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Abstract

In this paper we considerthreedistinctand connected
modellingactivitiesat the Requiement€Engineering(RE)
level. Within the context of reactivesystemsyve suggest
how thesethree activities can be supportedby the use
of appropriate formal languages,namelyKaos,Albert I
and Timed Automata. Thei* framewvork is usedfor link-
ing the variousformal modelsand for providing a “high
level” modelin termsof which organizationalissuesare
captued. A smallprocesscontol exampleis usedto illus-
tratethe proposedappmoac.

1 Intr oduction

For alongtime, requirementsnalysishasbeenconsid-
ereda key actiity in ary SoftwareEngineering SE) pro-
cess. Recently we have withessedhe emegenceof Re-
guirementsEngineering(RE) asa distinct processwithin
the SE process. This resultsfrom somedistinguishing
featuresof RE, e.g., (i) the focuson real-world problems
ratherthanon theimplementatiorof its software-basedo-
lution and(ii) the varietyof involvedstaleholderganging
from domainexpertsandend-userso softwareengineers.

Like the SE processthe RE processalsoneedsto be
characterizedh termsof its variousactiities andassoci-
atedinputsandoutputs. Tentatve characterizationsf the
RE processhave beenproposeckither‘in-the-large’ (see,
e.g.,the‘'magic cube’RE procesgproposedn [16]) or ‘in-
the-small’(see,e.qg.,the basicelicitation, modelling, veri-
ficationandvalidationactvities describedn [13]). In this
paperwewouldliketo focusonaspectselatedo themod-
elling of the behaiour of the requiredsoftware. Compa-
rableto the so-calledtransformational’view proposedn
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someSE procesg?2], we claimthatit is possibleto make a
distinctionbetweerdifferentmodellingactuities with dif-
ferentkinds of inputs/outputsat the RE level. This fact
canbe easilyestablishedf we considerthe variety of no-
tationsthathave beenproposedor RE. For example there
arenotations(suchas‘use-casesin UML [17]) whichfo-
cusonthebehaiour of the softwareseerfrom thepoint of
view of its environment,andotherones(suchasSART [9])
whichfocusonthemodellingof the softwareinternalsand
considettheervironmentasablackbox capableof issuing
andreceving messagesr dealingwith events.

In this paper we will considerthreedistinctand con-
nectedmodellingactvities:

1. the modelling of the goals (purposesor objectives)
associatedwith the introduction of some software
within anorganization;

2. the modelling of the softwae requirementsi.e. the
role playedby the softwarein solvingthe goalspur-
suedwithin the organization;

3. themodellingof the softwak internals i.e. thefunc-
tional behaiour of the software and the protocols
usedfor exchanginginput/outputmessagesvith its
ernvironment.

To illustrate thesethreetypesof actvities, we will usea
process-controtasestudy featuringsomereal-timecon-
straints.Thechoiceof this specificapplicationdomainwill
influencetheprocessoughly sketchedabove:

¢ in mostcasesproblemsarisingin thisapplicationdo-
maindo notleadin theintroductionof a singlepiece
of softwarebut of acompositesystem{7] madeup of
humansdevices,hardwareandsoftwarecomponents.
We thereforepreferto usethe word systemninsteadof
softwae and, thereby malke the distinctionbetween
systermgoals systenrequirementsand systeminter-
nals

¢ the developmentof suchapplicationsrequirescon-
sistentspecificationghat have precisesemanticand



which enableformal reasoning.Thatis why, in this
paper we will use formal specificationlanguages
ratherthannaturallanguagesr semi-formatbox and
arrons’ notations.

Thecasestudythatwe will useis inspiredby theCoalmine
exampleintroducedin [18]. This casestudyis aboutthe
following:

Thereareseveraldangerous$actorsin acoalmine fwo
of themarethe level of waterpercolatingin themine
andthepresencef methaneln ary caseworkerscan
only work safelyin themineif thelevelsof waterand
of methanearebelow critical values.

