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Abstract

The use of transactionsto provide reliable and secue
informationprocessingand data managementhasincreas-
ingly gainedthe attentionof the CSCWcommunity Tradi-
tional transactionmodelshave howerer, beenclaimedto
betoorestrictivein thecontet of coopertion. Reseath on
transactionsupportfor coopeativework hastherefore par-
ticularly aimedat finding medanismsand framevorksto
overcomethis limitation. In this paperwe survey the work
donein the developmenbf flexible and coopeative trans-
action models. This survey is dividedinto two categories.
Thefirstconsistof approadesmainlybasedonthe CSCW
perspectivewhile the secondcategory consistof database
methodsextendedto supportcoopention. The paperalso
providesan evaluation of the modelswith respectto rel-
evant criteria and requirementsfor coopeative work set-
tings.

1. Intr oduction

ComputerSupportedCooperatre Work (CSCW) is a
multidisciplinaryfield thatexamineshow groupsof people
work andattemptgo find awayto provide appropriatéech-
nologicalsupportfor thework processResearclton CSCW
hasgaineda lot of attentionover the lasttwo decade$18]
due to changesin the use of computers. In modernor-
ganisationsgspeciallythoseinvolving designand product
manuficturing closecooperatiorbetweerco-workersis of-
ten neededn orderto getthe work done. New tools and
applicationshave beendevelopedto enablesuchcoopera-
tion. Examplesof theseare groupware [8] and workflow
systemg[14]. However, as organisationsevolve, require-
mentschange. It is widely acceptedhat effectivenessor
performancas no longersuficient for the organisationgo
achiese their goal. Also, reliability hasbeenshawn to be
crucial. Bearingthisin mind, we believeit is importantthat
cooperatreinformationsystemsonsidethedefinitionand
useof correctnessriteria,aswell asto provide supportfor
consistenhandlingof failuresandexceptions.Thesessues
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have beenwidely addresseth traditionaldatabasesystems
throughthe adoptionof the concepf transaction.

Transactiongrovide mechanismshat can solve mary
of theproblemsincurredby concurrenticcesso sharecb-
jects.In thepastfew years severaltransactiormodelshave
beensuggestedor advancedapplications. The main pur-
poseof this paperis to give a constructve review of these
models.Herewe will devotespecialattentionto themodels
thathave beensuggeste@nddevelopedto supportcooper
ative activities. Our main contribution is on the evaluation
of themodelswith respecto their appropriatenesandvia-
bility for cooperatie work settings.

The restof this paperis organisedasfollows. Section2
providesa generabverview of cooperatie work character
istics. Section3 briefly introducesthe conceptof transac-
tion. It alsooutlinessomeof thetraditionalextendedrans-
actionmodelsthatwe have selecteasedn their potential
applicabilityin advancedapplicationsln Sectior4, we give
a suney of newer cooperatie transactiormodels,that we
later evaluatein Section5. Finally, in Section6 we briefly
presensomesuggeste@dpproacheto satisfya minimal set
of requirement®f cooperation.

2. Cooperative work characteristics

A precisedefinition of cooperatie work is hardto find.
However, several attemptscan be found in the literature.
One of the earliestdefinitionsis the following given by
Marx [18]: "... multipleindividualsworkingtogetherin a
plannedwayin the sameproductionprocessor in different
but connectegbroductionprocesses.

This is nota completedefinition by far. It is too narrav
sinceit assumeghat cooperatie work is always planned.
However, aswe will seelater, suchan assumptions not
accurate. Becauseof this, the definition needsto be ex-
tended An intuitive andamoregenericdefinitioncouldbe:
awork processnvolving several peopleactingtogetheyin
a sharedcontext to performsometasksin orderto achieve
apre-specifiedommongoal.

Justasa precisedefinitionfor cooperatie work doesnot
exist, neitherdo classificationg@ndcharacterisationddow-
ever, basedon the investigationdoneby SchmidtandBan-



non [18], cooperatie work may have at leastone of the
following maincharacteristics:

(1) The degreeof cooperation

betweeninvolved partsmay differ dependingon the situa-
tion requirements Sometimesa tight cooperation(or col-
laboration)mayberequiredn orderto getthework done;in
othercasescooperatiormay not be neededhtall. Asillus-
tratedin Figure 1a,the spectrummay thereforespanfrom
individual actvities to collaboratve actities.

(2) Variable numberof users:

Thesizeof theensemblés notfixed,andmaychangdrom
timeto time. Thismeanghattheusersnvolvedin anactiv-
ity mayvary from a singleuserto mary usersyielding the
spectrumin Figurelb.

