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Abstract

The Software Concordanc@rojectis examininghow hypermedigechnologycanpro-
vide improved tools for managingthe full rangeof documentgproducedby the software
life cycle. The projects aim is to help software developersbettermaintainconformance
betweenthesemary documentsasthey andthe software that they describechangeover
time. This researchrequiressolutionsto openproblemsin a numberof areasincluding
documentepresentatioandformatting(especiallyfor programsourcecode) fine-grained
versioncontrol for tree-structuredlocumentsthe cateyorizationof relationshipsamong
software documentsand the analysisand visualizationof documentrelationships. The
SoftwareConcordancerototypewill supportlava programsandXML documentandwill
provide toolsfor defining,maintaining,andanalyzingdocumentelationships.

1 Introduction

Much of the advanceof the humanconditionis basedon our ability, throughword-of-mouth,
written documentsandotherformsof communicationto make connectionbetweerideas.By
building relationshipsamongideas,we have constructeda complex network of usefulknowl-
edgeaboutengineeringmedicine history, andmary othertopics,whoseexistenceas oneof the
critical foundationsof modernlife.

Bush[6] andNelsons [29] earlyvisionsof hypermediasystemsecognizedhe centralim-
portanceof connectionsetweenideasand foresav new technologythat would make those
connectiongnoreexplicit andaccessible Both BushandNelsonsaw clearly that bettertools
for recordingandmanagingknowledgewould substantiallyenrichour intellectuallives. Early
experimentatiorwith closedhypermedissystemslemonstratethatthe technologyto support
thisvisionwasachievable particularlyfor educationamaterial.Now, the World Wide Webhas
showvn us,in no uncertainterms,thatthevisionaries’beliefin the potentialimpactof hyperme-
diaontheworld atlargewaswell-founded.

*This researchs supportedn partby NationalScienceFoundationCAREER Award #CCR-9734102and by
UW-Mil waukeeGraduateschoolResearcitCommitteeandResearchncentive Programawards.
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1.1 Software Development and Hyper media

Relationshipbetweendeasarecritical to the procesf softwaredevelopment.Thelife cycle
of a software systemproducesa tremendouwariety of documents— requirementspecifica-
tions,designdocument®f mary types[17], programsourcecode testingandbug reports,and
userdocumentatiomreexamples.Thesedocument&mbodya greatnumberof ideaswhichare
connectedy a comple network of relationshipsHypermediaechnologyrepresents natural
mechanisnfor representinghesedocumentandtheir relationships.
Imagineahypermedianvironmenthatencompassesl thedocument# asoftwareproject.
In this ervironment,an extensve link structureis usedto representhe relationshipsetween
softwaredocumentxplicitly. In this ervironment,it will beeasyto addressjuestiondik e the

following:

e If requiremenR is changedhow muchof theimplementatiorandwhichtestingroutines
mightalsohave to bechanged?

e Whatpartsof the systemhadto be changedn orderto correctthe problemidentifiedin
thisbug report?

¢ Whatnew featureof the systemhave notyetbeendescribedn theuserdocumentation?

Yeteventhoughhypermedias anaturalmechanisnfior representingndmanagingsoftware
documentsit doesnot seesubstantialise,becausemportantopenproblemsin the designof
both softwaredevelopmentervironmentsandhypermedissystemgemainto be solved. These
openproblemsnclude:

e Making programsourcecodedocumentsnteroperatevith otherclasse®f softwaredoc-
uments;

¢ Identifying ataxonomyof the relationshipsamongsoftwaredocumentandcreatinghy-
permedidink representationthatembodytheserelationships;

¢ Providing efficient, fine-grainedsersioncontrol of tree-structuredocumentshatis inte-
gratedwith hypermedidink-traversalservicesand

e Developinganalysisandvisualizationtoolsthatallow softwaredeveloperso understand
andexploit therelationshipsamongtheir projects’documents.

The Software Concordancerojectat the University of Wisconsin-Milwaukeeis exploring
solutionsto eachof theseproblems.Its long rangegoalis to improve software development
productvity by providing toolsthatallow developersto ensurethattheir software documents
conformto eachother The SoftwareConcordancerototypewill supporttheeditingandmain-
tenanceof Java programsand XML documentsProgramsourcecodedocumentsill befully
interoperablavith othersoftwaredocumentssodeveloperswill beableto documentheir code
with multimediamaterialandwith links to othersoftwaredocuments.

Theremainderof this papermrovidesa morecompletedescriptionof theresearclproblems
beingaddressedy the SoftwareConcordanc@roject.



