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Abstract

Cooperatie work on sharedinformation requiresdiffer-
entkinds of computingsystemsupportto coordinatethe
work of multiple users,to establishmutual avareness
amongusers,and to ensurethe consisteng of userre-
sults. Theseissuesare currently tackled separatelyin
variousloosely relatedareas,suchas workflow systems,
groupware, and advancedtransactionaimodels. In the
TRANSCOOP project, we have developeda transaction
model and a specificationlanguagethat provide a core
functionality for information sharingin cooperatie sys-
tems. The corefunctionality includesexplicit work coor
dinationfacilities, which at the sametime ensurethe con-
sisteny of results.

The TRANSCOOP transactiormodel and specification
languagehave evolved from a requirementsanalysisof
variouscooperatie applicationscenariosThe transaction
modelhasbeenimplementedisanextensionof anexisting
object-orienteddatabasamanagemensystem. The suit-
ability of boththe transactiormodelandthe specification
languageo describecooperatie scenarioss beingevalu-
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andVTT (Finland).

atedfor a cooperatie documentauthoringapplication.

1 Intr oduction

Theavailability of globalinformationinfrastructurénasled
to arapidgrowth in opportunitiego performjoint work in
locally distributed ervironmentsandwithin virtual organ-
isations. This requiresthe supportof humaninteraction
in cooperatie working ervironmentsat a computingsys-
tem level, andvia conventionalmeans,suchas personal
interaction,phoneandmail. Applicationswherethe glob-
alisationof cooperatie work is taking placeinclude de-
sign applications(such as cooperatie documentauthor
ing, CAD/CASE anddesignfor manufcturing),real-time
groupware(suchasconferencingsharedvhiteboardsand
joint editing), and businessworkflow managemenin ad-
ministrationandproduction.

Most of theseapplicationsarebuilt uponsomecommon
informationbaseswhich provide documentsdesigndata
or businesglata.Databassystemsnanaginghis datathus
needto supporthetypical modesof interactionof cooper
atinguserswith eachotherandwith thecomputingsystem.
Theseinteractiongnvolve aspectssuchas multi-userco-
operationon shareddocumentssupportfor long duration
actiities, or interactive usercontrol. At thesametime, ba-
sic consisteng requirementsieedto be ensuredEnsuring
consisteng of datain multi-userervironmentss theclas-
sicalproblemof transactiormanagementdowever, in or-
derto supportcooperationthe classicabparadigmof com-



petitionfor resourcesieedgo bereplacedyy theparadigm
of semanticallycorrectexchangeandsharingof informa-
tion.

Thegoalof the ESPRITTRANSCOOP projecthasbeen
the developmentof a cooperatre transactionmodel and
a correspondingspecificationlanguagethat are applica-
ble to a wide spectrumof cooperatie scenarios. The
TRANSCooOP specificationlanguageCoCoA allows the
declaratve specificatiorof workflow-like cooperatie sce-
narios[FEdBA97]. The TRANSCOOP cooperatietransac-
tion modelCoAcT [RKT 195, WK96, KTW96k] provides
the basictransactionakupportto ensureconsisteniman-
agemenbf shareddatain cooperatie applications.

The researchactiities in TRANSCooOP began with
an analysisof differentcooperatie applicationscenarios,
namelycooperatie authoring[TW95], Designfor Manu-
facturing[VFSE9] andworkflow applicationdJLP*95],
andananalysisof existing approacheto supportcoopera-
tive work. Theseanalysestogethewith therequirements
derivedfrom them,arepresentedn Section2.

Section 3 describes the fundamentals of the
TRANSCOOP cooperatie transaction model COACT,
and our assumptionsabout the structureof cooperatie
scenariosThe COACT modelsupportsalternatingperiods
of individual andjoint work, andallows to exchangeand
sharanformationconsistently To provide this flexibly, we
take anoperation-orientesiew: the consisteng of shared
work resultsis determinedpasedon the semanticof the
operationgperformedo obtaintheseresults.

To specify cooperatie scenariodn TRANSCOOP, we
designedthe specificationlanguageCoCoA [FEdB96
FEdBA97], which allows the descriptionof organisational
and transactionalaspectsof a cooperatie scenario,us-
ing declaratve languageconstructsthat extend a given
databaseschema.The specificationanguagds designed
on top of the formal specificationlanguageLOTOS/TM
[dBEV95, EFdB94, which in turn is basedon the spec-
ification languageL OTOS [BB89], andthe TM database
specification languageand design tools, developed at
the University of Twente [FB96, BBdB*96, vKSAT95,
FvKS94 BdBZ93.

