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Abstract

Thispaperpresentsa conceptandtoolsfor thedetection
and visualisationof differencesbetweerversionsof graph-
ical softwae documentsud as ER, classor object dia-
grams statecharts,etc. Wefirstanalysethe problemswhich
occur whencomparinggraphical documentsand display-
ing their similarities and differences.Our basicappoac
isto usea unifieddocumentvhich containsghecommorand
specifigpartsof bothbasedocumentsvith the specificparts
being highlighted. The central problemis how to reduce
the amountof highlightedelementsand enablethe devel-
operto havea certainamountof control over the changes
beselectivelyhighlighted.Wth regard to tool construction,
we assumehat softwae documentsre modelledn a fine-
grainedway, that they are stored as syntaxtreesin XML
filesor a repositorysystenmandthat a versionmanaement
systemis used. By using the features of the data model
and the version modelwe are able to detectand visualise
differencesetweerdiagramversions,including structural
changes(e.g. shifting of a methodfrom one classto an-
other). Wefurther exploitinformationabouttheversionhis-
tory delivered by the underlyingversion managgementsys-
temby highlighting only differencesbasedon structural or
logical changes.

Index Terms— fine-grmaineddatamodel,versions,config-
uration,designtransactionmetaCASE softwae engineer
ing environmentsdifferenceslUML diagrams

1. Intr oduction

Software configurationmanagemen{SCM) is anindis-
pensablepart of high-quality software developmentpro-
cesses.SCM is a well establishecand commonpractice
in the later phasef software development,notably dur-
ing programmingandintegration. “Good” maintenancef
existing software productsis only possiblethroughthe us-
ageof suchtools. Maintenancedependson the ability to
retrieve old versionswhich areto be correctedor extended.

Most of existing SCM systemswork only on textual files.

In contrastto that, SCM is lesscommonlypracticedin
the early phases,.e. analysisand design. Modelling a
softwarearchitecturevith CASE-toolsleadsto alot of dia-
grams notablyclassdiagramsTheir evolution andmainte-
nancerequirerepetitve andtediousintervention. The soft-
warearchitectmustensurehatchangegor eachinstancen
which a designdecisionor an architecturepatternis used
are reflectedby the developedmodel. Only a few SCM
systemsprovide functionsthat createversionsof analysis
or designdocumentsandcanvisualisedifferencebetween
thedocumentsOneexampleis RationalClearCasén com-
binationwith RationalRoseandthe Model-Integrator The
creationof the diagramsand the detectionof differences
betweenthem are distributed over Rational Roseand the
Model-Integrator Rational Rose cannotdetectand visu-
alisedifferencedbetweerversionsof diagrams.Thisis only
possibleby usingthe Model-Integrator, which utilisesatree
representationf thedocumentso visualisethedifferences.
Besidesthe documentdataa lot of metadataarealsopre-
sentedo the developers.The additionallyshovn metadata
reducethe overview of thedifferences.

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

Besideshe detectionof differencesthe visualisationis
anotherpoint which hasto be considered.Textual datais
only asequencef linesof text wherecorrespondindplocks
aredisplayedside-by-side.Diagramscannotbe displayed
in sucha way. One hasto distinguishbetweenchanges
to the layout and changeswithin the diagram elements.
Henceusualmethoddor displayingdifferencegdisplaying
thetwo versionsside-by-sideannotbe used. The method
usedin the Model-Intggrator(usinga treerepresentatioof
the documentshasthe disadwantagethat the layout is ig-
nored,thereforeit is difficult for the developergo bring the
original diagramsnto their mind andto visually discernthe
differences.

Anotheraspecis the numberof differencedetweerthe



documentsUsuallya lot of perhapsmallmodificationsto
the documentselongstogether Thesemodificationslead
to a large numberof differencesbetweenversionsof this
document. The resultis that the developeris not able to
identify the context of singledifferences.

This paperpresentgonceptandan SCM systemwith a
tool for detectingandvisualisingdifferenceshetweenver-
sionsof analysisor designdocumentsand methodsto re-
ducethe amountof highlighteddifferences.Onebasicas-
sumptionis thattools useaninternalstoragesystemwhich
appliesthe conceptof fine-graineddatamodelling. The
conceptspresentedhere are applicableindependentlyof
whetherXML files, a proprietaryfile format,arelationalor
anobject-orientedlatabasés used. The SCM systempre-
sentedhereis integratedin a repositorysystemknown as
H-PCTE]8], whichis astructurallyobject-orienteddBMS.

