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Abstract. Organizationalandhumanissuesareoften crucial to the successfuluseof
technologyin organizations.Enterprisemodelsthatmaketheseissuesexplicit canassist
in analyzingissues,findingsolutions,andin evaluatingalternatives.Thispaperoutlines
the i* modellingframework, in which organizationsandwork processesaremodelled
in termsof dependency relationshipsamongstrategic actors.
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1 Introduction

It is generallyacknowledgedthat carefulattentionto organizationalissuesis crucial
to the successof enterpriseinformationsystems.The mostsophisticatedtechnology
becomesirrelevantor evenharmful if it doesnot not meethumanneeds.Work context
andorganizationalconcernsareincreasinglyimportantasinformationtechnologyis no
longerusedonly to automatehighly structured,repetitive tasks,but is offeringsupport
to practicallyall facetsof work activities in enterprisestoday.

Systemdesignershave beenableto dealwith technicalcomplexity with the help
of systematicmethodsandmodels.Techniquessuchasfunctionaldecompositionand
input-output analysisreducecomplex systemsinto manageablesubsystems.Organiza-
tional issues,however, often defy treatmentby theseconventional,systems-oriented
techniques.For example,frameworksandtechnologiesfor enterpriseintegration(e.g.,
[7]) holdspromisefor achieving highly efficient andflexibile operations,overcoming
barriersarising from the historical “islands of technology”.Yet thesetechnological
advancescould be ineffectual in the faceof organizationalandhumanbarrierssuch
asthoseamongprofessions(e.g.,engineeringversusmarketing),betweenworkersand
management,or betweenfrustratedcustomersandthedisinterestedfront-line worker.
Technicalsystemsshouldbeviewedasingredientsandenablersin overallsolutionsthat
addresshumanorganizationalconcernsaswell asenterpriseobjectives.

Organizationalissuesarehardto dealwith usingconventionalsystemstechniques
becauseof the needto addressthe fundamentallydifferentnatureof humanandso-
cial relationships.Of course,theseissueshave beenandarebeingwidely studiedin



many well-establisheddisciplinessuchaspsychology, sociology,andmanagement.The
challenge,however, is to casttheseissuesinto a form which canbeanalyzedandrea-
sonedaboutduringsystemsanalysisanddesign.Systemsissuessuchasfunctionality,
performance,costs,reliability, etc.,will needto beconsideredat thesametime andin
interactionwith organizationalissuessuchashumancooperationandconflict, power
andpolitics,rewardsystems,individualdifferencesandculture,aswell aswith business
strategies.

As with thedesignof complex technicalsystems,appropriatemodellingtechniques
canbeinvaluablein supportingtheanalysisanddesigntasks.Todealwith organizational
issues,we needmodellingtechniquesthatcanexpressthe richnessof human,social,
organizationalrelationships.

The &(' framework hasbeendevelopedfor modellingorganizations,and to help
reasonaboutchangesin relationshipsamongstrategic actors[9]. It adoptsan agent-
orientedperspective, which is receiving increasingattentionin a numberof research
areas,includinginformationsystemsrequirementsengineering[12]. In & ' , organizations
are viewed as consistingof social actorswho have freedomof action, but depend
on eachother for goalsto be achieved, tasksto be performed,and resourcesto be
furnished.Theframework includesa Strategic Dependency model– for describingthe
networkof relationshipsamongactors,andaStrategic Rationalemodel– for describing
and supportingthe reasoningthat eachactor has about its relationshipswith other
actors.Theserelationshipsarestrategic in the sensethateachparty is concernedwith
opportunitiesandvulnerabilitiesandseeksto protector furtherits interests.Themodels
areformally representedin theconceptualmodellinglanguageTelos[5].

The framework as beendescribedin detail elsewhere[9, 10] and in the context
of severalapplicationdomains,includingbusinessprocessreengineering[17, 14, 16],
softwareprocesses[13], andrequirementsengineering[8, 11]. In thispaperwegivean
overview of theframework andillustrateits relevanceto enterpriseintegration.

For example,an insurancecompany may want to useenterpriseintegrationcon-
ceptsandtechniquesto link agents,appraisers,andclaimsmanagerssoasto improve
operations.Althoughonemaybeableto gainefficiency by automatingsomeexisting
processes,even greaterbenefitscouldpotentiallybeachieved by a morefundamental
rethinkingof businessprocessesandrelationships[3] while payingattentionto broader
organizationalissues[2]. To do this oneneedsto understandthe motivations,intents,
andrationalesbehindtheprocessstepsandflow, the“whys” thatunderliethe“what.”
Enterpriseactivitiesandflowscanusuallybetracedto thewantsanddesiresof various
actors,andhow thesearemetby otheractors.