Within the TRANSCoOP project, the COACT trans-
action model has beenimplementedas an extension of
the object-orienteddatabasemanagementsystem VO-
DAK [GI95] (developedat GMD-IPSI). A TRANSCOOP
demonstratoarchitecturdasbeenmplementedvithin the
projectto evaluatethe transactiormodelandspecification
languagédor a particularapplicationscenariothatof coop-
eratve documentauthoring. Section4 describeghe com-
ponentof the TRANSCOOP demonstratosystem.

2 Requirementsanalysisand related
approaches

2.1 Cooperative application domains investi-
gatedin TRANSCOOP

In the TRANSCOOP project,we investigatedhreekinds of
cooperatre applicationscenarioswith respectto require-
mentsfor a cooperatie transactiormodelandits specifi-
cationlanguagehamely Coopeative HypermediaDocu-
mentAuthoring (CDA), Designfor Manufacturing(DfM),

andWorkflowapplicationg TV95, VT95].

Cooperative Hypermedia Document Authoring
[TW95]. CDA is characterisedoy multiple authors
interactively working on sharedhypermediadocuments.
Hypermediadocumentauthoringcan be consideredas a
designproblem solving process[HF86], mainly charac-
terised by the decompositioninto smaller subproblems
andtheir solutionby interactingactities. An important
characteristiof theseprocessess that the documentgo
be producedcan be describedonly vaguelyin adwance.
Authoring activities require a high degree of flexibility
in choosingthe next actionsto end up with the aimed
document.

Designfor Manufacturing [VFSE9Y. DfM canbe seen
asavariantof ConcurrenEngineering.Thescopeof DfM
is the engineeringporocessof discretecomplec industrial
artifacts,usuallyseparatedhto upstreanprocessegprod-
uctdesign)anddownstreanprocessefroductionrealisa-
tion, including engineeringplanning,andmanugcturing)
[SRN93. Theessentiapartof DfM is the early involve-
mentof specialistfrom downstreanprocessef the up-
streamdesignprocess.Thus, the strengtheningf the de-
signprocesdyy overlappingdesignphasesequiresexten-
sive cooperatiorandcoordinatiorfacilities. In comparison
to cooperatre authoring,more detailedknowledgeof the
engineeringrocessem differentphasesaswell asof the
sequencef processings available.

Workflow applications [JLPt95]. Workflows are used
to definecomplicatedousinesgprocessese.g.,to accom-
plish the productionof goodsor services. A workflow
consistsof a collectionof tasksthat are partially ordered
by controlanddataflow dependencieslasksarethe basic
units of work thatare processedby oneresponsibleactor
Thus, workflows focus mainly on the coordinationof ac-
tivities. Workflows may involve both automised/machine-
basedasks,wherea DBMS or otherinformationsystems
areinvolved,andhuman-basethskswherehumanbeings
arerequiredto interveneandinfluencethe flow of control,
andindeedthe cooperation.

The above cooperatie applicationscenario§CDA, DfM,
andWorkflow) canbe classifiedby emphasisinglifferent



aspect®f thecommunicationg¢ollaboratiorandcoordina-
tion propertiesof CSCWsystemdEGR91]. In ourinves-
tigation, we recognisedhe following characteristicgfor
details referto [TV95, VT95, TW95, VFSE95 JLPt95)):

e Multiple concurrenusersareinvolvedin multiple ac-
tivitiesto satisfyacommongoal,or to produceacom-
monproductor artifact.

e Activities areprocessednteractvely by humansand
areusuallyof long duration.

o Cooperatrework is characterisetly alternatingperi-
odsof individual andjoint work.

e Exchangeandsharingof persistentiatabetweendif-
ferent usersperforming several actvities is a basic
feature.

e Thereis a needto ensureconsisteng both for the
work of a singleuser aswell asfor the cooperatie
effort.

e Betweernctvities, thereexist controlflow dependen-
ciesthatarederivedfrom the applicationdomain.

e It is likely that co-workers are geographicallydis-
tributedandonly partially connectedgdueto mobility.

