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Abstract 

Model Driven Engineering (MDE) is becoming today the new paradigm in 

applications development. Concurrently to that, with the generalization of 

mobile computing, the notion of context awareness needs to be taken into 

account in more and more applications. The problem is that integrating 

context awareness in a MDE approach is not strait forward. In this paper, we 

will show our solution to integrate them by using a multilevel approach for 

the notion of context awareness and an adaptation of the classic Model 

Driven Architecture (MDA) through the use of multilevel frameworks.         

 

Keywords: Context Awareness, Model Driven Engineering, Public 

Transportation. 

 

1 Introduction   

Today, and in particular in the field of public transportation, interactive applications 

should be multiform by being able to adapt themselves to different platforms but also to 

their context of use (Schilit et al., 1994). This involves an increasing technical 

complexity which seek to manage the Model Driven Engineering (MDE) approaches 

(Favre et al., 2006) (Schmidt, 2006). And if today, there are numerous researches in 

context awareness and MDE fields, very few establish explicit links between them. In 

this paper, we will show that, in a MDE approach, the context should not be taken into 

account only at the conceptual level but at all levels of the architecture.  

2 Model Driven Engineering (MDE) and Context Awareness   

2.1  Model Driven Engineering  

The purpose of Model Driven Engineering (Schmidt, 2006) is to allow the automatic 

generation of applications by defining conceptual models and more specifically by 

assembling conceptual models. For doing that, MDE is based on a three levels MDA
1
 

                                                   
1
 MDA: Model Driven Architecture 
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architecture (OMG, 2001) which allow to convert the conceptual models to the final 

application throw a succession of models transformations (cf. figure 1).  

 

 
Figure 1. The Model Driven Architecture 

 

 In this paper, and by referring us to (Brossard et al., 2007), we will use, by extension, 

the term of business process to characterize the conceptual models of the CIM level of 

the MDA architecture. 

2.2 Context Awareness  

The concept of context, in the field of interactive applications, was defined by (Dey and 

Abowd, 2000) as following: "Context is any information that can be used to characterize 

the situation of an entity. An entity is a person, place, or object that is considered 

relevant to the interaction between a user and an application, including the user and 

applications themselves." Using similar definitions, some other works have tried to 

characterize the context (Schilit et al., 1994) (Gross and Specht, 2001). For this paper, we 

have retained those of (Thevenin and Coutaz, 1999) which propose a vision of the 

context using three dimensions: user, environment and platform. 

3 Context adaptation and MDE: a multi-level approach    

3.1  The characterization of the three dimensions of context 

When developing interactive applications, each dimension of the context can be 

characterized by several elements. Thus, the user could be characterized by: 

- Explicit properties  (name, address, job, …). 

- Interests and preferences which are used to specify his/her tastes and goals (for 

instance: "I rather would use the bus than the subway", …). 

- Information about his/her mind state, emotional states (traveler in a hurry, 

sleeping traveler, …). 

- … 

The environment could be characterized by: 

- Time (for instance: morning, evening, public holiday,  …) 

- Geographical space (for instance: the type of space like a station or a store, …). 

- Others stimulus linked to the physical environment (luminosity, noise, …). 

- … 

The technical platform could be characterized by: 

- Specific technical elements (all the interaction possibilities, screen size, …).  
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- A platform level type, which allow to aggregate different platforms inside units 

having a certain number of characteristics in common from the interactions point 

of view. 

- … 

This multiform characterization of the three dimensions, which is far from being 

exhaustive and this paper, involves a very significant number of possibilities of different 

contextual adaptations; quite apart from the fact that the various elements characterizing 

each dimension could interact with each other. It is all this complexity and all the 

possibilities that need to be managed inside a MDA type architecture, which is the 

foundation of any MDE approach. 

3.2  Context and MDA architecture 

In a classical MDE approach, the whole application must be defined at the conceptual 

level and each contextual adaptation should be defined there. However, this is not always 

coherent. Thus, if one takes the automatic adaptation of the platform to the luminosity, 

this one is dependent on the technical possibilities of the platform like its capacities to 

collect the external luminosity and to regulate the luminosity by programming. That is 

why it is not relevant to define this kind of adaptation in the conceptual level, all the more 

it will be necessary to take into account this adaptation in all the applications. In fact, it 

will be more efficient to let the platform do this adaptation automatically and thus to 

integrate it to the PSM level. In table 1, we present our vision of the management of 

context elements in a MDA architecture.  

