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Abstract
Cooperative work on sharedinformation requiresdiffer-
ent kinds of computingsystemsupportto coordinatethe
work of multiple users, to establishmutual awareness
amongusers,and to ensurethe consistency of user re-
sults. Theseissuesare currently tackled separatelyin
variousloosely relatedareas,suchas workflow systems,
groupware, and advancedtransactionalmodels. In the
TRANSCOOP project, we have developeda transaction
model and a specificationlanguagethat provide a core
functionality for information sharingin cooperative sys-
tems. The corefunctionality includesexplicit work coor-
dinationfacilities,which at thesametime ensurethecon-
sistency of results.

The TRANSCOOP transactionmodelandspecification
languagehave evolved from a requirementsanalysisof
variouscooperativeapplicationscenarios.Thetransaction
modelhasbeenimplementedasanextensionof anexisting
object-orienteddatabasemanagementsystem. The suit-
ability of both the transactionmodelandthespecification
languageto describecooperativescenariosis beingevalu-
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atedfor a cooperativedocumentauthoringapplication.

1 Intr oduction
Theavailability of globalinformationinfrastructurehasled
to a rapidgrowth in opportunitiesto performjoint work in
locally distributedenvironmentsandwithin virtual organ-
isations. This requiresthe supportof humaninteraction
in cooperative working environmentsat a computingsys-
tem level, and via conventionalmeans,suchas personal
interaction,phoneandmail. Applicationswheretheglob-
alisationof cooperative work is taking placeincludede-
sign applications(suchas cooperative documentauthor-
ing, CAD/CASEanddesignfor manufacturing),real-time
groupware(suchasconferencing,sharedwhiteboardsand
joint editing), andbusinessworkflow managementin ad-
ministrationandproduction.

Mostof theseapplicationsarebuilt uponsomecommon
informationbases,which provide documents,designdata
orbusinessdata.Databasesystemsmanagingthisdatathus
needto supportthetypicalmodesof interactionof cooper-
atinguserswith eachotherandwith thecomputingsystem.
Theseinteractionsinvolve aspects,suchasmulti-userco-
operationon shareddocuments,supportfor long duration
activities,or interactiveusercontrol.At thesametime,ba-
sicconsistency requirementsneedto beensured.Ensuring
consistency of datain multi-userenvironmentsis theclas-
sicalproblemof transactionmanagement.However, in or-
derto supportcooperation,theclassicalparadigmof com-
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petitionfor resourcesneedsto bereplacedby theparadigm
of semanticallycorrectexchangeandsharingof informa-
tion.

Thegoalof theESPRITTRANSCOOP projecthasbeen
the developmentof a cooperative transactionmodel and
a correspondingspecificationlanguagethat are applica-
ble to a wide spectrumof cooperative scenarios. The
TRANSCOOP specificationlanguageCOCOA allows the
declarativespecificationof workflow-likecooperativesce-
narios[FEdBA97]. TheTRANSCOOP cooperativetransac-
tion modelCOACT [RKT � 95, WK96, KTW96b] provides
the basictransactionalsupportto ensureconsistentman-
agementof shareddatain cooperativeapplications.

The researchactivities in TRANSCOOP began with
an analysisof differentcooperative applicationscenarios,
namelycooperative authoring[TW95], Designfor Manu-
facturing[VFSE95] andworkflow applications[JLP� 95],
andananalysisof existingapproachesto supportcoopera-
tive work. Theseanalyses,togetherwith therequirements
derivedfrom them,arepresentedin Section2.

Section 3 describes the fundamentals of the
TRANSCOOP cooperative transaction model COACT,
and our assumptionsabout the structureof cooperative
scenarios.TheCOACT modelsupportsalternatingperiods
of individual andjoint work, andallows to exchangeand
shareinformationconsistently. To providethisflexibly, we
take anoperation-orientedview: theconsistency of shared
work resultsis determined,basedon thesemanticsof the
operationsperformedto obtaintheseresults.

To specify cooperative scenariosin TRANSCOOP, we
designedthe specificationlanguageCOCOA [FEdB96,
FEdBA97], which allows thedescriptionof organisational
and transactionalaspectsof a cooperative scenario,us-
ing declarative languageconstructsthat extend a given
databaseschema.The specificationlanguageis designed
on top of the formal specificationlanguageLOTOS/TM
[dBEV95, EFdB96], which in turn is basedon the spec-
ification languageLOTOS [BB89], andthe TM database
specification languageand design tools, developed at
the University of Twente [FB96, BBdB� 96, vKSA � 95,
FvKS94, BdBZ93].

