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Abstract—Emerging trends in applications with the requirement of considerable computational performance and decreasing
time-to-market have urged the need of multiprocessor systems.
With the increase in number of processor there is an increased
demand to efficiently control the energy and power budget of such
embedded systems as well. Dynamic voltage frequency scaling
(DVFS) strategies permits to control this budget by actively
changing the power consumption profile of the system. These
techniques exploit the execution times variation of Real-time
applications for dynamically adjusting the voltage and frequency
of processors in order to reduce power and energy consumption.
This paper presents one DVFS strategy called Dynamic slack
reclamation (DSR) for real time applications. It is based on
detecting early completion of tasks. DSR determines the amount
of dynamic slack (if any) by comparing the worst-case execution
requirement of a tasks job with its actual execution requirements.
Experimental results will be extracted from the simulation of
MPSoC architectures using the SoCLib platform; they show that
DSR approach gives better power consumption performance.
Index Terms—DVFS, DSR, MPSoC, energy and power optimization.

I. I NTRODUCTION
Modern embedded multimedia applications are becoming
more and more sophisticated and resource demanding. Examples of the concerned applications are numerous such as video
encoding/decoding, computer games, interactive TV, etc. The
computation requirements of such systems are very important
in order to meet real-time constraints and high quality of
services. At the same time, the recent advances in silicon
technologies offer a tremendous number of transistors integrated on a single chip. For this reasons, embedded hardware
designers are directed more and more towards parallel and
symmetric Multiprocessor System-on-Chip (MPSoC) architectures as a promising solution to deal with the potential
parallelism inherent from multimedia applications. Recently,
the ITRS [11] and HiPEAC 1 roadmaps promote power defines
performance and power is the wall. In fact, power consumption
is becoming a critical pre-design metric in complex embedded
systems such as MPSoC. Facing this issue, designers should
calculate and optimize the power consumption as early as
possible in the design flow to reduce the time-to-market and
the development cost. Today, system level power estimation is
considered a vital premise to cope with the critical design
constraints. However, the development of tools for power
estimation and optimization at the system level is in the face
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of extremely challenging requirements such as the seamless
power-aware design methodology, the accurate and fast system
power modeling and estimation approach, and the efficient
power optimization technique.
II. R ELATED WORKS
To ensure a high level of energy and power optimization for
modern embedded real-time multimedia application, several
studies have been proposed for the exploration of scheduling
policy and dynamic Voltage/Frequency management. On one
hand, authors present in [1] [2], the dynamic power management (DPM) techniques for multiprocessor real-time systems.
These techniques improve power conservation capabilities
by changing selectively the multiple idle states taking into
account the cost of transitions power [3] [4]. They are divided
into predictive schemes trying to predict future scheduling
input to the system and stochastic schemes designing power
management through the controlled Marcov process [3]. Bhatti
[1] proposes a DPM technique called the Assertive dynamic
Power management that allows the extraction of all idle time
from some processors and clusters them on some others to
elongate the duration of idle time in order to turn-off or to
reduce the performance of system components unexploited and
then we have a power more efficiently. On the other hand,
the dynamic voltage and frequency scaling (DVFS) is another
widely used energy reduction strategy. It lowers dynamically
voltage and frequency to reduce both dynamic and static
power consumption [5] [6]. Real time DVFS techniques are
classified into intra task based on redistribution of slack time
between tasks [6] [7] and intra tasks based on redistribution
of slack time inside the same task [1]. Many related works
discussed these approach(s), in this paper we explore a technique in the category of inter task DVFS called Dynamic Slack
Reclamation (DSR) on embedded multimedia application. In
multiprocessor systems, the energy minimization by DVFS
strategy has many limits such as, its integration dynamically
in applications. In this work, we integrate the DSR in a
simulation platform in order to dynamically change the power
consumption’s profile for different processors.
III. P OWER /E NERGY O PTIMIZATION
Many techniques used at various levels were then developed
in order to make a gain in time and consumption in the final
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product. The Dynamic Voltage Frequency Scaling (DVFS) has
been particularly distinguished by its efficiency to reduce CPU
consumption. It can perform various tasks of an application to
different couples voltage / frequency depending on the workload of the processor. Several strategies have been proposed to
exploit certain aspects of DVFS and offer a particular method
to build pseudo intermediate frequencies for use in conjunction
with the techniques of Dynamic Voltage Scaling (DVS) [8] [9].
These pseudo frequencies are built at startup, and then at
runtime, the algorithm retrieves the utilization of CPU and
selects a pseudo frequency level at or above the rate of
use. Finally, the algorithm corresponds the pseudo frequency
with a frequency supported by the processor. This method is
not permitted if the effective time of the tasks is less than
their worst case execution time. In this paper we integrate
one of these strategies, the dynamic slack reclamation (DSR)
algorithm, in an open platform for simulation prototyping
of multi-processors system on chip (MP-SoC) called SoCLib
in order to reduce dynamically the energy of the embedded
multimedia application.
IV. DYNAMIC S LACK R ECLAMATION S TRATEGY