An insurancecompany wantstokeepitscustomershappy sothatthey wil l continueto
renew theirpolicies.At thesametime,it wantsto minimizeclaimspayoutto claimants,
and for this reasonhires appraisersto keeprepairsto the necessaryminimum. Car
ownerswant repairdamagesto beassessedfairly, andarelikely to get bodyshopsto
giverepairestimatesthatmaximizetheinsurancepayout.Whatinformationis collected
andusedby theclaimsrepresentative(accidentparticulars,witnessstatements)andthe
appraiser(e.g.,photographsof damage,multiple repairestimates)reflectsthestrategic
interestsof thevariousparties.In devisinganeffectiveenterpriseintegrationsolution,it
is crucialto understandtheinterplayof strategic interestsamongorganizationalplayers.



2 The Strategic Dependency Model

A Strategic Dependency modelis a graph,whereeachnoderepresentsan actor, and
eachlink betweentwo actorsindicatesthat oneactordependson the otherfor some-
thing in orderthat the former may attainsomegoal.We call the dependingactor the
depender, andtheactorwhois dependeduponthedependee. Theobjectaroundwhich
thedependency relationshipcentresis calledthedependum. By dependingonanother
actor for a dependum,an actor is able to achieve goalsthat it is otherwiseunableto
achieve,or notaseasilyor aswell. At thesametime,thedependerbecomesvulnerable.
If thedependeefails to deliverthedependum,thedependerwouldbeadverselyaffected
in its ability to achieve its goals.

For example,a carownercanhave hiscarrepairedby a bodyshop,evenif hedoes
not have theability to do therepairshimself.However, he is vulnerableto thecarnot
beingrepaired.

Themodeldistinguishesamongfour typesof dependencies– goal-, task-, resource-
andsoftgoal-dependency – basedon the typeof freedomthat is allowed in the rela-
tionship betweendependerand dependee.Three levels of dependency strengthsare
distinguishedbasedon the degreeof vulnerability. Actors may be differentiatedinto
agents,rolesandpositions.
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Fig. 1. Strategic Dependency modelof traditionalautoinsurance(the“as-is” arrangement)

Figure1 showsaStrategicDependency modelfor atraditionalautomobileinsurance
businessconfiguration.Thecarownerdependson theinsurancecompany to reimburse
for the repairsfrom an accident(ClaimsPayout).For this, car owner paysinsurance
premiumin orderto havecoverage(RepairsBeCovered).Theinsurancecompany wants
to offer goodserviceto thecustomerin orderto keepthebusiness(CustomerBeHappy).
To maintainprofitability, the company dependson appraisersto appraisedamagesso
thatonly theminimalnecessaryrepairsareapproved.



The car owner dependson the claimsappraiserfor a fair appraisal.However, the
appraisercanbeexpectedto actin theinterestsof theinsurancecompany becauseof his
dependenceonthelatterfor continuedemployment.Thecarowner, in turn,candepend
on thebodyshopto giveanestimatethatmaximizesthecarowner’s interests,sincethe
bodyshopdependsonthecarownerfor repeatbusiness.A detailedanalysisof strategic
dependencieswould suggestwhat relationshipsoneshouldfocuson whendeveloping
enterpriseintegrationsolutions.
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Fig. 2. Strategic Dependency modelfor alternative1 – “Let theinsuranceagenthandleit”

Figure2 shows the Strategic Dependency graphfor a new businessconfiguration
(adaptedfrom a scenariodescribedin [4] pp.136-143).In this redesign,theinsurance
agentwill do all theinquiry andpayout,while theinsurancecompany will concentrate
on larger claimsthat have moresignificantimpacton profitability. The agentgetsto
cementhis relationshipwith the customer, while the customeris morelikely to get a
fair hearingfrom theagentabouta fair payoutamount.Thiskeepsthecustomerhappy,
which is whattheinsurancecompany wants.

Shifting theclaimshandlingresponsibilitiesto the insuranceagentmeansthat the
information needsof the insuranceagent(and hencethe enterpriseinformation re-
quirementsof the insurancecompany) are also radically altered.Basedon the new
configurationof strategic dependencies,onecouldderivewhatinformationneedsto be
sharedor sentamonginsuranceagentsandthe insurancecompany, andhow accurate
andup-to-datethey needto be.