Formal specificatiorlanguageshatwe will useare: Kaos
[5] for reasoningaboutthe systems goals, Albert I [6]
for specifyingthe systems requirementsand Timed Au-
tomatafor modellingthe systemsinternals.

Following our proposedspecificatiomprocesgesultsin
the productionof threedistinct productswritten in three
differentspecificationanguageseachof themhaving its
own meritsfor the supportedactvity. This meansthatit
is oftennot obvious how fragmentsof oneproductarere-
lated to fragmentsof another We proposethat suchre-
lations shouldbe establishedat anotherlevel: the ‘why’
level. Our threeproductsdescribethe “what’s”, but asit
hasbeenshow at the SE level, it is equallyimportantto
capturethe “why’s” behindthem, i.e., the rationalesun-
derlyingtheir elaboration At the RE level, suchrationales
shouldbe characteriseth termsof the organizationalen-
vironment: the actorsinvolved in the organization,their
responsibilitiesthe choicesthey make andthe socialde-
pendenciesxistingamongthem. To capturehem,we will
usethei* framework[22]. All alongthe proposedrE pro-
cess,we will shav how the i* modelcomplementsach
productspecificatiorandhow the modelsevolve from one
productspecificatiorto the next one.

The restof this paperwill follow the structureof the
ideaspresentedibove. In Section2, we will describethe
systengoalslevel usingKaosandintroducethei* frame-
work. In Section3, emphasiawill be put on systenre-
quirementsaandwe will shov thatthe Albert I language
is well suitedfor modellingthem. Then,in section4, we
will focusonthespecificatiorof systeninternals Finally,
the papemwill concludeby outlining someongoingefforts
relatingto a possiblenfrastructurdor linking thedifferent
descriptionsandfor supportingchangenanagement.

2 Systemsgoals
Wewill first characterizéhis actiity by the contentsof
its “what’s” and“why’s” parts.

e the“what’ s”: theoutputof thisactiity is aclearpic-
ture of the goalsto be metby the systemto beintro-
duced.Goalswill beusuallystructuredn termsof an

‘and/or’ hierarchywherehighergoalsarerefinedand
decomposeth termsof finer goals. Thesegoalswill
be characterizedn termsof expectedpropertieshat
shouldhold in the environment(or problemdomain
whenthe future systemis introduced. This requires
the identificationof the key componentsn the envi-
ronment.

¢ the “why’s”: theidentificationof pertinentgoalsre-
sults from an understandingf the actual organiza-
tion, i.e.,theactorsin place theirresponsibilitiesand
their existing dependencies.

The “why’s” partis studiedthroughthe productionof
afirst i* model. Within the context of the Coalminecase
study theresultingi* modelis depictedn Fig. 1.

The ervironmentconsistof the mining compary, min-
ers, and shareholders.(The coal mine itself is not rep-
resentedxplicitly in the i* modelsinceit is not inten-
tional.) Thei* modelrepresentitentionaldependencies
amongactors.By dependingn eachother, actorsareable
to achieve goalsthat might not be achievable otherwise.
However, actorsalsobecomevulnerablebecauseof their
dependenciesn otheractors[20].

Thecompaly depend®nshareholderfor capitalto op-
eratethe mine, while shareholder#n turn dependon the
compaly to be profitable.Fourtypesof dependenciesre-
sourcetask,goal, andsoftgoal— areusedto differentiate
thekinds of autonomythatthe actorshave in their depen-
deng relationships.Intentionalactorscanbe further dif-
ferentiatednto agents,roles andpositions Agentshave
physicalembodimentwhile rolesare abstract. An agent
usuallyoccupiesapositionwhichis abundlingtogetherof
severalroles.

In our example,a mineworker (a person)occupieshe
miner position,which hasarole “Do Mining”. In anorga-
nization,rolesneedto be definedandpackagednto posi-
tions. Agentswith theright qualificationsaresoughtto fill
thepositions.Therecanbeintentionalrelationshipamong
agentsroles,andpositions.[22].

