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Abstract

This paper presentsa hierarchy of dynamicviews that
is constructedusingtools that analyzeprogram execution
traces. At the highest-leel of abstiaction are the feature-
interactionandimplementatiowiews,which track theinter-
featuie dependencieaswell asthe classeghat implement
thesefeatues. At the middle-level is the class-inteaction
view, which is an abstract view of the object-inteactions.
The object-inteaction view is the baseview for all the
views, and captuesthe low-level runtimeinteractionsbe-
tweenobjects. Two casestudiesare usedto demonstate
the effectivenessf our work.

1 Motivation

An important,but dif cult, problemin softwarecompre-
hensionis the identi cation of programfeatures,and the
traceabilityof thesefeatureso programsourcecode. This
problemhasbeenstudiedextensiely [6, 24, 25|, with an
emphasison techniquedor mappingprogramfeaturesto
sourcecode. In this paper we complementheseefforts by
providing a setof views thatnot only associatefeaturego
codebut alsoestablishegeature-interactionautomatically

Overtwo thirdsof softwaremaintenanceffortsarespent
on non-correctre maintenancactvities, mainly perfectve
andadaptize maintenanc¢l8, 23]. Perfectve maintenance
is performedon softwareto meetnew usersrequirements.
Adaptive maintenancés performedin responsdo modi -
cationsin the ervironment. Perfectve or adaptve mainte-
nanceactiities typically involve the studyandanalysisof
speci c portionsof thesystento x bugs,addnew features,
or modify existing features.

To performa maintenancectiity, a developers initial
taskis to study and analyzethe sourcecodeandits doc-

umentation. For example,the task may be to modify the
“print' featureof aword processingpplication.The devel-
operstudiesthe sourcecodeto locatethe portionsthatare
relatedto the “print' feature. For mary software systems,
this taskis dif cult andtime consuming,sincethe imple-
mentatiorof afeaturemayinvolve multiple classe®r mod-
ules. More thanhalf of a typical developers effort is spent
onreadingandanalyzingthe sourcecodeto understandhe
systems logic andbehavior [16, 18].

A developer can take an alternatve approachto this
maintenanceask by instrumentingthe applications code,
and exercising the subject feature using a pro ler, and
then analyzing the execution tracesto determinewhich
portions of the code were exercisedby the feature. An
execution trace is a sequenceof runtime events (e.g.,
object creation/deletion,method invocation, thread cre-
ation/termination)that describeghe dynamicbehaior of
a running program. With adequateool support,this ap-
proachis moreeffective, becausét reduceghe complexity
of the taskby allowing the developerto locatethe codeof
interestquickly. This approachis suitablefor mary prac-
tical settings,sincechangerequestsare usually written in
plain langaugewith explicit referencego identi able pro-
gramfeatures. A developercan startfrom the changere-
guestthenexecutetheapplicationin a pro ling mode,and
nally exercisethedesiredfeatureso locatethe portionsof
thesourcecode insteadof startingwith thecodeandtrying
to mapit to featuresmanually

Dynamicanalysids apowerful techniqueor identifying
the portionsof the codethat needto be changed.Speci -
cally, thedevelopercanexecutethe systemandmarkexecu-
tion tracesf interest.This paperdescribes setof software
views andtools that supportthis approacho software un-
derstanding.The approachs centeredaroundthe concept
of marked executiontraceswhich developersuseto de ne
programfeatures.In our techniquea feature is de ned as



a functionality, or a usagescenarioof a program,that can
be representeds a sequencef runtime events. Features
arespeci ed by thedeveloperin termsof marked-tracesA
marked-traceis establishednanuallyduring the execution
of the programby specifyingthe startandthe end of the
traceusingatrace-marlkr utility thatis partof thepro ler.

The setof views provides variouslevels of detail that
thedevelopercanexplore. Thetoolssupportthe navigation
amongthe differentviews aswell asthe expandingof the
nodesandedgesof the graphsof theviewsto allow the de-
veloperto view speci ¢ detailednformationthatis encoded
in thenodesandedges Dependingon theview, anodecan
beafeatureathread,aclass,anobject,or amethod.Simi-
larly, anedgeencodesherelationshiptype,andthe objects
andclasseghatareparticipatingin therelationship.

