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Abstract

Thispaperpresentsa conceptandtoolsfor thedetection
andvisualisationof differencesbetweenversionsof graph-
ical software documentssuch as ER, classor object dia-
grams,statecharts,etc.Wefirstanalysetheproblemswhich
occur whencomparinggraphical documentsand display-
ing their similarities and differences.Our basicapproach
is to usea unifieddocumentwhichcontainsthecommonand
specificpartsof bothbasedocumentswith thespecificparts
being highlighted. The central problemis how to reduce
the amountof highlightedelementsand enablethe devel-
oper to havea certainamountof control over thechanges
beselectivelyhighlighted.With regard to tool construction,
weassumethat software documentsare modelledin a fine-
grainedway, that they are stored as syntaxtreesin XML
filesor a repositorysystemandthat a versionmanagement
systemis used. By using the features of the data model
and the version modelwe are able to detectand visualise
differencesbetweendiagramversions,includingstructural
changes(e.g. shifting of a methodfrom one classto an-
other).Wefurtherexploit informationabouttheversionhis-
tory delivered by the underlyingversion managementsys-
temby highlightingonly differencesbasedon structural or
logical changes.

Index Terms– fine-graineddatamodel,versions,config-
uration,designtransaction,metaCASE,softwareengineer-
ing environments,differences,UML diagrams

1. Intr oduction

Softwareconfigurationmanagement(SCM) is an indis-
pensablepart of high-quality software developmentpro-
cesses.SCM is a well establishedand commonpractice
in the later phasesof software development,notably dur-
ing programmingandintegration. “Good” maintenanceof
existing softwareproductsis only possiblethroughthe us-
ageof suchtools. Maintenancedependson the ability to
retrieveold versionswhich areto becorrectedor extended.

Mostof existing SCMsystemswork only on textual files.
In contrastto that, SCM is lesscommonlypracticedin

the early phases,i.e. analysisand design. Modelling a
softwarearchitecturewith CASE-toolsleadsto a lot of dia-
grams,notablyclassdiagrams.Theirevolutionandmainte-
nancerequirerepetitive andtediousintervention.Thesoft-
warearchitectmustensurethatchangesfor eachinstancein
which a designdecisionor an architecturepatternis used
are reflectedby the developedmodel. Only a few SCM
systemsprovide functionsthat createversionsof analysis
or designdocumentsandcanvisualisedifferencesbetween
thedocuments.Oneexampleis RationalClearCasein com-
binationwith RationalRoseandtheModel-Integrator. The
creationof the diagramsand the detectionof differences
betweenthem are distributed over RationalRoseand the
Model-Integrator. RationalRosecannotdetectand visu-
alisedifferencesbetweenversionsof diagrams.This is only
possibleby usingtheModel-Integrator, whichutilisesatree
representationof thedocumentsto visualisethedifferences.
Besidesthe documentdataa lot of metadataarealsopre-
sentedto thedevelopers.Theadditionallyshown metadata
reducetheoverview of thedifferences.

Usual algorithmsfor textual dataare not applicableto
the detectionof differencesbetweenversionsof diagrams
becausethey do not take the logical structureof suchdia-
gramsinto account.

Besidesthedetectionof differences,thevisualisationis
anotherpoint which hasto be considered.Textual datais
only asequenceof linesof text wherecorrespondingblocks
aredisplayedside-by-side.Diagramscannotbe displayed
in sucha way. One has to distinguishbetweenchanges
to the layout and changeswithin the diagramelements.
Henceusualmethodsfor displayingdifferences(displaying
thetwo versionsside-by-side)cannotbeused.Themethod
usedin theModel-Integrator(usinga treerepresentationof
the documents)hasthe disadvantagethat the layout is ig-
nored,thereforeit is difficult for thedevelopersto bring the
originaldiagramsinto theirmindandto visuallydiscernthe
differences.

Anotheraspectis thenumberof differencesbetweenthe



documents.Usuallya lot of perhapssmallmodificationsto
the documentsbelongstogether. Thesemodificationslead
to a large numberof differencesbetweenversionsof this
document. The result is that the developeris not able to
identify thecontext of singledifferences.

ThispaperpresentsconceptsandanSCMsystemwith a
tool for detectingandvisualisingdifferencesbetweenver-
sionsof analysisor designdocumentsandmethodsto re-
ducethe amountof highlighteddifferences.Onebasicas-
sumptionis that toolsuseaninternalstoragesystemwhich
appliesthe conceptof fine-graineddatamodelling. The
conceptspresentedhere are applicableindependentlyof
whetherXML files,aproprietaryfile format,a relationalor
anobject-orienteddatabaseis used.TheSCM systempre-
sentedhereis integratedin a repositorysystemknown as
H-PCTE[8], whichis astructurallyobject-orientedDBMS.