The miner position, potentially covering several
roles, dependson the compaly for wages(a resource-
dependeng). The compaly dependsn the “Do Mining”
role of the Miner to extract coal accordingto somepro-
cedures(a task-dependeryy. The mine worker (human
personydepend®nthe compaly to maintainsafeworking
conditions(a softgoal-dependengin the coalmine.

The above featuresof i* focuson the externalrelation-
shipsbetweenractors. To modelandreasonabouthow an
actorachiesesits goals,* providesamodelfor describing
anactorsrationales We briefly illustratethis in the exam-
ple. Themaintaskof theminingcompaly is to operatehe
coalmine. Thistaskcanbedecomposeth differentways
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Figurel: theinitial i* model.

into subgoalsandsubtaskgnotshavn). Thechoiceamong
differentwaysof operatinga coal mineis guidedby soft-
goals—for example thattheextractionprocesbeefficient,
in orderto be profitableandto meetpayroll; andthatthe
mine be safe,in orderto provide safeworking conditions
for theworker. Safetyin theminecanbeachiezedin terms
of safetyin thewaterlevel, andsafetyin themethandevel.

Thesesoftgoalscanin turnbemorepreciselycharacter
izedin termsof two goals(Water Level Kept BelowLimit
andNo Worker in UnsafeMine). Suchgoalsshouldbede-
fined explicitly. This couldbe donewith naturallanguage
but, in this case,we preferto usea more formal frame-
work, thatis theKaos[5] languageAt this stageof theRE
processwe donotneedto useall theconceptproposedn
Kaosbut only a subsetlealingwith this centralconcepbf
goal.

Accordingto Kaos a goalis a non-opeational objec-
tive thatmotivatestheintroductionof a newv system.Com-
ing backto our casestudy we canprovide the formaliza-
tion for thetwo identifiedgoals(seeFig. 2).

The descriptionof goalsis only possiblethroughthe
identificationof the objects(accordingto the Kaostermi-
nology)belongingto theapplicationdomain(environment
of thesystem)for example thelevel of wateris aso-called
entity (passie object)while mine workersareagents(ac-
tive objects)asin i* .

Goall
SystemGoal Avoid [WorkerinUnsafeMine]
Instance-of SatisactionGoal
FormalDef (forall m: MineWorker)
Inside(m)=—-
((LevMet(Mine)< LevMaxMeth)and
(LevWat(Mine)< LevlWat))
InformalDef minerscannotbein theminewhenthe
level of methaneor thelevel of wateris
exceedinghelimit.
Goal2
SystemGoal Maintain [WaterLevelKeptBelavLimit]
Instance-of SatisactionGoal
FormalDef LevWat(Mine) LevelMaxWat
InformalDef thelevel of watershouldnotexceed
acertainlevel.

Figure2: Kaosgoalsexpression.



Goall
SystemGoal Achieve[NoWorkerinUnsafeMine]
Instance-ofSatishctionGoal
FormalDef (forall m: MineWorker) Inside(m)and
(((LevMet(Mine)> LevMaxMeth)or
(LevWat(Mine)> LevMaxWat)))
— sometimess,,;» notInside(m)
InformalDef if thelevel of methaneor (and)thelevel
of wateris exceedinghelimit, thenthe
workersareleaving theminewithin the
next 5 minutes.
Goal2
SystemGoal Maximize[WaterLevelKept-
BelowLimit]
Instance-ofSatishctionGoal
FormalDef LevWat(Mine) LevMaxWat
InformalDef in normalsituationgno overfloading),
thelevel of watershouldnotexceeda
certainlevel.

Figure3: Kaosgoalsexpressior(revisitedversion).