The restof this paperis organisedasfollows. Section2
givesashortoverview aboutotherconcept®of detectingdif-
ferenceshetweendocuments.In section3 we presentthe
useddatamodel.Our concepto visualisethe differencess
presentedh sectiord. Theconcepis basednthedetection
of differenceswhichis describedn section5. Becauseof
the complex visualisationwe proposea conceptto reduce
the compleity in section6. Furthermorewe describethe
benefitdfrom the SCM systemandfine-graineddatamodel.
In section7 we introduceour versionmodel and discuss
how the concepts integratedin our toolsandhow it could
beintegratedin othertools. Concludingremarksaregiven
in section8.

2. Related Work

Usual SCM systemsand their differencetools are not
well adaptedo the needsand circumstance®f document
managemenin the early phases.A large numberof SCM
systemsand conceptsare available [6], however, virtually
all of themonly work on files, to be specific,files contain-
ing lines of text in pretty-printedformat. The difference
tools are basedon the algorithmof Myers[13] and exten-
sions[19, 7] thereof.

In contrasto thissoftwaredocument®f theearlyphases
arenottext, but diagramge.g. the differenttypesof UML
diagrams) Diagramsareoftenstoredin files, eitherin pro-
prietary(printable)formatsor in XML formats.In thecase
of aclassdiagrameachclassmightberepresentetly afew
lines of text in thefile. The orderof thesesectionsof text
is irrelevant! The positionwherea classsymbolappearsn
the diagramis explicitly storedin layoutdata. Therefore,
diagramdrawing tools can storethe sectionsrepresenting
classesr otherdiagramelementsn arbitraryorder As a
consequencef this, even small changesn a diagramcan
causean editor to a completelyreshufle the file contents
and canleadto large numberof significanttextual differ-

ences CorventionalSCM systemsarenot awareof thelog-
ical structureof thedocumentontainedn afile.

Structureddatacan often be representeds trees. Al-
gorithmsfor finding differencesbetweenspecialkinds of
structureddocumentdik e IATgX-files, HTML-files or data
in CAD databases[4, 3] are often basedon algorithms
solving the tree-to-treecorrectionproblem[2, 21, 18, 17].
The differencealgorithmsfor treestry to find anedit-script
which is a sequencef atomic operationsthat transforms
onetreeinto the other Only afew of thesealgorithmscan
detectshiftsacrosghetrees.

Thetree-to-treeorrectionalgorithmshave beenadapted
to XML document$11, 5, 20]. Thesealgorithmstry to find
similar subtreesof the documentand calculatethe differ-
encesusingmatchedsubtrees.

Algorithmsfor detectingdifferencedbetweerdocuments
exist also in SCM systemswhich store structureddata
[10, 1]. Thesealgorithmsusepersistennodeidentifiersof
the versionedobjectsto find correspondingpbjectsin both
documents.

Therearealsoproposalsvhich describea versionman-
agemensystentor softwaredocumentdik e classdiagrams
[16] including memge functionality or algorithmsfor de-
tecting the differencesbetweentwo classdiagrams[22]
whicharestoredin anobjectstructure. CommercialCASE-
tools like RationalRoseuseindividual tools (i. e. Model-
Integrator)to detectandto meige differencedbetweerver
sionsof adiagramsBut thesetoolsdo not provide agraph-
ical representationf the diagramsanddifferences.

We are not aware of algorithmswhich visualise dif-
ferencesbetweengraphicalsoftware documentdik e class
diagramsand relate the differencesto the corresponding
changes.Furthermoreit is not possibleto exclude differ-
encedrom beingvisualisedbasedn versionsor to modify
thedocumentsontainingthe visualiseddifferences.

3. Data Model

We useafine-graineddatamodelto storethedocuments.
Figurel shows a classdiagramwhich is usedasa running
example.In afine-graineddatamodelall elementsof a di-
agramare modelledas separateobjects, the documentit-
self,all classesmethodsattributesandparametersf meth-
ods. An exampleof a metamodel of a fine-graineddata
modelfor classdiagramss presentedn figure 2. Between
the objecttypesthereexist componentelationshipse.g. a
documentontainclassesaclasscontainamethodsandat-
tributesandso on. Furtherkinds of relationshipshetween
objecttypeswhichrepresentlassesanexpressnheritance
or associatiomelationshipdetweerclassesThe objectat-
tributescontaindatawhich describeghe classesmethods,
etc. Examplesarethe nameor the type of an element,or
layoutinformationbelongingto onediagram.
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Figure 2. Meta model of a fine-grained data
model

