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ABSTRACT

In the past years, real-time embedded systems became more and more complex. From the user
perspective, these systems have stringent requirements regarding size, performance and power
consumption, and due to business competition, their time-to-market is a crucial factor. Therefore,
much work has been done in developing design methodologies for embedded systems to cope
with these tight requirements. In this work, we present a basic methodology based on the concept
of application scenarios for handling in real-time embedded systems design the dynamism that
appears within the applications. As a case study, we apply this methodology for reducing the
energy consumption on a dynamic voltage aware processor.
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1 Introduction

Modern multimedia applications usually have real-time constraints and they are imple-
mented using heterogeneous multiprocessor systems-on-chip. Dimensioning a system re-
quires accurate estimations of resources needed by the applications. Overestimation leads
to over-dimensioning. If the entire application is analyzed at once, a large over-estimation
will result as modern applications have a lot of dynamism, and due to the limited informa-
tion that may be derived. For a more accurate estimation, all the operation modes in which
an application can run must be considered. To avoid an explosion in the number of different
modes, those that are similar with respect to required resources should be analyzed together.
To do this, we combine them into an application scenario.

2 Scenario Based Design

Scenario based design has been used for a long time in different areas, including embed-
ded system design ([Paul05, Doug04]. These scenarios describe, in an early phase of the

1This work was supported by the Dutch Science Foundation, NWO, project FAME, number 612.064.101.
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Figure 1: A scenario based design flow for embedded systems.

development process, the use of a future system. They appear like narrative descriptions
of envisioned usage episodes, or as unified modeling language (UML) use-case diagrams.
Moreover, these scenarios, also called use-case scenarios, focus on the functional and timing
behaviors of the application and on its interaction with the users and the environment, not
on the resources required by an application to meet its constraints.

Usually to design and dimension an embedded system the worst case estimations for the
needs in hardware resources are taken into account. However, the large dynamism that ap-
pears in the new streaming oriented applications creates a large gap between the worst case
and the average case in resource needs. To handle and exploit this gap during the design
process, the so-called application scenarios were introduced. This different kind of scenarios
groups the possible runtime operation modes of an application that have similar resource
needs. These scenarios are incorporated in the decision making process during the embed-
ded system design process.

Figure 1 depicts a design trajectory using use-case and application scenarios. It starts
from a product idea, for which the stakeholders define the product’s functionality as use-
case scenarios. These scenarios characterize the system from a user perspective and they are
used in a user-centric development process to design both the software and hardware com-
ponents. In order to optimize the design of the system, the extraction and exploitation of
application scenarios augments this trajectory (the bottom gray box within the figure). The
run-time behavior of the application can be automatically classified from a resource usage
perspective into several application scenarios, where the cost within a scenario is always
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Figure 2: A simpe application scenario exploitation methodology.

fairly similar, and between scenarios it is fairly different. For each individual scenario, more
specific and aggressive design decisions can be made.

Example: Let us consider that we want to design a small portable MP3 player as a USB
stick. At first sight, there are at least two main use-case scenarios: (i) the player is connected
to the computer and music files are transferred between them, and (ii) the player is used
to play music. These scenarios can be divided in more detailed use-case scenarios, like, for
the second one, we may have the song selection, playing, or fast forward scenarios. Let us
consider the playing use-case scenario. From the software point of view, this use-case can
be split in two different application scenarios: playing songs (i) in mono mode and (ii) in
stereo mode. If these scenarios are detected in the application, and the information about
them is used during the system design, the system battery lifetime may be increased: in case
of playing in mono mode, less computational power is needed, thus a lower supply voltage
may be used to meet the timing constraints of the decoding.

3 Application Scenario Based Methodology

Figure 2 shows our methodology based on application scenarios [Gheo06a] that tackles the
following four issues:

Identification: given the application, how is it classified into scenarios?

Detection: given a particular run-time situation, to which scenario does it belong?

Exploitation: given a particular scenario, what can be done to optimize the system cost?

Switching: when and how does the application switch from one scenario to another?

All the steps of this methodology are influenced by the design problem that should be
optimized. The last two steps, exploitation and switching, depend more strongly on the
problem to solve. Moreover, there is earlier work that addresses them. The first two steps,
identification and detection could be a handled in more general way and these are the ones
that we mainly tackle in our work.

Both, identification and detection steps should be applied both at design and run -time.
At design time the possible runtime operation modes are identified, characterized and clus-
tered together in scenarios. Also, a way of detecting these scenarios at runtime is derived
and introduced in the application. Besides these, a mechanism that counts the operation



modes and the number of deadline misses that appear in the current instance of system
should added in the application. Based on the collected knowledge, this mechanism may
adapt at runtime both the set of scenarios (e.g. by merging two scenarios) and the scenario
detector.

4 Case Study: A Trajectory for Energy Reduction

We developed a semi-automatic trajectory for discovering, predicting and exploiting appli-
cation scenarios to reduce the energy consumed by a single task streaming-oriented applica-
tion on a dynamic voltage scaling (DVS) aware processor. The trajectory is adapted for both
hard [Gheo05b, Gheo05a] and soft real-time [Gheo06b] constraints. It starts from an appli-
cation written in C, as C is the most used language to write embedded systems software,
and generates the final energy-aware implementation also in C. Under different scheduling
constraints, the energy consumed by an MP3 audio decoder and an H.263 video decoder
running on a processor similar to an ARM7TDMI may be reduced with 16% - 50% com-
pared to the state-of-the-art methods.
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