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Abstract— The increasing popularity of nomad multimedia
systems put new challenges for their design: increasing
functionalities, limited energy and computation resources. These
systems must provide a maximum application quality of service
(QoS) in the presence of a dynamically varying environment
(e.g. video streaming and multimedia conferencing) and multiple
resources constraints. To respond to the changing resource
availability and application demands, a new class of adaptation
method is emerged. It combines the adaptation simultaneously
upon the different layers related to the target system: hardware,
application and OS. This paper presents an overview of a
multilayer adaptation technique based on a global and a local
manager. The global manager (GM) is used to handle large and
long-term variations whereas the local manager (LM) is used to
guarantee the real time constraint. This paper focuses on the
LM that intervenes only in the application layer and OS layer.

Index Terms— Adaptation, OS, Embedded systems, Quality
of Service.

L INTRODUCTION

Profiting from scientific progress, in particular in the
multi-media and telecommunication, the functionalities
offered by the embedded systems became increasingly
complex. They demand consequently increasing calculation
capacities. This permanent rise in complexity is also derived
from the permanent and fast evolution of the technological
integration rate which gives the possibility to realize such
complex systems. It increases by 50% each year, according to
the law of Moore [26]. Thus, today it is possible to design a
software/hardware heterogeneous system, single or multi-
processor dedicated to the media domain (RISC, DSP, ASIP,
IP) on the same chip: System-on-Chip (SoC).

The mobile nature of the majority of those systems pushes
news design constraints. They have in general limited energy
resources. They also involve in a dynamic environment and
have to execute large variable workload. Those extern
parameters have deep (and usually unpredictable) influence on
the system performance. For those reasons, the use of the
traditional design methods does not meet the desired

performance as they focus only on the “static” applications
parameters to generate adequate architecture [23]. New design
methodologies have to be set up to address those recently
introduced constraints especially energy consumption and the
quality of service (QoS).

II.  STATE OF THE ART

As the technology progress doesn’t yet propose new
energy resources more efficient and always small and safe, the
principal solution is the efficient energy consumption. Many
works treated the energy consumption reduction for embedded
systems at different level and using various approaches. High
level power estimation [25] and optimization [22],[24] are
examples of such studies. Some “low power” codesign tools
were proposed [22].

All the previously described methods focus on “static”
power estimation and reduction using application and
architecture parameters. They don’t take on account “extern”
system parameters such as data variation, the wireless network
state, or the battery behavior impact on energy consumption
and the system output QoS. The current tendency of the
systems on chip design level is to generate reactive and on line
adaptive architectures which for better satisfying the
application constraints. These needs are expressed in terms of
performance, QoS or energy consumption. They are fixed, on
the one hand, following internal parameters such as the
workload assigned to each application. To respect the real
time constraint and on the other hand, they are dependant of
the external parameters such as the residual energy in the
battery and the user preferences (QoS and DDV).

Recently, there were many research contributions on the
auto-adaptation for the autonomous systems. These
adaptations can be applied to the following layers: the
architectural layer, the operating system layer (OS) and the
application layer. Hereafter, we will show these various
techniques, their contributions and their limitations. Many
HW adaptation techniques were proposed. One of them is the
dynamic voltage scaling (DVS). It consists of adjusting the
frequency and the power supply of the CPU. It is based on the
application workload prediction using heuristic methods [4,



16] or worst cases CPU time estimation [2, 3]. HW adaptation
was also applied to reconfigurable platforms. The change of
the system architecture is made according to the needs for the
application and the environmental constraints. Such method
was applied for the partitioning of the system using two
techniques: the former uses a heuristic algorithm [13] and the
latter uses a genetic algorithm [15]. Many of researches have
dealt with the operating system and middleware layer to
provide predictable CPU allocation and adaptation services of
the operating system [5, 7]. In [9, 12, 17, 1] the managers of
CPU resources provide performances guarantees in soft real
time. Schedulers further adapt the scheduling policy to handle
the variations of application runtime [5, 6, 7]. In [1, 11, 19],
the authors use a middleware layer to facilitate the adaptation
of QoS for the application system which is submitted to the
time constraints of execution and to the supplied energy.
Several projects recommend the adaptation at the application
layer for different purposes. For example, the authors of [18]
explore the technique for adapting the behavior of the
application to the constraints of energy consumption.
Mesarina and others discuss in [8] how to reduce the energy
for the “decoding MPEG” application using parameter
modifications. In [12, 13, 14] two approaches are proposed for
the deterioration of the quality of an object 3D to satisfy the
constraints of resources and network bandwidth. Many
researches have, recently, been elaborated to profit from the
advantages of the previously described techniques and to
reduce their restrictions. Most of these researches were based
on methods which work on the various layers of the system
such as model GRACE-1 [1] and TIMELY [20]. However,
these approaches suppose that the material layer is not
reconfigurable. The only possible adaptation to this level is on
the CPU frequency.