Therestof this paperis organisedasfollows. Section2
givesashortoverview aboutotherconceptsof detectingdif-
ferencesbetweendocuments.In section3 we presentthe
useddatamodel.Ourconceptto visualisethedifferencesis
presentedin section4. Theconceptis basedonthedetection
of differences,which is describedin section5. Becauseof
the complex visualisationwe proposea conceptto reduce
the complexity in section6. Furthermorewe describethe
benefitsfrom theSCMsystemandfine-graineddatamodel.
In section7 we introduceour versionmodel and discuss
how theconceptis integratedin our toolsandhow it could
be integratedin othertools. Concludingremarksaregiven
in section8.

2. RelatedWork

Usual SCM systemsand their differencetools are not
well adaptedto the needsandcircumstancesof document
managementin the early phases.A large numberof SCM
systemsandconceptsareavailable[6], however, virtually
all of themonly work on files, to bespecific,files contain-
ing lines of text in pretty-printedformat. The difference
tools arebasedon the algorithmof Myers [13] andexten-
sions[19, 7] thereof.

In contrastto thissoftwaredocumentsof theearlyphases
arenot text, but diagrams(e.g. thedifferenttypesof UML
diagrams).Diagramsareoftenstoredin files,eitherin pro-
prietary(printable)formatsor in XML formats.In thecase
of aclassdiagram,eachclassmightberepresentedby afew
linesof text in the file. The orderof thesesectionsof text
is irrelevant! Thepositionwherea classsymbolappearsin
the diagramis explicitly storedin layout data. Therefore,
diagramdrawing tools canstorethe sectionsrepresenting
classesor otherdiagramelementsin arbitraryorder. As a
consequenceof this, even small changesin a diagramcan
causean editor to a completelyreshuffle the file contents
andcan lead to large numberof significanttextual differ-

ences.ConventionalSCMsystemsarenotawareof thelog-
ical structureof thedocumentcontainedin a file.

Structureddatacan often be representedas trees. Al-
gorithmsfor finding differencesbetweenspecialkinds of
structureddocumentslike LATEX-files, HTML-files or data
in CAD data bases[4, 3] are often basedon algorithms
solving the tree-to-treecorrectionproblem[2, 21, 18, 17].
Thedifferencealgorithmsfor treestry to find anedit-script
which is a sequenceof atomic operationsthat transforms
onetreeinto theother. Only a few of thesealgorithmscan
detectshiftsacrossthetrees.

Thetree-to-treecorrectionalgorithmshavebeenadapted
to XML documents[11, 5, 20]. Thesealgorithmstry to find
similar subtreesof the documentandcalculatethe differ-
encesusingmatchedsubtrees.

Algorithmsfor detectingdifferencesbetweendocuments
exist also in SCM systemswhich store structureddata
[10, 1]. Thesealgorithmsusepersistentnodeidentifiersof
theversionedobjectsto find correspondingobjectsin both
documents.

Therearealsoproposalswhich describea versionman-
agementsystemfor softwaredocumentslikeclassdiagrams
[16] including merge functionality or algorithmsfor de-
tecting the differencesbetweentwo classdiagrams[22]
whicharestoredin anobjectstructure.CommercialCASE-
tools like RationalRoseuseindividual tools (i. e. Model-
Integrator)to detectandto mergedifferencesbetweenver-
sionsof adiagrams.But thesetoolsdonotprovideagraph-
ical representationof thediagramsanddifferences.

We are not aware of algorithms which visualise dif-
ferencesbetweengraphicalsoftwaredocumentslike class
diagramsand relate the differencesto the corresponding
changes.Furthermoreit is not possibleto excludediffer-
encesfrom beingvisualisedbasedon versionsor to modify
thedocumentscontainingthevisualiseddifferences.

3. Data Model

Weuseafine-graineddatamodelto storethedocuments.
Figure1 shows a classdiagramwhich is usedasa running
example.In a fine-graineddatamodelall elementsof a di-
agramare modelledas separateobjects,the documentit-
self,all classes,methods,attributesandparametersof meth-
ods. An exampleof a metamodel of a fine-graineddata
modelfor classdiagramsis presentedin figure2. Between
theobjecttypesthereexist componentrelationships,e.g. a
documentcontainsclasses,aclasscontainsmethodsandat-
tributesandso on. Furtherkinds of relationshipsbetween
objecttypeswhichrepresentclassescanexpressinheritance
or associationrelationshipsbetweenclasses.Theobjectat-
tributescontaindatawhich describestheclasses,methods,
etc. Examplesarethe nameor the type of an element,or
layoutinformationbelongingto onediagram.



