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Abstr act

Requirements are usually understood as stating what
a system is supposed to do, as opposed to how it should
do it. However, understanding the organizational con-
text and rationales (the “Whys”) that lead up to systems
requirements can be just as important for the ongoing suc-
cess of the system. Requirements modelling techniques
can be used to help deal with the knowledge and reason-
ing needed in this earlier phase of requirements engineer-
ing. However, most existing requirements techniques are
intended more for the later phase of requirements engi-
neering, which focuses on completeness, consistency, and
automated verification of requirements. In contrast, the
early phase aims to model and analyze stakeholder inter-
ests and how they might be addressed, or compromised, by
various system-and-environment alternatives. This paper
argues, therefore, that a different kind of modelling and
reasoning support is needed for the early phase. An out-
line of the 2* framework is given as an example of a step
in this direction. Meeting scheduling is used as a domain
example.

1 Introduction

RequirementgngineeringRE) is receving increasing
attentionas it is generallyacknavliedgedthat the early
stagesof the systemdevelopmentlife cycle are crucial
to thesuccessfutievelopmentandsubsequendeployment
andongoingevolution of thesystem.As computersystems
playincreasinglyimportantrolesin organizationsit seems
thereis a needto pay moreattentionto the early stageof
requirementgngineeringtself (e.g.,[6]).

Much of requirementengineeringresearchhastaken
asstartingpointtheinitial requirementstatementsyhich
expresscustomers wishesaboutwhat the systemshould
do. Initial requirementareoftenambiguousincomplete,
inconsistentand usually expressednformally. Many re-
quirementdanguagesndframevorkshave beenproposed
for helpingmakerequirementgrecise complete andcon-
sistent(e.g., [4] [19] [13] [15]). Modelling techniques
(from boxes-and-arnes diagramsto logical formalisms)
with varying degreesof analyticalsupportare offeredto
assistrequirement®ngineerdn thesetasks. The objec-
tive, in these'late-phase’requirement&ngineeringasks,
is to producea requirementglocumento passon (“down-
stream”) to the developers,so that the resulting system

would be adequatelyspecifiedandconstrainedpftenin a
contractuaketting.

Considerablylessattentionhasbeengiven to support-
ing theactvities that precede the formulationof theinitial
requirementsThesd'early-phase’requirementgngineer
ing actvities includethosethat considetow theintended
systemwould meetorganizationafjoals why thesysteris
neededwhatalternatvesmightexist, whattheimplications
of thealternatvesarefor variousstakeholdersandhow the
stakeholdersinterestsand concernamight be addressed.
Theemphasifereis onunderstandinghe“whys” thatun-
derliesystenrequirement$37], ratherthanonthe precise
anddetailedspecificatiorof “what” the systemshoulddo.

This earlier phaseof the requirementgprocesscan be
just as importantas that of refining initial requirements
to a requirementspecification at leastfor the following
reasons:

¢ Systemdevelopmentinvolvesa greatmary assump-
tions aboutthe embeddingenvironmentandtask do-
main. As discoreredin empiricalstudies(e.g.,[11]),
poor understandingf the domainis a primary cause
of projectfailure. To have adeepunderstandingbout
a domain,one needsto understandhe interestsand
prioritiesandabilitiesof variousactorsandplayersjn
additionto having agoodgraspof thedomainconcepts
andfacts.

e Usersneedhelp in coming up with initial require-
mentsin thefirst place.As technicakystemsncrease
in diversity and compleity, the numberof technical
alternatves and organizationalconfigurationsmade
possibleby them constitutea vast spaceof options.
A systematidramewvork is neededo helpdevelopers
understandvhatuserswantandto help usersunder
standwhattechnicalsystemsando. Marny systems
thataretechnicallysoundhave failed to addresgeal
needge.g.,[21]).

e Systemsersonnehreincreasinglyexpectedto con-
tribute to businessprocessredesign. Insteadof au-
tomatingwell-establishebusinesprocessesystems
arenow viewedas“enablers”for innovative business
solutions(e.g.,[22]). More thanever before require-
mentsengineersieedo relatesystemdo businesand
organizationabbjecties.



e Dealingwith changeis one of the major problems
facing softwareengineeringoday Having a repre-
sentationof organizationalissuesand rationalesin
requirementsnodelswould allow softwarechanges
to be tracedall the way to the originating source—
the organizationathangegshatleadsto requirements
change$18].

¢ Having well-organizedbodiesof organizationaland
stratgic knowledgewould allow suchknowledgeto
besharedacrosslomainsatthis highlevel, deepening
understandingabout relationshipsamong domains.
This would also facilitate the sharingand reuseof
software(andothertypesof knowledge)acrosshese
domains.

¢ As moreandmoresystemsn organizationsntercon-
nectandinteroperatejt is increasinglyimportantto
understanchow systemscooperatgwith eachother
and with humanagents)to contritute to organiza-
tional goals. Early phaserequirementsnodelsthat
dealwith organizationalgoalsandstakeholdeinter-
estscut acrossmultiple systemsand can provide a
view of the cooperatioramongsystemsawithin anor-
ganizationatontext.

