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Abstract. Although MDA defines each stage for building software from mod-
els, it does not specify any concrete technique. In this sense, in the Web appli-
cations development, little methodological support is provided to both define 
and apply model to model transformations. In this work, we present a strategy 
based on graph transformations in order to define and to automatically apply 
model to model transformations. This strategy has been used to automate the 
OOWS CIM to PIM transformation.  

1   Introduction 

In the MDA [5] development process a computational independent model (CIM), a 
platform independent model (PIM) and a platform specific model (PSM) are proposed 
in order to describe the system at different levels of abstraction. Besides the specifica-
tion of these models, MDA proposes that a set of consecutive transformations should 
be applied in order to transform these models into code. However, in the Web appli-
cations development area, little methodological support is provided to both define and 
apply model to model transformations 

In this work, we introduce a strategy that is based on graph transformations in or-
der to define and to automatically apply model to model transformations. This strat-
egy has been used to automate the OOWS [2] CIM to PIM transformation. This con-
tribution allows us to provide a fully MDA approach that support automatic model 
transformation. 

This paper is organized as follows: Section 2 presents the OOWS method. Sec-
tion 3 proposes a strategy to automate the CIM to PIM transformation. Finally, con-
clusions and future work are presented in section 4. 

2   OOWS: A MDA-Based Method  
for the Web Applications Development 

The OOWS [2] development process begins by describing the early requirements of a 
Web application in the CIM model. Next, the PIM model is obtained by applying a 
model-to-model transformation. This model describes the Web application with high-
level constructs that hide the necessary details for a particular platform. Finally, an 
automatic transformation is applied to obtain code from the PIM model.  

This work focuses on the CIM to PIM transformation. Then, to better understand 
this transformation, a brief overview of the OOWS CIM and PIM models is next 
presented. 
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2.1   The CIM Model 

The OOWS CIM model is defined from: (1) the identification of the tasks that users 
must achieve and (2) the description of these tasks from the system-user interaction. 

2.1.1   Task Identification 
To identify tasks, we propose the construction of a task taxonomy. To do this we take 
a statement of purpose that describes the goal for which the application is being built, 
as the starting point. The statement of purpose is considered as the most general task. 
Then, this task is refined into more specific ones until a group of elementary tasks are 
obtained. An elementary task is defined as a task that when divided into subtasks 
involves either the user or the system, but not both. In addition, we propose to enrich 
this taxonomy by indicating temporal relationships among tasks. To do this, we have 
used the relationships introduced by the CTT approach (ConcurTaskTree) [6].  

Figure 1 shows a partial view of the task taxonomy that we obtain from the state-
ment of purpose of a Web application for the sale of audiovisual and bibliographic 
products (CDs, DVDs and Books). In order to easily identify the elementary tasks 
they are circled with a thicker line.  
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Fig. 1. A Task Taxonomy of an On-Line Sale Web application 

2.1.2   Task Description � Activity Diagrams and Interaction Points 
To describe elementary tasks we extend traditional description where user and system 
actions are described by indicating explicitly when (at which exact moment) the inter-
action between user and system is performed. We introduce the concept of interac-
tion point (IP). In each IP, the system provides the user with information. Moreover, 
access to operations can also be provided. In this sense, the user can perform several 
actions with both the information and the operations: he/she can select information (as 
a result the system provides the user with new information) and he/she can activate an 
operation (as a result the system carries out an action).  

To perform descriptions of this kind, we propose a graphical notation based on 
UML activity diagrams [1] (see Figure 2). Each node (activity) represents an IP (solid 
line) or a system action (dashed line). Finally, each arc represents (1) a user action 
(selection of information or operations) if the arc source is an IP or (2) a node se-
quence if the arc source is a system action.  
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Figure 2 shows the description of the Search CD elementary task. This task starts 
with an IP where the system provides the user with a list of music categories (1). 
Next, the user selects a category (2). Next, the task continues with an IP where the 
system informs about the CDs of the selected category (3). Depending on the user 
action there are two ways (A and B) to continue with the task: A) The user selects a 
CD (4a) and the task ends with an IP where the system provides the user with a de-
scription of the selected CD (5a). B) The user selects a search operation (4b). Then, 
the system performs a system action which searches the CDs of an artist (5b). Finally, 
since the search result is a list of CDS it is shown in the IP where the full list of CDs 
is previously shown (6b). 

As we can see, details about the information exchanged between the user and the 
system are not described. To do this, we propose a technique based on information 
templates such as the CRC Card [9]. 
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Fig. 2. Search CD Elementary Task 

2.2   The PIM Model 

The OOWS PIM model describes the different aspects of a Web application at a high 
level of abstraction. The system static structure and the system behaviour are de-
scribed in three models (class diagram and dynamic-and functional models) that are 
borrowed from an object oriented software production method called OO-Method [7]. 
The navigational aspects of a Web application are described in a navigational model. 

The navigational model [2] is represented by a directed graph (which defines the 
navigational structure) whose nodes are navigational contexts and its arcs denote 
navigational links. A navigational context (represented by an UML package stereo-
typed with the «context» keyword) defines a view on the class diagram that allows us 
to specify an information recovery. A navigational link represents navigational con-
text reachability: the user can access a navigational context from a different one if a 
navigational link between both has been defined. 

