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Abstract

The useof transactionsto provide reliable and secure
informationprocessinganddatamanagementhasincreas-
ingly gainedtheattentionof theCSCWcommunity. Tradi-
tional transactionmodelshave, however, beenclaimedto
betoorestrictivein thecontext of cooperation. Research on
transactionsupportfor cooperativeworkhasthereforepar-
ticularly aimedat finding mechanismsand frameworks to
overcomethis limitation. In this paperwesurvey thework
donein the developmentof flexible and cooperative trans-
action models.This survey is dividedinto two categories.
Thefirst consistsof approachesmainlybasedon theCSCW
perspective, while thesecondcategoryconsistsof database
methodsextendedto supportcooperation. Thepaperalso
providesan evaluation of the modelswith respectto rel-
evant criteria and requirementsfor cooperative work set-
tings.

1. Intr oduction

ComputerSupportedCooperative Work (CSCW) is a
multidisciplinaryfield thatexamineshow groupsof people
work andattemptsto find awayto provideappropriatetech-
nologicalsupportfor thework process.ResearchonCSCW
hasgaineda lot of attentionover the last two decades[18]
due to changesin the use of computers. In modernor-
ganisations,especiallythoseinvolving designandproduct
manufacturing,closecooperationbetweenco-workersis of-
ten neededin order to get the work done. New tools and
applicationshave beendevelopedto enablesuchcoopera-
tion. Examplesof thesearegroupware[8] andworkflow
systems[14]. However, as organisationsevolve, require-
mentschange. It is widely acceptedthat effectivenessor
performanceis no longersufficient for theorganisationsto
achieve their goal. Also, reliability hasbeenshown to be
crucial.Bearingthis in mind,webelieveit is importantthat
cooperativeinformationsystemsconsiderthedefinitionand
useof correctnesscriteria,aswell asto providesupportfor
consistenthandlingof failuresandexceptions.Theseissues
�
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havebeenwidely addressedin traditionaldatabasesystems
throughtheadoptionof theconceptof transaction.

Transactionsprovide mechanismsthat can solve many
of theproblemsincurredby concurrentaccessto sharedob-
jects.In thepastfew years,severaltransactionmodelshave
beensuggestedfor advancedapplications.The main pur-
poseof this paperis to give a constructive review of these
models.Herewewill devotespecialattentionto themodels
thathave beensuggestedanddevelopedto supportcooper-
ative activities. Our maincontribution is on theevaluation
of themodelswith respectto their appropriatenessandvia-
bility for cooperativework settings.

Therestof this paperis organisedasfollows. Section2
providesa generaloverview of cooperativework character-
istics. Section3 briefly introducesthe conceptof transac-
tion. It alsooutlinessomeof thetraditionalextendedtrans-
actionmodelsthatwehaveselectedbasedontheirpotential
applicabilityin advancedapplications.In Section4,wegive
a survey of newer cooperative transactionmodels,that we
laterevaluatein Section5. Finally, in Section6 we briefly
presentsomesuggestedapproachesto satisfya minimalset
of requirementsof cooperation.

2. Cooperative work characteristics

A precisedefinitionof cooperative work is hardto find.
However, several attemptscan be found in the literature.
One of the earliestdefinitions is the following given by
Marx [18]: ”... multiple individualsworking togetherin a
plannedwayin thesameproductionprocessor in different
but connectedproductionprocesses.”

This is not a completedefinitionby far. It is too narrow
sinceit assumesthat cooperative work is alwaysplanned.
However, as we will seelater, suchan assumptionis not
accurate. Becauseof this, the definition needsto be ex-
tended.An intuitiveandamoregenericdefinitioncouldbe:
a work processinvolving severalpeopleactingtogether, in
a sharedcontext to performsometasksin orderto achieve
apre-specifiedcommongoal.

Justasaprecisedefinitionfor cooperativework doesnot
exist, neitherdoclassificationsandcharacterisations.How-
ever, basedon the investigationdoneby SchmidtandBan-



non [18], cooperative work may have at leastone of the
following maincharacteristics:
(1) Thedegreeof cooperation
betweeninvolvedpartsmay differ dependingon the situa-
tion requirements.Sometimesa tight cooperation(or col-
laboration)mayberequiredin orderto getthework done;in
othercasescooperationmaynot beneededat all. As illus-
tratedin Figure1a, the spectrummay thereforespanfrom
individualactivities to collaborativeactivities.
(2) Variable numberof users:
Thesizeof theensembleis notfixed,andmaychangefrom
timeto time. Thismeansthattheusersinvolvedin anactiv-
ity mayvary from a singleuserto many users,yielding the
spectrumin Figure1b.
(3) Separation
in both time andspaceis quite usual. The interactionbe-
tweentheinvolvedpartsmaybesynchronous(real-timein-
teraction)or asynchronous(non-real-timeinteraction). In
addition, they may be co-locatedor dispersed.Figure 1c
illustratesthis diversity[8].
(4) Variable lengthof interaction:
Thedurationof theinteractionorwork activity isnotalways
possibleto predictin advance.Sometimes,a completeset
of actionscanbespecifiedbeforethe taskis initiated. For
sucha typeof activity, anapproximateddurationof thein-
volved interactioncanbeestimated.Otherwise,this is not
possible.SeeFigure1d.
(5) Dynamicinteraction:
The spectrumof the cooperative activities may spanfrom
structured(e.g. activity that involvestheuseof workflow),
via semi-structured(e.g. softwaredevelopment)to ad-hoc
(e.g. publicationactivities). Figure 1e gives a graphical
representationof thisproperty.