Support for early-phase RE. Early-phaseRE actiities

have traditionallybeendoneinformally, andwithout much
tool support. As the compleity of the problemdomain
increasesijt is evident that tool supportwill be needed
to leveragethe efforts of the requirementengineer A

considerabldody of knowledgewould be built up during

early-phaseRE. This knowledge would be usedto sup-
porting reasoningaboutorganizationabbjectves,system-
and-erironmentalternatves, implicationsfor stakehold-
ers,etc. It isimportantto retainandmaintainthis body of

knowledgein orderto guide systemdevelopment,andto

dealwith changehroughouthe systems life time.

A numberof framevorks have beenproposedo repre-
sentknowledgeandto supportreasoningn requirements
engineerinde.g.,[19] [13] [27] [17] [12] [5] [35]). How-
ever, theseframavorks have not distinguishecdearly-phase
from late-phasdRE. The questionthenis: Are theremod-
elling andreasoningsupportneedshatare especiallyrel-
evantto early-phaseRE?If thereare specificneeds,can
thesebe metby adaptingexisting framavorks?

Most existing requirementsechniqueandframevorks
areintendedmorefor thelaterphaseof requirementgngi-
neering,which focuseson completenessonsisteny, and
automatedverification of requirements. In contrast,the
early phaseaimsto model and analyzestakeholdeinter-
estsandhow they mightbeaddressedyr compromisedby
varioussystem-and-easironmentalternatves. In this paper
it is arguedthat,becausearly-phas&®E actiitieshave ob-
jectivesandpresuppositionthataredifferentfrom thoseof
thelate phasejt would be appropriatao provide different
modellingandreasoningupportfor thetwo phasesNev-
erthelessa numberof recentlydevelopedRE techniques,
suchasagent-andgoal-orientedechniquege.g.,[16] [14]
[17] [12] [7]) arerelevant,andmay be adaptedor early-
phaseRE.

Therecentlyproposed™ framevork [39] is usedin this
paperasanexampleto illustratethekindsof modellingfea-
turesandreasoningcapabilitiesthat might be appropriate
for early-phaseequirementgngineeringlt introducesan
ontologyandreasoningsupportfeaturesthat are substan-
tially differentfrom thoseintendedor late-phas&E (e.qg.,
asdevelopedin [15]).

Sectior? reviewsthez* framevork andoutlinessomeof
its featuresysingmeetingschedulingagsadomainexample.
Sectiom3 discussesn light of theexperienceof developing
2*, themodellingandsupportrequirementsor early-phase
requirementgngineering Section4 reviews relatedwork.
Sectiorb dravssomeconclusiongrom thediscussionsnd
identifiesfuturework.

2 The i* modeling framework for early-
phase requirementsengineering

The z* framavork’ was developedfor modellingand
reasoningaboutorganizationakrnvironmentsandtheir in-
formationsystemg39]. It consistof two mainmodelling
componentsTheStratgic Dependeng(SD)modelisused
to describeéhedependengcrelationship@mongvariousac-
torsin anorganizationakontet. The Stratgic Rationale
(SR) modelis usedto describestakeholdeinterestsand
concerns,and how they might be addressedy various
configurationsof systemsand ervironments. The frame-
work builds on a knowledge representatiorapproachto
informationsystemdevelopment27]. This sectionoffers
anoverview of someof thefeaturesof 2*, usingprimarily
agraphicalrepresentationA moreformal presentatiorof
theframeavork appearén [39]. Thez* frameavork hasalso
beenappliedto businessprocesamodelling andredesign
[41] andto softwareprocessnodelling[38].

The centralconceptin 2* is that of the intentionalac-
tor [36]. Organizationalactorsare viewed as having in-
tentional propertiessuch as goals, beliefs, abilities, and
commitments. Actors dependon eachotherfor goalsto
be achieved, tasksto be performed,and resourcego be
furnished. By dependingon others,an actormay be able
to achieve goalsthataredifficult or impossibleto achieve
on its own. On the otherhand,an actorbecomesrulner
ableif the depended-omactorsdo not deliver. Actorsare
stratgicin thesenseahatthey areconcerneéboutopportu-
nitiesandvulnerabilities,andseekrearrangementsf their
environmentsthatwould bettersene their interests 2

2.1 Modeling the embedding of systemsin orga-
nizational environments — the Strategic De-
pendency model

Considera computetbasedmeetingschedulerfor sup-
porting the setting up of meeting. The requirements
might state that for each meeting request,the meeting

I The namei* refersto the notion of distributedintentionalitywhich
underlieshe frameawvork.

