Agent - Oriented Modelling: Softw are Versus the World

Eric Yu

Facultyof Information Studies

Universityof Toronto, Toronto, Canada M5S 3G6 yu@fis.utoronto.ca

Abstract. Agent orientation is currentlypursued primarilyas a software paradigm.

Software with characteristics such as autonomy, sociality, reactivityand pro - activity, and communicative and cooperative abilities are expected to offer greater functionalityand higher quality, in comparison to earlier paradigms such as object orientation. Agent mode ls and languages are thus intended as abstractions of comp u tational behaviour, eventuallyto be realized in software programs. However, for the successful application of anysoftware technology, the software system must be u n derstood and analyzed in the c ontext of its environment in the world. This paper a r gues for a notion of agent suitable for modelling the strategic relationships among agents in the world, so that users and stakeholders can reason about the implications of alternate technologysolution s and social structures, thus to better decide on sol u tions that address their strategic interests and needs. The discussion draws on recent work in requirements engineering and agent - oriented methodologies. A small e x ample fromtelemedicine is used to i llustrate.

1 Introduction

Agent orientation is emerging as a powerful newparadigmfor computing. It offers a higher - level abstraction than the earlier paradigmof object orientation. Software agents have autonomyand are social; theycommunicate, coord inate, and cooperate with ea ch other to achieve goals [3, 26 , 50] . As agent software technologyis maturing and entering into the mainstream, methods and techniques are urgently needed to guide systemdevelopment in a production setting. Agent - oriented software engineering has thus become one of the most active areas in agents research ( see, e.g.,

[ 9, 48 ] ) . For each application system, one needs to address the full range of software engineering issues ˘ requirements, design , construction, valid a tion and verification, deployment, maintenance, evolution, legacy, reuse, etc. ˘ over its entire product life cycle.

Requirements engineering is an especiallydemanding, yet critical, task for a new technologysuch as agent - based soft ware technology. Some adopters will have high expectations of the newcapabilities, while others maybe waryof potential pitfalls.

Yet, most users will be unfamiliar with the newtechnologyand unclear about its i m plications and consequences. Consider t he healthcare domain. T he potentials for a p plying agent technology, along with other kinds of information technology, are far - reaching. One can easilyenvisage software agents enhancing the information and communication infrastructure byoffering better semantic interoperability, local autonomy, dynamic management of resources, flexible and robust exception handling, etc. Yet, it is byno means straightforward to go fromidealized visions to viable sy s tems in actual contexts. In real - life application se ttings, there are manycompeting requirements, and different interests and concerns from manystakeholders. As with anysoftware technology, each stakeholder maybe asking:

· What do I want the software to do for me? What can it do for me? Would I be better off to do the job myself, or to delegate to another human, or to another

(type of) system?

· Can the software be trusted? Is it reliable? Will I have privacy?

· Howdo I knowit will work? What if some function fails ˘ what aspects of my work will be jeopar dized? Howdo I mitigate those risks?

· What knowledge and information does it depend on? Where do theycome from? Howdo I knowtheywill be accurate and up - to - date, and effective?

Will myskills and expertise continue to be valued?

· Will myjob be easie r? tougher? Will myposition be threatened? Howwill myrelationships with other people (and systems) change?

With agent technology, these issues and questions are accentuated byits greater r e liance on codified knowledge, byits supposed flexibilityand adaptivity, and byits autonomy(and thus possiblyreduced perspicuity). Given their ^intelligence~ cap a bilities, agent systems can be expected to do more decision - making and problem sol v ing. Howdoes one decide what responsibilities to turn over to age nt systems?

Agent technology(including multi - agent systems) opens up manymore opportunities and choices. At the same time, the task of exploring and analyzing the space of possibil i ties and their consequences has become much more complex.

T he Requiremen ts Engineering (RE) area in Software Engineering has been developing techniques for dealing with these issues. It has been recognized that poor requir e ments had led to manysystemfailures and discontinued projects ( see, e.g.,

[ 43 ] ) . R e quirements engineering fo cuses on clarifying and defining the relationship between intended systems and the world. T he introduction of a newsystem(or modific a tion of an existing one) amounts to a redistribution of tasks and responsibilities among agents in the world ˘ humans, h ardware, software, organizational units, etc. Requirements engineering is therefore more than the specification of behaviour, b e cause the ultimate criteria for systemsuccess is that stakeholders´ goals are achieved and their concerns addressed.

Recent wo rk in requirements engineering has thus adopted an agent - oriented pe r spective. T he notion of agent in Requirements Engineering, however, is about agents in the world, most of which the software developer has no control over. T he purpose of introducing an agent abstraction (or anyother abstraction) for requirements mode l ling is to support elicitation, exploration, and analysis of the systems - in - the - world, possible alternatives in howtheyrelate to each other, and the pros and cons of the alternatives. T he requirements engineer needs to help users and stakeholders artic u late their needs and concerns, explore alternatives, and understand implications. T hus, while agents - as - software and agents - in - the - world mayshare conceptual fe a tures, their respective ab stractions are introduced for different reasons and serve di f ferent purposes. Characteristics such as intentionality, autonomy, and socialityhave different connotations and consequences when treated as attributes of software than as attributes of agents in the world. In proposing or choosing an agent abstraction, di f ferent criteria and tradeoffs need to be considered.

In this paper, we examine the notion of agent as applied to the modelling of agents - in - the - world. In Section 3, we offer an outline of th e i* framework as an example of an agent - oriented modelling framework. Section 4 reviews the main contrasts b e tween the notion of strategic agent - in - the - world, versus that of agent - as - software.

In section 5, we discuss recent related work in requirements engineering and agent - oriented methodologies. In Section 6, we suggest a broader conception of AOSE not exclusive to agent - oriented software, and argue that the strategic viewof agents - in - the - world should guide the entire software engineering process.

2 From Modelling Software to Modelling the World

Most agent models and languages are intended as abstractions of computational b e haviour, eventuallyto be realized as software programs. Such models are needed for specifying and for constructing the software . Different kinds of models are needed for different stages and aspects of software engineering. As agent technology is m a turing, attention is turning to the development of a full set of complementary models, notations, and methods to cover the entire so ftware lifecycle [ 9, 48 ].

In Requirements Engineering, the need to model the world has long been reco g nized, as requirements are about defining the relationship between a software systemand its environment. T he major activities in requirements eng ineering include domain analysis, elicitation, negotiation & agreement, specification, communication, documentation, and evolution [ 47 , 34 ]. Modelling and analysis techniques have been devised to a s sist in these tasks.

T he Structured Analy sis techniques first popularized the use of systematic approaches for e x pressing and analyzing requirements. T he Structured Analysis and

Design T echnique (SADT ) focused on the modelling of activities and data (inputs, outputs, and control flows among act ivities), and their hierarchical decomposition

[ 40 ]. Dataflowdiagrams include information stores, as well as external sources and sinks, thus demarcating a system´s interfaces with its environment [ 12 ]. Complex descriptions were reduced into structured sets of diagrams based on a small number of ontological concepts, thus allowing for some basic analysis. For example, one could check completeness and consistencybymatching input and ou t put flows. Later on, these tasks were supported byCAS E tools, although support is limited bythe degree of formalityin the models. T hese techniques continue to be widelyused.

