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1 Introduction

Tropos [Trop] is an agent-oriented software development methodology which is founded on the concepts of goal-based requirements adopted from the i* [IStar] and GRL (Goal-oriented Requirements Language) [GRL]. Tropos-specific modeling deals primary with modeling of needs and intentional aspects of the agent system, from the early requirements analysis to the late design. This approach focuses particularly on BDI agent architectures.

Tropos models covers just non-functional requirements during the whole development cycle and partially also organizational aspects of MAS. To be able to cover also other aspects of MAS, Tropos exploits class diagrams, activity and interaction diagrams from UML, or sequence diagrams from AUML respectively.

2 Notation Overview

Tropos models use the following modeling elements:

Actor - an entity that has strategic goals and intentionality within the system or the organizational setting. An actor represents a physical or a software agent as well as a role or position.

Goal - actors' strategic interests. There are distinguished hard goals from soft goals, the second having no clear-cut definition and/or criteria for deciding whether they are satisfied or not.

Plan - represents, at an abstract level, a way of doing something. The execution of plan can be a means for satisfying a goal or a soft goal.

Resource - a physical or an informational entity.

Dependency - a relation between two actors, which indicates that one actor depends, for some reason, on the other in order to attain some goal, execute some plan, or deliver a resource. The former actor is called the depender, while the latter is called the dependee. The object around which the dependency centres is called dependum. Dependum can be either goal, or resource, or task.

Contribution – a relationships between goals or plans representing how and how much goals or plans can contribute, positively or negatively, in the fulfillment of the goal.

Decomposition – a relationship between goals or plans representing AND/OR decomposition of root goal/plan into subgoals/subplans.

Capability - the ability of an actor of defining, choosing and executing a plan for the fulfilment of a goal, given certain world conditions and in presence of a specific event.

Belief - the actor’s knowledge of the world.

Notation of Tropos modeling elements is depicted in Figure 1.

Remark: Tropos in addition to the graphical notation provides also a textual notation.
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Figure 1: Examples of notation

2.1 Actor Diagram

Actor diagram describes the actors, their goals and the network of dependency relationships among actors. This diagram type is used either to define needs and intentional relationships of the business actors or users of the system (a kind of a “goal-based requirements business model” built in early requirements phase), or to show intentions of and relations between inner system’s actors (representing architectural requirements and organization). Example of actor diagram is depicted in Figure 2.
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Figure 2: Example of actor diagram

2.2 Goal Diagram

Goal diagram shows internal structure of an actor – its goals, plans, resources and relationships among them. Example of actor diagram is depicted in Figure 3.
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Figure 3: Example of goal diagram

2.3 Other Diagrams

The following diagrams Tropos uses during the phase of detailed design. All of them are adopted from other modeling languages without changes. 

2.3.1 Capability diagrams

Capabilities are modeled either textually (e.g. as a list of capabilities for each actor) or as capability diagrams. The UML activity diagram is used to model a capability (or a set of correlated capabilities) from the point of view of a specific agent. External events set up the starting state of a capability diagram; activity nodes model plans, transition arcs model events, and beliefs are modeled as objects.

2.3.2 Plan diagrams

Each plan node of a capability diagram can be further specified by UML activity diagrams.

2.3.3 Agent interaction diagrams

Here AUML sequence diagrams can be used in a usual way.

3 Unification Considerations

Tropos represents an interesting source for goal-based requirements and modeling of BDI agent architectures. However, some improvements are necessary in order to bring a consistent framework, e.g. better logical structuring of goals (constraints), better defining of fairly unclear concepts about plans, capabilities and resources, etc.

One of possible sources for more advanced metamodel would be GRL – a successor of i*. It provides some improvements to the contributions, introduces correlations and beliefs, provides a well-defined XML interchange format, etc.

Even if there exist (informally defined) a UML profile for GRL/i* language [Mylo01], it must be revised and made more complete and consistent in order to integrated into FIPA AUML.
4 References

[Trop]
Tropos web site
http://www.cs.toronto.edu/km/tropos/
[GRL]
GRL web site
http://www.cs.toronto.edu/km/GRL/
[IStar]
i* web site
http://www.cs.toronto.edu/km/istar/

[Mylo01]
J. Mylopoulos, M. Kolp, and J. Castro. UML for agent-oriented software development: The Tropos proposal. In Proc. of the 4th Int. Conf. on the Unified Modeling Language UML'01, Toronto, Canada, Oct. 2001


































_1108992139.doc


depender







Goal dependency:







Actor:







Resource:







Contribution:







Plan:







Hard goal:







Soft goal:







dependum







dependee







++/+/-/--







AND decomposition:







OR decomposition:












