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Abstract. Asinformationsystemsreincreasinglybeingcalleduponto play vi-
tal rolesin organizationsgonceptuaimodellingtechniquesieedo beextendedo
relateinformationstructuresandprocesseso businessandorganizationabbjec-
tives.We proposea framevork which focusesonthemodellingof strategic actor
relationships (“A-R”) for aricherconceptuaimodelof businesprocessem their
organizationasettingsOrganizationsareviewed asbeang madeup of socialadors
who areintentional — have motivations,wants,andbeliefs— andstrategic — they
evaluatetheir relationshipgo eachotherin termsof opportunitiesandvulnera-
bilities. Theframevork supportdormal modellingof thenetworkof dependeng
relationshipsamongactors,and the systematicexploration and assessmentf
alternatve processlesignsn reengineeringlhesemantic®f themodellingcon-
ceptsareaxiomaticallycharacterizedBy embeddinghe framevork in the Telos
languagetheframeawvork canalsopotentiallysene asanearly-requirementshase
tool in acomprehensieinformationsystemdevelopmenenvironment.

1 Introduction

The needto modelandunderstandhe organizationabr businessernvironmentwithin
whichaninformationsystems intendedo operatds well recognizede.g.,[2, 1]). The
recentoncepdf businesseengineerinfurtherhighlightstheneedo relateinformation
systemgo businessobjectives. When usedinnovatively, informationtechnologycan
bring aboutdramaticimprovementsin organizationaperformancesuchasincreased
speedreducedcosts,and improved quality and service.By enablingpeopleto work
in ways that were not possiblebefore,information systemsoften play key rolesin
reengineeredusinesgprocesseée.g.,[18, 9, 15]).

Conceptuamodellingtechniqguesanpotentiallybe appliedto helpunderstanénd
redesignbusinesgrocessesBasicconceptdor modellingthe world suchasentities,
activities, assertions, andtime have beenformalizedin a numberof modellingframe-
works(e.g.,[12, 10, 22, 31]). However, to morefully supportthe typesof knowledge
and reasoninginvolved in businessredesign,a specializedontology with additional
conceptsvould be helpful.

In orderto understanda businessprocessit is often not enoughto know what
entities exist, what actwities occur and what relationshipshold, but also why they

* in Entity-Relationship Approach (ER 94) — Business Modelling and Re-Engineering, (Proc.
13th Int. Conf. on the Entity-Relationship Approach, Manchester, U.K., December 1994)
Soringer-Verlag, LNCS-889, pp. 548-565.



exist, occur or hold. In thereengineerindjterature,it hasbeenarguedthatwithoutan
understandingf why thingsaredonethe way they are,oneis likely to usecomputers
simplyto automateoutdatecprocessesandthusunableto realizethetrue potentialthat
informationtechnologyhasto offer [14].

Businesgrocessegjnlike processethatareexecutedby machinesexist in social
organizationakettings Organizationaremadeup of socialactors who have goalsand
interestswhich they pursuethrougha network of relationshipswith otheractors.A
richermodelof abusinesgprocesshouldthereforencludenotonly how work products
(entities)progresgrom processtepto processtep(activities), but alsohow the actors
performing thesestepsrelate to eachother intentionally, i.e., in termsof concepts
suchasgoal, belief, ability, and commitment When an organizationseeksnev ways
for organizingwork, actorswho have goalsandinterestsarelikely to evaluatethese
proposalstrategically, e.g.,in termsof potentialopportunitiesand threats.A model
for supportingbusinessgprocesseengineeringhouldbe able to expressand support
reasoningaboutthesetypesof intentionalandstrateic actor relationships (“A-R”).

In this paperwe presenthe<* framevork (pronounced-star) for modellinginten-
tional, stratgic actorrelationshipsThe frameavork consistsof two main components.
The Srategic Dependency (SD) modeldescribes busines®rganizatiorin termsof the
dependenciethatactorshave on eachotherin accomplishingheir work. It is usedto
represend particulardesignfor abusinesgrocessThe Srrategic Rationale (SR)model
describeshereasoninghatactorshave aboutthe differentpossiblevaysof organizing
work, i.e.,differentconfiguration®f Stratgic Dependengnetworkslt is usedto assist
actorsin understandinghe existing processandto systematicallyeneratalternaties
in orderto arrive at nev processlesignsthat betteraddressusinessobjectivesand
privateconcerns.

Earlierversionsof theframevork hasbeenpresented the context of requirements
engineerind33], businesgprocesgeengineering35, 36|, softwareprocessmodelling
[37], andanalysisof the organizationaimpactof computing[34]. This paperextends
earlierwork by definingthe featuresof the SR modelandgiving the highlights of its
formalization.It alsofurther clarifieshow the framavork assistdn the understanding
of businessprocessesand the generationand evaluation of alternatves. A popular
reengineeringxkamplefromthegoodsacquisitiondomain(from[14]) isusedoillustrate
theframewvork throughout.

