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Abstract
The conventional approach to process enactment

employs a client-server architecture, in which a cen-
tral engine executes process descriptionsand often
storesdocumentsproducedby the processes.This ap-
proach hasbeensuccessful for automating processes
in manysituations.However, it relieson a significant
centralizedcomputing infrastructure, which doesnot
fit distributed,looselycoupled“virtual organizations”
such asopen sourcesoftwareprojects.

This paper presentsa process enactment solution
for such virtual organizations, basedon three im-
portant features: A completely distributed, peer-to-
peer architecture that eliminates the need for cen-
tralizedcomputing and organizational infrastructure;
processmodeling basedon independent processfrag-
mentsthat canbeperformedbya singleindividual ac-
tor; and, coordination entirely through products pro-
duced andconsumedbyconcurrent processes.
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1. Overview

The conventional approachto processenact-
mentemploysaclient-serverarchitecture,in which
a central engine executes processdescriptions
andoften storesdocumentsproducedby the pro-
cesses[1]. Processparticipants(actors)interact
with the enginethroughweb browsers, whole en-
vironments,or task-specifictools, receiving guid-
anceon what activities to perform, and how to
performthem. This approachhasbeensuccessful
for automatingprocessesin many situations,espe-
cially businessprocessesin largeenterprises.

In part,this is dueto theengine’s globalvisibil-

ity of the organization: becauseall processesare
enactedin a centrallocation,concurrentprocesses
canbe closelycoordinated,andwork canbe effi-
cientlyallocatedto membersof theorganization.

However, this effectivenesscomeswith a cost:
it requiressignificantcentralcomputinginfrastruc-
ture,centraladministration,anda largesupportor-
ganization. Thesecostsarereadily borneby “en-
terpriseclass”organizations,but areprohibitivefor
otherkindsof organizationsthat lack thephysical
andorganizationalstructurerequired.

For example,opensourcesoftwaredevelopment
can involve large numbersof people,yet the re-
sourcesandinfrastructureof the projectarecom-
pletely distributedamongthe participants. There
is no building or IT organizationto supporta large
computingfacility.

This is an exampleof a “virtual organization”:
a dynamic, loosely coupled, widely distributed
group of actorswho cooperateto achieve some
commongoal. Virtual organizationssharethefol-
lowing characteristics:

� Completedistribution- membersof thegroup
are dispersedthroughout the world, com-
municating primarily via email, the World
Wide Web, Network News groups,andsim-
ilar Internet-basedmechanisms.

� Fluid membership- membersjoin and leave
thegroupatwill.

� Organic structure- there is little hierarchy,
and participants assumeroles as needed,
basedon their perceived contribution toward
thegroup’s goals.
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� Minimal infrastructure - a member’s em-
ployer may donatedisk spacefor archiving
thegroup’s documents,but thereis no build-
ing or supportorganization,and little if any
budgetor paidstaff.

Thus, while they could benefit from process
support,thesevirtual organizationslack thestruc-
tureandresourcesto deploy traditionalenterprise-
orientedclient-serverbasedprocessenactment.

In this paper, I proposea processenactmentso-
lution for virtual organizations,basedon threeim-
portantfeatures:A completelydistributed,peer-to-
peerarchitecturethat eliminatesthe needfor cen-
tralized computingand organizationalinfrastruc-
ture; processmodelingbasedon independentpro-
cessfragments that canbe performedby a single
individualactor;and,coordinationentirelythrough
productsproducedand consumedby concurrent
processes.

2 Approach

2.1 Modeling

Becausethe participantsin a virtual organiza-
tion areautonomous,distributed,andcontinually
changing,processeshaveto bemodeleddifferently
than they would in a conventionalenterpriseap-
proach. The processmodelmustaccountfor the
fact that the processperformers(actors)are in-
dependent,autonomousagents. This meansthey
make decisionsindividually aboutwhatprocesses
andtasksto perform,andwhen.

To accommodatethis reality, my approachde-
composesorganizational processesinto concur-

rent, independentprocessfragments,that cooper-
ateto achieveacommongoal.Eachfragmentcon-
sistsof anorderedsetof tasks(calledactions) per-
formedby a singleactor;this featuremeansthata
given actorcan instantiateandperforma process
fragmentwithout affecting otheractors,thuspre-
servingeachactor’s individualautonomy.

Theseprocessesare synchronizedthroughthe
work productsthey share(seebelow), sothateven
thougheachactor works autonomously, their ef-
fortscontributeto thecommonorganizationalgoal.

2.2 Coordination

In order to preserve the highest possiblede-
gree of autonomyand independencefor actors,
coordinationbetweenprocessesis modeledasre-
sourcesharing. Activities can block until a re-
source(product,document,or otherartifact)is pro-
ducedby anotheractivity performedby a different
actor. A predicatein theprocessdescriptionspec-
ifies the statethat requiredresourcesmustsatisfy
beforetheactivity canproceed(themechanismis
describedfully in [2]).

