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ABSTRACT

Recent systems contain hardware and software components together for faster execution speed and less power
consumption. In conventional hardware and software co-design, the ratio of software and hardware was divided by the
designer’s empirical knowledge. To find optimal results, designers iteratively reconfigure accelerators and applications and
simulate it. Simulating iteratively while making design change is time-consuming. In this paper, we propose a hardware
and software co-design platform for energy-efficient FPGA accelerator design. The proposed platform makes it easy for
designers to find an appropriate hardware ratio by automatically generating application program code and hardware code
by parameterizing the components of the accelerator. The co-design platform based on the Vitis unified software platform
runs on a server with Xilinx Alveo U200 FPGA card. As a result of optimizing the multiplication accelerator for two
matrices with 1000 rows, execution time was reduced by 90.7% and power consumption was reduced by 56.3%.
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Fig. 2 The application program compilation process using
GCC and hardware synthesis process using Vitis platform
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Fig. 3 Accelerator design flow with Vitis platform
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Algorithm 1: C++ based matrix multiplication accelerator

mmult(matd, matB, matC, a_row, a_col, b_col)

% matA, matB: Read-only matrix

% a_row, a_col : Number of rows and columns of matA4
% b_col: Number of columns of matB

% matC: Matrix result

Ul o L) B

% AXIbus definition with HLS
Set HLS m_axi bus for global memory
Set HLS s_axilite bus for data and control

W~

Set local memory locald,localB, localC, divide dimension

% Memory burst read
localA « matA
localB < matB

% systolic matrix multiply
localC = localA X localB

15
16

% Burst write
matC « localC

Fig. 5 C++ based matrix multiplication accelerator algorithm
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Algorithm 2: Host application with OpenCL API

1 Set available device
2 Create context queue, command queue
3 Load xclbin to FPGA
4 Set buffer for data transition
5 Set kernel arguments
% matrix multiplication using accelerator
for row < Data size do
forcol < Data size do
for window < Data size do
Insert data to buffer
Send buffered datato global memory
Launch the kernel
Receive data from global memory
Calculate result
end for
end for
end for

6
7
8
9
10
11
12
13
14
15

16
17

Fig.

6 Kernel execution algorithm in host application

3.3. Parameterized Design Platform
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Fig. 7 Execution flow of the software hardware co-design system
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