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Abstract

The demand for high-performance hardware accelerators is growing, which are widely used nowadays for implementation
of Deep Learning methods like that of Convolutional Neural Networks (ConvNet / CNN) on reconfigurable devices. The
Multiply-Accumulate (MAC) units are the warhorses behind the remarkable speed and efficiency of convolution opera-
tions. Double MAC approach combines two units of MAC operations into a single Digital Signal Processing module of
a reconfigurable Field Programmable Gate Arrays (FPGA), thereby increasing the throughput of Convolutional Neural
Network accelerators. By dynamically adjusting the precision of MAC operations to 4-bit, 8-bit, and 16- bit fixed and
floating-point representations, MAC units can be optimized for efficient resource utilization and power consumption.
In this paper, a Double multiply-accumulate unit, dynamically changing precision with 8-bit and 16-bit, is proposed.
By leveraging the inherent parallelism and pipelining capabilities of Field Programmable Gate Arrays (FPGA), Double
multiply-accumulate approach optimizes the utilization of hardware resources while minimizing the power consumption.
The flexible precision scaling in the proposed work proves advantageous in convolution layers, where greater precision is
required for final classification and smaller precision in initial stage. Simulation, Synthesis and FPGA Implementation of
the proposed Double MAC unit with dynamic precision scaling have been done and it is found successful. The proposed
Double MAC approach has showed twofold improvement in throughput and 15% improvement in power consumption.
These techniques are highly useful for fast data processing in wireless communication.

Keywords Field Programmable Gate Arrays - Convolutional Neural Networks - Digital Signal Processing - Multiply-
and-Accumulate - Single-Instruction Multiple-Data - Fixed point and floating-point unit

1 Introduction

Since the deep learning techniques become more prominent,
there is a growing requirement for accelerators and their
hardware implementation. Convolutional neural networks
are subsystems in the deep neural networks that have sev-
eral advantages over other types of networks when it comes
to hardware acceleration. These advantages include high
computational complexity, high structural regularity, good
recognition performance and broad applicability. FPGAs are
among the most widely used systems due to their incredibly
high levels of flexibility and parallelism. Consequently, a
great deal of effort has gone into creating better CNN accel-
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erators on FPGAs.

Generally, Deep Neural Network (DNN) accelerators
operate on fixed precision arithmetic and typically 16-bit
or 32-bit floating-point representations. While this ensures
accuracy, it does not exploit the potential benefits of lower
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Table 3 Comparison of run time Time in ns 8-bit floating  16-bit floating  Single MAC unit Floating point
of convolution operations with point point with dynamic with dynamic pre-
fixed and dynamic precision precision cision & Double
MAC (Proposed)
MAC operation(2) 0.26 0.50 [31] 0.38 0.19
Convolution operation 7.15 13.8 10.45 5.23

4.4 Performance analysis with convolution operation

Table 3 compares the run time of convolution operations using
proposed MAC architecture and conventional ones, compar-
ing 8-bit floating point operations, 16-bit floating point opera-
tions, single MAC with dynamic precision and double MAC
with Dynamic Precision units. For a filter of size 3 x3 with a
single channel input, an output feature map of size 5% 5, one
output channel, the run time for the convolution operations
are shown in Table 3 for each case.

The above results demonstrate that the total power con-
sumption and throughput has been improved using the pro-
posed method at the cost of increase in LUTs, Flops and 1Os.
The above table describes the total runtime for all the 55 con-
volution operations. It can be observed that there is a twofold
improvement in throughput of the MAC unit and convolution
operations.

5 Conclusion

A method of increasing the computational rate and reducing
the power consumption in the MAC unit is proposed in this
paper. Convolutional Neural Networks pack multiple MAC
operations into one DSP block of FPGAs. The proposed
approach can accomplish a good sense of balance amid power
consumption and throughput with reusability in implementa-
tion. The approach has been validated through Verilog simu-
lation and Implementation using EDA tools. Since machine
learning or deep learning algorithms like Convolutional Neu-
ral Networks (CNNs) are highly demanding technologies
nowadays, the proposed approach has a wider scope in its
area. Many existing applications use machine learning that
either consume more energy or has high processing speed.
In the proposed Double MAC approach, the power con-
sumption as well as throughput have been improved which
is considerably efficient than the existing Single MAC and
Double MAC approaches. This approach can be incorporated
to applications that require algorithms, which shall process
data faster with variable precision and should consume lesser
energy. This method is highly useful for wireless communica-
tion systems for fast data processing.
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