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Abstract Attemptsto extendprocessmanagemento sup-
port dynamic, knowledgeintensive activities have not been
assuccessfubsworkflow for routine businessprocesss. In
partthisis dueto the dynamicnature of knowledge-intensie
work: the tasksperformedchangecontinuouslyin response
to the knowledgede\eloped by thosetasks. Also, knowledge
work involves significant informal communications,which
are difficult to capture.

We propose an approach to supporting knowledge-
intensive processeghat embraes thesedifficulties; rather
than attemptingto capture every nuance of individual ac-
tivities, we seekto facilitate communicationand coordina-
tion among knowledge workers to disseminateknowledge
and processexpertisethroughoutthe organization.

1 Introduction

The corventionalworkflow approah emplgys a sener
or execuion enginethat execues workflow specifica-
tionsandstoresdocurentsprodicedby theworkflows.
Procesgparticipats (actas) interactwith the engine
through web browsers, ervironmerts, or task-specific
tools, receving guidarce on whatactuities to perfom,
andhow to performthem.

This appoachhasbeensuccessfufor autorating
repetitve, routine proessesput attemptsto extendit
to suppot dynamic, knowledgeintensie actiities have
notbeenassuccessful6]

In part, this is due to the dynamic natue of such
actiities: actorsin knowledgeintensve environmens
continwally adapt their actvities to reflect increas-
ing undestandingof the prablem at hand, which un-
derstanithg results from performing the knowledge-
intensie actvities. Thus, the perfamanceor enact-
ment of knowledge-intersive work processesnvolves
a cortinuouscycle of planring, action,review, andre-
finemen. This presets severd prablemsfor process
managment:

1. Theactvities perfamedin ary cycle aredifficult
to describdn sufiicient detailto be usefulfor con-
ventianal workflow enactnent;

2. Expertsperform theseactvities in a fluid, almost
unmnsciousmanrer, ratherthanasdiscretesteps;

3. Thecycleis repesedrapidy andcontiruously so
the setof actiities evolvesrapidly; therefae, ary
descripion of the processis immedidely out of
date.

Therebre, ratherthan seekingto supplam doman
experts with information systemswe propase an ap-
proachtametedto facilitating communicationandcol-
labaation amongknowledge workers to disseminate
processexpeatise as widely as possible. In this ap-
proach,actorsaregivenhigh4evel guidarceaboutwhat
actiitiesto perfam, andhow to perfam them,through
the useof low-fidelity processnocels. Thesespecifya
noninal order of tasks but leave actorsfreeto carryout
their actiities astheir expertiseand the situationdic-
tates.

Theapprachcompisesthreekey compnents:

1. Processspecificationbasedon the notion of low
fiddity processnmodés;

2. A distributed process dedoyment and execution
meclanismfor enactingow fidelity processmod
els;

3. A Virtual Repaitory of artifacts providing ac-
cessto distributed collections, repaitories, and
datalasesof information objects related to the
work to beperformed

The following sectionsdiscuss,n turn, the mocel-
ing apprach basedon low-fidelity models;coodina-
tion amomg concurent processesenactmenhbasedon
low-fidelity modds; and, relatedwork and somecon-
clusiors.

2 ProcessModeling

Ourpreviouswork with processmocklingdemastrates
the value of low-fidelity modelsfor docurenting and
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Figure 1. Edit-campile-delug process.
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Figure2. Edit-conpile-delug processaugnented.

analyzirg knowledge-intersive work [10,12]. A low-
fidelity mode doesnot seekto captue evely detailand
nuarceof aknowledge-inensve process;ratherit doc-
umeristhemajoractiities of aprocessandtheprimary
sequenein whichthey areperformed

An exampleof a low-fidelity modeldepictingcode
developmert is shavn in Figurel. This modelshovs
the noninal sequene of actuvities involved in turning
a designinto working code: the programmerenters
sourcecodetext usinganeditor, thencomplesthecode,
iterating over thesestepsuntil the codecomjples suc-
cessfully Then he or sheproceelsto testanddelug,
iteratingoverthewhole sequeneto fix thefailuresun-
coveredduring testing.

This mocel captuesboththe importan actiities in
codedevelopment,andthe main sequenceandis thus
useful for discussingthe programmirg process. But
it doesnot begin to captue all of the possibletransi-
tions betweenactiities. Many experiencedprogram-
mers switch frequently betweendehugging and edit-
ing, delayingthe compilation stepuntil several faults
have beenfixed. Occasionby, it is necessaryo iterate
over the compile-test-delug cycle; sometims, a pro-
gramnerwill skipdeluggng andproceeddirectlyback
to editing Figure?2 shows theseadditinal transitiors,
represetedby dashededges.