Within the TRANSCOOP project, the COACT trans-
action model has beenimplementedas an extensionof
the object-orienteddatabasemanagementsystem VO-
DAK [GI95] (developedat GMD-IPSI). A TRANSCOOP

demonstratorarchitecturehasbeenimplementedwithin the
projectto evaluatethetransactionmodelandspecification
languagefor aparticularapplicationscenario,thatof coop-
erative documentauthoring.Section4 describesthecom-
ponentsof theTRANSCOOP demonstratorsystem.

2 Requirementsanalysisand related
approaches

2.1 Cooperative application domains investi-
gatedin TRANSCOOP

In theTRANSCOOP project,we investigatedthreekindsof
cooperative applicationscenarioswith respectto require-
mentsfor a cooperative transactionmodelandits specifi-
cationlanguage,namelyCooperative HypermediaDocu-
mentAuthoring(CDA), Designfor Manufacturing(DfM),
andWorkflowapplications[TV95, VT95].

Cooperative Hypermedia Document Authoring
[TW95]. CDA is characterisedby multiple authors
interactively working on sharedhypermediadocuments.
Hypermediadocumentauthoringcan be consideredas a
designproblemsolving process[HF86], mainly charac-
terised by the decompositioninto smaller subproblems
andtheir solutionby interactingactivities. An important
characteristicof theseprocessesis that the documentsto
be producedcan be describedonly vaguely in advance.
Authoring activities require a high degree of flexibility
in choosingthe next actionsto end up with the aimed
document.

Designfor Manufacturing [VFSE95]. DfM canbeseen
asavariantof ConcurrentEngineering.Thescopeof DfM
is the engineeringprocessof discretecomplex industrial
artifacts,usuallyseparatedinto upstreamprocesses(prod-
uctdesign)anddownstreamprocesses(productionrealisa-
tion, includingengineering,planning,andmanufacturing)
[SRN93]. The essentialpart of DfM is theearly involve-
mentof specialistsfrom downstreamprocessesin theup-
streamdesignprocess.Thus,thestrengtheningof thede-
signprocessby overlappingdesignphasesrequiresexten-
sivecooperationandcoordinationfacilities.In comparison
to cooperative authoring,moredetailedknowledgeof the
engineeringprocessesin differentphases,aswell asof the
sequenceof processingis available.

Workflow applications [JLP� 95]. Workflows are used
to definecomplicatedbusinessprocesses,e.g., to accom-
plish the productionof goodsor services. A workflow
consistsof a collectionof tasksthat arepartially ordered
by controlanddataflow dependencies.Tasksarethebasic
unitsof work thatareprocessedby oneresponsibleactor.
Thus,workflows focusmainly on the coordinationof ac-
tivities. Workflows mayinvolve bothautomised/machine-
basedtasks,wherea DBMS or otherinformationsystems
areinvolved,andhuman-basedtasks,wherehumanbeings
arerequiredto interveneandinfluencetheflow of control,
andindeedthecooperation.

Theabove cooperative applicationscenarios(CDA, DfM,
andWorkflow) canbeclassifiedby emphasisingdifferent
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aspectsof thecommunication,collaborationandcoordina-
tion propertiesof CSCWsystems[EGR91]. In our inves-
tigation, we recognisedthe following characteristics(for
details,referto [TV95, VT95, TW95, VFSE95, JLP� 95]):

� Multiple concurrentusersareinvolvedin multipleac-
tivitiestosatisfyacommongoal,or to produceacom-
monproductor artifact.

� Activities areprocessedinteractively by humansand
areusuallyof longduration.

� Cooperativework is characterisedby alternatingperi-
odsof individualandjoint work.

� Exchangeandsharingof persistentdatabetweendif-
ferent usersperformingseveral activities is a basic
feature.

� There is a needto ensureconsistency both for the
work of a singleuser, aswell asfor the cooperative
effort.

� Betweenactivities,thereexist controlflow dependen-
ciesthatarederivedfrom theapplicationdomain.

� It is likely that co-workers are geographicallydis-
tributedandonly partiallyconnected,dueto mobility.

The relevanceof thesecharacteristicsvariesfor the three
applicationdomains.For example,in workflow scenarios,
control flow dependenciesareof higher importancethan
in the cooperative authoringdomain. We can identify a
spectrum,rangingfrom CDA, to DfM, to workflow appli-
cations,wherethe solutionsbecomemorefixed andpre-
scribed,allowing the problem-solvingprocessandtermi-
nationconditionsto bemoredeterministicallydescribed.