3. “Standard” advancedtransaction models

The transactionconcepthasbeentraditionally usedin
databasesystemsto deal with concurrency and failure
anomalies. Informally, a transactionis definedasa basic
work unit executedon a databaseor a sharedsystemre-
source.It is characterisedby atomicity, consistency, isola-
tion, anddurability properties(alsoreferredto astheACID
properties)[3, 12]. Here,atomicity meansthat a transac-
tion shouldbe run in its entiretyor not at all (the “all-or-
nothing” property),consistency is thepropertythatensures
a transactionalwaystransformsa (database)systemfrom a
consistentstateto anotherconsistentstate,isolationmeans
thatany transientstatesof the(database)systemcausedby
a specifictransactionshouldbe invisible to other transac-
tions until it is committed,whereasdurability insuresthat
oncea transactionis committed,its resultremainsperma-
nent.Eachtransactionthathasall of thesepropertiesis re-
ferredto asACID transaction.
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Figure 1. Graphical illustration of the cooper -
ative work characteristics
It is widely known that traditionalACID (normallyflat)

transactionsprovide well-definedcorrectnesscriteria (e.g.
Serializability[3]) andefficient supportfor failureandex-
ceptionhandling(e.g. Recoverability [3]). However, with
the ACID propertiesthey are too restrictive and too sim-
ple for advancedandcooperativeapplications.This hasre-
sultedin a call for moreadvancedandmoreflexible trans-
actionmodels,which wewill now outline.

NestedTransactionmodel wasintroducedby Moss[12]
to extendthe flat transactionby splitting transactionshier-
archically into several recursive sub-transactions.A child
transactionmay startafter its parenthasstarted,andmay
commit locally. The committedlocal result is, however,
releasedonly when all of its parentsup to the root have
successfullyterminated.A parenttransaction,on theother
hand,mayterminateonly whenall of its childrenhave ter-
minated,andit mayexecuteanotheralternative transaction
if achild fails. However, if it aborts,all of its childrenmust
alsorollbackindependentof their currentstate.

The nestedtransactiondoes not addresscooperation
sincefull local andglobal isolationarerequired.However,
it allows increasedmodularity, moreconcurrency andfiner
recoverygranularitythanthetraditionalflat transaction.

Saga was introducedby Garcia-Molinaand Salem[10]
primarily to dealwith long transactions,by usingthe con-
ceptof compensatingtransactions.A Sagais a transaction
thatconsistsof a sequenceof severalACID (sub-)transac-
tionsandassociatedcompensatingtransactions.Eachsub-
transactionis allowed to commit individually. A compen-
satingtransactionis thenusedto explicitly undoits effect



if the whole Sagatransactionhasto abort. Finally, a Saga
canterminateonlywhenall of itssub-transactionsincluding
any compensatingsub-transactionshaverunsuccessfully.

By allowing sub-transactionsto commit, thusrevealing
theirpartialresult(s),Sagarelaxesthefull isolationrequire-
ment. This meansthat somedegreeof cooperationis per-
mitted. However, themaindrawbackof theconceptis that
it is not fully implemented[16]. This meansthat it is diffi-
cult to provideacompleteevaluationof its performanceand
usefulness.Nevertheless,the ideahasbeenusedto imple-
mentothermodelslike transactionalworkflow [2], which
shows its potentialapplicability.

Cooperative Transaction Hierar chy is a transaction
modelproposedby NodineandZdonik [17] for designen-
vironments.It is like the nestedtransactionmodel,a tree-
basedapproach.In this case,the treeis restrictedto three
main levels: a root, oneor more transactiongroups(TG)
and several cooperative transactions(CT). The coopera-
tive transactionscorrespondto the leaf nodes,which are
groupedinto transactiongroups.They areassociatedeach
with a designerin theenvironmentandcan,within a trans-
actiongroup,cooperateon sometask.Cooperative transac-
tionsdo not needto beserializable;insteadfor eachtrans-
actiongroup,patterns, beinga setof rulesfor how opera-
tions canbe interleaved,andconflicts, beinga setof rules
thatspecifywhichoperationsarenotallowedto runconcur-
rently, areusedascorrectnesscriteria.Both canbetailored
to theneedsof theapplication.

