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Abstract

Increasingly, information systems devel opment oc-
curs in the context of existing systems and estab-
lished organizational processes. Viewing organiza-
tional and system components as cooperatingagents
offers a way of understanding their inter-relationships
and how these relationships would or should be al-
tered as new systems are introduced. In this paper,
we show how two agent-oriented frameworks can be
used in combination during requirements engineering
for cooperative information systems. The ALBERT lan-
guageisused to specify requirements, intermsof states
and actions, and information and perception. The z*
framework is used to under stand and redesign organi-
zational processes, in terms of strategic relationships
and rationales. A small banking example is used to
illustrate how the requirements process may iterate be-
tween the two level s of modelling and analysis towards
a reguirements specification.

1 Introduction

Increasinglyinformationsystemsievelopmenbccurs
in thecontextof existingsystemandestablishedrga-
nizationalprocesseskor examplethedevelopmenof
systemdo supporta banking-by-phonservicewould
haveto takeinto accountexisting systemsthat store
andprocesgustomeinformationandaccountransac-
tions. Thesesystemsngagen processethatinvolve
customersandbankemployeegmanagerstellers,ac-
countantsetc.), which togetherconstitutean organi-
zational configurationthat makesa banking service
possible andat somedesiredevelsof availability, se-
curity, andquality of service.Cooperation amongthe
many“agents’— whethettheybehumanor computer
based—iscrucialin orderto attaintheseorganizational
goals.

Information systems canbeviewedasbeingcooper-
ative to the extentthatthey contributeto the achieve-
mentof organizationalgoals. In determiningrequire-
mentsfor cooperativanformation systemsijt is nec-
essaryto havean understandin@f the organizational
environmentand goals, so that the resulting systems
(which may be alreadyexisting, or to be developed)
will work togethemwith humanagentdo achieveover
all goals(suchasaphone-bankingervicethatis viable
from the custometsandthebankviewpoints).To sup-
port the developmentf cooperativanformationsys-

tems,we needmodelsandframeworksthatrecognize
thatagentsin distributed,dynamicorganizationgyp-

ically havelimited knowledgeabouteachother and
mayhaveconflictingor complementargoals.

In the pastdecade requirementsnodelling frame-
workshavebeendevelopedo assisin theunderstand-
ing andspecificatiorof systemsndtheirenvironments
(e.g., [Bubenko,1980; Borgida et al., 1985; Dubois
et al., 1988]). More recently goal-orientedframe-
works for requirementsengineeringnvolving multi-
ple agentshavebeendevelopede.g.,[Feather 1987;
Dubois, 1989; Fickaset al., 1992; Dardenneet al.,
1993; Bubenko,1983; Yu, 1995a]). In suchframe-
works, goals are either (i) associatedvith a set of
constraintavhich describerestrictionson thebehavior
desiredof the system(andthat shouldresultfrom the
interleavingof the behaviorsof the differentsystems
componentspr (ii) associatedvith organizationabnd
businessulesallowing to analyzetherationaleunder
lying a systems architecture.We drawon this line of
researcho further developrequirementengineering
techniquedor cooperativesystems.

Our contentionis that a single conceptionof agent
asembeddedh aparticularmodellingframeworkmay
notbeadequat#o dealwith thedifferenttypesof analy-
sesandreasoninghatareneededluringrequirements
engineering. Traditionally, requirementsare usually
takento be specificational— asprescribingwhat sys-
temsshoulddo. However to understandand charac-
terizethe cooperativeaspectof multi-agentsystems,
weneedmodelsthatcanexpressandhelpreasorabout
why agentsdo whatthey do. Languageslesignedor
prescribingagentbehaviourmrenotwell-suitedfor de-
scribingcompetingor complementarynterestamong
agents,or for reasoningaboutstrategicimplications,
suchasthoseresultingfrom failure to adhereto pre-
scriptivespecifications.

In this paper we view the requirementsngineer
ing effort as consistingof two levels— a specifica-
tionallevel which prescribesvhat agentshoulddo or
know, andan “understanding”level which describes
why agentsrelateto eachotherin a certainway, and
why they might prefersomeotherconfigurationof re-
lationships.Adopting a two-levelledapproactallows
eachlevel to offer agentconceptdhatareappropriate
for that level of modellingand reasoning. We show
howthetwo levelscanwork togetherto achievebetter
understandin@f systemsandtheir organizationakn-



vironmentsandto comeup with systenrequirements.

TheALBERT languagé [Duboisetal.,1993a;Dubois
etal., 1994a;Duboiset al., 1994b]hasbeendesigned
for specifyingthe (primarily functional)requirements
of distributedreal-time systems. Agentshave states
andactions. They areconstrainedn termsof obliga-
tions, information and perception. From an ALBERT
specification,one can determinewhethercertainde-
sired propertiesare satisfied. Agents cooperateby
giving eachotherinformation about their own state
of knowledge.ALBERT offersa higherlevelview than
earlierrequirementtanguagegsuchasERAE [Dubois
etal., 1986] or RML [Greenspan1984]) throughthe
useof agent-orientedonceptsuchasknowledgeand
obligation.