(3) Separation

in bothtime andspaceis quite usual. The interactionbe-
tweentheinvolvedpartsmay be synchronougreal-timein-
teraction)or asynchronougnon-real-timeinteraction). In
addition, they may be co-locatedor dispersed.Figure 1c
illustratesthis diversity[8].

(4) Variable length of interaction:

Thedurationof theinteractionor work actity is notalways
possibleto predictin advance.Sometimes,a completeset
of actionscanbe specifiedbeforethe taskis initiated. For
suchatype of actwity, anapproximatediurationof thein-
volved interactioncanbe estimated.Otherwise this is not
possible SeeFigureld.

(5) Dynamicinteraction:

The spectrumof the cooperatie activities may spanfrom
structurede.g. activity thatinvolvesthe useof workflow),
via semi-structurede.g. software development}o ad-hoc
(e.g. publicationactwities). Figure le givesa graphical
representationf this property

3. “Standard” advancedtransaction models

The transactionconcepthas beentraditionally usedin
databasesystemsto deal with concurreng and failure
anomalies. Informally, a transactionis definedas a basic
work unit executedon a databaseor a sharedsystemre-
source.lt is characterisetby atomicity consistencyisola-
tion, anddurability propertieqalsoreferredto asthe ACID
properties)3, 12]. Here, atomicity meansthat a transac-
tion shouldbe run in its entirety or not at all (the “all-or-
nothing” property),consisteng is the propertythatensures
atransactioralwaystransformsa (database3yystemfrom a
consistenstateto anotherconsistenstate,isolationmeans
thatary transientstatesof the (databaseyystemcausedy
a specifictransactionshouldbe invisible to othertransac-
tions until it is committed,whereagdurability insuresthat
oncea transactionis committed,its resultremainsperma-
nent. Eachtransactiorthathasall of thesepropertiess re-
ferredto asACID transaction.
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Figure 1. Graphical illustration of the cooper -
ative work characteristics

It is widely known thattraditional ACID (normallyflat)
transactiongprovide well-definedcorrectnes<riteria (e.g.
Serializability [3]) andefficient supportfor failure andex-
ceptionhandling(e.g. Recwerability [3]). However, with
the ACID propertiesthey are too restrictve andtoo sim-
ple for advancedandcooperatie applications.This hasre-
sultedin a call for moreadvancedand moreflexible trans-
actionmodels whichwe will now outline.

NestedTransactionmodel wasintroducedby Moss[12]
to extendthe flat transactiorby splitting transactionsier-
archicallyinto several recursve sub-transactionsA child
transactionmay startafter its parenthasstarted,and may
commit locally. The committedlocal resultis, however,
releasedonly when all of its parentsup to the root have
successfullyerminated.A parenttransactionpn the other
hand,mayterminateonly whenall of its childrenhave ter
minated,andit may executeanotheralternatve transaction
if achild fails. However, if it aborts.all of its childrenmust
alsorollbackindependenof their currentstate.

The nestedtransactiondoes not addresscooperation
sincefull localandglobalisolationarerequired.However,
it allows increasednodularity moreconcurreng andfiner
recovery granularitythanthetraditionalflat transaction.

Saga wasintroducedby Garcia-Molinaand Salem[10]

primarily to dealwith long transactionsby usingthe con-
ceptof compensatingransactionsA Sagais a transaction
thatconsistof a sequencef several ACID (sub-)transac-
tions andassociated@ompensatingransactionsEachsub-
transactions allowed to commitindividually. A compen-
satingtransactions thenusedto explicitly undoits effect



if thewhole Sagatransactiorhasto abort. Finally, a Saga
canterminateonly whenall of its sub-transactionsicluding
ary compensatingub-transactionsave run successfully

By allowing sub-transaction® commit, thusrevealing
their partialresult(s),Sagarelaxesthefull isolationrequire-
ment. This meansthat somedegreeof cooperatioris per
mitted. However, the main drawvbackof the conceptis that
it is not fully implemented16]. This meanghatit is diffi-
cultto provide acompleteavaluationof its performancend
usefulnessNeverthelessthe ideahasbeenusedto imple-
mentother modelslik e transactionaivorkflow [2], which
shawsits potentialapplicability.

Cooperative Transaction Hierarchy is a transaction
modelproposedy NodineandZdonik [17] for designen-

vironments. It is like the nestediransactiormodel,a tree-
basedapproach.In this case thetreeis restrictedto three
main levels: a root, one or more transactiongroups(TG)

and several coopeative transactions(CT). The coopera-
tive transactionorrespondo the leaf nodes,which are
groupedinto transactiorgroups. They areassociateeéach
with a designeiin the environmentandcan,within atrans-
actiongroup,cooperaten sometask. Cooperatie transac-
tionsdo not needto be serializablejnsteadfor eachtrans-
actiongroup, patterns beinga setof rulesfor how opera-
tions canbeinterleaved, and conflicts beinga setof rules
thatspecifywhich operationsarenotallowedto run concur

rently, areusedascorrectnessriteria. Both canbetailored
to theneedsof theapplication.