While this depictian is more comgete,in thatit rep-
resentsall of the plausibletransitionsbetweentasks,
it is not competely accurate. For exanple, althowgh
the graphshaws a transitionfrom “Edit” to “Debug”,
it is not possibleto take this transitionuntil the “Com-
pile” stephasbeensuccessfullgompletedatleastonce

“Debug’ requirsan execuable program,which is the
output of the“Compile” step.

Further it's not clear that Figure 2 is more useful
thanFigure 1; asa guidancetool, a novice programner
might find thenumeroustransitiors confusing,while an
expertwould alreadyknow thattheseadditioral transi-
tionsarepossible.

Our modelirg apprach is basedon the notion of
low-fidelity processnockls. A low-fidelity modelseeks
to captue the essenceof a processwhile abstractig
away as mary detailsas possible. The modelinglan-
guaye allows the moceler to captue both the noninal
cortrol flow (thesolid edgesn Figurel, andthecond-
tionsthatconstrairtransitiors outsidethe nomiral flow
(thedashedinesin Figure 1.

Figure 3 shavs a specificationof the modelof Fig-
ure 1, written in the PML processmodelirg language.
The nomina contrd flow is representeaxplicitly by
the iteration constructsandthe ordering of actiors in
the specifications.The constraintson othertransitions
areexpressedy the providesandrequires statements.
Thesearepredicate thatexpresstheinputs andoutputs
of eachstep(action)in the pracess,andthusthe pre-
and post-canditions that exist at eachstepin the pro-
cess. Note that this simple specificationcaptues the
corstraint that testing and dehugging canrot procee
until compilationis successfulthe“Test” and“Debug’
actiors require a resouce called“exec’, whichis pro-
duaed (provided by the “Compile” action. Thus,until
this actionsucceesd, “Test”and“Debug’ arenot possi-
ble.

Modeling processesisinglow-fidelity modelsyields
several benefits:

¢ Low-fidelity modelsareeasyto specify andcanbe
gereratedrapidly.

e A low-fiddity mocel still capturesthe essential
facetsof a process,especiallythe resoucescon-
sumedandartifactsproducedby a givensetof ac-
tivities.

e Becausehey seekto repesentonly high-level de-
tail, low-fidelity modelsarerelatively stable;that
is, they contirueto beaccuatedescriptios of the
hightlevel processeven as the detailsof process
activities evolve in respoiseto knowledgeandex-
perierce gainedwith the problem.

2.1 Modeling Coordinated Activities

The process of Figuresl and 2 doesnot exist in iso-
lation. The input to the processis a set of requite-
merts, andthe outpu is dehuggedsourcecode. Other



process edit-code {
iteration {

iteration {

action Edit {
requires { design }
provi des { code }

}

action Conpile {
requires { code }
provi des { exec }

}

action Test {
requires { exec }
provi des {
code.status == "unit tested"
}

}
action Debug {

requires { exec }

}

Figure3. SoftwareDevelopmentProcess$-ragment.

I ‘

= Edit HCompileH Test kDebug

Figure4. Coordinded processes.

| Write Write Run
Test Cases Tests Tests

Figure5. Resourcdlow betweemrocesses.

l ] ‘
>~ Edit HCompileH Test H Debug
| ' 1
REQS EXEC CODE}-------

processeprodiceandconsune theseresourcesasde-
pictedin Figure4. This figure shavs two cooperating
processesthe developmentprocessof Figurel, anda
pardlel testdevelopment processhatultimatelyapplies
atestsuiteto thedehuggedcode.

Theseprocessesoopeateto produceatestedprod
uct: both startwith requrementsto develop their re-
spectve artifacts. In additin, the test proeessneeds
the outpu of the developmentprocess (the executale
object) to runthetests. This deendeng couldberep-
resentecby an explicit link betweenthe “Debug’ and
“Run Tests” actions(represeted by the solid edgein
Figure 4. But this approa&h hasseveraldifficulties.

First, it createsan explicit comectionbetweenthe
specificdevelopmen processandthe test process that
does not always exist: develgpers could employ ary
of anunberof differert developmer proessegclean
room, test-first,even“chadic” development)thatcoud
provide the objectfor testing.

Secondit requilesboth processego be maintainel
asa singlemockl, which is often not the case: differ-
entorganizatimsarerespomiblefor differert proesses
thatthey develop indeendetly.

Finally, it doesnt captue the true relationshipbe-
tweenthe processestypically, testersrequie a com-
piled prodict to test, so that the actualrelatiorship is
betweerfCompile” and“Run Tests"asoppaedto “De-
bug’ and“Run Tests. But the compiledproduct must
alsohave beendeluggedbefae it canbe acceptedor
testing,sothereis alsoarelationshipbetweerfDebug’
and“Run Tests": from the testprocesspoint of view,
thereis an“and” stylerelationshipbetweeriCompile”
and“Debug”, and“Run Tests".