2.2 Requirementsfor cooperationsupport

A primary objective of our work in TRANSCOOP wasto
develop a cooperative transactionprocessingsystemthat
cansupporta broadspectrumof cooperative applications.
Basedon the above analysis,we observed the following
requirementsfor suchasystem.

Relaxedatomicity. Therollbackof thewholecooperative
work processin thecaseof failureis generallynot accept-
able.It is requiredthatacooperativeactivity shouldbeable
to proceed(andeventuallysucceed)even if otherpartsof
thecooperativeprocessfail. A failurewithin oneuser'sac-
tivity shouldnot imply therollbackof anotheruser'swork
in their joint effort.

Retraction of decisions. To supportthe interactive user
control of activities, a cooperative transactionmodelhas
to provideservicesthatallow to retractdecisionstakenby
thecooperatingusers,for exampleby compensation.This

allows,for instance,to exploreseveralalternativesto solve
aproblem.

Support for exchangeof results. The sharingof final,
aswell asof intermediateartifactsamongco-workersis a
prerequisitefor mostcooperative applications.A cooper-
ative systemshouldprovide mechanismsto facilitate the
exchangeof tentative or partial results,while at the same
time guaranteeingthatno anomaliesareintroducedby the
exchanges.Thetransactionmodelandits specificationlan-
guageshouldoffer appropriateprimitivesfor thesemanti-
cally correctexchangeof informationbetweenco-workers.

Support for pri vate and shared data. To explore dif-
ferentsolutionsof thesameproblem,differentco-workers
shouldbeableto work at thesametime on thesamedata.
To avoid interferencefrom co-workers, the cooperative
systemshouldbe able to managealternative versionsof
objects.Upona user's request,it shouldbepossibleto ex-
changeversions,and to combinethem into a commonly
acceptedversion. Moreover, to supportgeographicaldis-
tribution and mobility, the model shouldbe able to deal
with multiplecopiesof data.

Coordination of individual and joint work. In coop-
erative efforts different userswork together. To achieve
a commongoal, facilities are neededto coordinateeach
user's work. In the more structuredforms of coopera-
tive scenario,suchas workflow, coordinationis coupled
with theneedto dynamicallyallocatetasksandassignco-
workersto thesetasks,basedon theprogressof thecoop-
eration.

Scenario-dependentexecutionconstraints. To describe
thepre-plannedpartsof cooperative scenariosandthede-
compositionof theoverallwork into smallersubactivities,
a cooperativesystemshouldallow thedefinitionof execu-
tion constraints.Executionconstraintsshouldbe able to
describethe possiblestructureof a single user's activity
aswell asthe overall cooperative work process.This in-
cludesthe assignmentof subactivities to co-workersand
constraintson the occurrenceof particular tasksand on
their executionorder within the overall cooperationpro-
cess.

Of course,additionalrequirementsareimposedoncooper-
ative systems.For example,to supportthemutualaware-
nessof co-workers,notification mechanismsareneeded.
Additional communicationfacilities like e-mail or audio
mayberequiredfor directnegotiationbetweenco-workers.
Suchservicesreceived lessattentionin the TRANSCOOP

project,becauseour goal was the synchronisationof co-
operative accessto persistentdata. Nevertheless,a coop-
erative transactionprocessingsystemsatisfyingtheabove
requirementscanprovide an application-independentnu-
cleusonwhich to build cooperativesystems.
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2.3 Relatedapproaches
Theissueof synchronisationof multiplecooperatingusers
is treatedin severalfields,includinggroupware,workflow
systems,andadvancedtransactionmodels.

Groupware. Most groupwaresystems[EGR91] synchro-
nise cooperative accessto shareddatain a more or less
ad hoc manner. Concurrency control in mostcooperative
hypertext systemsis basedon mechanismslike explicit
user-controlledlocking of objects,different lock modes,
extendedlock semantics,andnotifications[WL93, GS87].
Somesystemsusefloor passingprotocols[GS87] to syn-
chroniseconcurrentoperationsonshareddata,therebylim-
iting theavailability of data.Somesystemsdonotprovide
any concurrency control at all, but rely on social proto-
cols [EGR91]. Otherapproachesin theCSCWarea(e.g.,
[EG89]) are only applicableto real-timegroupwaresys-
tems,suchassharedwhiteboardsandsynchronousgroup
editors.Most of thesesystemsarebasedon replicationof
dataandusemulticastprotocolslike ISIS [BC91, BSS91]
for synchronisationpurposes.Real-timegroupwaresys-
temsdo not addressthe issuesof persistency of dataand
recoveryto ensurefault-tolerantprocessing.