Therelevanceof thesecharacteristicvariesfor the three

applicationdomains.For example,in workflow scenarios,
control flow dependencieare of higherimportancethan

in the cooperatie authoringdomain. We canidentify a

spectrumyangingfrom CDA, to DfM, to workflow appli-

cations,wherethe solutionshecomemore fixed and pre-

scribed,allowing the problem-solvingprocessandtermi-

nationconditionsto be moredeterministicallydescribed.

2.2 Requirementsfor cooperationsupport

A primary objective of our work in TRANSCOOP wasto

develop a cooperatie transactionprocessingsystemthat
cansupporta broadspectrunof cooperatie applications.
Basedon the above analysis,we obsered the following

requirementgor suchasystem.

Relaxedatomicity. Therollbackof thewholecooperatie

work processn the caseof failureis generallynot accept-
able.lt isrequiredthatacooperatieactiity shouldbeable
to proceedandeventuallysucceedgvenif otherpartsof

thecooperatie procesdail. A failurewithin oneusersac-
tivity shouldnotimply therollbackof anothermusers work

in theirjoint effort.

Retraction of decisions. To supportthe interactve user
control of actiities, a cooperatie transactionmodel has
to provide serviceghatallow to retractdecisiongakenby
the cooperatingisersfor exampleby compensationThis

allows, for instanceto exploreseveralalternatvesto solve
aproblem.

Support for exchangeof results. The sharingof final,
aswell asof intermediateartifactsamongco-workersis a
prerequisitefor mostcooperatie applications.A cooper
ative systemshouldprovide mechanismgo facilitate the
exchangeof tentative or partial results,while at the same
time guaranteeinghatno anomaliesareintroducedby the
exchangesThetransactioormodelandits specificatiorian-
guageshouldoffer appropriatgrimitivesfor the semanti-
cally correctexchangeof informationbetweerco-workers.

Support for private and shared data. To explore dif-

ferentsolutionsof the sameproblem,differentco-workers
shouldbe ableto work at the sametime on the samedata.
To avoid interferencefrom co-workers, the cooperatie
systemshould be able to managealternatve versionsof

objects.Uponausersrequestjt shouldbe possibleto ex-

changeversions,andto combinetheminto a commonly
acceptedrersion. Moreover, to supportgeographicadis-
tribution and mobility, the model shouldbe able to deal
with multiple copiesof data.

Coordination of individual and joint work. In coop-
eratve efforts differentuserswork together To achieve
a commongoal, facilities are neededto coordinateeach
users work. In the more structuredforms of coopera-
tive scenario,suchas workflow, coordinationis coupled
with the needto dynamicallyallocatetasksandassignco-
workersto thesetasks,basedon the progresf the coop-
eration.

Scenario-dependentxecutionconstraints. To describe
the pre-plannegartsof cooperatie scenarioandthe de-

compositionof the overallwork into smallersubactwities,

a cooperatire systemshouldallow the definition of execu-
tion constraints. Executionconstraintsshouldbe able to

describethe possiblestructureof a single users actiity

aswell asthe overall cooperatie work process.This in-

cludesthe assignmenbf subactwities to co-workersand
constraintson the occurrenceof particulartasksand on

their executionorder within the overall cooperationpro-

cess.

Of courseadditionalrequirementgreimposedon cooper
ative systems.For example,to supportthe mutualaware-
nessof co-workers, notification mechanismsre needed.
Additional communicatiorfacilities like e-mail or audio
mayberequiredfor directnegotiationbetweerco-workers.
Suchservicesreceived lessattentionin the TRANSCoOOP
project, becauseour goal was the synchronisatiorof co-
operatve accesdo persistentiata. Neverthelessa coop-
eratve transactiorprocessingystemsatisfyingthe above
requirementsan provide an application-independemtu-
cleusonwhichto build cooperatie systems.



2.3 Relatedapproaches

Theissueof synchronisatiomf multiple cooperatingisers
is treatedn severalfields,including groupware ,workflow
systemsandadwancedransactiormodels.

Groupware. Most groupwaresystemgEGR9] synchro-
nise cooperatre accesgo shareddatain a more or less
ad hoc manner Concurreng controlin mostcooperatie
hypertext systemsis basedon mechanismdike explicit

usercontrolledlocking of objects,differentlock modes,
extendedock semanticsandnotifications{WL93, GS87.