estimated worst case time, Bi as best-case time and Li as laxity
requirement (is a runtime parameter of a tasks job that is a
measure of its urgency to execute relative to its deadline).
These parameters are presented in fig 1.
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Fig. 1: DSR task’s parameters
C. Dynamic Slack Reclamation (DSR) Algorithm

A. General view of the platform SOCLIB
The platform SoCLib [10] addresses a particular class
of embedded systems: integrated multiprocessor systems on
chip (MP-SoC), which are used for simulation in all industrial sectors: telecommunications, video and multimedia,
automotive, transport, etc... In many industries, the chips that
control the equipment are the main differentiating factors
between products, and the time of design and development
of a new product (time to market) plays a decisive role in
the competition between manufacturers concerned. SoCLib
provides two types of simulation models: Level models CABA
(Cycle Accurate Bit-Accurate) that allow an accurate assessment of performance. Level models fciteTLM-T (Transaction
Level Model with Timing) allow a significant reduction in
simulation time. These simulation models use the SystemC
language, derived from the C + +, suitable for both modeling
levels retained, which is increasingly widely used in European
industry. Moreover many simulation models are supported
by SoCLib: (1) Processor Models like Power PC, ARM and
MIPS, (2) Standard on-chip memories and (3) Several kinds
of networks-on-chip. To validate our appoach, we have used
MPIS processor and TLM-T Level models.
B. Architecture and application model
We configure the SoCLib with n identical MIPS processors
(π = π1, π2, · · · , πn). All processors support Dynamic
Voltage Frequency Scaling. We consider a finite set of m real
time, independent tasks (t = t1, t2, · · · , tm). Each task is
characterized by at least a quadruplet (r, c, d, T ) where r is
the release time, c is the worst-case execution requirement,
d is the deadline and T is the periodicity. Moreover, a task
may have runtime parameters such as best-case (B), worstcase (C) or actual-case (AET) execution times. For example,
a task Ti has AETi as actual execution time, Ci (WCET) as