Although cooperatie transactionhierarchy addresses
cooperationjts main weaknesss the needto defineboth
patternsand conflictsin advance. This is becausell sets
of operationanustbe known a-priori, which limits the use
of themodelto applicationswith awell-definedwork struc-
ture.

Opennestedtransaction and its specialisationmultile vel
transaction models wereboth proposedy Weikumand
Schek[20]. They were suggestedo improve the nested
transactiormodel, by allowing sub-transaction® issuefi-
nal commit and by usingcompensatiorasin Sagato fur-
therenhancenter-transactiorparallelism.As in the nested
transactiormodel,they arebothtree-basedpproactbutthe
treefor the multilevel modelis balanced.

With both opennestedand multilevel transactiormod-
els,all instantiatedsub-transactiondo not needto run suc-
cessfullyfor the transactiorto terminate. This meansthat
theatomicity propertyis compromisedthusallowing flexi-
bility. They alsopermitahigherdegreeof cooperatiorthan
thepreviousnestedransactiomodelby relaxingtheglobal
isolation. Both modelsallow runningtransactiongo reveal
their partialresultsto otherconcurrentransactionsthough
thesepartialresultscanbeusedby operationghatcommute

only. This is managedby using so-calledsemantic-base
concurreng control. The main drawback of both models
is that both stick to Serializability astheir correctnessri-
terion,makingfull flexible sharingof tentative dataimpos-
sible. Finally, the implementatiorof the modelis, for the
authorsknowledge still limited.

Split/Join Transaction wasproposecby KeiserandWu
[9]. Its maingoalis to provide transactionghe ability to
shareresourcedy allowing dynamicreconstructiorof run-
ning transactionslt wasoriginally developedfor actiities
with uncertainduration, unpredictabledevelopments,and
interactionwith otheractuities. Theprincipleis basicallyto
splitarunningtransactionnto two or moretransactionand
laterjoin othertransactiondy megingtheirresourcesThe
modelthenaddressesooperationamongusershy allow-
ing transferof resource$rom onetransactiorio othertrans-
actions.Further it introducesan adaptve recovery mecha-
nismwhich allows partof thework doneto berecoverable,
andsincea committingtransactiorpart may releasesome
of its resourcesisolationmay somehav be reduced. The
main dravbacksare however the emeging complex merg-
ing mechanismsMoreover, the two resultingtransactions
from the split commandstill have to obey a Serializability
criterion which implies that the two transactionsstill must
be seenastwo isolatedtransactionsvhile running.

ACTA s atransactiorframenork thatallows formal rea-
soningaboutthe propertiesof transactiormodels. It is not
atransactiormodelin thatsensebut it canbe usedto spec-
ify transactiormodelsby determiningthe effectsof trans-
actionson othertransactionginteractionbetweentransac-
tions)andtheeffectsof transactioron objects. ACTA [4, 5]
usesfirst-orderlogic to capturepropertiesof transactions,
suchasvisibility, consisteng, recovery, andpermanenceA
new extendedtransactiormodel canbe specifiedby using
ACTA-axioms Its main building blocks are history; inter-
transactiordependenciestansactiorview, conflictset,and
delegation,which canbe usedto "invent” new transaction
modelsor justextendexisting modelsby methodicallymod-
ifying their definition. Using ACTA a Sagacan, for in-
stancebe extendedby giving it a new nestedstructure[4].
In view of this, the usefulnes®f the ACTA framework de-
pendson which modelswe wantto specifyandmodify. Its
power lies in the ability to represenstructuralbehaiour of
transactiongndthedependencieletweerthem.However,
implementationof ACTA-modelsare not always straight-
forward.

4. Towards cooperative transaction models

As seenin the previous sectionthe “standard”advanced
transactiormodelsdo not cover all of aspect®f collabora-



tion. In the pastfew years researcherbave thereforetried
to develop transactiormodelsandframeaworks that further
improvethesupportof cooperatre work. This effort canbe
divided into two categories. Thefirst catgory consistsof
developmentdasedn cooperatrework requirementsand
thusfocusingon the CSCW perspectie, while in the sec-
ond category we canfind modelsthathave beendeveloped
basedn extensionof existing databaséundamentalge.qg.
locking protocolsandtimestampordering). We now give a
generaldescriptionof thesemodels.

4.1 Coo

Coo is a researchproject aiming to develop a frame-
work to supportcooperatiorbetweensoftware developers,
by encapsulatingoftwareprocessesto long andcoopera-
tivetransaction§l1]. Thetransactioomodelwasdeveloped

basednthesoftwaredevelopmenprocessesequirements.