In section2, we briefly review the featuresof the SD model.Section3 presentshe
featuresof the SRmodel.In section4, we illustratehow the framevork canbe usedto
assisin abusinesprocesseengineeringffort. In sectiorb, we presensomehighlights
of the semanticghat underliethe modellingconceptsandtheir formal representation
in the conceptuamodellinglanguageTelos.In section6, we discussour approactand
comparat with relatedwork. We concluden section? by placingthisworkin thelarger
contet of E-R andconceptuaimodellingandoutline somefuturedirections.

2 The Strategic Dependency (SD) Model

A commonway of describingabusinesgrocesss by identifyingthework productghat
flow from onework unit to another Theseare often calledwork flow models(Figure
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Fig. 1. “Work flow” modelof agoodsacquisitionprocess

1). More detailedmodelswould identify actvities within eachunit.

Thesemodelstypically describavhatentities(andrelationshipsgxist in anorgani-
zation,whatactvities occutr andwhatconditionshold atwhattime, but cannotexpress
why. They arenon-intentioral in thatactorsor work unitsin thesemodelsarenottaken
to have motivations,intents,or rationales.

In aStratgic Dependengmodel,actorsaretakento have goals andusemeans-ends
knowledgein attemptingto achieve goals.In anorganizationaketting,actorsareable
to achieve mary thingsthatthey areunableto achieve in isolation.Eachorganizational
actordepend®n othersfor somepartof whatit wants,andarein turn dependean by
others.Oneconsequencef this is thatthey areno longerentirely freeto choosetheir
own goalsor actions.

Figure2 shaws a Stratgjic Dependeng modelfor the goodsacquisitionexample.
A client dependson purchasingn orderto have anitem. Purchasingdlependon the
vendorto deliver theitem, andon receving to receve it. The vendordependsn ac-
countspayabldor paymentwhile accountpayabledependsnpurchasingnformation,
receving status andtheinvoice.

A Stratgjic Dependeng modelis a graph,where eachnoderepresentsn actor,
and eachlink betweentwo actorsindicatesthat one actor dependson the other for
somethingn orderthatthe formermay attainsomegoal. We call the dependingactor
the depender, andthe actorwho is dependediponthe dependee. The objectaround
whichthe dependencrelationshipcentreds calledthe dependum.

By dependingnanotheiactorfor adependumanactoris ableto achieve goalsthat
it wasnot ableto do without the dependeng or not aseasilyor aswell. At the same
time, thedependebecomewulnerable. If the dependedails to deliverthe dependum,
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Fig. 2. A Stratgic Dependeng modelof a goodsacquisitionprocess

thedependewould beadwerselyaffectedin its ability to achieve its goals.

We distinguishamongfour typesof dependenciefasedn thetypeof the depen-
dum.In agoal dependency, anactordepend®nanotheto bringaboutaconditionin the
world. Thedependunithe goal)is anassertiorthatthe dependeavill maketrue. The
dependeés freeto choosehow to accomplisithegoal. The dependeis only interested
in theoutcomeln atask dependency, anactordepend®nanotheto carryoutanactivity
(thedependum)Theactiity specificatiorconstrainghechoiceghatthedependeean
makeregardinghow thetaskis to be performed Typically, thisis expressedn termsof
the component®f the tasksandtheir interrelationshipsln a resource dependency, an
actordependsn anotherfor the availability of an entity. Entitiesrepresenbbjectsin
theworld. They canbephysicalor informational.

A softgoal dependency is a hybrid of goalandtaskdependenc An actordepends
on the depende¢o bring abouta conditionin theworld, but the criteriais not sharply
definedasin the caseof (hard-)goaldependenc Typically, thedependedasa number
of waysfor achieving the goal. The dependeindicateswhich combinationof choices
would sufficiently meetthe desiredsoftgoal We saythata softgoalis satisficed rather
thansatisfied5].

A dependenccanbe open, committed, or critical, reflectingthe degreeof depen-
deny [35].

A Stratgjic Dependeng model presentsa richer picture of an organizationthan
conventional workflow modelsthat are basedon non-intentionalentity and actiity
relationshipslf anitem s not receved, or payments not forthcoming,onecould not
infer from a workflow modelwhat actvities might ensue unlesstheseare explicitly
specifiedln anintentionalmodel,becaus@ctorsaretakento begoal-orientecandhave



freedomto chooseactions(decision-makingvithin limits, onecouldinfer whatactors
might do withoutall detailsbeingexplicitly described.

