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ABSTRACT

Attemptsto extendprocessenactmento suppaet dynamc,
knowledge intensie actiities have not beenas success-
ful as workflow for routine businessprocesses. In part
this is dueto the dynanic natureof knowledge-inensive
work: thetasksperformedchang contintally in respmse
to the knowledgedevelopedby thosetasks. Also, knowl-
edgework involves significantinformal communications,
which aredifficult to captue.

This paper proposes an appra@ch to suppating
knowledge-inensive proessesthat embacesthesediffi-
culties; ratherthan attempting to captue every nuane of
individual actvities, we seekto facilitate commurication
andcoadinationamorg knowledgeworkersto disseminate
knowledgeandprocessexpertisethroughou the organiza-
tion.
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1 Introduction

The corventioral workflow appoachemplag/s a sener or
execuion enginethatexeatesworkflow specificationgnd
storesdocunents produced by the workflows. Process
participats (actors)interactwith the engire through web
browses, ernvironments, or task-specifictools, receving
guidanceonwhatactiitiesto perfom, andhow to perform
them.

This apprach has beensuccessfulfor automatiig
repetitve, routine processesput attemptsto exterd it to
suppot dynanic, knowledge intensive actiities have not
beenassuccessfull].

In part,thisis dueto thedynamicnatue of suchactiv-
ities: actorsin knowledge-int@sive ervironmerts continu
ally adap theiractvitiesto reflectincreasingincerstandig
of the prodem at hand which resultsfrom perfoming the
knowledge-iriensve actiities. Thus, the performanceor
enactmebhof knowledge-intersive work processesnvolves
a cycle of planring, action, review, andrefinemet This
presentseveralproblamsfor processmanagerant:

1. The actwities performedin ary cycle are difficult to
describein sufiicient detail to be useful for conven-
tional workflow enactmen
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Figurel. Edit-conpile-delug process.

2. Expets perfam theseactvities in a fluid, almostun-
conscios manneyratherthanasdiscretesteps;

3. Thecycleis repeatedapidly andcontiruously sothe
set of actwities evolves rapidy; therefoe, ary de-
scriptionof the processs immediatelyout of date.

Therefore, we propse an appoachtametedto en-
courging developmentof processexpertiseamongknowl-
edgeworkers.In this appoach,actorsaregivenhigh-level
guidanceabaut whatactuities to perfam, andhow to per
form them,throudh the useof low-fidelity processmodels.
Thesemodelsspecifya nomind order of tasks,but leave
actorsfreeto carryouttheir actvities astheir expertiseand
thesituationdictates.

Theappoachcompisesthreekey compments:

1. Processspecificationsbasedon the notion of low fi-
delity processnodsds;

2. A distributed process degoyment and execution
mechaism for enactiry low fidelity processmockls;

3. A Virtual Repaitory of artifactsproviding accesdo
distributedcollectiors, repositoies, anddatabasesf
information objectsrelatedto the work to be per
formed;

The following sectionsdiscuss,in turn, the mocel-
ing apprach basedon low-fidelity models; coordnation
amorg concurent processes;enactmat basedon low-
fidelity models;relatedwork; and,someconclusioss.

2 ProcessModeling

Our previous work with processmockling demanstrates
the value of low-fidelity modds for doaumentingand an-
alyzing knowvledge-inensve work [2, 3]. A low-fidelity
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Figure2. Edit-conpile-delug processaugmated.

modéd doesnot seekto captue every detail and nuarce
of aknowledge-intersive process; rather it docunentsthe
major actiities of a processandthe primary sequencén
whichthey areperfamed.

An examge of a mockl depictingsoftware develop-
mentis shawvn in Figure 1. This model shavs the nom-
nal sequencef actiities involvedin turning a designinto
working code:the progammerenterssour@ codetext us-
ing an editor, thencornpiles the coce, iteratingover these
stepsuntil the code compilessuccessfully Then, he or
sheproceed to test and dehug, iterating over the whole
sequeneto fix thefailuresuncoreredduring testing.

This mocel captues both the important actiities in
codedevdlopmen, andthemainsequene,andis thususe-
ful for discussinghe programmirg process.Butit doesnot
begin to captureall of the possibletransitiors betweenrac-
tivities. Many experiencedorogrammes switch frequently
betweendehuggingand editing, delayingthe compilation
stepuntil several faults have beenfixed. Occasionallyit
is necessaryo iterate over the comple-test-delg cycle;
sometimesaprogramme will skipdehuggingandproceel
directly backto editing. Figure 2 shavs theseadditioral
transitionsyepresentetly dashededges.