A nen modelwith relaxed atomicity andrelaxed isolation
wassuggested.

In Coo,relaxingthe atomicity basicallymeanghatlong
transactionsnay save their intermediateresults thusmini-
mizing lossedn the caseof crasheswhile relaxedisolation
allows several software processeso accesgheseinterme-
diateresultswithout violating the correctnessriterion.

Intermediateresultsare managedy applyingthreedif-
ferent object consisteng levels. Theseare stable semi-
stable andunstable An objectis stablewhenit is fully con-
sistent(e.g.aresultfrom a successfullcommittedtransac-
tion). Semi-stableobjectsare thosesomeprocessesnay
generateas tentative data, and can be seenas consistent
enough,but may violate someof the correctnesgriteria.
For this reasonaccesgo suchobjectsis restricted.Thatis,
only processeshat satisfythe semanticrulesandintegrity
constraintencodedn the softwareprocesslescriptionare
allowedto usesemi-stablebjects.Finally, unstableobjects
arethosethatdo not satisfythe correctnessriterion at all,
andarecurrentlylockedby someprocessedlt is inaccessi-
ble until it becomestableor semi-stable.

The three types of object are storedin three differ-
ent databaseswhich are managedthrough the use of a
workspaceconcept. Figure 2 illustratesthe relation be-
tween object consistenciesand the three databaseypes.
The double arrovs shov which databasegontain which
objecttypes. In view of this, eachdatabasecan be seen
asaworkspacedor the processesDataexchangedetween
workspacesrecarriedout usingthe following setof oper
ations. Theseare CHECK OUT, which is usedby a pro-
cessto transferan object from the public databaseo the
private databaseand CHECK IN, which is issuedwhena
procesds terminatedandit transfersits final resultto the
public databaseOtheroperationsare UPWARD COMMIT
and REFRESHThe first is usedby a processto male its
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Figure 2. Relation between object consisten-
cies and database types

intermediateresultsavailableto otherprocessedy storing
it in a semi-publicdatabaseThe seconds issuedwhenthe
resultshave new values.

4.2 Collaborative databases

Agrawal et al. [1] suggest new databasepproacho
manageconcurrengctiitiesin collaboratve ervironments.
Their work wasinspiredboth by the attemptsby database
researcherto relax the traditionalissuesof atomicity and
isolation,andby the proposaldy softwareengineeringand
designervironments. Their main goal was thereforeto
develop a transactionmodel by meming flexible transac-
tion modelsfrom collaboratve ervironmentsand semantic
basectorrectnessriteria.

They introducethe notion of relative atomicity of co-
actions as a relaxationof the traditional atomicity prop-
erty (or absoluteatomicity). It is usedto specifyhow a co-
actioncanbeinterleavedrelative to otherco-actionswithout
breakingthe overall atomicity requiremenfor the collabo-
rative activity. Their mainideais thatbeforea collaboratve
activity takesplace,first a collaboration channelis estab-
lished. Then,by connectingo the channel differenttrans-
actionsmay cooperateon the samedataobjectsfollowing
therelative atomicity constraints Correctnessf execution
is checledagainsta so-calledrelative serializability (RSR)
correctnessriterion, a morerelaxed criterion thanthe tra-
ditional serializability (SR). That is, any executionobey-
ing theRSRcriterionwould presere the consisteng of the
databasevenif it is not serializable. Figure 3 illustrates
how differenttransactionganspecifytheir atomicity rela-
tive to othertransactionsand how this specificationis re-
latedto the relative serializablecriterion. In this example,
we considerthreetransactiond, T,, and T3 andtheir re-
spectve relative atomicity relations. Execution S; is rela-

1A co-actionis a sequencef readand write operationsexecutedon
dataobjects.



Consider a set of transactions T={Tf Tz‘ TB}, where

T=w]y]
T=rlylw]yl
Relative atomicity specification for T (Atomicity(ﬁ, -ﬂ)):
T, T, T,
T r[x] w,[x]
T,
T, iyl Wyl

5= lwiyl

s (0] wly) ] [0 [e1]
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Figure 3. lllustration of the relative serializ-
ability specification

tive serializablewith respecto the relative atomicity spec-
ification, while S, is not. To guaranteghe relatively seri-
alizableexecutionof co-actionsa new lock protocolis sug-
gested.lt is anextensionof the standard2-phasdock pro-

tocol (2PL)[3], by introducingthe notionsof push-forwad

andpush-ba&ward locks. In the eventof potentialconflict,

both of the locks have to be acquiredbeforean involving

operationsetsa normallock. Push-forvardlock causeghe

conflicting operationto be delayeduntil the last operation
of the atomicunits of co-actionswith which it conflictsis

run, whereaspull-backward lock is usedto “pull” opera-
tions backward beforethe startof the atomicunits. These
arepossibleif the causeof pulling or pushingthe operation
doesnot changsits effect.