Somesystemausefloor passingprotocols[GS87 to syn-
chroniseconcurrenbperation®nsharedlatatherebylim-

iting the availability of data. Somesystemsio not provide
ary concurreng control at all, but rely on social proto-
cols[EGR91]. Otherapproachem the CSCWarea(e.g.,
[EG89) areonly applicableto real-timegroupware sys-
tems,suchassharedwhiteboardsand synchronougroup
editors. Most of thesesystemsarebasedon replicationof

dataandusemulticastprotocolslike ISIS [BC91, BSS91]
for synchronisatiorpurposes. Real-timegroupware sys-
temsdo not addresghe issuesof persisteng of dataand
recoveryto ensurdault-toleraniprocessing.

Workflow systems. Workflow managements gain-

ing popularity althoughthe currentgenerationof work-

flow managemerdystemgWFMS) hasseverallimitations

[GHS95 JLP*95]. Most of thesearisebecauséhe purely

process-centriapproachof WFMS neglectsdata-centric
issues. This resultsin the lack of supportfor correct-
nessanddataconsisteng (in the caseof concurrentvork-

flow tasks),andinsufficient recosery mechanisms.Most

of the commerciaMWWFMS concentraten relatively static

workflows. Someof the applicationswe studiedin the

TRANSCOOP projecthave a somavhat statically defined
actiity structureat a high-level, but at a lower level, the

orderof executionsof the constitueniactiities is dynam-
ically determinedduring scenarigexecutionby the partic-

ipatingusers.CurrentWFMS do not have adequatenod-

elling andexecutionsupportfor this.

Advancedtransaction models. Transactiormodelsguar
anteefault toleranceandsynchroniseoncurrentaccesgo
sharedgersistentlata. To supporicooperatieapplications,
severaladvancedransactioomodelshave beernproposedn
therecentyears.For anoverview of thesemodelswe refer
thereaderto [EIm92, Hsu93 Kai95).

A generalapproacho supportingcooperatioris to di-
vide the databasento public and private areas[KW84,
LP83. Objectsarethencopiedfrom the public database
by check-outinto privateareas.Whena transactiornis fin-
ished,the modified objectsare checled-ininto the public
database Check-outmodelsoften appearin tandemwith
versionsand configurations[Kat90]. CAD transactions
[BKK85, KSUW85]enhanceghebasiccheck-oumodelby

introducinga hierarchyof public, semi-publicandprivate
databasesFor CASE applications several extensionsof
thebasicchecloutmodelhave beendevelopedwhichtake
adwantageof the opportunityfor genericsoftware consis-
teng/ checkinglHon88 KPS89],but thesemodelsarenot
generallyapplicableto otherdomains.

The split/join transactiormodel [PKH88, KP92 sup-
ports the dynamicrestructuringof ongoingtransactions.
A split-operatiorallows to split a runningtransactiorinto
two new (serialor independentjransactionsvhile a join-
operationsallows to incorporatetwo transactionsnto a
new transaction. Thesemechanismsnablea coopera-
tive behaiour by exchangingpartsof transactionpetween
concurrenusers.

Transactionaworkflow approachefRS9g usuallyin-
clude specificationlanguageso expressvarious execu-
tion constraintsfor a setof tasks. This can be doneei-
ther by supportinga script language(asin the ConTract
model[WR92]), by a declaratve specificationof the ex-
ecutionstructurein termsof externally visible execution
stateJARSS93, or by ECA rules[DHL90]. Cooperation
is characteriseth thesemodelsby passingesultshetween
workflow tasksin a predefinednanner

3 The TRANSCOOP Model

As describedin Section 2, cooperatie work has sev-
eral dimensions,and the requirementdor a cooperatie
systemlargely vary dependingon the application. In
TRANSCOOP, it wasour aim to satisfytheserequirements
by introducinga setof complementarynechanismsyhich
canbe usedby the applicationdesignetrto tailor the sys-
temfor specificneeds. In the following, we describethe
building blocksof the TRANSCoOP transactiormodeland
specificationlanguagetogethemwith the aspectof coop-
eratve work thatthey support.

3.1 Workspacesand exchangefacilities
The Coopeative Activity Model (COACT) compriseshe
core of the TRANSCoOP transactionmodel [RKT+95,
WK96, KTW96h]. The model builds on the obsena-
tion statedin Section2 that cooperatie work is char
acterisedby alternatingperiods of individual and joint
work [TV95, TW95, Kai95]. Duringindividual work peri-
ods, userstry out alternatve problemsolutionswhile co-
workers may work simultaneouslyon the samesubject.
Accesgo anduseof shareddatashouldneitherblock other
usersporshouldit affectco-workersunintendedlyDuring
joint work, co-workersshouldbe ableto exchangeinfor-
mationandto sharefinal aswell asintermediateresults.
Moreover, dynamicsubgroupingf co-workersshouldbe
possible.