Although cooperative transactionhierarchy addresses
cooperation,its main weaknessis the needto defineboth
patternsandconflicts in advance. This is becauseall sets
of operationsmustbeknown a-priori, which limits theuse
of themodelto applicationswith awell-definedwork struc-
ture.

Opennestedtransaction and its specialisationmultilevel
transaction models werebothproposedby Weikumand
Schek[20]. They were suggestedto improve the nested
transactionmodel,by allowing sub-transactionsto issuefi-
nal commit andby usingcompensationas in Sagato fur-
therenhanceinter-transactionparallelism.As in thenested
transactionmodel,they arebothtree-basedapproachbut the
treefor themultilevel modelis balanced.

With both opennestedandmultilevel transactionmod-
els,all instantiatedsub-transactionsdo not needto run suc-
cessfullyfor the transactionto terminate.This meansthat
theatomicitypropertyis compromised,thusallowing flexi-
bility. They alsopermitahigherdegreeof cooperationthan
thepreviousnestedtransactionmodelby relaxingtheglobal
isolation.Both modelsallow runningtransactionsto reveal
their partialresultsto otherconcurrenttransactions,though
thesepartialresultscanbeusedby operationsthatcommute

only. This is managedby using so-calledsemantic-base
concurrency control. The main drawbackof both models
is that both stick to Serializabilityastheir correctnesscri-
terion,makingfull flexible sharingof tentative dataimpos-
sible. Finally, the implementationof the model is, for the
authorsknowledge,still limited.

Split/Join Transaction wasproposedby KeiserandWu
[9]. Its main goal is to provide transactionsthe ability to
shareresourcesby allowing dynamicreconstructionof run-
ning transactions.It wasoriginally developedfor activities
with uncertainduration,unpredictabledevelopments,and
interactionwith otheractivities. Theprincipleis basicallyto
split arunningtransactioninto two or moretransactionsand
laterjoin othertransactionsby mergingtheirresources.The
modelthenaddressescooperationsamongusersby allow-
ing transferof resourcesfrom onetransactionto othertrans-
actions.Further, it introducesanadaptive recovery mecha-
nismwhich allowspartof thework doneto berecoverable,
andsincea committingtransactionpart may releasesome
of its resources,isolationmay somehow be reduced.The
maindrawbacksarehowever theemerging complex merg-
ing mechanisms.Moreover, the two resultingtransactions
from the split commandstill have to obey a Serializability
criterion which implies that the two transactionsstill must
beseenastwo isolatedtransactionswhile running.

ACTA is a transactionframework thatallows formal rea-
soningaboutthepropertiesof transactionmodels.It is not
a transactionmodelin thatsense,but it canbeusedto spec-
ify transactionmodelsby determiningthe effectsof trans-
actionson othertransactions(interactionbetweentransac-
tions)andtheeffectsof transactiononobjects.ACTA [4, 5]
usesfirst-orderlogic to capturepropertiesof transactions,
suchasvisibility, consistency, recovery, andpermanence.A
new extendedtransactionmodelcanbe specifiedby using
ACTA-axioms. Its main building blocksarehistory, inter-
transactiondependencies,transactionview, conflictset,and
delegation,which canbe usedto ”invent” new transaction
modelsor justextendexistingmodelsbymethodicallymod-
ifying their definition. Using ACTA a Sagacan, for in-
stance,beextendedby giving it a new nestedstructure[4].
In view of this, theusefulnessof theACTA framework de-
pendson which modelswe wantto specifyandmodify. Its
power lies in theability to representstructuralbehaviour of
transactionsandthedependenciesbetweenthem.However,
implementationof ACTA-modelsare not always straight-
forward.

4. Towards cooperative transaction models

As seenin theprevioussectionthe“standard”advanced
transactionmodelsdo not coverall of aspectsof collabora-



tion. In thepastfew years,researchershave thereforetried
to develop transactionmodelsandframeworks that further
improvethesupportof cooperativework. Thiseffort canbe
divided into two categories. The first category consistsof
developmentsbasedoncooperativework requirements,and
thusfocusingon the CSCWperspective, while in the sec-
ondcategory we canfind modelsthathave beendeveloped
basedonextensionsof existingdatabasefundamentals(e.g.
locking protocolsandtimestampordering).We now give a
generaldescriptionof thesemodels.

4.1. Coo

Coo is a researchproject aiming to develop a frame-
work to supportcooperationbetweensoftwaredevelopers,
by encapsulatingsoftwareprocessesinto longandcoopera-
tivetransactions[11]. Thetransactionmodelwasdeveloped
basedonthesoftwaredevelopmentprocessesrequirements.
A new modelwith relaxedatomicity andrelaxed isolation
wassuggested.