Figurel: Thisscreerdumpof the Ensemblesystemillustrateshow embeddednultimediadoc-
umentationcould be usedto clarify complec algorithms,suchasthe rotationsusedto balance
AVL trees.A sectionof Java sourcecodeis documentedby a 2D graphicshawving therotation
alongwith an explanatoryparagraph.While Ensemblehasin the pasthadsupportfor video,
this screerdumpsimulatesanexplanatoryvideoclip with anincludedimage.

2 Background

2.1 Software documents

The mary documentgproducedby the software developmentprocesscanbe broadly divided
into two cateyories:formal andinformal.

Formaldocumentsnclude programsourcecodeandformal specificationsTheir common
characteristigs thattheir syntacticand semanticstructurecanbe determinedoy analysisof a
text stream(with the obvious exceptionof visual programs). Formal documentsare written
using ASCII text editorsor specializedervironments. Even the advancedenvironments(for
example,Ada-Assured13]) arerestrictedo text, albeitwith font andcolor variations,anddo
not supportdocumentatiomn othermediaor connectionsvith othersoftwaredocumentsThe
limitation to textual documentatiortanpreventprogrammergrom expressingmportantideas
abouttheir codethatarebetterexpressedn othermedia. Figure2.1 shavs anexamplewhere
anembeddedjraphicfigureclarifiesanalgorithm. Thefactthatprogrammergsannotink their
sourcecodeto its supportingdocumentss justasseriousa limitation, sincethe codeis oftena
directexpressiorof ideasin thoseotherdocuments.

All othersoftwaredocumentsareinformal. Any syntacticor semanticstructurethey have
is eitherspecifieddirectly by the user obtainedfrom a sharedemplateor form, or is implicit
in the naturallanguagecontentof the document.Examplesncluderequirementslocuments,
designdocumentstestingandbug reports,and userdocumentation Informal documentsare
commonlyproducedusing commercialoffice software suites,suchas Microsoft Office [22].
MS Office providesextensve interoperabilitybetweerthe differenttypesof documentst sup-
ports:ary documentanincludeactive fragmentof otherdocumentsFurthermoreMS Office
documentganimportawide variety of multimediaobjects.However, theseinclusionsarenot



markedwith informationabouttheir semantics.

2.2 Interoperability

In practice,formal andinformal documentgio not interoperate.The centralproblemis that,
in formal documentsthe text streamis usedboth for analysisandfor presentatio35]. The
lexical analysisphaseof programanalysisrequiresthatthe text streamadhereto thelanguage
specificationwhich allows only textual comments.Thus, it is not possibleto embedobjects
composedf arbitrarybyte streamgqsuchascompressednages)inside programsourcecode.
It is possibleto conceve of programeditorsthatsearchor specialcommentgointingto pieces
of non-text documentatiomeld externally, but thereareno examplesof suchaneditor Suchan
editorwouldrequireaspeciaformattingmodelto correctlydisplaythenon-text documentation.

Thisis notto saythatprogrampresentatiomasbeenignored.In fact,thereis alargelitera-
ture on programpretty-printing.Early work focusedon pretty-printingstandardsor particular
languagegseeBaecler andMarcusfor asummary[1, p. 18]) andon line-breakingalgorithms
for programstatement$16, 23, 30, 31, 37]. More recentwork hasemphasizedpecification
languagedor pretty-printing,suchas PPML [15]. All of this work hasfocusedentirely on
programsourcecode.

Theauthorsdissertatiomesearcl28] investigatechmoregenerabpproactio presentation.
This researctshaved thereexists a core setof presentatiorserviceswhich canbe sharedby
independentoduledor differentmediawithin alargersystem.Thiswork produceda portable
style sheetsystem,Proteus[12, 26] that canbe configuredto supportdifferentmedia (text,
graphics,video) andis alsosuitablefor programsourcecode. Configurationof Proteusfor a
new medium(or anotherapplication)is performedby writing a specificatiorof the mediums
primitivetypes,dimensionsandpresentatiomttributes[27]. Proteuss alsodesignedo support
multiple simultaneouwiews of the samedocumentin differentstyles,a mechanisnthat can
be exploited for the productionof novel userinterfaceswithout requiring separatéormatting
servicesfor eachview. Proteuss portableandhasbeenusedby two systems:the Ensemble
software developmentand multimediadocumentenvironment[11] and Multiple Presentation
Mosaic[18, 20], amultiple-view browserfor the World-Wide Weh?