In COACT, we assigna privateworkspaceo every user
whotakespartin acooperatreactiity. By default,the pri-
vateworkspace®f the co-workersareisolatedfrom each
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Figurel: Workspacesndexchangdacilitiesin COACT.

other Additionally, thereis alsoa commonworkspacédor

eachcooperatie activity. This workspaces isolatedfrom

theprivateworkspacesit is notassignedo ary singleuser
in the cooperatie activity. The commonworkspacecon-
tainsthe dataitems availablewhena cooperatre actiity

is started andit will containtheresultsof the cooperatie
actiity whenthe actvity is committed Figure 1 givesan
overview of theseconstituent®f the COACT model.

To achieve isolation of workspaceswe (conceptually)
copy the dataitems initially containedin the common
workspaceto all private workspaces.From thesecopies,
theuserscancreate(throughoutheworking processjheir
own private versionsof dataitems, which can be inde-
pendentlymanipulated.Hence,the modificationsto data
items doneby differentco-workersdo not interfere. For
eachworkspace,a log of the modificationsis keptin a
workspacehistory.

Eachcooperatie actiity is describedby (1) a setof
operationsthat can be invoked by a userin the users
private workspace,and (2) a set of type-specificmen-
ing rulesthatexploit the semanticf operationgo guide
the processof information exchange (history meging)
[WK96, KTW96h].

Operationsare the smallestunits of work within a
cooperatre actvity. An operationis consideredto be
atomic and transfersa consistentworkspacestateto an-
other consistentstate. The COACT model assumesan
ervironmentwhere the sequenceof operationsexecuted
in a workspaceis composednteractvely, by the userat
run-time (asin the hypermediaauthoringsystemSEPIA
[SHHT92, WA95, BWAH96]). A userselectsa next op-
erationfrom the predefinedoperationsetassociatedvith
thecooperatie activity. Theactualinput parameterso the
operationaregivenexplicitly by theuser

Informationexchangeamongworkspacesn COACT is
basedon the exchangeof operationgnsteadof data. This
is an explicit actthatis initiated by an actorby invoking
oneof COACT's exchange operations The exchangeop-
erationsaregenericmeta-operationsf the COACT model
(like starting, aborting, or committing of a cooperatie

actwity); they are basedon the paradigmof meiging
workspaceéhistories.The COACT modelprovidestwo dif-
ferentoptionsfor exchangingnformation:

1. Co-workerscandirectlyexchangeperationbetween
their privateworkspaced®y meansof importanddel-
egate operations.The import operationis usedby a
co-worker to incorporateoperationsexecutedin the
scopeof anothemworkspacento thelocal workspace.
The importing useris responsibleor resolvingcon-
flicts thatmay occurduring the memge. The delgyate
operationis usedto passon a setof operationgo a
co-worker who is thenresponsibldor merging them
into the destinatiorworkspace.

2. Co-workers can exchange operationsthrough the
commonworkspaceéry meanf saveandimportop-
erations.A usercaninvoke the sase operationto in-
corporateoperationof the users private workspace
into the commonworkspace,thus making (partial)
resultspublic to all co-workers. The userwho in-
vokesthe save operationis responsibldor the reso-
lution of conflicts.Otherco-workerscanthenretrieve
the savedinformationusingthe import operationde-
scribedabove.

The CoAcT history mege mechanisnmensureghat only
consistenpartsof workspacesre exchanged.Consistent
units of work are identified by examining the badkward
commutativityrelation [Wei88 LMWF94] betweenoper
ationscontainedn aworkspaceistory. Theincorporation
of operationgnto a workspaceis thenrealisedby there-
executionof the operationdn the destinationworkspace.
In this way, the effects of theseoperationsare reflected
in the privateversionsof the dataitemsin the destination
workspace.

Thesemanticorrectnessf the exchangeof operations
is guaranteedby ensuringthatthere-executionof anoper
ation hasan equivalent“view” on the history, in both the
destinationworkspaceandthe sourceworkspace.Hence,
thebehaiour of are-executedbperationn termsof output
resultsis indistinguishabldrom its initial execution. We
usetheforward commutativityrelation[Wei88 LMWF94]
to checkthis. If the meige processcannotbe performed
withoutviolating the semanticatorrectnesshe memgeal-
gorithm identifies different consistentsetsof operations;
one of thesesolutionscanthenbe usedin the memge in-
stead. The TRANSCoOOP run-time systemoffers facilities
to the userto supportthis selectionprocess Merging may
resultin revertingpreviousdecisionsThisis doneby com-
pensatiorin COACT. In [KTW96bh], we have shown that
thisapproactproducesorrectmeigedhistories.

If anoperationhasbeensuccessfullyincorporatednto
anotherworkspacejt is conceptuallythe sameoperation



thatis presenin more thanoneworkspace The presence
of identical operationsin seseral workspacesnablesus
to establisha close cooperatiorbetweenco-workers, be-
causeconflictsbetweeroperationghatarepresenin both
workspacehistoriescanbeignored. Conceptuallythe co-
workersowningtheworkspacesavealreadyagreednthe
resultsof these'shared”operations.

Thosepartsof a cooperatie actiity thatarereflected
in the commonworkspaceafter its completion(commit)
are consideredas its final result. It is assumedhat all
usersintegratetheir relevant contributionsinto the com-
monworkspaceo producea singleresultof the coopera-
tive activity. The merge mechanisnandits propertiesare
discussedh detailin [KTW96b, WK96].

Facilities to definedataoperationsdataexchangeop-
erations, and the forward and backward commutatvity
relationsrequiredby the COACT transactionmodel are
availablein the CoCoA specificationanguagefor coop-
eratve scenariodFEdB96 FEdBA97]. CoCOA extends
theobject-orientedlatabasschemaspecificatiotanguage
TM [BBdB*96]. The dataexchangemechanisnof Co-
CoA allows the specificationof queriesover the opera-
tionsthatexist in aworkspacehistoryto selectoperations
for exchangdle.g.,importor delegation).

3.2 Organisingthe work process

The mergemechanismof COACT enableghe participants
in a cooperatie activity to work concurrentlyon the same
dataitemswithout blocking eachother, while at the same
time ensuringhe consisteng of their results.Thisis aba-

sic requirementfor all cooperatie applicationsand may

even be sufficient for the supportof creatve work thatis

performedin a more or lessad hoc fashion,suchas co-

operatve documentuthoring.Othercooperatie applica-
tions suchasworkflow requireadditionalmechanismso

coordinatethe work process.Thesemechanismsnustbe

capableof ensuring,for example,that certainoperations
areperformedn a specificorder, or thatcertainoperations
areindeedperformed.Suchcoordinationmechanismsgre

availablewithin the TRANSCooOP modelat two levels: at

theworkspacdevel, andatthecooperatie scenaridevel.

With regardto single workspacesthe applicationde-
signer can specify a set of executionrules in CoCOA.
Theserules poseworkflow-like restrictionson the order
andexistenceof operationsn aworkspacehistory, andde-
fineterminationstates Executionruleshave to beenforced
for eachprivate workspaceand the commonworkspace
separately We usea language-basesbecificationmech-
anismin CoCoA for the executionrules. The appli-
cation designerspecifiescertain grammars,and the al-
lowed sequencesf operationsare equalto the wordsin
the generatedanguage. To specify this language mul-
tiple grammarscan be used. Their combinationresults
in the desiredrestrictionson sequencesf operationghat

are allowed by the cooperatie scenario. In contrastto

[Ska89 NRZ927, our mechanisnavoidsdeadendscaused
by interdependenciesf differentgrammars. For details
see[KTW+96¢, FEdB94.

To structurethe overallwork processandto specifyre-
strictionsthat mustbe obeyed acrossall workspacesCo-
CoOA providesastepdefinitionmechanisnfFEdB9g. The
stepmechanisntontrolswhethera useris allowedto exe-
cuteanoperatiomata particularpointin thescenarioThis
is performeday explicitly enablingtheallowedoperations.
Thesetof operationghatarecontrolledby the stepmech-
anisminclude data operationsand exchangeoperations,
aswell ascommunicatioroperationdo initiate sub-steps,
and/orto terminatea step.

A step governs the operation enabling in multiple
workspaceshutit is up to theusergo decidewhetherthey
wantto executethe enabledoperationsandin whatordet
In contrastto executionrules, thereareno restrictionson
theorderor existenceof operationsxecutedwithin astep.
Theenablingmechanisnis complementetyy the possibil-
ity to specifyuserroles Hence the permissiorto execute
anoperationcanberestrictedo userdilling acertainrole.
Stepscanbecombinedn variouswaysto form the organ-
isationalstructureof the work process.The constructgo
groupstepsrangefrom sequentiabndrepetitve execution
of stepsto nestedand parallelsteps.For moredetailson
scenariarganisatiorfacilitiesin COCoA, see[FEdB94.

4 The TRANSCOOP System

To demonstratethe applicability of the results of the
TRANSCOOP project, an important goal was to imple-
menta prototypesystemthat realisesthe mostimportant
conceptsintroducedin the model. Due to time limita-
tions, the executionrule enforcementmechanismhasnot
beenimplemented.The TRANSCoOOP referencearchitec-
ture [dBLP*95] identifiestwo fundamentakcomponents:
the specificatiorervironmentwhich providesa meandor
the specificatiorandverificationof a cooperatre scenario,
andthe runtime ervironment which offers supportfor the
executionof acooperatie scenarioThesearedescribedn
thefollowing sections.
4.1 The specificationenvironment
Thecomponentsf the TRANSCoOOP specificatiorenvi-
ronmentareintendedo helpthe specifierof a cooperatie
applicationwork with the COCoA languagein the early
(conceptual)aswell asthelate (testing)phaseof the ap-
plicationdesign[EFPdB96§. The TRANSCOOP specifica-
tion ervironmentincludesa graphicalspecificatioreditor,
a staticanalysigool, adynamicanalysistool, andcompil-
ersto the run-time ervironment. The static analysistool
includesa parser/type-cheak, which alsoperformswell-
formednessheckson the stepsandtransitions. The dy-
namicanalysistool offers simulationand visualisationof



theorganisationahspect®f thecooperatie scenariaising
the TM AbstractMachine.The compilersgenerateghein-
putfor the cooperatiormanagerandthe cooperatre trans-
actionmanagenof therun-timeernvironment.

4.2 Therun-time ervironment

The TRANSCOOP runtime ervironmenthas beenimple-
mentedasan extensionof the object-orientedBMS VO-
DAK, developedat GMD-IPSI[GI195]. In theimplementa-
tion architectureall cooperatiorfacilitiesaresupporteds
DBMS services.The designof the TRANSCOOP runtime
ervironmentrequiredan extensionof the traditional,cen-
tralisedOODBMSarchitecturde.g.,asusedfor VODAK)
in orderto meetthe architecturaland conceptuatequire-
mentsposedby the TRANSCOOP cooperatie transaction

managefKTW964a]. Thefollowingissuesvereaddressed:

e Workspaces. The desiredworkspacefunctionality
requiresthe maintenancef multiple privateversions
of an object, insteadof a single sharedversion. To
meetthis requirementthe objectmanagemenstrat-
egy (initially basednasingle,centralisedharedb-
ject buffer) was replacedby multiple private object
buffers,which canbedistributedacrosghe network.

e History maintenance. The merge algorithm on
whichthe TRANSCoOP exchangedacilitiesarebased
usestheworkspacehistoriesof differentworkspaces.
To provide efficient accessto all workspacehisto-
riesin anongoingscenariothehistoriesarecentrally
storedin the TRANSCOOP system.

Whenanoperationis invokedthatmanipulateshelo-
cal workspacestate,the correspondindnistory entry
is storedpersistentlyin a dedicatedstatusdatabase
which maintainsthe currentstateof the scenarioex-
ecution. This design decision requirespermanent
availability of the databaseener, but, in the caseof
failureontheclientside,it allowstherecovery of the
client's workspacestate. An alternatve designwith
local storageof historieswould decreaséhe client's
dependencen the databasesener. This would be
moresuitablefor the purposeof mobility.

e Scenario meta-data. For the executionof cooper
ative scenariosthe VODAK databaseschemasare
enrichedby a cooperatie scenariospecification. In
particular this captureq1) informationaboutwhich
schemanethodsareavailableatthe applicationinter-
face,(2) thestructureof theoverallscenariaxecution
(steps)(3) informationabouthow certainmethodex-
ecutionscanbe compensatedand (4) predicatesle-
scribinghow to evaluatebackwardandforwardcom-
mutatiity atruntime. All of this additionalinforma-
tion is storedin the enhanced/ODAK datadictio-
nary.
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Figure2: Run-timearchitecturef the system.