Table 1. Management of context elements in a MDA architecture 

MDA Level Examples of Context Elements 

CIM 

- Conceptual characterization of the context elements (for instance: 

definition of  geographical spaces like stations or cities, definition of the 

platforms levels, …)  

- Use of the characterization in the business processes (Example: a buying 

business process of transport document differentiated according to whether 

the user is in a railway station or in a subway station)  

PIM 

- Choice of different generic technical solutions according to the context 

(Example: technical solution of purchase validation different in a station 

than in a train) 

PSM 

- Use of local information to automatically adapt the application to the 

context of use without calling a specific business process (Examples: 

automatic choice of a screen presentation type like Windows XP style or 

Mac OS style, automatic adaptation of the platform to the luminosity, …).  

- Definition and characterization of the sensors and the actuators 

associated with the contextual adaptation: What can the sensor measure? 

How? Which are the different valid values? And, if one can not make a 

measure how is the context element taken into account (default value, 

users choice, specific process associated to the platform, …) ?  
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4 Case study: Contextual adaptation of a traveler's information system 

in public transportation    

4.1  General introduction to our approach:  

To be able to use the multilevel approach of context awareness as shown in 3.2, we 

propose to use an adaptation of the classic MDA architecture as presented in the figure 2. 

It is important to point out that our architecture is, for the moment, only able to manage 

classical interactive applications of WIMP (Window, Icon, Menu, Pointing device) type. 

 

 
Figure 2. Our proposal for the MDA approach adaptation 

 

In our proposal, which is described in details in (Brossard et al., 2007), the conceptual 

models are defined using different specific models, which allow to modelize the 

application and its environment. In these models, the main model is the Business Process 

Model, which uses the other models to define, from the business point of view, the 

processes associated to the application. These conceptual models are designed relying on 

a whole set of functional services defined at the CIM level which will be presented in 

details in 4.2. These services are developed within a parameterized framework using rules 

to allow a quick adaptation of the behavior of each service. The transformation from the 

level PIM to the level PSM uses a two levels framework. The first one allow to take into 

account all the specificities common to all the platforms from a specific family like the 

Personal Digital Assistant (PDA) family. The second one, specific to the final platform, 

such as for example a PDA color under Palm OS, allow to adapt the application to the 

specificities of each final platform. The PSM frameworks are used to translate the PIM 

services to PSM services and to transform the conceptual interactive elements into 

concrete interactive elements. Thus, while passing by PIM framework, an element of the 

conceptual type text field, for example, could be translated into a dropdown list or a field 

text according to the rules associated with each framework at the PSM level. It is also at 

the PSM level that we introduce information relating to the physical positioning of the 

various graphical elements and to their presentation (color, form, an so on). As for the 

PIM level, the rules defined at the PSM level are used to allow a quick adaptation of the 

PSM framework. 
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4.2  First example: Context awareness at the CIM level 

In this example, we will show how the context of use of a business process could be 

taken into account in our approach. For defining the business processes, we use a specific 

notation directly derived from the Business Process Modeling Notation (BPMI, 2004). 

The business process used in this example is quite simple: it is the process associated to 

the purchase of a train ticket (cf. figure 3). This main process contains three sub-process: 

the first one allows the user to search for and select a trip, the second one is associated to 

the payment validation and the third one is linked to the payment confirmation. 

 
Figure 3. The Business Process associated to train ticket buying 

 

In our example, the main process is the same for all users whatever the place where the 

user is (at home, at the station, in the train, …). As the user still need a concrete ticket to 

take the train, he always needs to print is ticket in a Self Service Terminal at the railway 

station but the payment confirmation sub-process is not the same depending on the 

context of use of the process. Thus, if the user buys his train ticket directly at the Self 

Service Terminal at the railway station, he/she receives the payment confirmation on a 

small ticket otherwise he receives an email (cf. figure 5) and should go to a Self Service 

Terminal to pick up is ticket. For being able to do that, the payment confirmation sub-

process should be able to take into account the context of use and more specifically it 

should be able to know if the user uses it on a Self Service Terminal or on another place. 

For doing that we should define into the sub-process a selection step which allows us to 

evaluate the context (cf. figure 4). This is done by the evaluation of a specific rule 

"UseSelfServiceTerminal" which could return only two values: "Yes" if the process is 

used on a Self Service Terminal and "No" otherwise. If the result is "Yes", the Self 

Service Terminal prints the ticket and a payment receipt. If the result is "No", an email is 

sent to the user.    

