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ABSTRAT. Thedesignor realizationof any consequenprojectimpliestheinvolvemenof several
people andsometimesvenof several teamsor companiesin additionto thefactthat they all
work on the sameproject, the variousactors coopeate andcollaborate Indeedtherealization
of any project is not simply a successiorof stepscarried out by one actor at a time but is
the resultof coopeating actors aiming at the realizationof a commongoal. It is the concept
of concurentengineering Concurent engineeringrequires coopeation betweerthe various
actors and exchange of the data producedby ead oneof them.More and more are companies
usingthe Internetfor data exchanges, the various actors are no longer forcedto work in the
samegeaqgraphicalplace Onespeakghenaboutvirtual enterpriseor project-enterpriséf joint
work lastsas long as a project. However, it is not enoughjust to exchange datafor working
together it is alsonecessaryo control and manae theseexchanges. Collaboration involving
someconcuencein the work of several actors, the productionof various versionsof the ex-
changed documentsmpliesa contmol of theseexchanges. The objectiveof this article is the
descriptionof a really distributedsystenfor coopeation. Theoverall philosophyof our system
is thedistribution of the exchangescontiol andtheaccesso the exchanged datain a standad
way. Thepapers kernelis theformalizationof theexchangescontmwol. Adoptinga transactional
approad for therealizationof our systenfor coopeation, weformalizeour coopeantive trans-
actional systermmand our distributed criterion of correction (DisCOO-serializability)in ACTA.
e usea supportexampleto illustrate our discouseandto apply this formalizationto a con-
cretecase We supplemendescriptionby the presentatiorof the DisCOOprototype(realizedin
JavaandProlog uponan ORB)which implementour system.

KEYWORDS Coopeative systemsadvancedransactionmodelsdistributedsystems
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1. Intr oduction

Thedesignor therealizationof ary consequenprojectimpliesthe involvementof
severalpeople andprobablyevenof severalteamsor companiesDifferentandvarious
competenciearerequiredIf we considethe AEC domain(Architecture Engineering,
andConstructionwhich will provide uswith the supportexamplefor illustratingour
approachcompetencieto build a simplehouserangefrom thedesignof volumesby
the architectto the specificationof the structuralelementsy the structuralengineer
andencompasskills for air-conditioningrealizationby the HVAC engineer

To saythat thesevarioushuilding trade actorswork on the sameprojectis not
enough.n additionto the factthatthey all work, thesevariousactorscooperateand
collaborateIndeedthe realizationof any projectis not simply a successiomf steps
carriedout by one actorat a time but is the result of cooperatingactorsaiming at
therealizationof a commongoal. It is the conceptof concurrentengineeringvhich
allows thevariousactorsto work in synegy andpermitsa reductionof the time-limit
for delivery andthe bestuseof the skills of eachactot

This concurrentengineeringequirescooperatiorbetweenthe variousactorsand
anexchangeof thedataproducedy eachoneof them.Thedataexchangehasexisted
for alongtimein simpleforms(mail, fax, exchangeof floppy disks,...) in businessin
thecurrentcontet, with thedemocratizatiowof thelnternet moreandmorecompanies
usethis mediumfor dataexchangesThe variousactorsareno longerforcedto work
in the samegeographicaplace.One speakghenaboutvirtual enterpriseor project-
enterprisdf joint work lastsaslong asa project(for examplea building achiezement
in AEC).

However, theseuncontrolledexchangesio not allow a real synegy betweenthe
variousactors.lt is nhot enoughjust to exchangedata,it is alsonecessaryo control
andmanageheseexchangesBackto our supportexample,sendinga versionof the
architect'splanto theHVAC engineeis notenoughto solvetheproblemsdnstigatedby
theircollaborationindeedtheplansentby thearchitectatagivenmomentcorresponds
to oneversion.Cooperationmplying someconcurrencén thework of thetwo actors,
the productionof variousversionsof the exchangeddocumentsmplies a control of
theexchangesThis exchangecontrolis currentlypossiblein cooperatie systemsbut
generallythis controlis centralized.In the AEC domainfor instance systemssuch
as"cell of synthesis'or "electronicstoreof plans"provide actorswith a centralized
controlandarelimited to specificaccessightsmanagement.

The objectie of this paperis the descriptionof areally distributedsystemfor co-
operationWe startby presentinghe variouscateyoriesof ervironmentsdevelopedto
assistthe cooperation(section2). Thenwe presentin section3 the supportexample
whichwill enableusto clarify ourapproachSectionst and5 show the overall philo-
sophyof our systemnamely the distribution of the exchangecontrolandthe access
to the exchangediatain a standardvay. Section6 constituteshe papers kerneland
presentghe formalizationof the exchangecontrol: we startby clarifying our choice
of atransactionahpproactor therealizationof our systemfor cooperationthenwe
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graduallyformalizethevariouselement®of our cooperatietransactionasystem(local
history, local basestransferoperation,..) andfinally we describeour distributedcri-
terionof correction(DisCOOserialisability)in ACTA. Throughouthis presentation,
we usethe supportexampleto illustrateour discourseandto applythis formalization
to a concretecase.Section7 allows usto presenthe implementatiorof our system
thanksto the DisCOOprototyperealizedin Javra andPrologon top of anORB. We fi-
nally concludeby presentingheresultsof our approactandthe possibleperspecties
for suchanapproach.

2. Existing envir onmentsto assistthe cooperation

In thecaseof arelatively complex applicationthereis noactorwho hastheintegral
knowledgeof the overall actiity carriedoutandwho may controlits achievement It
is thusextremelydifficult for any oneactorto "manually"foreseeall theconsequences
of amodificationmadeto a documenbf theapplication. All thesereasonsmply that
is essentiato useenvironmentgproviding sophisticateanechanisméor coordination
andcommunicationthusallowing notificationandpropagatiorof the changego the
concernedactors.This is donewith the aim of coordinatingthe actorsand then of
reducingtheimpactof a documenimodificationon the overall actiity.

Theseenvironmentscanbe classifiedn four categoriesaccordingto the way they
tacklecooperatiomproblems First, we have the configuration managementsystems
whoseobjective is to managethe versionsand the successie configurationsof the
variousshareddata(datacohereng). Processentered ervir onmentsaim to control
the successie statef the shareddataand/orthe sequencingf actiities. In thedata
basedield, transaction systemsensurehatthe parallelexecutionof severalactiities
(encapsulatedithin transactionsjloesnotintroduceinconsisteng into their results.
Finally CSCW tools ("ComputerSupportedCooperatie Work™") areorientedtowards
communicatiorandhumanrelationsof the cooperation.

2.1. Configuration managemensystems

In order to control the concurrentupdatescarried out by the various actii-
ties of a distributed system,it is possibleto usea configurationmanagementool
(RCSITIC 89, ClearCas¢ATR 94], ContinuusAdele[BEL 94]). ltsroleisto ensure
storageof the shareddata,calledresourceswhile keepinga traceof their evolution
(generallythroughtheir successie versions)andcontrolling the concurrentaccesses
to the datamadeby the actiities. For example,if two actiities modify the samere-
sourcein parallel,eachoneof themwill developa branchof versions startingfrom
aninitial versionof this resourceln this way, eachactiity workson its own copy of
theresourcewithout beingdisturbedby the modificationsmadeby the otheractivity.
Whenthey bothcompletetheirwork, anactiity (possiblyathird one)will bechaged
to megethesetwo branchesn orderto produceonly onenew version,meaningthat
themodificationsamadeby oneactiity will notcrushtheotheractiity’ smodifications.
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The role of the configurationmanagemensystemwill be thento memorizethe fact
thatthis new versionis derivedfrom thetwo precedingones.

However, the majority of existing configuratiormanagemergystemsarebasedn
a client/sener architecturgcentralizedrepository possiblyreplicatedand/orsplited
on several hosts).Thusthey do not correctly answerthe requiremenbf distribution
andautonomyof the actiities. Moreover, the configuratiormanagemengystemsare
primarily concerneavith the problemsof concurreniccesset acommornrepository:
managemendf the versionsandthe configurationsof sharedresourcesThey do not
defineary controlfor the cooperatiorbasedon the exchangesamongactiities.

2.2. Processcenteredervironments

Distinct from the configurationmanagemertbols, the procesamanagemertbols
aremainly directedtowardsthe descriptionof the correctexecutionsin termsof suc-
cessie statesof a resourceor correctsequencef the variousactiities: workflow
models[COA 97, ALO 96], contractmodel[WAC 92], event/condition/actiomulesin
MARVEL [BAR 923 BAR 92h or Adele-Tempo[BEL 94]. This approactgenerally
requirego describehecompleteapplicationj.e.takingcareof all theactiitiesandall
theresourcedf we addtheproblemsdmplied by thesynchronizatiorof the distributed
actiities, theobtainednodelbecomegomplex becausef theinherentcompleity of
theworking context to model.

Contraryto the existing processnanagemertbols,our objectiveis notto describe
how the actiities mustwork to be ableto cooperatebut simply to definehow the
exchangedetweertheseactvities mustbe done.We wantto enforcecontrolson the
exchange®f resultsbetweeractiities, but not ontheactiitiesthemselesnoronthe
way they producetheseresults.

2.3. CSCWtools

TheComputeiSupportedCooperatie Work (CSCW)aimsto allow groupsof users
to collaboratefor achievementof commongoalsthanksto collaboratve systemsor
groupwares.However, contraryto the configurationmanagemensystemsthe pro-
cessmanagemerntbolsor thetransactiorsystemsa CSCWervironmentis not solely
directedtowardsthe maintenancef the sharedobjectscohereng (managemenof
the concurrentaccesses)Suchan ervironmentalsotakesinto account’human”as-
pectsof thecooperatiorsuchasthemanagemeraf agroupof people the notification
mechanismsthe communicationtechniquegelectronicmail, videoconference,.).
BSCW/[BEN 973 BEN 97h (sharingof informationthroughcentralized-epository),
Wiki * (collective authoringof documentsia the Web)andMicrosoft NetMeeting(vi-

1. Wiki: http://wiki.lri.fr:8080/scoop/scoop.wiki
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deo/ audioconferencesharingof applicationswhite board,synchronougorums of
discussionpreexamplesof suchgroupwares.

Fortheconsisteng control,groupwareapplicationsisethemechanismsdeveloped
for the distributed systemsor the configurationmanagemensystemsilocks on the
objectstokenpassingor "turn taking"), dependenciedetection(conflictsaresolved
by theusers).Thesetechniquesimto ensurethe coherencef the sharedbjectsand
notto coordinatethe activities which cooperate.