In Coo,relaxingtheatomicitybasicallymeansthat long
transactionsmaysave their intermediateresults, thusmini-
mizing lossesin thecaseof crashes,while relaxedisolation
allows several softwareprocessesto accesstheseinterme-
diateresultswithout violating thecorrectnesscriterion.

Intermediateresultsaremanagedby applyingthreedif-
ferent object consistency levels. Theseare stable, semi-
stable, andunstable. An objectisstablewhenit is fully con-
sistent(e.g.a resultfrom asuccessfullycommittedtransac-
tion). Semi-stableobjectsare thosesomeprocessesmay
generateas tentative data, and can be seenas consistent
enough,but may violate someof the correctnesscriteria.
For this reason,accessto suchobjectsis restricted.Thatis,
only processesthat satisfythesemanticrulesandintegrity
constraintsencodedin thesoftwareprocessdescriptionare
allowedto usesemi-stableobjects.Finally, unstableobjects
arethosethatdo not satisfythecorrectnesscriterionat all,
andarecurrentlylockedby someprocesses.It is inaccessi-
bleuntil it becomesstableor semi-stable.

The three types of object are stored in three differ-
ent databases,which are managedthrough the use of a
workspaceconcept. Figure 2 illustratesthe relation be-
tween object consistenciesand the three databasetypes.
The double arrows show which databasescontainwhich
object types. In view of this, eachdatabasecan be seen
asa workspacefor theprocesses.Dataexchangesbetween
workspacesarecarriedout usingthefollowing setof oper-
ations. TheseareCHECK OUT, which is usedby a pro-
cessto transferan object from the public databaseto the
privatedatabase,andCHECK IN, which is issuedwhena
processis terminatedandit transfersits final result to the
public database.OtheroperationsareUPWARDCOMMIT
andREFRESH. The first is usedby a processto make its

Databases/Workspaces

Stable Object
Public

Private

Sem i−publicSem i−stable object

Unstable object

Obj ect Consistency/state

Figure 2. Relation between object consisten-
cies and database types

intermediateresultsavailableto otherprocessesby storing
it in a semi-publicdatabase.Thesecondis issuedwhenthe
resultshavenew values.

4.2. Collaborativedatabases

Agrawal et al. [1] suggesta new databaseapproachto
manageconcurrentactivities in collaborativeenvironments.
Their work wasinspiredboth by the attemptsby database
researchersto relax the traditional issuesof atomicity and
isolation,andby theproposalsby softwareengineeringand
designenvironments. Their main goal was thereforeto
develop a transactionmodel by merging flexible transac-
tion modelsfrom collaborative environmentsandsemantic
basedcorrectnesscriteria.

They introducethe notion of relative atomicity of co-
actions1 as a relaxationof the traditional atomicity prop-
erty (or absoluteatomicity). It is usedto specifyhow a co-
actioncanbeinterleavedrelativetootherco-actionswithout
breakingtheoverall atomicity requirementfor thecollabo-
rativeactivity. Theirmainideais thatbeforeacollaborative
activity takesplace,first a collaboration channelis estab-
lished.Then,by connectingto thechannel,differenttrans-
actionsmay cooperateon the samedataobjectsfollowing
therelative atomicityconstraints.Correctnessof execution
is checkedagainsta so-calledrelativeserializability (RSR)
correctnesscriterion,a morerelaxedcriterion thanthe tra-
ditional serializability (SR). That is, any executionobey-
ing theRSRcriterionwouldpreservetheconsistency of the
databaseeven if it is not serializable. Figure3 illustrates
how differenttransactionscanspecifytheir atomicity rela-
tive to other transactions,andhow this specificationis re-
latedto the relative serializablecriterion. In this example,
we considerthreetransactions���	�
���
� and ��� andtheir re-
spective relative atomicity relations. Execution ��� is rela-

1A co-actionis a sequenceof readandwrite operationsexecutedon
dataobjects.
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Figure 3. Illustration of the relative serializ-
ability specification

tive serializablewith respectto therelative atomicityspec-
ification, while � � is not. To guaranteethe relatively seri-
alizableexecutionof co-actionsa new lock protocolis sug-
gested.It is anextensionof thestandard2-phaselock pro-
tocol (2PL) [3], by introducingthenotionsof push-forward
andpush-backward locks. In theeventof potentialconflict,
both of the locks have to be acquiredbeforean involving
operationsetsa normallock. Push-forwardlock causesthe
conflicting operationto be delayeduntil the last operation
of the atomicunits of co-actionswith which it conflicts is
run, whereaspull-backward lock is usedto “pull” opera-
tions backwardbeforethe startof the atomicunits. These
arepossibleif thecauseof pulling or pushingtheoperation
doesnotchangeits effect.