Let uslook at how to storethe classstructuregiven in
figure 1. The objectstructureshavn in figure 3 usesthe
metamodelfrom figure 2. Every componenbf a classis
representelly anobjectof theappropriatdype. Pleasanote
thatthe objectstructureshavn in figure 3 doesnot contain
all objectsneededo modelthe given classdiagram. The
objectsmodellingthe classCi r cl e andthe methodsand
theattributesof theclassLi ne have beenomitted.
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Figure 3. Example of an object structure

4. Visualisation of Differ encesbetweengraphi-
cal Diagrams

In this sectionwe discussour solutionfor the presenta-
tion of differencesdetweenversionsof diagramse.g.class
diagrams ER diagramsor Petri nets. The documentse-
tweenwhich the differencesshall be shavn will be called
basedocuments

4.1 Presentationof Differ ences

The basic paradigmof all approacheso shav differ-
encesbetweentextual documentss to usetwo columns;
eachdocumenis shovn completelyin oneof thecolumns,
identicalpartsin bothdocumentsrearrangedide-by-side,
differing partsaresomehav highlighted.

The concepbf usingtwo columnsworkswell with most
textual documentsit failsif thelinesof text arelong (more
thanabout200 characters)It doesnot work reasonabhat
all in the caseof graphicaldocumentsuchasstatecharts,
classdiagrams,etc.: thesedocuments(more specifically
their usual graphicalrepresentationgre both “wide” and
“tall” and cannoteasily be split into sectionswhich are
equalor differing, but corresponding.

We have therefore adopted a completely different
paradigm:thetwo documentsreshovn oneovertheother,
they aresoto saytwo transparenciearrangedn two layers.
The paradigmis intuitively simple, but leadsto a number
of non-trivial conceptuahndtechnicalproblemswhichwe
shalladdressn thefollowing.

4.1.1 The “Unified” Document

Obviously, “common parts” of both documentsshouldbe
shavn only once. The completepicturethusconsistof (a)
the commonpartsand (b) the specificpartsof eachdocu-
ment.

Differentcolourscanbe usedto distinguishtheseparts.
If wedisregardthe colours we seeanotherdocumentijt can
beconsideredherepresentationf a“unified” (or “mixed”)
document.

Theindividual differencegor deltas)canbeclassifiedas
follows:

o differenceswithin a nodeof the graph,for example,
the nameof a statein a statechartmight differ, or a
classmayhave anadditionalattribute

o differencedn the structureof the graph,for example,
nodesor edgesarecreatedor removed.

1we avoid thenotionof amemgeddocumentheresincememing is often
associateavith removing conflicts;in thatsensea unifieddocuments not
amemgeddocument.



Our unified documentwill in generalshov a newv graph
structure,which is not identical to the graph structureof
eitherbasedocument.

“Common” Parts. Thecommonpartsin theunifieddoc-
umentshould, of course,be aslarge as possible. Here it
is importantto distinguishbetweertwo sortsof dataoccur
ring in graphicaldocuments:layout dataand model data.
Layoutdataarethe positionsof nodesandof cornerpoints
of edgesthesizeof boxesetc.,essentiallyeverythingwhich
would beirrelevantin atextual representatioof thegrapl?.
Theremainingdataaremodeldata, they constitutehe“log-
ical” document.

It turnsout in most casesthat the notion of “common
parts” shouldonly refer to model data; differencesof the
layout data are usually not consideredrelevant. Thusa
more sophisticatedalgorithm for computingthe delta be-
tweentwo documentss needed.

Sincethe “common parts” of both documentanhave
differentlayouts,a nev commonlayoutmustbefoundinto
whichbothdocumentganbemapped.

An Example. Figure4 shows two classdiagramswhich
could resultfrom editing the classdiagramshawn in fig-
ure 1. In figure 4(a), acommonsuperclassConponent
hasbeenaddedand the methodsdr aw and pri nt have
beendeletedin the classesCi r cl e, Li ne andRect -
angl e. Infigure4(b),two new classegxport andXM.-
Export have beenadded,anda methoddunpCont has

beenaddedo theclassConponent andin thesubclasses.

Figure 5 shows the unified diagramandthe differences
betweerthebasedocumentsDifferentline styleshave been
usedin this diagramto representifferentcolours(colours
would not be visible in black-and-whitecopiesof this pa-

per).