A businesgprocessvould typically appeatasa chainof dependencrelationships,
ratherthanasa sequencef input-outputflows. However, in anintentionaldependenc
model,mary additionalrelationshipsanbe expressedgcovering associatedoncerns
suchasrisksandincentives.A dependencneednothave anaccompaying flow. These
otherconcernsare not usuallyregardedas part of a processer se,althoughthey are
oftencrucialto the succes®f a processandthereforeshouldbe modelled.

To modelcomple patternsof socialrelationshipsthe SD modeldifferentiateghe
genericconceptof actorinto roles, positions,andagents A role is an abstractactor
Concrete physicalagents suchas humanbeings(or softwareagents)play roles. A
position is a collection of roles that are typically playedby a single agent.Roles,
agentsandpositionscanberelatedby intentionalrelationshipshesidedeingassociated
by the plays, occupies, and covers relationshipsFor example,an agentcan have an
expectationon a positionthatit offersgoodopportunitiedor careeradvancemenif37].
The differenttypesof actors,aswell asdependumsare organizedusing conceptual
modellingdimensionsuchasclassificationgeneralizationandaggrgation.

3 The Strategic Rationale (SR) Model

While the Strategjic Dependeng modelprovidesa descriptionof externalrelationships
amongactors,it hidesthe relationshipsthat are inside an actor e.g.,how incoming
dependencieffor which the actoris dependeegre relatedto outgoingdependencies
(actoris depender)in theStratgic Rationalenodel we modeltheinternalrelationships
within anactor sothatwe candescribendsupporactors’reasoningibouttheirexternal
relationships.

We shav how an actor meetsits incoming dependenciegor internal goals and
desireshy modellingactor’s “ways of doing things”— which we call tasks.A taskis
brokendown into its componentsComponentsrebrokendown into sub-components,
andsoforth. However, unlikein thecornventional non-intentionaimodellingof activities
andtheir decompositiorinto sub-actities, the SR modelrecognizeghe presencef
freedomand choiceat eachlevel of decompositionEachcomponenof a taskis an
intentional element, the internal counterparto the conceptof dependum in the SD
model.An intentionalelement(or simply element)canbeagoal, atask, a resource, or
asoftgoal .

Sincethere can be more than one way to achiere a goal, to perform a task, to
producea resourcepr to satisficea softgoal,we introduceaninterveningmeans-ends
link betweenan element(the end) and eachway (the means)of decomposingt into
sub-elementdor example,to have anitem ordered,onecouldorderby phone,or one
couldorderby issuinga purchaserder(Figure3).

An actor neednot addressncoming dependenciesntirely by its own effort. In-
tentionalelementanbe delegatedto otheractorsby way of outgoingdependencies.
For example,a third way to have anitem orderedis to have it doneby a purchasing
specialist.
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Fig. 3. A Stratgic Rationalemodelshaoving alternatve waysof accomplishinghaving anitem”

A Stratgjic Rationalemodelis a graph.Therearefour maintypesof nodes- goal,
task, resource, andsoftgoal — andtwo maintypesof links — means-ends links andtask
decomposition links. Subtypeof means-endinks arebasedon the type of thenodes
thatthelink connectsFor example,a Goal-Tasklink is a means-endbnk with atask
asthemeansanda goalastheend.

A taskdecompositiotink canbea subgoal, subtask, resource, or softgoal link. For
eachtype of taskdecompositiotink, thereis acorrespondingype of dependengclink.
For example,whena subgoalis delegated,the link becomes goal dependenclink.
A taskdecompositiorlink or dependenglink canbe open or committed. Therecan
be constraints amongstomponent®f a task,suchastemporalprecedencerheseare
expressedn theformal notation(the assertiodanguageof Telos),but arenot shavn in
thegraphicalpresentation.

We usethetermroutine to refer to a hierarchyof successie decompositionand
means-endseductionswhich includesonly one alternatve at eachchoicepoint. For
example,buying an item by having a purchasingspecialistorderit is oneroutinefor
achieving the goal of having an item (seeFigure 3). Another routine might involve
borrawing it throughsomeparticularchannel.

Means-end$inks areseenasapplicationof genericmeans-endeelationshipghat
arepotentiallyapplicablein othercontexts. We usethetermrule to referto a generic
means-endeelationship.

In trying to comeupwith innovativewaysfor reoiganizingwork, thefocusis onkey
elementghatwould makesignificantdifferencesvhencomparinghew proposalgo the
existing proces@ndamongseachother It would becounterproductvefor amodelling
schemeo require,at the procesdesignstagein a reengineeringffort, an exhaustie



specificatiorof how anactordoesit work. Hence,in the SR model,we do notassume
thateachtaskdecompositioprovidesthecompletdist of componentsThecomponents
includedarethosehataresufficiently significant(“strategic”) to warrantattentionduring
the processdesign/redesigstage.Elementsthat are left out are assumedo be those
thatcanbedealtwith unproblematicallypy the actorat thetime of taskexecution,and
thereforehave no stratgic implications.We call theseprimitively workable elements.
In the developmentof routinesfor understandingr exploration of alternatves, the
workability of aroutineis evaluatedrecursvely from theworkability of its elements.

