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Project background

In the last years the deployment of embedded and mo-
bile computing systems has increased dramatically. This
is particularly true if one analyzes the growing market for
cellular phones and the introduction of computers in vari-
ous traditional mechanical areas, e.g., automotive systems.
At the same time the amount of data that needs to be man-
aged is growing. Current techniques adopted for storing
and manipulating data objects in embedded and real-time
systems are ad hoc, since they normally manipulate data
objects as internal data structures in the application soft-
ware, resulting in an unnecessarily costly development pro-
cess with respect to design, implementation, and verifica-
tion of the system. As complexity and the amount of data
is growing in embedded systems, the need for a uniform,
efficient and persistent way to store data becomes increas-
ingly important, i.e., database functionality is needed to pro-
vide support for storage and manipulation of data. There
are strong reasons why embedding databases into embed-
ded systems have significant gains: reduction of develop-
ment costs due to the reuse of database systems; improve-
ment of quality in the design of embedded systems since
the database provides support for consistent and safe ma-
nipulation of data, which makes the task of the programmer
simpler. Consequently, this improves the overall reliability
of the system. Furthermore, embedded databases provide
mechanisms that support porting of data to other embedded
systems or large central databases. Existing commercial
embedded database systems, e.g., Polyhedra [10], RDM
and Velocis [6], Pervasive.SQL [9], and Berkeley DB [11],
have different characteristics and are designed with specific
applications in mind. They support different data mod-
els, e.g., relational vs object-oriented model, and operating
system platforms. Moreover, they have different memory
requirements and provide different types of interfaces for
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users to access data in the database. Application developers
must carefully choose the embedded database their appli-
cation requires. However, finding an appropriate embedded
database that matches the application requirements can in
the worst case be a quite time consuming, costly, and dif-
ficult process. What would be a preferable approach is to
have more tailorable and flexible system where the appli-
cation designer can get an optimized database for a specific
type of application, where the database provides only neces-
sary functionality, gives a minimum memory footprint, and
is highly integrated with embedded real-time systems.

Many embedded systems are also real-time systems that
put special demands on the database. These demands have
opened a new need for research on real-time databases.
Significant amount of research has focussed on various
schemes for concurrency control, transaction scheduling,
and logging and recovery. Research projects that are build-
ing real-time database platforms include DeeDS [1], ARTS-
RTDB [15], BeeHive [13], and RODAIN [5]. These em-
phasize real-time performance. While our project also ad-
dresses real-time requirements, the emphasis on how to tai-
lor a database system for application-specific environments
in the domain of embedded real-time systems.

Problem description

Traditional database systems are hard to modify or ex-
tend with new features mainly because of their monolithic
structure and the fact that adding functionality results in in-
creased system complexity. Having database systems that
would allow adding or replacing functionality in its ar-
chitecture in a modular (component-based) manner would
be beneficial both for vendors and users. Oracle and In-
formix introduce limited customization of their database
servers [8, 3], by allowing components for managing non-
standard data types, data cartridges and DataBlade modules,
to be plugged into fully functional database systems. A
different approach to componentization is Microsoft’s Uni-
versal Data Access Architecture [7] that unifies data ac-
cess and manipulation. In this solution, an architecture is
more flexible and customization ability is improved by al-



lowing reuse of existing components (data providers in this
case) to build custom solutions on top of them, in addition
to developing new components. To the best of our knowl-
edge, the only research project focussing on construction of
configurable databases is KIDS [2], which introduces con-
figurable database composed out of components (database
subsystems), e.g., object management and transaction man-
agement. Customization of this system is improved by hav-
ing reusable architecture, as well as components stored in
the library. Demands on development support in such con-
figurable system are high, and KIDS has to some extent
met these demands by providing a well-defined develop-
ment process, available configuration support, and optional
analysis tools, which are missing in other component-based
database solutions.

From a real-time point of view, none of the approaches
discussed enforce real-time behavior. Issues related to em-
bedded systems such as low-resource consumption are not
addressed at all. In contrast, existing component-based
embedded real-time systems preserve real-time properties
[12, 4, 14]. A component in existing component-based real-
time systems is usually mapped to a task, e.g. passive com-
ponents [12], binary components [4], and port-based object
components [14] are all mapped to a task. Therefore, analy-
sis of real-time components in these solutions addresses the
problem of managing temporal attributes at a component
level by considering them as task attributes [4, 12, 14]:
worst case execution time, release time, deadline, prece-
dence constraints, and mutual exclusion. Also, it is pointed
out in [12] that components used in embedded systems must
have explicit memory needs and power consumption re-
quirements. Most component-based systems, both database
and embedded real-time, do not provide adequate config-
uration and analysis support, which is vital for real-time
systems. Thus there is a gap between embedded systems,
real-time systems, database systems, and component-based
software engineering that needs to be bridged to provide a
database that can be tailored for different classes of embed-
ded real-time systems.

Project status and goals

The focus of our research is to provide an embedded
database platform that can be tailored for different real-time
and embedded applications. We anticipate the following re-
sults: (i) a component-based library that holds a set of tech-
niques and protocols for storing and manipulating data, i.e.
database functionality, and (ii) a set of tools that can be used
when designing and tailoring a database component for em-
bedded real-time systems. Our research should also give a
better understanding of the specification of components to
be used in real-time setting. This includes functionality pro-
vided by the component, the resource demand required by

the component when executed on different platforms, and
rules for specifying how components can be combined and
how the overall system can be correctly verified given that
each component has been verified.
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