4.1.2 Layout of the Common Parts

It is desirableo make thelayoutof the commonpartsiden-
tical or similar to the layout of one of the basedocuments,
becausea developermusttracebackthe differencegepre-
sentedn theunifieddocumento thebasedocumentsSince
modificationsto the layout are mostly not substantialthis
goalappeardo beachiesable.

However, even seeminglyminor modificationscan ne-
cessitatesignificantdifferencesin the layout: assumefor
exampletwo classdiagramsgdocumentl containsa symbol
for classC; the symbolis positionedbetweenother class

2| eading blanks which are usedto visualisethe block structureof
sourceprogramsare a rare example of layout dataoccurringin textual
documents.

3If they are consideredrelevant, the paradigmof transparenciewill
hardlywork any more.
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symbolsand connectedvia componentrelationshipswith

someof the otherclasssymbols;in document, oneof the
componentlassesasbeendeletedand two new compo-
nentclassehave beencreatednstead.If thelayoutof doc-
umentl is to be retained,theremay not enoughspaceto

positionthe two new componentlasssymbolsnearclass
C. Becausef thiswe usethelayoutof thediagramwith the
highernumberof diagramelementgo positionthecommon
parts. The specificpartsof the otherdiagramare placedat
theborder

Usualalgorithmsfor automaticgraphlayoutdo notlead
to satishctory resultswhen appliedto classdiagramsor
similar documenttypes,andthey do not presere the lay-
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Figure 5. Unified document showing the dif-
ferences between the base documents

out of oneof thebasedocumentsThelatteris mostly very
desirablesincea clearlayout may be the resultof careful
consideratiorandmay have costsignificantworking time.
The developmentof suitablelayout algorithmsis not

subjectof this paper;in ary case,one shouldnot expect
to geta perfectsolution. We notethatit would be desirable
to be ableto manuallyimprove theinitial layout produced
automatically

4.1.3 Intra-Node Differ ences

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

e single-aluedattributes, e.g. the nameor properties
like {abst ract } of aclass,the visibility of an at-
tribute or operationetc.

o multi-valuedattributes,e.g.thelist of attributesor op-
erationsof a class,thelist of parameter®f anopera-
tion, etc.

The details dependon the type of diagramand node.
Intra-nodedifferencesarenot consideredo be a difference
betweenthe node as a whole (then the unified document
would containbothversionsof the completenode);instead
the nodeas suchis considereda “common” part and the
internaldifferencesareshavn insidethe nodesymbol.

In the caseof single-\aluedattributes,bothversionsare
shawn in differentcolours. In the caseof multi-valuedat-
tributes,thetwo lists arecompareda commonpartis iden-

tified and partsappearingonly in oneversionare coloured
appropriately
Examplesin figure 5 arethe classesCi rcl e, Line

andRect angl e wheretwo methodsandanattribute have
beendeletedanda methodhasbeenadded Whena classis
deletedor addedheentireclassis coloured(in thisexample
theclasse€xport andXM.- Export ). The sameis true
for relationshipdetweertheclasses.

5. Computing the Differences
5.1 BasicAlgorithm

As mentionedn section3 thedocumentsremodelledin
afine-grainedway, thuseachdocuments representedsa
directedagyclic objectgraphwith arootobject. Thecompo-
sition relationshipgorm a spanningree of this graph. We
assumehat the root objectof the documentis unchanged
exceptfor its attributesandcomponents.

Algorithm 1 (seebelow) computesthe differencesbe-
tweentwo documents. It traversesthe spanningtreesof
both documentsaandtries to find matchingobjectsin both
trees. The algorithmworks on both documentsimultane-
ously Firstthedocumentootobjectsareputasinitial tuple
into a setq; theroot objectsarealwaysthefirst pair of cor
respondingbjects.In generalthesetq containghematch-
ing objectsfound sofar. In the next stepa tuple from this
setis fetchedandthe differencesetweenthe attributesof
both objectsare computed. Thena new objectdescribing
the similarities and differencesbetweenthe currently pro-
cesseabijectsis putinto thesetresult Thechild objectsof
the currentobjectsarealsocollectedandput into two sets,
setlandset2 Now the matchingobjects(s. algorithm2) in
thesetwo setshave to be found andinsertedasnew tuples
into the setq.