An exampleof a simplesoftware implementa-
tion and test processis shown in Figure 1. This
processis decomposedinto two fragments: one
boundto theprogrammer, comprisingimplementa-
tion tasks,andoneboundto thetester, comprising
systemtestingtasks. The two fragmentsaresyn-
chronizedthrough the shared“CODE” resource;
asa result,thetestingfragmentdoesn’t begin until
the programmercompletesthe Commit task,thus
makingthe“CODE” resourceavailablefor testing.

Note that becausethe processesare indirectly
coupled,it is not necessaryfor all activity to be



modeled,or enacted;enactedworkflowscanbeco-
ordinatedwith ad-hocwork or activities in another
organization,througha sharedresource.Thus,the
implementationfragmentcanbegin assoonasthe
“DESIGN” resourceis available;but this resource
canbeproducedby any process(or no formalpro-
cesswhatsoever).

2.3 Enactment

The enactmentmechanismis basedon a peer-
to-peerarchitecture.Eachactorrunsaninstanceof
theenactmentsystem;theseinstancesareentirely
independent.It is assumedthat theresourcespro-
vided andrequiredby actors’processesareavail-
able from a shareddistributedrepository, suchas
theWorld WideWeb.

An example, showing enactment of the
implementation-testprocessdiscussed above, is
shown in Figure2. In this example,oneprogram-
merandthreetesterscoordinateto implementand
testa bodyof code.They shareresourcesthrough
a globalcoderepository(hostedby anentity such
asSourceForge).

The arcs labeled“notify(code)” signify notifi-
cationof a changein the coderesource,an event
detectedby eachof theparticipatingtesters’enact-
mentsystem.

3 Related Work

Severalresearcheffortshaveaddresseddifferent
aspectsof the problemof providing processsup-
port for distributed,autonomousorganizations.

For example,Exotica/FMDC[3] wassystemde-
velopedby IBM to supportmobile and discon-
nectedclients. Exotica/FMDCis an extensionof
the Exotica [4] workflow system,and is thus es-
sentiallya client-server architecturewith features
to allow the clientsto operatewhendisconnected
from theserver.

Milos [5] specificallyaddressesprocesssupport
for distributedsoftwaredevelopmentteams. It is
alsoaclient-serverarchitecture,but clientsmaybe
widely distributedacrosstheInternet.Theauthors
proposefutureextensionsto theMilos architecture
to allow Milos serversto coordinatewith otherMi-
los servers on a peer-to-peerbasis. Thus, Milos

mayevolve into ahybrid client-server/peer-to-peer
architecture,in which work groupswould sharea
server, andvirtual organizationswould consistsof
suchworkgroupsassembledin apeer-to-peerfash-
ion.

Magi [6] also follows a peer-to-peerarchitec-
ture. Magi is a framework for constructingwork-
flow applications,providing a setof protocolsand
servicesbasedon a scaled-down version of the
popularApachewebserver. Magi’s goal is to en-
ableconstructionof workflow systemscomprising
mobiledevicesaswell astraditionaldesktopcom-
puters. While Magi sharesthe goalsof support
for disconnected/mobilepeersand wide distribu-
tion, it assumesthat peersexecutingcomponents
of a processtrusteachother, so that they cancre-
ateandupdate,aswell asread,documentson peer
nodes.Also, Magi assumesdocumentsaswell as
processesaremanagedby theMagi servers.Thus,
Magi couldbeviewedasa framework for deploy-
ing peer-to-peerworkflow in anenterprisecontext.

4 Conclusion

The approachdescribedhereinhasseveral dis-
tinctive features.

First,sinceindividualactorseachhavetheirown
enactmentsystem,they can bring workflow sup-
port to groupsto which they belong,without im-
posingonothergroupmembers.

Second,becausetheenactmentsystemassumes
that resourcesandproductsarestoredin anexter-
nal database,it works with, ratherthan replaces,
existingdatarepositories.As aresult,coordination
canbeachievedacrossorganizationalboundaries,
andbetweenworkflow peersandad-hocprocesses,
as long as the sharedresourcesare accessibleto
both.

Further, becausethe coupling betweencoordi-
natingactorsis indirect,throughasharedresource,
thereis no requirementfor trust (or even aware-
ness)betweencoordinatingworkflow peers.This
enablesextremelyfluid, dynamicorganizationsin
which participantscanjoin at will without requir-
ing administrativeapproval or action.

Finally, processescan be performedoff-line,
and synchronizedperiodically when desired or
possible. This is especiallyimportantfor mobile
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actors,who often work with intermittentnetwork
connections.
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