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Université de Rennes1
Lannion

olivier.sentieys@irisa.fr
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Abstract—Nowadays, System-on-Chip architectures are com-
posed of several execution resources which support complex
applications. These applications increasingly need flexibility to
adapt to their environment. Embed a reconfigurable resource
in these SoC enables to flexibilize the hardware by sharing
silicon area and limiting the cost of the global circuit. Partial
reconfiguration is more and more used since it enables to fully
exploit the resource but there is few work in the characterization
of the energy consumption during reconfiguration. This paper
presents the work on modeling energy using partial dynamic
reconfiguration with empty tasks to reduce power consumption
and an example on an application.

I. INTRODUCTION

Run-time reconfiguration, the ability to change a configu-
ration while the rest of the circuit is running, is a research
subject since the 90s [1] and is now commonly used in
FPGAs, configurable circuits, since Xilinx and Altera [2]
now provide such circuits. The main advantages of the par-
tial, run-time reconfiguration are to add flexibility and to
reuse hardware area, allowing power and production costs
reductions. During the last decade, much work has been
done on tools to exploit the reconfigurable aspects of these
configurable circuits [3][4][5]. However, there is few work in
the characterization and estimation of the power and energy
consumption during reconfiguration [6]. Configurable areas
become a usual extension of Systems-On-Chip which are
increasingly used in integrated and embedded systems where
the energy consideration is substantial. In the scope of the
Open-PEOPLE project [7], we build models of the energy
consumption of reconfigurable devices. This project aims at
providing a complete heterogeneous hardware and software
platform for power and energy estimation, optimization and
measurement. Our work focuses on the energy required during
partial reconfiguration. This paper first introduces the partial
reconfiguration procedure. Then, in Section III, an energy
cost model of dynamic application implemented with partial
run-time reconfiguration is presented. Section IV presents the
method to extract energy models and energy optimization. In
section V, an application is presented as a use case of saving
energy using partial reconfiguration. Finally, we conclude this
article and present future work.

II. PARTIAL RECONFIGURATION CONCEPT

Nowadays, most of configurable devices are able to use
RAM memory for configuration. This allows to modify of the
configuration as many times as the designer needs. Moreover,
it is now possible to dynamically change the configuration of
a part of the device. Configuration memory can be accessi-
ble from a port inside the configurable device allowing the
designer to perform self reconfiguration. For Xilinx FPGAs,
this port is the Internal Reconfiguration Access Port (ICAP)
[8][9].

Reconfigurable devices are divided into blocks, called
frames, the smallest configuration area possible. FPGAs can be
divided in Partial Reconfiguration Regions (PRR) of different
size to suit application.

The configurable area of the FPGA is supposed composed
of NP Partial Reconfigurable Regions (PRR), and this compo-
sition is static. Then, the FPGA is modeled as a set of PRRs
and defined by

FPGA = {PRRj} ∀ j = 1, . . . , NP . (1)

Reconfiguration is done using a file containing configuration
data needed for each PRRj , called the bitstream. Loading
this configuration has a time and energy cost. From our
experiments, we observe that the reconfiguration time mainly
depends of the size of the bitstream file which is the main
impact on the energy of the configuration phase.

Dynamic Reconfiguration enables to change on-the-fly tasks
configured in a given PRR. Moreover, Section IV shows that
it is possible to reconfigure a low power task when the region
is not used to minimize the global power consumption. This
specific task for the PRRj is called Tej for empty (low power)
task.

III. PARTIAL RECONFIGURATION POWER MODELLING

An application is defined by its task graph G which indicates
the execution order of the tasks. This graph contains a set of
NT tasks and is defined by

G = {Ti} ∀ i = 1, . . . , NT , (2)

with Ti the ith task of the application.
Dynamic reconfiguration of an application requires a man-

aging system control mechanism. This management of the



application on the hardware execution resource is supposed
to be supported by an operating system (OS). The goal of the
OS is to evaluate the task scheduling at each OS logical time,
called Tsched occurring every TTsched, and to propose a set of
ready tasks for each Tsched. The scheduling algorithm is out
of the scope of this paper but we consider that the scheduler
produces a valid list of ready tasks for each Tsched.

The execution time of each task Ti depends on its in-
stantiation, and is defined by the variable Ci,j(t) for task
Ti instantiated in PRRj . This variable is decreased by the
scheduler at each cycle if the task Ti is included in the set of
ready tasks at the current Tsched. The power consumption of
each task Ti is also dependent from its instantiation, and is
defined by the variable Pi,j for task Ti instantiated in PRRj

and Pidlei,j its idle power consumption.
The time and the power to configure a specific task Ti

depend on the bitstream size of this task which depends on
the PRR size selected for the task. These time and power for
uploading the bitstream in the configuration memory are given
by the variables Tuj and Puj for the PRRj .