2.3 Document Relationshipsand Confor mance

There are mary typesof relationshipsbetweensoftware developmentdocuments. Without
claimingto presentcompletetaxonomythesearesomeexamples:

e Therequirementsnotivatethe design.
e Thedesignrequirestheimplementation.
e A testreportevaluatesheimplementation.

e A bugreportcomplainsabouta mismatchbetweerthe requirementandthe implemen-
tation.

¢ A changeo theimplementatiomespondgo abugreport.

'Examplesof the output of Multiple PresentatiorMosaic can be seenon the principle investigators Web
pageathttp://ww. cs. umm edu/ nul ti medi a. Thesedemonstratsomeof the usesof multiple-vien
technology



e Theusermanualdocumentshe designandimplementation.

In general,theserelationshipsare persistent)asting days, weeks,or years,but they are not
necessarilypermanent.Becausehe documentsn a systemare dynamicand canbe created,
altered,andremoved, the setof actie relationshipan a systemis alsolikely to changeover
time.

Let us consideran imaginary software systemwhosedocumentsare in perfectharmotry
with eachother We might saythatits documentsare conformant becausehey conformto
eachother If we thenalter a requirementsuchasthe numberof usersto be supportedput
make no otherchangejt becomegossiblethatthe systemdoesnot meetits requirements\We
might thensaythatthe system$ documentsare non-conformantbecausehe systems design
doesnot conformto its requirements.

Barringmajoradvancesn naturallanguageprocessingesearchcompletelyautomatidest-
ing for conformancéetweersoftwaredocumentsvill notbepossiblefor sometime. However,
if therelationshipbetweersoftwaredocumentsvereexplicitly recordedjt mightbe possible
to automatedetectiorof possiblenon-conformanceSuchautomatedletectionrcouldbeusedto
guidedeveloperdo potentialproblems.

It is importantto notethat similar relationshipsexist amongsourcecodeandspecification
documentsProgrammindanguage$have commanddik e “include” or “require” thatdescribe
adependencbetweerpairsof files. Thedifferences thattheserelationshipdbetweerformal
documentganbe found,without ary ambiguity by automatedainalysesin fact, relationships
like theseareanimportantinformationsourcefor re-engineeringools[24].

Eachof the abore documentelationshipscarrieswith it animplied logical orderingof its
documentsFor example testingandbug reportscannotbe produceduntil animplementations
available,andwhile it is notnecessarilyhe casethatrequirementocumentsvill bewrittenbe-
fore designsthereis certainlyalogicalrelationshigoetweerthemthatmakesdesigndependn
requirementsOrderedrelationshipdik e thesehave beenusedfor mary yearsto automateeffi-
cientcompilation[7, 9]. However, thesetechniquehave yetto beappliedto informal software
documents.

3 The Software Concordance Research Plan

The Software Concordancerojecthasan ambitiousresearclplan that involvesresearcion
fundamental€onceptsandrepresentationaswell asinvolving the constructionof a working
prototypeervironment.This sectiondescribesheseplans.

3.1 Interoperability

The SoftwareConcordancerojectwill developrepresentationthatprovide for interoperability
amongformal andinformal documentsTheserepresentationwill:

e Allow ary documento includeary fragmentof arny otherdocument.Theincludedfrag-
mentmaybefrom a particularversionor maybeactive, changingasthesourcedocument
changes.

e Allow the binding of bi-directional,typedrelationshipso ary pair of documentrag-
ments.
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Figure2: In (a), the relationshipshetweena sourcecodedocumentand a bug reportform a
cycle, becausehe codeis both causeof the bug reportandthe responsdo it. However, the
additionof versioninformationin (b) breaksthis cycle by makingclearthatthe bug reportis
complainingabouta problemin the version of the sourcecode,while version of the
sourcecodehasbeeneditedandrespondso thebug report.

Supporta uniform modelof fine-grainedevision control.
Allow programanalysisandcompilationservicegdo operatewithout majormodification.

Theapproactiakenby the SoftwareConcordancevill begin with auniformtree-structured
representatiofor informal documentssuchasXML [4, 5], the standardor World-Wide Web
documents. Interoperabilitybetweentree-structurednformal documentds well-understood
andcanbefoundin the Ensembld21] andGrif/Thot systemg32].