 

 
Figure 4. The contextual adaptation of the payment confirmation process 
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 (a)           (b) 

Figure 5. Payment confirmation ticket(a) and email(b) associated to the business process 

4.3  Second example: Context awareness at the PIM level 

At the PIM level, the notion of context awareness is taken into account through the PIM 

Framework witch contains all the technical and functional services that could be used 

explicitly or implicitly at the CIM level. An implicit service is a service used by the 

application which is not taken into account in the business processes defined at the CIM 

level. For example, the session management is an implicit service: all applications use it 

to manage the user session and it does not have to be defined explicitly at the CIM level 

to be used. An explicit service is a service which could be used in a CIM model but does 

not have to be defined at the CIM level. For example, the personalization of information 

returned by user requests has not to be defined as the CIM level. The only thing which it 

is important to defined at the CIM level is the kind of personalization (by country, by 

user preferences, …) and not the personalization process itself. As at the PIM level all the 

services are defined through the PIM framework, the notion of context awareness could 

be taken into account at two places. At first, inside the framework and more exactly 

inside the service itself where we could use context information to define different 

behaviors for a same service. Or, through the definition of rules where we could define 

the use of different sub-services depending of the context of use. In our example, we will 

show this second option through the definition of two different music request services 

regarding the user localization: inside a vehicle or outside a vehicle. If the user is outside 

a vehicle, each request will go directly to the application server (cf. figure 6) and the user 

will use a service called "DirectMusicRequest". If the user is inside the vehicle, the 

request will go the embedded server and if anything is found, the request will be 

transmitted to the application server (cf. figure 7) and the application will use a service 

called "EmbeddedMusicRequest". 

 
Figure 6. The standard technical architecture (service DirectMusicRequest)  
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Figure 7. The technical architecture in a vehicle (service EmbeddedMusicRequest) 

4.4  Third example: Context awareness at the PSM level 

Today some mobile devices contain sensors, which allow them to catch some information 

about their environment (sound, luminosity, geographical localization through GPS). 

Some contextual adaptations could be done automatically by the platform like, for 

example, the automatic adaptation to the external luminosity on the notebook "MacBook 

Pro" from Apple Inc. Otherwise, the information given by the sensors could be used in 

the PSM framework to do some automatic adaptation. For example, if the user uses an 

application which guide him/her to his/her next connection inside a railway station, we 

could define, if we have a speed rate sensor on the user platform, inside the PSM 

framework that the font style used for the current location will not be the same if the user 

is moving slowly or if he/she is moving fast or even running (cf. figure 8).      

 

(a) (b) 

Figure 8. Adaptation to the user moving speed: slowly moving (a) or fast moving (b)  

 

In this example, the choice made of managing the context at the PSM level is relevant if 

the information about the user speed could be only available for one or two platforms and 

if this information will not be used as a criteria at the CIM level. In fact, for each 

contextual information, an analysis have to be done to define the level where the 

information about the context will be managed. As the results of these analysis are linked 

to the business domain and more explicitly to the company for whom the application is 

programmed, there is no good and bad choice as far as the contextual information is not 

managed concurrently at two different levels. It is probably one of the key points of our 

approach but one of its drawback as it will not be easy to manage the evolution in time of 

each contextual information: management at the PSM level and then, after a while, at the 

CIM level. One of the solutions to avoid this drawback could be to manage all the 

contextual information at the CIM level but it will introduce more complexity in the 

models and less flexibility without allowing to manage some technical adaptations like 

those presented in 4.3. In fact, the choice of the management level is a balance between 

all this constraints and limitations and, for us, it is itself a very interesting research area. 
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5 Conclusion   

The future of interactive applications, in particular in the field of public transportation, 

will need, most probably, a closer integration between MDE approaches and contextual 

adaptations. As we have seen in this paper, this integration should not be made only for 

conceptual models but for all the levels of the MDA architecture. In fact, it imposes an 

adaptation of the architecture through an enrichment of the PIM and PSM levels. But, it 

implies also a new grid for the analysis of contextual elements in order to split up their 

adaptation in the three MDA levels. It is certainly the most important point to succeed, in 

the future, the perfect integration between MDE approaches and contextual adaptation.   
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