III.  PROPOSED APPROACH

Our model targets a mobile system with adaptive hardware
architecture and running a set of parameter tuned applications
(which are the case of the most poplar multimedia
applications). It optimizes the system resources use under
constraints of lifetime, real time and quality of service. The
suggested model uses adaptation in the three layers hardware,
operating system and application. For the hardware layer,
adaptation is done using one of the different application
implementations called configuration that are previously set
up and characterized. Those configurations vary from a pure
SW  configuration (called config sw) to a mixed
implementation with several HW components (called
config_hw). As config_sw involves only CPU resources, it
will consume less energy than config hw but will less
performing. So those, the system can choose the adequate

configuration according to the constraints and the user
preferences. Adaptation at application layer is performed by
modifying the application parameters or algorithm according
to the imposed constraints. The third adaptation level is made
at the operating system layer in order to allocate necessary
time CPU for each task (we suppose that each task is a one
application). This approach comprises primarily two managers
(global manager and local manager). The global manager can
intervene in the three layers in order to answer the great
variations of the system constraints whereas the local manager
intervenes only in the layers application and in the operating
system. It is of a great importance to mention that the LM is
set up to control the respect of the real time constraint of the
system. The LM can also question the global manager if it
does not manage to find a solution to solve the problem. In
this paper we focus our studies on the Local manager. We
describe here operation and the necessary steps to implement
this technique. More details about the global operation of this
approach exist in [10, 21].

IV. LOCAL MANAGER APROACH

Local manager “LM” intervenes at the application and the
operating system layer (see figure 1) to satisfy real time
constraint. It uses the “watch dog” technique, which permits to
detect any overtaking in the expiry time of any task. Since the
embedded multi-media systems are often subjected to hard
real time constraints, if one of the tasks misses its deadline, the
LM must check if an eventual overtaking influences the
normal system function (i.e. if all the tasks are running
normally throughout the hyper period of the system). If there
is no influence, the LM does not intervene and the system
continues to function with the same (application and
architecture) parameters. In a case of deadline missing, firstly
the LM tries to reduce task execution time (referenced as
Texe) locally with a modification of application parameters.
The choice of the new applications parameter is based on off-
live established model (Texe=f(application parameters). When
the LM finds the adequate applications parameters, it sends its
instructions to both application and OS adapters to change
their parameters. In the opposite case, the LM requests the
GM to reconfigure the totality of the system using more
complex mechanism such hardware reconfiguration. To
respect the real time constraint it is necessary that each task
finishes its execution before the end of its period. Since we
work in a multitasking context, we assign for each task an
amount of time, during which it finishes its execution, in order
that the entire task can be carried out within its period. In
addition to this portion of time assignment, we use the
adequate scheduling algorithm to guarantee that the execution
of each task finishes before the end of its period.
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Figure 1.

A.  Allocation of the budgets of time

We suppose that our system executes a set of periodic
tasks.

In order to respect the real time constraint, all the tasks
must be running during their period. Thus, in the system hyper
period “h” the task Ti of period pi will have to be running

ni= P_ times. Thus, the problem of assigning to each task
1

Ti an execution time Tei is given by equation 1 where n is the
number of applications.
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Generally, we must satisfy the equation2:
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This work is operated by the global manager. In this way,
all tasks can be running in the system hyper period. But this
condition is not sufficient to guarantee the execution of all the
tasks in the hyper period. The next section presents the
adopted solution to remain this problem.

B.  Scheduling algorithm choice

Many scheduling algorithms exist such as fixed priority,
EDF. We discuss hereafter the use of the fixed priority
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algorithm. Some problems can occur when the task cannot
finish its execution during its period. The graph of the figure 2
illustrates such a case. We consider a system which executes
three tasks T1 (period=10, priority=1, Texe=3), T2
(period=10, priority=2, Texe= 3) and T3 (period=15,
priority=1, Texe=0).
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Figure 2. execution graph on MicroC_OS-II

We remark that task T3 exceeded its period to finish its
execution (t=18) and this is due to the fact that task T1 and T2
have higher priorities which prevent their interruption. Thus
we were brought to seek an adequate scheduling that
guarantee that each task is running by all its periods once.
Using the EDF algorithm (Earliest Deadline First) based on
the dynamic priorities assignment; previously described
problem can be avoided. Let us see again the same
example where we consider the value of each task deadline



equal to its period. The execution graph of the different tasks
on an operating system which is based on an EDF
scheduling is illustrated by the figure 3.
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Figure 3. Execution graph using EDF algorithm

We notice that all the tasks finish their execution before
the end of their periods. From that, the EDF scheduling meets
our needs.

