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Abstract

In connectionwith a workshop titled 'A Collective
Demonstation of ProgramCompehensiorfools’ helddur-
ing the CASCONconfeencein 1999, an experimentwas
conductedon how well expert uses of program compe-
hensiortoolswere ableto performspecificprogramunder
standingand maintenancdaskson the xfig drawing pro-
gram usingthesetools. This paperreportson the experi-
enceftheusess of theRigi reverseengineeringool suite

1. Intr oduction
1.1 The Rigi ReverseEngineering Tool Suite

Rigi [3, 2, 4, 8, 7] is aninteractve, visual tool designed
to help developersbetterunderstancaindredocumentheir
software. Rigi includesparserdo readthe sourcecodeof
the subjectsoftwareandproducea graphof extractedarti-
factssuchasproceduresyariablescalls,anddataaccesses.
To managehecompleity of thegraph,aneditorallowsthe
softwareengineetto automaticallyor manuallycollapsere-
latedartifactsinto subsystemsThesesubsystemsypically
representonceptsuchasabstractatatypesor personnel
assignmentsThe createchierarchycanbe navigated,ana-
lyzed,andpresentedisingvariousautomatioor userguided
graphicallayouts.

Thediscoveredstructuralinformationis usefulfor mak-
ing informeddevelopmenandmanagemendecisionsThe
informationsenesasdocumentatiorihatis up-to-dateand
accuratebecausat is derived from the actualsourcecode.
Thus, Rigi helpsto understandegag software systems
wherethe existing documentationmay be missingor lack-
ing. Rigi aidsreengineeringasksthatneedto discover de-
signinformationin existing software.

Rigi alsoincludesa tool to view the subjectsoftware’s
sourcecodeusinga web browser Thetool producesa hy-
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pertext versionof the sourcecodethat includeshypertet
links for relatedsourceartifacts (for example, eachfunc-
tion call hasa link to the definition of the functionthatwas
called).

1.2 Previous Usability Experiences

In pastuserstudies[6, 5], novice usersweretrainedin
20-40minutesessionso usetheRigi grapheditorfor view-
ing andexploring softwaresystemshathadpreviouslybeen
importedinto the tool and preparedby experiencedusers.
Theseexperimentshave shavn that novice userscangain
a basicunderstandingf the tool throughrelatively short
training. In orderfor a new userto import small software
systemsinto Rigi andto usethe tool for programunder
standingtasksanothemnehourtrainingis necessary

To understandarge software systemsit is importantto
beableto breakdown the complexity of a systemby build-
ing subsystemdecompositionsThis doesnot only require
the knowledge of the Rigi system,but a thoroughunder
standingof software architectureand decompositiortech-
nigues. Rigi supportsthis tasksthroughinteractve tools
and a scripting language that is especiallyhelpful when
dealingwith industrial size systems. The interactve tools
for building subsystendecompositionsreintuitivein their
useandeasyto learn. The scriptinglanguagehowever (an
extensionof tcl/tk), is notverywell documentedanddevel-
opersnotfamiliar with tcl/tk will needsometimeto beable
to useit.

Parsingthe sourcecodeof a large software systemof-
ten posesa problem,in particularif the systemusesnon-
standardfeaturesof a programminglanguagethat are not
supportecdby the parser Sometime is alsorequiredto ad-
justthebuild ernvironmentof asoftwaresystento work with
the Rigi parsersnsteadof aregularcompiler In therecent
past.effortshave beenmadeto facilitatetheparsingprocess
andto provide a catalogof standardechniquedgor parsing
anddecomposindarge softwaresystemswith Rigi.



1.3 Participants in the Experiment

Threememberf theRigi teamatthe Universityof Vic-
toria participatedn the experiment. All of themhadused
thexfig drawing programoccasionally Their knowledgeof
theRigi toolsvaried:

KennyWong is along time memberof the Rigi team.He
gaineda lot of experiencen the practicalapplication
of thetoolin pastexaminationof softwaresystemsin
particular heis familiar with the scriptingcapabilities
of theRigi grapheditor.

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

Bruce Winter is anovice userof theRigi tools.

2. Results
2.1 Documentationand Evaluation

Rigi was usedfor visualizing the structureof the xfig
system. We identified clustersusing file containmentde-
pendenciesaind naming corventions. Figure 1 shows the
top-level subsystendecompositionWe identifiedfour ma-
jor subsystems:

User Interface is concernedwith the views and controls
presentedo theuser

Drawing Primiti ves containgoutinesfor drawing thevar
iousobjectsthataresupportedy xfig.

Editing Operations encapsulatethe controlflow for edit-
ing operationofferedto theuser

File I/O handleghestorageof figurefiles ondiskandcon-
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_readxpmrc,
w_fonthits2.c, wfonthits3.c, i18n.c).
They may eithercontainunusedfunctionality (deadcode)
or be significantonly in different xfig configuration(for
exampleon otherhardwareor softwareplatforms).