TheStrategic Dependency modelencouragesa deeperunderstandingof anorgani-
zationandits businessprocessesby focusingonintentionaldependenciesamongactors,
beyond the usualunderstandingbasedon activities andentity flows. It helpsidentify
whatis atstake,for whom,andwhatimpactsarelikely if a dependency fails.

Although a Strategic Dependency model provides hints aboutwhy a processis
structuredin a certainway, it doesnot sufficiently supportthe processof suggesting,
exploring,andevaluatingalternativesolutions.Thatis theroleof theStrategicRationale
model.



3 The Strategic Rationale Model

A Strategic Rationalesmodel is a graphwith four main typesof nodes– goal, task,
resource, and softgoal – and two main typesof links – means-ends links and task
decomposition links. A Strategic Rationalegraphdescribesthereasoningbehindeach
actor’s relationshipswith otheractors,thusrevealingtheinternallinkagesthatconnect
externalstrategic dependencies.

A processis often depictedas a collectionof activities with entity flows among
them.For example,aclaimshandlingprocesswouldincludesuchactivitiesasverifying
the insurancepolicy coverage,collectingaccidentinformation,determiningwho is at
fault, appraisingdamages,andmakinganoffer to settle.
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Fig. 3. Strategic Rationalemodel to supportreasoningaboutredesigningthe claims handling
process

In theStrategic Rationalemodel,we arrangetheseinto a hierarchyof means-ends
relationshipsandtaskdecompositions(Figure3). Whenaprocesselementis expressed
asa goal, this meansthat theremight bedifferentpossiblewaysof accomplishingit.
A taskspecifiesoneparticularway of doingthings(of accomplishinga goal),in terms
of a decompositioninto subtasks,subgoals,resources,andsoftgoals.In seekingways
to redesigna businessprocess,goalsoffer potentialplacesto look for improvement.
An ambitiousredesigneffort needsto discoverandrethinkhigh-levelgoals– by asking
“why” questions,ratherthanbecontentwith solutionsfor low-level goals.Highergoals



arediscoveredby asking“why” questions.Oncesufficiently high-levelgoalshavebeen
identified,alternativesmay be soughtby asking“how else” the goalscanbe accom-
plished.In introducingenterpriseintegrationsolutions,designersshouldbecarefulnot
to merelyautomate existing processes.Innovative systemssolutionsoften resultfrom
a more fundamentalrethinkingof businessprocesses[3] and broaderorganizational
issues[2].

In the autoinsuranceexampledescribedin [4], the reengineeringteamwantedto
considerradicalsolutions,by identifyingahigh-levelgoal:thatclaimsbesettled.Unen-
cumberedby currentbusinessthinkingabouthow thisgoalshouldbeaccomplished,the
teamarrived at innovative proposalsthat involve new strategic businessrelationships
with insuranceagentsandbodyshops.

Eachalternative may have different implicationsfor a numberof quality goals,
or “softgoals”,suchasCustomerBeHappy, FastProcessing,andProfitable.A softgoal
is onewhich doesnot have a priori, clear-cut criteria of satisfaction.Although some
of thesecan be measuredand quantified,a qualitative approachcan be usedat the
stageof exploring thespaceof alternatives.Contributions to softgoalscanbepositive
or negative,andarejudgedto beadequateor inadequate.Thetreatmentof softgoalsis
basedonaframeworkdevelopedbyChungfor dealingwith non-functionalrequirements
in softwareengineering[6].

By explicitly representingmeans-endsrelationships,theStrategic Rationalemodel
providesasystematicwayfor exploringthespaceof possibleredesigns.Genericknowl-
edgein the form of methodsandrulescan be usedto suggestnew solutionsand to
identify relatedgoals[14, 16] .

4 Modelling and Analyzing Organizational Issues

Theexplicit modellingof strategic relationshipsamongactorsoffersa systematicway
for expressingandanalyzingorganizationalissues.Considera softwaredevelopment
organizationwhosemandateis to develop and deliver quality softwareon time and
on budget.While the operationsof the organizationcan be describedquite readily
in termsof activities, entities,andinput/outputflows, many importantorganizational
issuescannotbeexpressedin suchterms.Somequestionsthatonemight asksuchan
organizationmayinclude:

– Is thesystemlikely to bedeliveredon timeandonbudget?
– Are theneedsof theenduserslikely to bemet?
– Is theprojectteamstructureconduciveto highqualitysoftware?