The organizationof the restof the paperis asfollows:
Section2 describeselatedresearctandthe architectureof
thetoolsused,Section3 describeghe dynamicviews, and
Sectiond describehe casestudy

2 Background

This work is relatedto two researchareas.Namelydy-
namicanalysisandprogramfeatureanalysis.Thework also
dependsn our earlierresearctpertainingto the designof
asoftwarecomprehensioframenork.

2.1 Dynamic analysis

Dynamicanalysisis usedto studythe behaior of soft-
waresystems.Therearethreemethodsfor collectingrun-
time data. The rst methodis sourcecodeinstrumentation.
Brueggeetal. designedhe BEE++ system[3] asa frame-
work for monitoring (e.g., function calls, variablemodi -
cations)systemsarittenin C/C++. In this system runtime
eventgenerationis achiezed by instrumentingthe program
sourcecode. Anothersystemthat usessourcecodeinstru-
mentationis SCED[10]. This systemusesruntimedatato
createmodelsof object-orientegorogramswhich arevisu-
alizedasstatediagramsor statecharts.SCEDonly collects
datafrom stand-alonapplicationswhile BEE++ canalso
collectdatafrom distributedapplications.

The secondmethodfor collectingruntimedatainvolves
the instrumentationof complied code. This methodis
widely usedto instrumentJava bytecode[11]. The third
runtimedatacollectionmethodis basedon dehuggingand
pro ling. In this method,codeinstrumentatioris not re-
quired. Modern developmentframenorks provide inter
facesto facilitate the collection of runtime data. Exam-
plesof suchinterfacesncludeJVMDI andJVMPI for Java
[21, 22], CLR Pro ling Servicesfor Microsoft .NET [14],
and COM+ instrumentationservicesfor COM+ applica-
tions[13]. Deluggershave beenusedto emulatepro ling

interfacesby automaticallyinserting breakpointsand ma-
nipulatingthe stackframeof theexecutingprogram.For ex-
ample,Drexel University's GDBPro ler [5] usesthe GNU
dehuggerinterfaceto pro le C programs.

2.2 Program feature analysis

The objective of featureanalysisis to correlateprogram
featureswith implementatiorartifactsfoundin the source
code. In this contet, a featureusually refersto a usage
scenariof the program[6] or atestcase25].

Eisenbarthet al. usedynamicand staticanalysisto as-
sociatefeaturesto componentg6]. Dynamicpro ling is
usedto identify the subprogramshatareexercisedwhena
speci ¢ featureis executed. Conceptanalysisis thenused
to analyzethe relationshipshetweenfeaturesand subpro-
grams. Conceptanalysisresultsare combinedwith static
analysisto re ne the classi cationof subprogramsswell
asto establisithe dependencielsetweersubprogramsvith
respecto a givensetof features.

Wongetal. usedprogramexecutionslicesto identity the
portionsof the codethatimplementa givenfeatureor a set
of featureq25].

Wilde andScully developedatechniquéor locatingpro-
gramfeaturedy analyzingtheexecutiontraceof testcases
[24]. Thetechniqueusestwo setsof testcasespnesetthat
executedhefeature,anda secondcsetthatdoesnot. A com-
parisonof theexecutiontracesof eachsetis usedto identify
the subprogramshatimplementa givenfeature.

Chen and Rajlich [4] have developeda techniquefor
identifying programfeaturesfrom an abstractsystemde-
pendenciegraph(ASDG). The ASDG is derivedfrom the
sourcecode, and it describessourcecode entities (e.g.,
procedurestypes,variables)andtherelationshipdetween
them. Theidenti cation of featuress performedmanually
by traversingthe graph.

Our work, contributesto the state-of-the-arby creating
thefeature-interactioniew, whichidenti es thedependen-
ciesbetweerfeaturesandthecreationof toolsthatautomate
the creationof feature-interactioniews.

2.3 Software comprehensionervironment

Next is a brief introductionto the software comprehen-
sion ernvironmentusedto createthe setof software views
describedn this paper Furtherdetailsaboutthe environ-
mentaredescribecelsavhere[19, 20]. Figurel illustrates
the architectureof the software comprehensiorerviron-
ment. The mainsubsystemare: datagatheringyepository
andanalysis/visualizatiosubsystems.