position : Point

draw()  : void
print()  : void

end : Point
radius : point

position : Point

draw()  : void
print()  : void

position : Point
start : Point width : int

height : int

print()  : void
draw()  : void

Circle RectangleLine

DrawArea
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Figure 2. Meta model of a fine-grained data
model

Let us look at how to storethe classstructuregiven in
figure 1. The object structureshown in figure 3 usesthe
metamodel from figure 2. Every componentof a classis
representedbyanobjectof theappropriatetype.Pleasenote
that theobjectstructureshown in figure3 doesnot contain
all objectsneededto model the given classdiagram. The
objectsmodellingthe classCircle andthe methodsand
theattributesof theclassLine havebeenomitted.
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position : Attribute print : Method draw : Method

has_class has_class

Figure 3. Example of an object structure

4. Visualisationof Differ encesbetweengraphi-
cal Diagrams

In this sectionwe discussour solutionfor thepresenta-
tion of differencesbetweenversionsof diagrams,e.g.class
diagrams,ER diagramsor Petri nets. The documentsbe-
tweenwhich the differencesshall be shown will be called
basedocuments.

4.1. Presentationof Differ ences

The basic paradigmof all approachesto show differ-
encesbetweentextual documentsis to usetwo columns;
eachdocumentis shown completelyin oneof thecolumns,
identicalpartsin bothdocumentsarearrangedside-by-side,
differingpartsaresomehow highlighted.

Theconceptof usingtwo columnsworkswell with most
textualdocuments;it fails if thelinesof text arelong (more
thanabout200characters).It doesnot work reasonablyat
all in thecaseof graphicaldocumentssuchasstatecharts,
classdiagrams,etc.: thesedocuments(more specifically
their usualgraphicalrepresentation)are both “wide” and
“tall” and cannoteasily be split into sectionswhich are
equalor differing,but corresponding.

We have therefore adopted a completely different
paradigm:thetwo documentsareshown oneover theother,
they aresoto saytwo transparenciesarrangedin two layers.
The paradigmis intuitively simple,but leadsto a number
of non-trivial conceptualandtechnicalproblems,whichwe
shalladdressin thefollowing.

4.1.1. The “Unified” Document

Obviously, “commonparts” of both documentsshouldbe
shown only once.Thecompletepicturethusconsistsof (a)
the commonpartsand(b) the specificpartsof eachdocu-
ment.

Differentcolourscanbeusedto distinguishtheseparts.
If wedisregardthecolours,weseeanotherdocument;it can
beconsideredtherepresentationof a“unified” (or “mixed”)
document1.

Theindividualdifferences(or deltas)canbeclassifiedas
follows:

� differenceswithin a nodeof the graph,for example,
the nameof a statein a statechartmight differ, or a
classmayhaveanadditionalattribute

� differencesin the structureof thegraph,for example,
nodesor edgesarecreatedor removed.

1Weavoid thenotionof amergeddocumentheresincemerging is often
associatedwith removing conflicts;in thatsense,aunifieddocumentis not
amergeddocument.



Our unified documentwill in generalshow a new graph
structure,which is not identical to the graphstructureof
eitherbasedocument.

“Common” Parts. Thecommonpartsin theunifieddoc-
umentshould,of course,be as large as possible. Here it
is importantto distinguishbetweentwo sortsof dataoccur-
ring in graphicaldocuments:layout dataandmodeldata.
Layoutdataarethepositionsof nodesandof corner-points
of edges,thesizeof boxesetc.,essentiallyeverythingwhich
wouldbeirrelevantin atextualrepresentationof thegraph2.
Theremainingdataaremodeldata, they constitutethe“log-
ical” document.

It turns out in most casesthat the notion of “common
parts” shouldonly refer to modeldata;differencesof the
layout dataare usually not consideredrelevant3. Thus a
more sophisticatedalgorithm for computingthe delta be-
tweentwo documentsis needed.

Sincethe “commonparts” of both documentscanhave
differentlayouts,a new commonlayoutmustbefoundinto
whichbothdocumentscanbemapped.

An Example. Figure4 shows two classdiagramswhich
could result from editing the classdiagramshown in fig-
ure 1. In figure 4(a), a commonsuperclassComponent
hasbeenaddedand the methodsdraw andprint have
beendeletedin the classesCircle, Line andRect-
angle. In figure4(b),two new classesExport andXML-
Export have beenadded,anda methoddumpCont has
beenaddedto theclassComponent andin thesubclasses.

Figure5 shows the unified diagramandthe differences
betweenthebasedocuments.Differentline styleshavebeen
usedin this diagramto representdifferentcolours(colours
would not be visible in black-and-whitecopiesof this pa-
per).

