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Python for Embedded/Edge Systems
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https://spectrum.ieee.org/at-work/innovation/the-2018-top-programming-languages

Top Programming Languages,
IEEE Spectrum, July’18

First time that Python 
was listed as an
embedded language

Python is the fastest growing language: driven by data science, AI, ML  and academia

Benefits of Python in Embedded/Edge Apps

• Millions of developers
• On-target development
• Rapid iteration cycles
• Huge ecosystem and community
• Interoperability with C/C++
• Agile hardware & software codesign
• Portable code
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Assumptions

• Everybody knows some Python and Linux

• Have heard about Raspberry Pi and Arduino

• May be familiar with Jupyter notebooks and JupyterLab

• Are interested in exploiting cool hardware

• Keen to learn more awesome things
that you can do with Python!
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Outline

• Motivation:  Platform Evolution

• Opportunity:  Zynq Programmable Platforms 

• Inspiration: Python and Jupyter

• PYNQ Framework

• Cases study: PYNQ in Action

• Next steps
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Platform Evolution
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Raspberry PI

Desktop Linux on Arm Microprocessors 

Arduino

Low-level, ‘bit-banging’ microcontroller

FPGA                  Field Programmable
Gate Arrays

Fast, parallel, customizable logic
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Example of a Raspberry Pi and FPGA Hat
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http://linuxgizmos.com/beaglebone-raspberry-pi-gain-fpga-expansion-boards/

http://linuxgizmos.com/beaglebone-raspberry-pi-gain-fpga-expansion-boards/
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Field Programmable Gate Arrays (FPGAs)

>> 8

Unprogrammed
configuration memory

Unconfigured
logic circuit

‘Programmed’
configuration memory

‘Configured’
logic circuit

Credit: ‘Bebop to the Boolean Boogie: An Unconventional Guide to Electronics’
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Zynq: Integrating Microprocessors, Microcontrollers 
and Programmable Logic
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Systems-on-Chip integration

Zynq Programmable Platform integrate
• Arm microprocessors
• Programmable logic (FPGA)
• High-speed, programmable IO
• As many ‘soft’ microcontrollers as needed
• Fast connections between components
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ZYNQ and ZYNQ UltraSCALE+
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FPGAs and tightly-integrated CPUs enable entirely new opportunities

ZYNQ 7000

Best-in-class, All Programmable SoCs
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ZYNQ-7000
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Platform Comparison Summary
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Arm Application
Microprocessor

Real-time
Microcontroller

Integrated 
Programmable Logic

Linux

CPython Ecosystem

Raspberry PI

YES

NO

NO

YES

YES

Arduino

NO

YES

NO

NO

NO**

Zynq

YES

YES*

YES

YES

YES

* Multiple soft microcontrollers in programmable logic 

** More limited MicroPython and CircuitPython options are available
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Zynq in Embedded/Edge Applications
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Typical Application Areas

˃ Hardware-accelerated algorithms

˃ Precision robotics

˃ Real-time, high-resolution video processing

˃ State-of-the-art instrumentation

˃ Unique, highly-differentiated designs in research and spin-offs

˃ Teaching: logic design, computer architecture, digital signal 
processing, control, projects
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PYNQ  Python for Embedded and Edge Applications
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New users can be Python programmers, Data 
Scientists and domain experts of all kinds

Hardware
Engineers

Embedded software
Engineers

Python Community
Data Scientists

A Pythonic Framework that gives Python developers 
access to the benefits of programmable platforms

AND

A Pythonic methodology for hardware designers to:
• make them more productive
• make their designs accessible to more people

Hardware
Engineers

Embedded software
Engineers

Python Community
Data Scientists
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What is PYNQ?

• It is not a product

• It is an open-source framework which enables improving 
productivity on Xilinx ZYNQ-based design and verification by 
using other appropriate open-source resources
• GitHub for repository
• JupyterLab and Jupyter Notebooks for data and code entry, execution of 

code, and viewing output
• Readthedocs for documentation
• Linux as underlying OS
• Python as a coding language

• Of course, it uses Xilinx FPGAs – ZYNQ and non-ZYNQ

>> 15
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PYNQ:  Python Productivity for Zynq
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Jupyter notebooks,
browser-based interface

PYNQ enables JupyterLab
on Zynq and ZU+

Ubuntu-based 
Linux

Jupyter web 
server

IPython kernel

ARM A9 / A53

Overlays/designs

ZU+ Fabric

Hardware C-drivers wrapped
in  Python packages

Most competitive, open 
and advanced GUI
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is a Framework

9
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PYNQ-enabled boards
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˃ Python productivity for Zynq

Open source

Build image for other Zynq
boards

PYNQ-Z1 PYNQ-Z2 ZCU104

˃ Downloadable SD card image
Zynq 7000

‒ PYNQ-Z1 (Digilent) 

‒ PYNQ-Z2 (TUL)

Zynq Ultrascale+

‒ ZCU104 (Xilinx)



© Copyright 2020 Xilinx

PYNQ-enabled non-zynq board: Alveo

• PYNQ runs on Alveo Accelerator cards

• High-level APIs for hardware

• Simplify design installation
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# program the device

ol = pynq.Overlay("intro.xclbin")

vadd = ol.vadd_1

# allocate buffers

size = 1024*1024

in1_vadd = pynq.allocate((1024, 1024), np.uint32)

in2_vadd = pynq.allocate((1024, 1024), np.uint32)

out = pynq.allocate((1024, 1024), np.uint32)