Thesequestionsarehardto answerusingconventionalenterprisemodels.
Figure4 shows the strategic relationshipsamongthe customer, the end-user, the

projectmanager, andthegeneralmanagerin a hypotheticalsoftwareprojectorganiza-
tion. The generalmanagerdependson the projectmanagernot to overrunthe project
budgetandschedule.This dependency is likely to succeedbecausethe projectman-
agercritically dependson the generalmanagerfor recognitionof achievements.The
customer’s dependency on theprojectmanagerfor quickdeliveryof thesystemis also
likely to succeed.Even thoughthe projectmanagerhasno direct dependency on the
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customer, thereis anindirectdependency dueto theprojectmanager’s dependency on
thegeneralmanagerfor recognition,andthegeneralmanager’sdependency onthecus-
tomerfor paymentandfor goodrelations.On theotherhand,theend-user’sdesirefor a
user-friendly andhighperformancesystemmaynotbemetif therearenodependencies
from theprojectmanagerto theend-user.

Onecouldcall this kind of analysis“loop analysis”,to determinewhetherthereare
reciprocaldependenciesamongactors,eitherdirect or indirect.A formal analysisof
the dependency networkmay not in itself offer usefulconclusions,sincethe relative
weightsof thedependenciesneedto betakeninto account.In theabsenceof numerical
weights,aqualitativereasoningapproachcouldbeusedto supportsystematicreasoning
[6].

Figure 5 shows someof the strategic dependency relationshipsinvolving design
engineersandquality assuranceengineersin this hypotheticalorganization.Here,we
distinguishamongagents, roles, andpositions. Agentsoccupy positionsandplay roles.
A positionusuallycovers anumberof roles.Actor is thegenericconceptof whichagent,
role,andpositionarespecializations.

Agentsare physically embodiedsocial actorsor systemssuchas Jackand Jill.
In this example,Jack is an instanceof the agentclassDesignSpecialist.Jill is an
instanceof QA Specialist.Distinguishing amongagents,roles,and positionsallows
theenterprisemodellerto identify andexpressrelationshipsamongthem.For example,
whena designspecialistis hired andplacedinto the positionof designengineer, the
former(theagent)hasanexpectationor desirethatthelatter(theposition)will provide
opportunitiesto docreative,state-of-the-artdesign.However, thereis alsoadependency
from the Monitoring Progressrole of the project manageron the DesignEngineer
positionnot to addfancy features(no “gold-plating”). Thesetwo dependenciesarein



Test
X
Team

PART
PART

 Project
Manager

 Design
Engineer

    QA
Manager

Monitoring
Y
 Progress

NoGoldPlating
Z
 [Design]

StateOfArt
[
 [Design]

Advancement
\
 [Career]

Maintainable
]
 [Software]

    QA
Engineer

Jill
^

OCCUPIES

COVERS

Professional
_
QAStandards
[Software]

D

D

`

D
a

D

DD

D
D Goal 

Conflict
Goal 
Synergy

Jack
^

INS
b

OCCUPIES

D
D

INS
b

    QA
Specialist

  Design
Specialist

   actor
(generic) agent role position

LEGEND

Fig. 5. Exampleof nodeanalysis

conflict,suggestingthatoneor theothermayhave to giveway, or thatsomenegotiated
resolutionmaybenecessary.

In contrast,theQA specialist’s desireto upholdprofessionalQA standardsis syn-
ergistic with theQA manager’sdependency on theQA engineerto assuremaintainable
software.Sothesetwo dependenciesarelikely to beviable throughmutualreinforce-
ment.In theseexamples,weareanalyzingtheinteractionsamongdependenciesasthey
convergeona nodein thedependency graph.

A softwaretool is being developedto support &(' modellingand reasoning.The
tool assiststheuserin assessingtheviability of goalsanddependencies,by propagating
contributionsamonggoalsandotherintentionalelements[9]. Thepropagationalgorithm
for softgoalsis basedon the qualitative reasoningframework for dealingwith non-
functionalrequirementsin softwareengineering[1].

5 Conclusion

The & ' framework for modellingstrategicactorrelationshipsoutlinedin thispaperoffers
awayfor explicitly modellingorganizationalissuesandfor analyzingthem.Thiskindof
modellingandanalysiscanbeof considerablehelpin identifyingenterpriseintegration
solutionsthatcanaddresstheneedsof organizationsthathave complex technicaland
humanorganizationalenvironments.

The modellingof strategic actorrelationshipsis complementaryto many existing
enterprisemodellingtechniques[7]. Efforts areunderway to relatethe & ' framework



to othermodels[10], and in particular, to agent-orientedspecificationlanguagesand
processsimulationlanguages[15, 17].
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