Thez* framework [Yu, 1995al]is usedto obtainan
understandingabout organizationalrelationshipsand
the rationalesbehindthem. Agentshavewantsand
abilities. They dependon eachotherfor goalsto be
achievedtasksto be performed,andresourcego be
furnished. A modelof strategic dependencies among
agentscanbe analyzedor opportunitesandvulnera-
bilities. A modelof strategic rationales canassistin
the searchfor alternativeconfigurationsof organiza-
tionalrelationshipghatcanbetteraddresshestrategic
interestsof agentsfor example by introducinginfor-
mationsystems.z* offers a more openandstrategic
conceptiorof agentghanothergoal-orientedequire-
mentsframeworkge.g.,[Dardenneet al., 1993]).

We usethe 2* modelsto supportthe generatiorand
evaluationof organizationaklternativesandthe AL-
BERT languageto producea requirementsspecifica-
tion documentfor systemdevelopment. As organi-
zationalrequirementshange(in the 2* models),they
needto bereflectedn thefunctionalrequirementgthe
ALBERT specification). Elaborationof the functional
requirementsnay revealfurther organizationaissues
thatneedto beaddressedgsultingin aniterativepro-
cesxf refinemenf theorganizationahndfunctional
requirementsWe anticipatethatthis iterative process
wouldleadto amoresystemati@andthoroughexamina-
tion of organizationaissuesandsystemspecifications
thanif eitherframeworkwereusedon its own.

As arunningexamplein this paper we considera
bank whoseexisting banking systemshavebeende-
signedwith the assumptiorthat customersrisit bank
branchesto conducttheir businesg(i.e., a customer
gives a transferrequestto a teller, who validatesit
by verifying the identity of the customer;if it is OK,
theteller transmitsthe transferrequesto the account
handler subsystenwhich processed providing that
balanceof the customets accountpermitsit). Within
thatcontext,we envisageahatthe bankwishesto offer
“banking-by-phone’asa newservice. In orderto de-
cidewhatchangeso thebankingsystemarerequired,
we usez* to obtainanunderstandingf the organiza-

LALBERT standsfor Agent-oriented Language for Build-
ing and Eliciting Real-Time requirements.

2Thenamez* (pronounced-star) refersto the notion of
distributedintentionalityamongcooperativeagents.

tional and businesenvironment— for example that
customersvouldlike to beableto transferffundsmore
quickly andmoreconvenientlybutarealsoconcerned
aboutsecurity Using means-endseasoningn z*, a
PIN code(personaldentificationnumber)is proposed
asaway to addresghe securitygoal. At the ALBERT
level, one discoversthat a PIN code doesnot offer
securityif the codeis alsoknownto otheragents.Re-
turning to the 2* models,we add the organizational
requirementhat customersbe committedto keeping
the PIN code confidential. Thesenew requirements
leadto changedo systenrequirementstthe ALBERT
level, which may in turn havefurther implicationsat
the organizationmodel level. The exampleis ped-
agogicaland is meantto be suggestiveof the much
more complexsetsof issuegtypically foundin actual
situations.

In Section2, we briefly reviewthe mainfeaturesof
ALBERT andz*, usingthetraditionalbanking-by-teller
arrangemenrasthe example.Section3 showshow the
two levels of modellingwork togetherto obtain sys-
temrequirementdor introducinga banking-by-phone
service.In Sectiod wediscusourapproaclandcom-
parewith relatedwork. We concludein Section5 with
someobservationsaboutthe implications of our ap-
proachandoutlinesomeavenuedor futureresearch.

2 Featuresof ALBERT and i*

In thissectionwereviewthemainconcept®f ALBERT
andz* andweillustratetheirusethroughthebankcase
study The exampleis necessarilygreatly simplified
anddoesnot reflectthe complexityof realbanking. It
is only usedhereto illustratethe basicconceptof our
approach.

2.1 Specifying requirementsusing the
ALBERT language

The ALBERT languagesupportghe modellingof func-

tional requirementsn termsof a collection (or soci-

ety) of agents interactingtogetherin orderto provide
servicesnecessaryor the organization. Eachagent
is characterizedy actions that changeor maintainits

ownstate of knowledgeabouthe externalworld and/or
the statesof otheragents.Suchactionsareperformed
by agentsn orderto dischage contractuabbligations
expressedn termsof internal and cooperation con-
straints.

In ALBERT, functionalrequirementsireexpresseth
termsof a setof formal statementsn typedtemporal
firstorderformulas. Thelanguagdasaformalseman-
ticsexpressedh termsof RT-OSL [B6hmetal., 1993]
(a specificreal-timetemporallogic enrichedwith the
conceptof object), and supportsthe encodingof re-
guirementsn both declarative and operational styles
[Duboisetal., 1994b].