2.4. Transactionalsystems

Within atransactiomprocessingysten[AGR 90, BER 97], eachactiity is encap-
sulatedn atransactiorthathidesproblemsof concurrenticcesset sharedbjects A
transactioris thenrepresentedly the sequencef operationgeg: read,write) invoked
onsharedbjects A transactions theunit of control: eitherthetransactiorcompletes
andall its changeso thestateof objectshapper(thetransactiorcommits),or thetran-
sactionis abortedandappearashaving no effectson objects(thetransactionis rolled
back).This "all or nothing"property alsocalledatomicity, preseresthe consisteng
of distributedsystemslespiteconcurrentaccesseandfailures.

The mainideabehindtransactionasystemss to ensurethatif all transaction$n-
dividually executecorrectly thentheir interleaving (dueto their concurrentaccesses
on sharedobjects)doesnot introduceinconsistencies the stateof sharedobjects.It
is thepurposeof a correctnessriterion,which defineson the execution(history of the
operationgnvoked by transactionssomepropertiesthat characterizécorrect" exe-
cutions.Within the context of administratiorandbankingapplicationsa well known
correctnessriterionis the "serializability". It considerghatthe concurrenexecution
of sometransactionss correctif this executionproduceghe sameresults(in termsof
stateson sharedbjects)thana serialexecutionof thesetransactions.

However, this correctnessriterionis not suitablefor usbecausé forcesisolation
of transactionsintermediatestatef transactionsi.e. valuesof sharedbjects)cannot
bevisible for theothertransactionsThus,the serializabilitydoesnot supportour need
of cooperatioramongtransactionsn termsof intermediateesultsexchangesiuring
their execution.In theliterature new correctnessriteriaandtransactiormodelswere
proposedo relaxtheisolationpropertybetweertransactions.

Nested transaction model: Within the nestedtransactionmodel introduced
in [MOS 81], a nestedransactioris a tree of transactionsStartingat the root, each
transactioncan createlower-level transactiongcalled subtransactiord, which are
embeddedn the sphereof controlof the parent.Transactiongtthe leaflevel areflat
transactionsexceptthatthey lack the durability of non-nestedlat transactionsthe
commitof asubtransactiowill nottake effectunlessthe parenttransactiorcommits.

2. A subtransactiobegins afterits parenttransactiorandendsbeforeit.
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By induction,therefore,any subtransactioranfinally commitonly if the root tran-
saction(correspondindo thewhole acivity) commits.

Multi-le vel transaction model: Multi-level transaction$BEE 88] area generali-
zedandmoreliberal versionof nestedransactionsThey allow for the early commit
of a subtransactiorfalso called pre-commit). They assumehe existenceof a com-
pensatingransaction(it canbe anothemestedor multi-level transaction)which can
semanticallyreversewhattheoriginal subtransactiohasdonein casethe parenttran-
sactiondecidegor is forced)to roll back.Whereasestedransactionsresimply an
executionmodelthat placesno restrictionon whatthe subtransactiondo andwhich
objectthey manipulate multi-level transactionshowever, requirea hierarchyof abs-
tract datatypes.First, the entire systemconsistsof a strict hierarchyof objectswith
their associate@perationgabstractiorhierarchy).Secondthe objectsof layern are
completelyimplementedby using operationsof layern — 1 (layeredabstraction).
Lastly, thereareno shortcutshatallow layern to acces®bjectson alayerotherthan
n — 1 (discipline).

The main differencebetweenall other extendedmodelsand multi-level transac-
tionsis thatthey arethe only onesthat have all the ACID propertiesbecauseheir
schemef layeringobjectimplementatiormakesit possibleto protectupdatestlower
layersby isolatinghigherlayerobjects.Thisachievesisolationfor theroottransaction,
andtherebythe possibility of executingtheroottransactioratomically Thisguarantee
doesnothold for the other(not flat) transactiormodels.

Sagamodel: This model[GAR 87] allowsto relaxtheisolationpropertyfor long
lived transactionsA sagais a chainof ACID transactionsand this model usesthe
compensatioideafrom multi-level transactionso maketheentirechainatomic.Rules
for concurreng control arethe following. First, sagasare notisolatedonefrom one
another It meansthat a subtransactiof one sagacanview intermediateresultsof
anothersagaSecondthecommitof asubtransactiois notconstrainedy thecommit
of its parentsaga.Lastly, when a subtransactioris rolled back, the whole sagais
aborted(usingcompensatingransactiondo semanticallyundoresultsof committed
subtransactions).

Cooperative transaction model: The commontrait of all thesemodels(flat, nes-
ted or multi-level transactionssagas)s thatthey arefoundedon the notion of struc-
tural anddynamicdependenciedn otherwords,all the additionalstructurethatdis-
tinguisheghe differenttransactiormodelssimply denotedifferentprotocolsfor de-
ciding if andwhenstatetransitionscanbe externalizedcommitted).

In the literature, thereare suggestion$or othertransactiormodelsthataremuch
morecomplex. In particulartheir structurds definedby morecriteriathanjustcontrol-
ling the commitof updatesAs anexample,cooperatie transaction$NOD 92] allow
for explicit interactionsamongcollaboratinguserson shareddesign)objects.At that
level of cooperationthough,notionssuchas atomicity are not powerful enoughto
modelthe complex rulesof statetransitionsthe applicationwantsto support.All this
becomewery muchdependenon theapplicationsemantics.
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Atomic objects: Anotherapproachto achiese transactiomatomicity is to confine
concurreng controlandrecovery mechanismsvithin the sharedobjectsthemseles.
Suchobjects calledatomicobjectsfWEI 89, WEI 84], enhancéheir modularitysince
they canbe designedandtestedlocally, andcanincreasdransactiorconcurreng by
providing appropriatenechanismso their useand semanticsThen,someglobal se-
rializationprotocolensureshatall atomicobjectsmanipulatedy atransactiordefine
thesameserializationorderfor this transactiorwith regardto othertransactions.

3. Presentationof the support example

To illustrate our approachwe reusethe exampledevelopedin [BIG 98, BEN 99|
(which is derived from the examplepresentedn [ROS 96]). It consistsin designing
a one-storyapartmentontaininga living room with a glasswall. Several designers
cooperateo achieve this work, thus forming a project-enterpriseThesedesigners
sharethreedocumentsthe plan jointly authoredby the architectandthe structural
engineertheadvicewritten by thetown-planneiand to alesserextentin thisexample,
thespecificationof the glasswall definedoy theHVAC engineerAiming to simplify,
eachpartnemwill berepresentetly a singleactvity (figurel).

_~ " shared - _
- docunent s ~

Pl anner Architect
Picture ‘_7\
,Q W ndow _
/‘?X‘% ~__
“
Fi reman
' .‘ HVAC
A Engi neer
[Ny
Structural
Engi neer

Figurel. Partnersandshareddocuments

—thearchitect: He hasto designandrepresenthe apartment spatialorganiza-
tion with its walls, windows, andsoon. To constructhis plan, the architecttakescare
only of volumes spaceandluminosity of the apartment.

—the structural engineer His actvity consistsin specifyingthe structuralele-
mentsof the apartmentSuchelementqcrosswalls, beamsansoon) will be chosen
to respectasfar as possible the choicesmadeby the architectandthe overall har
mory of the building. Suchan activity leadsto modificationof the plan provided by
thearchitect.
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—theHVAC engineer Heis normallyin chageof theair-conditioningof thebuil-
ding (heatingheatinsulation...)andall building fluid managementn ourexample he
will only interveneto specifytheglasswall (materialsthicknesspccordingo climate
andapartmenexposure.

—thetown planner: He controlsthe architectand givesopinion or advicein re-
turn. Thearchitecthasto considetthis adviceandpossiblymodify his planaccording
to it. Thetown plannerhasto validatethefinal plan. Thetown plannertakescareonly
of thetown planningaspect®f theapartment.

—thefiremarn Beforegiving his opinion or advice,the town plannercanconsult
afiremanto checkif theapartments in conformitywith thefire emegeng standards
(numberandlocationof theemegeng exits, numberandlocationof thetrapdoorsof
smole clearing,..)

The variousdataexchangedetweerthe partnersarenot constrainedy the same
rules.If it is desirablejn certaincasesto encourage&ooperatioramongpartnersijn
someother casest canbe necessaryo restrainthis cooperationlt is the casefor
examplefor the cooperatiorbetweenthe town plannerandthe architect:they share
somedocumentsbut only to read;no oneis allowedto modify thedocumentsf ano-
ther. The cooperatiorrulesnegotiatedto controlthesedocumentxchangedbetween
thevariouspartnersarepresentedn figure 2.

. plan !
town e writer/ =
pl anner revi ever
fadvice! \
cooperative
wite

pl an
cooperative client/
wite server
7
pl an pjlan
tructural HVAC
engi neer engi neer

Figure 2. Coopeation patternsnegotiatedfor exchangingdocuments

— client/sewver: The architect(the "sener") providesvarioussuccessie versions
of theplanto theHVAC enginee(the"client"). Exchangesreonly from thearchitect
towardsthe HVAC engineer

—writer/r eviewer: Thetown planner(the "reviewer") reads put doesnot modify
theplanwhichis providedto him by thearchitect(the"writer"). He simply writeshis
opinionor advicehe couldtransmitto the architectwho canupdatehis planin return.
This proces<aniterate.

— cooperative write : The architectand the structuralengineemwork togeheron
thedrawing of the plan(saméogical object).During all thedurationof the activity of
designthey modify it, possiblysimultaneouslyintegratingthe modificationsmadeby
oneor theother Thegoalis to produceafinal versionof this planwhich satisfiesboth
of them.
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Ourobjectiveis to conceve aninfrastructurgo coordinate, via the useof various
cooperationpatterns, thedata exchangesdetweenvariousactiities. In thisaim, it is
necessaryo beableto storedataon anactiity level, to defineprotocolsfor exchange
of dataandto applytheseprotocolsto controltheinteractionsamongthe actuities.

4. Control of the exchanges

Whenan actiity wantsto sharea given objectwith anotheractvity, a phaseof
negotiationstartsto definethe cooperatiorpatternsvhich will controlall exchanges
concerningthis objectbetweenthesetwo actvities. We have, at least,to ensurethat
the patternthat one activity wishesto useis known by the other one. The result
of this negotiationis a contract agreedby the two actiities. This contractsetsthe
cooperationrules to respectfor the sharingof the concernedobject. For example
Contract[archi,hvac,{plan},client_server] representtheagreectontractbetween
thearchitectandthe HVAC engineetto sharethe objectplan accordingo the coope-
ration pattern“client/sener". Thus,eachactiity of the systemowns a cooperation
table containingall the contractssignedby this activity.

activity partner objects pattern role
architect | structural-engi. {plan} cooperatie write| ~
architect HVAC-engi. {plan} client/serer | sener
architect town-planner {{plan},{advice}} | writer/reviewer ~

activity partner objects pattern role
HVAC-engi. architect {plan} client/serer client

Figure 3. Coopeationtablesfor figure 2

During a dataexchangebetweerntwo actiities, eachactiity controlslocally (i.e.
usingthe informationcontainedn its tableof cooperation}hatthis exchanges cor-
rectaccordingto the contractthey negotiated.If a violation of the contract(or more
exactly aviolation of thecooperatiorpatternspecifiedon the contract)is detectedthis
exchangeis refused.Thusanactivity encompassetsvo componentsledicatedo the
controlof its exchangewith the otheractwities: a protocolin chage of the manage-
mentof the activity cooperatiortable;a coordinator controllingthatall theaccesses
to its documentsespectheprotocol.