The Rigi tools also produceda hyperlinked version of
thexfig sourcecodethatcanbeviewedusingNetscapeWe
usedit duringthe subsequennaintenancéasks.

As Rigi doesnot have builtin supportfor sourcecode
evaluation, the freely available metricstool RoutineAna-
lyzerin combinationwith Unix file utilities suchasfindand
egrepwereusedfor the evaluationtask. The RoutineAna-
lyzertool indicatedthatalthoughtherewerelargefiles with
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Figure 1. Subsystem Decomposition of xfig

mary functions,the sizesof thosefunctionswerenotoverly
long. Five got os werediscovered,but sincethey did not
significantlyincreaseghe compleity of the programijt was
decidednotto replacethem.

2.2 Maintenance Tasks

2.2.1 Modifying the Existing Command Panel

Using the Unix egrep utility and the hyperlinked version
of the xfig sourcewe identifiedthefile (w.cntdpanel . c)
that neededto be changedin order to implement the
newv menu structure. The cnd_swi t ches data struc-
ture representedhe currentcommandpanel. We modified
this data structureand addedthree additional data struc-
tures (fil e_nenulitens, edit_nenu.itens, and
vi ew_.nenu_i t ens) for thenew submenusswell asthe
appropriatecall backs.Finally, themodifiedcodewascom-
piled andtested.

2.2.2 Adding a New Method for SpecifyingArcs

Using similar methodsasfor the previoustask, we identi-
fiedthefile d_ar c. ¢ in the Drawing Primitivessubsystem
as responsiblefor the arc drawing primitive. Thecr e-
at e_ar cobj ect () function neededto be modified in
orderfor the new methodof specifyingarcsto be imple-
mented.After makingthe necessarghangesthe codewas
compiledandtested.



3. ExperienceReport

Dueto problemswith theRigi C parseryit took aninitial
threehoursto parsethe sourcecodeof xfig. They weredue
to a minor error in our configurationof the parserthat we
did notidentify right away (eventhoughit is documented).
Parsingwasthe only real problemencounteredluring our
study;otherwisethetool ranstableandcouldbeadjustedo
theparticularernvironmentusingthe built-in scriptingcapa-
bilities.

The real time neededo parsethe sourcecodeinto the
Rigi file format (RSF[1]) wasabout20 minutes— aboutas
long asit takesto compilethe xfig sourcecode. The re-
sultingRSFKfile is about4MB in size. TheRigi grapheditor
readst in almostinstantaneoushyithin theRigi graphed-
itor, we usedstandardscriptsto eliminatesystemandstan-
dardlibrary functionsfrom the graph(theseareusuallynot
of interestduring a maintenancectiity, but usefulwhen
porting a systemto a new platform). Customscriptswere
usedto decomposéhe systemusingfile containmentela-
tionsandnamingcorventions.

Oncethe sourcewas parsed,we were ableto useRigi
sourcecodemanipulationtoolsto inserthyperlinksinto the
xfig sourcecode, so it could be viewed and navigatedin
Netscapeomfortably

For the maintenancdasks,we usedthe hypertet en-
hancedview of the sourcecode and standardUnix tools
(egrep) for locatingthe sourceghatneededo be changed.

4. Lessond.earned

Eventhoughefforts have beenmadeover the lastyears
to facilitatethe task of parsinglarge software systemsthe
parsingprocessstill posedthe biggestproblemin this ex-
periment. Betterfeedbackof the parserto the userduring
the parsingprocessandtighter integrationinto the restof
the Rigi tool suitemight help to avoid similar problemsin
thefuture.

The scriptswe usedfor the subsystendecomposition
have beenusedin similarformsbefore butin atypical case,
they arerewritten from scratch becausehereis no catalog
of well documentedcripts.

The experiencesgyainedduring this experimentempha-
sizethe needfor betterdocumentatiomndusagesxamples
for our tools. Someefforts to collectandrecorddatafrom
usersand developersare alreadyundervay. Over the last
year, we have createdmailinglists for usersof Rigi. Though
only few Rigi usershave choserto subscribeo theselists,
they have alreadyprovenusefulfor Rigi usersin thatthey
canexchangeexperiencesindtool extensionsBy archiving
thesdists we gatherimportantinformationthatwill helpus
in betterdocumentingurtools.

As Rigi is primarily a codevisualizationandreverseen-
gineeringtool, it did not lend itself easily for the mainte-
nancetaskssuggestedn the experiment. Although Rigi
helpedin locatingthe codeto be changedpthertools had
to be usedfor the actualimplementationof the changes.
Thanksto Rigi's scripting capabilities,thesetools can be
closelyintegratedwith Rigi to easerecurringmaintenance
tasks.
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