In orderto enhanceeadability a specificatioris or-
ganizedinto units called agents. Logical statements
aregroupedaroundagentdn orderto definethe setof
admissiblebehaviourgor lives) they may experience.
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Figurel: Structureof the Bank System

Logical statementslescribingan agentare classified
into categoriesgactcorrespondingp apatterrof prop-
erty. Suchpatternprovidesguidancen the elicitation
andstructuringof requirements.

Thelanguagé is madeup of (i) agraphicalcompo-
nentin termsof whichis declared thevocabularyof the
applicationto be considerednd (ii) atextualcompo-
nentin termsof which the specificatiorof theadmissi-
ble behaviour®f agentds constrained throughlogical
formulas. The Declarationsand Constraintscompo-
nentsof the banking-by-tellerexampleare shownin
Fig. 1 and?2 respectively

Declarations

The Declarationscomponentonsistsof a descrip-
tion of the generalstructureof the compositesystem
in termsof agentsaswell asof the structureof each
individual agent.

A specificationconsistsof a collection of agents.

OursmallexamplgseeFig. 1) consistof threeagents:
AccHandler (declaredas an individual agent), Cus-
tomer andTeller (eachdeclaredasa population).

The declarationpart of an agentconsistsof the de-
scriptionof its state structure(i.e. the memoryof the
agent)andthelist of actionswhichmayhapperduring
the life of the agentand which may changethe state
of the agent. Statecomponentggraphicallydepicted
with rectanglesparetypedandactions(graphicallyde-
pictedwith ovals) canhavetyped aguments. Types
mayvaryfrom simpledatatypesto complexdatatypes
(recursivelybuilt usingpredefinedype constructors).

In theexample(seeFig. 1), the stateof the AccHan-
dler agentis structurednto two tables(resp. Accounts
andBalances). Theindex of the Balances tableis of
type ACC(ount) and the elementsof type INT(eger).
The AccHandler may perform two kinds of actions:
Credit andDebit. Both havetwo arguments:the first

3Theusefulnessf sich patternavasalsopreviousy iden-
tified in the RML languaggGreensparet al., 1986]built on
top of first orderlogic

4For a detailedpresentatiorof ALBERT, see[Dubois et
al., 1994b].

of type ACC andthe secondf type INT.

In addition, the graphicalnotation also expresses
visibility relationshipslinking agentsto the outside.
DottedlinesonFig. 1 showhowagentanakeinforma-
tion visible to otheragentse.g.,the Account table of
the AccHandler agentis exportedto the Teller agent;
onthecontrary theBalancestableis shownto noother
agents. Dottedlines also showhow agentsinfluence
eachothers’behaviourthroughexportationof actions,
e.g.theAccHandler agenis influencedy theTransfer
actionsof the Teller agent.

Constraints

Constraintareusedor pruningthe(usually)infinite
setof possiblelives associatedvith the agentsof a
compositesystem.Thelife of anagentis (usually)an
infinite alternatingsequencef changeqoccurrences
of actions)andstatesvalues. An admissiblelife will
respect:

1. local constraintgelatedto the internalbehaviour
of theagent;

2. cooperation constraintsdefining how the agent
interactswith otheragents.

Local constraintareclassifiedunderfour headings.
Theuseof two of themis illustratedin theexample.

Effects of Actions Theeffectof anactionis expressed
throughits functionalcharacterizatioin termsof
a mathematicakelationshipbetweensuccessive
information states(see,on Fig. 2, the effects of
the Credit andDebit actions)

Causalitiesamong Actions. Actiontriggeringis usu-
ally ensuredthrough ECA (Event-Condition--
Action) rules,i.e.,atanymomentwhenanevent
occursif a conditionon the currentstateis met,
thenthe action happens.In ALBERT, this rather
operationaktyleof specificatioris supportedsee
below) but a more declarativestyle also permits
to keeptrack of action occurrencesand of spe-
cific causalitiesamongthem (see,on Fig. 2, the
illustration of this conceptof process).

Finally, therearetwo otheravailableheadingsot
usedin the example. Under the Capability head-
ing, we describeECA rules. Besidesthe circum-
stancesunder which an action should or should not
occur the ALBERT languagealso introducesa more
non-deterministicharacterizationvherean actionis
said to be permitted under some circumstancegi.e.
may or may not happen). This permitsto express
easily a statementike “the AccHandlermay decide
to closethe accountof a customerwhenit is in the
red”. This non-determinisms very importantto be
capturedat the requirement®ngineeringevel where
we are concernedvith modelling real-world aspects.
Underthe State Behaviour headingit is permittedto
expresgpropertiegelatedto the historicalsequencef
information states. For example,a statementike “a
customefs accountcannotbe in theredfor morethan



AccHandler

LOCAL CONSTRAINTS
EFFECTSOF ACTIONS
Credit(a,n):Balances[af Balances[a]+n
| The account a is credited with amount n
Debit(a,n):Balances[af Balances[a]-n
| The account a is debited by amount n
CAUSALITY

tlr. Transfer(al,a2, n3<—1? Debit(al,n),Credit(a2,n)
A transfer order should be followed within

at most 1 day, by the corresponding

credit and debit operations.