In real-time multimedia applications, timeliness guarantees
(being at the right time) are provided through statically performed worst-case analysis. This is a conservative analysis
because at runtime, real-time tasks can exhibit large variations
in their actual execution time and thereby produce dynamic
slack due to their early completion. The DSR algorithm is
based on the slowdown strategy of reducing the processor
power consumption. Slowdown is known to reduce the dynamic power consumption at the cost of increased execution
time for a given computation task. It’s based on detecting
early completion of tasks. By comparing the actual execution
time (AET) of a tasks job with its worst-case execution
time (WCET), DSR determines the value of the dynamic
slack. Knowing that it is not possible to determine the exact
amount of actual execution time of the running task until
it terminates, the algorithm computes the value of dynamic
slack boundaries only. In addition, this slack, as the difference
between WCET and AET allows reducing the speed of lower
priority tasks. The DSR algorithm does not share dynamic
slack with other processors in the system. Rather, the slack
is fully consumed on the same processor by a subsequent
job, which is assigned to that processor. In this paper our
contribution is to integrate the dynamic slack reclamation
algorithm of BATHI in transactional simulation platform in
order to have dynamically real-time results.
As is described in the algorithm below, we consider that
S Scan , the scheduling tasks and the assigning of tasks to each
processor according to the priority are defined by Mutekh:
the operating system SOClib (lines 1-3). At line 4, we set
the dynamic slack (ε), the slack factor (φ) and the initial
frequency (f ) for all processors. For each task completed,
according to the value of ε, available or not available (line 8
and 16 ) calculated in line 7, the algorithm computes additional
available time Tav at current processor frequency f (line 9).
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Algorithm 1 Dynamic Slack Reclamation
1:
2:
3:
4:
5:
6:
7:
8:
9:
10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:

obtain
S
sort
ready task queue w.r.t preemtive priority order
assign
n highest priority task n processor
set
 ← 0;
φ ← 1.0;
f ← fmax
for Scheduling event do
if Scheduling event=termination then
 ← Ci−1,j − AET Ii−1,j
if  > 0 then
compute available tav for tav at f {(tav = Ci,j +
)}
compute required tav for ti,j at f {(Ci,j )}
f
φ ← tav /Ci,f
update f w.r.t. φ
if f < fmin then
f ← fmin
execute Ti,j at f
else if  = 0 then
v ← fmax
end if
end if
end if
end for
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Fig. 2: Slack reclamation using the DSR algorithm
V. THE H.264 DECODER CASE STUDY
In many critical applications it is necessary to ensure a
complete transmission of the instructions. For example, in the
event that the battery does not provide the sufficient energy, we
need to change the quality of transmission to run with reduced
power consumption. The work proposed in this section is to
apply hardware and software methodology for an operating
mode of decoding based on H.264.

f
The worst-case execution time Ci,j
of Ti,j is estimated at
f
current processor frequency f (line 10 ). Once Tav and Ci,j
are
calculated, φ is computed and f is updated in the appropriate
processor (line 11). It is possible that the precedent job Ti−1,j
has produced enough dynamic slack to reduce f below the
allowable minimum processor frequency fmin . To avoid such
situation, f is remplaced by fmin in DSR (lines 14). If there
is no positive slack generated by Ti−1,j , processor k continues
to execute with maximum frequency fmax (lines 16 -17).

