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ABSTRACT. There are a great many advantages to hardware—software cooperative com-
puting. As a result, cooperative systems are already being used in many areas. Constraint
Satisfaction Problems (CSPs) are also expected to be efficiently solved by cooperative sys-
tems. However, we have trouble describing a CSP in system description languages (SDL)
such as SystemC or SystemVerilog, because these SDL don’t have enough power to de-
scribe CSPs, or they do have enough theoretical support for partitioning and mapping.
We developed a framework in which a CSP can be described easily and a program can
be partitioned into a distributed cooperation environment. In this framework, Equivalent
Transformation (ET) language serves an important role. CSPs can be easily described
in ET. Besides ET computation can be divided into a variety of parallel computations
so that ET computation is easily mapped to a distributed cooperation system. Also we
developed ET-HwNet Server System that enables ET programs to cooperate with FPGA
boards, and demonstrate how the system accelerates computations.
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1. Introduction. Hardware—software cooperative system can solve problems which con-
tain complicated and large amount of parallel computation efficiently. Constraint Sat-
isfaction Problems (CSPs) are expected to be efficiently solved by HW/SW cooperative
systems because there might be many parallel computations in them. It is also possible to
use CSP solvers for the purpose of solving CSPs. Research to accelerate them, e.g. [15], is
actively being carried out. CSP solvers can deal with a wide range of problems. However
it is difficult to use system resources effectively while utilizing characteristics of problems.
Our aim is to establish a theoretical basis to synthesize cooperation systems which use
their resource efficiently while utilizing characteristics of problems.

There is a lot of hard work involved in the development of such an optimal cooperative
system. For example, to describe a problem with semantic correctness, to describe both
software and hardware, and to develop an interface between them. In addition, chal-
lenges exist as to how to extract parallelism and also how much parallelism is important
for efficient computation and to guarantee correctness, which is essential for computation.
HwModule board [12] reduces the workload of interface development, however, a special
skill is still required to develop cooperative systems. Besides conventional description
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