COOPERAION CONSTRAINTS
ACTION PERCEPTION
XK (tlr.Transfer(a,,n)/ Balances[a} n—-$2@0)

A transfer order is processed by the AccHandler
if and only if the resulting balance of the
customer’s account does not reach more than a
$2000 overdraft.
STATE INFORMATION

XK (Accounts. TELLER TRUE )

| The Accounts table is always shown to all Tellers.

COOPERAION CONSTRAINTS
ACTION INFORMATION
XK ( Transfer(, ). TELLER/ TRUE )

In any situation, the customer send his/her
transfer orders to a Teller.

LOCAL CONSTRAINTS
CAUSALITY

o
c.TransferR(a,n}— Transfer(AccHandleAccourts[c],a,n)
I A valid transfer request from the Customer is

echoed by a transfer order sent to the AccHandler.

COOPERAION CONSTRAINTS
STATE PERCEPTION
XK ( AccHandlerAccountd TRUE )

The Pbs can always consult the Accounts table
I maintained by the AccHandler.
ACTION PERCEPTION
XK (c.TransferR(a,n) c € DOM(AccHandlerAccounts))
A transfer request is valid if and only if
the customer has an account at the bank.
The Teller knows the identity of the customer
responsible for the transfer.
ACTION INFORMATION
XK ( Transfer(,_,).AccHandlerl TRUE )
In any situation, the Pbs send his transfer
I orders to the AccHandler.

Figure2: Constraint©nthe AccHandler, the Customer
andthe Teller agents

1 month” could be straight-forwardlymappedin an

equivalenformal ALBERT statement.
Cooperationconstraintsare classified under four

headingslescribinghowanagentperceivesctionper

formedby otheragents(Action Perception), how it
canseepartsof the stateof otheragents(State Per-
ception), how it lets otheragentsknow of the actions
that it does(Action Information) and how it show
partsof its stateto otheragents(State Information).
Perceptiorandinformationprovidethe analysta way
to add a dynamic dimensionto the importation and
exportationrelationshipetweemagentsexpressedh
thedeclaratiorpartof the specification.The headings
areillustratedon Fig. 2, e.g.,the Action perception
constraintof the AccHandler specificationdefinesthe
conditionsunderwhichthe AccHandler agentis influ-
encedvby Transfer actionsof the Teller (in this case jf
andonly if thetransferwill not causean overdraftof
morethan$2000).

2.2 Understanding Organizational
Relationships Using i*

Whenredesigningystemgo meetnewrequirements,
we usuallyneedto havea broadunderstandingf the

organizationaknvironmentndgoals,leadingto deci-

sionsaboutwhatchangego make,andwhich compo-

nentscanremain.

The 2* framework providesunderstandingf the
“why” by modelling organizationalrelationshipghat
underlie systemrequirements. Agents are takento
havegoals,anduseknowhowandresource their at-
temptsto achievegoals. The frameworkincludestwo
models. In the StrategicDependencymodel, agents
aremodelledasdependingon eachotherfor goalsto
beachievedtasksto beperformedandresourceso be
furnished. In the StrategicRationalemodel, the rea-
soningthateachagenthasaboutits relationshipswith
otheragentsaredescribedlt supportgeasoningabout
alternativewaysfor meetinggoals,andfor evaluating
them. Agentsarestrategicin thatthey areconcerned
aboutopportunitiesandvulnerabilities.

The frameworkis intendedto assistin gaining a
deepeunderstandingbouttheorganizatimalenviron-
ment,helpexplorealternativepatternsof relationships
(amongsoftware,hardwareand humancomponents),
to discoverthe implicationsof thesealternativesfor
eachagent,andto helpmaketradeof amongthe alter
natives.

The framework has been presentedearlier in the
contextof informationsystemsequirementgngineer
ing [Yu, 1993], businesprocesgeengineeringYu et
al., 1994a],andsoftwareprocessnodelling[Yu etal.,
1994b].

2.2.1 The Strategic Dependency M odel

Figure 3 showsa StrategicDependencymodel of
the banking-by-tellelexample.The basicrelationship
is thata Customerdepend®n the Bankto havefunds
transferredrom accountalto a2. The Customeralso
depend=on the bankfor the transferoperationto be
secure,namely that only he himself (the owner of
the account)can initiate a transfer The unit in the
bankwhich doesthe transfer— the accounthandler
— depend®nthe (human)teller to verify theidentity
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Figure3: A StrategicDependencynodelof banking-
by-teller

of thecustomer To accomplishthis, theteller depends
onthephysicalpresencef the customeiin the bank.

