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Abstract

The corventional approach to process enactment
employs a client-sener architecture, in which a cen-
tral engine exeautes process descriptionsand often
storesdoaumentsproducedby the processes.This ap-
proach has beensuccessiul for automating processes
in many situations. Howe\er, it relieson a significant
centralizedcomputing infrastructure, which doesnot
fit distributed,looselycoupled“virtual organizations”
sudh asopen sourcesoftware projects.

This pape presentsa process enactment solution
for such virtual organizations, basedon three im-
portant features: A completdy distributed, peer-to-
peer architecture that eliminates the need for cen-
tralized computing and organizational infrastructure;
processmodding basedon independert procesdrag-
mentsthat can beperformedby a singleindividual ac-
tor; and, coadination entirely through produds pro-
duced and consumedby concurrent processes.

Keywords: workflow, peerto-pee, virtual orgariza-
tion, procesenatment

1. Overview

The corventional approachto processenact-
mentemplgysaclient-senerarchitecturein which
a central engine executes processdescriptions
and often storesdocumentsroducedby the pro-
cesseq1l]. Processparticipants(actors)interact
with the enginethroughweb browsers whole en-
vironments,or task-specifidools, receving guid-
anceon what actvities to perform, and how to
performthem. This approachhasbeensuccessful
for automatingorocesse mary situationsespe-
cially businesgprocesses largeenterprises.

In part,thisis dueto theengines globalvisibil-

ity of the organization: becausell processesire
enactedn a centrallocation,concurreniprocesses
canbe closely coordinatedandwork can be effi-
ciently allocatedo membersf the organization.

However, this effectivenesscomeswith a cost:
it requiressignificantcentralcomputinginfrastuc-
ture,centraladministrationandalarge supportor-
ganization. Thesecostsarereadily borneby “en-
terpriseclass”organizationshut areprohibitive for
otherkinds of organizationghatlack the physical
andorganizationalstructurerequired.

For example,opensourcesoftwaredevelopment
caninvolve large numbersof people,yet the re-
sourcesandinfrastructureof the projectare com-
pletely distributed amongthe 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 achiere some
commongoal. Virtual organizationssharethe fol-
lowing characteristics:

e Completedistribution- memberof thegroup
are dispersedthroughoutthe world, com-
municating primarily via email, the World
Wide Web, Network News groups,and sim-
ilar Internet-basedhechanisms.

e Fluid membership membergoin andleave
thegroupat will.

e Organic structure- thereis little hierarcly,
and participants assumeroles as needed,
basedon their perceved contribution toward
thegroups goals.
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Figure 1. Coordinated Process Fragments

e Minimal infrastucture - a members em-
ployer may donatedisk spacefor archiing
the group’s documentsbut thereis no build-
ing or supportorganization,andlittle if any
budgetor paid staf.

Thus, while they could benefit from process
support thesevirtual organizationdack the struc-
tureandresourceso deploy traditionalenterprise-
orientedclient-serer basedorocesenactment.

In this paper | proposea procesenactmenso-
lution for virtual organizationshasedon threeim-
portantfeatures:A completelydistributed,peerto-
peerarchitecturehat eliminatesthe needfor cen-
tralized computingand organizationalinfrastuc-
ture; processmodelingbasedon independenpro-
cessfragments that can be performedby a single
individualactor;and,coordinatiorentirelythrough
productsproducedand consumedby concurrent
processes.

2 Approach

2.1 Modeling

Becausethe participantsin a virtual organiza-
tion are autonomousdistributed, and continually
changingprocessebaveto bemodeledifferently
than they would in a corventional enterpriseap-
proach. The processmodel mustaccountfor the
fact that the processperformers(actors) are in-
dependentautonomousagents. This meansthey
malke decisionsndividually aboutwhat processes
andtasksto perform,andwhen.

To accommodatehis reality, my approachde-
composesorganizational processednto concur

rent, independenprocesdragments that cooper
ateto achieve acommongoal. Eachfragmentcon-
sistsof anorderedsetof tasks(calledactions) per
formedby a singleactor;this featuremeanshata
given actor can instantiateand performa process
fragmentwithout affecting other actors,thus pre-
servingeachactorsindividual autonomy
Theseprocessesre synchronizedhroughthe
work productsthey share(seebelow), sothateven
thougheachactor works autonomouslytheir ef-
forts contributeto thecommonorganizationagoal.

2.2 Coordination

In order to presere the highestpossiblede-
gree of autonomyand independencdor actors,
coordinationbetweenprocessess modeledasre-
sourcesharing. Activities can block until a re-
sourcgproduct,documentpr otherartifact)is pro-
ducedby anotheractiity performedby adifferent
actor A predicatein the processlescriptionspec-
ifies the statethat requiredresourcesnust satisfy
beforethe activity canproceedthe mechanisnis
describedully in [2]).

