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1. Introduction
There are at least two concepts basic to the Aspect Oriented approach, which are also present in the Model Driven Architecture (MDA) [1]. These are separation of concerns and weaving.

Concern separation is the driving force of the underlying ideas of MDA. The possibility of having multiple Platform Independent Models (PIMs) for different crosscutting concerns is a direct abstraction of encapsulating crosscutting concerns in aspects.

With concern separation on the model level comes the need to join the atomic concern models into a complete model of a system or application. Model transformations that can take the form of model weaving are the second concept, which closely relates MDA to AOP [2].
This paper presents a short classification of MDA transformations and describes them from the Aspect Oriented point of view. Next, a foundation of a formal, well-defined and self-defining Aspect Oriented Language (AOL) for model-weaving – the Model Weaving Description Language (MWDL) – is given. Finally we present a simple language architecture and infrastructure, which – among other benefits – simplifies the MDA transformation layer.

2. Scope and basic assumptions
MWDL deals with model to model transformations realized by model weaving. The issue of code generation or model to code transformations is out of the scope of both MWDL and this paper.

We make two crucial assumptions for this paper. First, we assume that every model to model transformation in the MDA can be achieved via model weaving. In order for the first assumption to make sense, we also assume, that any transformation (either mapping or relation, which are explained below) must either take or produce at least two models, defined either implicitly or explicitly.

3. Transformations
Following the approach of [3] and [4] the two basic classes of transformations in MWDL are Relation Transformations (or simply Relations) and Mapping Transformations (Mappings.) A relation in MWDL is a declarative expression using a MOF (Meta Object Facility) compliant constraint language, such as the OCL. 
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Figure 1. Conceptual overview of MWDL transformations

A mapping is a transformation defining the way two models are woven together based on the specified pointcuts and a concrete transformation type.

We propose two simple conceptual categories of Mapping Transformations, based on the changes in the level of abstraction between source and target models. See figure 1 for details.
In vertical transformations the level of abstraction after the transformation is either higher (PSM to PIM generalization transformation), or lower (PIM to PSM specialization transformation). On the other hand, in horizontal transformations (weaving together either PIMs or PSMs) the level of abstraction remains the same.

The most obvious way to utilize MWDL is to use horizontal transformations, which are the exact equivalent of weaving aspects to base code in AOP. Two or more models on the same level of abstraction are woven together in order to create a model of a component or system. 

In the case of specialization transformation one or more PIMs are woven together with one or more metamodels of a specific platform. For example, a specialization transformation of a banking application PIM to a platform specific EJB version, would involve weaving the banking application PIM with elements of the EJB metamodel plus any other  metamodels appropriate for a given system.
4. MWDL
4.1 Basic structures
MWDL defines a number of constructs known from traditional AOP, slightly adapting them to modeling.

Model aspect – a module of crosscutting concern encapsulation. 
Model pointcut – a set of model join points.
Both model aspects and model pointcuts are directly related to their counterparts from traditional AOP (aspects and pointcuts).

Model join point – a model join point is a well defined point in the structure of a static model, where a transformation end may be hooked.
Transformation – a transformation is an action changing the state of a set of models. Each transformation is composed of:
· a number of transformation ends, which are sets of model join points grouped in model pointcuts from different models,
· a transformation type – on the abstract syntax level there are two types of transformations defined: relations and mappings. On the concrete syntax level a number of predefined, convenience transformations are used (such as addParent or a more general addRelationship), which may simplify the definition of more complex mappings.
Transformations are an equivalent of advice from traditional AOP, describing what is going to happen between the source models.

Model join point model – model join points in MWDL are elements of a model join point model, which is, like the abstract syntax of MWDL, based on an extended version of the EMOF (Essential MOF.) Further the model will be extended, to cover CMOF (Complete MOF.)
4.2 Abstract syntax and self definition of MWDL
The abstract syntax of MWDL (figure 2) is also defined using slightly extended EMOF. Hence MWDL may be used to transform transformations already defined using the EMOF-related constructs of the language (as well as store them in MOF-compliant metamodel repositories for future reuse.) 
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Figure 2. MWDL abstract syntax

The application of extended EMOF as abstract syntax and model join point model may limit the scope of the language to a number of simple applications. This should, however, prove to be a temporary limitation, since one of the main points of further research on MWDL is extending its definition over the CMOF.

5. Architecture and infrastructure
There is a number of components crucial to the architecture of a MWDL implementation:

· Model Weaver

· Weaving Descriptor file

· MOF compliant metadata repository 
· A mapping from MOF to MWDL implementation language (such as the XMI or JMI mappings)
Source models are kept in a MOF compliant metadata repository such as [5]. The Model Weaver, being basically a module for interpreting the transformation rules written in MWDL, reads the contents of the Weaving Descriptor file, which contains the list of transformations and definitions of points in source models for hooking them.

The weaver transforms source models according to the rules defined in the Weaving Descriptor and stores the resulting model(s) in a metadata repository.

It is worth noting, that the Weaving Descriptor contains both the mapping information, as well as relation information, which basically is a set of constraints imposed on source models. Locating both kinds of transformations in a single file should greatly simplify marking up a model, as well as the definition of transformations. This approach is also a step towards simplification of the transformation layer in the MDA.

6. Benefits
· Improved early phases of the development process
Utilizing AOP ideas at the model level and combining them with the transformation based approach of MDA, facilitates a faster creation of more flexible and understandable software during the analysis and design phase of development.
· Transformation reuse. Further, MWDL automates model transformations and promotes reuse by offering the chance to store predefined transformations in different Weaving Descriptor files or as models in a Model Repository.
· Simplified transformation layer. Using a dedicated Weaving Descriptor offers simplifies the transformation layer of MDA, by keeping mappings and relations in one place and allows for separation of markup data from the model.

· Fine grained, specialized models with better reusability. The AO approach also facilitates better model reuse and provides for more flexible MDA. With separating crosscutting concerns on the PIM level and reposing fine grained models (meta-models) of different concerns in metadata stores, comes better utilization of the most important benefits of MDA.
· Models as corporate assets. MWDL strongly supports the “models as corporate assets” idea, as presented in [6].
7. Related approaches
The issue of languages for model transformation is gradually getting more publicity. Most of the proposed languages, such as BOTL [7], YATL [8] or MTL are not AOLs.

The only exception here so far is an Aspect Oriented extension to MTL [9], which however lacks the simplicity and flexibility of the most popular AOP implementations. Since the extension is based on a proprietary language, its flexibility and application are limited even further.

8. Summary and further research
This paper provided a brief description of the conceptual foundations of MWDL - a formal, self-defining AOL for model weaving in the MDA. The flexibility of the language, as well as of the proposed architecture and infrastructure makes it a promising solution for integrating AOP in MDA transformations. Future work on the language includes:

· extending the join point model and abstract syntax to CMOF level,

· developing concrete syntax (a BNF grammar) and semantics of the language,

· positioning the solution in relation to Q/V/T [4],

· developing an XMI, JMI and MOF-repository based implementation,

· exploring perspectives for application of different meta-metamodels, such as MML.
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