Softgoalsare treateda little differently from the otherthreetypesof intentional
elementsSoftgoalsprovide a qualitative assessmersichemeon top of the rudimentary
assessmernf workability. A softgoalis typically a quality (or non-functionalattribute
on one of the other intentionalelementsn a routine, e.g.,that a paymentbe issued
promptly. Pay-when-iwvoicedandpay-when-goods-recetd aretwo differentwaysof
makingpayment.Thesearefunctionalalternatvesbecauseachproducedhe desired
effect that paymentis made.The promptly softgoalis a qualitative goal on how the
functionaleffectsareto be achieved. Becausdunctionalalternatvesalsoaddression-
functional softgoals(as well as functional (hard) goals), the contritution that each
functional alternatve makestowardsa non-functionalgoal is also representeds a
means-end$ink. Theselinks, however, have additionalattributeswhich indicatethe
sense (positive or nggative) andextent of thecontritution. Following [5], we useanotion
of satisficing to distinguish betweencontritutions that sufficiently or insufficiently
addres®r fulfil a softgoal.ThesearemarkedasA andV respecirely in the graphical
notation.
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Fig. 4. Usingsoftgoalsto evaluateandguidegeneratiorof alternatves

Theexamplein Figure4 shavsthatpay-when-goods-recgdcontributespositively
to the softgoalof promptpayment,andis consideredo adequatelyaddresghe goal.
Pay-when-ivoiced contributesnegatively to promptpayment,but not excessiely so.
Eachsoftgoaihodehasasatisficing status. Thestatusof asoftgoalnodecanbecomputed
by alabelling procedurdrom the statuse®f descendemodesn the network][5].



4 Using Strategic Actor-Relationship Modelling in Reengineering

Reengineeringnvolvesdevelopinga goodunderstandingf the currentprocessgen-
erationof new alternatves, and the evaluationof alternatves. The setof modelling
conceptsn thez* framework facilitatestheseaspect®f reengineering.

Understandingthe current process. The Stratgic Dependengmodelencourages
a deepewunderstandingf a businesgprocesdy focusingon intentionaldependencies
amongactors,beyond the usualunderstandindpasedon the flow of physicalor infor-
mationalentitiesandtheactiitiesthatprocesshem.The SD modelhelpsidentify what
is at stake for whom,andwhatimpactsarelikely if a dependencfails. For example,
who would careif anitem is not receved, or if anitem is not paidfor? By following
thechainof dependenciesnecanidentify how actorsareableto expandwhatthey are
ableto accomplistby dependingon othersandalsothe vulnerabilitiesthataccompan
the opportunitiesFor example,a clientis ableto have anitem ordered gvenif shedid
not have the knowhow or resourcego do so (Figure 1). But in dependingon a pur-
chasingspecialist shealsobecomes/ulnerableto the latter’s failures. The SD model
facilitatesthe identificationof participantsand stakeholdersandthusin determining
theappropriatescopefor areengineeringffort.

The Stratgic Rationalemodel encourages more specificunderstandingf the
reason®ehindwhy thingsaredonein a certainwayin anorganizationThe“whys” are
revealedasdecompositiomndmeans-endiinks thatleadto outgoingdependencieare
sought.Alternatively, startingfrom incoming dependenciesnquiry into the routines
usedby anactorwouldreflecttheaskingof “how” questionsThedeepeunderstanding
thatis capturedin the SD and SR modelsreflectsthe goal-seekingfree but socially-
constrainedyet stratgically-concernedharacteof organizationahctorsthatis absent
in corventionalmodelsof businesprocesses.

Generation of new alternatives. Thesearcthior new andinnovativealternatvestoan
existing businesgprocesss the centralobjective of businesgseengineeringl heexplicit
representationf means-endeelationshipsn the SR modelprovidesa systematiavay
for exploring the spaceof possiblenew procesglesignsOnceaninitial understanding
of theexisting proces$asbeendevelopedusingthe SD andSR models pthermeando
theidentifiedendscanbesystematicallysought Genericknowledgein theform of rules
canbe usedto suggesnew possibilities.For example,whenan expert systemcapable
of doing orderingof simpleitemsbecomesvailable,this knowvledgecanbe codedas
arule. Whensearchingor new waysto have itemsorderedthis would beidentifiedas
analternatve.

New alternatves often challengehiddenassumptionsn existing processFor ex-
ample,in searchingfor waysto make payment,pay-when-goods-recgid might be
identifiedasanalternatye to the customarypay-when-iroiced-receied. Thenew rule
challengeshe assumptiorthatinvoicesarenecessaryn the goodsacquisitionprocess
[36].

