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Context 
The constant evolution of norms and of applications usually executed by domain-specific system-on-chip 
(SOC) makes necessary the use of new architectures with higher performance, energy efficiency and 
flexibility. Dynamically reconfigurable architectures (DRA) were proposed to introduce flexibility into 
hardware processing architectures while maintaining computing performances. DRAs can now 
outperform processors on processing power and energy efficiency since they combine a highly parallel 
architecture with the possibility to specialize at run-time the computing structure [1-3, 8]. 

Modern FPGAs, such as proposed currently by Xilinx and ALTERA in a near future, support partial and 
dynamic reconfiguration. Part of the chip targeted for a hardware-accelerated software implementation 
can be dynamically configured, on demand, and remotely. However, there is no reconfigurable 
technology providing the same level of flexibility as software, i.e. thread pre-emption and task relocation 
according to application requests. Self-adaptive capabilities also require monitoring and control functions 
to be able to dynamically adapt the system depending on environment changes. We can consider the 
evolution of application needs, but also power consumption of the architecture, workload balancing or 
fault tolerance techniques. For example, dynamic power management can be achieved by migrating 
tasks and controlling power supply. A change in real-time or workload constraints can necessitate 
modifying at run time the amount of tasks parallelism and therefore to reconfigure and migrate a set of 
tasks. Monitoring and control are also crucial for debugging. 

In addition, last years have seen an increasing interest in the development of low-power architectures. 
Moreover, it is now well admitted that power has become the major constraint for VLSI circuit and 
system-on-chip (SoC) design. Two main techniques can be used for a significant reduction of energy in 
CMOS chips: firstly, when considering static power due to current leakage in transistors, power and 
ground gating [5] – i.e. cutting-off the power supply of a set of transistors – can be used when the gates 
are not active; and secondly voltage scaling of the power supply [4] (Vdd), together with a chip frequency 
scaling, gives quadratic (or even more) gains in the dynamic and static power consumption and can still 
be used while the chip is running. In our group, we are currently tackling power gating in the context of 
control-intensive applications such as wireless sensor networks, and have shown some substantial gains 
when compared to classical microprocessor-based architectures [6]. 
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Objectives 
The objective of this position is to join the effort in the team on designing a new embedded FPGA 
architecture exhibiting such efficient dynamic reconfiguration features, with a specific focus on optimizing 
its power/energy efficiency by proposing (i) techniques for performance and power monitoring, (ii) 
strategies for power management, and (iii) a power-conscious design of the eFPGA architecture. This 
eFPGA is extending our work on a multi-context DRA model [1-3] where the use of two contexts and an 
original configuration stream allow for on-the-fly partial reconfiguration on a cycle-by-cycle based context 
switching. 

This position takes place in the context of the FlexTiles FP7 European Project. FlexTiles (Self-adaptive 
heterogeneous manycore based on Flexible Tiles) aims at defining and developing an energy-efficient 
and programmable heterogeneous manycore platform with self-adaptive capabilities (cf. abstract below). 

In this work, we will concentrate mainly on (i) the computing resources (CLB, Arithmetic Datapaths), (ii) 
configurable embedded memory blocks, and (iii) configuration streaming architecture, i.e. bitstream 
structure and hardware mechanisms for reconfiguration management at runtime. Task migration and 
dynamic placement of a hardware accelerator inside the fabric can greatly improve its flexibility and 
reliability. These properties have an impact on the bitstream (structure and distribution in the 
architecture), which will need to be efficiently distributed among all the resources with a hierarchical 
organization of the considered architecture. Therefore, to take full advantage of efficient dynamic and 
partial reconfiguration and thus to alleviate current limitations of commercial FPGAs, the definition of a 
relocatable bitstream (i.e., a configuration flow independent of the task placement) is under study. The 
postdoc will especially study how to improve the energy efficiency of the self-adaptive FlexTiles 
reconfigurable layer for both computing/memory resources and configuration stream architectures, and 
by applying previously mentioned techniques of power management (voltage and frequency scaling, 
power gating). 