5. Data accesses

The local repositoryof an actvity is composedf two parts:a public part, na-
medcooperationspace anda privatepart,namedworkspace Thecooperatiorspace
containsobjectversionamadepublic by the activity, i.e. versionghatanotheractiity
canimport. This cooperatiorspacealsocontainsthe relationsbetweernthesevarious
versions Dataexchangedetweeractiitieswill occurastransferoperatoindbetween
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their respectie cooperatiorspacesThe workspaceallows to presento the userthe

objectsof thecooperatiorspacen aform usableby its existing applicationy . DXF files

for Autocador . DOC files for Word for example).lt is the placewheretheapplications
will indeedhandlethedata.

Cooper ati on Space

i export toward

inmport from
anot her

anot her ‘
activity ! activity
> ;
oz :
>0 '
851 Checkaut Checkln
22| Private Werkspace ;
& o | :
K '
e :
St : it
S5 3y . 1 o
| Create a new version
' : of the document
TR
30 te
v gg \gprd ﬁpeLI
- editor checker
83'— Update the document

Figure 4. Coopeation spaceandworkspace

Thus,thelocal repositoryof anactity is representely two distinctcomponents:
a zoneof exchange the cooperationspace accessibldo the otheractiities andin
which arestoredthe sharebjects;aprivatezone theworkspacewhich providesthe
dataonwhichtheactiity canwork (useof existingor legagy tools)to achieveits task.
The transfershetweernthesetwo zonesare carriedout on the initiative of the actity
(andthusof the user).In otherwords, it is the userwho decideswhenhe publishes
his results(intermediateor final) ashe decidesvhenhe integratesjn his workspace,
the modificationsmadeby the otheractiities on the sharedobjects(previously im-
portedin his cooperatiorspace).Our systemand our approachthaving for objective
to allow cooperatiorandcollaborative work without changingthe tools andthe indi-
vidual modesof production,we only managethe datain the cooperatiorspace.The
workspacas only consideredsadestinatiorfor atransferfrom thecooperatiorspace
or asa sourceof a publicationinto the cooperatiorspace Fromthe point of view of
the actorsof the system,i.e. the usersiit is necessaryhat they canusetheir actual
applicationg(Autocad,Word, emacsGCC,...) on the shareddata.Thus,thesedata
mustbeaccessiblén theirnative format,i.e. . DXF or . DOC files, or evenin theform of
tuplesin a databaseor objectbasein anobjectorientedernvironment(ex: CORBA).

As representeth figure 4, the userstartsby importing the document(in the form
of an object)from the cooperatiorspaceof anotheractivity andstoresit in his own
cooperatiorspaceln orderto be ableto handleit (in the form of a file for example)
with his actualapplicationshe hasto transfer(Check_0ut operation)this document
into hisworkspaceAs theworkspaces a privatespacehis updatesrenotvisible by
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otheractiities. Whenheconsidershathiswork is completedhepublishegCheck_In
operation)anew versionof thisdocumentmeaninganupdateof the documenstored
in his cooperatiorspace Fromthis moment this documen{in the form of anobject)
canbeimportedby otheractiities.

6. Formalization of the control of the exchanges

Within sucha cooperatiorcontext in distributedapplicationsjt seemdifficult for
aprogrammenpr a setof programmerso have a globalview of thewhole application
andto programexplicitly all the interactionsbetweenactvities: it is necessaryo
releasegprogrammergrom the burdenof interactionprogrammingln otherterms,it
mustbe possibleto programa large part of cooperatingactvities independentlyof
eachother:applicationprogrammershouldbe concernedvith the behaior of each
activity individually, notwith theinteractionswith otheractiities. In relationto these
remarkswe believe thata concurreng controlapproachs betteradaptedo our class
of applicationsthan a concurrentprogrammingone. Thus, we basecorrectnesof
cooperatie executionson a correctnesgriterion in the spirit of criteria definedfor
concurreng controlpurposesi.e a criterionwhich is asfar aspossiblenot depending
on the semanticof the applicationbeingsynchronizedBER 81, RAM 96]. Another
argumentin favor of the concurreng control approachis that, on one hand,dueto
their uncertaintyit is not possibleto assertcorrectnes®f executionsof cooperatie
applicationsa priori; onthe otherhand,dueto theirlong duration,it is not possibleto
doit a posteriori it mustbe doneincrementally

6.1. A transactionalapproah

Following a transactionahpproaciBER 97] we view a cooperatie application
asa setof transactionaccessingt the sametime to a setof objects.Eachactiity
of the applicationis encapsulateth a transactiorthat hidesproblemsof concurrent
accessew sharedobjects.A transactioris thenrepresentety the sequencef ope-
rationsinvoked on sharedobjects.However, the way of synchronizinghesetransac-
tions is more complex thanin classicaltransactionakystems(administration,ban-
king, ...) [GRA 93] in which all actvities are mainly concurrentthat meansthey
executein isolationandareunavareof the others.In our case we shouldspeakrather
abouta coopeation control approachthana concuriencycontrol approach.

Although existing transactiormodelsandcorrectnessriteriaintegratesomefea-
turesneededor cooperatiorsupportnoneof themsimultaneouslylealwith ourneeds
for cooperation (transactiongre not isolated),for distrib ution (eachtransactionis
providedwith its own copy of objectsit manipulates)andfor autonomy (decentrali-
zedinteractioncontrolperformedocally by transactionshemslees).Thus,in thevein
of [ELM 92, JAJ 97], we work on the definition of a new extendedransactiormodel
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that could supportdistributed cooperatie applicationsby relaxing one (or several)
ACID? propertiesnsuredn classicatransactioomodelsi]MUN 98, BEN 99].

6.2. Local repositories]ocal histories,transfer operations

Thefirst stepin definingourtransactiormodelaimsto dealwith thedistribution of
thetransactiongeachactiity of the systemexecuteswithin along-livedtransaction).
We provide eachof themwith a local repository to storeits own copiesof objects
it uses.Objectsare no longerkeptin a single global repositoryaccessedby all the
transactionsSo, unlike classicaltransactiormodels,a "logical" objectin our model
will possiblyhave several"physicalinstanceswe have to distinguish.We alsoneed
to definethe local history for a transactionthat meansthe systemeventswhich the
transactiorhave to be awareof.

As eachtransactiorowns copiesof the objectit uses dataexchangesamongtran-
sactionswill not beimplicit (throughconcurrentaccesseto a commonrepository),
but explicit instead.Transactionsvill invoke transfer operations betweertheir res-
pectivelocalrepositoriesThe purposeof suchanoperatioris to synchronizehevalue
of two instancef a samelogical object.Using transferoperationsalongwith local
repositoriesandhistoriesnotions,we canthendefinecooperatiorrulesfor an object
sharedby two transactionsSucha rule is only basedon informationthatis local to
eachtransactionandaimsto controltheir (transfer)operations.

Then,we will detail the impactof thesechangesn traditional "global” correct-
nesscriteria, i.e. correctnesglefinedon the completehistory of the whole system
(cycle detectionof dependenciesetweertheactiities, for instance) Our new advan-
cedtransactiormodelwill be specifiedwith thesenew notionsin orderto get"local"
correctnessriteriadefinedon local historiesof transactionsThe coreideais thefol-
lowing: if we ensurethe correctnessf the executionfor eachtransactiorwith regard
to all the transactionglirectly connectedo it, this shouldensurejmplicitly, the cor-
rectnes®f thewhole execution.

Transaction local repository: First, we needto formalize explicitly, within our
transactiormodel,thatwe provide eachtransactiorwith its own local repositoryins-
teadof using a single (global) commonrepository As we explainedbefore,when
severaltransactionsharean object(simultaneousccessesgachone storesits own
copy of this objectin its own local repository Thus,a singlelogical object will have
severalinstances(onefor eachtransactiorit is usedby), andwe needto distinguish
betweerthem.Theseinstancesrenot duplicatesvhich areautomaticallysynchroni-
zedby theunderlyingsystem but true independentopiesthattransactionsvill syn-
chronizeontheir own by explicitly exchangingvaluesof theseinstancesMoreover, at
somepointsduringthe execution,severalcopiesof thesamdogical objectcouldhave
differentvalues.

3. ACID: Atomicity, Consistenyg, | solation,Durability
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Whenatransactiort invokesanoperatiorop ontheobjectob (classicallyexpressed
by op;[ob] in the ACTA formalism[CHR 94] to denotethis event),we needto specify
which copy of the objectob is concernedoy this operationop. We use op;[ob] to
denotethe invocationof the event op;[ob] on the copy of the objectob owned by
the transactiont’. The setof all the objectsob; is namedthe local repository of the
transactiort.

For instancewhenthe HVAC engineereadsthe plan producedby the architect
in his/herlocal repository this event correspondso the readpyoc[planarcni] opera-
tion. To updatehis/herown copy of this plan, the HVAC engineerthen performsa
Writepyac[planpyec] Operation.

Transaction local history: Usingthis new syntax,we canexpressthata transac-
tion caninvoke an operationnot only on objectswithin its own local repository but
alsoon objectsstoredin local repositoriesof the othertransactiongeg: opy, [ob,] or
readpyac[planqgrcni]). Theselast operationgreciselyallow usto formalizeinterac-
tions amongtransactionsandespeciallydatatransfersetweertheir respectie local
repositories.

