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1. INTRODUCTION

Traditionally, FPGAs are deployed because of their flexibil-
ity to change the application over time. Newly developed
architectures can be reconfigured within one clock cycle so
that components of a device can be re-used within a sin-
gle application. The reconfiguration keeping pace with the
execution yields an additional degree of freedom that con-
stitutes a new principle of reconfiguration. This principle is
called processor-like reconfiguration.

In the presented work, it is evaluated how processor-like
reconfiguration can be exploited by a high-level compiler
and which architectural resources are needed for an efficient
mapping of applications. For an assessment of the benefits
and costs imposed by those resources, a synthesizable model
for coarse-grained reconfigurable architectures is used.

2. RELATED WORK

In order to take advantage of reconfigurability, a proper tem-
poral partitioning of an application must be found. Various
projects deal with dynamic reconfiguration of FPGAs. Due
to the long reconfiguration times of those devices, such a
partitioning is hard to find. Processor-like reconfiguration
allows it to partition an application on the basis of clock cy-
cles and thus to make use of well known techniques from
C-based hardware synthesis and from compilers for VLIW
processors. E.g. in [1], modulo scheduling is applied to map
loops of C descriptions onto the ADRES architecture.

An example for the design space exploration of recon-
figurable architectures is the Totem project [2]. The explo-
ration is based on compiled netlists for the RaPiD architec-
ture, whereas the presented approach starts at the level of C
descriptions.

Only few works present results on the physical im-
plementation of coarse-grained reconfigurable arrays or on
power dissipation. [3] is an example that presents details
on a custom implementation including power estimations.
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Advances in physical synthesis and power estimation tools
enable evaluation at the gate-level at reasonable time and ef-
fort. In the presented work, performance, area, and power
dissipation are estimated using such commercial tools.

3. ARCHITECTURE DESIGN

To evaluate different architectural options, the CRC model
(Configurable Reconfigurable Core) was developed as a
general model for processor-like reconfigurable architec-
tures. It consists of an array of processing elements (PE)
that are connected by a reconfigurable interconnect network.
Each PE consists of a functional unit (FU) for word-wide
arithmetic and logic operations, a register set, and a con-
text memory that defines several configurations for the PE.
At the beginning of each clock cycle, an entry of the con-
text memory is selected by a control unit that implements a
finite state machine (FSM). The CRC model can be config-
ured with a variety of parameters in order to create different
architecture instances. More details on the CRC model can
be found in [4].

The features of the CRC model are modified according
to the requirements imposed by mapping applications onto
the model. These modifications comprise the adaptation of
simple parameters like the width of the data path or the num-
ber of PEs in the array, as well as the creation of new features
like an improved interconnect network.

For the application mapping, a combined control and
data flow graph (CDFG) is derived from the C description
of an application. It is assumed that the input data of the
application arrives at a certain rate (data input rate, DIR)
appointed by the surrounding environment and/or memory
accesses. For a variety of DIRs, the operations of the CDFG
are scheduled for execution so that the required throughput
is achieved using a minimal number of FUs.

Minimizing the number of FUs can be accomplished by
assigning the operations to different contexts if the DIR al-
lows distributing the operations over multiple clock cycles.
In addition to that, branches in the control flow can be han-
dled by context switches rather than incorporating them in



the data path [5]. Such a multi-context execution does not
only allow it to re-use the FUs but also to re-use the inter-
connect network in different clock cycles.

After scheduling, the execution of the application is
pipelined, registers are allocated, and an FSM that controls
the execution is extracted. The result of all these steps de-
fines a so called execution scheme and hence how many FUs,
registers, I/O ports, states, and contexts are needed to exe-
cute an application under a given DIR constraint. The execu-
tion scheme also defines the features required for the control
unit, for which various options are evaluated.

For each execution scheme, an architecture instance that
fits its requirements is generated and the execution scheme
is mapped onto the instance. This can be impossible due
to insufficient interconnect resources since these are not de-
fined by an execution scheme. In this case a new instance is
generated with either more PEs or an extended interconnect
network.

4. RESULTS

Besides identifying beneficial compilation techniques and
architectural resources, a comparison to other reconfigurable
architectures is an important part of the research.

The presented flow has been applied to the luminance
calculation (xy = (c1∗xr+ c2∗xg + c3∗xb+ c4) >> c5)
of the RGB to YIQ conversion which is part of the EEMBC
Consumer Benchmark [6]. Details on this example and re-
sults of mapping it for different DIRs onto instances of the
CRC model are presented in [4]. To demonstrate the ben-
efits of processor-like reconfiguration, it is assumed in the
following that the input values xr, xg, and xb are provided
by the surrounding environment in 3 different clock cycles
of a continuous stream and that the clock speed is 200 MHz.
This DIR constraint can be imposed, for example, if there
is only one 8-bit memory in the surrounding system to read
the input values from.

For processor-like reconfigurable architectures, the 7 op-
erations of the example can be distributed over 3 clock cy-
cles as described in the previous section. A 1x3 array of PEs
each featuring 4 states for the control unit, 4 contexts, and
4 data registers provides sufficient resources to satisfy the
DIR constraint (one state/context is used for initialization).

If the example is executed under the same DIR constraint
on a coarse-grained architecture that can only be reconfig-
ured statically, 7 FUs must be provided for the 7 operations.
At the output of each FU a register is required to enable
pipelined execution. 2 more registers are needed to store
intermediate values until they can be consumed by subse-
quent operations. A 3x3 array of PEs without control unit or
context memory and one data register in each PE provides
sufficient resources to satisfy the DIR constraint.

The following table summarizes the gate-level results for

two instances of the CRC model featuring the minimal re-
sources described above, targeting a 130 nm standard cell
technology. Execution time and power/energy estimations
are based on processing 100 input samples.

reconfig- area exe power energy
uration PEs [mm2] [µs] [mW] [nJ]
proc-like 1x3 0.138 1.5 17.8 26.7
static 3x3 0.262 1.5 33.5 50.2

5. CONCLUSIONS AND FURTHER WORK

The comparison of the two architectures providing only
minimal resources demonstrates how processor-like recon-
figuration can be used to optimize area and power for a given
performance constraint by almost factor 2. The results of
the static architecture can certainly be optimized by adding
resources to reduce unnecessary switching activity or to en-
able operator sharing. But by doing so, features of the gen-
eral concept of processor-like reconfiguration are actually
added motivating further research on finding the optimal ar-
chitectural resources.

Ongoing work includes applications with different kinds
of branches in the control flow as well as comparisons to
other architectures including FPGAs.

The feasibility of the proposed execution schemes has
been validated using a commercial architecture [7].
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