Workflow systems. Workflow managementis gain-
ing popularity, althoughthe currentgenerationof work-
flow managementsystems(WFMS)hasseverallimitations
[GHS95, JLP� 95]. Mostof thesearisebecausethepurely
process-centricapproachof WFMS neglectsdata-centric
issues. This results in the lack of support for correct-
nessanddataconsistency (in thecaseof concurrentwork-
flow tasks),and insufficient recovery mechanisms.Most
of the commercialWFMS concentrateon relatively static
workflows. Someof the applicationswe studiedin the
TRANSCOOP project have a somewhat staticallydefined
activity structureat a high-level, but at a lower level, the
orderof executionsof theconstituentactivities is dynam-
ically determinedduringscenarioexecutionby thepartic-
ipatingusers.CurrentWFMS do not have adequatemod-
elling andexecutionsupportfor this.

Advancedtransaction models.Transactionmodelsguar-
anteefault toleranceandsynchroniseconcurrentaccessto
sharedpersistentdata.To supportcooperativeapplications,
severaladvancedtransactionmodelshavebeenproposedin
therecentyears.For anoverview of thesemodelswe refer
thereaderto [Elm92, Hsu93, Kai95].

A generalapproachto supportingcooperationis to di-
vide the databaseinto public and private areas[KW84,
LP83]. Objectsarethencopiedfrom the public database
by check-outinto privateareas.Whena transactionis fin-
ished,the modifiedobjectsarechecked-in into the public
database.Check-outmodelsoften appearin tandemwith
versionsand configurations[Kat90]. CAD transactions
[BKK85, KSUW85]enhancethebasiccheck-outmodelby

introducinga hierarchyof public,semi-public,andprivate
databases.For CASE applications,several extensionsof
thebasiccheckoutmodelhavebeendeveloped,whichtake
advantageof the opportunityfor genericsoftwareconsis-
tency checking[Hon88, KPS89],but thesemodelsarenot
generallyapplicableto otherdomains.

The split/join transactionmodel [PKH88, KP92] sup-
ports the dynamicrestructuringof ongoing transactions.
A split-operationallows to split a runningtransactioninto
two new (serialor independent)transactionswhile a join-
operationsallows to incorporatetwo transactionsinto a
new transaction. Thesemechanismsenablea coopera-
tivebehaviourby exchangingpartsof transactionsbetween
concurrentusers.

Transactionalworkflow approaches[RS95] usuallyin-
clude specificationlanguagesto expressvarious execu-
tion constraintsfor a set of tasks. This can be doneei-
ther by supportinga script language(as in the ConTract
model [WR92]), by a declarative specificationof the ex-
ecutionstructurein termsof externally visible execution
states[ARSS93], or by ECA rules[DHL90]. Cooperation
is characterisedin thesemodelsby passingresultsbetween
workflow tasksin apredefinedmanner.

3 The TRANSCOOP Model
As describedin Section 2, cooperative work has sev-
eral dimensions,and the requirementsfor a cooperative
systemlargely vary dependingon the application. In
TRANSCOOP, it wasouraim to satisfytheserequirements
by introducingasetof complementarymechanisms,which
canbe usedby the applicationdesignerto tailor the sys-
tem for specificneeds.In the following, we describethe
building blocksof theTRANSCOOP transactionmodeland
specificationlanguage,togetherwith the aspectsof coop-
erativework thatthey support.

3.1 Workspacesand exchangefacilities
The Cooperative Activity Model (COACT) comprisesthe
core of the TRANSCOOP transactionmodel [RKT � 95,
WK96, KTW96b]. The model builds on the observa-
tion statedin Section2 that cooperative work is char-
acterisedby alternatingperiods of individual and joint
work [TV95, TW95, Kai95]. During individualwork peri-
ods,userstry out alternative problemsolutionswhile co-
workers may work simultaneouslyon the samesubject.
Accessto anduseof shareddatashouldneitherblockother
users,norshouldit affectco-workersunintendedly. During
joint work, co-workersshouldbe ableto exchangeinfor-
mationand to sharefinal aswell as intermediateresults.
Moreover, dynamicsubgroupingof co-workersshouldbe
possible.

In COACT, weassignaprivateworkspaceto everyuser
whotakespartin acooperativeactivity. By default,thepri-
vateworkspacesof theco-workersareisolatedfrom each
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Figure1: Workspacesandexchangefacilitiesin COACT.

other. Additionally, thereis alsoa commonworkspacefor
eachcooperativeactivity. This workspaceis isolatedfrom
theprivateworkspaces;it is notassignedto any singleuser
in the cooperative activity. The commonworkspacecon-
tainsthe dataitemsavailablewhena cooperative activity
is started, andit will containtheresultsof thecooperative
activity whentheactivity is committed. Figure1 givesan
overview of theseconstituentsof theCOACT model.