The SD model providesfour typesof dependency
links. In a goal dependency, one agentdependson
anotherto bring abouta conditionin the world — for
examplethatfundsbetransferredrom oneaccounto
another).The dependedoesnot carein whatway the
dependeaccomplisheshe condition.

In atask dependency, thedependetellsthedependee
what to do by specifyinghow For example,if the
accounhandlerspecifieghestepghatthetellershould
go throughin verifying customelidentity, it would be
atask-dependency

In aresource dependency, thedependedepend®n
the availability of an entity as a resource,e.g., (the
physicalpresencef) thecustomer

A softgoal dependency is similar to a goal depen-
dencyexceptthatthe conditionis not sharplydefined
apriori. Whatis “secure”is a matterof interpretation.
While the bankmay provide measuregor security it
is the customemwho decideswhetherthey are secure
enoughfor his purposes.

The SD model providesfor different degreesof
strengthof dependencyopen, committed, andcritical
[Yu, 1995a]. The model canalso distinguishagents
from therolesthattheyplay andthe positions thatthey
occupy In this paper we will limit our examplego
thebasicfeatures.

The SD modelcan be analyzedin termsof oppor
tunitiesandvulnerabilities. The fundstransferfacility
offered by the bankenablesa custometto, say cover
achequeausingfundsfrom anotheraccount.However
in dependingnthebankto carryoutthetransferif the
bankfails to transferthe fundsproperly the customer
is vulnerableto the failure, potentiallyresultingin an
overdraftin his account.Agentswho aredependean
oftenin turn dependon otheragents.The customels
dependencior transferof funds(andits security)fur-
ther involves a dependencyon the teller to identify
the customerwhich in turn dependon the physical
presencef thecustomer(seeFig. 3).

Modelling organizationalprocessesn termsof in-
tentionaldependencieprovidesa level of description

thatacknowledgeshatorganizationakctorsareoften
ableto copewith open-endedituations(suchas ex-
ceptions)without fully pre-plannedactivity steps[\,
1995b]. The 2* modelsare formally representedn
the conceptualmodelling languageTelos [Mylopou-
los etal., 1990] andtheir semanticarecharacterized
by adaptingformulationsof intentionalconceptsuch
as goal, belief, ability, and commitment(e.g., [Co-
henet al., 1990]). The underlyingconceptualmod-
elling frameworkallows large amountsof knowledge
to be managedalong knowledgestructuringdimen-
sionssuch as classification,generalization aggrega-
tion, andtime in orderto dealwith large scalereal-life
applicationdomains.

2.2.2 The Strategic Rationale M odel

Whereaghe StrategicDependencynodelgivesan
externalview of how agentsdependon eachother
the StrategicRationalemodel gives a more detailed
descriptionof the rationalesbehind the dependen-
cies.Onecananswer'why” questiongnoreprecisely
Thereare two main typesof relationships— means-
endsrelationshipsandtaskdecompositions.

Figure4 showsthatthe customemhasasa goalthat
fundsbetransferred Themeandor achievingthis end
isthetask“RequestlransferAt Bank”. A means-ends
relationshipssuggestghat there can be other means
for achievingthe sameend. We showthis in the next
section.Thetaskof requestingransferatbankcanbe
furtherdetailedby decomposingt into thesubtask®of
visiting the bank, and then requestingthe transferin
persorattheteller.

In transferringfunds, the customeralsohasa num-
ber of quality goals(or softgoals)}thataredesired.He
wantsthetransferto be securequick, convenientand
thattheservicebefriendly. Differentwaysof transfer
ringfunds(i.e.,differentorganizationatonfigurations)
may be evaluatedas contributingpositively or nega-
tively to thesegoals. In Fig. 4, requestinga transferat
the bankis consideredo be goodfor security andis
goodin friendly service.However havingto visit the
bankis badfrom a conveniencestandpoint.lt is also
negativefor quicknessfor example dueto long line-
upsattheteller. Softgoalsmaybecorrelatedvith each
other Forexamplequickserviceis consideredo have
a positive contributionto convenienceln generalthe
softgoaldorm agraph,andtheir mutualinfluencesan
be evaluatedvy usinga qualitativereasoningscheme
(e.g.,[Chung,1993)).

Theserelationshipgprovide a representatiomf the
rationalesbecausehey explainwhy the dependencies
arearrangedn agivenconfiguration.Whenthereare
alternativesthe softgoalsalsoserveasevaluationcri-
teria. Theserationaleanalsohelpin comingup with
new alternativesfor achievinggoals(i.e., addressing
the strategidnterestof thevariousstakeholders).