An exampleof a simple software implementa-
tion andtestprocesss shavn in Figure 1. This
processis decomposednto two fragments: one
boundto theprogrammercomprisingmplementa-
tion tasks,andoneboundto thetester comprising
systemtestingtasks. The two fragmentsare syn-
chronizedthroughthe shared“CODE" resource;
asaresult,thetestingfragmentdoesnt begin until
the programmercompleteghe Commit task, thus
makingthe“CODE” resourceavailablefor testing.

Note that becausehe processesre indirectly
coupled,it is not necessaryor all actvity to be



modeledpr enactedenactedvorkflows canbeco-
ordinatedwith ad-hocwork or activitiesin another
organization througha sharedesource Thus,the
implementatiorfragmentcanbegin assoonasthe
“DESIGN” resourcds available; but this resource
canbeproducedoy ary procesqor noformal pro-
cesswhatsoeger).

2.3 Enactment

The enactmenmechanisis basedon a peer
to-peerarchitectureEachactorrunsaninstanceof
the enactmensystem;theseinstancesare entirely
independentlt is assumedhatthe resourcepro-
vided andrequiredby actors’processegare avail-
ablefrom a shareddistributed repository suchas
the World Wide Weh

An example, shaving enactment of the
implementation-tesprocessdiscusgd above, is
showvn in Figure2. In this example,oneprogram-
mer andthreetesterscoordinateto implementand
testa body of code. They shareresourceshrough
a global coderepository(hostedby an entity such
asSourcelerge).

The arcslabeled“notify(code)” signify notifi-
cationof a changein the coderesourcean event
detectedy eachof the participatingtesters’enact-
mentsystem.

3 Reéated Work

Severalresearctefforts have addressedifferent
aspectof the problemof providing processsup-
portfor distributed,autonomou®rganizations.

For example Exotica/FMDC[3] wassystende-
velopedby IBM to supportmobile and discon-
nectedclients. Exotica/FMDCis an extensionof
the Exotica[4] workflow system,andis thuses-
sentially a client-serer architecturewith features
to allow the clientsto operatewhendisconnected
from the sener.

Milos [5] specificallyaddresseprocessupport
for distributed software developmentteams. It is
alsoaclient-senrerarchitecturebut clientsmaybe
widely distributedacrosghe Internet. The authors
proposdutureextensiongo the Milos architecture
to allow Milos senersto coordinatewith otherMi-
los senerson a peerto-peerbasis. Thus, Milos

mayevolve into ahybrid client-serer/peefto-peer
architecturejn which work groupswould sharea
sener, andvirtual organizationsvould consistsof
suchworkgroupsassembleéh apeerto-peerfash-
ion.

Magi [6] alsofollows a peerto-peerarchitec-
ture. Magi is a frameawork for constructingwork-
flow applicationsproviding a setof protocolsand
servicesbasedon a scaled-dan version of the
popularApacheweb sener. Magi’s goalis to en-
ableconstructiorof workflow systemscomprising
mobile devicesaswell astraditionaldesktopcom-
puters. While Magi sharesthe goals of support
for disconnected/mobil@eersand wide distribu-
tion, it assumeghat peersexecutingcomponents
of a procesdrusteachother sothatthey cancre-
ateandupdate aswell asread,document®n peer
nodes.Also, Magi assumeslocumentaswell as
processearemanagedy the Magi seners. Thus,
Magi could be viewed asa framawork for deploy-
ing peerto-peerworkflow in anenterpriseontext.

4 Conclusion

The approachdescribedchereinhasseveral dis-
tinctive features.

First,sinceindividual actorseachhavetheirown
enactmensystem,they can bring workflow sup-
port to groupsto which they belong,without im-
posingon othergroupmembers.

Secondpecauseghe enactmensystemassumes
thatresourcesaindproductsare storedin an exter-
nal databaseit works with, ratherthan replaces,
existing datarepositoriesAs aresult,coordination
canbe achieved acrossorganizationalboundaries,
andbetweerworkflow peersandad-hocprocesses,
aslong asthe sharedresourcesare accessiblgo
both.

Further becausehe coupling betweencoordi-
natingactorsis indirect,throughasharedesource,
thereis no requirementfor trust (or even aware-
ness)betweencoordinatingworkflow peers. This
enablesaxtremelyfluid, dynamicorganizationsin
which participantscanjoin at will without requir
ing administratve approval or action.

Finally, processesxan be performed off-line,
and synchronizedperiodically when desired or
possible. This is especiallyimportantfor mobile
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Figure 2. Peer-to-peer Enactment Architecture

actors,who often work with intermittentnetwork Kotting, and Martin Schaaf. Merging project
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