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Abstract—Coarse-grained reconfigurable arrays (CGRAs) are
a style of programmable logic device situated between FPGAs and
custom ASICs on the spectrum of programmability, performance,
power and cost. CGRAs have been proposed by both academia
and industry; however, prior works have been mainly selfcontained without broad architectural exploration and comparisons with competing CGRAs. We present CGRA-ME – a
unified CGRA framework that encompasses generic architecture
description, architecture modelling, application mapping, and
physical implementation. Within this framework, we discuss our
architecture description language CGRA-ADL, a generic LLVMbased simulated annealing mapper, and a standard cell flow
for physical implementation. An architecture exploration case
study is presented, highlighting the capabilities of CGRA-ME by
exploring a variety of architectures with varying functionality,
interconnect, array size, and execution contexts through the
mapping of application benchmarks and the production of
standard cell designs.

I. I NTRODUCTION
Coarse-grained reconfigurable arrays (CGRAs) are a style of
programmable logic device with two differing attributes from
fine-grained field-programmable gate arrays (FPGAs): 1) the
logic blocks in CGRAs are larger, possessing many inputs
and outputs, and generally implementing ALU-like functionality, and 2) the interconnection fabric is datapath-oriented:
busses of signals are routed together in tandem. The value
proposition of CGRAs is improved speed, area-efficiency
and power relative to FPGAs, owing to less overhead for
programmability. Such benefits arise for applications whose
computational requirements align closely with the available
CGRA logic and interconnect. One can think of a CGRA as
being midway between an FPGA and an ASIC, providing some
of the programmability of an FPGA, while delivering superior power, performance, and cost characteristics for aligned
applications. CGRAs are especially attractive when tailored
to specific domains, where computational requirements are
known, yet programmability is desired to accommodate an
evolving technical specification.
CGRAs have been studied in academia for over a decade,
and a variety of different architectures have been proposed [1].
Commercially, recent years have seen two CGRAs in the
market, the Samsung Reconfigurable Processor [2] and the
STP Reconfigurable Processor from Renesas Electronics [3].
To date, however, all prior works on CGRAs have been
confined to their respective frameworks, wherein a research
group or company proposes a single style of CGRA design
and demonstrates its utility for a set of applications. The
design space for CGRAs is very large with many architectural

decisions for each component and this large design space
is tightly coupled with CAD and compiler techniques for
mapping applications to the CGRA. While there exist software tools that allow the modelling and evaluation of finegrained FPGA architectures [4], to our knowledge, there is no
analogous framework that permits the scientific exploration
of CGRAs.There is a need, then, for a tool that permits
an architect to model hypothetical CGRA architectures and
implement CAD algorithms, to evaluate the area, speed, and
power of such designs over a set of applications in a domain
of interest. We describe such a CGRA architecture exploration
framework, called CGRA-ME.
CGRA-ME allows an architect to specify a CGRA architecture in an XML-based language, and provides a flexible
scheduling, mapping, placement and routing tool, built within
the popular LLVM compiler framework [5], that maps an
optimized C-language benchmark onto the specified CGRA.
Automatically generated Verilog RTL for the CGRA device
permits simulation with ModelSim for functional verification,
and also allows synthesis of the CGRA into standard cells
using an ASIC flow to assess area, performance and power.We
demonstrate the capabilities of CGRA-ME by modelling a
variety of candidate CGRA architectures, mapping benchmark
applications to the architectures, and producing standard cell
designs.
CGRA-ME aims to amalgamate aspects of prior CGRA
work within a larger, and more complete CGRA architecture
evaluation framework that encompasses architecture description, architecture modelling, application mapping, system simulation, and physical implementation. The framework is opensource and freely available to the research community [6].
We believe the framework will open up a wide variety of
research opportunities for CGRA architecture, algorithms and
applications.
II. R ELATED W ORK
Space limitations preclude a detailed review of prior architectures and the interested reader is referred to excellent
survey articles [7], [8], [9], [10], [11]. However, it is worth
highlighting a few ways that CGRAs differ from one another.
A first defining attribute relates to the logic functionality
– the types of computations each CGRA block is able to
perform. Many CGRAs in the literature contain blocks that
can perform ALU-like computations, e.g. n-bit multiplication,
or n-bit logical operations. CGRA blocks may be homogeneous or heterogeneous. A second defining attribute is the
CGRA interconnect architecture, which may range from a