To achieve isolationof workspaces,we (conceptually)
copy the data items initially containedin the common
workspaceto all privateworkspaces.From thesecopies,
theuserscancreate(throughouttheworkingprocess)their
own private versionsof data items, which can be inde-
pendentlymanipulated.Hence,the modificationsto data
itemsdoneby differentco-workersdo not interfere. For
eachworkspace,a log of the modificationsis kept in a
workspacehistory.

Eachcooperative activity is describedby (1) a set of
operationsthat can be invoked by a user in the user's
private workspace,and (2) a set of type-specificmerg-
ing rulesthatexploit thesemanticsof operationsto guide
the processof information exchange(history merging)
[WK96, KTW96b].

Operationsare the smallestunits of work within a
cooperative activity. An operationis consideredto be
atomic and transfersa consistentworkspacestateto an-
other consistentstate. The COACT model assumesan
environmentwhere the sequenceof operationsexecuted
in a workspaceis composedinteractively, by the userat
run-time (as in the hypermediaauthoringsystemSEPIA
[SHH' 92, WA95, BWAH96]). A userselectsa next op-
erationfrom the predefinedoperationsetassociatedwith
thecooperativeactivity. Theactualinputparametersto the
operationaregivenexplicitly by theuser.

Informationexchangeamongworkspacesin COACT is
basedon theexchangeof operationsinsteadof data.This
is an explicit act that is initiated by an actorby invoking
oneof COACT's exchange operations. Theexchangeop-
erationsaregenericmeta-operationsof theCOACT model
(like starting, aborting, or committing of a cooperative

activity); they are basedon the paradigmof merging
workspacehistories.TheCOACT modelprovidestwo dif-
ferentoptionsfor exchanginginformation:

1. Co-workerscandirectlyexchangeoperationsbetween
theirprivateworkspacesby meansof import anddel-
egateoperations.The import operationis usedby a
co-worker to incorporateoperationsexecutedin the
scopeof anotherworkspaceinto thelocalworkspace.
The importing useris responsiblefor resolvingcon-
flicts thatmayoccurduring themerge. Thedelegate
operationis usedto passon a setof operationsto a
co-worker who is thenresponsiblefor merging them
into thedestinationworkspace.

2. Co-workers can exchangeoperationsthrough the
commonworkspaceby meansof saveandimportop-
erations.A usercaninvoke thesave operationto in-
corporateoperationsof the user's privateworkspace
into the commonworkspace,thus making (partial)
resultspublic to all co-workers. The userwho in-
vokesthe save operationis responsiblefor the reso-
lution of conflicts.Otherco-workerscanthenretrieve
thesaved informationusingthe import operationde-
scribedabove.

The COACT history merge mechanismensuresthat only
consistentpartsof workspacesareexchanged.Consistent
units of work are identified by examining the backward
commutativityrelation[Wei88, LMWF94] betweenoper-
ationscontainedin aworkspacehistory. Theincorporation
of operationsinto a workspaceis thenrealisedby the re-
executionof the operationsin the destinationworkspace.
In this way, the effects of theseoperationsare reflected
in theprivateversionsof thedataitemsin thedestination
workspace.

Thesemanticcorrectnessof theexchangeof operations
is guaranteedby ensuringthatthere-executionof anoper-
ationhasan equivalent“view” on the history, in both the
destinationworkspaceandthe sourceworkspace.Hence,
thebehaviour of are-executedoperationin termsof output
resultsis indistinguishablefrom its initial execution. We
usetheforward commutativityrelation[Wei88, LMWF94]
to checkthis. If the merge processcannotbe performed
withoutviolating thesemanticalcorrectness,themergeal-
gorithm identifiesdifferent consistentsetsof operations;
oneof thesesolutionscan thenbe usedin the merge in-
stead.The TRANSCOOP run-timesystemoffers facilities
to theuserto supportthis selectionprocess.Mergingmay
resultin revertingpreviousdecisions.Thisis doneby com-
pensationin COACT. In [KTW96b], we have shown that
thisapproachproducescorrectmergedhistories.

If anoperationhasbeensuccessfullyincorporatedinto
anotherworkspace,it is conceptuallythe sameoperation
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that is presentin more thanoneworkspace. Thepresence
of identical operationsin several workspacesenablesus
to establisha closecooperationbetweenco-workers,be-
causeconflictsbetweenoperationsthatarepresentin both
workspacehistoriescanbeignored.Conceptually, theco-
workersowningtheworkspaceshavealreadyagreedonthe
resultsof these“shared”operations.