4.1.2. Layout of the CommonParts

It is desirableto makethelayoutof thecommonpartsiden-
tical or similar to the layoutof oneof thebasedocuments,
becausea developermusttracebackthe differencesrepre-
sentedin theunifieddocumentto thebasedocuments.Since
modificationsto the layout aremostly not substantial,this
goalappearsto beachievable.

However, even seeminglyminor modificationscan ne-
cessitatesignificantdifferencesin the layout: assumefor
exampletwo classdiagrams;document1 containsasymbol
for classC; the symbol is positionedbetweenother class

2Leading blanks which are usedto visualisethe block structureof
sourceprogramsare a rare exampleof layout dataoccurring in textual
documents.

3If they are consideredrelevant, the paradigmof transparencieswill
hardlywork any more.
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Figure 4. Extending the class diagram of fig-
ure 1

symbolsand connectedvia componentrelationshipswith
someof theotherclasssymbols;in document2, oneof the
componentclasseshasbeendeletedand two new compo-
nentclasseshavebeencreatedinstead.If thelayoutof doc-
ument1 is to be retained,theremay not enoughspaceto
position the two new componentclasssymbolsnearclass
C.Becauseof thisweusethelayoutof thediagramwith the
highernumberof diagramelementsto positionthecommon
parts.Thespecificpartsof theotherdiagramareplacedat
theborder.

Usualalgorithmsfor automaticgraphlayoutdo not lead
to satisfactory resultswhen applied to classdiagramsor
similar documenttypes,andthey do not preserve the lay-
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Figure 5. Unified document sho wing the dif-
ferences between the base documents

out of oneof thebasedocuments.Thelatter is mostlyvery
desirablesincea clear layout may be the resultof careful
considerationandmayhavecostsignificantworking time.

The developmentof suitable layout algorithmsis not
subjectof this paper; in any case,one shouldnot expect
to geta perfectsolution.We notethatit would bedesirable
to beableto manuallyimprove the initial layoutproduced
automatically.

4.1.3. Intra-Node Differ ences

Intra-nodedifferencesaredifferencesbetweenattributesof
two correspondingnodes.We candistinguishtwo sortsof
attributesof nodes:

� single-valuedattributes,e.g. the nameor properties
like � abstract � of a class,the visibility of an at-
tributeor operation,etc.

� multi-valuedattributes,e.g.thelist of attributesor op-
erationsof a class,the list of parametersof an opera-
tion, etc.

The details dependon the type of diagramand node.
Intra-nodedifferencesarenot consideredto bea difference
betweenthe nodeas a whole (then the unified document
would containbothversionsof thecompletenode);instead
the nodeas suchis considereda “common” part and the
internaldifferencesareshown insidethenodesymbol.

In thecaseof single-valuedattributes,bothversionsare
shown in differentcolours. In the caseof multi-valuedat-
tributes,thetwo lists arecompared,a commonpartis iden-

tified andpartsappearingonly in oneversionarecoloured
appropriately.

Examplesin figure 5 are the classesCircle, Line
andRectangle wheretwo methodsandanattributehave
beendeletedandamethodhasbeenadded.Whena classis
deletedor addedtheentireclassis coloured(in thisexample
theclassesExport andXML-Export). Thesameis true
for relationshipsbetweentheclasses.

5. Computing the Differ ences

5.1. BasicAlgorithm

As mentionedin section3 thedocumentsaremodelledin
a fine-grainedway, thuseachdocumentis representedasa
directedacyclic objectgraphwith arootobject.Thecompo-
sition relationshipsform a spanningtreeof this graph.We
assumethat the root objectof the documentis unchanged
exceptfor its attributesandcomponents.

Algorithm 1 (seebelow) computesthe differencesbe-
tweentwo documents. It traversesthe spanningtreesof
both documentsandtries to find matchingobjectsin both
trees.The algorithmworks on bothdocumentssimultane-
ously. First thedocumentrootobjectsareputasinitial tuple
into a setq; theroot objectsarealwaysthefirst pair of cor-
respondingobjects.In general,thesetq containsthematch-
ing objectsfound so far. In the next stepa tuple from this
setis fetchedandthe differencesbetweenthe attributesof
both objectsarecomputed.Thena new objectdescribing
the similaritiesanddifferencesbetweenthe currentlypro-
cessedobjectsis put into thesetresult. Thechild objectsof
thecurrentobjectsarealsocollectedandput into two sets,
set1andset2. Now thematchingobjects(s. algorithm2) in
thesetwo setshave to be foundandinsertedasnew tuples
into thesetq.