Kaosis basedon a formal temporallogic which sup-
portsreasoningon the specifications For example,in our
casestudy one may wonderaboutthe respectre values
of LevelMaxVét and LevellVat. If LevellWat is greater
thanLevelMaxVat, thenwe have to revisethefirst goalin
orderto simplify it (sincethe secondguaranteeshat the
Level1Vat will neverbeachieved).

Formal reasoningn Kaosis also at the basisof goal
(‘and/or’) reductions. This aspectis not illustratedhere
(see[19] for more details). Revisions of goalscan also
occurin somede-idealizatiorprocess.This is needede-
causadnitial goalsmaybe over-optimistic. This is the case
in our example:ontheonehand,it is difficult, dueto sud-
denchange®f themethandevel, to guarante¢hatnobody
is in the mine whenthe level of methands too high and,
ontheotherhand therearesomesituationsvherethemine
canbeover-floodedin afew secondsandtherebythelevel
of waterreally getsbeyond ary control. Therevisedver
sionof ourgoalsis theoneshavn on Fig.3.

Notethatthelastgoalis a Maximizegoal denotingthat
the goal hasto be metin normalsituationsbut thatthere
canbe‘abnormal’situationswhereit cannotbereached.

3 Systemsrequirements
The outputof the previous actuity is the setof goals
that shouldbe met by the future systemto be introduced.

1giving aformal meaningo a Maximizegoalwould requireto usede-
onticlogic whereit is possibleo distinguishamongnormalandabnormal
situations

Theprecisadefinitionof therole of this systenis theresult
of this systenrs requirementsiefinitionactiity.

e the “what’ s”: Therole of the systemfrom the ervi-
ronmeni(external)pointof view is definedby (i) char
acterizingthe propertiesof the objects/@entswhich
shouldinfluencethe systemand (ii) specifyingwhat
is the control broughtby the systemon the erviron-
ment.

e the “why’s”: Therequirementengineershouldun-
derstandherationalebehindtheintroductionof asys-
temwith a certainbehaiour insteadof anothersys-
temwith someotherbehaiour. At the organizational
level, new dependencieareestablishedvhich arein-
herentto theintroductionof thenew system.

At the systemrequirementslevel, we needto opera-
tionalizethe systems goalsdefinedearlierin termsof con-
straintsrelatedto therole of this systemaswell astherole
of theervironmentsurroundingt. Obviously, severalsolu-
tionscanbeimaginedfor the systemand,thereforediffer-
entrolescanbedesigned At thatlevel, the objectveis to
modelthesedifferentpossibilitiesandtheir consequences
onthepossibleorganizationatiependencies.

Having identifiedandanalyzedrganizationaboalsus-
ing thecomplementaryechnique®f i* andKaos we now
proceedto introducea systemin sucha way asto meet
thosegoals. It is realizedthat water safetycanpartly be
achieved by having a systemthatregulatespumpsto keep
waterlevel below a safetylimit. However, methandevel,
aswell aswaterlevel (sincepumpsystemsarenot perfect)
canstill exceedsafetylimits. The systemcannotby itself
bring abouta safecondition. Instead jt canwarnworkers
of unsafeconditionsso that workerscanexit the minein
time.

Figure4 shavsthatthecompaly depend®nthesystem
to warnworkersof dangeyandonworkersto exit themine
whensowarned. Theworkers,in their “Obsene Safety”
role, dependon the systemfor the warningsignals. This
is modeledasaresourcadependeng (“DangerWarning”)
which leaves openthe way this informationwill be com-
municated. The system,being a “logical” entity at this
stagejs modeledasa position,consistingof the two roles
“Pumping”and“Warning”.

For brevity, we have focusedon the safetyaspectn this
example. In reality, one usually needsto make tradeofs
amongmultiple competinggoalssuchas safetyand pro-
ductiity. Usingi* , onewould explorethe spaceof possi-
ble alternatve solutions(e.g.,morepowerful pumpsmore
accurateandreliable sensorspr betterdangerprediction
algorithms)guidedby the safetyandproductvity softgoals
andtheir refinement$4].