Theremainingobjectsin setlandset2arecandidatesor
shiftedobjectsinsidethe document.Moving objectsinside
a documentimplies moving their correspondingsubtrees.
All objectsin the setssetland set2are put into the sets
shiftedlandshifted2respectiely. After processinghe en-
tire documenthe two setsshifted1landshifted2containall
possibly shifted objectsincluding the correspondingsub-
trees.To detectif anobjectis shiftedthe matchingobjects
in bothsetshave to befound. The matchingobjectsareput
asnew initial tuplesinto setq andthe algorithmis started
again.Thisis performeduntil setq is empty

After processindboth documentghe setresultcontains
thesetunionof all objectsof thebasedocumentsA persis-
tentunifieddocumentis thencreatedbasedn this set. The
unified documentconformsto the metamodel of figure 2
with somemodifications.The unified documenimustcon-
tain additionalinformationaboutdifferencesetweerboth



documentsg.g. which objectsare specificfor one docu-
mentor which attribute valueshave changedThereforethe
metamodelhasto be extendedby oneattribute (difference
attribute) at eachobjecttype.

Algorithm 1 Computingthe Differencebetweenwo Doc-
uments
function diff_objects(Objectrootl,Objectroot?) : Set
Setq, setl,set2;
Setresult;
Setshifted1,shifted2;// possiblyshiftedobjects
Tuplex;
Objectobjl, obj2;
Il insertdocumentoot
g.add( new Tuple(rootl,root2) );

Il traverseobjectstructure
while q!=0do
for all xin gdo
g.deletef );
/I find differenceof attributesof currentobject
result.addfewn Object( diff_attrs(x)));
I/ collectchild objects
setl= x[1].get.child_objects();
set2= x[2].get.child_objects();
g.add(find_matchingobjects(setl,set?) );
/I Setsof objectsonly containedn thefirst or
/I seconddocumenbr possiblyshifted
shifted1.addAll(setl);
shifted2.addAll(set2);
endfor
/I Notice: q==
g = find_matchingobjects(shifted1,shifted2)
endwhile
/I Setsof objectsonly containedn onebasedocument
result.addAll(shiftedl);
result.addAll(shifted?2);
return result;

5.2 Assumptionsabout the Ar chitecture of Tools

Therearetwo basicapproachefor definingthattwo ob-
jectsmatch:

o they have the sameobjectidentifier
o they have the same(or similar) contents

Thefirst approactis significantlymoreefficient, morepre-
cise,easierto implementandthusmoreattractive, but only
viableif thearchitectureof diagrameditorsfulfils animpor-
tantcondition:the editorsmustassociat@ uniqueidentifier
with eachdiagramelement,theseidentifiersare storedin

Algorithm 2 FindingmatchingObjects
function find_matchingobjects(Setsetl,Setset?) : Set
Objectobj1, obj2;

Setq;
for all objlin setldo
obj2 = set2.searclobj( obj1);
if obj2and not g.containsbj2) then
g.add(new Tuple(obj1,0bj2));
setl.deletebjl);
set2.deleteébj2);
endif
endfor
returnq;

the persistentepresentationf the documentandthey are
not changeddy the editorwhenit createsa new revision of
theobject.

Theseconditionsaretrivially fulfilled by our own tools
becausehey usean underlyingrepositorywhich provides
uniqueobjectidentifiers(surrogatespndbecauseahey op-
eratedirectly uponthesepersistenbbjects(ratherthanon
transientcopies). Theseconditionscanalsobe fulfilled by
toolswhich work onfilesin an XML or proprietaryformat
if they implementthemseles somethingwhich is equiva-
lentto uniqueobjectidentifiers.

Of course|if adevelopercopiesa diagramelementand
deletesthe original later thenthe two versionsof the dia-
gramelementwill have differentobjectidentifiers. How-
ever, thesecasesshouldratherbe an exception. The same
obsenation appliesif we compareversionsof a diagram
which are not in a predecessesuccessarelationship. In
thesecaseswe have to fall backto techniqueswhich are
basedon comparingthe contentsof the objectswhich rep-
resentdiagramelementsOnehasto useheuristicsor find-
ing matchingobjects;it is clearthat the heuristicmustbe
document-typespecificto produce‘good” results. For ex-
amplein classdiagramgwo classeganbeconsideredqual
if their namesand the majority of the operationsand at-
tributesareequalor similar.

5.3 Extensionsof the Basic Algorithm

Whencomputingthe differencebetweertwo documents
certainlocal differenceshouldnot be consideredelevant.

