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Efficient FPGA Implementation of Binarized Neural Networks
Based on Generalized Parallel Counter Tree

Takahiro TANIGAWAT, Mugi NODAT, and Nagisa ISHIURA

1 Kwansei Gakuin University, 1 Uegahara, Gakuen, Sanda, Hyogo, 669-1330, Japan

Abstract Binarized neural networks (BNN) allow compact hardware implementation by binarizing weight values
and neuron activations. The critical path delay of a combinational circuit implementing a BNN neuron may be
curbed by adopting a Wallace tree of full-adders. However, in FPGA implementation, a 3-input full-adder does not
make full use of LUTSs of more than 5 inputs. This paper proposes the use of a GPC (generalized parallel counter)
based compressor tree in FPGA implementation of a BNN neuron to reduce both the delay and size of the resulting
circuit. We further enhance the efficiency of the circuit by reducing the comparison of the popcount and threshould
into reference to the carry signal from the compressor tree. The critical path delay and the slice count of our BNN
neuron, implemented on a Xilinx Artinx-7 FPGA, were smaller by 8.9% and 6.3%, respectively, compared to those
of the circuit produced by simple logic synthesis, at number of inputs 256.
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