Theremainingobjectsin set1andset2arecandidatesfor
shiftedobjectsinsidethedocument.Moving objectsinside
a documentimplies moving their correspondingsubtrees.
All objectsin the setsset1and set2are put into the sets
shifted1andshifted2respectively. After processingtheen-
tire documentthetwo setsshifted1andshifted2containall
possiblyshifted objectsincluding the correspondingsub-
trees.To detectif anobjectis shiftedthematchingobjects
in bothsetshave to befound.Thematchingobjectsareput
asnew initial tuplesinto setq andthe algorithmis started
again.This is performeduntil setq is empty.

After processingbothdocumentsthe setresultcontains
thesetunionof all objectsof thebasedocuments.A persis-
tentunifieddocumentis thencreatedbasedon thisset.The
unified documentconformsto the metamodelof figure 2
with somemodifications.Theunifieddocumentmustcon-
tain additionalinformationaboutdifferencesbetweenboth



documents,e.g. which objectsare specificfor onedocu-
mentor whichattributevalueshavechanged.Thereforethe
metamodelhasto beextendedby oneattribute(difference
attribute)at eachobjecttype.

Algorithm 1 ComputingtheDifferencebetweentwo Doc-
uments

function diff objects(Objectroot1,Objectroot2) : Set
Setq, set1,set2;
Setresult;
Setshifted1,shifted2;// possiblyshiftedobjects
Tuplex;
Objectobj1,obj2;
// insertdocumentroot
q.add( new Tuple(root1,root2) );

// traverseobjectstructure
while q != � do

for all x in q do
q.delete(x );
// find differenceof attributesof currentobject
result.add(new Object( diff attrs(x ) ) );
// collectchild objects
set1= x[1].get child objects();
set2= x[2].get child objects();
q.add(find matchingobjects(set1,set2) );
// Setsof objectsonly containedin thefirst or
// seconddocumentor possiblyshifted
shifted1.addAll(set1);
shifted2.addAll(set2);

end for
// Notice: q == �
q = find matchingobjects(shifted1,shifted2)

endwhile
// Setsof objectsonly containedin onebasedocument
result.addAll(shifted1);
result.addAll(shifted2);
return result;

5.2. Assumptionsabout the Ar chitectureof Tools

Therearetwo basicapproachesfor definingthattwo ob-
jectsmatch:

� they have thesameobjectidentifier

� they have thesame(or similar) contents

Thefirst approachis significantlymoreefficient,morepre-
cise,easierto implementandthusmoreattractive,but only
viableif thearchitectureof diagrameditorsfulfils animpor-
tantcondition:theeditorsmustassociateauniqueidentifier
with eachdiagramelement,theseidentifiersarestoredin

Algorithm 2 FindingmatchingObjects
function find matchingobjects(Setset1,Setset2) : Set
Objectobj1,obj2;
Setq;
for all obj1 in set1do

obj2= set2.searchobj( obj1 );
if obj2and not q.contains(obj2 ) then

q.add(new Tuple(obj1,obj2 ) );
set1.delete(obj1 );
set2.delete(obj2 );

end if
end for
return q;

thepersistentrepresentationof thedocument,andthey are
not changedby theeditorwhenit createsa new revision of
theobject.

Theseconditionsaretrivially fulfilled by our own tools
becausethey usean underlyingrepositorywhich provides
uniqueobjectidentifiers(surrogates)andbecausethey op-
eratedirectly uponthesepersistentobjects(ratherthanon
transientcopies).Theseconditionscanalsobe fulfilled by
toolswhich work on files in anXML or proprietaryformat
if they implementthemselvessomethingwhich is equiva-
lent to uniqueobjectidentifiers.

Of course,if a developercopiesa diagramelementand
deletesthe original later thenthe two versionsof the dia-
gramelementwill have differentobject identifiers. How-
ever, thesecasesshouldratherbe an exception. The same
observation appliesif we compareversionsof a diagram
which are not in a predecessor-successor-relationship. In
thesecases,we have to fall back to techniqueswhich are
basedon comparingthecontentsof theobjectswhich rep-
resentdiagramelements.Onehasto useheuristicsfor find-
ing matchingobjects;it is clear that the heuristicmustbe
document-typespecificto produce“good” results.For ex-
amplein classdiagramstwo classescanbeconsideredequal
if their namesand the majority of the operationsand at-
tributesareequalor similar.

5.3. Extensionsof the BasicAlgorithm

Whencomputingthedifferencebetweentwo documents
certainlocaldifferencesshouldnot beconsideredrelevant.