Example: Let us consider two preemptive real-time tasks,
namely T1 and T2, which are scheduled under the EDF
scheduling algorithm. We suppose that T1 has higher priority
over T2 due to smaller deadline. As shown in Fig 2, the job
T1,j of T1 finishes its execution earlier than its worst-case
execution time (C1,1 ) for its first job T1,1 as shown in inset
(a). In the canonical schedule S Scan , if job T1,1 would have
finished with its worst-case execution time, the termination
can
of T1,1 was estimated at time instant T1,1
. However, T1,1
pra
terminates at time instant T1,1 after consuming AET1,1 time
units and produces ε units of dynamic slack. Similarly, job T2,1
can
of T2 was expected to start its execution at time instant T1,1
can
and finish by T1,2 as illustrated in inset (b). However, due
to the early completion of T1,1 , now T2,1 has Tav time units
available to finish its execution as expected in its S Scan . Since
AET2,1 is not known a priori, therefore, C2,1 is considered as
the execution requirement for T2,1 . Based on the knowledge
of available slack ε and task boundary in S Scan , execution of
T2,1 is slowed down by a factor of as shown in inset (c).
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Fig. 3: Block diagram of H.264 decoding scheme slices
version
In this work, we take H.264 as the main application. It
is a high quality video compression algorithm relying on
several efficient strategies extracting spatial (within a frame)
and temporal dependencies (between frames). It is suited for
all types of applications with different ranges of bit rates. H264
is characterized by a flexible coding, high compression and
high quality resolution. Moreover, its a promising standard for
embedded devices. The operating principle of this application
is defined by these steps: First, a compressed bit stream
coming from the NAL layer is received at the input of the
decoder where the NAL is specified to format that data
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of several hardware components which are instantiated from
the SoCLib [2] library in order to build a virtual prototype of
the target system. We highlight that processors are described
using Instruction Set Simulator (ISS) that sequentially executes
the instructions and has no notion of concurrency of microarchitecture. In our previous framework [3], we presented an
accurate TLM simulation technique that allows to evaluate the
heterogeneous MPSoC performances. In the power estimation
step, the simulator collects the activities that are influenced
by the application and the input data. At the end of the
simulation, the values of the activities are transmitted to the
and provide
information
in power
a manner
appropriate
for
power header
consumption
models or
estimator
kernal using
conveyance
by
the
transport
layers
or
storage
media.
Then,
the
the activity counter interface in order to calculate the global
entropypower
decoded
bloc begins
with decoding
slice
header
consumption
as illustrated
in Fig. 2. the
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models
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Thales Group,
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France [11] [12] in the context of French national project
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[13]. The
main characteristic of this version is that the
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algorithm
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as illustrated
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thegenerate
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Thus,
at
the
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the architecture
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different
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the DECODED
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order to extract the related power consumption models.

model:
Table II shows the power conVI.Processor
E NERGYpower
/ POWER
CONSUMPTION ANALYSIS

sumption models for the PowerPC405 processor and its

system. of
These
the
The memory
main purpose
this models
sectionpredict
is theconsumption
deploymentofand
processor
and the
I/Osreclamation
parts separately,
since on
distinct
evaluation
of thekernel
dynamic
slack
strategy
the
supplier devices power them with constant voltage: 1.5V for
transactional
virtual level of the power-aware design methodthe processor and 2.5V for the SDRAM and I/Os respectively.
ology. The
The obtained
related work
describes a dynamically power conpower models shown in the Table II depend
sumption
analysis
of
the
to this
also on the memory decoder
mapping. H.264
For thisaccording
reason, there
are
configuration (3 slices, 25 frames). The platform is configured
with 3 processors at 200MHz. Results in figure 4 shows tasks
scheduling (T3, T4 and T5), according to the task model
presented in fig 3. Based on this real time result, we determine
the parameters of each task (release time, actual-case and
worst-case execution time, relative deadline and periodicity).
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Fig. 4: Distributed real-time tasks on three processors

(Fprocessor (MHz)), bus frequency (Fbus (MHz)), and the cache
miss rate (0 < γ < 100 (%)). The system designer chooses
the frequency of the processor and bus while cache miss rate
is considered as an activity of the processor, which could be
extracted from the simulation environment. According to these
power models, the static consumption is dominant which is a
drawback of the FPGA technology. For this reason, the latest
FPGA circuits come with an optimized static power factory
setting.
TABLE II
C ONSUMPTION MODELS
FOR I:
THE
P OWER PC
405 PLATFORM
TABLE
Power
Models

Mapping
BRAM
SDRAM

Voltage
1.5V
2.5V
1.5V
2.5V

Power laws
P(mW) = 0.40 Fprocessor + 3.24 Fbus + 74
P(mW) = 5.37 Fbus + 1588
P(mW) = 0.38 Fprocessor + 3.45 Fbus + 79
P(mW) = 4.1γ + 6.3Fbus + 1599