4.3 EPOStransaction model

EPOSI6] wasa researctprojectat the Norwegian Uni-
versity of ScienceandTechnologyto developa framework
for quality assuredsoftware engineering. To supportdif-
ferentsoftwareengineersa databasealledEPOS-DBwas
designedo manageesourceproducedn thedevelopment
process. For consistentaccessto the databasea flexi-
ble transactiormodelis proposed. This is anotherexten-
sion of the standardACID transactiorto supportcoopera-
tion betweenco-workersin a Software EngineeringEnvi-
ronment(SEE). It sharessomeof the ideasof Cooin the
sensdhatit is basedon the useof workspacegbothprivate
andcommonworkspaces)Thetransactiormodelalsouses
check-in/check-outoperationfor interactionthrough/with
the workspaces.As in Coo, Conradiet al. assumedhat
transactiondor SEE are generallylong-lived. The useof

transactionsand workspaceswith nesting structurewere
thereforesuggested.Figure 4 illustratesthis structurefor
aparenttransactiorf” with NV childrenT;.

@ Data object

Private DB

Figure 4. lllustration of a workspace with
nesting structure in EPOS [6]

To dealwith concurreng, two typesof lock were sug-
gestedmandatoryandcooperatre locks. Mandatorylocks
are usedto prevent or restrict operationsfrom accessing
shareddata, while cooperatie locks allow different op-
erationsto accessa sharedobjectwithout ary restriction.
Awarenessupportis thenprovidedto allow usersto know
aboutthe eventthat may affect their work. Correctnessf
executionis achieved by applyingmechanismgor conflict
changedetection.Finally, the usersworking onthe EPOS-
DB aregiventheability to definea setof operationsefore
thetransactionsrerun[19], whichis usedasabaselindor
the conflict detectionrmechanismin this case serialization
is nolongerneeded.

4.4. TransCoop/CoAct

TransCoopwas a basic ESPRIT researchproject be-
tween the databaseresearchgroup at GMD-IPSI (Ger
mary), University of Twente (The Netherlandsand VTT
Information Technology (Finland) [7]. The goal of the
projectwasto develop a transactionrmodel and a specifi-
cationlanguageo enableeffective informationsharing.In
this presentationye will considerthe TransCoopransac-
tion modelonly. The transactiormodelwascalled CoAct
and was developedbasedon an extensionof existing ad-
vancedtransactionrmodel. Their motivation wasto over
comethelimitationsimposedy theuseof astandardACID
model. Thenby usingfour applicationscenariosuchas

e cooperatie authoring,being basedmainly on ad-hoc

processes, . ] ]
e designfor manufcturing,beingcharacterizetby struc-

turedactvities, _ _ _ _
e software engineering, being characterizedby semi-

structuredorocesseand .
e workflow, focusingmainly on automatedusinesgro-

cesses,



the requirementdor the transactionmodel were defined.
They agreedwith otherresearcherm thefield thatbothre-

laxed atomicity and relaxed isolation are strongly needed.
In addition, the model should allow the usersto explore
several alternatvesto solve a problemandto revise erro-

neousactions(retractionof decision). Moreover, it should
provide supportfor managemenof alternatve versionsof

dataobjects(privateandshareddata). Finally, the transac-
tion modelshouldallow the useof executionconstraintgo

coordinatdéndividual andjoint work.

Figure 5. TransCoop workspaces and ex-
chang e operations

Basically the ideasof CoAct sharesomeof thoseof the
“standard” advancedtransactionmodelsdescribedin the
previous section. Exampleof theseare compensatiorand
semantic-baseoncurency control from the open nested
andmulti-level transactiormodels resouceexchange from
the split/join transactionmodel, and delegation in ACTA
They then extendedthe Check-In/Check-outyersioning
andworkspacemodelswith sophisticatedistory meiging
mechanisms.

Figure5 illustrateshow differentworkspacesreusedin
CoAct. It is worth to notethatin CoAct, exchangeof oper
ationsbetweerworkspacess usedinsteadof exchangeof
data(asin CooandEPOS).The correctnessf interactions
is checledby validatingthe history producedhftereachex-
changeg(delggation,importor memging).

4.5 New Timestampordering approach

Zhangetal.[2]] suggest new timestampordering(TO)
approachthatallows bothtraditionalshorttransactionand
long cooperatie transactiongo be run within the same
system. Their methodis in the samecategory as that of
Agrawal etal. in Section4.2in the sensehatthey alsouse
databaséundamentalasastartingpointfor theirapproach.