2 An earlyversionof theframewvork waspresentedn [36].

3The exampleusedin this paperis a simplified versionof the one
providedin [34].



scheduleshouldtry to determinea meetingdateandloca-

tion so that mostof the intendedparticipantswill partici-

pateeffectively. Thesystemwouldfind datesandlocations
that are as corvenientas possible. The meetinginitiator

would askall potentialparticipantsfor informationabout
theiravailability to meetduringadaterange basedntheir

personalagendas.This includesan exclusionset— dates
on which a participantcannotattendthe meeting,and a

preferenceset— datespreferredby the participantfor the

meeting.Themeetingschedulecomesupwith aproposed
date. Thedatemustnot be oneof the exclusiondatesand

shouldideally belongto as mary preferencesetsas pos-
sible. Participantswould agreeto a meetingdateoncean

acceptablelatehasbeenfound.

Mary requirementengineeringramevorks andtech-
nigueshave beendevelopedto helprefinethis kind of re-
guirementsstatementso achiese better precision,com-
pletenessand consisteng However, to develop systems
thatwill truly meetthe real needsof an organization,one
often needsto have a deeperunderstandingf how the
systemis embeddedh the organizationaknvironment.

Forexample therequirementengineerbeforeproceed-
ing to refinetheinitial requirementsmight do well to in-
quire:

e Why is it necessaryo schedulemeetingsaheadof
time?

¢ Whydoeghemeetingniti atorneedo askparticipants
for exclusiondatesandpreferreddates?

¢ Why is acomputetbasedneetingscheduledesired?
And whoseinterestgloesit sene?

¢ Is confirmationvia thecomputetbasedschedulesuf-
ficient?If not, why not?

¢ Are importantparticipantsreateddifferently? If so,
why?

Most requirementsnodelsareill-equippedto help an-
swer suchquestions. They tendto focus on the “what”
ratherthanthe “why”. Having answersto these“why”
guestionareimportantnotonly to helpdevelopsuccessful
systemsn the first instance but alsoto facilitate the de-
velopmenibf cooperatiorwith othersystemge.g.,project
managemergystemsandotherteamcoordinatiori‘group-
ware” for which meetinginformationmayberelevant), as
well asthe ongoingevolution of thesesystems.

To provideadeepetevel of understandigabouthow the
proposedneetingschedulemight beembeddedn the or-
ganizationakrvironmentthe Stratgic Dependengmodel
focuseson the intentional relationshipsamongorganiza-
tional actors. By notingthe dependenciethatactorshave
on one another one canobtaina betterunderstandingf
the“whys”.

Considefirsttheorganzationalconfigurationbeforethe
proposedystenisintroducedFigurel). Themeetingini-
tiator depends on meetingparticipants to attendmeeting
m. If someparticipantdoesnot attendthe meeting,the
meetinginitiator mayfail to achieve somegoal (not made
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Figure 1: Stratgic Dependeng model for meeting
schedulingwithout computetbasedscheduler

explicit in the SD model), or at leastnot succeedo the
degreedesired.Thisis thereasorfor wantingto schedule
themeetingn adwvance.To schedulaneetingstheinitiator
depend®n participantgo provide informationabouttheir
availability — in termsof a setof exclusiondatesandpre-
ferreddates.(For simplicity, we do notseparatelgonsider
time of dayor location.) To arrive atanagreeablelate par
ticipantsdependon the initiator for dateproposals.Once
proposedtheinitiator dependsn participantgo indicate
whetherthey agreewith the date. For importantpartici-
pantsthemeetinginitiator dependsritically (markedwith
an“X” in the graphicalnotation)on their attendanceand
thusalsoon theirassurancéhatthey will attend.

Dependeng typesare usedto differentiateamongthe
kindsof relationshipdetweendependeanddependeén-
volving differenttypesof freedomand constraint. The
meetinginitiator’sdependencon participants attendance
atthe meeting(AttendsMeeting(p,m))is agoal depen-
dency. It isupto theparticipantow to attainthatgoal. An
agreemenbn a proposeddateAgreement (m,p) is mod-
elled asa resource dependency. This meansthatthe par
ticipantis expectedonly to give anagreementlf thereis
no agreementt is the initiator who hasto find otherdates
(do problemsolving). For animportantparticipant,the
initiator critically dependson that participants presence.
The initiator wantsthe latter’s attendanceao be assured
(Assured[AttendsMeeting(p,m)]). Thisis modelled
asasoftgoal dependency. It is upto thedependeto decide
whatmeasureareenougtfor himtobeassurece.g.,atele-
phoneconfirmation.Thesdypesof relationshipgannote
expressedr distinguishedn non-intentionaimodelsthat
are usedin mostexisting requirementsnodelling frame-
works.

Figure 2 shavs an SD model of the meetingschedul-
ing settingwith a computetbasedmeetingscheduler The
meetinginitiator delegatesmuch of the work of meeting
schedulingto the meeting scheduler The initiator no
longerneedso bebotheredwith collectingavailability in-
formationfrom participantspr to obtainagreementabout
proposeddatesfrom them. The meetingscheduleralso
determinesvhatarethe acceptablalates giventhe avail-
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Figure 2: Stratgic Dependeng model for meeting
schedulingvith computetbasedscheduler

ability information. The meetinginitiator doesnot care
how the scheduleroesthis, as longeras the acceptable
datesarefound. Thisis reflectedn thegoal dependency of
MeetingBeScheduled from theinitiator to the scheduler
Thescheduleexpectghemeetingnitiatorto enterthedate
rangeby following a specificprocedure.This is modelled
via a task dependency.