As the size of the models grew, and the need for reuse became recognized, structuring mechanisms were introduced to manage the kno wledge in the models and to deal with complexity. For example, RML [ 21 ] provided for classification, general i zation, aggregation, and time. T o strengthen analysis, various approaches to forma l ization were introduced, accompanied byappropriate o ntological enhancements. For example, RML offered assertions in addition to activities and entities, and provided semantics based on translation to first - order logic. T emporal, dynamic, deontic and other logics have also been introduced for requirements modelling [ 34 ]. Manyof these fe a tures subsequentlyfound their wayinto object - oriented modelling (e.g., UML [ 41 ]), which packages static and dynamic ontologies together into one behavioural unit. However, the analysis done with these mo dels co n tinue to be about the behaviour and interactions. T here are no intentional concepts or considerations of strategic a l ternatives.

T he Composite Systems Design approach [ 16 , 15 ] first identified the need to view systems and their embedding environments in terms of agents that have choice. An agent´s decisions and actions can place limits on other agent´s freedomof action. In the KAOS framework [ 10 ], global goals are reduced through and/or refinement until theycan be assigned as r esponsibilities to agents. T hese b e come requirements for systems to be built, or assumptions about agents existing in the environment. Goal modelling has been incorporated into a number of RE frameworks [ 57 ]. T heyprovide incremental elicitation of re quirements (e.g., [ 38 ]). T heysupport the repeated use of

^why, how, and howelse~ questions in the constructions of means - ends hierarchies, to understand motivations, intents, and rationales [ 52 ]. T heyreveal conflicts and help identifypotential resolutions [ 39 ]. Qualitygoals constrain choices in a design space and can be used to guide the design process [ 8 ].

T he introduction of goals into the ontologyof requirements models represented a significant shift. Previously, the world to be modelled consisted of entities and activ i ties and their variants. T he newer ontologies attributed goals to agents in the world. In other words, to do requirements engineering, it is not enough to attend to the static and dynamic aspects, one also n eed to acknowledge intentionalityin the world.

While recent research in requirements has given considerable attention to goals, the concept of agent has not been developed to the same extent. In particular, fewRE frameworks have elaborated on or exploi ted concepts of agent autonomy, sociality, etc. T he logical next step for RE is to go fromgoal - oriented requirements engineering to full - fledged agent - oriented requirements engineering, to acknowledge the social as well as the intentional [ 54, 33 ] . T he need for this step is appa r ent as one considers the changing nature of systems and their environments. In the past, systems and their environments were much more stable and well delineated. Systems tended to be developed in isolation in r elation to other systems. So the si m plifying assumptions were that global goals could be identified, and that differences could be resolved to achieve agreement across the system.

T oday, most systems are extensivelynetworked and distributed, operating under multiple jurisdictions each with their own mandates and prerogatives. Stakeholders want local autonomybut cooperate on specific ventures. T heydepend on each other, and on each other´s systems in multiply - connected ways. T heyhave limited know l ed ge about each other, and have limited influence and control over each other.

T he traditional mechanistic worldviewneeds to give wayto a more sophisticated social worldview[ 55 ].

In the next section, we outline a modelling framework in which agents play a ce n tral ontological role. T he framework begins to address the more complex relatio n ships and issues that arise in Requirements Engineering. Agents - in - the - world are taken to be intentional and semi - autonomous. T heyassociate with each other in co m plex social relationships. T heir identities and boundaries are contingent. T hey reflect upon their relationships in the world and strategize about alternate relationships in order to further their interests.

It must be recognized that the framework represe nts onlyone possible approach. In adopting a richer ontology, one gains in expressiveness and analytical power. On the other hand, it places greater demands on elicitation and validation. So there are si g nificant trade - offs that need to be considered i n the context of an overall development methodology.

3 A Framework for Modelling Agents - in - the - World

Consider a home care scenario in which a patient receives remote monitoring and telemedicine services fromone or more healthcare service providers ˘ hospit als, ph y sicians, nurses, pharmacies, laboratories, clinics, emergencycentres, consultants, etc., allied to varying degrees but sometimes also in competition . 1 Such arrangements can potentiallyimprove qualityof care and reduce overall healthcare costs, while allowing patients to lead more normal lives at home. Agent technologycan be used to achieve greater functionality, robustness, and flexibilityin such systems, for example, byi n corporating knowledge - based decision support and knowledge discovery, byoffering context - aware initiatives and failure recovery, byenabling dynamic resource disco v ery, negotiation, and mediation, or byfacilitating collaboration among individuals and groups through multimedia and logistics support, and cooperation among di sparate systems. Patients get more customized care while healthcare professionals are relieved of the more mundane aspects of their tasks.

But howdoes one decide what functionalities the systems should have? Who should these systems be accountable to? Howshould responsibilities be divided among them, and why? Do the stakeholders have common goals? Can the systems function despite ongoing differences and competing interests? Clearlythese que s tions would results in different answers for each setting , depending on the context. In each setting, there could be numerous options to consider. Some may appear work a ble initially, but mayturn out to be, upon further analysis, technical infeasible, or u n acceptable to certain stakeholders. During requireme nts engineering, it is important for all stakeholders, customers, users, systemdevelopers, and analysts to understand each other´s interests and concerns, to jointlyexplore options, and to appreciate the implications of alternative decisions about the sy stems to be constructed.

In the past, notations and methods in software development have focused more on the specification of systems after these decisions have been made. Fewof the co m monlyused notations, e.g., UML, provide explicit support for express ing, analy z ing, and supporting decisions about these issues.

T oday, systems and their surrounding context in the world are constantlychanging.

Aside fromrapid technological innovations, systems need to respond to frequent changes in organizational struc tures, business models, market dynamics, legal and regulatorystructures, public sentiments and cultural shifts. We need systematic frameworks ˘ models, methods, and tools ˘ to support the discoveryof requirements, analysis of their implications, and the exploration of alternatives.

T he i* framework [ 53 , 52 ] is used to model and analyze relationships among strategic actors in a social network, such as human organizations and other forms of social structures. Actors are semi - autonomous units whose behav iours are not fully

1 This home care setting is looselybased on [ 23 ].

controllable or pr e dictable, but are regulated bysocial relationships. Most crucially, actors depend on each other for goals to be achieved, tasks to be performed, and resources to be fu r nished. Bydepending on someone else, an actor mayachieve goals that would ot h erwise be unachievable. However, a dependencymaybring along vulnerabilities since it can fail despite social conventions such as commitments. T he explicit repr e sentation of goals allows the exploration of alternatives th rough means - ends reaso n ing. A concept of softgoal based on the notion of satisficing is used to provide a flexible interactive style of reasoning.

Note that in the context of modelling the world, unlike the modelling of software agents for the purpose of co n struction, qualities such as autonomyand socialityare being externallyascribed to some elements in the world for the purpose of description and analysis. Some selected elements depicted in the models mayend up being implemented as software agents, others maymaterialize as more conventional software, while manyof themare, and will remain mostlyhuman wetware. T he implementational construction of the actors is irrelevant to this level of modelling of the world. T hese considerations will be further discussed in Section 4.

