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The Application of the High-Level Synthesis Tool
PyLog to Streaming Processing
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Abstract: Field-Programmable Gate Arrays (FPGA) have the advantage of enabling hardware acceleration optimized for specific tasks due to their
reconfigurability. High-Level Synthesis (HLS) allows direct synthesis of hardware from high-level languages such as C/C++, making it possible to
design hardware with less complexity. However, it requires considerable knowledge and can make programming difficult. The previous research
“PyLog” simplifies the FPGA programming flow and automates hardware synthesis. However, PyLog has limitations, such as not supporting streaming
processing, which is essential for high-speed FPGA processing. To address this, we extended PyLog to support streaming processing, using matrix
multiplication as an example. The implementation involved extracting matrix sizes, creating HLS C code for streaming processing, and generating
template files during hardware generation. As a result, we confirmed that execution time was reduced compared to traditional implementations using
PyLog, contributing to improved performance.
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Fig.1 FPGA design flow with PyLog. [4]
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Listing 1. A Simple PyLog Example

1 def preprocess(data):
2 ... # data pre-processing that runs on the host

3
4 @pylog

5 def compute (inputs): # top FPGA kernel function
6 def do_work(data): # some helper function

7

8

for a.in inputs:

9 do_work (d)

10

11

12 inputs = preprocess(data) # data pre-processing
13 result = compute (inputs) # synthesize/call FPGA

2PyLog 704 5 La— Kl
Fig.2 Example of a PyLog code.
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Fig.4 Overview of AXI14-Stream Interface.
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Fig.5 Overview of the proposed method.

> shape =
size = 4096

X6 175IFRE O F KRB OH]
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Fig. 7 Pragma Directives for streaming interface.

HLS INTERFACE axis port=a_strean
HLS INTERFACE axis port=sb_stream
HLS INTERFACE axis portsc_streas
HLS INTERFACE s_axilite port=return bundle=ctrl
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jinja2 ®7 7 L— FinbAFEA LTz Vivado A2 U 7 7
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ZHEILL, T — b T 7 A MITRAR NP 4472 LD
BAEMOIAIL, A ¥ T 2 — A ERERRT DR 21T -
TWb. ARV —AhArE 7 x2—2%FHT 588, AXI
Direct Memory Access (AXI DMA) [6]& AXlinterconnect %
X9 T X 5T create_bd cell =< > FICX W IEHL TV

Z &z 7-1%, validate_bd_design =< FiZ Xk W EAEMHEOM
RERY Ey FA MY —LABEREIND.

cr‘eate;pr‘oject {{ p‘r‘o‘jectﬁmame 1} {{ base_path }}/{{ project_name }} \
-part xc7z028clg4pd-1 -force

set_property board_part  tul.com.tw:pyng-z2:part®:1.9 [current_project]
set_property ip_repo_paths {{ ip_repo_path }} [current_project]
update_ip_catalog

create_bd_design "design_1"
update_compile_order -fileset sources_l

create_bd_cell -type ip -vlnv xilinx.com:ip:processing_system7:5.5 \
procezsing_system7_0

apply_bd_automation -rule xilinx.com:bd rule:processing_system7 Y
-config {make_external "FIXED_IO, DDR" apply board_preset {1}} \
[get_bd_cells processing_system7_0]

set_property -dict [list CONFIG.PCW_USE_S_AXI_GPa {1}] \
[get_bd_cells processing_system7_0]

create_bd_cell -type ip -vlnw xilinx.com:hls:{{ ip_name }}:1.8 {{ ip_name }} @

create_bd_cell -type ip -vlnv xilinx.com:ip:axi_dma:7.1 axi_dma_@
set_property -dict [list CONFIG.c_include_sg {0} ] [get_bd_cells /faxi_dma_0]

create_bd_cell -type ip -vlnv xilinx.com:ip:axi_dma:7.1 axi_dma_1

set_property -dict [list CONFIG.c_include_s2mm {8} CONFIG.c_include_sg {8} ]\
[get_bd cells /faxi_dma_1]

create_bd_cell -type ip -vlnv xilinx.com:ip:axi_interconnect:2.1 axi_interconnect 8
validate_bd_design

save_bd_design

launch_runs impl_1 -to_step write_bitstream -jobs 4

9 Vivado I&AZ V7~ (*tcl) O—i
Fig.9 Part of Vivadotcl file.
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Fig.8 Block Design.
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SRRSOV CHE L ITRT.

# 1 FHmERE
Tablel Evaluation environment.

£ 2 ATHIFRAE D FATIEH]

Table2 Execution times in the case of matrix multiplication.

17804 X AXIS[ms] | M-AXI[ms] | NumPy[ms]
8x8 16.062 15.185 0.081
16 X16 16.258 16.841 0.127
32X 32 16.490 18.752 0.397
64 X 64 16.604 25.850 2.767
128128 37.398 127.900 27.123
256 X 256 193.324 925.573 227.643

2—4y hAR—F Xilinx #: PYNQ-Z2
=2y NTSA R Xilinx Zyng-7000 (XC7Z020)
AR Ubuntu 22.04.3 GNU/Linux

6.2.0-39-generic x86 64

LAY — v Vitis HLS v2022.2

N— R =T EHRRY —L Vivado v2022.2
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