Note that it is still the meetinginitiator who depends
on participantsto attendthe meeting. It is the meeting
initiator (not the meetingscheduler)who hasa stakein
having participantsattendthe meeting. Assurancefrom
importantparticipantshatthey will attendthe meetingis
thereforenot delegatedto the schedulerbut retainedasa
dependencfrom meetingnitiator toimportantparticipant.

TheSDmodelmodelghemeetingschedulingrrocessn
termsof intentionalrelationshipsamongagentsjnsteadof
theflow of entitiesamongactuvities. This allows analysis
of opportunityandvulnerability For example,the ability
of acomputetbasedneetingscheduleto achieve thegoal
of Meet ingBeScheduled representanopportunityfor the
meetinginitiator not to have to achieve this goal himself.
Ontheotherhand the meetingnitiator wouldbecomevul-
nerableo thefailure of themeetingschedulein achieving
thisgoal.

2.2 Moddling stakeholder interests and ratio-
nales—the Strategic Rationale model

The Stratgic Dependeng modelprovidesonelevel of
abstractiorfor describingorganizationakrvironmentsand
their embeddednformation systems. It shows external
(but neverthelessntentional) relationshipsamongactors,
while hiding the intentionalconstructswithin eachactot
As illustratedin the precedingsection,the SD modelcan
beusefulin helpingunderstandrganizationabhndsystems
configurationsasthey exist, or asproposedhew configura-
tions.

During early-phas®&E, however, onewould alsolike to
have moreexplicit representatioandreasoningaboutac-
tors’ interestsandhow theseinterestamight be addressed

or impactedoy differentsystem-and-easironmentconfigu-
rations— existing or proposed.

Inthez™ framavork, the Stratgic Rationalenodelpro-
videsa more detailedlevel of modelling by looking “in-
side” actorsto modelinternalintentionalrelationshipsin-
tentionalelementqgoals,tasks,resourcesandsoftgoals)
appeatn the SRmodelnot only asexternaldependencies,
but alsoasinternalelementdinkedby means-endslation-
shipsandtask-decompositiond=igure 3). The SRmodel
in Figure3thuselaboratesntherelationshipbetweerthe
meetinginitiator andmeetingparticipantasdepictedn the
SD modelof Figurel.

For example,for the meetinginitiator, aninternalgoal
is that of MeetingBeScheduled. This goal canbe met
(representedia a means-end$ink) by schedulingmeet-
ingsin a certainway, consistingof (representedia task-
decompositiotinks): obtainingavailability datefrompar
ticipants finding a suitabledate(andtime) slot, proposing
ameetingdate,andobtainingagreementrom the partici-
pants.

Theseelement®of the ScheduleMeeting taskarerep-
resentedissubgoalssubtasksor resourceslependingpn
thetypeof freedomof choiceasto how to accomplishthem
(analogougo the SD model). ThusFindSuitableSlot,
beinga subgoal,indicatesthat it canbe achieved in dif-
ferentways. Onthe otherhand,0btainAvailDates and
ObtainAgreement referto specificwaysof accomplish-
ing thesetasks. Similarly, MeetingBeScheduled, being
represente@s a goal, indicatesthat the meetinginitiator
believesthattherecanbe morethanoneway to achieve it
(to bediscussedh section2.4,Figure4).

MeetingBeScheduled is itself an element of the
higherlevel taskof organizinga meeting. Othersubgoals
underthattaskmightincludeequipmenbeorderedor that
remindersbe sent(not shovn). This taskhastwo addi-
tional elementsvhich specifythatthe organizingof meet-
ings should be done quickly and not involve inordinate
amountsof effort. Thesequalitative criteriaaremodelled
assoftgoals. Thesewould be usedto evaluate(and also
to helpidentify) alternatve meangfor achieving ends. In
this example,we notethatthe existing way of scheduling
meetingds viewed ascontributing negatively towardsthe
Quick andLowEffort softgoals.

On the side of the meetingparticipants,they are ex-
pectedto do their partin arrangingthe meeting,andthen
to attendthe meeting. For the participant,arrangingthe
meetingconsistrimarily of arriving atanagreeablelate.
Thisrequireghemto supplyavailability informationto the
meetinginitiator, andthento agreeto the proposediates.
Participantswantselectedneetingtimesto be convenient,
and want meetingarrangingactiities not to presenttoo
mary interruptions.

