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This work [1] [2]

FPGA device Cyclone V Cyclone V Virtex-7

RNN model type Reconfigurable Reconfigurable Only LSTM

Data format Programmable 8bit Fixed 16bit Fixed 16bit

Resource usage

LUT 12K 18K 23K

BRAM 801K 1620K 5940K

DSP 64 64 142

Inference speed (GOP/s) 22.66 23.00 10.90

Resource Efficiency (MOP/s/LUT) 1.89 1.28 0.46

Energy Efficiency (GOP/J) 263.95 166.31 7.10

[1] J. Kim, J. Kim, and T.-H. Kim, “AERO: a 1.28 MOP/s/LUT reconfigurable inference processor for recurrent neural networks in a resource-limited 

FPGA,” MDPI Elect., vol.10, no.11, pp.1249-1263, Apr. 2021.

[2] W. Zhang, F. Ge, C. Cui, Y. Yang, F. Zhou, and N. Wu, “Design and implementation of LSTM accelerator based on FPGA,” in Proc. Int’l Conf. 

Comm. Tech., IEEE, Oct.2020, pp. 1675-1679.
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Dataset Penn Treebank

RNN model Peephole LSTM Bidirectional GRU

Inference Performance 95.17 ppl 2.74 ppl

Performance loss a) 0.73 ppl 0.89 ppl

Per-step latency 11.95μs 20.51μs

Dataset Sequential MNIST

RNN model LSTM Peephole GRU

Inference Performance 98.65% 98.17%

Performance loss a) 0.22% 0.61%

Per-step latency 13.64μs 8.56μs

a) The performance loss has been obtained by the difference from the inference performance 
achieved with the 32-bit floating-point data
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Sequential Image Classification Natural Language Processing

Dataset Sequential MNIST PennTree bank

Model Size LSTM-128H-64X GRU-128H-128X-

Inference result 98.65% 97.41 ppl

: QR code of the 
demonstration video 
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Thank You!

Presenter: Ji-Ho Kim
Presenter’s E-mail: jhkim_ms@kau.kr

Corresponding author’s E-mail: taehwan.kim@kau.ac.kr