Thereengineerinditeraturetendsto emphasizehe benefitsof radically new ways
of doingwork. However, whennew alternatvesareproposedpnemustalsoconsider
theirimplicationson mary otherfactors.The SR modelfacilitatesthe identificationof
cross-impactsvith otherissueshy the useof multiple means-endéinks to softgoals.
Means-endsules canbe usedin reverse(given means,jdentify the ends)to find out
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whatothergoalsareaffectedwhenadoptinganew alternatve. Suchlinks maybetraced
to otheraffectedactors(stakeholdershhroughthe SD model.For example,while pay-
when-goods-receédeliminatesnvoicesandthereforesignificantlyreduceerror it is
notsogoodfor accountingcontrol,whichis aconcerrof theauditor. It alsoaffectscash
flow negatively, whichis a concernof the corporatereasury



Evaluation of alternatives. Theframevork alsosupportgheevaluationof alterna-
tives. The conceptof workability provide a first-cutassessmerdf proposedoutines.
Theevaluationof thesatisficingstatusesf softgoalgrovide afinergrained gualitatve
assessmenfn interactive procesf explorationandjudgemenis assumedFigure5
illustratesa reengineeringcenariaisingthez* framework.

5 Formal Representation

Formal representatiomf the modelling conceptsenablescomputetbasedtools to be
developedto supporthe modellingandreasoningTechniquedor means-endeeason-
ing have beenwell-developedin the field of artificial intelligence(e.g.,[25]).External
characterizatiorof intentional agentsusing conceptssuch as beliefs, goals, ability,
and commitmenthave alsobeendeveloped(e.g.,[6 32]). In the usagecontet of our
frameawork, the objective of formal representatiolis not to have computergenerated
reengineeringolutions,but to usemeans-endsulesto suggespotentialsolutions,to
checkconstraintsto maintaina networkof rationalesandassumptionsgndalsoto ben-
efit from knowledgestructuringfacilities that conceptuamodellingschemegrovide.
Techniquegrom Al needto beadaptedo suitour objective of modellinghumansocial
organizationstatherthanthecreationof artificial, computationahgentsin thissection,
we presentsomehighlightsin the formal characterizatiorof the SR and SD models.
Furtherdetailsaregivenin [38].

Thecharacterizationf the SRmodelis intendedo capturethefollowingintuitions.
Duringprocesslesignpneof thebasicactiitiesisto look for routineshatareworkable.
Routinesareobtainedy recursvely reducinggoals(or otherintentionalelementsysing
means-endallesandtaskdecompositionor anopenelemento beworkable andactor
z eitherknowshow to doit (primitivelyworkable) or knowssomeona&vhocandoit. For
a committedelemento beworkable,eitherz knows how to do it, or hascommitment
from someoneavho candoit, or elsez mustfurther reduce it througha routineuntil it
is workable We simplify the presentatiotvy usinga genericntentionalelement). The
variationsfor goal,task,resourcegr softgoalasintentionalelementsaregivenin [38].

We saythatatask? is workableif all its componentgpredicate:/, for elementjare
workable,andall of its constraintgpredicate:z) arebelievedto hold.

e Wt W(x,t) C (Yn(el(n,t) D W(x,n)) AVe(cx(x,t) D Bz, k)))

Thecriteriafor anelemenbeingworkabledependenwhetheiit is anopenelement
or a committedelementof the task. An openelementy (satisfyingpredicateoel) is

workableif n is an opendependenc ( D), or if it is workableunderthe (stronger)
criteriaof acommittedelement A committedelement; (predicatecel) is workableif
n is primitively workable(predicatef, ), or if thereis someworkablemeans-endbnk
(predicateme) linking it to a workableroutine,or if 5 is anoutgoingdependencand

thereis anotheragenty committedto producingy for z (C' D). (U, is z’'srepertoireof
routines.)

eWe:  Wi(x,n) C (cel(n) AW, (x,n))V (cel(n) A We(x,n))

—_

e Weo: W,(z,n) C D (z,n)V We(x,n)
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o Wec: We(z,n) C&:(n)VIHIu(me(l,n,u) AW (z,l) AUz (u) AW (z,u))
V(D (z,m) A3yB(z,CD (y, z,n)))
A routineu is workableif all of theelementspecifiedn its how attribute(i.e., the
“means”part)is workableandall of its subroutinegreworkable.
o Wu:  W(z,u) CUz(u) AYY (how(u,n') D W(z,7n'))
AV (subroutine(u', u) D W(z,u'))
A means-endink [ with u asthemeansandn astheendis workableif theagenthas

arulefor thatmeans-endeelationshipandtheagentbelievestheapplicabilitycondition
« of thatrule to hold. (#, is theactorsrepertoireof rules.)
o WI: W(x,l) C InFu(Uy(u) Ame(l,n,u) D Ja(Hy(n,u,a) A B(z,a)))

In the Stratgic Dependeng model(SD), the externalactorrelationshipsarechar
acterizedn termsof morebasicintentionalconceptspnamely belief, goal, ability, and
commitment.We usea right-pointing arrow to denoteoutgoingdependeng (actoris
dependerandtheleft-pointingarron for incomingdependengc(actoris dependee).