Theessentiatelationshipbetweerthetwo proesses
is thatthedevelopmen processproducesanexecutale
product for the testprocesdo test(Figure 5). It's not
important to the testprocesshow this product wasde-
veloped,only thatit existsin a statesuitablefor testing.

This relationshipis easyto repesentin PML, as
shavnin Figure6. This specificatiorshavs thatthebe-
ginning of thetestprocesslepend ontheavailability of
therequirenents(*REQS”"). More importar, the “Run
Tests"actioncannd begin until thethreecondtions are
met: the“Write Tests”actionmustmustcomgete,there
mustbe anexecutableto run, andthe codemustbe unit
tested.

Note that becausdhe proessesare indirectly cou-
pled it is notnecessarfor all activity to bemodeled,or
enactedenactegrocessesanbe coodinatedwith ad-
hocwork or actiities in anothe organization through
asharedesouce. Thus,the“Run Tests"taskcanbegin
assoonasthe “exec” and“code” resourcesare avail-
able; but theseresoucescanbe prodwcedby ary pro-
cess,including a completelyspontaeousad-hocpro-



process test-code {

action WiteTestPlan {
requires { analysis }
provides { test_plan }

}

action WiteTests {
requires { test_plan }
provides { test_suite }

}

action RunTests {
requires { test_suite && exec

&& code.status == "unit tested" }
provi des { code.status == "tested" }
}
}
Figure6. CoordnatedTestProcess.
cess.

3 Flexible Enactment

Enactmaet is driven by everts, which are classifiedas
eitherprocessventsor resouceevents. Thesearesum-
marizedin Tablel. A predcatein the procesgescrip-
tion specifieghe statethatthe required resoucesmust
satisfybefae the activity canproceedthe mechanism
is describedully in [9]).

Processverts signal actioninitiation and comple-
tion, and are generatedlirectly by actorsasa conse-
guerce of perfoming tasks. Resourceeverts reflect
chan@sin the ervironment,suchascreation,deletion,
andmodificationof resourcs, andtime eventssuchas
deadliresor alarms.

The enactnent mecharsm enablesflexible enact-
mentthrowgh the way it handes processandresource
everts. Eventsaffect processtatein severalways:

1. Activation of the next taskin the nominalcontrd
flow. The processdescriptim specifiesthe order
in which tasksshouldbe performed A process
evert cantriggerthetransitionfrom onetaskto the
next; for exampe, the comgetion of the Edit task
in Figurel1 causegransitionto the Compiletask.

2. Activation of otheractionsin the process.In Fig-
ure3, completionof the“Compile” taskmaycause
“Test”and“Debug’ to becone active, if the“exec”
objectis successfullycreated.

3. Activation of actionsin otherprocesses.For ex-
ample,whenboththe“Compile” and“Test” tasks
of Figure3 aresuccesfullycompeted,resultingin

Proces$verts

Createprocess An actorrequestsinstantiation
of anew processnstance.

TaskStart An actorhasbegun atask.

TaskSuspend The actor has suspendd an
active task.

TaskComplete The actor has compgeted a
task.

TaskAbort The actor aborts a task that
cant becompleted

Resourcdeverts

ObjectCreation A new resoure hasbeencre-
ated(or detectedl

ObjectModification | An existing resouce hasbeen
changd.

ObjectDeletion An existing resouce hasbeen
destrged or removed.

Deadline A time event (deadlire, mile-

stonealarm)haspassed.

Tablel. ProcessindResource&verts

productsin the correct state,the “Run Tests"task
in Figure6 becanesactive.

The comgetion of anactioncanmalke a number of
addtional actiors availablefor the actorto perfom: a
processeventsignalsthe comgetion of a action which
malkesthenext actionin thenomiral contiol flow avail-
able. In addition the comgetion of an action may
include the creationor modification of one or more
resouices as side-efeds, generatig resourceevents
maleing additioral actionsavailable. The enactmat
engne canthenrecomnendthatthe next availableac-
tion in the nomind control flow shouldbe perfomed,
for the benefitof novice users,andalsoshav otherac-
tionsavailableastheresultof resouceeverts.

As anexampe, suppseanactorhasjust completel
the “Compile” actionin Figure5. This processevent
causeshe“Test” action,whichis the next actionin the
nominal contrd flow, to becane available. The“Com-
pile” actionalsocreatesan executableobject (“EXEC”
in Figure 5, a resouce evert that satisfiesthe “De-
bug’ action’s requirespredicae (Figure 3). As acon-
sequene, the “Debug” actionalsobecones available.
Finally, the creationof the execuable object satisfies
partof the“Run Tests"actionsrequirespredicate This
may cause'Run Tests"to becone availableaswell.

The result is several actiors ready for the actor
to perfom, representingdifferent procesgperfomance
patts.