A primeexamplearelayoutdata(seesection4.1.2);as
alreadymentionedthey must be treatedin a specialway.
Layoutdataaretypically storedin specificattributes;there
canevenbespecificobjectsor relationshipsto which these
attributesareattached.Furtherexamplesareauthornames,
certaintime stamps,versionnumbers,etc.; the detailsde-
pendon thedocumenttypeandevenon thepreferencesof
adeveloper.



Sincewe assumea fine-graineddatamodel it is possi-
ble to specify the partsof the documentsto be ignoredby
the differenceoperationasuser-definedsetsof object, re-
lationshipor attribute types. Thesesetsareparametersof
thedifferenceoperation.In this way, we canusethesame
differencealgorithmfor differentdocumenttypes. If data
of certaintypeshave beenexcludedin the computationof
thedifferences,they mustoftenbehandledseparatelyin a
post-processingstep.

6. Filtering highlighted Differ ences

If a documenthasevolved over a long period of time
andhasmany revisions,or if thebasedocumentsbelongto
differentbranches,thenthetotal numberof differencesbe-
tweentwo “distant” versionscanbevery large. If all differ-
encesarecolouredin theunifieddocumentnearlytheentire
unified documentwill be colouredin the worst case,e.g.
asshown in figure5. In this andsimilar cases,the unified
documentlosesits valuefor thedeveloper. Thenumberof
highlighteddiagramelementsmustbemadesmallersome-
how.

Developersare not always interestedin all the differ-
encesbetweendocuments,sometimesthey areonly inter-
estedin modificationsdonein context of a specificlogical
changeor in structuralchanges(e.g.all new classesbut not
new methodsor attributes). Additionally differencesdue
to repeatedchangesin the samediagramelement(e.g. at
a class)cannotbe distinguishedbecausethey are equally
coloured.An examplethereforis presentedin figure4. The
classComponent is extendedin both partsof this figure
by somenew methods.At first theclassis extendedby the
methodsdraw andprint due to the introductionof in-
heritanceandsecondlythemethoddumpCont is addedto
realisethe export functionality. The problemis that both
changesat the classComponent arehighlightedwith the
samecolour so that the developerscannotdistinguishbe-
tweenthem.

Our proposedsolutionfor this problemis not to colour
all differencesin the unified document. The differences
in which the developeris not interestedare paintedgrey.
Thesegrey painteddifferencesarenot so eye-catchingas
the colouredones. A smallernumberof coloureddiffer-
encesimprove the overview. The developercan choose
which differencesof the documentshouldbe colouredin
thefollowing ways:

1. Highlight logical changes: changesdone during an
editingsession

2. Highlight structural changes: changesbelonging to
specificdiagramelements:e.g. classes(without op-
erationsandattributes)or operationsor attributes

A combinationof this methodsis possible.
The informationnecessaryto distinguishsingle logical

changesor singlestructuralchangescanbe obtainedfrom
theversionmodel(explainedbelow) andthedatamodelre-
spectively.

6.1. VersionModel

A fine-graineddatamodelmakesit necessaryto choose
a sophisticatedversionmodel which is aware of the data
structure. File basedversionmanagementsystemsdo not
work properly[14] whenthey areusedto storedatamod-
elled in a fine-grainedway. Thereforewe usea version
modelbasedon designtransactionsand tool transactions
[14]. A designtransactionrepresentsa taskduring the de-
velopmentandcombinesthe resultsof changesdonedur-
ing several tool sessions,possiblyby usingdifferenttools.
Thesetools use tool transactions(TTAs) to synchronise
concurrenteditingsessions.TTAs differ significantlyfrom
transactionsin conventionaldatabases.The TTAs have a
longer run time andslightly modifiedcharacteristics[15].
All modificationsmadein a TTA leadto theautomaticcre-
ationof versionsof themodifiedobjectsandrelationships,
with therestrictionthatonly oneversionof eachobjectand
eachrelationshipis createdin a TTA. Eachobjectandeach
relationshipis versionedindependently, thusit hasits own
versiontree. All versionsof objectsandrelationshipscre-
atedinsidea TTA arecombinedinto a configuration. Each
configurationgetsa uniqueidentifier. Theidentifiersof the
versionedobjectsarenot changedbut the versionscanbe
distinguishedby meansof theconfigurationidentifier.
We call theconfigurationof anactive TTA a workingcon-
figuration. Every configurationcanbe usedasa baseline
for a TTA (baselineconfiguration for short). The working
configurationis a direct successorof the baselineconfigu-
ration.

Threeconfigurationsare involved in the examplepre-
sentedin section4.1.1. Oneconfiguration4 representsthe
first versionof the classdiagram(s. figure 1). The other
two configurationsrepresentthe modificationsto this dia-
gram. The first of themcombinesthe versionsof objects
andrelationshipsdue to extendingthe classdiagramwith
inheritance.Theobjectsrepresentingtheexport functional-
ity arecombinedin thesecondnewly createdconfiguration.