We cannow definethelocal history of atransactiort. It is thesetof all theevents
thatthetransactiort hasto be awareof. The ACTA formalism[CHR 94] is basedon
two eventtypes:significantevents(Begin, Commit, Abort, ...) andobjectevents(in-
vocationsof operationon objects) Here,we aremainly concernedvith objectevents
to control the view of a transactionIn ACTA, the view of transactiont, represen-
ted by View;, definesthe objectsandtheir statesthat arevisible to transactiort. In
otherwords,theview of atransactiondentifiestheoperationgheeffectsof which (on
objects)arevisible for this transactionMoreover, asa subsetof the (global) current
history H; of the systemthe view of a transactiorpreseresthe partial orderingof
theoperationsHerearethevisible operationdor atransactiort:

1. operationsinvoked by the transactiont it-
self,whateveraretheobjectamplied (local or dis-
tant): {p[oby| € Hes}

2.operations invoked by some transac-
tions ¢ # ¢ on objects stored in the local
repositoryof thetransactiort: {py [ob;] € He}

For instancewhenthe HVAC engineereadsthe plan producedby the architect
in his/herlocal repository the correspondingventreadp,yac[plangrcns) is loggedby
bothtransactiongwvac andarchi. The HVAC engineettogsthis eventbecausde/she
is the invoker of this operation(cf. item 1). The architectwrites this eventin his/her
history becausehis operationconcernsoneof the objectsof his/herlocal repository
(cf. item 2).
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write lan read lan
archi o archi ] archi [ siruct]
read lan . write C[plan_ .
. struct [ archi ] archi [p archi ]
architect 1 7 rl .
Lt )
T The structural engineer
. imports the plan from
cooperative the architect
write The architect imports
the plan from the
structural engineer
structural . i 1 1 1
engineer = by =
read lan write lan write lan
struct [P archi ] struct [P struc1] struct [p struct]
write [plan ] read [plan ]

struct struct archi struct

Figure5. Sampleaxecution

Figure5 depictsa sampleexecutionwherethearchitectandthe structuralengineer
collaborateto draw aplan. Thisfigureusesaspace-timenessageiagrant to represent
theexecutionof transactionarchi andstruct. Eachhorizontalline correspondso the
executionof onetransactior{time goingfrom left to right), i.e. thelocal history of this
transactionAn arronv betweentwo transactionsepresents dataexchangebetween
them,thesendeventbeingattherootof thearrow (eg: readoperation)andthereceive
eventbeingatthe headof thearrow (eg: write event).

Within our transactionmodel, the view of a transactiont (denotedView;) is
definedas follows: View; = {pi[oby] € Het} U {pp[obi] € H}. This identifies,
amongall the operationsof the whole history; thoseof which the transactiont is
aware.H ., denoteghis setandcorrespondso thelocal history of thetransactiort.
For instance the executionshown by figure 5 resultsin the following historiesfor
bothtransactionarchi andstruct:

archi struct
Contract[archi,struct,{plan},C /W] | Contract[archi,struct,{plan},C /W]
w'rite(wchi [planarchi]a
readstruct [planarchi]a readstruct [planaTchi]a

w’ritestruct [planstruct] )
writestruct [planstruct] )
readarch'i I-planstruct]; readarchi B’lanstruct]y
w'ritearch'i [planarchi] -

'writestruct [planstruct] .

Thus,an history H (local or global) is a seriesof objectevents(operationinvo-
cations).H (°®) denotesprojectionof the history H onto the objectob. For instance
H( =p, opyo...o0p, representdoththe orderof the operationgnvokedon the
objectob (i.e. the operationp; occursbeforethe operationp;,1, andwe write this
pi = pi+1) andtheir functionnalcomposition.In otherwords,the states of the ob-

4. Usedin thefield of distributed systemssuchdiagramsshav exchangegmessagepassing)
amongnetwork distributedprocesses.
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jectob within thehistory H(°?) is theresultof theinvocationof successie operations
in H(°®) (accordingo therelation—) from aninitial states (i.e.s = state(so,H(°),
or simply s = state( H(°%))).

Within the ACTA formalism,atransactioraccessesbjectsof somecommonrepo-
sitory throughthe invocationof operationspecificto objects.Eachoperatiorreturns
avalueandproducesanew state Let s bethe stateof anobject.return(s,p) denotes
theresultof theinvocationof the operatiorp onthis object. The stateprocucedy the
operationp is representedtby state(s,p). Two operationsconflict for the state H (°)
(we write this con flict(H(°®) ,p,q) or simply con flict(p[ob),q[ob])) if their effectson
this stateor their returnedvaluesare not independenof the orderin which they are
invoked.Two operationghatdo not conflict arecompatible

As objectstatechangesreviewedthroughthereturnvaluesof operationsye can
definedependenciebetweenoperationghat conflict. Whentwo operationsconflict
(i.e. the predicatecon flict(H(°Y) p.q) returnstrue), then the following predicate
return_value_independent(H(°®) p,q) is true if thereturnvalueof the operationg
doesnot dependon the operationp to be invoked before or after ¢. We can de-
notethis with return(H©Y o p, q) = return(H(? , ¢). Otherwise the operationg
is "return-valuedependent'dn the operationp andwe denotethis with the predicate
return_value_dependent(H©Y p.q).

It is obviousthatthesetwo definitionsintroducedby the ACTA formalismarenot
basedfrom our transactiormodel point of view, on "physical" instanceof objects
(eg ob;), but on "logical" objectsinstead(eg ob). For instance at the level of the lo-
gical objectplan, the readingoperationinvoked by the HVAC engineeron the plan
of the architect(representetby readpq.[plan]) conflictswith ary updateoperation
invoked by the architecton his/herplan (write,.ni[plan]). Moreover, the predicate
return_value_dependent(H P'%™) aprite,,qp;i[plan],readpyqc[plan]) returnstrue.

As con flict(p[ob],q[ob]) wasa shortcutfor con flict(py,[ob],q:, [0b])°, afirst step
is to considetcon flict(py, [ob],g:, [0b]) asashortcutfor con flict(py,[ob, ]z, [0bt,]) ©.
For the time being, it meansthat two operationscan only conflict whenthey are
invoked on the samecopy of a logical object. Later, we will give the meaningof
con flict(py;[0by,, ],q¢; 0Dy, ])- In otherwords,we will definethe notion of conflict
betweertwo operationgy;, andg;; invoked on two distinctcopiesof a samelogical
objectob. And soon for the predicatereturn_value_independent(py,[ob],qq; [0b]).

Ouir first needis to find, whena transactiont invokesan operationp on an ob-
jectoby, all the operationsnvoked by ary othertransactiorthat could conflict with
pe[oby] (the ACTA formalismuseCon flictSet, to denotethis set). Thus,View; and
Con flictSet; operatiorsetsdefinethe eventsthatthetransactiort will beallowedto
invoke.More preciselywhenatransactiorwantsto invoke anew event,preconditions
of this event(derivedfrom theaxiomaticdefinitionof theinvokertransactionpreeva-

5. Operationg andgq (invoked by ary two transactions; andt; respectiely) conflict on the
objectob.
6. Operationg;; andg:; conflictonary copy ob;,, of thelogical objectob.
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luatedagainsthesetwo sets If all of themaresatisfiedthenew eventis executedand
thenloggedin local historiesof implied transactiongcf. transactiorview definition).
Otherwisejf one(or more)preconditionfails, the eventinvocationis denied.

Within ourtransactiormodel,operationghatcould conflict with thoseinvoked by
atransactiort aredefinedbelow (thepredicatelnprogress(p) usedbelon meanghat
theoperationp is executingandis neithercommittednor canceled).

— operations invoked by
ary transactiont # t on ob-
jects ob, of the transaction ¢t:
{pr|obs] € Hyt | Inprogress(py[ob:])}

For instance an operationinvoked by the architectcan possiblyconflict with an
operationreadpyqc[plangrcni] invokedby the HVAC engineeon the copy of the
objectplan ownedby thearchitect.

— operationsinvoked by ary transac-
tion ¢ # t on objectsof a third transac- pyloby.]
tiont"” # t if theseobjectsappeaiin some
operationsnvoked by thetransactiort:

{pe[obe] € Hey | (' # t) A (3q qioby] € Het) A Inprogress(py [oby])}

Forinstanceanoperationreadp g [planqrcni] invokedby theHVAC engineecan
possiblyconflict with anoperationreadssryct[plangrcn;] invoked by the structu-
ral engineetbecausehey both accesshe copy of the objectplan ownedby the
architect.

Thus,within our transactiormodel,the setof operationghatcanconflict with an
operationinvokedby atransactiort is:

ConflictSet: = {py[ob:] € Her | Inprogress(py[obi])}
U {pplobyr] € Her | (¥ #t) A (3q qeloby] € Her) A Improgress(py[oby])}

We cannotethatwhenwe put all the objectswithin a singlecommonrepository
(insteadof usinglocal repositories)the definitionsof View; andCon flictSet, be-
comeequialentto thosefoundin the axiomaticdefinition of atomictransactions:

—Views = Hy whereH_.; denotethe globalcurrenthistory
— ConflictSet; = {py[ob] | t' # t, Inprogress(py[ob])}

We have introducedthe notionsof local repository(several "unsynchronized'to-
piesob; for alogical objectob) andlocal history (eachtransactioronly hasa partial
view of the system)andstayedcompliantwith the ACTA formalism.Basedon them,
thenext sectionformalizesthe conceptof explicit datatransferamongtransactions.
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Transfer operations: Now, eachtransactiorof our modelis providedwith its own
local repositoryin which it canstorelocal copies(instancespf objectsit needto ac-
cessForinstancewhentwo transactiongrchi andhvac sharealogical objectplan,
they bothhave their own copy of this object(plan ,,.n; andplany,.. respectiely) in
theirlocalrepository This sectiondetailstheway thesewo transactionganexchange
valuesof objectplan.

As explainedwhenwe introducednhew notationgo identify variouscopiesof logi-
cal objects,atransactioris not limited to theinvocationof operationon its own ob-
jects.For instancethetransactiorhvac caninvokearead operatioronthecopy of the
objectplan storedin thelocalrepositoryof thetransactiorurchi (readpyac[plangren)
denoteghis operation).Suchoperationsnamedtransfer operations enabletransac-
tionsto exchangadatabetweertheir respectie local repositories.

Within a classicaltransactiormodel, an interactionbetweentwo transactiong;
andt; ontheobjectob is denotedoy (p, [ob] = g1, [0b]) A con flict(py,[0b],qq; [0b]).
It meanghattransactions; andt; invokedoperationgy, [ob] andg;, [0b] onthesame
objectob, thatthe operationpy, [ob] occurredbeforethe operationg, [ob] (partial or-
der definedin H.;), and that both operationsconflict together Basedon notations
introducedto identify copiesof logical objects,whatis the meaningfor thefollowing
expression(py; [obe, | — gi;[0bs, ]) A con flict(py,[oby,, 1,qt; [0bt,, ]) ? We havetwo
cases:

— eitherit is the samecopy ob;, of thelogical objectob andwe comebackto the
Case(pti [Obtk] - qt; [Obtk]) A ConfliCt@ti [Obtk]7qtj [Obtk])'

—or ob, and ob;, are two distinct copies of the logical object ob,
(pe; [0be,,, ] = qi;[0by,,, ]) A conflict(py,[oby,, ],at; [0by,, ]) With t, # t,

It is easyto dealwith thefirst caseaswe canreuseexisting definitionsfor the or-
derrelationship— andfor thepredicatecon flict. So,we aremoreconcernedvith the
secondcase andmorepreciselywith the meaningof con flict(py;[oby,, |,q:; [0bs,, ])-
Intuitively, we canunderstandhis asfollows: "the value of the objectob ownedby
the transactionty,, (i.e. ob;, ) dependson the value of the objectob ownedby the
transactiont, (i.e. ob, )". In otherwords,we got a sequencef operationsasthe
onedepictedon figure 6 wheretransactionsg;, let us"propagate"transactiorby tran-
sactionthevalueof theobjectob;,, totheobjectoby, , .