Then,asproposedn theauthors earlierwork oninteroperability{25], arepresentatiothat
intermixes sectionsof sourcecodewith othersectionsthat containinformal materialwill be
designed.Theinformal materialmay eitherbe embeddediocumentatioror may be aninclu-
sion of partof anothemrelevantdocument.This representatiowill maintaina clearseparation
betweerthe sourcecodeandinformal sectionsof the documentsothatprogramanalysisneed
only traversethe sourcecodesections.The representatiowill allow the persistenbinding of
theinformal materialto therelevantsectionof the sourcecode,sothatthe connectiorbetween
themcontinuedrom oneeditingsessiorto another Furthermoreit will provide for the defini-
tion of persistenselectiond14] thatwill sene asend-pointsor documentelationshipsthat
is, asanchordor hypermedidinks.

This sourcecodedocumentwill requirethe developmentof a novel formattingmodelthat
properly integratesthe formal andinformal material. The centralproblemis that automatic
pretty-printeroperatenotfrom linesof text, but ratherfrom anabstracsyntaxtree[1, 15]. But
in this new representatiorthe leavesof the abstracsyntaxtreewill be intermixedwith some
othertree-basedepresentatiofor the informal material. No existing formatteror editor must
coordinatebetweertwo treerepresentationsoa new formattingmodelwill berequired.

The SoftwareConcordancerojectwill alsodesigna uniform, fine-grainedevision control
modelfor software documentspecauseevision controlis a critical elementof the software
documenenvironmentservisionedby theinvestigator Figure2 illustrateshow apparentycles
in therelationshipgraphof softwaredocumentsrebrokenwhenthe relationshipsaredefined
betweernversionsof thedocuments.

Thiswork will build onresearcthby MagnussonAsklund,andMindr [19] on versiontrees
for tree-structuredext documents.They shaoved that versiontreesare moreflexible and se-
mantically correctthan the line-orientedrevision systemswidely usedfor programsource
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code[33, 34] andarebettersuitedfor collaboratve software development. Wagnerextended
this work to integrateversionmanagementvith programediting and analysisoperationsin
the Ensembleenvironment[36], but did not provide a persistentepresentatioof the versions.
The Software Concordancerojectwill apply versiontreesto multimediadocumentandwill
provide the persistencenissingfrom Wagners work.

3.2 Software Document Relationships

Section2.3 listed several typesof relationshipshat may exist betweensoftware documents.
Thelist is not claimedto be complete gxhaustve, or minimal; it is simply a setof examples.

The Software Concordanceprojectis studyingrelationshipsbetweensoftware documents
in orderto definea taxonomyfor them. Thetypesof relationshipsdentifiedby the taxonomy
will thenbeusedto marklinks betweersoftwaredocuments.

It might be amguedthat a taxonomyof relationshipss unnecessaryhatit would be suffi-
cientto simply markthe existenceof dependenciebetweendocumentsvithout any informa-
tion aboutthetype of relationship.This agumentis misguidedbecauseelationshiptypescan
cornvey importantinformationaboutthe semantic®f the connectiorbetweerntwo documents.
Supposehat complainsaboutand comment®n are two relationshiptypes. The fact that
comment®n is essentiallyneutral.In contrastwhen complainsabout it is clearthata
problemexists. In mostsystemsgcomplaintsrequirearesponsewhile commentslo not.

Usingthetaxonomyof documentelationshipsthe Software Concordancerojectwill de-
signarepresentatiofor links betweermdocumentshatmakestheserelationshipsexplicit. This
representatiowill have thefollowing characteristics:

e Links will connectpartsof documentratherthanentiredocumentssothatrelationships
canbedefinedon afine-grainedoasis.

e Sincechangedo documenklementsltertheir relationshipslinks will connectspecific
versionsof documenelementsThiswill allow thenetwork of relationshipgo reflectthe
dynamicnatureof softwaredocuments.

e Sincea developermay wantto follow a link in eitherdirection,the link representation
will supportiraversalin bothdirections.

e At the sametime, the link representatiowill be compatiblewith the World-Wide Web
cornventionof embeddindinks in the sourcedocumen{which normallymakesthemuni-
directional).

e Therepresentatiomustallow developersto statewhetheror not the documentsn the
relationshipare conformant. The simplefact that requirementdave changeddoesnot
necessarilyneanthatthedesignis inadequatelt simply meanghata developerneedgo
inspectbothdocumentso determinevhetherthereis a problem.

e Therepresentatiomustbereadilyaccessibléor queryingandanalysis.