# send data to the device

in1_vadd.sync_to_device()

in2_vadd.sync_to_device()

# call kernel

vadd.call(in1_vadd, in2_vadd, out, size)

# get data from the device

out.sync_from_device()
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IPython Notebooks to Jupyter Notebooks
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Jupyter notebooks Visualization

TerminalCode editor

Jupyter Notebooks to JupyterLab IDE

Next-generation Integrated 

Development Environment

Browser-based GUI

Multiple re-sizable frames

in one browser window

Completely extensible

Jupyter Notebooks are

one of many plug-ins

in JupyterLab
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Embedded Configuration Portals … 
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We are familiar with embedded servers hosting
browser interfaces for product configuration

PYNQ uses Jupyter’s server architecture to
host a browser interface to an integrated
development environment (IDE) on Zynq

to Embedded IDEs
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PYNQ: Wraps FPGA Circuit & Drivers in Python Package
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Jupyter notebooks,
browser-based interface

PYNQ runs JupyterLab on
Zynq’s Arm microprocessors

Ubuntu-based 
Linux

IPython kernel

Arm 
microprocessor

Circuit overlay

Programmable
logic

Hardware &  C-drivers wrapped
in  Python (hybrid) packages

JupyterLab
server
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PYNQ: Demo Set-up
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PYNQ-Z2 Development Board

Zynq Programmable Platform
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Installing Software and Hardware with PIP!

Enabled by new hybrid packages

>> 25

Image resizer accelerator OpenCV acceleratorIIoT Motor ControlQuantized neural network

Download a design from GitHub with a single Python command:

pip install git+https://github.com/Xilinx/pynq-helloworld.git
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Zynq

device

Load the resizer Hybrid Package

>> 26

Processor System Programmable Logic

Arm
Cores

DRAM

from pynq import Overlay

resizer = Overlay(‘./resizer.bit’)
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Image Resizer
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Software only resizing

Hardware accelerated resizing
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Case Study - Industrial Controls IIoT

Zynq 7000 w/ AWS FreeRTOS
Targets limited resource devices

Often bridge physical & digital domains

Zynq US+ w/ Linux & Greengrass
Targets more capable embedded devices

Brings together control action & local 
analytics

Intelligent 
I/O

Intelligent 
I/O

Intelligent 
I/O

Intelligent 
I/O

Intelligent 
I/O

Intelligent 
I/O

Unit 
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X 射线分型深度学习模型和参考设计
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智能大气环境实时预测系统
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课程学习
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PYNQ 访问硬件的API
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PYNQ源码 - https://github.com/Xilinx/PYNQ

• pynq - PYNQ packages
• Python API modules

• boards - 板卡相关的文件
• Vivado 工程, bitstreams
• Petlinux BSPs
• Overlays
• 示例notebooks

• sdbuild – PYNQ移植相关文件
• Pynq related meta files
• Makefile, to generate

• SD card image、boot files、 sysroot、 Petalinux BSP

• Scripts
• Additional RootFS packages

• pandas、Jupyter、python packages, etc

https://github.com/Xilinx/PYNQ
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Python overlay API

• PYNQ Overlay class supports basic overlay functionality 
• Requires Tcl/HWH
• Allows download, and overlay discovery (ip_dict)
• Assigns default drivers to IP

• Read() and write() access to IP address space

Page 34

from pynq import Overlay

overlay = Overlay("pynqtutorial.bit")

overlay.rgbleds_gpio.write(0, 3)

overlay.swsleds_gpio.read()
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ZYNQ PL与PS接口回顾
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常用IP连接方式介绍
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PYNQ - PL与PS接口类
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PYNQ接口 - MMIO类
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PYNQ接口 - Xlnk类
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PYNQ接口 - Xlnk类案例
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PYNQ接口 - AXI DMA IP

>> 41



© Copyright 2020 Xilinx

PYNQ接口 - AXI DMA IP
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PYNQ接口 - DMA类使用案例
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PYNQ接口 - GPIO类
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Find Out More at pynq.io
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More Information on Supported Boards at pynq.io
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Community Projects

Example Notebooks

Tutorials and other resources
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PYNQ Community
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www.pynq.io/community.html
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PYNQ开源社区 公众号

• Q1CY21 PYNQ 工作坊

• 工作坊1：PYNQ框架初探
• 尝试利用Python调用硬件资源

• 工作坊2：PYNQ 物联网应用
• 结合Azure IoT完成设计

• 工作坊3：PYNQ 定制计算加速
• 深入定制硬件加速设计
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Wrap-up

• The use of Python in embedded and edge systems is growing

• Programmable platforms such as Zynq extend existing microprocessor, 
microcontroller and FPGA capabilities to enable more innovative and 
powerful designs

• PYNQ opens up programmable platforms to Python programmers in a 
Pythonic way

• PYNQ enhances the productivity of hardware designers and makes it 
possible for them to share their programable platform designs with the 
much larger Python community

• We invite you to explore the PYNQ framework and welcome contributions 
to the open source PYNQ community 
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THANK YOU