Note that the models(SD and SR) are usually in-
completeonly itemsof strategicconcernareincluded
in themodel(i.e., itemsthatare consideredo makea
differencen choosingoneconfiguratioroveranother).
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From Organizational
Alternativesto System
Requirements

In theabovewehaveshownhowz* providesanunder
standingof the organizationakelationshipsn a busi-
nessdomain,while ALBERT is usedto specifysystem
requirements.By couplingthe two frameworks,one
cangain confidencein the ALBERT specificationdy

linking eachfragmentof the ALBERT specificationto
the fulfillment of someorganizationalgoalsin the ¢*
models.Givensomeorganizationaboals,the process
of obtainingsystem(functional) requirementss usu-
ally far from straight-forward. Typically, one would
needto go backandforth betweernorganizationmod-
elling andsystenmrequirementbecauséssuegiscov-
eredin onelevel will needto be looked at from the
otherlevel. This sectionshowshowthez* framework
andthe ALBERT languagecanbe usedin conjunction



to assistin this process.

Figure 5 shows an initial attemptat considering
banking-by-phoneas an alternativeto conventional
teller-basedbanking. A goalof the bankis to be prof-
itable. Oneway is to increasemarketshareby attract-
ing morebusinessandcustomersTo do this, banking
servicesshouldbe convenientfor the customer One
way to maketransferof funds more convenients to
allow customergto do it over the telephone. From
the custometls viewpoint, banking-by-phonds seen
to be quickerandmoreconvenientalthoughit is less
userfriendly. A PIN codeis proposedas a means
for meetingthe goalthatthe customembe identifiedin
phonebanking. The StrategicDependencynodelfor
theproposedbanking-by-phoneonfiguratioris shown
in Fig. 6.

Identity
erified

Banking
Syste

Figure6: A StrategicDependencynodelof banking-
by-phone

At the ALBERT level, Fig. 7 showsthe new system
structureand Fig. 8 showsthe systemrequirements
specificatiorproducedn respons#o theorganizational
goalsidentifiedabove.In particular atthelevel of the
‘Customet and ‘Pbs’ agentslevel, one may notice
severalchangeswith respecto the original banking-
by-tellersystem(seeFig. 2). Thesechangegertainto
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Figure7: Structureof the Bank System(revisedver-
sion)

AccHandler

LOCAL CONSTRAINTS
EFFECTSOF ACTIONS
Credit(a,n):Balances[aF Balances[a]+n
| The account a is credited of a n amount
Debit(a,n): Balances[af Balances[a]-n
| The account a is debited of a n amount
CAUSALITY

Pbs. Tansfer(al,a2,n<§<—lf Debit(al,n),Credit(a2,n)
A transfer order should be followed within

at most 1 day, by the corresponding credit

and debit operations.

COOPERAION CONSTRAINTS
ACTION PERCEPTION
XK ( Pbs.Tansfer(a,n)! Balances[a} n—$20®)

A transfer order from the Pbs is processed
by the BankIS if and only if the resulting balance
of the customer’s account does not
reach more than a $2000 overdraft.
STATE INFORMATION
XK (Accounts.Pb$TRUE )

| The Accounts table is always shown to the Pbs.

COOPERAION CONSTRAINTS
ACTION INFORMATION
XK ( TransferR(,_,-,_).Pbs/ TRUE )

| In any situation, the customer send his/her

transfer requests to the Pbs.
He/she validates the transfer with his/her PIN code.

Pbs

LOCAL CONSTRAINTS
CAUSALITY

c. TransferR(,al,a2,n)i> Transfer(al,a2,n)
A valid transfer request from the Customer is
echoed by a transfer order sent to the AccHandler.

COOPERAION CONSTRAINTS
STATE PERCEPTION

XK ( BanklS.Account$ TRUE )

I The Pbs can always consult the Accounts table
maintained by the AccHandler.

ACTION PERCEPTION

XK (_.TransferR(p,a,n)/ 3 ¢, Code[c]=p

A BanklS.Accounts[c]=&

A transfer request is valid if and only if
the PIN code corresponds to the owner of
the account to be debited.
ACTION INFORMATION

XK ( Transfer(,-,_).AccHandler TRUE )

In any situation, the Pbs send his transfer
orders to the AccHandler.

Figure8: ConstraintontheAccHandler, the Customer
andthe Pbs agentqrevisedversion)

theresponsibilitief customerdor communicatinga
PIN codeinformationandof the‘Pbs’ for discovering
the identity of the customeron the basisof the PIN



codeknowledge.

At thisstagein therequirementprocesstheanalyst
still hasto questionhimselfaboutthe adequacyf the
PIN codeatthelevelof securityissuegseethequestion
mark on Fig. 5). In analyzingthe ALBERT specifica-
tion, it turnsout that the useof a PIN codeby itself
doesnot guaranteehe identity of the customer The
actioninformation constraintin the Customer specifi-
cationsaysthatthe PIN codeaccompanyingtransfer
requests shownto thePbs. Theactionperceptiorcon-
straintin thePbsagentspecificatiorsayshatatransfer
requests valid if andonly if thegivenPIN codecorre-
spondgo thatof the ownerof theaccount.This setof
constraintsdoesnot precludesomeonetherthanthe
accountownerfrom makinga valid transferusingthe
correctPIN code. The securitygoal is thereforenot
met.