Thesecharacteristicsvould befairly easyto achiese in a closedhypermediasystenthatstores
links separatelyrom thedocumentshey connect.Thechallengas to provide themin asystem
thatremainscompatiblewith the World-Wide Weh



3.3 Analysis, Visualization, and User Interface Services

Oncethe documentandrelationshiprepresentationsave beendefined,the Software Concor
danceprojectwill designandimplementserviceshathelpdeveloperamaintainandunderstand
the relationshipsdbetweentheir software developmentdocuments.This work will rely on and
enhanceheexperimentatestbedescribedn the next section.

Theseuserinterfaceserviceswill allow the creation,inspection,andremoval of links be-
tweendocuments.Developerswill alsobe ableto marklinks with informationaboutconfor
manceof the documentghat eachlink connects.Otherinterfaceserviceswill allow the user
to constructgueriesfor typesof relationshipsandlevels of conformance For example,a user
maywantto find all pairsof non-conformingdocumentaving therequiresrelationship.The
responseto thesequeriescaneitherbe reportedto the uservia a textual interfaceor by high-
lighting matchingdocumensections.

In contrastto the userinterfaceserviceswhich will primarily provide informationabout
localrelationshipstheanalysisservicewill computepropertieof thegraphof relationshipsas
awhole. Becausehis informationmay be complex andhardto understandyisualizationtools
will be designedand developed,building build on prior researchon graphicalpresentations
of large software systemsusing graphs[24] and compactvisual summariesof sourcecode
files[2, 8].

The analysisandvisualizationserviceswill allow developersto answerquestiondike the
following:

e If requirement is changedyhich otherdocumentsnayrequirechanges?

Whenrequirement changedwhatchangego otherdocumentfiadto bemade?

Whatfeaturesf the designhave beencomplainedaboutthreeor moretimes?

How oftenaredesignandrequirementghangesnadein responseo bug reports?

How often do bug reportscomplainaboutdocumentghat testreportsalso complained
about?

3.4 The Software Concordance Prototype

The conceptsxploredby the Software Concordancerojectwill be evaluatedoy implementa-
tion in anexperimentatestbedanernvironmentfor Javaprogramsandtheirassociatethformal
documentsTheenvironmentwill useatool-basedlesign ratherthantrying to createa mono-
lithic program but will includeafairly large editorsupportingall typesof documentsFurther
more,theenvironmentwill beimplementedn Javaitself, sothatovertime, theresearcherwill
beableto useandevaluatethetoolsthey arecreating.

The Java languagewill be usedbecauset hasa cleansyntacticdesignthateasegprogram
analysisandbecausef its importanceto the WWW. Focusingon a single programmingan-
guagewill simplify the systenby allowing the useof special-purposeodeto handleary tricky
problemswith incrementaprogramanalysis.

Informal documentswill be representedising XML [5], an evolving standardor WWW
documents.Unlike the HTML standard3], which definesa singletype of document XML
provides a mechanisnfor definingnew typesof documents.Furthermore XML’s designis
intendedo supporti-directionallinks, but this partof its designis notyetcompletg4]. Unlike
SGML [10], onwhichit is based XML is designedor usein interactve systems.
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Thecoreof theenvironmentwill beaneditorfor JavaprogramsandXML documentsThe
editor’sfeatureswill include:

Full interoperabilitybetweerall documentypes,

Integratedparsingandtype-checkingf Java programs,

Userinterfacefeaturedor managingdocumentelationships,

World-Wide Web compatibility, and

Integrationwith the ervironments revision controlsystem.

All othertools andservicesjncluding revision control, relationshipanalysis,andrelationship
visualizationwill beimplementedasindependenprograms.

4 Conclusion

The SoftwareConcordancerojectervisionsa new kind of softwaredevelopmentervironment
thatintegrateselementgdravn bothfrom currentprogrammingervironmentsandfrom hyper

mediasystemsMy hopeis thatit will demonstratéhatprogramsourcecodecanbebroughtout
of thedatedworld of eight-bitcharactestreamsandintegratedwith the mary informal, natural
languagedocumentghatarealsoproducedy ary quality softwareproject.

It is, of courseridiculousto think thatsuchintegrationcanmagicallytransformthe practice
of softwaredevelopmentrom its chaoticcurrentpracticeto thatof a utopianfuture. However,
it is notunreasonablt seethis work asanimportantsteptowardbetterconformancdetween
therequirementsgdesign,andimplementatioraspect®f the softwarelife cycle. Furthermore,
software developmentis only one of mary professionghatinvolve the creationof networks
of interrelateddocuments— the legal anddiplomaticprofessionsareexamplesof others.The
tools andtechniguesievelopedfor the Software Concordancerototypeshouldbe applicable
to theseandotherdomains.
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