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Abstract

In connection with a workshop titled ’A Collective
Demonstrationof ProgramComprehensionTools’ helddur-
ing the CASCONconferencein 1999, an experimentwas
conductedon how well expert users of program compre-
hensiontoolswere ableto performspecificprogramunder-
standingand maintenancetaskson the xfig drawing pro-
gram usingthesetools. This paper reportson the experi-
encesof theusersof theRigi reverseengineeringtool suite.

1. Intr oduction

1.1. The Rigi ReverseEngineeringTool Suite

Rigi [3, 2, 4, 8, 7] is an interactive,visual tool designed
to help developersbetterunderstandandredocumenttheir
software. Rigi includesparsersto readthe sourcecodeof
thesubjectsoftwareandproducea graphof extractedarti-
factssuchasprocedures,variables,calls,anddataaccesses.
To managethecomplexity of thegraph,aneditorallowsthe
softwareengineerto automaticallyor manuallycollapsere-
latedartifactsinto subsystems.Thesesubsystemstypically
representconceptssuchasabstractdatatypesor personnel
assignments.Thecreatedhierarchycanbenavigated,ana-
lyzed,andpresentedusingvariousautomaticor user-guided
graphicallayouts.

Thediscoveredstructuralinformationis usefulfor mak-
ing informeddevelopmentandmanagementdecisions.The
informationservesasdocumentationthat is up-to-dateand
accuratebecauseit is derivedfrom theactualsourcecode.
Thus, Rigi helps to understandlegacy software systems
wheretheexisting documentationmaybemissingor lack-
ing. Rigi aidsreengineeringtasksthatneedto discoverde-
signinformationin existingsoftware.

Rigi alsoincludesa tool to view the subjectsoftware’s
sourcecodeusinga webbrowser. Thetool producesa hy-

pertext versionof the sourcecodethat includeshypertext
links for relatedsourceartifacts(for example,eachfunc-
tion call hasa link to thedefinitionof thefunctionthatwas
called).

1.2. PreviousUsability Experiences

In pastuserstudies[6, 5], novice usersweretrainedin
20-40minutesessionsto usetheRigi grapheditorfor view-
ingandexploringsoftwaresystemsthathadpreviouslybeen
importedinto the tool andpreparedby experiencedusers.
Theseexperimentshave shown that novice userscangain
a basicunderstandingof the tool throughrelatively short
training. In orderfor a new userto import small software
systemsinto Rigi and to usethe tool for programunder-
standingtasksanotheronehourtrainingis necessary.

To understandlargesoftwaresystems,it is importantto
beableto breakdown thecomplexity of asystemby build-
ing subsystemdecompositions.This doesnot only require
the knowledgeof the Rigi system,but a thoroughunder-
standingof softwarearchitectureanddecompositiontech-
niques. Rigi supportsthis tasksthroughinteractive tools
and a scripting language,that is especiallyhelpful when
dealingwith industrialsizesystems.The interactive tools
for building subsystemdecompositionsareintuitive in their
useandeasyto learn. Thescriptinglanguagehowever (an
extensionof tcl/tk), is notverywell documented,anddevel-
opersnot familiarwith tcl/tk will needsometimeto beable
to useit.

Parsingthe sourcecodeof a large softwaresystemof-
ten posesa problem,in particularif the systemusesnon-
standardfeaturesof a programminglanguagethat arenot
supportedby theparser. Sometime is alsorequiredto ad-
justthebuild environmentof asoftwaresystemtowork with
theRigi parsersinsteadof a regularcompiler. In therecent
past,effortshavebeenmadeto facilitatetheparsingprocess
andto provide a catalogof standardtechniquesfor parsing
anddecomposinglargesoftwaresystemswith Rigi.



1.3. Participants in the Experiment

Threemembersof theRigi teamattheUniversityof Vic-
toria participatedin the experiment.All of themhadused
thexfig drawing programoccasionally. Their knowledgeof
theRigi toolsvaried:

KennyWong is a long time memberof theRigi team.He
gaineda lot of experiencein the practicalapplication
of thetool in pastexaminationsof softwaresystems.In
particular, heis familiar with thescriptingcapabilities
of theRigi grapheditor.

JohannesMartin is the maintainerof the Rigi C parser
and quite familiar with parsingC programsfor use
with Rigi.

Bruce Winter is a noviceuserof theRigi tools.

2. Results

2.1. Documentationand Evaluation

Rigi was usedfor visualizing the structureof the xfig
system. We identified clustersusing file containmentde-
pendenciesand namingconventions. Figure 1 shows the
top-level subsystemdecomposition.We identifiedfour ma-
jor subsystems:

User Interface is concernedwith the views and controls
presentedto theuser.

Drawing Primiti ves containsroutinesfor drawing thevar-
iousobjectsthataresupportedby xfig.

Editing Operations encapsulatesthecontrolflow for edit-
ing operationsofferedto theuser.

File I/O handlesthestorageof figurefilesondiskandcon-
versionto andfrom foreignfile formats.