4.3. EPOStransaction model

EPOS[6] wasa researchprojectat theNorwegianUni-
versityof ScienceandTechnologyto developa framework
for quality assuredsoftware engineering.To supportdif-
ferentsoftwareengineers,a databasecalledEPOS-DBwas
designedto manageresourcesproducedin thedevelopment
process. For consistentaccessto the database,a flexi-
ble transactionmodel is proposed.This is anotherexten-
sion of the standardACID transactionto supportcoopera-
tion betweenco-workers in a SoftwareEngineeringEnvi-
ronment(SEE). It sharessomeof the ideasof Coo in the
sensethatit is basedon theuseof workspaces(bothprivate
andcommonworkspaces).Thetransactionmodelalsouses
check-in/check-outoperationfor interactionthrough/with
the workspaces.As in Coo, Conradiet al. assumedthat
transactionsfor SEEaregenerallylong-lived. The useof

transactionsand workspaceswith nestingstructurewere
thereforesuggested.Figure4 illustratesthis structurefor
aparenttransaction� with � children ��� .
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Figure 4. Illustration of a workspace with
nesting structure in EPOS [6]

To dealwith concurrency, two typesof lock weresug-
gested;mandatoryandcooperative locks. Mandatorylocks
are usedto prevent or restrict operationsfrom accessing
shareddata, while cooperative locks allow different op-
erationsto accessa sharedobjectwithout any restriction.
Awarenesssupportis thenprovidedto allow usersto know
aboutthe event thatmay affect their work. Correctnessof
executionis achievedby applyingmechanismsfor conflict
changedetection.Finally, theusersworking on theEPOS-
DB aregiventheability to definea setof operationsbefore
thetransactionsarerun [19], which is usedasabaselinefor
theconflict detectionmechanism.In this case,serialization
is no longerneeded.

4.4. TransCoop/CoAct

TransCoopwas a basic ESPRIT researchproject be-
tween the databaseresearchgroup at GMD-IPSI (Ger-
many), University of Twente(The Netherlands)andVTT
Information Technology(Finland) [7]. The goal of the
project was to develop a transactionmodel and a specifi-
cationlanguageto enableeffective informationsharing.In
this presentation,we will considerthe TransCooptransac-
tion modelonly. The transactionmodelwascalledCoAct
and was developedbasedon an extensionof existing ad-
vancedtransactionmodel. Their motivation was to over-
comethelimitationsimposedby theuseof astandardACID
model.Thenby usingfour applicationscenariossuchas

� cooperative authoring,being basedmainly on ad-hoc
processes,� designfor manufacturing,beingcharacterizedby struc-
turedactivities,� software engineering,being characterizedby semi-
structuredprocessesand� workflow, focusingmainly on automatedbusinesspro-
cesses,



the requirementsfor the transactionmodel were defined.
They agreedwith otherresearchersin thefield thatbothre-
laxed atomicity andrelaxed isolationarestronglyneeded.
In addition, the model shouldallow the usersto explore
several alternativesto solve a problemandto revise erro-
neousactions(retractionof decision).Moreover, it should
provide supportfor managementof alternative versionsof
dataobjects(privateandshareddata).Finally, the transac-
tion modelshouldallow theuseof executionconstraintsto
coordinateindividualandjoint work.

Merging

Delgate/Import

Save

Pr ivate
Workspace

Pr ivate
Workspace

Common Workspace

Figure 5. TransCoop workspaces and ex-
chang e operations

Basically, theideasof CoAct sharesomeof thoseof the
“standard” advancedtransactionmodelsdescribedin the
previous section. Exampleof thesearecompensationand
semantic-baseconcurrencycontrol from the opennested
andmulti-level transactionmodels,resourceexchangefrom
the split/join transactionmodel, and delegation in ACTA
They then extendedthe Check-In/Check-out,versioning
andworkspacemodelswith sophisticatedhistory merging
mechanisms.

Figure5 illustrateshow differentworkspacesareusedin
CoAct. It is worth to notethatin CoAct,exchangeof oper-
ationsbetweenworkspacesis usedinsteadof exchangeof
data(asin CooandEPOS).Thecorrectnessof interactions
is checkedby validatingthehistoryproducedaftereachex-
change(delegation,importor merging).

4.5. New Timestampordering approach

Zhanget al.[21] suggesta new timestampordering(TO)
approachthatallows bothtraditionalshorttransactionsand
long cooperative transactionsto be run within the same
system. Their methodis in the samecategory as that of
Agrawal et al. in Section4.2 in thesensethatthey alsouse
databasefundamentalsasastartingpointfor theirapproach.