The data gathering subsystemde nes the interfaces
anddataformatsof thedatacollectiontools(i.e., staticana-
lyzersanddynamicpro lers). In our experimentswe used
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Figure 1. Architecture of the software comprehension environment

both static and dynamicanalyzers. The static analyzeris
JSA,whichis aJavaextractorimplementedisingtheBCEL
[7] package.Thedynamicanalyzeiis JVPROF, whichis a
pro ler implementedusingthe JVMDI and JVMPI inter-
faces[21, 22]. We have enhancedVPROF to allow users
to markruntimeexecutiontracesby providing awizardthat
enableaisersto markthe beginningandthe endof atrace.
The datacollectionmanageis the commonfacility thatall
dataextractorsuseto storethecollecteddatainto therepos-
itory. In the caseof the JSA, it connectglirectly to thedata
collectionmanagerwhile in the caseof JVPROF, it stores
dataasan XML documentwhich is later exportedto the
repository

The repository subsystemde nes the dataand meta-
datamodels,as well asthe datamanipulationand query
language. The data repository storesthe program enti-
ties, relationships,and runtime events that are gathered
from the subjectsystem.Therepositoryis manipulatedis-
ing standardSQL andis queriedusing either SQL or our
own SMQL querylangaugg19]. The repositoryusesary
JDBC-compliandatabase.

SMQL (Software Modelling Query Language)simpli-
es thedataretrieval andanalysisof programdatato create
softwareviews. Eventhoughtherepositorycanbe queried
using SQL, designingqueriesfor comprehendingoftware
systemsusing SQL is cumbersome.Many of the queries
thatareof interestto anengineerfor examplequeriesthat
involvethetransitive closureof arelation,arenotsupported
directly by SQL. SMQL is a set-basedanguagethat facil-
itatesthe de nition of queriesaboutentities,relations,and
eventsby translatinghe SMQL codeinto SQL querystate-
ments. SMQL providesa built-in closure  function as
well as binary operatorssuch as union, intersection,and
join. SMQL is similar to grok [9] for manipulatingbi-

nary relationalalgebraexpressions.Unlike grok , SMQL
can be extendedto supportadditional operationsthat are
implementedn Java.

The analysis and visualization subsystemis respon-
sible for the creationand visualizationof software views.
Analysisis performedusing SMQL analyzerswhich are
SMQL extensiongthat areimplementedn Java. Software
viewsarevisualizedeitherasatreeor asagraph.Thegraph
visualizationis performedusingJGrapHh2], graphlayoutis
performedby dot[8], andthe clusteringfeatureusesBunch
[12]. SoftwareviewsareimplementechasSMQL extensions
writtenin Java.

3 Dynamic views

This sectiondescribes hierarchyof views thatcaptures
the dynamicbehaior of programsfrom executiontraces.
There are differentlevels of abstractionin the hierarchy
Thelowestlevel representsheruntimeeventsthataregen-
eratedduring the executionof the marked-tracesThe sec-
ondlevel of abstractionncludesruntimeobjectsandthere-
lationshipshetweerthem. Thislevelis thebasisfor higher
levelviews. Thethird level includesclassesandtheruntime
relationshipsetweerthem. The highestievel of the hierar
chyrepresentprogramfeaturesandfeature-interactiondn
thiscontext, aprogramfeaturerefersto anexternallyvisible
functionality of the program,andis identi ed asa marked-
trace. The set of the views are describedbelon and are
outlinedin Figure2:

1. Object-interaction view. This view is constructed
from the executiontracesof the program. It senes
asthe basisfor higherlevel views suchasthe class-
interactionandfeature-interactioniews.
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2. Class-interactionview. Thisview is anabstractiorof
the object-interactiorview, wheresetsof objectsare
representedby their correspondinglasses.However,
theinteractionsdbetweertheclassesn thisview repre-
sentthedynamicrelationshipsierivedfrom theobject-
interactionview.

3. Feature-interactionview. Thisview illustratesthein-
teractionsbetweerprogramfeatures.Featuresarede-
ned by usersin termsof marked-traces.A marked-
traceis establishednanuallyduring the executionof
the programby specifyingthe startandthe endof the
trace.Featurdnteractionsarederivedfrom the object-
interactionview automatically

4. Feature implementation view. This view is a map-
ping betweerprogramfeaturesandtheclasseshatim-
plementthesefeatures.

The creationof the aforementionediews requiresiden-
tifying varioussetsof runtimeobjects(objectsareidenti ed
by their uniqueruntimereferences)For featuresthesesets
arede ned asfollows:

Local Setof objectscreatecandusedby
feature only
Import Setof objectsusedby feature  and
createcby feature
Export Setof objectscreatedby feature
andusedby feature

Thesesetsallow usto de ne the following two relations,

whichareusedo describegheviewsin thenext subsections:

I E
I I

In the relation, feature  usedobjects

thatwerecreatedduringtheexecutionof feature . While

in the relation, both and features

usedthesamesetof objectsthatwerenotcreatecdoy  nor
features.