While thisdepiction is morecompletejn thatit repte-
sentsall of the plausibletransitionshetweertasksiit is not
entirely accuate. For exanple, althowh the grapgh shawvs
a transitionfrom “Edit” to “Debug’, it is not possibleto
take this transitionuntil the “Compile” stephasbeensuc-
cessfullycompletedhtleastonce:“Debug’ requiresanexe-
cutableprogram,whichis theoutput of the“Compile” step.
Figure3 shavs theseconditiors aslabelsontheedges.

However, it'snot clearthatthemodeldepictedn Fig-
ure 3 is moreusefulthanthatin Figurel1; asa guidarce
tool, anovice progammemight find the numepustransi-
tions confusing, while an expet would alreadyknow that
theseadditiona transitionsarepossible.

Ourmodelirg apprachis basednthenotionof low-
fidelity processmodels.A low-fidelity modé seekgo cap-
ture the essenceof a process,while abstractig away as
mary detailsas possible. The moceling language allows
the mocklerto captue boththe nomiral cortrol flow (the
solid edgesin Figure 1), andthe condtions that constrén
transitionsoutsidethe nomiral flow (the dashedines in
Figures2 and3).

problems identified

failure

{ success difficult errors

T |
Edit HCompiIe H Test H Debug
T 1 - ‘

i

5
=t
°
g
IS
=i
@
3
[
3
IS
S
@
5
5
>
@
o)
o
)
-2
E—

Figure3. Edit-conpile-delug processaugmated.

Figure4 shows a specificatiorof the pracessof Fig-
urel, writtenin the PML processmodelirg languae. The
nomiral cortrol flow is representedxplicitly by theitera-
tion construts andthe ordeing of actionsin the specifica-
tions. Theconstrainton othertransitionsareexpressedy
the providesandrequiresstatementsThesearepredicates
thatexpressthe inputs andoutputs of eachstep(action in
theprocessandthusthepre-andpost-coulitionsthatexist
at eachstepin the proess.Notethatthis simplespecifica-
tion captuesthe constrainthattestinganddeluggingcan-
not proceeduntil compilationis successfulthe“Test” and
“Debug” actionsrequire aresouce called“exec”, whichis
produced(provided) by the “Compile” action. Thus,until
this actionsucceeds;Test” and“Debug” arenot possible.

Modding proesseasinglow-fidelity modelsyields
severalberefits:

o Low-fidelity mockls are easyto specify andcanbe
geneatedrapidy.

o A low-fidelity modelstill captures the essentiafacets
of a process, especiallythe resoures corsumedand
artifactsprodicedby a givensetof actities.

e Becausedhey seekto repiesentonly highdevel detail,
low-fidelity mocels arerelatively stable;thatis, they
continte to be accuratedescripions of the high-level
process,evenasthedetailsof processactiities evolve
in resposeto knowledge andexperiencegainedwith
theprodem.

2.1 Modeing Coordinated Activities

Thedevdlopmen proessof Figurel doesnotexist in iso-
lation. Theinput to theprocesss asetof requilementsand
the outpd is dehuggedsourcecode. Otherproessero-
duceandconsumeheseresouces,asdepictedn Figure5.
This figure shavs two coopeating proessesthe develop-
mentprocessof Figurel, anda paralleltestdevelopment
processthatultimately appliesa testsuiteto the delugged
code.

Theseprocessescoopeateto prodice a testedprod
uct: bothstartwith requiementgo developtheirrespectie



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 }

Figure4. SoftwareDevelopmert Procesd-ragnent.
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Figure6. Resourcdlow betweerprocesses.

artifacts. In addition the testprocessneedsthe output of
the developmen procesgthe executableobject)to run the
tests.This depedeny couldberepresentedby anexplicit
link betweerthe“Debug” and“Run Tests"actions(repte-
sentedby thesolid edgein Figure5). But thisappoachhas
severaldifficulties.

First, it createsan explicit connetion betweenthe
specificdevelopmen processandthetestprocesghatdoes
notalwaysexist: develgperscodd employ any of anumkber
of differentdevdlopmen processes(cleanroom test-first,
even‘“chadic” developmen) thatcould provide the object
for testing.

Second it requiles both proessedo be maintainel
as a single model, which is often not the case: different
organizatiors areresponsibldor their respectie proesses
whichthey develop andmaintainindepeently.