From these definitions, we propose to model the opti-
mization problem through the minimization of an energy
expression of the global system. The goal of the optimiza-
tion is to highlight the task configurations which limit the
energy consumption of the system at each Tsched. These
task instantiations are defined through the variable Xi,j(t)
which is equal to 1 if the task Ti is instantiated on PRRj

at time Tsched = t, or equal to 0 otherwise. Due to the
OS behavior, i.e. new schedule computed at each Tsched, the
optimization problem must be solved at each Tsched. At each
Tsched, the OS knows which tasks are configured on which
PRR. So the OS knows the values of variable Xi,j(t − 1),
and then the power consumption is known before the new
scheduling. This power consumption related to this Tsched are
the power consumed by task already implemented, PTA(t, j),
by low power tasks, PTe(t, j), by reconfiguration of new tasks,
PPR(t, j) and the power consumed by newly implemented
tasks, once reconfiguration is finished, PNT (t, j) for each
PRRj . These power profiles are defined in the following
equations:

PTA(t, j) =

NT∑
i=1

((Xi,j(t)× (Xi,j(t− 1))× Pi,j

PTe(t, j) =

NT∑
i=1

(1−Xi,j(t))× PTe,j

PPR(t, j) =

NT∑
i=1

(Xi,j(t)× (1− (Xi,j(t− 1)))× Puj

PNT (t, j) =

NT∑
i=1

(Xi,j(t)× (1− (Xi,j(t− 1)))× Pi,j(3)

With these expressions of the power consumption, the

energy consumption during one Tsched is given by:

ETsched(t) =

NP∑
j=1

PTA(t, j)× TTsched

+ PTe(t, j)× TTsched

+ PPR(t, j)× Tuj
+ PNT (t, j)× (TTsched − Tuj) (4)

From this expression, the optimization problem must com-
pute the Xi,j values for the new Tsched according to G and
Ci,j(t). These new values lead to reduce the energy which
will be consumed between the current Tsched (t) and the
next Tsched (t+ 1).

IV. POWER MEASUREMENT

In order to build power consumption models and to validate
previous approach, real measures of the energy of dynamic
reconfiguration are needed. We implemented an application
similar to the one proposed in [10] in a Virtex-5 FPGA.
Figure 1 presents the power consumption obtained while
reconfiguring a PRRj from a task Ti to a task Tej . This
figure shows that there is an important reduction of the power
consumption at the end of the configuration, in this case,
power is reduced of 25 mW by reconfiguring the empty
task Tej . This confirms the advantage to combine Partial
Reconfiguration (PR) with a low power empty task to reduce
global energy consumption.

Nevertheless reconfiguration process is time and power
consuming. This implementation of the reconfiguration gives a
configuration rate, for a bitstream file of 380 kB/s. The time
overhead is then 2.6 ms/kB while the energy consumption is
roughly 39 µJ/kB.

Fig. 1. Power consumption of a Virtex-5 during the reconfiguration of a
PRR from a Task to a low power, empty task versus time.

These power measurements show that performing recon-
figuration is a compromise between the energy consumption
and execution time of Ti on PRRj , the energy and time
reconfiguration, Te power consumption and the total execution
time available.

Thus, reducing the energy consumption using partial recon-
figuration and empty tasks can be expressed by minimizing
the following equation



EPRR(i, j, CTe) = Puj × Tuj + Pi,j × Ci,j +

CTej × (Puj × Tuj + PTe,j × (Tslot− 2× Tuj − Ci,j)) +

(1− Ctej)× (Pidlei,j × (Tslot− Tuj − Ci,j)) (5)

∀i | Ti ∈ G
∀j = 1, . . . , NP and Ti available for PRRj

∀CTej ∈ [0, 1]

where CTej represents the choice to reconfigure an empty
task on the PRR considered (CTej = 1) or not (CTej = 0)
after the execution of the task currently configured on this
PRR. In this equation, the first line corresponds to the energy
required to configure and execute Ti on PRRj , the second
line is the energy needed to configure and “execute” an empty
task when Ti is finished and line three represents the energy
consumption by PRRj if no empty task is configured. Tslot
represents a time constraint, for instance if the application is
periodically executed. This is required to estimate the benefit
of configuring an empty task.

The reconfiguration scheduler has to find the variables j and
CTej that minimize equation 5 for a given task i and a time
slot available.

