimited in con guration dueto their highly
customizecdhature.An unsupportegbro le featurerequires
the JVM to be painstakinglyalteredand recon gured for
theaddition.

| IVMPI |
| |
| |
l l
Instrumented ! ; Proler |« Proler
JalaVlr.tuaI Agent Front-end
Machine . Control ,
| |
| |
Figure 4. Java Virtual Machine Proler Inter-

face



SunMicrosystems upcomingVMPI mechanismwhich
is integratedinto all SunJDKsversionl.2 andabove, pro-
videsa standardlava pro ling structure[22]. The JVMPI,
shawvn in Figure4, consistof two parts- 1) apro ler agent
and 2) a pro ler front-end. The pro ler agentis a user
createdlavaapplicationthatinterfaceswith thebuilt-in pro-
ling “hooks” in the Java Virtual Machine. The pro ler
agentinstructstheJVM onpro le eventtypesandtimesac-
cordingto userspeci cationsdelegatedthroughthepro ler
front-end. The pro ler front-endalsohandlesandmanipu-
latesthe datacapturedoy the pro ler agent.

JVMPI pro ling takesanall or nothingapproacto data
tracestriggeredby userspeci ed events[2]. For example,
the JVMPI will captureall classmethodentriesand ex-
its duringa METHOD_ENTER or METHOD_EXIT event,
eventhoughthe useris only interestedn a particularclass
methodbehaior. It is left to the pro ler agents front end
to remove irrelevantdataamongthe massof results. Also,
sincethe JVMPI interfaceis a integral part of the SunMi-
crosystemsJVM, useralterationgto the JVMPI to support
new functionality suchasnew eventtypesarenotallowed.

e ™
Jara Aspectd
Aspect | |
Files
Tamet
——
Stan.dard Results
User Java Virtual
Jaa [™ Machine
Files
N J

Figure 5. Aspect Proling Framework

AOP shown in Figure 5, bypasseghe limitations of
an instrumentedJVM and Sun's JVMPI by integrating a
highly-con gurablelanguagepro ling mechanisnwith di-
rectaccesgo a programservironment.

5.2 AspectualRe ection and Unplugging Compo-
nentsusing Aspects

In the processof understandingind re-engineeringhe
Friend software, we are also applying AOP techniquedo
dynamicallyidentify systemdesignissues.It is our goalto
re-engineeFriendto be morestructurecandmaintainable.

By utilizing aspectuate ection [11, 12, 16] to support
pro ling methodsand by selectvely unpluggingcompo-
nentsusingaspect$13], we havethetoolsto pro le beyond
traditionalJavacorere ection andthecapabilityto perform
controlledrefactoringof legag/ code.In additionto theim-
mediatebene tsobtainedby improving aparticularbodyof
code,theapplicationof aspectdo programcomprehension
adwanceghe understandingf AOP in which both success
andfailureyield importantlessons.

6 Conclusion

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

The resultsof our aspectuatomprehensiotechniques
aretext basedor simplicity andquick utilization. Further
work canbedoneto procesgheresultsinto amorevisually
appealingoresentatiornif desired.

Aspect Oriented Programmingprovides the following
adwantages:

ExpressivenessAspectJis essentiallya behavioral re-

ection tool thatcanbeeasilyadaptedo exposeapro-

gram'sdynamicexecutionpro le. AOP'sfundamental
languagecomponenta join point, canbe viewedasa

programs instructionevaluationabstraction.Evalua-
tionssuchasmethodcalls, eld accessesnethodbody
evaluations(execution),andobjectinitializations,can
be monitoredand analyzedwith almostunrestricted
visibility viathejoin pointmodel.

Crosscutting AOP's exibility is due to the pro-
grammableaspecipointcutdesignatorsPointcutdes-
ignatorsempaver programmerso selectvely tamget
classesand methodsof interestin a programs call
graph. As a result,the readabilityof the pro ler out-
putincreaseslueto theabsencef irrelevanttracedata
which leadsto a deeperand quicker understandingf
theprogram.

Programmeroriented. Most of all, the AOP language
is within the samelanguagedomainas the program
beingstudied.For instanceaspectsvoveninto a Jasa
applicationare createdin the Java languagewith As-
pectJ.A pro ler programmedn the samelanguage
constructas a target applicationallows the maintain-
er/programmeto utilize their coding expertisein the
pro ler learningprocess.On the contrary visualiza-
tion tools that utilize non-standargbrotocolsand dif-
ferentlanguagedomainsoften requireexperienceand
specialskills to beusedef ciently .

Experiencegrogrammershouldalsoappreciateéhein-
timateaccesdo a programs underlyingcodevia AOP re-
ection thatotherpro ling methodologietack.
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