The SR modelthusprovidesa way of modellingstake-
holderinterestsandhow they mightbe met,andthe stake-
holdersevaluationof variousalternatveswith respectto
their interests. Task-decomposition links provide a hierar
chical descriptionof intentionalelementghat makeup a
routine. The means-ends links in the SR providesunder
standingaboutwhy an actorwould engagan sometasks,
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Figure3: A Stratgic Rationalemodelfor meetingschedulingbeforeconsideringcomputerbasedneetingscheduler

pursueagoal,needaresourceprwantasoftgoal.Fromthe
softgoals,onecantell why onealternatve may be chosen
over others. For example,availability informationin the
form of exclusion setsand preferredsetsare collectedso
asto minimizethe numberof roundsandthusto minimize
interruptionto participants.

2.3 Supporting analysisduring early-phase RE

While requirementsinalysistraditionally aimsto iden-
tify andeliminateincompletenessnconsistenciegndam-
biguitiesin requirementsspecificationsthe emphasisn
early-phas&E is insteacdon helpingstakeholdergainbet-
ter understandingf the variouspossibilitiesfor usingin-
formationsystemsn their organization,and of the impli-
cationsof differentalternatves. The z* modelsoffer a
numberof levels of analysisjn termsof ability, workabil-
ity, viability and believability. Theseare detailedin [39]
andbriefly outlinedhere.

When a meetinginitiator hasa routine to organizea
meeting,we saythatheis able to organizea meeting.An
actorwho is ableto organizeonetype of meeting(say a
projectgroup meeting)is not necessarilyableto organize
anothertype of meeting(e.g.,the annualgeneralmeeting
for the corporation). One needsto know what subtask,
subgoalsresourcesare required,and what softgoalsare
pertinent.

Givenaroutine,onecananalyzeit for workability and
viability. Organizing meetingis workableif thereis a
workableroutinefor doing so. To determineworkability,
oneneeddo look atthe workability of eachelement- for
example,thatthe meetinginitiator canobtainingavailabil-
ity informationfrom participantscanfind agreeablelates,
andcanobtainagreementfrom participants.If thework-

ability of an elementcannotbe judgedprimitively by the
actor thenit needsto be further reduced. If the subgoal
FindSuitableSlot is not primitively workable,it will
needo beelaboratedh termsof aparicularwayfor achies-
ing it. For example,one possiblemeansfor achiezing it
is to do anintersectiorof the availability informationfrom
all participants.If this taskis judgedto beworkable,then
theFindSuitableSlot goalnodewould beworkable. A
taskcanbeworkableby way of externaldependenciesn
otheractors. Theworkability of ObtainAvailDates and
ObtainAgreement areevaluatedn termsof theworkabil-
ity of the commitment of meetingparticipantso provides
availability informationand agreement.A more detailed
characterizationf theseconceptsaregivenin [39].

A routinethatis workableis not necessarilyiable. Al-
thoughcomputingntersectiorof time slotsby handis pos-
sible, it is slow anderrorprone.Potentiallygoodslotsmay
be missed. When softgoalsare not satisficed the routine
is notviable. Notethata routinewhich is notviablefrom
oneactor’s perspectie maybeviablefrom anotheractors
perspectie. For example,the existing way of arranging
for meetingsmaybeviablefor participantsif theresulting
meetingdatesarecorvenientandthemeetingarrangement
efforts do notinvolve too muchinterruptionof work.

Theassessmemf workability andviability is basedn
mary beliefsandassumptions.Thesecanbe provided as
justificationsfor the assessmentThe believability of the
rationalenetworkcanbeanalyzedy checkinghenetwork
of justificationsfor the beliefs. For example, theamgument
that“finding agreeablalatesby meging available dates”
is workable may be justified with the assertionthat the
meetinginitiator hasbeendoingit this way for years,and
it works. The belief that meetingparticipantswill supply
availability informationandagreeo meetingdatesmaybe
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justified by the belief thatit is in their own interestgo do
so (e.g., programmersvho want their codeto passa re-
view). Theevaluationof thesegoalgraphgor justification
networks)is supportedby graph propagationalgorithms
following a qualitative reasoningramework [8] [42].

2.4 Supporting design during early-phase RE

During early-phaseRrE, the requirement®ngineeras-
sists stakeholdersn identifying system-and-amronment
configurationghat meettheir needs. This is a processof
designon a higherlevel thanthe designof the technical
systemper se. In analysis alternatvesare evaluatedwith
respecto goals. In design,goalscanbe usedto helpgen-
eratepotentialsolutionssystematically

In 2*, the SRmodelallows usto raise ability, workabil-
ity, andviability asissuesthatneedto beaddressedUsing
means-endseasoningtheseissuescanbe addressed sys-
tematically resultingin new configurationghatarethento
be evaluatedandcompared Means-endsulesthatencode
knowhow in thedomaincanbeusedto suggespossibleal-
ternatives. Issuesandstakeholderghatarecross-impacted
may be discoveredduring this processand canbe raised
so that trade-ofs can be made. Issuesare settled when

they aredeemedo adequatehaddressedy stakeholders.