T he i* modelling framework consists of two types of models ˘ the Strategic

D e pendency(SD) model and the Strategic Rationale (SR) model.

3.1 M odelling intentional relationships among strategic actors ˘ the Strategic

Dependency model

T he Strategic Dependency(SD) model is a graph, where each node represents an actor, and each link between two actors indicates that one actor depends on the other for something in order that the former mayattain some goal. We call the depending actor the depender, and the actor who is depended upon the dependee. T he object around which the dependencyrelationship centres is called the dependum. An actor is an active entitythat carries out actions to achieve goals byexercising its knowhow.

In the SD m odel, the internal goals, knowhow, and resources of an actor are not e x plicitlymodelled. T he focus is on external relationships among actors.

Figure 1 shows a Strategic Dependencymodel of a (much simpli fied) telemedicine setting. A P atient depends on a H ealthcare P rovider to have S ickness T reated . T he latter in turn depends on the patient to F ollow a T reatment P lan . As the patient would like to integrate the treatment into other activities, she wants the treatment plan to be F lexible .

T he health care provider partlyaddresses this bymonitoring vital signs r e motely, with the help of equipment on the patient site ( Monitoring Agent ), and a host system

( Monitoring System ) that oversees a number of patients.

T he SD model expresses what actors want fr omeach other, thus identifying a ne t work of dependencies. T he intentional dependencies, in terms of wants and abilities to meet those wants, are expressed at a high level, so that details about information and control flows and protocols are deferred. E ven at this high level, manyissues are alreadyapparent. Healthcare P rovider enables Patient to achieve the

Sickness Treated goal that the latter maynot be able to achieve on her own. In taking advantage of this opportunity, the depender becomes vulner able to the dependency.

T he model assists themin deciding whether their dependencies are acceptable, or that theyshould seek alternate arrangements.

Fig. 1 . A Strategic Dependencymodel

Four types of dependencies are distinguished for indicating the nature of the fre e domand control in t he relationship between two actors regarding a dependum. In a goal dependency , the depender depends on the dependee to bring about a certain state of affairs in the world. T he dependumis expressed as an assertional statement.

T he dependee is free to, a nd is expected to, make whatever decisions are necessaryto achieve the goal (the dependum). T he depender does not care howthe dependee goes about achieving the goal. For example, Patient depends on Healthcare Provider to have

Sickness Be Treated . It i s up to the Provider to choose howto treat the sickness, as long as the goal is achieved.

In a task dependency , the depender depends on the dependee to carryout an acti v ity. T he dependumnames a task which specifies howthe task is to be performed, but not why. T he depender has alreadymade decisions about howthe task is to be pe r formed. Physician depends on Patient to Follow Treatment Plan , described in terms of activities and sub - activities, possiblywith constraints among them, such as temp o ral pre cedence. Note that a task description in i* is not meant to be a complete specification of the steps required to execute the task. It is a constraint imposed bythe depender on the dependee. T he dependee still has freedomof action within those constrai nts.

In a resource dependency , the depender depends on the dependee for the availabi l ityof an entity(physical or informational). Byestablishing this dependency, the d e pender gains the abilityto use this entityas a resource. A resource is the finis hed product of some deliberation - action process. In a resource dependency, it is assumed that there are no open issues to be addressed or decisions to be made. For example, Vital Signs fromthe patient is treated as a resource, as it is not considered pr oble m atic to obtain.

In a softgoal dependency , a depender depends on the dependee to performsome task that meets a softgoal. A softgoal is similar to a goal except that the criteria of success are not sharplydefined a priori. T he meaning of the softgoa l is elaborated in terms of the methods that are chosen in the course of pursuing the goal. T he depender

decides what constitutes satisfactoryattainment (^satisficing~ [ 42 ]) of the goal, but

does so with the benefit of the dependee´s knowhow. W hether a treatment plan is

considered to be sufficiently Flexible is judged bythe Patient , with the H ealt h care

P rovider offering alternate methods for achieving flexibility. Similary, Trustwo r thiness

of the healthcare system, and Accountability of the he althcare provider are treated as

softgoals, since there are no clear - cut criteria for their satisfaction.

T he model also provides for three degrees of strength of dependency: open

(u n committed), committed, and critical. T hese applyindependentlyon each side of a

dependency.

Actors can assess the desirabilityof alternate configurations of relationships with

other actors according to what theyconsider to be significant to them. T he viability

of a dependencycan be analyzed in terms of enforceability( Does the other actor

d e pend in return on me for something, directlyor indirectly?), assurance (Are there

other dependencies on that actor that would reinforce myconfidence in the success of

that dependency?), and insurance (Do I have back - ups or second s ources in case of

failure?). Strategic dependencies can be analyzed in terms of loop and node patterns

in the graph.

T he generic concept of strategic actor outlined above can be further differentiated

into the concepts of role, position, and agent [ 56 ]. A role is an abstract collection of

coherent abilities and expectations. A position is a collection of roles that are

typicallyoccupied byone agent. An agent is an actor that has concrete

manifestations such as human, hardware, o r software, or combinations thereof.

Agents, roles, and positions mayalso be composed into aggregate actors.

3.2 M odelling the reasoning behind strategic relationships ˘ the Strategic

R a tionale model

Whereas the Strategic Dependencymodel focuses on relations hips between actors,

the Strategic Rationale (SR) model provides support for modelling the reasoning of

each actor about its intentional relationships. T he SR model is a graph whose nodes

are goals, tasks, resources, and softgoals. T hese maybe connected bymeans - ends

links or task - decomposition links. A goal maybe associated, through means - ends

links, with multiple, alternative ways for achieving it, usuallyrepresented as tasks.

T he means - ends links for softgoals, however, require more differentiation because

there can be various types of contributions leading to a judgement of whether the

softgoal is sufficientlymet (^satisficing~). T hese include Make , Break , Help , Hurt ,

Positive , Negative , And , Or , Unknown , and Equal [ 8 ]. T ask - deco mposition links provide

hierarchical decomposition of tasks into subtasks, subgoals, resources, and softgoals

that make up the task.

Figure 2 is an SR mod el showing some of the reasoning behind one possible

tel e medicine arrangement. It has been argued that current healthcare systems are too

pr o vider - centred, in that patients have little control over the information collected

about them, and cannot participa te effectivelyin their own care. 2

2 The patient - centred scenarios draw on those of [ 45 ] and [ 30 ].

Fig. 2 . A S trategic R ationale model showing some reasoning behind patient - centred care

One wayto achieve patient - centred care is to have the full medical records and

hi s toryof the patient controlled bythe patient. A software agent acting in the interest

of the patient would grant access to healthcare pr oviders for legitimate use. T his

a r rangement is in contrast to the current practice in which each provider generates and

keeps their own records, resulting in fragmented, partial views, delays and duplication

(e.g., the same lab tests repeated at multiple sites). T he integrated personal medical

data would also allowthe intelligent assistant to customize treatment plans to suit the

specific needs and the lifestyle of the patient. T he healthcare provider monitors the

progress of the patient through her ow n software agent assistants.

T he SR model for the Patient in Figure 2 shows that the patient has the goal of

K eeping W ell , but is also concerned about Privacy , Q uality O f Care , and maintaining a

Normal Lifestyle . T he SR modelling constructs allowthe syst ematic refinement of

these goals to explore ways for achieving them. According to the model, Privacy is

achieved if the medical data is kept C onfidential , and if I ntrusion I s M inimized (And).

Confidentiality is sufficientlyaddressed (Make) if A ccess I s R estricted . T he goal of

Keeping Well can be accomplished with Patient - Centred Care or with Provider - Centred

Care (means - ends links). Patient - Centred Care involves the subtasks of Fo l low

Customized Treatment Plan and Plan Life Activities . T hese subtasks h ave d e pendencies

with the Patient Assistant Software Agent .

T he example model is greatlysimplified but provides some hints on the types of

reasoning to be supported. T hese include the raising of issues, the identification and

exploration of alternatives , recognition of correlated issues (good and bad side -

effects), and the se t tling of issues. For example, while Patient - Centred Care contributes

positivelyto Privacy and Normal Lifestyle , its contribution to Quality Of Care is Unknown .

T his suggests furth er elaboration and refinement of the Quality Of Care softgoal so that

the nature of the contributions can be better assessed. Elaboration of this and other goals mayhelp discover other kinds of provider - centred and patient - centred care,

each of which may have different contributions to the various goals.

We have presented i* in terms of a graphical representation. i* mode l ling is

implemented on top of the T elos conceptual modelling language [31] , which offers

knowledge structuring mechanisms (classification, generalization, aggregation,

attr i bution, time). Generic knowledge codified in terms of methods and rules provide

semi - automatic support froma knowledge base. A prototype tool has been developed

to support i* modelling. Further analysis support is being developed in the T ropos

project [ 32 ].

4 Agents - in - the - World versus Agents - as - Software

Having reviewed i* as an example framework for modelling agents - in - the - world,

we nowconsider some of the keyissues in designing such frameworks. T hese issues

help clarifythe distinctions between modelling agents in the world versus modelling

agents as software entities. We consider the issues of autonomy, intentionality,

s o ciality, identityand boundaries, strategic reflection, and rational self - interest.

While m ost of these issues have their counterparts in agents - as - software, their

significance for modelling agents - in - the - world are quite different.

4.1 Autonomy

T raditional requirements analysis techniques relyheavilyon the modelling of

pro c esses or interactions. T hrough activitydiagrams, event sequence charts, etc., one

d e scribes or prescribes what would or should happen under various known conditions.

Real - life practice, however, often de parts fromthese idealizations [ 44 ] and frequently

require worka rounds [ 19 ] . T here are manyaspects of the world over which one has

little control or knowledge, so it is hard to anticipate all contingencies and be able to

knowin advance what responses are appropriate.

T hus, in introducing autonomyinto a m odel of agents - in - the - world, we are

adop t ing a less simplistic viewof the world, so as to take uncertainties into account

when judging the viabilityof proposed alternatives, such as different ways for

achieving patient - centred care using software agents. Agents - in - the - world need to be

aware of uncertainties around them. At the same time, theythemselves are sources of

unce r taintyin the world.

In devising a modelling scheme that acknowledges agent autonomy, the challenge

is to be able to describe or pre scribe agent behaviour without precluding openness and

uncertainties. In i* , actors are assumed to be autonomous in the sense that the analyst

should not rule out anybehaviour. An actor´s dependencies and strategic interests

provide hints on the actor´s behaviour, but do not provide guarantees. T hus, one

would be well advised to adopt mechanisms for mitigating risks, based on an analysis

of vulnerabilities, e.g., backup systems and procedures in case of failure in the patient

monitoring system. T he dep endencytypes in i* are used to differentiate among the

types of freedoms that actors have with regard to some specific aspect of the world, as

ident i fied bythe dependum.

For agents - as - software, autonomyrefers to the abilityof the software to act

ind e pe ndentlywithout direct intervention fromhumans or other agents. It is a desired propertythat must be consciouslycreated in the software. It is a propertyonly

achievable with recent advances in software and artificial intelligence technology.

For age nts - in - the - world, autonomyis an inherent property, but it has been ignored in

the past for simplicityof modelling. Now we want it back because we want to face

up to these more challenging aspects of the world. For software agents, greater

autonomyimpl ies more powerful software, which are likelyto be more challenging to

design and implement. For modelling the world, allowing greater autonomyin the

agent model means one would like to analyze the implications of greater uncertainties

and variabilityin the world.

4.2 Intentionality

Conventional requirements analysis (e.g., as supported byUML) assumes complete

knowledge and fullyspecifies behaviour, so there is little need for intentional

co n cepts. T o account for uncertainties and openness in the world, h owever,

intentional concepts such as goals and beliefs can be veryuseful. In modelling

agents - in - the - world, we ascribe intentionalityto themso as to characterize alternate

realities in the world. Some of these alternate realities are desirable, but an agent may

not knowhowto get there, or maynot want to fix the path for getting there to allow

for flexibility. Intentional concepts thus allowagents to be described without

detailing specific a c tions in terms of processes and steps. Explicit represen tation of

goals allows motiv a tions and rationales to be expressed. T heyallow^why~ questions

to be raised and answered. Beliefs provide for the possibilitythat an agent can be

wrong in its a s sumptions about the world, and mechanisms to support revision s to

those assum p tions.

For agents - as - software, intentionalityis a propertythat is used to generate the

b e haviour of the agent. For example, there maybe data structures and internal states

that represent goals and beliefs in the software. For agents - in - the - world, we do not

need to presuppose intentionalityin their internal mechanisms. Multi - agent modelling

allows different goals, beliefs, abilities, etc., to be attributed to different agents. An

agent can be thought of as a localityfor intentional ity. Instead of having a single

global collection of goals, belief, etc., these are allocated to separate agents. T he agent

concept provides a local scope for reconciling and making tradeoffs among

compe t ing intentionality, such as conflicting goals and i nconsistent beliefs.

4.3 Sociality

T raditional systems analysis views systems and their environments mechanistically.

T heyproduce outputs frominputs, either as pre - defined processes or as reactive

r e sponses to control signals or events. Complexityand scala bilityis primarilydealt

with bycomposition or decomposition, with the behaviour of the whole being

dete r mined bythe behaviour of the parts together with compositional rules. When

systems and their environments have autonomy, these assumptions no longe r hold.

Active autonomous entities in the world have their own initiatives, and are not

necessarilycompliant with external demands or desires, such as those froma system

designer. Autonomous agents can choose to cooperate, or not, to varying degrees,

a nd on their own terms. A social paradigmis needed to cover the much richer kinds

of relatio n ships that exist in such settings.

Social agents have reciprocal dependencies and expectations on each other. T hey

tend to have multi - lateral relationships, rath er than one - wayrelationships. Agent A

can expect agent B to deliver on a commitment because B has goals and interests that

A can help fulfil or meet. Reciprocitycan be indirect, mediated via other agents. In

general, social relationships exist as networ ks and patterns of relationships that

i n volve multi - lateral dependencies. In mechanistic artificial systems, where one

d e signer oversees interaction among parts, it is more common to see master - slave

rel a tionships that go one - way.

Social agents typically participate in multiple relationships, with a number of other

agents, at the same time or at different times. In mechanistic systems as portrayed in

most traditional models, relationships are narrowlyfocused around intended

fun c tions.

Conflicts among m anyof the relationships that an agent participates in are not

ea s ilyresolvable. T here maybe conflicts or potential conflicts arising fromthe

multiple relationships that an agent engages in. In traditional approaches, competing

demands need to be recon ciled in order for requirements to be defined, then frozen for

systemdevelopment and implementation. In a more fluid and open environment, the

d e mands of various agents maykeep changing and maynot be fullyknowable.

Agents mayalso build newrelations hips with other agents and dissolve existing ones.

T he management of conflicts is an ongoing one. T herefore it becomes necessaryto

mai n tain an explicit representation of the competing interests and their conflicts.

Agent relationships forman unbounded network. T here are no inherent limits on

howfar the impact of dependencies maypropagate in a network of agents. In

consi d ering the impact of changes, one mayask: Who else would be affected? Who

will benefit, who will be hurt? Who can help me improv e myposition? T hese

questions maylead to the discoveryof agents not previouslyconsidered.

Cooperation among agents cannot be taken for granted. T he potential for

succes s ful cooperation maybe assessed through the analysis of agents´ goals and

belief s. T echniques are needed to support the analysis of various aspects of

cooperation, i n cluding synergyand conflict among goals, howto discover shared

goals, and howgoals maychange.

For software agents, socialityrefers to properties that must be create d in the

sof t ware to enable themto exhibit richer behavioural patterns. For agents - in - the -

world, socialityrefers to the acknowledgement of the complex realities in the world.

Instead of abstracting themawayas in earlier modelling paradigm, we tryto device

modelling constructs and analysis techniques that encompass them.

4.4 Identity and Boundary

In a social world, identities and boundaries are often contingent and contentious.

Manysocial or organizational problems arise fromuncertainties or disputes a bout

boundaries and identities. For example, software agents working on behalf of or in

cooperation with healthcare workers need to deal with a complex arrayof

organiz a tional roles, positions, and professions, often with sensitive relationships

among the m. Requirements analysis needs to be able to deal with these, to arrive at

viable systems.

Boundaries and identities change, usuallyas a result of ongoing social processes

such as socialization, negotiation, and power shifts. T echnical systems often in tr o duce abrupt changes in boundaries and identities, as theyreallocate

responsibilities and powers. Agents - in - the - world are concerned about their

boundaries, and maya t tempt to change themto their advantage. Boundaries maybe

based on concrete physical material criteria, or abstract concepts such as

responsibilities. In i* , depe n dums serve as actor boundaries at an intentional level.

T he boundaries are movable as dependums can be brought ^inside~ an actor or moved

^outside~ along means - ends hierarchi es in the Strategic Rationale model. T he i*

constructs of role, position, and agent distinguish among abstract and concrete actors,

and provide mappings across them.

In models for agents - as - software, issues of identityand boundarycan be much

si m pler, i f all the agents are within the control of a designer. T heywould be

determined bydesign criteria such as functional specialty, coordination efficiency,

robustness, flexibility, etc. However, if the agents in a multi - agent systemare

designed and co n tro lled bydifferent designers and operators, and are thus

autonomous in the social (agents - in - the - world) sense, then the more complex social

notions of identitycould be applicable.

4.5 Strategic Reflectivity

T raditional requirements models are typicallyused t o express one way ˘ the

i n tended way ˘ in which the systemwill operate in the world. Even if a space of

alte r natives was explored in arriving at the requirements, there is little

representational or reasoning support for navigating that space. With toda y´s systems

undergoing fr e quent changes, the need to support evolution and to avoid legacy

problems is well recognized.

Reasoning about alternative arrangements of technical systems in the world is a

r e flective process. Agents need to refer to and compare alternate ways of performing

tasks, rather than executing the tasks without question. T he reflective process is

str a tegic because agents want to determine which changes would better serve their

strat e gic interests. For example, patients want healthcare technologies that improve

the qualityof care while protecting their privacy. Hospitals maywant greater

efficiencywithout increased dependence on high - cost professionals.

During requirements analysis, strategic reflection is carried out bythe human

sta keholders, assisted byrequirements analysts. In software agents, this kind of

str a tegic reflection can potentiallybe done at run - time bythe software. T his

characteri s tic requires higher sophistication to be built into the software (see, e.g., [ 1 ] )

and i s not yet a common feature. Strategic reflection is, however, a fairlybasic need

at the requirements stage.

4.6 Rational Self - interest

Most languages for modelling and requirements analysis (e.g., UML) do not

pr o vide explicit support for rationales. Since their ontologies do not include

autonomous agents - in - the - world, the rationales, even if made explicit, would likelybe

a rational i zation of the manycontributions that led to the eventual requirements for a

newsy s tem. In treating systems and environment s as a multi - agent world, we tryto

explicate the preferences and decisions of each stakeholder in terms of rational self -

interest. Each agent selects those options that best serve its interests. T his

assumption pr o vides a convenient idealization for cha racterizing agents whose behaviour are othe r wise unpredictable. Note that rational self - interest does not imply

selfishness, as an agent can have altruistic goals.

T he modeller attributes rationalityand coherence to agents - in - the - world in order to

drawin ferences about their behaviour. However, the inferences are limited by

i n complete and imperfect knowledge. T he rationalityis bounded and partial. T he

agent construct can be viewed as a scoping mechanismfor delineating the exercising

of rationalitywithi n a limited local scope.

In contrast, for software agents, rationalityis a regime for governing the behaviour

of the software according to internal states of goals and beliefs. Again, it is a

chara c teristic that needs to be explicitlybuilt into the co nstruction of a software agent.

4.7 Summary

T o summarize, agent concepts are useful both for software construction and for

modelling the world. However, abstractions for agents - as - software and agents - in - the -

world came about with different motivations, premi ses, and objectives, and thus can

differ in ontology.

For software agents, the objective is to create a newsoftware paradigmthat would

make software more powerful, more robust, and flexible. T he realization of software

agent characteristics requires g reater sophistication in the implementation technology,

which are ideallyhidden under the agent abstraction.

In contrast, in devising some concept of agent for modelling the world, we

reco g nize that the world alreadyexists in its full complexity. Earlie r modelling

paradigms have adopted abstractions that removed too much of that complexity,

resulting in o n tologies that are too impoverished for dealing with today´s problems.

T he agent a b straction is used to being back some of that complexityand richness to

support appr o priate kinds of modelling and analysis.

In either case, there is choice in what agent abstraction to adopt. For software

agents, we want a concept of agent that fullyembodies the behaviour to be generated.

We need to consider the feasibil ityof implementation, and the difficultyof verifying

implementation against the specification. For modelling agents - in - the - world, we want

rich enough description of the world (expressiveness) to allowus to make the

distin c tions that we want, leading to analyses that matter in stakeholders´ decision

making. We do not want more detail than we can use, since there are costs in

elicitation and validation, and potential for errors.

5 Related Work

Most of the current work in Agent - Oriented Software Engine ering (AOSE)

originated fromthe programming and AI/DAI systems construction perspective. As

the tec h nologyinfrastructure matures, attention is increasinglybeing paid to software

eng i neering and application methodologyissues. T he focus therefore conti nues to

have a strong systems construction flavour, with a gradual broadening to encompass

conte x tual activities such as requirements engineering.

T he predominant notion of agent in the current AOSE literature is therefore that of

agent - as - software. Method o logical frameworks have focused mostlyon the ^analysis

and design~ stages (e.g., [ 51 , 2 , 6 , 27 ]). Requirements are assumed to be given, at least as informal descriptions. T he analysis stage constructs a model of the inte nded

behaviour of the software system.

T he importance of requirements is beginning to be recognized, with attention being

paid to the embedding environment. However, theyare typicallyspecified in terms of

behavioural intera c tions, as in conventional r equirements approaches. T he notion of

agent employed is still that of agent - as - software. For example, notions of autonomy,

intentionality, etc., are those associated with the software, not with agents - in - the -

world outlined in Se c tion 4. Alternatives dur ing requirements analysis, as viewed by

strategic agents - in - the - world, are not explicitlyaddressed.

Social and organizational concepts are applied to software age nts, not to agents in

the world ( e.g., [ 58 , 36, 11 , 13 , 35 ] ) . Selective aspects of socialityare built into the

agent software, with the purpose of enhancing the capabilities of the software, as

opposed to the richer analysis of the environment for the purpose of defining the right

technical systemt o build.

When reflection is used, it is as a computational mechanismin software agents

(e.g., [ 1 ] ) , not used bystakeholders to reflect on strat e gic implications of alternative

arrangements of technical systems in their enviro n ment.

In Requirement s Engineering, agents have served as a modelling construct without

assuming the use of agent software as the implementation technology. T he concept of

agent has been elaborated to varying degrees. For example, the EKD methodology [ 5]

co ntains manyof the concepts needed for agent - oriented mo d elling, but does not

explicitlydeal with issues of agent autonomyand sociality. Agents appear in one of

six interconnected submodels: the Goal model, the Concepts model, the Business

Rules model, the Business Process model, the Actors and R e sources model, and the

T echnical Components and Requirements model. T he KAOS approach [47] (also

mentioned in Section 2) offers a detailed formal framework for elici t ing and refining

goals until theyare reduced to o perations that can be assigned to agents. T he

openness and autonomyof agent actions is not considered when genera t ing or

evaluating alternatives. Agents interact with each other non - intentionally, so theydo

not have rich social relationships. Both EKD and KAOS can be said to be more goal -

oriented than agent - oriented.

Action - Workflowis a notation and method for modelling cooperative work [29].

T he basic unit of modelling is a workflowbetween a cu s tomer and a performer. T he

custo mer - performer relationship is characterized in terms of a four - phased loop,

representing the stages of proposing, agreeing, performing, and accepting. Each

phase involves different types of communication acts which can be analyzed using

Speech Acts theory . T his framework has a stronger orientation to deal with the social

nature of agents, especiallytheir reliance on commitments and the potential for

breakdowns. Intentional structures such as goals or means - ends relatio n ships are not

explicitlyrepresented , so there is no support for reflection or shifting boundaries of

responsibilities.

Manyother techniques in Requirements Engineering bear close relations to agent

modelling, e.g., managing multiple viewpoints [ 17] , dealing wi th inconsistencies [ 20],

supporting traceability[25] and negotiation [39] , and scenario analysis [24].

While the i* framework arguablygoes farthest in addressing agent modelling issues

in the spirit of this paper, manyopen issues remain, both in theoretical and practical

areas. Recent work that have built on or extended i* include the incorporation of temporal constraints to support simulation and verification [18, 49], development

methodologies [14, 46] , and multi - perspective modelling [37, 28].

T he T ropos project [ 32, 7, 4 ] aims to develop a software d e velopment methodology

that would carrythe requirements onto logy(based on i* ) as far downstreamas

possible, to ensure that the resulting software would be requir e ments - driven. Agent

orientation is assumed throughout all the development stages. Formal techniques are

being developed to support analysis at various stages.

6 Engineering of Agent - Oriented Software vs. Agent - Oriented

Engineering of Software

T he predominant interpretation of the phrase ^Agent - Oriented Software

Enginee r ing~ is that of the engineering of software that uses the agent concept as the

core computational abstraction. However, it is also possible to conceive of the use of

agent concepts to support the software engineering process, without necessarily

committing a priori to a software agent technologyimplementation. For the purpose

of disti nction, we could refer to the two conceptions of AOSE as EAOS and AOES

respectively.

Agent - oriented techniques for requirements engineering, as exemplified bythe i*

framework, suggests that agent concepts can be used profitablywithout prejudging

the impl ementation technology. We have argued that issues of autonomy,

intentiona l ity, sociality, etc. are just as relevant in requirements engineering as in

software co n struction, though in somewhat different senses.

A basic tenet in software engineering is to d efer commitments on design and

i m plementation decisions as much as possible, so as not to over - constrain those

dec i sions unnecessarily. Conventional models and languages in software engineering

˘ for requirements specification, architectural design, detai led design, programming,

configuration, etc. ˘ do not allowfor the explicit representation of open decisions,

freedoms and constraints, and argumentation about them. While each stage or

acti v ityin software engineering requires considerable deliberation and decision -

making, the notations can onlyexpress and record the results of decision processes.

Current notations provide hardlyanysupport for the communication of intentional

content among software engineers, e.g., design intents and rationales. Inte rmediate

products in software engineering are passed on fromone stage to another onlyafter

theyare fullyreduced to non - intentional representations, e.g., input/output

relationships in architectural block diagrams.

Agent abstractions and models offer th e expressiveness and flexibilitythat

conve n tional notations lack. T oday´s increasinglyfast - paced and fluid demands in

software engineering suggests that agent abstractions could be useful for supporting

software engineering processes in general. T his i s the premise behind the T ropos

project [ 32, 7, 4 ]. Agent - based ontologies are used for representing requirements,

architectures, and detailed designs. Intentional models involving goals and beliefs

provide higher - level descriptions that allowsuita ble degrees of freedom. T he

ontol o gies that are appropriate are those for modelling agents - in - the - world. For the

most part, the subject matter in software engineering activities are not (yet) software

art e facts, but their precursors. While executable so ftware would eventuallyemerge, manyof the keyengineering processes occur at the earlier stages where relationships

among earlier design artefacts (e.g., architectural blocks or design modules) are

worked out. T he appropriate ontologyis therefore not a computational ontologyfor

machine execution, but a world ontologyin which there are manyhuman decision

makers and stakeholders, exploiting opportunities, mitigating vulnerabilities, and

choosing among alternatives according to strategic interests. T he i* framework is

used as the starting point for the T ropos project.

Since software engineering work continues to relyheavilyon human social

pro c esses, a full development of the AOES vision should include the manyhuman

players in a software engineering p rojects as full - fledged agents (or actors in i*

terminology). Human agents, roles, and positions would be interwoven with those

representing the emerging artefacts. As the software development process unfolds,

newactors and relationships would be create d, existing ones evolve, others dissolve.

T he agents - in - the - world modelling paradigmallows a uniformrepresentation of

machine and human processes. T his would support, for example, reasoning about

whether an activityshould be done at run - time or at dev elopment time, byhuman or

bymachine. T hese would be indicated as alternate boundaries among actors in i* .

T his conception of AOES is currentlybeing explored [ 22 ].

Manysoftware engineering challenges are not onlytechnical, but social and

orga n izational, e.g., reusability, maintainability, evolvability, comprehensibility,

outsour c ing, componentization, etc. A representation and engineering framework that

pr o vides full and equal treatment to technical artefacts as well as to human processes

(i n c luding knowledge management and human capital considerations) can potentially

offer a fuller account of software engineering, as well as more effective solutions.

While the general vision of AOES is independent of software implementation

tec h nology, the g reatest benefit is obtained when the implementation does employ

sof t ware agent technology. T his would allowcertain open decisions to be deferred to

run - time to be executed bythe agent software. Which ones to defer would be a

frequent question that occu rs throughout the development process. AOES mo d elling

frameworks and tools should provide support for addressing such questions.

7 Conclusions

Agent orientation can contribute to software engineering in more ways than one.

We have outlined a notion of agent fromthe viewpoint of requirements engineering,

which focuses on the relationship between systems and their environments in the

world. T his notion of agent benefits fromthe development of the agent - as - software

concept, but is distinct fromit. We have outlined some major distinctions in terms of

keyagent properties such as autonomyand sociality. Because of the differences in

context and objectives in different stages and aspects of software engineering, it is not

surpri s ing that differing agent abstractions have developed. However, as

requirements eng i neering turns to face the newchallenges raised byagent software

technology, and as software agents acquire greater abilities to reason strategically

about themselves and the world, one can expec t closer links between conceptions of

agents - as - software and agents - in - the - world. T hese are topics of ongoing research.

Acknowledgements . Financial support fromthe Natural Sciences and Engineering

Research Council of Canada, Communications and Informati on T echnologyOntario,

and Mitel Corpor a tion are gratefullyacknowledged.

References

1. Barber, K.S., Han D.C., Liu, T.H.: StrategySelection - based Meta - level Reasoning for of

Multi - Agent P roblemSolving. . In: Ciancarini, P ., Wooldridge, M.J. (eds): Age nt -

Oriented Software Engineering: AOSE 2000. Lecture Notes in Computer Science, Vol.

1957. Springer - Verlag. (2001) 269 - 284

2. Bauer, B., Müller, J.P ., Odell, J.: An Extension of UML byP rotocols for Multiagent

Interaction. P roc. 4th Int. Conf. on Multi - Agen t Systems. IEEE Computer Society. (2000)

207 - 214

3. Bradshaw, J. (ed.): Software Agents. AAAI P ress (1997)

4. Bresciani, P ., P erini, A., Giunchiglia, F., Giorgini, P ., Mylopoulos, J.: A Knowledge Level

Sof t ware Engineering Methodologyfor Agent Oriented P rogram ming. P roc. 5th Int. Conf.

on Autonomous Agents, Montreal, Canada. (2001)

5. Bubenko, J., Brash, D., Stirna, J.: EKD User Guide. (1998). Available at

ftp://ftp.dsv.su.se/users/js/ekd_user_guide. pdf

6. Caire, C., Garijo, F., Gomez, J., P avon, J., Leal, F, Chainho, P , Kearney, P ., Stark, J.,

Evans R., Massonet, P .: Agent Oriented Analysis Using MESSAGE/UML. In this volume.

7. Castro, J., Kolp, M., Mylopoulos, J.: A Requirements - Driven Development Method ology,

13th International Conference on Advanced Information Systems Engineering

(CAiSE’01), Interlaken, Switzerland. LNCS Vol. 2068 Springer - Verlag (2001) 108 - 123

8. Chung, L., Nixon, B.A., Yu, E., Mylopoulos, J.: Non - Functional Requirements in

Software Engi neering. Kluwer Academic P ublishers. (2000)

9. Ciancarini, P ., Wooldridge, M.J. (eds): Agent - Oriented Software Engineering: First Int.

Workshop, AOSE 2000. Limerick Ireland, June 10, 2000. Lecture Notes in Computer

Science, Vol. 1957. Springer - Verlag. (2001 )

10. Dardenne, A., van Lamsweerde, A., Fickas, S.: Goal - Directed Requirements Acquis i tion,

Science of Computer P rogramming. 20 (1 - 2): (1993) 3 - 50

11. Dastani, M., Jonker, C., Treur, J.: A Requirement Specification Language For

Configuration Dynamics Of Multi - Age nt Systems. In this volume.

12. DeMarco, T. : Structured Analysis and SystemSpecification. New York: Yourdon, (1978)

13. Dignum, V., Weigand, H., Xu, L.: Agent Societies: Towards Frameworks - Based Design.

In this volume.

14. Dubois, E., Yu, E., P etit, M.: FromEarlyt o Late Formal Requirements: a P rocess Control

Case Study. P roc. 9th Int. Workshop on Software Specification and Design, Ise - Shima,

Japan. IEEE Computer Society(1998) 34 - 42

15. Feather, M.S., Fickas, S.F., Helm, B.R.: Composite SystemDesign: The Good News And

The Bad News, P roceedings of Fourth Annual KBSE Conference, Syracuse. (1991) 16 - 25

16. Feather, M.S.: Language Support For The Specification And Development Of Composite

Systems. ACM Trans.on P rogramming Languages and Systems , 9(2): (1987) 198 - 234

17. Finkelstei n, A., Sommerville, I.: The Viewpoints FAQ: Editorial - Viewpoints in

R e quirements Engineering. IEE Software Engineering Journal, 11(1): (1996) 2 - 4

18. Gans, G., Jarke, M., Kethers, S., Lakemeyer, G.,.Ellrich, L., Funken, C., Meister, M.:

Requirements Modeling for Organization Networks: A (Dis - )Trust - Based Approach. 5th

IEEE Int. Symp. on Requirements Eng., Toronto, Canada. (2001)

19. Gasser, L.: Social Conceptions of Knowledge and Action: DAI Foundations and Open

Systems Semantics. Artificial Intelligence. 47(1 - 3) : (1991) 107 - 138

20. Ghezzi, C., Nuseibeh, B.: Guest Editorial - Managing Inconsistencyin Software

D e velopment. IEEE Transactions on Software Engineering 24(11): (1998) 906 - 907

21. Greenspan, S.: Requirements Modelling: The Use of Knowledge Representation

Techni ques for Requirements Specification, P h. D. thesis, Dept. of Computer Science,

Univ. of Toronto (1984)

22. Gross, D., Yu, E. : Evolving SystemArchitecture to Meet Changing Business Goals: an

Agent and Goal - Oriented Approach. ICSE - 2001Workshop: FromSoftware Req uirements

to Architectures (STRAW), Toronto, Canada. (2001) 13 - 21

23. Inverardi, P . et al.: The Teleservices and Remote Medical Care System(TRMCS): Case

Studyfor the Tenth International Workshop on Software Specification and Design

(IWSSD - 10) (2000) http://www.ics.uci.edu/iwssd/case - study.pdf

24. Jarke, M., Kurki - Suonio, R.: Guest Editorial - Special Issue on Scenario Management.

IEEE Transactions on Software Engineering, 24(12): (1998) 1033 - 1035

25. Jark e, M.: Requirements Tracing - Introduction. Communications of the ACM, 41(12):

(1998) 32 - 36

26. Jennings, N.R., Sycara, K., Wooldridge, M.: A Roadmap of Agent Research and

D e velopment. Autonomous Agents and Multi - Agent Systems, 1 (1998) 7 - 38

27. Kendall, E.A.: A gent Software Engineering with Role Modelling. In: Ciancarini, P .,

Wooldridge, M.J. (eds): Agent - Oriented Software Engineering: AOSE 2000. Lecture