Thosepartsof a cooperative activity that arereflected
in the commonworkspaceafter its completion(commit)
are consideredas its final result. It is assumedthat all
usersintegratetheir relevant contributions into the com-
monworkspaceto producea singleresultof thecoopera-
tive activity. Themergemechanismandits propertiesare
discussedin detail in [KTW96b, WK96].

Facilities to definedataoperations,dataexchangeop-
erations,and the forward and backward commutativity
relationsrequiredby the COACT transactionmodel are
availablein the COCOA specificationlanguagefor coop-
erative scenarios[FEdB96, FEdBA97]. COCOA extends
theobject-orienteddatabaseschemaspecificationlanguage
TM [BBdB ( 96]. The dataexchangemechanismof CO-
COA allows the specificationof queriesover the opera-
tionsthatexist in a workspacehistory to selectoperations
for exchange(e.g.,importor delegation).
3.2 Organisingthe work process
Themergemechanismof COACT enablestheparticipants
in a cooperativeactivity to work concurrentlyon thesame
dataitemswithout blockingeachother, while at thesame
timeensuringtheconsistency of their results.This is aba-
sic requirementfor all cooperative applicationsand may
even be sufficient for the supportof creative work that is
performedin a moreor lessad hoc fashion,suchasco-
operative documentauthoring.Othercooperative applica-
tions suchasworkflow requireadditionalmechanismsto
coordinatethework process.Thesemechanismsmustbe
capableof ensuring,for example,that certainoperations
areperformedin aspecificorder, or thatcertainoperations
areindeedperformed.Suchcoordinationmechanismsare
availablewithin the TRANSCOOP modelat two levels: at
theworkspacelevel, andat thecooperativescenariolevel.

With regard to singleworkspaces,the applicationde-
signer can specify a set of executionrules in COCOA.
Theserules poseworkflow-like restrictionson the order
andexistenceof operationsin aworkspacehistory, andde-
fineterminationstates.Executionruleshaveto beenforced
for eachprivate workspaceand the commonworkspace
separately. We usea language-basedspecificationmech-
anism in COCOA for the execution rules. The appli-
cation designerspecifiescertain grammars,and the al-
lowed sequencesof operationsareequalto the words in
the generatedlanguage. To specify this language,mul-
tiple grammarscan be used. Their combinationresults
in the desiredrestrictionson sequencesof operationsthat

are allowed by the cooperative scenario. In contrastto
[Ska89, NRZ92], ourmechanismavoidsdeadendscaused
by interdependenciesof different grammars. For details
see[KTW ( 96c, FEdB96].

To structuretheoverallwork process,andto specifyre-
strictionsthatmustbeobeyedacrossall workspaces,CO-
COA providesastepdefinitionmechanism[FEdB96]. The
stepmechanismcontrolswhethera useris allowedto exe-
cuteanoperationata particularpoint in thescenario.This
is performedby explicitly enablingtheallowedoperations.
Thesetof operationsthatarecontrolledby thestepmech-
anism include data operationsand exchangeoperations,
aswell ascommunicationoperationsto initiate sub-steps,
and/orto terminatea step.

A step governs the operation enabling in multiple
workspaces,but it is up to theusersto decidewhetherthey
wantto executetheenabledoperations,andin whatorder.
In contrastto executionrules,thereareno restrictionson
theorderor existenceof operationsexecutedwithin astep.
Theenablingmechanismis complementedby thepossibil-
ity to specifyuserroles. Hence,thepermissionto execute
anoperationcanberestrictedto usersfilling acertainrole.
Stepscanbecombinedin variouswaysto form theorgan-
isationalstructureof the work process.Theconstructsto
groupstepsrangefrom sequentialandrepetitiveexecution
of steps,to nestedandparallelsteps.For moredetailson
scenarioorganisationfacilitiesin COCOA, see[FEdB96].