Using this novel timestampordering,long cooperatie
transactionganabortwithout blocking othershorttransac-
tion. Their mainideais that whentwo operationswithin
a traditional transactionrand cooperatie transactiorare in
conflict,we shouldneitherabortthe cooperatietransaction
nor block the traditionalone. Rather we assignthe oper
ationa new globaltimestampand et the transactionson-
tinueaslong astheserializabilityamongall thetransactions
involvedcanbepresered. Thelongcooperatietransaction
will thenincorporatethe recentupdatesinto its own pro-
cessingthusavoiding abortionandlossof all of the partial
results. Figure 6 illustrateshow a long cooperatie trans-
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Figure 6. lllustration of the use of the new
timestamp ordering approach

actionT is run togethemwith severalshort(ACID) transac-
tions and usesthe suggestedimestamporderingapproach
to handleconflicts. As shavn in the figure, the following
areexamplesof situationsthatmayoccur:

(1) T readsavalue A thatlateris updatedby 77 before
it commits. 77 hasstartedbeforeT and thereforehasa
smallertimestampthan?'. With traditional TO, 77 would
needto abortandrestartwith a biggertimestamp.Instead,
the schedulempartially rollbacksT', assignst a new times-
tamp,andletsit rerunthereadoperation:(A).

(2) Later T tries to reada value B written by T, after
T> hascommitted. SinceT now hasa timestampsmaller
thanT,, we shouldabortT. Instead,T is assigneda nen
timestampbiggerthanT, andT mayproceed.

(3) Now, T3 updates”, which T triesto readbeforeTs
hasterminated. If T3 had committed,we would have the
samesituationasin (2). However, sinceT3 aborts,r(C) is
inconsistenandtheschedulehasto partially rollbackT so
thatthereadcanbereprocessed.

(4) T hasreada valuethat Ty updatedater. Sincethe
newesttimestampfor 7' is still smallerthanfor Tg, 7' must
abortsomeof its actions,acquiresa new timestampasin
(2), andincorporated’s changes.

(5) We have a conflict betweenr(E) and w4 (E), and
this seemsto happenbeforeT, hasterminated. Here, T}
aborts,thenr(E) becomesnconsistent.Therefore,T' has



to partially rollback, andrerunr(E). Otherwise,f T, had
committedwe would have the next situation.

(6) Finally, »(F) is run by T which obviously conflicts
with T5's write operation. Since, the timestampfor T5 is
smallerthanfor 7', we have a legal situationand 7" may
proceedasnormal.

Accordingto the authors thesesix casescover all types
of situationandthatthe corresponding O rulesproducea
correcttransactiorexecution. To prove the correctnesshe
notion of final serializability alsocalledf-serializability is
introduced with which only thelastreador write conflicts
aregivenapriority.

5. Model evaluation

In this section,we give anevaluationof the modelspre-
sentedn the previoussection.

5.1 Transactional support requirements

Beforegiving the evaluationof the models,we first de-
fine a setof requirementsve believe transactionmodels
must satisfy in orderto supportcooperatie work. These
requirementsare divided into threecategories;transaction
properties, transactionalsupport, and servicesprovided.
They havebeenmainly derivedandextractedfrom thechar
acteristicalescribedn Section2.

* Transaction properties

As alreadymentioned ACIDity is inappropriatdor cooper
ative ervironments gspeciallybecausef theatomicityand
isolation properties.We however believe that both consis-
teng/ anddurability shouldbe preseredto beableto have
reliabledatamanagement.

R1: Compromisedatomicity.

To preventlong transactiondrom losing lots of work ef-
fort in the presenceof failuresor exceptions,the transac-
tion modelshouldsupportpartial rollback. Thatis, instead
of discardingall changeswe shouldonly undo part of it.
This meanghatwe needa compromisedatomicity. More-
over, since cooperationbetweenco-workers or/and oper
ationsis important, flexible interlearing betweentransac-
tions is needed. This implies that transactionshould no
longerbe seemasanatomicunit of work.

R2: Sharing of intermediateresults.

Sharingof informationor artefactis crucialin orderto co-
operate. Requiring operationsto run asisolatedunits of
work wouldthereforebe unsuitable For thisreasontheiso-
lation propertyshouldberelaxedto enablesharingof tenta-
tive results.However, concurreng controlmechanismsire
still vital.

* Transactional support

The natureof cooperatiomrmay affect the transactionasup-
portthatshouldbe provided. Theseare:

R3: Open-endedunning.

The factthatwe arenot ableto predictthe compositionof
the ensembldnvolvedin a cooperatiorandthat the inter-
actionmay have anuncertaindurationandform, the trans-
action shouldbe open-ended.The transactionshould, for
example,be able to provide supportfor earlier commit if
thisis desiredor needed.