The navigational context is made up of a set of navigational classes that represent 
class views over the classes of the class diagram (including attributes and operations). 
Each navigational context has one mandatory navigational class, called manager class 
and optional navigational classes to provide complementary information of the man-
ager class, called complementary classes. All navigational classes must be related by 
unidirectional binary relationships, called navigational relationships that are defined 
upon an existent relationship in the class diagram.  
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3   From a Task Description to the OOWS Navigational Model: 
Automating the CIM to PIM Transformation 

In this section, we present a strategy based on graph transformations that allow us to 
automatically derivate the OOWS PIM navigational model from the CIM model. This 
strategy is divided into two main stages: (1) Definition of the mapping rules that 
transform a model into another model and (2) Application of the mapping rules. 

3.1   Graph Transformations � Defining the Mapping Rules 

In order to define the mapping rules we have chosen a technique based on graph 
transformations. Graph transformations are specified using transformation systems. 
Transformation systems rely on the theory of graph grammars [8]. A transformation 
system is composed of several transformation rules. Technically, a rule is a graph 
rewriting rule equipped with negative application conditions and attribute conditions. 
Every rule is composed by a Left Hand Side (LHS), that defines a pattern to be 
matched in the source graph and a Right Hand Side (RHS) that defines the replace-
ment for the matched subgraph if a Negative Application Condition (NAC) does not 
matches. 
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Fig. 3. A Transformation Rule 

To define the OOWS CIM to PIM transformation we have defined a set of trans-
formation rules. These rules transform a graph that represents a task description into a 
graph that represents an OOWS navigational model. Due to space constraints, we 
only present a representative rule that can be seen in Figure 3. The rest of rules are 
identified in [3]. The rule of Figure 3 says that when an IP (LHS) is found it must be 
transformed into a Navigational Context with its Manager Navigational Class (RHS). 
However, this rule is not applied if the navigational context is already defined (NAC).  

3.2   Automatically Applying Graph Transformations 

To automatically apply graph transformations we propose the use of the Attribute 
Graph Grammar (AGG) tool [4]. AGG was chosen because it allows the graphical 
expression of directed, typed and attributed graphs for expressing rules. It has a pow-
erful library containing notably algorithms for graph transformation, critical pair 
analysis, consistency checking and the application of positive and negative condi-
tions.  
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The AGG tool allows us to automatically transform a source graph into a target 
graph. However, models are not always defined as graphs. In these cases, to fully 
automate the model-to-model transformation by means of the AGG tool, two addi-
tional steps must be fulfilled: (1) The source model must be represented as a correct 
AGG graph and (2) once the graph transformations are applied into this graph, the 
obtained graph must be translated into the correct target modelling language. 

Next, we present the strategy to achieve these steps in order to automate the 
OOWS CIM to PIM transformation.  

3.2.1   Obtaining an AGG Graph from a Task Description 
To automate the transformation of a task description into an AGG graph we propose a 
strategy based on the translation of XML documents. On one hand, the CIM model is 
specified in a XML document. This XML specification is built by means of XML 
elements defined from the task elements presented in section 2.1. On the other hand, 
the AGG system also uses XML to store its graphs by means of four XML elements: 
the NodeType and EdgeType elements that allow us to specify which kind of nodes 
and edges can be defined in the graph; and the Node and Edge elements that allow us 
to define the graph. Then, a translation of XML documents can be easily performed 
by a XSL Transformation.  

The XSL transformation is performed by following the following three steps: (1) 
We transform the task taxonomy into an AGG graph (tasks are transformed into graph 
nodes and task relationships define graph edges). (2) Each activity diagram is repre-
sented as an AGG graph (IPs and System Actions are transformed into graph nodes 
while the activity diagrams arcs define graph edges). (3) The defined AGG graphs are 
joined into a single graph (each node that represents an elementary task is connected 
to the node that represents the initial IP or System Action of the activity diagram that 
describe the task). 

3.2.2   Obtaining an OOWS Specification from an AGG Graph 
When the AGG system transformation is finished we obtain a graph that represents an 
OOWS navigational model. This graph is made up of a set of nodes and edges defined 
from the OOWS metamodel elements. These elements have been briefly explained in 
section 3.2. Figure 4 shows a partial view of the graph that represents the OOWS 
navigational model of the �Web Sale application�. This graph is obtained after apply-
ing the full set of transformation rules into the CIM model. According to this figure, 
two navigational contexts are defined: the CD navigational context and the Cart navi-
gational context. On one hand, the CD navigational context is made up of a manager 
class (with some attributes and an operation) and a complementary class (with an 
attribute). On the other hand, the Cart navigational context is made up of the manager 
class with an attribute and an operation (with its parameters). In addition, a link is 
defined between both contexts. 

Following a similar strategy than the previous one, an OOWS specification is ob-
tained from an AGG graph by means of a translation of XML documents. On one 
hand, the AGG system stores the graph in a XML document. On the other hand, our 
OOWS case tool stores the OOWS specifications in XML repositories. The transfor-
mation between the two XML documents is performed by a XSL transformation.  
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Fig. 4. An OOWS navigational model represented by means of an AGG graph 

4   Conclusions and Further Work 

We have present a strategy based on graph transformations that allow us to automate 
model to model transformations following the MDA approach. This strategy has been 
used to automate the CIM to PIM transformation of the OOWS method. To do this, 
the CIM and PIM models are represented as graphs by using XML translation based 
technique. Next, the graph transformations are applied by means of the AGG tool.  
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