Returningto thez* level, becauseve needto reduce
thepossibility, for acustomerto usethePIN of another
customerwe haveto expressanadditionalgoalrelated
to the Bank’s dependencyn Customerfor the confi-
dentiality of PIN. This is a soft goal becausét does
notappeathattherearedefinitive procedureshatcan
guaranteeompleteconfidentiality

While atthe z* level, one canidentify correlations
with othergoalsarisingfrom theneedto keepthe PIN
confidential.Forexamplehavingto keepthePIN con-
fidential contributesnegativelyto conveniencesince
the customemayforgetthe PIN.

Additional requirementselatedto the propertiesof
the PIN codemay alsobe identifiedthroughthis pro-
cess.Forexample,jf thenumberof possibilitiesfor a
PIN codeis large, thenit will be moredifficult for a
custometo useawrongone. Oneideawould beto de-
fine the proceduren which PIN codesareassignedo
customersothatnotwo customersvill havethesame
PIN code. This would be reflectedas a uniqueness
constrainin the ALBERT specification.

Othersolutionsarealsopossibldike thoserelatedto
complexity(e.g.,thenumberof digits) of thePIN code.
Again, thesedifferentsolutionsall haveimpactsatthe
2* level. For examplejmposinga 25-digit PIN code
hasa positiveimpact on the confidentiality softgoal,
but a negativeimpacton the conveniencesoftgoalfor
thecustomer

Throughoutthe requirementgprocess,the analyst
needgo iteratebackandforth betweersystenrequire-
mentsandorganizationatequirementén orderto deal
with theirimpactson eachother

4 Discussion and Related Work

In theabovephone-bankingxamplewe havedemon-
stratedthatthe concepbf cooperatingagentanoffer
a good understandingf organizationalrelationships
andgoals,andalsofor statingandanalyzingrequire-
mentspecifications.We haveillustratedwhy cooper
ation needsto be understoodn terms of intentional
conceptsuchasknowledge commitmentobligation,
andgoals.

Ourtwo-levelledapproactallowsusto adoptdiffer-

entconceptof agentsateachlevelthatarewell-suited
tothetypeof modellingandreasonindor thatlevel. At
thelevel of understandingrganizationatelationships,
we needa notion of agentthatrecognizeghatagents
havefreedom,andmayviolate constraintsor commit-
ments. Oneneedgo reasomaboutthe implicationsof
theseviolations. The modelsare useddescriptively
to understandhe organizationatonditionsastheyare
(or might be, in the caseof proposedconfigurations).
We needto takea strategicview of agentrelationships
becausenew work arrangementslter the configura-
tion of dependenciesTheintroductionof newsystems
and/orwork processeshangesvhatis possibleor not
possibleprchangehedegreeof difficulty in achieving
goals.Modelsatthisleveltendto beveryincomplete,
but this is appropriatesince only issuesthat are of
strategicsignificanceneedto be considered.

At the level of requirementsspecification,a pre-
scriptive view is more appropriatethan a descriptive
view. Analystswantto beableto confirmthatanorga-
nizationalconfigurationhascertaindesiredoroperties,
assuming thatagentsabideby thestatedrestrictionson
their behaviour(the obligations)in a declarativeway:.
Thespecificationeveltypically requiresamuchhigher
degreeof completenessn orderto be ableto guaran-
tee certain properties. Finergrainedmodelling con-
ceptssuchasstatesactions,obligations,information,
perceptiomandreal-timeconstraintareappropriate.

Ourapproacimaybecomparedo otherframeworks
for requirementgngineeringvhichtakea multi-agent
or organizationaberspective.The frameworkfor en-
terprisemodelling of [Bubenko, 1993] is similar in
spiritin severalays. It emphasizetheneedio model
organizationsand their actors, their motivationsand
rationalegNellborn et al., 1994]. It alsousesmulti-
ple,inter-linked models.Theinformal (but structured)
organizationamodelsarelinked to moreformal speci-
ficationmodels.Our approachusingALBERT andz* is
comparablehutadoptsasetof intentionalconceptex-
plicitly , with more precisesemantics.This will allow
morecomputerbasedsupport.

In the KAOS framework[Dardenneet al., 1993],
overall goals are explicitly modelled(following the
concepbf CompositeSystem®Design[Feather1987;
Feather1994;Fickasetal., 1992]). Goalsarereduced
throughmeans-endeseasoningo arrive atresponsibil-
ities for agents. The modelling of agentsis specifi-
cationaland prescriptive. Sinceagentsare assumed
to conformto prescribedehaviouyone cannoteasily
analyzestrategiaelationshipsaandimplications.