6.2. Exploiting ChangeHistories

Theinformationofferedby theversionmanagementsys-
tem makes it possibleto distinguishbetweenchangesof
succeedingeditingsessions(configurations).Thedeveloper

4Usually, severalconfigurationsarecreatedduringthedevelopmentof
adiagram.



canlimit thecoloureddifferencesto changescombinedinto
singleconfigurations.

For examplethe coloureddifferencespresentedin fig-
ure4 consistof thechangesintroducedby addingtheclass
Component assuperclassof theclassesCircle, Line
andRectangle (s. figure6.2)andthechangesintroduced
by addingtheexportfunctionality(extensionof thediagram
with theclassesExport andXML-Export andtheexten-
sionof severalclasseswith theoperationdumpCont). Ac-
cordingto the correspondingconfigurationthe highlighted
differencesof the unifieddocumentcanseparatelypainted
grey.
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dump()  : void
closeFile()  : void
openFile()  : void

position : Point

print()  : void
draw()  : void

draw()  : void
print()  : void

position : Point

draw()  : void
print()  : void

position : Point

dumpCont()  : void

dumpCont()  : void
dumpCont()  : void dumpCont()  : void

<<abstract>>

Export

DrawArea

Component

XML−Export

draw()  : void
print()  : void

position : Point

Circle

radius : point start : Point
end : Point

Line Rectangle

height : int
width : int

dump()  : void

Figure 6. Unified document with unmarked
par ts of figure 5

6.3. Exploiting a fine-grainedData Model

In somecasesa developeris not interestedin all differ-
encesbetweenthe documents. Structuralchangesof the
samekind can be identified separatelyby using the meta
model.For example,whena developeris only interestedin
changesin theclassstructure,coloureddifferencesatopera-
tionsor attributesmaketheunifieddocumentunnecessarily
complicated. In our approachit is possibleto restrict the
coloureddifferencesto partsof thedocumentbasedin their
type, e.g. classes,relationships,methodsandattributesor
combinationsof them.It is alsopossibleto detectshiftsbe-
tweendifferentclasses.Only differencesat the structural
partschosenby thedeveloperarecoloured,all otherdiffer-
encesarepaintedgrey.

7. Tool Support

7.1. Constructing Tools

Differencesbetweenpairs of documentsare normally
shown on screen,thus a tool is requiredfor this purpose.
For the sake of brevity, we will call suchtools difference
tools.

Most differencetools for text files areat the sametime
merge tools, i.e. they allow a developer to choose,for
eachalternativesectionof thetext, betweenthealternatives
andproduceanotherdocumentwhichreflectsthesechoices.
Somedifferencetools provide additionalfunctionswhich
enablea developerto edit themergeddocument.

The sameapproachshould be adoptedfor difference
toolsfor graphicaldocuments.As wehaveseenabove,such
a tool shouldat leastoffer functionsfor editing the layout
of theunifieddocument,ideally arbitraryeditingshouldbe
possible.A differencetool would besimilar, but not identi-
cal to anormaleditorfor thebasedocuments.

Theconstructionof differencetoolscancausea consid-
erableeffort, in particularbecausea dedicateddifference
tool is neededfor eachdocumenttype. The effort canbe
reducedby usingmeta-CASEapproaches.This technology
further exploits the similarity betweennormaleditorsand
differencetools. We have adoptedthis idea; we areusing
a genericframework for the constructionof editorsfor a
rangeof documenttypes[12, 9].

Persistent Differ ence Document. One consequenceof
this approachis that the unified documentmustbe a nor-
mal, persistentdocument. The unified documentand the
basedocumentsdiffer only slightly in theirmetamodels(s.
figure2):

� In general,the unified documenthasweaker consis-
tency constraints.A typical examplearerelationships
with cardinalityone. Assumea relationshipmodelled
with cardinalityof one(e.g. an exclusive component
maybecontainedin at mostonecontainer).If differ-
entobjectsparticipatein sucharelationshipin thebase
documentsthis relationshipmustappeartwice in the
unified document.This would violate the cardinality
constraint.

� The metamodel for the unified documenthas to be
extendedby anadditionalattributeateachobjecttype.
This attribute describesthe differencesbetweenboth
versionsof oneobjectandtheinvolvedconfigurations.
Thedifferencetoolsmustbeableto handlethedatain
this additionalattribute.

The basic functionality of displayinga diagramis the
samefor differencetools and normal graphical editors.