A prime examplearelayout data(seesection4.1.2); as
alreadymentionedthey mustbe treatedin a specialway.
Layoutdataaretypically storedin specificattributes;there
canevenbe specificobjectsor relationshipgo which these
attributesareattached Furtherexamplesareauthornames,
certaintime stamps,versionnumbers etc.; the detailsde-
pendon the documentype andevenon the preferencesf
adeveloper



Sincewe assumaea fine-graineddatamodelit is possi-
ble to specifythe partsof the documentdo beignoredby
the differenceoperationas userdefinedsetsof object, re-
lationshipor attribute types. Thesesetsare parameter®f
the differenceoperation.In this way, we canusethe same
differencealgorithmfor differentdocumenttypes. If data
of certaintypeshave beenexcludedin the computationof
the differencesthey mustoften be handledseparatelyn a
post-processingtep.

6. Filtering highlighted Differ ences

If a documenthasevolved over a long period of time
andhasmary revisions,or if thebasedocumentdelongto
differentbranchesthenthetotal numberof differencede-
tweentwo “distant” versionscanbevery large. If all differ-
encesarecolouredin theunifieddocumennearlytheentire
unified documentwill be colouredin the worst case,e.g.
asshawn in figure 5. In this andsimilar casesthe unified
documentosesits valuefor the developer The numberof
highlighteddiagramelementsmustbe madesmallersome-
how.

Developersare not always interestedin all the differ-
encesbetweendocumentssometimegshey areonly inter-
estedin modificationsdonein context of a specificlogical
changeor in structuralchangege.g. all new classe$ut not
new methodsor attributes). Additionally differencesdue
to repeatecchangesn the samediagramelement(e.g. at
a class)cannotbe distinguishedbecausehey are equally
coloured.An examplethereforis presentedh figure4. The
classConponent is extendedin both partsof this figure
by somenew methods At first the classis extendedby the
methodsdr aw and pri nt dueto the introductionof in-
heritanceandsecondlythe methoddunpCont is addedto
realisethe export functionality. The problemis that both
changest the classConponent 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 painteddifferencesare not so eye-catchingas
the colouredones. A smallernumberof coloureddiffer-
encesimprove the overvien. The developer can choose
which differencesof the documentshouldbe colouredin
thefollowing ways:

1. Highlight logical changes: changesdone during an
editingsession

2. Highlight structuralchanges: changesbelonging to
specificdiagramelements:e.g. classegwithout op-
erationsandattributes)or operationsr attributes

A combinationof this methodss possible.

The information necessaryo distinguishsingle logical
changer single structuralchangesanbe obtainedfrom
theversionmodel(explainedbelow) andthe datamodelre-
spectvely.

6.1 Version Model

A fine-graineddatamodelmalkesit necessaryo choose
a sophisticatedsersionmodel which is aware of the data
structure. File basedversionmanagemensystemsdo not
work properly[14] whenthey are usedto storedatamod-
elled in a fine-grainedway. Thereforewe usea version
model basedon designtransactionsandtool transactions
[14]. A designtransactiorrepresents taskduringthe de-
velopmentand combinesthe resultsof changesdonedur-
ing severaltool sessionspossiblyby usingdifferenttools.
Thesetools use tool transactiongTTAS) to synchronise
concurrenkediting sessionsTTAs differ significantlyfrom
transactionsn corventionaldatabases.The TTAs have a
longerrun time and slightly modified characteristic$15].
All modificationsmadein a TTA leadto theautomaticcre-
ation of versionsof the modifiedobjectsandrelationships,
with therestrictionthatonly oneversionof eachobjectand
eachrelationshipis createdn a TTA. Eachobjectandeach
relationshipis versionedndependentlythusit hasits own
versiontree. All versionsof objectsandrelationshipscre-
atedinsidea TTA arecombinedinto a configumation. Each
configurationgetsa uniqueidentifier Theidentifiersof the
versionedobjectsare not changedbut the versionscanbe
distinguishedy meansof the configurationidentifier.

We call the configurationof anactive TTA aworking con-

figuration. Every configurationcan be usedasa baseline
for aTTA (baselineconfigumation for short). The working

configurationis a direct successoof the baselineconfigu-
ration.