Notes in Computer Science, Vol. 1957. Springer - Verlag. (2001) 163 - 170

28. Kethers, S.: Multi - P erspective Modelin g and Analysis of Cooperation P rocesses. P h.D.

thesis. Technical Universityof Aachen (RWTH), Germany. (2001)

29. Medina - Mora, R., Winograd, T., Flores, R., Flores, F.: The Action Workflow Approach to

Workflow Management Technology. P roc. Computer - Supported Co operative Work. ACM

P ress. (1992) 281 - 288

30. Miksch, S., Cheng, K., Hayes - Roth, B.: An Intelligent Assistant For P atient Health Care,

P roc. of the First Int. Conf. on Autonomous Agents (Agents’97) ACM P ress (1997) 458 -

465

31. Mylopoulos, J., Borgida, A., Jarke, M ., Kourbarakis, M.: Telos: A Language for

Representing Knowledge About Information Systems. ACM Trans. on Information

Systems 8(4) (1990) 325 - 362

32. Mylopoulos, J., Castro, J.: Tropos: A Framework for Requirements - Driven Software

Development In J. Brinkkempe r, A. Solvberg (eds.), Information Systems Engineering:

State of the Art and Research Themes, Lecture Notes in Computer Science, Springer -

Verlag (2000) 261 - 273

33. Mylopoulos, J.: Information Modeling in the Time of the Revolution. Information Sy s tems

23(3 - 4): (1998) 127 - 155

34. Nuseibeh, B.A., Easterbrook, S. M.: Requirements Engineering: A Roadmap. In:

Finkelstein, A.C.W. (ed): The Future of Software Engineering. (Companion volume to the

proceedings of the 22nd Int. Conf. on Software Engineering, ICSE’00. IEEE Co mputer

SocietyP ress. (2000)

35. Omicini A.: SODA: Societies And Infrastructures In The Analysis And Design of Agent -

based Systems. In: Ciancarini, P ., Wooldridge, M.J. (eds): Agent - Oriented Software

Engineering: AOSE 2000. Lecture Notes in Computer Science, Vol. 1957. Springer -

Verlag. (2001) 185 - 194

36. P arunak, H.V.D., Odell, J.: Representing social structures in UML. In this volume.

37. P etit, M.: A Multi - Formalismand Component - Based Approach to the Formal Modeling of

Manufacturing Systems Requirements. P h.D. the sis. Universityof Namur, Belgium.

(2000)

38. P otts, C., Takahashi, K., Anton, A.: Inquiry - Based Requirements Analysis. IEEE

Software, March (1994) 21 - 32

39. Robinson, W.N., & Volkov, S. Supporting the Negotiation Life - Cycle. Communic a tions

of the ACM, 41(5): (19 98) 95 - 102

40. Ross, D.T. : Structured Analysis (SA): A La nguage for Communicating Ideas. IEEE

Transactions on Software Engineering, SE - 3(1) (1977) 16 - 34

41. Rumba ugh, J., Jacobson, I., Booch, G.: The Unified Modeling Language R eference

Manual, Addison - Wesley (199 8)

42. Simon, H.A.: The Sciences of the Artificial. MIT P ress (1969).

43. Standish Group: Software Chaos (1995) http:// www.standishgroup.com/chaos.html

44. Suchman, L.: P lans and Situated Actions: The P roblem of Human - Machine

Communic a tion. Cambridge UniversityP ress (1987)

45. Szolovits, P ., Doyle, J., Long, W.J., Kohane. I., P auker, S.G.: Guardian Angel: P atient -

Centered Health Information Systems. Technical Report MIT/LCS/TR - 604 (1994)

46. Taveter, K.: FromDescript ive to P rescriptive Models of Agent - Oriented Information

Systems. 3rd Int. Workshop on Agent - Oriented Information Systems. Interlaken,

Switzerland. (2001)

47. van Lamsweerde, A.: Requirements Engineering in the Year 2000: A Research

P erspe c tive. P roc. 22nd Int. Conf. on Software Engineering, June 2000, Limerick, Ireland

(2000) 5 - 19

48. Wagner, G., Lesp é rance, Y., Yu, E. , (eds): Agent - Oriented Information Systems 2000:

P roceedings of the 2nd International Workshop. Stockholm, June 2000. iCue P ublishing,

Berlin (20 00)

49. Wang, X., Lespérance, Y.: Agent - Oriented Requirements Engineering Using ConGolog

and i* . 3rd Int. Workshop on Agent - Oriented Information Systems. Montreal, Canada.

(2001)

50. Weiss, G. (ed.): Multiagent Systems. MIT P ress (1999)

51. Wooldridge, M., Jennings , N.R., Kinny, D.: The Gaia Methodologyfor Agent - Oriented

Analysis and Design. Journal of Autonomous Agents and Multi - Agent Systems 3 (3):

(2000) 285 - 312

52. Yu, E.: Modelling Strategic Relationships for Business P rocess Reengineering. P h.D.

thesis. Dept. of Computer Science, Universityof Toronto. (1995)

53. Yu, E.: Towards Modelling and Reasoning Support for Early - P hase Requirements

Eng i neering. P roc. of the 3rd IEEE Int. Symp. on Requirements Engineering (1997) 226 -

235.

54. Yu, E.: WhyAgent - Oriented Requirement s Engineering. In: P roc. of the 3rd Int.

Workshop on Requirements Engineering: Foundations for Software Quality. Barcelona,

Catalonia. E. Dubois, A.L. Opdahl, K. P ohl, eds. P resses Universitaires de Namur (1997)

55. Yu, E.: Agent Orientation as a Modelling P ar adigm. Wirtschaftsinformatik 43(2) (2001)

123 - 132.

56. Yu, E., Mylopoulos, J.: Understanding "Why" in Software P rocess Modelling, Analysis,

and Design, P roc. 16th Int. Conf. Software Engineering, Sorrento, Italy, (1994) 159 - 168

57. Yu, E., Mylopoulos, J.: WhyGoal - Oriented Requirements Engineering, P roc. of the 4th

Int. Workshop on Requirements Engineering: Foundations ofSoftware Quality, P isa, Italy.

E. Dubois, A.L. Opdahl, K. P ohl, eds. P resses Universitaires de Namur (1998) 15 - 22

58. Zambonelli, F., Jennings, N.R., Wooldridge, M.: Organisational Abstractions for the

Analysis and Design of Multi - Agent Systems. In: Ciancarini, P ., Wooldridge, M.J. (eds):

Agent - Oriented Software Engineering: AOSE 2000. Lecture Notes in Computer Science,

Vol. 1957. Springer - Verlag. ( 2001) 235 - 251