Figure 2 illustrates the runtime architecture of the
TRANSCoOOP system. The workspacesare realisedby
a modified VODAK system,which includesprivate ob-
jectbuffers, thecoopeativetransactiormanajer (contain-
ing thememgefunctionality),andthe coopeation manajer
(governingthe executionof steps).

An importantpart of the runtime systemdesignis the
StatusDB, which maintainsthe historiesof the participat-
ing usersandtheruntimestructureof thestepspecification;
it also provides generaladministratve information about
the stateof the scenario,suchasthe currentparticipants
in the scenarioandthe operationsenabledby the current
steps.

Thecooperatietransactiomanagenoffersfunctionsto
preview the progresof co-workersby meansof querying
their historiesin the StatusDB, andit providesoperations
for boththe calculationof possiblemermgealternatves,and
theenforcemenbf a specificmemge.

Userscanjoin an ongoingscenarioexecutionas well
asleave the scenariobeforeit is finished. Whenthe cur-
rentstepallowsthescenarido terminatetheresultsin the
commonworkspaceepresenthe commonlyagreedupon
result. Thefinal historyis thenappliedto the Application
DB.

4.3 The TRANSCOOP demonstrator scenario

The selectedapplicationfor the TRANSCOOP demonstra-
tor system[dBLP*96] is the cooperatie hypermediaau-
thoring systemSEPIA [SHH192], developedat GMD-
IPSI.

Becausave treattheauthoringprocesgrom a database
point of view, we assumea scenaridn which multiple au-
thorsare manipulatinga collectionof sharedhypermedia
documentghat arestoredin a databasenanagemensys-
tem. TheSEPIAhierarchicahypertext documenstructure



andthe correspondingperationdor the creationandma-
nipulationof SEPIAdocumenstructuresaremodelledex-
plicitly by meansof the VODAK ManipulationLanguage
(VML) in thedatabaseschemdWA95, BWAH96].

The TRANSCoOOP demonstratorsystem provides in-
formation about the current participantsand their work
progresgo establistgroupawarenesskor example,when
adelegationis performedthedeleggateds notifiedin order
to control the integration of the respectie pieceof work
into his or herworkspace Furthernotificationsarecaused
if co-authorgoin or leave the cooperatie actiity.

Theexchangdacilitiesof the COACT modelsupportan
ad hocworking style of groupswith no predefinedcoordi-
nation. Conflictsthat may occurbetweerthe individually
carriedout problemsolutionsare semi-automaticallye-
solvedwithin themergeprocedureThe cooperatietrans-
action manageroffers different consistentalternatvesin
caseof a conflict. The controlling userthenselectsone
of the offeredsolutionsusinga graphicaluserinterface.

5 Conclusions

Today's workflow systemsdo not supportscenarioswith
spontaneousooperatiorrequirementshat cannotbe pre-
scribeda priori in a specification. In contrast,current
groupware approachesupportan ad hoc working style,
yetgive, from a databas@erspectie, no satisfyingexecu-
tion guaranteesThe TRANSCOOP systemaddresseboth
criteria: the growing needfor modelssupportinghighly
dynamicforms of cooperatie work, aswell asthe need
for transactionatorrectnessriteria.

The nucleusof the exchangefacilities in the COACT
model is the history memging approach. The flexibility
of the approachis mainly achieved by its ability to de-
termineconsistenunits of work dynamically in termsof
performedoperations,and its consideratiorof operation
semanticdor resolvingconflicts.

A questionthatrequiresfurther attentionis the specifi-
cationof commutatvity relations. Specificatiortools that
compute commutatvity information automaticallyfrom
a formal specificationof data operationswill improve
the practicalapplicability of the TRANSCOOP approach.
Within the TRANSCOOP project, we have madeprelimi-
naryinvestigationsn this direction. This investigationin-
volvesmappinga TM schemao higherorderlogic (HOL)
[Spe9]. Commutatvity analysisrequirementareformu-
latedasproofgoalsin HOL andgiven,alongwith theHOL
representationsf the dataoperationsto thelsabelletheo-
remproverfor proof assistanc@Pau9Q Pau94.

The TRANSCOOP approaclfits variousapplicationar-
eas and provides directions for solving open research
problemsin relatedfields like mobile wirelesscomputing
[KTW97] or versioning.
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