During parsing, we identified a number of
files that were not used with our configuration of
xfig at all (f readfigure.c, f readxpm.c,
w fontbits2.c, w fontbits3.c, i18n.c).
They may eithercontainunusedfunctionality (deadcode)
or be significant only in different xfig configuration(for
exampleon otherhardwareor softwareplatforms).

The Rigi tools also produceda hyperlinked versionof
thexfig sourcecodethatcanbeviewedusingNetscape.We
usedit duringthesubsequentmaintenancetasks.

As Rigi doesnot have builtin supportfor sourcecode
evaluation,the freely available metricstool RoutineAna-
lyzerin combinationwith Unix file utilities suchasfindand
egrepwereusedfor theevaluationtask. TheRoutineAna-
lyzer tool indicatedthatalthoughtherewerelargefileswith

Figure 1. Subsystem Decomposition of xfig

many functions,thesizesof thosefunctionswerenotoverly
long. Fivegotos werediscovered,but sincethey did not
significantlyincreasethecomplexity of theprogram,it was
decidednot to replacethem.

2.2. MaintenanceTasks

2.2.1. Modifying the Existing CommandPanel

Using the Unix egrep utility and the hyperlinked version
of thexfig source,we identifiedthefile (w cmdpanel.c)
that neededto be changedin order to implement the
new menu structure. The cmd switches data struc-
ture representedthecurrentcommandpanel. We modified
this datastructureand addedthreeadditional datastruc-
tures (file menu items, edit menu items, and
view menu items) for thenew submenusaswell asthe
appropriatecall backs.Finally, themodifiedcodewascom-
piled andtested.

2.2.2. Adding a New Method for SpecifyingAr cs

Using similar methodsasfor the previous task,we identi-
fied thefile d arc.c in theDrawing Primitivessubsystem
as responsiblefor the arc drawing primitive. The cre-
ate arcobject() function neededto be modified in
order for the new methodof specifyingarcsto be imple-
mented.After makingthenecessarychanges,thecodewas
compiledandtested.



3. ExperienceReport

Dueto problemswith theRigi C parser, it tookaninitial
threehoursto parsethesourcecodeof xfig. They weredue
to a minor error in our configurationof the parserthat we
did not identify right away (eventhoughit is documented).
Parsingwasthe only real problemencounteredduring our
study;otherwisethetool ranstableandcouldbeadjustedto
theparticularenvironmentusingthebuilt-in scriptingcapa-
bilities.

The real time neededto parsethe sourcecodeinto the
Rigi file format (RSF[1])wasabout20 minutes– aboutas
long as it takes to compile the xfig sourcecode. The re-
sultingRSFfile is about4MB in size.TheRigi grapheditor
readsit in almostinstantaneously. Within theRigi graphed-
itor, we usedstandardscriptsto eliminatesystemandstan-
dardlibrary functionsfrom thegraph(theseareusuallynot
of interestduring a maintenanceactivity, but usefulwhen
porting a systemto a new platform). Customscriptswere
usedto decomposethesystemusingfile containmentrela-
tionsandnamingconventions.

Oncethe sourcewasparsed,we wereable to useRigi
sourcecodemanipulationtoolsto inserthyperlinksinto the
xfig sourcecode,so it could be viewed and navigatedin
Netscapecomfortably.

For the maintenancetasks,we usedthe hypertext en-
hancedview of the sourcecodeand standardUnix tools
(egrep) for locatingthesourcesthatneededto bechanged.

4. LessonsLearned

Even thoughefforts have beenmadeover the lastyears
to facilitatethe taskof parsinglargesoftwaresystems,the
parsingprocessstill posedthe biggestproblemin this ex-
periment. Betterfeedbackof the parserto the userduring
the parsingprocessandtighter integration into the restof
theRigi tool suitemight help to avoid similar problemsin
thefuture.

The scriptswe usedfor the subsystemdecomposition
havebeenusedin similarformsbefore,but in atypicalcase,
they arerewritten from scratch,becausethereis no catalog
of well documentedscripts.

The experiencesgainedduring this experimentempha-
sizetheneedfor betterdocumentationandusageexamples
for our tools. Someefforts to collectandrecorddatafrom
usersanddevelopersarealreadyunderway. Over the last
year, wehavecreatedmailinglistsfor usersof Rigi. Though
only few Rigi usershave chosento subscribeto theselists,
they have alreadyprovenusefulfor Rigi usersin that they
canexchangeexperiencesandtool extensions.By archiving
theselistswegatherimportantinformationthatwill helpus
in betterdocumentingour tools.

As Rigi is primarily a codevisualizationandreverseen-
gineeringtool, it did not lend itself easily for the mainte-
nancetaskssuggestedin the experiment. Although Rigi
helpedin locatingthe codeto be changed,othertools had
to be usedfor the actual implementationof the changes.
Thanksto Rigi’s scripting capabilities,thesetools canbe
closelyintegratedwith Rigi to easerecurringmaintenance
tasks.
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