Figure 6 usesa space-timemessagealiagramto representhe executionof three
transactiondJsingsuchagraphicakepresentationt is easyto determinef two events
are causally dependentif we canfind a pathfrom one of the eventsto the otherby
going from left to right all alonghorizontallines ("transaction-orderWithin a local
history) and by following arrows (“"read-from" relationshipsbetweentransactions),
theneventsarelinked; otherwisethey areindependenonefrom eachother

To be moreformal, atransferoperationis a setof two "basic" operationsnvoked
by asingletransactiort;, oneto accesshevalueof theobjectob, . (eg: read, [obtki D.
the other to modify the value of the objectoby, = (eg: writey, [0by,,,]). In his way,
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write[plan] read[plan]

stru_ctural — — — — — —
engineer Ll = = = L
trapsfer
struct archi
#_‘ read[plan]
architect n ' 1 Q [} [}
write[plan] trdnsfer
archi town
town A
1 1 1
planner LT LI () {HF LT {—
write[plan]

Figure 6. Propagationof changes

the transactiory; transfersthe contentof onecopy of ob (oby,,) insideanothercopy
(Obtkj ). Suchanoperationis representetdy trans fery, [Obtk,. ;Obtkj ] andcorresponds
to a setof two operationsj.e. trans fery [oby,, ,0by,, | = (at, [0be,, ]t [0by,,]) with

(q € Read ) A (p € Writel®) A (q;,[0b] — py,[0b]), whereRead(°®) denoteghe
setof operationghataccessgut do not changethe value of the objectob, andwhere
Write(°®) denoteghesetof operationghatupdatethe valueof the objectob.

Thesetransferoperationsallow us synchronizethe local historiesof the tran-
sactions Read-fromdependenciebetweentransactionsre built whenan operation
pt,[oby, ] is loggedby bothtransactions; (the onethatinvokesthe operation)andiy,
(theonethatownstheobjectimpliedin the operation).

We cannow definethe semantiadependengrelationship 42 amongthe objects.
For anobject,thisrelationshipdeterminesf thevalueof onecopy wasproducedrom
thevalueof anothercopy. This semantialependengrelationshipd® expressestthe
objectlevel the causaldependeng relationshipthat exists at the eventlevel. Hereis
the meaningof a conflict betweentwo operationgnvoked on two distinct copiesof
logical objectob:

con flict(py, [obe,, |.at; [0be,,]) & conflict(pe,[0b].at; [0b]) A (oby,, dep, oby, ;)

In practice the notionof conflict betweertwo operationgy, [oby, ] andg; [oby, ]
invoked on two distinct copiesob,, and obtk of the sameloglcal object ob only
sene asabasisto provethatpropert|e$nsured)y our distributedcorrectnessriteria
presentedh this sectionareidenticalto the onesensuredy classicakentralizedcor-
rectnesgriteria.As our distributedcorrectnessriteriaarebaseddn localinformations
only (local historiesof transactions)they mainly usethetraditionalnotion of conflict
betweentwo operationswithin a single local history. We provided the readerwith a
generalconflict definition to emphasizehe differencesdbetweenthe centmalized and
distributedapproaches.

Let usgo backto our supportexampleandto the executiondepictedn figure 6. o
1. The structuralengineemakes somechangeon the copy of the plan he/sheowns
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in his/herlocal repository:this is denotedby the operationwritessryct[Planstryct)-

o 2. The architectimports this new version of the plan: this is denotedby the

operationtrans fer orcpi[planstruct,planqg chi] Or, more precisely by the two ope-
rations read,,chi[Plansiruct] and writeqrcni[plangrcni]. S0, the object plang,chi

dependson the object plansiruct, 1.€. plangrue: 28 plangreni- © 3. Now, the

town plannerimportsthis new versionof the plan available from the architect:this

is the operationtrans feriown|[planqrchi,planiown] OF, More precisely operations
readiown [Plangreni] PUIS writesown[plantown]. SO,the objectplany,,, dependon

theobjectplang,chi, i-€. plangchi ﬂ’; planiown.

Thus, the predicatecon flict(writestryct[Planstruct],readiown [Plangreni]) eva-
luatesto true aswe have con flict(writesiryct[plan),read;own[plan]) for thelogical
objectplan and,by transitvity, we have plan s¢rqyct ﬂ plany,,r, for copiesof this
object.

We cannow presentwo specialcase®f transferoperationsatransactiomports
(respectiely exports)anobjectfrom (respectiely towards)anothertransaction:

—Import: If we have t;, = t,,, then

. Read . Write ¢
transfery,, [0y, ,obtki“] = importy,, [obs,, ], i+1 i+1
i.e. the transactiont,,, imports (inside its object
oby, . ) thevalueof the objectob availablefrom the _

it1” . . . import
transactiort, (i.e.of theobjectoby, ).
—Export: If we have t,, = t, then Read, Write
i i

transfery, [oby, ,oby, | = exporty, [oby,. ],
i.e. the transactiontkjlexports the value of the
object ob (i.e. ob;, ) towards the transactionty

i P41
(i.e.insidethe objectobt,wr1 ).

export

Intuitively, the meaningof animportis "the consumedecidedo gettheinforma-
tion from the producer'; whereaghe meaningof an export is "the producerput the
informationto the consumeby force".

For instance when the town plannerimports the version of the plan produced
by the architect,two operationsoccur: the readingof the plan from the architect
(readiown[plangrcri]) @andthe updateof the planin the local repositoryof the town
planner (writesown[plantown]). When the structuralengineerexports his/her plan
to the architect,the situationis quite the same:readsiryct[plansiruct] followed by
writestruct [planarchi] .

Please note that when we force all the objects of the system to be

stored within a single repository common to all the transactions (as it
is in classical transaction models), we get back the traditional notation
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(ps;[0b] — g1, [0b]) A con flict(p;[ob],q:;[0b]). Once again, the notions of local
repositoryandlocal history extendthe ACTA formalismandstaycompliantwith it.

6.3. Distributedinteraction control

To allow transactiongo cooperatethrough intermediateresult exchangeg(that
meangesultsproducedwhile transactionsrerunning, proneto furtherchangesand
possiblyinconsistenfor the system)[MOL 96] defineda new correctnessriterion:
COOsserializability By removing the isolation property betweentransactionsthis
criterion supportsmary interestingexecutionswhich are not serializable andthree
new cooperatiorpatterndn particular:client/sener, writer/reviewer, andcooperatie
write. However, evenif transactionganexecuteon geographicallydistributedsites,
the control of their interactionsremainscentralizedoecauseéhe COO-serializability
criterionis definedon the global history of the whole systemUsing distribution faci-
lities provided by our new transactiormodel, this sectiondefinesa new criterion, the
DisCOOQ’-serializability thatensureshe samepropertieshanCOO-serializabilityon
thewhole systembut in adecentralizedvay.

First,we remindthereaderof theaxiomaticdefinitionof the COO-transactionfi-
gure7). Then,we detailanotheraxiomaticdefinitionwhichis equivalent(bothcriteria
acceptthe samesetof cooperatie executions),but basedon eventsloggedin local
historiesof transactionsnly.

COOcorrectnesgriterion:

The COO-serializabilitywasdefinedin [MOL 96] to supportcooperatie execu-
tionsof transactiondy relaxingtheisolationproperty It meanghattransactiongan
cooperateduring their execution,throughdataexchangeswithin a commonreposi-
tory. COOdefinegwo kindsof resultsintermediate resultsproducedy transactions
atsometimesof their executionbut proneto furtherchangesndpossiblyinconsistent
for the systemandfinal resultsthattransactionproduceat committime. The COO
criterioncanbeviewedasanextensionof aclassicatorrectnessriterion,theserializa-
bility, to supportthe notion of intermediateesult.Intuitively, a cooperatie execution
is correctwith regardto the COO-serializabilityif thefollowing synchronisatiomules
aresatisfied:

1. A transactiorthatproducechintermediatgesulthasto producethe correspon-
dingfinal result.

2. If atransactiorreadsanintermediateresultproducedby a transactionthenit
hasto readthe correspondindinal resultbeforeit cancommit (and produceits own
final results) Whenatransactiomeadsanintermediateesultfrom anothetransaction,
it setsadependengonthistransactionWhenthetransactiomeadshe corresponding
final result,the dependengis removed.

7. DisCOOstanddor DistributedCOOQ.
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3. Whenthe systemfinds a cycle within the graphof dependenciebetweertran-
sactions(bidirectionalintermediateresult exchangesbetweentwo transactionsfor
instance),t groupsall the transactionsmplied in the cycle. Transaction®f sucha
group(denotedby T.,,) have to commitin anatomicway.

1. Cooperationeadsto repeateaccurrencesf thesameoperationsappliedto the
sameobjects.Thus,in generalthehistoryof a cooperatie executioncontainsseveral
sequencesf identicaloperationsFor sucha sequencepnly thelastoccurenceneedg
to becommitted.This definesa "useful” sub-historyof the execution.