Figure4: thei* model(secondversion).

At the “what's” level, we needto give a precisespeci-
fication of the system.At this stage several authorshave
arguedfor a characterizatiomf the systemin termsof its
ervironmentwithout revealingthe systeminternals.Jack-
sonandZave adwcatemakinga cleardistinctionbetween
indicativerequirementgelatedto the behaiour of theen-
vironmentand optative requirementsassociatedvith the
system[12]. The AlbertIl languagewill be usedfor ex-
pressingtheserequirements.Besidessupportingthe dis-
tinctionmadeabove,thislanguagés alsocharacterizety:

e its naturalness i.e., the possibilitiesoffered by the
languageo mapinformalstatementprovidedby cus-
tomersstraightforvardly onto formal statementsx-
pressedn thelanguageTheobjectveis to avoid the
introductionof extraelementgover-specificationsin
theformal specificationwhich do not have a counter
partin customersstatementsThis naturalnesgrop-
erty is guaranteedby the possibility to write require-
mentsby adoptinganopeationaland/oradeclamative
styleof specification.

¢ the existenceof differenttemplatesassociatedvith
specificcatgyoriesof requirementandwhich provide
methodologicabuidelinesto the analystin the elici-
tationandthe structuringof the requirementspecifi-
cations.

Theinterestedeadercanfind moreinformationaboutthis
real-timedistributed RE languageand its applicationsin
[6].

A specificatiorin Albert I is madeup of (i) agraphi-
cal partwherethevocahlulary is declaedand(ii) atextual
partwherethe logical formulaeconstaining the admissi-
ble behaioursarestated Figuress and6 illustratetheuse
of Albert I within the context of our casestudy For the
sale of brevity, only therequirementinherentto theman-
agemenbf the methanedangerare provided. Moreover,
thetextual specificationis presenteanly for two of these
agents.

In Fig. 5, we can seethree basic agents,associated
with active componenthiaving a time-varying behaiour?
involvedin the specification(note that Mine-Wbrker is a
class)aswell astheirassociatedtateqdepictedwith rect-
angleslandevents/actiongdepictedwith ovals). WatChge
and MethChg are instantaneougvents associatedwvith
modificationsof the level of waterandof methane.There
arealso export links amongagents thosedenotehow an
agentcan be potentially affectedby the occurrenceof an
actionand/orthe value of a stateassociatedavith another
agent.In our example we expresghatSystentontrolsthe

2agentsin Albert I correspondo rolesin i* . However asit canbe
seerin thegraphicableclarationa“CoalMine” agenthasbeenintroduced
which hasno counterpartn thei* model. Thisis becausehis is notan
intentionalagentinvolvedin socialdependencies.
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Figure5: Albert I graphicaldeclarations.

Alarm statecomponentvhile it is affectedby thevaluesof
waterandmethandevels.

We hope that from the informal commentsgiven in
Fig. 6, the readerwill be ableto get a senseof the ex-
pressienessof AlbertI. The internal behaiour of
an agentis characterizedn terms of ‘operational’ and
‘declaratize’ constraints. The constraintsassociatedvith
the Mine-Workers correspondo ‘indicative’ requirements
while thoseassociatedvith the Systemare ‘optative’ re-
guirements.lIt is importantto notethatthey areonly ex-
pressedn termsof statesandactionsbelongingto the en-
vironment. ‘Cooperationconstraints'arealsoessentialn
orderto expressin what situationwe expectan agentto
be sensitve to externalhappeninggstatesvaluesand ac-
tions) aswell asunderwhatconditionsanagentwill have
someinfluenceonits ervironment.For example oneof the
StatePerceptionclausesassociatedvith the Systemindi-
categhatthemonitoringof themethandevel is only guar
anteedby the Systenif the mineis not over-flooded(Lev-
Water < LevelMaxVit). At thelevel of aMine-Worker, we
supposehat we have ‘reliable’ personswho always per
ceive the statusof the Alarm. If this couldnot bethe case,
theglobalgoalsidentifiedin theprevioussectioncouldnot
be guaranteedndwould needto berevised.