Using this novel timestampordering, long cooperative
transactionscanabortwithoutblockingothershorttransac-
tion. Their main idea is that when two operationswithin
a traditional transactionandcooperative transactionare in
conflict,weshouldneitherabortthecooperativetransaction
nor block the traditionalone. Rather, we assignthe oper-
ationa new global timestampandlet the transactionscon-
tinueaslongastheserializabilityamongall thetransactions
involvedcanbepreserved.Thelongcooperativetransaction
will then incorporatethe recentupdatesinto its own pro-
cessing,thusavoiding abortionandlossof all of thepartial
results. Figure6 illustrateshow a long cooperative trans-
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actionT is run togetherwith severalshort(ACID) transac-
tions andusesthe suggestedtimestamporderingapproach
to handleconflicts. As shown in the figure, the following
areexamplesof situationsthatmayoccur:

(1) � readsa value � that later is updatedby ��� before
it commits. � � hasstartedbefore � and thereforehasa
smallertimestampthan � . With traditionalTO, � � would
needto abortandrestartwith a biggertimestamp.Instead,
theschedulerpartially rollbacks � , assignsit a new times-
tamp,andletsit rerunthereadoperation������� .

(2) Later � tries to reada valueB written by � � after
��� hascommitted. Since � now hasa timestampsmaller
than ��� , we shouldabort � . Instead,� is assigneda new
timestampbiggerthan ��� and � mayproceed.

(3) Now, ��� updates� , which � tries to readbefore ���
hasterminated. If ��� hadcommitted,we would have the
samesituationasin (2). However, since ��� aborts,������� is
inconsistentandtheschedulerhasto partially rollback � so
thatthereadcanbereprocessed.

(4) � hasreada valuethat ��� updateslater. Sincethe
newesttimestampfor � is still smallerthanfor ��� , � must
abortsomeof its actions,acquiresa new timestampas in
(2), andincorporates��� ’s changes.

(5) We have a conflict between����� � and !#"$���%� , and
this seemsto happenbefore � " hasterminated. Here, � "
aborts,then �����%� becomesinconsistent.Therefore,� has



to partially rollback,andrerun �&���%� . Otherwise,if � " had
committedwewould havethenext situation.

(6) Finally, ����'(� is run by � which obviously conflicts
with ��) ’s write operation. Since,the timestampfor ��) is
smallerthan for � , we have a legal situationand � may
proceedasnormal.

Accordingto theauthors,thesesix casescoverall types
of situationandthat thecorrespondingTO rulesproducea
correcttransactionexecution.To provethecorrectness,the
notionof final serializability, alsocalledf-serializability is
introduced,with which only the last reador write conflicts
aregivenapriority.

5. Model evaluation

In this section,we give anevaluationof themodelspre-
sentedin theprevioussection.

5.1. Transactional support requirements

Beforegiving the evaluationof themodels,we first de-
fine a set of requirementswe believe transactionmodels
mustsatisfy in order to supportcooperative work. These
requirementsaredivided into threecategories;transaction
properties,transactionalsupport, and servicesprovided.
They havebeenmainlyderivedandextractedfrom thechar-
acteristicsdescribedin Section2.

* Transactionproperties

As alreadymentioned,ACIDity is inappropriatefor cooper-
ativeenvironments,especiallybecauseof theatomicityand
isolationproperties.We however believe that bothconsis-
tency anddurability shouldbepreservedto beableto have
reliabledatamanagement.
R1: Compromisedatomicity.
To prevent long transactionsfrom losing lots of work ef-
fort in the presenceof failuresor exceptions,the transac-
tion modelshouldsupportpartial rollback. That is, instead
of discardingall changes,we shouldonly undopart of it.
This meansthatwe needa compromisedatomicity. More-
over, sincecooperationbetweenco-workers or/and oper-
ationsis important,flexible interleaving betweentransac-
tions is needed. This implies that transactionsshouldno
longerbeseenasanatomicunit of work.
R2: Sharingof intermediateresults.
Sharingof informationor artefact is crucial in orderto co-
operate. Requiringoperationsto run as isolatedunits of
work wouldthereforebeunsuitable.For thisreason,theiso-
lationpropertyshouldberelaxedto enablesharingof tenta-
tive results.However, concurrency controlmechanismsare
still vital.

* Transactional support

Thenatureof cooperationmayaffect thetransactionalsup-
port thatshouldbeprovided.Theseare:
R3: Open-endedrunning.
The fact thatwe arenot ableto predictthecompositionof
the ensembleinvolved in a cooperationandthat the inter-
actionmayhave anuncertaindurationandform, thetrans-
actionshouldbe open-ended.The transactionshould,for
example,be able to provide supportfor earlier commit if
this is desiredor needed.
R4: Scalability.
Sincethe numberof usersinvolved in a cooperative activ-
ity is not fixed,scalabilityis crucial. Theframework or the
modelshouldthereforebeableto supporta seamlesstran-
sition from singleoperationto multiple cooperative opera-
tionsandviceversa.
R5: Distribution andheterogeneity.
CSCWintroducesa high degreeof diversity anddistribu-
tion in both time andspace.It is thereforecrucial that the
transactionmodel/framework takes both distribution and
heterogeneityinto consideration.