(Committ c H) = Yob VQt[Ob]
g€ Qi (Va' € Qi d #4q,qifob] — qifob]) A (Commiti[q:[ob] € H)

2. Whenan operationis committed,all the operationswhich it dependn have
to becommittedtoo.
(Commity[q:[ob]] € H) =
Ip (return_value_dep(py [0b],g:[0b]) A (py[ob] — giob]) ) =
(Commity [py[ob]] € H)

3. Within a group, all the transactionshave to reacha commonfinal statefor
sharedbobjects.
(Commit; € H) A t € Teoo = VobVg
(State(H©Y) £ State(HY o q)) A (Commits,[qs;[0b] € H) A (ti #1t) =
Jp (return_value_dep(q:,[ob],ps[ob]) A (State(HP)) = State(H® o p)) A
(g¢;[0b] = pilob]) A (Commity[p:[ob]] € H)

4. Within a group,eitherall the transaction€ommit (Commit), or noneof them
commit(Abort). A groupbehaeslik e asingletransaction.
Vtit; € Teoo ,ti 15, (8i SCDt;) A (t: AD t;)

5. Whenan operationis aborted all the operationghat dependon it have to be

abortedtoo.
(Abort,[p:[ob]] € H) =
(return_value_dep(p:[ob],gz; [0b]) A (pt[ob] — g¢;[0b])) = (Aborty,; gy, [0b]] € H)

Figure 7. Fundamentabxiomsof COO-transactions

DisCOOdistrib uted correctnes<riterion:

The COOtransactiormodeldoesn’tvary from classicaltransactiormodelswith
regardto the way transactionsacces®bjects(througha commoncentralizedreposi-
tory) andtheinteractioncoordinationdefinedby the COO-serializability correctness
criterion (basedon the global history of the whole system).In otherwords,this mo-
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delneedgo beawareof all the operationsnvoquedby all thetransaction®n all the
objectsto coordinatdnteractionsamongtransactions.

Ourwork aimsto decentralizehis controltowardstransactionshemselesin the
form of smallpiecesof controldefinedfor eachtransactiorwith regardto eventslog-
gedin its local history The DisCOOserializability can be viewed as a distributed
versionof the COO-serializability Our "correctnes<riterion distribution” approach
meanghatlocal propertiesto be checled by eachtransactiorwith regardto its part-
nersaredefinedin sucha way that, whenthey aresatisfiedon all transactionsthey
ensurethe samebehaior of the whole systemthan propertiesof the initial "cen-
tralized" correctnesriterion. This sectionpresentsa new axiomaticdefinition for
cooperatye transactionsvhich is equivalentto 7 but basedon local histories(cf. fi-
gure 8). Equivalentmeansthat whenthe DisCOGQO serializability is satisfiedon each
nodeof thetransactiorgraph thewholeexecutionconformsto the COO-serializability

(a DisCOOserializablesxecutionis COO-serializable0o).

common
repository

/
A definition of "local" axioms
+

proof DisCOO -> COO

Cooper ati on Docurment

s £ Local repository Interaction
Activity of the activity control \rlglrlefsl ;g be transfer

Figure 8. Howto decentalizethe COO correctnesriterion

Intuitively, thefirst two axiomsof the COO-transactionpreventatransactiorirom
committing (Commit) if it isn’t "up to date", i.e. if, for someobject,this transaction
readsanintermediataesultbut didn’t rereadthe correspondingdinal result(produced
by acommittedoperation)ln otherwords,if anoperation; depend®nanoperatiorp
(i.e. return_value_dep(p,q)), thenthelastoccurenceof ¢ hasto dependon the last
occurenceof p. This is the purposeof the predicateup_to_date definedbelon®. It
denotesthat the transactior¢; is "up to date" with regardto the transactiont;, for

objectsin thesetO.

8. We uservd asashortcutfor return_value_dependent.
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up_to_date(t; tx,0) = Vob € O VQy, [0by,,]
(3t; Ip rvd(py, [obs,, ], LastOcc(Qy, [0bs, ])) A (pe;[0bs,] = LastOcc(Qt;[0bt,])) ) =
( Bp' € Sequence(py;[oby,]) (LastOcc(Q;[0be,]) — pi;[obe,]) )

Figure9 presents sampleuseof theup_to_date predicatebasedon our support
example.At step1, the last read operationinvoked by the architecton the plan of
thestructuralengineeioccurredafterthelastwrite operationinvokedby the structural
engineeon his/herplan.Thus,thearchitectis "up to date"with regardto thestructural
engineer At step2, the structuralengineerupdatedhis/herplan after the architect
accessedt. At this time, the architectis no longer"up to date" with regardto the
structuralengineer

write lan read lan . .
archi o archi ] archi o struct] ' '
read lan_ write _ [plan_ ]
. struct (e archi ] archi [ arch|] ;
architect 1 7 H
Lt ) :
T The structural engineer
. imports the plan from
cooperative the architect '
write The architect imports !
the plan from the
structural engineer
structural . ., 7 1 I oy I
engineer = by o=
read lan write lan write lan
struct [p archi ] struct [P struc1] struct [p struct]
write lan read_ . [plan
struct p struct] archi lp inge ]

Figure 9. Samplauseof theup to_date predicate

The definition of the up to_date predicateis basedon two new functions:
LastOcc and Sequence. The former returnsthe last occurencewhitin the sequence
for an operation.The latter returnsthe orderedsetof all the occurencegnamedthe
sequencefor a givenoperationThesefunctionsaredefinedbelow.

Occurencesequencefor an operation: An operationpy, [ob;] can be invoked
several times during the execution.Even if they areall denotedby p;; [ob;,] in the
history, they aredistinctoccurencesf thesameoperationThesetof all theoccurences
of the operationpy, [ob;,] (orderedby the — relationship)is namedthe sequenceof
theoperatiorp;, [ob; ;] andis representetly P;, [ob;, ]. Givenanoperationthepurpose
of the Sequence functionis to returnthe sequencef this operationj.e.

Sequence(occ) = {py;[oby;] € H | occ = py;[oby;]}

write lan read lan
archi p archi] archi p struct]

hi readslrur;t [planarchi ] write archi [planarchi ]
architect 0 0 (—

@

Figure 10. Sampleoccuencesequence

Look atthearchitectfor instanceHe/shewill updatehis/herplanof theapartment
several times. Within the local history of the transactionarchi, several successie



24 Networking andInformationSystemsJournal.Volume2 - n° 5-6/1999

writegrcni[plangrcni] Operationsarelogged(cf. operations:; andas onthefigurelo,
extractedromthefigure5). Theorderedsetof theseoccurencess namedhesequence
of theoperationwrite,,chi[plan,ycni] andis denotedoy W RIT E.chi[planarehi]-

Last occurenceof an operation: Giventhe sequencef occurence$or anopera-
tion, the function LastOcc returnsthe last occurencdwith regardto the — relation-
ship)within this sequenced,e.

LastOce(S) = occ € S suchthat  Aocc’ € S (occ’ # occ) oce = occ

Ontheexampledepictedn figure 10, thelastoccurencef the operationsequence
W RIT Eqpchi[plangrcn;] correspond$o thesecondperationwriteqrepi[plangrcnil-

DisCOOcorrectnesgriterion: Thetwo following axiomsexpresshatatransac-
tion will be allowedto Commit only if it is up_to_date with regardto all the tran-
sactionson which it dependsandif all thesetransationsare committed(andso on
recursvely).

(Commity, € Hy,) = Vob wup_to_date(t;,ty,{ob})

(Commity, € Hy,) =

(3p,q (rvd(pe; [0by, ],qt; [0b,]) A (pr;[0be,] = ar;[0be,])) ) =
(COII]IIlitti € Htk)

Wheneer the return_value_dependent introducesa cycle within the graphof
dependencieamongtransactionggroupsituationfor the COO model),it meanghat
transactionsmplied in the cycle have to be up_to_date with regardto eachother
beforethey commit. In otherwords,they needto reachan agreemenbn sharedob-
jects (group corvergence).Take carethat, whena transactiort; dependson a tran-
sactiont;, thesecondaxiomonly imposesto have Commit,, € H;, whent; commits
(Commity; € Hy,). Especiallythereis noneedfor Commit,, to occurbeforeCommity,
(i.e. Commity; —p, Commity;). They canoccurat the sametime. Thus,it avoids
deadlocksn caseof cycle asa solutionis to have Commit operationsf all the tran-
sactiondmplied in the cycle to appeaat the sametime in the history.

Lastly, we needto ensurethat wheneer an operationp is aborted,all the ope-
rationsq thatdependonit (i.e. return_value_dep(p,q)) areabortedtoo, andsoon
recursiely. A sideeffectis thatall transaction®f a group are abortedwhen one of
themaborts.

(AbOTttj [ptj [Obtk]] € Htk) =
Tvd(ptj [Obtk]thi [Obtk]) A (ptj [Obtk] — Gy, [Obtk]) =
(AbO’l“tti [qti [Obtk]] € Htk)

Figure 11 sumsthe DisCOOserializablityup in threeaxioms.This new correct-
nesscriterionprovidestransactionsvith moreautonomyEachtransactiorcontrolsby
itself its own interactions(dataexchangeswith its partners,andthesecontrolsare
exclusively basedon eventsloggedinsideits local history. Especially it meansthat
the DisCOGQO serializablityno longerusesthe notion of cycle in the the graphof de-
pendencieamongtransactiongwe needa global view of the whole systemto find
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cycles).TheDisCOOserializablityworkstransactiorby transactionThus,evenif we
speakaboutgroupsof transactiongo denoteinter-dependencieamongtransactions,
groupsdon’t explicitely exist within the DisCOO+transactiormodel.

1. (Commit;; € Hyy,) = Yob wup_to_date(t;,tx,{ob})

(Committj € Hy,)) =

2. (3p,q (rvd(pe; [0be,],gt;[0be,]) A (Pe;[0be,] = gt;[0be,])) ) =
(Committi € Htk)

(Abort, [p; [0bs,]] € He,) =

3. 'rvd(ptj [Obtk]vqti [Obik]) A (ptj [Obtk] — qt; [Obtk]) =
(Abortti [Qti [Obtk]] € Hik)

Figure 11. Fundamentahxiomsof DisCOO-tansactions

To concludethis sectiondedicatedo the DisCOOcorrectnessriterion,hereis an
exampleof DisCOOserializableexecution(depictedin figure 12) basedon our sup-
portexamplepresentedn the section3. Onthe onehand,thearchitectandthe struc-
tural engineesharethedocumenplan with regardto the"cooperatve write" pattern
(DisCOOQcorrectnessriterion).Ontheotherhand,thearchitectandthetown planner
collaboratghroughducomentglan andadvice with regardto the "writer/reviewer"
pattern(DisCOOQOcorrectnessriterionwith someadditionalconstraintgo dir ectdata
exchanges.

1. Thearchitectworkson his/herplan. Then,he decidego publisha new version.
We denotethis operatiorwith writeq,chi[planqgrcni]. © 2. Thestructuralengineeim-
portsthis new versionto synchronizéhis copy of theplan.o 3. Thestructuralengineer
updateshis plan andthenpublisha new version.c 4. The architectsynchronizesis
copy of the plan by importing the versionof the plan producedby the structuralen-
gineer ¢ 5. Now, the architectcan meige his changego the copy of the plan stored
in his local repository ¢ 6. Meanwhile,the town plannerimportedthe versionof the
plan availablein the repositoryof the architect.c 7. In this way, he/shecanbegin to
review the planof thearchitectandcanproducea preliminaryversionof hisadvice.c
8. Whenthe town planneris awareof the new versionof the planin the repositoryof
thearchitect,he decidego synchronizehis copy of theplan.¢ 9. Now, he canupdate
his advicewith regardto this new versionof the planandthenpublishesanew advice.
¢ 10. Thearchitectimportswithin hislocal repositorytheadviceproducedy thetown
plannero 11. Meanwhile thestructuralengineeimportedthe planupdatedoy thear-
chitect.o 12. At thistime, thearchitectwantsto commithis aciity. As thetransaction
archi hadinteractionwith transactionstruct andtown, it needdo evaluatethethree
axiomsof the DisCOGO serializability (figure 11) with regardto thesetwo partners.

