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1. INTRODUCTION

Software in constrained environments has to cope with hard limi-
tations on RAM/ROM, processing power, and other resources. Ad-
hoc implementations in this area often suffer from a very low de-
gree of reusability, because versatile software tends to consume sig-
nificantly more resources. The concept of software product lines
promises to provide efficiency and reusability. However, adequate
tools for variant management are still rare.

Here we will shortly describe Pure::Consul [1], a tool which sup-
ports the description of problem and solution domains of product
lines, software families, or other variable artifacts in a highly flex-
ible manner. We applied Pure::Consul for the development of a
weather station product line running on a small 8 bit microcon-
troller with only a few KBytes of memory.

The implementation of this product line was based on As-
pectC++, an aspect-oriented extension to C++ [3]. We will show
that by applying aspect-oriented software development, the num-
ber of configuration points in the code can be reduced. Both tools
together form an ideal tool chain for product line development in
constrained environments as one reduces the configuration com-
plexity on the source code level, while the other helps to manage
the variability on the abstract feature level and provides a mapping
of features to aspects, classes, or other modularization units.

2. PURE::CONSUL

The Pure::Consul tool chain has been designed for develop-
ment and deployment of software program families. The core of
Pure::Consul are several models which are used to represent the
problem domain of the family, the solution domain(s) and finally
to specify the requirements for a specific representative (member)
of the family. The tool allows for integration of many different
variability realization techniques through its customizable transfor-
mation backend. Thus, it is able to incorporate frame processors,
code generators, or arbitrary other tools.

The central role is played by feature models which are used to
represent the problem domain in terms of commonalities and vari-
abilities. Pure::Consul uses an enhanced version of feature models
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compared to the original feature models as proposed in the FODA
method [2].

The solution domain(s) (i.e. the implementations) are described
using the Pure::Consul Component Family Model (CCFM). It al-
lows to describe the mapping of user requirements onto variable
component implementations, i.e. the customization of a set of com-
ponents for a particular context. As the name suggests, this model
has been newly developed for Pure::Consul.

The feature sets are used at deployment time and describe a par-
ticular context in terms of features and associated feature values.
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Figure 1: Overview of Pure::Consul process

Figure 1 illustrates the basic process of customization with
Pure::Consul. Most steps can be performed automatically once the
various models have been created. The developers of variable com-
ponents have to provide the feature models, the component family
models, and the implementations itself. A user® provides the re-
quired features, the tools analyze the various models and generate
the customized component(s).

The key difference between Pure::Consul and other similar ap-
proaches is, that Pure::Consul models only describe what has to
be done, not how it should be done. Pure::Consul provides only
basic mechanisms for manipulation and generation, which can be
extend according to the needs of the Pure::Consul user. This flex-
ibility is achieved by combining two powerful languages inside
Pure::Consul and allowing the user to extend this system.

The first language is Prolog, a widely known language for logic

'Here a user can be either human or also a tool which is able to
derive the set of required features automatically from some input
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Figure 2: Pure::Consul graphical user interface

programming. Prolog is used for constraint checking, i.e. for ex-
pressing relations between different features. The same logic en-
gine is used for component selection and customization control.

The second language is a XML-based language called XML-
Trans which allows to describe the way customization (transforma-
tion) actions are to be executed. Due to its modular structure, it can
be extended with user supplied transformation modules. This can
be used to provide seamless access to special generators or other
tools from within the tool chain.

The tool chain consists of several different tools for different pur-
poses. A command line client allows integration into automated
processes, while the graphiclal frontend (figure 2) can be used for
both, modelling purposes and also deployment.

3. ASPECTC++

On the implementation level statically configurable software is
typically difficult to maintain and reuse. Often a lot of configurable
features affect the same module or a single feature affects large
fractions of the system. That makes the modules hard to understand
and the implementation of a feature can be widely scattered across
many modules.

To overcome this modularization problem and to achieve clean
separation of concerns aspect-oriented programming (AOP) can be
applied. The aim of AOP is to provide means to modularize the
implementation of crosscutting concerns. AspectC++ is a language
extension for C++ that supports AOP with C++ component code.
As there is no expensive runtime system needed, our language and
compiler are well suited for deployment in ressource restriced em-
bedded software projects.

To understand the advantage of using AspectC++ for the imple-
mentation of configurable features consider the example illustrated
in figure 3. It shows three versions of bus transactions that might
be executed by the CPU to communicate with peripheral ICs. Each
transaction is a sequence of three single byte transfers. During a
byte transfer an exact timing is required and, thus, hardware inter-
rupts must be disabled. Depending on the implemented synchro-
nizsation granularity the effects are different total execution times
and delays during interrupt processing. There is no best granularity.
The best choice depends on the requirements in a concrete applica-
tion scenario. Thus, if the bus driver code should be reusable, the
granularity must become a configurable feature.

With tradidtional implementation techniques configuration code
has to be inserted at every point in the bus driver module, which
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Figure 3: example: a configurable interrupt synchronization
granularity

might be relevant for synchronization in any of the scenarios. By
using AspectC++ the synchronization code can be completely sepa-
rated and there can be one aspect for each granularity. For example,
the following code fragment shows the fine-grained synchroniza-
tion:

aspect Fi neG ai nedl nt Sync {
advi ce execution("void Bus::send(char)") ||
execution("char Bus::receive()") :
around () {
disable_int ();
tj p->proceed ();
enable_int ();
}
H

The code wraps calls to di sabl eiint() and enabl e_i nt ()
around each execution of the send() and recei ve() functions
of the bus driver from outside.

By separating this code from the bus driver itself there is now a
direct mapping of the configurable feature in the Pure::Consul fea-
ture model to an implementation module. This simplifies the whole
development process and a high degree of reusability is achieved.

4. CONCLUSIONS

Crucial factors in the devolopment of product lines in con-
strained environments are adequate models for the domain anal-
ysis and design, programming languages that support the modular
implementation even of crosscutting concerns, and an integration
of all this in a user-friendly development environment, which sup-
ports the whole process. The Pure::Consul tool chain together with
AspectC++ addresses these factors successfully.
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