Three configurationsare involved in the example pre-
sentedn section4.1.1. Oneconfiguration® representshe
first versionof the classdiagram(s. figure 1). The other
two configurationsepresenthe modificationsto this dia-
gram. The first of them combinesthe versionsof objects
and relationshipsdue to extendingthe classdiagramwith
inheritance The objectsrepresentinghe export functional-
ity arecombinedn theseconchewly createdconfiguration.

6.2 Exploiting ChangeHistories

Theinformationofferedby theversionmanagemergys-
tem malkes it possibleto distinguishbetweenchangesof
succeedingditingsessiongconfigurations) Thedeveloper

4Usually several configurationsarecreatedduring the developmentof
adiagram.



canlimit thecoloureddifferenceso changegombinednto
singleconfigurations.

For examplethe coloureddifferencespresentedn fig-
ure4 consistof the changesntroducedby addingthe class
Conponent assuperclassof theclasse€i rcl e, Line
andRect angl e (s.figure6.2)andthechangesntroduced
by addingtheexportfunctionality (extensionof thediagram
with theclassegxport andXM.- Expor t andtheexten-
sionof severalclassesvith theoperationdunpCont ). Ac-
cordingto the correspondingonfigurationthe highlighted
differencesof the unified documentcanseparatelypainted

grey.
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Figure 6. Unified document with unmarked
parts of figure 5

6.3. Exploiting a fine-grained Data Model

In somecasesa developeris notinterestedn all differ-
encesbetweenthe documents. Structuralchangesof the
samekind can be identified separatelyby using the meta
model.For example,whena developeris only interestedn
changeén theclassstructurecoloureddifferencestopera-
tionsor attributesmake the unifieddocumenunnecessarily
complicated. In our approachit is possibleto restrictthe
coloureddifferencego partsof thedocumenbasedn their
type, e.g. classesrelationshipsmethodsand attributesor
combination®f them. It is alsopossibleto detectshiftsbe-
tweendifferentclasses.Only differencesat the structural
partschosenby the developerarecoloured all otherdiffer-
encesarepaintedgrey.

7. Tool Support
7.1 Constructing Tools

Differencesbetweenpairs of documentsare normally
shavn on screenthusa tool is requiredfor this purpose.
For the sale of brevity, we will call suchtools difference
tools

Most differencetools for text files are at the sametime
meirge tools, i.e. they allow a developerto choose,for
eachalternatve sectionof thetext, betweerthealternatves
andproduceanotherdocumentvhich reflectsthesechoices.
Somedifferencetools provide additionalfunctionswhich
enablea developerto editthe melgeddocument.

The sameapproachshould be adoptedfor difference
toolsfor graphicaldocumentsAs we have seerabove,such
a tool shouldat leastoffer functionsfor editing the layout
of theunifieddocumentjdeally arbitraryediting shouldbe
possible A differencetool would be similar, but notidenti-
calto anormaleditorfor thebasedocuments.

The constructiorof differencetools cancausea consid-
erableeffort, in particularbecausea dedicateddifference
tool is neededor eachdocumenttype. The effort canbe
reducedby usingmeta-CASEapproachesThis technology
further exploits the similarity betweennormal editorsand
differencetools. We have adoptedthis idea; we are using
a genericframawvork for the constructionof editorsfor a
rangeof documentypes[12, 9].

Persistent Differ ence Document. One consequencef
this approachis that the unified documentmustbe a nor-
mal, persistentdocument. The unified documentand the
basedocumentgliffer only slightly in their metamodels(s.
figure?2):

e In general,the unified documenthaswealer consis-
teng constraints A typical examplearerelationships
with cardinalityone. Assumea relationshipmodelled
with cardinality of one (e.g. an exclusive component
may be containedn at mostonecontainer).If differ-
entobjectsparticipatan sucharelationshipn thebase
documentghis relationshipmust appeanwice in the
unified document. This would violate the cardinality
constraint.

e The metamodel for the unified documenthasto be
extendedby anadditionalattribute at eachobjecttype.
This attribute describeghe differencesbetweenboth
versionf oneobjectandtheinvolvedconfigurations.
Thedifferencetools mustbe ableto handlethe datain
this additionalattribute.

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



However, differencetools have to colourthe diagramsele-
mentsappropriatelythis featureis new in comparisorwith
normalgraphicaleditors.