However, differencetoolshave to colour thediagramsele-
mentsappropriately;this featureis new in comparisonwith
normalgraphicaleditors.

7.2. A Prototypical Differ enceTool

Our own tools enablea developerto restrict the high-
lighting of differenceson the basisof configurations.Our
toolsdisplaya list of theconfigurationswhich areinvolved
in the differencebetweenthe two basedocuments(s. fig-
ure7). If theversionsof thedocumentbelongto thesame
branch,thelist containsall configurationsbetweenthecon-
figurationsrelatedto the basedocuments.If the versions
belongto two brancheswith acommonancestorweusetwo
lists,eachonewith theconfigurationsbetweenthecommon
ancestorandthe configurationsrelatingto oneof the base
documents.Theselists are displayedat the right side of
the diagram. The developerscanexplicitly choosewhich
configurationshouldbe considered.The visualisational-
gorithm of the tool framework evaluatesthis information.
Furthermorethe visualisationalgorithmtakesthe configu-
ration(confID) andthecontentsof thedifferenceattribute
(diffAttr) into account.Elementswhich arecontained
in the first document(diffAttr := “doc1”) and were last
changedin configurationone(confID := 1) areunchanged
in our versionhistory. They aredrawn in black(e.g. Class
Circle). Elementswhich arecontainedin the first (sec-
ond)documentandhave beenchangedin anotherconfigu-
rationthanthefirst areshown in red(green)if they arenot
unselectedby the developer. In our examplethis applies
to theattributeposition andtheoperationsprint and
draw. The userhasunselectedconfiguration3. So, the
operationdumpCont is drawn in grey colour, becauseit is
changedin theunselectedconfiguration3.

7.3. Third Party Tools

Theintegrationof our approachinto existing third party
tools like ArgoUML or RationalRosecanbe divided into
two tasks:calculatingthedifferencesanddisplayingthedif-
ferencedocument.

Calculating the Differ ence. CASE-tools often use an
XML-lik e treestructurewith nodeidentifiersto storetheir
models.Sincewe areusinga normalbut slightly extended
persistentdocumentour approachcanadoptedeasily. The
datamodelof thetoolshasto beextendedby oneattribute
pernodeto storetheadditionaldifferenceinformation.The
differenceoperationhasto beextendedby functionality to
traverseandmanipulateXML-trees.Thiscanbedonewith-
outmucheffort.

Schema Management

configurations
and types

Visualisation Logic

Tool Framework

layout & model data

model data

has_method

has_attribute has_attribute

has_method

User selected

Repository

diffAttr := "doc1"

diffAttr := "doc1"
confID : = 2

confID : = 1

diffAttr := "doc2"
confID : = 3

dumpCont : Method
confID : = 2
diffAttr := "doc1"

diffAttr := "doc1"
confID : = 1
radius : Attribute

diffAttr := "doc1"
confID : = 2

position : Attribute

Circle : Class

print : Method draw : Method

Figure 7. Diff erence view inside the class di-
agram editor

Displaying the Differ enceDocument. Thetoolshave to
considertheextendeddatamodel.Thereforetheoperations
to load and storethe dataand the transientdatastructure
must be adapted. The graphicaleditorsmust supportthe
manipulation(changingcoloursetc.) of the graphicalrep-
resentationof a nodeat runtime. Implementingthis func-
tionality in anexisting tool seemsa bit expensive.

8. Conclusionand Future Work

We presentedconceptsto computeanddisplaychanges
betweengraphicaldocumentswhich arefrequentlyusedin
theearlyphasesof softwaredevelopment.Thedifferences
betweentwo documentsaredisplayedin oneunifieddocu-
ment.All partsof theunifieddocumentwhich arecommon
to bothbasedocumentsarepaintedblack. Thedifferences
betweenbothbasedocumentsarecolouredsothatthey can
easilybedistinguished.

The unified documentis difficult to understandif too



many partsof the documentare coloured. We proposed
a conceptto reducethe numberof colouredparts in the
unifieddocument.Fine-graineddatamodellinganda spe-
cialisedversionmodel allow us to colour only the differ-
encesbasedon structuralchangesor on changeswhich oc-
curredduringoneor severalformersessions.Theotherdif-
ferencesarepaintedgrey.

Futurework will addressthemergingof documents.We
areconvincedthatonecantakeadvantageof configurations
to reducethemergeconflicts.

The functionality to createand display differencesbe-
tweenUML classdiagramsis implementedand working.
It hasbeenintegratedinto thetool environmentPISET[9].
Becauseof creatinga new documentwhich containsall in-
formationof thecommonpartsandof thedifferentpartsit
waseasyto extendtheexisting toolsto displayunifieddoc-
uments.
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