Once settled,one canthen proceedfrom the descriptie

model of the 2* framework to a prescriptve model that

would sene asthe requirementspecificationfor systems
development: Believability canalsoberaisedasanissue,
sothatassumptionsvould be justified.

In analyzing the SR model of Figure 3, it is
found that the meeting initiator is dissatisfiedwith the

4 Oneapproachio thisis describedn [40].

amount of effort neededto schedulea meeting, and
how quickly a meeting can be scheduled. Theseare
raised as the issuesQuick [MeetingScheduling] and
LowEffort[MeetingScheduling].

Sincethemeetingniti ator'sexisting routinefor schedul-
ing meetingds deemedurviable,onewould needto look
for new routines.Thisis doneby raisingthemeetingnitia-
tor’'s ability to scheduleneetingsasanissue. To address
thisissue,onecouldtry to comeup with solutionswithout
specialassistancegr onecouldlook uprules (in aknowl-
edgebase}hatmaybeapplicable.Supposaruleis found
whosepurpose is Meet ingBeScheduled andwhosehow
attributeis LetSchedulerScheduleMeeting.

Class CanLetSchedulerScheduleMeeting IN Rule WITH
purpose
ns: MeetingBeScheduled
how
ssm: LetSchedulerScheduleMeeting
applicabilityCond
platform: HasAppropriatePlatform(team,
platform,scheduler)

END

This representknowledgethat the initiator hasabout
softwarescheduleisystemstheir abilities, andtheir plat-
formrequirements. Therulehelpsdiscoserthatthemeet-
ing initiator candelegatethesubgoabf meetingscheduling
to the (computetbased)meetingscheduler This consti-
tutesaroutinefor the meetinginitiator.

Using a meetingschedulerhowever, requirespartici-



pantsto enteravailability informationin a particularfor-
mat. Thisis modelledasatask dependency on participants
(anSD link). A routinethatprovidesfor this is soughtin
the participant. Again, rulesmay be usedto assistin this
search.

Whennew configurationsreproposedthey maybring
in additionalissues. The new alternatves may have as-
sociatedsoftgoals. The discovery of thesesoftgoalscan
alsobe assistedvith means-endsules. For example,us-
ing computetbasedmeeting schedulingmay be discor-
eredto be nggative in termsof mediumrichnessanduser
friendliness.Thesein turn have implicationsfor the effort
involvedfor theparticipantandthequality of theproposed
dates.Thesenewly raisedssueslsoneedo beaddressed.
Oncenew routineshave beenidentified,they areanalyzed
for workability andviability. Furtherroutinesaresearched
for until workableandviable onesarefound.

3 The modelling and reasoning support
needs of early-phase RE

In theprecedingsectionthez* framavork wasoutlined
in orderto illustrate the kind of modellingandreasoning
supportthatwould be usefulduringthe early phaseof re-
qguirementsngineeringThis sectionsummarizesinddis-
cusseghesemodellingandsupportneedsn moregeneral

terms,drawing from the experienceof the2* framavork.

Knowledge representation and reasoning. Although

the examplein the precedingsectionrelies primarily on

informal graphicalnotationsit is clearthata realistically-
sizedapplicationdomainwould involve large numbersof

conceptandrelationships A moreformalknowledgerep-

resentatiorschemavould be neededo supporimodelling,
analysis,anddesignactuvities. Maintaininga knowledge
baseof the knowledge collectedand usedduring early-

phaseRE is alsocrucialin orderto reapbenefitsfor sup-
porting ongoingevolution (e.g.,[8]), andfor reuseacross
relateddomains.

Mary of theknowledge-basetkchniqueslevelopedfor
other phasesf softwareengineeringare also applicable
here. For example, knowledge structuringmechanisms
suchasclassificationgeneralizationaggregation,andtime
[20] areequallyrelevantin early-phasasin late-phas®E.
On the otherhand, early-phasérE hascertainneedsthat
arequitedistinctfrom late-phaséRE.

Degree of formality. While representinggnowledgefor-

mally hasthe advantageof amenabilityto computetbased
tool support,the natureof the early-phasesuggestshat
formality shouldbe usedjudiciously. The early-phasdrE

processs likely to be a highly interactive one, with the
stakeholderss the sourceof information as well asthe
decisionmaker Therequirement&ngineelactsprimarily

in a supportingrole. The dggree of formality for a sup-
port framevork thereforeneeddo reflectthis relationship.
Useof knowledgerepresentationanfacilitate knowledge
managemerdndreasoning.However, one shouldnot try

to over formalize, as one may compromisethe style of

reasoningqheeded.

Oneapproachis to introduceweakerconstructssuch
assoftgoalswhich requiregudgementainputsfrom time
to time in the reasoningprocessput which canbe struc-
turedand managecdhonethelessvithin the overall knowl-
edgebase[7] [39]. The notion of softgoaldravs on the
conceptof satisficing[33], which refersto finding solu-
tionsthatare“good enough”.

