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Abstract. Mobile ecosystems are generally long-lived and sometimes operate 
in inaccessible areas, so they require support for self-adaptation to the 
continuous context changes. Dynamic Software Product Lines (DSPLs) 
produce software products capable of adapting to requirements that change at 
runtime. We propose a DSPL-based self-adaptation process especially designed 
for mobile system requirements, such as context and device heterogeneity. We 
follow a lightweight model@run.time approach, by using variability models to 
generate, at runtime, the products adapted to the context changes, but without 
loading the models in the mobile devices. In addition, our approach takes into 
account the quality-of-service as part of the decision making process. 
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1   Overview of the Approach 

One of the most appealing areas for the application of DSPL is the next generation of 
mobile systems. However, the majority of the contributions to the field focus on how 
the runtime variability is modelled and how the decisions and the reconfiguration are 
carried out. But none of them consider the specific problems of mobile computing 
self-adaptation with DSPL, as we propose in this work.  

The context definition is central to any self-adaptation proposal. In mobile 
computing, the context must consider the requirements of all the actors involved in a 
mobile ecosystem. Context changes can trigger a system reconfiguration. In DSPL, 
this is defined in terms of replacing the current product of the product line with a new 
product adapted to the context. Nevertheless, not all the possible product 
configurations meet a desired quality-of-service (QoS). Therefore, the decision 
mechanism that chooses between all possible configurations must reach a 
compromise between reconfiguration goals and the QoS. Moreover, the 
reconfiguration process for mobile computing must reach an arrangement between 
the use of models at runtime and an efficient reconfiguration code and the self-
adaptation of mobile systems must consider both local and global reconfiguration 
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constraints for heterogeneous devices. Finally, to achieve an effective use of DSPL 
by industry-specific mobile providers, we must avoid the use of non-standard 
languages or formalisms, unfamiliar to the mobile application developers.  

Figure 1 shows the main steps of our DSPL-based self-adaptation process. We 
distinguish two main cycles: Context Awareness and Dynamic Reconfiguration. 
Context awareness consists of observing the context changes; analysing the new 
context; and deciding how the system has to react to this change. If this decision 
implies self-adaptation, it triggers the Dynamic Reconfiguration, for selecting the new 
running product adapted to the context and for executing the reconfiguration. 
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Figure 1. DSPL-based Self-adaptation mechanism for mobile ecosystems. 

Context Definition: The context of mobile ecosystems at any given moment is 
determined by the specific contexts of all the actors that compose them. For instance, 
the system connectivity can be affected by the user’s location (e.g., rural places), by 
the devices energy (e.g., low battery) or by the number of devices composing the 
system (e.g., thousands of devices trying to communicate). Therefore, the Context 
Observation needs to monitor the different contexts: User, Device and Network.  
 

DSPL-Driven Reconfiguration: The first step to reconfigure the mobile systems is 
to choose in the product line the Adapted Product that has to replace the Running 
Product. For this purpose, we follow a lightweight model@run.time approach, by 
using a variability model to generate, at runtime, the correct adapted configurations, 
but without loading the models in the devices. We use a variability model to specify 
the variation points that can be dynamically modified and the different context types. 
Avoiding the use of non-standard languages or formalisms, we use the Common 
Variability Language (CVL) proposed as standard by the OMG. CVL allows 
modeling the variability separately from the base model, but both the variability and 
the base models appear as connected and can be managed using the same tool. Using 
CVL, we generate the initial configuration and the successive adapted configurations 
automatically. However, it is possible that several configurations meet the new 
context requirements, then we also consider the QoS as part of the decision making. 

Once we have obtained the adapted product, we need to perform the modifications 
specified at model level in the implementation level (Reconfiguration Execution). 
The main advantage of using models at runtime is that adaptations can be carried out 
at the model level rather than at the system level.  
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