Theopportunityaspecof adependengis characterizeds:actorz hasopendepen-
deng if it believesthatthereexists someactory who offersto achieve , andthatif y
commitsto it, thenyn will beworkablefor .

eDr: D (z,n) D B(z,3y(D (y,n) A (Cly,z,m) D W(z,1n))))
The offer of adependencimpliesthatthe dependeés able to achieve 5.

—

eDe: D (y,n) D A(y,n)
We takeability to meanthatthe actorhasa routinefor achieving 7.
o Ae:  A(y,n) = Ju(Uy(u) A purpose(u, n))

In orderfor a dependencto work, we needtwo assumptions\We needthat the
dependee not only be ableto producen (have a routine),but thatn is workablefor
y (i.e.,theroutinebeworkable).This is therole of commitmentCommitmentridges
the gap betweenability and workability. We call this the Workability Commitment
Assumption —depender believesthatif dependeg is ableto achieve n andit commits
to somedependeto achieve , thenn is workablefor y.

e WCA: B(z, A(y,n) A3zC(y,z,nm) D W(y,n))

We alsoneedwhatwe call the Workability Transfer Assumption, which saysthatif

n is workablefor y andy commitsto producey for z, thenn becomesvorkablefor z.
e WTA: B(z,C(y,z,n) AW (y,n) D W(z,n))

Theseassumptiongare assertedn the belief contet of = the dependerBeliefs
arepartof the rationalenetworkin the SR model,and are supportedy evidencevia
rationalelinks [38].

In theabove, we have only addressethe opportunityaspecof a dependenc The
vulnerabilityaspecof dependencrelationshipss alsocharacterizedxiomatically The
axiomsfor open,committed,andcritical dependengc(onthe dependeside)arebased
on how badly the dependeis affectedif the dependunis not delivered.The details
aregivenin [38]. Referencd5] providesa formal schemdor generatinga networkof
softgoalnodesandlinks andfor evaluatingsoftgoalstatuses.
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Thez* framewvork is embeddedh theconceptuaimodellinglanguagelelos[22]. In
doingso,we obtainanobject-orientedepresentationdtamevork, with classification,
generalizationaggreation,attribution, andtime. The extensibility of Telos,dueto its
metaclasdierarchyand treatmentof attributesas full-fledged objects,facilitatesthe
embeddingf new modellingfeatures.

Figure6 presents partial schemdor the SR model.(A schemdor the SD model
hasbeenpresentedn an earlier paper[37].) The middle sectionof the figure deals
with taskdecompositiodinks andtheir correspondinglependengclinks. A task can
be decomposethto subgoalssubtasksresourcegndsoftgoals.Eachof thesehave a
dependenclink counterpartThe dependeactoris attachedasan attribute of thelink
from thetaskto its dependumThis permitsa dependunto have multiple dependees.

An incomingdependencis alink from anactorto a dependumyvith thedepender
representeds an attribute on the link. Figure 6 only shaws the one for goal class
(attributegoalDepended), the othersaresimilar.

Theleft-handsectionof Figure6 shavsrelationship@mongneans-endinks, rules
and routines.Means-enddinks have a purposeand a how. Eachtype of means-ends
link is a specializatiorof this, with differenttypesof intentionalelementas purpose
and how. For brevity, the figure only shavs the Goal-Task and Resource-asktypes
of means-endsinks. A rule is a specializatiorof a means-endéink, with the added
attribute of applicability condition.A routineis a specializatiorof a means-endBnk,
with subroutineasanadditionalattribute.

For modelling complex organizationalrelationships,actorsare specializedinto
agentsyoles, and positions(top right cornerof Figure 6). Agentsoccupypositions;
apositioncoversa numberof roles;rolesareplayedby agents.

The following is a sampleof how the dependenciesf an actormay be codedin
Telos.The syntaxis slightly simplifiedfor presentation.
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Class PurchasingSpecialist IN ActorClass
WITH
goalDepended, commits
ord: ItemBeOrdered(i:Item)
WITH dependee
cl: Client
END
softgoalDepended, commits
ordp: ItemBeOrderedPromptly(i:Item)
WITH dependee
cl: Client
END
goalDepends, committed
del: ItemBeDelivered(i:Item)
WITH dependee
vdr: Vendor
END
taskDepends, committed
rcv: Receiveltem
WITH dependee
rcvg: Receiving
END
resourceDepended, commits
pi: PurchasingInfo
WITH dependee
rcvg: Receiving
ap: AccountsPayable
END
END

An exampleof rule representatiois asfollows.