References 
[1] J. Lallet. Mozaic: a generic platform for modeling and designing dynamically reconfigurable 
architectures. PhD Thesis, University of Rennes, 2008. 
[2] A. Kupriyanov, F. Hannig, D. Kissler, J. Teich, J. Lallet, O. Sentieys, and S. Pillement. Modeling of 
Interconnection Networks in Massively Parallel Processor Architectures. In Proceedings of 20th 

 

Fig. 1: A prospective architecture for the 3Dflex SoC 

Figure 1 presents a very general prospective 
architecture of a 3D SoC as proposed in the 
FlexTiles project including a stack with a 
multicore layer stacked and connected 
through a 3D NoC to a second reconfigurable 
layer aiming at configuring flexible hardware 
accelerators at run time. 

Within the FlexTiles project, the position will 
focus on the architecture of the reconfigurable 
layer. 

Considered application use cases will come 
from wireless networks and smart camera 
domains. 
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Abstract of the FlexTiles project 
 
A major challenge in computing is to leverage multi-core technology to develop energy-efficient high 
performance systems. This is critical for embedded systems with a very limited energy budget as well as 
for supercomputers in terms of sustainability. Moreover the efficient programming of multi-core 
architectures, as we move towards manycores with more than a thousand cores predicted by 2020, 
remains an unresolved issue. The FlexTiles project will define and develop an energy-efficient yet 
programmable heterogeneous manycore platform with self-adaptive capabilities. 
 
The manycore will be associated with an innovative virtualisation layer and a dedicated tool-flow to 
improve programming efficiency, reduce the impact on time to market and reduce the development cost 
by 20 to 50%. 
 
FlexTiles will raise the accessibility of the manycore technology to industry – from small SMEs to large 
companies – thanks to its programming efficiency and its ability to adapt to the targeted domain using 
embedded reconfigurable technologies. 
 
Technical approach 
 
FlexTiles is a 3D stacked chip with a manycore layer and a reconfigurable layer. This heterogeneity 
brings a high level of flexibility in adapting the architecture to the targeted application domain for 
performance and energy efficiency. 
 
A virtualisation layer on top of a kernel hides the heterogeneity and the complexity of the manycore and 
fine-tunes the mapping of an application at runtime. The virtualisation layer provides self-adaptation 
capabilities by dynamically relocation of application tasks to software on the manycore or to hardware on 
the reconfigurable area. This self-adaptation is used to optimise load balancing, power consumption, hot 
spots and resilience to faulty modules. 
 
The reconfigurable technology is based on a virtual bitstream that allows dynamic relocation of 
accelerators just as software based on virtual binary code allows task relocation. This flexibility allows 
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the use of fault mitigation schemes, a crucial issue for future manycores. During the execution of the 
application, the runtime binding is done to match the configuration defined by the virtualisation layer. It 
adapts the location of the code, the storage and the communication paths on the fly. 
 
We will develop low-level monitoring and actuator functions to tune the workload of the tiles and their 
instantaneous power consumption. 
 
Interconnection is a tremendous issue for using reconfigurable technologies with manycore. The solution 
proposed by the FlexTiles consortium focuses on the interfaces between the layers of the 3D stacked 
chip to ensure an efficient access to the reconfigurable layer by the manycore layer. 
 
Parallelisation, mapping and code generation tools help the designers to implement their application in 
an optimal way on the heterogeneous manycore. 
 
Demonstration and Use 
 
The main result is the definition and development of a heterogeneous manycore with self adaptation 
capabilities, its virtualisation layer and its tool chain ensuring programming efficiency and low power 
consumption. 
 
SystemC simulators and FPGA demonstrators will be delivered to demonstrate the capabilities of the 
manycore. Two use cases will be used for the evaluation of the results: (1) cognitive radio that shall be 
able to manage several radio frequency spectrums at low power consumption using the self adaptive 
capabilities of FlexTiles and (2) a smart camera data dependant application with low volume and low 
power consumption constraints that shall dynamically adapt its computing to the environment using the 
self adaptive capabilities. In both use cases, we will evaluate the development costs gained when using 
the tool flow. 