4 The TRANSCOOP System

To demonstratethe applicability of the results of the
TRANSCOOP project, an important goal was to imple-
menta prototypesystemthat realisesthe most important
conceptsintroducedin the model. Due to time limita-
tions, the executionrule enforcementmechanismhasnot
beenimplemented.The TRANSCOOP referencearchitec-
ture [dBLP( 95] identifiestwo fundamentalcomponents:
thespecificationenvironment, which providesa meansfor
thespecificationandverificationof acooperativescenario,
andthe runtimeenvironment, which offerssupportfor the
executionof acooperativescenario.Thesearedescribedin
thefollowing sections.
4.1 The specificationenvironment

Thecomponentsof theTRANSCOOP specificationenvi-
ronmentareintendedto helpthespecifierof a cooperative
applicationwork with the COCOA languagein the early
(conceptual),aswell asthelate(testing)phasesof theap-
plicationdesign[EFPdB96]. TheTRANSCOOP specifica-
tion environmentincludesa graphicalspecificationeditor,
a staticanalysistool, a dynamicanalysistool, andcompil-
ers to the run-timeenvironment. The staticanalysistool
includesa parser/type-checker, which alsoperformswell-
formednesscheckson the stepsandtransitions. The dy-
namicanalysistool offerssimulationandvisualisationof
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theorganisationalaspectsof thecooperativescenariousing
theTM AbstractMachine.Thecompilersgeneratethein-
put for thecooperationmanagerandthecooperativetrans-
actionmanagerof therun-timeenvironment.
4.2 The run-time environment
The TRANSCOOP runtime environmenthasbeenimple-
mentedasanextensionof theobject-orientedDBMS VO-
DAK, developedatGMD-IPSI[GI95]. In theimplementa-
tion architecture,all cooperationfacilitiesaresupportedas
DBMS services.Thedesignof the TRANSCOOP runtime
environmentrequiredanextensionof the traditional,cen-
tralisedOODBMSarchitecture(e.g.,asusedfor VODAK)
in orderto meetthe architecturalandconceptualrequire-
mentsposedby the TRANSCOOP cooperative transaction
manager[KTW96a]. Thefollowing issueswereaddressed:

) Workspaces. The desiredworkspacefunctionality
requiresthemaintenanceof multiple privateversions
of an object, insteadof a singlesharedversion. To
meetthis requirement,the objectmanagementstrat-
egy (initially basedonasingle,centralisedsharedob-
ject buffer) was replacedby multiple private object
buffers,whichcanbedistributedacrossthenetwork.

) History maintenance. The merge algorithm on
which theTRANSCOOP exchangefacilitiesarebased
usestheworkspacehistoriesof differentworkspaces.
To provide efficient accessto all workspacehisto-
riesin anongoingscenario,thehistoriesarecentrally
storedin theTRANSCOOP system.

Whenanoperationis invokedthatmanipulatesthelo-
cal workspacestate,the correspondinghistory entry
is storedpersistentlyin a dedicatedstatusdatabase,
which maintainsthecurrentstateof thescenarioex-
ecution. This design decision requirespermanent
availability of thedatabaseserver, but, in thecaseof
failureon theclientside,it allows therecoveryof the
client's workspacestate. An alternative designwith
local storageof historieswould decreasethe client's
dependenceon the databaseserver. This would be
moresuitablefor thepurposeof mobility.

) Scenario meta-data. For the executionof cooper-
ative scenarios,the VODAK databaseschemasare
enrichedby a cooperative scenariospecification. In
particular, this captures(1) informationaboutwhich
schemamethodsareavailableat theapplicationinter-
face,(2) thestructureof theoverallscenarioexecution
(steps),(3) informationabouthow certainmethodex-
ecutionscanbe compensated,and(4) predicatesde-
scribinghow to evaluatebackwardandforwardcom-
mutativity at runtime. All of this additionalinforma-
tion is storedin the enhancedVODAK datadictio-
nary.

* ** * * * ** * *
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Figure2: Run-timearchitectureof thesystem.

Figure 2 illustrates the runtime architecture of the
TRANSCOOP system. The workspacesare realisedby
a modified VODAK system,which includesprivate ob-
jectbuffers, thecooperativetransactionmanager (contain-
ing themergefunctionality),andthecooperationmanager
(governingtheexecutionof steps).

An importantpart of the runtimesystemdesignis the
StatusDB, which maintainsthehistoriesof theparticipat-
ingusersandtheruntimestructureof thestepspecification;
it also providesgeneraladministrative informationabout
the stateof the scenario,suchas the currentparticipants
in thescenario,andtheoperationsenabledby thecurrent
steps.

Thecooperativetransactionmanageroffersfunctionsto
preview theprogressof co-workersby meansof querying
their historiesin theStatusDB, andit providesoperations
for boththecalculationof possiblemergealternatives,and
theenforcementof a specificmerge.

Userscan join an ongoingscenarioexecutionas well
asleave the scenariobeforeit is finished. Whenthe cur-
rentstepallowsthescenarioto terminate,theresultsin the
commonworkspacerepresentthecommonlyagreedupon
result. Thefinal history is thenappliedto theApplication
DB.