Class CanOrderByExpertSystem IN Rule
WITH
purpose
ord: ItemBeOrdered(i:Item)
how
es: OrderViaPurchasingExpertSystem
applicabilityCondition
expertSystemCanHandle: $ SimplePurchase(ord) and LowQuantity(ord) $
END

Class OrderViaPurchasingExpertSystem IN TaskClass
WITH
goalDep
esord: ItemBeOrdered(i:Item)
WITH dependee
pes: PurchasingExpertSysten

END

END

13



Class OrderByPhone IN TaskClass
WITH
subgoal
vf: VendorFound(vdr:Vendor,i:Item)
subtask
ppo: PlacePhoneOrder
resource
yp: YellowPages
END

6 Discussion

The modelling of actor relationshipsextendstraditional conceptuaimodelling tech-
nigues,suchasE-R modelling,by explicitly dealingwith the intentionalandstratejic
dimensioninherentin mostbusinessandorganizationalomains The conceptuaimod-
elling approacho softwareengineeringandinformationsystemdevelopmentempha-
sizesthe needto representand utilize pertinentknowledgeto supporteachphaseof
developmentand on-goingevolution [23]. The z* framavork aimsto addto this line
of research([12, 22, 16, 24, 5, 26]) by elaboratingon the link betweenbusinesse-
designandtechnicakystemdevelopmentTheeventualaimis to have acomprehense
developmentsupportervironmentspanningfrom businessand organizationdesignto
softwareimplementation.

Toolscanbedevelopedio managehepotentiallylargebodyof knowledgeinvolved
in areengineeringffort, andto supportingeasoningvith them.Librariesof knowledge
containingcaseexperiencesand generalprinciples can be collected,organized,and
appliedto new caseswith computersupport.This knowledge would also facilitate
on-goingsoftwareandbusinesgprocessvolution.

Thez* framevork dravsonconcept®f socialorganizatiorfrom organizatiortheory
(e.g.,[21, 30]), adaptdormal agentmodellingtechniquedrom Al (e.g.,[6, 32|, which
in turndraws onwork in logic dealingwith intentionalconcepts)andbuilds on existing
conceptuamodellingframevorks ([12, 22]).

Althoughanumbeiof basicconcept®f theframeavork arederivedfrom Al concepts,
theframavork differsfrom Al framewvorksin severalsignificantways.While Al aimsto
createcomputeprogramr agentge.g. robotswhicharecapablef solvingproblems
on their own, our focusis on modelling and designingthe network of relationships
amongsocial actors.Insteadof focusingon the “operational” aspectof agents(e.qg.,
proving the consequencesf plannedactions),we take a stratgic view of actors’
relationshipsandtheir reasoningabouttheserelationshipsThe stratgic view is less
concerneaboutdetail,andmoreconcernedboutbroaderissuesuchasopportunities
andvulnerabilities andtheimplicationsthateachalternatve processlesignmighthave
for variousstakeholdersand participants We allow a high degree of incompleteness
in the modellingof tasksandroutines.We do not requiregoalsto befully reducedo
primitive actions,andrely insteadon a notion of workability. We adopta qualitative
reasoningapproachto allow mary typesof issuesand concerngo be dealtwith (as
softgoals)within a singleframework.
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The frameawvork is intendedto provide interactive supportfor actors’reasoningn
their designefforts, notto fully automatethe designprocessThis framevork may be
seenas a specializationof designrationalesand decisionsupportframewvorks (e.qg.,
[28, 19, 5]) by providing an ontologyfor dealingmore specificallywith organization
modellingand design.The qualitatve reasoningschemeof [5] for dealingwith non-
functionalrequirementi softwaredevelopmenis adaptecaindappliedto organization
modelling,complementinghe functionalcomponent®f the framewvork (goals,tasks,
andresources)Thethreetypesof functionalintentionalelementsarederivedfrom the
threebasicontologicalcateoriessupportedoy the requirementsnodellinglanguage
RML [12] —assertionactiity, andentity.

The enterprisanodellingframevork of [3] alsomakesextensive useof conceptual
modellingtechniquego modelbusinesggoalsandrationalesbehindinformationsys-
temdevelopment.The needto understandwhy,” andto dealwith fuzzy, informal, and
non-functionalissuesareemphasizedThe “processhandbook’project[20] alsouses
conceptuamodellingto organizeknowledgefor reengineeringOurframeavork empha-
sizeshemulti-agentprganizationatlimensiorof businesgandprivate)objectves,and
providesa modelof organizationaktructurebasedon intentionaldependenciegThe
namet* refersto the“distributedintentionality’ perspectie offeredby theframework.)

In the requirementsengineeringarea,the goal-oriented,"composite systemde-
sign” approachmakesuseof means-endseasoningo derive requirementérom overall
systemgoals(e.g.,[8, 11]), wherethe overall systemincludeshumansand computer
systemsGlobal goalsare decompose@ndreducedprimarily in a top-down fashion,
until they canbeassignedo agentsOurframevork emphasizeadistributed modelling
approachWe assumehat requirement&ngineeringoften hasto dealwith organiza-
tions with existing work patternsandthereforedesiresandinterestghatare (already)
distributed, ratherthan centrally or globally specified.Distributed desiresand inter-
estsneedto be modelled (throughan inquiry process)in the form of an intentional
structure(the SD model). The means-endseasoningalsoneedso be distributed(the
SR model).Our framework is thereforemorereadily appliedto the businesgprocess
re-engineeringontet, which presupposesxisting processeandassociatedrganiza-
tional constraintsHowever, multi-perspeciie approachesrealsobeingdevelopedin
requirementgngineeringe.g.,[27]).

In our earlier paperson reengineeringwe have illustrated how the intentional
natureof the SD modelis ableto highlight importantdifferencesbetweenbusiness
processeshat are hardto expressin corventional,non-intentioral workflow models
[35]. Referencd36] presentecn early informal versionof the SR model, which we
have developedmorefully andformally in this paper

The modelling of softwareprocesseslso hascommonalitieswith the modelling
of businesgprocesseOneframavork that usesconceptuamodellingto advantageis
[17]. However, a majority of softwareprocesanodelstendto be intendedfor process
executionor enactionin someprocess-centresoftwareengineeringervironment(the
technologyinfrastructure) We have proposedhe ¢* frameavork for softwareprocess
modellingto emphasizehe needto understanédndsupportthe designor redesignof
softwareprocesseandtheirembeddingrganization37].

In our earlierpapersthe SD modelwascalledthe Actor Dependeng model. The
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SR model was separatednto a FunctionalRationalesmodel and a Non-Functional
Rationalesnodel.

7 Conclusion

E-Rmodellinghasmademportantcontributionsto theconceptuamodellingfield since

itsintroductionalmosttwo decadegago[4]. It hasprovedto beausefultechniqualespite
its simple ontology As information systemapplicationsbecomemore sophisticated,
conceptuaimodelling needsto deal with richer domainswith specializedontologies
[13]. Oneexampleis theneedo dealwith themodellingof organizationsasin business
processeengineering.

ReengineeringresentgonsiderablehallengesOn the onehand thereis promise
of potentiallydramaticbenefitsin organizationaleffectivenessOn the other hand, it
involvessubstantiakfforts andrisks. Many factorscaninfluenceoutcome During the
processnodellingandre-desigmphasepnewould like to have a carefulandthorough
examinationof all relevantissuestakeinto accouninputfrom all stakeholdergpintly
explore alternatves,andanticipateproblemsasmuchaspossible.

Conceptuamodellingtechniquesanbe invaluablein providing clearrepresenta-
tion of thekey domainconceptsandissuesduring a reengineeringffort. Knowledge
aboutthedomaincanbeorganizedusingstructuringmechanismsuchasclassification,
generalizationaggr@ation,and time. However, a richer ontology beyond traditional
entity/relationshipattribute conceptavould be helpful for addressinghe specificneeds
of processnodellingandreasoning.

We have proposedneapproactwhich emphasizethat organizationsaremadeup
of strat@ic, intentionalactors.The Stratgic Dependeng modelallows the modelling
of how stratgic actorsrelateto eachotherintentionally while the Strategic Rationale
model allows modelling of the means-endseasoninghe actorshave aboutdifferent
potentialwaysof relatingto eachotherfor accomplishingvork.

Ourworkis still atanexploratorystage Themodellingframevork hasbeenapplied
to examplesfrom the literature in several areas,but hasyet to be testedin actual
use. Tools to supportthe framevork remainto be implemented althoughsome of
the underlyingcomponentalreadyexist (Telos[22], NFR Assistant]5, 26]). Further
conceptuatievelopmentvouldincludeexplorationof othertypesof actorrelationships.

As informationsystemd7] aswell ashumanorganizationd29] progressncreas-
ingly towardcooperatre anddistributed,networkedconfigurationsit is becomingever
moreimportantto have modelsthatcanhelpreasorhow comple, interlinkedsystems
contribute to businessand organizationalobjectives. The “distributed intentionality”
perspectie takenby thez* framework offersoneapproachor modellingandreasoning
aboutthe complex interactionsamonginformationsystemcomponentandhumansn
distributed,evolving businesgprocesses.
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