Usingtheunderlyingformal framework basednaspe-
cific real-timetemporalaction basedlogic, it shouldbe
possibleto prove thatthe goalsexpressedn Kaosaremet
by the Albert I specification.

4 Systemsinternals

The definition of the systems internals,which is the
lastRE actity, is whatis usuallyconsideredhemainRe-
guirementsAnalysisactvity in the traditionalview of the
SE process.It aimsat providing the functional specifica-

tion of the system(software).

¢ the “what’ s”: The architectureof the systemis de-
fined in termsof the devices, software, humansand
hardwarecomponentghatinteractto make upthesys-
tem. The functional specificationof eachof these
componentsas well as the protocols existing be-
tweenthedifferentagentdor exchangingnformation
(within the systemaswell aswith the ervironment)
areprovided.

¢ the“why’s”: For thedesignof thearchitecturethere
areseveralpossibilitiesvhichhaveto beevaluatedac-
cordingto the constraintdmposedby the customers.
For the solutionconsideredwe have to identify new
physicalagentsthat needto be introducedin the or-
ganization. Dependenciebetweerthesenew agents
andthe existing oneshave to be carefullyidentified.

In this specificatiorstage we identify the components
of the systemandtheir inter-relationships.i* modelling
is usedto guide the mappingof logical rolesto physical
componenagentsandto relatetheir requirementdackto
dependencieom externalactors.

Figure 7 shaws that the (physical) systemconsistsof
sensor$or waterandmethandevels,analarmandapump,
togetherwith software controllersfor the last two. By
analyzingthe stratgjic dependenciethat external actors
(miner, compalry) have on the component®f the system,
one can arrive at the requirementson the components-
both functional (e.g., conditionsunder which the alarm
needsto be activated) and non-functional(e.g., the per
formanceand reliability of the warning subsystermhard-
wareandsoftware). Someof theserequirementselateto
theway ernvironmentagentsnterfacewith thenew system.



For example,on Fig. 7, we canseethata minerhasa new
taskassociatedvith his/hermonitoringof thealarmstatus.

As we cansee,the purposeof this actvity is to trans-
formthesystenrequirementmto asystensolution. There
is a strong mirroring relationshipbetweenthe informa-
tion handledin the problem domain and symbolsused
for describingthe systeminternals. As it hasbeenindi-
catedby Bubenlo [3], informationsystemananagesym-
bols which are mirroring real information belongingto
the problemdomain. For control intensive systems,Jack-
son[11] shaved that sensorsand actuatorsare usedfor
connectingystemsinternalstatedo thebehaiour of real-
world entities.

A numberof specificationlanguageshave beenpro-
posedfor modelling the behaiour of software compo-
nents. Most of them are basedon automataextended
with structuringmechanismége.g.,Statechartf8] andSCR
[1Q])) and/orequippedwith facilitiesfor dealingwith real-
time properties[1] [14]. The style of specificationused
at that level is usuallya much more constructive(opera-
tional) stylewhich reflectsthework of theanalystwho has
elaboratedh solutionfor the problem.

In the casestudy ratherthanto introduceyet another
formal specificationlanguage,we just provide a (semi-
formal) graphicalrepresentatiomssociatedvith a Timed
Automatonandwe will assumehatthe readeris familiar
with suchgraphicalnotations.Fig. 8 shawvs a fragmentof
the automatorassociatedvith the behaiour of the Alarm
Contmoller in the presencef Methane.

It is possibleto checkformally that the behaiour of
an automatormeetsa more global (declaratve) property
Thesetechniquegould be usedfor verifying the systems
requirementexpressedn AlbertI.