C. Texe/application parameters models

Local adaptation is based on models of Texe=f(application
parameters) to choose the appropriate applications parameters.
We describe in this paragraph their installation. In order to not
exceed the deadline, we adopt the worst case execution time
(WCET) of the application. Many researches have dealt with
this problem [27, 28, 29]. In our framework we adopted a
static and dynamic approach to calculate the WCET. The first
step consists in analyzing manually the code to retrieve the
longest execution path of the application. In the second step
we execute these/this critical paths on the adopted
experimental platform for several times. The value of WCET
is the greatest found value. We repeat those experiments for a
set of application parameters values to obtain the
Texe=f(application parameters).

V.  EXPERIMENTATION

The adopted platform is Excalibur from Altera. It is based
on a STRATIX FPGA development board based. We use as
RTOS the MicroC_OS-II. Its uses a fixed priority algorithm
and not supports the EDF algorithm. We describe hereafter
how we implement the EDF.

A.  Establishment of EDF scheduling policy

EDF is a scheduling policy belonging to the class of
dynamic priority algorithms where a task priority changes
during its execution. The highest priority task selected by EDF
is the one with the earliest deadline.

Our EDF scheduling is hooked into the nC/OSII internal
functions so that we are able to switch between it and the
initial one (fixed priority).

Since nC/OSII supports only a-periodic tasks while EDF
needs periodic ones, we started by enabling task periodicity.
We added a data structure in the user definable task control
block (TCB) extension, where we defined the task period and
deadline with a delay counter for each of them. Figure 4
shows the Task Control Bloc with the extended data structure
(Task User Data) used for the EDF scheduling. TCBs are
placed in a linked list pointed by the pointer OSTCBList.
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Figure 4. The TCB with the EDF extended data structure

The update of period and deadline delays, and the control
of periodic tasks activation have been charged to an internal
function called OSTimeTick(). This function is itself triggered
periodically by the system ticker ISR. Whenever a scheduling
event occurs (ticker ISR, task finishes or is delayed, new task
released, etc.) the TCB list will be searched for the task closest
to its deadline. This task will then be scheduled for execution
next.

B.  Results

The adopted application is 3D image synthesis.
Application parameter are triangle number (triangle nb) of the
3D generated objet and the shading method (flat and
Gouraud). Figure 4 and 5 show time execution model based
on measures for the 3D application using both flat and
Gouraud. HW implementation corresponds to a one HW
accelerator.
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Figure 5. Texe/triangle_nb variation for flat shading

Texe PlatSW=18,44%107*NbPoly+7,71 E3
Texe PlatHW=2,83*10° *NbPoly+1,10 E4

Texe=f(triangle_nb) (Gouraud Shading)

100

80 /
60 /

)
E //0———0’ —e— Texe_SW(ms)
% 40 —=— Texe_HW(ms)
= //
20 o
"
0 T T T T T T
62 86 114 146 191 266 366
triangle_nb

Figure 6. Texe/triangle nb variation for Gouraud shading



Texe _Gouraud SW =0.205 * NbPoly +138,34 5

Texe_Gourad HW=4,27*10? *NbPoly +1,23 .

In case where one task exceeds its deadline, the local
manager uses El, E2, E3 or E4 model to determine the
application parameters. This choice is based on the actual
hardware configuration.

VI. CONCLUSION

Due to their mobility, embedded multimedia systems must
be adaptive to ensure maximum QoS under energy and
computation constraints. We presented a cross layer
adaptation framework. The proposed approach must present a
minimal overhead which doesn’t degrade the performances of
the system. For that, our approach is based on a global
manager and a local manager.

This paper focuses on the local manager which intervenes
in the OS and application level. This manager satisfies real
time constraints by local modification of application
parameters. This approach uses a set of constructed models to
determine the application parameters from the execution time.
We applied our local manager on a reconfigurable platform
based on NIOS processor and pC/OS-II RTOS.
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