3.1 Object-interaction view

This view shaws the creationandmethodinvocationre-
lationshipsbetweenobjects. Field accesse®f primitive
datatypes(e.g., int , char ) arenotincludedin the analy-
sis. This view providesinformationaboutthe collaboration
betweerpbjectsbasedon the dependsaindshaesrelations
describedabove. This view is very detailedand not suit-
ablefor programcomprehensionHowever, it senesasthe
baseview for deriving higherlevel views suchasthosede-
scribedin thefollowing subsectionsThe object-interaction
view canbesummarizedby clusteringheobject-interaction
graph.An exampleof this view is shavn in Figure10.

The object-interactiorview highlightsthreadsthat exe-
cuteconcurrentlyandshareobjects. The view isolatesob-
jectsthatcanbe examinedfor potentialconcurreng issues
suchasraceconditionsor deadlock.As shavn in Figure3,
the edgesin the view encodeinformationaboutthe shared
objects, and the user can view theseobjectsby double-
clicking onspeci c edges.

The object-interactiorview alsohighlightsthe commu-
nication endpointsbetweenthe modulesof a distributed
systems. Furtherdetails have beendescribedin our pre-
viously publishedwork [19].

3.2 Class-interactionview

The class-interactiorview is an abstractview of the
object-interactiorview, whereobjectsaregroupedby their
classtype. Figure4 showvsthe class-interactiowiew of the
KWIC (keywordin contet) algorithm. Therearetwo types
of relationshipsn the view: creates(representedsanar
row with dotted-tail)anduses(representedsa normalar-
row) relationshipderivedfrom the dependandshasesre-
lationsof object-interactionsiew. Thecreatesrelationship
betweerntwo classes and impliesthataninstanceof

createdandpossiblyusedanobjectinstanceof type
The usesrelationshipbetween and  impliesthatan
instanceof used(e.g., invoked a method)an instance
of  thatwasnotcreatedoy . Thisview is essentially
a hybrid static/dynamiw/iew asthe entitiesarestatic(e.g.,
classesandtherelationshipsaredynamic(e.g., invokesand
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creates). The contentof this view is similar to the inter-

classcall matrix andhistogramof instancegyrid developed
by De Pauwetal. [17]. Thisview is farlessdetailedthan
the object-interactiorview and canbe usedby developers
for programcomprehension.

3.3 Feature-interaction view

The feature-interactiorview capturesrelationshipsbe-
tween features. This view is derived from the object-
interactionview by groupingobjectsbasednwhereagiven
objectis createdor used.Featuresn our analysisareiden-
tied in termsof marked-traceswhich the userspeci es
during the executionof a programusinga utility to mark
thestartor the endof eachexecutiontrace.

Figure5 shavs afeatures-to-classegid. The lled rect-
anglesin thediagramareobjectsthatarecreatedduringthe
executionof the respectie feature;un lled rectanglesare
objectsthatareusedduringthe executionof the featurebut
createdby anotherfeature. The contentof Figure5 is de-
scribedasfollows:

Feature usesobjects
Feature usesobjects
Feature usesobjects
Feature usesobjects
Class instantiate®bjects
Class instantiate®bjects

view of KWIC program

Class instantiate®bject

is createdduringthe executionof

is createdduringtheexecutionof ~ andis usedby

is createdduringthe executionof ~ andis usedby
and . Thefeature-interactiomliagram,in Figure6(a),is
constructeasfollows:

1. Identify the Import
feature:

andis usedby

and Export setsfor each

E
I
E
I
E
I
E
I

2. ldentify thedependsindshaesrelationsbetweereach
pair of featuresusingthe E and| sets(emptysetsare
excluding):

— mmmm
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3. Draw an edge between and if the
set is not empty The depends
edgeis representeésa solid-arrav, wherethe arrow
headpoints to the featurethat createdthe object(s)
participatingin the dependselationship.