— On the side of the transactionstruct, the last read operationinvoked by the
architectontheplanin thelocal repositoryof the structuralengineei(step4) occurred
after the last write operationperformedby the structuralengineeron the samecopy
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Figure 12. Exampleof DisCOO-serializablexecution
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of the plan (step 3). Thusthe transactionarchi is "up to date"with regardto the
transactiorstruct (cf. axiomn®1):

(COMitarchi € Hstruct) =
Yob € {plan} wup to_date(archi,struct,{ob})

Dueto thisrvd dependengdeveloppedby operation®f steps3 and4, thetransac-
tion archi will notbeableto commitbeforethecommitmenbf thetransactiorstruct
(cf. axiomn?2). It meansthatthe following axiom hasto be satisfied.especiallyfor
p = write, ¢ = read, ob = plan andt; = struct:

(Commj-tarchi € Hstruct) =

( Elp)q (Tvd(Pti [Obstruct]a(IaTchi [Obstruct]) A
(pti [Obstruct] - Qarchi[Obstruct])) ) =
(Committi € HstTuct)

As thetransactionstruct hasto wait for thecommitmentof the transactiorurchi
too (dueto stepsl and2), both transactionsill have to commit at the sametime.
Pleasenotethatat thetime being(step12), thetransactiorstruct is "up to date"with
regardto thetransactiorurchs abouttheplan,i.e.:

(Commj-tstruct € Harchz') =
Yob € {plan} wup_to_date(struct,archi,{ob})

— The transactiorarchi is "up to date"with regardto the transactiontown too
(cf. axiomn?1) becausehelastreadoperationinvokedby thearchitecton theadvice
of thetown planner(step10) occurredafterthelastwrite operationperformedby the
town planneron his advice(step9). At step12, pleasenotethatthe transactiortown
is "up to date"with regardto the transactiorurchi too aboutthe plan (steps7 and8).
As in the previous case the axiomn°2 will forcetransactionsrchi andtown to be
committedatthe sametime.

Thus,at step12, all the threeaxiomsof the DisCOO serializability are satisfied
on the local history of eachtransactionlt meansthat the transactiorarchi canbe
committed,on conditionthatwe commit (at the sametime) transactionstruct and
town t0O.

In orderto illustrate the axiomn°3, let us supposene wantto abortthe opera-
tion writeq,chi[plang cni] iNvoked at setp7. This axiom forcesus to abortall the
operationsvhosereturnvaluedependsn this write operationj.e.:

(Abo'rtaTchi[writearchi[planarchi]] € Harchi) =
rod(writearchi[planarchil gt [Planarcni])
A (writearchi [planarchi] — qe; [planarchi])
= (Abortti [Qti [Obarchz’]] € Harchi)

Within thelocal historyof thetransactiomrchi, theoperationy, [plangr.r;] could
bereplacedvith operations-ead;,uyn [plangrcni] andreadsiryct[planqrens]. Theabort
of thesetwo operationswill beloggedin the local history of transactiongown and
struct respectiely. Then,accordingto the axiomn°3, we have to abortwrite opera-
tionsof step8 and11too. And soonlittle by little.
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7. Our prototype: DisCOO

In the perspectie of not yet programminganotherproprietarysystemto support
cooperationwe decidedto implementour transactionrmodelon top of a CORBA °
ObjectRequesBroker which providesuswith transparengwith regardto program-
ming languagespperatingsystemsand hardware. Our architecturg(cf. figure 13) is
definedby four main cooperatiorservicesneededo build cooperatie applications:
a cooperation spaceserviceto manageresourcesn the local repositoryof an acti-
vity; aworkspaceserviceto let userscall their legacgy tools (Word, Autocad,emacs,
gcc,...) ontheirressourcesiewedasfiles andrepositoriesa coordination serviceto
ensurethatall interactionsrom or toward the cooperatiorspaceareapprosedby the
protocolservice(cf. "interactioncontrol"layer);a protocol servicewhich containsall
the mechanismgor the distributed correctnessgriteria part of our transactiormodel
(local history; negotiatedcooperatiorschemamethodgo checkcooperatiorschemas
againsthelocal history of theactwity).

bj ect Request Broker

Noti fications
Activity A2

Coor di nat or

/N

Cooper ati on
Space

Medi at or

‘. Protocol

Managenent FIRY S
of the activity T

Part ner

Cooperation Table for Activity A2

Use of
shar ed
docurent s

API
(JDBC, NFS, . ..)
Private
Wor kspace

- Files
- Database

A2 | Al |docl|client/server client

A2 | A3 |doc2|cooperative wite =

Legacy tools
Autocad, Word,...)

Figure 13. Our architectuie ontop of an ORB

Obviously, asintroducedbefore,we aremainly concerneadvith coordinationand
protocol services.They are describedbelow. For cooperationspaceand workspace
servicespur DisCOOprototypeonly providesprogrammersvith somebasicmecha-
nismsto manageesourced orderto validatethe coordinationandprotocolservices.
Especiallywe did not careaboutresourcerersionandconfiguratiormanagemerdand
thatactivities canonly sharesimplefile resourceshatwe canexternalizein a works-

9. CommorDbjectRequesBroker Architectue [OMG 95, WEI 96]
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pace(a directory)on the hard disk. Thus,userscancall their legag/ applicationsto
accesgsheirresourcegin theform of standardiles).

Coordination sewvice: It is oneof themostimportantcomponentén the designof
anactiity becausé controlsall theinteractionof thisactiity with theotheractvities
of thesystemIn otherwords,whenanexchangeoccurs therole of the coordinatoris
to checkif this operationsatisfiescooperatiorschemagcorrectnesstriteria)foundin
the protocolcomponenf the activity. In caseof successthe operationis passedo
thecooperatiorspaceof the activity to performcorrespondingctions Otherwisethe
operationis deniedandhasno effectson the cooperatiorspaceof the activity. Thus,
an exchangeinvoked between(the cooperatiorspaceof) two actiities is executed
only if bothactwities allow this operation.

Protocol sewvice: Obviously, the core of the DisCOO prototypeis the protocol
service andmorepreciselythecomponentin chageof local historymanagemerdnd
of cooperatiorschemasgvaluation.Remembewe definedsucha cooperatiorschema
asasetof cooperatiorrulesor predicateasedon eventsloggedin the currentlocal
history of the activity. As an example,the cooperatiorschemd'cooperatve write" is
denotedoy the predicateDisC OO (which usesthe predicateup_to_date):

up_to_date(t;tg,0) = Yob € O VQi,[oby,]
(3t; Ip rvd(py; [0b),], LastOcc(Qy; [0, ])) A (pt;[0bs,] = LastOcc(Q4,[ob,])) ) =
( Ap' € Sequence(py;[obs,,]) (LastOcc(Qt,[obt,,]) — pi;[0be,]) )

((Vii,ta (t1 € {ti,t;}, t2 € {ti,t;} — 1)
(Commit;, € Hy,) = up_to_date(t1,t2,0)

Yob € O Viita (t1 € {ti,tj}, ta € {tist;} —t1) Vix (b # t1)
(Commj-ttl[qt1 [Obfz]] € Ht2) =
; = d(pe, [0bes )12, [0be]) A (Dt [0bes] = 1oy at1[0D25]) =
DisCOO(t;,t,0) = < v 1 (002 ]34, (001t 1 [O0to 5 t1]00ty
1C00(E::0) (Comit, [py [obe,]] € His)

Yob € O Viti,t2 (t1 € {ti,t]’}, ta € {ti,tj} - t1) Vi (tk #* t1)
(AbOT‘ttl [ptl [Obtz]] € th) =
rvd(p, [0b15],qt,, [0be,]) A (pty[0bty] =,y g1y, [0bss]) =
\ (Aborttk[q% [Obi2]] € Ht2)

Insteadof programmingspecificalgorithmsto implementall thesecooperation
rules,we decidedto translate them in Prolog predicates In this way, cooperation
schemasandruleswe definedin ACTA arereally usedas properties(Prolog predi-
cates)evaluatedon the local history of the activities. Thus, it is very easyto addnew
cooperatiorschemasvithin DisCOOor to changeexisting ones.

Technical aspects:All the componentf DisCOO were developedin Java on
top of an ORB which is itself codedin Java (JacORB),and the Prolog interpreter
we useis writtenin Java too. We chosethe Java programminganguageo be ableto
deploy ouractiitiesin heterogeneousrnvironmentsfor whichanJavavirtual machine
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exists (Windows 98/NT, Unix, MacOS,...). It meansthat our prototypeis neither
concerneavith a particularoperatingsystem(Javabytecodehorwith communication
aspect§CORBA). For instancewe managedo launchseveral DisCOO-actiities on
a network wheresomestationsuseWindows NT while someothersrun Solarisor
Linux.

8. Conclusion

This paperpresentsaa modelto supportcooperatioramongdistributed actiities,
and two resultsin particular First, it is the formal definition of a new extended
transaction model, DisCOQ as well as a distributed correctnesscriterion, the
DisCOOserializability(thatsupportdhreecooperatiorschemas.cooperatve write",
"client/sener", "writer/reviewer"). Secondwe designeda framework to developco-
operatie applicationsby "connecting"distributedactiities together Sucha connec-
tion betweerntwo activities definesthe cooperatiorschemausedby theseactvities to
sharea givenobject. This architecturewvasput into practiceascooperation sewices

within the DisCOOprototype.

Distrib uted cooperative transaction model: As we pointed out in section2,
existing ervironmentsassistingthe cooperationare not suitablefor distributed ap-
plications.Most distributedsystemsarebasedn a client/sererarchitecturén which,
thoughsingleactivities maybeexecutedatgeographicallgistributednodestheknow-
ledgeaboutthe processebeingexecuteds keptin acentralizeddatabasatthesener
level. This centralizationrmakesit easierto synchronizeandmonitor the overall exe-
cutionasall decisionsaretaken on this sener which hasa globalview of the whole
system.The main dravbackis that clients have to be connectedo this sener at all
times.