7.2 A Prototypical DifferenceTool

Our own tools enablea developerto restrict the high-
lighting of differenceson the basisof configurations.Our
toolsdisplayallist of the configurationsvhich areinvolved
in the differencebetweenthe two basedocumentgs. fig-
ure7). If the versionsof the documentbelongto the same
branchthelist containsall configurationdbetweerthecon-
figurationsrelatedto the basedocuments.If the versions
belongto two branchesvith acommonancestowe usetwo
lists, eachonewith theconfigurationdbetweerthecommon
ancestorndthe configurationgelatingto one of the base
documents. Theselists are displayedat the right side of
the diagram. The developerscan explicitly choosewhich
configurationshouldbe considered. The visualisational-
gorithm of the tool frameawork evaluatesthis information.
Furthermorethe visualisationalgorithmtakesthe configu-
ration(conf | D) andthecontentof thedifferenceattribute
(di f f At tr) into account. Elementswhich are contained
in the first document(diffAttr := “doc1”) and were last
changedn configurationone (confID := 1) areunchanged
in our versionhistory. They aredravn in black(e.g. Class
G rcl e). Elementswhich are containedn the first (sec-
ond) documentandhave beenchangedn anotherconfigu-
rationthanthefirst areshown in red (green)if they arenot
unselectedy the developer In our examplethis applies
to the attribute posi t i on andthe operationri nt and
dr aw. The userhasunselectecconfiguration3. So, the
operationrdunpCont is drawn in grey colour, becausét is
changedn the unselecteaonfiguration3.

7.3. Third Party Tools

The integrationof our approachinto existing third party
tools like ArgoUML or RationalRosecanbe divided into
two tasks:calculatinghedifferenceanddisplayingthedif-
ferencedocument.

Calculating the Difference. CASE-tools often use an
XML-lik e tree structurewith nodeidentifiersto storetheir
models.Sincewe are usinga normalbut slightly extended
persistendocumentour approachcanadoptedeasily The
datamodelof the tools hasto be extendedby oneattribute
pernodeto storethe additionaldifferencenformation. The
differenceoperationhasto be extendedby functionality to

traverseandmanipulateXML-trees. Thiscanbedonewith-

outmucheffort.

] ADMINISTRATION: welle i
Desk_Tools Commands
UMLCSD_00A.GRAPH [} 5D docoumertrame  (conf DefaultCont at branch Maingranch

[ Graphical Editor 00A |

User selectec

[ Schema Managemem%—+ Visualisation Logic+
4

Tool Framework /

Repository /model data

Circle : Class
conflD:=1
diffAttr := "doc1”

has_attribute has_attribute

position : Attribute radius : Attribute
conflD: =2 conflD:=1
diffAttr := "doc1" diffAttr := "doc1"

has_method

has_method

draw : Method
conflD:=2
diffAttr := "doc1"

print : Method

conflD: =2
diffAttr := "doc1"

dumpCont : Method
conflD : =3
diffAttr := "doc2"

Figure 7. Difference view inside the class di-
agram editor

Displaying the DifferenceDocument. Thetoolshaveto
considetthe extendeddatamodel. Thereforethe operations
to load and storethe dataand the transientdatastructure
must be adapted. The graphicaleditors must supportthe
manipulation(changingcoloursetc.) of the graphicalrep-
resentatiorof a nodeat runtime. Implementingthis func-
tionality in anexistingtool seemsa bit expensve.

8. Conclusionand Futur e Work

We presenteadtonceptg¢o computeanddisplaychanges
betweergraphicaldocumentavhich arefrequentlyusedin
the early phasef softwaredevelopment.The differences
betweerntwo documentsaredisplayedin oneunified docu-
ment.All partsof theunifieddocumentvhicharecommon
to both basedocumentsare paintedblack. The differences
betweerbothbasedocumentsarecolouredsothatthey can
easilybedistinguished.

The unified documentis difficult to understandf too



mary parts of the documentare coloured. We proposed
a conceptto reducethe numberof colouredpartsin the
unified document.Fine-graineddatamodellinganda spe-
cialisedversionmodelallow us to colour only the differ-
enceshasedn structuralchange®r on changesvhich oc-
curredduringoneor severalformersessionsTheotherdif-
ferencesarepaintedgrey.

Futurework will addresshe memging of documentsWe
arecorvincedthatonecantake advantageof configurations
to reducethe memge conflicts.

The functionality to createand display differencesbe-
tweenUML classdiagramsis implementedand working.
It hasbeenintegratedinto the tool environmentPISET[9].
Becausef creatinga new documenthich containsall in-
formationof the commonpartsandof the differentpartsit
waseasyto extendtheexisting toolsto displayunifieddoc-
uments.
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