4. Draw an edge between and if the
set is not empty  The shaes
edgeis representedsa dotted-line.

The data combinedfrom the class-interactiorand the
feature-interactiorviews is usedto producethe feature-
implementation view (Figure 6(b)), which identi es the
classeghat are usedto implementa given feature. This
view provides a simple mapping betweenfeaturesand
implementation-leel classes. This view is not uniqueto
our work, several researchefforts [4, 6, 24, 25] have iden-
tied this kind of mapping. The view is representecsa

graph,wherethe nodesrepresenfeaturesandclassesand
edgegepreseninstantiatiorrelationsbetweerfeaturesand
classes.

4 Casestudy

Table1 outlinesthe systemghat were analyzedas part
of our casestudy The countsin thetableexcludecommon
packagesuchasjava.* andjavax.* . Thetwo case
studiesare Jext [1], a programmers text editor, and Jetty
[15], awebsener. Jext is afeature-richapplicationwhose
externally visible featurescorrespondso a setof marked-
traces. Jetty is a software systemwhosefeaturesare not
clearlyvisible to theuser The marked-tracegor Jettycap-
turehow adeveloperinteractswith aclientapplication(web
browser)to locateportionsof thesener code.



/1 Events from JEXT Editor

Event Set Jext Events
{
caption = "Event (JEXT) " ;
type = {"nethod-entry",
"met hod-exit",
"endpoi nt",
"thread-start",
"t hread- end",
"modul e-1 oad",
"process-start",
"obj ect-create",
"process-end"} ;
include (project) = {"jext"} ;
include (trace) = {"*"} ; [/ all traces
exclude (trace) = {"startup", "shutdown"};
exclude (nane) = {"finalize"} ;
excl ude (container) = {"java.*",
"javax.*", "gnu.*"} ;
}

/1 Get java.net.* events (Network events)
Event Set Net Events
{
caption = "Net Event (JEXT) " ;
type = {"nethod-entry",
"nmet hod-exit",
"endpoi nt",
"thread-start"”,
"t hread-end",
"nmodul e-1 oad",
"obj ect-create"

include (project) = {"jext"} ;
include (trace) = {"*"} ;
exclude (trace) = {"startup", "shutdown"};

exclude (name) = {"finalize"} ;

include (container) = {"java.net.*"} ;
}
/1 Conpute the union of JextEvents & Net Events|
Al | Events = JextEvents + NetEvents ;

1

/'l Apply the event-anal yzer
results =Anal yzeEvents (Al | Events)

Figure 7. Jext: SMQL code

| Project| Classes| Methods| Objects| Events ]
jext 538 2,893 | 55,624 | 334,852
jetty 189 2,088 940 36,367

Table 1. Systems analyzed

4.1 The Jexttext editor

Jext is a programmers text editor, written in Java, that
supportanary languagege.g., C/C++,Java, XSLT, TEX).
In our study we marked tracesto identify a subsetof the
Jext features Thescenariosisedtio marktheselectedraces
are: (a) openingthreedifferentdocumentga Jasa source
le, anHTML le from the web, and a Java source le
from bookmarks)(b) performingedit actiities (copy, cut,
paste)on the Java documents(c) searchingor a stringin
the Java documents(d) searchingandreplacing,(e) adding
bookmarksand (f) e-mailingthe openedlava documents.
Table 2 shavs the numberof objectsused,the numberof
objectscreatedandthe numberof eventsgeneratedluring
the executionfor eachof themarkedtraces.

The SMQL codeusedto derive the softwareviews from
the runtime eventsis listed in Figure 7. First, we de-
ne two setsof events (EventSe): JextEvents and
NetEvents . IntheJextEvents set,weincludeevents
thatwerecreatedduringthe executionof themarked-traces,
but we exclude eventscreatedfrom the standardpackages
suchasjava.* andjavax.* . We alsoexcludeevents

| Feature | Obj.used| Obj. created| Events |
bookmark-add 68 16 1,866
bookmark-open-dog 4,321 2421 | 31,872
edit-copy 33 4 4,719
edit-cut 50 6 1,973
edit-paste 132 104 5,545
email-doc 2,691 43 10,889
le-open-doc 12,470 9,552 | 113,452
search 47 16 9,013
search-replace 3,171 89 | 121,433
url-open-doc 2,457 2,414 | 28,254

Table 2. Jext: Objects and events per feature

thatwerecreatedduring startupandshutdavn of the appli-
cation.

