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Low-Power Multiplication Processing Element Hardware to
Support Parallel Convolutional Neural Network Processing
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Abstract

CNNs tend to take a long time to learn and consume a lot of power due to lack of system resources
with many data processing units when there are repetitive handles that do not have high performance in
the image field. In this paper, we propose a handling method based on a low-power bus that can increase
the exchange rate of multipliers and multiplicands within the convolution mixer, which is a tendency
activity that occurs when a convolution mixer has multiplication, which is the core element of
combination. Convolutional neural networks have proprietary low-power shared processor support and
the design was implemented on an Intel DE1-SoC FPGA board using Verilog-HDL. The experiments
validated the performance by comparing it with the exchange rate of the multiplier originally proposed
by Shen on MNIST's numeric image database.
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Figure 1. Multiplication of input and kernel
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Figure 2. Block diagram of modified Booth multiplier
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Figure 3. Proposed multiplication method
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Figure 4. Multiplication processing element
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Table 1. Multiplication processing element synthesis result
3E LA ZEAY JYHE A9

Applied Multiplier ALMs Used Ratio (%)
Conventional Radix-4 Booth Multiplier 1593 100%

Shen’s Multiplier [4] 1630 102.32%

Low-power Multiplier [7] 1638 102.82%

TL¥ 5= MNIST dlojgjso] 2~ 9] dlo]§ Alo|t} [8]. o= &0 2 & AE = o] Fofxl tf Y
Elo g ull o] o uf thF ek s A 2] A ~EE BEeloldsly] flel] AntA o AgHY. S 27
A EiE 919 S5 dlolH e MNIST o] dloj B Al -5 7hA o A3 S 1353l

Wde ZRA e E] 242 MNIST Hlo| B AlS A -8-8to] Axtstaint. zhzhe] =A%
ol 2] E = Quartus Prime 18.1 2 %3] DE1-SoC FPGA Board ol ¥4 &} 2 & 3} v}

E 2 = MNIST Ho[HAlE 7o A4tE +3S o TAs= desst 55 19
WS B agkg s HojEth shen HAVIE W LAY AUES F 324 39
wAAA A 14%9] WSS BT v AdY FAVIE WA AbE ZEAA
AP HE = 3209 WSS WolFT)

3 bel 2 _iabei 3 bel & Tabel 5 Tabel 6 Tabel 7 Tab s‘ be

Ol 2345 e+ 8¢g
Figure 5. MNIST data set
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Table 2. Input data exchange rate (Total # of multiplication: 324)
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Processing Element with Shen’s Multiplier Proposed Processing Element
Exchange Ratio 45 104
Ratio (%) 13.88% 32.09%
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