A numberof organizationmodelling frameworks
have beenproposedin the organizationinformation
systemsarea,e.g., [Blyth etal., 1993]. Dependency
conceptdavealsobeenusedfor modellingcoordina-
tion in organizationse.g.,[Maloneetal., 1994].

Thez* frameworkdiffersfrom thesein thatit high-
lights the strategicdimensionof agentrelationships,
andde-emphasizethe operationabspects.Similarly,
althoughmulti-agent cooperationhas receivedcon-
siderableattentionin distributedartificial intelligence



(DAIl) (e.g.,[Bond et al., 1988]), the emphasishas
beenon the division of computationalwork (e.g.,the
reductionof goalsto primitive actionsfor execution
by robotsor softwareprograms),and much lesson
the strategicinterestsof organizational,social actors
[Gasser 1991]. The DAl community has also de-
velopedcommunicatiorandcoordinatiormechanisms
and protocols(suchas KQML and KIF) which can
serveasalternativeso moreconventionaimplementa-
tion techniquedor meetingthe organizationatequire-
mentsandspecificationsat the levelsdescribedn this
paper

Finally at the specificationlevel, the ALBERT lan-
guageis very muchin theline of recentformal specifi-
cationlanguagesesignedor thepurposef modelling
functionalrequirementge.g.,MAL [Finkelsteinetal.,
1987], and ERAE [Dubois et al., 1991], DAL [Ryan
etal.,1991],LCM [Feenstraetal.,1993]andTROLL
[Saakeet al., 1993]. The major differenceis the ap-
plication scopeof ALBERT relatedto the modelling of
complexreal-timecooperativgdistributed)systems.

In this paperwe haveconcentratedn showinghow
2* andALBERT canwork together Comparisonsf z*
andALBERT to their respectivaelatedwork andmore
detaileddiscussionganbe foundin [Yu, 1995b; Yu,
19954a; Yu et al., 1994a]and [Dubois et al., 1993b;
Duboisetal., 1994a;Duboisetal., 1994b].

5 Conclusions

As information systemdevelopmenttechniquesand
tools advancewe anticipatethat the technicaldesign
andimplementatiorstageswill occupya lesscentral
place in systemdevelopment. On the other hand,
new systemsare becomingmoreinterconnectedand
increasinglyinterwoveninto complexorganizational
processesThechallengén informationsystendevel-
opmentwill shift towardsthe understandingf orga-
nizationalenvironmentsandneedsand how to make
decisiondnvolving technicalsystemgo addresshose
needsandconcerngJarke,1994].

Tothisend,we needaclearerunderstandingf what
it meansfor systemsto be “cooperative”. Systems
that are merely interconnectedbut which may have
beendesignedyy differentgroups,at differenttimes,
to servethe purposesand interestsof different par
ties,arenot necessarilycooperative.In this paper we
haveamuedthat a characterizatiorf cooperatiorre-
quirestheuseof intentionalconcepts Agentsandhow
they relateto eachother needto be characterizedn
termsof conceptsuchasknowledgepbligation,com-
mitments,andgoals. Information systemgand other
kindsof agentsiarecooperativao the extentthatthey
contributeto somelarger, overallgoalsin anorganiza-
tional context.

To makethiskind of understandig andanalysscon-
creteandamenabléo supportoy compuer-basedools,
wehavebroughttogethetwo agent-orientedhodelling
frameworks,both basedon formal knowledgerepre-
sentationtechniques.Eachoffers a setof capabilities
for its respectivdevel of modellingandreasoningWe

havedemonstratedhat a requirementsanalystneeds
to iterateoverthetwo levelsof modellingandanalysis
to arrive at systenrequirements.

Thiswork is preliminary We haveoutlinedthe ap-
proachandillustratedit througha realistic but small
example.In ongoingwork, we arestudyinglargerreal-
life casego testthe practicalityof theapproachln fu-
ture work, we plan to elaborateon the stepsneeded
to obtain systemrequirementdrom the analysisof
strategicorganizationalrelationships,andto identify
thetypesof situationswhereanalysisof the specifica-
tion would suggesthangego the organizatiormodel.

Another directionfor future work is relatedto the
developmentof knowledge-basedools for support-
ing the requirementsengineeringprocess. In these
tools, thetwo languages— ALBERT andz* — canbe
(weakly-)coupledby usingacommonunderlyingcon-
ceptualmodellingframeworkwhich relaterepresenta-
tional objectsby knowledgestructuringrelationships
suchasclassificationgeneralizationaggregatiorand
time (e.g., as provided by the Telos language[My-
lopoulosetal., 1990]). This approachmay be seenas
an extensionof the approachadoptedin the DAIDA
project[Jarkeetal., 1992],wherethreedifferentsetsof
conceptsvere usedfor representingnowledgeabout
the requirementsdesign,andimplementatiorphases
duringsystemdevelopmentandwhich arelinked and
managedy a commonglobal knowledgebaseman-
agemensystem.
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