The enactmenmecharsm is depictedin Figure7.
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The User Interface allows actorsto geneate process
everts, andinvoke Toolsto perfam tasks.The Process
Engire handlesProcessandResourcesvents,respol-
ing as descriled abore. It includesa virtual machine
to interpreé compiledPML processmocklsto compute
the stateof actionsin responséo a procesor resource
evert. TheVirtual Repaitory is respasiblefor detect-
ing resourceeverts, andtranslatingtheminto a repre-
sentationindepenent form suitablefor interpreation
by the ProcessEngire.

The Virtual Repositoryprovidesa logically central-
ized view of a setof distributed, hetergeneos infor-
mationrepositoies. This enallesthe enactmenmech-
anismto treatavarietyof resourcessuchasemailmes-
sagesWeb pagesdocunents,etc. asinformation ob-
jectswith a uniform forma andaccessnterface.

4 Related Work

Thereare threemain apprachesto enactingdynamic
processedn aflexible manner

Thefirst treatsdeviationsfrom the specifiedprocess
asexceptins. This view suppsesthatthereis a usual
or “right” way to dothings,from which deviation is oc-
casionallyrequired For examge, Milano augmets en-
actmentof Petri-netbasedmodelswith the ability to
jump forward or backward acrossseveraltransitiors in
orderto hande exceptiors to the specifiedflow of con-
trol [1]. The philosophyof Milano is similar to the ap-
proad describecherein usesimple mocklsto specify
processes,and hande variation at runtime. However,
Milano treatsdeviationsasexcepions, ratherthannor

malvariatins.

The secondappoachmodelsthe processasa setof
corstraints; as long as the constraintsare met, actors
arefreeto performtasksasthey sefit, in theorderthat
seemanostappopriate. For examge, Glanceandcol-
leaglesproposea corstraintspecificationanguagecan
be usedto specifythe goalsof a process,without spec-
ifying theorder[7]. This appr@achprovidesagred de-
greeof flexibility: aslongasthegoalsaremet,theactor
is freeto do ary taskin ary order However, the flexi-
bility comesatthecostof guidarce: it beconesdifficult
to advisethe novice actorasto whatstepto perform at
a givenpoirt in time. Dourishaddesseghis issueby
addng constraits aboutthe orderin which tasksmust
beperformed if suchanorderis necessars].

Relatedto this apprach are proess-centeregro-
granming ervironmentsthat emplg/ rules to spec-
ify processes;examges include Merlin [11], which is
basedn Prolog andMarvel [2].

The SPELL mockling languae includesconstraints
on task pre- and post-coditions that are interpretel
by the EPOSexecutionervironments planring mectla-
nismto develop asequencef actiitiesto suitaspecific
situation[4]. While SPELLSs constrénts aresimilar to
PML's requires and providesprediates,they areused
to develop a specificsequencef tasksat runtime. In
cortrast, the PML's predicatesallow the actor deviate
from thenoninal sequene.

Thethird appoachattemptgo modeltheprocessus-
ing specificationghatinherenly allow greatflexibility
in how tasksareperfomed.

Bernsteinpropsesa hyhrid appioachthatemploys
corstraintswhenprocessesarenotwell understoodand
stronger contrd flow basedspecificationrwhenthe pro-
cessmatues|[3]. This approah seemdo assumehat
vaiiation from the specificationis a matterof process
immatuity thatwill deceaseover time asthe process
becanesbetterunderstood

Jogensenarguesfor anapprachbasedon a dialog
with the actor at runtime [8]. In this apprach, pro-
cesseareinitially specifiedat a high level, andenact-
mert takesplaceasa dialog betweernthe actorandthe
enactnentmecharsm. Joigensenalsoviews variatian
asasideeffectof processmmatuity, sothegoalof this
dialogis gradial refinenentof the processspecification
into a detailedmocel.

5 Conclusion

The appoachdescribedhereinhas several distinctive
featues.

First, low-fidelity proess modds specifiedusing
PML areboth straightfoward, and enableflexible en-
actmern.



Secondbecasethe couplirg betweencoodinating
actorsis indirect,through a sharedesourcethereis no
requiementfor trust (or even awarenesspetweenco-
ordinatingpeers.Thisenablegxtremelyfluid, dynamic
organizatiorsin which participarns canjoin atwill with-
outrequring administraive approal or action.

Furthe, becausethe enactnent system assumes
that resouces and products are storedin an externad
databasejt works with, ratherthan repla@s, exist-
ing datarepasitories. As a result,coodinationcanbe
achieved acrosrganizatioral boundariesandbetween
peersand ad-h@ proessesaslong asthe sharedre-
sourcesareaccessibléo both

Finally, by relying resouce events, processenact-
mentcanproceedn the backgound out of the way of
expeliencedusersuntil they needexplicit advce.
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