R4: Scalability.

Sincethe numberof usersinvolvedin a cooperatie activ-
ity is notfixed, scalabilityis crucial. The framework or the
modelshouldthereforebe ableto supporta seamlessran-
sition from single operationto multiple cooperatie opera-
tionsandvice versa.

R5: Distribution and heterogeneity

CSCWi ntroducesa high degreeof diversity and distribu-
tion in bothtime andspace.lt is thereforecrucial thatthe
transactionmodel/framevork takes both distribution and
heterogeneitynto consideration.

* Sewicesprovided

A minimal setof servicesshouldbe provided in orderto
supportcooperation[15]. The following are example of
these:

R6: Awareness.

In flexible sharing of information, natification about
changesdone on commonobjectsis necessary As a re-
sult of the relaxed isolation, awarenesservicesshouldbe
providedin orderto handlepotentialconflict(s).

R7: Temporaldatamanagement.

It is usualthat membersof a cooperatie ensemblemay
leave and join the group without wanting to faceary re-
striction. To dealwith this, the membersshouldbe ableto
know aboutthechangesnadein theervironmentand/orthe
sharedinformation while they were away. Temporaldata
may, for instance serne asa meango supportextractionof
differentalternatve decisionsor be usedto resumeactions
thathave beeninterrupted.

R8: Accessontrol.

Though sharing of artefacts is important in cooperatie
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
sophisticateédccesgontrol serviceshouldbe provided.

We believethatcooperatretransactiormodelsor frame-
works that satisfy theserequirementgan provide success-
ful supportof cooperation.However, flexibility shouldbe
consideredor all of the dimensions.First, the framewvork



shouldbe able to seamlesshyswitch or integrate different
form of supportdependingon the need. Somesituations
may, for example,needstrict atomictransactionasupport
in orderto havereliableprocessingpthermayseeatomicity
asjust a burden. Moreover, to be ableto supportdifferent
kind of situations,it shouldbe possibleto tailor the model
or the supportprovidedto the needsof the cooperatie set-
tings.

5.2 The evaluation

This sectionpresentsheevaluationof thenewer cooper
ative transactiormodelsoutlinedin Section4. The follow-
ing is alist of criteriathathasbeenused:

Requirement: How themodelsarepositionedwith respect
to thelist of requirements?

Application/domain covered: Are the modelsapplicable
onawide applicationarea?

Formality: Is the methodusedbasedon formal provable
foundations?(We shouldhowever considerthe trade-of
betweerimplementabilityandthe formality).

Corr ectness: Do the modelapply ary type of correctness
criteria?

The positionsof the modelswith respectto the list of re-
quirementaresummarisedn Tablel.

Coointroducesa formal framework. However, their use
of perhapgoo formal temporallogic may imposedifficul-
tiesin practicalimplementations Neverthelessa working
prototypeis provided. As mentioned Coowasspecifically
developed for Software Engineering Ervironment(SEE).
Someaspectsof cooperationmay not be well supported.
For instanceflexibility with respecto ad-hocprocessup-
port is restricted. However, the idea of using three de-
greesof correctnesallows more collaborationsthan with
the standardransactiormodels.

Collaborative databasealsousesformal models.They
extendthe traditionaldatabasewith moreflexible correct-
nesscriteriato supportcollaboration.A typical application
areais designenvironments. However, the useof the no-
tion of co-actionand relative atomicity and serializability
requiresthat the transactionsnustknow all of their opera-
tion setsbeforethey canbe executed.This impliesthatad-
hoc applicationsare not well supportedbecausehe trans-
actionmay not becreateddynamically

The EPOS transaction model sharesmary of the as-
sumptionsunderlyingCoo. It introducesa nice framework
thatallows co-workersin a SEEto cooperatavith high de-
greesof flexibility. The requirementdor the transaction
modelwere derived from thoseappliedin software devel-
opment. Becauseof its flexibility, EPOScan be usedto
supportothertypeof applicationsHowever, theframewvork
doesnt provide explicit guidelinesfor how this canbeused

effectively. It usesinsteadthe underlyingprocessnodelto
definethe degreeof cooperationsPossibilityfor integration
is alsorestricted. Moreover, no new formal mathematical
foundationis directly provided. This makesthe correctness
of the executionusedin the modeldifficult to validatewith
formalmethodsNeverthelessaworking prototypeis avail-
able.

TransCoop/CoAct is one of the modelsthat has at-
temptedto cover the most broad applicationarea. They
basedheir approachon four applicationscenariosthatin-
cludeboth structuredandad-hocactvities. Moreover, for-
malfoundationsasedn provablemathematicalormalism
areprovided. Thisimpliesthattheapproacttanbeformally
validated.However, the memging mechanismtroducedn
the modelmay imposesomecomplexity, which may affect
theoverall performancef the system.The availableproto-
typeshavs only its usein co-authoringapplications.

