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· Fragment name:  
Methodology fragment for Analysing Complex Multi-Agent System in UML (MaCMAS/UML)

· Reference materials:  

http://tdg-seville.info/joaquinp/MacMAS:
- Summary of the methodology that contains Metamodels, SPEM description, UML 2.0 Notation, Case Study.
- Online navigable case study

· Design tool (if a specific one is needed): 
No specific design tools needed. All models are based on UML2.0, whichever tool that supports it can be used. 
We are developing a tool for supporting layer maintenance and algorithms to compose /decompose models automatically which is not available yet. 
· Modelling language adopted: 
UML 2.0 with minor extensions (some attributes and stereotyped classes).
· Scope of the methodology fragment: 
Our fragment can be applied before requirements and focuses on the analysis of the acquaintance organisation (interaction relations) stage. 

It is specially tailored for complex MASs where exists a high degree of interaction and where exist Correlation between agents (exists joint information) and whose agents acts Coordinately (implies a causal process where communication between agents exists either directly or indirectly through the environment). We take into account agent's and system's goals thus covering system that coordinates by Contention (agents that coordinate with contradictory goals) or by Cooperation (agents with non--contradictory goals). The kind of system we focus must also present a certain degree of Congruence (agents goals fulfil system goals even when a Contention mechanisms exits). Hence, in the kind of system we focus, agents must relate Coherently (the relation among the agents that yields Congruence is Coherence). All the Co--X terms we use can be found [Parunak 03]). Summarising, we focus on complex reliable information systems with a predictable behaviour. Our fragment is also applicable to open system where we are able to know interactions patterns at modelling time but not the concrete agents who participate on them.

· Short description of the methodology (half page): 
Our Methodology Fragment is a systematic, iterative and incremental approach for the development of the acquaintance organisation (interaction organisation) of a Multiagent system structuring models in a set of abstraction layers. It is specially tailored to deal with complexity derived from interactions, thus, we focus all the modelling process on them. MacMAS is a fractal methodology where a model is refined by its bottom layer models and abstracted by its top layer model. 

Layers are developed in a systematic way guided by system goals. Summarising, we must perform the following activities in parallel (see http:// for a detailed description of the software process and models we use):
· Layer Completion: It is the most important activity since it is the responsible of building acquaintance organisation models. It consists on transforming models by composition, decomposition and adding/removing details to promoting them to bottom or to top abstraction layers.

· Reuse: Parameterised Interaction Patterns attached with design models can be instantiated by whichever set of concrete agents, knowledge and services and used in all proposed models. Notice that parameterised interaction patterns can be also attached with instantiation rules which allow reusing them at runtime.
· Traceability Maintenance: We provide a traceability model which maintains all models well-structured. It describes the relationships between models in different abstraction layers by means of classification, generalisation, redefinition or aggregation. This model is also linked with requirement documents (system goals) which in conjunction with the previous fact provide full traceability between requirements and the next fragment to be used.
The main contribution of our approach regarding others is that we are able to deal with more complex MAS than others since:

· We focus the modelling process on the main source of complexity, interactions, providing a more powerful modelling artefact than other approaches. We use multiRole Interactions (mRIs) in all models [Peña 02a, Peña 03b]. This artefact is able to relate whichever number of roles at whichever level of abstraction while binary interactions, used by most approaches, limit the abstraction level we can represent (see [Peña 03b] for a detailed discussion on this fact).  Notice that some approaches also propose multiparty interactions, but not covering static and dynamic modelling aspects at the same time or do not provide a layered approach.
· We face the problem applying the three main principles to deal with complexity in Software Engineering [Jennings 01]: abstraction (to focus on certain aspects), decomposition (divide and conquer) and composition (identified features lost due decomposition and modelling relationships between related models). We provide automatic algorithms to decompose interaction models (goal-decomposition or dependency-decomposition) and to compose them that ease the layer completion activity (see [Peña 02a] and [Peña 03b] for further details on such algorithms). By the best of our knowledge goal decomposition is applied by most methodologies but not dependency decomposition, and models composition have not been developed in the literature.
· We provide a layered description which is built by means of an iterative and incremental process. By the best of our knowledge there exist few approaches that perform a layered description although it is widely accepted in tradition software engineering. Furthermore, by the best of our knowledge, current incremental approaches base analysis and design on intuitive decisions not applying abstraction, decomposition and composition, while we provide a systematic process applying these principles carefully.
· Finally, we use less modelling artefacts than others, and our models are simpler, more modular, readable and navigable (models are navigable by clicking on their elements, see the web page) than others thanks to abstraction, decomposition and composition.  For a comparison see the case study in our web page and solutions given by others in the FIPA modelling TC.
Bibliography
[Parunak 03]   H. Parunak, S. Brueckner, M. Fleischer, and J. Odell: A design taxonomy of multi-agent interactions. In P. Giorgini, J. P. MÄuller, and J. Odell, editors, IV International Workshop on Agent-Oriented Software Engineering (AOSE'03), volume 2935 of LNCS, pages 123-137. Springer-Verlag, 2003.

[Peña 03b]   J. Peña, R. Corchuelo, J. L. Arjona. "A Top Down Approach for MAS Protocol Descriptions". ACM Symposium on Applied Computing SAC'03. ACM Press. pp. 49-54. 

[Peña 02a]   J. Peña, R. Corchuelo, J. L. Arjona. Second International Workshop on Formal Approaches to Agent-Based Systems: "Towards Interaction Protocol Operations for Large Multi-Agent Systems". Springer–Verlag LNCS 2699. Greenbelt (MD), USA. pp. 79–91. 2002

[Jennings 01]   N. Jennings. An agent-based approach for building complex software systems.Communications of the ACM, 44(4):35{41, 2001.