Finally, it doesnt captue the true relatiorship be-
tweenthe processestypically, testersrequile a compled
product to test, so that the actualrelatiorship is between
“Compile” and “Run Tests” as oppsedto “Debug’ and
“Run Tests’ Butthecompled productmustalsohave been
dehugged andtested. The essentiakelationshipbetween
thetwo processess thatthedevelopmert procesgprodices
anexecuableproductfor thetestprocesgo test(Figure 6).
It's notimportantto the testprocesshow this product was
developed,only thatit existsin a statesuitablefor testing.

This relationshipis easyto represehin PML, as
shavnin Figure7. This specificatiorshavs thatthe begin-
ning of the testprocessdepemls on the availability of the
designdocunent(“DESIGN”). More importar, the “Run
Tests” action canrot begin until the three condtions are
met: the “Write Tests” actionmustcomplete theremust
beanexecuableto run,andthe codemustbeunit tested.

Note that becausehe processesare indirectly cou-
pled, it is not necessaryor all activity to be modeled or
enacted;enactedproessescan be coordnatedthrough a
sharedresourcewith ad-ha@ work or activities in anotter
organization Thus, the “Run Tests” task can begin as
soonasthe “exec” and“code” resoucesareavailable;but
theseresoucescanbe producedby ary process,including
acompgetely spontaneusad-toc process.

3 Flexible Enactment

Enactmatis driven by everts, whichareclassifiecaseither
processeventsor resouce events. Theseare summarizd
in Table1l. A predicae in the processdescrigion speci-
fiesthestatethattherequiredresoucesmustsatisfybefae
the actiity canproceedthe mechaismis describd fully

in [4]).

Processevents signal action initiation and comge-
tion, andaregeneateddirectly by actorsasa consegence
of performingtasks.Resourceventsreflectcharmgesin the
ervironmen, suchascreation,deletion and modificatian
of resouces,andtime everts suchasdeadlinesr alarms.

Theenactmat mechaismenableglexible enactmat
through the way it handes proessand resoure events.



process test-code {

action WiteTestPlan {
requires { design }
provides { test_plan }

}

action WiteTests {
requires { test_plan }
provides { test_suite }

}

action RunTests {

requires { test_suite && exec

TaskComplete

TaskAbort

&& code.status == "unit tested" }
provi des { code.status == "tested" }
}
}
Figure7. CoordiratedTestProcess.
Proces£verts
Createprocess An actorrequestsinstantiation
of anew processinstance.

TaskStart An actorhasbegun atask.
TaskSuspend The actor has suspendd an

active task.

The actor has comgeted a
task.

The actor aborts a task that
cant becompleted

Resourcdeverts

ObjectCreation
ObjectModification
ObjectDeletion

Deadline

A new resoure hasbeencre-
ated(or detectedl

An existing resouice hasbeen
changd.

An existing resouice hasbeen
destrgyed or removed.

A time event (deadlire, mile-
stonealarm)haspassed.

Tablel. ProcessindResourceEvents

Everts affect processstatein severalways:

1. Activationof thenext taskin thenominal controlflow.
The processdescriptionspecifiesthe orderin which
tasksshoud be perfamed. A processeventcantrig-
gerthetransitionfrom onetaskto the next; for exam
ple, the competion of the Edit taskin Figurel causes
transitionto the Compiletask.

2. Activationof otheractionsin the processin Figure4,
compldion of the “Compile” task may causeTest”
and“Debug’ to becone ready if the“exec’ objectis
successfullycreated

3. Activation of actionsin other proesses. For exam
ple,whenboththe“Compile” and“T est” tasksof Fig-
ure4 aresuccessfullgompeted,resultingin products
in the correct state,the “Run Tests”taskin Figure7
beconesready

The completion of an actioncanmalke a nurmber of
additioral actionsavailablefor theactorto perform: apro-
cessventsignalgheconpletionof anaction,whichmakes
thenext actionin thenominalcontrd flow available.In ad-
dition, the completian of an action may include the cre-
ation or modfication of one or more resourcesas side-
effects,generéing resouce everts thatmake additinal ac-
tionsavailable. Theenactmebengire canthenrecomnend
that the next availableactionin the nomind contiol flow
shouldbe perfomed,andalsoshav othe actionsavailable
astheresultof resourcesvents.

As an exanple, supposean actorhasjust completel
the“Compile” actionin Figure6. Thisprocessavert causes
the “Test” action, which is the next actionin the noninal
contrd flow, to becomeavailable. The “Compile” action
alsocreatesan executalte object(“EXEC” in Figure6), a
resouce evert thatsatisfiesthe “Debug” actions requires
prediate (Figure 4). As a conseqence,the “Debug’ ac-
tion also becanesavailable. Finally, the creationof the
execuableobject satisfiegpart of the “Run Tests”actions
requirespredcate. This may causé’‘Run Tests"to becone
availableaswell. The resultis several actionsreadyfor
theactorto perfom, representingdifferert processperfa-
mancepaths.

The enactmentmechanismis depictedin Figure 8.
The User Interface allows actors to gererate process
everts, and invoke Tools to perfam tasks. The Process
Engire handes Processand Resourceaverts, respouling
asdescribedabore. It includesa virtual machineto inter-
pretPML processspecificationso compue thestateof ac-
tionsin respomseto aproessor resouceevert. TheMirtual
Repositorys respasiblefor detectingesourcevents,and
translatingthem into a representatio-independeh form
suitablefor interpretationby the ProcessEngne.

The Virtual Repositoryprovides a logicdly central-
ized view of a setof distributed heterogneos informa-
tion repcsitories. Thisenablegheenactnentmechanismto
treata variety of resouces,suchasemail messagesyVeb
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Figure8. ProcesEnactnentArchitectue

pagesdocunents,etc. asinformationobjectswith a uni-
form forma andaccessnterface.

4 Related Work

Therearethreemainappoachedo enactirg dynanic pro-
cessedn aflexible manrer.

The first treatsdeviations from the specifiedprocess
asexceqions. This view supmsesthatthereis a usualor
“right” wayto dothings,from which deviation is occasion
ally requred. For examge, Milano augnentsenactmat
of Petri-netbasedmodelswith the ability to jump forward
or backward acrossseveral transitionsin orde to hande
exceqions to the specifiedflow of contwol [5]. The phi-
losoply of Milano is similar to the PML apprach: use
simplemodelsto specifyprocessesandhande variationat
runtime. However, Milano treatsdeviations asexceptins,
ratherthanviewing themasalternatebut normal variations
asPML does.

The secondappoachmocels the processas a setof
constraims; aslong asthe constraiis are met, actorsare
freeto performtasksasthey seefit, in theorderthatseems
mostappr@riate.For exampe, Glanceandcolleagiespro-
posea constrain specificatioanglagethatcanbeusedto
specify the goalsof a process,without specifyirg the or-
der[6].

This approachprovides a greatdegreeof flexibility:
aslong asthe gods are met, the actoris free to do ary
taskin ary order. However, the flexibility comes at the
costof guidance:it become difficult to advisethe novice
actorasto what stepto perfam at a given pointin time.
Dourish addessesghis issueby addingconstrénts abaut
theorderin whichtasksmustbeperfamed,if suchanorder
is necessary7].

Relatedto this appgoach are process-ceered pro-

gramning environmentsthat employ rulesto specifypro-
cessesexampesincludeMerlin [8], whichis basednPro-
log, andMarvel [9].

The SPELL modelinglangwageincludes constraints
on task pre- and post-caditions that are interpeted by
the EPOS execuion ernvironment’s plannirg mechaimsm
to develop a sequene of actiities to suit a specificsitu-
ation[10]. While SPELLs constraits aresimilarto PML's
requiresandprovidespredcates,they areusedto develop
aspecificsequencef tasksat runtime In contrastPML's
prediatesallow the actorto deviate from the nomnal se-
guercewhennecessary

Thethird appoachattemptso model the processus-
ing specificationghat inheently allow greatflexibility in
how tasksareperformed

For exampe, Bernsteinprgposesa hybrid modelthat
combines constraims when processesre not well unde-
stood,with strongercortrol flow basedspecificationsvhen
theprocessmatues[11]. Thisappr@achassumeshatvari-
ation from the specificationis a matterof processmma-
turity thatwill deceaseover time asthe processecanes
betteruncerstood.

Jomensenargues for enactmentbasedon a dialog
with the actor at runtime [12]. In this apprach, pro-
cesseareinitially specifiedata high level, andenactmat
takesplaceasadialogbetweertheactorandtheenactmat
mechaism. Jogenseralsoviews variationasa sideeffect
of processmmatuity, so the goal of this dialogis grad
ual refinenent of the processspecificationinto a detailed
mode.

5 Conclusion

The apprachdescribechereinhasseveral distinctive fea-
tures.

First, low-fidelity proeess models specified using
PML are both straightfaward and enableflexible enact-
ment.

Second becase the cougding betweencoordnating
actorsis indirect, throudh a sharedresource thereis no
requiementfor trust (or even awarenas)betweencoord-
nating peers. This enablesextremely fluid, dynamic or-
garizationsin which participantscanjoin at will without
requiing administratve approval or action.

Finally, by relyingresourcevents proces&nactmat
canproceedin the backgourd, out of the way of expeii-
encedusersuntil they needexplicit advice.
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