5 Conclusion

In this paper we have suggestedhat the modelling of
requirementdasto be doneat differentlevels of abstrac-
tion (rangingfrom the early phaseto the late phaseof RE)
andwith differentformal requirementdanguagegKaos
AlbertIl, timedautomatd. We have alsoshavn how the
i* modelis consideredas providing a “high-level” model
that is usedfrom the early phasethroughthe late phase,
andfor linking thevariousformal models.In thisview, the
formal modelsneedto be narrav-spectrumwhereasthe
stratgyic modellingof i* is relatively broad-spectrum.

As it is now recognizedat the SE level, it is difficult
to developa ‘wide spectrum’languagenhich cansupport
the different SE actvities (specification,designand cod-
ing). We think that the samereasonscan be adwcated
at the RE level andwe have tried to illustrate how Kaos
AlbertIand Timed Automatalanguageshave their own
merits for supportingeachof the actvities. However, in
practice it mayhapperthatsomelanguage®riginally de-

Agent: System

DECLARATIVE CONSTRAINTS
STATE BEHAVIOUR

(LevMett> MaxLevMeth)=—> WithinFs,,;, Alarm=TRUE
When the | evel of methane is exceeding the
limt the alarmhas to be set within the
next 5 mnutes.

OPERATIONAL CONSTRAINTS
EFFECTS OF ACTIONS

Set: []
Alarm:=TRUE

Reset [ ]
Alarm:=FALSE

COOPERATION CONSTRAINTS
STATE INFORMATION

K ((Alarm.MineWorker/ TRUE )
The M neWrker is informed of the status of
the alarmat any nonent.

STATE PERCEPTION

K ( Mine.LevMeth/ LevWatek: LevelMaxWal)

The systemis sensible to the mne' s |evel
of nmethane only when the water does not
exceed the limt.

K ( Mine.LevWater/ TRUE )

Agent: MineWorker

OPERATIONAL CONSTRAINTS
EFFECTS OF ACTIONS

Enter:[]
Inside:=TRUE

Leave:[]
Inside:FALSE

TRIGGERINGS

Alarm=trueA Insidel 0~~ Leave
| The M neWbrker should | eave when he is in

the mne and the alarmis set.
COOPERATION CONSTRAINTS
STATE PERCEPTION

K ( System.Alarni TRUE )

The m neWrker is always aware of the status
of the alarm

Figure6: AlbertIl constraintson the MineWbrker and
Systenagents.
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|

Normal
SensMethLev
< LevMaxMeth
SensMethL ev>LevMaxMeth/SetCriticad
Critical
SensMethLev
| < LevMaxMeth
am SensMethLev>LevMaxMeth
and Criticd since 5'/SetAlarm
— Alarm
SensMethLev Rese
< LevMaxMeth Alarm
SensMethLev>LevMaxMeth

Figure 8: The automatonassociatedvith the alarm con-
troller (partial).

signedfor supportingoneactivity canalsobe usedfor sup-
porting anotheractivity. For example,at the systems re-
guirementsstage,it may happenthat customersexpress
their requirementsonly in a state/transitiorconstructve
style. In sucha case,an automaton-basefbrmalismwill
bepreferredo Albert II sinceits declaratvenesgproperty
is notused.

But aslong asdifferentlanguagesareused thena key
issueis thedevelopmentf anintegratedramewnorkto sup-
portandguidetheinterplayof the RE actvities atthevari-
ouslevels,andto supporttraceabilityandchangemanage-
ment. As afirst stepin this direction,we canreportonthe
on-goingwork performedby the authorsaroundthe cou-
pling of thei* andAlbert I languagef21]. Separatéools
exist for thetwo languagesut bothrely ontheuseof a Te-
los basedrepository[15] in which descriptionsare stored
andorganizedaccordingo themeta-modehssociatedith
eachlanguageTraceabilitylinks canbe establishedt the
level of thesemeta-modelsindimpactanalysiscanbeper
formedonthe basisof thesdinks.
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