* Servicesprovided

A minimal setof servicesshouldbe provided in order to
supportcooperation[15]. The following are exampleof
these:
R6: Awareness.
In flexible sharing of information, notification about
changesdoneon commonobjectsis necessary. As a re-
sult of the relaxed isolation,awarenessservicesshouldbe
providedin orderto handlepotentialconflict(s).
R7: Temporaldatamanagement.
It is usual that membersof a cooperative ensemblemay
leave and join the group without wanting to faceany re-
striction. To dealwith this, themembersshouldbeableto
know aboutthechangesmadein theenvironmentand/orthe
sharedinformationwhile they wereaway. Temporaldata
may, for instance,serveasa meansto supportextractionof
differentalternative decisionsor beusedto resumeactions
thathavebeeninterrupted.
R8: Accesscontrol.
Though sharing of artefacts is important in cooperative
settings,we may not want to shareall of the objects. A
set of rules defining which data/objectscan be accessed
by whom should thereforebe specified. This may also
hinder interferencebetweenthe users. For this reason,a
sophisticatedaccesscontrolserviceshouldbeprovided.

Webelievethatcooperativetransactionmodelsor frame-
works that satisfytheserequirementscanprovide success-
ful supportof cooperation.However, flexibility shouldbe
consideredfor all of the dimensions.First, the framework



shouldbe able to seamlesslyswitch or integratedifferent
form of supportdependingon the need. Somesituations
may, for example,needstrict atomictransactionalsupport
in orderto havereliableprocessing,othermayseeatomicity
asjust a burden. Moreover, to be ableto supportdifferent
kind of situations,it shouldbepossibleto tailor themodel
or thesupportprovidedto theneedsof thecooperativeset-
tings.

5.2. The evaluation

Thissectionpresentstheevaluationof thenewercooper-
ative transactionmodelsoutlinedin Section4. Thefollow-
ing is a list of criteriathathasbeenused:

Requirement: How themodelsarepositionedwith respect
to thelist of requirements?

Application/domain covered: Are the modelsapplicable
on awide applicationarea?

Formality: Is the methodusedbasedon formal provable
foundations?(We shouldhowever considerthe trade-off
betweenimplementabilityandtheformality).

Corr ectness:Do the modelapplyany typeof correctness
criteria?

The positionsof the modelswith respectto the list of re-
quirementsaresummarisedin Table1.

Coo introducesa formal framework. However, their use
of perhapstoo formal temporallogic may imposedifficul-
ties in practicalimplementations.Nevertheless,a working
prototypeis provided. As mentioned,Coowasspecifically
developed for Software EngineeringEnvironment(SEE).
Someaspectsof cooperationmay not be well supported.
For instance,flexibility with respectto ad-hocprocesssup-
port is restricted. However, the idea of using three de-
greesof correctnessallows morecollaborationsthanwith
thestandardtransactionmodels.

Collaborati ve databasealsousesformal models.They
extendthetraditionaldatabaseswith moreflexible correct-
nesscriteriato supportcollaboration.A typical application
areais designenvironments. However, the useof the no-
tion of co-actionand relative atomicity andserializability
requiresthat the transactionsmustknow all of their opera-
tion setsbeforethey canbeexecuted.This impliesthatad-
hoc applicationsarenot well supportedbecausethe trans-
actionmaynot becreateddynamically.

The EPOS transaction model sharesmany of the as-
sumptionsunderlyingCoo. It introducesa nice framework
thatallows co-workersin a SEEto cooperatewith high de-
greesof flexibility . The requirementsfor the transaction
modelwerederived from thoseappliedin softwaredevel-
opment. Becauseof its flexibility , EPOScan be usedto
supportothertypeof applications.However, theframework
doesn’t provideexplicit guidelinesfor how thiscanbeused

effectively. It usesinsteadtheunderlyingprocessmodelto
definethedegreeof cooperations.Possibilityfor integration
is also restricted. Moreover, no new formal mathematical
foundationis directlyprovided.This makesthecorrectness
of theexecutionusedin themodeldifficult to validatewith
formalmethods.Nevertheless,aworkingprototypeis avail-
able.

TransCoop/CoAct is one of the models that has at-
temptedto cover the most broadapplicationarea. They
basedtheir approachon four applicationscenarios,that in-
cludebothstructuredandad-hocactivities. Moreover, for-
malfoundationsbasedonprovablemathematicalformalism
areprovided.Thisimpliesthattheapproachcanbeformally
validated.However, themergingmechanismsintroducedin
themodelmayimposesomecomplexity, which mayaffect
theoverallperformanceof thesystem.Theavailableproto-
typeshowsonly its usein co-authoringapplications.

New Timestampordering approach is a quitenew ap-
proach,whichbasesthesupportof cooperativetransactions
on theextensionof theexisting databaseconcurrency con-
trol mechanism.Supportfor ad-hocactivities is betterthan
for therelativeserializabilitymethodsincethedefinitionof
operationsetsis not neededbeforeexecution.Inconsisten-
ciesarecheckedduringrun-time.However, implementation
is not yet available,which makesthe approachdifficult to
befully evaluated.