4.3 The TRANSCOOP demonstrator scenario
Theselectedapplicationfor the TRANSCOOP demonstra-
tor system[dBLPX 96] is the cooperative hypermediaau-
thoring systemSEPIA [SHHX 92], developedat GMD-
IPSI.

Becausewetreattheauthoringprocessfrom a database
pointof view, weassumea scenarioin which multiple au-
thorsaremanipulatinga collectionof sharedhypermedia
documentsthat arestoredin a databasemanagementsys-
tem.TheSEPIAhierarchicalhypertext documentstructure
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andthecorrespondingoperationsfor thecreationandma-
nipulationof SEPIAdocumentstructuresaremodelledex-
plicitly by meansof theVODAK ManipulationLanguage
(VML) in thedatabaseschema[WA95, BWAH96].

The TRANSCOOP demonstratorsystemprovides in-
formation about the current participantsand their work
progressto establishgroupawareness.For example,when
adelegationis performed,thedelegateeis notifiedin order
to control the integrationof the respective pieceof work
into his or herworkspace.Furthernotificationsarecaused
if co-authorsjoin or leave thecooperativeactivity.

Theexchangefacilitiesof theCOACT modelsupportan
adhocworkingstyleof groupswith nopredefinedcoordi-
nation. Conflictsthatmayoccurbetweenthe individually
carriedout problemsolutionsare semi-automaticallyre-
solvedwithin themergeprocedure.Thecooperativetrans-
action manageroffers different consistentalternatives in
caseof a conflict. The controlling userthen selectsone
of theofferedsolutionsusingagraphicaluserinterface.

5 Conclusions

Today's workflow systemsdo not supportscenarioswith
spontaneouscooperationrequirementsthatcannotbepre-
scribeda priori in a specification. In contrast,current
groupwareapproachessupportan ad hoc working style,
yet give, from a databaseperspective,no satisfyingexecu-
tion guarantees.TheTRANSCOOP systemaddressesboth
criteria: the growing needfor modelssupportinghighly
dynamicforms of cooperative work, aswell as the need
for transactionalcorrectnesscriteria.

The nucleusof the exchangefacilities in the COACT

model is the history merging approach. The flexibility
of the approachis mainly achieved by its ability to de-
termineconsistentunits of work dynamically, in termsof
performedoperations,and its considerationof operation
semanticsfor resolvingconflicts.

A questionthat requiresfurtherattentionis thespecifi-
cationof commutativity relations.Specificationtools that
computecommutativity information automaticallyfrom
a formal specificationof data operationswill improve
the practicalapplicability of the TRANSCOOP approach.
Within the TRANSCOOP project,we have madeprelimi-
nary investigationsin this direction.This investigationin-
volvesmappingaTM schemato higherorderlogic (HOL)
[Spe95]. Commutativity analysisrequirementsareformu-
latedasproofgoalsin HOL andgiven,alongwith theHOL
representationsof thedataoperations,to theIsabelletheo-
remprover for proofassistance[Pau90, Pau94].

The TRANSCOOP approachfits variousapplicationar-
eas and provides directions for solving open research
problemsin relatedfields like mobilewirelesscomputing
[KTW97] or versioning.
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[TW95] T. Teschand J. Wäsch. Transactionsupportfor
cooperative hypermediadocumentauthoring: A
study on requirements. In Proc. of 8th ERCIM
DatabaseResearch GroupWorkshopon Database
Issuesand Infrastructure in Cooperative Informa-
tion Systems, pages31–42, Trondheim,Norway,
August1995.

[VFSE95] P. A. C. Verkoulen, F. J. Faase,A. W. Selders,
and P. J. J. Oude Egberink. Requirementsfor
an advanceddatabasetransactionmodel to sup-
port Designfor Manufacturing. In Proceedingsof
the Flexible Automationand Intelligent Manufac-
turing Conference, pages102–113.Begell House,
Inc. New York - Wallingtord (U.K.), June1995.
Stuttgart,Germany.

[vKSA [ 95] M. van Keulen, J. Skowronek, P.M.G. Apers,
H. Balsters,H.M. Blanken,R.A.deBy, andJ.Flok-
stra. A framework for representation,validation
andimplementationof databaseapplicationseman-
tics. In Proc. of the sixth IFIP Conferenceon
DatabaseSemantics, May 30 – June2 1995. At-
lanta,Georgia.

[VT95] P. VerkoulenandT. Tesch. DeliverableII.1: Re-
quirementsfor the TransCoopSpecificationLan-
guage. Report TC/REP/UT/D2-1/014, Esprit
ProjectNo. 8012,1995.
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