V. APPLICATION EXAMPLE

The dynamic reconfiguration energy cost is studied on a
H.264 video decoder. This application is composed of eight
tasks and the design flow is presented in [11]. The task flow
graph of this application is presented on figure 2.
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Fig. 2. H.264 decoder task flow graph

Our previous work on hardware accelerators [12] enables
us to have characteristics such as execution time, area, energy
of different versions of the tasks needed in H.264 decoder. In
this example, we consider CAVLC and quantization+transform
(Qu+Tr) tasks. Characteristics are presented in Table I. We
take only two different versions for each task in this example.
Table II presents available PRRs and their characteristics for
our application. We consider that the power consumption of
an empty FPGA is the minimum, so we assume that the
empty tasks over consumption is 0 W . We note that both
CAVLC implementations can only hold in PRR2. Afterward,
we consider the solution which has the lowest energy con-
sumption (CAVLC/2). Qu+Tr/1 will be implemented for PRR1
and Qu+Tr/2 for PRR2.

Reconfiguration time cost measured in previous section is
too high for this application. Tasks have execution time of 11
and 77µs whereas the configuration time for PRR1 is about
300 ms so this reconfiguration procedure is not suitable here.

TABLE I
CAVLC AND QU+TR TASKS CHARACTERISTICS FOR TWO VERSION

DIFFERENT VERSIONS. THIS TABLE GIVES AREA IN SLICES, EXECUTION
TIME , ESTIMATED ENERGY CONSUMPTION AND ESTIMATED IDLE POWER

CONSUMPTION OF THE IMPLEMENTATIONS

Task/ver. A.(slice) Time(µs) Energy(µJ) Idle(mW )
CAVLC/1 3700 11.8 2.4 20
CAVLC/2 3800 11.2 2.3 21
Qu+Tr/1 1000 77 7.4 9
Qu+Tr/2 1200 61 6.3 10

TABLE II
PRR CHARACTERISTICS

PRR Area(slices) Bitstream size(B) PTe(mW )
1 1120 113160 0
2 3840 722256 0

Virtex-5 reconfiguration port is able to operate at
800 MB/s [13]. At this speed, PRR1 is configured in 141 µs
and PRR2 in 903 µs. An energy estimation of the dynamic
reconfiguration, based on trivial hardware bloc to perform
direct fast writes in ICAP, at this rate gives 125 nJ/kB, this
magnitude is suitable for this application.

Applying eq. 5 on each PRR, for each task, for a given
periodic execution time of 1 ms per task gives the following
results

EPRR(CAV LC,PRR1, 0) = Not possible

EPRR(CAV LC,PRR1, 1) = Not possible

EPRR(CAV LC,PRR2, 0) =

0.125× 722 + 2.3 + (21× (1− 0.903− 0.0112)) = 94 µJ

EPRR(CAV LC,PRR2, 1) =

0.125× 722 + 2.3 + (0.125× 722) = 182 µJ

EPRR(Qu+ Tr, PRR1, 0) =

0.125× 113 + 7.4 + (9× (1− 0.141− 0.077)) = 29 µJ

EPRR(Qu+ Tr, PRR1, 1) =

0.125× 113 + 7.4 + (0.125× 113) = 36 µJ

EPRR(Qu+ Tr, PRR2, 0) =

0.125× 722 + 6.3 + (10× (1− 0.903− 0.061)) = 97 µJ

EPRR(Qu+ Tr, PRR2, 1) =

0.125× 722 + 6.3 + (0.125× 722) = 187 µJ

The energy minimization to execute the CAVLC task in
these conditions is: EPRR(CAV LC,PRR2, 1) = 94 µJ .
This mean that CAVLC should be configured on PRR2 (it
is the only solution in this case) and its execution should
be followed by an empty task configuration. The energy
minimization to execute the Qu+Tr task in these conditions is:
EPRR(Qu+ Tr, PRR1, 0) = 29 µJ . This mean that Qu+Tr
should be configured on PRR1 and its execution should not
be followed be an empty task configuration.

Other PRRs with different sizes should be defined if possi-
ble. This allows a better occupation rate for each version of the



tasks. Note that at the OS level, it is possible to optimize tasks
configuration to reduce reconfiguration time overhead, such as
implementing Qu+Tr while CAVLC is running. If both tasks
are executed on the same PRR, it may be a good choice to
consider configuring CAVLC, then Qu+Tr and finally Te to
save one reconfiguration cost.

VI. CONCLUSION

This paper has presented our work on power and energy
characterization of partial reconfiguration. The measures real-
ized confirm the potential of reconfiguration to reduce energy
consumption and the need to take the dynamic reconfiguration
into consideration in energy estimation tools. Our work attests
that dynamic reconfiguration can be used to replace idle
tasks to reduce energy consumption. Moreover, reconfiguration
throughput efforts must be done to achieve energy reductions.
Our future work will focus on continuing building energy
consumption models on other platforms with different and
faster reconfiguration flows. The energy minimization model
will be extended to handle tasks reuse and multiple instances
of a task. These models will be used by a scheduler to perform
on-the-fly energy efficient dynamic reconfiguration choices.
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