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In this work, a design methodology to synthesize high-speed floating-point
arithmetic units for high-accuracy DSP (Digital Signal Processing) systems on FPGAs
(Field Programmable Gate Arrays) is proposed. The target circuit is based on a
synchronous fine-grain pipeline model and 32-bit floating-point arithmetic functions. The
design steps include stage partitioning, resource minimization, controller generation, and
design space exploration. The optimal stage partitioning is obtained by design space
exploration on all possible stage partitioning solutions. Both balanced and unbalanced
fine-grain pipelines are concerned. The balanced fine-grain pipelines are implemented
from the balanced stage partitioned modules. The unbalanced fine-grain pipelines are
implemented from the unbalanced stage partitioned modules. The experimental results
show that the design space of the unbalanced fine-grain pipelines is larger than that of
the balanced ones. Consequently, the better performance can be explored in the
unbalanced fine-grain pipelines in many benchmark circuits. A design example on an
ADALINE adaptive filter based noise cancellation on an FPGA chip also proved the
effectiveness of the proposed design methodology compared to the conventional design
and the TMS320VC5509A digital signal processor.