The elaborated power model for the PowerPC405 is simple
due to the corresponding scaler architecture. However, new
During FPGAs
the execution
the decoder
we take
account
generation
such as of
Xilinx
Virtex 7 come
withinto
more
these
parameters
as anprocessors
input of the
algorithm.
First step,
performance
integrated
suchDSR
as the
ARM 2 prowe
obtain
pseudo
frequenciesthe
corresponding
each
processor
cessor
family.
To demonstrate
usefulness oftoour
power
modeling approach
in the context
of complexsimulation.
processor, we
dynamically
throughout
the applications
In order
elaborate
the the
power
model
for the ARM
Cortex
A8 system,
(PA8 )
to
optimize
power
consumption
of the
overall
we
which has
a Superscaler
architecture.of The
power
change
dynamically
the frequency
eachobtained
processor
according
model (equation 1) includes the IPC (Instruction Per Cycle)
to
these pseudo frequencies shown in fig 5.
parameter and separates the cache miss rates of the Level-1
(γ1) and Level-2 (γ2) caches.
PA8 = 0.79 f + 18.65 IPC + 0.26 (γ1 + γ2) + 10.13

(1)

FPGA power model: A power model has been built for the
reconfigurable part of the FPGA component on the XupV2Pro
board. For a given FPGA the parameters that can be extracted
from the high-level specification are the frequency F, the
switching rate β , and the utilized area α of the targeted
FPGA. Using a high-level architecture synthesis tool such as
GAUT [1], these parameters can be predicted with a good estimates. According to the experimental results, the model does
not come as a multi-linear equation of the above-mentioned
parameters. For this reason, a 3 entries table of consumption
values is used. The power is estimated by interpolation of these
3 input parameters. For instance, Fig 3 illustrates the variation
of the FPGA power consumption according to area utilization
and the switching activity with an operating frequency set to
100 MHz.
5: DSR Algorithm
results archiExtrapolation Fig.
for heterogeneous
multiprocessor
tectures: The above developed power models will be used in
theThese
framework
system leveltoestimation
of heterogeneous
statesofcorrespond
more efficient
energy. To opmultiprocessor
architectures
that mayof
contain
several procestimize
the power
consumption
the overall
system, we
sors and hardware
accelerators.
This approach
mandatory in
in terms
dynamically
change
the frequency
of eachis processor
the design flow for two reasons. First, system level estimation

of these pseudo frequencies. Given that MIPS processors
2 http://www.arm.com/
support
a certain frequency range then we set both values
equal to 100 MHz and 200 MHz to meet deadlines for the
execution of various tasks. At the beginning of each call to
the task processing Slice, we change the CPU frequency based
on the outputs of DSR algorithm. The change in frequency
is equivalent to a change in time that requires a transition
from the application layer (H.264) to the hardware layer (ISS).
We then use an assembler instruction taking as parameter the
new value off frequency to be detected by the ISS component
that modifies its operating frequency in real time. To analyze
the power consumption of processors during the applications
execution, we use the power model elaborated by [14] given
by table 1 where γ is the Cache miss rate for a processor.
Figure 6 show the simulation results on the changes in
power consumption under non-optimized schedule and optimized schedule using DSR for H.264 video decoder application on the three processors.
We note at the beginning of the execution, the power
consumption does not change for the three processors by using
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Fig. 7: Simulation Results
and without the optimization algorithm. This analysis takes
into account the CPU load by varying the number of threads
with different configurations decoder (1, 2, 3 slices). The
table of simulation results shows the power dissipation and
execution time resulting from the execution of the workload
of H.264 in different configurations of active processors.

(a) Power optimization on processor 1

VII. C ONCLUSION
In this paper, we have optimized and implemented a
dynamic voltage and frequency scaling technique for realtime systems, called the Dynamic Slack Reclamation (DSR)
technique, which falls in the category of inter-task DVFS
techniques, in a simulation multiprocessor platform MPSoC.
To evaluate DSR, H.264 video decoder application is taken
as main use case application. Simulation results illustrate that
the DSR algorithm can obtain power savings from 1220 mW
to 1150 mW for agiven time according to one processor .
Note that reported results are based on the assumption that
it is possible to vary dynamically the operating frequency on
every processor independently.

(b) Power optimization on processor 2
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Fig. 6: Power optimization on the three processors
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