New Timestampordering approachis a quite new ap-
proachwhich baseghe supportof cooperatie transactions
on the extensionof the existing databaseoncurreng con-
trol mechanismSupportfor ad-hocactvities is betterthan
for therelative serializabilitymethodsincethe definition of
operationsetsis not needeceforeexecution. Inconsisten-
ciesarechecledduringrun-time.However, implementation
is not yet available,which makesthe approachdifficult to
befully evaluated.

6. Approachtowards a genericframework and
architecture

By usingtheresultof theevaluationpresentedh thepre-
vious sectionswe may concludethatthe availabletransac-
tion modelsmay somehav still be unsatiséctoryfor usein
a wide setof cooperatie applications. The following are
suggestionso furtherextendthe existing systems:

(1) Framework rather than a single model. Becauseof
the diversity of the cooperatie settingswe do not believe
that a single transactiormodelwould be ableto cover all
typesof cooperation. Therefor insteadof introducing a
nev modelwe suggestthe use of a framework for trans-
actionmodels.A successfuframework will provide a col-
lectionof differenttransactiormodels.It thengivestheuser
aguidelineto choseappropriatenodelsfor differentsitua-
tions. The systemmight, for instancejn onehandsuggest
theuseof astandard\CID modelwhentheneedof sharing
is very low, while on the otherhand,whenthe userneedto
sharetheir data,it might suggest suitableflexible transac-
tion model.

(2) Groupware with transactional theoretical basisand
reliability. Groupware systemsprovide high computing
flexibility. Its main weaknesds however the lack of se-
curity andreliability. By usingideasfrom databasé¢ransac-
tionswe maydevelopagroupwaresystemwhichis reliable



RequirementsiModels Coo Collaborative EPOS TransCoop Novel TO
Database
Compromisedatomicity | Saving of intermediate | Relatve atomicity | Supportgartialrollback | Supportgartialrollback | Supportgartialrollback

results

given additionalseman-
tic

Relaxedisolation

Controlled exchangeof
intermediataesults

Relatie serializability

Exchangeof intermedi-
ateresults

Sharingof tentatie ob-
jectsby exchangeof op-
erations

Incorporation of tenta-
tiveresultscontrolledby
f-serializationrules

Open-endedunning

Limited: Goal-oriented
processes, termination
upongoal-achigement.

Limited: All prespeci-
fied operationsetsmust
berun.

Supporteddependingon
the underlying process
model.

Supported depending
on the termination
constraints

Supportedas in tradi-
tional TO.

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

AccesgControl

Not explicitly consid-
ered

Dependingntheunder
lying databaseput not
explicitly considered

Not explicitly consid-
ered

Not explicitly consid-
ered

Dependingntheunder
lying databaseput not
explicitly considered

Flexibility

Supported without ex-
plicit guidelinesbut with
flexible processnodels

Supported as long as
the scenariodor the ac-
tions/actvities are de-

fined

Table 1. Comparison w.r.t cooperative work requirements.

author s or not provided/suppor ted).

andsecurewhile atthesameimeflexible enoughto handle
cooperation.

(3) HeterogeneousAutonomous Distrib uted(HAD) ar-
chitecture. To handlethediversenatureof cooperatie sys-
tems, we suggestan architecturebasedon HAD assump-
tions. Figure7 shavs a highlevel architecturghatcouldbe
used.Hereboththe applicationsandthe storesare hetero-
geneous.They areconnectedhrougha CORBA-lik e [13]
middleware.

Cooperaive Transacation
savice

Heterogeneous repository

Figure 7. A highle vel HAD architecture

7. Concluding remarks

This paperhasgivena generalsurwey of the “standard”
transactiormodelsthathave beenmainly suggestedb han-
dle long and comple& interaction. Becauseof the general

(The label ™" means not known for the

lack of implementationand their limitations in covering
mostof theaspect®f cooperationseveralresearctprojects
have beenconductedvith theaim of extendingthemodels.
Theresultsfrom theseeffortsarenewercooperatretransac-
tion models.Thesehave beengivena specialconsideration
in this paper Table2 summarizeshe modelspresentedin-
cludingtheresultfrom our evaluation.Basedon this result,
we believe all of the modelscanbe still extendedin order
to fully supportcooperatie work. From hereour work is
proceedingin three main directions. First, we develop a
framework usinga collection of existing transactionmod-
elsratherthansuggesting/eta new model. Secondwe are
investigatingthe useof the transactionconceptcombining
with theideasfrom groupware. Third we aredevelopingan
architecturebasedonthe HAD assumption.
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