The secondeventsetis NetEvents , herewe areonly
interestedn java.net.* eventsto identify datapertain-
ing to remotemethodinvocationsof a distributedapplica-
tion. Thefinalize() methodis excludedto preventthe
mis-identi cation of interactions,sincethis methodis in-
vokedby thegarbagecollectorandthe JVM doesnot guar
anteewhich threadwill invoke this method. The union of
thetwo eventsetsis computedusingthe“+” operator

Finally, we invoke the eventanalyzer(EventAnalyzer)
to createthe dynamicviews from the input eventset. The
returnedvalueresults  is a setof sets,whereeachele-
ment(set)represents RelationSetthatde nesaview or a
partof aview.
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Figure 8. Jext: Feature-interaction and implementation views

Figure 8 shaws thefeature-interactioniew andfeature-
implementatiorview for Jext. In Figure8(a),arrowns repre-
sentinteraction relationshipshetweenfeatures. The dom-
inant featuresare file-open-doc and bookmark-
open-doc , whereanew documeniJextTextArea )is
createdandinitialized from the source les. It is expected
thatotherfeaturessuchasediting, searchingande-mailing
will referencehe opendocument®f atext editor We also
obsene that the search-replace featureusesobjects
thatwerecreatedby the search feature. This is alsoex-
pectedor asearch/replacteature sincethesearch func-
tionis neededeforethereplace functionis applied.The
view providesa developerwith usefulinformationto rea-
sonaboutthe impactof changeswithout the needto read
the sourcecode.For examplemodifying the replacepart of
search/replace featuremaynothave animpactonthe
search feature,while modifying search will have di-
rectimpacton the search/replace feature. Similarly,
modifyingthefile-open-doc will have adirectimpact
onall theotherfeatures.

Figure 8(b) shovs a partial mapping of featuresto
classesThearraws pointto the classeshatwereexercised

duringthe executionof agivenfeature.
4.2 The Jetty web serwver

The SMQL codefor the Jetty[15] webseneris similar
to thatfor the Jext example. In our casestudy we marked
four traces. The scenariosusedwere designedto exer-
cisefeaturessuchas: servletsupport,sessiormanagement
and cookiesmanagementThe sener traceswere marked
while interactingwith servletexampleg(partof Jettydistri-
bution packageyia awebbrowser Thefeature-interaction
view is shawvn in Figure 9(a), and the featureimplemen-
tation is shovn in 9(b). The dominantfeatureis http-
request , whichis responsibldor acceptingandprocess-
ing http requestsNotethatthe sessions andcookies
featuresareindependentf eachother, but bothdependon
theservlets  features.

Figure 10 shows a clusteredobject-interactiorview. In
thediagramtheclusterabelsarethenamesf thedominant
componenbf the clusters.To keepthe diagramsimple,we
only expandedonecluster whichis CL-5. The otherclus-
tersarerepresenteds lled octagons. This view is con-
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Figure 9. Jetty: Feature-interaction and implementation views

structedby clusteringthe object-interactionusing Bunch
[12], thentheobjectswithin eachclusteraregroupedbased
on their type (or class)to simplify the diagram(asin CL-
5 cluster). Edgesrepresentitherusesor createsrelation-
ships,andnodesrepresentlassegrectanglespndclusters
(octagons).

Using our tools, a usercan navigate betweendifferent
views as well as expandnodesand edgesin the diagram
to view the encodedinformationin the nodesand edges.
For example,a usercan double-clickon a featureto view
theobject-interactiorandclass-interactioniews of agiven
feature,or a usercandouble-clickon anedgeto revealthe
objectsandclassesnvolvedin a givenrelationship.

5 Conclusionsand futur e work

In this paperwe describea hierarchyof dynamicviews,
whichincludesfeature-interactiorfeature-implementation,
class-interactiorandobject-interactioviews. We describe
theervironmentusedo constructheseviews. Throughtwo
casestudieswe demonstratéhe ability of the ervironment
to collectdynamicdata,analyzethe data,and visualizeit
asa setof views. We believe that the software views and

the tools describedare helpful for maintenancedasksthat
requirea detailedunderstandingf speci ¢ partsof a soft-
waresystem.

Ourwork contritutesto the state-of-the-arby creatinga
setof viewswith variouslevelsof abstractiorandthedesign
of toolsto automatehe creationof theseviews.

Futureeffortswill focusontwo areasFirst,weareplan-
ning to conducta moreextensve studyto evaluatethe prac-
tical effectivenessf the views andthe tools. Secondwe
would like to improve the performanceof the pro ler and
view generatar
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