Incorporating intentionality. One of the key needsin
dealingwith thesubjectmatterin theearly phaseseemgo
betheincorporationof the conceptf theintentionalactor
into the ontology Without intentionalconceptssuchas
goals,onecannoteasilydealwith the“why” dimensionin
requirements.

A numberofrequirementgengineeringramevorkshave
introduced goal-orientedand agent-orientedtechniques
(e.q.,[16][14] [17] [12] [7])- In adaptinghesetechniques
for early-phasdrkE, oneneedsto recognizethatthe focus
duringtheearlyphases onmodelling (i.e.,describingthe
intentionalily of the stakeholdersindplayersin the orga-
nizationalervironment. Whennew alternatvesarebeing
sought(the “design” componenin early phaseRE), it is
the intentionality of the stakeholdershat are being exer-
cised. Therequirement®ngineelis helping stakeholders
find solutionsto their problems. The decisiongrestswith
thestakeholders.

In mostgoal-orientedramevorksin RE, theintention-
ality isassumedo beunderthecontrolof therequirements
engineerTherequirementengineemanipulateshegoals,
andmakeglecision®nappropriatesoluionsto thesegoals.
This may be appropriatdor late-phasérE, but not for the
earlyphase.

By the end of the early-phasethe stakeholdersvould
have madethe major decisionsthat affect their strateic
interests Requirementengineeranddeveloperscanthen
begiventheresponsibilityto fill in thedetailsandto realize
thesystem.

Oneconsequencef the early/latephasedistinctionis
thatintentionalityis harderto extractandincorporatanto
a modelin the early phasethanin the late phase. Stake-
holderinterestsand concernsaretypically not readily ac-
cessible. The approachadoptedin z* is to introducethe
notionof intentionaldependenciet® provide alevel of ab-
stractionthat hidesthe internalintentionalcontentsof an
actor The Stratgic Dependeng modelprovidesa useful
characterizationf therelationship@mongactorsthatis at
anintentionalevel (asopposedo non-intentionahctvities
andflows), without requiringthe modellerto know much
aboutthe actors’ internal intentional dispositions. Only
whenoneneedgo reasoraboutalternatve configurations
would oneneedto makeexplicit the goalsandcriteriafor
suchdeliberationgin theStratgic Rationalemodel). Even
here,the model of internal intentionalily is not assumed
to be complete. The modeltypically containsonly those
concernghat are voiced by the stakeholderén order for
themto achieve thechangeghey desire.

Multi-lateral intentional relationships. In modelling
theembeddingf asystenin organizationaérvironments,
it is necessaryto describedependenciethat the system
hason its ervironment(humanagentsand possiblyother



systems)aswell asthe latter's dependenciesn the sys-
tem. Whenthe systemdoesnot live up to the expectations
of agentdn its environment,the latter mayfail to achieve
certaingoals. The reversecanalsohappen.During early-
phaseRE, one needsto reasonabout opportunites and
vulnerabilitiesfrom both perspecties. Both the system
andits ervironmentare usually opento redesign,within
limits. Whenopportunitiesor vulnerabilitiesare discor-
ered,further changesan be introducedon eitherside to
take advantageof them or to mitigate againstthem. A
modellingframevork for the early-phasehusneedso be
ableto expresamulti-lateralintentionalrelationshipsandto
supportreasoningabouttheir consequences.

In most requirementsframeavorks, the requirements
modelsare interpretedprescriptvely. They statewhat a
systemis supposedo do. Thisis appropriatdor late-phase
RE. Requirementslocumentsare often usedin contrac-
tual settings- developersareobligedto designthesystems
in orderto meetthe specifications.Oncethe early-phase
decisionshave settled,a corversionfrom the multi-lateral
dependencmodelto aunilateralprescriptvemodelfor the
late-phaseanbemade.

Distributed intentionality. Another distinctive feature
of the early-phasesubjectmatteris that the multiple ac-
torsin the domainall have their own intentionality Ac-
tors exerciseintentionality (e.g.,they pursuegoals)in the
courseof their daily routines.Actors have multiple, some-
times conflicting, sometimesomplementarygoals. The
introductionof acomputersystemmay makecertaingoals
easierto achieve and othersharderto achieve, thus per
turbing the network of stratgic dependencies. Differ-
ent system-and-afironmentconfigurationscan therefore
be seenasdifferentwaysof re-distrikuting the patternof
intentionality’. Theboundariesnay shift (theresponsibil-
ity for achievzing certaingoalsmaybedeleyatedfrom some
agentsto otheragents,someof which may be computer
systems) but the actorsremainintentional. The process
of system-and-efronmentredesigrdoesnot solve all the
problemgq(i.e.,doesnot(completely)educeantentionalel-
ementssuchasgoals,to non-intentionaklementssuchas
actions).It merelyrearrangetheterrainin whichproblems
appeamrandneedto beaddressed.

In contrast,in late-phasdrE andin therestof system
development,one doesattemptto fully reducegoalsto
implementablections.