6. Approachtowards a genericframework and
architecture

By usingtheresultof theevaluationpresentedin thepre-
vioussectionswe mayconcludethat theavailabletransac-
tion modelsmaysomehow still beunsatisfactoryfor usein
a wide setof cooperative applications.The following are
suggestionsto furtherextendtheexisting systems:
(1) Framework rather than a single model. Becauseof
the diversityof thecooperative settings,we do not believe
that a single transactionmodelwould be able to cover all
types of cooperation. Therefor, insteadof introducing a
new model we suggestthe useof a framework for trans-
actionmodels.A successfulframework will provide a col-
lectionof differenttransactionmodels.It thengivestheuser
a guidelineto choseappropriatemodelsfor differentsitua-
tions. Thesystemmight, for instance,in onehandsuggest
theuseof astandardACID modelwhentheneedof sharing
is very low, while on theotherhand,whentheuserneedto
sharetheir data,it mightsuggesta suitableflexible transac-
tion model.
(2) Groupware with transactional theoretical basisand
reliability . Groupware systemsprovide high computing
flexibility . Its main weaknessis however the lack of se-
curity andreliability. By usingideasfrom databasetransac-
tionswemaydevelopagroupwaresystemwhich is reliable



Requirements/Models Coo Collaborative
Database

EPOS TransCoop Novel TO

Compromisedatomicity Saving of intermediate
results

Relative atomicity,
given additionalseman-
tic

Supportspartialrollback Supportspartialrollback Supportspartialrollback

Relaxedisolation Controlled exchangeof
intermediateresults

Relativeserializability Exchangeof intermedi-
ateresults

Sharingof tentative ob-
jectsby exchangeof op-
erations

Incorporation of tenta-
tiveresultscontrolledby
f-serializationrules

Open-endedrunning Limited: Goal-oriented
processes, termination
upongoal-achievement.

Limited: All prespeci-
fied operationsetsmust
berun.

Supporteddependingon
the underlying process
model.

Supported depending
on the termination
constraints

Supportedas in tradi-
tionalTO.

Scalability - - - - -
Distribution and Het-
erogeneity

Distributed, homoge-
neous

Distributed, homoge-
neous

Distributed, homoge-
neous

Distributed, homoge-
neous

Distributed, homoge-
neous

Awareness - - Changeand lock notifi-
cation

- Commitnotification

Temporaldatamanage-
ment

- - - History management;
decisionretraction

-

AccessControl Not explicitly consid-
ered

Dependingontheunder-
lying database,but not
explicitly considered

Not explicitly consid-
ered

Not explicitly consid-
ered

Dependingontheunder-
lying database,but not
explicitly considered

Flexibility - - Supported without ex-
plicit guidelinesbut with
flexible processmodels

Supported as long as
the scenariosfor the ac-
tions/activities are de-
fined

-

Table 1. Comparison w.r.t cooperative work requirements. (The label ”-” means not kno wn for the
author s or not provided/suppor ted).

andsecure,while at thesametimeflexible enoughto handle
cooperation.
(3) HeterogeneousAutonomous Distrib uted(HAD) ar-
chitecture. To handlethediversenatureof cooperativesys-
tems,we suggestan architecturebasedon HAD assump-
tions. Figure7 showsa highlevel architecturethatcouldbe
used.Hereboth theapplicationsandthestoresarehetero-
geneous.They areconnectedthrougha CORBA-lik e [13]
middleware.

Heterogeneous repository

DBMS FTP
Server

W eb  
Server

F i leSys

CORBA−like 
Middleware 

Cooperative Transacation
service

Tranacti onal  apps.

Web app. Gen. App.

Figure 7. A highle vel HAD architecture

7. Concluding remarks

This paperhasgivena generalsurvey of the “standard”
transactionmodelsthathavebeenmainlysuggestedto han-
dle long andcomplex interaction. Becauseof the general

lack of implementationand their limitations in covering
mostof theaspectsof cooperation,severalresearchprojects
havebeenconductedwith theaimof extendingthemodels.
Theresultsfromtheseeffortsarenewercooperativetransac-
tion models.Thesehavebeengivena specialconsideration
in this paper. Table2 summarizesthemodelspresented,in-
cludingtheresultfrom ourevaluation.Basedon this result,
we believe all of the modelscanbe still extendedin order
to fully supportcooperative work. From hereour work is
proceedingin threemain directions. First, we develop a
framework usinga collectionof existing transactionmod-
elsratherthansuggestingyet a new model.Second,we are
investigatingthe useof the transactionconceptcombining
with theideasfrom groupware.Third wearedevelopingan
architecturebasedon theHAD assumption.
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