A seconddrawbackof theseervironmentsconcerngnechanismshey useto coor
dinatethe actiities. Configuratiormanagementystemsnly dealwith the storageof
sharedbjectstheir versionsaandconfigurationslocksto controlconcurrenticcesses.
Processenterecervironmentgorceusto describeghewholeapplicationandto make
provision for all the possibleinteractionsamongactuities, a taskthat could become
very complex. As for transactionabystemsthey encapsulateachactvity within a
transactiorandensurehatif all transactionsndividually executecorrectly thentheir
interleaving (dueto their concurrentaccessesn sharedobjects)doesnot introduce
inconsistenciem the stateof sharedbjects.However, if existing correctnessriteria
arewell suitedfor classicaltransactiongisolated shortduration),they aretoo strong
for distributedcooperatie actiities.

In opposition,we developeda distributed approach Startingfrom work donein
COO aboutthe syntacticcorrectnessf cooperatie interactionspur first goalwasto
go from a control of concurrentaccessegimplicit interactions)to a control of data
exchangedetweentransactiongexplicit interactions) For that purpose we defined
the notionsof local repository for a transactionof local history for a transaction,
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of transfer operation betweentransactionsThe main ideais that we provide each
transactiorwith its own copy of the objectsit needto accessandtransactiongoope-
rateby exchangingvaluesof their copiesbetweenrtheir respectie local repositories.
Moreover, thesetransferoperationsllow usto synchronizdocal historiesof thetran-
sactionsIt wasthe stepautonomyfor data accessegsection6.2). Our secondgoal
aimedto definedistrib uted correctnes<riteria . In otherwords,atransactiorshould
be ableto coordinateby itself its exchangeswith the othertransactionsWhereasa
classicakorrectnessriterion definespropertieson the whole history of thesystema
distributed correctnessriterionis designedo be evaluatedby eachtransactiorwith
regardto its local view of the system(its local history). We gave anexampleof sucha
distributedcorrectnessriterion: the DisCOGO-serializability . If satisfiedonthelocal
historyof eachtransactionit ensureshe samepropertieson thesystembehaior than
its centralizedparentthe COO-serializability It wasthe stepautonomyfor interaction
contmol (section6.3).

As a result,within our model,transactiongrestructuredasa graphwherenodes
denotetransactionandedgesdenotexooperatiorschemasegotiatedbetweertran-
sactionsThis is a peerto-peerarchitecturevhereeachtransactioris responsibldor
the controlof its own interactionswith the others.

DisCOOprototype: Whenwe designedur prototype we avoideddevelopingyet
anothermproprietarysystemWe thoughtratherin termsof basicmechanismsieeded
to supportcooperationamongactiities in distributed applications.To achieve this
goal,we built our framework (figure 13) ontop of aCORBA objetrequesbrokerand
we definedfour main cooperation sewices a cooperationspaceto storecopiesof
sharedbjectson actiities, aworkspacedo accessharedbjectswith legagy tools,a
protocolfor interactioncontrol,a coordinatomwhich is theinterfaceof the activity for
otheractuities.

Futur e work: In section6 we statedthattwo transactiondiave to negotiatea co-
operationschemabeforethey canexchangedata.We were only concernedvith the
Contract[t; t;,0,s] eventin the local history of transactionsOne of our prospects
is to work on the negotiationstepwhich resultsin suchanevent.In otherwords,we
now wantto know how andwhy actiities choosea particularcooperatiorschemao
controltheir exchangesSuchinformationscould be very usefulwhenseveral coope-
ration schemagonflict (for an actvity, someoperationsallowed by one schemaare
deniedby anotherschema)Onesolutionis to replace,on the fly, one of the coope-
ration schemasisedby the actiity, i.e. to rengyotiateone of the contracts Another
prospecis to analysecooperatiorbehaiors to deducenew cooperatiorschemashat
we canformalizeascorrectnessriteriaandimplementwithin our prototypeDisCOO
(asPrologpredicates).



32 Networking andInformationSystemsJournal.Volume2 - n° 5-6/1999

9. References

[AGR90] AGRAWAL D., ABBADI A., “TransactiorManagemenin Databas&ystems”, EL -
MAGARMID A., Ed., Databasetransactionmodelsfor advancedapplications Morgan
Kauffman, 1990.

[ALO 96] ALONSO G., AGRAWAL D., ABBADI A. E., MOHAN C., “FunctionalityandLimi-
tationsof CurrentWorkflow Managemengystems, |EEE ExpertJournal, 1996.

[ATR94] ATRIA SOFTWARE INC., “ClearCasdroductSummary” report, 1994 Atria Soft-
warelnc., 24 Primepark Way, Natick, Massachusett31760.

[BAR 92a] BARGHOUTI N., “Concurreng Controlin Rule-BasedoftwareDevelopmentEn-
vironments”,PhDthesis,ColumbiaUniversity, 1992, TechnicalReportCUCS-001-92.

[BAR 92b] BARGHOUTI N., “Supporting Cooperationin the MARVEL Process-Centered
SDE", Proceeding®f the Fifth ACM SIGSOFTSymposiunon Softwae Developmen€n-
vironmentsvol. 17,num. 5,1992p. 21-31.

[BEE 88] BeecH D., “A Foundationfor Evolution from Relationalto Object Databases”,
Proceedingof the International Confeenceon ExtendingDatabaseTecnolagy, Venice,
March1988,p. 251-267.

[BEL 94] BELKHATIR N., ESTUBLIER J., “ADELE-TEMPO: An Ervironmentto Support
ProcesdModelling and Enaction”, FINKELSTEIN A., KRAMER J., NUSEIBEH B., Eds.,
Softwae ProcessModellingand Technolagy, ResearctstudyPress1994.

[BEN 97a] BENTLEY R., APPELT W., BUSBACH U., HINRICHS E., KERR D., SIKKEL K.,
TREVOR J., WOETZEL G., “Basic Supportfor Cooperatie Work ontheWorld Wide Web”,
International Journal of Human-Compute6tudies:Specialissueon Innovative Applica-
tionsof theWorld Wide Web vol. 46,num. 6,1997,p. 827-846 AcademicPress.

[BEN 97b] BENTLEY R., HORSTMANN T., TREVOR J., “The World Wide Web asenabling
technologyfor CSCW: The caseof BSCW", ComputerSupportedCoopeative Work:
Specialissueon CSCWandtheWeh vol. 6, AcademicPress1997.

[BEN 99] BENALI K., MUNIER M., GODART C., “Cooperationmodelsin co-design”,Inter-
nationalJournal on Agile Manufacturing(IJAM), vol. 2, num. 2,1999.

[BER 81] BERNSTEIN P, GoobMAN N., “Concurreng Controlin DistributedDatabas&ys-
tems”, ACM Computingsurveys vol. 13,num. 2,1981,p. 186-221.

[BER 97] BERNSTEIN P., NEWCOMER E., Principles of TransactionProcessing Morgan
Kaufmann,1997.

[BIG 98] BIGNON J.,HALIN G.,BENALI K., GODART C., “Cooperatiormodelsin co-design:
applicationto architecturablesign”, 4th InternationalConfeenceon DesignandDecision
SupportSystemsin Architectuie andUrban planning Maastrich July 1998.

[CHR 94] CHRYSANTHIS P, K.RAMAMRITHAM, “Synthesisof ExtendedTransactionMo-
dels”, ACM Transaction®n DatabaseSystemsvol. 19,num. 3,1994,p. 451-491.

[COA 97] CoALITION W. M., “Terminology& Glossary”, report num. WFMC-TC-1011,
Issue2.0,Junel997,Workflow Managemen€oalition.

[ELM 92] ELMAGARMID A., Ed., Databasetransactionmodelsfor advancedapplications
MorganKauffman,1992.

[GAR 87] GARCIA-MOLINA H., SALEM K., “Sagas”, Proceeding®f the 12th AnnualACM
ConfeenceontheManagemantof Data, SanFranciscoCalifornia,May 1987,p. 249-259.

[GRA 93] GRAY J., REUTER A., TransactionProcessingConceptsand Techniques Morgan
Kaufmann,1993.



A really distributedsystemfor cooperation 33

[JAJ97] JaJjoDIA S., KERSHBERG L ., Eds.,AdvancediransactionModelsand Applications
MorganKauffman,1997.

[MOL 96] MoLLI P, “Environnementsie DéveloppementCoopératifs”, Théseen Informa-
tique, UniversitédeNang | — Centrede Recherchen Informatiquede Nangy, 1996.

[MOS 81] Moss J. E., “NestedTransactionsAn Approachto ReliableDistributed Compu-
ting,”, PhDthesisMIT, 1981.

[MUN 98] MuNIER M., GODART C., “Cooperationservicesfor widely distributed applica-
tions”, TenthinternationalConfeenceon Softwae Engineeringand Knowledg Enginee-
ring (SEKE’98) SanFranciscdBay, USA, 1998.

[NOD 92] NODINE M., RAMASWAMY S., ZDONIK S., “A Cooperatre TransactionModel
for DesignDatabases” ELMAGARMID A ., Ed.,Databasdransactiormodeldor advanced
applications MorganKauffman, 1992.

[OMG 95] OMG, “The CommonObjectRequesBroker: ArchitectureandSpecification”,re-
port num.2.0,1995,0bjectManagemenGroup.

[RAM 96] RAMAMRITHAM K., CHRYSANTHIS P, “A taxonomyof correctnesgriteria in
databasapplications”, TheVLDB Journal, vol. 5,num. 5,1996,p. 85-97.

[ROS96] ROSENMAN M., GERO J., “Modelling multiple views of designobjectsin a colla-
borative CAD ervironment.”, ComputerAidedDesign vol. 28,num. 3,1996,p. 193-205.

[TIC 89] TicHY, WALTER F., “RCS — A systemfor versioncontrol”, Softwae — Practice
and Experiencevol. 15,num. 7,1989,p. 637-654.

[WAC 92] WACHTERH., REUTERA., “The ConTractModel”, ELMAGARMID A., Ed.,Da-
tabaseTransactionModelsfor AdvancedApplications Chapitre7, p. 219-258,Morgan
Kauffmann,1992.

[WEI 84] WEIHL W., “SpecificationandIimplementatiorof Atomic DataTypes”, PhDthesis,
Massachusettistitute of Technology 545 TechnologySquare Cambridge MA, March
1984.

[WEI 89] WEIHL W., “Local Atomicity PropertiesModularConcurreng Controlfor Abstract
DataTypes”,ACM Transaction®n ProgrammingLanguajesandSystemgvol. 11,num. 2,
1989,p. 249-282.

[WEI 96] WEISS M., JHONSON A., KINIRY J., Distributed Computing:Java, CORBA, and
DCE, OpenSoftwareFoundationVersion2.1, Februaryl996.