Means-ends reasoning. In orderto model and support
reasoningabout‘why”, andto helpcomeup with alterna-
tive solutions,someform of means-endseasoningvould
appeamecessary However, a relatively weakerform of
reasoningthan customarilyusedin goal-orientedframe-
worksis needed.This is becausef the higherdegree of
incompleteness earlyphaséRE. Theemphasiss onmod-
elling stakeholderstationales. Alternative solutionsmay
be put forth assuggestionshut it is the stakeholdersvho
decide. The modellingmay proceedboth “upwards”and
“downwards”(from meando endsor vice versa).Thereis
no definitive“top” (sincetheremayalwaysbesomehigher
goal) nor “bottom” (sincethereis no attemptto purgein-
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tentionality entirely). It is the stakeholdersdecisionas
to whenthe issueshave beenadequatelyexplored and a
sufficiently satisfactorysolutionfound.

Thetypeof reasoningupporidesireds thereforecloser
to thosedevelopedin issue-basethformationsystemsar
gumentatiorframevnorks, anddesignrationalege.g.,[10]
[30] [26] [25]). Thez* approachis an adaptationof a
framevork developedfor dealingwith non-functionalre-
quirementg7], which dravs ontheseearlierframeavorks.

Organizational actors. In modellingorganizationakn-

vironments a richer notion of actoris needed.z* differ-
entiatesactorsinto agents,roles, and positions[39]. In
late-phaseequirementgngineeringwherethefocusis on
specifyingbehaioursratherthanintentionalrelationships,
suchdistinctionsmay not be as significant. Viewpoints
hasbeenrecognizedasanimportanttopic in requirements
engineeringle.g.,[29]). In the early phase,the needto
treatmultiple viewpointsinvolving comple relationships
amongvarioustypesof actorsis evenmoreimportant.

4 Related work

In the requirementsnodellingarea,the needto model
the ervironmentis well recognizede.g., [4] [19] [23] ).
Organizationand enterprisemodelshave beendeveloped
in the areasof organizationalcomputing(e.g., [1]) and
enterpriseintegration (e.g.,[9]). However, few of these
modelshave consideredhe intentional, stratgic aspects
of actors. Their focus has primarily beenon actvities
andentitiesratherthanon goalsandrationaleqthe“what”
ratherthanthe “why”).

A numberofrequirementgengineeringramevorkshave
introducedconceptf agentsor actors,andemploygoal-
orientedtechniques.The framevork of [5] usesmultiple
modelsto model actors,objectves, subjectconceptsand
requirementsseparatelyand is closein spirit to the z*
frameavork in mary ways. The WinWin framework of [2]
identifiesstakeholdemterestsandlinks themto quality re-
quirements.Thenotion of inquiry cycle in [31] is closely
relatedto the early-phasdrE notion, but takesa scenarios
approach. The KAOS framavork [12] [35] for require-
mentsacquisitionemploysthe notionsof goalsandagents,
and provides a methodologyfor obtaining requirements
specificationgrom globalorganizationaboals.

However, theseframavorksdo not distinguishbetween
the needsof early-phasers. late-phasdrE. For example,
mostof themassume global perspectie on goals,which
arereducedby requirementgngineersin aprimarily top-
down fashion,fully to actions. Thesemay be contrasted
with the notion of distributedintentionalityin z*, where
agentsareassumedo bestratgic, whoseintentionalityare
only partially revealed,who are concernedaboutoppor
tunities and vulnerabilities,and who seekto advanceor
protecttheir stratgic interestsy restructuringntentional
relationships.



5 Conclusions

Understandingwhy” hasbeenconsidere@nimportant
partof requirement&ngineeringinceits early days[32].
Framevorks andtechniquego explicitly supportthe mod-
elling of andreasoningaboutagents’goalsandrationales
have recentlybeendevelopedin RE. In this paper it was
amguedthat makinga distinctionbetweenearly-phasend
late-phaseérE could help clarify the waysin which these
conceptaandtechniquesould be appliedto differentRE
actuities.

The z* framevork was given asan examplein which
agent-and goal-orientedconceptsand techniqueswere
adaptedo addressomeof thespeciaheedf early-phase
RE.

The proposalto use a modelling framework tailored
specificallyto early-phas®E andaseparatéramevork for
late-phas&E impliesthatalinkagebetweerthetwo kinds
of framewvork is needed40]. As with otherphasesn the
softwaredevelopmentlife cycle, therelationshipbetween
early and late phaseRE is not strictly sequentiabr even
temporal.Eachphasegenerateanddrav onacertainkind
of knowledge,which needsto be maintainedthroughout
thelife cycle for maximumbenefit[24] [20] [28]. Theap-
plicationof knowledge-basetechniqueso early-phas&®E
could potentiallybring abouta more systematiapproach
to this often ad hoc, undersupportecphaseof systemde-
velopment.

Preliminaryassessmentsf the usefulnesf 2* mod-
elling in areal settinghave beenpositive [3]. Supporting
tools andusagemethodologiesre being developedin an
on-goingproject[42].
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